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Preface

In the end, most of our patients—and also most of us clinicians—
will die a cardiovascular death. During life, many will experience
discomfort and disability caused by diseases of the heart and blood
vessels. This book is intended to be a primer on these causes of mor-
bidity and mortality.

This book is comprised of chapters from the sixth edition of the
large reference book, Family Medicine: Principles and Practice. Pub-
lishing chapters on selected topics provides volumes that are easy to
carry in the pocket, are available at lower cost than large compre-
hensive volumes, and that allow clinicians to select books on areas
that meet their specific needs.

This book on cardiovascular diseases includes the chapter on 
Hypertension, which afflicts approximately 60 million Americans
and contributes to many instances of heart disease, stroke, and kid-
ney disease. Chapters related directly to the heart are those on Isch-
emic Heart Disease, Cardiac Arrhythmias, Valvular Heart Disease,
and Heart Failure. I included the chapter on Dyslipidemia, because
elevated serum lipid levels contribute to many instances of cardio-
vascular disease. Venous Thromboembolism and Cerebrovascular
Disease are the chief diseases of blood vessel. The chapter on Car-
diovascular Emergencies includes what the primary care clinician
needs to know when the unexpected strikes. When the primary care
clinician provides Medical Care of the Surgical Patient, cardiovas-
cular disease is often the main area of concern. Finally, Chapter 11
on Selected Disorders allows discussion of a variety of problems in-
cluding pericarditis, myocarditis, endocarditis, the cardiomyopathies,
pulmonary hypertension, and peripheral vascular disease.

I hope that you find this book useful in daily practice.

Robert B. Taylor, M.D.
Portland, Oregon, USA



Clinical Practice
Notice

Everyone involved with the preparation of this book has worked
very hard to assure that information presented here is accurate and
that it represents accepted clinical practices. These efforts include
confirming that drug recommendations and dosages discussed in this
text are in accordance with current practice at the time of publica-
tion. Nevertheless, therapeutic recommendations and dosage sched-
ules change with reports of ongoing research, changes in govern-
ment recommendations, reports of adverse drug reactions, and other
new information.

A few recommendations and drug uses described herein have Food
and Drug Administration (FDA) clearance for limited use in restricted
settings. It is the responsibility of the clinician to determine the FDA
status of any drug selection, drug dosage, or device recommended to
patients.

The reader should check the package insert for each drug to de-
termine any change in indications or dosage as well as for any pre-
cautions or warnings. This admonition is especially true when the
drug considered is new or infrequently used by the clinician.

The use of the information in this book in a specific clinical set-
ting or situation is the professional responsibility of the clinician. The
authors, editors, or publisher are not responsible for errors, omissions,
adverse effects, or any consequences arising from the use of infor-
mation in this book, and make no warranty, expressed or implied,
with respect to the completeness, timeliness, or accuracy of the book’s
contents.
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1
Hypertension
Stephen A. Brunton

Despite widespread efforts to improve education and enhance public
awareness, up to 33% of persons with hypertension remain undiag-
nosed, and only about 50% of those known to have hypertension are
adequately controlled. The percentages of patients who are aware that
they have hypertension, who are treated, and who are controlled have
increased since the 1970s (Table 1.1). Most have stage 1 hyperten-
sion, and controversy still exists concerning the appropriate approach
to these patients. Nonpharmacologic therapy is often the first choice,
and this approach continues to evolve.1 Of the 20 to 30 million hy-
pertensives who receive pharmacologic therapy, fewer than 50% ad-
here to their therapeutic regimen for more than 1 year, and 60% of
these patients reduce the dosage of their drug owing to adverse ef-
fects. A negative impact on the patient’s quality-of-life may occur as
a result of just making the diagnosis. Effects such as increased ab-
senteeism, sickness behavior, hypochondria, and decreased self-
esteem have been noted in cohorts of previously well individuals who
have been told they were hypertensive.2 A 1987 survey of physicians
revealed that they regarded quality-of-life changes to be the primary
impediment to effective pharmacologic treatment of hypertension.

The challenge to the clinician is to provide patient education and
develop a hypertension regimen that effectively lowers blood pres-
sure or reduces cardiac risk factors, minimizes changes in con-
comitant disease states, and maintains or improves quality of life.
Putting the patient first necessitates integrating the individual pa-
tient’s lifestyle and current disease states with a thorough under-
standing of the effect of drug and nondrug therapy on quality of life.



This chapter reviews nonpharmacologic and pharmacologic therapy,
with special emphasis on individualizing patient regimens to im-
prove adherence.

Detection
The diagnosis of hypertension should not be based on any single mea-
surement but should be established on the basis of at least three read-
ings with an average systolic blood pressure of 140 mm Hg and a di-
astolic pressure of 90 mm Hg. Mechanisms should be established to
standardize the measurement process: (1) The patient should be
seated comfortably with the arm positioned at heart level. (2) Caf-
feine or nicotine should not have been ingested within 30 minutes
before measurement. (3) The patient should be seated in a quiet en-
vironment for at least 5 minutes. (4) An appropriate sphygmo-
manometer cuff should be used (i.e., the rubber bladder should en-
circle at least two-thirds of the arm). (5) Measurement of the diastolic
blood pressure should be based on the disappearance of sound (phase
V Korotkoff sound). Table 1.2 describes the classification of blood
pressure for adults.

Evaluation
Evaluation is directed toward establishing the etiology of hyperten-
sion, identifying other cardiovascular risk factors, and evaluating the
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Table 1.1. Trends in the Awareness, Treatment, and Control of High
Blood Pressure in Adults: United States, 1976–94a

NHANES III NHANES III
NHANES II (Phase 1) (Phase 2)
(1976–80) 1988–91 1991–94

Awareness 51% 73% 68.4%
Treatment 31% 55% 53.6%
Controlb 10% 29% 27.4%

aData are for adults age 18 to 74 years with SBP of 140 mm Hg or
greater, DBP of 90 mm Hg or greater, or taking antihypertensive med-
ication.
bSBP below 140 mm Hg and DBP below 90 mm Hg.
Source: National Institutes of Health.1



possibility of target organ damage. Although most hypertension is
considered “essential,” primary, or idiopathic, it is necessary to elim-
inate secondary causes of hypertension, including renovascular dis-
ease, polycystic renal disease, aortic coarctation, Cushing syndrome,
and pheochromocytoma. It is important to ensure that the patient is
not on medications that may result in increased blood pressure, such
as oral contraceptives, nasal decongestants, appetite suppressants,
nonsteroidal antiinflammatory drugs (NSAIDs), steroids, and tri-
cyclic antidepressants.

1. Hypertension 3

Table 1.2. Classification of Blood Pressure for Adults Aged 18 Years
and Oldera

Systolic Diastolic 
Category (mm Hg) (mm Hg)

Optimalb �120 �80
Normal �130 �85
High normal 130–139 85–89
Hypertensionc

Stage 1 140–159 90–99
Stage 2 160–179 100–109
Stage 3 �180 �110

Source: National Institutes of Health.1

Note: In addition to classifying stages of hypertension based on aver-
age blood pressure levels, the clinician should specify the presence or
absence of target organ disease and additional risk factors. For exam-
ple, a patient with diabetes, a blood pressure of 142/94 mm Hg, and
left ventricular hypertrophy should be classified as “stage 1 hyperten-
sion with target organ disease (left ventricular hypertrophy) and with
another major risk factor (diabetes).” This specificity is important for
risk classification and management.
aNot taking antihypertensive drugs and not acutely ill. When systolic
and diastolic pressures fall into different categories, the higher category
should be selected to classify the individual’s blood pressure status. For
instance, 160/92 mm Hg should be classified as stage 2 and 174/120
mm Hg as stage 3. Isolated systolic hypertension is defined as systolic
pressure of 140 mm Hg or more and diastolic pressure of less than 90
mm Hg and staged appropriately (e.g., 170/82 mm Hg is defined as
stage 2 isolated systolic hypertension).
bOptimal blood pressure with respect to cardiovascular risk is systolic
pressure �120 mm Hg and diastolic pressure �80 mm Hg. However,
unusually low readings should be evaluated for clinical significance.
cBased on the average of two or more readings taken at each of two or
more visits after an initial screening.



Medical History
The medical history should include a review of the family history for
hypertension and cardiovascular disease, previous measurements of
blood pressure, symptoms suggestive of secondary causes of hyper-
tension, and other cardiovascular risk factors including smoking, hy-
perlipidemia, obesity, and diabetes. Environmental and psychosocial
factors that may influence blood pressure control or the ability of the
individual to comply with therapy should also be considered.

Physical Examination and Laboratory Tests
The physical examination should include more than one blood pres-
sure measurement in both standing and seated positions with verifi-
cation in the contralateral arm. (If a discrepancy exists, the higher
value is used.) The rest of the physical examination includes (1) an
evaluation of the optic fundi with gradation of hypertensive changes;
(2) examination of the neck for bruits and thyromegaly; (3) a heart
examination to evaluate for hypertrophy, arrhythmias, or additional
sounds; (4) abdominal examination to search for evidence of
aneurysms or kidney abnormalities; (5) examination of the extremi-
ties to check the pulses; and (6) a careful neurologic evaluation.

Some baseline laboratory tests may be helpful for the initial eval-
uation. They might include urinalysis and serum potassium, blood
urea nitrogen, and creatinine levels. A lipid panel may help evaluate
cardiovascular risk.

Treatment
The goal of therapy is not just to bring the blood pressure lower than
140 mm Hg systolic and 90 mm Hg diastolic, but rather to prevent
the morbidity and mortality associated with hypertension. As such,
the decision to treat hypertension is based on documentation that the
blood pressure has remained elevated and on assessment of the risk
for that particular patient.

In general, individuals with blood pressure ranges considered bor-
derline high (i.e., systolic of 130 to 139 mm Hg or diastolic of 85 to
89 mm Hg) should have their blood pressures rechecked within 1
year. Blood pressures in the stage 1 range should be confirmed within
2 months by repeated measurements; however, certain lifestyle ap-
proaches are appropriate even at this level. Blood pressures that are
markedly elevated (e.g., systolic �180 mm Hg or diastolic �110 mm
Hg) or those associated with evidence of existing end-organ damage
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may require immediate pharmacologic intervention. In general,
whether pharmacologic intervention is initiated, a nonpharmacologic
approach is the foundation of any management strategy.1

Nonpharmacologic Therapeutic Approaches
Information concerning dietary modifications, exercise, weight re-
duction, the role of cations, and the possible role of relaxation and
stress management techniques for reducing blood pressure have
opened the door for greater acceptance of multiple nonpharmacologic
approaches to the treatment of hypertension. The 1988 report of the
Joint National Committee (JNC) on the Detection, Evaluation, and
Treatment of High Blood Pressure recommended that “nonpharma-
cological approaches be used both as definitive intervention and as
an adjunct for pharmacological therapy and should be considered for
all antihypertensive therapy.”

Several studies have shown positive correlation of increased blood
pressure with alcohol consumption of more than 2 ounces/day.3 Al-
though smoking has not been shown to cause sustained hypertension,
it is associated with increased cardiovascular, pulmonary, and hy-
pertension risks, and therefore should be eliminated.4

Weight reduction has a strong correlation with decreased blood
pressure in obese individuals. Stamler et al5 reported that a 10-pound
weight loss maintained over a 4-year period allowed 50% of partic-
ipants previously on pharmacologic management to remain nor-
motensive and free of medication.

Sodium restriction has been a mainstay of hypertension control, as
a 100-mEq drop in daily intake can result in a 2- to 9-mm Hg de-
cline in systolic blood pressure in salt-sensitive individuals. This goal
is one of the easiest for a patient to accomplish, as moderate restric-
tion can be accomplished by eliminating table salt for cooking, avoid-
ing salty foods, and using a salt substitute.6

Regular aerobic exercise not only assists with weight reduction but
also appears to lower diastolic blood pressure. Cade and associates7

reported a decline from 117 to 97 mm Hg diastolic blood pressure
after 3 months of daily walking or running for 2 miles. This effect
appeared to be independent of weight loss, and some benefit per-
sisted even if the patient became sedentary.

Vegetarian diets high in polyunsaturated fats, potassium, and fiber
result in lower blood pressures than diets high in saturated fats. Di-
etary fat control also contributes to the reduction of cholesterol and
coronary artery disease risk.8 The role of cations such as potassium,
magnesium, and calcium in lowering blood pressure has now been

1. Hypertension 5



investigated. High potassium intake (�80 mEq/day) may result in a
modest decline in blood pressure while offering a natriuretic and car-
dioprotective effect. These effects are more pronounced in hy-
pokalemic individuals.9 Magnesium and calcium supplementation of
more than 300 mg/day and 800 mg/day, respectively, have been
shown to lower the relative risk of developing hypertension in a large
cohort of women. The impact of individual supplementation is less
clear, and the role of these substances is still controversial.10

Stress management and relaxation techniques over a 4-year period
have been shown to reduce systolic blood pressure 10 to 15 mm Hg
and diastolic blood pressure 5 to 10 mm Hg. However, these results
are variable and are largely dependent on the instructor–patient 
relationship.11

The effects of nonpharmacologic approaches can be additive and
certainly are beneficial even if the patient requires drug therapy.
Stamler and associates12 documented that reducing weight and low-
ering salt and alcohol intake allowed 39% of patients previously on
therapy to remain normotensive without medication over a 4-year pe-
riod. In the mildly hypertensive individual, these lifestyle modifica-
tions should be tried for at least 6 months before initiating pharma-
cologic therapy.

Pharmacologic Therapy
The decision to initiate drug therapy requires consideration of indi-
vidual patient characteristics, such as age, race, sex, family history,
cardiovascular risk factors, concomitant disease states, compliance,
and ability to purchase the prescribed therapeutic agent. Pharmaco-
logic therapy is recommended when the systolic blood pressure is
higher than 160 mm Hg and the diastolic blood pressure remains
higher than 100 mm Hg. Treatment of stage 2 and 3 hypertension
(systolic pressure �160 and diastolic pressure �100 mm Hg) has re-
duced cardiovascular morbidity and mortality dramatically since the
1960s. The incidence of stroke, congestive heart failure, and left ven-
tricular hypertrophy has also decreased among treated stage 1 hy-
pertensives, and therapy is recommended if patients have one or more
cardiovascular risk factors and have not controlled their blood pres-
sure after 6 months of lifestyle modification.

The ideal antihypertensive agent would improve quality of life, re-
duce coronary heart disease risk factors, maintain normal hemody-
namic profiles, reduce left ventricular hypertrophy, have a positive
impact on concomitant disease states, and reduce end-organ damage
while effectively lowering blood pressure on a convenient dosing reg-
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imen at minimal cost to the patient. This “magic bullet” has yet to
be synthesized, although several of the newer antihypertensive classes
offer the possibility of many of these positive outcomes.

The selection of an appropriate antihypertensive agent may be
based on the current recommendations of the JNC on the Detection,
Evaluation, and Treatment of High Blood Pressure or individualized
to the specific medical, social, psychological, and economic situation
of each patient.1 The previous stepped-care approach has been mod-
ified by the JNC into an algorithm that permits an individualized ap-
proach to the patient (Fig. 1.1). Many clinicians have moved away
from the stepped-care philosophy toward a monotherapy approach,
which maximizes the dose of one drug before substituting or adding
another. Combination therapy with lower doses of several agents may
also be utilized to minimize adverse effects. Therapeutic choices must
be based on a sound understanding of the mechanism of action, phar-
macokinetics, adverse effect profile, and cost of available agents.

Major Antihypertensive Classes

ACE Inhibitors
Angiotensin-converting enzyme (ACE) inhibitors (Table 1.3) block
the conversion of angiotensin I to angiotensin II, resulting in de-
creased aldosterone production with subsequent increased sodium
and water excretion. Renin and potassium levels are usually increased
as a result of this medication. The hemodynamic response includes
decreased peripheral resistance, increased renal blood flow, and min-
imal changes in cardiac output and glomerular filtration rate. There
is little change in insulin and glucose levels or in the lipid fractions.
The adverse effects of ACE inhibitors include cough (1–30%), head-
ache, dizziness, first-dose syncope in salt- or volume-depleted pa-
tients, acute renal failure in patients with renal artery stenosis, an-
gioedema (0.1–0.2%), and teratogenic effects in the human fetus.
Thus, ACE inhibitors should not be used during the second and third
trimesters of pregnancy. Captopril (Capoten) has a higher incidence
of rash, dysgeusia, neutropenia, and proteinuria than the others due
to a sulfhydryl group in the ring structure.13

The ACE inhibitors are good first-line agents for patients with di-
abetes, congestive heart failure, peripheral vascular disease, elevated
lipids, and renal insufficiency. This class is effective in all races and
ages, although black patients respond better with the addition of a 
diuretic.14,15

1. Hypertension 7
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Algorithm for the Treatment of Hypertension

Begin or Continue Lifestyle Modifications

Not at Goal Blood Pressure (�140/90 mm Hg)
Lower goals for patients with diabetes or renal disease (see chapter 4)

Not at Goal Blood Pressure

Not at Goal Blood Pressure

Continue adding agents from other classes.
Consider referral to a hypertension specialist.

Substitute another drug from
a different class.

Add a second agent from a different
class (diuretic if not already used).

Initial Drug Choices*
Uncomplicated Hypertension† Compelling Indications†
Diuretics Diabetes mellitus (type 1) with proteinuria
Beta-blockers • ACE inhibitors

Heart failure
Specific Indications for the • ACE inhibitors
Following Drugs (see table 9) • Diuretics
ACE inhibitors Isolated systolic hypertension (older persons)
Angiotensin II receptor blockers • Diuretics preferred
Alpha-blockers • Long-acting dihydropyridine
Alpha-beta-blockers calcium antagonists
Beta-blockers Myocardial infarction
Calcium antagonists • Beta-blockers (non-ISA)
Diuretics • ACE inhibitors (with systolic

dysfunction)
• Start with a low dose of long-acting once-daily drug, and titrate dose.
• Low-dose combinations may be appropriate.

No response or troublesome Inadequate response but well tolerated
side effects

*Unless contraindicated. ACE indicates angiotensin-converting enzyme; ISA, intrinsic sympa-
thomimetic activity.
†Based on randomized controlled trials (see chapters 3 and 4).

Fig. 1.1. Algorithm for the treatment of hypertension. (From Na-
tional Institutes of Health.1)



Angiotensin Receptor Antagonists
Angiotensin receptor antagonists, a newer class of antihypertensive
agents, binds to the angiotensin II receptors, resulting in blockade of
the vasoconstrictor and aldosterone-secreting effects of angiotensin
II. In addition, bradykinin production is not stimulated. The first agent
available in the United States was losartan (Cozaar). The physiologic
effects of losartan include a rise in plasma renin and angiotensin II
levels and a decrease in aldosterone production. There is no signifi-
cant change in plasma potassium levels and no effect on glomerular
filtration rate, renal plasma flow, heart rate, triglycerides, total cho-
lesterol, high-density lipoprotein (HDL) cholesterol, or glucose.
Losartan use does produce a small uricosuric effect with lowering of
plasma uric acid levels.

These agents are effective antihypertensives in adults and the el-
derly. Blood pressure–lowering effects are not as significant in black
patients. Adverse effects include muscle pain, dizziness, cough, in-
somnia, and nasal congestion. As with ACE inhibitors, angiotensin
receptor antagonists should not be used during the second and third
trimesters of pregnancy.

At this time the role of angiotensin receptor antagonists is not com-
pletely defined. Further study of the hemodynamic effects in large
populations is needed to determine the role in cardiac patients. These
agents are an alternative antihypertensive agent for patients experi-
encing adverse effects from ACE inhibitors.

Calcium Entry Antagonists
Calcium entry antagonists (CEAs) inhibit the movement of calcium
across cell membranes in myocardial and smooth muscles. This ac-
tion dilates coronary arteries, and additional peripheral arteriole di-
lation reduces total peripheral resistance, resulting in decreased blood
pressure. Although the mechanism of action for lowering blood pres-
sure is similar for these agents, structural differences result in vary-
ing effects on cardiac conduction and adverse effect profiles. Vera-
pamil (Calan, Covera, Isoptin, Verelan) and diltiazem (Cardizem,
Dilacor, Tiazac) slow atrioventricular (AV) node conduction and pro-
long the effective refractory period in the AV node. Cardiac output
is increased by nifedipine (Procardia), nicardipine (Cardene), is-
radipine (DynaCirc), and felodipine (Plendil).

The calcium entry antagonists are contraindicated in patients with
heart block, cardiogenic shock, or acute myocardial infarction. Com-
mon adverse effects include peripheral edema, dizziness, headache,
asthenia, nausea, constipation, flushing, and tachycardia. Calcium en-

1. Hypertension 9



try antagonists have no significant impact on lipid profiles or glu-
cose metabolism.1

These agents are effective at all ages and in all races. They are
good choices for patients with diabetes, angina, migraine, chronic ob-
structive pulmonary disease (COPD)/asthma, peripheral vascular dis-
ease, renal insufficiency, and supraventricular arrhythmias.14,15

Diuretics
Thiazide, loop, and potassium-sparing diuretics have been the main-
stay of antihypertensive therapy since the 1960s. They remain as first-
line agents in the JNC VI approach, although the ACE inhibitors and
calcium entry antagonists are rapidly replacing diuretics as monother-
apy for hypertension.

Thiazide diuretics increase renal excretion of sodium and chloride
at the distal segment of the renal tubule, resulting in decreased plasma
volume, cardiac output, and renal blood flow and increased renin ac-
tivity. Potassium excretion is increased, and calcium and uric acid
elimination is decreased.13 Thiazides adversely affect lipid metabo-
lism by increasing the total cholesterol level 6% to 10% and the low-
density lipoprotein (LDL) cholesterol 6% to 20%, and by causing a
possible 15% to 20% rise in triglycerides.15 Plasma glucose levels
increase secondary to a decrease in insulin secretion. Clinical adverse
effects include nausea, vomiting, diarrhea, dizziness, headache, fa-
tigue, muscle cramps, gout attacks, and impotence. Thiazides are in-
expensive choices for initial therapy, but caution must be exercised
in patients with preexisting cardiac dysfunction, lipid abnormalities,
diabetes mellitus, and gout. The lowest effective dose is recom-
mended to minimize these potential adverse effects. Suggested daily
doses are hydrochlorothiazide (HydroDIURIL) 25 mg, chlorthalidone
(Hygroton) 25 mg, and indapamide (Lozol) 2.5 mg daily. Indapamide
is unique among thiazides in that it has minimal effects on glucose,
lipids, and uric acid. Thiazides are good choices for volume/salt-
dependent, low-renin hypertensives. Thiazides improve blood pres-
sure control when added to ACE inhibitors, beta-blockers, vasodila-
tors, and alpha-blockers.

The loop diuretics—furosemide (Lasix), torsemide (Demadex),
and bumetanide (Bumex)—inhibit sodium and chloride reabsorption
in the proximal and distal tubules and the loop of Henle. These di-
uretics are effective in patients with decreased renal function. The
primary adverse effects include ototoxicity with high doses in pa-
tients with severe renal disease and in combination with an amino-
glycoside, photosensitivity, excess potassium loss, increased serum
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uric acid, decreased calcium levels, and impaired glucose metabo-
lism. Patients may experience nausea, vomiting, diarrhea, headache,
blurred vision, tinnitus, muscle cramps, fatigue, or weakness.
Furosemide and bumetanide are utilized in patients with compro-
mised renal function or congestive heart failure (CHF) and as ad-
juncts to volume-retaining agents such as hydralazine (Apresoline)
and minoxidil (Loniten).

The potassium-sparing diuretics spironolactone (Aldactone), tri-
amterene (Dyrenium), and amiloride (Midamor) are useful for pre-
venting potassium wastage from thiazide and loop diuretics. Spirono-
lactone competitively inhibits the uptake of aldosterone at the
receptor site in the distal tubule, thereby reducing aldosterone effects.
It is used for treatment of primary aldosteronism, CHF, cirrhosis with
ascites, hypertension, and hirsutism. Triamterene is used in combi-
nation with hydrochlorothiazide as Dyazide or Maxzide and effec-
tively prevents potassium loss. Amiloride inhibits potassium excre-
tion at the collecting duct. Adverse reactions associated with
spironolactone include gynecomastia, nausea, vomiting, diarrhea,
muscle cramps, lethargy, and hyperkalemia. Triamterene and
amiloride have adverse effects similar to those seen with the thiazide
diuretics.13–15

Antiadrenergic Agents
Beta-Blockers
�-adrenergic blocking agents compete with �-agonists for B1 recep-
tors in cardiac muscles and B2 receptors in the bronchial and vascu-
lar musculature, inhibiting the dilator, inotropic, and chronotropic ef-
fects of �-adrenergic stimulation. Clinical responses to �-adrenergic
blockade include decreased heart rate, cardiac output, blood pressure,
renin production, and bronchiolar constriction; there is also an initial
increase in total peripheral resistance, which returns to normal with
chronic use.

Beta-blockers are contraindicated for sinus bradycardia, second-
or third-degree heart block, cardiogenic shock, cardiac failure, and
severe COPD/asthma. The adverse effect profile of beta-blocking
agents is partially dependent on their receptor selectivity (Table 1.3).
Acebutolol (Sectral), penbutolol (Levatol), carteolol (Cartrol), and
pindolol (Visken) have intrinsic sympathomimetic activity (ISA), 
resulting in less effect on cardiac output and lipid profiles. Beta-
blockers without ISA slow the heart rate, decrease cardiac output, in-
crease peripheral vascular resistance, and cause bronchospasm. Com-
mon adverse effects include fatigue, impotence, depression, short-

1. Hypertension 11



12 Stephen A. Brunton

Ta
bl

e 
1.

3.
A

nt
ih

yp
er

te
ns

iv
e 

D
ru

gs

U
su

al
 d

os
e/

D
ru

g 
A

va
ila

bl
e 

sc
he

du
le

 
H

al
f-

lif
e 

Pe
ak

 
Pr

eg
na

nc
y

cl
as

s
do

se
s 

(m
g)

(m
g/

da
y)

(h
ou

rs
)

(h
ou

rs
)

cl
as

s

A
C

E 
in

hi
bi

to
rs

B
en

az
ep

ri
l 

(L
ot

en
si

n)
5,

 1
0,

 2
0,

 4
0

10
–4

0 
qd

10
2–

4
C

 (
1s

t 
tr

im
es

te
r)

D
 (

2n
d 

an
d

3r
d 

tr
im

es
te

r)
C

ap
to

pr
il 

(C
ap

ot
en

)
12

.5
, 

25
, 

50
, 

10
0

25
–5

0 
bi

d–
tid

2
1–

2
C

 (
1s

t 
tr

im
es

te
r)

D
 (

2n
d 

an
d

3r
d 

tr
im

es
te

r)
En

al
ap

ri
l 

(V
as

ot
ec

)
2.

5,
 5

, 
10

, 
20

5–
40

 q
d

11
4

C
 (

1s
t 

tr
im

es
te

r)
D

 (
2n

d 
an

d
3r

d 
tr

im
es

te
r)

Fo
si

no
pr

il 
(M

on
op

ri
l)

10
, 

20
10

–4
0 

qd
12

2–
6

C
 (

1s
t 

tr
im

es
te

r)
D

 (
2n

d 
an

d
3r

d 
tr

im
es

te
r)

Li
si

no
pr

il 
(P

ri
ni

vi
l, 

2.
5,

 5
, 

10
, 

20
, 

40
10

–4
0 

qd
12

6
C

 (
1s

t 
tr

im
es

te
r)

Z
es

tr
il)

D
 (

2n
d 

an
d

3r
d 

tr
im

es
te

r)
M

oe
xi

pr
il 

(U
ni

va
sc

)
7.

5,
 1

5
7.

5–
30

 q
d

2–
10

1.
5

C
 (

1s
t 

tr
im

es
te

r)
D

 (
2n

d 
an

d
3r

d 
tr

im
es

te
r)

Q
ui

na
pr

il 
(A

cc
up

ri
l)

5,
 1

0,
 2

0,
 4

0
10

–8
0 

qd
2

2–
4

C
 (

1s
t 

tr
im

es
te

r)
D

 (
2n

d 
an

d
3r

d 
tr

im
es

te
r)



Pe
ri

nd
op

ri
l 

(A
ce

on
)

2,
 4

, 
8,

 
4–

8q
d

3–
10

3–
7

C
 (

1s
t 

tr
im

es
te

r)
D

 (
2n

d 
an

d
3r

d 
tr

im
es

te
r)

R
am

ip
ri

l 
(A

lta
ce

)
1.

25
, 

2.
5,

 5
, 

10
2.

5–
20

 q
d

2
3–

6
C

 (
1s

t 
tr

im
es

te
r)

D
 (

2n
d 

an
d

3r
d 

tr
im

es
te

r)
Tr

an
do

la
pr

il 
(M

av
ik

)
1,

 2
, 

4
2–

4 
m

g 
qd

10
4–

10
C

 (
1s

t 
tr

im
es

te
r)

D
 (

2n
d 

an
d

3r
d 

tr
im

es
te

r)

�
-B

lo
ck

er
s

Se
le

ct
iv

ity
A

te
no

lo
l 

(T
en

or
m

in
)

25
, 

50
, 

10
0

50
–1

00
 q

d
9

B
1

C
A

ce
bu

to
lo

l 
(S

ec
tr

al
)

20
0,

 4
00

 
40

0–
80

0 
qd

4
B

1
, 

IS
A

B
B

et
ax

ol
ol

 (
K

er
lo

ne
)

10
, 

20
10

–2
0 

qd
22

B
1

C
B

is
op

ro
lo

l 
(Z

eb
et

a)
5,

 1
0

5–
20

 q
d

11
B

1
C

C
ar

te
ol

ol
 (

C
ar

tr
ol

)
2.

5,
 5

2.
5–

10
 q

d
6

B
1
,

B
2
, 

IS
A

C
La

be
ta

lo
l 

(N
or

m
od

yn
e)

10
0,

 2
00

, 
30

0
10

0–
40

0 
bi

d
6

B
1
,

B
2
,

�
C

N
ad

ol
ol

 (
C

or
ga

rd
)

20
, 

40
, 

80
, 

12
0,

 1
60

40
–8

0 
qd

24
B

1
,

B
2

C
M

et
op

ro
lo

l 
(L

op
re

ss
or

)
50

, 
10

0
10

0–
45

0 
qd

3
B

1
C

Pe
nb

ut
ol

ol
 (

Le
va

to
l)

20
20

–8
0 

qd
5

B
1
,

B
2
, 

IS
A

C
Pi

nd
ol

ol
 (

V
is

ke
n)

5,
 1

0
10

–3
0 

qd
4

B
1
,

B
2
, 

IS
A

B
Pr

op
ra

no
lo

l 
(In

de
ra

l)
60

, 
80

, 
12

0,
 1

60
, 

SR
;

80
–1

60
 S

R
 q

d
10

B
1
,

B
2

C
10

, 
20

, 
40

, 
60

, 
80

, 
90

20
–1

20
 b

id
4

B
1
,

B
2

C
Ti

m
ol

ol
 (

B
lo

ca
dr

en
)

5,
 1

0,
 2

0
10

–3
0 

bi
d

4
B

1
,

B
2

C
(c

on
tin

ue
d

)

1. Hypertension 13



Ta
bl

e 
1.

3 
(C

on
tin

ue
d)

.

U
su

al
 d

os
e/

D
ru

g 
A

va
ila

bl
e 

sc
he

du
le

 
H

al
f-

lif
e 

Pe
ak

 
Pr

eg
na

nc
y

cl
as

s
do

se
s 

(m
g)

(m
g/

da
y)

(h
ou

rs
)

(h
ou

rs
)

cl
as

s

C
al

ci
um

 e
nt

ry
 a

nt
ag

on
is

ts
A

m
lo

di
pi

ne
 (

N
or

va
sc

)
2.

5,
 5

, 
10

2.
5–

10
6–

12
C

D
ilt

ia
ze

m
 (

C
ar

di
ze

m
)

SR
 6

0,
 9

0,
 1

20
SR

 6
0–

12
0 

bi
d

6–
11

C
C

D
 1

20
, 

18
0,

 2
40

, 
30

0
C

D
 1

80
–3

60
 q

d
6

12
30

, 
60

, 
90

, 
12

0,
30

–9
0 

qi
d

2–
3

(D
ila

co
r 

X
R

)
12

0,
 1

80
, 

24
0

12
0–

36
0 

qd
4

4–
6

C
Fe

lo
di

pi
ne

 (
Pl

en
di

l)
SR

 2
.5

, 
5,

 1
0

5–
20

 q
d

16
2–

5
C

Is
ra

di
pi

ne
 (

D
yn

aC
ir

c)
2.

5,
 5

2.
5–

5 
bi

d
8

1.
5

C
N

ic
ar

di
pi

ne
 

SR
 3

0,
 4

5,
 6

0
SR

 3
0–

60
 b

id
(C

ar
de

ne
)

20
, 

30
20

–4
0 

tid
4

0.
5–

2
C

N
ife

di
pi

ne
 

SR
 1

0,
 2

0,
 3

0,
 6

0,
 9

0
30

–1
20

 q
d

5
0.

5–
6

C
(A

da
la

t 
Pr

oc
ar

di
a)

N
is

ol
di

pi
ne

 (
Su

la
r)

10
, 

20
, 

30
, 

40
20

–4
0 

qd
10

6–
12

C
V

er
ap

am
il 

(C
al

an
, 

SR
 1

20
, 

18
0,

 2
40

 
24

0–
48

0 
qd

7
1–

2
C

C
ov

er
a,

 I
so

pt
in

, 
40

, 
80

, 
12

0
V

er
el

an
)

�
1-

bl
oc

ke
rs

D
ox

az
os

in
 (

C
ar

du
ra

)
1,

 2
, 

4,
 8

1–
16

 m
g 

qd
22

2–
3

B
Pr

az
os

in
 (

M
in

ip
re

ss
)

1,
 2

, 
5

1–
5 

bi
d–

tid
3

3
C

Te
ra

zo
si

n 
(H

yt
ri

n)
1,

 2
, 

5,
 1

0
1–

10
 q

d
12

1–
2

C

C
en

tr
al

�
2-

ag
on

is
ts

C
lo

ni
di

ne
 (

C
at

ap
re

s)
0.

1,
 0

.2
, 

0.
3

0.
2–

1.
2 

qd
16

3–
5

C
TT

S 
1,

 2
, 

3
1 

pa
tc

h 
w

ee
kl

y
19

2–
3 

da
ys

14 Stephen A. Brunton



G
ua

na
be

nz
 (

W
yt

en
si

n)
4,

 8
4–

8 
bi

d
6

2–
4

C
G

ua
nf

ac
in

e 
(T

en
ex

)
1,

 2
1–

3 
qd

17
3

B
M

et
hy

ld
op

a 
(A

ld
om

et
)

12
5,

 2
50

, 
50

0
25

0–
50

0 
tid

–q
id

2
2–

4
B

V
as

od
ila

to
rs

H
yd

ra
la

zi
ne

 
10

, 
25

, 
50

, 
10

0
10

–5
0 

qi
d

7
0.

5–
2

C
(A

pr
es

ol
in

e)
M

in
ox

id
il 

(L
on

ite
n)

2.
5,

 1
0

10
–4

0 
qd

4
2–

3
C

�
�

-B
lo

ck
er

s
C

ar
ve

di
lo

l 
(C

or
eg

)
6.

25
, 

12
.5

, 
25

6.
25

–1
2.

5 
bi

d
7

3–
4

C
La

be
ta

lo
l 

(N
or

m
od

yn
e)

10
0,

 2
00

, 
30

0
10

0 
m

g–
40

0 
bi

d
6

2–
4

C

Se
le

ct
ed

 t
hi

az
id

e 
di

ur
et

ic
s

C
hl

or
ot

hi
az

id
e 

(D
iu

ri
l)

25
0–

50
0

50
0–

20
00

 q
d

6–
12

4
H

yd
ro

ch
lo

ro
th

ia
zi

de
 

25
, 

50
, 

10
0

25
–5

0 
qd

6–
12

4–
6

(H
yd

ro
D

IU
R

IL
)

C
hl

or
th

al
id

on
e

25
, 

50
, 

10
0

25
–1

00
 q

d
24

–7
2

2–
6

(H
yg

ro
to

n)
In

da
pa

m
id

e 
(L

oz
ol

)
1.

25
, 

2.
5

2.
5–

5 
qd

36
2

B
M

et
ol

az
on

e 
0.

5,
 2

.5
, 

5,
 1

0
2.

5–
5 

qd
12

–2
4

2.
6

B
(Z

ar
ox

ol
yn

)

Lo
op

 d
iu

re
ti

cs
B

um
et

an
id

e 
(B

um
ex

)
0.

5,
 1

, 
2

0.
5–

2 
qd

4–
6

1–
2,

C
Fu

ro
se

m
id

e 
(L

as
ix

)
20

, 
40

, 
80

20
–4

0 
qd

–b
id

6–
8

1–
2

C

Po
ta

ss
iu

m
-s

pa
ri

ng
di

ur
et

ic
s

A
m

ilo
ri

de
 (

M
id

am
or

)
5

5–
20

 q
d

24
6–

10
B

(c
on

tin
ue

d
)

1. Hypertension 15



16 Stephen A. Brunton
Ta

bl
e 

1.
3 

(C
on

tin
ue

d)
.

U
su

al
 d

os
e/

D
ru

g 
A

va
ila

bl
e 

sc
he

du
le

 
H

al
f-

lif
e 

Pe
ak

 
Pr

eg
na

nc
y

cl
as

s
do

se
s 

(m
g)

(m
g/

da
y)

(h
ou

rs
)

(h
ou

rs
)

cl
as

s

Sp
ir

on
ol

ac
to

ne
 

25
, 

50
, 

10
0

25
–1

00
 q

d
48

–7
2

48
–7

2
D

(A
ld

ac
to

ne
)

Tr
ia

m
te

re
ne

 
50

, 
10

0
10

0 
bi

d
12

–1
6

6–
8

B
(D

yr
en

iu
m

)

A
ng

io
te

ns
in

 r
ec

ep
to

r 
an

ta
go

ni
st

s
Ep

ro
sa

rt
an

 (
Te

ve
te

n)
40

0,
 6

00
40

0–
80

0 
qd

5–
9

3–
6

C
 (

1s
t 

tr
im

es
te

r)
D

 (
2n

d 
an

d
3r

d 
tr

im
es

te
r)

Ir
be

sa
rt

an
 (

A
va

pr
o)

75
, 

15
0,

 3
00

15
0–

30
0 

qd
11

–1
5

3–
6

C
 (

1s
t 

tr
im

es
te

r)
D

 (
2n

d 
an

d
3r

d 
tr

im
es

te
r)

Lo
sa

rt
an

 (
C

oz
aa

r)
25

, 
50

25
–1

00
 q

d
2–

9
1–

4
C

 (
1s

t 
tr

im
es

te
r)

D
 (

2n
d 

an
d

3r
d 

tr
im

es
te

r)
Te

lm
is

ar
ta

n 
(M

ic
ar

di
s)

20
, 

40
, 

80
20

–8
0 

qd
24

0.
5–

1
C

 (
1s

t 
tr

im
es

te
r)

D
 (

2n
d 

an
d

3r
d 

tr
im

es
te

r)
V

al
sa

rt
an

 (
D

io
va

n)
80

, 
16

0
80

–3
20

 q
d

6
2–

4
C

 (
1s

t 
tr

im
es

te
r)

D
 (

 2
nd

 a
nd

3r
d 

tri
m

es
te

r)

IS
A

�
In

tr
in

si
c 

sy
m

pa
th

om
im

et
ic

 a
ct

iv
ity

; 
D

�
po

si
tiv

e 
ev

id
en

ce
 o

f 
hu

m
an

 f
et

al
 r

is
k;

 C
�

fe
ta

l 
ri

sk
 d

oc
um

en
te

d 
in

 a
ni

m
al

s;
B

�
lo

w
 f

et
al

 r
is

k;
 S

R
�

sl
ow

 r
el

ea
se

; 
C

D
�

co
nt

ro
lle

d 
de

liv
er

y.



ness of breath, cold extremities, cough, drowsiness, and dizziness.
The more lipid-soluble agents, such as propranolol and metoprolol,
have a higher incidence of central nervous system (CNS) effects. In
diabetic patients beta-blockers may mask the usual symptoms of hy-
poglycemia, such as tremor, tachycardia, and hunger.13 Increased
triglycerides (30%) and decreased HDL cholesterol (1–20%) occur
with non-ISA agents.15 Beta-blockers are effective agents in the
young and white populations. Black patients may not respond as well
to monotherapy because of their lower renin levels. Beta-blockers are
good choices for patients with supraventricular tachycardia, high car-
diac output, angina, recent myocardial infarction, migraine, and glau-
coma. Caution should be exercised in those with diabetes, CHF, pe-
ripheral vascular disease, COPD/asthma, and an elevated lipid
profile.14

Central Acting Drugs
Methyldopa (Aldomet), clonidine (Catapres), guanfacine (Tenex),
and guanabenz (Wytensin) are central �2-agonists. These agents de-
crease dopamine and norepinephrine production in the brain, result-
ing in a decrease in sympathetic nervous activity throughout the body.
Blood pressure declines with the decrease in peripheral resistance.
Methyldopa exhibits a unique adverse effect profile as it induces au-
toimmune disorders, such as those with positive Coombs’ and anti-
nuclear antibody (ANA) tests, hemolytic anemia, and hepatic necro-
sis. The other agents produce sedation, dry mouth, and dizziness.
Abrupt clonidine withdrawal may result in rebound hypertension.
These drugs are good choices for patients with asthma, diabetes, high
cholesterol, and peripheral vascular disease.

Peripheral Acting Drugs
Guanadrel (Hylorel), reserpine (Serpasil), and guanethidine (Ismelin)
are peripheral antiadrenergic agents. Their mechanism of action is at
the storage granule level of norepinephrine release. They are infre-
quently chosen because of their significant side effects, which in-
clude profound hypotension, sedation, depression, and impotence.

�1-Blockers
�1-Receptor blockers have an affinity for the �1-receptor on vascu-
lar smooth muscles, thereby blocking the uptake of catecholamines
by smooth muscle cells. This action results in peripheral vasodila-
tion. The currently available agents are prazosin (Minipress), tera-
zosin (Hytrin), and doxazosin (Cardura). There is a marked reduc-
tion in blood pressure with the first dose of these drugs. It is
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recommended that they be started with 1 mg at bedtime and titrate
slowly upward over 2 to 4 weeks. When adding a second antihyper-
tensive the �-blocker dose should be decreased and titrated upward
again. Often a diuretic is added to �1-blocker therapy to reduce so-
dium and water retention. The primary adverse effects of these three
drugs are dizziness, sedation, nasal congestion, headache, and pos-
tural effects. They do not significantly affect lipids, glucose, elec-
trolytes, or exercise tolerance. �1-Blockers are good choices for
young active adults and patients with diabetes, renal insufficiency,
CHF, peripheral vascular disease, COPD/asthma, or elevated lipids.

The Antihypertensive and Lipid Lowering Treatment to Prevent
Heart Attack Trial (ALLHAT) was initiated in 1994 to evaluate the
impact of various classes of antihypertensives on outcomes. In early
2000 the doxazosin treatment arm was discontinued because a
twofold higher incidence of CHF was noted compared to those on
chlorthalidone.16

Vasodilators
The two direct vasodilators, hydralazine (Apresoline) and minoxidil
(Loniten), dilate peripheral arterioles, resulting in a significant fall in
blood pressure. A sympathetic reflex increase in heart rate, renin and
catecholamine release, and venous constriction occur. The renal re-
sponse includes sodium and water retention. The patient often expe-
riences tachycardia, flushing, and headache. Addition of a diuretic
and a beta-blocker relieves the major adverse effects of the va-
sodilators. Hydralazine may cause a lupuslike reaction with fever,
rash, and joint pain. Chronic use of minoxidil often results in hir-
sutism with increased facial and arm hair. These drugs are third- or
fourth-line agents because of their adverse side-effect profile.13–15

Quality-of-Life Issues
The need for lifestyle changes and probable drug therapy increases
the possibility that the patient’s quality of life will be altered. The
adverse physical, mental, and metabolic effects of antihypertensive
therapy results in significant nonadherence to prescribed regimens.
In 1982 Jachuck and associates17 investigated the effect of medica-
tions on their patients by asking them, their closest relatives, and their
physicians a series of questions concerning their quality of life since
starting the blood pressure medications. The physicians and patients
thought there was either no change or improvement, whereas 99% of
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the relatives thought the patients were worse. They cited side effects
such as memory loss, irritability, decreased libido, hypochondria, and
decreased energy as major problems.17 Other studies during the 1980s
confirm that nonselective beta-blockers, diuretics, and methyldopa
compromised quality of life to a far greater extent than ACE inhib-
itors or calcium entry antagonists.17–19 Further research in this area
is necessary to assist the physician in determining the optimum strat-
egy for blood pressure control to improve adherence and quality of
life.

Antihypertensive Selection
It is important to consider the patient’s lifestyle, economic status, be-
lief systems, and concerns about treatment when selecting an anti-
hypertensive agent. Therapy should be initiated with one drug in
small doses to minimize adverse effects. It is important to educate
the patient about the long-term benefits of therapy, including the de-
creased incidence of stroke and renal and cardiac disease. Adequate
follow-up visits are scheduled to assess adherence and adverse ef-
fects. During these visits the patient is asked to describe the mental,
physical, and emotional changes that have occurred as a result of
therapy. If adverse effects are bothersome, consider an alternative se-
lection from a different drug class and attempt to maintain monother-
apy. If a second drug is needed, agents can be combined that im-
prove efficacy without significantly altering the adverse-effect profile
(e.g., adding a diuretic to an ACE inhibitor).

There are some special considerations when prescribing medica-
tions. Concomitant disease states must be considered and drugs se-
lected that either improve or at least maintain the current clinical con-
dition. Hypertension is a major risk factor for thrombotic and
hemorrhagic strokes; smoking, CHF, diabetes, and coronary artery
disease increase the risk. Patients with coronary artery disease may
benefit from a calcium entry antagonist or beta-blocker with ISA to
decrease anginal pain while resulting in minimal changes in lipid pro-
files. CHF and hypertension respond well to ACE inhibitors and di-
uretic therapy. Diabetes may be adversely affected by thiazide di-
uretics and beta-blockers. ACE inhibitors, calcium entry antagonists,
and central �2-agonists are appropriate choices.

Patients with severe renal disease are most effectively treated with
loop diuretics, whereas ACE inhibitors and CEAs may decrease pro-
teinuria and slow the progress of renal failure. As renal function de-
clines, ACE inhibitors must be used with some caution as increased
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potassium and decreased renal perfusion may occur. A few agents
such as methyldopa, clonidine, atenolol, nadolol, and captopril need
dosage reduction in the presence of renal failure.

Asthma and COPD patients may be effectively treated with cal-
cium entry antagonists, central �2-agonists, and �1-blockers. Beta-
blockers and possibly diuretics should be avoided because they might
exacerbate bronchospasm.

The elderly are of special concern when selecting an antihyper-
tensive. They have decreased receptor sensitivity, changing barore-
ceptor response, atherosclerosis, decreased myocardial function, de-
clining total body water, decreased renal function, and memory loss.
Blood pressure should be lowered cautiously using smaller than nor-
mal doses that are slowly titrated upward. Calcium entry antagonists,
ACE inhibitors, and diuretics are possible choices for the elderly.
Beta-blockers are effective in the elderly especially in conjunction
with diuretics. Larger doses may result in declining mental function,
depression, fatigue, and impotence. �1-Blockers and central �2-ago-
nists may be used with caution. First-dose syncope and sedation are
the major concerns.

Black patients may not respond as well to ACE inhibitors or beta-
blockers as other races, perhaps due in part to low renin, salt/
volume-dependent hypertension. Thiazide diuretics may adversely af-
fect diabetes, gout, and lipids. Calcium entry antagonists, �1-blockers,
central �2-agonists, and ACE inhibitors are possible choices.

Young women with hyperdynamic hypertension may respond best
to a beta-blocker to slow the heart rate and relieve symptoms of stress.
An active young man would be better served with an ACE inhibitor,
calcium entry antagonist, or alpha-blocker, as beta-blockers and di-
uretics may cause impotence and exercise intolerance.14

Severe Hypertension and Emergencies
Patients with a diastolic blood pressure (DBP) over 115 mm Hg must
be treated upon diagnosis. The blood pressure should be lowered in
5- to 10-mm Hg increments with a goal of lowering it to less than
100 mm Hg after several weeks of therapy. Often more than one drug
must be used initially to control the blood pressure. A hypertensive
emergency exists if the DBP is over 130 mm Hg and evidence of
end-organ damage exists, such as retinal hemorrhage, encephalopa-
thy, pulmonary edema, myocardial infarction, or unstable angina.
Drugs available for treatment in this situation include sodium nitro-
prusside, nitroglycerin, hydralazine, phentolamine, labetalol, and
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methyldopa. Patients must be hospitalized for appropriate monitor-
ing. Hypertensive urgency exists when the DBP is over 115 mm Hg
without evidence of end-organ damage. Oral agents such as cloni-
dine, captopril, and minoxidil may be used to lower the DBP 10 to
15 mm Hg over several hours.1 Nifedipine should not be used in this
situation as many serious adverse events have been reported includ-
ing severe hypotension, acute myocardial infarction, and death.20

Conclusion
Pharmacologic management of hypertension challenges the physician
to understand the patient’s social, psychological, and economic sta-
tus in order to select an antihypertensive regimen that effectively low-
ers the blood pressure, alleviates concomitant disease states, and al-
lows easy adherence to the regimen. Continual assessment of therapy
is necessary to determine the effectiveness of the regimen, adverse
side effects, and the patient’s quality-of-life issues.
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2
Ischemic Heart
Disease
Jim Nuovo

Cardiovascular disease remains the most significant cause of mor-
bidity and mortality in the United States. In 1998 approximately 1.3
million Americans experienced a myocardial infarction (MI) and
700,000 of them died.1 It is estimated that 12.4 million Americans
are alive today with a history of MI, angina, or both. The financial
impact of this disease is enormous. The cost estimate for cardiovas-
cular disease in 1998 was over $110 billion. It is important for all
primary care providers to implement screening and preventive care
programs to reduce the burden of cardiovascular disease. Because of
the high morbidity and mortality it is also important to recognize the
early manifestations of this disease.

Unfortunately, in up to 20% of patients the first manifestation of
ischemic heart disease (IHD) is sudden cardiac arrest.2 Most deaths
from IHD occur outside the hospital and within 2 hours of the onset
of symptoms. Since the 1960s a great deal of effort has been directed
toward the practice of cardiopulmonary resuscitation and emergency
cardiac care. These efforts have been directed toward minimizing the
number of cardiac deaths. Recently revised evidence-based guide-
lines present a summary of the collaborative effort of the American
Heart Association and the International Liaison Committee on Re-
suscitation.2 Furthermore, there has been a substantial undertaking to
identify and treat individuals with significant cardiovascular risk fac-
tors with the goal of lowering morbidity and mortality. This effort
has been successful as noted by the decline in death rates from myo-



cardial ischemia and its complications. This chapter discusses three
issues, relevant to the family physician, regarding IHD: the evalua-
tion of patients with chest pain, the diagnosis and management of
angina pectoris, and the diagnosis and management of MI.

Chest Pain
Chest pain is one of the common reasons for patients visiting pri-
mary care physicians.3 The major diagnostic considerations for chest
pain are listed in Table 2.1. Of the diagnostic considerations, which
are the most commonly seen by family physicians? A Family Prac-
tice Research Network investigated this issue. Over 1 year the Michi-
gan Research Network (MIRNET) prospectively collected informa-
tion on 399 patients with episodes of chest pain. The most common
diagnostic findings were (1) musculoskeletal pain (20.4%); (2) reflux
esophagitis (13.4%); (3) costochondritis (13.1%); and (4) angina pec-
toris (10.3%).4 The highest priority is generally given to distin-
guishing cardiac from noncardiac chest pain. Of the many diseases
listed, the most common differential diagnostic considerations are of
esophageal and psychiatric etiologies.
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Table 2.1. Common Causes of Chronic 
and Recurrent Chest Pain

Cardiac causes
Hypertrophic cardiomyopathy
Ischemic heart disease
Mitral valve prolapse
Pericarditis

Chest wall problems
Costochondritis
Myofascial syndrome

Gastrointestinal causes
Esophageal motility disorders
Gastroesophageal reflux

Neurologic causes
Radiculopathy
Zoster (postherpetic neuralgia)

Psychiatric causes
Anxiety
Depression
Hyperventilation
Panic disorder



Noncardiac Chest Pain
Noncardiac chest pain remains a complex diagnosis and management
problem. Studies have demonstrated that 10% to 30% of patients with
chest pain who undergo coronary arteriography have no arterial ab-
normalities.5,6 Follow-up studies of these patients have shown that
the risk of subsequent myocardial infarction is low.7,8 Fifty to sev-
enty-five percent of these patients have persistent complaints of chest
pain and disability.9,10 The most common noncardiac problems in the
differential are esophageal disorders, hyperventilation, panic attacks,
and anxiety disorders.

Esophageal Chest Pain
Of the patients who have undergone coronary arteriography and have
been found to have normal coronary arteries, as many as 50% have
demonstrable esophageal abnormalities.11 Richter et al12 critically re-
viewed 117 articles on recurring chest pain of esophageal origin to
clarify issues related to this disease. They paid specific attention to
the following controversial issues: potential mechanisms of esopha-
geal pain, differentiation of cardiac and esophageal causes, evalua-
tion of esophageal motility disorders, use of esophageal tests for eval-
uating noncardiac chest pain, usefulness of techniques for prolonged
monitoring of intraesophageal pressure and pH, and the relation of
psychological abnormalities to esophageal motility disorders. They
concluded that (1) specific mechanisms that produce chest pain are
not well understood; (2) esophageal chest pain has usually been at-
tributed to the stimulation of chemoreceptors (acid and bile) or
mechanoreceptors (spasm and distention); and (3) studies done to
confirm direct associations between these factors and pain have not
been consistent in their findings.

It appears that the triggers for esophageal chest pain are multifac-
torial and often idiosyncratic to the individual. Differentiating car-
diac from esophageal disease can be frustrating. As many as 50% of
patients with coronary disease have esophageal disease.13 There are
many esophageal disorders that produce pain mimicking myocardial
ischemia. Areskog et al14 have shown that esophageal abnormalities
are common in patients who are admitted to a coronary care unit and
are later found to have no evidence of cardiac disease. The clinical
history frequently does not differentiate between cardiac and
esophageal chest pain, although features may be helpful in this pro-
cess. Features suggesting esophageal origin include pain that contin-
ues for hours, pain that interrupts sleep or is meal-related, pain re-
lieved by antacids, or the presence of other esophageal symptoms
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(heartburn, dysphagia, regurgitation). Conversely, it is well docu-
mented that gastroesophageal reflux may be triggered by heavy ex-
ercise and may produce exertional chest pain mimicking angina even
during treadmill testing.

Tests that can be done to determine the presence of esophageal
disease include esophageal motility testing, continuous ambulatory
esophageal pH monitoring, and provocative testing (e.g., acid perfu-
sion and balloon distension).15 Although findings from these tests
have produced a better understanding of the pathologic conditions
leading to the development of chest pain with esophageal disorders,
there is no consensus as to the usefulness of these tests for the spe-
cific patient with chest pain. As noted by Pope,16 “What is needed
is a simple and safe provocative esophageal maneuver to turn on chest
pain that possesses a high degree of sensitivity.”

There is clearly an interaction between psychological abnormali-
ties and esophageal disorders. Patients with esophageal disorders
have been shown to have significantly higher levels of anxiety, som-
atization, and depression.17 It is not clear if there is a cause-and-
effect relation. Given the aforementioned difficulties in the diagno-
sis of esophageal chest pain, the differentiation of this pain from 
cardiac disease, and the close relation between cardiac, esophageal,
and psychiatric disease, it is wise to maintain a consistent approach
to the evaluation of these patients. Richter et al.12 developed a step-
wise approach for patients with recurring chest pain. They recom-
mended exclusion of cardiac disease, with the subsequent evaluation
to rule out structural abnormalities of the upper gastrointestinal (GI)
tract (barium swallow, upper GI series, and endoscopy). Also rec-
ommended is a trial of antireflux therapy for 1 to 2 months. In those
patients who fail to respond, specialized testing may then be appro-
priate (esophageal motility, 24-hour pH monitoring, provocative test-
ing, and psychological evaluation).15

Psychiatric Illness
There has long been a connection between psychiatric disorders and
noncardiac chest pain. Katon et al18 reported the results of an eval-
uation of 74 patients with chest pain and no history of organic heart
disease. Each patient underwent a structured psychiatric interview
immediately after coronary arteriography. Patients with chest pain
and negative coronary arteriograms were significantly younger, more
likely to be female, more apt to have a higher number of autonomic
symptoms (tachycardia, dyspnea, dizziness, paresthesias) associated
with chest pain, and more likely to describe atypical chest pain. These
patients also had significantly higher scores on indices of anxiety and
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depression that met Diagnostic and Statistical Manual of Mental Dis-
orders, 3rd edition (DSM-III) criteria for panic disorder, major de-
pression, and phobias.

The strong association between anxiety and depression disorders
in patients with noncardiac chest pain has been observed in many
other studies. Specific medical therapy directed at anxiety and de-
pression may help some of these patients. Cannon et al19 reported a
study on a group of patients with chest pain despite normal coronary
angiograms. Imipramine was shown to improve their symptoms. Pa-
tients who were given 50 mg nightly had a statistically significant
reduction (52%) in episodes of chest pain.

Cardiac Chest Pain: Angina Pectoris
Angina is not simply one type of pain; it is a constellation of symp-
toms related to cardiac ischemia. The description of angina may fit
several patterns:

1. Classic angina. Classic angina presents as an ill-defined pressure,
heaviness (feeling like a weight), or squeezing sensation brought
on by exertion and relieved by rest. The pain is most often sub-
sternal and left-sided. It may radiate to the jaw, interscapular area,
or down the arm. Angina usually begins gradually and lasts only
a few minutes.

2. Atypical angina. Similar symptoms are experienced but with the
absence of one or more of the criteria for classic angina. For ex-
ample, the pain may not be consistently related to exertion or re-
lieved by rest. Conversely, the pain may have an atypical charac-
ter (sharp, stabbing), but the precipitating factors are clearly
anginal.

3. Anginal equivalent. The sensation of dyspnea is the sole or ma-
jor manifestation.

4. Variant (Prinzmetal’s) angina. This angina occurs at rest and may
manifest in stereotyped patterns, such as nocturnal symptoms or
symptoms that appear only after exercise. It is thought to be caused
by coronary artery spasm. Its symptoms often occur periodically,
with characteristic pain-free intervals, and are associated with typ-
ical electrocardiographic (ECG) changes, most commonly ST seg-
ment elevation.

5. Syndrome X (microvascular angina). Some patients with the clin-
ical diagnosis of coronary artery disease have no evidence of ob-
structive atherosclerosis. Several reports investigating this popu-
lation have found a subset with metabolic evidence for ischemia
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(myocardial lactate during induced myocardial stress as evidence
for ischemia). The term syndrome X has been proposed.20 It has
been suggested that some of these patients have microvascular
angina.

It is important for clinicians to recognize the factors that may con-
found the clinical diagnosis of angina pectoris: (1) The severity of
pain is not necessarily proportional to the seriousness of the under-
lying illness. (2) The physical examination is not generally helpful
for differentiating cardiac from noncardiac disease. A normal exam-
ination cannot be counted on to rule out significant cardiac disease.
(3) The ECG is normal in more than 50% of patients with IHD. A
normal ECG cannot be used to rule out significant cardiac disease.
(4) Denial is a significant component in the presentation of chest pain
caused by MI. (5) Some of the diseases common in the differential
diagnosis of chest pain may present concurrently. Major depressive
disorder and panic disorder are known to be prevalent in patients with
esophageal disorders. Colgan et al21 reported that of 63 patients with
chest pain and normal angiograms 32 (51%) had evidence of an
esophageal disorder, and 19 of the 32 (59%) had a current psychi-
atric disorder (anxiety or depression). Patients with concurrent dis-
orders are particularly challenging to the clinician sorting out the
cause of the chest pain.

Clinical Tools Used to Distinguish Cardiac from
Noncardiac Chest Pain
Despite the difficulties noted above, there are important clinical tools
that can be used to distinguish cardiac from noncardiac chest pain.

History
Despite the cited difficulties, the history is key to distinguishing car-
diac from noncardiac etiologies of chest pain. Noncardiac chest pain
is often fleeting, brief, sharp, or stabbing. The pain may be repro-
duced by palpating the chest wall. The duration of pain is also im-
portant. Symptoms that last many hours or days are not likely to be
anginal. A great deal of work has been done to assess the probabil-
ity of IHD in a given patient based on the clinical presentation. In
1979 Diamond and Forrester22 presented such an approach. Using
data from the clinical presentation correlated with autopsy and an-
giographic information, they presented a pretest likelihood of coro-
nary artery disease in symptomatic patients according to age, sex,
and type of chest pain (nonanginal, atypical angina, or typical angina).
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Several observations can be made from this chart (Table 2.2): Men
have a substantially greater risk than women for any given type of
chest pain and at any given age. A middle-aged man with atypical
chest pain is at high risk for having significant coronary artery dis-
ease. Young women (ages 30–40 years) with classic angina have a
relatively low risk of having significant coronary artery disease.

Diagnostic Testing
After establishing a pretest probability of IHD, there are a variety of
tests available to help establish an accurate diagnosis. Although many
tests are now firmly established in clinical practice, none is particu-
larly suited to wide-scale, cost-effective application because each has
limitations concerning sensitivity and specificity.

Exercise Tolerance Testing. In 1997 the American College of Car-
diology and the American Heart Association Task Force on Assess-
ment of Cardiovascular Procedures set guidelines for exercise tread-
mill testing (ETT).23 For patients with symptoms suggestive of
coronary artery disease there are five basic indications for undertak-
ing exercise stress testing: (1) as a diagnostic test for patients with
suspected IHD, (2) to assist in identifying those patients with docu-
mented IHD who are potentially at high risk due to advanced coro-
nary disease or left ventricular dysfunction, (3) to evaluate patients
after coronary artery bypass surgery, (4) to quantify a patient’s func-
tional capacity or response to therapy, and (5) to follow the natural
course of the disease at appropriate intervals. The purpose of ETT
for the patient with chest pain is to help establish whether the pain
is indeed due to IHD.

Although there are many exercise protocols available, the proto-
cols proposed by Bruce in 1956 remain appropriate. A review of the
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Table 2.2. Pretest Likelihood of Significant Ischemic Heart Disease
(IHD) Based on Symptoms

Likelihood of IHD, M/F (%)

Atypical Typical
Age (years) Nonanginal angina angina

30–39 5.0/0.8 22/4 69/26
40–49 14/3 46/13 87/55
50–59 21/8 59/32 92/79
60–69 28/18 67/54 94/90

Source: Diamond and Forrester22 Copyright© 1979 Massachusetts Med-
ical Society. Reprinted with permission. All rights reserved.



ETT for family physicians has been published.24,25 In the standard
ETT (Bruce protocol) the patient is asked to exercise for 3-minute
intervals on a motorized treadmill device while being monitored for
the following: heart rate and blood pressure response to exercise,
symptoms during the test, ECG response (specifically ST segment
displacement), dysrhythmias, and exercise capacity. Contraindica-
tions to ETT include unstable angina, MI, rapid atrial or ventricular
dysrhythmias, poorly controlled congestive heart failure (CHF), se-
vere aortic stenosis, myocarditis, recent significant illness, and an un-
cooperative patient. A significant (positive) test includes an ST seg-
ment depression of 1.0 mm below the baseline. Many factors
influence the results of an ETT and can lead to false-positive or false-
negative findings. Factors leading to false-positive results include (1)
the use of medications such as digoxin, estrogens, and diuretics; and
(2) conditions such as mitral valve prolapse, cardiomyopathy, and
hyperventilation. Factors leading to false-negative results include (1)
the use of medications such as nitrates, beta-blockers, calcium chan-
nel blockers; and (2) conditions such as a prior MI or a submaximal
effort.26 The sensitivity of the ETT has been estimated to range from
56% to 81% and the specificity from 72% to 96%.26 The key point
is that given the vagaries of the ETT for diagnosing IHD (generally
low sensitivity and specificity) a patient with a high pretest likeli-
hood of IHD (e.g., a 50-year-old man with typical angina) still has a
high probability of having significant disease even in the face of a
normal (negative) test. Furthermore, a patient with a low probability
of IHD (e.g., a 40-year-old woman with atypical chest pain) still has
a low chance of significant disease even if the test is positive.22 The
optimal use of diagnostic testing is for those patients with moderate
pretest probabilities (e.g., a 40- to 50-year-old man with atypical
pain).

In addition to the diagnostic implications of an ETT, there are prog-
nostic implications. The following are considered to be parameters
associated with poor prognosis or increased disease severity: failure
to complete stage 2 of a Bruce protocol, failure to achieve a heart
rate over 120 bpm (off beta-blockers), onset of ST segment depres-
sion at a heart rate of less than 120 bpm, ST segment depression over
2.0 mm, ST segment depression lasting more than 6 minutes into re-
covery, ST segment depression in multiple leads, poor systolic blood
pressure response to exercise, ST segment elevation, angina with ex-
ercise, and exercise-induced ventricular tachycardia.26

Radionuclide Perfusion Imaging. There are patients in whom the
standard ETT is not a useful diagnostic tool and in whom a ra-
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dionuclide procedure would be more appropriate. Patients with base-
line ECG abnormalities due to digitalis or left ventricular hypertro-
phy with strain or those with bundle branch block (especially left
bundle branch block) cannot have proper evaluation of the ST seg-
ment for characteristic ischemic changes. In these patients a ra-
dionuclide stress test is appropriate. The principle behind radionu-
clide testing is as follows: Myocardial thallium 201 chloride uptake
is proportional to the coronary blood flow. A myocardial segment
supplied by a stenotic coronary artery receives less flow relative to
normal tissue, causing a thallium perfusion defect. Thallium washout
is also slower in stenotic areas. With perfusion imaging, both stress
and rest images are compared for perfusion. As a general rule, a de-
fect is visible on thallium imaging if there is 50% or greater steno-
sis in a coronary artery. In the standard exercise thallium test, repeat
imaging is performed 3 to 4 hours after completion of the ETT. Some
investigators advocate 24-hour imaging in patients with perfusion de-
fects to look for delayed reversibility.

For patients unable to exercise, thallium imaging can be performed
using dipyridamole (Persantine) as a coronary vasodilator. Adeno-
sine may also be used. Its advantages over dipyridamole include an
ultrashort half-life (less than 10 seconds) and better coronary vaso-
dilation. Two technetium radiopharmaceuticals [technetium ses-
tamibi (Cardiolyte) and technetium teboroxime (Cardiotec)] have
been approved for myocardial perfusion imaging. These agents may
eventually replace thallium because of more favorable imaging char-
acteristics.27

Compared to the standard ETT, the thallium 201 ETT has the 
advantage of increased sensitivity (80–87%) and specificity (85–
90%).27 Dipyridamole, adenosine, and technetium perfusion testing
has a sensitivity ranging from 70% to 95% and specificity from 60%
to 100%. Unfortunately, the cost of these procedures is more than
five times as great as a standard ETT ($1000–$1400 versus $175–
$250).25

Stress Echocardiography. Ischemic heart disease can be detected
with stress echocardiography. During stress-induced myocardial isch-
emia, the affected ventricular walls become hypokinetic. Studies sug-
gest that physical exercise and dobutamine may be the preferable
means of provoking ischemia in patients undergoing stress echocar-
diography.28,29 Preliminary data suggest a higher sensitivity and
specificity than for the standard ETT and increased usefulness for
predicting subsequent myocardial events; however, the primary util-
ity of this test appears to be for detection of ischemia in patients who
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are unable to exercise adequately. Similar values for sensitivity and
specificity between stress echocardiography and perfusion imaging
have been reported. Stress echocardiography may be particularly
valuable in patients who have a questionable defect on perfusion
imaging.

The advantages and disadvantages of each of these diagnostic tests
for IHD, as well as gender-specific issues, are presented in a sum-
mary by Redberg.30

Response to Nitroglycerin. Another approach employs clinical in-
formation to determine the probability of coronary artery disease
based on response to treatment. One such study involved the use of
sublingual nitroglycerin to determine the likelihood of disease. Hor-
witz et al31 evaluated the usefulness of nitroglycerin as a diagnostic
aid for IHD. They found a sensitivity of 76% and a specificity of
80% in 70 patients with chest pain of anginal type. It was concluded
that 90% of patients with recurrent, angina-like chest pain who ex-
hibit a prompt response to nitroglycerin (within 3 minutes) have IHD;
however, a delayed or absent response paradoxically indicates either
an absence of IHD or unusually severe disease. Therefore failure to
respond to nitroglycerin should not be used to exclude the diagnosis
of IHD.

Angina Pectoris
Once the diagnosis of angina is established, there are several impor-
tant management considerations for this disease. The first is related
to disease prognosis, the second to drug therapy, and the third to fur-
ther investigative tests and invasive therapeutic interventions. Com-
prehensive management guidelines were prepared in 1999 by the
American College of Cardiology and American Heart Association
Task Force.32

Prognosis
Three major factors determine the prognosis of patients with angina
pectoris: the amount of viable but jeopardized left ventricular my-
ocardium, the percentage of irreversibly scarred myocardium, and the
severity of underlying coronary atherosclerosis. A number of studies
were reported before invasive therapies were available that assess the
prognosis of patients with stable angina. Most of them appeared be-
tween 1952 and 1973 and reported an annual mortality of 4%. Since
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cardiac catheterization has come into general use, the prognosis has
been modified and is based on the number of diseased vessels. Cur-
rently, the annual mortality rates for patients with one-vessel disease,
two-vessel disease, three-vessel disease, and left main coronary artery
disease (CAD) are 1.5%, 3.5%, 6.0%, and 8.0% to 10.0%, respec-
tively.33

Exercise tolerance testing has been used to establish the progno-
sis in patients with symptomatic IHD. The exercise test parameters
associated with a poor outcome have been described above.26

When does angina signal severe coronary disease? Pryor et al34

developed a nomogram based on a point scoring system to help an-
swer this question. They based the nomogram on the following fac-
tors: type of chest pain (typical, atypical, nonanginal), sex, selective
cardiovascular risk factors (hypertension, smoking, hyperlipidemia,
diabetes mellitus), anginal duration (months), and the presence of
carotid bruits. By applying the nomogram for the individual patient
one can determine the probability of severe disease (i.e., 75% nar-
rowing of the left main coronary artery or three-vessel disease).

Drug Therapy
In patients with stable exertional angina who do not have severe dis-
ease, the goal of therapy is to abolish or reduce anginal attacks and
myocardial ischemia and to promote a normal lifestyle. For the re-
lief of angina, the treatment strategy is to lower myocardial oxygen
demand and increase coronary blood flow to the ischemic regions.

Patients are screened for the presence of significant cardiovascu-
lar risk factors and are advised to modify any that are present. Three
classes of antianginal drugs are commonly used: nitrates, beta-block-
ers, and calcium channel blockers. Each reduces myocardial oxygen
demand and may improve blood flow to the ischemic regions. The
mechanisms by which these agents reduce myocardial oxygen de-
mand or increase coronary blood flow to ischemic areas differ from
one class of drug to another. No greater efficacy in relieving chest
pain or decreasing exercise-induced ischemia has been shown for one
or another group of drugs.

Nitrates
Nitrates are potent venous and arterial dilators. At low doses venous
dilation predominates, and at higher doses arterial dilation occurs as
well. Nitrates decrease myocardial oxygen demand in the following
ways: Decreased venous return reduces left ventricular end-diastolic
volume and ventricular wall stress. Increased arterial compliance and
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cardiac output lowers systolic blood pressure and decreases periph-
eral resistance (afterload). It also enhances myocardial oxygen sup-
ply by preventing closure of stenotic coronary arteries during exer-
cise, dilating epicardial coronary arteries, and decreasing left
ventricular end-diastolic pressure, thereby enhancing subendocardial
blood flow and inhibiting coronary artery spasm. Nitrates are inex-
pensive and have a well documented safety record. Both short- and
long-acting nitrates are available. Short-acting preparations are used
for relief of an established attack, whereas long-acting nitrates are
used for prevention. The most significant concern about the long-
acting nitrates is tolerance. Most studies have shown that tolerance
develops rapidly when long-acting nitrates are given for anginal 
prophylaxis.34

With nitroglycerin patches tolerance can develop within 24 hours,
and further therapy can lead to complete loss of the antianginal ef-
fect.35 Various dosing strategies with oral and transdermal formula-
tions have been used to overcome the development of nitroglycerin
tolerance. Patch-free intervals of 10 to 12 hours are commonly used
to retain the antianginal effectiveness. For oral administration, nitro-
glycerin isosorbide dinitrate three times daily at 7 A.M., noon, and 5
P.M. appears to prevent the development of tolerance. Because of the
concern for intervals during which patients remain unprotected, it is
common to add another antianginal agent to the nitroglycerin regi-
men. Other problems with nitroglycerin include the fact that 10% of
patients do not respond and 10% have associated intolerable head-
aches that may necessitate discontinuation.35

Beta-Blockers
The antianginal effect of beta-blockers is well established.36 These
agents improve exercise tolerance and reduce myocardial ischemia.
The effect produces a reduction in myocardial oxygen demand
through a reduction in heart rate and contractility. Many beta-block-
ers are available. They may be divided into those that are nonselec-
tive (�1 and �2) (i.e., propranolol, timolol, nadolol), those that are �1

selective (i.e., atenolol, metoprolol, acebutolol), and those that are
nonselective and produce vasodilatory effects through the ability to
block �1-receptors and dilate blood vessels directly (i.e., labetalol).
All beta-blockers, irrespective of their selective properties, are
equally effective in patients with angina.36

Some 20% of patients do not respond to beta-blockers. Those who
do not respond are more likely to have severe IHD. Furthermore,
some patients do not tolerate the adverse side effects, such as fatigue,
depression, dyspnea, and cold extremities. Other concerns include a
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small but significant aggravation of hyperlipidemia and precipitation
of CHF and bronchospasm in susceptible individuals. Generally,
beta-blockers are dose-adjusted to achieve a heart rate of 50 to 60
bpm. Patients should be cautioned to not stop beta-blockers abruptly,
thereby avoiding a rebound phenomenon.

Calcium Channel Blockers
Calcium channel blockers are a diverse group of compounds, all of
which impede calcium ion influx into the myocardium and smooth
muscle cells. These agents relieve myocardial ischemia by reducing
myocardial oxygen demand secondary to decreased afterload and
myocardial contractility. In addition, they dilate coronary arteries.
There are three classes of calcium channel blockers: papaverine de-
rivatives (verapamil), dihydropyridines (nifedipine, nicardipine), and
benzothiaze-pines (diltiazem). Each of the drugs in the three classes
has different effects on the atrioventricular (AV) node, heart rate,
coronary vasodilation, diastolic relaxation, cardiac contractility, sys-
temic blood pressure, and afterload. All three classes are effective
for the management of patients with stable angina.37 Most studies
have shown them to have effects equal to those of beta-blockers. Cal-
cium channel blockers may be preferred in patients with obstructive
airway disease, hypertension, peripheral vascular disease, or
supraventricular tachycardia. In general, they are well tolerated. The
most troublesome side effects include constipation, edema, headache,
and aggravation of congestive heart failure.

Concern has developed that short-acting calcium channel blockers
may be associated with an increased risk of MI. There has been ev-
idence of a 58% to 70% increase in risk of MI compared to that in
patients on beta-blockers or diuretics. The phenomenon has been
noted to be dose-related. At present the National Heart, Lung, and
Blood Institute has issued a statement recommending caution with
the use of short-acting calcium channel blockers.38

Combination Therapy
It is important to maximize therapy with any one class of antiangi-
nal drug before considering it a failed trial. If monotherapy fails, it
is appropriate to add another agent. Generally beta-blockers and ni-
trates or calcium channel blockers and nitrates complement each
other. Calcium channel blockers and beta-blockers can be used to-
gether. Combination therapy may be more effective than either agent
alone. It is important to be cautious, as some combinations produce
deleterious effects. For example, verapamil and beta-blockers may
produce extreme bradycardia or heart block.
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Aspirin
Aspirin is effective for primary and secondary prevention of MI, pre-
sumably by inhibiting thrombosis. Although there is controversy as
to the ideal therapeutic dose, low-dose therapy (81–325 mg) is gen-
erally recommended.39 Alternative antiplatelet regimens to aspirin in-
clude ticlopidine and clopidogrel. A 1994 review found no evidence
that any antiplatelet regimen was more effective than medium-dose
aspirin alone in the prevention of vascular events.40 Another review
of randomized trials comparing either ticlopidine or clopidogrel with
aspirin found several trials showing a small additional benefit of these
two drugs over aspirin in reducing the odds of a vascular event.41

Invasive Testing
Cardiac catheterization is not routinely recommended for initial man-
agement of patients with stable angina. Patients who warrant such an
evaluation are those who exhibit evidence of severe myocardial isch-
emia on noninvasive testing or who have symptoms refractory to an-
tianginal medications. In patients who undergo catheterization, the
most important determinant of survival is left ventricular function
followed by the number of diseased vessels. Patients with left main
artery disease or three-vessel disease with diminished left ventricu-
lar function are candidates for a coronary artery bypass graft proce-
dure. Others (those with one- or two-vessel disease) are managed
medically or considered for percutaneous transluminal coronary an-
gioplasty (PTCA).

Unstable Angina Pectoris
Unstable angina manifests clinically either as an abrupt onset of isch-
emic symptoms at rest or as an intensification or change in the pat-
tern of ischemic symptoms in a patient with a history of IHD. This
intensification may be manifested by an increase in the frequency,
severity, and duration of symptoms as well as an increasing ease of
provocation (symptoms at rest or with minimal effort). Recurrence
of ischemic symptoms soon after an MI (usually within 4 weeks) is
also considered a sign of unstable angina. Unstable angina is gener-
ally diagnosed on clinical grounds alone. Because of the episodic 
nature of ischemia in unstable angina, however, transient ECG ab-
normalities (ST segment depression or elevation or T wave abnor-
malities, i.e., inversion, flattening, or peaking) may not be docu-
mented in 50% to 70% of patients with the clinical diagnosis of
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unstable angina. In studies in which prolonged Holter monitoring was
used during the in-hospital phase of unstable angina, transient isch-
emic ST segment deviations have been described in 60% to 70% of
cases, more than 70% of them being clinically unsuspected or silent.42

Prognosis
The prognosis of patients with unstable angina is not as good as those
with chronic stable angina. Mortality is increased in those who fail
to respond to initial therapy, who have severe left ventricular dys-
function, and who have multivessel CAD (particularly left main artery
disease).

Management Strategy
An important development in the management of unstable angina was
the 1994 report of the Agency for Health Care Policy and Research.43

This report includes clinical practice guidelines that are based on a
consensus panel of experts. The guidelines allow physicians to con-
sider outpatient management for a select subgroup of patients with
unstable angina, specifically those who are thought to be at low risk
for MI. According to the report, in the initial management physicians
should use the information in Table 2.3 to determine whether a par-
ticular patient has high, intermediate, or low likelihood of having sig-
nificant CAD. For example, the patient with low likelihood might be
nondiabetic, have atypical chest pain, be younger (�60 years for men,
�70 years for women), and have a normal ECG. The next step is to
determine the level of risk for MI. The information in Table 2.4 al-
lows a similar stratification of risk. For example, a low-risk patient
is one with a history of angina that is now provoked at a lower thresh-
old but not at rest, and the ECG is normal or unchanged. Low-risk
patients may be treated with aspirin, nitroglycerin, beta-blockers, or
a combination. Follow-up should be no later than 72 hours. High- or
moderate-risk patients should be admitted for intensive medical man-
agement. Intensive medical management includes consideration of
aspirin, heparin, nitrates, beta-blockers, calcium channel blockers 
(if the patient is already on adequate doses of nitrates and beta-
blockers or unable to tolerate them), and morphine sulfate.

Once patients are stable, they should be considered for noninva-
sive exercise testing to further define the prognosis and direct the
treatment plan. Low-risk patients can be managed medically. Those
at intermediate risk should be considered for additional testing (ei-
ther a cardiac catheterization, radionuclide stress test, or echocardio-
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graphic stress test). Those at high risk should be referred for cardiac
catheterization.43

Since the publication of the 1994 report, efforts have been directed
at the use of markers of cardiac injury, i.e., cardiac troponins (tro-
ponin T and troponin I). Their detection, even at low levels, is highly
sensitive and specific for injury. Troponin elevation in patients oth-
erwise considered to have unstable angina identifies a subset of pa-
tients requiring more aggressive intervention. Hamm and Braun-
wald44 have proposed a risk-stratification algorithm that incorporates
troponin testing.

Antiplatelet Therapy
Antiplatelet therapy is an important addition for patients with unsta-
ble angina. A number of studies have demonstrated that a common
cause of crescendo angina is platelet aggregation and thrombus for-
mation on the surface of an ulcerated plaque. In the Veterans Ad-
ministration Cooperative Study, men with unstable angina who re-
ceived aspirin (325 mg/day) had a 50% reduction in subsequent death
from MI.45 As noted previously, ticlopidine and clopidogrel are al-
ternative antiplatelet regimens to aspirin.

Percutaneous Transluminal Coronary Angioplasty
There has been a marked increase in the use of angioplasty over the
past 20 years. The American College of Cardiology and the Ameri-
can Heart Association Task Force have published guidelines for the
selection of patients for coronary angioplasty.46 Among patients with
unstable angina, PTCA is recommended for those who do not show
an adequate response to medical treatment (continued chest pain or
evidence of ongoing ischemia during ECG monitoring) or who are
intolerant of medical therapy because of uncontrollable side effects.

The long-term outcome after successful angioplasty has been re-
ported to be excellent even when compared with patients undergo-
ing bypass surgery.47 Further research is important in the areas of
long-term outcome for multiple lesions, extensive disease, and avoid-
ance of complications. Technologies such as stents, laser angioplasty,
and atherectomy await further evaluation.

Coronary Artery Bypass Graft
Large randomized trials have shown that surgical revascularization
is more effective than medical therapy for relieving angina and im-
proving exercise tolerance for at least several years. Development of
atherosclerosis in the coronary artery bypass graft resulting in angina
generally occurs within 5 to 10 years. However, patients with inter-
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nal mammary artery grafts have substantially fewer problems with
graft occlusion (90% patency rate at 10 years). Improved survival
with surgical versus medical therapy is seen only in the subset of pa-
tients with severe CAD or left ventricular dysfunction.48

Silent Ischemia
Many investigations have established that most ischemic episodes in
patients with stable angina are not accompanied by chest pain (silent
ischemia). What remains unclear is the precise nature of events that
accompany ischemic events that do or do not produce pain. Patients
with predominantly silent ischemia may be hyposensitive to pain in
general; denial may play a role, or they may experience pain but at-
tribute the symptoms to a less significant event. It is well documented
that personality-related, emotional, and social factors can modulate
the perception of pain. It is not surprising that the symptoms among
cardiac patients with the same degree of disease vary greatly. Per-
sonality inventory studies have shown that patients with reproducible
angina have higher scores on indices of nervousness and excitability
than do those who are free of symptoms. Many studies have shown
that stress of various types can influence the frequency and duration
of ischemic episodes in patients with angina.49

Silent ischemia is prevalent. Seventy percent of ischemic episodes
in patients with IHD are estimated to be asymptomatic. Among pa-
tients with stable angina who undergo 24-hour Holter monitoring,
40% to 72% of the episodes are painless. Among patients with unsta-
ble angina, more than half manifest painless ST segment depression.

In 1988 Cohn50 proposed classifying silent ischemia into three clin-
ical types to help clarify the prevalence, detection, prognosis, and
management of this syndrome. Type 1 includes persons with isch-
emia who are asymptomatic, never having had any signs or symp-
toms of cardiovascular disease. Type 2 includes persons who are
asymptomatic after an MI but still show painless ischemia. Type 3
includes patients with both angina and silent ischemia. From Cohn’s
data 2.5% to 10.0% of middle-aged men have type 1 silent ischemia.
Among middle-aged men known to have CAD, 18% have type 2 and
40% have type 3.

Methods of Detection
Certain tests can be used to assess the presence of silent ischemia:
ETT, ambulatory ECG for ST segment changes (Holter monitor), ra-
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dionuclide tests including thallium scintigraphy and gated pooled
[multiple gated acquisition (MUGA)] scan, and stress echocardiog-
raphy. Of these tests, the most commonly considered are ETT and
Holter monitoring.

For Holter monitoring, when ST segment changes that meet strict
criteria are seen in a patient with known IHD, it is generally accepted
that they represent episodes of myocardial ischemia. Ischemic crite-
ria include at least 1.0 mm of horizontal or down-sloping ST seg-
ment depression that lasts for at least 1 minute and is separated from
other discrete episodes by at least 1 minute of a normal baseline. The
methodology has limitations, including difficulty reading ST segment
changes in patients with an abnormal baseline (left ventricular hy-
pertrophy with strain) or in those with a left bundle branch block.

It is not thought at this time that any of the methods to detect silent
ischemia are useful for screening for the presence of IHD in appar-
ently healthy populations. Although this subject remains controver-
sial, it may be wise to screen those patients at high risk (i.e., diabet-
ics or patients with two or more cardiac risk factors).

Prognostic Implications
The presence of frequent, prolonged ischemic episodes despite med-
ical therapy in patients with stable and unstable angina has been as-
sociated with a poor prognosis. Using Cohn’s classification system,
those patients with type 2 silent ischemia have the worst prognosis,
especially those with left ventricular dysfunction and three-vessel dis-
ease. Exercise tests done 2 to 3 weeks after an MI have shown an
adverse 1-year prognosis associated with silent ischemia.50 It is un-
clear whether those with type 3 have a worse prognosis.

Management
Antiischemic medical and revascularization therapies have been
shown to reduce asymptomatic ischemia. It is prudent to consider pa-
tients with persistent asymptomatic ischemia to be at higher risk for
subsequent events and therefore to warrant more aggressive therapy.
Patients with type 1 are advised to modify risk factors and avoid ac-
tivities known to produce ischemia. Those with strongly positive tests
can be considered for angiography. For patients with types 2 or 3,
treatment with beta-blockers for a cardioprotective effect should be
considered. It remains unresolved whether asymptomatic ischemia
has a causal relation with subsequent MI and cardiac death or is
merely a marker of high risk.51
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Myocardial Infarction

Clinical Presentation
The classic initial manifestations of an acute MI include prolonged
substernal chest pain with dyspnea, diaphoresis, and nausea. The pain
may be described as a crushing, pressing, constricting, vise-like, or
heavy sensation. There may be radiation of the pain to one or both
shoulders and arms or to the neck, jaw, or interscapular area. Only a
few patients have this classic overall picture. Although 80% of pa-
tients with an acute MI have chest pain at the time of initial exami-
nation, only 20% describe it as crushing, constricting, or vise-like.52

The pain may also be described atypically, such as sharp or stabbing,
or it can involve atypical areas such as the epigastrium or the back
of the neck. “Atypical” presentations are common in the elderly.

Pathy53 found that the initial manifestations of an acute MI were
more likely to include symptoms such as sudden dyspnea, acute con-
fusion, cerebrovascular events (e.g., stroke or syncope), acute CHF,
vomiting, and palpitations. There is strong evidence that a substan-
tial proportion of MIs are asymptomatic. In an update of the Fram-
ingham Study, Kannel and Abbott54 reported that 28% of infarcts
were discovered only through the appearance of new ECG changes
(Q waves or loss of R waves) observed on a routine biennial study.
These infarctions had been previously unrecognized by both patient
and physician.

Physical Examination
For the patient with an “uncomplicated MI” there are few physical
examination findings. The main purpose of the examination is to as-
sess the patient for evidence of complications from the MI and to es-
tablish a baseline for future comparisons. Signs of severe left ven-
tricular dysfunction include hypotension, peripheral vasoconstriction,
tachycardia, pulmonary rales, an S3, and elevated jugular venous
pressure (see Chapter 5). Preexisting murmurs should be verified. A
new systolic murmur can result from a number of causes: papillary
muscle dysfunction, mitral regurgitation as a result of ventricular di-
latation, ventricular septal rupture, and acute severe mitral regurgi-
tation due to papillary muscle rupture.

Electrocardiography
The classic ECG changes of acute ischemia are peaked, hyperacute
T waves, T wave flattening or inversion with or without ST segment
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depression, horizontal ST segment depression, and ST segment ele-
vation. Changes associated with an infarction are (1) the fresh ap-
pearance of Q waves or the increased prominence of preexisting ones;
(2) ST segment elevations; and (3) T wave inversions. It is impor-
tant to recognize that with acute MI the ECG may be entirely nor-
mal or contain only “soft” ECG evidence of infarction.

In the past infarcts were classified as transmural or subendocar-
dial, depending of the presence of Q waves. This terminology has
now been replaced by the terms Q-wave and non–Q-wave MI. This
distinction has more clinical relevance, as several studies have indi-
cated differences in etiology and outcome. The key differences be-
tween these two groups are as follows: (1) Q-wave infarctions ac-
count for 60% to 70% of all infarcts and non–Q-wave infarctions for
30% to 40%. (2) ST segment elevation is present in 80% of Q-wave
infarctions and 40% of non–Q-wave infarctions. (3) The peak crea-
tine kinase tends to be higher in Q-wave infarctions. (4) Postinfarc-
tion ischemia and early reinfarction are more common with non–Q-
wave infarctions. (5) In-hospital mortality is greater with Q-wave
infarctions (20% versus 8% for non–Q-wave infarctions). In general,
it is thought that the non–Q-wave infarction is a more unstable con-
dition because of the higher risk of reinfarction and ischemia.

Laboratory Findings
Elevation of the creatine kinase muscle and brain subunits (CK-MB)
isoenzyme is essential for the diagnosis of acute MI. In general, acute
elevations of this enzyme are accounted for by myocardial necrosis.
Detectable CK-MB from noncardiac causes is rare except during
trauma or surgery. The peak level appearance of CK-MB is expected
within 12 to 24 hours after the onset of symptoms; normalization is
expected in 2 to 3 days. Therefore patients should have a CK-MB
level determined on admission and every 8 to 12 hours thereafter (re-
peated twice). Reliance on a single CK assay in an emergency room
setting to rule out MI is not sensitive and should be discouraged. Car-
diac troponins (T and I) are newer markers for cardiac injury. The
troponins first become detectable after the first few hours following
the onset of myocardial necrosis, and they peak after 12 to 24 hours.
Normalization of troponin T levels requires 5 to 14 days; troponin I
levels requires 5 to 10 days.55

Management Guidelines
Comprehensive management guidelines were prepared in 1999 by
the American College of Cardiology and American Heart Associa-
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tion Task Force.46 The main priority for patients with an acute MI is
relief of pain. The frequent clinical observation of rapid, complete
relief of pain after early reperfusion with thrombolytic therapy has
made it clear that the pain of an acute MI is due to continuing isch-
emia of living jeopardized myocardium rather than to the effects of
completed myocardial necrosis.

Effective analgesia should be administered at the time of diagno-
sis. Analgesia can be achieved by the use of sublingual nitroglycerin
or intravenous morphine (or both). Sublingual nitroglycerin is given
immediately unless the systolic blood pressure is less than 90 mm
Hg. If the systolic blood pressure is under 90 mm Hg, nitroglycerin
may be used after intravenous access has been obtained. Long-
acting oral nitrate preparations are avoided for management of early
acute MI. Sublingual or transdermal nitroglycerin can be used, but
intravenous infusion of nitroglycerin allows more precise control. The
intravenous dose can be titrated by frequently measuring blood pres-
sure and heart rate. Morphine sulfate is also highly effective for the
relief of pain associated with an acute MI. In addition to its analgesic
properties, morphine exerts favorable hemodynamic effects by in-
creasing venous capacitance and reducing systemic vascular resis-
tance. The result is to decrease myocardial oxygen demand. As with
nitroglycerin, hypotension may occur. The hypotension may be
treated with intravenous fluids or leg elevation.

Oxygen
Supplemental oxygen is given to all patients with an acute MI. Hy-
poxemia in a patient with an uncomplicated infarction is usually
caused by ventilation-perfusion abnormalities. When oxygen is used
it is administered by nasal cannula or mask at a rate of 4 to 10 L/min.
In patients with chronic obstructive pulmonary disease it may be wise
to use lower flow rates.

Thrombolytic Therapy
In addition to relieving pain and managing ischemia, thrombolytic
therapy must be considered. Thrombosis has a major role in the de-
velopment of an acute MI. Approximately 66% of patients with MIs
have ST segment elevation, making it likely that the process is caused
by an occlusive clot. The goal of thrombolytic therapy is reperfusion
with a minimum of side effects. The most commonly used throm-
bolytic agents are streptokinase, anisoylated plasminogen streptoki-
nase activator complex (APSAC), recombinant tissue-type plas-
minogen activator (rt-PA), urokinase, and pro-urokinase.
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Early administration of thrombolytic therapy, within 6 to 12 hours
from the onset of symptoms, has been associated with a reduction in
mortality. Indications for thrombolytic therapy include typical chest
pain �30 minutes but �12 hours that is unrelieved by nitroglycerin,
and ST segment elevation in more than two contiguous leads (�1
mm in limb leads or �2 mm in chest leads) or ST segment depres-
sion in only V1 and V2 or a new left bundle branch block. Relative
contraindications for thrombolytic therapy include history of stroke,
active bleeding, blood pressure �180 mm Hg systolic, major surgery/
trauma in the last 3 to 6 months, recent noncompressible vascular
puncture, and possible intracranial event/unclear mental status.56

Wright and colleagues56 present a summary of the major thrombolytic
trials. Advances in this therapeutic modality during the past 5 years
include new third-generation fibrinolytic agents and various strate-
gies to enhance administration and efficacy of these agents. A num-
ber of ongoing trials are attempting to determine whether the com-
bination of fibrinolytic therapy with low molecular weight heparin
enhances coronary reperfusion and reduces mortality and late reoc-
clusion. Also presented is a dose and cost summary of the available
fibrinolytic agents.56

Complications (Mechanical)
The most common complications of an acute MI are mechanical and
electrical. Mechanical complications include those that are quickly
reversible and those that are clearly life-threatening. Reversible
causes of hypotension include hypovolemia, vasovagal reaction,
overzealous therapy with antianginal or antiarrhythmic drugs, and
brady- and tachyarrhythmias. Other, more serious etiologies include
primary left ventricular failure, cardiac tamponade, rupture of the
ventricular septum, acute papillary muscle dysfunction, and mitral
regurgitation (see Chapter 9).

Killip and Kimball57 developed a classification of patients with
acute MI.

Class 1: Patients with uncomplicated infarction without evidence of
heart failure as judged by the absence of rales and an S3.

Class 2: Patients with mild to moderate heart failure as evidenced by
pulmonary rales in the lower half of the lung fields and an S3.

Class 3: Patients with severe left ventricular failure and pulmonary
edema.

Class 4: Patients with cardiogenic shock, defined as systolic blood
pressure less than 90 mm Hg with oliguria and other evidence of
poor peripheral perfusion.

46 Jim Nuovo



Cardiogenic shock has emerged as the most common cause of in-
hospital mortality of patients with an acute MI. Despite advances in
medical therapy, cardiogenic shock has a dismal prognosis (80–90%
mortality). The management of patients with cardiogenic shock in-
cludes adequate oxygenation, reduction in myocardial oxygen de-
mands, protection ofischemic myocardium, and circulatory support
(see Chapter 9). The potential for myocardial salvage with emergency
reperfusion should be considered in all cases.

Complications (Electrical)
The past 30 years has seen major developments in the recognition
and treatment of arrhythmias (see Chapter 4). The most common in-
clude the brady- and tachyarrhythmias, AV conduction disturbances,
and ventricular arrhythmias. Organized treatment protocols have been
developed for each of these dysrhythmias.58

Post-MI Evaluation
Recommendations for pre- and postdischarge evaluations of patients
with an acute MI have been outlined by the American College of
Cardiologists, the American Heart Association, and the American
College of Physicians.46 They include recommendations for testing
exercise tolerance and strategies to determine those who would ben-
efit from medical or surgical intervention. These recommendations
include a submaximal ETT at 6 to 10 days and at 3 weeks to deter-
mine functional capacity.

Rehabilitation
The goal of cardiac rehabilitation includes maintenance of a desir-
able level of physical, social, and psychological functioning after the
onset of cardiovascular illness.59 Specific goals of rehabilitation in-
clude risk stratification, limitation of adverse psychological and emo-
tional consequences of cardiovascular disease, modification of risk
factors, alleviation of symptoms, and improved function. Risk strat-
ification is accomplished by exercise tolerance testing. Additionally,
high-risk patients include those with CHF, silent ischemia, and ven-
tricular dysrhythmias. All patients should undergo an evaluation to
reduce risk factors (smoking, hyperlipidemia, and hypertension). Risk
modification of these factors has been associated with significant re-
duction in subsequent cardiac events. Enrollment in a cardiac reha-
bilitation program with particular emphasis on exercise has been
shown to reduce cardiovascular mortality.60
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3
Cardiac Arrhythmias
Michael S. Klinkman

Cardiac arrhythmias are frequently seen in routine primary care prac-
tice, and “palpitations” or patient concerns about “skipped heartbeats”
are among the most common presenting complaints in primary care.
However, in this area the linkage between symptom and disease is
tenuous: symptomatic patients often do not have significant cardiac
arrhythmias, whereas many clinically significant arrhythmias are de-
tected in asymptomatic patients. This creates a difficult balancing act
for the primary care clinician, whose job it is to effectively uncover
treatable disease while avoiding unnecessary health care utilization
or specialty consultation.

Although diagnosis and treatment are rapidly moving from the of-
fice to the electrophysiology laboratory, many cardiac arrhythmias
can still be diagnosed and managed within the primary care setting.
This chapter focuses on identification and outpatient management of
these common arrhythmias and includes a primer of relevant physi-
ology and pharmacology. Because of the specialized and complex
nature of cardiac electrophysiology in children, discussion is limited
to the adult and older adolescent patient. The goals of this chapter
are threefold: to assist family physicians in the diagnosis of common
arrhythmias, to provide basic management advice for conditions treat-
able in the office, and to point to conditions for which more spe-
cialized diagnostic testing and referral are indicated.

Basic Electrophysiology of the Heart
All cardiac cells share the ability to automatically contract (auto-
maticity) at an inherent rate (rhythmicity). Myocardial cells contract



when a transmembrane action potential (AP) develops. Fully polar-
ized cells have a transmembrane electrical potential (TEP) of �90
mV. After stimulation by an electrical impulse, the membrane allows
a slow inward leak of sodium ions. When the TEP has been reduced
to a critical level of �60 mV, a “fast” sodium ion channel opens mo-
mentarily to actively transport ions across the membrane and depo-
larize the cell (phase 0 of the AP of the cell). Following depolariza-
tion the sodium channel closes, and a complex exchange of sodium,
potassium, and calcium ions occurs during phases 1 and 2 of the AP.
During phase 3 potassium ions are pumped out of the cell, the TEP
returns to slightly below baseline, and the cell cannot contract (ab-
solute refractory period). During phase 4 potassium moves in and so-
dium out of the cell through specific ion channels, and a strong elec-
trical stimulus can cause depolarization and contraction (relative
refractory period). The cell is now ready for its next beat in response
to an impulse. If no electrical impulse occurs, the slow inward trans-
port of positive ions eventually results in spontaneous depolarization
and contraction at a rate specific to the type of cell (e.g., 40 per minute
for ventricular myocardial cells). The protein structures of the ion
channels are controlled by several recently identified genes on chro-
mosomes 3, 4, 7, 11, and 21.1

Normal cardiac rhythm depends on the automaticity and conduc-
tivity of the specialized group of cells that compose the conduction
system, and the receptivity of individual myocardial cells to impulses
conducted over the system. The sinoatrial (SA) node, located high in
the left atrium, controls the normal heart rate. Cells in the SA node
spontaneously “fire” (transmit electrical impulses) at regular inter-
vals owing to increased membrane permeability to sodium and cal-
cium. The AP is transmitted as an electrical impulse from the SA
node through the atria to the atrioventricular (AV) node, then through
the His system and bundle branches to the Purkinje fibers in the ven-
tricle, then to ventricular myocardial cells. This cell-to-cell commu-
nication is controlled by connexins, specialized proteins functioning
in the gap junction between cardiac cells. A slight delay occurs at
the AV node, which has a pattern of automaticity similar to that of
the SA node. Cells in the two nodes also have an absolute and rela-
tive refractory period, which is an important factor in the genesis of
reentrant arrhythmias.

General Causes of Arrhythmias
The identification of several mutations in the genes that encode the
protein structures of sodium and potassium ion channels1–3 has rev-
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olutionized our understanding of arrhythmias. It is increasingly clear
that mutations in any of the genes responsible for ion channel, con-
nexin, or myosin protein structure can either directly cause arrhyth-
mias or predispose individuals to an arrhythmia under any of the cir-
cumstances described below. We are entering the era of “molecular
epidemiology,” in which genotyping and variable gene expression
will be important parts of diagnosis and treatment.

Anything that can influence cardiac automaticity or conductivity
can cause an arrhythmia (Table 3.1) in a susceptible heart. Autonomic
nervous system input can greatly influence both automaticity and con-
ductivity. Sympathetic input through the stellate ganglion stimulates
cardiac �1-receptors and increases automaticity and conductivity, and
parasympathetic input through the vagus nerve stimulates muscarinic
receptors and inhibits �1-receptors, decreasing automaticity and con-
ductivity. The presence of stressful external events or circumstances
commonly stimulates sympathetic activity and can cause arrhythmias,
whereas some mental health conditions (e.g., anxiety, panic attacks,
panic disorder) are also associated with increased sympathetic activ-
ity. The central nervous system (CNS) can also alter baseline sym-
pathetic and parasympathetic tone and predispose to arrhythmias. Lo-
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Table 3.1. General Causes of Arrhythmias

Autonomic nervous system input
Sympathetic input through stellate ganglion
Parasympathetic input through vagus nerve

Autonomic response to stressful external factors
Autonomic response to mental health conditions (e.g., anxiety 

disorder)
Autonomic response to physical factors (e.g., carotid sinus pressure)
Anatomic alterations in the conduction system (bypass tracts)
Alterations in extracellular electrolyte concentrations
Alterations in circulating endocrine mediators (e.g., thyroid hormone)
Decreased tissue oxygenation
Decreased extracellular pH
Destruction of or damage to myocardial cells
Endocrine mediators (e.g., thyroid hormone)
Genetic mutations
Ingested substances

Stimulants (e.g., caffeine) and sympathomimetics
Depressants (e.g., alcohol)
Prescription drugs
Illicit drugs

Senescence in cardiac conduction system or myocardial cells



cal or mechanical factors can influence conductivity and automatic-
ity through the autonomic nervous system. For example, pressure on
the neck can stimulate the carotid sinus and increase parasympathetic
output, and placing an extremity or the face in ice water can greatly
stimulate parasympathetic activity.

Anatomic alterations in the conduction system may also cause ar-
rhythmias. Accessory or alternate pathways for the conduction of 
cardiac impulses can be present from birth or develop over time. Un-
der certain circumstances these pathways can provide a bypass tract
that replaces the normal sinus node–generated rhythm with a reen-
trant rhythm. This process is believed to cause most supraventricu-
lar arrhythmias.

Alterations in extracellular electrolyte concentrations, particularly
potassium, calcium, magnesium, and sodium, can alter automaticity
and conductivity by affecting TEP generation and recovery. Extra-
cellular oxygen content can greatly influence cardiac rhythm; low
oxygen tension can decrease conductivity and contractility of myo-
cardial cells and promote arrhythmia, as seen with myocardial in-
farction (MI), cardiac ischemia, and some cases of congestive heart
failure (CHF). Decreased extracellular pH, often seen with MI or car-
diac ischemia, can cause similar decreases in conductivity and result
in arrhythmia. Endocrine mediators can also have direct or indirect
effects on cardiac rhythm. Increased amounts of circulating cate-
cholamines or thyroid hormone can increase contractility and auto-
maticity through the sympathetic nervous system and by direct ef-
fect on myocardial cells, whereas decreases in circulating thyroid
hormone or corticosteroid concentrations can decrease contractility
and automaticity.

Ingested substances can also have profound effects on cardiac
rhythm. Caffeine and other sympathomimetic substances can increase
conductivity, whereas CNS depressants such as alcohol have the op-
posite effect. Illicit drugs such as amphetamines and cocaine have
strong, well-known stimulatory effects on cardiac rhythm, but other
street drugs can also precipitate arrhythmias. A multitude of pre-
scription and nonprescription drugs have been associated with car-
diac rhythm disturbances. Cardiac medications (e.g., digoxin and all
classes of antiarrhythmics) and tricyclic antidepressants are perhaps
the best known groups of medications with proarrhythmic effects, but
combinations of medications (astemizole and ketoconazole) and some
over-the-counter medications (pseudoephedrine) can also affect con-
ductivity and automaticity.

Localized damage to cardiac muscle, such as the destruction of
myocardial and conduction system cells seen with MI or damage from
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surgery to repair congenital anomalies, can result in decreased con-
ductivity and contractility and create reentrant circuits.

Finally, senescence of cardiac conduction system cells and myo-
cardial cells may affect automaticity and conductivity in elderly in-
dividuals. This phenomenon can occur directly, through fibrotic
degradation in the conduction system, or indirectly, through the in-
creased susceptibility of cardiac cells to the agents mentioned above.

Approach to the Diagnosis of 
Cardiac Arrhythmias
The initial step in managing arrhythmias in the primary care setting
is to determine if the patient is hemodynamically stable. Unstable pa-
tients require immediate management and may benefit from transfer
to an emergency or inpatient facility. Stable patients can be evalu-
ated in the office using a stepwise approach (Table 3.2). Although
the diagnosis of specific cardiac arrhythmia rests on the presence of
specific electrocardiographic (ECG) or electrophysiologic (EP) study
findings, valuable clues regarding the clinical significance and cause
of the arrhythmia can be obtained by a careful clinical history and
physical examination.

History
Patients may present with nonspecific symptoms suggestive of car-
diac arrhythmia, such as palpitations, sensation of a racing heart,
dizziness, or sudden fatigue. In these circumstances four key ques-
tions help determine the clinical significance of the symptoms and
sometimes point to likely cause(s):

1. When did the symptom(s) start? After starting a new medication?
A long time ago? Yesterday?

2. What sets it off? Exertion? Emotional stress? Ingestion of a meal
or certain foods such as coffee? Taking a dose of medication? Ly-
ing down or sudden position change? A tight shirt collar or tie?

3. How long does it last? Moments? Or does it go on for hours or
days?

4. What else happens? Chest pain? Dyspnea? Orthopnea? Nausea?
Tingling in the hands or around the mouth?

Clinicians who discover arrhythmias in asymptomatic patients may
get little help from patients’ answers to these questions. However, a
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complete drug history, including prescription, nonprescription, and
illicit drug use, should be obtained for all patients, as well as a smok-
ing, alcohol, and brief dietary history. A brief review of systems
should also be completed, focusing on symptoms of cardiac or en-
docrine conditions. Reviewing the patient’s medical history for the
presence of conditions associated with arrhythmia may reveal a likely
cause. Finally, screening for mental health problems such as anxiety,
panic, or depression provides valuable clues in some cases.

Physical Examination
The physical examination should look for evidence of medical con-
ditions associated with arrhythmias. For example, sudden weight
gain, the presence of bibasilar rales on pulmonary examination, an-
kle edema, and an audible S3 on cardiac auscultation may indicate
the presence of congestive heart failure, whereas moist skin, the pres-
ence of a fine tremor, hypertension, and lid lag suggest the hyper-
thyroid stage of Graves’ disease. Cardiac auscultation alone can point
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Table 3.2. Diagnostic Approach for Patients 
with Arrhythmias

Determine whether patient is hemodynamically stable and triage 
appropriately

Obtain clinical history
Circumstances surrounding onset of symptoms, duration of 
symptoms
Brief review of systems
Complete substance use and diet history
Past medical history
Brief mental health screen

Perform physical examination as directed by history
Search for evidence of medical conditions associated with 

arrhythmias
Cardiac auscultation

Obtain electrocardiogram (ECG)
Consider other laboratory tests (serum chemistries and electrolytes) as 

directed by history
Options for additional diagnostic studies

Graded exercise test (GXT, “stress test”)
24- or 48-hour ambulatory ECG monitoring
Long-term, continuous-loop, event monitoring
Echocardiography
Electrophysiologic (EP) study
Cardiac catheterization



to specific arrhythmias, as an irregularly irregular rhythm almost al-
ways signifies atrial fibrillation.

Electrocardiogram
The ECG is necessary to establish a specific diagnosis and may be
the point at which evaluation of arrhythmia begins for asymptomatic
patients. Lead II is the best single lead for evaluation of cardiac
rhythm in most patients, as the P and QRS electrical vectors in pa-
tients without axis deviation are most positive in this lead. A long
rhythm strip is often valuable for evaluating arrhythmias, particularly
in the case of AV conduction defects. Although an increasing num-
ber of primary care offices use ECG equipment that prints out a com-
puterized diagnostic assessment on the tracing, these algorithm-based
diagnoses are often incomplete or inaccurate. Clinicians are urged to
read and interpret the ECG themselves, paying particular attention to
P wave appearance, intervals (PR, PP, and QT) and the relation be-
tween the P wave and QRS complex. Several reference books are
available to assist clinicians in ECG interpretation.

Other Diagnostic Studies
Depending on the type of arrhythmia and its clinical presentation, ad-
ditional diagnostic evaluation may be helpful. Simple graded exer-
cise testing (GXT) can sometimes reproduce arrhythmia patterns in
patients with exercise-induced symptoms. If the clinical history is
suspicious for arrhythmia but the physical examination and ECG do
not confirm its presence, 24- or 48-hour continuous ambulatory ECG
monitoring (Holter monitoring) or long-term, continuous-loop, event
recorder monitoring may be performed to capture occasional periods
of cardiac arrhythmia.4 However, studies have shown that rhythm ab-
normalities noted in the monitor tracing often have little temporal
correspondence with patient symptoms as recorded in a symptom di-
ary,5,6 and the clinical significance of this pattern of results is not
clear. Echocardiography, particularly transesophageal echocardiog-
raphy (TEE), can also be useful to look for structural changes that
may predispose to arrhythmias or affect management decisions, such
as an enlarged left atrium or left atrial appendage in patients with
atrial fibrillation.7–9 Electrophysiologic studies are a powerful diag-
nostic tool, although they require the patient to undergo cardiac
catheterization. Programmed electrical stimulation of specific areas
of the conduction system or cardiac tissue via catheter can uncover
ectopic pacemakers, find accessory or bypass tracts responsible for
reentry arrhythmias, and in combination with radiofrequency abla-
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tion (RFA) eliminate the cause of many arrhythmias.10–14 Although
most family physicians do not perform these tests, it is important that
they know the appropriate indications for each test and how to in-
terpret test results.

Approach to Therapy for 
Cardiac Arrhythmias
Many cardiac arrhythmias are of little clinical significance and do
not require therapy other than careful discussion with the patient and
reassurance. For other arrhythmias, clinicians should begin by search-
ing for and treating any reversible underlying causes or medical con-
ditions. If the arrhythmia persists, four types of treatment are avail-
able: drug therapy, cardioversion, radiofrequency or surgical ablation,
and implantable devices (pacemakers and defibrillators).

Correction of Underlying Problems
Medication use or ingestions (e.g., caffeine) are the most commonly
seen reversible causes of arrhythmias, and changing or discontinuing
medications or discontinuing use of caffeine or other substances may
eliminate the problem. Correction of electrolyte imbalances can also
eliminate arrhythmias. In patients with CHF or ischemic heart dis-
ease and arrhythmia, effective therapy for the underlying condition
may improve tissue oxygen delivery and local pH and result in re-
turn to sinus rhythm. Clinicians should look for and correct all po-
tentially reversible causes before initiating drug or ablative therapy.

Drug Therapy
Antiarrhythmic drugs have been assigned to classes based on their
mode of action. Table 3.3 lists examples of drugs in each of the
Vaughan-Williams classes.15 Class I agents act on the sodium ion
channel, with slight differences between IA, IB, and IC agents in spe-
cific actions. Randomized controlled trials of drug therapy for ven-
tricular arrhythmia have shown no improvement in survival, and in
some cases excess mortality, in patients using class I antiarrhythmics.
Use of these agents is declining,16–19 although there may be a role
for class IC agents propafenone and flecainide in supraventricular ar-
rhythmias.19–21 The use of class II drugs (beta-blockers) has been
shown to have a beneficial effect on survival in post-MI patients, pre-
sumably due to suppression of lethal ventricular arrhythmia. They
are also useful as adjunctive treatment to implantable cardiac defib-
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rillators (ICDs), as an alternative to RFA for AV nodal reentrant tach-
yarrhythmias, and to control rate in atrial fibrillation.13,19,22 Class III
drugs prolong the AP by increasing refractoriness. Amiodarone has
emerged as an effective agent for both ventricular and supraventric-
ular arrhythmias.23,24 Dofetilide and ibutilide have also shown
promise in recent clinical trials, while sotalol (a combined class II
and III agent) appears to be less effective than other class III
agents.19,25–27 Class IV agents (calcium channel blockers) are effec-
tive for many supraventricular arrhythmias.19,28

The major drawback to the use of any of these agents is their po-
tential for inducing complex arrhythmias (proarrhythmic ef-
fect).19,29,30 The best known example is the emergence of torsades
de pointes arrhythmia in patients with prolonged QT intervals treated
with class I antiarrhythmics,31 but all antiarrhythmic drugs have
proarrhythmic potential and their use must be carefully monitored.

Cardioversion
Urgent or emergent direct current (DC) cardioversion is most com-
monly used in hemodynamically unstable patients with atrial or ven-
tricular arrhythmias, but elective cardioversion can be an effective
treatment for selected supraventricular arrhythmias. It has been suc-
cessfully employed either before or after medication to convert atrial
fibrillation or flutter to sinus rhythm,14 and it has a place in the non-
pharmacologic management of other supraventricular tachyarrhyth-
mias.32 Microcurrent catheter-based cardioversion is currently being
studied.

Ablative Therapy
The ablative approach rests on identification and localization of an
aberrant conduction pathway responsible for the arrhythmia, usually
through an EP study. Ablation is clearly effective in treating
supraventricular tachyarrhythmias. Physical interruption of aberrant
pathways via sharp surgical dissection during open-heart surgical
procedures became common during the 1980s; the maze procedure
(named for the procedure that creates a pattern that looks like a maze
and traps the reentrant circuit) and its variants are the best example
of this approach.33,34 More recently, cryoablation and RFA tech-
niques have become the nonpharmacologic treatment of choice for
selected supraventricular tachyarrhythmias.10–12 In RFA, application
of radiofrequency energy to a portion of the aberrant pathway pro-
duces thermal injury and a permanent refractory state in the tissue,
preventing any further aberrant conduction. High success rates have



been reported for RFA in most settings,10–12 and it may prove to be
the most cost-effective approach to management of many supraven-
tricular tachyarrhythmias.35–37 RFA also has a growing role in treat-
ment of monomorphic ventricular tachycardia refractory to drug
therapy.10

Pacemakers and Defibrillators
Implantable cardiac pacemakers have been available for many years
and provide effective therapy for many bradyarrhythmias and other
conduction disturbances. Although pace-makers have been developed
for use in supraventricular tachyarrhythmias, they are infrequently
used.38 Implantable cardiac defibrillators have evolved rapidly in
size, sophistication, and ease of insertion over the past decade. Re-
cent clinical trials have confirmed their superior effectiveness as com-
pared to drug therapy in reducing mortality in survivors of cardiac
arrest and patients at high risk for sudden cardiac death (SCD).39–42

ICDs are now considered the treatment of choice for secondary pre-
vention of SCD, and an emerging standard for primary prevention of
SCD in high-risk patients, despite the absence of good data on their
relative cost-effectiveness.43

Automatic external defibrillators (AEDs) combine computerized
detection of ventricular fibrillation with low-energy biphasic wave-
form defibrillation.44 They have also evolved rapidly over the past
decade in size, cost, and ease of use, and have emerged as a central
part of new emergency and “public access” defibrillation protocols
employed by first-response emergency personnel.44–46

Specific Cardiac Arrhythmias: Diagnosis 
and Management
This section describes the salient clinical features and management
options for the most common cardiac arrhythmias, including sample
ECG tracings where appropriate. Table 3.4 lists arrhythmias by class
in the order addressed in the text, and Table 3.5 lists treatments of
choice and alternative treatments for specific arrhythmias.

Sinus Bradycardia
Sinus bradycardia consists of normally conducted cardiac impulses
originating in the sinus node at a rate less than 60 beats per minute
(bpm). It occurs in individuals at a high level of athletic condition-
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ing, as a result of vagal hyperactivity or pain, and during sleep. It
can be a symptom of hypothyroidism and is often associated with
medication use (e.g., narcotic analgesics, calcium channel antago-
nists, beta-blockers, digoxin, quinidine, procainamide). It can also
occur in the setting of an inferior wall MI. It can present significant
problems when it appears in elderly patients, if it is the result of si-
nus node disease or fibrosis, or if it is associated with an acute infe-
rior wall MI.

The clinical history may vary from no symptoms to fatigue, dizzi-
ness, syncope or near-syncope, or chest pain (if associated with MI).
Clinicians should look for signs or symptoms of hypothyroidism,
CHF, and MI. The ECG appears normal except for a slow heart rate.
No other tests are necessary, unless an associated medical condition
is suspected.

Treatment is not necessary unless the patient is symptomatic or is
at high risk for complications related to slow heart rate (e.g., an el-
derly patient at risk for falls). In general, treat an underlying cause
first whenever possible: if associated with medication use, discon-
tinue the offending medication; if due to hypothyroidism, begin treat-
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Table 3.4. Common Cardiac Arrhythmias

Supraventricular arrhythmias—slow to moderate rate
Sinus bradycardia
Sinus pause/sinus arrest
Atrial premature beats (premature atrial complexes)

Supraventricular tachyarrhythmias
Sinus tachycardia
Atrial tachycardia
Multifocal atrial tachycardia
AV nodal reentrant tachycardias (paroxysmal supraventricular 

tachycardia)
AV reciprocating tachycardias (“preexcitation” syndromes)
Atrial fibrillation
Atrial flutter

Other atrioventricular conduction abnormalities
1st-degree AV block
2nd-degree AV block, Mobitz type I (Wenckebach block)
2nd-degree AV block, Mobitz type II
3rd-degree AV block

Ventricular arrhythmias
Ventricular premature beats (premature ventricular complexes)
Ventricular tachycardia—nonsustained and sustained
Ventricular fibrillation

AV � atrioventricular.
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ment with thyroid hormone. Patients who do not have a likely cause
or who do not respond to treatment may require pacemaker insertion.
Emergent treatment for unstable patients can be initiated in the of-
fice with atropine until definitive care can be arranged.

Sinus Pause/Sinus Arrest
As its name suggests, sinus pause/sinus arrest consists of an unex-
pected pause in an otherwise normal pattern of cardiac impulses. The
sinus node does not fire, and a pause of up to several seconds may
occur followed by resumption of a regular rhythm or emergence of
a nodal or idioventricular “escape” rhythm. It commonly occurs in
individuals during deep sleep, but when frequent and associated with
escape rhythms it may also indicate a fibrotic and malfunctioning SA
node, sick sinus syndrome, or medication effect (digoxin, quinidine,
calcium channel blocker, or beta-blocker overdosing).

The condition may be asymptomatic or associated with recurrent
dizziness, near-syncope, or syncope, and resumption of cardiac im-
pulses may be perceived by the patient as palpitations. The ECG
shows normal sinus rhythm with a sudden pause during which P
waves are absent, followed either by resumption of P waves and nor-
mal sinus rhythm or appearance of a junctional or ventricular QRS
complex. With sick sinus syndrome, other types of arrhythmia or con-
duction disturbance are seen as well.

Treatment is not always necessary, but in light of the potential for
significant symptoms and the possibility of significant underlying
cardiac disease, referral for cardiac evaluation is warranted. If symp-
tomatic patients do not respond to correction of known underlying
causes, cardiac pacemaker insertion may be necessary. Emergent 
office-based treatment for full sinus arrest consists of intravenous at-
ropine or isoproterenol until definitive care can be arranged.

Premature Atrial Complexes
The terms premature atrial complexes (PACs) and atrial premature
beats (APBs) are both used, and they represent the same phenome-
non. Cardiac impulses are initiated in one or more ectopic atrial foci
but are otherwise conducted as for a normal beat. They often occur
in individuals with a normal heart and can be precipitated by anx-
iety, fatigue, ingestion of a number of substances (alcohol, tobacco,
caffeine, sympathomimetic drugs), and possibly sleep deprivation.
They can also occur in the presence of atrial enlargement, CHF, myo-
cardial ischemia and infarction, pericarditis, or as a response to hy-
poxia, elevated local pH, or electrolyte imbalance.
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The APBs are usually asymptomatic, but patients may present with
palpitations. Physical examination is nonspecific, except for signs of
underlying conditions. On ECG (Fig. 3.1a), the amplitudes and axes
of ectopic P waves differ from that seen in sinus rhythm, as a dif-
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Fig. 3.1. Selected supraventricular arrhythmias: sample electro-
cardiogram (ECG) tracings. ECG leads from which tracings were
obtained are listed in the lower left corner. See text for discus-
sion of specific ECG features of each arrhythmia.



ferent part of the atrium is depolarizing. The PR interval of the APB
is usually prolonged, as conduction between the ectopic focus to the
AV node is slowed. A prolonged PP interval is often seen between
the APB and a subsequent normal beat. The QRS complex appears
normal, unless aberrant conduction bypassing the AV node or ven-
tricular conduction disturbance is also present. APBs may occur in
patterns such as bigeminy or trigeminy, in couplets, or as short runs.

Treatment is directed at correcting the underlying cause but is oth-
erwise not necessary. In patients with an unacceptable level of symp-
toms, verapamil or beta-blockers can be used to suppress APBs with
relatively mild side effects. However, clinicians should carefully con-
sider the risk/benefit ratio of drug therapy for this benign condition
before initiating drug therapy.

Supraventricular Tachyarrhythmias
Increased experience with EP studies and our growing knowledge of
molecular genetics have combined to fundamentally change our un-
derstanding of the supraventricular tachyarrhythmias (SVTs). SVTs
include all tachyarrhythmias that originate above the bifurcation of
the bundle of His, and are present in roughly 1% of the United States
population.13 Terminology in this area is evolving and confusing. A
practical way to stratify SVTs is by involvement of the AV node:
AV-node–dependent arrhythmias are more responsive to medications
or procedures that slow or block conduction at the AV node than are
independent arrhythmias that bypass the node. Reentry is now be-
lieved to be the underlying mechanism of most SVTs, with a smaller
proportion caused by abnormal automaticity or triggered activity
without a bypass tract.

Sinus Tachycardia
Sinus tachycardia consists of normally conducted cardiac impulses
originating in the sinus node at a rate of over 100 bpm. It may be
asymptomatic or symptomatic, often described by patients as “pal-
pitations” or a “racing heart.” This rhythm is an appropriate response
to the need for increased cardiac output and can be a normal finding
in distressed or exercising individuals. However, its occurrence at
rest is not normal and should lead to a search for an underlying cause.
Possible causes include hyperthyroidism, fever, anemia, hypoxia,
CHF, hypovolemia, anxiety, caffeine or other stimulants, illicit drug
ingestion, and medication use (common nonprescription medications
such as cold preparations with sympathomimetic effects, as well as
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tricyclic antidepressants, prazosin, and theophylline). In some cases
a reentrant process at the SA node may be the cause.

Symptoms are generally nonspecific, although in patients with un-
derlying ischemic heart disease sinus tachycardia can precipitate
acute ischemia. The ECG (Fig. 3.1b) is normal except for the rate;
all waves and complexes have normal morphology. Evaluation de-
pends on the likelihood of significant underlying illness.

Treatment is directed at the underlying cause. Treatment with rate-
lowering drugs is indicated only for relief of hemodynamically sig-
nificant symptoms (syncope, near-syncope, ischemia) when no un-
derlying cause can be found.

Atrial Tachycardia
Atrial tachycardia (also known as automatic or paroxysmal atrial
tachycardia) might be considered a variant of sinus tachycardia, in
which an ectopic atrial pacemaker or an intraatrial reentry mecha-
nism initiates a rapid regular rhythm using the normal conduction
system. The heart rate may vary from 100 to 300 bpm, depending on
whether AV block is present. Atrial tachycardia with AV block is
strongly associated with digoxin intoxication; otherwise, it has many
of the same precipitating factors as sinus tachycardia. It can be dis-
tinguished from sinus tachycardia by the appearance of abnormal P
waves or by retrograde or nonconducted P waves when some degree
of AV block is present.

Treatment depends on the cause. If symptoms are significant, treat-
ment with rate-lowering drugs may be indicated. Referral to a cardi-
ologist for an EP study may allow identification and ablation of a
causative intraatrial reentry tract.

Multifocal Atrial Tachycardia
Multifocal atrial tachycardia (MAT) is characterized by the appear-
ance of multiple ectopic atrial foci, with a rapid and slightly irregu-
lar rhythm the result of transmission of these multiple foci through
the AV node. It is usually associated with respiratory failure due to
chronic pulmonary disease, although it is also seen with chronic heart
disease and with the use of thioxanthene drugs. Hypoxia and hypo-
kalemia have been hypothesized as the major causative mechanisms.47

The arrhythmia itself rarely causes symptoms, but the underlying
condition is usually all too clear. Because the pulse is often irregu-
larly irregular, MAT can be mistaken for atrial fibrillation on clini-
cal examination. The ECG (Fig. 3.1c) shows an atrial rate over 100
bpm with at least three distinct P wave morphologies. The PP, PR,
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and RR intervals are irregular due to the varying conduction path-
ways, and some P waves are not conducted. If the ectopic P waves
are of low amplitude, the ECG can also resemble that seen with atrial
fibrillation.

Treatment is directed at correcting the presumed metabolic ab-
normalities. Administration of supplemental oxygen for pulmonary
failure or treatment of associated CHF may alleviate hypoxia. In-
travenous bolus administration of verapamil has been shown to con-
vert MAT to sinus rhythm, and oral verapamil or beta-blockers can
slow the ventricular rate. However, these medications are often
poorly tolerated in MAT patients with severe cardiac or pulmonary
disease, and drug therapy is usually reserved for patients who de-
velop ischemia or hemodynamic instability. Patients refractory to
drug therapy may benefit from AV nodal ablation followed by pace-
maker insertion.10,12

AV Nodal Reentrant Tachycardias
Many clinicians recognize AV nodal reentrant tachycardia (AVNRT)
by the commonly used term paroxysmal supraventricular tachycar-
dia (PSVT). It consists of a regular and rapid rhythm, usually be-
tween 140 and 220 bpm, caused by a reentry mechanism dependent
on a dual conduction pathway within the AV node. Regular beats are
transmitted through the node along a “fast” pathway. A premature
atrial beat initiates the arrhythmia; it is blocked from antegrade pas-
sage through the fast pathway during its refractory period but trans-
mitted antegrade through a “slow” pathway in the node. This impulse
is then transmitted both antegrade to the ventricles and retrograde
through the fast pathway (now nonrefractory) back to the slow path-
way, where the process is repeated. This arrhythmia is often seen in
young, healthy individuals with otherwise normal hearts, but it may
occur with myocarditis, cardiac ischemia, chronic obstructive pul-
monary disease (COPD), or other conditions potentially affecting AV
nodal function.

Many patients are asymptomatic during episodes. Young patients
may note only palpitations but may also have associated weakness,
dizziness, or mild dyspnea; they are usually hemodynamically stable
during an episode. Older patients, particularly those with underlying
cardiac or pulmonary disease, may develop angina, CHF, or cere-
brovascular insufficiency during episodes; syncope is rarely reported.
Cardiac auscultation reveals a regular, rapid rhythm. The ECG (Fig.
3.1d) shows a regular rhythm with normal QRS complexes (unless
aberrant ventricular conduction is also present), but P waves are ab-
normal owing to retrograde conduction. In many cases of AVNRT,
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P waves are absent as atria depolarize at the same time as the ven-
tricles. In other cases, a slight difference in depolarization timing cre-
ates slurs in the normal QRS due to atrial activity.

Treatment depends in large part on the level of symptoms and the
patient’s hemodynamic stability. Unstable patients require emergent
conversion by DC cardioversion or intravenous bolus administration
of adenosine, verapamil, or esmolol. Intravenous adenosine is cur-
rently the treatment of choice in many centers, as it terminates SVT
in more than 90% of cases.48 Other class I antiarrhythmics may pro-
duce conversion to sinus rhythm at high rates, but their high risk/
benefit ratios essentially preclude their use in this setting. Rapid dig-
italization has been used for urgent conversion in the past with high
success rates, but it does not result in immediate correction and may
predispose to the development of other arrhythmias.13 Nonpharma-
cologic techniques such as carotid sinus massage, Valsalva maneu-
ver, or other vagal maneuvers such as facial ice bag application or
ice bucket immersion prolong AV node refractory periods and can
produce conversion to sinus rhythm in selected situations.

Once converted to sinus rhythm, several drugs are effective in 
preventing recurrence, including oral verapamil, diltiazem, beta-
blockers, and digoxin. Because digoxin appears to exert its effect in-
directly through the vagus nerve, exercise may lead to recurrence of
SVT in patients treated with this drug. Class IC and class III agents
have shown some success in preventing recurrence of SVT but in
general are less desirable because of their high incidence of side 
effects.

Asymptomatic SVT in young, healthy patients generally does not
require treatment. Infrequent symptomatic episodes may be treated
with the nonpharmacologic techniques described above as well as by
preventive pharmacotherapy. Some patients may be able to adminis-
ter self-treatment at the onset of SVT, using either the Valsalva ma-
neuver or a single dose of medication (oral propranolol or verapamil
or sublingual verapamil).

Nonpharmacologic therapeutic interventions aimed at eliminating
the reentrant pathway have developed rapidly in recent years. RFA
has been widely and successfully employed and may be the most
cost-effective approach to therapy for patients with breakthrough
SVT while on medication.36

AV Reciprocating Tachycardias
Atrioventricular reciprocating tachycardias (AVRTs), also known as
“preexcitation” syndromes or accessory pathway arrhythmias, are
characterized by a regular, rapid rhythm, usually between 140 and
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220 bpm. They are caused by an anatomically distinct accessory path-
way that conducts in retrograde fashion from ventricle to atrium, es-
tablishing a reentry circuit between the AV node and the pathway
that causes paroxysmal bursts of supraventricular tachycardia. The
reentry can be either orthodromic (antegrade transmission to the ven-
tricles through the normal pathway for a normal QRS complex dur-
ing tachycardia, retrograde transmission to the atria through the ac-
cessory pathway) or antidromic (antegrade transmission to the
ventricles through the accessory pathway, which may alter the QRS).
It is technically more correct to say that preexcitation syndromes
cause AVRTs, as tachycardia is the intermittently occurring conse-
quence of the presence of the pathway. The two best known exam-
ples of AVRT are the Wolff-Parkinson-White (WPW) and Lown-
Ganong-Levine (LGL) syndromes.

This condition is often seen in young adults with otherwise nor-
mal hearts, but it is also associated with hypertrophic cardiomyopa-
thy, several congenital cardiac anomalies, and possibly mitral valve
prolapse. Patients have the same range of symptoms as seen with
other types of SVT. Unlike most AVNRTs, preexcitation syndromes
can be diagnosed between episodes by their ECG appearance. The
classic ECG appearance of WPW between episodes of tachycardia
is a short PR interval (�0.12 second) and a widened QRS complex
with a slurred up-sloping initial component called the delta wave (Fig.
3.1e). With orthodromic conduction, episodes of tachycardia will
have an ECG appearance indistinguishable from other types of SVT;
however, delta waves can be seen during tachycardia in antidromic
conduction, and if large can cause a widened QRS complex easily
mistaken for ventricular tachycardia. LGL syndrome is less unique
in its ECG appearance, consisting of a short PR interval (�0.12 sec-
ond) and a normal QRS, leading some experts to question whether
it simply represents a short but otherwise normal atrial conduction
process in patients with AVNRT from other causes.

Treatment follows the same general principles as for SVT. Digoxin
should be used with caution, as it may cause emergence of other ar-
rhythmias, and verapamil may cause heart rate acceleration rather
than conversion in those with WPW syndrome. Surgical ablation of
the accessory pathway has largely given way to RFA as the curative
therapy of choice.10,13

Atrial Fibrillation
Atrial fibrillation (AF) is the most common sustained supraventric-
ular arrhythmia and is primarily a disease of elderly patients, by one
estimate currently affecting over 2.3 million U.S. adults, including
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4% of adults over 60 years of age and 9% of those over 80.49 It rep-
resents a major cause of morbidity and mortality in the United States,
particularly due to its association with embolic stroke. A tremendous
research effort has been targeted to determine its mechanism and op-
timal management. It now appears that AF represents a chaotic form
of intraatrial reentry involving multiple circuits generating 350 to 700
wavelets per minute with variable conduction through the atrium and
the rest of the conduction system. In some patients, an ectopic focus
in or near the pulmonary veins has been identified as the source of
the reentrant activity.50 Over time, these reentrant circuits alter the
electrical milieu to promote maintenance of the arrhythmia in a pro-
cess called electrical remodeling, leading to the new aphorism that
“AF begets AF.”51 Although a few cases may occur in elderly pa-
tients with otherwise normal hearts (“lone AF”), it is most commonly
seen in patients with increased atrial mass, valvular heart disease, and
other types of chronic cardiac or pulmonary disease. In patients with
underlying cardiac or pulmonary disease, any of the general causes
of arrhythmias listed in Table 3.1 can precipitate AF.

Atrial fibrillation can present as either a sustained or intermittent
arrhythmia. Symptoms may or may not be present and range from
palpitations to dizziness to exacerbation of associated chronic con-
ditions; in the elderly, syncope and falls may occur as a consequence
of poor perfusion. Cardiac auscultation reveals an irregularly irregu-
lar rhythm, a first heart sound of variable intensity, often a variable
pulse, and other clinical findings consistent with underlying dis-
ease(s). The ECG (Fig. 3.2a,b) is characterized by an irregular, wavy
baseline representing chaotic atrial depolarization, the absence of P
waves, and irregularly appearing QRS complexes. A ventricular rate
of more than 100 bpm is labeled a “rapid” ventricular response, be-
tween 60 and 100 bpm a “moderate” response, and less than 60 bpm
a “slow” response. Slow ventricular rates suggest AV nodal disease,
hypothyroidism, or the presence of drugs that increase AV node re-
fractory time (digoxin, beta-blockers, calcium channel blockers, and
possibly class I antiarrhythmics).

A detailed discussion of the management of atrial fibrillation is
beyond the scope of this chapter, but important management princi-
ples for common clinical situations can be described. If AF precipi-
tates acute CHF, hypotension, syncope, cerebral hypoperfusion, or
angina at rest, or if patients are otherwise hemodynamically unsta-
ble, urgent treatment (usually in the hospital or emergency depart-
ment setting) is required. This situation is most likely to occur with
AF with a rapid ventricular response. Because a significant propor-
tion of unstable AF patients may have had an acute MI, clinicians
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should carefully consider this possibility when evaluating the patient.
Cardioversion can be attempted in the emergency or inpatient setting
for unstable patients, but caution is needed to minimize the risk of
embolism at the time of conversion. When time allows, drug therapy
can be initiated with digoxin, beta-blockers, verapamil, or diltiazem
to help control the ventricular rate and increase the likelihood of suc-
cessful cardioversion.

In the clinically stable patient with newly diagnosed AF, the du-
ration of the episode and the presence of underlying cardiac disease
are the main factors determining treatment. In patients with good car-
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Fig. 3.2. Atrial fibrillation and flutter. Sample ECG tracings for
atrial fibrillation with slow and rapid ventricular response and
atrial flutter. ECG leads from which tracings were obtained are
listed in the lower left corner.



diac function, spontaneous conversion to sinus rhythm (SR) within
24 hours of onset is common.52 In patients with known duration of
AF less than 48 hours and no significant cardiac disease, active treat-
ment is also likely to result in conversion to SR; after acute antico-
agulation, either DC cardioversion or medication (IV ibutilide or oral
propafenone, flecainide, or quinidine) has shown good success in ter-
minating AF.50 For patients with over 48 hours or unknown duration
of AF or with underlying cardiac disease, TEE can be used to guide
therapy. If TEE shows no evidence of atrial thrombus or stasis, hep-
arinization and DC cardioversion followed by 4 weeks of anticoag-
ulation with warfarin has been shown to be safe and effective in
restoring SR in the short term.8 If thrombus or stasis is present on
TEE, 3 weeks of therapeutic anticoagulation with warfarin, followed
by DC cardioversion and at least 4 more weeks of anticoagulation,
is the current recommendation.

The long-term success of cardioversion depends primarily on the
patient’s age, duration of AF, underlying disease, and left atrial di-
ameter, but in most patients AF recurs after cardioversion.50,53 De-
spite the theoretical appeal of maintenance drug therapy to prevent
recurrence, its role is controversial. Clinical trials have shown both
improved success in maintaining SR and excess mortality from proar-
rhythmic side effects.17,54,55 Amiodarone appears to offer the best
combination of effectiveness and safety in this role, although 12-
month recurrence rates are still high.55 Some experts recommend DC
cardioversion alone for a first AF episode, with cardioversion fol-
lowed by amiodarone for a first relapse.56 For patients with an ec-
topic focus near the pulmonary veins, RFA to eliminate the focus of-
fers a potential cure for AF, but preliminary reports have yielded
inconsistent results.56,57 RFA of the AV node followed by perma-
nent pacemaker insertion may be necessary in symptomatic patients
refractory to other treatment.

Paroxysmal AF can be considered a special case of symptomatic
recurrent AF, and results of clinical trials of drug therapy mirror those
for maintenance drug therapy. Several sdrugs, including propafenone,
flecainide, and sotalol, increase the length of time between paroxysms
but do not abolish them, and may predispose to proarrhythmia.19,50

In general, management of persistent or recurrent AF should not
focus on restoring and maintaining sinus rhythm but on maximizing
ventricular function and reducing the risk of stroke, which approaches
6% per year in AF patients.58 Three types of antiarrhythmic drug can
be used to block AV node conduction, slow a rapid ventricular rate,
and improve ventricular function: digoxin, beta-blockers, and cal-
cium channel blockers. Digoxin has been used extensively in elderly
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patients because of its effectiveness in enhancing left ventricular con-
tractility, but it may be less effective in controlling the rate than ei-
ther of the other two medications. Digoxin and atenolol have been
used in combination with some success.56 Unfortunately, beta-block-
ers and calcium channel blockers (particularly verapamil) may pre-
cipitate or worsen CHF.

Reducing the risk of stroke is the major goal of treatment of AF.
The results of several clinical trials of stroke prevention in AF sup-
port the use of warfarin in most clinical circumstances.59–63 Pooled
analysis of clinical trial data highlights several risk factors for stroke:
mitral stenosis, hypertension (treated or untreated), previous transient
ischemic attack or stroke, CHF, left ventricular dysfunction, and age
over 75 years.63–65 Unless contraindicated, warfarin is recommended
for all patients with one or more risk factors, with either warfarin or
aspirin recommended for those between 65 and 75 years of age with
no risk factors. Aspirin is recommended for those under 65 with no
additional risk factors, but there is little data on the effectiveness of
aspirin in this group. Aspirin is indicated for those unable to use war-
farin, although its effectiveness is unknown. The risk of hemorrhagic
complications from warfarin can be minimized by dosing adjustment
to maintain an international normalized ratio (INR) between 2.0 and
3.0.65

Atrial Flutter
Atrial flutter is virtually always caused by a reentry circuit in the
right atrium, which creates a wavefront of depolarization most often
moving in a counterclockwise direction across the atria (“typical,”
“common,” or “counterclockwise” atrial flutter), but occasionally
traveling clockwise (“atypical,” “uncommon,” “rare,” or “clockwise”
flutter). It is associated with underlying cardiac disease such as my-
ocarditis, myocardial infarction, coronary artery disease, or acute
ischemia. The underlying atrial rate is approximately 300 bpm
(250–350 bpm, although it can be higher), with the ventricular rate
dependent on the degree of AV block present. If an AV bypass tract
is present, 1:1 conduction occurs for a ventricular rate of about 300
bpm, and conduction through a healthy AV node results in a 2:1 block
and ventricular rate of about 150 bpm. A higher degree of block (3:1
or 4:1) may occur with a diseased or fibrotic AV node, resulting in
a ventricular rate of 70 to 100 bpm.

Patients may be asymptomatic, or symptoms may resemble those
seen with SVT or atrial fibrillation. Physical examination most often
reveals a rapid heart rate, and hypotension or CHF may be seen if
ventricular filling is low due to the rapid rate. Pulses may be vari-
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able and irregular if variable AV block is present. On ECG (Fig.
3.2c), the atrial rate is regular, usually between 250 and 350 bpm,
and has a wave-like or sawtooth pattern (“flutter waves”) seen best
in leads II, III, and aVF. If 1:1 conduction occurs, these waves are
hidden by QRS complexes; they may still be difficult to appreciate
with a 2:1 block but can be seen more easily with a 3:1 or greater
block. If atrial flutter is suspected in the setting of rapid ventricular
rates, vagal maneuvers such as carotid sinus massage or an intra-
venous bolus of adenosine may increase the AV block and reveal the
sawtooth pattern.

Atrial flutter is considered an unstable rhythm, and its termination
is indicated whenever possible. If the ventricular rate is rapid, the pa-
tient is hemodynamically unstable, or underlying disease such as
angina or CHF is exacerbated, immediate DC cardioversion under
controlled circumstances is indicated. In patients with severe under-
lying cardiac disease or on potentially arrhythmogenic medications
such as digoxin, rapid atrial pacing in a cardiac laboratory setting may
be a safer alternative for conversion to sinus rhythm. For more stable
patients, reversible underlying conditions or precipitating factors can
be corrected before conversion is attempted. Cardioversion is suc-
cessful in restoring sinus rhythm in more than 95% of cases.14 Al-
though DC cardioversion and atrial pacing have been considered the
preferred treatments, medical cardioversion with ibutilide is emerg-
ing as an acceptable alternative.66 Class IA, IC, or III antiarrhythmics
can be effective as pretreatment before DC cardioversion or atrial pac-
ing to increase the likelihood of sustaining sinus rhythm. Beta-block-
ers, calcium channel blockers, or digoxin may slow a rapid ventricu-
lar rate but are not considered effective for conversion to sinus rhythm.

Drug therapy has been shown to be of limited effectiveness in pre-
venting recurrent atrial flutter.14 In the absence of underlying heart
disease, class IC agents flecainide and propafenone may be effective
in reducing the number of recurrences, but class IA and IC agents
have been associated with serious side effects in patients with un-
derlying heart disease. With improved atrial mapping techniques,
RFA of the reentrant circuit has emerged as an effective and poten-
tially curative treatment option; in patients with highly symptomatic
atrial flutter unresponsive to other treatments, RFA of the AV junc-
tion followed by permanent pacemaker insertion should be consid-
ered.14 The association between stroke and atrial flutter is unclear at
present, with conflicting reports regarding risk of stroke after con-
version to SR and with drug therapy. Current opinion supports the
use of warfarin for cardioversion, but no standard has emerged for
long-term anticoagulation.
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Other AV Conduction Abnormalities
Conduction disturbances in the AV node–His–Purkinje pathway are
a relatively common occurrence, ranging from asymptomatic first-
degree AV block to potentially lethal third-degree AV block. A full
description of the pathophysiology and electrophysiology of AV
block is beyond the scope of this chapter, so a summary of the most
common types follows.

First-degree block (Fig. 3.3a) is commonly caused by increased
vagal tone or as a drug side effect (digoxin). It is characterized by a
prolonged PR interval of more than 0.2 second with an otherwise
normal ECG. Unless it is accompanied by significant bradycardia,
treatment is not necessary.

There are two varieties of second-degree AV block. Mobitz type
I (Wenckebach block) (Fig. 3.3b) is often transient, occurring after
cardiac surgery, during an acute MI, or with digoxin toxicity. It is
characterized by a constant PP interval, progressive prolongation of
the PR interval, and shortening of the RR interval followed by com-
plete block of an atrial impulse and a dropped beat. This rhythm may
be perceived on cardiac auscultation as grouped beats followed by a
missed beat in a regular pattern. Treatment is generally not neces-
sary. If significant bradycardia and hypoperfusion occur, a cardiac
pacemaker may be needed. Mobitz type II block (Fig. 3.3c) is asso-
ciated with damage to the His–Purkinje system, often due to organic
heart disease. Its ECG appearance is as a dropped beat after a nor-
mal P wave with otherwise constant PR intervals. It is often associ-
ated with intraventricular conduction delays and a slightly wide or
atypical QRS complex. This pattern is usually not transient, as it is
associated with damage to the conduction system, and is likely to
progress to complete heart block. Treatment with a cardiac pacemaker
is usually indicated.67

Third-degree AV block (complete heart block) (Fig. 3.3d) indi-
cates complete absence of AV conduction. It is usually caused by se-
rious organic heart disease. P waves are present but not conducted,
and QRS complexes are usually atypical and widened, reflecting their
junctional or ventricular origin. The ventricular rate is most often the
idioventricular “escape” frequency of 30 to 40 bpm, but faster heart
rates or episodes of asystole can occur. Treatment with a cardiac pace-
maker is necessary.

Ventricular Arrhythmias
Most ventricular arrhythmias (VAs) arise from a reentry mechanism
involving ventricular myocardium or the portion of the cardiac con-
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duction pathway located below the AV node.68 Predisposing factors
include ischemic or valvular heart disease, structural congenital
anomalies, cardiomyopathy, CHF, genetic mutations in ion channel
proteins (the cause of congenital long QT syndrome), and autonomic
hypersensitivity. Their clinical importance lies in their association
with SCD, which accounts for over 350,000 deaths in the U.S. an-
nually.69 In patients without underlying cardiac disease, the risk of
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Fig. 3.3. Selected atrioventricular (AV) conduction abnormali-
ties: sample ECG tracings. ECG leads from which tracings were
obtained are listed in the lower left corner. Note the progressive
prolongation of the PR interval prior to the missed beat in Mo-
bitz type I block (b), the fixed PR interval prior to the missed
beat in Mobitz type II block (c), and complete dissociation of atrial
and ventricular depolarization in third-degree block (d). See text
for discussion of specific ECG features of each arrhythmia.



SCD is low and treatment necessary only in special circumstances
[“complex” VA such as ventricular tachycardia (VT) or frequent mul-
tifocal ventricular premature beats]. However, the risk of SCD in VA
is much higher in the presence of underlying cardiac disease, partic-
ularly CHF, cardiomyopathy, or in the post-MI setting. The emer-
gence of the ICD as an effective preventive intervention has reduced
drug therapy to a secondary and supportive role in treatment of VA.
Because most VAs occur outside of the hospital setting, major ef-
forts are now being made to integrate AEDs into out-of-hospital re-
suscitation protocols.

In general, in the routine office setting family physicians should
diagnose this arrhythmia based on ECG, Holter monitoring, or car-
diac event monitoring, and search for evidence of underlying cardiac
disease or reversible precipitating factors before deciding on therapy.
Drug therapy should be initiated with caution and only when clearly
indicated.

Ventricular Premature Beats
Ventricular premature beats (VPBs) are the single most common car-
diac arrhythmia and perhaps the most overtreated of all cardiac con-
ditions. They are usually the result of reentry in ventricular my-
ocardium or the terminal portion of the Purkinje system; one to
several reentry circuits can be present in an individual. They com-
monly occur in the absence of underlying heart disease and are pre-
cipitated by anxiety, emotional stress, exercise, caffeine and other
sympathomimetics, electrolyte or acid–base abnormalities, alcohol,
and many medications. They also occur in patients with underlying
heart disease and in the setting of acute ischemia or MI, acute in-
fection, CHF, chronic ischemia, cardiomyopathy, and some forms of
valvular or structural heart disease, including mitral valve prolapse.

The VPBs are most often asymptomatic and are found on routine
auscultation or an ECG obtained for other reasons. Patients with fre-
quent VPBs may report palpitations, dizziness, or weakness. On phys-
ical examination, VPBs are noted as an early beat with a following
compensatory pause. The ECG (Fig. 3.4a) shows baseline sinus
rhythm with the VPB seen as an early QRS, which is wide (�0.12
second), notched, and slurred, and not preceded by a P wave. The T
wave is often opposite in direction from the QRS due to aberrant re-
polarization. A P wave following the QRS or embedded in the T
wave may be seen, the result of retrograde conduction. The SA node
is generally not depolarized by the VPB, creating a “compensatory
pause” following the early beat; one sinus beat is suppressed due to
a refractory myocardium and conduction system, but the regular SA
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node pacing is maintained. VPBs can be unifocal or multifocal (the
result of more than one reentrant focus), and can occur in patterns
such as trigeminy (once every three beats), bigeminy, or couplets
(two in a row).
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Fig. 3.4. Selected ventricular arrhythmias: sample ECG tracings.
ECG leads from which tracings were obtained are listed in the
lower left corner. See text for discussion of specific ECG features
of each arrhythmia



The Lown classification, formerly used to grade the risk of vari-
ous types of VPB, has largely been replaced by the following treat-
ment “rules.” In patients without heart disease, VPBs are not asso-
ciated with an increased risk of sudden death or other coronary events
and generally should not be treated. In the presence of severe symp-
toms, a careful discussion of risks and benefits of therapy with 
patients should take place prior to initiating drug therapy. Beta-
blockers are the first choice for therapy under most circumstances.
The use of class I agents in patients with VPBs has been repeatedly
shown to increase the risk of sudden death or coronary events, and
these agents should be avoided.18,19,22 In the post-MI setting, treat-
ment with beta-blockers and angiotensin-converting enzyme inhibi-
tors (ACEIs), preferably in combination, has been shown to have a
beneficial effect regarding mortality.70 Low-dose amiodarone may
be helpful in patients who cannot use beta-blockers or ACEIs. Cal-
cium channel blockers are not effective and should not be used. Some
experts now recommend that post-MI patients with VPBs undergo
EP study so that patients at high risk for SCD (those with inducible
VT) can receive an ICD.71

Ventricular Tachycardia
Ventricular tachycardia (VT) is defined as the presence of three or
more consecutive VPBs; it is further divided into nonsustained VT
(NSVT), lasting less than 30 seconds, and sustained, lasting more
than 30 seconds. It may be monomorphic (one site of origin) or poly-
morphic (two or more sites of origin). Monomorphic VT may occur
in healthy individuals during exercise, with vagal stimulation, or with
excitement or fright, and may be caused by any number of drugs or
other substances, notably class I antiarrhythmics, tricyclic antide-
pressants, and phenothiazines. Polymorphic VT (torsades de pointes
being the most familiar example) is associated with congenital long
QT syndrome and organophosphate poisoning, and it can be precip-
itated by electrolyte abnormalities, digoxin, most antiarrhythmic and
tricyclic medications, and medication combinations such astemizole
and itraconazole. Either type of VT is commonly seen in the setting
of acute MI and other serious heart disease.

Nonsustained VT is often asymptomatic but may produce palpita-
tions, weakness, and presyncope; sustained VT is rarely asympto-
matic and presents with symptoms ranging from palpitations to sud-
den death. On auscultation the heart rate may be slightly irregular,
with the pulse ranging from 100 to 300 bpm. Other clinical findings
vary, as cardiac perfusion changes from beat to beat. With monomor-
phic VT, the ECG shows a single QRS morphology with the QRS
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duration more than 0.12 second and the T wave polarity opposite to
the QRS polarity. Atrial activity is usually not discernible. Polymor-
phic VT (Fig. 3.4b) shows several QRS morphologies. Torsades de
pointes (Fig. 3.4e) is characterized by alternation of QRS polarity or
amplitude (or both) in repeated cycles of 5 to 20 beats.

Most experts do not recommend treatment for NSVT in the ab-
sence of underlying heart disease, as there appears to be no increased
risk of SCD. If underlying heart disease is present, a careful search
to identify those at high risk for SCD is indicated. Various tests have
been studied alone or in combination, including echocardiography,
Holter monitoring, enhanced ECG-based methods (QT interval dis-
persion, T-wave alternans, heart rate variability, and signal-averaged
ECG), baroreflex sensitivity, and inducibility of VT on EP study, but
no standard protocol has yet emerged. Many experts now recommend
that patients with underlying heart disease and NSVT undergo an EP
study, with the presence of inducible VT identifying high-risk pa-
tients who will benefit from ICD placement.71 The major role for
drug therapy is in treatment of underlying cardiac disease: beta-block-
ers and ACE inhibitors reduce mortality post-MI and in CHF, but it
is not clear whether they reduce the rate of SCD. Although amio-
darone has been shown to reduce mortality in patients at high risk
for SCD,72 clinical trials directly comparing ICD placement to amio-
darone have confirmed the superior effectiveness of ICDs.73,74 EP
studies paired with RFA offer potentially curative therapy for reen-
trant NSVT and are currently under study.

Sustained VT (Fig. 3.4c) requires emergent treatment guided by
current advanced cardiac life support (ACLS) protocols, followed by
transfer to an appropriate facility for definitive care.

Ventricular Fibrillation
Ventricular fibrillation (VF) is a state of chaotic ventricular activity
caused by the random firing of multiple ectopic foci, probably due
to a complex reentry mechanism.75 It may result from degeneration
of VT and most often occurs in the setting of an acute MI. The ar-
rhythmia results in random, ineffective activity in the ventricles, pre-
venting effective blood circulation. Death occurs within minutes if
effective resuscitation is not initiated. The ECG (Fig. 3.4d) shows er-
ratic oscillations without any recognizable complexes; an amplitude
of more than 1 mm is termed “coarse” VF and is considered to be
more amenable to defibrillation than “fine” VF.

Treatment should begin immediately with cardiopulmonary resus-
citation efforts as outlined in Basic Life Support (BLS) and ACLS
protocols, including the use of AEDs as soon as possible.44 Transfer

3. Cardiac Arrhythmias 87



to the hospital for definitive care should occur as soon as possible.
Patients who survive VF are candidates for ICD placement.

Conclusion
Although diagnostic and treatment options for patients with cardiac
arrhythmias are growing rapidly, successful management still rests
on a careful and thorough clinical approach to this problem. Family
physicians should be able to (1) correctly diagnose common specific
arrhythmias, (2) search for and treat underlying or predisposing con-
ditions, (3) determine whether specific treatment is indicated and ini-
tiate therapy where possible, and (4) effectively work with consul-
tants when specialized diagnostic or therapeutic approaches are
required.
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4
Valvular Heart
Disease
Eric Walsh

Introduction
Timely and appropriate diagnosis and treatment of valvular heart dis-
ease is an important skill for family physicians. Excessive consulta-
tion and diagnostic testing of patients who present with murmurs cre-
ates unnecessary anxiety and cost. Yet the failure to make a timely
diagnosis of valvular heart disease, or to refer when appropriate, can
lead to irreversible cardiac damage, decreased functional status, and
even death. In making the diagnosis of valvular heart disease, it is
important to know the clinical maneuvers that can help refine the
bedside diagnosis of murmurs. It is useful to know when third and
fourth heart sounds (S3 and S4) are abnormal, and how to distinguish
innocent and physiologic murmurs from murmurs caused by valvu-
lar heart disease.

Third Heart Sound
An S3 is considered normal in patients under 30 who have no other
signs of heart disease. An S3 heard in patients between ages 30 and
40 is suspicious. In this age group, conditions such as thyrotoxico-
sis, pregnancy, anxiety, and postexercise states can cause an S3 not
associated with heart disease.

An S3 heard past age 40 should be considered a likely sign of heart
disease. It can be caused by three types of cardiac disease: ventricu-
lar diastolic overload, ventricular dysfunction, and constrictive peri-



carditis. Ventricular diastolic overload is most commonly caused by
mitral regurgitation or aortic insufficiency. The S3 heard with these
states of ventricular diastolic overload is almost invariably associ-
ated with a murmur. An S3 not associated with a ventricular diastolic
overload state suggests global ventricular dysfunction. Diastolic over-
load over long periods of time can lead to ventricular dysfunction,
which is the most serious and irreversible cause of the S3. Other non-
valvular problems, such as chronic ischemia can also lead to global
dysfunction and an S3. Pericardial disease can cause an S3. In the
case of pericardial disease, it is the sudden deceleration of ventricu-
lar relaxation and filling caused by the pericardial pathology that cre-
ates the S3.

Fourth Heart Sound
There is debate about whether an S4 can be considered normal in the
geriatric population, where there is some physiologic loss of ven-
tricular compliance; but as a general rule, an audible S4 should be
considered pathologic. In contrast to an S3, which gets louder as ven-
tricular compliance decreases, the S4 becomes softer as the underly-
ing ventricular dysfunction progresses. The underlying cardiac
pathology leading to the production of an S4 is similar to the factors
causing an S3, with two important additions: whereas an S3 is not
heard with hypertrophic cardiomyopathy or left ventricular hyper-
trophy (LVH) caused by hypertension, an S4 is common with these
conditions.

Innocent and Physiologic Murmurs
Between 90% and 95% of murmurs identified by family physicians
are innocent or physiologic murmurs. Innocent murmurs are those
present in patients with no cardiac pathology. Murmurs are physio-
logic when there is an identifiable cause but the heart is normal. Ex-
amples of physiologic murmurs include the murmurs heard with ane-
mia, thyrotoxicosis, the increased blood volume of normal pregnancy,
and the high output state caused by fever.

Characteristics
Murmurs can be appreciated in 50% to 60% of healthy children, de-
pending on the listening conditions and the cooperation of the child.1

Soft murmurs can be heard in 30% to 40% of healthy adults.1 Inno-
cent murmurs are usually best heard along the left sternal border, be-
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tween the second and the fourth intercostal spaces. Innocent mur-
murs are always systolic and are rarely louder than grade 2/6. In
young patients innocent murmurs are evanescent and usually do not
radiate to the carotid area. In older patients it can be more difficult
to distinguish pathologic from innocent murmurs. The decreased
compliance of the large arteries associated with aging can cause an
innocent murmur to be heard in the neck. There are several associ-
ated findings that make the diagnosis of an innocent or physiologic
murmur less likely. These findings include the presence of more than
one sound at S1, abnormal splitting of S2, a loud or soft S1, or a hy-
perdynamic or sustained ventricular impulse.

Physical Maneuvers
There are a number of simple bedside maneuvers useful for diag-
nosing an innocent versus a pathologic murmur. These maneuvers
increase or decrease preload and increase afterload. The presence of
extrasystolic beats, which change the hemodynamics, can affect the
quality of murmurs in ways that aid the diagnosis.

Increased Afterload
The best method to increase afterload is the handgrip maneuver. The
physician instructs the patient to squeeze the examiner’s hand as hard
as possible, and the physician returns the pressure. The handgrip
should decrease outflow murmurs, including innocent murmurs,
physiologic murmurs, and patho-logic aortic outflow murmurs.

Decreased Preload
Decreased preload is created by the Valsalva maneuver or by sud-
den sitting or standing. Both of these mechanisms cause decreased
venous return to the heart. Decreased preload diminishes murmurs
that are increased by blood volume, including innocent murmurs,
physiologic murmurs, outflow murmurs, and mitral and tricuspid re-
gurgitation. The murmurs of mitral valve prolapse and hypertrophic
cardiomyopathy should become louder with a decreased preload.

Increased Preload
Two simple maneuvers can increase preload. The first is lifting the
patient’s legs while the patient is in the supine position. The second
is asking the patient to squat. Increased preload should dilate, to some
extent, the left ventricle and thereby decrease the murmurs caused
by mitral valve prolapse and hypertrophic cardiomyopathy. The ef-
fect of increased preload on other murmurs is variable, but most out-
flow murmurs become louder with this maneuver.
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Ectopic Beats
A premature ventricular beat creates a diagnostic opportunity. If the
murmur is an aortic stenosis murmur, it becomes louder after an ex-
trasystolic beat because of the increased pressure gradient across the
stenotic valve. The prolonged diastole does not affect most flow mur-
murs or the murmur caused by mitral regurgitation.

Valvular Heart Disease

Incidence
An important clinical issue is the incidence in the general population
of heart murmurs caused by heart disease. If a heart murmur is heard,
what is the likelihood that it is caused by heart disease? The inci-
dence of valvular heart disease in the general population is difficult
to determine. Murmurs and the pathology that causes them can re-
solve spontaneously. The loud childhood murmur of a ventricular
septal defect can disappear when the defect closes spontaneously.
Murmurs can disappear as the pathology worsens; for example, a mi-
tral regurgitant murmur can disappear as the left atrial pressure rises
and left ventricular failure occurs. Murmurs that are not pathologic
can become so later in life. A bicuspid aortic valve can produce a
murmur without a significant gradient early in life, but as valvular
calcification develops, significant aortic stenosis can appear. Lastly,
the incidence of valvular heart disease depends on the methods by
which it is sought: the findings on clinical examination, echocardio-
graphy, and autopsy differ.

Good raw data regarding the incidence of valvular heart disease in
the general (male) population were obtained in World War I, during
which time 2.5 million young men from their late teens to about 30
years old were examined by army doctors.2 A total of 85,143 men
(3.4%) were classified on clinical grounds as having valvular heart
disease; 73.4% were diagnosed as having mitral regurgitation, and
the remaining 26.6% were about evenly distributed between mitral
stenosis, aortic stenosis, and aortic regurgitation, with a small num-
ber having right-sided valvular heart disease and nonvalvular heart
murmurs such as patent ductus arteriosus (PDA) or ventricular sep-
tal defect (VSD). Since World War I the incidence of rheumatic heart
disease has declined, making mitral stenosis, which is almost solely
caused by rheumatic disease, much rarer.

The use of echocardiography and autopsy increases estimates of
the frequency of valvular heart disease. A survey of 18,132 autop-
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sies showed that 6.3% of patients at autopsy had valvular heart dis-
ease, 49% involving the mitral valve, 42% the aortic valve, 9% the
tricuspid valve, and 0.3% the pulmonic valve.3 A study of patients
over 65 years old found that aortic stenosis was present in 2% over-
all, with a twofold increase in incidence for each 10 years of life.4

In 1999, the Framingham Heart Study reported a series of 3,589 color
Doppler echocardiograms done on participants between 26 and 83
years old in that ongoing study. The study reported on valvular in-
competence, but not valve stenosis.

Using this sophisticated technology, the incidence of valvular in-
competence was much higher than previously reported: mitral re-
gurgitation was found in 19.1%, and aortic regurgitation in 10.8%.
But when “trivial” and “mild” valvular incompetence are excluded
from the analysis, the incidence of “moderate” or “severe” valvular
incompetence is reported as 1.9% for the mitral valve, and 0.69% for
the aortic valve.5 Interestingly, a decreased body mass index (BMI)
was associated with an increased risk for mitral but not aortic in-
competence. A report from the Strong Heart Study, which evaluated
echocardiographic data from 3,486 Native Americans, found mitral
regurgitation in 21.0% of participants, although regurgitation was
moderately severe in only 0.3% and severe in only 0.2%.6 This study
also confirmed the association of lower BMI, as well as female gen-
der, older age, and higher blood pressure with mitral regurgitation.6

More recently, the use of anorectic drugs for weight loss, specifi-
cally dexfenfluramine, has been associated with an increased risk of
the development of valvular regurgitation, most commonly mitral,
but also tricuspid and aortic regurgitation (odds ratio 3.1; 95% con-
fidence interval 1.34–7.13).7 There is reassuring evidence that clini-
cal auscultation is an adequate method of screening for valvular le-
sions associated with dexfenfluramine, and that discontinuing the
drug probably halts progression of the valvular lesions.7,8

Mitral Valve Regurgitation
Etiology
There are a large number of causes of mitral regurgitation. Degen-
erative lesions include the myxomatous change of mitral valve pro-
lapse and the congenital abnormalities of Marfan syndrome, Ehlers-
Danlos syndrome, and others. Degenerative changes also include
mitral annulus calcification. Inflammatory and infective causes of mi-
tral regurgitation include endocarditis, rheumatic fever, lupus, and
scleroderma (see Chapter 11). Ischemia is one of the most important
causes of mitral regurgitation. Mitral regurgitation in the setting of
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ischemia is due to dysfunction of the papillary muscles and/or re-
modeling of the ventricle. There is a statistically significant associ-
ation of mitral regurgitation with increasing age, hypertension, and
a lower BMI.5

Symptoms
Mitral regurgitation may progress for decades without causing symp-
toms. Symptoms usually occur insidiously. The first symptom is usu-
ally fatigue because of decreased cardiac output. Later dyspnea, or-
thopnea, and paroxysmal nocturnal dyspnea occur as the left atrial
pressure and pulmonary vascular pressure rise. The causes of rapid
progression of symptoms with mitral regurgitation include the on-
set of atrial fibrillation and severe papillary muscle dysfunction or
rupture.

Physical Findings
The pulse associated with mitral regurgitation is collapsing in nature.
The apical impulse is hyperkinetic and becomes laterally displaced
and more diffuse as the disease progresses. The heart sounds are un-
remarkable. It is unusual to hear an S4, and the presence of an S3 in-
dicates advanced disease. The murmur of mitral regurgitation is a
holosystolic murmur. It is described as plateau in intensity and blow-
ing in quality. Throughout most of the natural history of mitral re-
gurgitation, the murmur starts at S1 and ends at S2. As left atrial pres-
sure and pulmonary pressure rise, the murmur may end before S2.
The murmur of mitral regurgitation becomes softer during the late
stages of the disease.

Increasing afterload should increase the intensity of the murmur.
Decreasing preload should make the murmur softer, and increasing
preload usually makes little or no difference in the murmur. When
there is a premature beat and a compensatory pause, the murmur of
mitral regurgitation does not change appreciably in the postex-
trasystolic beat.

Natural History, Complications, Medical Therapy, and
Timing of Surgery
As Stapleton2 suggested, “mitral incompetence is the most benign of
left heart valvular lesions. . . . Patients may do well on medical ther-
apy for years after the onset of symptoms.” Medical therapy consists
of afterload reduction with angiotensin-converting enzyme (ACE) in-
hibiting agents. As left ventricular function declines, digoxin and di-
uretics may be added. Atrial fibrillation is a late occurrence and re-
quires rate control. Atrial fibrillation usually denotes marked atrial
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enlargement, and electrical cardioversion is rarely successful on a
long-term basis. The timing of surgery is more controversial for mi-
tral regurgitation than for other valvular heart disease because of the
relatively slow course of progression in most cases. Clear indications
for valve replacement include left ventricular (LV) failure caused by
mitral regurgitation, hemodynamic decompensation with decreased
cardiac output (even with normal ejection fraction) at rest or with ex-
ercise, and rapid (more than 2 cm per year as measured by echocar-
diography or chest radiography) increase in ventricular size.9 More
recently, criteria for early replacement of the mitral valve in patients
selected as high risk based on low LV ejection fraction (�45%) or
low right ventricular (RV) ejection fraction (�30%) have been pro-
posed.10 Mitral regurgitation that is secondary to ischemia carries a
worse prognosis, and mitral valve replacement should be considered
earlier than in nonischemic mitral regurgitation. Decisions about
valve replacement at the time of coronary artery bypass graft (CABG)
surgery should be made on grounds of the severity of heart failure
symptoms and LV function, and the clinical severity of regurgitation.
Often this is best assessed by intraoperative transesophageal echocar-
diography (TEE).11 Mitral regurgitation as a result of myocardial 
infarction (MI) worsens prognosis independently of other variables,
including age and ventricular function. Patients with mitral regurgi-
tation secondary to an MI had a 5-year total mortality of 62% � 5%
vs. total mortality in the control group with MI but no mitral regur-
gitation of 39% � 6%. The 5-year cardiac mortality in the group with
post-MI mitral regurgitation was 50% � 6% vs. 30% � 5% mortal-
ity in the control group (both p � .001).11

Mitral Valve Prolapse
Mitral valve prolapse warrants special mention for a number of rea-
sons. While mitral valve prolapse was previously thought to be com-
mon, recent evidence indicates a prevalence of about 2%.12 There
are several unique aspects to the history and physical examination in
patients with mitral valve prolapse, and treatment modalities differ
in some ways from other causes of mitral regurgitation. In addition,
some clinicians have postulated the existence of a mitral valve pro-
lapse syndrome,13 which involves diffuse autonomic and connective
tissue pathology.

Mitral valve prolapse is caused by a combination of factors. There
is an abnormality of the connective tissue in the mitral valve, which
leads to myxomatous degeneration of the valve and the chordae. Ex-
cessive or redundant mitral valve tissue is present and there is often
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an increased orifice size. Lastly, the length, position, or physiologic
function of the papillary muscle and chordae apparatus is abnormal.

Symptoms and Physical Findings
The symptoms of mitral valve prolapse that relate to mitral regurgi-
tation are the same as those seen with other causes of mitral regur-
gitation. Until recently, it had been reported that palpitations, caused
by ventricular ectopy or exaggerated awareness of the heartbeat, and
atypical chest pain were more common in patients with mitral valve
prolapse. A recent study of mitral valve prolapse, using the Fram-
ingham database, has called that association into question.12

The mitral valve prolapse syndrome has been defined as mitral
valve prolapse associated with increased autonomic tone. Studies
have shown increased catecholamine levels and changes in diurnal
variation of catecholamine levels in some patients with mitral valve
prolapse. In addition, these patients have abnormalities of �-adren-
ergic receptors and evidence of decreased intravascular volume.2 Pa-
tients with this syndrome may complain of anxiety and show signs
of increased adrenergic tone, such as unexplained elevations of the
resting pulse. On physical examination S1 and S2 are normal, and S3

and S4 are usually not present.
Mitral valve prolapse is different from other causes of mitral re-

gurgitation because of the presence of a high-pitched mid-systolic
click and the fact that the murmur is not holosystolic. The murmur
is mid- to late systolic, follows the click, and often ends before S2.
The findings in mitral valve prolapse are inconstant. There may be
no click or murmur one day, but the next day these findings are ob-
vious. An increase in afterload or preload makes the click and mur-
mur occur later, and a decrease in preload makes the click earlier and
the murmur louder. The click and murmur of mitral valve prolapse
should occur later and may be softer during the beat following the
compensatory pause after a premature beat.

Controversies, Complications, Treatment, and 
Natural History
It is reasonable to wonder when mitral valve prolapse is a disease
and when it is a normal variant. Population based studies12 indicate
a low incidence and a benign prognosis. Studies of patients who pres-
ent with end stage mitral valve regurgitation demonstrate a subgroup
of patients with mitral valve prolapse who have serious progressive
disease.14,15 How much workup should be done if an isolated click
is heard? What about a click with a murmur? Answering these ques-
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tions is difficult, particularly when one notes that auscultation may
be normal one day and a loud regurgitant murmur may be present
the next. The best evidence suggests that the pathology of mitral valve
prolapse relates to the degree of mitral regurgitation.14–16 Risk fac-
tors associated with serious mitral valve prolapse requiring valve 
replacement include increasing age, male sex, increased BMI, and
hypertension.

When the severity of mitral valve regurgitation is defined, the med-
ical treatment is the same as for other causes of mitral regurgitation.
The adrenergic symptoms, atypical chest pain, and palpitations as-
sociated with mitral valve prolapse often respond to beta-blockers.

Mitral Stenosis
Etiology
Mitral stenosis has a single cause: rheumatic heart disease. Although
only 50% of patients with mitral stenosis can recall an episode of
rheumatic fever, the surgical pathology of stenotic mitral valves vir-
tually always reveals the changes associated with rheumatic heart dis-
ease. Congenital mitral stenosis is exceedingly rare.16 Symptoms can
occur as early as 3 years after the episode of rheumatic fever, but
most commonly 15 to 25 years elapse between the episode of rheu-
matic fever and the detection of mitral stenosis. As would be ex-
pected, findings and symptoms typically begin during the third to
fifth decade of life. The incidence of mitral stenosis has been de-
clining for the last 50 years along with the decline in rheumatic fever.

Symptoms
Symptoms associated with mitral stenosis are directly related to the
mitral valve area.16 With a valve area of more than 2.5 cm2, assum-
ing a sinus rhythm, no symptoms are present. With a valve area of
1.4 to 2.5 cm2, there is minimal dyspnea with exertion. With a valve
area of 1.0 to 1.3 cm2, dyspnea on exertion is severe, and orthopnea
and paroxysmal nocturnal dyspnea can occur. At valve areas of less
than 1 cm2, resting dyspnea, severe pulmonary edema, and disabil-
ity occur. The onset of atrial fibrillation, common with advanced mi-
tral stenosis, causes a sudden worsening of symptoms, often frank
congestive heart failure (CHF). Pregnancy, infection, and surgery can
also cause CHF. Other symptoms associated with mitral stenosis in-
clude hemoptysis, which may be the presenting symptom, and fre-
quent bronchitis and wheezing, caused by hyperemia of the bronchi
due to increased pulmonary vascular pressure.
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Physical Findings and Diagnosis
There are many characteristic physical findings with mitral stenosis,
but they are subtle and often overlooked. Ventricular underfilling can
cause the carotid pulses to be brisk and brief. The cardiac apex is in
the normal location, and the point of maximal impulse (PMI) is small
and nonsustained. In fact, the presence of a sustained PMI rules out
isolated mitral stenosis. Fine pulmonary crackles may be present, but
signs of right heart failure or peripheral edema are typically a sign
of end-stage disease.

S1 is loud with mitral stenosis; in fact, an accentuated S1, partic-
ularly in the setting of atrial fibrillation, should alert the clinician to
the possibility of mitral stenosis. As the disease progresses and mi-
tral mobility decreases, S1 may become softer, but by that time symp-
toms are usually advanced, and the diagnosis should be obvious. S2

is either normal or has a loud P2, which can be heard at the apex. S3

and S4 are rare because of normal ventricular size, compliance, and
slowed diastolic filling.

One of the characteristic heart sounds of mitral stenosis is the open-
ing snap, which occurs after S2, and is sharper and higher pitched
than an S3. Patients with mitral stenosis usually have a diastolic mur-
mur that is soft, low-pitched (a rumble), and occurs during mid- to
late diastole. If the rhythm is sinus, there is presystolic accentuation
of the murmur with atrial contraction. Maneuvers that increase or de-
crease afterload or preload have little effect on the murmur of mitral
stenosis.

Natural History, Complications, Medical Therapy, and
Timing of Surgery
Mitral stenosis has a more rapid progression and a higher case-
fatality rate than mitral regurgitation. Among patients with mild
symptoms, 58% are dead in 10 years without surgery; and 85% of
patients with mild to moderate symptoms are dead in 10 years with-
out surgery.16 Rare cases of mitral stenosis remain clinically stable
for years, but progression is the rule.

Medical therapy for mitral stenosis is aimed at reducing compli-
cations and does not affect the progression of the disease. Diuretics
are used to treat pulmonary edema, but digoxin or afterload reduc-
tion do not work for this problem. Rate control for atrial fibrillation
is essential, and ventricular rates of 50 to 60 beats per minute (bpm)
should be the goal of treatment. Digoxin or beta-blockers can be used
for rate control. With the onset of atrial fibrillation, electrical car-
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dioversion is attempted and anticoagulation considered, especially if
atrial fibrillation persists or recurs.

The assessment of thrombotic risk is an important issue in the di-
agnosis and treatment of mitral stenosis. Studies have suggested that
thrombotic risk is increased with mitral stenosis even with sinus
rhythm17 and with selected echocardiographic findings in atrial fib-
rillation.18 Coronary artery disease is rare in the setting of mitral
stenosis.

When mitral stenosis is diagnosed, even if symptoms are not pres-
ent, a workup is initiated to determine left atrial size, valve area, and
the atrio-ventricular (AV) pressure gradient. Usually, an echocardio-
gram is sufficient for this purpose. When moderate symptoms are
present or with symptoms such as paroxysmal nocturnal dyspnea or
hemoptysis, which suggest significantly elevated pressures, the pa-
tient should be referred for surgery. Mitral valve commissurotomy is
preferred to mitral valve replacement if possible, although the final
decision usually cannot be made until the time of surgery.18

Aortic Insufficiency
Etiology
There are multiple etiologies for aortic insufficiency. In an age of a
declining incidence of syphilis and rheumatic heart disease, the most
common cause is a structural abnormality of the aorta, such as an ab-
normal valve or aneurysm. In addition to syphilis and rheumatic fever,
aortic insufficiency can be caused by subacute bacterial endocardi-
tis, rheumatoid arthritis, ankylosing spondylitis, Reiter’s disease, and
lupus erythematosus (see Chapter 11). Congenital connective tissue
diseases such as Marfan and Ehlers-Danlos syndromes can cause aor-
tic insufficiency, as can severe hypertension.

Symptoms
Patients with aortic insufficiency remain asymptomatic for decades.
Early on, patients may complain of palpitations or awareness of heart-
beat and mild orthostatic light-headedness. When more severe symp-
toms occur, they typically begin with fatigue, followed by dyspnea and
orthopnea. Later, patients experience angina due to decreased coro-
nary artery flow secondary to the low diastolic pressure in the aorta.

Physical Findings
Patients with aortic insufficiency are often described as flushed and
sweaty. Their skin is warm, and until the late stages of the disease
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they look healthy. Blood pressure can be normal in aortic insuffi-
ciency. With severe regurgitation, there is a wide pulse pressure, and
the width of the pulse pressure correlates with the severity of the dis-
ease until the left ventricle starts to fail. The fourth Korotkoff sound,
muffling, is a more valid indicator of diastolic pressure than the fifth
sound, which can sometimes be heard down to 0 mm Hg. The pe-
ripheral pulses are bounding and collapsing in nature. The first heart
sound is soft with aortic insufficiency. Although S2 is normal, the
aortic component may be lost, so S2 can sound single. Because of el-
evated diastolic pressure before the atrial contraction, S4 is rare un-
til the ventricle is markedly dilated and failing, but an S3 is common.

The murmur of aortic insufficiency is a high-pitched, soft, blow-
ing diastolic murmur heard best with the diaphragm. It is most au-
dible along the left sternal border with the patient leaning forward
and holding expiration. The murmur is sometimes heard at the apex,
where it is a lower-pitched rumble (the Austin–Flint murmur) that
can be confused with the murmur of mitral stenosis. Because of the
greatly elevated stroke volume seen with aortic insufficiency, an out-
flow murmur mimicking aortic stenosis is common and may be the
only murmur appreciated initially. Although one would expect that
increasing afterload by the handgrip maneuver would increase the di-
astolic murmur of aortic insufficiency, it is not always the case. Tran-
sient arterial occlusion with two blood pressure cuffs inflated above
systolic pressure on the upper extremities often increases the inten-
sity of the murmur. The related outflow murmur usually diminishes
with increased afterload. The diastolic murmur does not change ap-
preciably with other maneuvers or after extrasystolic beats.

Natural History, Complications, Medical Therapy, and
Timing of Surgery
Stapleton2 evaluated cases of aortic insufficiency treated medically
and noted that among low-risk patients [normal blood pressure, nor-
mal electrocardiogram (ECG), no cardiomegaly] 96% were alive 15
years after diagnosis. Among high-risk patients who had two or three
ECG abnormalities, cardiomegaly, and an abnormal pulse, 70% were
alive at 15 years. Medical therapy consists of providing the kind of
follow-up that ensures the appropriate timing of surgical intervention
if it becomes necessary. Even before the onset of symptoms, after-
load reduction with ACE inhibitors can be done. As symptoms
progress, surgery should be strongly considered.

A number of parameters are used as indicators for surgical inter-
vention in patients with asymptomatic or minimally symptomatic aor-
tic insufficiency, but the best combination of these parameters is still
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a matter of debate. Surgery should be considered if the pulse pres-
sure is more than 100 mm Hg, if there is LVH or ST-T wave ab-
normalities on the ECG, or if the chest radiograph reveals car-
diomegaly, particularly if the cardiothoracic ratio is more than 60%.

Echocardiographic criteria for surgical consultation include an end-
diastolic LV diameter of more than 70 mm or an end-systolic diam-
eter of more than 50 mm. An ejection fraction of 40% or less is also
an indication for surgical consultation. A decline in ejection fraction
during exercise has been shown to identify a cohort of patients at
high risk for complications in whom surgery should be considered
earlier.19,20 Because of the embolic and anticoagulation risks of pros-
thetic aortic valves, the goal of timing surgery is to wait as long as
possible, without subjecting the patient to an irreversible loss of LV
function.

Aortic Stenosis21,22

Etiology
After mitral regurgitation, aortic stenosis is the second most common
cause of valvular heart disease in the general population. Male sex
predominates by about a 2:1 ratio. Most cases of aortic stenosis are
caused by one of three factors: a bicuspid aortic valve, rheumatic
fever, or degenerative changes associated with aging (aortic sclero-
sis). A bicuspid aortic valve is present in 1% to 2% of all births, but
it is not known what proportion of these patients progress to having
hemodynamically significant aortic stenosis. Isolated cases present
with severe symptoms during the teenage years, childhood, or even
infancy. Rheumatic fever as a cause of aortic stenosis is declining,
whereas age-related aortic stenosis is increasing with increasing life
expectancy. An echocardiographic study of patients over 65 found
aortic sclerosis in 26% and aortic stenosis in 2%. Risk factors for
aortic stenosis include older age, male gender, current smoking, his-
tory of hypertension, and elevated low-density lipoprotein and total
cholesterol.4 The risk factors for coronary artery disease are also risk
factors for more rapidly progressive aortic stenosis,21,22 so the index
of suspicion for the presence of aortic stenosis or its more rapid pro-
gression should be heightened in patients with risk factors for coro-
nary artery disease.

Symptoms
When symptoms due to aortic stenosis develop, they are serious and
life-threatening, and the disease is advanced. Angina due to increased
LV mass, oxygen consumption, and wall tension can occur even with
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normal coronary arteries. Medically treated angina due to aortic
stenosis is associated with a 5-year life expectancy. Syncope is a fre-
quent presenting symptom of aortic stenosis. Without surgery life ex-
pectancy after syncope is 3 years. CHF is also a presenting symptom
of aortic stenosis and if not treated surgically carries a 2-year life ex-
pectancy. Sudden death is the first symptom of aortic stenosis in 15%
of patients with the disease. It is rare for aortic stenosis to present
with less serious symptoms.

Physical Findings
Patients with aortic stenosis have normal or low blood pressure. In
patients under age 60 an elevated systolic pressure (above 160 to 170
mm Hg) makes severe aortic stenosis unlikely, whereas in elderly pa-
tients with diffuse loss of arterial compliance an elevated systolic
pressure can be found with moderate to moderately severe aortic
stenosis. Low systolic blood pressure and a narrow pulse pressure
are ominous signs. Early in the course of aortic stenosis a short, high-
pitched opening sound may be heard in the second right intercostal
space and may radiate to the neck. As the valvular disease progresses,
the opening sound disappears.

The carotid pulse provides the best clue to the presence and sever-
ity of aortic stenosis. Called parvus et tardus (weak and slow), the
carotid pulse rises slowly and often with a shudder. The changes in
the carotid pulse are often correlated to the severity of the valvular
gradient and the severity of the disease. The cardiac apex is diffuse
and often displaced laterally. The PMI is forceful and prolonged. S1

is usually normal with aortic stenosis. With advanced disease S2 can
be paradoxically split due to prolonged left ventricular systole. An
S3 is rare, but S4 is common.

The murmur of aortic stenosis is best heard at the second right in-
tercostal space and often radiates to the neck. It is coarse and usu-
ally loud. It is described as a crescendo-decrescendo murmur or a 
diamond-shaped murmur; the later the peak of the crescendo, the
more severe is the gradient. The closer to S2 the murmur ends, the
more severe is the disease. The murmur of aortic stenosis is decreased
by increased afterload and by decreased preload. The murmur be-
comes louder with increased preload. The marked accentuation of the
murmur after a postextrasystolic beat is one of the most important
clues to the presence of aortic stenosis. The physical findings most
correlated with severity of disease are a late carotid upstroke; low
amplitude of the carotid upstroke; louder, late peaking murmur; and
a single second heart sound.23
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Natural History, Complications, Medical Therapy, and
Timing of Surgery
The natural history of aortic stenosis is variable, and the disease can
present with clinical symptoms during childhood or during the ninth
decade. Once aortic stenosis has been detected, it should be consid-
ered a progressive lesion. Presymptomatic medical management
should ensure that the rate of progression is well defined. The de-
velopment of LVH or strain on the ECG and increased cardiac size
on the chest radiograph should be followed at least yearly and more
often if clinical concern warrants. Serial echocardiography is useful
for assessing outflow gradient and LV wall thickness, as the devel-
opment of a thickened left ventricle can precede the cardiac en-
largement seen by radiography.

During the asymptomatic phase of the disease, no medical inter-
vention is indicated. Once symptoms occur, surgery should be con-
sidered quickly. Surgery may be considered before symptoms de-
velop if there is ventricular enlargement, segmental wall motion
abnormalities suggesting ischemia, severe ECG changes, or frequent
ectopy, which might place the patient at risk for sudden death. It has
been argued that elderly (older than 75) asymptomatic patients with
aortic stenosis who are in sinus rhythm, without bundle branch block
and without atrial enlargement, can be followed clinically, no mat-
ter what the echocardiographic findings are.24

If CHF develops, the use of ACE inhibitors is controversial. Other
treatments for complications, pending surgery, consist of accepted
medical regimens: digoxin and diuretics for heart failure, cardiover-
sion and chemical stabilization with quinidine for atrial fibrillation
(rate control with digoxin or a beta-blocker if cardioversion fails),
and nitrates and beta-blockers or calcium channel blockers for angina
pectoris.

Hypertrophic Cardiomyopathy
Hypertrophic cardiomyopathy, also known as idiopathic hypertrophic
subaortic stenosis (IHSS) and hypertrophic obstructive cardiomyopa-
thy (HOCM), is a hereditary condition causing a murmur that origi-
nates in the area below the aortic valve. The murmur is created by
thickening of the myocardium with disproportionate septal thickening
and subsequent narrowing of the outflow tract. The Venturi effect in
the area of subaortic narrowing can cause movement of the anterior
mitral valve toward the outflow tract, further worsening the obstruc-
tion. The ventricle in patients with hypertrophic cardiomyopathy is
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hyperkinetic, and systolic emptying of the ventricle is rapid and nearly
complete. There is also abnormal relaxation and markedly decreased
compliance of the ventricle that causes severe diastolic abnormalities.

The characteristics of this murmur are similar to those of the mur-
mur of aortic stenosis with some key differences. With subaortic
stenosis a brisk carotid upstroke is maintained, even in the face of a
severe gradient. Contrary to the murmur of aortic stenosis, the mur-
mur of subaortic stenosis becomes softer with increased preload or
after a compensatory pause18 and is louder with decreased preload.
Like aortic stenosis, the murmur is softer with increased afterload.
The gradient increases with decreased ventricular filling and with
lowered systemic resistance. This point is particularly important for
athletes, because after exercise both of these conditions are present.
Although subvalvular aortic stenosis is an uncommon condition, it
causes a disproportionate percentage of unexpected sudden deaths in
healthy young people, usually immediately after exercise. Beta-
blockers are the medical treatment of choice, but surgery to thin the
septum is often necessary.

Right-Sided Heart Murmurs
Right-sided heart murmurs are far less common than left-sided mur-
murs. The pressures sustained by the valves are lower, which means
that valvular dysfunction is less likely to occur. Right-sided murmurs
have many of the same characteristics as murmurs involving the anal-
ogous left-sided valves with some key differences.

Left-sided murmurs involving the mitral valve cause pulmonary
congestion, whereas similar right-sided murmurs involving the tri-
cuspid valve cause central venous congestion and peripheral edema.
Whereas left-sided murmurs typically stay the same or diminish
slightly with inspiration, right-sided heart murmurs usually become
noticeably louder. Increasing afterload by handgrip does not affect
right-sided murmurs, nor does the compensatory pause after an ex-
trasystolic beat. Changes in preload, however, affect right-sided
murmurs in the same way they affect murmurs originating from the
left side of the heart. Lastly, there is no tricuspid analogy to mitral
valve prolapse.

Congenital Heart Disease

Murmurs During Infancy
Murmurs are an uncommon finding during infancy. A murmur in an
infant should be considered an important finding. A murmur heard
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during the first 24 hours of life carries a 1 in 12 chance of being
caused by congenital heart disease. The most common cause of patho-
logic murmurs in this age group is patent ductus, which normally re-
solves spontaneously by 8 weeks of age. A murmur heard at 6 months
of age has a one in seven chance of being caused by congenital heart
disease, and a murmur heard at 1 year has a 1 in 50 chance of rep-
resenting congenital heart disease. Table 4.1 lists the frequencies of
various types of congenital heart diseases based on a number of epi-
demiological studies.25–30

There are four general findings on physical examination and of-
fice laboratory testing that should alert the family physician to pur-
sue the possibility of congenital heart disease in an infant: (1) fail-
ure to thrive; (2) abnormal oxygenation, with normal defined as an
oxygen saturation of more than 95% in room air (oxygen saturation
should not consistently decrease with feeding); (3) signs of CHF, 
including tachycardia, tachypnea, poor feeding, and sweating; and
(4) signs of syndromes (e.g., Down syndrome) or other congenital
anomalies.

Maternal risk factors for congenital heart disease in the infant in-
clude smoking and gestational diabetes.31,32 A weak protective ef-
fect has been demonstrated for periconceptional multivitamin use (de-
fined as starting at least 3 months before pregnancy and continuing
at least 3 months into pregnancy).33

The risk of recurrence of congenital heart disease in siblings and
offspring is summarized in Table 4.2.
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Table 4.1. Frequency of Congenital Heart Disease (CHD)

Condition Percent

Ventricular septal defect (VSD) 32
Pulmonic stenosis 9
Patent ductus arteriosus (PDA) 8
Atrial septal defect (ASD) 7
Coarctation of aorta 7
Aortic stenosis 4
Tetralogy of Fallot 4
Atrioventricular septal defect 4
Hypoplastic left heart 3
D-transposition of vessels 3
Hypoplastic right heart 2
Truncus arteriosus 2
Double outlet right ventricle 1
Single ventricle 1
All other types of CHD 13



Ventricular Septal Defect (VSD)
Because VSD is the most common murmur caused by a congenital
heart defect, it is important to review its presentation. Newborns and
children with a VSD present with a holosystolic murmur similar to
the murmur of mitral regurgitation. Murmurs caused by VSDs are
typically louder and coarser than the murmur of mitral regurgitation.
A VSD is heard best at the left sternal border, and the murmur is of-
ten associated with a thrill. About 24% of VSDs close spontaneously
by 18 months and 75% by 10 years of age. Those that do not close
can cause irreversible pulmonary hypertension, cardiac disability, and
early death. If the family physician suspects a VSD, early diagnosis,
referral, and close follow-up are critical. Frequent examinations for
respiratory status, feeding, and weight gain are mandatory. Any signs
of failure to thrive or of RV volume or pressure overload require
workup for possible surgical intervention.

Murmurs During Pregnancy
A large percentage of pregnant women develop murmurs because of
an increased plasma and blood volume. Studies have shown that most
murmurs during pregnancy are benign, and investigations such as
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Table 4.2. Recurrence Risk of Congenital Heart Disease

Defect Siblings (%) Offspring (%)

Ventricular septal defect (VSD) 6 4
Atrial septal defect (ASD) 3 4–10
Atrioventricular (AV) septal defect 2 5–10
Patent ductus arteriosus (PDA) 2.5 3
Valvular aortic stenosis 3 5–10
Valvular pulmonic stenosis 2 6
Coarctation of aorta 2 3
D-transposition of arteries 2 5
Tetralogy of Fallot 2 4
Hypoplastic left heart 1–2 5
Hypoplastic right heart 1 5
Anomalous pulmonary vein 3 5
Truncus arteriosis 8 8
Double outlet ventricle 2 4
Atrial isomerism 5 1
Single ventricle 3 5
Ebstein’s malformation 1 5



echocardiography add little or no benefit to the outcomes of most
pregnancies. That is no reason for complacency, however, because
certain types of valvular heart disease are likely to become much
more serious during pregnancy, even to the point where they threaten
the life of the mother or fetus. Pregnant women with known valvu-
lar heart disease or in whom there is a diastolic murmur, pansystolic
murmur, loud murmur (grade 3 or more), or symptoms of cardio-
vascular disease must be evaluated for valvular heart disease.

Mitral stenosis, which may be clinically silent prior to conception,
can become an important problem during pregnancy. Maternal mor-
bidity and mortality are significantly increased owing to pulmonary
edema caused by increased intravascular volume. The fetus suffers
from poor growth, and there is increased fetal loss. Mitral regurgita-
tion, on the other hand, is usually well tolerated during pregnancy.

Aortic regurgitation is also well tolerated during pregnancy, ex-
cept when it is secondary to Marfan syndrome. Increased blood vol-
ume can cause dilatation and dissection or rupture of the aortic root.
Pregnancy should be avoided in women with Marfan syndrome. Aor-
tic stenosis, although rare in women of childbearing age, causes sig-
nificant problems during pregnancy. Maternal mortality rates of up
to 17% have been reported, and because of sudden depletion of in-
travascular volume, mortality rates of up to 40% after termination of
pregnancy have been reported.2 Subvalvular aortic stenosis, seen with
hypertrophic cardiomyopathy, causes increased maternal morbidity
during pregnancy, especially at delivery, when blood loss can worsen
outflow obstruction. Any cause of severe left-to-right shunt or pul-
monary hypertension creates a contraindication to pregnancy.

Murmurs in the Athlete34–36

One of the most important aspects of the physical examination of the
athlete is to identify the rare patient in whom risk of sudden death
can be avoided. In patients older than 40 years, the most likely cause
of sudden death during sports participation is coronary artery disease
(see Chapter 2). In the young athlete the most common causes of sud-
den death are hypertrophic cardiomyopathy,1,36 and possibly mitral
valve prolapse.34 A 1998 study looked at all sudden deaths in ath-
letes and nonathletes ages 35 or younger in a defined geographical
area in Italy with population of 4.4 million people older than 17. This
study included 33,735 people who had been screened during that
time. The causes of sudden death that would have presented with a
murmur, all defined by autopsy, are listed in Table 4.3.35
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The physical findings associated with these problems are covered
elsewhere in this chapter. Because hypertrophic cardiomyopathy is a
congenital disease, a history of unexplained syncope and a family
history of sudden death are key pieces of information. The finding
of arrhythmias, a history of syncope, or a family history of sudden
death should prompt the family physician to further work up a pa-
tient with mitral valve prolapse before sanctioning exercise. Aortic
stenosis and other congenital heart conditions associated with pul-
monary hypertension are also potential causes of sudden death in
young athletes. Current recommendations from the American Col-
lege of Sports Medicine and the American College of Cardiology for
participation in sports by patients with all types of congenital heart
disease are found in the Bethesda conference of 1994.36
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5
Heart Failure
William A. Norcross and 
Denise D. Hermann

Heart failure (HF) is defined as the inability of the heart to generate
a cardiac output sufficient to meet the metabolic needs of body tis-
sues at rest or with activity. This definition is sufficiently broad to
include systolic and diastolic failure, high-output failure, and cor pul-
monale. The adjective “congestive” is appropriate only when there
are symptoms or signs of systemic or pulmonary fluid volume over-
load, typically related to sodium and water retention secondary to ac-
tivation of the neurohumoral axis (renin-angiotensin-aldosterone sys-
tem and arginine-vasopressin system) with HF.

Heart failure affects 4.9 million people in the United States and is
the only major cardiovascular disorder with increasing incidence and
prevalence. Two factors thought to contribute to this phenomenon
are increases in average life expectancy and medical advances that
have diminished morbidity and mortality from most cardiovascular
disorders. The diagnosis of HF accounts for annual health care costs
in the United States of more than $18 billion, half of which, it is es-
timated, could be saved by improvements in outpatient management.
Despite modern therapies, however, the morbidity and mortality as-
sociated with HF remain high, averaging 10% mortality at 1 year and
50% at 5 years.1

The causes of HF are listed in Table 5.1. Coronary artery disease
is presently the most common etiology and represents the etiology
of HF in nearly 70% of patients with systolic dysfunction in the
United States. Idiopathic dilated cardiomyopathy, valvular heart dis-



ease, and hypertensive cardiomyopathy are also common (see Chap-
ters 1, 4, and 11).

Diastolic (lusitropic) failure occurs when the left ventricle becomes
stiff and noncompliant and elevated left ventricular filling pressures
develop. Systolic function is generally preserved, and therefore the
ejection fraction remains normal to slightly reduced. The cardiac out-
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Table 5.1. Causes of Heart Failure

Most common
Coronary artery disease

Diastolic dysfunction
Systolic dysfunction

Hypertensive cardiomyopathy
Diastolic dysfunction
Systolic dysfunction (late)

Common
Idiopathic cardiomyopathy
Alcoholic cardiomyopathy
Hypertrophic cardiomyopathy
Diabetic cardiomyopathy
Valvular heart disease
Cor pulmonale (right heart failure only)

Chronic lung disease
Pulmonary embolic disease
Primary/secondary pulmonary hypertension

Uncommon
Infectious cardiomyopathy (viral, bacterial, fungal, parasitic)
Doxorubicin-induced cardiomyopathy
Bleomycin-induced cardiomyopathy
Constrictive pericarditis
Restrictive cardiomyopathy

Amyloidosis
Hemochromatosis
Sarcoidosis

Collagen vascular disease-induced cardiomyopathy
High-output failure

Anemia
Arteriovenous shunt
Paget’s disease of bone
Thyrotoxicosis

Thiamine deficiency (beriberi) cardiomyopathy
Radiation-induced cardiomyopathy
Cardiomyopathy of pregnancy
Uremic cardiomyopathy
Endocardial fibroelastosis



put is preserved at the expense of increased diastolic filling pressure,
and is diminished in the setting of hypovolemia and/or excessive sys-
temic afterload. Diastolic failure most commonly results from an-
tecedent hypertension or coronary artery disease. Although the preva-
lence of chronic diastolic HF in a primary care setting is unknown,
studies from tertiary care centers suggest that up to 40% of patients
with HF may have primarily diastolic dysfunction.2 It is important
to recognize diastolic dysfunction because certain treatments for sys-
tolic dysfunction (diuretics, digoxin) may worsen the patient’s he-
modynamic profile or clinical condition.

High-output HF is uncommonly encountered in a primary care
practice. It is important to recognize because the conditions that cause
it (Table 5.1) are often responsive to treatment.

Acute Heart Failure/Cardiogenic 
Pulmonary Edema

Diagnosis
Although severe acute heart failure (AHF) can manifest in a patient
with mild to moderate chronic symptoms, for the purposes of this
section the patient with new onset of severe symptoms is described.
Air hunger, dyspnea, and anxiety are the most notable symptoms.
Classically, the patient expectorates pink, frothy sputum, occasion-
ally blood-streaked due to pulmonary edema and rapid alveolar fill-
ing from either pressure or volume overload or both. Physical find-
ings include tachypnea with use of accessory muscles, tachycardia,
engorged neck veins, rales, and wheezing (cardiac asthma). The ex-
tremities are pale and cool, and peripheral cyanosis may be present.
The chest roentgenogram typically shows cardiomegaly (although the
heart size and shape may be normal in the setting of acute myocar-
dial infarction, hypertensive crisis, or acute valvular emergency), pul-
monary vascular redistribution, Kerley B lines, and perihilar infil-
trates with a classic “bat wing” appearance and pleural effusions may
be noted (right-sided or bilateral effusions are the rule).

Initial diagnostic testing must include an electrocardiogram (ECG)
to rapidly exclude acute myocardial infarction (MI) or a significant
arrhythmia, blood chemistries, a complete blood count (CBC), arte-
rial blood gases, and any other tests indicated by the clinical history
and examination. Early bedside echocardiography may be helpful,
especially for diagnosing acute valvular cardiac disease, helping to
differentiate cardiac from noncardiac pulmonary edema, and defin-
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ing left ventricular (LV) function as preserved or impaired. Severely
ill patients (e.g., those with hypotension, oliguria, diminished men-
tation (cardiogenic shock), or failure to rapidly respond to therapy)
require central hemodynamic monitoring by placing an indwelling
pulmonary artery catheter (e.g., Swan-Ganz catheter).

Treatment
Acute HF is a medical emergency. Unless severely hypotensive, the
patient is placed in a seated position to assist venous pooling and di-
minish preload. In the absence of chronic obstructive pulmonary dis-
ease (COPD) with retention of carbon dioxide, high-flow 100% oxy-
gen is delivered by way of a tight-fitting mask to maintain peripheral
oxygen saturation above 94%. Vascular access is established and car-
diac monitoring instituted. Rotating tourniquets and phlebotomy are
rarely utilized in the modern era, as they have been replaced by ag-
gressive pharmacologic therapy. An acute MI with signs of HF or
shock should prompt a rapid evaluation by a cardiologist for percu-
taneous transluminal coronary angioplasty (PTCA) or administration
of thrombolytic agents.

First-Line Agents
Furosemide is generally a first-line agent if the patient is not severely
hypotensive. When given intravenously it acts initially as a ven-
odilator and subsequently as a diuretic. The patient is given twice the
customary daily oral dose intravenously. If the patient does not take
a diuretic, the furosemide dose is 0.5 to 1.0 mg/kg IV slow push.
(Rapid, large doses of intravenous furosemide have been associated
with permanent ototoxicity.)

Morphine has long had a role in the treatment of cardiogenic pul-
monary edema but must be used with caution. It is a potent veno-
dilator and also reduces anxiety. On the other hand, it can cause or
worsen hypotension and may mask symptoms and signs that are im-
portant for the clinician to observe when sequentially assessing pa-
tients with a suspected acute coronary syndrome. The starting dose
is 2 to 4 mg IV; subsequent doses can be titrated according to the
patient’s response. Nitroglycerin, a potent venodilator, may also be
considered a first-line drug, especially in patients with concomitant
chest pain or ischemia. Because of the peripheral vasoconstriction
associated with AHF, topical nitroglycerin is avoided. Nitroglycerin
0.3 mg sublingually or a similar dose of the oral spray may be used
and repeated depending on the patient’s response. Care is taken to
avoid symptomatic hypotension, especially in patients with diastolic
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HF, those in whom right ventricular infarction is suspected, and those
with an acute coronary syndrome.

Second-Line and Third-Line Agents
The choice of a second-line agent depends on the patient’s clinical
parameters. It is reasonable to use the guidelines of the American
Heart Association adopted from the recommendations made at the
International Guidelines Conference on Cardiopulmonary Resuscita-
tion (CPR) and Emergency Cardiac Care (ECC).3 If systolic blood
pressure is below 70 mm Hg, consider norepinephrine 0.5 to 30.0
�g/min IV. If the systolic blood pressure is between 70 and 100 mm
Hg, and there are symptoms or signs of shock, consider using dopa-
mine in a range of 2.5 to 15.0 �g/kg/min IV. If the systolic blood
pressure is between 70 and 100 mm Hg, and there are no symptoms
or signs of shock, use dobutamine 2 to 20 �g/kg/min IV. If the sys-
tolic blood pressure is above 100 mm Hg and the patient is not sig-
nificantly hypertensive, consider nitroglycerin 10 to 20 �g/min IV.
If the diastolic blood pressure is above 110 mm Hg, consider nitro-
glycerin at a starting dose of 10 to 20 �g/min IV and titrate to the
desired or optimal effect, or use nitroprusside 0.1 to 5.0 �g/kg/min IV.

By the time third-line agents are required, and possibly before, it
is presumed that such a patient would be admitted to a coronary care
unit (CCU) and a cardiologist consulted. In patients who do not re-
spond promptly to initial treatment, right heart catheterization (e.g.,
Swan-Ganz catheter) is desirable to rule out noncardiogenic pul-
monary edema and to guide subsequent therapy. Along with drug
therapy, it is also reasonable to consider the institution of positive
end-expiratory pressure (PEEP), continuous positive airway pressure
(CPAP), or intubation with ventilatory support. Third-line agents in-
clude amrinone, milrinone, and aminophylline. Other interventions
that may be appropriate, depending on the clinical situation, include
intraaortic balloon counterpulsation and various surgical procedures
such as coronary artery bypass grafting (CABG), valve replacement,
and even cardiac transplantation.

Chronic Heart Failure

Clinical Manifestations
The New York Heart Association (NYHA) classification system is
widely used to grade heart failure according to symptoms. Unfortu-
nately, it lacks objectivity. NYHA class I patients have no limitation
of physical activity. Class II patients are comfortable at rest, but “or-
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dinary” physical activity results in symptoms (e.g., fatigue, dyspnea).
Class III patients are comfortable at rest but have symptoms with low
levels of activity. Class IV patients experience symptoms at rest.
Classes II and III are often difficult to distinguish. Maintaining a
frame of reference to the normal activities of an age- and sex-matched
normal individual is helpful.

Risk factors for chronic heart failure include aging, coronary heart
disease, diabetes, hypertension, and obesity. Unlike the classic pre-
sentation of severe AHF, chronic heart failure can be of slow and in-
sidious onset. Patients at risk for the development of heart failure
should be screened for symptoms of fatigue, activity intolerance, con-
gestive symptoms, edema, and shortness of breath (FACES). Several
studies have convincingly demonstrated that the symptoms, signs,
and radiographic findings classically associated with chronic HF have
poor positive and negative predictive values.4 Moreover, left ven-
tricular dysfunction can be asymptomatic or symptoms with exercise
can be rationalized and attributed to poor physical conditioning or to
aging. Although the individual symptoms and signs of HF are often
unreliable, diagnostic accuracy is improved directly with the number
of symptoms and signs observed and the acuity of the presentation.

The symptoms and signs of chronic HF are shown in Table 5.2. It
is critical to note that symptoms cannot distinguish systolic from di-
astolic ventricular dysfunction. It is helpful therapeutically to distin-
guish signs of low cardiac output from congestion (left, right, or biven-
tricular volume overload). The former respond favorably to inotropic
agents and vasodilators and the latter to diuretics and vasodilators.
In the patient with predominant diastolic ventricular dysfunction, dys-
pnea on exertion may be the primary symptom. In such patients signs
often include hypertension and a prominent S4. The echocardiogram
typically shows normal ventricular dimensions and preserved systolic
function; Doppler interrogation of mitral valve inflow and pulmonary
vein flow demonstrate diastolic filling abnormalities. Left atrial en-
largement and left ventricular hypertrophy (LVH) are common. LVH
without systemic hypertension (HTN) warrants an evaluation for in-
filtrative or primary myocardial disease. In the patient with isolated
right ventricular (RV) failure, the most likely etiology is primary or
secondary pulmonary disease. RV dysplasia and pericardial con-
striction may be considered as well, but are uncommon.

Diagnosis
Chronic HF is a clinical syndrome whose diagnosis should be con-
firmed by further evaluation. All patients with symptoms or signs
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consistent with HF should undergo an assessment of LV function.
Specifically, the ejection fraction should be measured by echocar-
diography or radionuclide ventriculography. These tests also help dis-
tinguish systolic from diastolic dysfunction. After confirming the di-
agnosis, the next step is to determine the etiology of chronic HF. If
there are significant risk factors for coronary artery disease (CAD)
or if CAD is otherwise suspected, noninvasive testing or direct coro-
nary angiography should be considered (see Chapter 2). Although it
is tempting to treat HF patients empirically based on clinical grounds
alone, we strongly recommend the use of a confirmatory test for two
reasons: (1) the delivery of a diagnosis with such a grave prognosis
(50% mortality at 5 years) mandates precision, and reversible or treat-
able factors must not be overlooked; and (2) useless or inappropri-
ate therapies may be dangerous to the patient and are expensive in
their own right.

One study demonstrated the ECG to be a useful screening tool for
HF.5 Of 96 patients with impaired LV systolic function, as deter-
mined by two-dimensional, M-mode, and Doppler echocardiography,
90 had major ECG abnormalities (atrial fibrillation, LVH, prior MI,
bundle branch block, or left axis deviation) and none had a com-
pletely normal ECG. Using major ECG abnormalities as a marker in
this study gives a sensitivity of 94% for systolic HF. If these data are
borne out by other, similar studies, the ECG may become a useful
test when deciding which patients may benefit from assessment of
the ejection fraction (EF). Unfortunately, a high sensitivity for ma-
jor ECG abnormalities has not been demonstrated for diastolic dys-
function, RV failure, or high-output failure. For instance, the sensi-
tivity and specificity of the ECG for detecting LVH vary widely with
the grading criteria employed.

Radionuclide ventriculography and echocardiography with Doppler
are appropriate tools for the evaluation of the EF. Compared to the
EF as measured by cineangiography, the correlation of radionuclide
ventriculography (r � 0.88) is slightly better than that of echocar-
diography (r � 0.78).6 However, most clinicians prefer echocardio-
graphy with Doppler sonography because of its added ability to 
quantitate chamber size and detect LVH and valvular dysfunction.
The advantages and disadvantages of the two tests are compared in
Table 5.3.

Because HF is often asymptomatic or minimally symptomatic, and
because early treatment has been documented to diminish mortality
and ameliorate the progression of the disease, it would be desirable
to have a simple, inexpensive, accurate test for the diagnosis of HF.
Natriuretic peptide assays hold promise for this purpose. Natriuretic
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peptides are secreted in high levels in systolic HF secondary to atrial
and ventricular wall stress. Their properties include natriuresis, va-
sodilation, and inhibition of the renin-angiotensin-aldosterone axis.
The data to date suggest brain natriuretic peptide (BNP, a 32 amino
acid peptide originally named because it was thought to be a neuro-
transmitter in pig brain, but now known to be secreted by the car-
diac ventricle) and N-terminal proBNP (NT-proBNP, the circulating
amino terminal portion of the BNP prohormone) correlate best with
the diagnosis of systolic heart failure. Test characteristics for BNP
show sensitivities of 77% to 97%, specificities of 73% to 87%, and
positive predictive values of 16% to 70%.7 For NT-proBNP sensi-
tivities range from 82% to 94%, specificities from 55% to 69%, and
positive predictive values from 50% to 58%.7 As expected, the test
characteristics for both tests depend on the assay utilized and the
pretest likelihood of HF in the study population (there is improved
accuracy in populations at high risk for systolic HF.) These assays
have not been well studied in diastolic HF or high-output HF. There
is currently no national consensus as to the best test or specific as-
say to use, but the technology is promising. Such a test may be used
in cases where the diagnosis remains uncertain after conventional di-
agnostic testing has been performed. The assay may be particularly
helpful in the emergency department or outpatient clinic.

Once the clinical syndrome of HF is diagnosed, the etiology can
often be ascertained by way of a careful history and physical exam-
ination, ECG, chest radiography, chemistry panel, thyroid-stimulat-
ing hormone (TSH) assay, CBC, and echocardiography. Some would
argue the case for serum iron, iron-binding capacity, and ferritin as-
says to evaluate for the presence of hemochromatosis.

Alcoholic cardiomyopathy, thought to play a role in 20% to 30%
of patients with “idiopathic” cardiomyopathy, is probably more com-
monly encountered than we realize. A sensitive exploration of the is-
sue is necessary for all patients. Also, alcoholic cardiomyopathy
seems to correlate well with the presence of the skeletal myopathy
of alcoholism8; therefore, a careful neurologic examination is im-
portant. Similarly, a history of cocaine or amphetamine abuse, which
may result in premature large or small vessel CAD and infarct, may
be difficult to elicit.

Prognosis
Despite medical and surgical advances in the treatment of HF, the
prognosis generally remains grim. Overall mortality for HF optimally
treated with angiotensin-converting enzyme (ACE) inhibitors,
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digoxin, and diuretics is about 10% annually, with a 5-year mortal-
ity of 50%. Approximately 30% to 50% of these deaths are sudden.
Data from the Framingham study suggest that this 5-year mortality
has not changed appreciably since the 1930s. African Americans have
about a 1.5-fold higher risk of mortality from HF than whites. The
following variables have been found to be independent predictors of
a poor prognosis in HF: severely depressed ejection fraction (�30%);
LV size and morphology (globular is worse); functional class (NYHA
class IV: 30–50% mortality at 1 year); concomitant RV failure or
pulmonary hypertension; increased cardiothoracic ratio on chest
roentgenogram; older age; reduced exercise capacity; hyponatremia;
atrial and ventricular arrhythmias; and neuroendocrine activation [el-
evated levels of norepinephrine, angiotensin II, aldosterone, atrial na-
triuretic factor, tumor necrosis factor-� (TNF-�) and other cytokines]
(Table 5.4). TNF-� is responsible for inducing “cardiac cachexia,” a
chronic muscle wasting syndrome seen frequently in advanced heart
failure, cancer, and AIDS. At present, the treatment is directed at the
underlying disease, although a clinical trial evaluating the effect of
a TNF receptor blocker (etanercept) on prognosis in chronic HF is
under way, with results expected in 2002.

Management Principles
Patient Counseling
The establishment of a caring, open, compassionate relationship with
the patient and the family is necessary for effective treatment of HF.
The clinician should not hesitate to enlist the help of dietitians, phar-
macists, nurse educators, and community groups. Home health care
resources can be especially helpful. It is believed that better patient
education and compliance improve morbidity and mortality statistics
and save billions of dollars in health care expenditures.

General Counseling
The patient and family should be informed of the pathophysiology
of HF, including an explanation of the symptoms observed, the ra-
tionale for complying with treatment recommendations, and, if
known or suspected, the cause of the HF. The patient and family are
told what symptoms or signs suggest a deteriorating course and what
to do in the event such symptoms develop. All treatments are ex-
plained carefully, and the patient’s responsibilities in treatment are
reinforced. When family members are involved in the treatment plan,
their responsibilities are also clearly delineated. The patient and fam-
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ily should be referred to appropriate support groups and community
organizations (e.g., American Heart Association).

Patients should weigh themselves daily and record the results. Be-
cause a few pounds may be important, it is important to standardize
the method of weighing. It is recommended that the patient be
weighed in the morning after awakening, after urinating, but before
eating. Although the significance of change in weight is related to
“baseline” body mass, a change of 3 to 5 pounds is generally suffi-
cient to merit a call to the primary care provider. Well-educated and
compliant patients and their families may adjust the diuretic dosage
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Table 5.4. Prognostic Factors for Chronic Heart Failure

Etiology of ventricular dysfunction
Predominant systolic impairment
Ischemic heart disease
Idiopathic, hypertensive, or valvular heart disease
Other

Myocarditis: infectious, autoimmune, giant cell
Hypertrophic cardiomyopathy
Toxin-related cardiomyopathy (e.g., alcohol, anthracyclines)
Infiltrative diseases (e.g., amyloid, hemochromatosis)

Patient demographics
Race
Gender
Age

Comorbidities
Diabetes, systemic or pulmonary hypertension, sleep apnea, renal or 

hepatic dysfunction
Easily measured variables

Symptoms—NYHA classification, specific activity scale
Ejection fraction in left and right ventricles
Exercise capacity: VO2 max, 6-minute walk distance
Hemodynamics
Serum sodium
Thyroid function
Arrhythmias/ECG (antiarrhythmic therapy)
Doppler echocardiography (mitral inflow pattern)
LV size, volumes, shape, and mass

Other markers; research tools
Neurohormones: plasma norepinephrine, renin activity, 

aldosterone, atrial natriuretic factor
Markers of autonomic dysfunction (heart rate variability)
Signal-averaged ECG
Endomyocardial biopsy

NYHA � New York Heart Association.



at home based on daily weights. However, frequent adjustments in
diuretic dosage require more frequent monitoring of electrolytes, es-
pecially potassium and magnesium.

Every effort is made to get smoking patients to stop. There are few
things, if any, more dangerous to patients with HF. Community or-
ganizations [American Heart Association (AHA), American Cancer
Society (ACS), American Lung Association (ALA)] may be helpful
in this regard. HF patients are prime targets for pulmonary infections
and therefore should receive appropriate immunizations against in-
fluenza and pneumococcus.

Sharing the prognosis with the patient and family is a difficult but
necessary task of the primary care provider. It is made more difficult
by the imprecision inherent in such a process, particularly when the
underlying etiology may be unknown or other conditions affect the
patient’s health. Still, patients and their families deserve this infor-
mation so they may plan their lives accordingly. Patients should be
advised to create advance directives.

Activity/Exercise
Regular moderate, symptom-limited aerobic exercise may be safely
recommended to all patients with stable NYHA class I to III HF; it
may improve functional capacity and quality of life and diminish
symptoms. Concerns about sexual activity must be fully explored, as
patients are unlikely to initiate conversation on this matter. Patients
with stable NYHA class I to III HF may engage safely in sexual ac-
tivity, although practices may have to be altered to accommodate pa-
tients with diminished exercise tolerance. Although no specific train-
ing or cardiac rehabilitation program can be routinely recommended,
such programs may be of benefit to certain patients, particularly those
with concerns about exercising and those with concomitant CAD. An
observed maximal stress test is often useful to objectively document
exercise capacity and provide the patient with reassurance that the
resulting exercise prescription (roughly to 60% of maximum) is safe.

Diet
All patients should be placed on a 3-g sodium diet, which is palat-
able, inexpensive, and achievable for most patients. Patients with con-
tinued congestive symptoms or fluid retention on high doses of di-
uretics may require a 2-g or even 1-g sodium diet, though these are
much less palatable and compliance is more difficult to obtain. Low-
fat diets must be considered with caution, as many patients with HF
are elderly and subject to malnutrition. A vitamin supplement may
be reasonable, especially if the patient is at risk for loss of water-
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soluble vitamins because of diuretics. Alcohol, an agent known to be
cardiotoxic and capable of acutely depressing myocardial contractil-
ity and causing arrhythmias, should be avoided altogether. If the pa-
tient is unwilling to stop, ingestion of more than one drink (total of
1 ounce of alcohol) daily should be strongly discouraged. Because
of the critical importance of diet in the successful management of
HF, it is recommended that the patient and spouse be referred to a
health care professional, such as a dietitian for counseling. Non-
steroidal antiinflammatory drugs, both prescription and over the
counter (OTC), should be avoided because of the high risk of renal
injury (especially in diabetics and those with underlying renal insuf-
ficiency) and decompensation of HF.

Compliance with Treatment
Compliance is the cornerstone of treatment of HF. Excellent com-
pliance with the treatment plan should result in improved quality of
life, alleviation of symptoms, lower mortality, decreased emergency
room visits and hospitalizations, and much lower cost of care. Re-
search shows that patients are noncompliant because of one or more
of the following factors: (1) failure to understand the treatment plan,
(2) disbelief that the treatment plan can be effective, (3) forgetful-
ness, and (4) constraints upon following the treatment plan (e.g., fi-
nancial). During the period following diagnosis, frequent office vis-
its are necessary to titrate medications, reinforce teaching and
treatment, and assess side effects.

Patients should know their drug regimen, including drug name,
dosage, and method of taking it. Patients should bring all their drugs,
including OTC drugs, to the office visit with the primary care provider
immediately after hospitalizations, changes in the regimen, and at in-
tervals throughout the year. Patients should also have a written record
of their current drug regimen at home and on their person. Home
health services or family support may be necessary for patients with
memory problems or other intellectual deficits, as well as for those
who are blind or frail or have other major physical limitations. A
home care evaluation by knowledgeable staff often yields clues to
pitfalls to therapy in refractory patients. Compliance has been shown
to improve when the patient and family are involved in the develop-
ment of the treatment plan, feel fully informed about all aspects of
the treatment, and experience open, helpful communication with all
members of the treatment team.

A nurse-directed, multidisciplinary outpatient intervention in el-
derly patients with HF has been shown to produce a significant re-
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duction in hospitalizations, improved quality-of-life scores, and sav-
ings in health care costs of $460 per patient over 90 days compared
to that for patients assigned to conventional care.9 The intervention
consists of intensive education about HF, dietary instruction by a di-
etitian, analysis and simplification of the drug regimen, and inten-
sive follow-up through home care services and visits and calls from
study team members.

Drugs
Vasodilators
Angiotensin-converting enzyme inhibitors (ACEIs) are the corner-
stone of the pharmacologic management of systolic HF, and con-
temporary therapy of systolic HF mandates an ACEI unless con-
traindicated. Although the reason that ACEIs are more effective than
other vasodilators in reducing HF mortality is not fully known, the
Survival and Ventricular Enlargement Trial (SAVE),10 Cooperative
North Scandinavian Enalapril Survival Study (CONSENSUS),11

Vasodilator-Heart Failure Trial-II (V-HeFT II),12 and Studies of Left
Ventricular Dysfunction (SOLVD)13 trials demonstrated an approx-
imate 20% reduction in mortality compared to placebo. ACEIs re-
duce afterload, improve neurohumoral abnormalities, improve symp-
toms and quality of life, and decrease hospitalizations. In the
prevention arm of the SOLVD trials, it was further demonstrated that
ACEIs delayed the onset of symptoms of HF and first hospitaliza-
tion for HF in patients with clinically silent LV dysfunction.

The ACEIs are generally well tolerated. Side effects are infrequent
and include rash, angioedema, cough, hypotension, hyperkalemia,
and impaired renal function. Some of these side effects may be
avoided by using specific angiotensin II receptor blockers (ARBs,
e.g., losartan). The Evaluation of Losartan in the Elderly-2 (ELITE-
2) trial14 directly compared the use of ACEIs and ARBs on mortal-
ity in chronic heart failure in elderly patients with systolic LV dys-
function and found no significant difference. Because of the study
population profile, extrapolation of these data to all subsets of pa-
tients is not advised. With the exception of patients who develop an-
gioedema or allergic rash, ACEIs remain preferred therapy. Studies
of the combined use of both ACEIs and ARBs in systolic HF are
now ongoing. Preliminary results are of concern because of an in-
crease in mortality when ACEIs and ARBs are used in combination
with beta-blockers (discussed below). It is premature to recommend
the combined use of ACEIs and ARBs at present.
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Although a survival benefit in regard to HF has been demonstrated
in clinical trials of ACEIs, it has not been translated into a survival
benefit for the general HF population, largely because these drugs
are underused or underdosed by primary care physicians, generally
because of unfounded concerns about excessive blood pressure re-
duction. In the SOLVD trial, systolic blood pressure decreased by
only 5 mm Hg, on average, and diastolic blood pressure by 4 mm
Hg. Even in the CONSENSUS trial, which enrolled patients with
NYHA class IV HF, only 5.5% of patients treated with enalapril were
withdrawn because of symptomatic hypotension.

Therefore, all patients with HF should be offered a trial of ACEIs,
except those with specific contraindications: (1) a history of allergy
or intolerance to ACEIs; (2) a serum potassium level higher than 5.5
mEq/L that cannot be reduced by conventional means; or (3) symp-
tomatic hypotension, even without ACEI treatment. Caution and care-
ful monitoring are used for patients with systolic blood pressures less
than 90 mm Hg and patients with a creatinine level above 3.0 mg/dL
or a creatinine clearance less than 30 mL/min. Half the usual dosage
of ACEI is given to patients with renal insufficiency, and renal func-
tion must be monitored frequently.

In stable patients who are not at high risk for symptomatic hy-
potension, ACEIs may be started as for the treatment of hyperten-
sion, with the dosage titrated upward every 2 to 4 weeks to a target
dose equivalent to those used in the large-scale clinical trials of
ACEIs for HF. Examples of target doses are captopril 50 mg tid and
enalapril 10 mg bid. All ACEIs are believed to be equally effective
for the treatment of HF, and a corresponding dosage of any other
ACEI may be used.

Patients at high risk for symptomatic hypotension should be treated
with a low dose of a short-acting ACEI (e.g., captopril 6.25 mg). It
is reasonable to consider hospitalizing patients at especially high risk
for hypotension, though most patients can be safely monitored in the
outpatient setting. If the first dose is tolerated, the patient may be
started on captopril 6.25 to 12.5 mg tid. If this dose is tolerated, the
patient may be switched to an ACEI with qd or bid dosing intervals
and slowly titrated up to the target dose. Patients with renal insuffi-
ciency or high risk for hypotension should initially be seen at least
weekly and the serum creatinine and potassium levels monitored care-
fully. In the event of worsening renal function (increased serum cre-
atinine of 0.5 mg/dL or more), hyperkalemia (5.5 mEq/L or higher),
or symptomatic hypotension, the patient is reevaluated and the regi-
men modified. Excessive diuretic administration is a common rea-
son for ACEI intolerance.
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Beta-Blockers

Beta-blocker therapy should be added to standard therapy in all pa-
tients with NYHA class II or III systolic HF. There are insufficient
data to make firm recommendations regarding the efficacy and
risk/benefit ratio of treatment of patients with NYHA class I or IV
HF with beta-blockers. There is strong evidence to support a mor-
tality benefit and reduced hospitalizations with the use of carvedilol,15

bisoprolol,16 and metoprolol CR/XL17 in patients with NYHA class
II or III systolic HF. Unlike ACEIs and ARBs, beta-blockers do not
exhibit a “class effect,” so that the administration of such agents to
patients with HF should be limited to the agents studied in clinical
trials. Studies comparing the agents mentioned above are ongoing,
but at presently convincing data do not support the use of one drug
over another. Regardless of the choice of agent, similar recommen-
dations can be made for the addition of beta-blockers to standard
therapy. First, patients should be carefully assessed for clinical sta-
bility. Patients with worsening edema, dyspnea, or other manifesta-
tions of decompensating HF should be stabilized and should be sta-
ble for at least 1 week before beta-blockers are started. The dosage
of beta-blockers should be individualized and patients must be closely
monitored. Beta-blockers should be started at low dose and titrated
upward no more frequently than every 2 weeks. When increasing the
dosage, it is wise to give the new dose in the office and to observe
the patient for at least 1 hour afterward for symptoms of dizziness or
light-headedness or marked changes in vital signs. Patients who do
manifest worsening HF should first have their other drugs (diuretics,
ACEIs, etc.) adjusted to try to compensate, or the dose of beta-blocker
decreased or discontinued. With careful management, most patients
can tolerate beta-blocker therapy, even those whose HF may tran-
siently decompensate while titrating therapy. The starting dose of
carvedilol (Coreg) is 3.125 mg orally twice daily. If tolerated, the
dose can be doubled every 2 weeks to a maximum of 25 mg twice
daily for patients weighing less than 85 kg and 50 mg twice daily for
those weighing 85 kg or more. The starting dose of metoprolol CR/XL
is 25 mg orally daily for patients with NYHA class II and 12.5 mg
daily for those with NYHA Class III. The dose is titrated upward
every 2 weeks to a target dose of 200 mg daily. The starting dose of
bisoprolol is 1.25 mg orally daily titrated upward in a similar man-
ner to a maximum dose of 10 mg daily.

For patients unable to take ACEIs or ARBs, the currently accepted
alternate regimen, for which a mortality benefit has been demon-
strated at 1 and 3 years,18 is the combination of hydralazine and
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isosorbide dinitrate. However, compared to ACEIs, this combination
has a worse side-effect profile, and in clinical trials 18% to 33% of
patients discontinued one or both agents. Headaches, palpitations,
nasal congestion, and hypotension are the most common side effects.
The two agents are started concurrently and slowly titrated upward.
Isosorbide dinitrate is started at a dose of 10 mg tid and titrated to
40 mg tid. Hydralazine is started at a dose of 10 to 25 mg tid and
titrated to 75 mg tid. The drugs are then titrated upward incremen-
tally and no sooner than weekly. In the V-HeFT II trial,12 which com-
pared the hydralazine–isosorbide dinitrate regimen to enalapril in pa-
tients with HF, the average total daily doses were hydralazine 200
mg and isosorbide dinitrate 100 mg. It is unknown if lower dosages
would be effective.

Digoxin
A number of studies have found digoxin to improve symptoms and
functional status in patients with systolic HF19; yet two centuries af-
ter its first use in HF by Withering, its effect on mortality has only
recently been determined. The National Heart, Lung and Blood In-
stitute: Digitalis Investigation Group (NHLBI-DIG) study found no
overall mortality benefit attributable to digoxin in systolic HF; how-
ever, a morbidity benefit was observed in that over an average fol-
low-up period of 37 months there were 6% fewer hospitalizations for
HF in the digoxin-treated group.20 It is clear, also, that digoxin with-
drawal precipitates clinical worsening and increases hospitalizations.19

Even among cardiologists there is debate about when to initiate
digoxin in the clinical course of patients with systolic HF. Some clin-
icians routinely prescribe digoxin for all patients with LV systolic
dysfunction (EF �40%). Others institute digoxin only if symptoms
and functional status are not satisfactorily improved by ACEIs, beta-
blockers, and diuretics. Most agree that digoxin should be prescribed
for patients with severe HF and in HF patients with concurrent atrial
fibrillation and a rapid ventricular response. The primary mechanism
of action of digoxin for symptom alleviation in HF may not be its
mild positive inotropic action but rather its vagotonic effects, which
antagonize the sympathetic nervous system activation during HF.

Prior to instituting digoxin, the patient’s serum electrolytes, blood
urea nitrogen (BUN), and creatinine must be tested and a recent ECG
reviewed. For stable patients in the outpatient setting, digoxin is
started orally and loading doses are almost never required. In younger
patients with normal renal function, a dose of 0.25 mg once daily
may be prescribed. In elderly, small, or hypothyroid patients, start
with 0.125 mg daily. For patients with renal insufficiency, consult
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one of the widely available nomograms to determine the digoxin dose.
When digoxin levels have achieved steady state (approximately 1
week for patients with normal renal function and 3 weeks for those
with renal insufficiency), determine the serum digoxin level and re-
peat the serum BUN, creatinine, and electrolytes. Also obtain and re-
view the ECG.

After steady state has been reached and the patient is stable on a
dose of digoxin that results in serum levels within the therapeutic
range, it is usually not helpful to determine digoxin levels regularly.
Many clinicians recommend checking the digoxin level annually, and
it must be obtained if the patient (1) develops symptoms or signs of
digoxin toxicity (nausea, mental status change, visual disturbance,
ectopy); (2) suffers deterioration of cardiac status; (3) suffers deteri-
oration of renal status; or (4) is prescribed a drug known to interact
with digoxin (verapamil, quinidine, amiodarone, antibiotics, and an-
ticholinergic agents).

Diuretics
Diuretic therapy is used only in patients with HF who demonstrate
symptoms or signs of fluid volume overload (“congestive” heart fail-
ure). Diuretics improve the clinical status of patients with CHF by
promoting renal excretion of so-dium and water, but they also acti-
vate the renin-angiotensin-aldosterone axis, potentiate the hypoten-
sive effect of ACEIs, and may decrease cardiac output, especially in
patients with diastolic dysfunction. While diuretics should not be used
routinely in all patients with HF, most patients will require them dur-
ing their clinical course.

Thiazide diuretics may be useful for mild CHF, but they are inef-
fective when the glomerular filtration rate (GFR) falls below 30
mL/min. Patients with moderate to severe CHF, a GFR less than 30
mL/min, or marked fluid volume overload should be given a loop di-
uretic such as furosemide, orally or intravenously, depending on the
acuity of the clinical situation. Average oral starting doses of
furosemide range from 10 to 40 mg. (Initial, target, and suggested
maximal doses for most of the drugs commonly used in HF can be
found in Table 5.5.)

Most patients respond to a single daily morning dose of diuretic.
If a larger dose of diuretic is needed, increasing the morning dose
rather than splitting the dose generally achieves a better diuresis. An
alternative to increasing the dose of diuretic, especially when it has
superseded the target dose, is to add a diuretic from a different class
(e.g., addition of triamterene to the regimen of a patient taking
furosemide).
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Metolazone is a diuretic commonly reserved for patients with se-
vere or refractory HF because of its potency. It must be used with
great caution. A typical starting dose of metolazone is 2.5 mg once
daily. The major side effects are similar to those of other diuretic
agents: volume depletion, hypotension, hypokalemia, and hypomag-
nesemia. The combination of furosemide and metolazone is excep-
tionally potent and necessitates frequent monitoring of fluid status
and serum electrolytes. Although there are no set rules for following
serum potassium and magnesium levels, it seems reasonable to check
levels when starting or changing the regimen of diuretics and ACEIs.
Stable patients on diuretics should have the serum potassium mea-
sured every 3 to 6 months, but this suggestion is clearly a guideline
and should not supplant clinical judgment. It must also be recalled
that potassium is a predominantly intracellular cation, and that serum
levels do not often accurately reflect intracellular stores. Therefore,
clinicians should consider potassium supplementation in patients
whose serum potassium falls below 4 mEq/dL. Potassium supple-
mentation is undertaken with great caution in patients with renal in-
sufficiency (including the elderly with a “normal” BUN and creati-
nine) and those on ACEIs or potassium-conserving diuretics.
High-dose diuretic regimens also may cause excessive renal excre-
tion of magnesium and calcium. It may be necessary to replace these
nutrients as well.

The Randomized Aldactone Evaluation Study (RALES) Trial21

demonstrated a mortality benefit in patients in NYHA class III or IV
from spironolactone 25 mg orally daily. The study has not been du-
plicated and its results can be applied only to patients with moder-
ate to severe systolic HF. Although little hyperkalemia was seen in
the study, clinicians must be particularly concerned about this risk in
general practice because the drug will generally be added to a regi-
men that already contains potassium-conserving drugs in patients
with renal hypoperfusion. Candidates for spironolactone therapy
should have NYHA class III or VI systolic HF, be normo-kalemic
and have a creatinine less than 2.5 mg/dL. Strong consideration
should be given to discontinuing supplemental potassium when
spironolactone is added to the regimen. The serum potassium and so-
dium should be checked at weekly intervals until stable, frequently
thereafter, and at any time there is a change in regimen or clinical
status.

Anticoagulants
Although some clinicians have suggested the use of warfarin rou-
tinely in patients with HF, there is insufficient evidence to support
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such a recommendation at this time. As 60% to 75% of HF popula-
tions have concomitant CAD, antiplatelet therapy may be strongly
indicated and empiric use of warfarin increases bleeding risk. HF pa-
tients with primary valvular disease, atrial fibrillation, pulmonary em-
bolism or other systemic embolic event, or an LV thrombus should
be anticoagulated to an international normalization ratio (INR) in the
range of 2.0 to 3.0.

Pacemaker Therapy of Systolic Heart Failure
Increasingly it is becoming recognized that systolic heart failure is
characterized by conduction system abnormalities and rhythm dis-
turbances in addition to the well-known problems with myocardial
contractility and neurohumoral imbalances. In some HF patients, con-
duction disturbances diminish cardiac output through reduced dias-
tolic filling, abnormal wall motion and prolonged regurgitation through
the mitral and tricuspid valves. Some studies have shown benefit from
biventricular pacing in patients with significantly widened QRS com-
plex on quality of life scores, exercise tolerance, and improvement
in NYHA functional class.22 At present, application of this therapy
should be individualized. Ongoing studies will define the risks and
benefits of this treatment, characterize the survival benefit, and iden-
tify those patients most likely to be helped by it.

Drug Management of Diastolic Heart Failure
Although some causes of diastolic dysfunction are irreversible (e.g.,
myocardial fibrosis), potentially reversible conditions are found in
many patients. Therapies that reduce arterial blood pressure, dimin-
ish myocardial ischemia, and promote regression of LVH may re-
verse some of the diastolic abnormalities. Supraventricular arrhyth-
mias are common and poorly tolerated, as tachycardia reduces LV
filling time and further increases diastolic pressures.

Because of LV stiffness, patients with diastolic HF are sensitive
to changes in LV end-diastolic volume. Diuretics are almost always
necessary for congestive symptoms, but overly aggressive diuresis
may reduce stroke volume and cardiac output. With hypertrophic car-
diomyopathy (HCM), even a mild positive inotrope such as digoxin
can worsen outflow tract obstruction. Beta-blockers and calcium
channel blockers promote myocardial relaxation and are usually con-
sidered first-line agents for the treatment of diastolic HF. ACEIs have
not been extensively studied for diastolic HF. However, because tis-
sue-based ACE activity is upregulated in LVH secondary to pressure
overload and because it, in turn, leads to reductions in LV relaxation,
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it is tempting to speculate that ACEIs may have a salutary effect on
diastolic function at the level of the myocardium.23

Revascularization
Despite the widespread use of CABG and PTCA, few data exist on
the efficacy of aggressive treatment of asymptomatic coronary arte-
rial lesions in patients with HF; moreover, there are no randomized,
controlled clinical trials that have evaluated outcomes of any proce-
dure in patients with systolic LV dysfunction, other than transplan-
tation for end-stage heart failure. Several cohort studies evaluating
the effect of CABG have shown a survival benefit from CABG in
patients with clinically symptomatic HF or severe systolic dysfunc-
tion and severe or activity-limiting angina.24–26 Neither CABG nor
PTCA has been proved to improve survival in HF patients without
angina. Nonetheless, because of the high prevalence of CAD in pa-
tients with HF, the suspected high prevalence of “silent” ischemia in
this population, and our increasing understanding of “hibernating”
myocardium (nonfunctioning or hypofunctioning heart wall that is
underperfused but viable), it is conceivable that detection and revas-
cularization of stenotic coronary arteries may improve prognosis via
the prevention of future MIs and the diminishing mortality due to HF
(see Chapter 2).

Because of the uncertainty surrounding this issue and the high
stakes involved, the Heart Failure Guideline Panel of the Agency for
Health Care Policy and Research (AHCPR) has developed an algo-
rithm to help patients and providers deal with this clinical situation.1

These guidelines were devised in 1994, and updated recommenda-
tions are expected in 2001–2002 from the combined American Col-
lege of Cardiology/American Heart Association Task Force and the
Heart Failure Society of America. PTCA has not been shown to im-
prove survival in patients with HF of any type, so CABG is consid-
ered the procedure of choice. The clinician and patient, though, must
also use judgment when choosing a revascularization procedure. A
patient may not be a candidate for revascularization if CABG or
PTCA is not an acceptable procedure to the patient, anatomic or tech-
nical factors (e.g., prior chest irradiation, severe distal disease) jeop-
ardize the likelihood of a successful result, severe comorbid diseases
exist, or the ejection fraction is low (�20%).

Once a patient has been determined to be a candidate for revas-
cularization, the HF guideline panel recommended that HF patients
be categorized and offered evaluation and treatment as follows:
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1. Heart failure patients with severe or activity-limiting angina, fre-
quent episodes of pulmonary edema, or angina decubitus should
be advised to undergo coronary arteriography as the first diag-
nostic modality, to be followed by CABG, if operable lesions are
found (see Chapter 2). This group of patients is at greatest risk,
has the highest likelihood of having treatable CAD, and is likely
to receive the greatest benefit from revascularization.

2. Heart failure patients with mild angina or a history of MI should
be advised to undergo a noninvasive test for myocardial ischemia
as the first diagnostic modality. Appropriate tests include exercise
or pharmacologic stress myocardial perfusion scintigraphy (e.g.,
thallium scanning), exercise or pharmacologic stress (dobutamine)
echocardiography, or stress radionuclide angiocardiography. Pa-
tients with evidence of ischemic myocardium should be advised
to undergo coronary angiography with revascularization to follow
if operable lesions are discovered.

3. Heart failure patients without angina or a history of any manifes-
tation of CAD are, along with their physicians, in a quandary.
There are no data to support routine evaluation of this group for
myocardial ischemia. The patient and physician should discuss
this issue thoroughly and consider the presence of risk factors that
make CAD likely or those that explain the patient’s HF (e.g., al-
coholism) by way of another etiology. If the patient and physi-
cian agree that it would be appropriate to screen for myocardial
ischemia, the evaluation should begin with one of the noninva-
sive tests.

Patient Monitoring
Office Visit
The family physician inquires about changes in chronic symptoms or
the development of new symptoms. Special attention is given to in-
quiring about dyspnea or fatigue on exertion, orthopnea, edema, and
paroxysmal nocturnal dyspnea. At selected intervals the physician re-
views all of the areas covered in the section on patient counseling,
especially activity and functional ability, diet, medication regimen,
and mental health issues. Patients should bring a record of daily
weights to the office visit, and, if requested by the physician, all of
their medications (prescription and OTC). Evidence of snoring,
episodes of apnea or hypopnea, or other signs of sleep disturbance
is sought from the patient and sleep partner.
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In a study of 42 patients with stable, “optimally treated” HF, 45%
were found to have a moderate to severe degree of sleep-disordered
breathing, often associated with prolonged and severe hypoxemia.27

Patients in whom sleep apnea-hypopnea is suspected are referred to
a sleep disorder specialist.

The physical examination includes weight, vital signs, and as-
sessment for edema, rales, or findings suggestive of pleural effusion,
jugular venous distention, hepatomegaly, and hepatojugular reflux.
A careful cardiac examination is performed with attention to changes
in heart rate, cardiac impulse, murmurs and gallops, and especially
a third heart sound (S3). The use of the echocardiogram or any other
noninvasive or invasive testing for the purposes of routinely moni-
toring a patient with HF is not recommended.

All of the data obtained from the history and physical examina-
tion at the time of the office visit are carefully considered and used
to make appropriate changes, when necessary, in the patient’s ther-
apeutic regimen. It is believed that this careful outpatient clinical as-
sessment and subsequent adjustment of therapy is critical for im-
proving quality of life, decreasing mortality, maintaining functional
status, and decreasing the frequency of hospital admissions for HF
patients.

Exacerbations
Although HF patients and their physicians are disappointed and
sometimes alarmed when an episode of clinical deterioration oc-
curs, the occasion can also be used for education that may prevent
future decompensations. The physician must search for intercurrent
or comorbid diseases that may have caused the deterioration (e.g.,
thyroid disease, anemia, infection, sleep apnea, arrhythmias, MI,
pulmonary embolism, cardiac valvular disease, renal insufficiency,
hepatic dysfunction, diabetes, uncontrolled hypertension). The
physician must also search for etiologies related to patient non-
compliance (e.g., not taking medications or following diet, alcohol
or illicit drug abuse) or iatrogenic or OTC drugs that either con-
serve sodium (nonsteroidal antiinflammatory drugs) or have nega-
tive cardiac inotropic effects (e.g., diltiazem, verapamil, beta-block-
ers, quinidine, disopyramide). Episodes of clinical deterioration in
HF patients should not be accepted as part of the natural history of
HF. Rather, a careful, thoughtful search for the etiology is almost
always fruitful and provides important information that can be used
to educate patient and physician alike and prevent future incidents
of decompensation.
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Prevention of HF

Primary Prevention
Family physicians practicing good preventive medicine and health
promotion are already preventing HF. Hypertension and CAD are the
two most commonly encountered antecedents of HF, and aggressive
detection and treatment of hypertension and other treatable risk fac-
tors for CAD (smoking, dyslipidemia, obesity, inactivity, diabetes)
can do much to prevent HF. Additionally, physicians must counsel
their patients to drink alcohol in moderation (�2 oz daily) or not at
all and to abstain completely from the use of cocaine and other il-
licit drugs.

Some have made a strong case for routine screening for he-
mochromatosis,28 but this recommendation has not been met with
widespread enthusiasm. The issue is not addressed by the U.S. Pre-
ventive Services Task Force in the second edition of the Guide to
Clinical Preventive Services.

Secondary Prevention
All patients found to have an EF of less than 40% should be treated
with a “target dose” of an ACEI, unless contraindications exist. All
patients who suffer a nonfatal MI (except those with small, uncom-
plicated, non–Q-wave inferior MIs and who have not previously had
an MI) should have their EF measured noninvasively prior to dis-
charge and within 6 to 12 months thereafter. If an ACEI was not ini-
tiated during periinfarction management, all those with an EF of less
than 40% should be treated with target doses of an ACEI.

Future Therapy for Heart Failure
The morbidity and mortality related to the diagnosis of heart failure
averages 10% annually despite treatment with ACE inhibitors. It ap-
proaches 40% to 50% annually for the most symptomatic patients.
Surgical procedures such as cardio-myoplasty, implantation of ven-
tricular assist devices, and cardiac transplantation are viable options
for a few such patients. Pharmaceutical agents with additive survival
benefit have been sought with great interest. Despite exhibiting great
promise in early trials, a number of agents have been demonstrated
to be ineffective or actually increase the mortality rate compared to
placebo. The latter group includes oral milrinone, flosequinan, and
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vesnarinone, suggesting that chronic inotropic stimulation is disad-
vantageous in heart failure.

Refractory Chronic Heart Failure and the
Heart Failure Specialist
Primary care providers should consider referral to a heart failure spe-
cialist or cardiologist to assist in case management when patients re-
main symptomatic (NYHA class III or IV) despite (or are intolerant
of) “standard therapy.” There are other specific indications for re-
ferral: when the presence or severity of heart failure is uncertain; pa-
tients with two or more hospitalizations or emergency room visits for
heart failure within 6 months; patients with suspected acute my-
ocarditis; heart failure with moderate to severe aortic or mitral re-
gurgitation; patients with evidence of myocardial ischemia or poten-
tially reversible myocardial dysfunction; and consideration of clinical
trial participation.

Patients in whom cardiac transplantation might be considered dur-
ing the next 1 or 2 years should be referred early, as serial assess-
ment is invaluable to the transplant team for determining the tempo
of disease progression. An “elective” transplant evaluation and the
concomitant educational process typically is conducted over several
weeks. Once the patient has been listed for transplantation, the wait
for an appropriate donor organ may exceed 10 to 14 months, de-
pending on the patient’s blood type, body habitus, and other condi-
tions. Urgent transplantation places the patient at increased risk of
morbidity from renal or hepatic damage, a prolonged hospitalization
and recovery phase, or death while awaiting surgery. Valuable rela-
tionships with members of the transplant team are also more diffi-
cult to develop in emergent situations.
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6
Dyslipidemias
Patrick E. McBride, Gail Underbakke,
and James H. Stein

Dyslipidemias, which include lipoprotein overproduction or defi-
ciencies, are primary disorders of lipoprotein metabolism or sec-
ondary disorders induced by behavioral or other metabolic causes.
These disorders are a common clinical problem, with 25% to 30%
of adults in the United States having total cholesterol (TChol) levels
of 240 mg/dL or higher and over half having TChol levels exceed-
ing 200 mg/dL.1 The four major classes of lipoproteins include the
triglyceride-rich particles—chylomicrons and very low density
lipoprotein (VLDL)—and the cholesterol-rich particles—low-density
lipoprotein (LDL) and high-density lipoprotein (HDL). Evidence
from epidemiologic, pathologic, animal, genetic, and metabolic stud-
ies strongly support a causal relation between serum lipoprotein con-
centrations and atherosclerosis.2

Optimum and at-risk lipoprotein levels are shown in Table 6.1.
These levels are based on population percentiles and a vast research
base, but are still arbitrary because the associated risk is linear.
Lipoproteins act synergistically with environmental and metabolic
factors, e.g., smoking, diabetes mellitus (DM), obesity, and high
blood pressure, to promote atherosclerosis and thrombosis.1,3

Treatment of dyslipidemias has been proven to reduce coronary
heart disease (CHD) morbidity and mortality, and total mortality, in
many primary and secondary prevention trials.3–8 These studies and
others have demonstrated that treatment of lipoprotein disorders leads
to plaque stabilization, improved endothelial function, prevention of
atherosclerotic lesion formation, and regression of existing plaques,
reducing CHD symptoms and adverse clinical events.5,7–10 The pa-



tients who benefit most from lipid treatment are those who have CHD
or noncoronary atherosclerosis, genetic dyslipidemias, diabetes mel-
litus, or multiple risk factors, including multiple lipoprotein abnor-
malities.3 The benefits of lipid therapy have been demonstrated in
men and women, and in older patients.4,5,11

The National Cholesterol Education Program Adult Treatment
Panel III (NCEP ATP III) guidelines recommend evaluation for un-
derlying atherosclerosis and comprehensive risk assessment for all
patients prior to determining lipoprotein goals.3 LDL cholesterol
(LDL-C) treatment goals are risk-stratified, using 10-year risk esti-
mates derived from Framingham Heart Study data. CHD risk can be
estimated using downloadable risk calculators (for desktop or hand-
held computers) and paper handouts available at http://www.nhlbi.
nih.gov/guidelines/cholesterol/index.htm. A 10-year CHD risk �20%
is termed a “CHD-risk equivalent,” as this is the same CHD event
risk as a person with known CHD. High-risk primary prevention pa-
tients, including those with diabetes mellitus or noncoronary athero-
sclerosis, and individuals with a 10-year CHD risk �20%, have the
same lipoprotein goals as a person with CHD. Patients with a 10-
year risk of 10% to 20% or �10% have higher LDL-C goals and are
therefore not treated as aggressively (Table 6.2).
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Table 6.1. National Cholesterol Education Program Adult Treatment
Panel III (ATP III) Classification of LDL, Total, and HDL Cholesterol,
and Triglycerides (mg/dL)

LDL-cholesterol—primary target of therapy
�100 Optimal
100–129 Near optimal/above optimal
130–159 Borderline high
160–189 High
�190 Very high

Total cholesterol
�200 Desirable
200–239 Borderline high
�240 High

HDL cholesterol
�40 Low
�60 High

Triglycerides
�150 Normal
150–199 Borderline high
200–499 High
�499 Very high

HDL � high-density lipoprotein; LDL � low-density lipoprotein.
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The presence of multiple risk factors exponentially increases over-
all atherosclerotic risk. A clinical evaluation, including a personal
and family history, nutritional evaluation, focused physical exami-
nation, assessment of potential secondary causes of the dyslipidemia,
and confirmation of lipoprotein abnormalities, is essential to charac-
terize overall risk, identify genetic and environmental influences on
dyslipidemias, and to determine treatment.

Screening
Current recommendations are that all adults age 20 years and older
and children from high-risk families have a fasting lipoprotein pro-
file every 5 years.3 If a patient presents to the clinic in nonfasting
state, an acceptable alternative is to measure TChol and HDL cho-
lesterol (HDL-C) levels, since these measures are reliable in non-
fasting individuals and provide important information for an initial
risk assessment. A fasting lipoprotein profile should be obtained if
the patient has a TChol �200 or HDL-C �40 mg/dL, or a family
history of premature CHD or dyslipidemia. Because people who have
TChol less than 200 mg/dL may develop atherosclerosis due to low
HDL-C, abnormalities of other lipoproteins, or multiple risk factors,
a lipoprotein profile is necessary for a thorough risk evaluation for
patients with atherosclerosis or risk factors.1,3 Lipoprotein profile
evaluation is especially important for individuals with a personal his-
tory of atherosclerosis, two or more CHD risk factors, a family his-
tory of dyslipidemia, or premature CHD in a first-degree relative
(grandparent, parent, sibling, or child), or a TChol averaging greater
than 200 mg/dL on two occasions. It is important to note that ap-
proximately 50% of CHD events occur in individuals with no fam-
ily history of CHD,12 so the entire risk factor history and laboratory
profile should guide assessment and treatment.

Evidence indicates that HDL-C and LDL-C remain important risk
factors past age 65, particularly in the presence of atherosclerosis.11,13

Evaluation of older adults for dyslipidemia treatment is based on the
individual’s motivation, prognosis, comorbidities, and potential im-
provement in quality and quantity of life.11,13

Dyslipidemias include a variety of common primarily autosomal-
dominant genetic disorders that are influenced by both genetic and
environmental factors (e.g., lifestyle) and may affect multiple mem-
bers of high-risk families.12,14 The presence of a family history of
premature atherosclerosis (prior to age 55–65 years old) requires a
thorough screening evaluation of the patient and first-degree relatives
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due to the high incidence of dyslipidemias and other risk factors in
these families. Children or adolescents in families with premature
atherosclerosis or with dyslipidemias in parents, grandparents, and
siblings should be screened in childhood for lipid disorders and other
risk factors. Detailed guidelines are available for screening and treat-
ment in children and adolescents.15 Routine screening of all children
remains controversial, but measurement and treatment is recom-
mended for children from families with premature atherosclerosis or
genetic cholesterol disorders.

Office cholesterol testing is practical and reliable owing to the
availability of advanced testing equipment and national standardiza-
tion programs. Patients who are acutely or chronically ill, including
a recent myocardial infarction, surgery, a mild viral illness, and even
those who are pregnant or have had significant weight loss, will have
fluctuating lipoprotein levels and should not be tested until they are
stabilized.3 It takes approximately 3 months for cholesterol levels to
return to baseline levels after a major illness. Proper phlebotomy tech-
nique, such as avoiding prolonged tourniquet time (�1 min), or
“milking” the finger for a fingerstick, may also influence cholesterol
measures. Biologic variation and standard measurement errors pro-
duce a 6% to 9% daily variance for TChol, making it important to
average at least two cholesterol measures from different days prior
to management decisions.

A TChol higher than 240 mg/dL, if LDL-C is higher than 160
mg/dL, is associated with a marked increase in atherosclerotic risk
and is called “high blood cholesterol” for adults1,3 (Table 6.1). A
TChol of 200 to 239 mg/dL, with LDL-C 130 to 159 mg/dL, is con-
sidered “borderline” due to increasing risk in this range, particularly
in the presence of other risk factors. A TChol of 200 mg/dL or more
(with LDL-C �130 mg/dL) in children and adolescents (ages 2–19
years) is higher than the 90th percentile and is considered “high blood
cholesterol,” whereas a TChol of 170 to 199 mg/dL is considered a
borderline elevation for children.15

Lipoprotein profiles must be done after a 12- to 14-hour fast be-
cause triglyceride (TG) measurements are variable in the nonfasting
state. When TChol, TG, and HDL-C are measured, LDL-C can be
estimated using the formula:

LDL-C � TChol � HDL-C � TG/5

Dividing clinical TG levels by 5 provides an estimate of VLDL-C
cholesterol. These LDL-C calculations are not accurate if the TG ex-
ceeds 400 mg/dL.
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A lipoprotein profile usually is sufficient to develop a clinical clas-
sification and treatment approach for dyslipidemias. Lipoprotein phe-
notyping to determine the specific biochemical abnormality, using
the Fredrickson-Levy classification, may be useful to direct treatment
when the TG level is more than 400 mg/dL. It is important to rec-
ognize that when TG is �400 mg/dL, the TChol, HDL-C, and LDL-
C are much less accurate in most clinical laboratories, and should not
be relied on for clinical decisions.

Secondary Causes of Abnormal 
Cholesterol Levels
The following secondary causes of dyslipidemias should be consid-
ered prior to extensive testing or treatment:

Uncontrolled diabetes mellitus
Obesity and the metabolic syndrome
Medications (steroids including estrogen, progesterone, prednisone,

anabolic steroids, and others; beta-blockers, or cis-retinoic acid)
Obstructive liver disease
Nephrotic syndrome
Multiple myeloma
Hypothyroidism
Excess dietary alcohol, fat, or caloric intake

A directed medical history, nutrition history, thyroid-stimulating
hormone (TSH) assay, and fasting chemistry survey (including glu-
cose, liver enzymes, and creatinine) can rule out most of the com-
mon secondary causes of dyslipidemias. Hypothyroidism should be
considered especially in an older patient or a patient with previously
normal lipid levels who develops a sudden elevation of LDL-C or
TG. Treatment of secondary causes usually results in a marked im-
provement, or normalization, of abnormal lipoprotein levels.

Dyslipidemia Classification
A practical system of dyslipidemia classification yields four cate-
gories based on clinical, genetic, and biochemical parameters, as
listed in Table 6.3 and discussed below. This approach uses screen-
ing lipoprotein results and is compatible with the more complex
Fredrickson-Levy system. Each of the four dyslipidemia categories
has a specific therapeutic approach.
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Elevated LDL-C Cholesterol (LDL-C �130 mg/dL, TG
�150 mg/dL)
Elevation of LDL-C, without an elevation of TG, is considered ei-
ther primary or familial hypercholesterolemia. Familial hypercholes-
terolemia (FH) is a relatively common disorder caused by defects in
the LDL receptor gene, with the heterozygous form affecting ap-
proximately 1 in 500 Americans and 1 in 200 French Canadians. FH
is expressed during childhood and is autosomal dominant, with se-
lective elevation of LDL-C (usually �220 mg/dL), and often exten-
sor tendon thickening (primarily the Achilles tenderness) or xan-
thomas. Most individuals with isolated LDL-C elevations �200 mg/
dL do not have FH and are considered to have primary hypercho-
lesterolemia, likely due to multiple factors, including nutrition, obe-
sity, and genetic factors.

Very High Triglyceride (TG �500 mg/dL)
Hypertriglyceridemias are elevations of either chylomicrons, 
intermediate-density lipoproteins (IDL), or VLDL. Because all of
these forms of dyslipidemia result in elevated TG, lipoprotein elec-
trophoresis (phenotyping) may be useful for distinguishing among
these disorders (Table 6.3). Fasting TG levels over 1000 mg/dL can
be due to genetic influences, or a combination of genetic predispo-
sition and secondary causes, such as alcohol abuse, poorly controlled
diabetes, obesity, renal disease, or corticosteroids in patients with an
underlying moderate hypertriglyceridemia.14,16

Patients with TG levels over 1000 mg/dL have a relatively low
risk of CHD, but have a high risk of associated pancreatitis (10–15%
annually), most likely due to lipemia and subsequent hyperviscosity,
which results in obstruction of the microvasculature in the pancreas.17

The priority of medical therapy in these patients is the prevention of
pancreatitis. It is important to note that TG levels drop precipitously
during acute attacks, which may mask the etiology of this life-threat-
ening condition. A careful family history, family lipid screening, and
remeasurement of TG levels after recovery can identify hyper-
triglyceridemia as the cause of pancreatitis.

Combined Dyslipidemias (LDL-C �130 mg/dL, TG
�150 mg/dL, HDL-C �40 mg/dL)
Combined dyslipidemia, a very common and important disorder, is
found in a high percentage of patients who survive myocardial in-
farction or have coronary revascularization.18 Combined dyslipi-
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demias include abnormalities of several lipoproteins, usually elevated
LDL-C and TG with low HDL-C. Family history will often include
the presence of multiple first-degree family members with CHD. As
these disorders may be polygenic, affected patients and family mem-
bers often present with a variety of dyslipidemias, including ap-
proximately one third with elevated TG, one third with elevated LDL-
C alone, and the rest with a combined dyslipidemia.14 This disorder
is not usually expressed until adulthood, although it is now identi-
fied in children due to the recent increase in childhood obesity in 
the U.S.

Although TG is not metabolically independent of other lipopro-
teins, research documenting increased atherosclero-sis risk while ac-
counting for the interaction of TG, LDL-C, HDL-C, and other risk
factors has led to the designation of TG as an independent CHD risk
factor.3,10 Moderate-range hypertriglyceridemia (TG 200–499
mg/dL) is usually associated with alteration of LDL and VLDL into
highly atherogenic forms (small, dense particles), low HDL-C due to
reduced HDL production, and altered HDL effectiveness in reverse
cholesterol transport.3,10

Non-HDL cholesterol, equal to TChol � (HDL-C), can be used to
monitor treatment of patients who have had an initial TG measure-
ment of 200 to 499 mg/dL. The non–HDL-C estimate includes all of
the atherogenic lipoproteins, and should be �30 points higher than
the LDL-C goals. Therefore, for a patient with CHD or DM or for a
patient with a 10-year risk greater than 20%, the non–HDL-C cho-
lesterol goal is �130 mg/dL, and for a patient with a 10-year CHD
risk of 10% to 20%, the non–HDL-C cholesterol goal is �160 mg/dL.
Because only TChol and HDL-C are necessary, the non–HDL-C cal-
culation does not require a fasting blood test, and the non–HDL-C
value more accurately assesses risk in patients with TG of 200 to 499
mg/dL.3

The metabolic syndrome is a high-risk, common syndrome that re-
sembles familial combined hyperlipidemia and frequently results in
premature clinical manifestations. Previously called syndrome X or
the insulin-resistance syndrome, this syndrome includes a combined
dyslipidemia and metabolic abnormalities associated with central
obesity and insulin resistance (glucose intolerance or type II DM, hy-
pertension, and hyperuricemia). Specific measures that identify this
syndrome are listed in Table 6.4. Patients with metabolic syndrome
can be effectively detected in the office by measuring the waist cir-
cumference at the iliac crest (on exhalation). The lipoprotein profile
common to the metabolic syndrome includes small, dense LDL par-
ticles, which are more easily oxidized and recognized by scavenger
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macrophages, rather than the usual lipoprotein receptors, and there-
fore are more likely to cause atherosclerosis.18

In addition to the metabolic syndrome, other causes of combined
dyslipidemias are a lack of physical activity, hypothyroidism, DM,
alcohol abuse, nephrotic syndrome, and use of glucocorticoids. A rare
subtype of the combined dyslipidemias, associated with premature
CHD and peripheral arterial disease, is familial dysbetalipoproteine-
mia (type III). The type III disorder is characterized by elevations of
both fasting TChol and TG levels (exceeding 300 mg/dL) and the
presence of xanthomas. Lipoprotein electrophoresis is recommended
when levels of both LDL-C and TG are very high because treatment
recommendations differ from those for other combined dyslipidemias
(see below).

Low HDL Cholesterol (HDL-C �40 mg/dL, 
TG �150 mg/dL)
HDL-C is an independent risk factor and is the most powerful pre-
dictor of premature CHD.19 Low HDL-C is associated with genetic
factors, male sex, hypertriglyceridemias, smoking, obesity, and a
sedentary lifestyle. Familial hypoalphalipoproteinemia (low HDL-C)
is a syndrome found in 7% to 10% of CHD patients less than age 60.
This disorder is characterized by an HDL-C level of less than 40
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Table 6.4. Clinical Identification of the Metabolic Syndrome—Any
Three of the Following:

Risk factor Defining level

Abdominal obesitya Waist circumference
Men �102 cm (�40 in)
Women �88 cm (�35 in)

Triglycerides �150 mg/dL
HDL cholesterol

Men �40 mg/dL
Women �50 mg/dL

Blood pressure �130/�85 mm Hg
Fasting glucose �110 mg/dL

aOverweight and obesity are associated with insulin resistance and the
metabolic syndrome. However, the presence of abdominal obesity is
more highly correlated with the metabolic risk factors than is an ele-
vated body mass index (BMI). Therefore, the simple measure of waist
circumference is recommended to identify the body weight component
of the metabolic syndrome.



mg/dL, a TG level less than 200 mg/dL, and an autosomal-dominant
inheritance.18 Many other genetic forms of HDL-C deficiency exist
but are far less common. Medications, including beta-blockers (non-
sympathomimetic), retinoids, progestins, and anabolic steroids can
significantly lower HDL-C.

Nonpharmacologic Management 
of Dyslipidemias

Nutrition and Weight Management
Lifestyle changes are the cornerstone of any treatment program to
modify serum lipids. The U.S. Dietary Guidelines and the Food Pyra-
mid recommend food choices that will reduce the risk of heart dis-
ease in the general population, and form the foundation for diet guide-
lines to treat dyslipidemias.20 Patients with dyslipidemias or a
diagnosis of CHD should use the Food Pyramid as a guide, but fur-
ther limit saturated fat to �7% of calories, and dietary cholesterol to
�200 mg/day. See Table 6.5 for a summary of diet recommenda-
tions. Trans fat, created during hydrogenation of vegetable oils, raises
LDL-C and may reduce HDL-C, so it should be limited by consid-
ering it part of the daily saturated fat intake. The major sources of
trans fats in the American diet are commercial baked goods, fried
foods, and stick margarines.21 Weight management through caloric
reduction and increased activity is encouraged if needed to achieve
a body mass index (BMI) of �25. The addition of water-soluble (vis-
cous) fibers and plant stanols/sterols (usually found in margarines)
is encouraged if lipids are not normalized by a reduction of saturated
fat and cholesterol. Because omega-3 fat found in fish lowers TG
levels and is associated with a lower risk for CHD, consumption of
two to three fish meals per week is recommended. Inclusion of soy
protein is encouraged because it helps reduce LDL-C levels and has
other health benefits.22

There is debate about the optimal fat content of the diet for the
treatment of dyslipidemia. A diet very low in fat (�10% of calories)
can reduce LDL-C, but may also reduce HDL-C and increase TG due
to a higher carbohydrate content.23 A Mediterranean-type diet
(30–40% of calories as total fat, an emphasis on monounsaturated
fat, and saturated fat limited to �7% of calories) can reduce LDL-C
without decreasing HDL-C and increasing TG, but the higher fat in-
take may make calorie control and weight loss more difficult. Med-
ical nutrition therapy in consultation with a registered dietitian is rec-
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ommended to tailor guidelines and maximize the lipid response to
diet.

Serum cholesterol reduction from diet modification varies signif-
icantly between individuals, but averages 10% to 15%.3 Triglycerides
are very responsive to diet change, weight loss, and exercise, while
the main dietary influences on HDL-C are weight loss and the bal-
ance of fat and carbohydrate in the diet. Diet recommendations for
dyslipidemia should be individualized based on the patient’s lipid
pattern, body weight, food preferences, and level of motivation.

Elevated LDL-C
Patients with familial hypercholesterolemia are less responsive to diet
changes than those with other forms of hyper-cholesterolemia, but
all patients with elevated TChol should reduce their intake of satu-
rated fat, trans fat, and cholesterol, as they are the primary dietary
elements that raise LDL-C.

Increased consumption of foods high in soluble (viscous) fiber may
be beneficial for some patients with LDL-C elevations. The primary
sources of water-soluble fiber are oats, barley, legumes (dried beans
and peas), fruits, and some vegetables. Including 20 to 30 g of di-
etary fiber per day, of which 10 to 25 g is soluble, could result in an
additional 5% to 15% reduction in TChol and LDL-C.24 Fiber sup-
plements (psyllium) may be recommended for patients who are not
able to consume adequate fiber through their diet, but it is preferable
to obtain fiber from food because of the additional nutrients provided
by high-fiber foods. Plant stanols and sterols reduce the absorption
of dietary cholesterol, and can reduce LDL-C by up to 15% when
used in a dose of 2 to 3 g/day.21 Stanols and sterols are currently
marketed in margarines. To prevent weight gain, patients should take
care to compensate for the extra calories that these products contain.
Soy protein can reduce LDL-C levels in some people, especially when
soy is substituted for foods higher in saturated fat and cholesterol.
Studies indicate that 25 g of soy protein per day can reduce LDL-C
by 5%.24

Very High Triglycerides
TG levels are influenced by the total amount of fat and carbohydrate
consumed, but not by the type of fat. For patients with triglycerides
between 150 and 500 mg/dL, emphasis is on weight reduction. Very
low fat (and consequently higher carbohydrate) diets can lead to sig-
nificant increases in serum triglycerides in some patients, usually
those with the metabolic syndrome. For these patients, nutritional
plans of no more than 30% fat with an emphasis on monounsaturated
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fat are recommended. Patients who do not experience increased TG
with higher carbohydrate intakes achieve the best results on a diet
containing 20% of calories as fat. Optimal therapy is determined on
an individual basis and requires follow-up to allow adjustment. Lim-
itation or avoidance of alcohol is recommended for patients with high
TG, and limitation of concentrated sweets is recommended for pa-
tients with glucose intolerance and high TG.

A strict control of total fat to 10% of calories is recommended for
the patient with very high TG (TG �500 mg/dL) to prevent pancre-
atitis. Because medium-chain triglycerides (MCTs) are directly ab-
sorbed into the portal vein and do not increase chylomicron produc-
tion, MCT oil (obtained from a pharmacy) can be used by patients
who are not overweight to make food more palatable and to provide
adequate calories. Consultation with a registered dietitian is recom-
mended to ensure that the very low fat diet is nutritionally adequate.

Combined Dyslipidemias
Patients with combined dyslipidemia and the metabolic syndrome
should make weight control and regular exercise a priority, since
these changes will have a favorable impact on all serum lipoproteins
and the other risks often noted with this pattern (abdominal obesity,
glucose intolerance, and hypertension). Patients do not have to reach
goal weight to see benefits, since a 10% reduction in body weight is
associated with up to a 30% reduction in abdominal obesity. Patients
should attempt to reduce body weight by limiting total fat intake to
25% to 30% of calories and saturated fat to �7% of calories. Total
carbohydrate intake should not exceed 60% of calories, with an em-
phasis on complex carbohydrates (whole grains, vegetables, legumes)
rather than simple carbohydrates (sugars, sweetened drinks, desserts).
Serving sizes of starchy foods (pasta, bread, rice, potatoes, etc.)
should be monitored, since they can often be a source of excess calo-
ries and may raise TG due to their refined carbohydrate content. Al-
cohol restriction or avoidance is recommended for reduction of
caloric intake and TG.

Low HDL-C
No specific foods or nutrients increase HDL-C levels, with the ex-
ception of ethanol. However, ethanol is addictive, myotoxic, raises
blood pressure and TG levels, and has variable effects on subspecies
of HDL-C.25 Alcohol should not be recommended as a treatment for
low HDL-C. Because HDL-C levels are reduced in patients who are
overweight or who have the metabolic syndrome, the normalization
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of body weight through calorie restriction and increased exercise is
the primary goal for patients with low HDL-C. HDL-C levels may
also increase in response to a diet higher in monounsaturated fats
(nuts, avocado, canola, or olive oil) or the omega-3 polyunsaturated
fats found in fish. If fat intake is increased, the quantity of carbohy-
drate foods will need to be decreased in order to maintain a consis-
tent calorie intake and prevent weight gain.

Other Nutritional CVD Benefits
Plant foods (fruits, vegetables, whole grains, legumes, nuts) contain
nutrients and other chemicals that help reduce the risk of heart dis-
ease, stroke, and high blood pressure. Antioxidant nutrients can re-
duce lipoprotein atherogenicity by protecting LDL-C from oxidation
but are best obtained by consuming foods containing these vitamins
rather than by taking supplements.26–28 Flavonoids and fish oils re-
duce platelet aggregation and may reduce inflammation and CHD
events.29 Adequate intake of folic acid (400 �g/day) can help pre-
vent elevations of serum homocysteine, which increases the risk of
CHD and stroke.30 The identity, function, and safe doses of protec-
tive nutrients are not completely understood, so it is not possible to
establish appropriate guidelines for supplement use. Until more in-
formation is available, reasonable amounts of these and other poten-
tially beneficial nutrients can be obtained by consuming at least five
servings of fruits and vegetables per day, at least six servings of grain
products (with at least half being whole grain), soy or legumes sev-
eral times per week, fish two to three times per week, and a handful
of nuts several times per week.

The practical application of nutritional guidelines by patients and
health care providers requires counseling for behavior change and
translation of recommendations based on percentage of calories to
actual food choices. Table 6.6 lists the daily total fat and saturated
fat gram allowances at different calorie levels and fat recommenda-
tions. The five food categories listed in Table 6.7 account for more
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Table 6.6. Percentage of Calories as Fat Translated to Fat Grams

Calorie 30% of 10% of 7% of
intake calories (g) calories (g) calories (g)

1500 50 17 12
1800 60 20 14
2000 67 22 16
2400 80 27 19



than 90% of the fat, saturated fat, and cholesterol consumed in the
typical American diet.31 Counseling for low-fat and low-cholesterol
eating should focus on substitution in these five food categories be-
cause of their significant contribution to dietary fat, and on recom-
mendations to increase the consumption of plant-based foods.

Exercise
Physical activity is associated with improvement in the lipoprotein
profile, but results depend on baseline lifestyle habits, presence of
obesity or diabetes, type of dyslipidemia, and the specific exercise
program. Both endurance and resistance exercise are helpful in
achieving weight reduction and in reducing triglycerides and raising
HDL-C, but have little influence on LDL-C unless there is signifi-
cant weight loss.14 Daily physical activity increases the clearance of
TG-rich lipoproteins and glucose, and is often moderately effective
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Table 6.7. Major Food Group Sources of Saturated Fat 
and Cholesterol

Food group Suggestions

Meats Smaller portions (6–8 oz/day)
Use lean meats, trim fat
Broil, bake, or grill
Include fish several times per week
Plan some meatless meals using soy, dried beans,

or peas
Dairy products Use skim or low-fat products

Use part-skim or low-fat cheeses as a meat
substitute

Substitute low-fat frozen desserts for ice cream
Eggs Limit yolks to four per week

Use egg whites or egg substitute when baking
Fats/oils Use smaller amounts of all fats

Substitute unsaturated fats like olive oil, canola
oil, or soft margarine for butter, stick
margarine, or shortening

Use reduced-fat mayonnaise/salad dressings
Snacks/desserts Substitute low-fat snack foods (pretzels, popcorn,

fruit) for deep fried snacks
Use smaller servings of desserts
Substitute fruit for other desserts
Eat small amounts of nuts or seeds several times

per week



in treating hypertriglyceridemia and combined dyslipidemia. Exer-
cise of moderate intensity, longer duration, and increased frequency
appears to have more benefit for dyslipidemia and weight loss than
higher intensity, less frequent activity.14 However, both resistance
and endurance activity will improve dyslipidemias, and any regular
activity that the patient enjoys should be encouraged. A clear physi-
cian message about the importance of physical activity has a signif-
icant impact in increasing patient’s physical activity.32

Smoking Cessation
Cigarette smoking is associated with a number of metabolic processes
that affect lipoproteins, including increasing plasma free fatty acids,
glucose, and VLDL-C, and lowering HDL-C. Smoking cessation is
associated with an average increase in HDL-C of 6 to 8 mg/dL.33

Pharmacologic Management

Indications
The use of medications for cholesterol treatment should follow care-
ful consideration and implementation of the nonphar-macologic
methods discussed above. The following guidelines are general rec-
ommendations and cannot specifically address every clinical situa-
tion. Treatment recommendations do not replace the physician’s clin-
ical judgment in dealing with an individual patient. Treatment is
individualized based on overall risk, pattern of dyslipidemia, and as-
sociated medical conditions. Other important factors include cost,
prognosis, and patient motivation. Medication use is recommended
for those at highest risk who fail to reach goal cholesterol levels af-
ter an adequate trial of lifestyle change (usually 3 to 6 months). Any
recommendation for early pharmacologic treatment (with lifestyle
changes) is focused on the highest risk individuals: those with prior
CHD events or “CHD-risk equivalents” (patients with DM or multi-
ple risk factors and a 10-year risk of CHD events �20%), and those
with ge-netic lipid disorders (LDL-C �220, TG �1000, or HDL-C
�30 mg/dL).3

The new NCEP ATP III guidelines use 10-year CHD risk esti-
mates to stratify risk for primary prevention patients with two or more
CHD risk factors into LDL-C treatment goal categories to guide treat-
ment decisions (Table 6.2).3 The risk estimate tools are simple and
risk can be calculated using these tools in a minimal amount of time.
Patients with one risk factor, or none, usually have a 10-year CHD
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risk of �10%, so they usually do not require risk calculations. Pa-
tients with a 10-year CHD risk of less than 10% have a recommended
goal LDL-C of �160 mg/dL, while those with a 10-year risk of 10%
to 20% have a goal LDL-C of �130 mg/dL. For patients with a 10-
year CHD risk of greater than 20% (“CHD-risk equivalents”) the
LDL-C goal is �100 mg/dL, the same as for patients with known
CHD, as the risk for future CHD is similar (Table 6.2).

Medications
The cholesterol-lowering medications are listed in Table 6.8. Given
the limited choice of medications and their specificity, family physi-
cians must be familiar with all these medication classes to effec-
tively treat dyslipidemias. More detailed prescribing information
and management principles are available through many current re-
sources.3,14,16 Some of the medications are expensive, but cost-
effective therapy is possible with good working knowledge of the
medications.34

Medications within each class listed in Table 6.8 have similar in-
traclass effects and side effects. However, if side effects occur, med-
ications may be substituted within a class with caution, since phar-
macokinetics vary. The statins primarily reduce LDL-C, but also
moderately reduce TG and raise HDL. The bile acid resins primar-
ily lower LDL-C, but may exacerbate TG elevations. Plant sterols
and psyllium are food derivatives that lower LDL-C modestly, but
this effect can be enhanced in combination with other medications.
Niacin is effective for elevated TG and low HDL-C, but lowers LDL-
C only at higher doses, and is somewhat limited by side effects. Gem-
fibrozil primarily reduces TG (and subsequently raises HDL-C), but
may also raise LDL-C as TG is lowered. Fenofibrate (Tricor) is ef-
fective for TG, HDL-C, and LDL-C, but may also elevate LDL-C if
the baseline TG is high (�300 mg/dL). Due to safety concerns raised
in clinical trials, clofibrate (Atromid-S), also a fibrate, is limited to
use for high-risk patients with hypertriglyceridemias who cannot take
other fibrates or niacin.14 Medications such as the statins and niacin
have recently been shown to have effects beyond lipid-lowering, in-
cluding antiinflammatory effects, that appear to contribute to their
effectiveness in reducing CHD events.35

Medication Use for Specific Dyslipidemia Classification
The pattern of dyslipidemia dictates the appropriate choice of med-
ication as discussed below and presented in Table 6.3 and Fig. 6.1.
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Elevated LDL-C
For isolated LDL-C elevations, or elevated LDL-C after TG is con-
trolled with combined dyslipidemias, medications that primarily
lower LDL-C are recommended. Statins are the most effective treat-
ment. The bile acid resins, plant sterols, and psyllium are modest in
efficacy (5–20% mean LDL-C reductions), but side effects are lim-
ited to the gastrointestinal tract. Niacin is a potent and inexpensive
agent, especially in low-dose combination with bile acid resins, but
high doses are generally required to lower LDL-C significantly. Es-
trogen may effectively reduce LDL-C in postmenopausal women but
may also significantly exacerbate TG elevations. Hormone replace-
ment therapy currently is contraindicated in women with CHD due
to clinical trial evidence of increased thrombotic events, including
CHD events, in three clinical trials.3,36 Elevated LDL-C in combi-
nation with elevated HDL-C in older women is associated with only
a modestly increased risk, and nutritional assessment and counseling
may be adequate.

Hypertriglyceridemias
After secondary causes are evaluated and treated, niacin and gemfi-
brozil are the treatments of choice for TG �400 to 500 mg/dL. It is
important to realize that when TG is greater than 400 mg/dL, TG
usually must be controlled before TChol and LDL-C lowering can
be successful. Fibrates are the treatment of choice for hypertriglyc-
eridemia associated with diabetes, gout, gastritis, or ulcer disease due
to the potential for niacin to exacerbate these conditions. However,
patients with well-controlled diabetes may tolerate niacin without sig-
nificant worsening of hyperglycemia. Caution and careful monitor-
ing is still advised, however. Note that if TGs are reduced with gem-
fibrozil, often the LDL-C level rises and may require additional
treatment. Fenofibrate will also be effective in these patients, but is
more expensive. Omega-3 fish oil capsules (minimum 5.4 g DHA or
EPA daily) also can lower TG safely and effectively (though not as
effectively as niacin or the fibrates), but may cause abdominal bloat-
ing, belching, flatulence, or loose stools. Bile acid resins or estrogens
may exacerbate TG elevations, and estrogens, progestins, and other
steroids are contraindicated for patients with hypertriglyceridemia
(TG �300–400 mg/dL) because they may significantly elevate TG
and the high TG may lead to pancreatitis.

Combined Dyslipidemia
This pattern is commonly associated with the metabolic syndrome
and premature CHD. The treatments of choice for this disorder are
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statins, niacin, gemfibrozil, and fenofibrate. Combined dyslipidemias
are frequently associated with glucose intolerance and gout, which
are relative contraindications to niacin use. Fibrates may be effective
but are often limited by a variable response of LDL-C, so treatment
may require fibrates in combination with psyllium, a bile acid resin,
or a low-dose statin to reduce LDL-C effectively. Statins may be use-
ful if TG levels are moderately elevated but may not be effective if
the TG level is over 300 to 400 mg/dL. Patients put on oral contra-
ceptives or hormone replacement therapy should have baseline
lipoprotein screening and follow-up testing to ensure that triglyc-
erides are not significantly elevated

Low HDL-C
The only medication that effectively raises isolated low HDL-C (�40
mg/dL) is niacin.37 Isolated HDL-C deficiencies are slow to respond
to treatment, if they respond at all. Patients with documented athero-
sclerosis or a high-risk family profile with low HDL-C may be can-
didates for a prolonged trial of low- to moderate-dose niacin (250–500
mg bid) to determine if HDL-C can be increased without significant
side effects. Many studies demonstrate CHD event reduction by low-
ering LDL-C below target levels with statins when HDL-C cannot
be raised.4,5,7

Combination Therapy
Combining medications to treat cholesterol may be effective when a
single agent is insufficient, or to reduce the dosage and side effects
of a single medication. Combinations of a statin or other medication
that reduces lipoprotein production (i.e., niacin or fibrate) with a med-
ication that reduces bile acid reabsorption (bile acid resin, a plant
stanol or sterol, or psyllium) are synergistic in reducing LDL-C lev-
els. Other statins can be combined with niacin or fibrates, but care-
ful education of the patient about identifying and reporting myalgia
symptoms is needed, as are more frequent follow-up visits (every 3
to 4 months) to monitor blood chemistry. Combinations of either
gemfibrozil or niacin with fluvastatin, prava-statin, or simvastatin in-
creases the risk of myositis to 1% to 2% and combinations with lo-
vastatin increase myositis risk to 5% to 6%.

Monitoring Medications
Patients on medications should be monitored every 4 to 6 weeks to
adjust medication doses and evaluate side effects until lipid goals are
reached. Evaluations of liver function and the lipoprotein profile are

6. Dyslipidemias 169



appropriate monitoring tests. Levels of liver function tests such as
alanine aminotransferase (ALT) or aspartate aminotransferase (AST)
that are less than two to three times normal and that are not pro-
gressive can be tolerated with the use of cholesterol medications, es-
pecially the statins. More frequent monitoring is recommended 
for those with severe underlying clinical disease, with liver enzyme
elevations or underlying liver disease, on combination cholesterol
therapy, or taking other medications that could interact to cause drug-
induced hepatitis. Most of the cholesterol medications are metabo-
lized in the liver, with the exception of those that are not absorbed
(e.g., resins, stanols, or sterols), and fibrates, which have mixed he-
patic and renal metabolism. Due to frequent benign elevations of cre-
atinine kinase (CK) that occur from physical activity, CK levels are
only recommended if patients complain of generalized myalgias.
When the lipoprotein levels reach treatment goals, monitoring every
4 to 6 months is appropriate to assess side effects and laboratory stud-
ies, and to verify diet and medication adherence. Since dyslipidemias
are an asymptomatic condition, an initial visit 4 to 6 weeks after ini-
tiation of therapy provides an opportunity for valuable patient feed-
back on medication effectiveness. If patients do not get feedback
within that time frame, there is a significant drop in medication ad-
herence.3
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7
Venous
Thromboembolism
Glenn S. Rodriguez and 
Thomas M. Schwartz

Venous thromboembolism causes substantial disability and death.
The incidence of deep venous thrombosis (DVT) is about 1 per 1000
person years. The most serious and potentially preventable compli-
cation, pulmonary embolus, kills an estimated 50,000 Americans each
year.1 Venous stasis secondary to chronic valvular incompetence, of-
ten a consequence of venous thrombosis, causes varying degrees of
pain, edema, and ulceration. The changing demographic patterns, par-
ticularly the aging of society, are increasing the risk of venous throm-
boembolism and the importance of prevention. Recent identification
of inherited defects causing thrombosis (inherited thrombophilias) al-
lows improved prevention through identification of individuals at
high risk. The knowledge and tools for effective prevention and treat-
ment are available but currently underused.2 Early identification, 
office-based diagnostic tests, safer treatments, and targeted education
programs for physicians may offer the chance to reduce the incidence
of venous thromboembolism and associated morbidity.

Pathophysiology
Virchow hypothesized three factors that predispose a person to ve-
nous thrombosis: a hypercoagulable state, injury to the vascular in-
tima, and venous stasis. A century of research has verified this hy-
pothesis. DVT is now understood to be a multifactorial disorder,
involving a combination of genetic risk factors and acquired condi-



tions.3 Known genetic causes are present in 25% of unselected DVT
cases and 63% of familial cases.4 This percentage will probably in-
crease as research identifies more genetic causes. Some conditions
that predispose to thrombosis have both genetic and acquired com-
ponents. Examples are elevated levels of factor VIII5 and high plasma
homocysteine levels. Stasis is the most common precipitating factor.
Vascular injury is often the result of surgery or trauma.

A hypercoagulable state results from a disruption of the normal
balance between the procoagulant system and the anticoagulant sys-
tem. The natural anticoagulant system works to confine a beneficial
thrombosis to the site of injury and prevent propagation. Major com-
ponents of this system include antithrombin III, protein C, and pro-
tein S. Protein C is activated to the enzyme APC, which functions as
a natural anticoagulant by inactivating procoagulant factors Va and
VIIIa in the presence of protein S. Antithrombin III directly inhibits
thrombin.

Modern molecular genetics is rapidly elucidating the prothrom-
botic mutations that contribute to hypercoagulable states. The anti-
coagulant system is impaired by the factor V Leiden mutation, and
by deficiencies of proteins C and S and antithrombin. Raised plasma
levels of prothrombin 20210A and factor VIII increase risk by ac-
celerating the procoagulant system.

Epidemiology
Reliable incidence data for DVT are not available. Autopsy series
show that DVT is often present when not clinically suspected, so hos-
pital discharge diagnosis and death certificate data underestimate the
true prevalence. Declining autopsy rates in the United States com-
pound the problem. The best incidence data are from Malmö Gen-
eral Hospital in Sweden, which has maintained an autopsy rate greater
than 75% since 1957. The incidence of DVT and fatal pulmonary
embolism has been remarkably stable at 35%, representing 9% of all
hospital deaths.6 The Worcester DVT study, a regional survey of hos-
pital discharge diagnoses, reported a diagnosis of DVT in 0.9% of
all hospital discharges. The incidence rate increased exponentially
with age, rising by a factor of approximately 200 between ages 20
and 80 years.7 Studies using screening techniques to evaluate hospi-
talized patients identified surgery of the pelvis or lower extremity
and anesthesia lasting more than 30 minutes as the highest risk events
(see Chapter 1). More patients hospitalized for medical reasons ex-
perience an episode of DVT than did surgical patients because of the
greater number of total admissions.
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Table 7.1 lists the prevalence of risk factors for venous thrombo-
sis.3 The most common inherited thrombophilia is APC resistance
caused by a point mutation producing an abnormal protein known as
factor V Leiden. It is present in 5% of Caucasian Americans but has
a much lower prevalence in other ethnic groups.8,9 Women with the
factor V Leiden mutation are at increased risk for DVT when taking
oral contraceptives. The lifetime risk for DVT in factor V Leiden het-
erozygotes is approximately 10% and for homozygotes is �80%. Di-
rect molecular genetic testing for the R506Q mutation in the factor
V gene is available. Genetic testing can distinguish homozygotes and
is the definitive test. The American College of Medical Genetics rec-
ommendations for who should be tested for factor V Leiden are listed
in Table 7.2.10 General population screening is not recommended.
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Table 7.1. Prevalence of Risk Factors for Thrombosis

General Patients with 
Factor populationa thrombosis (%)

Genetic
Factor V Leiden mutation �1 in 20 �20b

(APC resistance)
Prothrombin 20210A �1 in 50 �6
Protein C deficiency �1 in 300 �3
Protein S deficiency �1 in 300 �1–2
Antithrombin deficiency �1 in 3000 �1

Mixed (genetic and 
acquired components)
High concentration 1 in 10 �25

factor VIII
Hyperhomocystinemia 1 in 20 �10

aVaries significantly in different ethnic populations.
bUp to 60% in pregnant patients with deep venous thrombosis (DVT).

Table 7.2. American College of Medical Genetics (ACMG)
Guidelines for Factor V Leiden Testing

Testing is recommended for individuals who have:
Any venous thrombosis and are �50 years of age
Venous thrombosis in unusual sites
Recurrent venous thrombosis at any age
Venous thrombosis and a strong family history of 

thrombotic disease
Venous thrombosis during pregnancy or in women taking oral 

contraceptives
Relatives with venous thrombosis who are under age 50



Clinical Approach
A logical set of principles are basic to the structure of the clinical
approach:

1. Venous thrombosis is common. Thrombosis results when an in-
dividual with an inherited predisposition to thrombosis suffers ve-
nous stasis or vascular injury. Testing to identify the causes of
thrombophilia is important.

2. The location of the thrombus is important. The primary source
(90%) of pulmonary emboli is the deep veins of the proximal lower
extremities. Thrombi limited to the calf pose limited risk (�5%)
of pulmonary embolism, but extension to proximal veins occurs.11

This point is critical to the diagnostic approach outlined in this
chapter.

3. Pulmonary embolism is not an independent disease but a compli-
cation of DVT. Pulmonary embolism is discussed in Chapter 86.

4. Pulmonary embolism kills quickly; 75% to 90% of those affected
die within the first few hours. With limited opportunity for ef-
fective diagnosis and treatment, identification of high-risk indi-
viduals and primary prevention of DVT is the goal.

Prevention
The key to prevention of thromboembolism is physician recognition
of patients at risk, vigorous use of effective treatment, and prophy-
lactic regimens. Selection of appropriate treatments to prevent DVT
is imperative whenever a hypercoagulable state is identified or when
venous stasis or vascular injury is likely. The 1986 National Insti-
tutes of Health (NIH) Consensus Conference outlined such a strat-
egy, and it has been updated.12 Prophylactic regimens to prevent DVT
are discussed in Chapter 57.

Clinical Risk Stratification
Evaluation of the patient with suspected DVT begins with a thorough
history and physical examination. DVT occurs predominantly in pa-
tients with clinical risk factors. The limitations of physical examina-
tion to identify DVT are well known, but physical findings are use-
ful when present. Table 7.313,16 lists clinical risk factors and findings
that are associated with DVT. Formal clinical risk scoring systems
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have been developed to stratify patients with suspected first DVT
into low, moderate and high-risk groups. Risk stratification then helps
guide evaluation as described below, especially the need for follow-
up evaluation if initial studies are negative.13–16

Diagnostic Tests

D-Dimer Assay
D-dimer, a degradation product of cross-linked fibrin, is released into
the blood during fibrinolysis. D-dimer testing is highly sensitive, but
has poor specificity in the diagnosis of DVT because many condi-
tions can lead to elevated serum D-dimer levels.17 It has been stud-
ied as an adjunctive test to help rule out DVT. There are several types
of D-dimer assays currently available for clinical use, including en-
zyme-linked immunosorbent assay (ELISA), latex agglutination, and
whole blood agglutination. ELISA testing is very accurate, but the
conventional test takes at least several hours and may not be practi-
cal for clinical use. Several rapid ELISAs that can be run in less 
than an hour are now available and have sensitivity that is roughly
equivalent to standard ELISA.18 Latex agglutination assays are in-
expensive and rapid, but lack sufficient sensitivity to be useful as
screening tests.19 Whole blood agglutination assays have several ad-
vantages. They require only a drop of blood, rather than plasma, and
provide results in as little as 2 minutes. Their sensitivity is reported
to be similar to that of ELISA.20 Two studies suggest that DVT can
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Table 7.3. Clinical Risk Factors and Physical Findings Associated
with Deep Venous Thrombosis (DVT)

Risk factors Physical findings

Active malignancy Localized tenderness along
distribution of deep veins

Recently bedridden Unilateral pitting edema
Recent paralysis/paresis Thigh or calf swelling �3 cm

compared to the asymptomatic limb
Recent limb immobilization Dilated superficial (nonvaricose)

veins in symptomatic limb only
Trauma Erythema in symptomatic limb only
Hospital or nursing home

confinement
Pregnancy/puerperium
Strong family history of DVT



be reliably ruled out in low-risk patients using formal risk stratifica-
tion in whom whole blood agglutination assay D-dimer testing is 
negative.15,16

Ultrasonography/Duplex Scanning
Real-time compression ultrasonography has been demonstrated to be
a reliable technique for noninvasive evaluation of proximal venous
thrombosis.21,22 With this technique the veins under evaluation are
visualized and the ability to compress the vein with probe pressure
measured. The technique is accurate for thrombi above the knee, with
sensitivity and specificity reported to be more than 90% in most se-
ries. It is less useful for diagnosing thrombi below the knee. Real-
time ultrasonography is widely available, but the reliability of the re-
sults may vary with the expertise of the technologist performing the
study. Duplex scanning combines real-time ultrasonography with a
pulsed Doppler study to diagnose DVT.23 The reported sensitivity
and specificity of this test ranges from 85% to 95%. It also is of lim-
ited value for diagnosing calf thrombi.

Duplex scanning should not be confused with a Doppler study.
Doppler evaluation of the lower extremity requires only a small hand-
held unit and does not use B-mode ultrasonography. It detects only
venous occlusion, so significant mural thrombi may be missed. The
test has poor sensitivity and no role as a definitive diagnostic test.

Contrast Venography
Contrast venography has long been considered the standard by which
all other diagnostic tests for DVT are measured. Performed accord-
ing to defined techniques, it is highly accurate and has the advantage
of reliably diagnosing thrombosis below the knee.24 Risks include
phlebitis, contrast allergy, local extravasation of dye, and discomfort.
The overall complication rate is 4%, and the risk of major compli-
cations due to a contrast reaction is 1%. Its main use currently is in
the evaluation of high-risk patients with a negative compression ul-
trasound or for diagnosis of recurrent DVT.

Other Diagnostic Tests
Impedance plethysmography and radiofibrinogen scanning are other
tests that have been used in the past for diagnosis of DVT. Because
of the wide availability of compression ultrasonography, these tests
are now rarely used.
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Diagnostic Approach
Many diagnostic strategies for the evaluation of DVT have been pro-
posed,25 and the preferred strategy will likely change over time.
Based on current data we propose the diagnostic approach outlined
in Figure 7.1. Using this approach, the evaluation of the patient with
suspected DVT should begin with clinical risk stratification. Exist-
ing formal scoring systems that allow rapid stratification of patients
as low, moderate, or high risk have been clinically validated.13,16

Moderate- and high-risk patients should promptly undergo compres-
sion ultrasound or duplex scanning. A negative study in these pa-
tients should be followed by either venography or repeat ultrasound
within 1 week. Patients with low clinical risk may undergo D-dimer
testing or immediate ultrasound. If D-dimer or ultrasound is nega-
tive, then further evaluation is not required. Patients with a positive
D-dimer should have ultrasound. Patients with a positive ultrasound
or venogram should be treated with anticoagulation.
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Clinical Suspicion of
DVT

Clinical Risk
Stratification

Moderate or High

D-Dimer
Rapid Test

Compression
Ultrasonography

Negative Negative

Compression
UltrasonographyNegative

Equivocal
or Positive Negative PositivePositive

No further
diagnostic testing

Anticoagulation for
minimum 3–6 months

and
Thrombophilia testing
per recommendations

in Table 81.2

Repeat Ultrasonography
or Venography

within one week

Low

OR

Fig. 7.1. Diagnostic approach to the patient with suspected
lower extremity deep venous thrombosis (DVT).



Treatment
The diagnosis of proximal DVT requires prompt institution of anti-
coagulation with heparin or low molecular weight heparin. The tra-
ditional approach is intravenous administration of unfractionated hep-
arin. Standard heparin is a heterogeneous mixture of polysaccharide
chains ranging in molecular weight from about 3,000 to 30,000. It
acts by binding to plasma antithrombin III and inactivating thrombin
and factor Xa. These enzymes are protected by fibrin, so higher doses
are required to stop extension of a thrombus than to prevent its ini-
tial formation. Heparin does not directly prevent embolism or pro-
mote thrombus dissolution.

Heparin therapy is usually administered intravenously with an ini-
tial 80 U/kg bolus followed by continuous infusion of 18 U/kg/h.26

The goal of therapy is to maintain the partial thromboplastin time
(PTT) at 1.5 to 2.0 times the control value. Optimal timing of PTT
measurements has yet to be firmly established. The American Col-
lege of Chest Physicians (ACCP) recommends treating with heparin
for 4 to 5 days, until warfarin therapy increases the international nor-
malized ratio (INR) to the 2.0 to 3.0 range. The INR is a worldwide
system used to standardize prothrombin times among laboratories.

The major complications of heparin therapy include hemorrhage,
thrombocytopenia, osteoporosis, and anaphylaxis. The risk of hem-
orrhage increases with age, significant coexistent illness, and the
presence of known bleeding sites. Platelet count should be checked
daily to monitor for thrombocytopenia during heparin therapy. The
effects of heparin can be terminated by intravenous injection of pro-
tamine sulfate.

Low molecular weight heparins (LMWHs) are fragments of stan-
dard heparin with mean molecular weights of 4000 to 6000. There
are three LMWHs available in the United States: dalteparin, enoxa-
parin, and tinzaparin. LMWHs are theoretically superior to unfrac-
tionated heparin because of greater anticoagulant specificity (primary
action on factor Xa), a more predictable anticoagulant response, fewer
complications, and a longer plasma half-life.27 Many studies have
evaluated specific LMWHs for the treatment of DVT, and a meta-
analysis concluded that LMWHs administered subcutaneously in
fixed doses, adjusted for body weight, and without laboratory mon-
itoring are more effective and safer than adjusted-dose standard hep-
arin.28 A Cochrane Database systematic review found LMWH to be
at least as effective as heparin in preventing recurrent thromboem-
bolism with lower risk of hemorrhage and lower overall mortality.29

Although LMWHs are more expensive on a per-unit basis, they may
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lower the total cost of treatment per episode of DVT. LMWH should
be continued for 4 to 5 days until the patient is therapeutic on war-
farin with an INR of 2.0 to 3.0.26

Two studies have compared the safety and efficacy of subcuta-
neous LMWH administered at home with intravenous heparin in the
hospital.30,31 These studies demonstrated equivalent safety and effi-
cacy. However, 30% to 60% of potentially eligible patients were ex-
cluded from the studies because of additional risk factors. A more
recent study compared treatment of DVT with LMWH in hospital
for 10 days vs. starting therapy at home.32 There was no significant
difference in outcome between the two groups; however, total costs
for the home treatment group were 56% less than the costs for the
hospital treatment group. Home-based treatment of DVT with
LMWH is becoming more common. Effective protocols for home
therapy with LMWH involve a multidisciplinary approach including
the physician, pharmacy, and home health nurse. Contraindications
to home treatment are listed in Table 7.4.33

After treatment with heparin or LMWH, anticoagulation is con-
tinued with warfarin. Warfarin should be started concurrently with
heparin or LMWH. The duration of warfarin therapy is controver-
sial.34 The ACCP guideline gives the following recommendations re-
garding duration of anticoagulation: 3 to 6 months for DVT associ-
ated with transient known risk (e.g., surgery), �6 months for
idiopathic DVT, and lifelong therapy for recurrent DVT or if asso-
ciated with a persistent risk factor.26 The dosage of warfarin is ad-
justed to maintain a prothrombin time approximately 1.5 times con-
trol or an INR of 2.0 to 3.0.26

Anticoagulation therapy carries substantial risk of hemorrhage.
Warfarin has a narrow therapeutic ratio and is a major cause of pre-
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Table 7.4. Relative and Absolute Contraindications to Home
Treatment of DVT

Concurrent pulmonary embolism
Active bleeding or high clinical risk for bleeding

Familial bleeding disorder
Thrombocytopenia
Severe liver disease

Hemodynamic instability
Limited cardiopulmonary reserve
Significant renal insufficiency
Pregnancy
Severe leg pain and swelling
Uncertain compliance or follow-up



ventable adverse drug reactions. Current recommendations suggest
daily measurement of the prothrombin time during initiation of war-
farin therapy. Once the INR is in the therapeutic range for two con-
secutive measurements, weekly monitoring is acceptable. The mea-
surement interval can be extended to 2 to 4 weeks for patients on
long-term anticoagulation with stable prothrombin times.26,33 Opti-
mal management of anticoagulation therapy requires a coordinated
program of patient education, drug–drug and drug–food interaction
detection, systematic adjustment of warfarin dosage based on pro-
thrombin times, fail-safe systems to communicate the recommenda-
tions to patients, and implementation of a patient registry. Organized
anticoagulation clinics are cost-effective and demonstrate superior
outcomes.35

Thrombolytic therapy for DVT has been investigated because it
theoretically could prevent postphlebitic syndrome by lysing the clot.
It may be appropriate for selected patients with massive iliofemoral
DVT. Unfortunately, studies of this therapy have shown a significant
increase in major hemorrhage and it is not generally recommended
for uncomplicated DVT.33,36
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8
Cerebrovascular
Disease
Michael H. Bross and 
David C. Campbell

Strokes are the third leading cause of death in the United States,
claiming about 160,000 Americans yearly. Each year over 730,000
Americans have a new or recurrent stroke.1 Two thirds of stroke sur-
vivors are impaired neurologically, with over four million Americans
suffering from stroke impairments. These stroke survivors have a
high risk of subsequent stroke, with about one third having another
stroke within 5 years. The costs of strokes, including both medical
care and lost productivity, have been estimated to be $30 billion 
annually.2

With the aging of our population, diseases that disproportionately
affect the elderly will assume increasing importance. The incidence
rate of first-ever stroke rises sharply with age, from 8.72 per 1000
person-years for individuals age 65 to 84 to 17.31 per 1000 person-
years for persons 75 years and older.3 Since women as a group live
longer than men, it is not surprising that over 60% of the stroke deaths
involve women.

African Americans have higher rates of both stroke incidence and
stroke death, nearly double that for whites. African Americans also
suffer from more severe impairments after strokes than other racial
groups in the United States.2 This high rate of strokes among African
Americans has led to the southeastern United States being referred
to as the “stroke belt.”



Pathogenesis
Stroke occurs when there is disrupted blood flow to an area of the
brain. The brain is perfused by anterior and posterior circulations.
The anterior circulation begins with the carotid arteries and perfuses
the anterior four fifths of the brain. The internal carotid arteries give
off the ophthalmic branch before terminating at the circle of Willis,
branching into the anterior and middle cerebral arteries. The poste-
rior circulation supplies only one fifth of the brain and is derived
from the vertebral arteries. The vertebral arteries first supply the cere-
bellum via the posterior inferior cerebellar arteries. The vertebral ar-
teries then join to form the basilar artery. The basilar artery branches
to form the posterior cerebral arteries that supply the occipital lobes.

Arterial and cardiac abnormalities4 (Fig. 8.1) often develop and
lead to ischemic stroke. The most common cause of ischemic stroke
is atherosclerosis of large and small arteries. When atherosclerois of
an arterial wall leads to thrombus formation, there is partial or com-
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Fig. 8.1. The most frequent sites of arterial and cardiac abnor-
malities causing ischemic stroke. (From Albers GW, et al,4 with
permission.)



plete disruption of blood flow (thrombotic stroke). The thrombus may
also dislodge and occlude a more distal artery (embolic stroke). Large
artery pathology commonly occurs in the aortic arch, carotids, and
major cerebral vessels. Small vessel atherosclerosis may involve in-
tracranial or penetrating arteries, with more focal or limited brain in-
jury occurring (lacunar stroke). The most common cardiac abnor-
malities leading to stroke are atrial fibrillation, valvular disease
(especially mitral stenosis), and poor ejection fraction. These cardiac
problems predispose to thrombus formation, with dislodged thrombi
(emboli) occluding cerebral vessels. Less common causes of isch-
emic stroke include drug use, arterial dissection, fibromuscular dys-
plasia, arteritis, hypercoagulable states, and migraines.

Hemorrhagic strokes comprise approximately 20% of total strokes
and are divided into intracerebral and subarachnoid types. Intracere-
bral hemorrhage is usually caused by hypertensive vascular disease,
with bleeding most often into the putamen, thalamus, pons, or cere-
bellum. Subarachnoid hemorrhage (SAH) is typically the result of
leaking from a saccular aneurysm, but may be secondary to an arte-
riovenous malformation or other vascular abnormality.

Risk Factors
Stroke risk factors5 (Table 8.1) have tremendous impact and are of-
ten additive in any given patient. Although several risk factors can-
not be modified, many of the risks are potentially controllable. Recog-
nition of risk factors and implementing effective interventions will
lessen the impact of strokes.

Age, gender, race, and family history as risk factors cannot be mod-
ified but are important to consider as the individual patient is treated.
A patient at high risk for a potentially devastating disease (as a stroke)
will warrant more aggressive preventive treatments. The risk of stroke
doubles every 10 years after age 55, with the net result of eight times
the risk of stroke by age 85. For similar age groupings, men have a
30% greater incidence of stroke than women. The high rate of strokes
in African Americans may be secondary to higher rates of several
risk factors, including hypertension, diabetes, smoking, poverty, and
sickle cell anemia. A family history of stroke or transient ischemic
attack (TIA) also increases stroke risk.

Several additional risk factors for stroke can be lessened with ap-
propriate interventions. Smoking more than doubles the stroke risk
as the result of accelerating atherosclerosis, raising blood pressure,
and lowering arterial oxygen. In women, smoking cessation for 2 to
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4 years largely decreases the risk of stroke to that of nonsmokers.6

In men, smoking cessation for 5 years markedly decreases the risk
of stroke, but former heavy smokers remain at significant risk for
stroke.7 Cholesterol reduction with the statin drugs reduces stroke
rate by almost 30%.8 Diabetes triples the stroke risk, with acceler-
ated atherosclerosis, hypertension, thrombosis, and hyperlipidemia.
For the diabetic patient, tight control of diabetes and lowering low-
density lipoprotein (LDL) cholesterol to �100 mg/dL are recom-
mended.9 In addition, diabetic patients have been found to have a
44% decrease in strokes with tight blood pressure control averaging
144/82.10

Carotid artery disease and peripheral vascular disease each triple
the stroke risk. With known vascular disease, antiplatelet therapy with
aspirin or ticlodipine (Ticlid) has been found to decrease nonfatal
strokes by about one third.11 A newer agent, clopidogrel (Plavix), has
been shown to be slightly more effective than aspirin for stroke pre-
vention in patients with vascular disease.12 In addition, the combi-
nation of low-dose aspirin and sustained release dipyridamole (Ag-
grenox) has been found more effective than aspirin or dipyridamole
alone.13 The surgical treatment of asymptomatic carotid artery dis-
ease remains controversial. The Asymptomatic Carotid Atheroslero-
sis Study compared medical treatment to carotid endarterectomy for
the treatment of patients with carotid artery stenosis of 60% or greater.
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Table 8.1. The Impact of Stroke Risk Factors

Male gender 1.3	 greater
African-American race 2	 greater
Age 65 (vs. 55) 2	 greater
Smoking 2	 greater
Diabetes 3	 greater
Carotid artery disease 3	 greater
Peripheral vascular disease 3	 greater
Age 75 (vs. 55) 4	 greater
Left ventricular hypertrophy 4	 greater
Previous heart surgery 4	 greater
Atrial fibrillation 6	 greater
Other heart disease 6	 greater
Blood pressure �140/90 6	 greater
Age 85 (vs. 55) 8	 greater
Previous transient ischemic attack (TIA) 10	 greater
Previous stroke 10	 greater

Source: National Stroke Association. Stroke risk factors and their im-
pact, 2001, with permission. Available at www.stroke.org.



High-risk patients, with respect to surgical risk and projected 5-year
survival, were excluded. The study found surgery patients have 5-
year risk reduction for ipsilateral stroke of 66% for men and 7% for
women. Women suffer higher perioperative complications than men.
For surgical benefit to occur, the carotid endarterectomy must be per-
formed with less than 3% perioperative morbidity and mortality.14 A
subsequent analysis of carotid endarterectomy surgery in Ohio found
that higher-volume hospitals have a 71% reduction in risk for 30-day
stroke or death compared to lower-volume hospitals.15 The physician
must therefore carefully present the risks and benefits of asympto-
matic carotid artery surgery to each affected patient.

Hypertension affects over 50 million Americans and is recognized
as the most important controllable risk factor. Since hypertension
rarely causes symptoms, it is often untreated. Less than 30% of treated
hypertensive patients have blood pressure less than 140/90.16 A pro-
longed decrease in diastolic blood pressure of only 5 mm Hg has
been found to decrease stroke risk by one third.17 Treatment of iso-
lated systolic blood pressure, 160 mm Hg or more, has been found
to decrease nonfatal stroke by 44% in persons 60 and older.18

Cardiac disease increases the risk of stroke by several potential
mechanisms. Although the direct effect of emboli from the heart is
the most recognized risk, the coexistence of atherosclerosis in the
heart and cerebral vasculature needs to be recognized. After myo-
cardial infarction, the risk of stroke is estimated to be 8.1% over the
following 5 years. Increasing age, lower ejection fraction, and ab-
sence of aspirin or anticoagulant treatment are risk factors for stroke.
For every 5% decrease in ejection fraction, there is an 18% increase
in the risk of stroke.19 Atrial fibrillation markedly increases stroke
risk, with the incidence of stroke averaging about 5% per year. Stroke
risk with atrial fibrillation increases with the coexisting risk factors
of increasing age, hypertension, diabetes, impaired left ventricular
function, mitral stenosis, and a large left atrium. If feasible, car-
dioversion to a sinus rhythm is recommended. Oral anticoagulation
with adjusted-dose warfarin (Coumadin) to achieve a target interna-
tional normalized ratio (INR) of 2.0 to 3.0 reduces the stroke rate by
two thirds for persistent atrial fibrillation.20,21 It has been found that
a combination of low-dose warfarin plus aspirin is not nearly as ef-
fective as adjusted-dose warfarin for the prevention of stroke.22 In
summary, atrial fibrillation patients over age 65 and atrial fibrillation
patients with one or more additional risk factors (hypertension, dia-
betes, prior stroke or TIA, mitral stenosis, or impaired left ventricu-
lar function) should strongly be considered for warfarin therapy to
achieve a target INR of 2.0 to 3.0. Aspirin or other antiplatelet ther-
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apy can be substituted for atrial fibrillation patients who cannot tol-
erate warfarin or are at low risk for stroke.23

Previous TIA and previous stroke confer very high risk for future
stroke, and is discussed in the following sections.

Cerebrovascular Ischemia
Cerebrovascular ischemia leads to specific signs and symptoms that
can help localize the site of brain involvement (Table 8.2). One of
the most important factors is to determine whether the anterior or
posterior circulation of the brain is involved. Compromise of the an-
terior cerebral artery leads to contralateral weakness and sensory loss,
with the leg more involved. Since the frontal lobe is injured, judg-
ment and insight are often impaired. Middle cerebral artery lesion
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Table 8.2. Common Clinical Findings with Vascular Lesions

Anterior cerebral artery
Contralateral paresis/paralysis/sensory deficits of leg greater than 

arm
Confusion, impaired judgment and insight
Primitive grasp and suck reflexes
Gait disturbance
Bowel/bladder incontinence

Middle cerebral artery
Contralateral paresis/paralysis/sensory deficits of arm and face 

greater than leg
Contralateral homonymous hemianopsia
Speech and language disorder (aphasia) with dominant hemisphere 

involvement
Contralateral visual neglect, contralateral sensory neglect, 

confusion, denial of deficit with nondominant hemisphere
involvement

Posterior cerebral artery
Contralateral homonymous hemianopsia
Visual hallucinations and trouble recognizing objects (visual 

agnosia)
Vertebrobasilar artery system

Diplopia, visual field deficits (homonymous and bilateral)
Vertigo, syncope
Dysarthria, dysphagia
Ataxic gait/limbs
Bilateral or alternating deficits (sensory and motor)



leads to contralateral weakness and sensory loss, with greater arm
and facial involvement. Speech and language are commonly involved
with the dominant hemisphere (usually the left hemisphere for right-
handed persons). Nondominant hemisphere injuries from the middle
cerebral artery commonly lead to symptoms of neglect (the patient
does not recognize stimuli to one side of the body). Injury to the pos-
terior circulation of the brain, or vertebrobasilar system, usually af-
fects the brainstem, cerebellum, and occipital lobe. A combination
of symptoms usually occurs, including diplopia, vertigo, dysarthria,
dysphagia, ataxic gait/limbs, and bilateral or alternating deficits.

Transient Ischemic Attack
Transient ischemic attack is defined as a focal cerebral ischemic event
that lasts less than 24 hours and leaves no residual neurologic deficit.
The annual incidence rate of TIA, a key predictor of future stroke,
rises sharply with age and is 41% of the annual stroke incidence
rate.24 The neurologic symptoms of a TIA usually occur suddenly,
without warning, and peak within minutes. Most TIAs last less than
6 hours. A full range of neurologic symptoms (Table 8.2) can occur
with TIAs, with common symptoms being unilateral weakness, apha-
sia, unilateral paresthesias, and partial or complete unilateral loss of
vision. Vertebrobasilar symptoms include dysarthria, diplopia, ataxia,
and vertigo. Hallucinations, tingling, scintillations, and rhythmic
shaking of an extremity may occasionally occur and make the diag-
nosis more difficult. Extremely brief neurologic symptoms that last
a few seconds and a sudden loss of consciousness without additional
neurologic symptoms are seldom due to a TIA. The light-headedness
associated with sudden change in position is most often due to pos-
tural hypotension.

If symptoms suggest a TIA, the physical examination and testing
are focused to identify an etiology. Embolic fragments from diseased
arteries or the heart are the most common etiologies. Arterial aus-
cultation may reveal bruits in the carotid, aorta, renal, and iliac ar-
teries. Other signs of advanced atherosclerosis may be found with ar-
terial narrowing by funduscopic exam and loss of peripheral pulses.
Duplex carotid ultrasound testing is a cost-effective way to screen
for significant carotid artery disease, whether or not a carotid bruit
is present.25 Cardiac disease can be detected by listening for the mur-
mur of mitral stenosis or aortic stenosis and the irregularly irregular
rhythm of atrial fibrillation. Electrocardiogram readily confirms atrial
fibrillation. Transthoracic two-dimensional echocardiography helps
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to reveal valvular disease and thrombi. Transesophageal echocardio-
graphy may be needed to detect small left atrial thrombi, a right to
left shunt, and ascending aorta atherosclerosis.

Endarterectomy for symptomatic carotid stenosis is beneficial for
patients with ipsilateral high-grade stenosis. The Medical Research
Council (MRC) European Carotid Surgery Trial recommends surgery
for stenosis 80% or greater.26 The North American Symptomatic
Carotid Endarterectomy Trial found definite benefit with surgery for
70% stenosis or greater and recommended consideration of surgery
for 50% to 69% stenosis. To achieve operative benefit with 50% to
69% stenosis, very low endarterectomy risks of �3% for disabling
stroke or death must be present.27

Chronic atrial fibrillation, mitral stenosis, and thrombi from myo-
cardial injury are best managed with anticoagulation. Warfarin is used
to achieve an INR of 2.0 to 3.0.

Ischemic Stroke
Initial Assessment
Symptoms that suggest stroke must be recognized quickly for effec-
tive treatment to occur. When blood supply to part of the brain is
compromised, the brain tissue that is most directly affected will be-
gin to die within minutes. The brain tissue surrounding the injured
area will be hypoperfused. This area of poor perfusion has been
termed “ischemic penumbra” and is at high risk for subsequent cel-
lular death. If the stroke is allowed to progress without timely inter-
vention, much of this ischemic penumbra will die and greatly in-
crease the impact of the stroke.

The clinical presentation of a stroke depends on the site of vascu-
lar occlusion (Table 8.2). Sudden weakness, confusion, trouble speak-
ing or understanding speech, trouble walking, and vision disturbances
are common symptoms. In addition, a severe headache and a sudden
decline in consciousness can also indicate stroke. It is important to
teach potential patients and their family members to recognize these
symptoms and immediately call 911 for timely intervention. Older
patients, the highest risk group, are the least knowledgeable about
stroke signs.28

The prehospital treatment of stroke is first focused on stabilizing
airway, breathing, and circulation. Oxygen is administered and an in-
travenous saline infusion started. Since hypoglycemia can produce
many neurologic symptoms, blood glucose is quickly checked. Glu-
cose is given intravenously if hypoglycemia is confirmed. The emer-
gency medical services system should be aware of which local hos-
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pitals are equipped to best handle acute stroke and transport to a well-
prepared hospital if possible.

Once the patient arrives in the emergency department, pertinent
history needs to be obtained. Discerning the time of stroke onset is
crucial; information might be provided by any eyewitnesses as well
as the patient. If the patient awakens with the symptoms of a stroke,
it must be inferred that the symptoms began when the patient fell
asleep. Additional key history items include recent trauma, recent
signs of illness (temperature, pain, chills, etc.), drug use (alcohol, il-
licit), medical history, and medications.

Vital signs are checked repeatedly to detect any instability. Ele-
vated blood pressure commonly occurs with an ischemic stroke and
may be partially protective, helping perfuse borderline areas. Unless
blood pressure consistently exceeds 220 mm Hg systolic or 120 mm
Hg diastolic, it should not routinely be treated. Coexisting illnesses,
such as myocardial infarction and heart failure, will require more ag-
gressive treatment of blood pressure. In addition, blood pressure
should be kept below 180 systolic and 110 diastolic if a thrombolytic
agent has been given. Elevation of temperature has been found to be
associated with more severe strokes and worse outcomes.29 Although
hypothermic treatment remains controversial, it is prudent to control
temperature elevation if possible. The neurologic exam seeks to un-
cover the most likely site of brain injury, with brief repeated exams
to detect changing neurologic status. Cardiovascular exam will de-
tect atrial fibrillation, aortic and mitral murmurs, carotid bruits, and
decreased or absent peripheral pulses. If a carotid bruit is heard on
the side corresponding to the symptoms, moderate or severe steno-
sis is more than twice as likely to be present.25 Ophthalmoscopy will
detect signs of long-standing hypertension, chronic diabetes, in-
creased intracranial pressure, and retinal emboli.

Initial diagnostic testing includes an electrocardiogram, pulse
oximeter monitoring, complete blood count, prothrombin time (PT)
with INR, partial thromboplastin time (PTT), serum electrolytes, glu-
cose, blood urea nitrogen (BUN), and creatinine. Preparations are im-
mediately begun for a non-contrast computed tomography (CT) of
the brain. This emergent CT scan is primarily helpful in detecting
any bleeding. In addition, local mass effect and ischemia may be seen
and help determine the site of injury.

Thrombolytic Treatment
Rapid diagnosis and assessment of stroke is crucial to allow for timely
thrombolytic treatment. If thrombolytic treatment with tissue-type
plasminogen activator (t-PA) (Activase) is given within 3 hours of
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symptom onset, it has been shown that partial or total stroke recov-
ery is 1.7 times more likely than in a placebo group.30 Outcome mea-
sures at 3 and 12 months are significantly better.30,31 In addition to
treatment within 3 hours, other inclusion and exclusion criteria must
be carefully noted32 (Table 8.3). It is especially important to exclude
bleeding with a CT scan before giving thrombolytic treatment. Since
the majority of physicians have difficulty consistently identifying
hemorrhage on a CT scan, enhanced training or telemedicine systems
may be necessary to widely implement stroke thrombolysis.33

Thrombolytic therapy is given at a dose of 0.9 mg/kg, with a 10%
bolus and the remainder over 1 hour. Aspirin and anticoagulants are
not given for the first 24 hours. If the repeat CT scan at 24 hours
shows no evidence of hemorrhage, aspirin or anticoagulants may be
started. Blood pressure should be maintained below 180 mm Hg sys-
tolic and 110 diastolic. Even with these precautions, intracranial hem-
orrhage occurs in over 6% of patients with thrombolytic treatment.30

If the patient exhibits any signs of hemorrhage, such as vomiting or
intense headache, thrombolytics/anticoagulants should be held and a
CT repeated immediately.

Treatment with intravenous thrombolysis should be limited to
within 3 hours of symptom onset, since treatment at from 3 to 5 hours
of symptom onset results in increased symptomatic intracranial hem-
orrhage and mortality.34 Intraarterial thrombolysis may become more
widely used in the future, as one study has found benefit with treat-
ment up to 6 hours after symptom onset with intraarterial prouroki-
nase for middle cerebral artery (MCA) occlusion.35

Additional Considerations
Most patients present with stroke after the therapeutic window for
thrombolysis has passed. Close monitoring reveals any signs of de-
terioration. It is important to correct electrolyte disturbances, hypo-
glycemia and hyperglycemia, hypoxia, and volume disturbances. Pa-
tients need to be kept NPO until good swallowing reflexes can be
demonstrated. A radiologic swallowing study is often necessary be-
fore oral feeding is resumed. The complications of immobility can
be minimized with appropriate bedding, frequent turning, good nu-
trition, and early rehabilitation. Deep vein thrombosis (DVT) pro-
phylaxis and aspiration precautions should be used.

Further evaluation is often necessary to determine the likely cause
of the stroke and exclude other diagnoses. A magnetic resonance
imaging (MRI) head scan with diffusion weighted imaging is very
sensitive for ischemia and may demonstrate stroke even when con-
ventional MRI and CT are negative. Carotid duplex ultrasonography
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will reveal extracranial disease up to the angle of the jaw. MRI an-
giography may be used in conjunction with ultrasound studies to im-
prove diagnostic sensitivity and specificity.36 CT and MRI angiog-
raphy are both effective for evaluation of intracranial vasculature.37

Cerebral angiography and digital subtraction angiography (angiogra-
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Table 8.3. Inclusion and Exclusion Criteria for Intravenous
Thrombolytic Therapy

Inclusion criteria
Ischemic stroke by clinical assessment
Persistent neurologic deficit beyond an isolated sensory deficit or 

ataxia
Cranial computed tomography (CT) negative for hemorrhage
Initiation of treatment within 3 hours after symptom onset

Exclusion criteria
Treatment initiated �3 hours after symptoms’ onset
Neurologic deficit is found to be rapidly improving, based on 

history or observation
A patient whose CT scan shows hemorrhage or hemorrhagic 

transformation of an infarct; exercise caution because the risks
associated with tissue-type plasminogen activator (t-PA) therapy
increase in patients with major early infarct signs revealed by CT
(e.g., substantial edema, mass effect, or midline shift); its use
should be weighted against the anticipated benefit

A patient taking oral anticoagulants or with prothrombin time (PT) 
�15 seconds

A patient receiving heparin within the preceding 48 hours who has 
a prolonged partial thromboplastin time (PTT)

A patient with platelet counts �100,000 per mm3

A patient with a pretreatment systolic blood pressure �184 mm Hg 
or diastolic pressure �110 mm Hg or if aggressive treatment is
required to reduce blood pressure to the specified limits prior to
thrombolytic therapy

A patient who has had prior stroke or any serious head trauma in 
the preceding 3 months

A patient who has had major surgery within the preceding 14 days
A patient with prior intracranial hemorrhage
A patient with gastrointestinal tract or urinary tract hemorrhage 

within the preceding 14 days
A patient with seizure at the onset of the stroke
A patient with symptoms suggestive of subarachnoid hemorrhage
A patient with arterial puncture at a noncompressible site within 

the previous 7 days

Source: National Stroke Association. Stroke the first hours: guidelines
for acute treatment, 2000, with permission. Available at www.stroke.
org.



phy using less contrast material) are invasive tests that may be indi-
cated if surgery is being considered. A repeat CT scan with intra-
venous contrast is often necessary to exclude a tumor or abscess. If
the posterior fossa portion of the brain is damaged, MRI provides
better visualization than a CT scanning. Suspected central nervous
system infection will require a lumbar puncture (after CT scanning).
An electroencephalogram (EEG) is indicated if seizures are a con-
sideration. Echocardiography is indicated if heart disease is present
or suspected. Transesophageal echocardiography is often helpful to
further clarify cardiac abnormalities, such as vegetations and thrombi.

A worsening clinical condition often prompts consideration of 
heparin therapy. Unfortunately, both intravenous low molecular
weight heparin and subcutaneous heparin have failed to reduce re-
current strokes and increase hemorrhagic strokes.38,39 If the stroke is
the result of suspected emboli from atrial fibrillation or a poor ejec-
tion fraction, warfarin is recommended but only after the stroke has
stabilized.

Early therapy with aspirin after an acute stroke has been shown to
decrease future strokes and mortality, with no significant increase in
hemorrhagic strokes.39,40 Since aspirin dosing at 81 or 325 mg daily
is more effective than higher doses, a practical approach is to ad-
minister one adult aspirin (325 mg) daily.41

Hemorrhagic Stroke

Subarachnoid Hemorrhage
A subarachnoid hemorrhage is usually the result of leaking from a
ruptured saccular or “berry” aneurysm. An aneurysm forms when
there is a weakness, either congenitally or acquired, at an arterial bi-
furcation. The classic location of these aneurysms is in the circle of
Willis. Arteriovenous malformations (AVMs) account for most of the
remaining cases of SAH.

Clinically the patient has sudden onset of a severe headache, of-
ten described as “the worst headache of my life” or a “thunderclap
headache.” Nausea, vomiting, photophobia, and meningismus are
characteristic. Focal neurologic symptoms, such as ptosis or diplopia,
may result from cranial nerve compression. The patient will often
lapse into a coma as intracranial pressure rises abruptly.

In some patients, a small leaking from the aneurysm may occur
before a catastrophic rupture. This “sentinel leak” characteristically
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causes severe headache, nausea, and vomiting, and may be mistaken
for a migraine headache. Nuccal rigidity may or may not be present.
The physician is cautioned to consider a sentinel leak whenever a pa-
tient develops a new headache that is excruciating or a different type
of headache than ever before.

Diagnosis of SAH can be made by CT scan in about 90% of pa-
tients by finding blood in the basal cisterns. If the CT scan does not
show blood and there is no impending herniation, a lumbar puncture
should be performed to reveal cerebrospinal fluid (CSF) blood. A
traumatic tap can usually be separated from a SAH, since the blood
clears from a traumatic tap by the third tube of CSF. A tube of CSF
should be centrifuged immediately to detect xanthochromia (from an
earlier bleed).

Once SAH is diagnosed, immediate neurosurgical consultation is
recommended. For surgical candidates, cerebral angiography is used
to determine the site and size of the bleeding. The timing of an-
giography and surgery are best determined by the neurosurgeon. Early
clipping of a ruptured aneurysm prevents further bleeding but has
high mortality if vasospasm has begun. Vasospasm occurs in most
SAH patients and produces strokelike symptoms. Nimodipine, a cal-
cium channel blocker, decreases morbidity and mortality from
SAH.42

Intracerebral Hemorrhage
Intracerebral hemorrhage typically occurs with activity. There is a
sudden onset of severe headache, nausea, and vomiting. Focal neu-
rologic deficits, seizures, and mental status changes are common.
Blood may extend into the ventricles and subarachnoid space, caus-
ing nuccal rigidity. With extensive hemorrhage, patients will lapse
into coma. Unfortunately, most patients do not have warning signs.
There is usually a history of long-standing hypertension with vascu-
lar disease. Other causes of intracranial hemorrhage include trauma,
tumor, arteriovenous malformation, and amyloid angiopathy.

Hemorrhage location is categorized as lobar or nonlobar, with non-
lobar hemorrhage usually originating in the putamen, thalamus, pons,
or cerebellum. Surgical interventions have been disappointing with
supratentorial hemorrhage.43 With large cerebellar hemorrhage or an
infarction, rapid brainstem compression can occur. Surgery has been
successfully utilized with these cerebellar injuries.44

The long-term prognosis of hypertensive intracerebral hemorrhage
is reasonably good if the patient survives the acute hospitalization,
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with a study finding over 90% of survivors ambulatory after an av-
erage of 2.5 years.45 Surviving patients are at increased risk for both
ischemic and hemorrhagic stroke, with a slightly higher rate of isch-
emic stroke than recurrent hemorrhagic stroke.46 Although an-
tiplatelet therapy remains controversial, additional stroke prevention
measures appear warranted.

Strokes in Children and Young Adults
Strokes in children and young adults have some important differences
from strokes in older adults. Newborn strokes often present with
seizures as the sole manifestation. Perinatal asphyxia and meningitis
must be considered. Strokes in children age 1 to 15 are often due to
cyanotic heart disease, moyamoya, or a prothrombotic state. The most
common prothombotic condition is sickle cell hemoglobinopathy.47

Young-adult strokes are often the result of a right-to-left atrial shunt,
carotid or vertebrobasilar dissection, a hypercoagulable state.47 A
patent foramen ovale (PFO) can be revealed by a transesophageal
echocardiogram with a “bubble test.” Hypercoagulation can be re-
vealed by testing for protein S deficiency, protein C deficiency, an-
tithrombin III deficiency, and antiphospholipid antibodies. In addi-
tion, toxicology studies for drugs of abuse are often warranted.

Recovery and Rehabilitation
The most dramatic improvement following stroke occurs in the first
few weeks, and most measurable neurologic recovery occurs in the
first 3 months. Reduction of edema, re-covery of local circulation,
and resolution of metabolic factors are thought to account for the
early recovery, while functional reorganization (plasticity) of the cen-
tral nervous system is responsible for continuing recovery.

An understanding of the anticipated stages of recovery of motor
function is important in accessing the progress of an individual pa-
tient. Brunnstrom48 described six sequential stages of recovery in
hemiplegia. The clinician may observe some variability at each stage,
and must remember that some patients will plateau short of full re-
covery. Immediately following the acute episode there is a period of
flaccidity, and no movement of the limb can be elicited (stage 1). As
recovery begins, minimal voluntary movement responses may be
present and spasticity begins to develop (stage 2). During this stage,
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basic limb synergy patterns may be appear as associated reactions.
Synergy patterns are primitive movement patterns associated with
spasticity. The synergy patterns include both flexion and extension
components, and can be seen in both the upper and lower extremi-
ties. Typically the strongest components of these patterns include el-
bow flexion, shoulder adduction, and forearm pronation of the upper
extremity, and hip flexion and adduction, knee extension, and ankle
plantarflexion of the lower extremity.49 Associated reactions are ab-
normal, automatic responses in the involved limb resulting from ac-
tion occurring in some other part of the body, such as yawning, sneez-
ing, or stretching. In stage 3 the patient gains voluntary control of
the movement synergies. Spasticity increases and may be severe.
Stage 4 is marked by a decline in spasticity and mastery of some
movement combinations that do not follow the paths of either flex-
ion or extension synergy. If progress continues, more difficult move-
ment combinations are mastered in stage 5 and the primitive limb
synergies lose their dominance over motor acts. For those who
progress to the disappearance of spasticity (stage 6), individual joint
movements become possible and coordination improves toward 
normal.

Rehabilitation should be initiated as soon as possible after the
stroke has been diagnosed. If the patient is medically stable, reha-
bilitation can begin in the hospital within 48 to 72 hours after the
stroke has occurred. The rehabilitative process should begin in the
hospital, but will continue through some combination of specialized
rehabilitation units, outpatient or home therapy, or through stays at
long-term-care facilities that provide therapy and skilled nursing care.

The Agency for Health Care Policy and Research of the United
States Department of Health and Human Services has published clin-
ical practice guidelines for post-stroke rehabilitation that stress four
basic principles of stroke rehabilitation.50 The first principle involves
the importance of a multidisciplinary care team approach to rehabil-
itation. While the specific rehabilitation professions involved will
vary according to the needs of the individual patient, the team will
typically include the family physician, a physiatrist, a neurologist,
and possibly specialty consultants and psychiatry. Other critical team
members include the physical therapist, occu-pational therapist, re-
habilitation nurse, and possibly a recreational therapist, speech and
language therapist, social worker, and dietitian. Effective teamwork
is challenging and requires clarity of roles and responsibilities, pos-
itive leadership, good communication, and strong commitment to the
process.
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The second basic principle of rehabilitation requires completion and
documentation of thorough and consistent ongoing assessment
throughout the rehabilitation process. Repeated clinical examinations
and use of standardized instruments are key elements of this assess-
ment process, which should monitor neurologic deficits and medical
problems as well as physical, cognitive, psychological, and commu-
nication disabilities. The validity, sensitivity, and reliability of the as-
sessment tools are critical so that progress can be measured accurately,
and adjustments in the rehabilitation program made appropriately.

Continuity of care is the third basic principle of rehabilitation. As
noted above the typical patient’s rehabilitation will move from the
inpatient setting to either a skilled nursing or rehabilitation facility,
and, it is hoped, to home and either home or outpatient therapy. The
patient’s family physician may be the only member of the rehabili-
tation team to follow the patient from one setting to another. To re-
duce the risk of gaps in care when the transition from one facility to
another takes place, close communication involving the providers and
the family is critical. Transfer of all relevant clinical information in-
cluding the ongoing patient assessments discussed earlier must occur.

The fourth basic principle of rehabilitation is involvement of the
patient and the family in rehabilitation decisions. Throughout the re-
habilitation process decisions about the determining rehabilitation
goals, selection of a rehabilitation settings and interventions, and ul-
timately decisions about home care or long-term facility placement
should involve the patient and their family whenever possible. Once
again, the family physician may be the key individual that the fam-
ily and patient look to for the information they will need to partici-
pate in these decisions.

Once the stroke patient is discharged from the inpatient rehabili-
tation program, it is recommended that a visit with the primary physi-
cian should take place within the first month and at regular intervals
during the first year. Continued monitoring of the patient’s physical,
cognitive, and emotional functioning and integration into the family
and social roles is especially important. The family physician should
direct the patient toward risk factor reduction. If the patient was on
platelet inhibiting therapy with aspirin prior to the stroke, this repre-
sents an aspirin failure and use of an alternative agent should be 
considered.

In addition to working with the rehabilitation team to monitor the
patient’s physical recovery, the primary physician should also closely
monitor the patient’s emotional state. Frustration with difficulty in
communicating, moving, and functioning will take an emotional toll
on the stroke patient. Depression may occur in even mildly impaired
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patients and is most likely to manifest between 6 months and 2 years
after the event. It has been noted that depression is more frequent
and more severe in patients with lesions of the left hemisphere com-
pared to patients who had right hemisphere or brainstem lesions, sug-
gesting that the etiology of post-stroke depression may involve more
than just the psychological reaction to disability.
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9
Cardiovascular
Emergencies
William J. Hueston and 
A. Kesh Hebbar

Cardiac disease accounts for the largest proportion of deaths in the
United States. Many patients with underlying cardiac problems pres-
ent to family physicians with conditions that can lead to death if not
properly evaluated and treated. This chapter examines several car-
diac emergencies that may be encountered by patients in a primary
care practice.

Syncope
Syncope refers to transient loss of consciousness with loss of motor
tone. Near-syncope generally refers to patients who lose some mo-
tor activity and have a decreased level of consciousness, but do not
completely pass out. These conditions are frightening to patients and
their family and usually result in patients’ seeking care immediately.
In one series, syncope-related problems accounted for 3% of all emer-
gency department visits and 6% of all general medical hospital 
admissions.

Syncope can be the symptom of many different conditions in-
cluding multiple noncardiac conditions. However, syncope associ-
ated with cardiac problems carries a much higher risk of subsequent
death than when caused by other noncardiac diseases. In a prospec-
tive study of patients identified with syncope, it was found that pa-



tients whose syncope was linked to a cardiac cause had a 1-year mor-
tality of 30% compared to 12% when a neurologic diagnosis was
made and 6% with syncope from unknown causes.1 For this reason,
the identification of a cardiac problem contributing to syncope is 
important.

The causes of syncope can be divided into three broad categories:
cardiac, neurologic, and other. A list of causes of syncope is shown
in Table 9.1.1,2 This chapter focuses on cardiac causes of syncope
and cardiac medications that can result in syncope.

Pathophysiology and Differential Diagnosis
The symptom of syncope usually develops as a result of transient de-
creases in oxygen delivery to the neurologic centers that control con-
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Table 9.1. Causes of Syncope

Cardiac syncope
Dysrhythmias

Ventricular tachycardia
Supraventricular tachycardia
Sick-sinus syndrome
Sinus pause
Complete heart block

Cardiac ischemia
Myocardial infarction
Aortic stenosis
Hypertrophic cardiomyopathy

Obstruction of inflow/outflow
Pulmonary embolism
Aortic dissection
Atrial myxoma
Pericardial tamponade

Neurogenic syncope
Vasovagal syncope
Vascular obstruction

Subclavian steal syndrome
Vertebral-basilar transient ischemic attacks

Carotid hypersensitivity
Autonomic neuropathies

Other
Idiopathic orthostatic hypotension
Hypovolemia
Medications
Hyperventilation
Psychiatric syncope/conversion reaction



sciousness. Any cardiac, circulatory, or neurologic condition that re-
duces perfusion to this area of the brain can cause syncope. In a
prospective trial of 204 patients presenting with syncope in the early
1980s, Kapoor and colleagues1 were able to classify 26% as having
cardiac problems and another 26% with noncardiac conditions that
caused their symptoms. In the remaining 48%, no cause could be
found despite extensive investigation.2

Cardiac Syncope
Cardiac causes of syncope lead to a reduction in cardiac output that
results in decreased perfusion of the brain. This includes cardiac dys-
rhythmias, cardiac ischemia, and obstruction to cardiac outflow.

The most common cause of transient reductions in cardiac out-
flow is an acute dysrhythmia. Of the types of rhythm disturbances,
nonsustained ventricular tachycardia is the most common dysrhyth-
mia associated with syncope. Since ventricular tachycardia can oc-
cur in association with ischemia, patients may have reduced cardiac
output preceding the onset of the rhythm disturbance. The other dys-
rhythmia frequently resulting in syncope is sick sinus syndrome
(tachycardia-bradycardia syndrome). In this instance either the tachy-
cardic phase or the bradycardic phase can result in transitory de-
creases in cardiac output.

Ischemia also should be considered in the patient presenting with
syncope (also see Chapter 2). The ischemic event can result in myo-
cardial infarction or can be transient such as that occurring with aor-
tic stenosis. Both of these possibilities should be entertained espe-
cially when the syncope is associated with exercise in a patient with
risk factors for valvular or atherosclerotic disease. In younger pa-
tients, another potential for ischemic-related syncope is hypertrophic
cardiomyopathy. Young individuals with exercise-induced syncope
should be carefully evaluated for the possibility of hypertrophic car-
diomyopathy before being allowed to participate in sports or other
exertional activities.

Obstructive cardiac conditions resulting in syncope are uncommon.
The most common obstructive cause of syncope is pulmonary em-
bolism. Another emergent cause of syncope that obstructs cardiac
filling is cardiac tamponade. In addition, rare cardiac abnormalities
can cause syncope. These include atrial myxomas that may obstruct
blood flow through the mitral valve, cardiac tumors that can obstruct
valvular flow, and thoracic aortic dissection, which can obstruct blood
flow to the cerebral vessels. Finally, cardiac tamponade can restrict
cardiac filling and result in decreased cardiac output.
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Other Causes of Syncope
A variety of neurologic conditions can cause syncopes. These include
posterior circulation transient ischemic attacks, vasopressor/vasova-
gal syncope, and carotid hypersensitivity. Additionally, seizures can
mimic syncope. If the syncopal episode is witnessed, tonic-clonic
motor activity can indicate an underlying seizure disorder. If the
episode is not witnessed, a generalized seizure should remain in the
differential diagnosis until a cause is found.

Other nonneurologic conditions to consider that can be associated
with syncope include decreased intravascular fluids that occur with
hemorrhage or profound dehydration. In addition, psychiatric condi-
tions also should be considered, especially when the syncope tends
to occur in dramatic fashion and always in the presence of onlook-
ers. Psychiatric problems such as hyperventilation also can cause the
loss of consciousness.

Some common associated findings with each disorder are shown
in Table 9.2.3

Evaluation
The most important aspects of the evaluation are the history, physi-
cal examination, and electrocardiogram testing. These three tech-
niques have been found to yield the diagnosis in about 50% of cases
of syncope.4

History
As part of a comprehensive history of the event and general health
of the patient, several areas should be emphasized. The occurrence
of prodromal symptoms and what these symptoms were like may be
useful in suggesting a potential cause for the syncope. Generally, neu-
rologic or neurovascular events occur with little warning. Vasovagal
syncope often produces a prodrome that includes flushing, sweating,
nausea, and anxiety. Some cardiac dysrhythmias are associated with
palpitations, but many, such as ventricular tachycardia, may occur
without warning; thus, palpitations can be a specific indicator of a
cardiac source, but is not very sensitive.

The specific circumstances surrounding the syncope also should
be determined. As indicated earlier, events that occur when the neck
is turned or compressed or associated with micturition, cough, or
straining may indicate carotid hypersensitivity. Orthostatic hypoten-
sion occurs with standing or other sudden position changes. Subcla-
vian steal is associated with upper extremity use.
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The occurrence of syncope with exertion is worrisome and raises
the possibility of ischemic heart disease from either fixed vessel ob-
struction or aortic stenosis. Younger patients with syncope or near-
syncope during athletic activities should be evaluated for hyper-
trophic cardiomyopathy.

Past medical history is important to assess the presence and risk
factors for atherosclerotic disease. In addition, a number of drugs are
associated with syncope (Table 9.3), so a complete medication his-
tory is essential.1,2 A family history of syncope, sudden death (es-
pecially at a young age, as frequently occurs in hypertrophic car-
diomyopathy), and other illnesses might suggest specific conditions.

In addition, information from an onlooker about what happened
during the event may be useful. In particular, the presence of tonic-
clonic motor activity may differentiate seizure activity from syncope.
Furthermore, information about how the individual fell and his or her
activity while “passed out” can be useful in identifying patients with
psychiatric syncope.
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Table 9.3. Drugs Associated with Syncope

Vasodilating agents
Nitrates
Calcium channel blockers
ACE inhibitors
Minoxidil (topical and systemic)
Alpha-blocking agents

Psychoactive drugs
Tricyclic antidepressants
Phenothiazines
MAO inhibitors

Drugs lengthening the QT interval
Type I (quinidine, procainamide, disopyramide, flecainide, 

encainide)
Sotalol
Amiodarone

Diuretics
Others

Alcohol
Cocaine
Digitalis
Vincristine and other neuropathic drugs
Marijuana

ACE � angiotensin-converting enzyme; MAO � monoamine oxidase.
Source: Kapoor,2 with permission.



Physical Examination
A careful physical examination can help confirm some of the condi-
tions suspected from the history. Assessment of the blood pressure
in both arms while lying, sitting, and standing with simultaneous mea-
sure of the pulse is very useful. Blood pressure testing can reveal or-
thostasis (with or without pulse increases) and may detect differences
in left and right arm blood pressures suggestive of subclavian steal.

Attention to the carotid arteries should include listening for bruits
and palpating the pulse. In addition, gentle carotid massage can be
useful in assessing for carotid hypersensitivity. Carotid pressure
should be avoided if bruits are present to reduce the risk of causing
a cerebrovascular embolism with massage. In addition, in patients
with a high likelihood for carotid hypersensitivity, intravenous ac-
cess may be warranted to treat the resulting sinus pause or third-
degree atrioventricular (AV) block (also see Chapter 3).

The cardiac examination is important as well. Determination of the
resting heart rate and any rhythm disturbances can be signs of a rate
problem. The presence of murmurs may signal aortic stenosis or other
valvular heart disease (see Chapter 4). The emergence of a murmur
or accentuation of a soft aortic murmur while the patient does a Val-
salva maneuver and the physician listens over the aortic outflow tract
may indicate hypertrophic cardiomyopathy. A pericardial rub can in-
dicate restrictive pericarditis.

Other Testing
Evaluation of the patient with syncope can be performed on an out-
patient basis if the patient has not suffered any injury from the fall,
has not had recurrent episodes, and is at low risk for ischemic car-
diac events or malignant dysrhythmias. This description would most
often apply to young healthy individuals for whom this is an isolated,
brief episode with full recovery and no injury. Young healthy pa-
tients with clear antecedents to the event that suggest a clear cause,
such as vasovagal syncope, may require no additional workup for a
single event.

Initial evaluation of the patient with syncope should include an
electrocardiogram (ECG) to establish the cardiac rhythm and assess
for signs of cardiac injury or syncope. If the history is suggestive of
a cardiac rhythm disturbance and the initial ECG is normal, further
evaluation with a Holter monitor is indicated. If patients experience
multiple near-syncope episodes, consideration may be given to an
event recorder rather than Holter monitoring, especially if the events
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are not frequent and are likely to be missed over the 24- or 48-hour
period that the Holter monitor is in place.5

Patients at risk for ischemic events should have cardiac enzymes
determined to rule out myocardial infarction. For patients with syn-
cope related to exertion, further evaluation for ischemia is warranted
with a cardiac stress test.

An echocardiogram may be useful in patients with a rub or mur-
mur. Echocardiography will allow for visualization of the valves, and
Doppler flow can estimate whether significant pressure gradients ex-
ist across the heart valves. Additionally, the echocardiogram may de-
tect areas of previous myocardial injury or hypertrophy, and it eval-
uates the pericardium.

Routine brain imaging is not likely to be useful in patients with-
out carotid bruits, no other neurologic symptoms, and a normal neu-
rologic examination. Without evidence of motor activity during the
event, electroencephalograms are not likely to be helpful.6

For patients in whom the previous evaluation has been unreveal-
ing, two additional types of evaluations may be indicated. In patients
with suspected or known cardiac disease or whose history is sug-
gestive of a cardiac dysrhythmia, further evaluation with electro-
physiologic (EPS) testing may be indicated. In several studies of pa-
tients with cardiac disease and unexplained syncope, EPS testing
uncovered a presumptive cause for the syncope in 18% to 75% of
cases.3 Treatment of syncope in these cases resulted in a cessation
of symptoms in 75% to 85% of patients. In contrast, in patients with-
out cardiac disease, response to treatment ranges from 12% to 20%
suggesting that EPS abnormalities uncovered in these individuals
were not causing the symptoms.

Patients in whom a vagally mediated mechanism is suspected can
be evaluated using the head-up tilt test. The tilt test involves posi-
tioning of the tilt table at a 60- to 80-degree angle for 10 to 60 min-
utes supplemented with the infusion of isoproterenol. A recurrence
of symptoms in this circumstance is usually indicative of vasovagal
syncope. The tilt test is most useful in patients with recurrent symp-
toms but no evidence of suspected cardiac disease in whom other
evaluations have been unfruitful.

In some patients, psychiatric evaluation is indicated. Psychiatric
problems can be uncovered in as many as 25% of patients who have
recurrent syncope.4 Patients at higher risk for psychiatric disorders
include those in whom syncope is also witnessed and is dramatic,
who have had five or more episodes in 1 year, and have other sus-
pected underlying psychiatric disorders.
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Management
Because syncope is a symptom, appropriate management includes
identifying the underlying cause and providing effective therapy.

The most important types of syncope to treat are those associated
with dysrhythmias and with ischemic heart disease. Once a cardiac
problem has been established as the cause of the syncopal episodes,
further evaluation with EPS testing and evaluation for underlying 
ischmic heart disease may be warranted. Control of potential malig-
nant dysrhythmias such as ventricular tachycardia or supraventricu-
lar tachycardias with ischemia are essential to prevent sudden death.

A second important aspect in managing syncope is to avoid drugs
that can exacerbate orthostasis or contribute to depressed sinus or AV
nodal function. Patients who are currently taking these medications
should be offered trials of alternatives that may not cause as much
orthostatic hypotension. Patients who are prone to orthostasis should
be advised to remain well hydrated and avoid situations where they
may lose excessive fluids without adequate replacement, such as long
hikes in hot, dry environments. Wearing elastic hose to prevent ve-
nous pooling and intermittently contracting the leg muscles to pro-
mote venous return also may be helpful.7

Syncope in Children and Adolescents
Syncope also is a common symptom in children and adolescents.
Some studies estimate that up to 20% of all children or adolescents
will have at least one fainting episode before reaching adulthood.8

The challenge for the physician is to differentiate when these episodes
are due to benign causes such as breath-holding or hyperventilation
and when they signal more serious problems.

In one small study of pediatric patients presenting to an emergency
department with syncope, over half of all patients with syncope had
a vasovagal attack.9 In all patients except the 9% in which the cause
remained unknown, a benign reason was identified for the attack.

While syncope from serious illness is uncommon in children, there
are some warning signs of cardiac disease that should prompt a more
thorough investigation8 (Table 9.4). These include syncope that oc-
curs when the patient is lying down or with no forewarning, syncope
provoked by exercise, episodes accompanied by chest pain or palpi-
tations, and loss of consciousness for more than 5 minutes. In addi-
tion, children or adolescents who have a family history of cardiomy-
opathies, sudden death, or aortic stenosis should be evaluated more
extensively.
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Cardiogenic Shock
Traditional classification of shock states has been based on broad but
discrete hemodynamic defects. These categories include hypovolemic
shock (e.g., hemorrhage, gastroenteritis), obstructive shock (acute
pulmonary embolism), distributive shock (anaphylactic and septic
shock), and cardiogenic shock. Survival from shock states is depen-
dent on the initial resuscitative efforts to establish tissue perfusion
and reverse the underlying etiologic process. Table 9.5 lists the ma-
jor hemodynamic patterns seen in each of these shock states.

The most frequent cause of cardiogenic shock is acute myocardial
infarction (AMI). Anterior MI is by far the most common type of in-
farction precipitating cardiogenic shock. In the case of an acute an-
terior wall MI, left anterior descending artery occlusion is usually de-
tected. Lateral wall MIs are not often associated with cardiogenic
shock. Inferior MI alone infrequently causes shock.

In the past cardiogenic shock was reported to occur in up to 15%
to 20% of individuals with AMI, but with the advent of thrombolytic
therapy the incidence has decreased to about 7%.10,11 The majority
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Table 9.4. Factors Associated with Cardiac-Induced Syncope 
in Children

Attack when recumbent
Little or no prodrome preceding attack
Attack associated with exercise
Unconsciousness lasting more than 5 minutes
History of cardiac disease in family member
History of sudden death in family member

Table 9.5. Classification of Types of Shock

Type of shock CI SVR PVR PaOP

Cardiogenic shock, � � N �
e.g., AMI

Hypovolemic shock � � N �
Distributive shock, e.g., � N N–�

septic shock
Obstructive shock, e.g. � �–N � N–�

pulmonary embolism

AMI � acute myocardial infarction; CI � cardiac index; SVR � systemic
vascular resistance; PVR � pulmonary vascular resistance; PaOP � pul-
monary artery occlusion pressure; N � normal; � � increased; � �
decreased.



of patients do not present initially in shock but develop this state dur-
ing hospitalization and usually it is due to an infarct extension. The
differential diagnosis of cardiogenic shock is summarized in Table 9.6.

Pathophysiology
Obstruction of coronary blood flow produces myocardial ischemia.
Ischemia causes myocardial wall dysfunction, which is reversible if
blood flow is reestablished. During these brief episodes of wall dys-
function, pulmonary edema may develop. However, wall motion ab-
normalities abate with restoration of blood flow, so heart failure usu-
ally responds to the usual aggressive management.

In acute MI, ischemia is not relieved. This results in cell necrosis.
Loss of myocardial muscle results in irreversible impairment in myo-
cardial contractility and ventricular performance. The resulting de-
cline in cardiac output reduces arterial blood pressure and coronary
perfusion pressure. This in turn leads to further cardiac ischemia and
extension of the necrosis.

Cardiogenic shock often involves multivessel disease with sub-
stantial amount of myocardial damage. At autopsy more than two
thirds of patients with cardiogenic shock demonstrated stenosis of
75% or more of luminal diameter of all three major coronary vessels
and exhibited necrosis of at least 40% of the left ventricle.12,13

Diagnosis
The criteria for the diagnosis of cardiogenic shock include evidence
of myocardial wall motion abnormalities combined with (1) hy-
potension with systolic blood pressure less than 90 mm Hg for at
least 30 minutes and the need for vasopressors; (2) clinical evidence
of end-organ dysfunction, e.g., cool clammy skin, altered mental sta-
tus, oliguria (less than 20 mL/h); or (3) confirmatory hemodynamic
features, i.e., pulmonary capillary wedge pressure (PCWP) �15 mm
Hg and cardiac index �2.2 L/min/m2.

9. Cardiovascular Emergencies 215

Table 9.6. Differential Diagnosis of Cardiogenic Shock

Acute myocardial infarction
Septal wall rupture
Dilated cardiomyopathy
Myocarditis
Pericardial tamponade
Right ventricular failure
Arrhythmias



In evaluating patients with cardiogenic shock, it is important to ex-
clude mechanical complications (e.g., septal rupture, papillary mus-
cle rupture, right ventricular infarction) because they may need ur-
gent operative intervention. These complications can be detected
quickly by echocardiography or angiography.

Management
When cardiac shock occurs, immediate resuscitative measures should
be undertaken. Oxygenation should be optimized with obtaining a
PaO2 over 60 mm Hg as the goal. Noninvasive ventilation with bilevel
positive airway pressure (BiPAP) or intubation and mechanical ven-
tilation may be needed to achieve appropriate oxygenation. Fluid
management should be carefully titrated to maintain filling pressure
of the left ventricle but avoiding fluid overload. The hematocrit
should be maintained at or greater than 30% to improve oxygen de-
livery to the myocardium.

Vasopressors and inotropic therapy are usually used in the man-
agement of cardiogenic shock, but should be considered as support-
ive and not curative. Supportive therapy without attempts to attain
reperfusion does not appear to improve prognosis.

Vasoconstricting agents useful in the management of cardiogenic
shock include dopamine, dobutamine and norepinephrine. Dopamine
can be used at doses ranging between 5 and 20 �g/kg/min. Low doses
help in renal and splanchnic blood flow by vasodilation (2–3
�g/kg/min). At doses of 4 to 6 �g/kg/min dopamine increases car-
diac contractility and at higher doses (�10 �g/kg/min) increases
blood pressure by activation of peripheral �-receptors. Dobutamine
is a powerful inotropic agent and also reduces afterload by periph-
eral vasodilation. The dose of dobutamine is titrated for effect. The
usual starting dose is 2 to 5 �g/kg/min and can be increased to 20
�g/kg/min. Norepinephrine also has �- and �-adrenergic activity and
a potent vasoconstricting agent. Among these agents, dopamine is
usually preferred because of the multiple effects that can be obtained
simply by altering the infusion rate.

Intraaortic balloon pump counterpulsation (IABP) is another op-
tion to assist ventricular function and usually is performed on pa-
tients who do not respond to medical therapy. The balloon is in-
serted percutaneously via a femoral catheter and floated to the
proximal aorta. The balloon then fills during diastole and deflates
during systole. The function of the balloon is controlled electroni-
cally and is synchronized with the cardiac cycle. IABP is not a per-
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manent solution, but allows for patient transfer to another facility
and gives physicians time to initiate revascularization procedures to
reverse ischemia. IABP has consistently been shown to lower in-
hospital mortality.14

The key to treatment is obtaining revascularization of the threat-
ened myocardium so that myocardial wall function is improved. This
can be achieved either surgically or, for patients who present early
in the process of an infarction, through clot lysis using a thrombolytic
agent. Patients receiving either thrombolytic therapy or IABP have
lower mortality rates than those not receiving these therapies. Com-
bining the two approaches appears to confer even greater benefit than
either alone.15

Even with aggressive management, outcomes for cardiogenic
shock are poor. The randomized international SHOCK trial (should
we emergently revascularize occluded coronaries for cardiogenic
shock) assessed the effects on 30-day mortality of a direct invasive
strategy (emergency early revascularization) compared with initial
medical stabilization (including thrombolysis and IABP).16 Overall,
the trial enrolled 302 patients and showed no significant difference
in the 30-day mortality for patients treated with early intervention
compared to those who were treated with initial medical stabiliza-
tion. However, when the trial looked at the subset of patients under
the age of 75, early revascularization did show significant benefits.
In this group, early revascularization was calculated to save 13 lives
per 100 patients under age 75.

Sudden Cardiac Death (SCD)
According to the most widely used estimates, between 300,000 and
400,000 people die of sudden cardiac death in the United States every
year.17 Two age-related peaks occur: between 5 and 6 months of age
and between 45 and 75 years of age.

In adults, coronary heart disease is by far the structural basis for
at least 80% of SCD. Consequently, those at highest risk for coro-
nary heart disease, such as men, are at higher risk for SCD. Addi-
tionally, poor cardiac function is a risk factor for SCD. In fact, an
ejection fraction equal to or less than 30% is the single most power-
ful predictor for sudden cardiac death.18

It is important to have an understanding of the other causes of sud-
den cardiac death because recognizing them may be lifesaving. Table
9.7 reviews the causes of SCD.
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Sudden Cardiac Death in Infants, Children, 
and Adolescents
An estimated 5,000 to 7,000 children die suddenly in the United
States annually; this does not include the 5,000 to 7,000 deaths from
sudden infant death syndrome (SIDS).19 Those at highest risk are pa-
tients with congenital heart disease who have structural abnormali-
ties that cannot be fully corrected. The development of severe pul-
monary hypertension (Eisenmenger syndrome) confers the highest
risk. A history of early or sudden unexplained death in other family
members should raise the index of suspicion for congenital diseases
that increase the risk of SCD such as hypertrophic cardiomyopathy,
long QT syndrome, congenital coronary abnormalities, and Marfan
syndrome. In children with family members with these disorders,
symptoms of chest pain, palpitations, exertional dizziness or syncope
may need to be investigated thoroughly before a benign cause is as-
signed for the symptoms.

In contrast to adults, coronary artery disease is rare in childhood
and is usually associated with other disorders such as lipid abnor-
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Table 9.7. Causes of Sudden Cardiac Death

Coronary artery abnormalities
Coronary atherosclerosis
Congenital abnormalities of coronary arteries
Coronary arteritis

Hypertrophy
Left ventricular hypertrophy with coronary artery disease
Hypertensive heart disease
Valvular heart disease
Hypertrophic cardiomyopathy (HCM)
Primary or secondary pulmonary hypertension

Myocardial disease
Ischemic cardiomyopathy
Alcoholic cardiomyopathy
Postpartum cardiomyopathy
Acute myocarditis

Congenital heart disease
Electrical abnormalities

Fibrosis of conduction system
Prolonged QT syndrome
Drug effect

Miscellaneous
Acute cardiac tamponade
Massive pulmonary embolism
Dissecting aneurysm of aorta
Sudden infant death syndrome (SIDS)



malities or infectious diseases like Kawasaki syndrome. Kawasaki
syndrome is the most common cause of acquired coronary artery dis-
ease in infants and young children. SCD occurs in 1% to 2% of pa-
tients with untreated Kawasaki syndrome.

Unfortunately for most patients, SCD may be the presenting symp-
tom in many cases, and the underlying condition(s) may be discov-
ered only at the time of autopsy. Although SCD is relatively un-
common, its psychosocial impact is devastating.

Sudden infant death syndrome is defined as sudden death of an ap-
parently healthy infant whose death remains unexplained even after
autopsy. Risk factors for SIDS are prematurity, infants of teenage
mothers, and exposure to tobacco and cocaine. Apnea is considered
to be the main etiology but occlusive lesions of the cardiac conduc-
tion tissue arteries have been demonstrated in some children.20 An
observational study by Schwartz et al21 suggested that abnormal pro-
longation of QT interval may be the cause of SIDS.

Sudden Death in Young and Middle-Aged Athletes
The incidence of sudden cardiac death in athletes is low and the cause
varies with the age of the population studied. In young competitive
athletes hypertrophic cardiomyopathy (HCM) is the most frequent
cause followed by aberrant coronary arteries. For individuals older
than 35 years, coronary artery atherosclerosis is by far the most com-
mon cause of sudden cardiac death. These individuals tend to start
running at an older age and usually have a strong family history of
heart disease or have other recognized risk factors.

Some studies estimate that up to 50% of sudden death in young
athletes are due to HCM.22 Some of the older terms used to describe
the condition were idiopathic hypertrophic subaortic stenosis (IHSS),
hypertrophic obstructive cardiomyopathy (HOCM), and muscular
subaortic stenosis. The characteristic physiologic abnormality is di-
astolic dysfunction and increased left end-diastolic pressure, which
results in pulmonary congestion and dyspnea.

HCM is an autosomal-dominant disease and is identified most of-
ten in adults in their 30s and 40s. The majority of the patients are
asymptomatic. If patients do experience problems, the most common
complaint is dyspnea. Other less common symptoms include angina,
fatigue, dizziness on exertion, presyncope, and syncope. On physi-
cal examination of patients with HCM the apical impulse is often dis-
placed laterally and forceful. A systolic murmur is sometimes pres-
ent that resembles aortic stenosis but usually does not radiate to the
neck vessels and increases in intensity with Valsalva maneuver and
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Table 9.8. Causes of Sudden Cardiac Death in Athletes

Coronary atherosclerosis
Hypertrophic cardiomyopathy
Idiopathic left ventricular hypertrophy
Right ventricular hypertrophy
Coronary artery anomalies
Long QT syndrome
Myocarditis

standing. The ECG is usually abnormal in symptomatic patients with
evidence of left ventricular hypertrophy (LVH) and ST segment and
T wave abnormalities. Prominent Q waves in leads II and III, AVF,
and sometimes in the precordial leads can also be seen. Echocardio-
gram shows the characteristic features of the hypertrophied septum,
outflow tract obstruction, and diastolic dysfunction. Screening
asymptomatic athletes with echocardiogram is not cost-effective be-
cause of the low prevalence of the disease.

The mechanisms of sudden death in HCM include tachyarrhyth-
mias or ischemia from small vessel disease.23 Beta-blockers remain
the mainstay of medical therapy, and dual-chamber pacemakers and
surgery are options for the high-risk patient.24,25

Causes of sudden death in athletes are summarized in Table 9.8.

Sudden Death in Dilated Cardiomyopathy and 
Heart Failure
Patients with coronary heart disease are living longer with the ag-
gressive therapeutic interventions over the last two decades. How-
ever, while people live longer the proportion of patients with stable
heart failure who die suddenly has increased.26 The primary mecha-
nism of death appears to be due to an acute arrhythmia. In particu-
lar, a high incidence of ventricular arrhythmias has been observed
during follow-up of patients with aortic valve surgery, multiple valve
surgery or cardiomegaly.27

For patients who have experienced an acute arrhythmia or who are
found to be at high risk for sudden cardiac death, an implantable car-
diac defibrillator (ICD) may be lifesaving. ICDs are multiprogram-
mable devices capable of delivering high-energy defibrillation
shocks, antitachycardia pacing, and pacing for bradyarrhythmias. The
unit runs on a battery that has a charge capacity that varies from 5
to 9 years.

Two recent major trials have shown convincingly that ICD is su-
perior to antiarrhythmic drugs in certain situations. The Antiarrhyth-
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mics Versus Implantable Defibrillators (AVID) trial showed signifi-
cantly better survival rate over a 3-year follow-up in patients who
had survived a near-fatal ventricular fibrillation or had sustained ven-
tricular tachycardia.28 The Multicenter Automatic Defibrillator Im-
plantation Trial (MADIT) included patients with low ejection frac-
tion and episodes of unsustained ventricular tachycardia, and
compared ICD with no therapy.29 The trial was terminated prema-
turely because of a marked survival benefit with ICDs. After ICD
placement, routine visits at 3- to 6-month intervals are arranged for
pacing malfunction and battery failure. Some of the emergencies for
patients with ICD are highlighted in Table 9.9.

In patients with an ICD, antibiotic prophylaxis is not recommended
for procedures that may induce bacteremia.30 However, an ICD
should be disabled during electrocautery use. An ICD constitutes a
strong contraindication to magnetic resonance imaging (MRI). ICD
system infection is an uncommon problem but will need removal of
the system and IV antibiotics to eradicate infection.31

ICDs may have to be inactivated in terminally ill patients when
frequent arrhythmias triggers ICD shocks. Consent to inactivate the
ICD should be specifically obtained even in a patient with a do-not-
resuscitate order.32 In a patient who is pacemaker dependent, inacti-
vating the ICD bradycardia pacing is not recommended as this may
be mistakenly interpreted as physician-assisted suicide. Careful coun-
seling and an informed consent should be in place before deactivat-
ing ICD devices.

Cardiopulmonary Resuscitation
More than 200,000 people in the United States die suddenly each
year from coronary artery disease before they reach the hospital. An
estimated 500,000 patients also will experience a cardiac arrest dur-

Table 9.9. Potential Problems Associated with an Implantable
Cardiac Defibrillator (ICD)

Potential problems with insertion or maintenance
Frequent shocks
Infection or hematoma at time of insertion
Pacing malfunction
Lead dislodgment

Special precautions for patients with ICD
Procedures needing electrocautery
Magnetic resonance imaging (MRI) is contraindicated
ICD may continue to function after death (need to disconnect)



ing their hospitalization.33 Cardiopulmonary resuscitation (CPR) was
designed to intervene in these circumstances and restore a normal
cardiac rhythm so that the underlying disease can be addressed and
normal health restored.

CPR is guided by protocols approved by the American Heart As-
sociation. These protocols are reviewed and updated periodically. The
last review was completed in 2000. The published Guidelines 2000
for CPR and Emergency Cardiovascular Care34 is the first attempt to
base recommendation on evidence and make them adaptable to the
resources available in different countries.

The fundamentals of CPR have remained the same for the past
several decades and continue to include four basic sequential steps:
(1) the call for help, (2) chest compression and mouth-to-mouth re-
suscitation, (3) rapid defibrillation, and (4) medical management of
specific cardiac arrhythmias. An algorithm for progressing through
CPR is shown in Table 9.10. The prognosis for patients with pulse-
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Table 9.10. Algorithm for Recent Cardiopulmonary Resuscitation
(CPR) Protocols

Primary ABCD survey
(airway, breathing, circulation, defibrillate)

�
Assess rhythm after first three shocks

�
If persistent or recurrent ventricular fibrillation/tachycardia

�
Secondary ABCD survey

Place airway device, confirm breathing, establish
circulation by inserting intravenous line, and

differential diagnosis for reversible causes
�

1 mg epinephrine intravenously and repeat every 3–5 min
or

40 units of vasopressin intravenous, one time dose
�

Resume attempt to defibrillate
�

Consider antiarrhythmics
Amiodarone for persistent or recurrent ventricular

fibrillation/tachycardia
Lidocaine for persistent of recurrent ventricular fibrillation/tachycardia

Magnesium for hypomagnesemic patient
Procainamide

�
Resume attempts to defibrillate
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Table 9.11. Some Medications Useful in CPR

Medication Indication Adult dose

Amiodarone VF or pulseless V-tach 300 mg initial followed
by 150 mg repeated
doses

Stable V-tach 150 mg over 10 min
followed by 1 mg/min
infusion for 6 hours, 
then 0.5 mg/min

Supraventricular Same as stable V-tach
tachycardia

Atropine Bradycardia 0.5–1.0 mg IV every
3–5 minutes

Asystole 1 mg IV repeated
every 3–5 minutes

Epinephrine VF or pulseless V-tach 1 mg IV repeated
every 3–5 minutes

Pulseless electrical As above
activity

Asystole As above
Bradycardia 1–10 �g/min IV titrated

unresponsive to heart rate
to atropine

Lidocaine VF or pulseless V-tach 1–1.5 mg/kg IV may 
repeat in 3–5 minutes

Vasopressin VF or pulseless V-tach 40 units single dose

V-tach � ventricular tachycardia; VF � ventricular fibrillation.
Source: Adapted with permission from Eisenberg and Mengert.35 Copy-
right© 2001 Massachusetts Medical Society. All rights reserved. 

less electrical activity and asystole is very poor. Potentially treatable
conditions should be addressed first. The failure to identify a treat-
able condition signals poor likelihood to respond to resuscitation 
efforts.

Common rhythm disturbances encountered in cardiac arrest in-
clude ventricular fibrillation, pulseless ventricular tachycardia, pulse-
less electrical activity, and asystole. Medications useful in cardiac re-
suscitation are listed in Table 9.11.35

Two changes in the CPR protocols should be highlighted. First is
the addition of vasopressin for use in patients with shock-resistance
ventricular fibrillation. There are no data on the performance of va-
sopressin in cardiac arrest, but the consensus conference adopting
current recommendations believed that this drug would be more ef-
fective than epinephrine in shock-resistant ventricular fibrillation.



Second is the addition of amiodarone as the antiarrhythmic of choice
for most ventricular arrhythmias. The substitution of amiodarone for
other antiarrhythmics is based on evidence from the Amiodarone for
Resuscitation After Out-of-Hospital Cardiac Arrest Due to Ventric-
ular Fibrillation (ARREST) trial. In this study, patients who received
amiodarone had improved survival in shock-resistant ventricular fib-
rillation. No other antiarrhythmics, including lidocaine, has demon-
strated any effectiveness in this situation.

A number of controversies persist in the use of CPR. These in-
clude issues such as when CPR should be terminated for patients who
are not responding, and when CPR is not appropriate. These issues
require further clarification and at the present time are left to the best
judgment of the clinician caring for the patient and to the family.
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10
Medical Care of the
Surgical Patient
Mel P. Daly

Family physicians are frequently called on for consultations and med-
ical management of patients who require surgical procedures. Ad-
vances in surgical techniques and anesthesia have significantly re-
duced the risk of death and serious morbidity from intraoperative and
postoperative complications.1 Factors that increase the risk for ad-
verse outcomes have been more clearly defined, and interventions to
address and treat known risk factors before surgery have contributed
to declines in morbidity and mortality. Notwithstanding these ad-
vances, up to 20% of all surgical patients have at least one periop-
erative complication. Most surgical morbidity and mortality occurs
as a result of cardiac (5%), pulmonary (10%), or infectious compli-
cations (15%).2

There are 25 million patients who undergo noncardiac surgery in
the United States annually. Up to 7 million of them have cardiac dis-
ease or are at risk of developing cardiac disease during the operative
period. About 50,000 patients sustain perioperative myocardial in-
farctions (MIs); 50% die as a result of their MI. Whereas cardiac
problems are the major cause of mortality, most morbidity results
from pulmonary complications, sepsis, or renal failure. Overall risk
is related to individual patient factors (coexistent medical illness, age,
pathology requiring surgery) and the type and urgency of the surgi-
cal procedure.3

The goal of the medical consultant is to identify prohibitive or po-
tentially treatable risk factors so that the patient can be taken to the
operating room in the best possible condition within the time avail-



able. Prior to surgery, patients, families, and surgeons should be
aware of the potential medical risks of the procedure and if this risk
can be reduced by preoperative interventions. It is imperative that
family physicians become involved in the medical care of their pa-
tients during this most physiologically stressful time of their life.

Preoperative Assessment

History
The preoperative medical history should be comprehensive and fo-
cus on uncovering factors that may affect outcome. Previous surgery
or anesthetic mishaps should be documented. It is important to take
a menstrual history to prevent elective surgery on a pregnant woman
inadvertently. For pediatric patients, particular attention must be paid
to recent or current infectious conditions to ensure that they are in-
fection free at the time of surgery. Seriously chronically ill pediatric
patients with congenital anatomic anomalies (especially those chil-
dren with cardiac disease) should be referred to specialists, when ap-
propriate, prior to surgery.

A list of prescription and nonprescription medications should be
obtained. Cardiac medications (digoxin, antiarrhythmic agents), an-
tihypertensives (beta-blockers and alpha-blockers), major tranquiliz-
ers, and monoamine oxidase inhibitors can result in life-threatening
arrhythmias. All currently taken medications should be documented
and strategies developed for their use before, during, and after sur-
gery. Patients should be asked about their use of corticosteroids
within the previous 6 months to a year, as there are reports of pa-
tients failing to mount an adequate intraoperative stress response to
surgery as a result of iatrogenic hypothalamic-pituitary-adrenal axis
suppression.4 All patients should be asked about their use of alcohol,
cigarettes, and recreational drugs.

A major determinant of outcome for patients undergoing noncar-
diac operations is baseline functional capability. This is especially
true for older patients, and patients with cardiac and pulmonary con-
ditions. All patients should be asked about their daily routines and
how well they are able to perform activities of daily living. Patients
who can climb a flight of stairs without difficulty or who can mow
their lawn, play golf without a cart, or do housework are likely to
have good physiologic reserve and will usually tolerate most surgi-
cal procedures. For older patients, this assessment is also likely to be
useful in predicting how much help will be required after surgery that
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will result in functional impairment after discharge (e.g., hip or knee
replacement surgery, or trauma surgery).

Physical Examination
A comprehensive physical examination is always indicated. Anes-
thesiologists appreciate knowing about a deviated nasal septum, loose
teeth, and the patient’s ability to open his or her mouth. The exam-
iner should pay particular attention to the cardiac and pulmonary sys-
tems. The heart rhythm, presence of significant murmurs, and added
sounds (particularly an S3) should be noted. It is important to note
signs of congestive heart failure (rales, jugular venous pressure,
edema) and aortic stenosis (murmur, pulse pressure). A careful res-
piratory examination, observing for lung expansion and diaphrag-
matic excursion and listening for wheezing or rhonchi, may identify
the presence and severity of emphysema, asthma, or chronic ob-
structive lung disease. Patients with rheumatoid arthritis have a high
incidence of atlantoaxial joint involvement and may be at risk of
spinal cord compression with hyperextension during intubation.
Range of motion should be tested and cervical spine radiographs con-
sidered. A mental status examination should be done for all elderly
patients prior to surgery, because of the high incidence of postanes-
thesia delirium among elderly surgical patients.

Laboratory Testing
Many studies cite the lack of data supporting the routine use of lab-
oratory testing before surgery. Many screening tests are ordered, but
few are abnormal and rarely is surgery or anesthesia changed as a
result.5 This is especially true for patients who are to have low-risk
surgical procedures (e.g., cataract surgery, breast biopsy, podiatric
procedures, outpatient procedures, hernia repair).6 Thus, routine pre-
operative laboratory testing is not justified; selective testing should
be done instead if there are specific clinical indications. From a pri-
mary care perspective, routine testing may be indicated if a broader
focus on long-term, otherwise neglected health care needs is appro-
priate. In many instances surgery is necessary and may be the only
reason for someone to see a physician. This may present an oppor-
tunity for primary care assessment and maintenance.

It has been estimated that it costs in excess of $2 million for screen-
ing tests to identify an abnormal prothrombin time if it is not sus-
pected by the history and physical examination. It is unusual to de-
tect renal abnormalities on preoperative laboratory testing unless
there is a suspicion based on risk factors for renal insufficiency (e.g.,
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diabetes mellitus, hypertension, use of nephrotoxic medications).
Similar data have revealed low yields for detecting abnormal results
by doing a routine complete blood count (CBC), urinalysis, and liver
function tests in asymptomatic patients. Thus laboratory testing must
relate to the medical history, the proposed surgical procedure, and
the potential for morbidity and mortality.7

In most centers patients are required to have a CBC prior to sur-
gery, yet a strong argument can be made not to obtain this test, es-
pecially for men under age 60, as the incidence of anemia is low.
Surgeons are unwilling to operate without knowing their patient’s he-
moglobin level, prothrombin time (international normalized ratio,
INR), and partial thromboplastin time (PTT) because of potential
bleeding risks; however, there is little indication for doing these tests
unless there is a specific indication.

There is a high incidence of unsuspected abnormal electrocardio-
grams (ECGs) among presurgical patients, yet whether it changes the
anesthesiologist’s approach to surgery has not been studied. Because
most deaths after surgery result from cardiac complications, it is
worthwhile to order an ECG prior to surgery for people over age 40.
After age 70, a measure of renal function (blood urea nitrogen, cre-
atinine) is indicated because of age- and disease-related changes in
creatinine clearance.

The likelihood of finding abnormal laboratory tests is increased in
patients with underlying pathologic conditions and those taking pre-
scription medications. Patients who have a history of bleeding dis-
orders or bruiseability/excessive bleeding or who are currently tak-
ing anticoagulant medications should have a prothrombin time, INR,
PTT, and platelet count determined. Those with renal disease should
have their renal function measured, and patients with diabetes or who
are currently taking corticosteroids should have serum electrolyte and
glucose levels determined. Patients taking digitalis should have serum
digoxin and potassium levels measured. Previously ordered labora-
tory tests rarely need to be repeated; tests done up to 4 months prior
to surgery that were normal are rarely abnormal on repeat testing and
usually do not affect anesthesia or surgical outcomes. Thus it is rea-
sonable to accept laboratory testing and ECGs done within 4 months
of elective surgery.8

Preoperative Report
Surgery should be postponed if a patient’s medical condition can be
improved and surgery safely delayed (elective and semielective pro-
cedures). If, in the opinion of the medical consultant, surgery ought
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to be postponed, it should first be communicated to the surgeon. The
written preoperative report should identify medical conditions that
place the patient at increased risk of adverse outcomes and make sug-
gestions about how risk may be reduced in the time available.

It is tempting to make recommendations about the type and route
of anesthesia. There is, however, little evidence to suggest that the
type or route of anesthesia is important for predicting adverse out-
comes.9 General anesthetic agents are myocardial suppressants and
peripheral vasodilators. Spinal anesthesia induces a sympathectomy
at the level at which it is administered and causes levels of hy-
potension similar to those seen with general anesthetic agents. Fur-
thermore, spinal anesthesia induces motor muscle paralysis that may
interfere with forced expiration. Patients may have a heightened level
of anxiety because they are awake, which increases myocardial oxy-
gen demand. There is a greater likelihood of aspiration pneumonitis
among patients given spinal anesthesia because the airway is unpro-
tected. Occasionally, particularly in elderly patients, it is not possi-
ble to administer spinal anesthesia because of thoracolumbar spondy-
losis. Thus if a patient is “cleared” for spinal anesthesia and the
anesthesiologist is technically unable to administer spinal anesthesia,
general anesthesia may be the only option.

Assessment of Risk
The risk of mortality or morbidity is low and is individualized and
related to the presence and severity of comorbid medical illnesses
(especially cardiac and pulmonary pathology), the surgical procedure,
and whether the procedure is emergent or elective. The risk of an ad-
verse outcome can be estimated in a number of ways. The American
Society of Anesthesiologists (ASA) physical status classification,
first described during the 1950s, is widely used today.10 Patients are
classified based on their physical health status to somewhat qualita-
tively determined classes, ranging from class 1 (healthy) to class 5
(moribund). In large studies describing outcomes of thousands of op-
erations, the ASA classification system has proved useful for pre-
dicting risk of complications and death. Limitations of the ASA sys-
tem are that assignment of risk is subject to observer bias, and the
inherent risk of the surgical procedure is not considered. Emergency
operations are associated with a two- to fourfold risk of adverse out-
comes when compared to elective surgery. True surgical emergen-
cies (perforated organ, peritonitis, trauma, aortic aneurysm) rarely al-
low time for a comprehensive preoperative medical evaluation. In
most other instances, the risk of adverse outcomes can be estimated
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by assessing clinical predictors in the context of the hemodynamic
physiologic stress (alterations in heart rate, blood pressure, volume,
hemoglobin, oxygenation, thrombogenicity) of the proposed opera-
tion. Major surgery can be long (intrathoracic, vascular, or neuro-
surgical procedures) and associated with a greater likelihood of 
adverse outcomes. Moderate-risk operations include extremity oper-
ations lasting 2 hours or longer (e.g., orthopedic surgery), and sur-
gery that is less likely to result in adverse medical outcomes includes
distal extremity operations, hernia repair, thoracoscopy, and
transurethral resection of the prostate (Table 10.1).

Another commonly used risk assessment instrument is the Gold-
man Cardiac Risk Index, which was first published during the late
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Table 10.1. Surgical Procedure Risk

High risk (reported cardiac risk � 5%)
Coronary artery bypass graft surgery
Pneumonectomy
Trauma surgery
Neurosurgery
Major vascular procedure
Ruptured abdominal viscus
Emergency surgery
Anticipated prolonged surgery, with hemodynamic instability

Moderate risk (reported cardiac risk usually � 5%)
Abdominal surgery (open cholecystectomy, colon resection, etc.)
Orthopedic surgery
Urogynecologic surgery (prostatectomy, hysterectomy, cesarean 

section)
Splenectomy
Cancer staging procedures
Peripheral vascular procedures (endarterectomy, femoral-popliteal 

bypass)
Prostate surgery

Low risk (generally �1%)
Cataract surgery
Podiatry procedures
Endoscopy and biopsy
Breast biopsy
Mastectomy
Herniorrhaphy
Vasectomy
Appendectomy
Dermatologic procedures

Source: Modified from Eagle et al,16 with permission.



1970s and has been widely used subsequently.11 More than 1000 pa-
tients admitted to Massachusetts General Hospital for surgical pro-
cedures underwent comprehensive preoperative physical assess-
ments and were followed postoperatively to identify major cardiac
complications and death. A multivariate discriminate risk analysis
identified factors significantly associated with these outcomes, and
each risk factor was assigned a weighted point score based on its
relative association with adverse outcomes. Based on point scores,
patients were retrospectively assigned to a level of risk associated
with serious cardiac complications (ventricular tachycardia, death,
MI, pulmonary edema) (class I, 0.7%, to class IV, 22.0%) and mor-
tality (class I, 0.2%, to class IV, 50.0%). Factors not found to in-
crease the risk of serious cardiovascular morbidity and mortality
were controlled hypertension, the presence of an S4, diabetes mel-
litus, hyperlipidemia, and stable angina pectoris. The latter was de-
fined as angina that had not changed over the previous year in pa-
tients able to ambulate a distance of two blocks. Some of these
factors (congestive heart failure and general medical condition) are
potentially reversible preoperatively.

Lower reinfarction rates for patients operated on within 6 months
of the original MI have been reported more recently and reflect an
increased awareness of risk and more experience using invasive he-
modynamic monitoring, pressors, and beta-blockers.12 Perhaps more
important for estimating the risk of reinfarction is the extent of prior
myocardial damage and whether the patient has myocardium that is
at risk because of coronary artery stenosis. Patients who have had
non–Q-wave MIs may be at a greater risk of reinfarction than pa-
tients who have survived a transmural infarction. These patients fre-
quently have borderline zones of potential ischemia that may be in
jeopardy during anesthesia. Symptom-linked exercise testing to as-
sess the extent of previous damage and identify at-risk myocardium
is indicated in all patients who have had recent MIs requiring non-
cardiac surgery.

More recently published cardiac risk indices have taken these and
other factors into consideration. Subsequent modifications (Table
10.2) of the Goldman Risk Index and includes point ratings for un-
stable angina (class III angina after one to two blocks of ambulation;
class IV angina at rest) and critical aortic stenosis.13 Each of the pub-
lished cardiac risk indices has been studied and shown to accurately
predict the risk (class III or IV) of having an adverse cardiac out-
come (pooled data: 16% for class III and 56% for class IV). A higher
than expected serious complication rate for class I and II patients has
been reported among those operated on for abdominal aortic
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aneurysms, probably reflecting a high incidence of asymptomatic
cardiac disease among these patients, resulting in their being mis-
classified as low-risk class I patients.14

Cardiac Risk
Coronary Artery Disease
Patients with a history of a documented MI have a greatly increased
likelihood of having an intra- or postoperative cardiac complications
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Table 10.2. Cardiac Risk Assessment (Modified Multifactorial 
Risk Index)

Criteria, points

Coronary artery disease, 10
Myocardial infarction �6 months
Myocardial infarction �6 months
Canadian Cardiovascular Society angina
Class 3, 10
Class 4, 20
Unstable angina within 3 months, 10
Alveolar pulmonary edema
Within 1 week, 10
Ever, 5
Valvular disease
Critical aortic stenosis, 20
Arrhythmias
Sinus plus atrial premature beats or rhythm other than sinus on 

preoperative ECG, 5
More than 5 PVCs/min at any time prior to surgery, 5
Medical status, 5
Poor general medical status
PO2 �60 or PCO2 �50
K �3.0 or HCO3 �20 mEq/L
BUN �50 mg/dL or creatinine �3 mg/dL
Abnormal SGOT
Chronic liver disease
Bedridden due to noncardiac cause
Age �70 years, 5
Operation: emergency, 10

Source: Modified from American College of Physicians,17 with permis-
sion.
ECG � electrocardiogram; PVCs � premature ventricular contractions;
BUN � blood urea nitrogen; SGOT � serum glutamate oxolic acid.



(see Chapter 2). This is especially true for patients who have sus-
tained their infarction within 3 months of their noncardiac surgery.
Patients who have sustained a recent MI and who have evidence of
residual ischemic risk (unstable or severe angina, poorly controlled
ischemic-mediated congestive heart failure, or severe valvular heart
disease) should be considered at prohibitively high risk for adverse
perioperative cardiac complications. These patients should be re-
ferred to cardiologists for further evaluation and potential cardiac sur-
gical interventions prior to considering noncardiac elective surgery.15

Patients with mild angina, prior MI (older than 1 month), history
of congestive heart failure, diabetes mellitus, and elderly patients
should be classified at intermediate risk for having perioperative car-
diac-related complications. Patients with underlying peripheral vas-
cular disease should also be considered at intermediate risk because
of the high incidence of coexisting cardiac pathology (often
“silent”).16 Patients without cardiac disease have a low incidence of
postoperative MI and other cardiac complications (Table 10.3).

An important component of the preoperative cardiac evaluation for
all patients is an assessment of how well a patient can perform func-
tional activities. This may be helpful in deciding whether further car-
diac testing is necessary, especially for intermediate-risk patients who
are scheduled to have major surgery. Patients who can participate in
strenuous activities such as running, playing basketball, or long-
distance swimming have excellent functional reserve capacity, while
sedentary patients who have difficulty carrying groceries up a flight
of stairs have poor functional capacity. Patients with excellent func-
tional capacity usually can tolerate major surgery, while patients with
poor functional capacity are at much greater risk for adverse out-
comes. Patients with moderate functional capacity should be further
evaluated if they have intermediate- or high-risk clinical profiles or
if they are to have major surgery.

Further testing and recommendations about how best to proceed
can be made by carefully evaluating the preoperative clinical risk
profile, functional capacity, and the proposed procedure. This is out-
lined by the American College of Cardiology/American Heart Asso-
ciation (ACC/AHA) Task Force, which suggests a progressive step-
wise approach to preoperative cardiac assessment (Fig. 10.1).

The goal of the preoperative assessment is to evaluate not only the
risk of the immediate surgery but also the long-term cardiac risk.
Thus this may be an ideal time to consider further testing (noninva-
sive or invasive) if this is likely to improve outcome. Noninvasive
testing (see below) should be considered for patients who are at in-
termediate clinical risk and are to undergo a major procedure. Exer-
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cise stress testing, echocardiography (resting, stress), or perfusion
imaging (dipyridamole, dobutamine) can further assist in stratifying
risk; however, there is as yet no evidence that this type of testing im-
proves perioperative care. Invasive testing (arteriography) should be
reserved for high-risk patients with suspected left main disease, triple
vessel disease, or unstable angina in whom angioplasty or coronary
artery bypass grafting would be indicated. Patients at low risk should
have no further testing.17

The peak time of occurrence of postoperative MI is 3 to 6 days af-
ter surgery; it is due to increased activity, pain, and shifts of third-
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Table 10.3. Clinical Predictors of Increased Perioperative 
Cardiac Risk

High risk
Recent myocardial infarction (within 1 month)
Congestive heart failure (unstable)
Valvular heart disease (esp. aortic stenosis)
Unstable angina
Significant cardiac arrhythmias (ventricular tachycardia with 

ischemia, supraventricular arrhythmias with uncontrolled
ventricular response)

Intermediate risk
History of myocardial infarction
Stable congestive heart failure
Stable/mild angina pectoris
Diabetes mellitus
Age over 70 years
Rhythm other than normal sinus rhythm on the preoperative ECG
Uncontrolled hypertension
Peripheral vascular disease
Mitral valve prolapse � regurgitation

Low risk
Age over 70 years
Controlled hypertension
History of cerebrovascular disease
Cardiac murmur
“Minor” ECG abnormalities (premature atrial contractions, 

nonspecific STT changes)
Controlled atrial fibrillation
History of stroke
Low functional capacity

STT � serial thrombin time.
Source: Modified from Eagle et al,16 with permission.
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Low risk

Coronary revascularization
within 5 yr?

Recent coronary
evaluation

Clinical
predictors

Major clinical
predictors**

Operating
room

Recurrent symptoms
or signs?

Recent coronary angiogram
or stress test?

Intermediate clinical
predictors†

Consider delay
or cancel noncardiac

surgery

Medical management
and risk factor
modification

Subsequent care
dictated by findings and

treatment results

Consider coronary
angiography

Minor or no
clinical predictors‡

Go to
step 6

Subsequent care*
dictated by findings

and treatment results

Subsequent care*
dictated by findings

and treatment results

Low surgical 
risk procedure

Postoperative risk
stratification and risk

factor reduction

Consider coronary
angiography

High surgical risk
procedure

Poor (�4 METs)

Intermediate clinical predictors†

Intermediate surgical
risk procedure

Moderate or excellent (�4 METs)

Noninvasive
testing

Postoperative risk
stratification and risk

factor reduction

Intermediate or low
surgical risk procedure

Moderate or excellent (�4 METs)

Operating
room

Operating
room

Minor or no clinical
predictors‡

Consider coronary
angiography

Noninvasive
testing

High surgical
risk procedure

Poor (�4 METs)

Go to
step 7

Need for
noncardiac surgery

Operating room Postoperative risk stratification
and risk factor management

STEP 1

STEP 2

STEP 3

STEP 4

STEP 6

STEP 5

STEP 8

STEP 7

STEP 8

Urgent or elective surgery

Emergency
surgery

No

Yes Favorable result and
no change in

symptoms

Yes

No

No
Unfavorable
result or change
in symptoms

Clinical predictors

Functional capacity

Surgical risk

Noninvasive testing

Invasive testing

High risk

Minor Clinical Predictors‡

• Advanced age
• Abnormal ECG
• Rhythm other than sinus
• Low functional capacity
• History of stroke
• Uncontrolled systemic 

hypertension

Major Clinical Predictors**

• Unstable coronary 
syndromes

• Decompensated CHF
• Significant arrythmias
• Severe valvular disease

Intermediate Clinical Predictors†

• Mild angina pectoris
• Prior MI
• Compensated or prior CHF
• Diabetes mellitus

Clinical predictors

Functional capacity

Surgical risk

Noninvasive testing

Invasive testing

High risk

Low risk

Yes

Fig. 10.1. Stepwise approach to preoperative cardiac assess-
ment. Steps are discussed in text. *Subsequent care may include
cancellation or delay of surgery, coronary revascularization fol-
lowed by cardiac surgery, or intensified care. (From Eagle et al,16

with permission.)



space fluid. Most postoperative MIs are “silent,” perhaps accounting
for the high mortality (up to 50%) among patients who sustain post-
operative MIs. Patients who have had previous coronary artery by-
pass graft (CABG) surgery have a low incidence of infarction when
subjected to further noncardiac procedures.18 The restenosis rate af-
ter CABG surgery (native or saphenous graft) increases with time af-
ter the original surgery. This is also true for patients who have had
percutaneous transluminal coronary angioplasty (PTCA). Asympto-
matic patients who have undergone coronary artery bypass grafting
within the last 5 years and patients who have had coronary evalua-
tion (cardiac stress testing) within the last 2 years and are clinically
stable require no further cardiac testing prior to noncardiac surgery.16

Surgical stress can lead to increased circulating levels of cate-
cholamines that can result in arrhythmias and atherosclerotic plaque
rupture. One study suggests that the use of beta-blockers can reduce
the incidence of perioperative myocardial ischemia, and over time (6
months to 2 years) the incidence of MI, congestive heart failure, and
death.19 While these data are less than conclusive, it seems prudent
that all patients (unless there is a contraindication) with an interme-
diate or high risk for cardiac complications should be given thera-
peutic doses of beta-blockers prior to surgery.20

In certain situations, preoperative intensive care, intraoperative in-
fusion of nitroglycerine, transesophageal echocardiographic moni-
toring, perioperative use of pulmonary artery catheterization, and sur-
veillance for perioperative MI may be indicated.

Congestive Heart Failure
The presence of preoperative congestive heart failure (CHF) has re-
peatedly been shown to be associated with a risk of postoperative
CHF (see Chapter 5). Ideally, patients who present with CHF should
be hemodynamically stable for a period of about 2 weeks before
surgery.21 Invasive (Swan-Ganz catheter) monitoring and treatment
may be indicated for patients who have CHF and require emergent
or urgent major surgical procedures. Patients with low left ventric-
ular ejection fractions (EFs) are more likely to develop postopera-
tive CHF, whereas those with EFs of 50% or more have low com-
plication rates, even if they have had a history of CHF. The presence
of jugular venous distention, current pulmonary edema, or an S3

gallop places a patient at risk for perioperative cardiac complica-
tions. If possible, surgery is postponed until the CHF has been
treated with a goal of euvolemia for a period of 2 weeks or more
prior to surgery.
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Hypertension
Poorly controlled hypertension is associated with perioperative car-
diac complications, blood pressure lability, and renal failure (see
Chapter 1). Severe hypertension may occur especially during induc-
tion of anesthesia, intubation, and emergence from anesthesia. Dias-
tolic blood pressure readings of more than 120 mm Hg and systolic
blood pressures of more than 200 mm Hg are associated with a greater
likelihood of adverse cardiac outcomes.22 Patients with well-
controlled hypertension are not at increased risk during surgery. Pa-

tients taking antihypertensive medications such as beta-blockers, 
angiotensin-converting enzyme (ACE) inhibitors, clonidine, and cal-
cium channel blockers show attenuated blood pressure responses to
intubation and induction of anesthesia. Of greater importance for pa-
tients with mild to moderate hypertension is the effect of anesthesia
on mean arterial blood pressure (MAP) levels. Large reductions in
MAP (�30% for more than 10 minutes) are associated with a greater
likelihood of intraoperative MI, CHF, and renal insufficiency. The
goal of treatment prior to surgery is to achieve consistent systolic
blood pressure readings below 170 mm Hg and diastolic blood pres-
sures below 110 mm Hg.

Cardiac Arrhythmias
The significance of cardiac arrhythmias identified preoperatively is
somewhat controversial (see Chapter 3), as it has become clear that
the presence of nonsustained premature ventricular contractions
(PVCs) is not a risk factor for ventricular tachycardia or sudden death
unless associated with underlying cardiac ischemia (suggesting the
presence of severe coronary artery disease).23 Prophylaxis with an-
tiarrhythmic medications is indicated for patients with sustained ven-
tricular tachycardia, especially if they have had a recent MI. Atrial
fibrillation is an important rhythm during the perioperative period,
because when the ventricular response rate is rapid, the ability to in-
crease cardiac output is compromised. This situation occurs because
of reduced left ventricular filling volume as a result of a shorter di-
astolic filling time and loss of the presystolic “atrial kick.” New-
onset atrial fibrillation, particularly in patients with fixed outflow
tract obstruction (aortic stenosis, asymmetric septal hypertrophy) may
result in severe CHF and an inability to increase cardiac output. Thus
control of the ventricular rate becomes important during anesthesia
to allow adequate end-diastolic filling volumes and cardiac output.
There is a higher incidence of atrial fibrillation during anesthesia in
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patients who undergo long surgical procedures, those with thoracic
or neurosurgical procedures, and the elderly. Digoxin, beta-blockers,
or calcium channel blockers should be continued up to and includ-
ing the day of surgery. Most patients undergoing anesthesia (espe-
cially those with a history of arrhythmias) develop some kind of ar-
rhythmia on induction of anesthesia, usually isolated occasional
ectopic ventricular or atrial beats. Supraventricular arrhythmias may
exacerbate underlying cardiac disease by increasing myocardial oxy-
gen demand. These arrhythmias may also be a manifestation of non-
cardiac problems such as electrolyte abnormalities, or infection.

It is rare that patients need to have a pacemaker inserted prior to
a major surgical procedure.24 Placement of a pacemaker should be
considered in patients who have long sinus pauses, high-grade 
second-degree heart block, or complete heart block. There is no in-
dication for pacemaker placement in patients with first-degree atri-
oventricular (AV) block or asymptomatic bifascicular block, as these
patients rarely develop complete heart block. The use of the electro-
cautery machine during surgery may interfere with “demand” pace-
maker function; if the earth lead is placed away from the pacemaker
magnet and the surgeon administers short bursts of electrocautery,
this effect is reduced. However, it may be necessary to convert the
pacemaker function to the fixed-rate mode when “demand” pace-
maker responses are suboptimal.

Valvular Heart Disease
Valvular heart disease (especially hemodynamically significant aor-
tic stenosis) is associated with an increased risk for perioperative mor-
tality25 (see Chapter 4). Severe and symptomatic aortic stenosis may
require valve replacement or valvuloplasty if high-risk noncardiac
surgery is to be done safely. Mitral stenosis is not associated with in-
creased mortality, but these patients are sensitive to preload volume
changes especially when tachycardia results in a reduction in dias-
tolic filling time. Patients with aortic regurgitation and mitral regur-
gitation are less sensitive to volume changes but require adequate left
ventricular contractility, as regurgitation takes place during both di-
astole and systole. Bradycardia is less well tolerated because of in-
creased potential for regurgitation during prolonged diastole. Pros-
thetic valves increase the risk of bacterial endocarditis and thrombotic
complications. Asymmetric septal hypertrophy may be difficult to
manage perioperatively because the degree of outflow tract obstruc-
tion is variable. Certain medications exacerbate outflow tract ob-
struction; diuretics and nitrates reduce preload and intravascular vol-
ume; inotropes may increase obstruction because of increased
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contractility; and tachycardia may cause similar effects because of
decreased diastolic filling time.

Peripheral Vascular Disease
There is a high incidence of occult coronary artery disease among
patients with peripheral vascular disease (PVD) (see Chapter 2). Up
to 60% have severe coronary artery disease; many have no clinical
symptoms and frequently have normal ECGs. Patients with PVD have
a high incidence of postoperative mortality, mostly because of intra-
operative and postoperative MIs.26 Additional cardiac testing should
be considered for patients with PVD scheduled for major surgery.27

Exercise stress testing (EST), if positive, can identify patients at in-
creased risk of having a cardiac event, but the positive predictive
value is low. The negative predictive value is high (i.e., a negative
test makes it unlikely that a patient will develop a postoperative car-
diac complication). Many patients cannot tolerate EST because of in-
termittent claudication, deconditioning, rest ischemia, or amputa-
tions. Furthermore, many patients with PVD have ECG changes of
the left bundle branch block or left ventricular hypertrophy, or they
are currently taking digoxin, making exercise test ECG readings 
uninterpretable.

Evidence has suggested that perioperative ECG monitoring may
be useful in patients with PVD.28 Preoperative ischemia and silent
ischemia are good predictors of perioperative and postoperative isch-
emia and cardiac events. Furthermore, patients without signs of isch-
emia preoperatively are unlikely to have ischemic events. Again, 
the positive predictive value of silent ischemia is low because few
patients with PVD and positive tests develop postoperative cardiac
complications.

Perhaps even more useful is chemical stress testing using nuclear
medicine imaging or echocardiography.29 Dipyridamole is a coro-
nary vasodilator; hence, stenotic arteries do not dilate, and infarcted
areas remain unperfused. In normal hearts thallium is evenly dis-
tributed throughout the myocardium, with no distribution distal to
stenosed arteries. These areas show up as “cold spots” on thallium
imaging studies. If thallium redistributes on delayed imaging (4 hours
later) to a previously imaged “cold spot,” it may be an indication of
underperfused myocardium. Thus redistribution on late imaging with
thallium may be an important factor for determining the risk of in-
traoperative ischemia in a patient with PVD. The advantages of
dipyridamole thallium testing are that patients do not have to exer-
cise and increase their target heart rate, and there are few complica-
tions associated with infusing dipyridamole.
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When dipyridamole thallium scintigraphy results are considered in
conjunction with important clinical parameters (angina, CHF, Q wave
on ECG, diabetes mellitus, PVCs), they add significant weight when
predicting adverse outcomes for patients with PVD.30 Risk stratifi-
cation may be further enhanced by quantifying the number of areas
on thallium imaging that show evidence of redistribution on delayed
imaging studies. 

A strategy for patients with PVD scheduled for a major vascular
procedure may be to conduct a noninvasive stress test, which if neg-
ative suggests that surgery can proceed without further testing.31 If
the imaging study shows evidence of thallium redistribution, the size
of the defect should be measured. If in the opinion of the radiologist
or cardiologist the defect is small, the risk is low; but if it is moder-
ate to large, the patient may be a candidate for cardiac catheteriza-
tion and revascularization before having major noncardiac surgery.
If the patient is not a candidate for coronary artery revascularization,
the previously planned surgery or an alternative surgical procedure
should be considered. If the patient is a candidate for coronary vas-
cularization, coronary angiography may be indicated.

It is important to consider the cumulative and relative risks of hav-
ing these procedures32 (Table 10.4). The risk of mortality from coro-
nary angiography is about 1%, and the risk for CABG or PTCA in
a patient with PVD is in the range of 6% to 10%. The risk of delay-
ing noncardiac surgery for testing depends on the reason for the de-
lay and the urgency of the proposed procedure (e.g., a limb that is
ischemic or in jeopardy). The risk of mortality for noncardiac sur-
gery after a revascularization procedure is still in the range of 2% to
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Table 10.4. Relative Risk for Further Investigation Versus
Proceeding with Noncardiac Surgery in Patients with PVD

No revascularization prior to noncardiac surgery
Risk of noncardiac procedure
Long-term outcome

Revascularization prior to noncardiac surgery
Risk of cardiac catherization (1% risk)
Risk of CABG/PTCA (6–10%)
Risk of delaying surgery
Risk of surgery after revascularization (2–3%)
Long-term outcome
Perioperative risk without revascularization must be �15% for CABG 

or PTCA to be of benefit.

PVD � peripheral vascular disease; CABG � coronary artery bypass
grafting; PTCA � percutaneous transluminal coronary angioplasty.



3%, together with unknown long-term risks of morbidity and mor-
tality. Thus the potential risk of death by further investigating and
treating patients with PVD is in the range of about 10% to 15%. If
the risk of the noncardiac procedure without further testing is less, it
may be appropriate to proceed with surgery and inform the patient,
anesthesiologist, and surgeon of the increased risk.33

Medications
In general, all medications should be continued up to the day of sur-
gery. Monoamine oxidase inhibitors interfere with autonomic func-
tion and may cause perioperative hypertension and hypotension.
These agents may prolong neuromuscular blockade, inhibit hepatic
enzymes, and prolong the action of narcotic drugs. If possible, the
medication is discontinued a few weeks before surgery. Beta-block-
ers and clonidine should be continued until the day of surgery, as
there is a possibility of postwithdrawal rebound hypertension. The
surgeon should order antibiotic prophylaxis. Most surgeons prefer
first-generation cephalosporins (usually cefazolin), starting with the
preanesthetic dose and continuing for 24 hours.

Management of anticoagulants may be problematic during the pe-
rioperative period. For patients taking Coumadin, the risk of discon-
tinuing anticoagulation must be assessed. For patients with metallic
heart valves, Coumadin discontinuation is risky, although continuing
Coumadin up to the time of surgery is contraindicated. If it is rea-
sonable to discontinue the Coumadin, it is stopped 3 days before sur-
gery and then reinstituted after surgery. If it is necessary to antico-
agulate the patient up to surgery, Coumadin can be stopped 3 days
before the operation and the patient treated with intravenous heparin.
The heparin infusion is stopped 6 hours before surgery, and
Coumadin is reinstituted after surgery. Alternatively, low molecular
weight heparin (LMWH) may be used in doses of �1 mg/hr every
12 hours adjusted to renal function for 3 days prior to surgery with
the last dose administered 12 hours prior to the operation. LMWH
or Coumadin may then be reinstituted after surgery. Aspirin, which
irreversibly inhibits cyclooxygenase and affects platelet adhesive-
ness, should be discontinued 7 days before surgery. Other nons-
teroidal and nonsalicylate products may be continued up to surgery.

Patients who are at risk for bacterial endocarditis (patients with
prosthetic heart valves, previous endocarditis, congenital malforma-
tions, hypertrophic cardiomyopathy, and mitral valve prolapse with
mitral regurgitation) should receive prophylactic antibiotic coverage
(Table 10.5). Bacterial endocarditis prophylaxis is recommended for
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Table 10.5. Bacterial Endocarditis Prophylaxis

Dental, Oral, Respiratory Tract, or Esophageal Procedures (Follow-
up dose no longer recommended.) Total children’s dose should not
exceed adult dose.

I. Standard general prophylaxis for pateints at risk:
Amoxicillin: Adults, 2.0 g (children, 50 mg/kg) given orally one hour 

before procedure.
II. Unable to take oral medications:
Ampicillin: Adults, 2.0 g (children, 50 mg/kg) given IM or IV within 

30 minutes before procedure.
III. Amoxicillin/ampicillin/penicillin allergic patients:
Clindamycin: Adults, 600 mg (children, 20 mg/kg) given orally one 

hour before procedure. -OR-
Cephalexin* or Cefadroxil*: Adults, 2.0 g (children, 50 mg/kg)
orally one hour before procedure. -OR-
Azithromycin or Clarithromycin: Adults, 500 mg (children 15
mg/kg) orally one hour before procedure.

IV. Amoxicillin/ampicillin/penicillin allergic patients unable to take
oral medications:

Clindamycin : Adults, 600 mg (children, 20 mg/kg) IV within 
30 minutes before procedure. -OR-
Cefazolin*: Adults, 1.0 g (children, 25 mg/kg) IM or IV within 
30 minutes before procedure.

*Cephalosporins should not be used in patients with immediate-type
hypersensitivity reaction to penicillins.

Genitourinary/Gastrointestinal Procedures
I. High-risk patients:
Ampicillin plus gentamicin: Amplicillin (adults, 2.0 g; children 

50 mg/kg) plus gentamicin 1.5 mg/kg (for both adults and children,
not to exceed 120 mg) IM or IV within 30 minutes before starting
procedure; 6 hours later ampicillin (adults, 1.0 g; children, 25
mg/kg) IM or IV, or amoxicillin (adults, 1.0 g; children, 25 mg/kg)
orally.

II. High-risk patients allergic to ampicillin/amoxicillin:
Vancomycin plus gentamicin: Vancomycin (adults, 1.0 g; children, 

20 mg/kg) IV over 1–2 hours plus gentamicin 1.5 mg/kg (for both
adults and children, not to exceed 120 mg) IM or IV. Complete
injection/infusion within 30 minutes before starting procedure.

III. Moderate-risk patients:
Amoxicillin: Adults, 2.0 g (children, 50 mg/kg) orally one hour before 

procedure -OR-
Ampicillin: Adults, 2.0 g (children, 50 mg/kg) IM or IV within 
30 minutes before starting procedure.



cardiac conditions that are high (prosthetic valves) or intermediate
risk (mitral valve prolapse with regurgitation), for developing endo-
carditis; and for procedures that may result in bacteremia. Simplified
prophylaxis regimens are recommended for dental, gastrointestinal,
and genitourinal procedures. There is no need to institute endocardi-
tis prophylaxis for patients with atrial septal defects, post-CABG pa-
tients, or patients with pacemakers.34

Pulmonary System
Pulmonary complications are the most common reasons for morbid-
ity among patients undergoing noncardiac surgery (25–50% of ma-
jor surgical procedures). Pneumonia, lobar collapse, pneumonitis, at-
electasis, and respiratory failure can occur. These complications
frequently result in prolonged hospital stays and increased mortality.

A number of reproducible physiologic changes occur with general
anesthesia that place patients (especially those with underlying pul-
monary disease) at risk of developing a respiratory complication. Pre-
dictable changes occur in patterns of ventilation, lung volumes, gas
exchange, and pulmonary defense mechanisms.35 These changes oc-
cur as a result of the procedure itself, the anesthesia, altered senso-
rium, analgesia, immobility, restrictive bandages, and relative im-
mobility. General anesthesia results in a 20% decrease in tidal
volume, but a compensatory increase in respiratory rate occurs, such
that the minute ventilation changes minimally. Lung compliance de-
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Table 10.5. (Continued )

IV. Moderate-risk patients allergic to ampicillin/amoxicillin:
Vancomycin: Adults, 1.0 g (children 20 mg/kg) IV over 1–2 hours. 

Complete infusion within 30 minutes of starting the procedure.

NOTE: For patients already taking an antibiotic, or for other special
situations, please refer to the full statement referenced below.
Adapted from Prevention of Bacterial Endocarditis: Recommendations
by the American Heart Association by the Committee on Rheumatic
Fever, Endocarditis, and Kawasaki Disease. JAMA 1997, 277:1794–
1801, Circulation 1997, 96:358–366, and JADA 1997, 128:1142–1150.
Health Care Professionals—Please refer to these recommendations (en-
dorsed by the American Dental Association and American Society for
Gastrointestinal Endoscopy) for more complete information as to which
patients and which procedures need prophylaxis.
Source: Reproduced with permission.
http://www.americanheart.org/presenter.jhtml?identifier=11086
© 2004, American Heart Association.



creases by 33%, and sighing is abolished by the effects of narcotic
medications. Total lung capacity and all subdivisions of lung vol-
umes decrease. Vital capacity decreases by half and lasts for 2 weeks
after general anesthesia. Most importantly, functional residual ca-
pacity (FRC) decreases by up to 40% after upper abdominal and tho-
racic procedures. Closing volume (CV, the volume at which airway
flow stops during expiration) increases significantly. Under normal
circumstances FRC is about 50% and CV is about 30% of total lung
capacity, and when these volumes decrease because of general anes-
thesia the lungs become subject to airway closure, atelactasis, and
pneumonia.36

General anesthesia results in relative hypoxia because of ventilation-
perfusion mismatches. Nondependent areas of lung are relatively
overventilated and underperfused (dead space), whereas dependent
parts of the lung are relatively perfused and underventilated (shunts).
Normal pulmonary defense mechanisms (cough and ciliary action)
are also impaired during general anesthesia.

Factors that further increase the likelihood of developing pul-
monary complications (Table 10.6) include the site of the incision
(thoracic and upper abdominal incisions), supine position, prolonged
anesthesia (�3 hours), a history of productive cough, cigarette smok-
ing, and fluid overload. Obesity, defined as weighing more than 30%
over ideal body weight, is associated with an increased work of
breathing, reduced lung volumes, and hypercapnia; all are associated
with an increased risk of complications.

The limits of pulmonary operability have never been clearly de-
fined. There are no studies that demonstrate the level of forced ex-
piratory volume in 1 second (FEV1) below which a person is at in-
creased risk, nor is there consensus about indications for preoperative
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Table 10.6. Major Risks for Adverse Pulmonary Outcomes

Forced expiratory volume in 1 second (FEV1) �1 L
Maximum voluntary ventilation �50% of predicted
PCO2 �90 mm Hg
PCO2 �50 mm Hg
Relative hypoxemia
Upper abdominal and intrathoracic procedures
Prolonged anesthesia (�3 hours)
Cigarette abuse
Obesity (�30% above ideal body weight)
Chronic obstructive pulmonary disease
American Society of Anesthesiologists (ASA) class IV
Age �70 years



pulmonary function testing.37 An FEV1 of less than 2 L is associated
with an increased risk of pulmonary complications, and patients with
an FEV1 value as low as 1 L may be more likely to require ventila-
tor support and develop pulmonary complications.

There are no clear guidelines for estimating potential risk of de-
veloping pulmonary complications prior to surgery. Chest radio-
graphs may be useful in high-risk patients. There are no clear indi-
cations for ordering pulmonary function tests. These tests may help
in defining the severity of underlying pulmonary disease, and thus
may help estimate the potential risk for complications. For patients
who are to have cardiac surgery, pneumonectomy, or esophagectomy,
more sophisticated testing such as quantitative ventilation-perfusion
scanning, diffusing capacity studies, and estimation of maximum
oxygen consumption during exercise may be indicated.

For patients with pulmonary disease, it may be possible to reduce
complications by instructing them to stop cigarette smoking at least
8 weeks before surgery,38 which results in enhanced mucociliary
transport mechanisms, reduced secretions, less bronchospasm, and
reduced levels of circulating carboxyl hemoglobin. Optimal bron-
chodilation prior to surgery may require home or inpatient nebulizer
treatments and use of steroids for patients with asthma. Incentive
spirometry has been shown to reduce the incidence of pulmonary
complications and the length of hospital stay. Emphasis is placed on
general conditioning, nutrition, and psychological preparation if a
person is likely to spend some time in the intensive care unit after
surgery. Anesthesiologists are aware of the need to minimize anes-
thesia time, use intermittent hyperinflation, and control secretions.
Postoperatively, patients should be encouraged to get out of bed early,
take deep breaths, use the incentive spirometer, and cough. Narcotic
and analgesic medications should be administered in doses titrated
to obtain analgesic effects without clouding the sensorium. Because
cardiac and pulmonary complications occur for up to 7 days after
surgery, medical consultants should closely monitor patients during
this stressful time.

Hematologic System
Hemoglobin and Hematocrit
The optimal levels of hemoglobin and hematocrit for surgery tradi-
tionally have been �10 g/dL and 30%, respectively. Consensus con-
ference reports have now recognized the increasing evidence of the
safety of transfused blood products and the excellent outcomes of
surgery on anemic patients; it is therefore concluded that no single
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criterion can be used to support preoperative blood transfusion.39

There is good evidence that surgical procedures can be done in pa-
tients with hemoglobin levels above 8 g/dL and in patients with he-
moglobin levels as low as 6 g/dL if blood loss is less than 500 mL.
The risks associated with blood transfusion are low; there is a less
than 1% risk of transfusion mortality associated with the human im-
munodeficiency virus (HIV) and a less than 0.3% risk of acquiring
hepatitis C (since testing became available during the 1990s); the risk
of hemolytic reactions or congestive cardiac failure is also low.

Higher hemoglobin levels are advisable for older patients, those
likely to experience significant blood loss, and patients with coro-
nary artery or cerebrovascular disease. Lower levels of hemoglobin
are acceptable for patients with chronic anemia with compensated in-
travascular volumes. When possible, transfusion is done preopera-
tively, as transfusion reaction signs may be obliterated under general
anesthesia. The more widespread use of autologous blood, cell savers,
and erythropoietin has greatly reduced the need for transfusion with
banked blood.40 The hematocrit level for optimal oxygen delivery to
tissues and rheology is around 45%. Patients with polycythemia and
erythrocytosis are more likely to bleed or have blood clots and should
be phlebotomized to hematocrits of around 45% to 50% before elec-
tive surgery.

Platelets
Patients with thrombocytopenia rarely bleed until platelet counts are
below 100,000 cells/�L, and the risk of bleeding is procedure-
dependent for patients with platelet counts between 50,000 and
100,000/�L.41 Platelet counts below 50,000/�L are associated with
an increased risk of bleeding. Qualitative platelet functioning can be
impaired even when platelet counts are normal. Medications includ-
ing nonsteroidal antiinflammatory drugs (NSAIDs), aspirin, tricyclic
antidepressants, alcohol, and even beta-blockers can impair platelet
adhesion. Patients with uremia, liver disease, alcoholism, and leuke-
mia may also develop qualitative platelet disorders. For these patients
it may be useful to determine the bleeding time prior to surgery.

Coagulation Disorders
Coagulation disorders are rare, as a loss of 80% of clotting factor
levels is required to prolong the prothrombin time (PT) or partial
thromboplastin time (PTT). The most common disorder affecting
clotting factor production is severe liver disease. Patients with pro-
longed PTs and PTTs can be managed intraoperatively with transfu-
sions of fresh frozen plasma and whole blood. For patients with
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known or suspected acquired factor deficiency, a hematologist should
be consulted for further investigation, recommendations, and treat-
ment perioperatively.

Deep Venous Thrombosis
All surgical patients are at risk for developing deep venous throm-
bosis (DVT) (see Chapter 7). This risk is increased for elderly pa-
tients, the obese, cigarette smokers, cancer patients, patients who are
having long procedures, those with previous venous disease, and
those with a history of CHF. The risk of developing a postoperative
DVT depends on the type of surgical procedure and the presence of
risk factors. The optimal modality for DVT prophylaxis is contro-
versial. LMWH (40 mg/day or 30 mg q12h) significantly reduces the
incidence of DVT and pulmonary embolism in patients undergoing
general surgical procedures, such as urologic or gynecologic surgery,
surgery for elective hip or knee replacement or hip fracture, and other
orthopedic procedures including trauma surgery. LMWH in doses of
40 mg per day or 30 mg every 12 hours significantly reduces the in-
cidence of postoperative DVT.42 It is unclear if LMWH is superior
to warfarin (Coumadin) for prophylaxis of DVT for major surgical
procedures, including orthopedic surgery. LMWH is expensive and
not without side effects (thrombocytopenia, bleeding). Dosing of
LMWH must be adjusted according to creatinine clearance. Elderly
patients should be carefully monitored for bleeding complications.
LMWH prophylaxis is not recommended for patients who are to have
neurosurgical procedures or spinal anesthesia, because of an in-
creased risk of bleeding that may compromise neurologic function-
ing.43 Neurosurgical patients or patients undergoing spinal cord 
surgical procedures should have prophylaxis with intermittent com-
pression or elastic stockings, as there is no risk for hemorrhagic com-
plications. A decision to institute pharmacologic prophylaxis should
be made by the neurosurgeon.

Multicenter trials comparing warfarin and LMWH are currently
under way. Consensus conference opinion supports the use of LMWH
(30 mg enoxaparin SC q12h), heparin (5000 IU SC q12h), or war-
farin (10 mg po on the night of surgery followed by 5 mg po qhs,
titrating the dose to achieve an international normalized ratio of 2–3)
for prophylaxis of DVT for general surgery and orthopedic surgical
patients. The optimal duration of DVT prophylaxis is controversial.
Some would recommend that LMWH or warfarin be continued for
6 weeks to 2 months after surgery. At a minimum DVT prophylaxis
should be continued until the patient is ambulatory for functional 
distances.
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Liver Disease
For patients with liver disease, the likelihood of developing compli-
cations is related to the degree of hepatic compromise.44 Patients with
acute viral hepatitis and elevated liver enzyme levels, determined by
liver function tests (LFTs), should not have surgery until about 4
weeks after the LFTs are normalized. Most surgical procedures cause
elevated LFTs because of hypoxia, hypercarbia, traction, reduced
blood flow, and portal hypotension induced by anesthetic agents. The
major perioperative complications in patients with liver disease are
bleeding, infection, and renal insufficiency (especially in patients
with obstructive jaundice secondary to malignant disease). Patients
with liver disease are likely to have a poor prognosis if they have hy-
poalbuminemia, a prolonged prothrombin time, ascites, esophageal
varices, or encephalopathy. These patients should be managed ag-
gressively with the help of a gastroenterologist using mannitol, lac-
tulose, hyperalimentation, fresh frozen plasma, vitamin K, spirono-
lactone, and other diuretics.

Endocrine Disorders
The most common endocrine disorder encountered during the peri-
operative period is diabetes mellitus. Surgical mortality for patients
with diabetes is greater among those who have concomitant cardiac
disease, those who are having peripheral vascular surgery, and those
with end-organ damage (autonomic neuropathy or nephropathy) as a
result of their diabetes. Autonomic cardiac neuropathy may result in
reduced ability to perceive postoperative chest pain, and these pa-
tients may be unable to mount an adequate cardiac response to the
myocardial suppression due to anesthesia. Patients with diabetes are
more likely to develop urinary retention, gastric retention, and pul-
monary aspiration. Surgery places an additional strain on the diabetic
patient, resulting in wide swings in blood glucose levels, volume
shifts, electrolyte abnormalities (most frequently hypo- and hyper-
kalemia), and changes in acid–base status.45

The goal of management is to control blood glucose levels through-
out the period of surgical stress. A number of opposing factors are
involved. Usually patients are not eating well, which reduces the re-
quirement for insulin, and they are inactive, increasing insulin re-
quirements. During surgery there is an outpouring of catecholamines,
glucagon, and cortisol, which dramatically increase insulin require-
ments. The net effect is the frequently encountered hyperglycemia
during surgery. In general, the goal is to keep the blood glucose level
below 250 mg/dL. For patients who are insulin-dependent, one half
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to two thirds of their intermediate-acting insulin should be adminis-
tered on the morning of surgery and fingerstick glucose levels mon-
itored every 2 hours during surgery, with sliding-scale regular insulin
coverage. For patients with “brittle” diabetes, better control may be
achieved by starting an insulin infusion a few hours before surgery.
The usual rate of infusion is 2 units of insulin per hour, but this dos-
age can be adjusted depending on the serum glucose levels. To avoid
hypoglycemia, a dextrose infusion is administered simultaneously in
the other arm. The infusion rates are adjusted based on fingerstick
glucose levels. For patients with diabetes taking oral hypoglycemic
agents, the oral agent is stopped on the day before surgery and the
patient managed with sliding-scale insulin similarly to the patient
with insulin-dependent diabetes.

Steroid Use
Patients who are currently taking corticosteroids may be at risk of
hypothalamic-pituitary-adrenal axis insufficiency when faced with
the stress of surgery. Published case reports describe cardiovascular
collapse among patients with steroid-related adrenal insufficiency.
Patients who are currently taking steroids, who have used long-
acting steroids, or who have taken steroids for more than a week dur-
ing the previous year may be at increased risk of iatrogenic axis sup-
pression. Consideration should be given to treating these patients with
“stress-dose” intravenous steroids during surgery. One critical review
of the literature on stress-dose steroids reported that few studies ful-
filled the diagnostic criteria for iatrogenic adrenal insufficiency.46

Furthermore, studies of renal allograft patients who had adrenal func-
tioning testing reported that patients who had been taking prednisone
for long periods had normal adrenal responses to adrenocorticotropic
hormone (ACTH) stimulation, suggesting that adrenal function was
preserved. For patients who are at risk for adrenal axis suppression,
it may be useful to assess adrenal gland function. If the patient’s cor-
tisol level doubles over a fasting level 1 hour after administering 250
�g of ACTH intravenously or intramuscularly, or if any cortisol level
is in the range of 17 to 20 �g/dL, adrenal function is likely to be in-
tact. If it is decided to treat the patient empirically with stress-dose
steroids, hydrocortisone sodium succinate (Solu-Cortef) or equiva-
lent 100 mg IV q6h should be given for 24 hours, tapering the dose
by 50% until the patient can take the usual dose of steroids.

Renal System
New-onset renal insufficiency during the perioperative period is as-
sociated with significant morbidity and mortality. A meta-analysis
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study reported that the only consistent predictors of postoperative
acute tubular necrosis were preoperative elevations of creatinine and
blood urea nitrogen (BUN) and patients having a major vascular pro-
cedure.47 Patients who are volume-depleted, elderly, septic, or hav-
ing a major procedure are at increased risk for developing perioper-
ative acute tubular necrosis. Morbidity and mortality result from
sepsis, coagulopathy, and volume and electrolyte disturbances. Anes-
thesiologists have a heightened level of concern about avoiding this
complication, especially in patients with a suspected creatinine clear-
ance of less than 50%. Patients on chronic hemodialysis or peritoneal
dialysis can be operated on safely, but dialysis should be completed
6 hours or more before surgery because of the anticoagulant effects
of heparin added to the dialysate.

Nutrition
Protein-calorie undernutrition results in increased surgical morbidity
and mortality. Surgery may transform mild undernutrition into se-
vere malnutrition, which if it occurs is associated with impaired
wound healing, immunodeficiencies, and a reduced ability to resist
infection. Older patients are especially at risk for undernutrition af-
ter surgery because of coexistent chronic medical illnesses (e.g., con-
gestive heart failure, chronic lung disease), functional impairments,
coexistent dementia/postoperative delirium, and surgery-related fac-
tors (e.g., nil per mouth, liquid diet).

Patients who have multiple trauma or pancreatitis or who are un-
able to eat for 7 to 10 days are most likely to develop perioperative
malnutrition. The Veterans Administration Parenteral Nutrition Co-
operative Study found that mortality and complication rates among
patients who received total parenteral nutrition (TPN) were similar
to those who did not.48 The authors concluded that TPN should be
considered for severely malnourished patients or those whose gas-
trointestinal tract was to be rested for 7 to 10 days if previously nor-
mally nourished or for 5 days in previously malnourished patients.
The exact optimal duration of nutritional support is not well estab-
lished; however, low-risk nutritional supplementation (oral supple-
ments) make intuitive sense for all perioperative patients until ade-
quate nutritional intake is established.

Conclusion
Family physicians are increasingly being requested to participate in
the care of patients during the perioperative period. In general, sur-

252 Mel P. Daly



gical and anesthesia outcomes have greatly improved, even among
elderly patients in good medical condition. There remain, however,
categories of patients who are at high risk for adverse outcomes, es-
pecially those with comorbid cardiovascular disease, those having
peripheral vascular surgery, and those at risk for developing pul-
monary complications, sepsis, or renal failure. The medical care of
the surgical patient is highly individualized, with a goal of bringing
the person to the operating room in the best condition possible and
then not abandoning the patient after surgery.
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11
Selected Disorders of
the Cardiovascular
System
David E. Anisman

Pericarditis
Pericarditis may be divided into two types—acute and constrictive.
Acute pericarditis (AP), which is an inflammatory condition of the
membranes lining the heart, affects men more frequently than
women, and is seen with increasing frequency with advancing age.
While AP is diagnosed in less than 1% of hospital admissions, it has
an estimated prevalence of 2% to 6% in the general population, un-
derscoring the frequency with which it is either clinically not ap-
parent or not considered in the differential diagnosis.1 The most com-
mon etiologies are idiopathic, viral (which may actually account for
most idiopathic cases), and in association with cardiac ischemia
(Table 11.1). Indeed, the chest pain associated with AP may make
it difficult to distinguish from acute myocardial ischemia. Constric-
tive pericarditis (CP), formerly known as Pick’s disease, is charac-
terized by a thickened, adherent, and fibrous pericardium that im-
pairs diastolic filling, leading to the gradual onset of symptoms
consistent with systemic venous congestion, such as congestive heart
failure (CHF). It is a postinflammatory sequela of many of the same
etiologies as AP, but the clinician should always maintain a high
suspicion for tuberculosis, which is still the leading cause of CP in
developing countries.2



Presentation and Diagnosis
Acute pericarditis may be heralded by a viral prodrome, and classi-
cally presents with a triad of chest pain, pericardial friction rub, and
characteristic electrocardiographic (ECG) changes. The chest pain is
usually rather abrupt in onset, retrosternal in location, and made worse
with recumbency, deep inspiration, and swallowing. It is often eased
by sitting up and leaning forward. The pain may radiate to the trapez-
ius ridge, or may mimic the pain of acute myocardial ischemia with
radiation into the left arm. Respiratory symptoms are generally the
result of secondary pleural irritation rather than a primary effect of
AP on cardiac function. The pathognomonic pericardial friction rub
is classically described as triphasic (atrial systole, ventricular systole,
and diastole), with the ventricular systolic component most readily
and most often heard. The rub is scratchy or “Velcro-like” and best
heard with the patient sitting upright and leaning forward, with res-
pirations interrupted, and by placing the diaphragm over the left lower
sternal border and cardiac apex. Confusion with murmurs can be
avoided by recognizing that the rub does not radiate or vary in either
loudness or timing with maneuvers that typically are used for mur-
mur identification.

The four classic stages of ECG changes in AP are summarized in
Table 11.2; not all phases need be present to confirm the diagnosis.
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Table 11.1. Etiologies of Pericarditis

Infectious
Bacterial: pneumococcus, staphylococcus, Neisseria meningitidis,

streptococcus, mycoplasma, tuberculosis, Haemophilus
influenzae, rickettsia

Viral: coxsackie, echovirus, adenovirus, influenza, varicella-zoster, 
HIV

Fungal: histoplasmosis, aspergillosis, blastomycosis, 
coccidioidomycosis

Trauma: blunt chest trauma, post-thoracic surgery
Medications: procainamide, phenytoin, isoniazid, penicillin, heparin, 

warfarin, cromolyn sodium, methysergide
Cardiac: AMI, Dressler’s syndrome, endocarditis, aortic dissection
Radiation therapy
Neoplastic: breast, bronchogenic lung, lymphoma, leukemia
Uremia: poorly controlled or while on hemodialysis
Autoimmune: systemic lupus erythematosus, rheumatoid arthritis, 

inflammatory bowel, acute rheumatic fever, scleroderma,
polyarteritis nodosa, dermatomyositis

Other: sarcoidosis, amyloidosis

AMI � acute myocardial infarction.



Because PR segment depression may coexist with ST segment ele-
vation, it is crucial to use the TP segment as a baseline.3 Acute peri-
carditis may be differentiated from acute myocardial infarction (AMI)
by the diffuseness of ST changes, the absence of Q waves, and the
characteristically concave up-sloping morphology of the ST segment.
Benign early repolarization (BER) also may present with diffusely
elevated ST segments, but use of the ST/T ratio (Fig. 11.1) is help-
ful in making the distinction.

Because of the wide variety of presenting signs and symptoms, CP
is difficult to diagnose solely on history and physical examination.2

Symptoms of right-sided CHF, such as abdominal distention, pe-
ripheral edema, and anorexia reflect impaired diastolic filling and
chronically depressed cardiac output. Left-sided CHF symptoms such
as dyspnea and orthopnea also occur, but are less frequent.4 Com-
mon ex-amination findings include Kussmaul’s sign (jugular venous
pressure increasing with inspiration), ascites, cachexia, hepato-
megaly, and a pericardial knock (an early diastolic sound heard best
with the diaphragm and increased with squatting). Though rarely nor-
mal, the ECG findings are nonspecific, revealing generalized low
voltage, T-wave inversions, conduction delays, and atrial dysrhyth-
mias (especially atrial fibrillation).4,5 When the presentation suggests
constrictive or restrictive pathophysiology, a chest x-ray showing
pericardial calcification argues for CP over other etiologies. Better
still, magnetic resonance imaging (MRI) and computed tomography
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Table 11.2. Electrocardiographic Findings for the Four Stages of
Acute Myopericarditis

Stage Duration Electrocardiographic finding

I Days–2 weeks Diffuse PR segment depression
(I, II, III, aVL, V2–6) (with
reciprocal PR segment elevation
in aVR, V1)

Diffuse ST segment elevation
(I, II, III, aVL, V2–6) (with
reciprocal ST segment depression
in aVR, V1)

II 1–3 weeks ST segment normalization
T wave flattening with decreased

amplitude
III 3–several weeks T wave inversion
IV Several weeks Normalization and return to

baseline ECG

Source: Chan et al,3 with permission.



(CT) are the preferred methods for identifying the pericardial thick-
ening of CP. Echocardiography is often helpful in evaluating ven-
tricular function and documenting the impaired diastolic filling char-
acteristic of CP. Cardiac catheterization is the gold standard for
resolving the diagnostic dilemmas via demonstration of equalized di-
astolic pressures between atria and ventricles.

Differential Diagnosis
Differential considerations for AP include AMI, pulmonary embo-
lus, aortic dissection, cardiac contusion, mediastinitis, esophageal
spasm, esophagitis, and pneumonia. A thorough history, examina-
tion, ECG analysis, and selected diagnostic testing and imaging will
usually address these concerns, but the distinction between AP and
AMI may remain difficult, complicating subsequent therapy. Con-
strictive pericarditis must be differentiated from tamponade, restric-
tive cardiomyopathy, intraabdominal malignancy, and hepatic cir-
rhosis. Liver function tests in CP patients are typical for passive
congestion (elevated alkaline phosphatase and �-glutamyl transpep-
tidase), while cirrhotic patients show diminished albumen and in-
creased prothrombin times. Echocardiogram, CT, and MRI are also
helpful in making these distinctions. Where confusion between con-
strictive and restrictive etiologies persists, catheterization with en-
domyocardial biopsy is indicated.1,5
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Fig. 11.1. This PR segment–ST segment discordant ratio may also
help in discriminating between the ST segment elevation result-
ing from benign early repolarization (BER) and acute myoperi-
carditis. It is objectively assessed by comparing the heights of
the ST segment and T wave in lead V6: the ST segment/T wave
magnitude ratio. Using the PR segment as the baseline for the
ST segment and the J point as the beginning of the T wave, the
heights are measured with calculation of the ratio. If the ratio is
0.25 or greater, pericarditis is the likely diagnosis; with results
less than 0.25, one should consider BER. (From Chan et al,3 with
permission.)



Intervention
Initial management of AP focuses on treating the underlying cause,
if possible. Purulent pericarditis requiring IV antibiotics must be doc-
umented by pericardiocentesis and is a medical emergency, with mor-
tality rates of up to 77%.6 Clinicians should monitor AP for pericar-
dial effusion and the development of cardiac tamponade, requiring
emergent pericardiocentesis. Analgesia for AP is critical, and is best
achieved with nonsteroidal antiinflammatory drugs (NSAIDs) such
as aspirin (650 mg po q4h) or indomethacin (25 to 50 mg po q6h).
Intravenous ketorolac (30 mg IM or IV q6h) is also effective. Since
the high doses of corticosteroids needed for pain control have both
immune and adrenal suppressive effects, it is prudent to withhold
them for at least 48 hours to determine if NSAIDs will be effective
for symptom management. When the patient is pain free for 5 to 7
days, all antiinflammatory agents should be tapered. Recurrent peri-
carditis is treated by reinstituting high-dose NSAIDs, followed by ta-
pering these agents over several months. Colchicine has also been
used with some success. Even though the presence of AP is a rela-
tive contraindication to administration of thrombolytics, the incidence
of post-AMI AP can be decreased by the appropriate use of throm-
bolytic therapy for the AMI, since decreasing the size of the AMI
will decrease the likelihood for development of AP.

The progressive nature of CP demands referral to a cardiovascu-
lar surgeon for all symptomatic patients, since the earlier stage at
which pericardiectomy is performed, the better the outcome. Im-
provement is usually dramatic and sustained. Temporizing measures
include the use of diuretics. Rate-slowing drugs should be used with
caution, if at all, since maintaining an adequate cardiac output in CP
is often rate-dependent.

Prevention
The most common etiologies of AP do not lend themselves to ef-
fective preventive efforts, and prevention of CP is usually dependent
on prevention of AP. Focusing efforts on preventable etiologies, such
as coronary artery disease (CAD), malignancy, management of ure-
mic conditions, and judicious use of certain medications are most
likely to be productive measures.

Myocarditis
Occurring most commonly in 20- to 50-year-old men, myo-carditis
is the inflammation of cardiac myocytes and associated structures
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(vascular, interstitium, and pericardium). Viral infection in general,
and Coxsackie B virus in particular, is the most common cause in
North America (Table 11.3). Myocyte damage during the first 3 days
appears to be due to a direct viral effect, which is terminated by an-
tibody-mediated viral clearance. A persistent T-cell–mediated re-
sponse in a subset of patients seems to underlie the evolution of ab-
normal ventricular architecture and the eventual development of
dilated cardiomyopathy (DCM).7,8 While most cases of myocarditis
are asymptomatic and resolve spontaneously, one third of patients
have residual cardiac abnormalities ranging from subtle ECG changes
to CHF, which may be acute and life-threatening. The more mild
cases generally respond well to conventional CHF management,
whereas the more severe cases may require mechanical ventricular
assist devices or even transplant. Cases of sudden death have been
reported, presumably secondary to ventricular dysrhythmia.

Presentation and Diagnosis
Symptomatic patients often note a nonspecific flu-like prodrome, oc-
casionally accompanied by palpitations. One third note chest pain
that may mimic ischemia, and a small number present with symp-
toms of CHF. Examination may reveal tachycardia, a muffled first
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Table 11.3. Etiologies of Myocarditis

Infectious
Bacterial: clostridia, diphtheria, gonococcus, haemophilus, 

legionella, meningococcus, mycobacteria, mycoplasma,
salmonella, staphylococcus, streptococcus (especially
pneumococcus)

Spirochetes: borrelia, leptospira, syphilis
Fungal: actinomyces, aspergillus, candida, coccidioides, 

histoplasma
Protozoal: toxoplasma, trypanosoma
Rickettsia: Q fever, Rocky Mountain spotted fever, scrub typhus, 

typhus
Viral: adenovirus, Coxsackie, cytomegalovirus, Epstein-Barr,

hepatitis, herpes simplex, HIV, influenza A and B, rabies,
respiratory syncytial virus, varicella zoster

Medications: hydrochlorothiazide, lithium, penicillins, 
sulfamethoxazole/trimethoprim, tetracycline

Physical agents: radiation therapy
Autoimmune: rheumatoid arthritis, systemic lupus erythematosus
Other: giant cell myocarditis, hypersensitivity reactions, Kawasaki

disease, peripartum myocarditis, rheumatic fever, sarcoidosis



heart sound, or a murmur of tricuspid or mitral regurgitation. Severe
cases will have findings consistent with CHF. Electrocardiogram
commonly reveals a sinus tachycardia with nonspecific ST and T
wave changes (often superimposed on those of pericarditis). Con-
duction delays are not uncommon, and intraventricular delays often
denote more serious myocardial damage and a worse prognosis.
White blood count is elevated in a quarter of patients, and the eryth-
rocyte sedimentation rate (ESR) is increased in up to 60%. Serology
is rarely clinically useful. Echocardiography may show increased 
left ventricular (LV) wall thickness similar to that seen in other forms
of cardiomyopathy, and is very important in identifying ventricular
wall motion abnormalities, detecting ventricular thrombus, and mea-
suring LV ejection fraction (LVEF). A near-normal baseline LVEF
is currently the best predictor of a good outcome; findings on light
microscopy from biopsy specimens have not correlated well with
prognosis.9,10

Myocardial biopsy is most useful if performed within the first 3
to 4 days when the diagnostic yield is highest. Even then, however,
it is uncommon that biopsy findings will significantly change man-
agement decisions. Some authorities consider biopsy to be the gold
standard in the diagnosis of myocarditis and recommend it in all cases
of ventricular dysfunction where the cause is unclear.11 Others ques-
tion this recommendation, noting the low yield of biopsy due to the
patchy nature of inflammatory infiltrates, and the difficulty with
which current pathologic criteria are employed.9

Differential Diagnosis
Several serious cardiac conditions must be differentiated from my-
ocarditis. These include AMI, CHF due to other causes (e.g., isch-
emia, hypertension), dysrhythmias, and pericarditis. Complicating the
evaluation is the fact that all of these conditions may coexist with
myocarditis.

Intervention
If an infectious agent is identified, appropriate therapy should be in-
stituted immediately. Most patients with mild to moderate symptoms
require supportive measures specific to their presentation. Bed rest
is critical to limit continued damage to the myocardium. Treatment
of the systemic symptoms typical of viral infection with analgesics
and antipyretics is indicated, but NSAIDs should be avoided in the
first 2 weeks due to the potential for myocardial cell damage. Con-
ventional treatment with digoxin, diuretics, nitrates, and angiotensin-
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converting enzyme inhibitors (ACEIs; especially when ejection frac-
tion is less than 40%) is appropriate when CHF is present.7,11 Tem-
porary cardiac pacing is indicated in cases of third-degree or symp-
tomatic second-degree type II atrioventricular block. Anticoagulation
may be warranted for ventricular thrombus or to prevent develop-
ment of thrombus in the presence of atrial fibrillation. Cardiac trans-
plantation is used only as a last ditch effort, often after intraaortic
balloon pump or LV assist device have failed. Antiviral therapies
such as interferon-� and polyclonal immunoglobulin (Ig) are rarely
useful, since they are only of benefit when started before or during
viral infection.12 Alpha-, beta-, and calcium channel blocking drugs
may be of benefit due to their vasodilating properties, but as yet re-
main investigational.12 Steroids and other immunosuppressive agents
have not been found to produce a significant benefit in clinical out-
comes. In fact, they may be harmful in the acute phase of viral my-
ocarditis, possibly due to decreased antibody-mediated clearance of
virus. Their use is suggested only in biopsy-proven cases after other
treatments have failed, and prior to transplant.7,9,12 One exception is
in the treatment of autoimmune causes such as giant cell myocardi-
tis or systemic lupus, where it is the treatment of choice. Future ther-
apies may include immunomodulating agents if such can be found to
target T cells only.8

Prevention
The majority of viruses that constitute the most common causes of
myocarditis are not amenable to effective prevention measures. Less
common causes such as sexually transmitted diseases are preventable
through counseling on risk-limiting behavioral mechanisms. Others
causes such as pneumococcus, influenza, hepatitis, and diphtheria
may be prevented through immunization, though the risk of myo-
carditis in the general population does not warrant a change in cur-
rent immunization strategy.

Endocarditis
Infectious endocarditis (IE) is an infection of the endocardial surface
mainly due to bacteria, but rarely may be caused by fungi and pro-
tozoa. The interaction between the infecting organisms and the host’s
immune response gives rise to the classic though not universally
found lesion of IE: the valvular vegetation. These vegetations may
interfere with valvular function leading to CHF, and may embolize
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to produce a wide variety of focal and systemic signs and symptoms.
Acute bacterial endocarditis (ABE) is a subset of IE in which the
clinical course may become fulminant in as little as 3 to 5 days, tends
to be caused by more virulent organisms such as Staphylococcus au-
reus, and generally affects patients with previously normal valves,
intravenous drug users (IVDUs), and those with prosthetic valves.
Because of its aggressive course, the complications of ABE tend to
be severe. In contrast, subacute bacterial endocarditis (SBE) is more
gradually progressive, often taking weeks to months before being di-
agnosed. The subacute form of IE is caused by less virulent organ-
isms (e.g., Streptococcus viridans), has severe complications less of-
ten than ABE, and primarily affects patients with abnormal valvular
architecture, either congenital or prosthetic. The overall incidence of
IE in the United States is estimated at between 1.6 and 6.0 cases per
100,000 population, with a slight male predominance and a median
age of 50 years.13 This demographic is changing due to the decreased
prevalence of rheumatic heart disease, advances in the surgical man-
agement of children with congenital cardiac disease, and a steady rise
in intravenous drug abuse. As a result, children and IVDUs make up
an increasing proportion of those with IE. Untreated, IE is almost
uniformly fatal. Therefore, if IE is suspected, aggressive evaluation
and treatment, to include early surgery in some cases, is essential.
Such a strategy has decreased mortality rates to as low as 40% in
nonaddicts with S. aureus ABE and 0% to 10% in IVDUs.14

Effective management of IE relies on targeting treatment to spe-
cific organisms. Gram-positive bacteria are the most common cause
of IE, with over 80% of cases due to staphylococcal and streptococ-
cal species.13,14 Gram-negative bacteria account for 10% to 20% of
cases, with Pseudomonas occurring primarily in IVDUs and those
with prosthetic valve endocarditis (PVE), and the HACEK group
(Haemophilus species, Actinobacillus actinomycetemcomitans, Car-
diobacterium hominis, Eikenella corrodens, and Kingella kingae) oc-
curring most commonly in native valve, non-IVDUs. While IE is rare
in children overall, those with congenital cardiac disease most often
have S. viridans or S. aureus as causative agents.15 More than half
of IE in IVDUs is due to S. aureus, but gram-negative bacteria, es-
pecially Pseudomonas, and fungi are common as well. In addition,
IVDUs have a very high incidence of right-sided valvular involve-
ment, especially the tricuspid valve. Prosthetic valve endocarditis is
most often due to S. viridans, S. aureus, and Staphylococcus epider-
midis, as well as Pseudomonas and other gram-negative bacilli. As
a general rule, a normal vaginal delivery poses little increased risk
of IE. However, bacteremia during delivery carries an increased risk
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of enterococcal, group B streptococcal, and S. aureus IE.13 Nosoco-
mial IE is most commonly due to staphylococcal species, enterococci,
fungi, and Pseudomonas, and is seen in patients with burns, extended
intensive care unit stays, and placement of intravascular and intra-
cardiac devices or urinary catheters.

Presentation and Diagnosis
Though the primary lesion in IE is in the heart itself, many of its pre-
senting signs and symptoms reflect the systemic nature of the dis-
ease. Fever, myalgias, fatigue, headache, and abdominal pain are
common in all types of IE, but are more severe and persistent in ABE.
Findings consistent with CHF develop in up to 60% of all cases of
IE, and are often a poor prognostic sign as CHF carries a mortality
of up to 80% and is the most common cause of death in all types of
IE.16 Vegetations can embolize to almost any location, causing dis-
tant infection or infarction; such embolization occurs in about 12%
to 40% of patients with SBE and 40% to 60% of patients with ABE.13

Right-sided embolic events may lead to specific complaints of chest
pain, cough, and hemoptysis. Left-sided embolic events can present
as mental status changes, stroke, myocardial infarction, splenic in-
farction, and renal abscess. Up to 90% of patients with Streptococ-
cus pneumoniae ABE have an associated meningitis. Other compli-
cations of IE include osteomyelitis, septic arthritis, and mycotic
aneurysms.

With the exception of Janeway lesions, which are found most com-
monly with ABE, few physical findings are highly specific for IE.
Nonetheless, Roth spots, Osler’s nodes, petechiae, splinter hemor-
rhages, and splenomegaly occur in up to 25% of cases of IE, and
when more than one occur together it is strongly suggestive of the
diagnosis. Cardiac murmurs in IE are most often regurgitant, but fre-
quently are not present on initial evaluation. While a change in a pre-
existing murmur is of uncertain significance, a new aortic regurgi-
tant murmur in association with fever is strongly associated with IE.13

Laboratory evaluation is frequently of less value in making the early
diagnosis of IE than are the history and examination, but usually
shows granulocytosis, especially in ABE. In SBE, anemia, a positive
rheumatoid factor, elevated Veneral Disease Research Laboratory
(VDRL) titers, and circulating immune complexes are common.
Other laboratory findings and imaging may reflect other complica-
tions as mentioned above. Electrocardiogram may reveal conduction
abnormalities, indicating the extension of an aortic valve infection to
a valve-ring abscess, which carries a worse prognosis.13
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In 1994, with the goal of increasing the proportion of definite di-
agnoses of IE correctly identified, Durack and colleagues17 proposed
a revised set of diagnostic criteria patterned after the Jones criteria
for rheumatoid arthritis. Under these so-called Duke criteria, the di-
agnosis of definite IE is arrived at either through one of two patho-
logic criteria or through one of several combinations of major and
minor clinical criteria (Table 11.4). The clinical criteria emphasize
two main areas: positive blood cultures and evidence of endocardial
involvement (Table 11.5). The latter clinical criterion takes advan-
tage of both transthoracic (TTE) and transesophageal (TEE) echocar-
diography as safe yet highly sensitive means for identifying endo-
cardial lesions.16 It is recommended that TTE be the initial study of
choice for most patients. However, where TTE is negative and clin-
ical suspicion remains high, or in cases involving a prosthetic valve,
possible abscess, or valve perforation, TEE is preferable, as it has
higher sensitivity in such cases. In spite of a negative predictive value
of 80%, a negative TEE should be repeated frequently in high-risk
patients.16 The Duke criteria have been extensively studied and found
to have sensitivity ranging from 75% to 100% while maintaining ex-
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Table 11.4. Criteria for Diagnosis of Infective Endocarditis

Definite infective endocarditis
Pathologic criteria

Microorganisms: demonstrated by culture or histology in a 
vegetation, or in a vegetation that has embolized, or in an
intracardiac abscess, or

Pathologic lesions: vegetation or intracardiac abscess present, 
confirmed by histology showing active endocarditis

Clinical criteria, using specific definitions listed in Table 11.5
2 major criteria, or
1 major and 3 minor criteria, or
5 minor criteria

Possible infective endocarditis
Findings consistent with infective endocarditis that fall short of 

“definite,” but not “rejected”
Rejected

Firm alternate diagnosis for manifestations of endocarditis, 
or

Resolution of manifestations of endocarditis, with antibiotic therapy 
for 4 days or less, or

No pathologic evidence of infective endocarditis at surgery or 
autopsy, after antibiotic therapy for 4 days or less

Source: Durack et al,17 with permission.
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Table 11.5. Definitions of Terminology Used in the Diagnostic
Criteria of Infective Endocarditis

Major criteria
Positive blood culture for infective endocarditis

Typical microorganism for infective endocarditis from two 
separate blood cultures
Viridans streptococci,a Streptococcus bovis, HACEK group, or
Community-acquired Staphylococcus aureus or enterococci, in 

the absence of a primary focus, or
Persistently positive blood culture, defined as recovery of a 

microorganism consistent with infective endocarditis from
Blood cultures drawn more than 12 hours apart, or
All of three or a majority of four or more separate blood 

cultures, with first and last drawn at least 1 hour apart
Evidence of endocardial involvement

Positive echocardiogram for infective endocarditis
Oscillating intracardiac mass, on valve or supporting 

structures, or in the path of regurgitant jets, or on implanted
material, in the absence of an alternative anatomic
explanation, or

Abscess, or
New partial dehiscence of prosthetic valve, or

New valvular regurgitation (increase or change in preexisting 
murmur not sufficient)

Minor criteria
Predisposition: predisposing heart condition or intravenous drug 

use
Fever: �38.0°C (100.4°F)
Vascular phenomena: major arterial emboli, septic pulmonary 

infarcts, mycotic aneurysm, intracranial hemorrhage,
conjunctival hemorrhages, Janeway lesions

Immunologic phenomena: glomerulonephritis, Osler’s nodes, Roth 
spots, rheumatoid factor

Microbiologic evidence: positive blood culture but not meeting 
major criterion as noted previouslyb or serologic evidence  of
active infection with organism consistent with infective
endocarditis

Echocardiogram: consistent with infective endocarditis but not 
meeting major criterion as noted previously

HACEK � Haemophilus spp., Actinobacillus actinomycetemcomitans,
Cardiobacterium hominis, Eikenella spp., and Kingella kingae.
aIncluding nutritional variant strains.
bExcluding single positive cultures for coagulase-negative staphylococci
and organisms that do not cause endocarditis.
Source: Durack et al,17 with permission.



cellent specificity (92–99%) and a negative predictive value of at
least 92%.17–20 These criteria have also been validated for both the
adult and pediatric populations, as well as special groups such as
those with PVE.21–23 However, since an adequate amount of clinical
data must be collected before the Duke criteria can be applied, early
empiric therapy should not be delayed if IE is suspected. In this re-
gard, the criteria are best used to assist in sculpting medical therapy
and determining a need for surgical intervention.

Differential Diagnosis
Virtually any systemic infection should be considered in the differ-
ential diagnosis of IE. These include, but are not limited to, pneu-
monia, meningitis, pericarditis, abscess, osteomyelitis, tuberculosis,
and pyelonephritis. Noninfectious etiologies to be considered include
stroke, myocardial infarction, rheumatic fever, vasculitis, malig-
nancy, and fever of unknown origin.

Intervention
Because bacteria in valvular vegetations are relatively protected
from host immune defenses, antibiotics chosen to treat IE must be
bactericidal, and regimens for their administration must be aggres-
sive and of adequate duration to completely eradicate the organism
and prevent relapse (Tables 11.6 to 11.9).24,25 Repeat blood cultures
should be negative within 48 hours of beginning antibiotic therapy,
especially for staphylococcal infection. Cultures should also be re-
peated at 4 and 8 weeks after completion of antibiotic therapy. If
positive, those with native valve IE should receive a repeat course
of antibiotics; those with PVE or resistant enterococcus should re-
ceive both repeat antibiotics and possible surgical intervention.25

Careful attention should be given to identifying and treating com-
plications. CHF in particular must be treated aggressively, since
there is a dramatic worsening of prognosis as CHF becomes more
severe.26 Therapy of CHF should be initiated with conventional med-
ications (ACEIs and diuretics), but the timing of surgical interven-
tion should be given particular emphasis. To that end, early surgi-
cal, infectious disease, and cardiology consultations are warranted
for all patients with suspected IE.

In general, surgery should not be delayed because of active IE. In-
dications for surgical intervention include CHF that is progressive
despite appropriate antibiotic and medical management, periannular
or myocardial abscess, valvular obstruction, persistent bacteremia de-
spite appropriate antibiotics, dehiscence of a prosthetic valve, fungal

268 David E. Anisman



11. Selected Disorders of the Cardiovascular System 269

Ta
bl

e 
11

.6
.

Tr
ea

tm
en

t 
R

eg
im

en
s 

fo
r 

V
ir

id
an

s 
St

re
pt

oc
oc

ci
a

B
ac

te
ri

al
 E

nd
oc

ar
di

ti
s

Pe
ni

ci
lli

n 
su

sc
ep

tib
ili

ty
A

nt
ib

io
tic

s
D

ur
at

io
n

H
ig

h 
(M

IC
 �

0.
1

�
g 

pe
r 

m
L)

A
qu

eo
us

 p
en

ic
ill

in
, 

12
 t

o 
18

 m
ill

io
n 

U
 d

ay
4 

w
ee

ks
or

C
ef

tr
ia

xo
ne

, 
2 

g 
da

ily
4 

w
ee

ks
or

Pe
ni

ci
lli

n,
 1

2 
to

 1
8 

m
ill

io
n 

U
 p

er
 d

ay
, 

pl
us

 g
en

ta
m

ic
in

, 
1 

m
g 

pe
r 

kg
 

2 
w

ee
ks

ev
er

y 
8 

ho
ur

sb

M
od

er
at

e 
(M

IC
 �

0.
1,

�
0.

5
�

g
Pe

ni
ci

lli
n,

 1
8 

m
ill

io
n 

U
 p

er
 d

ay
4 

w
ee

ks
pe

r 
m

L)
pl

us
G

en
ta

m
ic

in
, 

1 
m

g 
pe

r 
kg

 e
ve

ry
 8

 h
ou

rs
b

2 
w

ee
ks

Lo
w

 (
M

IC
 �

0.
5

�
g 

pe
r 

m
L)

Pe
ni

ci
lli

n,
 1

8 
m

ill
io

n 
U

 p
er

 d
ay

, 
pl

us
 g

en
ta

m
ic

in
, 

1 
m

g 
pe

r 
kg

 e
ve

ry
 

4 
to

 6
 w

ee
ks

8 
ho

ur
sb

In
 p

at
ie

nt
s 

w
ith

 p
en

ic
ill

in
 a

lle
rg

y
M

IC
�

0.
5

�
g 

pe
r 

m
L

V
an

co
m

yc
in

, 
15

 m
g 

pe
r 

kg
 e

ve
ry

 1
2 

ho
ur

sb
4 

w
ee

ks
M

IC
�

0.
5

�
g 

pe
r 

m
L

V
an

co
m

yc
in

, 
15

 m
g 

pe
r 

kg
 e

ve
ry

 1
2 

ho
ur

s,
b

pl
us

 g
en

ta
m

ic
in

, 
1 

m
g 

4 
to

 6
 w

ee
ks

pe
r 

kg
 e

ve
ry

 8
 h

ou
rs

b

M
IC

�
m

in
im

al
 i

nh
ib

ito
ry

 c
on

ce
nt

ra
tio

n.
a T

he
se

 r
eg

im
en

s 
al

so
 a

pp
ly

 t
o 

tr
ea

tm
en

t 
of

 e
nd

oc
ar

di
tis

 c
au

se
d 

by
 S

tr
ep

to
co

cc
us

 b
ov

is
.

b
D

os
ag

es
 n

ee
d 

to
 b

e 
ad

ju
st

ed
 b

as
ed

 o
n 

re
na

l 
fu

nc
tio

n.
So

ur
ce

:
G

ie
ss

el
 e

t 
al

,2
4

as
 a

da
pt

ed
 f

ro
m

 W
ils

on
 e

t 
al

.2
5

w
ith

 p
er

m
is

si
on

.



270 David E. Anisman

Ta
bl

e 
11

.7
.

Tr
ea

tm
en

t 
R

eg
im

en
s 

fo
r 

En
te

ro
co

cc
al

 B
ac

te
ri

al
 E

nd
oc

ar
di

ti
s

Pe
ni

ci
lli

n-
Pe

ni
ci

lli
n-

al
le

rg
ic

su
sc

ep
tib

le
pa

tie
nt

or
ga

ni
sm

A
nt

ib
io

tic
s

D
ur

at
io

n

N
o

Y
es

Pe
ni

ci
lli

n,
 1

8 
to

 3
0 

m
ill

io
n 

U
 p

er
 d

ay
, 

pl
us

 g
en

ta
m

ic
in

, 
1 

m
g 

pe
r 

kg
 

4 
to

 6
 w

ee
ks

a

ev
er

y 
8 

ho
ur

sb
or

A
m

pi
ci

lli
n,

 1
2 

g 
pe

r 
da

y,
 p

lu
s 

ge
nt

am
ic

in
, 

1 
m

g 
pe

r 
kg

 e
ve

ry
 8

 h
ou

rs
b

4 
to

 6
 w

ee
ks

N
o

N
o

V
an

co
m

yc
in

, 
15

 m
g 

pe
r 

kg
 e

ve
ry

 1
2 

ho
ur

s,
b

pl
us

 g
en

ta
m

ic
in

, 
1 

m
g 

pe
r 

4 
to

 6
 w

ee
ks

kg
 e

ve
ry

 8
 h

ou
rs

b

Y
es

N
o 

or
 y

es
V

an
co

m
yc

in
, 

15
 m

g 
pe

r 
kg

 e
ve

ry
 1

2 
ho

ur
s,

b
pl

us
 g

en
ta

m
ic

in
, 

1 
m

g 
pe

r 
4 

to
 6

 w
ee

ks
kg

 e
ve

ry
 8

 h
ou

rs
b

a S
ix

-w
ee

k 
co

ur
se

 o
f t

he
ra

py
 fo

r 
en

do
ca

rd
iti

s 
in

vo
lv

in
g 

a 
pr

os
th

et
ic

 v
al

ve
 o

r 
w

he
n 

sy
m

pt
om

s 
ha

ve
 b

ee
n 

pr
es

en
t f

or
 lo

ng
er

 th
an

3 
m

on
th

s.
b
D

os
ag

es
 n

ee
d 

to
 b

e 
ad

ju
st

ed
 b

as
ed

 o
n 

re
na

l 
fu

nc
tio

n.
So

ur
ce

:
Fr

om
 G

ie
ss

el
 e

t 
al

,2
4

as
 a

da
pt

ed
 f

ro
m

 W
ils

on
 e

t 
al

,2
5

w
ith

 p
er

m
is

si
on

.



11. Selected Disorders of the Cardiovascular System 271

Ta
bl

e 
11

.8
.

Tr
ea

tm
en

t 
R

eg
im

en
s 

fo
r 

St
ap

hy
lo

co
cc

al
 B

ac
te

ri
al

 E
nd

oc
ar

di
ti

s

Pe
ni

ci
lli

n-
M

et
hi

ci
lli

n-
al

le
rg

ic
su

sc
ep

tib
le

In
vo

lv
ed

pa
tie

nt
or

ga
ni

sm
va

lv
e

A
nt

ib
io

tic
s

D
ur

at
io

n

N
o

Y
es

N
at

iv
e

N
af

ci
lli

n,
 2

 g
 e

ve
ry

 4
 h

ou
rs

,a
or

 o
xa

ci
lli

n,
 2

 g
 e

ve
ry

 4
 h

ou
rs

4–
6 

w
ee

ks
pl

us
(O

pt
io

na
l) 

G
en

ta
m

ic
in

, 
1 

m
g 

pe
r 

kg
 e

ve
ry

 8
 h

ou
rs

a
3–

5 
da

ys
Y

es
b

Y
es

N
at

iv
e

C
ef

az
ol

in
, 

2 
g 

ev
er

y 
8 

ho
ur

sa
4–

6 
w

ee
ks

pl
us

(O
pt

io
na

l) 
G

en
ta

m
ic

in
, 

1 
m

g 
pe

r 
kg

 e
ve

ry
 8

 h
ou

rs
a

3–
5 

da
ys

Y
es

c
N

o 
or

 y
es

N
at

iv
e

V
an

co
m

yc
in

, 
15

 m
g 

pe
r 

kg
 e

ve
ry

 1
2 

ho
ur

sa
4–

6 
w

ee
ks

N
o 

or
 y

es
N

o
N

at
iv

e
N

o
Y

es
Pr

os
th

et
ic

N
af

ci
lli

n,
 2

 g
 e

ve
ry

 4
 h

ou
rs

,a
or

 o
xa

ci
lli

n,
 2

 g
 e

ve
ry

 4
 h

ou
rs

�
6 

w
ee

ks
pl

us
R

ifa
m

pi
n,

 3
00

 m
g 

ev
er

y 
8 

ho
ur

s
�

6 
w

ee
ks

pl
us

G
en

ta
m

ic
in

, 
1 

m
g 

pe
r 

kg
 e

ve
ry

 8
 h

ou
rs

a
2 

w
ee

ks
N

o
N

o
Pr

os
th

et
ic

V
an

co
m

yc
in

, 
15

 m
g 

pe
r 

kg
 e

ve
ry

 1
2 

ho
ur

sa
�

6 
w

ee
ks

(c
on

tin
ue

d
)



272 David E. Anisman

Ta
bl

e 
11

.8
 (

C
on

tin
ue

d)
.

Pe
ni

ci
lli

n-
M

et
hi

ci
lli

n-
al

le
rg

ic
su

sc
ep

tib
le

In
vo

lv
ed

pa
tie

nt
or

ga
ni

sm
va

lv
e

A
nt

ib
io

tic
s

D
ur

at
io

n

Y
es

c
N

o 
or

 y
es

Pr
os

th
et

ic
pl

us
R

ifa
m

pi
n,

 3
00

 m
g 

ev
er

y 
8 

ho
ur

s
�

6 
w

ee
ks

pl
us

G
en

ta
m

ic
in

, 
1 

m
g 

pe
r 

kg
 e

ve
ry

 8
 h

ou
rs

a
2 

w
ee

ks
Y

es
N

o
Pr

os
th

et
ic

C
ef

az
ol

in
, 

2 
g 

ev
er

y 
8 

ho
ur

sa
�

6 
w

ee
ks

pl
us

R
ifa

m
pi

n,
 3

00
 m

g 
ev

er
y 

8 
ho

ur
s

�
6 

w
ee

ks
pl

us
G

en
ta

m
ic

in
, 

1 
m

g 
pe

r 
kg

 e
ve

ry
 8

 h
ou

rs
a

2 
w

ee
ks

a D
os

ag
es

 n
ee

d 
to

 b
e 

ad
ju

st
ed

 b
as

ed
 o

n 
re

na
l 

fu
nc

tio
n.

b
H

is
to

ry
 o

f 
al

le
rg

y 
th

at
 d

oe
s 

no
t 

in
vo

lv
e 

im
m

ed
ia

te
-t

yp
e 

hy
pe

rs
en

si
tiv

ity
.

c H
is

to
ry

 o
f 

im
m

ed
ia

te
-t

yp
e 

hy
pe

rs
en

si
tiv

ity
.

So
ur

ce
:

G
ie

ss
el

 e
t 

al
,2

4
as

 a
da

pt
ed

 f
ro

m
 W

ils
on

 e
t 

al
,2

5
w

ith
 p

er
m

is
si

on
.



infection, conduction delay or heart block, enlarging vegetations, and
recurrent emboli.13,14,26

Once the diagnosis of IE is suspected, antibiotic therapy should be
instituted without delay. Until culture results and sensitivities are
available to guide antibiotic selection, choice of empiric therapy
should primarily rely on whether the clinical scenario is acute or 
subacute.13 Other factors to be considered include nosocomial vs.
community-acquired infection, presence of prosthetic material, and
intravenous drug use. In the acute setting, nafcillin (2.0 g IV q4h)
plus ampicillin (2.0 g IV q4h) plus gentamicin (1.5 mg/kg IV q8h)
should be used; vancomycin (1.0 g IV q12h) should replace nafcillin
when methacillin-resistant S. aureus is a concern. For SBE, ampi-
cillin (2.0 g IV q4h) plus gentamicin (1.5 mg/kg IV q8h) is indicated.

Prevention
Prevention of IE in those with abnormal valvular architecture is cov-
ered in detail in Chapter 1. In those with normal valves, prevention
is mainly an issue of education on the avoidance of IV drug use.

Cardiomyopathies
In 1995, the World Health Organization’s classification of car-
diomyopathies (CMs) recognized two main groupings.27 The func-
tional CMs describe anatomic and hemodynamic changes, and in-
clude dilated, hypertrophic, and restrictive forms, as well as the less
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Table 11.9. Treatment Regimens for Bacterial Endocarditis caused
by HACEK Organisms

Antibiotic Dosage and route Duration

Ceftriaxonea 2 g once daily IV or IM 4 weeks
Ampicillina 12 g per day IV, either 4 weeks

plus continuously or in
6 equally divided doses

Gentamicinb 1 mg per kg IM or IV every 8 hours 4 weeks

HACEK � Haemophilus spp., Actinobacillus actinomycetemcomitans,
Cardiobacterium hominis, Eikenella spp., and Kingella kingae.
aExperience in treating HACEK organisms with other than �-lactam an-
tibiotics is limited; for patients unable to tolerate �-lactam antibiotics,
consult an infectious disease specialist.
bDosages need to be adjusted based on renal function.
Source: Wilson et al,25 with permission.



common arrhythmogenic right ventricular CM. The specific CMs de-
scribe particular etiologies, and include ischemic, hypertensive,
valvular, inflammatory, metabolic, general system disease, muscular
dystrophies, neuromuscular disorders, toxic reactions, and peripartal.
The specific CMs generally have the clinical features of one or more
functional types. Indeed, many CMs previously labeled idiopathic are
now known to be primary disorders of the myocardium caused by
well-defined genetic mutations. In general, the clinician first recog-
nizes a particular functional type of CM, and then proceeds to search
for a specific etiology, since treatment of an underlying cause may
arrest the cardiomyopathic process. Management of all the CMs
should include early consultation with a cardiologist well versed in
the pertinent and complex issues surrounding diagnosis and treatment.

Most CMs present with some manifestations of CHF, and so have
two primary underlying pathogenic mechanisms: activation of the
renin-angiotensin system and of the adrenergic nervous system. As
a result, treatment with ACEIs and beta-blocking agents are often a
mainstay of treatment. Diuretics are used for volume overload states,
with digoxin as a second- or third-line agent for symptom control.
Anticoagulation is indicated for a history of embolic phenomena and
the dysrhythmias that might predispose to them, or significantly de-
pressed LVEF.

Dilated Cardiomyopathy
Dilated cardiomyopathy (DCM) is characterized by an increase in
LV diastolic and systolic volumes with an associated reduction in
LVEF, and is the leading cause of CHF. The idiopathic form is the
most common subtype, demonstrating myocyte hypertrophy and in-
terstitial fibrosis on histology, and may be due to chronic myocardi-
tis, either viral or autoimmune. Etiologies of DCM include primary
genetic abnormalities (which are often autosomal dominant, making
family history very important), toxic (including alcohol induced), and
drug related (e.g., anthracyclines, cocaine). It may also be secondary
to systemic conditions such as myocardial ischemia, hypertension,
and valvular abnormalities.28

Patients with DCM often present with generalized symptoms of
fatigue and dyspnea worsening over months to years; sudden death
and embolic phenomena are less common. Physical examination re-
veals pulmonary and, less often, systemic venous congestion. When
atrial fibrillation occurs, the presentation is often one of acute de-
compensation. Screening laboratory tests include ESR; creatinine ki-
nase (to screen for inherited muscular dystrophies); renal, liver, and
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thyroid function studies; iron studies (to identify hemochromatosis);
and, if the presentation is acute, viral serologies. The ECG may be
normal, but often shows T wave changes, septal Q waves, atrioven-
tricular conduction abnormalities, and bundle branch blocks. Sinus
tachycardia and supraventricular dysrhythmias are common, and non-
sustained ventricular tachycardia occurs in 20% to 30%.28 Echocar-
diogram is essential to demonstrate the diagnostic criteria of ejection
fraction �0.45, fractional shortening �25%, and LV end diastolic
volume �112%. If diastolic dysfunction is demonstrated, endomyo-
cardial biopsy should be performed to rule out infiltrative disease.

Treatment follows the basic precepts for CHF, with several no-
table caveats. In DCM secondary to hypertension or valvular disease,
afterload reduction is best achieved by adding hydralazine or nitrates
to the standard CHF regimen. Recent studies have suggested that the
combination of angiotensin II receptor antagonists with ACEIs may
be more effective than either agent alone.29 In patients with New
York Heart Association class IV failure and an LVEF �35%, adding
25 mg of spironolactone to the standard CHF regimen has been shown
to decrease overall mortality by 30%.30 Transplantation may be the
only option for select, severely symptomatic patients, especially those
with idiopathic DCM.

Hypertrophic Cardiomyopathy
Hypertrophic cardiomyopathy (HCM) is defined as increased LV wall
thickness, either symmetric or asymmetric, and either global or re-
gional, with overall normal (or slightly reduced) LV chamber size.
Twenty-five percent of patients with HCM have dynamic outflow
tract obstruction due to ventricular septal hypertrophy and anterior
displacement of the papillary muscles, with associated abnormal mi-
tral valve formation.31,32 This obstruction may be a cause of sudden
death, and is increased by activities that increase myocardial con-
tractility (e.g., strenuous exercise), or by maneuvers or agents that
decrease venous return (e.g., Valsalva, diuretics). Conversely, ob-
struction is decreased by agents that decrease myocardial contractil-
ity (e.g., beta-blockers) or by maneuvers that increase venous return
(e.g., squatting). The risk for sudden death is highest in children and
young adults, and may be the initial presentation. Possible risk fac-
tors for sudden death include recurrent syncope, prior cardiac arrest,
sustained ventricular tachycardia, massive LV hypertrophy, and a
family history of sudden death from HCM.32 Hypertrophic CM is a
primary, heterogeneous disease of the sarcomere, with autosomal
dominant inheritance demonstrated most commonly.32,33
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In addition to the common CHF symptoms such as fatigue, dys-
pnea, and orthopnea, patients with HCM often complain of palpita-
tions (due to atrial fibrillation caused by left atrial enlargement), 
presyncope, and syncope. Since most HCM is nonobstructive, aus-
cultation generally reveals no murmur. Patients with outflow tract
obstruction often demonstrate a 3–4/6 systolic murmur heard over
both the left sternal border (due to outflow obstruction) and the ax-
illa (due to mitral regurgitation). An S4 is often heard due to in-
creased filling from the enlarged atria. Pulmonary congestion is rare
except with severe outflow obstruction or end-stage HCM (when
systolic and diastolic dysfunction become manifest), or with atrial
fibrillation. The ECG usually reveals a wide array of nonspecific
changes including LV hypertrophy, ST changes, T wave inversion,
left atrial enlargement, and Q waves. The chest radiograph is often
normal or suggestive of atrial enlargement. As with DCM, echocar-
diogram with Doppler studies is essential, with the transesophageal
approach useful to define subtle mitral valve abnormalities. Nuclear
angiography and MRI may yield additional information on myocar-
dial dysfunction.

There is no consensus on the utility of prophylactic treatment of
asymptomatic patients with HCM, but avoiding strenuous exercise is
critical for all patients, as is antibiotic prophylaxis for SBE.31 For
symptomatic patients with obstruction, beta-blocking agents are es-
sential to decrease outflow obstruction by increasing diastolic filling
time and decreasing filling pressures. Other negative inotropic agents
may be used to similar effect, but the vasodilating properties of many
calcium antagonists (especially verapamil) may counter this effect,
leading to decreased filling, increased obstruction, and sudden death.
Oral disopyramide at 600 to 800 mg per day is the drug of choice
according to some authors.32 In symptomatic patients with obstruc-
tion who have failed medical management, dual-chamber pacing has
been shown to be effective.33 Restoration and maintenance of sinus
rhythm in patients with atrial fibrillation is usually achieved with ei-
ther sotalol or amiodarone. In end-stage HCM, systolic and diastolic
dysfunction may necessitate the use of standard CHF drug regimens,
with particularly cautious use of digitalis and diuretics. Myectomy
and valve replacement are often effective at resolving obstruction,
but the relief may be temporary, due to surgically induced dysrhyth-
mias and progression of the underlying primary myopathic process.

Restrictive Cardiomyopathy
Diastolic dysfunction is the hallmark of restrictive cardiomyopathy
(RCM); LV size and shape, and systolic function are either normal
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or nearly so. The least common of all functional cardiomyopathies,
restrictive pathophysiology may be seen in both HCM and hyper-
tensive CM. Other etiologies include infiltrative diseases such as 
hemochromatosis and amyloid (the most common systemic cause 
of RCM), scleroderma, carcinoid, sarcoidosis, radiation therapy, and
anthracycline use. Idiopathic RCM also occurs and may be an 
autosomal-dominant condition associated with skeletal myopathies.34

The pathophysiology is characterized by decreased cardiac output,
increased jugular venous pressure, and pulmonary congestion. Bia-
trial enlargement accounts for frequent thromboembolic events, a pre-
senting symptom in up to one third of patients with RCM.34 Both
right- and left-sided CHF symptoms are common presenting scenar-
ios. Examination reveals increased jugular venous pulse and de-
creased pulse pressure. An S3 due to abrupt cessation of early rapid
filling is common. The ECG is invariably abnormal, showing left
bundle branch blocks more commonly than right, decreased voltage
(especially in amyloidosis), and a wide variety of dysrhythmias (par-
ticularly in the infiltrative diseases). Chest radiograph reveals evi-
dence of pulmonary and venous hypertension and congestion.
Echocardiogram is essential to rule out other causes of the patient’s
symptoms, and to assess filling rates and pressures. CT and MRI are
often very helpful in distinguishing RCM from its most important
differential consideration—constrictive pericarditis. Cardiac catheter-
ization is critical to define hemodynamic parameters and to perform
endomyocardial biopsy. If the distinction between RCM and con-
strictive pericarditis remains unclear, exploratory surgery and em-
piric pericardectomy are often attempted.

Treatment with diuretics is indicated for congestive symptoms, but
caution must be exercised to avoid decreasing preload to the extent
that cardiac output is compromised further. Because of its proar-
rhythmic effects, digitalis should be avoided if systolic function is
normal; amiodarone is preferred for maintenance of sinus rhythm.
For clinically significant conduction abnormalities that are refractory
to medical therapy, pacemaker implantation is indicated. As a last re-
sort, transplantation may be considered in idiopathic RCM, but has
a poor prognosis in amyloidosis and sarcoidosis, as these diseases
tend to recur in the transplanted heart.34

Prevention
Because so many instances of CM are secondary to treatable causes,
early and appropriately aggressive prevention and treatment of hy-
pertension, CAD, and alcohol and illicit drug abuse, as well as opti-
mizing control of the host of metabolic conditions that may predis-
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pose to CM, form the mainstay of preventive strategy. While little
can be done to prevent the types of CM having a primarily genetic
etiology, it is imperative to perform careful screening of all first-
degree relatives with a thorough history, physical examination, and
echocardiogram.

Pulmonary Hypertension
Pulmonary hypertension (PH) is a rare disease with a universally fa-
tal outcome if untreated. It is defined by a mean pulmonary artery
(PA) pressure �25 mm Hg at rest and �30 mm Hg during exer-
cise.35 The incidence of primary pulmonary hypertension (PPH) is
one to two cases per million population, with a female predominance
(1.7:1), a mean age at diagnosis in the mid-30s, and a median sur-
vival of 2 years after diagnosis; the 5-year survival is less than 40%.
It has been shown that 6% to 10% of PPH is familial, with autosomal-
dominant inheritance and incomplete penetrance.36 Many common
congenital cardiac defects as well as a long list of acquired condi-
tions may also lead to the development of PH. The final common
pathway for all causes of PH is right ventricular failure (RVF). With
recent advances in the characterization and management of PH, early
diagnosis is imperative since starting therapy before pulmonary vas-
culature has lost its responsiveness increases the likelihood of ther-
apeutic success.

All etiologies of PH are felt to have one or more underlying patho-
physiologic mechanisms: vascular injury (PA plexogenic arteriopa-
thy of PPH), an alteration in the balance of vasodilatation and vaso-
constriction normally controlled by local vascular factors, and
thrombotic changes in the pulmonary vasculature. Numerous sec-
ondary etiologies of PH have been identified. Atrial and ventricu-
loseptal defects (ASD and VSD) and patent ductus arteriosus lead to
a hyperkinetic state with increased flow to the right heart. Pulmonary
venous hypertension may be caused by mitral stenosis, pulmonary
obstruction (tumor, pulmonary embolism, sickle cell disease), or LV
failure. If detected early, hyperkinetic states and pulmonary venous
hypertension are often reversible, as is the pulmonary arterial hy-
pertension that results. Pulmonary hypertension secondary to other
causes is often less reversible, and these causes include parenchymal
lung disease, obstructive sleep apnea, chest wall deformities and neu-
romuscular disorders that impair the mechanics of ventilation,
CREST syndrome (calcinosis, Raynaud’s phenomenon, esophageal
dysmotility, sclerodactyly, and telangiectasias), pulmonary vascu-
lidities (Raynaud’s, dermatomyositis, rheumatoid arthritis, systemic
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lupus erythematosus), hepatic cirrhosis with portal hypertension, and
human immunodeficiency virus (HIV) disease. Conditions less
strongly associated with PH include hypothyroidism and the use of
appetite suppressants.

Presentation and Diagnosis
Because the presentation can be so nonspecific, the physician’s chal-
lenge is to be aware of the risk factors for PH and to have an ap-
propriate index of suspicion. The goal of the evaluation and early
consultation is to identify an underlying cause and to define the ex-
tent of pulmonary vascular pathology and RV dysfunction. The most
common presenting symptoms include dyspnea (initially only with
exertion), angina due to RV ischemia, and syncope or near-syncope
due to reduced cardiac output. Examination may reveal increased jug-
ular venous distention, RV heave, and a prominent P2. Significant
RVF may be evidenced by an S4, peripheral edema, hepatomegaly,
and ascites. With more severe PH one may appreciate an S3, the
holosystolic murmur of tricuspid regurgitation, or the early diastolic
murmur of pulmonic regurgitation (the Graham Steell murmur).
Chest radiograph may show increased hilar structures and enlarged
RV and right atrium. Electrocardiogram usually reveals a normal si-
nus rhythm, right chamber enlargement, and a strain pattern.
Transthoracic echocardiogram with Doppler is the screening method
of choice,37 allowing measurement of RV systolic pressures and mor-
phologic abnormalities, LV function, valvular assessment, and iden-
tification of intracardiac shunts.

Definitive diagnosis requires right heart catheterization and mea-
surement of PA pressures. Specific studies that are useful for the eval-
uation of specific causes of PH include TEE for selected intracardiac
abnormalities; polysomnography for obstructive sleep apnea; pul-
monary function testing for parenchymal lung disease; serologic tests
for connective tissue disorders (e.g., lupus anticoagulant, anticardi-
olipin and antinuclear antibodies); platelet count and liver functions
for cirrhosis and portal hypertension; HIV screening; hemoglobin
electrophoresis for sickle cell disease; serum coagulation tests; and
ventilation-perfusion scan and possibly CT for chronic pulmonary
emboli (PE). If chronic PE is suspected, pulmonary angiography is
indicated.

Differential Diagnosis
Coronary artery disease and cardiomyopathies leading to RV dys-
function may account for the presenting symptoms and signs of PH.
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This broad diagnostic overlap often results in nearly a 2-year delay
in diagnosing PH.36

Intervention
Due to the invasive means necessary to diagnose and treat PH, early
consultation is a must to determine the feasibility and timing of sur-
gical therapies for potentially reversible causes (e.g., ASD, VSD, mi-
tral stenosis). General measures to be recommended include supple-
mental oxygen on airplanes, and avoiding high altitudes, pregnancy
(a hemodynamically high flow state), and oral contraceptive drugs
(due to clotting risk).35 Supplemental oxygen is otherwise only use-
ful for documented hypoxemia, which is usually found only with ex-
ertion, though patients with parenchymal lung disease may need it at
rest. Digoxin may be used for overt RV failure, but other agents com-
monly used for LV failure (e.g., beta-blockers and ACEIs) are con-
traindicated due to their tendency to depress RV function. Diuretics
should be used only for signs of systemic congestion, and then with
extreme caution as RV function is preload dependent. Anticoagula-
tion is associated with increased survival times, and warfarin is in-
dicated to achieve an international normalized ratio of 2.0. Approx-
imately one third of patients respond to vasodilating agents with a
decrease in PA pressures and resistance, and can be placed on oral
dihydropyridine calcium antagonists. However, empiric trials of these
agents should never be undertaken, since nonresponders may de-
compensate precipitously. Responder status is best determined dur-
ing right heart catheterization with the administration of potent, short-
acting IV vasodilators while monitoring PA pressure and resistance.
Those who do not respond may benefit from epoprostenol, a prosta-
cyclin administered continuously via a Hickman catheter. Originally
used as a temporizing measure while awaiting organ donation,
epoprostenol allowed many such patients to avoid the need for trans-
plant altogether. In addition to its vasodilating action, it is believed
that epoprostenol’s antiplatelet and vascular remodeling effects may
underlie its success.

Except for repairing the underlying defects mentioned earlier, sur-
gical interventions are generally options of last resort. Pulmonary
thromboendarterectomy is indicated in severe PH caused by a clot
that is proximal enough in the pulmonary vascular tree to be amenable
to removal. Atrial septostomy, which creates a right to left shunt,
thereby unloading the RV and increasing cardiac output, may be used
in patients with recurrent syncope or RV failure when medical ther-
apy has failed, and generally only as a bridge to transplant. Single or
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bilateral lung, and heart–bilateral lung transplant yields up to a 44%
5-year survival without recurrence of PH, though bronchiolitis oblit-
erans is common.37

Prevention
Early repair of anatomic defects causing either a hyperkinetic state
or pulmonary venous hypertension is paramount. Efforts to prevent
or effectively manage parenchymal lung disease are also important.
All first-degree relatives of patients with either PPH or a congenital
cardiac anomaly should be screened with TTE at the time of diag-
nosis of the index case.

Peripheral Vascular Disease
While the prevalence of peripheral vascular disease (PVD) in the gen-
eral population is 30%, only 5% have symptoms of claudication.38

Coronary artery disease and stroke occur 2 to 4 times more often in
symptomatic patients with PVD than in those without symptoms, and
2 to 3 times more often in patients with asymptomatic PVD com-
pared to those without PVD. In addition, 70% to 80% of patients with
symptomatic PVD are stable over 5 to 10 years. Amputation rates
range from 0.8% to 1.0% per year, and are higher in smokers and 
diabetics. Therefore, the primary importance in diagnosing PVD 
lies in its role in identifying patients at risk for CAD morbidity and
mortality.

Atherosclerosis is the most common cause of PVD, just as it is for
CAD and stroke. Risk factors for PVD parallel those for CAD and
include smoking, diabetes, hypertension, hyperlipidemia, age over 50
years, male gender, obesity, and postmenopausal status. Putative risk
factors whose link to PVD is less well established include homo-
cystinemia, elevated fibrinogen and uric acid levels, and chlamydia
infection.39

Presentation and Diagnosis
The cardinal symptom of PVD is claudication, although patients may
also present with complaints of poorly healing ulcerations. Numb-
ness, paresthesias, and rest pain are often associated with severely
compromised circulation. Aortoiliac disease is heralded by low back
and buttock pain, and when accompanied by impotence is termed
Leriche’s syndrome. Thigh pain indicates iliac or common femoral
artery disease, whereas foot pain is usually due to infrapopliteal dis-
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ease. Calf pain is most commonly caused by superficial femoral ar-
terial disease, but may be the result of occlusion at any level above
this. However, since 83% of PVD patients are asymptomatic, find-
ings on physical examination may be the only clinical clue to the
presence of disease. Significant signs include diminished pulses and
increased capillary refill time; atrophic changes such as muscle wast-
ing, changes in skin color, and hair loss; and decreased warmth and
dependent rubor. A bruit found with a decreased pulse indicates a
hemodynamically significant obstruction, but does not quantify its
severity. Evaluation of collateral circulation carries important treat-
ment implications and is performed by placing the patient in the
supine position and elevating the limb to 45 degrees; pallor in the
distal extremity indicates inadequate collateral circulation.

The key diagnostic study is the ankle-brachial index (ABI), nor-
mally 1.0 to 1.1. An ABI �0.8 indicates significant PVD, and �0.5
indicates multilevel disease. In either case, further imaging is indi-
cated with either duplex ultrasound and Doppler color flow (which
localizes diseased segments and grades lesion severity) or MR an-
giography (especially good for evaluation of arterial dissection and
wall morphology). Where noninvasive techniques are inadequate and
surgery is indicated, fluoroscopic angiography is the test of choice.

Differential Diagnosis
The most common differential considerations include neurogenic
claudication due to either disk disease, spinal stenosis, or osteophytic
changes, and shin splints (in younger persons). Less common causes
are Buerger’s disease (thromboangiitis obliterans) and congenital an-
atomic abnormalities such as popliteal artery entrapment.

Intervention
As smokers with PVD have a tenfold risk of amputation, tobacco
cessation is essential. Other nonspecific interventions include diets
low in cholesterol and fat and high in fruits and vegetables, keeping
the feet warm and dry and nails trimmed, and inspecting the feet daily
and reporting any trauma to the physician immediately. Graded ex-
ercise programs improve exercise tolerance in up to 30% of patients.
Pharmacologic measures to decrease blood pressure and serum lipid
levels are also indicated, with similar end points to those for treating
CAD. Aspirin (75–325 mg po qd) with or without dipyridamole
(150–400 mg po qd) has been shown to decrease CAD and stroke
risk, and is indicated for PVD as well. Ticlopidine (250 mg po bid
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with meals) and clopidogrel (75 mg po qd) have both been shown to
be effective in decreasing the incidence of vascular morbidity in gen-
eral, and ticlopidine has also been shown to improve symptoms and
objective measures of PVD. However, ticlopidine is associated with
significant adverse hematologic effects which may limit its utility.40

Pentoxifylline (400 mg po tid) offers no consistently significant clin-
ical benefit, but may be considered in severely impaired patients for
whom even small symptomatic improvements would be meaningful.
Vasodilator and anticoagulant therapy have not been shown to be
useful in chronic PVD. Surgical consultation is indicated for occu-
pation or lifestyle limiting symptoms where nonsurgical therapy has
failed or for signs or symptoms of ischemia at rest.
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Cerebrovascular disease, 185–201

pathogenesis, 186–187
recovery and rehabilitation,

198–201
risk factors, 187–190

Cerebrovascular ischemia, 190–196
Cerivastatin (Baycol), 163
Chest pain, 24–32

cardiac, 27–32
noncardiac, 25–27
psychiatric illness and, 26–27

Children
sudden cardiac death in, 218–219
syncope in, 213–214

Chlorothiazide (Diuril), 15
Chlorthalidone (Hygroton), 15
Cholesterol, 148–150

secondary causes of abnormal
levels of, 150

Cholesterol-lowering medications,
162–170

Cholestyramine (Questran), 164
Chylomicrons, 145
Clonidine (Catapres), 14
Colesevelam (Welchol), 164
Colestipol (Colestid), 164
Congenital heart disease, 108–110
Congestive heart failure, surgery

and, 238
Constrictive pericarditis, 256
Contrast venography, 178
Cordarone (amiodarone), 63
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Coreg (carvedilol), 15
Corgard (nadolol), 13, 62
Coronary angioplasty, percutaneous

transluminal, 40
Coronary artery bypass graft, 40–41
Coronary artery disease, 33

surgery and, 234–238
Coronary heart disease, 217,

145–146
Corvert (ibutilide), 63
Coumadin, 243
Counseling

in heart failure, 125–127
Covera (verapamil), 14, 64
Cozaar (losartan), 16
CPR (cardiopulmonary

resuscitation), 221–224
Creatine kinase muscle and brain

subunits (CK-MB) isoenzyme,
44

D-dimer assay, 177–178
Deep venous thrombosis, 173–182

surgery and, 248–249
Defibrillators, 66
Detsky Cardiac Risk Index,

231–234
Dexfenfluramine, 97
Diastolic heart failure, drug

management of, 137–138
Diets

vegetarian, 5–6
Digoxin (Lanoxin), 64, 132–133
Dilated cardiomyopathy, 261,

274–275
Diltiazem (Cardizem), 14, 63
D-Dimer assay, 177–178
Diovan (valsartan), 16
Disopyramide (Norpace), 60
Diuretics, 10–11, 133–136

loop, 15, 10–11
potassium-sparing, 15–16, 11
thiazide, 15, 10

Diuril (chlorothiazide), 15
Dofetilide (Tikosyn), 63
Doxazosin (Cardura), 14
Drug management of diastolic heart

failure, 137–138
Duplex scanning, 178

DynaCirc (isradipine), 14
Dyrenium (triamterene), 16
Dysbetalipoproteinemia, 154
Dyslipidemias, 145–170

classifications of, 150–155
combined, 152–154, 158,

168–169
exercise and, 160–161
nonpharmacologic management

of, 155–161
nutrition and, 155–160
pharmacologic management of,

161–170
treatment summary, 166–167
weight management and,

155–160

Echocardiography, radionuclide
ventriculography versus, 123

Edema
pulmonary, see Pulmonary edema

Electrocardiogram, 58
Electrocardiography, 43–44
Electrophysiology of heart, 52–53
Embolic stroke, 187
Enalapril (Vasotec), 12
Endocarditis, 263–273
Endocrine disorders, 250
Eprosartan (Teveten), 16
Esmolol (Brevibloc), 62
Esophageal chest pain, 25–26
Ethanol, 158
Ethmozine (moricizine), 61
Exercise

dyslipidemias and, 160–161
Exercise tolerance testing, 29–30
Extrasystolic beats, 95

FACES symptoms, 120
Fat

omega-3, 155
Felodipine (Plendil), 14
Fenofibrate (Tricor), 165
Fibrates, 165
Flecainide (Tambocor), 61
Fluvastatin (Lescol), 163
Folic acid, 159
Fosinopril (Monopril), 12
Fourth heart sound, 94
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Fredrickson-Levy system, 150
Furosemide (Lasix), 15, 118

Gemfibrozil (Lopid), 165
Goldman Cardiac Risk Index,

232–234
Graded exercise testing, 58–59
Graham Steell murmur, 279
Guanabenz (Wytensin), 15
Guanadrel (Hylorel), 17
Guanethidine (Ismelin), 17
Guanfacine (Tenex), 15

HACEK organisms, 267, 273
HDL, see High-density lipoprotein
Heart, electrophysiology of, 52–53
Heart failure, 115–142

acute, 117–119
causes, 116
chronic, 119–140
counseling in, 125–127
defined, 115
diastolic, drug management of,

137–138
future therapy, 141–142
prevention, 141
refractory chronic, 142
systolic, pacemaker therapy of, 137

Heart failure specialist, 142
Hematologic system, surgery and,

247–249
Hemiplegia, recovery in, 198–199
Hemorrhage, see also Bleeding

subarachnoid, 187, 196–197
Hemorrhagic stroke, 186–187,

196–198
Heparin therapy, 180–182
High-density lipoprotein (HDL), 145

decreased, 151
low, 154–155, 158–159

HMG-CoA reductase inhibitors, 163
Holter monitor, 41–42
Hydralazine (Apresoline), 15
Hydrochlorothiazide

(HydroDIURIL), 15
HydroDIURIL

(hydrochlorothiazide), 15
Hygroton (chlorthalidone), 15
Hylorel (guanadrel), 17

Hypercholesterolemia, 152
Hypercoagulable state, 173–174
Hypertension, 1–21, 189

algorithm for treatment of, 8
antihypertensive classes, 7–18
antihypertensive drug selection,

19–20
detection, 2
diagnosis, 2
etiology, 2–4
evaluation, 2–3
quality-of-life issues with, 18–19
severe, 20–21
treatment, 4–7

Hypertriglyceridemias, 152,
157–158, 168

Hypertrophic cardiomyopathy,
107–108, 218–220, 275–276

Hypertrophic obstructive
cardiomyopathy, 107

Hypertrophic subaortic stenosis,
idiopathic, 107

Hytrin (terazosin), 14

Ibutilide (Corvert), 63
Idiopathic hypertrophic subaortic

stenosis, 107
Implantable cardiac defibrillator,

220–221
Implantable cardiac pacemakers, 

66
Indapamide (Lozol), 15
Inderal (propranolol), 13, 61
Infants

murmurs in, 108–109
sudden cardiac death in, 218–219

Infectious endocarditis, 263–273
Insulin-resistance syndrome, 153
Intraaortic balloon pump

counterpulsation, 216–217
Irbesartan (Avapro), 16
Ischemia, silent, 41–42
Ischemic heart disease, 23–47
Ischemic stroke, 192–196
Ismelin (guanethidine), 17
Isoptin (verapamil), 14, 64
Isradipine (DynaCirc), 14

Janeway lesions, 265

290 Index



Kawasaki syndrome, 219
Kerlone (betaxolol), 13
Kussmaul’s sign, 258

Labetalol (Normodyne, Trandate),
13, 15, 62

Lacunar stroke, 187
Lanoxin (digoxin), 64, 132–133
Lasix (furosemide), 15, 118
Left-sided heart murmurs, 108
Lescol (fluvastatin), 163
Levatol (penbutolol), 13
Lidocaine, 60
Lipitor (atorvastatin), 163
Lipoprotein screening, 148–150
Lipoproteins, 145–148
Lisinopril (Prinivil, Zestril), 12
Liver disease, 250
LMWH (low molecular weight

heparin), 180–181
Loniten (minoxidil), 15
Loop diuretics, 15, 10–11
Lopid (gemfibrozil), 165
Lopressor (metoprolol), 13, 62
Losartan (Cozaar), 16
Lotensin (benazepril), 12
Lovastatin (Mevacor), 163
Low-density lipoprotein (LDL),

145–147
elevated, 149–150, 157, 168
goals, 147
low, 155,157, 168

Low molecular weight heparin
(LMWH), 180–181

Lown classification, 86
Lown-Ganong-Levine syndrome, 76
Lozol (indapamide), 15

Magnetic resonance imaging,
stroke and, 194–196

Mavik (trandolapril), 13
Medical care before surgery,

227–252
Medications

cholesterol-lowering, 162–170
Methyldopa (Aldomet), 15
Metolazone (Zaroxolyn), 15
Metoprolol (Lopressor, Toprol XL),

13, 62

Mevacor (lovastatin), 163
Mexiletine (Mexitil), 60
Micardis (telmisartan), 16
Microvascular angina, 27–28
Midamor (amiloride), 15
Minipress (prazosin), 14
Minoxidil (Loniten), 15
Mitral stenosis, 101–103
Mitral valve prolapse, 99–101
Mitral valve regurgitation, 97–99
Mobitz blocks, 82
Moexipril (Univasc), 12
Monopril (fosinopril), 12
Moricizine (Ethmozine), 61
Morphine, 118
Multifocal atrial tachycardia, 

73–74
Murmurs, 94–96

in athletes, 111–112
in infants, 108–109
during pregnancy, 110–111

Myocardial cells, 52–53
Myocardial infarction, 37–40,

43–47
Myocarditis, 260–263

Nadolol (Corgard), 13, 62
Near-syncope, 205
Niacin, 164–165
Niaspan, 165
Nicardipine (Cardene), 14
Nifedipine (Adalat, Procardia), 14
Nisoldipine (Sular), 14
Nitrates, 33–34
Nitroglycerin, response to, 32
Noncardiac chest pain, 25–27
Normodyne (labetalol), 13, 15, 62
Norpace (disopyramide), 60
Norvasc (amlodipine), 14
Nutrition

dyslipidemias and, 155–160
surgery and, 252

Omega-3 fat, 155

Pacemaker therapy of systolic heart
failure, 137

Pacemakers, 66
Palpitations, 52
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Paroxysmal supraventricular
tachycardia, 74

Penbutolol (Levatol), 13
Percutaneous transluminal coronary

angioplasty, 40
Pericardial friction rub, 257
Pericardial knock, 258
Pericarditis, 256–260
Perindopril (Aceon), 13
Peripheral acting hypertensive

drugs, 17
Peripheral vascular disease,

281–283
surgery and, 241–243

Physical examination
before surgery, 229

Pick’s disease, 256
Pindolol (Visken), 13, 62
Plant stanols or sterols, 164
Plendil (felodipine), 14
Potassium-sparing diuretics, 15–16,

10–11
Prazosin (Minipress), 14
Pregnancy

murmurs during, 110–111
Premature atrial complexes, 70–72
Preoperative cardiac assessment,

237
Preoperative report, 230–231
Prinivil (lisinopril), 12
Prinzmetal’s angina, 27
Procainamide (Pronestyl), 60
Pronestyl (procainamide), 60
Propafenone (Rythmol), 61
Propranolol (Inderal), 13, 61
Psychiatric illness, chest pain and,

26–27
Pulmonary complications in

surgery, 245–247
Pulmonary edema

cardiogenic, 117–119
Pulmonary hypertension, 278–281

Quality-of-life issues with
hypertension, 18–19

Questran (cholestyramine), 164
Quinaglute (quinidine), 60
Quinapril (Accupril), 12

Quinidine (Quinaglute), 60

Radiofrequency ablation, 58–59
Radionuclide perfusion imaging,

30–31
Radionuclide ventriculography,

echocardiography versus, 122
Ramipril (Altace), 13
Renal system, surgery and, 251–252
Reserpine (Serpasil), 17
Restrictive cardiomyopathy,

276–277
Revascularization, 138–139
Rheumatic heart disease, 101
Right-sided heart murmurs, 108
Rythmol (propafenone), 61

Sectral (acebutolol), 13, 61
Serpasil (reserpine), 17
Sick sinus syndrome, 207
Silent ischemia, 41–42
Sinoatrial (SA) node, 53
Sinus bradycardia, 66–67, 70
Sinus pause/sinus arrest, 70
Sinus rhythm, 79–80
Sinus tachycardia, 72–73
Skipped heartbeats, 52
Sodium restriction, 5
Sotalol (Betapace), 63
Sphygmomanometer, 2
Spironolactone (Aldactone), 16
Stress echocardiography, 31–32
Stroke, 185, see also

Cerebrovascular disease
in children, 198
magnetic resonance imaging and,

194–196
Subaortic stenosis, idiopathic

hypertrophic, 108
Subarachnoid hemorrhage, 187,

196–197
Sudden cardiac death, 66, 217–224
Sular (nisoldipine), 14
Supraventricular arrhythmias, 71
Supraventricular tachyarrhythmias,

72–81
Surgery, 227–228

assessment of risk in, 231–234
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cardiac arrhythmias and,
239–240

cardiac risk in, 234–243
congestive heart failure and, 238
coronary artery disease and,

234–238
deep venous thrombosis and,

248–249
endocrine disorders and,

249–251
hematologic system and,

247–249
hypertension and, 239
laboratory testing before,

229–230
liver disease and, 249
medical care before, 227–252
nutrition and, 251–252
peripheral vascular disease and,

241–243
physical examination before, 229
preoperative assessment before,

228–252
pulmonary complications in,

244–247
renal system and, 251
valvular heart disease and,

240–241
Syncope, 205–214
Syndrome X, 27–28, 153
Systolic heart failure, pacemaker

therapy of, 137
Systolic murmur, 43

Tachycardia-bradycardia syndrome,
207

Take Control, 164
Tambocor (flecainide), 61
Telmisartan (Micardis), 16
Tenex (guanfacine), 15
Tenormin (atenolol), 13, 61
Terazosin (Hytrin), 14
Teveten (eprosartan), 16
Thiazide diuretics, 15, 10
Third heart sound, 93–94
Thrombolytic therapy, 45–46
Thrombolytic treatment, 193–194
Thrombotic stroke, 186–187

Thrombus, 186–187
Tikosyn (dofetilide), 63
Timolol (Blocadren), 13, 62
Tocainide (Tonocard), 61
Tonocard (tocainide), 61
Toprol XL (metoprolol), 13, 62
Torsades de pointes arrhythmia, 65
Total parenteral nutrition, 251–252
Trandate (labetalol), 13, 15, 62
Trandolapril (Mavik), 13
Transesophageal echocardiography,

58, 273
Transmembrane electrical potential,

53
Transthoracic echocardiography,

273
Triamterene (Dyrenium), 16
Tricor (fenofibrate), 165
Triglycerides, 149–150

very high, 152, 157–158

Ultrasonography, 178
Univasc (moexipril), 12
Unstable angina pectoris, 36–41

Valsartan (Diovan), 16
Valvular heart disease, 93–112

surgery and, 240–241
Valvular incompetence, 97
Vascular lesions, clinical findings

with, 190
Vasodilators, 15, 18, 129–130
Vasotec (enalapril), 12
Vaughan-Williams classes, 59,

60–64
Vegetarian diets, 5–6
Venous thromboembolism,

173–182
Ventricular arrhythmias, 82–88
Ventricular diastolic overload,

93–94
Ventricular fibrillation, 87–88
Ventricular premature beats, 84–86
Ventricular septal defect, 110
Ventricular tachycardia, 86–87
Verapamil (Calan, Covera, Isoptin,

Verelan), 14, 64
Verelan (verapamil), 14, 64
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Very low density lipoprotein
(VLDL), 145

Visken (pindolol), 13, 62
VLDL (very low density

lipoprotein), 145

Weight management, dyslipidemias
and, 155–160

Welchol (colesevelam), 164

Wenckebach block, 82
Wolff-Parkinson-White syndrome,

76
Wytensin (guanabenz), 15

Zaroxolyn (metolazone), 15
Zebeta (bisoprolol), 13, 62
Zestril (lisinopril), 12
Zocor (simvastatin), 163
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