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Notice

Medicine is an ever-changing science. As new research and clinical experience
broaden our knowledge, changes in treatment and drug therapy are required. The
authors and the publisher of this work have checked with sources believed to be
reliable in their efforts to provide information that is complete and generally in
accord with the standards accepted at the time of publication. However, in view of
the possibility of human error or changes in medical sciences, neither the authors
nor the publisher nor any other party who has been involved in the preparation or
publication of this work warrants that the information contained herein is in every
respect accurate or complete, and they disclaim all responsibility for any errors or
omissions or for the results obtained from use of the information contained in this
work. Readers are encouraged to confirm the information contained herein with
other sources. For example and in particular, readers are advised to check the
product information sheet included in the package of each drug they plan to
administer to be certain that the information contained in this work is accurate and
that changes have not been made in the recommended dose or in the
contraindications for administration. This recommendation is of particular
importance in connection with new or infrequently used drugs.
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Pharmacotherapy in Primary Care is a book chock full of
useful, easily accessible information and advice.  Busy
practitioners seeking quick overviews and practical
management recommendations for many conditions
seen in primary care will be pleased with its format and
content. Well-laid out chapters focus on the following:
Clinical Presentation, Physical Findings, Diagnostic
Evaluation, and Management. Management sections
comprehensively address asymptomatic and sympto-
matic patients, referral and consultation questions,
integration of pharmacotherapy with nonpharmaco-
logic treatment, and long-term monitoring. Particularly
attractive for busy readers are the multiple tables and

concise algorithms of treatment strategies, and the
clearly written thumbnail summaries of key points.
Unquestionably, the authors have achieved their high
aim of presenting a well-reasoned and streamlined
approach to therapeutic decision-making about com-
mon primary care disorders.

Cynthia Mulrow MD, MSc, MACP

Deputy Editor, Annals of Internal Medicine
Clinical Professor of Medicine 

University of Texas Health Science Center at San Antonio
San Antonio, Texas
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PREFACE

Clinicians are in constant need of information. It is
estimated that providers need answers to two questions
for every three patients seen. Unfortunately, many deci-
sions appear to be opinion based, highly variable, and
without clear justification. The difference between an
outstanding clinician and an average one is the ability
to quickly find high-quality evidence generalizable to
their patients.

The authors of Pharmacotherapy in Primary Care have
been carefully chosen and their clinical experience rep-
resents tens of thousands of patient visits. Their author-
itative recommendations provide evidence-based infor-
mation that is essential to accurate clinical decision
making. This text will be a valuable resource for pri-
mary care providers of all disciplines. Pharmacotherapy
in Primary Care is not intended to be an encyclopedic
textbook. For in-depth reviews, readers should refer to
texts such as Pharmacotherapy: A Pathophysiologic Approach,
Harrison’s Principles of Internal Medicine, or The Heart. 

Pharmacotherapy in Primary Care includes the search
strategy used by the authors, to allow the reader to know
when the information was assessed, and to feel confi-
dent that the most relevant material is included. There
are numerous tables, algorithms, and flow diagrams to
facilitate finding key information. The authors include
insights regarding the need for subspecialty referral or
hospitalization, and each chapter closes with an evi-
dence-based summary. Pharmacotherapy in Primary Care
is structured so that clinicians can quickly find answers
to specific questions. Readers will feel that they have
consulted with a specialist after reading a chapter.

In closing, we would like to thank Karen Davis and
her colleagues at McGraw-Hill for their support to 
Pharmacotherapy in Primary Care. Without their resources,
dedication, and faith in us, this first edition would not
have been possible.

The Editors
July 2008

xvii
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Clinicians are constantly faced with choices about
how to accurately achieve a diagnosis, estimate a prog-
nosis, choose an optimal treatment strategy, or assess
the possibility of harm, in order to provide the best care
to their patients. Increasingly, clinicians are turning to
the principles of evidence-based medicine (EBM) to
help them make these decisions. This text, Pharma-
cotherapy in Primary Care, seeks to translate the best avail-
able evidence for the most common diseases encoun-
tered daily in physician offices, ambulatory care clinics,
hospitals, and pharmacies.

The practice of EBM means to (1) recognize informa-
tional need while caring for a patient, (2) identify the best
existing evidence to help resolve the problem, (3) con-
sider the evidence in light of the actual circumstances,
and (4) integrate the evidence into a medical plan.

Medical information is growing incessantly—-the
number of citations more than doubled in the past
decade. Each year, 10,000 randomized controlled trials
addressing the impact of health care interventions are
published. The information synthesized by the authors
of this book provide a sound outline on how to care for
the majority of patients clinicians see, but when pre-
sented with a patient whose clinical characteristics dif-
fer in important ways, care must be individualized. How
can busy frontline clinicians sort the good from the bad
and identify the best evidence to resolve their problem
at the time of such patient visits?

FOCUS THE SEARCH

The search for evidence begins with identifying relevant
articles in the peer-reviewed literature. To expedite and

target a literature search, the clinician must phrase the
problem in a clear, precise, and specific question. The
acronym PICO can be helpful to clarify the question
and search strategy1:

P � patient (including the disease, comorbidities,
age, and other relevant characteristics)

I � intervention (drug therapy, diagnostic test,
exposure, and other possible treatments)

C � comparison (of possible actions and interven-
tions with other drugs, tests, procedures)

O� outcome (cure, disease avoidance, accurate
diagnoses, and other clinical, humanistic, and
economic measures of success or failure)

BE MORE CRITICAL

The authors of each chapter in Pharmacotherapy in Pri-
mary Care have carefully searched and critically
appraised for the best available evidence to provide
their recommendations for patients with 45 common
diseases listed in the Table of Contents. Asking an
expert or a colleague may be the quickest way to get
advice on how to proceed with these patients, but be
cautious, as these people may be just as overwhelmed by
the volume and complexity of medical information as
you are or their advice may be out of date. Searching
PubMed or MEDLINE may simply be too labor inten-
sive for point-of-care decisions.

In such cases, consider evidence-based resources
that have conducted the search, filtered the high

INTRODUCTION

1Ghosh AK, Ghosh K. Enhance your practice with evidence-based medi-
cine. Patient Care. February 2000:32–56.
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quality, relevant evidence, and summarized the results
for the busy clinician. Reputable evidence-based data-
bases—including the Cochrane Library, Up-to-Date,
National Guideline Clearinghouse, and PIER (Physi-
cians’ Information and Education Resource from the
American College of Physicians)—provide evidence-
based discussions of hundreds of specific clinical situ-
ations. For example, the Cochrane Collaboration,
available online at www.cochrane.org, listed the fol-
lowing top 10 accessed reviews when this foreword was
written in September 2007:

• Membrane sweeping for induction of labor
• Vitamin C for preventing and treating the common

cold
• Ear drops for the removal of ear wax
• Low glycemic index or low glycemic load diets for

overweight and obesity
• Glucosamine therapy for treating osteoarthritis
• Surgery for thumb (trapeziometacarpal joint)

osteoarthritis
• Surgery for degenerative lumbar spondylosis
• Effects of low sodium diet versus high sodium diet on

blood pressure, renin, aldosterone, catecholamines,
cholesterols, and triglyceride

• Diacerein for osteoarthritis
• Hypotonic versus isotonic saline solutions for intra-

venous fluid management of acute infections

Accessing these resources is like having your own per-
sonal librarian to conduct searches and an on-staff
group of world-renowned experts to assess the litera-
ture for you.

INTEGRATE INTO PRACTICE

Integrating evidence into practice requires combining
the best evidence with knowledge of disease and patient
management. The usefulness of an intervention
depends not only on its efficacy but also on whether the
magnitude of the benefit outweighs the risks, costs,
benefits of existing alternative and whether the inter-
vention is realistic and acceptable considering the
patient’s values and health care delivery context.

The needed skills for practicing EBM may appear
daunting, but once acquired, they can help the health
professionals to better use available resources and time
by knowing how to focus a search and be more critical
of what research studies and information to integrate in
their knowledge base.

Pharmacotherapy in Primary Care fulfills the four attrib-
utes to make it useful in daily clinical practice: it is rele-
vant to everyday practice, evidence-based, concise, and
reader friendly. It is intended to be the first-line
resource clinicians can turn to when faced with clinical
management options. For more in-depth review and
discussion of disease management, the reader may refer
to textbooks such as Harrison’s Principles of Internal Med-
icine or the Pharmacotherapy: A Pathophysiologic Approach
on which this primary care resource was based.

Although the chapters in this textbook vary in their
content, they use a similar outline to help the reader
access quickly the information they need:

• Clinical presentation
• Physical findings
• Diagnostic evaluation
• Risk stratification
• Management
• Evidence-based summary

The chapters use flow charts, figures, and tables to sim-
plify the description of investigations and treatments
recommended for the various common conditions in
primary care.

Pharmacotherapy in Primary Care will help frontline
clinicians identify the array of potential decisions and
provide them with the evidence that, when used in
conjunction with the clinicians’ individual clinical
judgment and their patients’ values and expectations,
will assist greatly in the millions of patient-care deci-
sions that must be made daily in primary care settings.

Elaine Chiquette, PharmD
San Antonio, Texas

L. Michael Posey, BPharm
Athens, Georgia

xx Introduction
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Chapter 1
Hypertension
Deborah L. Cardell, Sarah Lapey, and Michelle V. Conde

SEARCH STRATEGY

A comprehensive search of the medical literature was per-
formed in January 2008. The search, limited to human
subjects and English language journals, included MED-
LINE®, PubMed, the Cochrane Database of Systematic
Reviews, and UpToDate®. The current Seventh Report of
the Joint National Committee on Prevention, Detection,
Evaluation, and Treatment of High Blood Pressure (JNC
VII) can be found at http://www.nhlbi.nih.gov/guidelines/
hypertension/

PREVALENCE AND DISEASE BURDEN

Hypertension (HTN) is both the most common rea-
son for office visits in the United States as well as the
most common indication for prescription medicines.
Twenty-four percent of the adult population, or
approximately 50 million people, have HTN.
Although 53% of hypertensive patients are receiving
pharmacotherapy, only a disappointing 14% to 25%
of these patients succeed in meeting blood pressure
(BP) treatment goals.1 Elevated BP is associated with a
continuum of increasing risk for cardiovascular dis-
ease, stroke, and kidney disease. Each incremental
rise in BP above 115/75 translates into an elevated
risk of end-organ damage.2 Reduction in BP decreases
the risk of stroke by 35% to 40%, myocardial infarc-
tion (MI) by 20% to 25%, and heart failure by greater
than 50%.3 The successful control of BP could there-
fore potentially reduce the deleterious effects of three
of the most common medical conditions affecting
Americans.

SCREENING

The treatment of HTN is impossible without an aware-
ness of the diagnosis. National Health and Nutrition
Examination Survey (NHANES) III found that only
70% of patients meeting diagnostic criteria for HTN
were in fact cognizant of their condition. Currently, the
U.S. Preventive Services Task Force recommends
screening all adults more than 18 years of age annually
for HTN (grade A recommendation).4

MEASUREMENT OF BP

PROPER TECHNIQUE

The diagnosis of HTN requires accurate measure-
ments of BP. The JNC VII includes recommendations
for proper BP measurement based on expert guide-
lines.2 First, an appropriate cuff size must be selected
so as to avoid falsely elevated (from very small size) or
falsely decreased (from very large size) BP readings.
The bladder, which is the rubber, inflatable portion of
the cuff, should encircle at least 75% to 80% of the
upper arm, and the width of the cuff should span at
least 40% of the length of the upper arm.5 Ideally, the
patient should be seated in a chair for 5 minutes prior
to the measurement of BP. Ingestion of caffeine,
tobacco products, or medications potentially raising
the BP should be avoided for 30 to 60 minutes prior to
measuring the BP. Talking during BP measurement
can falsely elevate the BP, as can excessively cold
temperatures or improper patient positioning. The
patient’s arm should be supported at the level of the
heart, and the sphygmomanometer, within 3 feet of

Copyright © 2009 by The McGraw-Hill Companies, Inc. Click here for terms of use. 
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the examiner and preferably at the eye level. With its
lower edge positioned 2 to 3 cm above the brachial
artery, the cuff is then inflated to approximately 30
mm Hg higher than the point at which the brachial
artery can no longer be palpated. This value is deter-
mined prior to the actual BP measurement by inflating
the cuff while palpating the radial artery and noting
the mm Hg at which the pulse disappears; this is the
number above which the sphygmomanometer must be
inflated. The stethoscope is then held lightly over the
brachial artery while the cuff is slowly deflated at a rate
of 2 to 3 mm Hg per heartbeat or per second. Deflat-
ing the cuff any faster results in an underestimation of
systolic and overestimation of diastolic pressures.5 The
diagnosis of HTN can be established when there are
two to three elevated readings from separate office vis-
its at least a week apart.

Although the mercury sphygmomanometer has
been the “gold standard” for decades, its use is being
phased out and replaced by aneroid and electronic
devices, because of the environmental concerns of
potential mercury leakage. Health care personnel must
ensure that their BP equipment is kept in the best pos-
sible working order by regular inspection and valida-
tion for accuracy. Tubing should be checked for leaks,
hook and eye closures must be strong enough to remain
fastened during inflation, and aneroid sphygmo-
manometers must be calibrated at least every 6 months.
Over time, with repeated jostling and movement,
aneroid devices become less and less accurate, causing
an underestimation in the true BP.

HOME BP MONITORING

Home BP monitoring, or self-monitoring of BP by the
patient outside of the clinic, represents an area of
increased recent interest in the literature. An agreed-
upon application includes the evaluation of patients
with suspected white coat HTN.6 White-coat HTN is
defined as an elevated BP (�140/90 mm Hg) in the
clinic setting, with a concomitant normal BP reading
(�135/85 mm Hg) at home. As would be expected, fur-
ther assessment of these patients fails to demonstrate
evidence of end-organ damage.

The literature on ambulatory BP monitoring
(ABPM) has uncovered a trend in which home BP read-
ings are consistently lower than office measurements.
Consequently, BP goals for home readings have been
adjusted, with home BP �135/85 mm Hg correspon-
ding to an office BP goal of �140/90 mm Hg.7 The
same factors affecting the accuracy of the office-based
BP measurement also impact home BP measurement,
and home BP devices often do not perform as well in
the community as compared with the laboratory set-

ting.8 In light of the above barriers, home BP monitor-
ing should be limited to certain special circumstances,
including the assessment of response to therapy, efforts
to improve patient compliance, and the evaluation of
suspected white-coat HTN. Its use has not been univer-
sally recommended for the regular care of all hyperten-
sive patients.2

AMBULATORY BP MONITORING

ABPM refers to an outpatient-evaluation technique in
which multiple-automated BP readings are obtained at
specific intervals over the span of 24 to 72 hours. ABPM
provides additional data that potentially provides
insight into BP control during a patient’s everyday
activities. Similar to home BP monitoring, there is a
recent and growing interest in ABPM in the medical
community and literature. Prospective studies have
suggested that ambulatory BP data may more accu-
rately reflect a patient’s BP and better correlate with
target-organ injury (such as left ventricular hypertro-
phy) than office-based BP measurements;9,10 however,
long-term outcomes are lacking. In general, the
research assessing long-term outcomes on the use of
clinic-based BP monitoring far exceeds the correspon-
ding studies for ABPM. Therefore, in-office BP read-
ings still remain the gold standard for decision-making
in BP management. While admittedly the literature on
ABPM is newer, there is a general consensus that there
are select groups of patients, including those with sus-
pected white-coat HTN, refractory HTN with apparent
drug resistance, and patients in whom efficacy of their
antihypertensive regimen is under evaluation, for
whom ABPM may be beneficial. Medicare has recently
approved reimbursement for ABPM in patients with
suspected white-coat HTN.

Advocates for ABPM point to the money that is
wasted on 20% to 25% of the hypertensive patients who
have white-coat HTN and are unnecessarily treated
with medications. Some experts, however, argue that
patients with white-coat HTN are not completely free of
cardiovascular risk and have a risk that is more than
normotensive patients and yet less than that of patients
with sustained HTN.11,12 Still other studies have found
no increased risk for cardiovascular outcomes for
patients determined to have only white-coat HTN.13

Patients determined to have white-coat HTN need close
follow-up as the incidence of stroke rises after 6 years.7

A recent review article suggests that ABPM is best suited
for more accurate assessment of risk in hypertensive
patients, for evaluating nighttime BPs when clinically
relevant and for evaluating the effectiveness of various
antihypertensive drugs when they are being compared
in clinical studies.14



Chapter 1 / Hypertension 5

DEFINITION AND CLASSIFICATION OF BP

JNC VII introduced a new classification of “pre-HTN,”
corresponding to a systolic BP (SBP) of 120 to 139 mm
Hg and/or a diastolic blood pressure (DBP) of 80 to
89 mm Hg. This is not a disease category but rather a
designation, aiming to identify individuals at high risk
for the development of HTN. Prehypertensive patients
are ideal targets for early intervention through
lifestyle modifications, so as to prevent the progressive
increase in BP leading to HTN. Clinicians can educate
these patients regarding their risk and encourage
them to make lifestyle modifications. Those patients
with pre-HTN who also have underlying renal insuffi-
ciency or diabetes, on the other hand, are candidates
for pharmacotherapy, if their BP remains above 130/80,
despite lifestyle modifications. In all other patients
without compelling indications for treatment, a BP
can be rechecked within 1 year (see Table 1-1).

INITIAL EVALUATION

The diagnosis of HTN requires two to three separate BP
readings, higher than 140/90 mm Hg, at least a week
apart. The initial approach in assessing a hypertensive
patient consists of a global cardiovascular disease risk
assessment, evaluation for the presence of end-organ
damage, and a search for secondary causes of HTN, if
indicated (Fig. 1-1 and Tables 1-2 and 1-5).

MANAGEMENT 

LIFESTYLE MODIFICATIONS

Lifestyle modifications represent a crucial part of a mul-
tidisciplinary BP management approach and offer the
added benefit of decreasing cardiovascular risk inde-
pendent of BP changes. Health care providers should
encourage all prehypertensive (SBP 120 to 139 mm Hg
or DBP 80 to 89 mm Hg) and hypertensive (BP � 140/
90 mm Hg) patients regarding the importance of weight
reduction; dietary modifications, as exemplified by the
Dietary Approaches to Stop Hypertension (DASH)

Table 1-1. JNC VII Classification of BP for Adults2

BP Classification SBP (mm Hg) DBP (mm Hg) Follow-up (Without Compelling Indications for Treatment) 

Normal �120 and �80 2 years
Pre-HTN 120–139 or 80–89 Recheck in 1 year
Stage 1 HTN 140–159 or 90–99 Confirm within 2 months
Stage 2 HTN �160 or �100 �180/110—Evaluate and treat within 1 month

�180/110—Evaluate and treat immediately or within 
1 week (depending upon the clinical situation)

Source: Chobanian et al: Natl Hi BP. Hypertension 2003;42:1206

Figure 1-1. Selected physical examination findings. *Jugular
venous distention: 85–100% probability of increased filling
pressures67; �Abdominal bruit: sensitivity 39% and specificity
99% for a systolic-diastolic bruit for detecting true renal
atherosclerotic disease.68
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eating plan (diet rich in fruits, vegetables, and low-fat
dairy products) and dietary sodium restriction, regu-
lar physical activity, and moderation of alcohol con-
sumption. These lifestyle changes can lower BP, and
also enhance the efficacy of antihypertensive medica-
tions. The most effective nonpharmacological lifestyle
modification is weight loss. The DASH diet, recom-
mending four servings of fruit, four servings of vegeta-
bles, and three servings of low-fat dairy products per
day, also has significant BP lowering effects independ-
ent of weight loss. In some individuals, this dietary
plan approaches the impact of a single antihyperten-
sive medication.2 Exercise recommendations consist
of 30 minutes of brisk, aerobic activity most days of the
week. Alcohol moderation refers to limiting intake to no
more than two drinks for men and one drink for women
each day (Table 1-3). Additionally, given that the overall
goal is reduction in cardiovascular-related disease and
not simply BP reduction, health care providers should
also assist patients in tobacco cessation.

INITIAL PHARMACOLOGIC THERAPY

The JNC VII recommends initial drug therapy with a
thiazide-type diuretic in the absence of a compelling
indication for another antihypertensive drug class.2

This recommendation supports the findings of The
Antihypertensive and Lipid Lowering Treatment to Pre-
vent Heart Attack Trial (ALLHAT), which prospectively
randomized 42418 hypertensive patients with one addi-

tional risk factor for coronary artery disease to low-dose
chlorthalidone or one of the following newer antihyper-
tensive agents: lisinopril, amlodipine, and doxazosin.15

The doxazosin arm was terminated prematurely as a
result of the increased incidence of heart failure relative
to chlorthalidone. The primary outcomes were fatal
coronary heart disease and nonfatal MI, and the inci-
dences were similar across the chlorthalidone, amlodip-
ine, and lisinopril groups, consistent with results from
other trials.16,17 Additionally, the chlorthalidone group
showed superiority in several secondary endpoints,
including improved heart failure protection compared
to both amlodipine and lisinopril and improved stroke
protection compared with lisinopril.

The results of the ALLHAT trial have sparked contro-
versy. First, open-label agents or “step-up agents” were
used for additional BP control and included atenolol,
reserpine, clonidine, and hydralazine, combinations
which, in general, do not mirror clinical practice.
Approximately 40% of patients required these additional
agents for BP control. Additionally, increased fasting glu-
cose levels �126 mg/dL in nondiabetic patients assigned
to chlorthalidone were noted. Although this change did
not increase cardiovascular morbidity and mortality rela-
tive to the other groups during the mean follow-up of
4.9 years, experts raised the concern that significant dele-
terious changes in cardiovascular morbidity and mortal-
ity might become apparent after 5 years.18,19

The ALLHAT trial also found that lisinopril had
higher rates of stroke, heart failure, and combined car-
diovascular outcomes than chlorthalidone, which was a
surprising finding given reports of improved cardiovas-
cular outcomes with angiotensin converting enzyme
(ACE) inhibitors independent of its BP lowering
effects.20 Several authors highlight that the chlorthali-
done arm achieved tighter BP control relative to the
lisinopril arm, potentially accounting for the cardiovas-
cular differences.21–24

Table 1-2. Routine Laboratory Studies

Hematocrit
Urinalysis
Glucose
Creatinine

Electrolytes
Fasting lipid profile
Electrocardiogram

Table 1-3. JNC VII Lifestyle Modification Recommendations2

Modification Recommendation Average SBP Reduction Range (mm Hg)

Weight reduction Maintain normal BMI (18.5–24.9 kg/m2) 5–20 (per 10 kg)
DASH eating plan Eat a diet rich in fruits, vegetables, and 8–14

low-fat dairy products with reduced 
content of saturated and total fat.

Dietary sodium reduction Reduce dietary sodium intake to �100 mmol/d 2–8
(2.4 g sodium or 6 g sodium chloride). 

Aerobic physical activity Regular aerobic physical activity at 4–9
least 30 min/d, most days of the week.

Moderation of alcohol consumption Men: Limit to �2 drinks/d; 2–4
women: Limit to �1 drink/d; 
1 drink �12 oz beer, 5 oz wine, or 1.5 oz 
80-proof whiskey. 

Source: Chobanian et al: Natl Hi BP. Hypertension 2003;42:1206
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The Anglo-Scandinavian Cardiac Outcomes Trial:
Blood Pressure Lowering Arm (ASCOT-BPLA), which
prospectively randomized 19257 hypertensive patients,
mean age of 63 years with three cardiovascular risk fac-
tors, to an amlodipine-based strategy or an atenolol-
based strategy, has added another layer of complexity.25

This trial found that an antihypertensive strategy based
on amlodipine, with perindopril (an ACE inhibitor)
added as required, reduced all-cause mortality, fatal and
nonfatal stroke, and total cardiovascular events and pro-
cedures compared to an atenolol-based strategy, with
bendroflumethiazide added as required. The trial was
prematurely terminated after 5.5 years median follow-
up because of an 11% risk reduction in all-cause mor-
tality in the amlodipine/perindopril group compared
with the atenolol/bendroflumethiazide group. The
majority of patients (78%) were taking at least two anti-
hypertensive agents by the end of the trial.

The results of the ALLHAT and ASCOT trials are
seemingly contradictory. One explanation is that
atenolol may not be a suitable first-line antihypertensive
drug compared to other classes. A systematic review
found no difference in cardiovascular morbidity and
mortality in patients with primary HTN between
placebo and atenolol, despite a lower BP achieved with
atenolol relative to placebo.26 When compared to other
antihypertensive agents (thiazide diuretics, calcium-
channel antagonists, ACE inhibitors, angiotensin II
receptor blockers [ARBs]), mortality was higher with
atenolol than with other agents (relative risk [RR] 1.13;
95% confidence interval [CI] 1.02–1.25). Other studies
have also questioned the efficacy of �-blockers as first-
line drug agents for HTN in the older adults.27,28 poten-
tially accounting for the differences in the two treatment
arms of the ASCOT trial. A meta-analysis evaluated 13
randomized controlled trials comparing treatment with
different �-blockers (not limited to atenolol) with other
antihypertensive classes. The meta-analysis concluded
that �-blocker treatment was associated with a 16%
higher RR of stroke (95% CI 4–30%; p � 0.009) com-
pared with other classes.29 Thus, the results of the
ASCOT trial do not negate ALLHAT’s finding that thi-
azide diuretics are useful first-line antihypertensive
drugs in patients with uncomplicated HTN.

A systematic review by the Blood Pressure Lowering
Treatment Trialists’ Collaboration evaluated the effects
of different antihypertensive regimens on reducing
major cardiovascular events and concluded that ACE
inhibitors, calcium-channel blockers, and diuretics
and/or �-blocker-based regimens similarly reduced the
risk of total major cardiovascular events.30 BP lowering
itself reduced the risk of total major cardiovascular
events regardless of the specific regimen used. In fact,
the strongest determinant in reducing total major car-

diovascular events was the level of BP achieved. There
were differences in specific outcomes, most notably
heart failure prevention: ACE inhibitors and diuretics
and/or �-blocker-based regimens were associated with
a decreased risk of heart failure compared with calcium-
channel blocker regimens. This review, which included
the ALLHAT trial but not the ASCOT trial, did not sep-
arate diuretic treatment from �-blocker treatment
results and combined studies with diuretics and/or
�-blockers into one category.

In summary, evidence still remains that thiazide
diuretics are effective as first-line agents in the treat-
ment of uncomplicated HTN. Despite chlorthalidone’s
use as the thiazide-like diuretic evaluated in most stud-
ies, hydrochlorothiazide, which is widely available in the
United States, can also be considered as a rational
diuretic choice.31 ACE-inhibitor therapy and calcium-
channel blockers are also reasonable antihypertensive
drug agents. �-Blockers are less efficacious as a first-line
agent for HTN in the older adults; however, they
remain strongly indicated in patients with chronic con-
gestive heart failure, asymptomatic left ventricular dys-
function, a history of MI or angina.32,33 Numerous trials
show that a significant number of patients will require
at least two drugs to achieve adequate BP control. ARBs
are also promising antihypertensive agents and, com-
pared with atenolol, are associated with a significant
reduction in cardiovascular morbidity and mortality in
hypertensive patients with ECG evidence of left ventric-
ular hypertrophy.34 ARBs are particularly indicated in
patients who develop cough with an ACE inhibitor.

SPECIAL POPULATIONS

African Americans
Non-Hispanic black ethnicity is independently asso-

ciated with increased rates of HTN.1 Furthermore, in
addition to the increased likelihood of developing
HTN, African American patients with HTN have the
highest morbidity and mortality from HTN of any pop-
ulation group in the United States.35 The reasons for
the higher associated morbidity and mortality are mul-
tifactorial and require further elucidation. Contribut-
ing factors, as cited by the Hypertension in African
Americans Working Group of the International Society
on Hypertension in Blacks, include medical providers’
nonaggressive and inconsistent efforts in diagnosing
and treating HTN.36 Additionally, African Americans
consume less potassium than white Americans and
this dietary characteristic may also be a contributing
factor.

Drugs that inhibit the renin system, including ACE
inhibitors, ARBs, and �-blockers, reportedly have a
decreased BP lowering effect as compared with thiazide
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diuretics and calcium-channel blockers when used as
monotherapy in African American hypertensive
patients.36–38 The hypothesis is that African Americans
more commonly exhibit a “low renin” phenotype.19

African American patients have a lower baseline plasma
renin activity, thus, drugs that lower BP by decreasing
the plasma renin activity and, henceforth, angiotensin
effects may not be effective monotherapy in patients
with a relatively low baseline plasma renin activity.39 In a
systematic review of antihypertensive drug monother-
apy in black patients, �-blockers did not significantly
differ from that of placebo in reducing SBP (	3.53 mm
Hg; 95% CI 	7.51–0.45 mm Hg).40 Additionally, ACE
inhibitors did not significantly differ from that of
placebo in achieving a DBP goal �90 mm Hg or reduc-
tion in DBP ��10 mm Hg (or 10% decrease) (RR 1.35;
95% CI 0.81–2.26). Interestingly, ARBs were found to
lower both SBP and DBP. Calcium-channel blockers,
diuretics, central sympatholytics, 
-blockers, and again,
ARBs were effective in lowering BP compared to
placebo. This systematic review only evaluated efficacy
of monotherapy versus placebo. Frequently, patients
will not be controlled on monotherapy and will require
at least two drugs. Combining drugs that inhibit the
renin system along with a diuretic is a synergistic, effec-
tive combination. Indeed, �-blockers, ACE inhibitors,
and ARBs should not be withheld from use in the
African American population (in the absence of known
adverse reactions), especially in patients with an under-
lying compelling indication.

The African American Study of Kidney Disease and
Hypertension trial and the ALLHAT trial yielded
important observations on morbidity and mortality
outcomes in black hypertensive patients.35,41 In the
African American Study of Kidney Disease and Hyper-
tension trial, which included 1094 black hypertensive
patients with hypertensive renal disease (Glomerular
Filtration Rate [GFR] 20–65 mL/min/1.73 m2) ages 18
to 70 years, patients were randomly assigned to three
agents: ACE inhibitor, dihydropyridine calcium-chan-
nel blocker (amlodipine), or �-blocker.41 The primary
end point was a reduction in both the chronic GFR
slope after 3 months and the mean total GFR slope
from baseline to the end of the study. The secondary
end point was a composite of GFR decline, end-stage
renal disease (ESRD), and death. The trial did not eval-
uate event rates for cardiovascular outcomes. Follow-
up was more than 3 to 6 years. Patients assigned to each
arm were on a total of 2.75 drugs, with open-labeled
medications (furosemide, doxazosin, clonidine, and
hydralazine or minoxidil) added in a stepwise fashion
until goal BP was achieved, consistent with previous
observations that most patients require more than one
antihypertensive agent.

The amlodipine arm was terminated early because of
the safety concerns fueled by an interim analysis show-
ing a slower decline in GFR and a composite reduced
rate of decline in renal function, ESRD, or death in the
ramipril and metoprolol groups versus the amlodipine
group.42

This was most pronounced in those hypertensive
patients with baseline proteinuria �300 mg/dL. In gen-
eral, ACE inhibitors were more efficacious than �-blockers
or dihydropyridine calcium-channel blockers in reduc-
ing the composite endpoint of decline in GFR by �50%
from baseline, ESRD, or death.

In the ALLHAT trial, 35% (11792) of enrolled
patients were black.35 The trial showed that chlorthali-
done, amlodipine, and lisinopril were associated with
equivalent rates for coronary heart disease. Diuretic-
based treatment was associated with the lowest rate of
heart failure. ACE-inhibitor-based therapy was associ-
ated with an increased incidence of stroke and heart
failure, although this may have been caused by the bet-
ter BP control with the diuretic versus ACE-inhibitor-
based therapy. ACE-inhibitor-based therapy was also
associated with a higher incidence of angioedema rela-
tive to chlorthalidone-based treatment. The authors
recommended that thiazide diuretics be considered as
initial therapy for black hypertensive patients with nor-
mal renal function. Furthermore, the authors made the
recommendation that in African American hyperten-
sive patients who could not tolerate a diuretic, a calcium-
channel blocker would be a reasonable choice.

In summary, in African American hypertensive
patients without renal disease, diuretic-based therapy is
reasonable as an initial first-line agent. In black hyper-
tensive patients with proteinuric renal disease (or
other compelling indications, such as decreased sys-
tolic function), ACE-inhibitor-based therapy is war-
ranted, although multiple agents will be needed to
achieve BP goal. �-blockers as monotherapy may not
achieve target BP goal but should not be withheld from
patients with a previous history of angina, MI, or con-
gestive heart failure. Rational combinations include
combining ACE inhibitors, ARBs, or �-blockers with a
low- dose diuretic and/or a calcium-channel blocker.

Diabetes Mellitus
Patients with diabetes mellitus are at increased risk

for the development of both microvascular (retinopa-
thy, nephropathy, and neuropathy) and macrovascular
complications (stroke, coronary heart disease, periph-
eral vascular disease, and congestive heart failure). ACE
inhibitors and ARBs are first-line agents in diabetic
patients with established microalbuminuria (urine
albumin to creatinine ratio � 30 mg/mg), regardless of
BP.43 In the absence of microalbuminuria, thiazide
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diuretics are also reasonable agents.2,15 Certain �-block-
ers may be more efficacious than others. In the Glycemic
Effects in Diabetes Mellitus: Carvedilol-Metoprolol
Comparison in Hypertensives trial, carvedilol was found
to decrease albumin excretion and not affect Hgb A1C,
compared to metoprolol, which increased Hgb A1C by a
mean of 0.15%.44 Clinical outcomes were not evaluated
in this trial.

Goal BP should be lower than 130/80 mm Hg in all
diabetics.2,45,46 Intensive BP control significantly con-
tributes to the reduction in both microvascular and
macrovascular diabetic complications.47,48

Nondiabetic Chronic Kidney Disease
ACE inhibitors (and ARBs in patients unable to take

ACE inhibitors) are indicated in patients with nondia-
betic chronic kidney disease, particularly in patients with
spot urine total protein to creatinine ratio �200 mg/g.
These agents slow the progression of kidney disease.46

Examples of nondiabetic kidney disease include
glomerular, hypertensive nephrosclerosis, and tubuloin-
terstitial diseases. There is some uncertainty on the opti-
mal BP goal; however, guidelines recommend a goal
�130/80 mm Hg.2,42 Goal SBP 110 to 129 mm Hg in
patients with urinary total protein excretion �1 g/d may
be even more beneficial in retarding renal decline.49

Upon initiation of an ACE inhibitor or ARB, patients
should be monitored closely for a creatinine increase. A
20% to 30% initial increase in creatinine is acceptable
upon initiation of an ACE inhibitor or ARB in hyper-
tensive patients with chronic kidney disease.50 This
increase in creatinine reflects renal hemodynamic
adjustments; the creatinine will then stabilize or
improve. ACE inhibitors and ARBs should be discontin-
ued if there is an increase of 30% in creatinine. ACE
inhibitors and ARBs, in general, are contraindicated in
patients with bilateral renal artery stenosis and polycys-
tic kidney disease. The compression of the large cysts on
the renal vasculature can physiologically mimic renal
artery stenosis.50 The ACE-inhibitor- (or ARB-) induced
efferent arteriole vasodilatation in the presence of a
reduced effective arterial blood volume in these settings
can result in a deleterious decline in GFR.

Older Adults
Most elderly hypertensive patients are afflicted with

systolic HTN, defined as a SBP, �140 mm Hg and a DBP
lower than or equal to 90 mm Hg.2 Systolic HTN is now
recognized as an important risk factor for cardiovascu-
lar disease, even more so than diastolic HTN. Random-
ized clinical trials have shown that treatment of SBP
�160 mm Hg reduces the risk of stroke51,52 and inci-
dence of cardiovascular disease.51–53 The evidence for
treating SBPs �160 mm Hg in the older adults is less

established by large-scale clinical trials;54 however, the
overall recommendation of JNC VII remains to initiate
antihypertensive therapy for BP �140/90 mm Hg (or
�130/80 mm Hg in the presence of coexisting diabetes
mellitus or chronic kidney disease with proteinuria) if
lifestyle modifications or treatment of reversible causes
of HTN are not successful, irrespective of age.2 Individ-
ual patient preferences and values and shared decision
making between the practitioner and patient should
guide the decision to lower BP in older patients, partic-
ularly in the BP range of 140 to 159 mm Hg.54

The primary drug agents used in the large-scale clin-
ical trials evaluating the clinical management of systolic
HTN in the older adults were a thiazide-like diuretic,51

chlorthalidone, and a long-acting dihydropyridine cal-
cium-channel blocker, nitrendipine.52,53 Thus, these
agents are often recommended as first-line agents in
the treatment of uncomplicated HTN in the older
adults.54 ACE inhibitors are also reasonable first-line
agents in hypertensive elderly patients. The Second
Australian National Blood Pressure Trial found that
enalapril provided superior cardiovascular outcomes
compared to hydrochlorothiazide in white, elderly
men,55 which is in contrast to the ALLHAT findings;
however, the two trials are sufficiently different in
design to obviate the need for any definitive changes in
JNC VII recommendations.

In a systematic review of mostly randomized trials
evaluating the efficacy of diuretics (versus placebo) and
�-blockers (versus placebo) in elderly hypertensive
patients, thiazide diuretics were found to be superior to
�-blockers in preventing cerebrovascular events, coronary
heart disease, cardiovascular mortality, and all-cause mor-
tality.27 A meta-analysis showed an increased incidence of
stroke with �-blockers compared to other classes;29 thus,
�-blockers are not standard first-line agents in the treat-
ment of uncomplicated HTN in the older adults.

TREATMENT SUMMARY AND GLOBAL
CARDIOVASCULAR RISK REDUCTION

The overall goal in HTN treatment is reduction in car-
diovascular-related disease, not simply BP reduction.
Health care providers should assist with lifestyle modi-
fications, including smoking cessation, identification
and treatment of dyslipidemia, and identification of
high cardiovascular risk patients who would benefit
from aspirin chemoprophylaxis. �-blockers and ACE
inhibitors (or ARBs in patients intolerant of ACE
inhibitors) are strongly indicated in all patients with:
(1) established coronary artery disease or (2) heart
failure from systolic dysfunction32,33 The level of BP
achieved remains a powerful determinant in reducing
total cardiovascular events.30 A significant number of
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patients will require two or more agents. Large-scale
studies and guidelines endorse thiazide diuretics as
first-line therapy in uncomplicated HTN.2,15 Table 1-4
summarizes indications for pharmacotherapy.

CLINICAL PRACTICE GUIDELINES

Several HTN clinical practice guidelines are available to
aid clinicians and patients in decision making. In addi-
tion to JNC VII,2 other guidelines include the British
Hypertension Society guideline,56 the Canadian Hyper-
tension Education Program guideline,57 the American
Heart Association Treatment of Hypertension guide-
line,33 the Scottish Intercollegiate Guidelines Network
guideline,58 and the European Society of Hypertension
and European Society of Cardiology guideline.59 Most
of these guidelines have similar recommendations for
first-line therapeutic agents and treating patients with
specific comorbid conditions, for example, diabetes
mellitus. The guidelines do have different recommen-
dations, however, on the SBP and DBP levels that
require drug therapy and target systolic and DBP goals
for other comorbid conditions. As an example, in
patients with established cardiovascular disease, the
American Heart Association33 and European Society of
Hypertension and European Society of Cardiology59

guidelines recommend a target BP goal of �130/80
mm Hg, while JNC VII recommends a target BP goal of
�140/90.2

BARRIERS TO OPTIMAL CONTROL OF HTN

Data from the NHANES has highlighted the sub-optimal
control of HTN in the United States, with 70% of hyper-
tensive individuals not attaining their goal of �140/90.1

The most commonly recognized factors contributing to
the low control rate include lack of access to health
care, with a disturbingly large percentage of uncon-
trolled HTN found in ethnic and racial minorities, and
poor patient compliance.60

The NHANES III identified the following factors
associated with improved HTN control rates: The state
of being married with social support, access to private
health insurance, continuity in care, regular BP meas-
urements (at least within the past 6 to 11 months), and
the adherence to lifestyle modifications.61

RESISTANT OR REFRACTORY HTN

Resistant HTN is most commonly defined as a BP that is
not controlled despite a combination of lifestyle modifi-
cations and the use of full therapeutic doses of three
medications, one of which is a diuretic appropriate for
the level of renal function.2 Difficult-to-control HTN is
described as a BP that is elevated despite treatment with
two to three BP medications, but not meeting formal cri-
teria for resistant HTN. There are multiple possibilities
to consider when evaluating refractory HTN, including
medication nonadherence, drug-related causes such as

Table 1-4. Pharmacologic Management Strategies

Uncomplicated HTN Initial Therapy Thiazide Diuretic2,15 Comments BP goal �140/90 mm Hg2,33,57,59

Coronary artery disease; LV �-Blockers and ACE inhibitors (or ARBs)32,33 BP goal � 140/90 mm Hg2 or
dysfunction; BP goal � 130/80 mm Hg33,59

Consider BP goal � 120/80 (LV
dysfunction)33

No increased risk of depression with
�-blockers and only small increases
in fatigue and sexual dysfunction69

Chronic kidney disease ACE inhibitors (or ARBs)2,36,41 BP goal � 130/80 mm Hg2,33,46,57,59

GFR � 60 mL/min/1.73 m2 ACE inhibitor (plus usually a SBP 110–129 mm Hg may be beneficial
or � 300 mg urinary second agent, e.g., a diuretic) with urinary total protein
albumin/d2 in African Americans36,41,42,46 excretion �1.0 g/d49

Avoid amlodipine as initial first-line agent42

African Americans Thiazide diuretic35; calcium-channel ACE inhibitors35 and �-blockers as
(without proteinuria) blocker reasonable alternative35 monotherapy unlikely to achieve goal BP40

Increased incidence (�0.7%) of angioedema 
with ACE inhibitors32

Diabetics (without proteinuria) Thiazide diuretic2,15; ACE inhibitors20 BP goal � 130/80 mm Hg2,33,57,59

Diabetics (with proteinuria) ACE inhibitors (or ARBs)2,43,46 BP goal � 130/80 mm Hg2,33,57,59

Older adults Thiazide diuretic2,15,51,54 or long-acting �-Blockers less efficacious compared to other
dihydropyridine calcium-channel drug classes as initial agent26,27,29

blocker52–54; ACE inhibitors in white
elderly men55
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interfering substances and inappropriate drug regi-
mens, occult volume overload, pseudoresistance caused
by office HTN or pseudohypertension, associated condi-
tions such as obesity and obstructive sleep apnea, and
the traditional causes of secondary HTN.2,62

Nonadherence to Therapy
Nonadherence with the medication regimen com-

monly contributes to poor BP control. Physicians must
approach this issue in a nonjudgmental manner, first by
acknowledging the difficulty in taking medications reg-
ularly and then candidly asking patients how often they
miss doses.63 Physicians can explore further by inquir-
ing about drug costs, side effects, and complicated dos-
ing schedules. Studies demonstrate that adherence is
inversely proportional to the frequency of dose.64 Physi-
cians should also assess for objective signs of nonad-
herence, for example, the lack of expected physical
examination or laboratory findings associated with the
medications (such as sinus bradycardia for �-blockers
or non-dihydropyridine (DHP) calcium-channel block-
ers and hypokalemia in patients on thiazide or loop
diuretics).

Interfering Substances
There are innumerable medications, including pre-

scription drugs, over-the-counter agents, alternative
remedies, and drugs of abuse that can sabotage BP
management, both by raising the BP directly as well as
by interfering with the efficacy of the patient’s antihy-
pertensive medications. Common examples of interfer-
ing substances include nasal decongestants, caffeine,
appetite suppressants, oral contraceptives, adrenal
steroids, antidepressants, nonsteroidal anti-inflamma-
tory drugs, sympathomimetics, and nicotine. Other
notorious examples include cyclosporine, tacrolimus,
adrenal steroids, erythropoietin, and licorice. Drugs of
abuse such as alcohol and cocaine also negatively
impact BP control, both with respect to their impact
physiologically as well as in their secondary effect of
potentially blunting patients’ overall motivational state
for adhering to the medication regimen.60

Occult Volume Overload
Inadequate control of extracellular volume is an

extremely common cause of resistant HTN. It has been
recognized that extracellular volume expansion is a
compensatory response to the lowering of BP. It may
also be a result of antihypertensive drugs such as direct
vasodilators. Volume overload can occur in other set-
tings such as with excessive salt intake and progressive
renal insufficiency. For these reasons, a diuretic acts as a
crucial component of an antihypertensive regimen.
The diuretic chosen should be appropriate for the level

of renal function. Thiazide diuretics act as antihyper-
tensive agents in patients with preserved renal function
but become less efficacious as GFR falls (typically once,
creatinine �2.0 mg/dL or GFR �30 mL/min/1.73 m2).
In cases of end stage renal disease, combinations of
diuretics are often required for volume control.

Pseudoresistance
In some cases, refractory HTN may be erroneous, in

that the patient has white-coat HTN. Office HTN or
white-coat HTN occurs when the office measurements
overestimate the patient’s true BP. When suspected, this
condition can be investigated through ABPM, which
would reveal normal BPs when the patient is away from
the doctor’s office. Patients with white-coat HTN should
not have evidence of target-organ damage. Another
cause of mistakenly resistant HTN arises from faulty BP
measurements. A very common error involves the use
of an inappropriately small BP cuff for an obese patient,
leading to an incorrectly elevated reading.

Pseudohypertension is a condition to consider in eld-
erly patients with vascular disease. An increased stiffness
within the vessel walls requires higher than normal
pressures to compress and occlude the vascular wall.
Patients typically complain of symptoms of hypoten-
sion, such as lightheadedness and presyncope, as the BP
medications are increased. In addition, they may not
have the target-organ injury that would be expected for
such degrees of BP elevation. The definitive diagnosis is
made through an intra-arterial BP measurement.

Causes of Secondary HTN
Ninety-five percent of patients have essential HTN.

Secondary HTN is more commonly seen in patients
with refractory HTN. It is important to identify since
treating the underlying condition may avert the need
for treating the elevated BP. Some clinical clues sug-
gesting secondary causes include the following: Onset
at age �30 or �50 (except for isolated systolic HTN
which is commonly seen in the older adults), refractory
HTN or an acute, marked rise in BP. In contrast to
essential HTN, family history is often negative in cases
of secondary HTN.

Causes of secondary HTN include both associated
conditions such as obesity and obstructive sleep apnea,
as well as the classical secondary causes including reno-
vascular disease, intrinsic renal disease, primary aldos-
teronism, pheochromocytoma, Cushing’s syndrome,
aortic coarctation, thyroid disorders, and hyperparathy-
roidism. The clinical presentations vary according to the
etiology, but certain features of the history and physical
examination will often suggest the specific diagnosis,
allowing for a focused approach to evaluation. See Table
1-5 for causes and clinical findings of secondary HTN.



Special Situations: Hypertensive Urgencies and
Emergencies
In special cases, the elevation in BP is extreme

enough to warrant immediate or rapid BP reduction.
Hypertensive urgencies (see Table 1-6 for definitions)
are defined as severe elevations in BP (typically,
�180/120) without symptoms or evidence of acute end-
organ damage. Hypertensive emergencies are classified
as severe elevations in BP that are associated with acute
injury to target organs such as the brain, heart, kidneys,
retina, and other vasculature. Examples include hyper-
tensive encephalopathy, intracerebral hemorrhage,
acute MI, acute coronary syndromes, acute left ventric-
ular failure with pulmonary edema, dissecting aortic
aneurysm, and acute renal failure.2

The etiologies of hypertensive crises65 include essential
HTN, renal parenchymal disease (vasculitis, acute
glomerulonephritis), renovascular disease, eclampsia,
drug-related causes (including the withdrawal of antihy-
pertensive agents), endocrinological causes (pheochro-
mocytoma, Cushing’s syndrome, renin-secreting tumors),
and central nervous system disorders (traumatic head
injury, CVA, brain tumors). Clinical evaluation focuses on
assessing target-organ damage and determining possible
causes.

Management of hypertensive urgencies consists of BP
lowering with oral agents, over a time course of hours to
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Overview of Evaluation and Management of
Resistant HTN
A suggested approach to the evaluation and man-

agement of resistant HTN is outlined in Fig. 1-2. Sev-
eral pharmacologic strategies can be employed for
HTN that persists following a comprehensive evalua-
tion of the causes of resistant HTN. The overriding
principle is to select antihypertensive agents with com-
plementary physiologic actions in BP regulation. Med-
ications targeted to decrease sympathetic activity are
combined with agents which block peripheral vascular
resistance, reverse volume overload, and promote
smooth muscle relaxation. Common combinations
include a diuretic, ACE inhibitor (or ARB), �-blocker,
and DHP calcium-channel blocker. When BP remains
elevated, subsequent potential adjustments can
include a titration of the dose and frequency of
diuretic (loop diuretics require at least twice a day
dosing for HTN), the addition of another diuretic
(aldosterone antagonist), the use of both an ACE
inhibitor and an ARB (if potassium allows), the use of
both DHP and non-DHP calcium-channel blockers,
the use of combined 
- and �-blockers (like labetalol),
and finally, centrally-acting agents and direct vasodila-
tors. Referral to a HTN specialist is warranted in cases
of ongoing HTN, following evaluation and attempted
management as above.62

Table 1-5. Etiologies and Clinical Findings of Secondary Causes of HTN

Etiology Physical Findings Laboratory Findings

Cushing’s syndrome Moon facies, buffalo hump, abdominal Elevated 24-hour urinary cortisol
stria, central deposition of body fat

Renovascular Systolic/diastolic abdominal bruit (sensitivity Rise in creatinine after ACE I or
39% and specificity 99% for detecting true ARB; evidence of atherosclerosis
renal atherosclerotic disease)68 or flank bruit; elsewhere
onset of C in a young woman, 

Pheochromocytoma Episodes of HTN, flushing, sweating, headache Elevated urinary metanephrines or
VMA

Renal disease Late-fluid overload, uremic frost, nausea, vomiting Elevated creatinine; abnormal urinalysis
Oral contraceptives Rise in BP related to the initiation of contraceptive
Obstructive sleep apnea Nighttime snoring with episodes of apnea, daytime Apnea on sleep study

somnolence, large neck circumference 
Coarctation of the aorta Diminished BP in legs as compared with upper Abnormalities on echo and/or

arm BP cardiac catheterization
Hypothyroidism Cold intolerance, constipation, fatigue, bradycardia, Elevated TSH

delayed deep tendon reflexes
Hyperthyroidism Heat intolerance, hyperdefecation, lid lag, Suppressed TSH 

normochromic, normocytic anemia, tachycardia
Primary hyperparathyroidism Often none Elevated serum calcium
Obesity BMI �30 NA
Hyperaldosteronism Resistant HTN Low K off diuretics, serum aldosterone/

renin �20:1

VMA, vanillyl mandelic acid; TSH, thyroid stimulating hormone; NA, not applicable.
Adapted from Ref. 2.
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Resistant Hypertension

Common Causes and Associated Conditions of Resistant HTN2

Improper blood pressure measurement 
Nonadherence 
Interfering substances (e.g., nonsteroidal anti-inflammatory drugs, steroids, 
over-the-counter agents, alcohol, oral contraceptives) 
Inappropriate drug regimen* (e.g., absence of diuretic) 
White-coat HTN 
Volume overload 
Obesity

Secondary Causes of Hypertension

Obstructive sleep apnea 
Renovascular disease 
Chronic kidney disease 
Primary hyperaldosteronism 
Pheochromocytoma 
Cushing’s syndrome 
Hyper or hypothyroidism 
Aortic coarctation 
Hyperparathyroidism

Refer to appropriate subspecialist Refer to HTN specialist

Common Drug Regimens to Consider70

ACEI/ARB + DHP calcium-channel blocker and/or hydrochlorothiazide
BB + DHP calcium-channel blocker and/or hydrochlorothiazide
BB + hydralazine + loop diuretic

Yes No

Figure 1-2. Approach to evaluation and management of resistant HTN.

Table 1-6. Definition: Hypertensive Urgency and Emergency

Definition End-Organ Damage Treatment

Hypertensive urgency-elevated BP without evidence No Lower BP in 24–48 hours with combination
of end-organ damage oral therapy

Follow-up appointment within 1–2 days
Hypertensive emergency-elevated BP with evidence Yes Admission to Intensive Care Unit for parenteral

of end-organ damage. i.e., encephalopathy, unstable drug therapy
angina, MI, pulmonary edema, eclampsia, stroke,
dissecting aortic aneurysm
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days, ideally within 24 to 48 hours. Possible choices of
medications include short-acting antihypertensive agents
such as captopril, labetalol, or clonidine. Medications
which rapidly lower the BP such as sublingual nifedipine
should be avoided because of an associated increased

morbidity and mortality likely related to the excessively
rapid fall in BP.2,66 In hypertensive emergencies, in con-
trast to hypertensive urgencies, BP must be lowered
immediately but cautiously by parenteral therapy. Exces-
sive falls in BP should be avoided because of the potential

Table 1-7. Parenteral Drugs for Treatment of Hypertensive Emergencies2

Drug Dose Onset of Action Duration of Action Adverse Effects Special Indications

Vasodilators
Sodium 0.25–10 �g/ Immediate 1–2 min Nausea, vomiting, Most hypertensive

nitroprusside kg/min as IV muscle twitching, emergencies; 
infusion sweating, caution with high

thiocyanate intracranial
and cyanide pressure or 
intoxication azotemia

Nicardipine 5–15 mg/h IV 5–10 min 15–30 min, may Tachycardia, Most hypertensive
hydrochloride exceed 4 h headache, emergencies

flushing, local except acute 
phlebitis heart failure; 

caution with
coronary ischemia

Fenoldopam 0.1–0.3 �g/kg �5 min 30 min Tachycardia, Most hypertensive 
mesylate per min IV headache, emergencies;

infusion nausea, caution with 
flushing glaucoma

Nitroglycerin 5–100 �g/min 2–5 min 5–10 min Headache, vomiting, Coronary ischemia
as IV infusion methemo-

globinemia,
tolerance with
prolonged use

Enalaprilat 1.24–5 mg q 15–30 min 6–12 h Precipitous fall in Acute left ventricular
6 h IV pressure in failure; avoid in

high-renin states; acute MI
variable
response

Hydralazine 10–20 mg IV, 10–20 min IV 1–4 h IV Tachycardia, flushing, Eclampsia
hydrochloride 10–40 mg IM 20–30 min IM 4–6 h IM headache, vomiting,

aggravation of angina
Adrenergic inhibitors
Labetalol 20–80 mg IV 5–10 min 3–6 h Vomiting, scalp Most hypertensive

hydrochloride bolus q 10 m tingling, emergencies,
0.5–2.0 mg/ bronchoconstric- except acute 
min IV infusion tion, heart failure

dizziness,
nausea,
heart block,
orthostatic
hypotension

Esmolol 250–500 �g/ 1–2 min` 10–30 min Hypotension, nausea, Aortic dissection,
hydrochloride kg/min IV asthma, first- perioperative

bolus, then degree heart
50–100 �g/kg/ block, heart
min by infusion; failure
may repeat bolus
after 5 min or
increase infusion
to 300 �g/min

Phentolamine 5–15 mg IV bolus 1–2 min 10–30 min Tachycardia, flushing, Catecholamine excess
headache

Source: Chobanian et al: Natl Hi BP. Hypertension 2003;42:1206
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for precipitating renal, cerebral, or coronary ischemia.
The exact rate of BP lowering depends on the clinical
condition, with more rapid BP control (generally to SBP
�100 mm Hg) indicated in aortic dissection. In cases
involving cerebrovascular symptoms, an excessive decline
in BP can be dangerous, triggering ischemia. Clinical
practice guidelines advise aiming for a reduction in mean
arterial BP of 25% within minutes to 1 hour, and to
160/100 mm Hg by 6 hours.2 Pharmacotherapy for
hypertensive emergencies is summarized in Table 1-7.

CONCLUSION

There is ample evidence proving the beneficial effects
of lowering BP. NHANES data reveal the need for
improvement, both in the number of patients treated
and in the percent of patients who are treated to goal.
Through doctor–patient communication, patient edu-
cation, lifestyle modification, frequent follow-up,
appropriate medication regimens, and timely medica-
tion adjustment, more hypertensive patients can be
identified, treated, and attain their target BPs (see Evi-
dence-Based Summary below).

REFERENCES

1. Hajjar I, Kotchen TA. Trends in prevalence, awareness,
treatment, and control of hypertension in the United
states, 1988–2000. JAMA. 2003;290:199–206.

2. Chobanian AV, Bakris GL, Black HR, et al, National
High Blood Pressure Education Program Coordinating
Committee. Seventh Report of the Joint National Com-
mittee on Prevention, Detection, Evaluation, and Treat-
ment of High Blood Pressure. Hypertension. 2003;42:
1206–1252.

3. Neal B, MacMahon S, Chapman N. Blood pressure lower-
ing treatment Trialists C. Effects of ace inhibitors, calcium
antagonists, and other blood-pressure-lowering drugs:
Results of prospectively designed overviews of ran-
domised trials. blood pressure lowering treatment trial-
ists’ collaboration. Lancet. 2000;356:1955–1964.

4. Calonge N, Petitti DB, DeWitt TG, et al. Screening for
High Blood Presure: United States Preventive Services
Task Force Reaffirmation Recommendation Statement.
Ann Intern Med. 2007;147:783–786.

5. Beevers G, Lip GY, O’Brien E. ABC of hypertension:
Blood pressure measurement. Part II-conventional sphyg-
momanometry: Technique of auscultatory blood pressure
measurement. BMJ. 2001;322:1043–1047.

6. Staessen JA, Den Hond E, Celis H, et al. Treatment of
hypertension based on home or office blood pressure
Trial I: Antihypertensive treatment based on blood pres-
sure measurement at home or in the physician’s office: A
randomized controlled trial. JAMA. 2004;291:955–964.

7. Yarows SA, Julius S, Pickering TG. Home blood pressure
monitoring. Arch Intern Med. 2000;160:1251–1257.

8. Lewis JE, Boyle E, Magharious L, et al. Evaluation of a
community-based automated blood pressure measuring
device. Can Med Assoc J. 2002;166:1145–1148.

9. Staessen JA, Thijs L, Fagard R, et al. Predicting cardiovas-
cular risk using conventional vs. ambulatory blood pres-
sure in older patients with systolic hypertension. Systolic
Hypertension in Europe Trial Investigators. JAMA. 1999;
282:539–546.

10. Verdecchia P, Porcellati C, Schillaci G, et al. Ambulatory
blood pressure. An independent predictor of prognosis in
essential hypertension. Hypertension. 1994;24:793–801.

11. Verdecchia P, Reboldi GP, Angeli F, et al. Short- and long-
term incidence of stroke in white-coat hypertension.
Hypertension. 2005;45:203–208.

12. Karter Y, Curgunlu A, Altinisik S, et al. Target organ dam-
age and changes in arterial compliance in white coat
hypertension. Is white coat innocent? Blood Press.
2003;12:307–313.

13. Celis H, Staessen JA, Thijs L, et al. Ambulatory blood pres-
sure and treatment of hypertension Trial I: Cardiovascu-
lar risk in white-coat and sustained hypertensive patients.
Blood Press. 2002;11:352–356.

14. Pickering TG, Shimbo D, Haas D. Ambulatory blood-pres-
sure monitoring. N Engl J Med. 2006;354:2368–2374.

15. The ALLHAT Officers and Coordinators for the ALL-
HAT Collaborative Research Group. Major outcomes in

EVIDENCE-BASED SUMMARY

Screen
• All adults �21 years annually4

Diagnosis
• BP �140�90 mm Hg on 2–3 separate readings

1 week apart2

• BP �130�80 mm Hg in patients with chronic
kidney disease or diabetes mellitus2

Initial evaluation
• Global cardiovascular risk assessment
• Evaluate for end-organ damage
• Evaluate for secondary causes, if clinically indi-

cated
• Recognize hypertensive urgency/emergency

Management 
• Lifestyle modifications
• Pharmacotherapy
• Thiazide-based therapy for uncomplicated

HTN2,15,30

• Identify high cardiovascular risk patients who
would benefit from other drug classes2

Follow-up
• Continued patient education
• Continued lifestyle modification
• Appropriate medication adjustment(s)
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SEARCH STRATEGY

A systematic search of the medical literature was performed
on January 11, 2008. The search, limited to human subjects
and English language journals, included National Guideline
Clearinghouse, the Cochrane database, PubMed, pier® and
UpToDate®. The current American College of Cardiology/
American Heart Association Chronic Heart Failure Guide-
lines can be found at www.acc.org. The European Society of
Cardiology Acute Heart Failure and Chronic Heart Failure
Guidelines can be found at www.escardio.org and the HFSA
2006 Heart Failure Practice Guideline can be found at
www.onlinejcf.com

INTRODUCTION

Heart failure (HF) is a serious and growing health prob-
lem affecting approximately 5 million persons in the
United States with an additional 550,000 individuals
diagnosed yearly. HF contributes to approximately
300,000 deaths each year. The estimated direct and
indirect costs attribute to HF for 2006 is $29.6 billion.1

HF was once described as “a condition in which the
heart fails to discharge its contents adequately”
(Thomas Lewis 1933); however, the simplistic model of
pump failure has evolved into a complex disorder that
affects the cardiovascular, musculoskeletal, renal, and
neuroendocrine systems.

CLINICAL PRESENTATION

The cardinal manifestations of HF include dyspnea,
fatigue, and fluid retention. The development of symp-
toms characteristic in HF result from pulmonary and
systemic congestion. The presence of signs and symp-

toms of HF (Table 2-1) may vary considerably over time
in a given patient. The mechanism of fatigue in HF is
complex and originates from low cardiac output,
peripheral hypoperfusion, and skeletal muscle decon-
ditioning. As left ventricular function deteriorates and
the ability to accept and eject the increased blood vol-
ume is impaired, pulmonary venous and capillary pres-
sures elevate, leading to interstitial and bronchial
edema, increased airway resistance, and dyspnea. In
early HF, dyspnea may occur only with exertion. As HF
progresses, the degree of exertion necessary to induce
dyspnea decreases and eventually leads to dyspnea at
rest.2 Associated symptoms include orthopnea and
paroxysmal nocturnal dyspnea (PND). Orthopnea, that
is, dyspnea in the supine position, results from redistri-
bution of fluid from the abdomen and lower extremi-
ties into the chest, which increases the pulmonary cap-
illary pressure, combined with elevation of the
diaphragm. Orthopnea is relieved by sitting upright
and typically is prevented by elevating the head with
pillows. PND is a result of severe pulmonary and
bronchial congestion and refers to severe shortness of
breath and coughing that generally occurs after 2 to 4
hours of sleep; patients awaken with a sense of suffoca-
tion.3 The period between the initiation of ventricular
dysfunction and the onset of symptoms may occur very
quickly after a myocardial infarction (MI) or extend for
a long period of time. With more chronic processes,
such as hypertension or idiopathic cardiomyopathies,
this interval may extend for months to years. There is a
discordance between the degree of ventricular dys-
function and the degree of functional impairment in
HF; therefore, the severity of symptoms does not directly
correlate with the amount of left-ventricular (LV) dys-
function.4
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PHYSICAL FINDINGS

Important information concerning the patient with HF
is obtained by a careful and deliberate physical exami-
nation. In the first stages of HF, the patient typically has
no symptoms at rest except for discomfort when lying
flat for more than a few minutes. The venous pressure
may be normal at rest but may become elevated with
sustained pressure on the abdomen (positive abdomi-

nal jugular reflux). In acutely decompensated HF, sys-
tolic hypotension may be present, with cool, diaphoretic
extremities, and Cheyne-Stokes respiration (breathing
with rhythmic waxing and waning of depth of breaths
and regularly recurring apneic periods). Central venous
pressure is often elevated which is reflected by disten-
tion of the jugular veins. Third and fourth heart sounds
are often audible with auscultation but are not specific
for HF. In severe HF, the pulse pressure may be increased
because of generalized vasoconstriction.3

The thorough cardiovascular examination should
initially include an assessment of the vital signs. The
arterial pulse which begins with aortic valve opening
and the onset of LV ejection is inspected for rhythm,
intensity, and pulsus alternans. Pulsus alternans, a pat-
tern of regular alteration of the pressure pulse ampli-
tude despite a regular rhythm, indicates severe impair-
ment of LV function and often occurs in patients with a
loud third heart sound.5

Examination of the neck veins include inspection of
waveforms and estimation of central venous pressure
which is best estimated by evaluation of the jugular
venous pulse (JVP) in the right internal jugular vein.
Assessment of the JVP is optimal when the trunk is
inclined less than 30 degrees; however, patients with
elevated venous pressure or jugular venous distention
may require further elevation of the trunk. Palpation of
the left carotid artery may aid in distinguishing venous
pulses. The vertical distance from the top of the oscil-
lating venous column to the level of the sternal angle is
generally less than 3 cm if the patient is euvolemic.3 In
those patients with normal resting venous pressure, but
suspected right ventricular failure, the abdominal jugu-
lar reflux test may be useful.

Auscultation of the lungs is used to determine the
presence of rales, rhonchi, wheezes, or pleural effusion.
The rate and depth of respiration should also be noted.
Cardiac auscultation is important for the evaluation of
the patient with HF to identify the presence of third or
fourth heart sounds and to rule out underlying or pre-
cipitating causes of HF. Peripheral edema typically is
not observed until a fluid weight gain of 10 pounds
occurs. Edema typically is located in dependent parts of
the body, such as the feet and ankles in ambulatory
patients and sacrum in patients who are bedridden.2

Other physical findings include hepatomegaly (liver
more than 12 cm upon percussion at the midclavicular
line) and cardiac cachexia.

EVALUATON

INITIAL

The initial evaluation of the patient presenting with signs
and symptoms of HF should include an electrocardiogram

Table 2-1. Clinical Presentation of HF

Symptoms
Dyspnea
Orthopnea
PND
Exercise intolerance
Tachypnea
Cough 
Fatigue
Abdominal pain
Anorexia
Nausea
Bloating
Ascites
Mental status changes

Signs
Vitals

Pulse rate, rhythm, quality
Pulse pressure
Positional blood pressure
Respiratory rate, depth, periodicity
Temperature

Cardiovascular
Elevated jugular venous pressure
Abdominal jugular reflux
Displaced LV maximal impulse
S3 gallop
Heart murmurs
Diminished S1 or S2

Prominent P2

Friction rub
Peripheral pulses
Temperature of extremities

Neurologic 
Mental status changes

Pulmonary 
Rales
Rhonchi
Pleural effusion

Abdominal 
Ascites
Hepatosplenomegaly
Pulsatile liver
Decreased bowel sounds

Systemic
Edema
Cachexia

Adapted from: Goswami NJ, O’Rourke RA, Shaver JA, et al. The History, Physical
Examination and Parker RB. Heart Failure. In: DiPiro JT, Talbert RL, Yee GC
(eds). Pharmacotherapy: A Pathophysiologic Approach, 6th ed. New York, NY:
McGraw Hill; 2005:219–260.
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(ECG) and a CXR. A B-type natriuretic peptide (BNP)
level should also be evaluated. A normal ECG or low to
normal BNP concentrations have high negative predic-
tive values so that LV dysfunction can be ruled out.
Point-of-care testing is available for BNP which
increases its utility as a screening tool in primary care
and emergency department settings. If any of these tests
are abnormal, a transthoracic Doppler echocardiogram
should be obtained. The echocardiogram provides a
measurement of the left ventricular ejection fraction
(LVEF). Additionally, the echocardiogram provides
assessment of cardiac dimensions and geometry, wall
motion and thickness, and valvular function. Individu-
als with an ejection fraction (EF) of less than 40% are
considered to have systolic dysfunction.

A careful evaluation for potential causative factors
should be initiated with onset of signs and symptoms of
HF (Table 2-2). An inquiry of past history of hyperten-
sion, diabetes, coronary artery disease (CAD), valvular
disease, rheumatic fever, collagen vascular disease,
hypo- or hyperthyroidism, exposure to cardiotoxic agents
(e.g., anthracyclines), alcohol use, and illicit drug use
should be assessed. Laboratory testing should include a
complete blood count, serum electrolytes (including
magnesium), serum blood urea nitrogen and creati-
nine, hepatic transaminases, and thyroid-stimulating
hormone. Patients with systolic dysfunction, CAD, and
angina should be referred for coronary angiography to
evaluate if they are candidates for revascularization.
Although there is no evidence that revascularization
improves morbidity or mortality in patients without
angina, many experts believe coronary angiography
should be performed in all patients with newly diag-
nosed congestive HF.4,6

ONGOING

At every visit the clinician should make a full inquiry into
the patient’s symptoms (type, severity, and duration) and
perform an assessment of volume status. When assessing
symptoms, the patient should be questioned about their
ability to accomplish several activities such as activities of

daily living (bathing, dressing, climbing stairs, and house-
hold chores) or exercise routine. Additionally, an inquiry
should be made into whether the patient is experiencing
chest pain, orthopnea, or PND. The evaluation of symp-
toms should include an assessment of the patient’s func-
tional capacity. This is accomplished through the use of
the New York Heart Association Functional Classification
(NYHA-FC). Patients are categorized as NYHA-FC I–IV
based on the presence or absence and severity of symp-
toms (Table 2-3).

The assessment of volume status is critical for the
determination of HF treatment and should be per-
formed at every visit. This is accomplished through mon-
itoring of patient weight and several physical examina-
tion procedures. The simplest assessment is patient
weight. Patients should be encouraged to measure and
record daily weights and the provider must determine
the patient’s dry weight to guide diuretic therapy. Abrupt
changes in weight, for example an increase of �3 to 5 lbs
in a period of 24 to 48 hours, signal fluid retention. Mea-
surement of JVP is one of the most accurate physical
signs of volume status. In addition to JVP, clinicians
should assess for the presence of peripheral edema,
hepatomegaly, ascites, and pulmonary rales or crackles.
The absence of these signs does not always indicate an
absence of fluid retention. For instance, the majority of
patients with advanced HF and elevated LV filling pres-
sure do not exhibit pulmonary rales. Therefore, patient
history, weight, and physical examination all need to be
considered when determining volume status.

In addition to history and physical examination, lab-
oratory analyses for serum electrolytes and renal func-
tion should be performed periodically. Serum potas-
sium, blood urea nitrogen (BUN), and serum
creatinine (SCr) are particularly important to monitor
for patients treated with diuretics, digoxin, angiotensin-
converting enzyme (ACE) inhibitors, angiotensin II
receptor blockers (ARBs), or aldosterone antagonists.
Hypokalemia as a result of diuresis may increase the risk
of digoxin toxicity, therefore, potassium levels of
between 4 and 5 mEq/dL represent a reasonable target
range. Renal function should also be monitored closely
when diuresing a patient or when adding an ACE
inhibitor, ARB, or aldosterone antagonist. Increases in

Table 2-2. Potential Contributing Factors of HF

Hypertension
Diabetes
Coronary artery disease
Valvular disease
Rheumatic fever
Collagen vascular disease
Hypothyroidism or hyperthyroidism
Exposure to cardiotoxic agents
Excessive alcohol use
Illicit drug use

Table 2-3. NYHA-FC

NYHA-FC I Ordinary exercise/activity does not 
cause symptoms (fatigue and dyspnea)

NYHA-FC II Slight limitation in activity. Ordinary 
exercise/activity results in symptoms.

NYHA-FC III Marked limitation in activity. Less than
ordinary activity results in symptoms.

NYHA-FC IV Any physical activity results in symptoms.
Symptoms occur at rest.
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the BUN/SCr ratio (more than 20:1) may indicate cen-
tral vascular volume depletion. BNP levels may be help-
ful in monitoring patients when symptoms of HF do not
correlate with the physical examination. However, BNP
levels need to be interpreted with caution as they may
be elevated in females, older patients, and patients with
renal disease. Routine measurement of ventricular
function is not recommended unless there is a substan-
tial change in clinical status.4,6,7

CLASSIFICATION OF HF

The American College of Cardiology and the American
Heart Association developed four stages of HF (Stages
A–D).6 These stages were developed in an attempt to
describe the development and progression of HF along
a continuum (Fig. 2-1). It was hoped that the creation
of these stages along with treatment recommendations
for each would prompt earlier recognition and treat-
ment. The ultimate goal would be to decrease the devel-
opment of HF in susceptible patients and decrease the

Figure 2-1. The heart failure continuum. EF, ejection fraction; HF, heart failure; HTN, hypertension; DM,
diabetes mellitus; MI, myocardial infarction; NYHA-FC, new york heart association functional classification;
ACEI, angiotensin-converting enzyme inhibitors; ARBs, angiotensin II receptor blockers.
Adapted from Hunt SA, Abraham WT, Chin MH, Feldman et al. ACC/AHA 2005 Guideline Update for the
Diagnosis and Management of Chronic Heart Failure in the Adult: A Report of the American College of 
Cardiology/American Heart Association task Force on Practice Guidelines (Writing Committee to Update the
2001 Guidelines for the Evaluation and Management of Heart Failure). Available at:
http://www.acc.org/clinical/guidelines/failure//index.pdf.

progression in patients with HF. Stages A and B repre-
sent populations at risk for the development of HF.
Stage C represents patients who have either current or
past symptoms of HF and Stage D represents patients
with end-stage HF. The NYHA-FC applies to patients in
Stages C and D. Current evidence for HF medication
therapy was derived using the NYHA-FC.

MANAGEMENT

PATIENTS AT HIGH RISK FOR DEVELOPING HF

Stage A represents the importance of early recognition
and modification of risk factors associated with an
increased risk of structural heart disease. The goal of
therapy is to prevent development of LV remodeling,
cardiac dysfunction, and HF. Risk factors include hyper-
tension, hyperlipidemia, atherosclerosis, diabetes melli-
tus, obesity, physical inactivity, excessive alcohol intake,
and smoking. Management of these risk factors is vital
to decrease the risk of developing HF (Table 2-4).

Stage A

•  No structural heart disease 
   (normal EF) but at high risk 
   of HF 

•  Control risk factors for heart 
   disease (HTN, 
   hyperlipidemia, DM, 
   tobacco use, etc.)

•  Avoid cardiotoxins (alcohol, 
   anthracyclines, cocaine, 
   methamphetamine) 

•  Lifestyle modification

Stage B

• Structural heart disease (low 
EF), e.g. post-MI, HTN, 
valvular disease

• No current or past symptoms 
of HF (NYHA-FC I)

• Control risk factors for heart 
disease (HTN, 
hyperlipidemia, DM, 
tobacco use, etc.)

• Initiate ACEI or ARBs and 
beta-blockers in post-MI 
patients

• Lifestyle modification

Stage C

• Structural heart disease

• Current or past symptoms 
of HF (NYHA-FC I-IV)

• ACE inhibitors or ARBs 
and beta-blockers, 
diuretics for fluid retention

• Lifestyle modification 
(sodium and fluid 
restriction)

• Additional medications 
for select patients 
(digoxin, aldosterone 
antagonists, 
nitrates/hydralazine)

• Devices in select patients 
(biventricular pacemaker, 
inplantable defibrillator)

Stage D

• Refractory HF (NYHA-FC 
IV) despite optimal therapy

• Evaluate for transplant, 
mechanical assistance, 
inotropic support, 
experimental interventions

• End of life care/hospice

Asymptomatic

Symptoms of HF

The Heart Failure 
Continuum

http://www.acc.org/clinical/guidelines/failure//index.pdf
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lized in chronic HF to classify patient’s symptoms and
guide pharmacologic treatment (Table 2-5). Goals for
treating HF patients with LV systolic dysfunction
include: (1) improving symptoms and quality of life,
achieved by reduction of volume overload and main-
taining a stable volume status, (2) slowing the pro-
gression of cardiac and peripheral dysfunction, and
(3) reducing mortality. ACE inhibitors and �-blockers,
the cornerstone of HF therapy, improve symptoms,
delay progression of cardiac dysfunction, and reduce
mortality.6,7

Patients with NYHA-FC I–IV who are euvolemic
should have an ACE inhibitor initiated followed by a 
�-blocker. Patients with evidence of volume overload
should first be treated with loop diuretics and may simul-
taneously have ACE-inhibitor therapy initiated. The
dose of the diuretic is adjusted based on volume status
(Fig. 2-2). If response is insufficient, the dose can be
increased or a combination of diuretics (loop and meto-
lazone or hydrochlorothiazide) can be given. Combina-
tion diuretic therapy should be used with caution
because of the risk of severe electrolyte depletion. Once
the patient is euvolemic, �-blocker therapy should be
initiated and titrated to target doses (Table 2-6).

Digoxin is effective in patients with normal sinus
rhythm to decrease hospitalizations and improve func-
tional status and should be continued in those individu-
als who have symptomatically improved.

Aldosterone antagonists, ARBs, and hydralazine-
isosorbide dinitrate may be beneficial in select patients.
In addition to the treatment measures in Stage A, gen-
eral measures include salt restriction, modest physical
activity, daily weight measurement, immunization
against influenza and pneumococcus, and avoidance of
medications that can exacerbate HF (nonsteroidal anti-
inflammatory drugs, calcium channel blockers, sympa-
thomimetics, thiazolidinediones).

Acute Decompensated Heart Failure
Acute decompensated heart failure (ADHF) is diag-

nosed primarily on signs and symptoms. Elevated LV
filling pressures and systemic vascular resistance (SVR)
directly contribute to fluid redistribution, pulmonary
edema, and respiratory distress. Most patients with
ADHF present with significant volume overload and
congestive symptoms. Clinical symptoms indicate
whether the filling pressure is elevated (wet or dry) and
perfusion is adequate (warm or cold), yielding four
hemodynamic profiles (Fig. 2-3) that can be used to
predict early and late mortality.8 Management of ADHF
is focused on reversal of acute hemodynamic abnormal-
ities, relief of congestion and volume overload, identifi-
cation of precipitating factors, and initiation of treat-
ments that will decrease disease progression and
improve survival. After evaluation and stabilization in

Table 2-4. Treatment Goals of Risk Factors for the 
Development of HF

Risk Factor Treatment Goal

Hypertension �140/90 mmHg
Diabetes and/or coronary artery

disease: �130/80 mmHg
Renal insufficiency

�1g/d proteinuria: �130/85 mm Hg
�1g/d proteinuria: �125/75 mm Hg

Diabetes American Diabetes 
Association Guideline

HgbA1c � 7%
Hyperlipidemia National Cholesterol Education 

Program Guideline
Sedentary lifestyle Sustained aerobic activity 20–30 min, 

3–5 times weekly
Obesity Weight reduction BMI � 30
Alcohol intake Men 

Limit 1–2 drink equivalents/d
Women

Limit 1 drink equivalent/d
Smoking Cessation
Dietary sodium Maximum 2–3 g/d

Adapted from: Adams KF, Lindenfeld J, Arnold JMO, et al. Executive
Summary: HFSA 2006 Comprehensive Heart Failure Practice Guidelines. 
J Cardiac Failure. 2006;12:10–38.

Specific medication management includes an ACE
inhibitor for patients with CAD, peripheral vascular dis-
ease, stroke, or diabetes. Individuals with a prior MI
should receive a �-blocker to reduce mortality, recur-
rent MI, and development of HF.6

ASYMPTOMATIC LV DYSFUNCTION

As a general rule, the lower the EF, the higher the risk of
developing HF or sudden death. The goal of pharmaco-
logical treatment in asymptomatic patients(American
College of Cardiology/American Heart Association
Stage B) with documented LV systolic dysfunction is to
delay or prevent the development of HF and reduce the
risk of MI and sudden death by prevention, attenuation,
or even reversal of LV dilatation and hypertrophy.5 In
addition to the treatment measures in Stage A, medica-
tion therapy should include an ACE inhibitor and �-
blocker despite the EF; similarly, patients with a reduced
LVEF should receive both medications, regardless of a
history of MI. The dose of the ACE inhibitor or �-blocker
should be optimized in individual patients with a goal of
reaching the target dose used in large controlled trials.
ARBs are recommended for those intolerant of ACE
inhibitors as a result of cough or angioedema.

SYMPTOMATIC HF

Chronic HF
Stage C is defined as structural heart disease with

prior or current symptoms of HF. The NYHA-FC is uti-
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the emergency department, most patients will require
hospital admission. Renal function and blood pressure
are powerful predictors of in-hospital mortality among
patients with ADHF and may be extended to patients in
clinic to guide the primary care clinician to determine
if hospitalization is required (Table 2-7).9 An analysis of
32,229 patients in the Acute Decompensated Heart Fail-
ure (ADHERE) National Registry found that a baseline
BUN level �43 mg�dL was the most useful predictor of
in-hospital mortality, followed by a systolic blood pres-
sure of less than 115 mmHg and creatinine level of
�2.75 mg/dL.

Advanced HF
Despite recent treatment advances, some patients

progress to Stage D, refractory end-stage HF. Patients
with Stage D HF have symptoms at rest (NYHA FC IV)
or with minimal exertion (such as with activities of

daily living) and require frequent hospitalizations
and/or emergency department visits for management.
As patients frequently fluctuate in their NYHA FC, cli-
nicians should make certain that the patient is receiv-
ing optimal medical therapy and that no exacerbating
factors are contributing to the current symptoms
before the patient is categorized as end-stage. Potential
exacerbating factors include dietary sodium indiscre-
tion, contraindicated medications (nonsteroidal anti-
inflammatory drugs, calcium channel blockers, sympa-
thomimetics, thiazolidinediones), substance abuse,
arrhythmias, uncontrolled hypertension, myocardial
ischemia, or anemia. Once the patient is classified as
Stage D, they should be considered for the following:
treatment with a mechanical assist device, intravenous
inotropic support, referral for cardiac transplantation,
or hospice care. In addition, if they have not already
been, the patient should be referred to a HF disease

Figure 2-2. Diuretic algorithm (*Appropriate response defined by urination within
30–40 min of initial furosemide dose, then 4–6 repeat urination over 4–6 h; †Renal
function, electrolytes, blood pressure [use potassium supplementation to maintain
serum potassium 4.5 mEq per liter; if BUN/SCr �20, indication of intravascular vol-
ume depletion, evaluate rate of diuresis).

Estimate dry weight, 
obtain baseline renal 
function, electrolytes, 

blood pressure

Evidence of volume 
overload

Initiate furosemide 
low dose (i.e., 20 mg 

every morning)

Continue with frequent 
monitoring † until dry 
weight achieved; 
consider furosemide 
twice daily to achieve 
1–2 lb/day weight loss
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Double dose of 
furosemide up to 

single dose of 
furosemide 240 mg

Once dry weight 
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maintain euvolemia
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of hydrochlorothiazide 
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Continue with frequent 
monitoring † until dry 
weight achieved; 
Consider furosemide 
twice daily to achieve 
1–2 lb/day weight loss

YES
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management program and advance directives should
be discussed with the patient and their family. A
recently validated tool, the Seattle Heart Failure Model,
can be helpful to discuss prognosis as well as to demon-
strate the potential benefit of various HF treatments (�-
blockers, ACE inhibitors, etc).10 Stage D HF treatment

decisions, including end-of-life care, should be made by
HF specialists in conversation with the primary care
provider.

Heart transplantation represents the most accepted
form of surgical intervention for end-stage HF patients;
however, it is not readily available because of the shortage

Table 2-6. Cardiovascular Medications for HF Treatment

Medication Initial Dose (mg) Maximum Dose (mg)

ACE inhibitors
Captopril 6.25 tid 50 tid
Enalapril 2.5 bid 20 bid
Lisinopril 2.5–5 qd 40 qd
Perindopril 2 qd 8–16 qd
Quinapril 5 bid 20 bid
Ramipril 1.25–2.5 qd 10 qd
Trandolapril 1 qd 4 qd

�-Blockers
Bisoprolol 1.25 qd 10 qd
Carvedilol 3.125 bid 25 bid; 50 bid if �85 kg
Metoprolol succinate 12.5–25 qd 200 qd

Loop diuretics
Bumetanide 1 4-8
Furosemide 40 160–200
Torsemide 10 100–200

Thiazide diuretics
Hydrochlorothiazide 25 qd 50 mg qd
Chlorthalidone 25 qd 50 mg qd

Thiazide-related diuretics
Metolazone 1.25–2.5 10 bid

Digoxin 0.125 qod–0.25 qd
Isosorbide dinitrate 10 tid 80 tid
Hydralazine 25 tid 150 qid
Angiotensin receptor blockers

Candesartan 4–8 qd 32 qd
Losartan 25–50 qd 50–100 qd
Valsartan 20–40 bid 160 bid

Aldosterone antagonists
Spironolactone 12.5–25 qd 25 qd
Eplerenone 25 qd 50 qd

Table 2-5. Pharmacological Therapy of HF

Survival/Morbidity Symptom Treatment

NYHA I ACE inhibitor/ARB if ACE inhibitor intolerant Decrease/discontinue diuretic
Aldosterone antagonist if post-MI
�-Blocker if post-MI

NYHA II ACE inhibitor/ARB if ACE inhibitor intolerant Diuretic if evidence of fluid retention
�-Blocker
Aldosterone antagonist if post-MI

NYHA III ACE inhibitor/ARB if ACE inhibitor intolerant Diuretic
�-Blocker Digoxin continued symptoms
Aldosterone antagonist

NYHA IV ACE inhibitor Diuretic
�-Blocker Digoxin
Aldosterone antagonist  Inotropic support

Adapted from: Swedberg K, Cleland J, Dargie H, et al. Guidelines for the Diagnosis and Treatment of Chronic Heart Failure: Executive Summary (update 2005): The Task
Force for the Diagnosis and Treatment of Chronic Heart Failure of the European Society of Cardiology. Eur Heart J. 2005;26:1115–1140.
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of donor hearts. Indications for heart transplantation
are provided in Table 2-8. Common contraindications
to transplantation include but are not limited to the fol-
lowing: current alcohol or substance abuse, uncon-
trolled mental illness, severe pulmonary hypertension,
and systemic disease with multiorgan involvement.4

Left-ventricular assist devices (LVADs) or intra-aortic
balloon pumps have been used to maintain hemody-
namic support for those awaiting transplant. Recently,
LVADs have been used as “destination” therapy for
patients with an estimated 1-year mortality of more than
50% and who are not transplant candidates.6 Intermit-
tent intravenous positive inotropic infusions, such as,
dobutamine or milrinone, have been used to alleviate
symptoms and help bridge patients to transplant. Every
attempt should be made to wean the patient from the
inotropic infusions as they may hasten mortality. How-

ever, in some instances, intravenous infusions may be
used as part of palliative care to allow the patient to die
in comfort. For Stage D patients with implantable car-
dioverter-defibrillators (ICDs) who are entering end-of-
life care, the decision to inactivate the ICD should be
discussed with the patient and their family.6

HF WITH PRESERVED SYSTOLIC FUNCTION

It is now recognized that approximately 50% of patients
with HF have normal or near normal systolic function
(EF � 40%). These patients can present with the same
signs and symptoms as patients with impaired systolic
function (dyspnea, fatigue, fluid retention). In addi-
tion, BNP levels will typically be elevated in sympto-
matic patients and cannot be used to differentiate the
two types of HF. Diagnosis of HF with preserved systolic
dysfunction (HFPSF) is typically made based on the
presence of symptoms and normal or near normal EF
without evidence of valvular abnormalities. Previously,
HFPSF was termed diastolic dysfunction, and while dias-
tolic dysfunction is the underlying pathology of HFPSF,
it is estimated that as many as 50% of patients with HF
and systolic dysfunction have a component of diastolic
dysfunction. Diastolic dysfunction is characterized by
decreased ventricular compliance and altered relax-
ation. The decrease in compliance and relaxation is
generally caused by hypertension and LV hypertrophy
and can be exacerbated by tachyarrhythmias such as
atrial fibrillation. The epidemiology of HFPSF is still
being characterized; however; the mortality in patients
may be similar to those with reduced LVEF.11,12

Table 2-8. Indications for Heart Transplantation6

Absolute indications in appropriate patients
For hemodynamic compromise to HF

Refractory cardiogenic shock
Documented dependence on IV inotropic support to 

maintain organ perfusion
Peak VO2 � 10 mL/kg per minute with achievement of 

anaerobic metabolism
Severe symptoms of ischemia that consistently limit routine 

activity and are not candidates for surgical or
percutaneous intervention

Recurrent symptomatic refractory ventricular arrhythmias
Relative indications

Peak VO2 11–14 mL/kg per minute and major limitation in 
patient’s ADLs

Recurrent unstable angina not amenable to surgery
Recurrent instability of fluid and renal function

Insufficient indications
Low LV function
History of NYHA FC III or IV symptoms of HF
Peak VO2 � 15 mL/kg per minute 

HF, heart failure; ADLs, activities of daily living; IV, intravenous; VO2 oxygen
consumption per unit time; NYHA FC, New York Heart Association functional
classification.
Source: Lippincott W&W web page

Figure 2-3. Hemodynamic profile.

Table 2-7. Consideration for Hospitalization for ADHF

Recommendation Clinical Circumstances

Recommend Evidence of severely decompensated HF:
hospitalization Hypotension (SBP � 115 mmHg)

Worsening renal function (BUN �
43 mg/dL, SCr � 2.75 mg/dL)

Altered mentation
Dyspnea at rest
Hemodynamically significant arrhythmia
Acute coronary syndrome

Consider Worsened congestion
hospitalization Weight gain � 5 kilograms

Signs and symptoms of pulmonary or 
systemic congestion

Major electrolyte disturbance
Associated comorbid conditions
Pneumonia
Pulmonary embolus
Symptoms suggestive of TIA or stroke
Repeated ICD firings
Previously undiagnosed HF with 

signs and symptoms of systemic or 
pulmonary congestion

Adapted from: Adams KF, Lindenfeld J, Arnold JMO, et al. Executive
Summary: HFSA 2006 Comprehensive Heart Failure Practice Guidelines. 
J Cardiac Failure. 2006;12:10–38.
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Treatment recommendations for HFPSF are based
largely on the presence of comorbid conditions, such
as, hypertension, arrhythmia, CAD, as only a few clinical
trials exist in this population. However, a recently com-
pleted large clinical trial with the ARB, candesartan,
demonstrated the feasibility of clinical studies in
patients with HFPSF.13 However, the results were under-
whelming because candesartan was demonstrated to
have nonsignificant reductions in HF hospitalizations
and no effect on mortality (cardiovascular or all-cause).
Current HF guidelines recommend control of blood
pressure, heart rate, and volume status in patients with
HFPSF. Agents to control blood pressure should be
selected based on the presence of comorbid conditions.
In the absence of comorbid conditions, ACE inhibitors or
ARBs are preferred agents. ACE inhibitors are preferred
for patients with diabetes or atherosclerotic cardiovas-
cular disease. �-Blockers are recommended for patients
requiring control of heart rate or for those with CAD.
Calcium channel blockers, such as, verapamil or dilti-
azem, are alternatives for rate control in patients either
unresponsive or intolerant to �-blockers. Diuretics (thi-
azide and/or loop) should be used to control volume.
Patients with myocardial ischemia should be evaluated
for coronary revascularization. Finally, patients with
symptomatic atrial fibrillation should be considered for
cardioversion and maintenance of sinus rhythm.

MEDICATIONS

DIURETICS

Diuretics inhibit the reabsorption of sodium and chlo-
ride at specific sites in the renal tubules and are nec-
essary adjuncts for symptomatic treatment of HF. The
cause of edema in HF is complex and includes renal
vasoconstriction, elevated aldosterone and vaso-
pressin, and/or elevated venous pressures.5 HF leads
to increased sympathetic tone and an activation of the
renin–angiotensin–aldosterone system that results in
sodium retention and potassium loss. Accumulation
of sodium and water lead to an expanded extravascu-
lar volume, peripheral edema, and pulmonary con-
gestion. The goal of diuretic therapy is to reduce fluid
retention and pulmonary congestion, improve quality
of life, and reduce hospitalizations from HF.6

Furosemide, torsemide, and bumetanide act at the
loop of Henle, whereas thiazides, metolazone, and
potassium-sparing diuretics act in the distal portion of
the renal tubule. Furosemide is the most commonly
used loop diuretic. With evidence of volume overload,
furosemide is initiated at low doses and increased
until urine output increases with a desired weight loss
of approximately 1 to 2 lbs daily (Figure 2-2). Multiple
adjustments of diuretic therapy may be required over
days or weeks to restore normal volume status. After

the desired diuresis is attained with once daily admin-
istration of furosemide, which is evident by urination
within 30 to 60 minutes of first morning dose, the fre-
quency of administration may be increased to twice
daily until euvolemia is achieved. Generally, patients
requiring diuretic therapy require chronic treatment,
although often at lower doses than those required for
initial diuresis. Close monitoring is required to prevent
adverse effects, including electrolyte abnormalities,
renal dysfunction, and symptomatic hypotension.7

Torsemide, which has better oral absorption and a
longer duration of action than furosemide, may be
considered in patients with poor absorption of oral
medication or erratic diuresis. Concomitant therapy
with thiazides or metolazone and loop diuretics may be
considered in patients with persistent fluid retention
despite high-dose loop diuretic therapy. However,
patients must be monitored closely because of the poten-
tial for profound electrolyte and volume depletion. Elec-
trolyte and renal function should be monitored every 2
to 3 days with combination therapy. Potassium-sparing
diuretics may be added if hypokalemia persists after ACE
inhibition, but requires close monitoring.

ACE INHIBITORS

ACE inhibitors decrease circulating levels of angiotensin
II and have many beneficial effects in HF including
reduction in sodium and water retention by inhibiting
angiotensin II stimulation of aldosterone release and
decreasing sympathetic nervous system (SNS) activity.
ACE inhibitors decrease both afterload and preload
resulting in reduced SVR, arterial pressure, LV and right
ventricular end-diastolic pressures, myocardial oxygen
consumption, and increased cardiac output. ACE
inhibitors improve symptoms, quality of life, exercise tol-
erance, and survival. They are recommended for all
patients with asymptomatic or symptomatic HF and LV
systolic dysfunction (Stage B through D) and for the pre-
vention of HF in patients with a history of vascular dis-
ease, diabetes mellitus, or hypertension (Stage A).6,14

Low doses should be used initially and then doubled
as tolerated to the target doses that have been shown to
reduce the risk of cardiovascular events in clinical trials
(Table 2-5). Blood pressure, renal function, and potas-
sium should be reassessed within 1 to 2 weeks after initia-
tion and followed closely after changes in dose. Although
a 30% increase in SCr from baseline is acceptable, dou-
bling of the SCr should warrant consideration of renal
dysfunction related to ACE inhibitor use, a need to
reduce the dose of the diuretic, or exacerbation of HF.

Contraindications for ACE inhibitor use include his-
tory of angioedema, anuric renal failure, or bilateral renal
artery stenosis. They should be used with caution for
patients with hypotension (systolic blood pressure less
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than 80 mmHg), elevated levels of SCr (more than
3mg/dL), or elevated levels of serum potassium (more
than 5.5 mEq/L).4,6

ANGIOTENSIN II RECEPTOR BLOCKERS

ARBs inhibit the angiotensin II receptor subtype AT1,
which diminishes the detrimental effects of the renin-
angiotensin system. The clinical evidence for ARBs in HF
is considerably less than with ACE inhibitors; however,
several placebo-controlled studies with long-term therapy
of ARBs in HF produced hemodynamic, neurohormonal,
and clinical effects consistent with ACE inhibition.6,15,16

For patients unable to tolerate ACE inhibitors due to
cough or angioedema, valsartan and candesartan have
shown benefit by reducing hospitalizations and mortal-
ity.6,15

ACE inhibitors remain the first choice for inhibition
of the renin-angiotensin system in chronic HF. ARBs
should be used for patients in stages A through D who
are intolerant to ACE inhibitors due to cough or
angioedema.4,6

Low doses should be used initially and then doubled
as tolerated to the target dose (Table 2-5). Blood pres-
sure, renal function, and potassium should be
reassessed within 1 to 2 weeks after initiation and fol-
lowed closely after changes in dose. Particular caution is
warranted in patients with a systolic blood pressure
below 80 mmHg, low serum sodium, diabetes mellitus,
or impaired renal function. The risks of treatment with
ARBs include renal dysfunction, hypotension, and
hyperkalemia and are greater in combination with ACE
inhibitors or aldosterone antagonists. Although the
incidence of angioedema is less frequent with ARBs,
there are case reports of patients who developed
angioedema to ACE inhibitors and later to ARBs.6,15

�-ADRENERGIC RECEPTOR ANTAGONISTS

�-Blockers inhibit the cardio-stimulatory effects of SNS
activation. Activation of the SNS occurs in response to a
decrease in cardiac output. However, in chronic HF, SNS
activation has the following undesirable effects: increased
myocardial oxygen demand, production of ventricular
arrhythmias, ventricular remodeling, myocyte apoptosis,
and increases in preload and afterload. �-Blockers antag-
onize these detrimental effects and have been demon-
strated to reduce total mortality, cardiovascular mortality,
sudden death, and all-cause hospitalizations. In addition,
�-blockers have been demonstrated to improve NYHA-FC
and patient quality of life.

�-Blockers should be used for patients in stages B
through D. Stage B would include patients with a his-
tory of MI either with or without evidence of LV dys-

function. In addition, patients in stage B who do not
have a history of MI nor symptoms of HF but with evi-
dence of LV dysfunction should receive a �-blocker. All
stable stage C patients should receive a �-blocker with
demonstrated mortality benefits (Table 2-5).6

Prior to initiation of �-blocker therapy, patients should
be stable without signs of moderate to severe fluid reten-
tion. Low doses should be used initially and then dou-
bled, as tolerated, at biweekly intervals to the target dose
(see Table 2-6). Patients should be instructed to weigh
themselves each morning and record weights. They
should also be instructed to call for worsening symptoms
or increased weight. If symptoms worsen, diuretics should
be increased and �-blocker dose should be held at the
same dose or decreased if no response to diuretics. For
patients experiencing symptoms of hypotension, the
diuretic or the ACE inhibitor should be decreased and
the administration times of the ACE inhibitor and �-
blocker should be separated. Every attempt should be
made to continue the �-blocker. If a patient receiving
chronic �-blocker therapy requires inotropic support, a
phosphodiesterase inhibitor, such as milrinone, would be
preferred as their activity would not be diminished by the
�-blockade. Absolute contraindications to �-blockade are
few and include the following: documented reactive air-
way disease, severe obstructive pulmonary disease, symp-
tomatic bradycardia, and greater than first-degree heart
block (not treated with a pacemaker).

ALDOSTERONE ANTAGONISTS

Aldosterone has many deleterious effects on the renal-
cardiovascular system in patients with HF. In the kidneys,
increased aldosterone levels result in sodium and water
retention, potassium and magnesium loss, and renal
fibrosis. Aldosterone also causes vascular inflammation
and fibrosis, modulation of the vasculature to vasocon-
strictors such as angiotensin II, and endothelial dysfunc-
tion. The cardiac implications of increased aldosterone
levels include: catecholamine potentiation, decreased
coronary blood flow, inflammation, myocardial fibrosis,
ventricular hypertrophy, and ventricular arrhyth-
mias.17–20 While short-term therapy with ACE inhibitors
and ARBs can lower levels of aldosterone, this suppres-
sion may not persist during long-term treatment.21

The introduction of aldosterone antagonists to HF
therapy was implemented following the Randomized
Aldactone Evaluation Study (RALES) trial, which studied
1600 class III or class IV HF patients receiving standard
HF therapy, randomized to spironolactone 25 mg daily or
placebo.22 The risk of death was reduced from 46% to
35% (30% relative risk reduction) over 2 years, with a
35% reduction in hospitalizations due to HF and an
improvement in functional class. The novel selective
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aldosterone receptor antagonist, eplerenone, was com-
pared with placebo in 6642 patients with LV dysfunction
after MI receiving usual therapy (ACE inhibitor, �-
blocker, aspirin, and diuretics).23 Mortality was decreased
by 13.6% at 1-year and HF hospitalizations were reduced
by 23%. The benefits of aldosterone antagonists in HF
appear to be due largely to their neurohormonal inhibi-
tion, more specifically, inhibition of aldosterone-medi-
ated cardiac fibrosis and ventricular remodeling.

While aldosterone antagonists have been demon-
strated to reduce mortality, HF hospitalizations, and
improve functional class when added to standard HF
therapy, spironolactone and eplerenone were studied
in two specific subgroups of HF patients. Therefore, the
initiation of an aldosterone antagonist should be con-
sidered in select patients with moderate to severe HF
symptoms (NYHA-FC III and IV) and recent decom-
pensation or LV dysfunction early after a MI. Although
patients with NYHA-FC II and stable class III have yet to
be studied, it might be reasonable to consider initiation
of an aldosterone antagonist if the patient requires
potassium supplementation. Patients would be
excluded from this therapy with a recent history of
renal dysfunction or hyperkalemia. In addition, the
benefit of decreased mortality and hospitalization from
HF must be weighed against the potential risk of hyper-
kalemia. Upon initiation of an aldosterone antagonist,
the SCr should be less than 2.0 to 2.5 mg/dL without
recent worsening and serum potassium should be less
than 5.0 mEq/dL without a history of hyperkalemia.6

Aldosterone antagonists should not be given to patients
with a creatinine clearance less than 30 mL/min.

The recommended initial doses of the available
aldosterone antagonists are spironolactone 12.5 mg or
eplerenone 25 mg daily and if tolerated may be
increased to 25 mg and 50 mg, respectively. Renal func-
tion and serum potassium should be evaluated within 3
days and again in one week after initiation. Routine
monitoring of renal function and serum potassium is
recommended monthly for the first 3 months, then
every 3 months thereafter. Close monitoring would be
necessary with any change in spironolactone or
eplerenone, ACE inhibitor or ARB therapy. It is recom-
mended to avoid the combination of an aldosterone
antagonist, ACE inhibitor, and ARB. If the serum potas-
sium exceeds 5.5 mEq/L, the aldosterone antagonist
should be discontinued or the dose reduced. Addition-
ally, prior to the initiation of aldosterone antagonists,
potassium supplementation should be discontinued.

The use of aldosterone antagonists requires patient
education. Patients should be instructed to avoid foods
that are high in potassium. Patients should also be
advised against using nonsteroidal anti-inflammatory
agents and cyclo-oxygenase-2 inhibitors, and to discon-

tinue the aldosterone antagonist if loop diuretic ther-
apy is interrupted or during an episode of diarrhea.

The most significant adverse effect with aldosterone
antagonists is the risk of hyperkalemia. Recent data from
clinical practice suggests that the minimal risk of hyper-
kalemia and renal dysfunction evident from clinical tri-
als poses a larger problem than originally apparent.22–25

Therefore, therapy with either aldosterone antagonist
requires close monitoring.24,25

DIGITALIS GLYCOSIDES

Digitalis glycosides exert their effects in HF by inhibition
of the enzyme sodium-potassium (Na�-K�) adenosine
triphosphatase (ATPase) in cardiac and noncardiac tis-
sues. Inhibition of this enzyme on the surface mem-
brane of myocardial cells results in an increase in the
amount of intracellular calcium, thereby increasing car-
diac contractility. The noncardiac effects of digitalis gly-
cosides in HF are primarily through the attenuation of
neurohormonal activation. These include sensitization
of cardiac baroreceptors, which reduces sympathetic
outflow from the central nervous system, and decreased
renal tubular reabsorption of sodium in the kidney,
which leads to suppression of renin secretion from the
kidneys. Collectively, the effects augment myocardial
performance while reducing peripheral resistance.

Of the digitalis glycosides, digoxin has a relatively
rapid onset and intermediate duration of action and is
the only glycoside that has been evaluated in placebo-
controlled trials. Digoxin has greater hemodynamic
effects with decreased ventricular function and has
been shown to improve symptoms, quality of life, and
exercise tolerance in patients with mild to moderate
HF, regardless of the underlying rhythm (normal sinus
rhythm or atrial fibrillation), cause of HF (ischemic or
nonischemic cardiomyopathy), or associated therapy
(with or without ACE inhibitor).6 Digoxin is indicated
in patients with LV dysfunction (LVEF � 40%) who
continue to have NYHA-FC II, III, and IV symptoms
despite appropriate therapy. As demonstrated in the
Digitalis Investigation Group (DIG) trial,26 digoxin
therapy was associated with a significant reduction in
hospitalization for HF, but had no mortality benefit.

The recommended daily dose of digoxin is 0.125 to
0.25 mg if the SCr is within normal limits. A digoxin
serum level of 0.5 to 0.8 ng/mL is therapeutic. Lower
doses, such as 0.125 mg every other day, should be initi-
ated if patients are greater than 70 years of age, have
impaired renal function, low lean body mass, or receiv-
ing interacting drugs, such as amiodarone. Digoxin
should not be initiated in an acutely decompensated
patient, but is indicated in chronic HF patients who are
receiving appropriate HF therapy and still experiencing
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symptoms. The major adverse effects associated with
digoxin are somewhat dependent on serum levels.
When digoxin is dosed appropriately it is well tolerated
by most HF patients. The major adverse effects include
cardiac arrhythmias, especially ectopic and re-entrant
cardiac rhythms and heart block and central nervous
symptoms such as anorexia, nausea, vomiting, visual dis-
turbances, and disorientation. Contraindications to
digoxin therapy include bradycardia, second and third-
degree atrioventricular block, sick sinus syndrome,
carotid sinus syndrome, Wolff-Parkinson-White syn-
drome, hypertrophic cardiomyopathy, and hypo- or
hyperkalemia.6 Routine measurement of renal function
and electrolytes is necessary due to the risk of increased
toxicity with hypokalemia, hypomagnesemia, and wors-
ening renal function.

Prior to initiation of medications that can increase
serum digoxin concentrations and increase the risk of
digoxin toxicity (e.g., clarithromycin, erythromycin,
amiodarone, itraconazole, cyclosporine, verapamil, or
quinidine), the dose of digoxin should be decreased.

VASODILATORS

A number of direct vasodilators have been studied for use
in HF. The only one to demonstrate reductions in mor-
bidity and mortality is the combination of isosorbide dini-
trate and hydralazine. Alpha-antagonists should not be
used as individual agents as they were demonstrated to be
no better than placebo in patients with chronic HF and
their use for the treatment of hypertension was shown to
increase the incidence of HF as compared to other classes
of antihypertensive medication.27,28 Calcium channel
blockers should also be avoided in patients with systolic
dysfunction.6 The exceptions are the dihyropyridines,
amlodipine and felodipine, which have neutral effects on
mortality and morbidity.27,28 However, their use should be
limited to patients with hypertension or angina refractory
to treatment with ACE inhibitors, �-blockers, and nitrates.

Nitrates are primarily venodilators which act to
reduce preload and hydralazine is an arterial vasodila-
tor that acts to reduce SVR (afterload). The combina-
tion of isosorbide dinitrate and hydralazine has proven
mortality benefits versus placebo in patients with HF
and LV dysfunction.29 These agents have been demon-
strated to improve survival, decrease hospitalizations,
and improve quality of life in African American patients
with NYHA-FC III/IV HF already receiving treatment
with ACE inhibitors and �-blockers.30 Therefore, the
combination should be strongly considered for use in
this select population. It would be reasonable to con-
sider the addition of the combination for all patients
with systolic dysfunction and progressive symptoms
despite therapy with ACE inhibitors and �-blockers.

Additionally, patients unable to tolerate ACE inhibitors
and ARBs should be considered for treatment with the
combination of nitrates and hydralazine.6,7

The target daily doses of isosorbide dinitrate and
hydralazine are l60 mg and 300 mg, respectively. Side
effects such as headache and symptomatic hypotension
are often dose-limiting. The initial doses of each drug
should be low and titrated toward the target dose.
Recently, a combination tablet of isosorbide dinitrate
and hydralazine (BiDil®) was approved for use in
African American patients for the treatment of HF. The
formulation consists of isosorbide dinitrate 20 mg and
hydralazine 37.5 mg administered as 1 to 2 tablets three
times daily.

NESIRITIDE

Nesiritide (Natrecor®) is a synthetic form of BNP and is
indicated for use in patients with ADHF who have dysp-
nea at rest or minimal activity. Nesiritide is a vasodilator
that dilates both the venous and arterial systems thereby
decreasing preload and afterload. In addition, nesiri-
tide increases sodium excretion (natriuresis) without
activating the renin-angiotensin-aldosterone system.
Nesiritide is administered by continuous intravenous
infusion for a period no longer than 48 hours. Due to
the risk of hypotension, patients receiving nesiritide
should have frequent monitoring of their blood pres-
sure and patients having a systolic blood pressure of
�90 mmHg should not receive nesiritide.

Two recent analyses of data provided to the US Food
and Drug Administration by the drug’s sponsor Scios
during the initial review revealed a potential worsening
of renal function and a potential increase in mortal-
ity.31,32 As a result of these findings, as well as increasing
pressure from healthcare professionals, Scios convened
an expert panel of HF specialists to review all nesiritide
data. The panel recommended that nesiritide use be
limited to patients presenting to the hospital with
ADHF and dyspnea at rest and that nesiritide use in this
situation should be balanced against the possible risks
and against alternative therapies.33 In addition, the
panel stated that nesiritide should not be used as a
diuretic or for intermittent outpatient infusions. Until
such time that prospective, randomized trials demon-
strate that nesiritide decreases morbidity and mortality
associated with HF, its use in the treatment of HF
should be extremely limited.

INOTROPES

Routine use of positive inotropic agents should be
avoided as they are associated with increased mortal-
ity.4,6,7,34 Their use should be reserved for patients with
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ADHF who have evidence of systemic hypoperfusion
unresponsive to vasodilators and diuretics.7,34

The agents commonly used are the �1-receptor ago-
nists, dopamine and dobutamine, and the type III phos-
phodiesterase inhibitors, milrinone and enoximone. All
inotropes have the net result of increasing intracellular
calcium resulting in enhanced contractility. Unfortu-
nately, inotropes are associated with an increased risk of
arrhythmias and increased risk of myocardial ischemia
due to increased myocardial oxygen demand. When
inotropic therapy is necessary, it should be accompanied
by continuous hemodynamic and electrophysiologic
monitoring, and frequent serum electrolyte (potassium
and magnesium) determination.7,35

When selecting between the inotropic agents, con-
sideration should be given to whether or not the patient
is being treated with a �-blocker as these patients would
be expected to have a diminished response to typical
doses of the �1-receptor agonists. These patients should
preferentially be treated with the type III phosphodi-
esterase inhibitors as their pharmacologic effect is not
dependent on �-receptors.

ANTIARRHYTHMICS

Although sudden cardiac death (SCD), presumably as a
result of arrhythmia, is one of the leading causes of
death in HF patients, studies of antiarrhythmic agents
have not demonstrated reductions in mortality and in
fact may worsen LV dysfunction and increase sudden
death. It is recommended that Class I and III antiar-
rhythmics be avoided in patients with LV systolic dys-
function for the primary and secondary prevention of
sudden death.4,6,7 Instead efforts should focus on plac-
ing patients on agents that are associated with decreas-
ing disease progression such as �-blockers (class II
antiarrhythmic) and aldosterone antagonists since
these agents have been demonstrated to decrease both
sudden death and all-cause mortality in patients with LV
dysfunction post-MI as well as with chronic HF.

The lone exception is amiodarone (class III) which
has been demonstrated to have a neutral effect on all-
cause mortality. Therefore, the use of amiodarone may
be considered for management of patients with
supraventricular arrhythmias or to reduce the recur-
rence of ICD discharge for ventricular arrhythmias.6

Chronic amiodarone therapy is associated with several
toxicities such as hyper- and hypothyroidism, pul-
monary fibrosis, hepatitis, and neuropathy (optic and
peripheral). Therefore, it is imperative to consistently
monitor for potential toxicities through patient history
and laboratory analysis. Baseline monitoring parame-
ters should include thyroid studies, hepatic transami-
nase levels, chest radiograph (or chest X-ray) (CXR),

pulmonary function tests with diffusion capacity and
eye examination. Thyroid studies and hepatic transami-
nase levels should be repeated every 6 months. Symp-
toms of pulmonary fibrosis are nonspecific and often
confused with symptoms of HF; however, any patient
that develops a nonproductive cough and dyspnea while
on amiodarone should be considered for a CXR and
pulmonary function tests with diffusion capacity.
Patients reporting any changes in visual acuity should be
referred for ophthalmologic examination. Maintenance
doses of 100 to 200 mg per day are associated with a
lower incidence of toxicity and are therefore preferred.

In addition to potential toxicities, amiodarone is
associated with several clinically important drug inter-
actions. Amiodarone inhibits the cytochrome P450
isoenzymes 2C9 (warfarin), 2D6 (�-blockers), and 3A4
(calcium channel blockers and HMG Co-A reductase
inhibitors) and can therefore increase plasma concen-
trations of P450 substrates. Amiodarone inhibits the
renal clearance of digoxin by 50%; therefore, the dose
of digoxin should be decreased by half in patients on
concomitant therapy.

DEVICES

Sudden cardiac death (SCD) is a leading cause of death
worldwide accounting for more than 3 million deaths
each year. LVEF� 40% and signs and symptoms of con-
gestive HF are important predictors of SCD. As previ-
ously mentioned, antiarrhythmic agents (with the
exception of �-blockers) are ineffective at preventing
SCD and are associated with significant risks. Recent
research has focused on cardiac device therapy, such as
implantable cardioverter defibrillators (ICDs). ICDs
have two main parts, the pulse generator which is
implanted in a subcutaneous pectoral pocket, and the
lead electrodes. Current ICDs are typically dual cham-
ber electrode systems, with leads in the right atria and
ventricle. There are several functions of ICDs, including
sensing atrial and ventricular electrical signals and
detection of the rhythm. If a ventricular tachycardia (VT)
or fibrillation (VF) rhythm is detected, the ICD delivers
appropriate treatment in the form of either a shock or
antitachycardia pacing (ATP).35 ATP can terminate VT
without delivering a shock by pacing at a faster rate than
the detected VT which interrupts the re-entrant circuit.
Additionally, ICDs can provide pacing for bradycardia
and for cardiac resynchronization therapy (CRT).

ICD therapy has been demonstrated in recent years
to decrease total mortality by virtue of decreasing SCD
in several distinct groups of patients with HF and
impaired systolic function. Current guidelines recom-
mend ICD therapy as secondary prevention to prolong
survival in patients with current or past symptoms of HF
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and reduced LVEF who have a history of either cardiac
arrest, VF, or hemodynamically unstable sustained
VT.4,6,7 The exception to this recommendation is for
patients with refractory HF (Stage D) who are not con-
sidered candidates for cardiac transplantation because
survival would be expected to be short regardless of
ICD therapy. Guidelines recommend ICD therapy for
primary prevention to decrease total mortality as a
result of a decrease in SCD in patients with or without a
history of ischemic cardiomyopathy (�40 days post-MI)
who have an LVEF of �30% and NYHA FC II or III
symptoms despite optimal chronic HF therapy (ACE
inhibitors or ARBs and �-blockers).4,6,7 Primary preven-
tion patients meeting the above criteria with the excep-
tion of an LVEF of 30% to 35% should be considered
for ICD therapy; however, patients with either refrac-
tory HF symptoms or a life expectancy of less than a
year should not receive ICD therapy regardless of
LVEF.4,6

Another important innovation in device therapy is
the development of biventricular CRT. Intraventricular
conduction delays (such as left bundle branch block)
result in dyssynchronous ventricular contraction and a
reduction in cardiac output. CRT capability involves a
third electrode lead that is placed into the left ventricle.
Biventricular CRT stimulates both ventricles to contract
in a more simultaneous or synchronous fashion. When
added to optimal medical therapy, CRT has been
demonstrated to improve symptoms, exercise toler-
ance, quality of life, EF and lead to reductions in hospi-
talizations and overall mortality. Current guidelines
recommend CRT therapy for patients with an LVEF
� 35%, normal sinus rhythm, NYHA FC III or IV symp-
toms on optimal medical therapy, and a QRS duration
�120 ms.4,6,7

Patients with cardiac devices should receive frequent
follow-up by a cardiology device specialist, such as an
electrophysiologist, every 1 to 6 months for device test-
ing and interrogation and determination of battery
longevity (typically, 4–7 years).35,36 Patients reporting a
single shock without a change in symptoms do not
require immediate evaluation; however, the decision of
whether or not the patient needs to be seen should be
made in consultation with the patient’s electrophysiolo-
gist. Patients experiencing a single shock but not feeling
well or those having multiple shocks (�1) within a rela-
tively brief time frame (hours) need immediate evalua-
tion and the patient should be instructed to contact
emergency medical services. Such patients need evalua-
tion to determine if the arrhythmia is ongoing, deter-
mine secondary causes of arrhythmia (acute MI,
hypokalemia), or determine the possibility of ICD mal-
function. If the arrhythmia is ongoing upon evaluation,
treatment should be according to appropriate advanced

cardiac life support guidelines. However, electrodes for
external defibrillation should not be placed over the
area of the ICD to reduce risk of damage to the device.
ICD therapy can be interrupted through the placement
of a magnet directly over the pulse generator. This will
terminate arrhythmia detection as well as therapy; there-
fore, external ECG monitoring should be in place.

PATIENT EDUCATION

Education is essential for both patients and their care-
givers to improve quality of life, decrease hospitaliza-
tions, and delay progression of HF.

WEIGHT MONITORING

Weight monitoring enables the patient and the clinician
to objectively evaluate changes in volume status. Patients
should weigh themselves in the morning, after voiding,
as part of a daily routine and record the results. An
action plan can be developed to contact their provider
or use a sliding scale diuretic regimen if patient exceeds
their “dry” weight.

SODIUM AND FLUID RESTRICTION

Sodium should be restricted to less than two grams
per day. Noncompliance with sodium restrictions can
lead to volume retention, marked elevations in LV
end-diastolic pressures, and increased hospitalizations.
Fluid restriction to 1.5 to 2 liters per day is needed in
more advanced HF. Alcohol consumption should be
restricted to no more than one alcoholic beverage per day
and patients with alcoholic cardiomyopathy must abstain
completely. Education regarding sodium and fluid
restriction must be strongly emphasized and reinforced at
each appointment.6,37

PHYSICAL ACTIVITY

To prevent exercise intolerance and improve skeletal
muscle function and overall functional capacity, patients
should be given recommendations for daily physical and
leisure activities and specifically instructed to cease exer-
cise if worsening symptoms of HF occur. Exercise should
be done at least four days a week; common recommen-
dations include walking outdoors or in an enclosed fit-
ness center or mall. Patients should be instructed to
avoid physical activity in excessive heat or cold.4,6

MEDICATION REGIMENS

HF medication regimens are complex and they usually
require a large number of pharmacologic agents. Ensure
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that patients and their caregivers understand when and
how to take the medications. This can be accomplished
by: providing them with a detailed medication list with
drug name, dose, and frequency of administration along
with common side effects; plan of diuretic adjustment for
weight increase with subsequent electrolyte manage-
ment; and instructions not to discontinue any medica-
tion without notifying their provider. Compliance with
medications should be assessed and their importance
reinforced at each appointment.

INSTRUCTIONS FOR PROVIDER CONTACT

Patients and caregivers must be educated when to con-
tact their provider. Some examples include weight gain
(�3 lbs/24–48 h), uncertainty about increasing diuret-
ics, onset of edema of the feet or abdomen, decreased
exercise tolerance, inability to lie flat in bed or awakening
from sleep due to dyspnea, worsening cough, nausea and
vomiting, decreased appetite, signs or symptoms of pos-
tural hypotension, or prolonged palpitations. Although
not all inclusive, early intervention by the provider may
prevent a hospital admission. If the patient experiences
a sudden onset of symptoms including chest pain,
severe dyspnea, loss of consciousness, visual changes, or
impairment in speech or strength in an extremity, the
patient or caregiver should be instructed to call emer-
gency medical services.4
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SEARCH STRATEGY

A systematic search of the medical literature was per-
formed in January 2008. The search, limited to human
subjects and English language journals, included the
National Guideline Clearinghouse, the Cochrane data-
base, PubMed, UpToDate®, and PIER. The current Ameri-
can College of Cardiology (ACC)/American Heart Associ-
ation (AHA) 2007 Chronic Angina Focused Update of the
2002 Guidelines for the Management of Patients with
Chronic Stable Angina can be found at www.acc.org.

INTRODUCTION

Ischemic heart disease remains a major health problem.
Chronic stable angina is the first manifestation of
ischemic heart disease in approximately 50% of
patients.1–3 The reported yearly incidence of angina is
213 per 100000, in the population that comprise more
than 30 years of age.4 The prevalence of angina can also
be determined by extrapolating from the number of
myocardial infarctions (MIs) in the United States.5

Thus, the number of patients with stable angina can
be calculated as 30 � 550000 or 16.5 million.2,3 This
approximation does not include patients who fail to
seek medical attention for their chest pain, or who are
shown to have a noncardiac cause of chest discom-
fort.2,3

Despite a recent reduction in cardiovascular deaths,
ischemic heart disease is still the leading cause of mor-
tality in the United States and causes one of every 4.8
deaths.6 Many patients are hospitalized for the assess-
ment and treatment of stable chest pain syndromes and

many patients with chronic stable angina are unable to
perform normal activities for varying periods of hours
or days, and thus have a diminished quality of life. The
economic costs of chronic coronary heart disease
(CHD) are enormous with direct costs of hospitaliza-
tion exceeding $15 billion a year.7

The main objective of this chapter is to discuss the
usefulness of noninvasive tests for the cost-effective
diagnosis and risk stratification of patients with sus-
pected or definite CHD, emphasizing the role of vari-
ous imaging modalities for both diagnosis and risk strat-
ification, the difference between the two often being
arbitrary.

It must be emphasized that not every patient needs
every test and that a markedly positive low-level elec-
trocardiogram (ECG) exercise test precludes the
need for additional more costly imaging studies prior
to coronary angiography and likely myocardial revas-
cularization. The use of additional noninvasive imag-
ing tests in this situation is usually financially driven.
The management of patients with symptomatic and
asymptomatic CHD will be discussed in detail. In
general, when myocardial ischemia is produced, an
ischemic cascade occurs. Regional diastolic and sys-
tolic dysfunction precede global diastolic and then
systolic dysfunction, which in turn often occurs prior
to changes in ECG and before the symptoms of
angina pectoris (Fig. 3-1). Noninvasive testing is often
useful in detecting ischemia. The detection of left-
ventricular (LV) diastolic dysfunction by Doppler
mitral valve recording or by diastolic filling curves
using radionuclide ventriculography has many limita-
tions. The prevalence of MI, unstable angina, variant
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angina, and silent ischemia is greatest in the morning
during the first 2 hours, after awakening, and the
threshold for precipitating angina attacks in patients
with stable angina also appears to be lowest in the
morning (Fig. 3-2).

DIAGNOSIS

Angina is a clinical syndrome that consists of discomfort
or pain in the chest, jaw, shoulder, back, or arm. It is typ-
ically precipitated or aggravated by exertion or emo-
tional stress and relieved by nitroglycerin. Angina usu-
ally occurs in patients with CHD affecting one or more
large epicardial arteries. However, angina often is pres-
ent in individuals with valvular heart disease, hyper-
trophic cardiomyopathy, and uncontrolled hyperten-
sion.2,3 It also occurs in patients with normal coronaries
and myocardial ischemia caused by coronary artery
spasm or endothelial dysfunction. The symptom of
angina is often observed in patients with noncardiac
disorders affecting the esophagus, chest wall, or lungs.

HISTORY AND PHYSICAL EXAMINATION

The first step is to obtain a detailed description of the
symptom complex that is used by the clinician to charac-
terize the chest pain or chest discomfort. Five descriptors
are typically considered: (1) location, (2) quality, (3)
duration of the discomfort, and the factors that (4)
induce and (5) relieve the pain.

After the description of the chest discomfort is
obtained, the physician makes an integrated assessment
of the symptom complex. The most commonly used
classification scheme for chest pain divides patients into
three groups: Typical angina, atypical angina, or non-
cardiac chest pain (Table 3-1).8

Following a comprehensive interview concerning
the chest pain, the presence of risk factors for CHD should
be determined. Smoking, hyperlipidemia, diabetes,

Figure 3-1. Sequence of events in the ischemic cascade plus noninvasive tests for
detecting its presence. (TT, transthoracic; TE, transesophageal.)

Figure 3-2. When the frequency of episodes is displayed hourly
from the time of awakening, the peak activity occurs in the first
and second hour after arising. (Adapted from Rocco MB, Barry J,
Campbell S, et al. Circadian variation of transient myocardial
ischemia in patients with coronary artery disease. Circulation.
1987;75:395–400.)
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hypertension and a family history of premature CHD
increase the likelihood of CHD. A past history of cere-
brovascular or peripheral vascular disease also increases
the probability of CHD.

The physical examination is often normal in patients
with stable angina. However, an examination per-
formed during an episode of pain can be useful. A third
or fourth heart sound, a mitral regurgitant systolic mur-
mur, a paradoxically split S2, bibasilar pulmonary rales,
or palpable precordial impulses that disappear when
the pain subsides are all predictive of CHD. Evidence of
noncoronary atherosclerotic disease such as a carotid
bruit, diminished pedal pulse, or abdominal aneurysm
increases the likelihood of CHD. An elevated blood
pressure, xanthomas, and retinal exudates indicate the
presence of CHD risk factors.2,3

CLINICAL ASSESSMENT OF THE 
LIKELIHOOD OF CHD

The clinicopathological study performed by Diamond
and Forrester demonstrated that it is possible to predict
the probability of CHD after the history and the physi-

cal examination.8 By combining data from a series of
angiography studies performed in the 1960s and the
1970s, they showed that simple clinical observations of
pain type, age, and sex were powerful predictors of the
probability of CHD.

The utility of the Diamond and Forrester approach
was confirmed subsequently in prospective studies at
Duke and Stanford.9–13 In both men and women
referred to cardiology clinics for cardiac catheterization
or for cardiac stress testing, the initial clinical charac-
teristics most helpful in predicting CHD were deter-
mined. In these studies, age, sex, and pain type were the
most powerful predictors8,9(Tables 3-2 and 3-3). Smok-
ing Q-waves or ST-T changes on ECG, hyperlipidemia,
and diabetes strengthened the predictive abilities of
these models.

ECG AND CHEST ROENTGENOGRAM

A resting 12-lead ECG should be recorded in all patients
with symptoms suggestive of angina; but will be normal
in up to 50% of patients with chronic stable angina.2,3

ECG evidence of LV hypertrophy or ST-T wave changes
consistent with myocardial ischemia favor the diagnosis
of angina pectoris. Evidence of prior Q-wave MI on the
ECG makes CHD very likely.

The presence of arrhythmias (e.g., atrial fibrilla-
tion or ventricular tachyarrhythmias) on the ECG in
patients with chest pain also increase the probability
of underlying CHD,2,3 however, these arrhythmias are
frequently caused by other types of cardiac disease.
Various degrees of AV block occur in patients with
chronic CHD, but have a very low specificity for the
diagnosis. Left anterior fascicular block, right bundle
branch block, and left bundle branch block (LBBB)
often are present in patients with CHD and frequently
indicate multivessel CHD. However, these findings

Table 3-1. Clinical Classification of Chest Pain

Typical angina (definite)
Substernal chest discomfort with a characteristic quality and 

duration that is
Provoked by exertion or emotional stress and 
Relieved by rest or nitroglycerin.

Atypical angina (probable)
Meets two of the above characteristics.

Noncardiac chest pain
Meets one or none of the typical anginal characteristics.

Adapted from: Diamond GA, Staniloff HM, Forrester JS, Pollock BH, Swan HJ.
Computer-assisted diagnosis in the noninvasive evaluation of patients with sus-
pected coronary disease. J Am Coll Cardiol. 1983;1:444–455.

Table 3-2. Pretest Likelihood of CAD in Symptomatic Patients According to Age and Sex* (Combined Diamond/Forrester and Cass Data)*,†

Nonanginal Chest Pain Atypical Angina Typical Angina

Age (y) Men Women Men Women Men Women

30–39 4 2 34 12 76 26
40–49 13 3 51 22 87 55
50–59 20 7 65 31 93 73
60–69 27 14 72 51 94 86

*Each value represents the percent with significant CAD on catheterization.
†Diamond GA, Staniloff HM, Fonester JS, et al: Computer-assisted diagnosis in the noninvasive evaluation of patients with suspected coronary disease. J Am Coll Car-
diol. 1983;1:444–455; Chaitman BR, Bourassa MG, David K, et al. Angiographic prevalence of high-risk coronary artery disease in patient subsets (CASS). Circulation.
1981:64:360–367; Lange RA, Cigarroa RG, Yancy CWJ, et al. Cocaine-induced coronary-artery vasoconstriction. N Engl J Med. 1989:321:1557–1562.
Source: Gibbons RJ, Chatterjee K, Daley J, et al. ACC/AHA/ACP guidelines for the management of chronic stable angina: A Report of the American College of Cardi-
ology/American Heart Association/American College of Physicians Task Force on Practice Guidelines (Committee on the Management of Patients with Chronic 
Stable Angina). J Am Coll Cardiol. 1999;33:2097–2197; Gibbons RJ, Abrams J, Chatterjee K, et al. ACC/AHA 2002 guideline update for the management of patients
with chronic stable angina. J Am Coll Cardiol. 2003;41:159–168.
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also lack specificity for the diagnosis of chronic stable
angina.

An ECG obtained during chest pain is abnormal in
approximately 50% of patients with angina and a nor-
mal resting ECG. Sinus tachycardia occurs commonly;
bradyarrhythmias are less common. ST-segment eleva-
tion or depression establishes a high likelihood of
angina and indicates ischemia at a low workload, por-
tending an unfavorable prognosis. Many high-risk
patients with severe episodes of angina need no further
noninvasive testing. Coronary arteriography usually
defines the severity of coronary artery stenoses and
defines the necessity and feasibility of myocardial revas-
cularization. In patients with ST-T wave depression or
inversion on the resting ECG, a pseudo-normalization
of these abnormalities during pain is another indicator
that CHD is likely.2,3 The occurrence of tachyarrhyth-
mias, AV block, left anterior fascicular block, or bundle
branch block during chest pain also increases the prob-
ability of CHD and often leads to coronary arterio-
graphy.

The chest roentgenogram is often normal in patients
with stable angina pectoris. Its usefulness as a routine
test is not well established. It is more likely to be abnor-
mal in patients with previous or acute MI, those with a
noncoronary artery cause of chest pan, and those with
noncardiac chest discomfort.

Coronary artery calcification increases the likeli-
hood of symptomatic CHD. Fluoroscopically detectable
coronary calcification is correlated with major vessel
occlusion in 94% of patients with chest pain2,3; however,
the sensitivity of the test is only 40%.

Electron beam computed tomography (EBCT) and
multislice computed tomography are being used with
increased frequency for the detection and quantifica-
tion of coronary artery calcification.14–16 In studies of
selected patients, the sensitivity of a positive EBCT
detection of calcium for the presence of CHD varied
from 85% to 100%; the specificity ranged from only
41% to 76%; the positive predictive value varied consid-

erably from 55% to 84% and the negative predictive
value from 84% to 100%.16 The role of EBCT has been
controversial. The current report of an American College
of Cardiology/American Heart Association (ACC/AHA)
expert consensus writing group does not recommend
EBCT for screening of asymptomatic patients for CHD
or for its use in most patients with chest pain.16 How-
ever, when the coronary artery calcium score is high
(�400 units), it is useful for further risk stratification of
patients at intermediate risk by conventional Framing-
ham risk factors.

EXERCISE ECG STRESS TESTING

Exercise (ECG) testing is a well-established procedure
that has been in widespread clinical use for many
decades.17 Although usually safe, both MI and death
occur at a rate of up to one per 2500 tests. Absolute con-
traindications to exercise testing include acute MI
within 2 days, cardiac arrhythmias causing symptoms or
hemodynamic compromise, symptomatic and severe
aortic stenosis, symptomatic heart failure, acute pul-
monary embolus or infarction, acute myocarditis or
pericarditis, and acute aortic dissection. Relative con-
traindications include left main coronary artery
stenosis, moderate aortic stenosis, electrolyte abnor-
malities, systolic hypertension �200 mmHg, diastolic
blood pressure �100 mmHg, tachyarrhythmias or
bradyarrhythmias, hypertrophic cardiomyopathy and
other forms of outflow tract obstruction, and high-
degree AV block.

For optimizing the information obtained, the pro-
tocol should be tailored to the individual patient with
exercise lasting at least 6 minutes. Exercise capacity
should be reported in estimated METs of exercise
(one MET is the standard basal oxygen uptake of 3.5
mL/kg per minute), and also the duration of exercise in
minutes.

The ECG, heart rate, and blood pressure should be
carefully monitored and recorded during each stage of

Table 3-3. Comparing Pretest Likelihoods of CAD in Low-Risk Symptomatic Patients with High-Risk Symptomatic Patients*—Duke Database

Nonanginal Chest Pain Atypical Angina Typical Angina

Age (y) Men Women Men Women Men Women

35 3–35 1–19 8–59 2–39 30–88 10–78
45 9–47 2–22 21–70 5–43 51–92 20–79
55 23–59 4–25 45–79 10–47 80–95 38–82
65 49–69 9–29 71–86 20–51 93–97 56–84

*Each value represents the percent with significant CHD. The first is the percentage for a low-risk, mid-decade patient without diabetes, smoking, or hyperlipidemia.
The second is that of the same age patient with diabetes, smoking, and hyperlipidemia. Both high- and low-risk patients have normal resting ECGs. If ST-T wave
changes or Q waves would have been present, the likelihood of CAD would be higher in each entry of the table.
Source: Pryor et al. CAD. Ann Intern Med. 1993;118:81–90. Value of the history and physical in identifying patients at increased risk for coronary artery disease. Ann
Intern Med. 1993;118:81–90.
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exercise, as well as during ST-segment abnormalities
and chest pain. The patient should be monitored
continuously for transient rhythm disturbances, ST-
segment changes, and other ECG manifestations of
myocardial ischemia. Although exercise testing often is
stopped when subjects reach a standard percentage of
predicted maximum heart rate, there is great variability
in maximum heart rates among individuals, and pre-
dicted values may be suboptimal for some patients.
Absolute indications for termination of the test include a
decline in systolic blood pressure of �10 mmHg from
baseline despite an increase in workload when accom-
panied by other evidence of ischemia; moderate to
severe angina; increasing ataxia, dizziness, or near syn-
cope; signs of poor perfusion such as cyanosis or pallor;
technical difficulties monitoring the ECG or systolic
blood pressure; subjects desire to stop; sustained ven-
tricular tachycardia; or ST elevation more than or equal
to 1.0 mm in leads without diagnostic Q waves.

The interpretation of the exercise test should
include symptomatic response, exercise capacity, hemo-
dynamic response, and ECG changes. The occurrence
of ischemic chest pain consistent with angina is impor-
tant, particularly if it necessitates termination of the
test. Abnormalities in exercise capacity, the systolic
blood pressure, or the heart rate response to exercise
are important findings. The most important ECG find-
ings are ST depression and ST elevation. The most
commonly used definition for a positive exercise test is
more than or equal to 1 mm of horizontal or downslop-
ing ST-segment depression or elevation for at least 60 to
80 milliseconds after the end of the QRS complex.

A meta-analysis of 147 published reports describing
24074 patients who underwent both coronary angiog-
raphy and exercise testing found wide variation in sen-
sitivity and specificity.17 The mean sensitivity was 68%
and the mean specificity was 77%. When the analysis
considered only studies that excluded patients with a
prior MI, the mean sensitivity was 67% and the mean
specificity was 72%. When the analysis was restricted to
the few studies that avoided work-up bias by including
only patients who agreed in advance to have both exer-
cise testing and coronary angiography, the sensitivity
was 50% and the specificity was 90%.18 Therefore, the
true diagnosis value of the exercise ECG relates to its
relatively high specificity when positive.

Diagnostic testing is most valuable when the pretest
probability of obstructive CHD is intermediate. In these
conditions, the test result has the largest effect on the
posttest probability of disease and thus on clinical
decisions. Intermediate probability has been arbitrar-
ily defined as between 10% and 90%19; this definition
has been utilized in several studies20,21 including
ACC/AHA exercise test guidelines.17

SPECIAL ISSUES IN ECG EXERCISE TESTING

Digoxin produces abnormal exercise-induced ST-depres-
sion in 25% to 40% of apparently healthy normals.22

Whenever possible, it is recommended that �-blockers (and
other anti-ischemic drugs) be withheld for 48 to 72 hours
prior to exercise stress testing when used for the diagnosis
of patients with suspected CHD. When �-blockers cannot
be stopped, ECG exercise testing usually will still be posi-
tive in patients at very high risk.

Exercise-induced ST-depression usually occurs with
LBBB and has no association with ischemia.23 In right
bundle branch block, ST-depression in the left chest
leads (V5–6) or inferior leads (II, AVF), has the same sig-
nificance as it does when the resting ECG is normal.

Left-ventricular hypertrophy (LVH) with repolariza-
tion abnormalities on the resting ECG is associated with
more false-positive test results as a result of decreased
specificity. Even in hypertensive patients with LV hyper-
trophy on echo but not on ECG, false-positive ST-
segment changes often occur with exercise (Mercado M
and O’Rourke RA, 1992).

Resting ST-segment depression is a marker for adverse
cardiac events in patients with and without known
CHD.17 Additional exercise-induced ST-segment depres-
sion in the patient with �1 mm resting ST-segment
depression is a reasonably sensitive indicator of CHD.

The difficulties of using exercise testing for diagnos-
ing obstructive CHD in women have led to speculation
that stress imaging may be preferred instead of stan-
dard stress testing. However, there is insufficient data to
justify replacing standard exercise testing with stress
imaging routinely when evaluating women for CHD. In
many women with a low pretest likelihood of disease, a
negative exercise test will be sufficient, and imaging
procedures will not be required.17,24

RESTING ECHOCARDIOGRAPHY

Echocardiography can be useful for establishing a diag-
nosis of CHD and in defining the consequences of CHD
in select patients with chronic chest pain presumed to
be chronic stable angina. However, most patients
undergoing a diagnostic evaluation for angina do not
need a resting echocardiogram.

Chronic ischemic heart disease, whether or not asso-
ciated with angina, can result in impaired systolic
and/or ventricular function. The extent and severity of
regional and global abnormalities are important con-
siderations in choosing appropriate medical or surgical
therapy.

Echocardiographic findings, which may help estab-
lish the diagnosis of chronic ischemic heart disease,
include regional systolic wall motion abnormalities
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such as hypokinesis, akinesis, dyskinesis, and failure of a
wall segment to thicken normally during systole.25 Care
must be taken to distinguish chronic CHD as a cause of
ventricular septal wall motion abnormalities from other
conditions such as LBBB, presence of an intraventricu-
lar pacemaker, right ventricular volume overload, or
prior cardiac surgery.

Mitral regurgitation demonstrated by Doppler
echocardiography may result from global LV systolic
dysfunction, regional papillary muscle dysfunction,
scarring and shortening of the chordae tendineae, pap-
illary muscle rupture, or other causes.25

STRESS IMAGING

Patients who are good candidates for cardiac stress test-
ing with imaging for the diagnosis of CHD as opposed to
exercise ECG alone, include those in the following cat-
egories: (1) complete LBBB, electronically paced ven-
tricular rhythm, preexcitation syndromes, and other
similar ECG conduction abnormalities, (2) patients
who have more than 1 mm of resting ST-segment
depression including those with LVH or taking drugs
such as digitalis, (3) patients who are unable to exercise
sufficiently to give meaningful results on routine stress
ECG (these patients should be considered for pharma-
cologic stress imaging test), and (4) patients with
angina who have undergone prior revascularization, in
whom localization of ischemia, establishing the func-
tional significance of lesions, and demonstrating
myocardial viability are important considerations.

Several methods can be used to induce stress: (1)
exercise (treadmill or bicycle) and (2) pharmacological
techniques (dobutamine or vasodilator drugs). When
the patient can exercise to develop an appropriate level
of cardiovascular stress of 6 to 12 minutes, exercise
stress (usually treadmill), is preferred to pharmacologic
stress. However, when the patient cannot exercise to the
appropriate level, or in other specified circumstances
(the assessment of myocardial viability), pharmacologic
stress may be preferable. Three drugs are commonly
used as substitutes for exercise stress testing. Dipyri-
damole and adenosine are vasodilators that are com-
monly used in conjunction with myocardial perfusion
scintigraphy, whereas dobutamine is a positive inotropic
(and chronotropic) agent commonly used in conjunc-
tion with echocardiography.

MYOCARDIAL PERFUSION IMAGING

In patients with suspected or known chronic stable
angina, the largest accumulated experience in myocar-
dial perfusion imaging has been with the isotope thal-
lium-201; however, the available evidence suggests that

the newer isotopes technetium Tc-99m sestamibi and
technetium-99m tetrofosmin provide similar diagnostic
accuracy.26–34 Thus, for the most part, thallium-201,
Tc-99m sestamibi, or Tc-99m tetrofosmin can be used
interchangeably, with a similar diagnostic accuracy for
CHD.35

Myocardial perfusion imaging may use either planar
or single photon emission computed tomographic
(SPECT) techniques and visual analyses36 or quantita-
tive techniques. Quantification using horizontal37 or
circumferential38 profiles may improve the test’s sensi-
tivity, especially in patients with single-vessel disease. For
thallium-201 planar scintigraphy, average reported val-
ues of sensitivity and specificity (not corrected for
posttest referral bias) have been in the range of 83% to
88%, respectively, by visual analysis, and 90% to 80%,
respectively, for quantitative analyses.2,3 Thallium-201
SPECT is generally more sensitive than planar imaging
for diagnosing CHD, localizing hypoperfused vascular
segments, identifying left anterior descending and left
circumflex coronary artery stenoses, and correctly pre-
dicting multivessel CHD.2,3 The average sensitivity and
specificity of exercise thallium-201 SPECT imaging
(uncorrected for referral bias) is in the range of 89% to
76%, respectively, for qualitative analyses and 90% to
70%, respectively, for quantitative analyses.2,3

Since the introduction of dipyridamole- or adenosine-
induced coronary vasodilatation as an adjunct to thal-
lium-201 myocardial perfusion imaging,39 pharmacologic
stress has become an alternative to exercise in the nonin-
vasive diagnosis of CHD.40 Dipyridamole planar scintigra-
phy has a high sensitivity (90% average) and acceptable
specificity (70% average) for detection of CHD.41 Dipyri-
damole SPECT imaging with thallium-201 or Tc-99m ses-
tamibi appears to be at least as accurate as planar imag-
ing.42 Results of myocardial perfusion imaging during
adenosine infusion are similar to those obtained with
dipyridamole and exercise imaging.41 Evidence of CHD is
demonstrated by redistribution defects comparing stress
and resting scintigrams (ischemia); fixed defects at rest
and during stress (so called “scar”), and by LV dilation or
lung uptake of isotope during stress.43

STRESS ECHOCARDIOGRAPHY

Stress echocardiography relies on imaging LV segmen-
tal wall motion and thickening during stress compared
with baseline. Echocardiographic findings suggestive of
myocardial ischemia include: (1) decrease in wall
motion in one or more LV segments with stress, (2)
decrease in wall thickening in one or more LV segments
with stress, and (3) compensatory hyperkinesis in com-
plementary (nonischemic) wall segments. The advent
of digital acquisition and storage, as well as side-by-side
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(or quad screen) display of cine loops of LV images
acquired at different levels of (rest or) stress, have facil-
itated efficiency and accuracy in interpretation of stress
echocardiograms.41,44

Stress echocardiography has been reported to have
sensitivity and specificity for detecting CHD similar to
stress myocardial imaging. In 36 studies reviewed,
including 3210 patients, the range of reported overall
sensitivities (uncorrected for posttest referral bias)
ranged from 70% to 97%. The average figure was 85%
for overall sensitivity for exercise echocardiography and
82% for dobutamine stress echocardiography.25 As
expected, the reported sensitivity of exercise echocar-
diography for multivessel disease was higher (average
approximately 90%) than the sensitivity for single-vessel
disease (average approximately 79%).25 In this series of
studies, specificity ranged from 72% to 100%, with an
average of approximately 86% for exercise echocardio-
graphy and 85% for dobutamine echocardiography.

Pharmacologic stress echocardiography is best
accomplished using dobutamine since it enhances
myocardial contractile performance and wall motion,
which can be evaluated directly by echocardiography.45

Dobutamine stress echocardiography has substantially
higher sensitivity than vasodilator stress echocardiography
for detecting coronary artery stenoses.46 In a recent
review of 36 studies, average sensitivity and specificity
(uncorrected for referral bias) of dobutamine stress
echocardiography in the detection of CHD were in the
range of 82% to 85%, respectively.2,3

Most special tests in patients with suspected stable
angina are performed either to establish a diagnosis
and/or to determine the risk for coronary events. In
Fig. 3-3, the probability of coronary artery disease is

depicted, comparing the pretest and posttest likelihood
of CAD using ECG exercise testing, myocardial perfu-
sion imaging, and radionuclide cineangiography.

SPECIAL ISSUES IN STRESS IMAGING

The sensitivity of the exercise imaging study for the
diagnosis of CHD appears to be lower in patients taking
�-blockers for the treatment of ischemia.47 Neverthe-
less, in patients who exercise to a submaximal level, per-
fusion or echocardiographic imaging still affords
higher sensitivity than the exercise ECG alone.25

Several studies have observed an increased preva-
lence of myocardial perfusion defects in the interven-
tricular septum during exercise imaging, in the absence
of angiographic coronary disease, in patients with
LBBB.48 Multiple studies indicate that perfusion imag-
ing with pharmacologic vasodilatation is more accurate
for identifying CHD in patients with LBBB.49 In con-
trast, only a single small study has reported on the diag-
nostic utility of stress echocardiography in the presence
of LBBB.50

Myocardial perfusion imaging or echocardiography
could be a logical addition to treadmill testing in
women who have a lower pretest likelihood of CHD
than men. Photon attenuation artifacts because of
breast attenuation, usually manifest in the anterior wall,
can be an important caveat in the interpretation of
women’s perfusion scans, especially when thallium-201
is used as a tracer. Similar artifacts involving the inferior
wall diaphragmatic are common in very obese patients.
This is a less common problem with ECG-gated tech-
netium 99m sestamibi SPECT.51

COMPARISON OF MYOCARDIAL PERFUSION
IMAGING AND ECHOCARDIOGRAPHY

In an analysis of 11 studies52 involving 808 patients who
had contemporaneous treadmill (or pharmacologic)
stress echocardiography and myocardial perfusion
scintigraphy, the overall sensitivity was 83% for stress per-
fusion imaging versus 78% for stress echocardiography
(p � NS). On the other hand, overall specificity tended
to favor stress echocardiography (86% vs. 77%, p � NS).

More recently, Fleishmann et al.53 performed a
meta-analysis on 44 articles that examined the diagnos-
tic accuracy of exercise tomographic myocardial perfu-
sion imaging or exercise echocardiography. The overall
sensitivity and specificity, respectively, were 85% to 77%
for exercise echocardiography; 87% to 64% for exercise
myocardial perfusion imaging; and 52% to 71% for
exercise ECG.

SPECT has afforded diagnostic improvement over
planar imaging for more precise localization of the

Figure 3-3. Probability of CAD. Comparison of ECG exercise
testing (ECG Ex), thallium perfusion imaging (TI Scan), and
radionuclide cineangiography (RN CINE). Sensitivity (SEN) and
specificity (SPEC) values are approximations derived from
published series. (Adapted from Epstein et al. Am J Cardiol.
1980;46:491.)
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vascular territories involved, particularly for identifying
left circumflex coronary artery stenoses and predicting
multivessel CHD.41 For localization of disease to the cir-
cumflex coronary artery, the radionuclide method con-
ferred a significant advantage in sensitivity (72% vs.
33%, p � 0.001).

Echocardiographic and radionuclide stress imaging
have complementary roles and both add value to rou-
tine stress ECG under circumstances outlined above. A
summary of the comparative advantages of stress
myocardial perfusion imaging and stress echocardiog-
raphy is provided in Table 3-4.

CORONARY ANGIOGRAPHY

Recommendations for coronary angiography to estab-
lish a diagnosis of CHD are listed in Table 3-5 accord-
ing to the ACC/AHA/American College of Physicians
(ACC/AHA/ACP) Guidelines on Chronic Stable
Angina.2,3

RISK STRATIFICATION

The prognosis for the patient with chronic coronary
artery disease is usually related to four patient factors.
LV function is the strongest predictor of long-term survival
in patients with CHD and the ejection fraction is the

Table 3-4. Comparative Advantages of Stress Echocardiography
in Diagnosis and Stress Radionuclide Perfusion Imaging in 
Diagnosis of CAD

Advantages of stress echocardiography
Higher specificity
Versatility. More extensive evaluations of cardiac anatomy 

and function
Greater convenience/efficacy/availability
Lower cost

Advantages of stress perfusion imaging
Higher technical success rate
Higher sensitivity, especially for single-vessel coronary diease 

involving the left circumflex
Better accuracy in evaluating possible ischemia when multiple 

resting LV wall motion abnormalities are present
More extensive published data base, especially in evaluation of

prognosis

Source: Gibbons RJ, Chatterjee K, Daley J, et al. ACC/AHA/ACP guidelines for
the management of chronic stable angina: A Report of the American College of
Cardiology/American Heart Association/American College of Physicians Task
Force on Practice Guidelines (Committee on the Management of Patients with
Chronic Stable Angina). J Am Coll Cardiol. 1999;33:2097–2197; Gibbons RJ,
Abrams J, Chatterjee K, et al. ACC/AHA 2002 guideline update for the manage-
ment of patients with chronic stable angina. J Am Coll Cardiol. 2003;41:159–168.

Table 3-5. Invasive Testing: Coronary Angiography (Recommendations for Coronary Angiography to Establish a Diagnosis in Patients with
Suspected Angina, Including Patients with Known CAD Who Have a Significant Change in Anginal Symptoms)

Class I*

Patients with known or possible angina pectoris who have survived sudden cardiac death

Class II†

IIa
Patients with an uncertain diagnosis after noninvasive testing in whom the benefit of a more certain diagnosis outweighs the risk

and cost of coronary angiography
Patients who cannot undergo noninvasive testing because of disability, illness, or morbid obesity
Patients with an occupational requirement for a definitive diagnosis 
Patients who by virtue of young age at onset of symptoms, noninvasive imaging, or other clinical parameters are suspected of having a 

nonatherosclerotic cause of myocardial ischemia (coronary artery anomaly, Kawasaki disease, primary coronary artery dissection,
radiation-induced vasculoplasty)

Patients in whom coronary artery spasm is suspected and provocative testing may be necessary 
Patients with a high pretest probability of left main or three-vessel CAD 

IIb
Patients with recurrent hospitalization for chest pain in whom a definite diagnosis is judged necessary 
Patients with an overriding desire for a definitive diagnosis and a greater than low probability of CAD

Class III‡

Patients with significant comorbidity in whom the risk of coronary arteriography outweighs the benefit of the procedure
Patients with an overriding personal desire for a definitive diagnosis and a low probability of CAD 

*Class I: Conditions for which there is evidence and/or general agreement that a given procedure or treatment useful and effective.
†Class II: Conditions for which there is conflicting evidence and/or a divergence of opinion about the usefulness/efficacy of a procedure or treatment; IIa: Weight of
evidence/opinion is in favor of usefulness/efficacy; IIb: Usefulness/efficacy is less well established by evidence/opinion.
‡Class III: Conditions for which there is evidence and/or general agreement that the procedure/treatment is not useful/effective and in some cases may be harmful.
Source: Gibbons RJ, Chatterjee K, Daley J, et al. ACC/AHA/ACP guidelines for the management of chronic stable angina: A Report of the American College of Cardi-
ology/American Heart Association/American College of Physicians Task Force on Practice Guidelines (Committee on the Management of Patients with Chronic Sta-
ble Angina). J Am Coll Cardiol. 1999;33:2097–2197; Gibbons RJ, Abrams J, Chatterjee K, et al. ACC/AHA 2002 guideline update for the management of patients with
chronic stable angina. J Am Coll Cardiol. 2003;41:159–168.

most commonly used measure of the presence and the
degree of LV dysfunction. The anatomic extent and sever-
ity of atherosclerotic involvement of the coronary arteries
is the second predictive factor. The number of stenosed
coronary arteries is the most common measure of this
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characteristic. A third patient factor influencing progno-
sis is evidence of a recent coronary plaque rupture, indicating
a substantially greater short-term risk for cardiac death
or nonfatal MI. Worsening clinical symptoms with unsta-
ble features is the major clinical marker of a compli-
cated plaque. The fourth prognostic factor is general health
and noncoronary comorbidity.

STEPS IN DETERMINING PROGNOSIS 
PRIOR TO NONINVASIVE TESTING

History and Physical Examination
Very useful information relevant to prognosis can be

obtained from the history. This includes demographics
such as age and gender, as well as medical history focus-
ing on hypertension, diabetes, hypercholesterolemia,
smoking, peripheral arterial disease, and previous
MI.2,3 As discussed under the Section “Diagnosis,” the
description of the patient’s chest discomfort can usually
be readily assigned to one of three categories: (1) typi-
cal angina, (2) atypical angina, and (3) nonanginal
chest pain.

The physical examination may be useful in risk strat-
ification by defining the presence or absence of signs
that might alter the probability of severe CHD. Useful
findings include those suggesting vascular disease
(abnormal fundi, decreased peripheral pulses, bruits),
long-standing hypertension (blood pressure, abnormal
fundi); aortic valve stenosis or hypertrophic obstructive
cardiomyopathy (systolic murmur, abnormal carotid
pulse, abnormal apical pulse); left heart failure (third
heart sound, displaced apical impulse, bibasilar rales),
or right heart failure (jugular venous distension,
hepatomegaly, ascites, pedal edema).

Hubbard et al.54 identified five clinical parameters
that were independently predictive of severe three ves-
sel or left main CHD including age, typical angina, dia-
betes, gender and prior MI and developed a 5-point car-
diac risk score.

ECG and Chest Roentgenogram
Patients with chronic stable angina who have rest-

ing ECG abnormalities are at greater risk than those
with normal ECGs.2,3 Evidence of one or more prior
MIs on ECG indicates an increased risk for cardiac
events. In fact, the presence of Q waves in multiple
ECG leads, often accompanied by a R-wave in lead V1

(posterior infarction), often is associated with a
markedly reduced LV ejection fraction, an important
determinant of the natural history of patients with
CHD.

The aggregation of certain historical and ECG vari-
ables in an angina score offers prognostic information
that is independent of, and incremental to, that detected

by catheterization.55 The angina score comprised three
differentially weighted variables: (1) the anginal
course, (2) anginal frequency, (3) resting ECG ST-T wave
abnormalities. On the chest roentgenogram, the pres-
ence of cardiomegaly, an LV aneurysm, or pulmonary
venous congestion is associated with a poorer long-term
prognosis than occurs in patients with a normal chest 
X-ray.

The presence of calcium in the coronary arteries on
chest X-ray or fluoroscopy in patients with symptomatic
CHD suggests an increased risk of cardiac events.2,3

Although the presence and amount of coronary artery
calcification by electron beam or multislice computed tomog-
raphy correlate to some extent with the severity of CHD;
there is considerable patient variation.16

NONINVASIVE TESTING FOR RISK
STRATIFICATION

Assessment of LV Function
LV global systolic function and volumes are impor-

tant predictors of prognosis. In patients with chronic
ischemic heart disease, LV ejection fraction measured
at rest by either echocardiography or radionuclide
angiography is predictive of long-term prognosis; 
as LV ejection fraction declines subsequent mortality
increases. A resting ejection fraction of �35% is associ-
ated with an annual mortality rate of �3% per year.2,3

Radionuclide LV ejection fraction may be measured
at rest using a gamma camera, a technetium-99m tracer,
and first pass or gated equilibrium blood pool angiog-
raphy41 or by gated SPECT perfusion imaging using a
technetium-based isotope.56,57 LV diastolic function
can also be estimated by radionuclide ventriculogra-
phy.41 LV systolic function can also be measured by
quantitative 2D echocardiography41 and LV diastolic
function assessed by transmitral valve Doppler record-
ings.25

In patients with chronic stable angina and a history of
previous MI, segmental wall motion abnormalities can
be seen not only in the zone(s) of prior infarction, but
also in areas with ischemic stunning or hibernation of
myocardium that are nonfunctional but still viable.2,3,58

In patients with chronic ischemic heart disease the pres-
ence, severity, and mechanism of mitral regurgitation
can be detected reliably using transthoracic 2D echocar-
diography (TTE) and Doppler echocardiographic tech-
niques.25

Echocardiography is the definition for detecting
intracardiac thrombi.25 LV thrombi are most common
in stable angina pectoris patients who have significant
LV wall motion abnormalities. In patients with anterior
and apical infarctions, the presence of LV thrombi
denotes an increased risk of both embolism and death.59
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ECG Exercise Testing
Unless cardiac catheterization is clearly indicated,

symptomatic patients with suspected or known CHD
should usually undergo exercise testing to assess the
risk of future cardiac events, unless they have con-
founding features on their resting ECG or are unable to
exercise. Also, documentation of exercise-induced ischemia is
desirable for most patients who are being evaluated for
revascularization.2,3

Several studies have shown that risk assessment in
patients with a normal ECG who are not taking digoxin
and are physically capable usually should start with the
exercise test.2,3,60–63 In contrast, a stress-imaging tech-
nique should be used for patients with ECG evidence of
LVH, widespread resting ST-depression (�1 mm), com-
plete LBBB, ventricular paced rhythm, or preexcitation.
One of the strongest and most consistent prognostic
markers is the maximum exercise capacity.64,65

A second group of prognostic markers relates to
exercise-induced ischemia. ST-segment depression and
ST-segment elevation (in leads without pathologic
Q-waves and not in AVR) best summarize the prognostic
information related to ischemia.63 Other variables are
less powerful, including angina, the number of leads
with ST-segment depression, the configuration of the
ST-depression (downsloping, horizontal, or upsloping),
and the duration of the ST deviation into the recovery
phase.

The Duke Treadmill Score combines this informa-
tion and provides a way to calculate risk.17,63,64,66,67

The Duke Treadmill Score equals the exercise time in
minutes minus 5 times the ST-segment deviation during
or after exercise in mm minus 4 times the angina index
that has a value of 0 if there is no angina, 1 if angina
occurs, and 2 if angina is the reason for stopping the
test. Among outpatients with suspected CHD, the two-
thirds of patients with scores indicating low risk had a
4-year survival of 99% (average annual mortality of
0.25%), and the 4% who had scores indicating high risk
had a 4-year survival of 79% (average annual mortality
rate of 5%) (see Table 3-6). Recent studies66–68 indicate
that this approach is equally applicable in men and
women.

Stress Imaging
Stress imaging studies using radionuclide myocar-

dial perfusion imaging techniques or 2D echocardiog-
raphy at rest and during stress are useful for risk strati-
fication and determining the most beneficial
management strategy for patients with chronic stable
angina.2,3 Whenever possible, treadmill or bicycle exer-
cise should be used as the most appropriate form of
stress since it provides the most information concern-
ing patient’s symptoms, cardiovascular function, and

hemodynamic response during usual forms of activity.17

In fact, the inability to perform a bicycle or exercise
treadmill test is in itself a negative prognostic factor for
patients with chronic CHD.

In patients who cannot perform an adequate
amount of bicycle or treadmill exercise, various types of
pharmacologic stress are useful for risk stratification.25,41

The selection of the type of pharmacologic stress will
depend on specific patient factors such as the patient’s
heart rate and blood pressure, the presence or absence
of bronchospastic disease, the presence of LBBB or a
pacemaker, and the likelihood of ventricular arrhyth-
mias.

Myocardial perfusion imaging has played a major role
in the risk stratification of patients with CHD. Either
planar or single photon emission computed tomogra-
phy (SPECT) imaging utilizing thallium-201 or tech-
netium-99m-perfusion tracers with images obtained at
stress and during rest, provide important information
concerning the severity of functionally significant
CHD.2,3,41,69

Stress echocardiography has been used more recently for
assessing patients with chronic stable angina; thus, the
amount of prognostic data obtained with this approach
is somewhat limited. Nevertheless, the presence or
absence of inducible myocardial wall motion abnormal-
ities has useful predictive value in patients undergoing
exercise or pharmacologic stress echocardiography. A
negative stress echocardiography study denotes a low
cardiovascular event rate during follow-up.2,3,25,70,71

Myocardial Perfusion Imaging
Normal poststress thallium scan results are highly

predictive of a benign prognosis even in patients with
known coronary disease.41 A collation of 16 studies

Table 3-6. Survival According to Risk Groups Based on Duke
Treadmill Scores*

Percentage Four-Year Annual
Risk Group (Score) of Total Survival Mortality (%)

Low (��5) 62 0.99 0.25
Moderate (	10 to �4) 34 0.95 1.25
High (� 	10) 4 0.79 5.0

*Patients with a predicted average annual cardiac mortality of less than or
equal to 1% per year (low-risk score) can be managed medically without need
for cardiac catheterization. Patients with a predicted average annual cardiac
mortality of greater than or equal to 3% per year (high-risk score) should be
referred for cardiac catheterization.
Source: Gibbons RJ, Chatterjee K, Daley J, et al. ACC/AHA/ACP guidelines for
the management of chronic stable angina: A Report of the American College
of Cardiology/American Heart Association/American College of Physicians
Task Force on Practice Guidelines (Committee on the Management of
Patients with Chronic Stable Angina). J Am Coll Cardiol. 1999;33:2097–2197;
Gibbons RJ, Abrams J, Chatterjee K, et al. ACC/AHA 2002 guideline update
for the management of patients with chronic stable angina. J Am Coll Cardiol.
2003;41:159–168.
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involving 3594 patients followed for a mean of 29
months indicated a rate per year of cardiac death and
MI of 0.9%, almost no different from that of the general
population. In a recent prospective study of 5183 con-
secutive patients who underwent myocardial perfusion
studies during stress and later at rest, patients with nor-
mal scans were at low risk (0.5/year) for cardiac death
and MI during 642  226 days of mean follow-up and
rates of both outcomes increased significantly with
worsening scan abnormalities.72

The number, extent, and site of abnormalities on
stress myocardial perfusion scintigrams reflect the loca-
tion and severity of functionally significant coronary
artery stenoses. Lung uptake of thallium-201 on postex-
ercise or pharmacologic stress images is an indicator of
stress-induced global LV dysfunction and is associated
with pulmonary venous hypertension in the presence of
multivessel CHD.73 Transient poststress ischemic LV
dilatation also correlates with severe two or three ves-
sel CHD. Several studies have suggested that SPECT
may be more accurate than planar imaging for deter-
mining the size of defects, for detecting CHD and par-
ticularly left circumflex disease, and for localizing
abnormalities in the distribution of individual coro-
nary arteries.2,3,41 However, more false-positive results
are likely to result from photon attenuation during
SPECT imaging.41

Information concerning both myocardial perfusion
and ventricular function at rest may be helpful in deter-
mining the extent and severity of coronary disease.2,3,41

This combined information can be obtained by per-
forming two separate exercise tests (e.g., stress perfu-
sion scintigraphy and stress radionuclide ventriculogra-
phy) or by combining the studies after a single exercise
test (e.g., first pass radionuclide angiography with tech-
netium-99-based agents followed by perfusion imaging
or perfusion imaging utilizing ECG gating). The use of
ECG gated technetium sestamibi SPECT imaging pro-
vides important prognostic information concerning LV
EF as well as the extent of reversible ischemia.

The treadmill ECG test is less accurate for the diag-
nosis of CHD in women who have a lower pretest likeli-
hood than men.17 However, the sensitivity of thallium
perfusion scans may be lower in women than in
men.2,3,41 As mentioned previously, Tc-99m sestamibi
may be preferable to thallium-201 scintigraphy in
women with large breasts and those with breast
implants for determining prognosis as well for diagnos-
ing CHD.41

Pharmacologic stress perfusion imaging is preferable
to exercise perfusion imaging in patients with LBBB.
Recently, 245 patients with LBBB underwent SPECT
imaging with thallium-201 (n � 173) or technetium
99m sestamibi (n � 72) during dipyridamole (n � 153)

or adenosine (n � 92) stress.74 The 3-year survival was
57% in the high-risk group compared to 87% in the
low-risk group (p � 0.001).

Stress Echocardiography
Stress echocardiography is both sensitive and specific

for detecting inducible myocardial ischemia in patients
with chronic stable angina.25 Compared with standard
exercise treadmill testing, stress echocardiography pro-
vides an additional clinical value for detecting and local-
izing myocardial ischemia. The results of stress echocar-
diography may provide important prognostic value.
Several studies indicate that patients at low, intermedi-
ate, and high risk for cardiac events can be stratified by
the presence or absence of inducible wall motion abnor-
malities on stress echocardiography testing.

The presence of ischemia on the exercise echocar-
diogram is independent and incremental to clinical
and exercise data in predicting cardiac events both in
men and women.75,76

The prognosis is not benign in patients with a posi-
tive stress echocardiographic study. In this subset, mor-
bid or fatal cardiovascular events are more likely, but
the overall event rates are rather variable. Hence, the
cost-effectiveness of using routine stress echocardio-
graphic testing to establish prognosis is uncertain.

Coronary Angiography
The availability of powerful but expensive strategies

to reduce the long-term morbidity and mortality of
CHD mandate that the patients most likely to benefit
because of increased risk, be determined. The preva-
lence of 0 to 3-vessel CHD on coronary angiography in
men and women related to severity of angina is shown
in Fig. 3-4.

Assessment of cardiac risk and decisions regarding
further testing usually begin with simple, repeatable
and inexpensive assessments of history and physical
examination and extend to noninvasive or invasive test-
ing depending on outcome. Clinical risk factors are in
general additive, and a crude estimate of 1-year mortal-
ity can be obtained from these variables.

Risk stratification of patients with chronic stable
angina by stress testing with exercise or pharmacologic
agents has been shown to permit identification of
groups of patients with low, intermediate, or high risk
for subsequent cardiac events.6,19,41 The objective is to
identify patients in whom coronary angiography and
subsequent revascularization might improve survival.
Such an approach can only be effective if the patient’s
prognosis on medical therapy is sufficiently poor that it
can be improved.

Previous experience in the randomized trials of coro-
nary artery bypass grafting (CABG) demonstrated that
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patients randomized to initial CABG had a lower mor-
tality than those treated with medical therapy only if
they were at sustained risk.77 Low-risk patients, who did
not have a lower mortality with CABG, were those who
had a 5-year survival with medical therapy of approxi-
mately 95%. This is equivalent to an annual mortality
of 1%. As a result, coronary angiography to identify
patients whose prognosis can be improved is inappropri-
ate when the patient’s estimated annual mortality is less
than 1%. In contrast, patients with a survival advantage
with CABG such as those with three-vessel disease, have
an annual mortality of more than or equal to 3%. Coro-
nary angiography is appropriate for patients whose mor-
tality risk is in this range.

Noninvasive test findings that identify high-risk
patients are listed in Table 3-7. Patients identified as
high-risk are generally referred for coronary arteriogra-
phy independent of their symptomatic status. Noninva-
sive tests when appropriately utilized are less costly than
coronary angiography and have an acceptable predic-
tive value for adverse events. This is most true when the
pretest probability of severe CHD is low. When the
pretest probability of severe CHD is high, direct referral
for coronary angiography without noninvasive testing
has been shown to be most cost-effective as the total
number of tests is reduced.78

OTHER NONINVASIVE TESTS

Certain other noninvasive tests have been utilized in
some patients with chronic stable angina. These include
ambulatory ECG recordings, magnetic resonance
imaging, and positron emission tomography.

AMBULATORY ECG RECORDINGS

Ambulatory ECG recordings have been utilized to
detect symptomatic and asymptomatic episodes of
myocardial ischemia in individuals during their normal
activities. This is a relatively insensitive technique for
detecting coronary artery disease even when there is
0.08 seconds of ST-segment depression for 60 seconds or
greater, the usual definition for a positive test. It should
be emphasized that this test is not a reliable diagnostic test
for determining the presence of myocardial ischemia17

and its role in monitoring therapy in patients with
known ischemic heart disease is still under investigation.

MAGNETIC RESONANCE IMAGING

Magnetic resonance imaging is an excellent technique
for defining LV systolic function, wall motion, and the
presence of valvular regurgitation. Because of its

Figure 3-4. Prevalence of zero- to three-vessel CAD on coronary angiography in men and women related
to severity of angina. (Adapted from Douglas JS Jr., Hurst JW. Limitation of symptoms in the recognition of
coronary atherosclerotic heart disease. In: Hurst JW, ed. Update I: The Heart. New York, NY: McGraw-Hill;
1979:3.)
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expense and its applicability primarily to patients at
rest, this technique is not commonly used for the assess-
ment of patients with chronic stable angina.79

POSITRON EMISSION TOMOGRAPHY

This technique is extremely useful for defining areas of
myocardial tissue that are active metabolically, in the
presence of normal or markedly diminished myocar-
dial perfusion. When available, this technique is appli-
cable to many patients who have severely diminished
LV function and a decision must be made as to whether
or not improved coronary blood flow to these regions
will result in the perfusion of contracting myocardium.

TREATMENT OF CHRONIC STABLE ANGINA

There are two major purposes in the treatment of stable
angina. The first is to prevent MI and death and thereby

increase the quantity of life. The second is to reduce symp-
toms of angina and the frequency and severity of
ischemia, which should improve the quality of life. Therapy
directed toward preventing death has the highest prior-
ity. The choice of therapy often depends on the clinical
response to initial medical therapy, although some
patients (and many physicians) prefer coronary revas-
cularization in situations where either may be success-
ful. It must be stressed that the pharmacologic treat-
ment of chronic CHD has greatly improved and may
even be superior to revascularization therapy for many
patients.80,81 Patient education, cost-effectiveness, and
patient preference are important components in this
decision-making process.

PHARMACOTHERAPY TO PREVENT MI

Antiplatelet Agents
Aspirin exerts an antithrombotic effect by inhibiting

cyclooxygenase and synthesis of platelet thromboxane
A2. In the Physician’s Health Study, aspirin given on alter-
nate days to asymptomatic individuals was associated with
a decreased incidence on MI.82 In the Swedish Angina
Pectoris Aspirin Trial in patients with stable angina, the
addition of 75 mg of aspirin to sotalol resulted in a 34%
reduction in primary outcome events of MI and sudden
death and a 32% decrease in secondary vascular events.83

A recent meta-analysis of 200000 patients showed similar
benefits of aspirin doses from 75 to 325 mg.84

Ticlopidine is a thienopyridine derivative that in-
hibits platelet aggregation induced by adenosine
diphosphate and low concentrations of thrombin, col-
lagen, thromboxane A2, and platelet-activating fac-
tors.85 It has not been shown to decrease adverse cardio-
vascular events and may induce neutropenia and
often-thrombotic thrombocytopenic purpura.

Clopidogrel, also a thienopyridine derivative, is
chemically related to ticlopidine, but it appears to pos-
sess a greater antithrombotic effect than ticlopidine. In
a randomized trial that compared clopidogrel with
aspirin in patients with previous MIs, stroke, or periph-
eral vascular disease, clopidogrel was slightly more
effective than aspirin in decreasing the combined risk
of MI, vascular death, and ischemic stroke.88

The greater reduction in event rates with clopidogrel
in the CURE, PCI CURE, and CREDO studies cannot
yet be applied to patients not undergoing revasculariza-
tion.87,88

Aspirin, 75 to 325 mg per day, should be used rou-
tinely in all patients with acute and chronic ischemic
heart disease and with and without clinical symptoms in
the absence of contraindications. In those unable to
take aspirin, clopidogrel may be used instead. Warfarin
is the third choice.89

Table 3-7. Noninvasive Risk Stratification

High-Risk (�3% annual mortality rate)
Severe resting LV dysfunction (LVEF � 35%)
High-risk treadmill score (score � 	11)
Severe exercise LV dysfunction (exercise LVEF � 35%)
Stress-induced large perfusion defect (particularly if anterior)
Stress-induced multiple perfusion defects of moderate size
Large, fixed perfusion defect with LV dilatation or increased 

lung uptake (thallium-201)
Stress-induced moderate perfusion defect with LV dilatation or

increased lung uptake (thallium-201)
Echocardiographic wall motion abnormality (involving �two

segments developing at low dose of dobutamine (�10 mg/kg
per minute) or at a low heart rate (It; 120 beats/min)

Stress echocardiographic evidence of extensive ischemia
Intermediate-Risk (1% to 3% annual mortality rate)

Mild/moderate resting LV dysfunction (LVEF � 35–49%)
Intermediate-risk Duke treadmill score* (score of 	10 to �4)
Stress-induced moderate perfusion defect without LV 

dilatation or increased lung uptake (thallium-201)
Limited stress echocardiographic ischemia with a wall motion 

abnormality only at higher doses of dobutamine involving 
� two segments

Low-Risk (�1% annual mortality rate)
Low-risk treadmill score (score � or �5)
Normal or small myocardial perfusion defect at rest or with 

stress†

Normal stress echocardiographic wall motion or no change of
limited resting wall motion abnormalities during stress†

*Duke treadmill score, see text.
†Although the published data are limited, patients with these findings will
probably not be at low risk in the presence of either a high-risk treadmill score
or severe LV dysfunction (LVEF 35%).
Source: Gibbons RJ, Chatterjee K, Daley J, et al. ACC/AHA/ACP guidelines for
the management of chronic stable angina: A Report of the American College
of Cardiology/American Heart Association/American College of Physicians
Task Force on Practice Guidelines (Committee on the Management of
Patients with Chronic Stable Angina). J Am Coll Cardiol. 1999;33:2097–2197;
Gibbons RJ, Abrams J, Chatterjee K, et al. ACC/AHA 2002 guideline update
for the management of patients with chronic stable angina. J Am Coll Cardiol.
2003;41:159–168.
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Antithrombotic Therapy
Disturbed fibrinolytic function after exercise appears

to be associated with an increased risk of subsequent
cardiovascular death in patients with chronic stable
angina, providing the rationale for long-term antithrom-
botic therapy. In small placebo-controlled trials among
patients with chronic stable angina, daily subcuta-
neous administration of low-molecular-weight heparin
decreased the fibrinogen level and improved the exer-
cise time to ST-segment depression90 The clinical expe-
rience of such therapy, however, is extremely limited.
The efficacy of newer antiplatelet and antithrombotic
agents such as glycoprotein IIIb/IIa inhibitors and
recombinant hirudin in the management of patients
with chronic stable angina has not been established.
Low-intensity oral anticoagulation with warfarin
decreased the risk of ischemic events in a randomized
trial of patients with risk factors for atherosclerosis but
without symptoms of angina.91

Lipid-Lowering Agents
Recent clinical studies have convincingly demon-

strated that low-density lipoprotein (LDL)-lowering
agents can decrease the risk of adverse ischemic events
in patients with established CHD (see Chapter 6). In
the 4S trial,92,93 treatment with an HMG-CoA reductase
inhibitor in patients with documented CHD (including
stable angina) and a baseline total cholesterol concen-
tration between 212 and 308 mg/dL was associated with
a 30% to 35% reduction in both mortality rate and
major coronary events. In the Cholesterol and Recur-
rent Events (CARE) study,94 in men, and women with
previous MI and total cholesterol levels of less than 240
mg/dL and LDL-cholesterol levels of 115 to 174
mg/dL, treatment with an HMG-CoA reductase
inhibitor (statin) was associated with a 24% reduction
in risk for nonfatal MI. The Cholesterol Treatment Tri-
alists’ Collaborators performed a meta-analysis of data
from 90056 participants in 14 randomized trials of
statin therapy.95 These data emphasize that statin ther-
apy can safely reduce the 5-year incidence of CHD mor-
tality, total mortality, major coronary events, coronary
revascularization, and stroke. The mean baseline LDL-
cholesterol in the meta-analysis was 148 mg/dL and at
follow-up, 105 mg/dL representing a 29% reduction. 

Angiotensin-Converting Enzyme Inhibitors
The potential cardiovascular protective effects of

angiotensin-converting enzyme (ACE) inhibitors have
been suspected for some time. As early as 1990, several
randomized clinical trials showed that ACE inhibitors
reduced the incidence of recurrent MI and that this
effect could not be attributed to the effect on blood
pressure alone.

The results of the Heart Outcomes Prevention Evalu-
ation (HOPE) trial now confirm that use of the ACE
inhibitor ramipril96 (10 mg/d) reduces the rate of car-
diovascular death, MI, and stroke in patients who are at
high risk or have vascular disease in the absence of
heart failure.97,97a

More than 90% of ACE is tissue-bound, whereas only
10% of ACE is present in soluble form in the plasma. In
nonatherosclerotic arteries, the majority of tissue ACE
is bound to the cell membranes of endothelial cells on
the luminal surface of the vessel walls, and there is a
large concentration of ACE within the adventitial vasa
vasorum endothelium. It is now well appreciated that
atherosclerosis represents different stages of a process
that is in large part mediated by the endothelial cell.
Thus, in the early stage, ACE, with its predominant loca-
tion for the endothelial cells, would be an important
mediator of local angiotensin II and bradykinin levels
that could have an important impact on endothelial
function.

ACE inhibition shifts the balance of ongoing vascular
mechanisms in favor of those promoting vasodilatory,
antiaggregatory, antiproliferative, and antithrombotic
effects.

The HOPE study was unique in that of the 9541
patients in this study, 3577 (37.5%) had diabetes.97 There
was a significant reduction in diabetic complications, a
composite for the development of diabetic nephropa-
thy, need for renal dialysis, and laser therapy for dia-
betic retinopathy in those patients receiving ramipril.
The Microalbuminuria, Cardiovascular, and Renal Out-
comes-HOPE, a substudy of the HOPE study,98 pro-
vided new clinical data on the cardiorenal therapeutic
benefits of ACE inhibitor intervention in a broad range
of middle-aged patients with diabetes mellitus who are
at high risk for cardiovascular events.

ACE inhibitors should be used as routine secondary
prevention for patients with known CHD,99 particularly
in diabetics without severe renal disease and in CHD
patients with depressed LV systolic function.98

Antianginal and Anti-Ischemic Therapy
The major relevant determinate of myocardial oxy-

gen consumption are heart rate, contractility, and sys-
tolic wall stress (Fig. 3-5). Heart rate is one of the most
important determinates of MVO2 and can be altered
easily by medical therapy.

Systolic wall stress is directly related to the LV systolic
pressure (P) and the radius(r) and inversely related to
wall thickness decreasing preload by venodilation and
thus reducing LV size and is an important mechanism
for nitrate therapy in angina.

Antianginal and anti-ischemic drug therapy consists of
�-adrenoreceptor blocking agents (�-blockers), calcium
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antagonists, and nitrates. There is a tendency for physi-
cians to give lower doses of antianginal medications than
those proven to be effective in clinical trials; higher
doses and combined therapy are often not utilized in
patients who could be “angina-free” if treated more
appropriately; this is particularly true with �-blocker
therapy. For example, the usual dose for angina is 50 to
200 mg of metoprolol XL twice daily or a dose that pro-
duces an equivalent attenuation of heart rate (50–60
bpm). Other �-blockers should be given with the dose
adjusted to maintain a bradycardia throughout the day
(Fig. 3-5).

�-Blockers
The decrease in heart rate, contractility, arterial pres-

sure, and usually LV wall stress with �-blockers is associ-
ated with decreased MVO2 (Fig. 3-5). A reduction in
heart rate also increases diastolic coronary artery per-
fusion time, which may enhance LV perfusion.
Although �-blockers have the potential to increase
coronary vascular resistance by the formation of cyclic
AMP, the clinical relevance of this pharmacodynamic
effect remains to be demonstrated.

All �-blockers without intrinsic sympathetic activity
appear to be equally effective in angina pectoris. In
patients with chronic stable exertional angina, these
agents decrease the heart rate–blood pressure product

during exercise, and the onset of angina or the ischemic
threshold during exercise is delayed or avoided1 (Fig. 3-5).
In treating stable angina, it is essential that the dose of
�-blockers be adjusted to lower the resting heart rate to
60 beats or less per minute. In patients with severe
angina, the heart rate can be reduced to less than 50
beats per minute if there are no symptoms associated
with bradycardia and AV block does not develop. In
patients with exertional angina, �-blockers attenuate the
increase in heart rate during exercise, which ideally
should not exceed 75% of the heart rate response asso-
ciated with the onset of ischemia. It is often useful for
the patient to perform exercise (sit-ups, running in
place) before and after the institution of �-blocker ther-
apy. If the heart rate increase with exercise is not signifi-
cantly reduced by therapy, the dose of the �-blocker is
inadequate. �-Blockers are definitely effective in reduc-
ing exercise-induced angina. Three controlled studies
comparing �-blockers with calcium antagonists100–102

report equal efficacy in the treatment of chronic stable
angina.

In the International Multicenter Angina Exercise
study,103 both metoprolol and nifedipine were effective
as monotherapy in increasing exercise time, although
metoprolol was more effective than nifedipine. The
combination therapy also significantly increased the
exercise time to ischemia compared with either drug

Figure 3-5. Factors controlling myocardial oxygen demand. (P, systolic pressure; r, radius; h, wall
thickness.) (Adapted from Ardehali A, Ports TA. Myocardial oxygen supply and demand. Chest.
1990;98:699–705.)
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alone. The absolute contraindications to the use of 
�-blockers are severe bradycardia, preexisting high-
degree AV block, sick sinus syndrome, and severe,
unstable LV failure. Asthma and bronchospastic dis-
ease, severe depression, and peripheral vascular disease
are relative contraindications. Fatigue, inability to per-
form exercise, lethargy, insomnia, nightmares, worsen-
ing claudication, and impotence are frequently experi-
enced side effects. Most patients with chronic CHD and
diabetes can be treated with �-blockers. However, the
heart rate may not be attenuated in diabetics with auto-
nomic nervous system involvement.

In patients with postinfarction stable angina and
those who require antianginal therapy after revascular-
ization, treatment with �-blockers appears to be effec-
tive in controlling symptomatic and asymptomatic
ischemic episodes. �-Blockers are still the anti-ischemic
drugs of choice in elderly patients with stable angina.104

�-Blockers are frequently combined with nitrates
for treating chronic stable angina. This combination
of therapy appeared to be more effective in several
studies than nitrates or �-blockers alone.105–107

�-Blockers may also be combined with calcium antago-
nists. For combination therapy, slow-release dihydropy-
ridine derivatives or new-generation long-acting dihy-
dropyridine derivatives are the calcium antagonists of
choice.106

Calcium Antagonists
These agents reduce the transmembrane flux of cal-

cium by the calcium channels. There are three types of
voltage-dependent calcium channels: L type, T type,
and N type.

All calcium antagonists exert a negative inotropic
effect, depending on dosage. In smooth muscle, cal-
cium ions also regulate the contractile mechanism, and
calcium antagonists reduce smooth muscle tension in
the peripheral vascular bed, thus causing vasodilation.
All the calcium antagonists cause dilatation of the epi-
cardial conduit vessels and the arterial resistance ves-
sels, the former being the primary mechanism for the
beneficial effect of calcium antagonists for relieving
vasospastic angina. Calcium antagonists also decrease
MVO2 demand, primarily by reducing the systemic vas-
cular resistance and arterial pressure. The negative
inotropic effect of calcium antagonists also decreases
the MVO2 (Fig. 3-5).

Randomized clinical trials comparing calcium antag-
onists and �-blockers have demonstrated that calcium
antagonists are equally effective as �-blockers in reliev-
ing angina and improving exercise time to onset of
angina or ischemia.1 The calcium antagonists are effec-
tive in reducing the incidence of angina in patients with
vasospastic angina.108,109

In a retrospective case-controlled study reported in
patients with hypertension, treatment with immediate-
acting nifedipine, diltiazem, or verapamil was associ-
ated with an increased risk of MI of 31% to 61%.110

Although a subsequent meta-analysis of immediate
release and short-acting nifedipine in patients with MI
and unstable angina reported a dose-related influence
on excess mortality,111 further analysis of the published
reports failed to confirm an increased risk of adverse
cardiac events with calcium antagonists.112,113 Impor-
tantly, long-acting calcium antagonists, including slow-
release and long-acting dihydropyridine and nondihy-
dropyridine derivatives, are effective in relieving
symptoms in patients with chronic stable angina. They
should be used in combination with �-blockers when
initial treatment with �-blockers is not successful or as a
substitute for �-blockers when initial treatment leads
to unacceptable side effects. The use of calcium block-
ers may decrease the incidence of coronary artery
spasms, which �-blockers do not. Many patients with
two or three-vessel CHD are asymptomatic on com-
bined �-blocker and calcium antagonist therapy. Some
have further improvement on triple therapy (combined
�-blocker, calcium antagonist, and long-acting nitrates).
Further information concerning the potential side
effects of the calcium antagonists is given elsewhere
(Chapter 30).

Nitroglycerin and Nitrates
Nitrates are endothelium-independent vasodilators

that produce beneficial effects by both reducing the
MVO2 and improving CBF perfusion. The decreased
MVO2 results from the reduction of LV volume and arte-
rial pressure, primarily because of the reduced preload.
Nitroglycerin also exerts antithrombotic and antiplatelet
effects in patients with stable angina1(Fig. 3-5).

Nitrates dilate large epicardial arteries and collateral
vessels. The vasodilating effect on epicardial coronary
arteries with or without atherosclerotic CHD is benefi-
cial in relieving coronary vasospasm in patients with
vasospastic angina.

In patients with exertional stable angina, nitrates
improve exercise tolerance, time to onset of angina, and
time to ST-segment depression during treadmill exercise
testing. In combination with �-blockers or calcium antag-
onists, nitrates produce greater antianginal and anti-
ischemic effects in patients with stable angina.114–117 The
interaction between nitrates and sildenafil (Viagra®) is
discussed in detail elsewhere.118 The coadministration of
nitrates and sildenafil greatly increases the risk of poten-
tially life-threatening hypotension.

The major problem with long-term use of nitroglyc-
erin and long-acting nitrates is development of nitrate
tolerance.119 Tolerance develops not only to antiangi-
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nal and hemodynamic effects but also to platelet anti-
aggregatory effects.120 The mechanism for develop-
ment of nitrate tolerance remains unclear. For practi-
cal purposes, the administration of nitrates with an
adequate nitrate-free interval (8–12 h) appears to be
the most effective method of preventing nitrate toler-
ance. Unfortunately, this means that patients with
unpredictable episodes of myocardial ischemia should
not be treated with nitrate therapy alone because they
will be “unprotected” for part of each 24-hour day.

The primary consideration in the choice of pharma-
cologic agents for treatment of angina should be to

improve prognosis. Aspirin and lipid-lowering therapies
have been shown to reduce the risk of death and nonfa-
tal MI in both primary and secondary prevention trials.
�-Blockers also reduce the cardiac events, when used as
secondary prevention in post infarction patients and
reduce mortality and morbidity among patients with
hypertension. Nitrates have not been shown to reduce
mortality with acute infarction or in patients with
chronic CHD.

Recommended drug therapy using calcium antago-
nists versus �-blockers in patients with angina-associ-
ated conditions are listed in Table 3-8.

Table 3-8. Recommended Drug Therapy (Calcium Antagonist vs. �-Blocker) in Patients with Angina and Associated Conditions

Condition Recommended Treatment and Alternative Avoid

Medical conditions
Systemic hypertension �-Blockers (calcium antagonists)
Migrane or vascular headaches �-Blockers (verapamil or diltiaziem)
Asthma or chronic obstructive Verapamil or diltiazem �-Blockers

pulmonary disease with bronchospasm
Hyperthyroidism �-Blockers
Raynaud’s syndrome Long-acting slow-release calcium antagonists �-Blockers
Insulin-dependent diabetes mellitus �-Blockers (particularly if prior MI) or 

long-acting slow-release calcium 
antagonists

Noninsulin-dependent diabetes mellitus �-Blockers or long-acting slow-release calcium
antagonists

Depression Long-acting slow-release calcium antagonists �-Blockers
Mild peripheral vascular disease with �-Blockers or calcium antagonists

rest ischemia
Severe peripheral vascular disease Calcium antagonists �-Blockers

with rest ischemia
Cardiac arrhythmias and conduction abnormalities

Sinus bradycardia Long-acting slow-release calcium antagonists �-Blockers, diltiazem, 
that do not decrease heart rate verapamil

Sinus tachycardia (not because of �-Blockers
heart failure)

Supraventricular tachycardia Verapamil, diltiazem, or �-blockers
Atrioventricular block Long-acting slow-release calcium antagonists �-blockers, verapamil, 

that do not slow AV conduction diltiazem

Rapid atrial fibrillation (with digitalis) Verapamil, diltiazem, or �-blockers
Venticular arrhythmias �-Blockers

LV dysfunction
Congestive heart failure
Mild (LVEF �40%) �-Blockers
Moderate to severe (LVEF �40%) Amlodipine or felodipine (nitrates) Verapamil, diltiazem

Left-sided valvular heart disease
Mild aortic stenosis �-Blockers
Aortic insufficiency Long-acting slow-release dihydropyridines
Mitral regurgitation Long-acting slow-release dihydropyridines
Mitral stenosis �-Blockers

Hypertrophic cardiomyopathy �-Blockers, nondihydropyridine calcium Nitrates, dihydropyridine
antagonist calcium antagonists

Source: Gibbons RJ, Chatterjee K, Daley J, et al. ACC/AHA/ACP guidelines for the management of chronic stable angina: A Report of the American College of Cardi-
ology/American Heart Association/American College of Physicians Task Force on Practice Guidelines (Committee on the Management of Patients with Chronic 
Stable Angina). J Am Coll Cardiol. 1999;33:2097–2197; Gibbons RJ, Abrams J, Chatterjee K, et al. ACC/AHA 2002 guideline update for the management of patients
with chronic stable angina. J Am Coll Cardiol. 2003;41:159–168.
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A NEW CLASS OF ANTIANGINA DRUGS, 
pFOX INHIBITORS

Antianginal drugs currently being studied includes the
partial fatty acid oxidation (pFOX) inhibitor class of
drugs, which partially inhibit fatty acid oxidation and
improve cardiac efficiency. Clearly, the development of
drugs that modulate myocardial metabolism, have the
potential to reduce extent of myocardial ischemia and
angina symptoms, yet have no clinically significant
effects on heart rate, blood pressure, or coronary blood
flow, are of considerable interest. Ranolazine has
recently obtained U.S. Food and Drug Administration’s
approval for patient use as adjuvant therapy for patients
with angina on optimal medical trial. The biochemical
rationale, and progress in development of pFOX
inhibitors is the result of approximately two decades of
research.

The pFOX inhibitor drugs partially relieve the inhi-
bition of pyruvate dehydrogenase through an inhibi-
tion of the enzyme sequence necessary for �-oxidation
of plasma free fatty acids in mitochondria (when there
is sufficient residual oxygen supply to the myocardium
to allow pyruvate oxidation). The sustained release for-
mulation of ranolazine was tested for chronic angina in
both the MARISA and CARISA trials.121

The MARISA and CARISA studies indicate that
ranolazine (Ranexa) is a potentially effective drug to
alleviate chronic angina in patients with moderately
severe symptoms. The increase in exercise time with
monotherapy or when combined with other antianginal
drugs averaged approximately 30 s with more marked
improvements in individual patients. The average
increase of 30 s over placebo approximates the magni-
tude of increase seen with �-blockers or calcium chan-
nel antagonists when time-dependent placebo controls
were used.

Treatment of Risk Factors
The recommendations of the AHA for the treatment

of risk factors are detailed elsewhere.122 Interventions
that have been shown to reduce the incidence of CHD
events include those that lead to declines in (1) ciga-
rette smoking, (2) LDL cholesterol, (3) systemic hyper-
tension, (4) LV hypertrophy, and (5) thrombogenic
factors.

The causal role of LDL cholesterol in the pathogene-
sis of atherosclerotic CHD has been affirmed by recent
randomized, controlled clinical trials of lipid-lowering
therapy. Several primary and secondary prevention trials
have shown that the lowering of LDL cholesterol is asso-
ciated with a reduced risk of CHD events. Angiographic
trials provide firm evidence linking cholesterol reduc-
tion to favorable trends in coronary anatomy.123–126

Data from numerous observational studies indicate a
continuous and graded relation between blood pres-
sure and cardiovascular disease risk.127 Hypertension
predisposes patients to coronary events both as a result
of the direct vascular injury caused by increases in
blood pressure and by its effects on the myocardium
(Fig. 3-5), including increased wall stress and MVO2.

CHD, diabetes, LV hypertrophy, heart failure,
retinopathy, and nephropathy are indicators of increased
cardiovascular disease risk in hypertensive patients. The
target of therapy is a reduction in blood pressure to less
than 130 mmHg systolic and less than 85 mmHg dias-
tolic in patients with CHD and coexisting diabetes, heart
failure, or renal failure.128 In diabetics, an even lower sys-
tolic blood pressure (�120 mmHg) appears to be of
greater benefit.

Treatment of hypertension begins with nonphar-
macologic means. When lifestyle modifications and
dietary alterations adequately reduce blood pressure,
pharmacologic intervention may be unnecessary (see
Chapter 1).

When pharmacologic treatment is necessary (as is
usually the case), �-blockers or calcium antagonists may
be especially useful in patients with hypertension and
angina pectoris; however, short-acting calcium antago-
nists should not be used.129

Epidemiologic studies have implicated LV hypertro-
phy as a risk factor for the development of MI, conges-
tive heart failure, and sudden death.130 LV hypertro-
phy has also been shown to predict a poorer prognosis
in patients with definite CHD.131 In the Framingham
Heart Study.132 the subjects who demonstrated ECG
evidence of LV hypertrophy regression on follow-up
were at a substantially reduced risk for cardiovascular
events.

Coronary artery thrombosis is a trigger of acute MI.
Aspirin has been documented to reduce the risk for
CHD in both primary and secondary prevention stud-
ies.11 Elevated plasma fibrinogen levels predict CHD
risk in prospective observational studies.133

Interventions that are likely to reduce the incidence
of CHD events include those that lead to declines in dia-
betes mellitus, LDL cholesterol, obesity, physical inac-
tivity, and possibly postmenopausal status.

Diabetes mellitus, which is defined as a fasting
blood sugar level of more than 126 mg/dL.134 is pres-
ent in a significant minority of adult Americans (see
Chapter 25). Data supporting an important role of dia-
betes mellitus as a risk factor for cardiovascular disease
comes from a number of observational settings. This is
true for both type 1 and type 2 diabetes. Atherosclero-
sis accounts for 80% of all diabetic mortality.135,136

The goal is to maintain blood glucose HbA1c level 
of less than 7% and a blood glucose level of less than
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140 mg/dL. In diabetic patients with hypertension,
microalbuminuria, or decreased LV systolic function,
ACE inhibitors appear indicated. This may apply to
most diabetics with CHD.1,137 Observational studies
and clinical trials have demonstrated a strong inverse
association between high-density lipoprotein (HDL)
cholesterol and CHD risk. This inverse relation is
observed in both men and women and among asymp-
tomatic persons as well as patients with established
CHD.1 The National Cholesterol Adult Treatment
Panel III has defined a low HDL–cholesterol level as
less than 40 mg/dL.137

Obesity is a common condition associated with
increased risk for CHD and mortality. New AHA guide-
lines for weight control have recently been published138

(see Chapter 47).
Multiple randomized, controlled trials comparing

exercise training with a “no exercise” control group
have demonstrated a statistically significant improve-
ment in exercise tolerance for the exercise group versus
the control group. The threshold for ischemia is likely
to increase with exercise training, because training
reduces the heart rate–blood pressure product at a
given submaximal exercise workload.1

Postmenopausal Hormonal
Replacement Therapy
Both estrogenic and androgenic hormones produced

by the ovary have appeared to be protective against the
development of atherosclerotic cardiovascular disease.
When hormonal production decreases in the peri-
menopausal period over several years, the risk of CHD
rises in postmenopausal women. By 75 years of age, the
risk of atherosclerotic cardiovascular disease among men
and women is equal. Women have an accelerated risk of
developing CHD if they experience an early menopause
or abrupt onset of menopause through surgical removal
or chemotherapeutic ablation of the ovaries. Loss of
estrogen and onset of menopause result in an increase in
LDL cholesterol, a small decrease in HDL cholesterol,
and therefore an increased ratio of total cholesterol to
HDL cholesterol. Numerous epidemiologic studies have
suggested a favorable influence of estrogen replacement
therapy on the primary prevention of CHD in post-
menopausal women.

Based on the above, postmenopausal estrogen
replacement has previously been advocated for both
primary and secondary prevention of CHD in women
(see Chapter 29). However, the first published ran-
domized trial of estrogen plus progestin therapy in
postmenopausal women with known CHD did not
show any reduction in cardiovascular events over 4
years of follow-up139 despite an 11% lower LDL cho-
lesterol level and a 10% higher HDL-cholesterol level

in those women receiving hormone replacement
therapy.

The Women’s Health Initiative, a randomized con-
trolled primary prevention trial of estrogen plus
progestin, found that the overall health risks of this
therapy exceeded its benefits.140 Thus, current infor-
mation suggests that hormone replacement therapy in
postmenopausal women does not reduce risk for major vas-
cular events or coronary deaths in secondary preven-
tion. Women who are taking hormone replacement
therapy and who have vascular disease can continue
this therapy if it is being prescribed for other well-
established indications (e.g., osteoporosis) and no
better alternative therapies are appropriate. There is,
however, at the present time no basis for adding or
continuing estrogens in postmenopausal women with
clinically evident CHD or cerebrovascular disease in
an effort to prevent or retard progression of their
underlying disease.

Other randomized trials of hormone replacement
therapy in primary and secondary prevention of CHD
in postmenopausal women are being conducted.141 As
their results become available over the next several
years, this recommendation may require modification.

Interventions that may reduce the incidence of CHD
events include those that lead to declines in psychoso-
cial factors, triglycerides, lipoprotein(a), homocysteine,
oxidative stress, and consumption of alcohol.

Triglyceride levels are predictive of CHD in a variety
of observational studies and clinical settings.142 How-
ever, much of the association of triglycerides with CHD
risk is related to other factors, including diabetes, obe-
sity, hypertension, high LDL cholesterol, and low HDL
cholesterol.143

Lipoprotein(a) is a lipoprotein particle that has been
linked to CHD risk in observational studies. Elevated
levels of lipoprotein(a) are largely genetically deter-
mined.

MYOCARDIAL REVASCULARIZATION

There are currently two well-established revasculariza-
tion approaches to treatment of chronic stable angina
caused by coronary atherosclerosis. One is coronary
artery bypass graft surgery, in which segments of autol-
ogous arteries or veins are used to reroute blood
around relatively stenotic segments of the proximal
coronary artery. The other is percutaneous coronary
intervention (PCI) using catheter-borne or laser tech-
niques to open usually short areas of stenosis from
within the coronary artery. Revascularization is also
potentially feasible with transthoracic (laser) myocar-
dial revascularization in patients in whom neither
CABG nor PCI is feasible. The recommendations of the
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ACC/AHA/ACP-American Society of Internal Medi-
cine (ACC/AHA/ACP-ASIM) for revascularization with
PCI or CABG in patients with stable angina are listed in
Table 3-9.

Patients with stable angina pectoris may be appropri-
ate candidates for revascularization either by CABG sur-
gery or PCI. In general, this is an individual decision to
be made by the patient with knowledge of the advan-
tages and disadvantages either of medical therapy alone
or revascularization with either CABG or PCI.

There are two general indications for revasculariza-
tion procedures: The presence of symptoms that are
not acceptable to the patient either because of (1)
restriction of physical activity and lifestyle as a result of
limitations or side effects from medications or (2) the
presence of findings that indicate clearly that the
patient would have a better prognosis with revascular-
ization than with medical therapy. Considerations
regarding revascularization are based on an assessment
of the grade or class of angina experienced by the

Table 3-9. Revascularization for Chronic Stable Angina* (Recommendations for Revascularization with PTCA or Other Catheter-Based
Techniques and CABG in Patients with Stable Angina)

Class I
CABG for patients with significant left main coronary disease.
CABG for patients with three-vessel disease. The survival benefit is greater in patients with abnormal LV function (ejection fraction �50%),
CABG for patients with two-vessel disease with significant proximal left anterior descending CAD and either abnormal LV function

(ejection fraction � 50%) or demonstrable ischemia on noninvasive testing.
PCI for patients with two- or three-vessel disease with significant proximal left anterior descending CAD, who have anatomy suitable for 

catheter-based therapy, normal LV function, and no treated diabetes.
PCI or CABG for patients with one- or two-vessel CAD without significant proximal left anterior descending CAD but with a large area of 

viable myocardium and high-risk criteria on noninvasive testing.
CABG for patients with one- or two-vessel CAD without significant proximal left anterior descending CAD who have survived sudden

cardiac death or sustained ventricular tachycardia.
In patients with prior PCI, CABG, or PCI for recurrent stenosis associated with a large area of viable myocardium or high-risk criteria on 

noninvasive testing. 
PTCA† or CABG for patients who have not been treated successfully by medical therapy and can undergo revascularization with acceptable

risk.

Class IIa
Repeat CABG for patients with multiple saphenous vein graft stenoses, especially when there is significant stenosis of a graft supplying the 

LAD. It may be appropriate to use PTCA for focal saphenous vein graft lesions or multiple stenoses in poor candidates for reoperative
surgery.

Use of PCI or CABG for patients with one- or two-vessel CAD without significant proximal LAD disease but with a moderate area of viable 
myocardium and demonstrable ischemia on noninvasive testing. 

Use of PCI or CABG for patients with on-vessel disease with significant proximal LAD disease.

Class IIb
Compared with CABG, PCI for patients with two- or three-vessel disease with significant proximal left anterior descending CAD, who have 

anatomy suitable for catheter-based therapy, and who have treated diabetes or abnormal LV function.
Use of PCI for patients with significant left main coronary disease who are not candidates for CABG.
PCI for patients with one- or two-vessel CAD without significant proximal left anterior descending CAD who have survived sudden cardiac

death or sustained ventricular tachycardia.

Class III
Use of PCI or CABG for patients with one- or two-vessel CAD without significant proximal left anterior descending CAD, who have mild

symptoms that are unlikely because of myocardial ischemia or who have not received an adequate trial of medical therapy and 
Have only a small area of viable myocardium or
Have no demonstrable ischemia on noninvasive testing. 
Use of PCI or CABG for patients with borderline coronary stenoses (50–60% diameter in locations other than the left main coronary 

artery) and no demonstrable ischemia on noninvasive testing.
Use of PCI or CABG for patients with borderline coronary stenoses (�50% diameter).
Use of PCI in patients with significant left main coronary disease who are candidates for CABG.

*Recommendations for revascularization with PTCA (or other catheter-based techniques) and CA BG in patients with stable angina.
†PTCA is used in these recommendations to indicate PTCA or other catheter-based techniques, such as stents, atherectomy, and laser therapy. See Notes classes I to
III as described at the bottom of Table 3-5.
CABG, coronary artery bypass graft; CAD, coronary artery disease; LAD, left anterior descending (coronary artery); LV, left ventricular; PCI, percataneous coronary
intervention; PTCA, percutaneous transluminal coronary angioplasty. 
Source: Gibbons RJ, Chatterjee K, Daley J, et al. ACC/AHA/ACP guidelines for the management of chronic stable angina: A Report of the American College of Cardi-
ology/American Heart Association/American College of Physicians Task Force on Practice Guidelines (Committee on the Management of Patients with Chronic Sta-
ble Angina). J Am Coll Cardiol. 1999;33:2097–2197. Gibbons RJ, Abrams J, Chatterjee K, et al. ACC/AHA 2002 guideline update for the management of patients with
chronic stable angina. J Am Coll Cardiol. 2003;41:159–168.
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patient, the presence and severity of myocardial
ischemia or noninvasive testing, the degree of LV func-
tion, and the distribution and severity of coronary
artery stenoses.

A recent meta-analysis of three major large, multi-
center, randomized trials of initial surgery versus med-
ical management (performed in the 1970s) as well as
other smaller trials has confirmed the surgical benefits
achieved by surgery at 10 postoperative years for
patients with three-vessel disease, two-vessel disease, or
even one-vessel disease that included a severe stenosis
of the proximal left anterior descending coronary
artery.144–146

The advantages of PCI for the treatment of CHD
include a low level of procedure-related morbidity, a
low procedure-related mortality rate in properly
selected patients, a short hospital stay, early return to
activity, and the feasibility of multiple procedures. How-
ever, PCI is not feasible in all patients; it remains accom-
panied by a significant incidence of restenosis, and
there is an occasional need for emergency CABG
surgery.

Three randomized studies have compared PCI with
medical management alone for the treatment of
chronic stable angina147–150 All these randomized stud-
ies of PCI versus medical management have involved
patients at a low risk of mortality even with medical
management and did not assess patients with moderate
to severe CHD. Multiple trials have compared the strat-
egy of an initial PCI with initial CABG surgery for treat-
ment of multivessel CHD. The results of all these trials
have shown that early and late survival rates have been
equivalent for the PCI and CABG surgery groups.150 In
the BARI trial, the subgroups of patients with treated
diabetes had a significantly better survival rate with
CABG surgery.151 This was true, however, on post hoc
analysis of the clinical variables, including diabetes,
which was not a prerandomization-blocking variable.

The randomized studies on invasive therapy for
chronic angina have all excluded patients who devel-
oped recurrent angina after previous CABG surgery.
Few existing data define outcomes for risk-stratified
groups of patients who develop recurrent angina after
bypass surgery. Those that do indicate that patients with
ischemia produced by late atherosclerotic stenoses in
vein grafts are at a higher risk with medical manage-
ment alone than are patients with ischemia produced
by native-vessel disease.

OTHER THERAPIES IN PATIENTS WITH 
REFRACTORY ANGINA

Recent evidence has emerged regarding the relative
efficacy, or lack thereof, of a number of techniques for

the management of refractory chronic angina pectoris.
These techniques should only be used in patients who
cannot be managed adequately by medical therapy and
who are not candidates for revascularization (interven-
tional and/or surgical). Data are reviewed regarding
three techniques: spinal cord stimulation (SCS),
enhanced external counterpulsation, and laser trans-
myocardial revascularization (TMR).1

SPINAL CORD STIMULATION

The efficacy of SCS depends on the accurate placement
of the stimulating electrode in the dorsal epidural space,
usually at the C7-T1 level. A review of the literature has
revealed two small-randomized clinical trials involving
implanted spinal stimulators, one of which directly
tested its efficacy. The authors concluded that SCS was
effective in the treatment of chronic intractable angina
pectoris and that its effect was exerted through an anti-
ischemic action.1

ENHANCED EXTERNAL COUNTERPULSATION

This technique uses a series of cuffs that are wrapped
around both of the patient’s legs. Using compressed air,
pressure is applied via the cuffs to the patient’s lower
extremities in a sequence synchronized with the cardiac
cycle. Specifically, in early diastole, pressure is applied
sequentially from the lower legs to the lower and upper
thighs, to propel blood back to the heart. The proce-
dure results in an increase in arterial blood pressure
and retrograde aortic blood flow during diastole (dias-
tolic augmentation). Treatment was relatively well toler-
ated and free of limiting side effects in most patients.
However, the sample size in this study was relatively
small.1 (Two multicenter registry studies found the
treatment to be generally well tolerated and efficacious;
anginal symptoms were improved in approximately
75% to 80% of patients. However, additional clinical
trial data is necessary before this technology can be rec-
ommended definitively.)

LASER TMR

Another emerging technique for the treatment of more
severe chronic stable angina refractory to medical or
other therapies is laser TMR. This technique has either
been performed in the operating room (using a carbon
dioxide or holmium: YAG laser) or by a percutaneous
approach with a specialized (holmium: YAG laser)
catheter. Eight prospective randomized clinical trials
have been performed, two using the percutaneous tech-
nique and the other six using an epicardial surgical
technique.1
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PERCUTANEOUS TMR

The two randomized percutaneous TMR trials assessed
parameters such as angina class, freedom from angina,
exercise tolerance, and quality of life score. In general,
these studies have shown improvements in severity of
angina class, exercise tolerance, and quality of life, as well
as increased freedom from angina.1 However, percuta-
neous TMR technology has not been approved by the
Food and Drug Administration; therefore, percutaneous
TMR should still be considered an experimental therapy.

SURGICAL TMR

The surgical TMR technique has also generally been asso-
ciated with improvement in symptoms in patients with

chronic stable angina. The mechanism for improvement
in angina symptoms is still controversial.1 Three studies
also assessed myocardial perfusion using thallium scans.
Only one of these studies demonstrated an improvement
in myocardial perfusion in patients who underwent TMR
versus those continuing to receive only medical therapy.
Despite the apparent benefit in decreasing angina symp-
toms, no definite benefit has been demonstrated in terms
of increasing myocardial perfusion.1

FOLLOW-UP OF PATIENTS WITH 
CHRONIC STABLE ANGINA

Published evidence of the efficacy of specific strategies
for the follow-up of patients with chronic stable angina
on patient outcome is nonexistent. The ACC/AHA/

Table 3-10. Recommendations for Echocardiography, Treadmill Exercise Testing, Stress Imaging Studies, and Coronary 
Angiography during Patient Follow-Up

Class I
Chest X-ray for patients with evidence of new or worsening congestive heart failure.
Assessment of LV ejection fraction and segmental wall motion in patients with new or worsening congestive heart failure evidence of

intervening MI by history or ECG.
Echocardiography for evidence of new or worsening valvular heart disease.
Treadmill exercise test for patients without prior revascularization who have a significant change in clinical status, are able to exercise, and

do not have nay of the ECG abnormalities listed below.
Stress imaging procedures for patients without prior revascularization who have a significant change in clinical status and are unable to

exercise or have one of the following ECG abnormalities:
Preexcitation (Wolff-Parkinson-White) syndrome.
Electronically paced ventricular rhythm.
More than 1 mm of rest ST-segment depression.
Complete LBBB.

Stress imaging procedures for patients who have a significant change in clinical status and required a stress imaging procedure on their 
initial evaluation because of equivocal or intermediate-risk treadmill results.

Stress imaging procedures for patients with prior revascularization who have a significant change in clinical status.
Coronary angiography in patients with marked limitation of ordinary activity. (CCS class III despite maximal medical therapy.)

Class IIb
Annual treadmill exercise testing in patients who have no change to clinical status, can exercise, have none of the ECG abnormalities listed 

in number 5 above, and have an estimated annual mortality of �1%.

Class III
Echocardiography or radionuclide imaging for assessment of LV ejection fraction and segmental wall motion in patients with a normal 

ECG, no history of MI, and no evidence of congestive heart failure.
Repeat treadmill exercise testing in �3 years in patients who have no change in clinical status and an estimated annual mortality �1% on

their initial evaluation as demonstrated sby one of the following:
Low-risk Duke treadmill score without imaging.
Low-risk Duke treadmill score with negative imaging.
Normal LV function and a normal coronary angiogram.
Normal LV function and insignificant CAD.

Stress imaging procedures for patients who have no change in clinical status and a normal rest ECG, are not taking digoxin, are able to 
exercise, and did not require a stress imaging procedure on their initial evaluation because of equivocal or intermediate-risk treadmill
results.

Repeat coronary angiography in patients with no change in clinical status, no change on repeat exercise testing or stress imaging, and 
insignificant CAD on initial evaluation.

Note: See footnotes of Table 3-5 for classes I–III.
Source: Gibbons RJ, Chatterjee K, Daley J, et al. ACC/AHA/ACP guidelines for the management of chronic stable angina: A Report of the American College of Cardi-
ology/American Heart Association/American College of Physicians Task Force on Practice Guidelines (Committee on the Management of Patients with Chronic 
Stable Angina). J Am Coll Cardiol. 1999;33:2097–2197;Gibbons RJ, Abrams J, Chatterjee K, et al. ACC/AHA 2002 guideline update for the management of patients
with chronic stable angina. J Am Coll Cardiol. 2003;41:159–168.
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An ECG should be repeated when medications
affecting cardiac conduction are initiated or changed.
A repeat ECG is indicated for a change in the anginal
pattern, symptoms or finding suggestive of an arrhyth-
mia or conduction abnormality, and near or frank syn-
cope. There is no clear evidence showing that routine,
periodic ECGs are useful in the absence of a change in
history or physical examination.

In the absence of a change in clinical status, low-risk
patients with an estimated annual mortality rate of less
than 1% over each year of the interval do not require
repeat stress testing for 3 years after the initial evalua-
tion.1 Annual follow-up for noninvasive testing in the
absence of a change in symptoms has not been studied
adequately; it may be useful in high-risk patients with
an estimated annual mortality rate of greater than 5%.
Follow-up testing should be performed in a stable
high-risk patient only if the initial decision not to pro-
ceed with revascularization may change if the patient’s
estimated risk worsens. Patients with an immediate-
risk (�1 and �3%) annual mortality rate are more
problematic because of limited data. They may need
testing at an interval of 1 to 3 years depending on the
individual circumstances. The ACC/AHA/ACP-ASIM
recommendations for echocardiography, treadmill
exercise testing, stress imaging studies, and coronary
angiography during patient follow-up are also listed in
Table 3-10.

EVIDENCE-BASED SUMMARY

• Ischemic heart disease is the leading cause of
mortality in the United States

• Diagnostic testing is most valuable when the
pretest probability of obstructive CHD is inter-
mediate

• Resting ST-segment depression is a marker for
adverse cardiac events in patients with and
without known CHD

• LV function is the strongest predictor of long-
term survival in patients with CHD

• Aspirin 75 to 325 mg per day should be used
routinely in all patients with acute and chronic
ischemic heart disease. In those unable to take
aspirin, clopidogrel may be used instead

• Evidence supports that lowering LDL-choles-
terol by 30% using a statin reduces total and
cardiac mortality

• Heart rate is one of the most important deter-
minates of MVO2 and can be altered easily by
medical therapy.

ACP-ASIM guidelines1 for the monitoring of symptoms
and antianginal therapy during patient follow-up are as
follows:

For the patient with successfully treated chronic sta-
ble angina, a follow-up evaluation every 4 to 12
months is appropriate. During the first year of therapy,
evaluations every 4 to 6 months are recommended.
After the first year of therapy, annual evaluations are
recommended if the patient is stable and reliable
enough to return for evaluation when anginal symp-
toms become worse or other symptoms occur.1 At the
time of follow-up, a general assessment of the patient’s
functional and health status and quality of life may
reveal additional issues that affect angina. Symptoms
that have worsened should follow reevaluation as out-
lined above. A detailed history of the patient’s daily
activity is critical because anginal symptoms may
remain stable only because stressful activities have
been eliminated.

A careful history of the characteristics of the
patient’s angina, including provoking and alleviating
factors, must be repeated at each visit. Detailed ques-
tions should be asked about common drug side effects.
The patient’s adherence to the treatment program
must be assessed.

The physical examination should be focused by 
the patient’s history. Every patient should have his or
her weight, blood pressure, and pulse noted. The
jugular venous pressure, carotid pulse magnitude and
upstroke, and presence or absence of carotid bruits
should be noted. Pulmonary examination with special
attention to rales, rhonchi, wheezing, and decreased
breath sounds is required. A cardiac examination
should note the presence of fourth and third heart
sounds, a new or changed systolic murmur, the loca-
tion of the LV impulse, and any change from previous
examinations. Clearly, the vascular examination should
identify any change in peripheral pulses and new
bruits; the abdominal examination should identify
hepatomegaly and the presence of any pulsatile mass
suggesting an abdominal aortic aneurysm. The pres-
ence of new or worsening peripheral edema should be
noted.

The American Diabetes Association recommends
that patients not known to have diabetes should have a
fasting blood glucose measured every 3 years and an
annual measurement of glycosylated hemoglobin for
individuals with established diabetes. Fasting blood
work, 6 to 8 weeks after initiating lipid-lowering drug
therapy, should include liver function testing and assess-
ment of the cholesterol profile. This should be
repeated every 8 to 12 weeks during the first year of
therapy and at 4 to 6-month intervals thereafter.
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Chapter 4
Arrhythmias
Mark C. Granberry, William D. Linn, and Robert Chilton

SEARCH STRATEGY

A systematic search of the medical literature was per-
formed on January 9, 2008. The search, limited to human
subjects and English language journals, included the
National Guideline Clearinghouse, the Cochrane data-
base, PubMed, UpToDate®, and PIER. The current Ameri-
can College of Cardiology (ACC)/American Heart Associ-
ation (AHA)/European Society of Cardiology 2006
Guidelines for Management of Patients with Ventricular
Arrhythmias and the Prevention of Sudden Cardiac Death,
and the Management of Patients with Supraventricular
Arrhythmias can be found at www.acc.org.

OFFICE EVALUATION

HISTORY

Cardiac arrhythmia is an abnormality of impulse gener-
ation, impulse propagation, or a combination of both.
Although arrhythmias can occur in all age groups, sig-
nificant rhythm disturbances are relatively uncommon
in young, healthy individuals. The primary purposes of
the history in evaluating a cardiac arrhythmia are to
determine the underlying etiology, anatomic abnor-
malities, physiologic disturbances, cardiac status, and
prognosis.

PHYSICAL FINDINGS

The symptoms associated with cardiac arrhythmias
vary widely. They may be very minor such as an aware-
ness of the heartbeat (palpitations). More serious
symptoms usually reflect a decrease in cardiac output
resulting from reduced ventricular filling during the
tachycardia. Patients may describe a rapid, sustained

heartbeat that may be regular or irregular, or may
describe intermittent accelerations or decelerations
of the heartbeat. Some patients are able to detect
even slight variations in the heart rate or rhythm while
others may have no awareness of any arrhythmia—
even ventricular tachycardia (VT). Patients will com-
monly seek medical attention because of palpitations,
presyncope, syncope, or symptoms of angina or heart
failure.

INTERPRETATION OF THE 
ELECTROCARDIOGRAM

WIDE-COMPLEX RHYTHM

Wide QRS complexes result from impulses that have at
least some conduction outside the normal conduction
system. By definition, wide-complex tachycardias have a
rate greater than 100 beats per minute and have a QRS
duration greater than or equal to 120 ms. VT is one
form of a wide-QRS-complex tachycardia, but a wide
QRS complex may also occur in supraventricular tachy-
cardia (SVT) when there is a conduction delay in the
His–Purkinje system or there is conduction over a par-
allel route from the atria to the ventricle, that is, an
accessory pathway. In general, the wider the QRS com-
plex, the more likely the rhythm is to be ventricular in
origin, especially when the complexes are greater than
160 ms in duration.1 The patient’s age and risk factors
play a significant role in general as to the potential eti-
ology of a wide complex rhythm. Other evidences to
support the diagnosis of VT include the independent P-
wave activity, fusion beats, AV dissociation, and concor-
dance throughout the precordial leads. The absence of
an RS complex in all precordial leads, or an RS interval
of more than 100 ms, is indicative of VT.2 If the origin of

Copyright © 2009 by The McGraw-Hill Companies, Inc. Click here for terms of use. 
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the wide-complex tachycardia cannot be determined,
the safest option is to treat it as VT.

NARROW-COMPLEX RHYTHM

Narrow-complex tachyarrhythmias almost always have a
supraventricular origin. The most common causes of a
narrow-QRS-complex tachycardia are sinus tachycardia,
atrial tachycardia, atrial fibrillation, atrial flutter, atri-
oventricular node reentrant tachycardia (AVNRT), and
atrioventricular reentrant tachycardia (AVRT).

SPECIFIC ARRHYTHMIAS

SUPRAVENTRICULAR ARRHYTHMIAS

Atrial Fibrillation
Patients with atrial fibrillation often present with symp-

toms of palpitations, fatigue, dyspnea, or systemic emboli.
However, many patients with atrial fibrillation are asymp-
tomatic. A serious consequence of atrial fibrillation is a
stroke due to thromboembolism with the embolic origin
most commonly being from the left atrial appendage. If
left untreated, the yearly risk for ischemic stroke averages
4.5%, but varies from greater than 1% to over 20% and is
dependent upon associated disease states but not upon
the duration of the arrhythmic episodes.3 Atrial fibrilla-
tion is usually associated with hypertension, advanced
age, heart failure, valvular (primarily mitral) or ischemic
heart diseases, and coronary artery bypass surgery. Hyper-
thyroidism, pulmonary emboli, excessive alcohol intake,
myocarditis, or pericarditis must also be considered. It
commonly occurs after a cardiac surgery. Patients may
present without heart disease or other systemic illness; a
condition that has been called “lone atrial fibrillation.”
Recurrent atrial fibrillation can be classified as paroxys-
mal, persistent, and permanent. By definition, paroxys-
mal atrial fibrillation terminates without any interven-
tion, persistent atrial fibrillation requires an intervention
for termination, while permanent atrial fibrillation does
not terminate.4

Diagnosis. The electrocardiogram (ECG) record-
ing is characterized by an absence of P waves and
instead shows a flat or slightly undulating baseline
reflecting chaotic atrial activity. Ventricular response is
irregularly irregular, most often ranging between 120
and 180 QRS complexes per minute (see Fig. 4-1A).
With atrioventricular (AV) nodal blocking therapy or
when intrinsic disease of the AV node is present, the
ventricular rate will frequently be lower and more regu-
lar. The QRS morphology is normal unless a concomi-
tant condition affecting the QRS exists.

Management. Atrial fibrillation is the most common
arrhythmia that requires treatment. Immediate direct-
current, synchronized cardioversion under mild seda-
tion, initially at 200 J, is recommended for patients who
are highly symptomatic due to the arrhythmia. Optimal
chronic management is directed at stroke prevention and
reduction or elimination of symptoms through either
ventricular rate control or cardioversion to sinus rhythm.
In addition, ECG, chest radiograph, echocardiogram,
and thyroid function should be evaluated.

Both the American College of Chest Physicians
(ACCP)3 and the ACC/AHA/European Society of Car-
diology have guidelines for the prevention of stroke in
patients with atrial fibrillation.5 These guidelines are
centered on risk stratification to determine which
patients should be treated with adjusted-dose warfarin
alone, with aspirin alone, or with a combination of
both. See Table 4-1 for specific recommendations from
each organization. For patients who are being consid-
ered for elective cardioversion, it is important to con-
sider the duration of the atrial fibrillation when deter-
mining the need for antithrombotic therapy. For
those patients known to have had atrial fibrillation for
more than 48 hours or for an unknown duration, anti-
coagulation with warfarin, target international nor-
malized ratio (INR) 2.5 (range 2–3), is recommended
for 3 weeks prior to elective cardioversion and for at

A

B

Figure 4-1. Atrial fibrillation and atrial flutter. (A) Lead V1 demon-
strates an irregularly irregular ventricular rhythm with chaotic atrial
activity associated with atrial fibrillation. (B) Lead II demonstrates
atrial flutter as identified by regular ventricular activity and a “saw-
tooth-like” pattern (arrows) of atrial activity at an atrial rate of 300
beats per minute with a 2:1 ventricular response. (Reproduced
with permission from Kasper DL et al. Harrison’s Principles of
Internal Medicine. NY, McGraw-Hill;2005:1345.)
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least 4 weeks afterward.3 The P wave on the ECG may
return but the mechanical contraction may not
become functional for many weeks. The need for anti-
coagulant drug therapy for paroxysmal atrial fibrilla-
tion is controversial and should be based on the risk for
thromboembolism.

The management of symptoms is best viewed in con-
text of the pattern of atrial fibrillation (paroxysmal, per-
sistent, or permanent). For patients with a first episode of
paroxysmal atrial fibrillation, antiarrhythmic drug ther-
apy may or may not be necessary, depending on the sever-
ity of the associated symptoms. Ventricular rate control
with drug therapy can be used if symptoms warrant their
use. The goals for the ventricular rate during episodes of
atrial fibrillation are 60 to 80 beats per minute at rest and
90 to 115 beats per minute during exercise. The pharma-
cologic agents available to control the ventricular rate
response include the �-adrenergic antagonists, non-dihy-
dropyridine calcium-channel blockers (non-DHP CCBs),
and digoxin. Because of its inability to control the ven-
tricular rate during exercise, digoxin is best used in com-
bination with other agents; but may be used alone when
these other agents are not tolerated.

Recurrent paroxysmal atrial fibrillation, with minimal
or no symptoms, can be managed with ventricular rate
control using drugs as described at the end of this
chapter. Patients who display debilitating symptoms,
conversion to sinus rhythm can be attempted with the
antiarrhythmic drugs such as amiodarone, propafenone,
ibutilide, dofetilide, or flecainide. These drugs vary in

effectiveness and the optimal choice should be based on
their safety profile in the presence of the conditions
listed. Their use has diminished due to their risk for
adverse drug reactions. Antithrombotic therapy should
be used in patients with recurrent paroxysmal atrial fib-
rillation who are at high risk for stroke, that is, patients
having any of the following: prior ischemic stroke, tran-
sient ischemic attach or systemic embolism, age greater
than 75 years, moderately or severely impaired left ven-
tricular (LV) systolic function and/or heart failure, his-
tory of hypertension, or diabetes mellitus.3

For persistent atrial fibrillation, two strategies have
been developed that are targeted at either ventricular
rate control or rhythm control. Occasionally, when AV
nodal blocking drugs are used, the patient’s heart rate
is reduced to unacceptably low values. However, when
therapy is withdrawn, unacceptably high ventricular
rates may result. It may then be necessary to insert a
ventricular pacemaker before reinitiating AV nodal
blocking therapy.

Restoration of sinus rhythm (a rhythm-control strat-
egy) can be made with electrical cardioversion alone,
drug therapy alone, or a combination of both. Drugs
effectively used for the conversion of atrial fibrillation
to sinus rhythm include flecainide, propafenone, mori-
cizine, procainamide, dofetilide, amiodarone, and
sotalol. Therapy should be chosen based on the pres-
ence of underlying cardiac conditions. Three studies
have compared the rate-control versus the rhythm-con-
trol strategies on cardiovascular events, mortality, and

Table 4-1. Antithrombotic Therapy for Patients with Atrial Fibrillation

ACCP Recommendation ACC–AHA–ESC Recommendation

Age �75 y, primary prevention, Warfarin INR 2; range 1.6–2.5
considered at increased risk
of bleeding

Age �75 y or presence Warfarin target INR 2.5; Patients at high risk of stroke† Warfarin target INR 2–3
of any risk factor* range 2–3

Age 65–75 y in the Warfarin target INR, 2.5;
absence of other range 2–3 or aspirin
risk factors* 325 mg daily

Age �65 y in the Aspirin 325 mg daily Age �60 y, no heart disease Aspirin 325 mg daily or no 
absence of risk factors* therapy

Age �60 y with heart disease Aspirin 325 mg daily
but no risk factors†

Age 60–75 y, no risk factors Aspirin 325 mg daily
Patients with CAD Aspirin �100 mg daily or

clopidogrel 75 mg daily 
may be given with warfarin 
INR, 2–3

*Prior ischemic stroke/TIA/systemic embolism, diabetes mellitus or history of hypertension, impaired LV systolic function or heart failure.
†Heart failure, LV EF �0.35, or history of hypertension.
ACCP, American College of Chest Physicians; ACC–AHA–ESC, American College of Cardiology–American Heart Association–European Society of Cardiology; CAD,
coronary artery disease; DM, diabetes mellitus; EF, ejection fraction; INR, international normalized ratio; LV, left ventricular; TIA, transient ischemic attack.
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safety endpoints. The Atrial Fibrillation Follow-up
Investigation of Rhythm Management trial found no
significant difference in mortality between the two
strategies after 5 years of therapy.6 The Rate Control
Versus Electrical Cardioversion for Persistent Atrial
Fibrillation trial compared the rate-control strategy to
the rhythm-control strategy on the primary composite
endpoint of deaths from cardiovascular causes, heart
failure, thromboembolic complications, bleeding,
implantation of a pacemaker, and severe adverse
effects of drugs.7 There was no significant difference
between the two groups after approximately 2 years,
neither in the primary composite endpoint, which
showed the percentages as 17.2% versus 22.6%, an
absolute difference of 	5.4% (90% confidence inter-
val, 	11.0–0.4), nor in any of the individual compo-
nents of the composite. Pharmacological Intervention
in Atrial Fibrillation study similarly found no signifi-
cant difference in the percentage of patients who had
an improvement in symptoms because of a rhythm-
control strategy and because of a rate-control strategy.8

Therefore, treatment of permanent atrial fibrillation
should be directed at ventricular rate control and
appropriate antithrombotic drug therapy.

Atrial Flutter
Atrial flutter is often due to a reentry tract around

the tricuspid valve; although less common than atrial
fibrillation, it has a similar presentation. The arrhyth-
mia may be paroxysmal, persistent, or rarely perma-
nent. If it lasts for more than 1 week, it often converts to
atrial fibrillation.

Diagnosis. The ECG shows discrete P waves at a rate
of 250 to 350 per minute without a flat baseline between
waves; these represent the so-called flutter waves. The P
waves are quite prominent in leads II and III and are
often described in a sawtooth pattern. AV blocks of 2:1
(2 flutter waves:1 QRS) are most common; however, 3:1
and 4:1 blocks can also be seen, especially when drugs
that block the AV node are administered (Fig. 4-1B).
Changing a 2:1 block to a 3:1 or 4:1 block may make it
easier to identify the sawtooth pattern. Carotid massage
or AV nodal blocking drugs can accomplish this.

Management. For patients with atrial flutter, the
ACCP and ACC/AHA recommend that antithrombotic
therapy decisions should follow the guidelines estab-
lished for atrial fibrillation.3 For immediate conversion,
direct-current, synchronized cardioversion at 25 to 50 J
under mild sedation is very effective. If immediate con-
version to sinus rhythm is not indicated, AV nodal
blocking drugs such as digoxin, �-adrenergic antago-
nists, or the non-DHP calcium-channel antagonists may

be used to control the ventricular response. Once ven-
tricular rate control has been accomplished, attempts
to convert to sinus rhythm with antiarrhythmic drugs
should be considered. Additionally, ablation of the
reentry tract responsible for the arrhythmia is a highly
effective treatment and can cure more than 85% of
patients.

Paroxysmal Supraventricular Tachycardia
While atrial fibrillation and atrial flutter can be con-

sidered supraventricular arrhythmias, the term paroxys-
mal supraventricular tachycardia (PSVT) generally
refers to AVNRT and AVRT. PSVT can present at any
time of life, and recurrences are common. Patients with
PSVT often present with fatigue, chest pain, palpita-
tions, dizziness, and neck pulsations. Heart rates are
usually between 150 and 250 per minute during the
arrhythmia, usually with an abrupt onset and termina-
tion. Termination by vagal maneuvers suggests a bypass
tract involving AV nodal tissue. Supraventricular tach-
yarrhythmias almost always involve one or more bypass
tracts and require either atrial or AV junctional tissues
for either the initiation or the maintenance of the
arrhythmia. The key features of these arrhythmias are
differences in conduction and refractoriness between
the AV node and a bypass tract. One pathway has rela-
tively slow conduction velocity (slow pathway) with a
short refractory period and the other pathway (fast
pathway) has relatively rapid conduction velocity with a
long refractory period (Fig. 4-2).

AVNRT is the more common form of PSVT. It
results from two or more functionally distinct conduc-
tion pathways, either within or adjacent to the AV
node. During sinus rhythm, conduction from the atria
to the ventricles occurs over the fast pathway that
results in a normal PR interval. A requirement for
arrhythmia initiation is a critically timed atrial prema-
ture depolarization that is blocked in the fast acces-
sory pathway secondary to its long refractory period.
Anterograde conduction down the slow pathway
allows time for repolarization of the fast pathway, facil-
itating retrograde conduction. Depending upon a crit-
ical balance of conduction velocity and refractoriness
of the pathways, the arrhythmia may be sustained or
may be spontaneously terminated. The near-simulta-
neous depolarization of the atria and the ventricles
results in P waves that are inscribed upon the QRS and
are therefore not usually visible on the ECG. A less-
common initiating mechanism occurs when a critically
timed ventricular premature depolarization results in
retrograde conduction over the slow pathway and
anterograde conduction over the fast pathway. When
this reentry circuit is sustained, clearly visible inverted
P waves are evident.



Chapter 4 / Arrhythmias 71

AVRT occurs when one or more accessory pathways
exist that are distinct from the AV node. The accessory
pathway often has relatively fast conduction velocity
together with a long refractory period while the AV
node provides the slow pathway with a short refractory
period. During sinus rhythm, conduction to the ventri-
cles occurs through the AV node, but there is early acti-
vation of ventricular tissue through the fast accessory
pathway. This condition is called preexcitation. Initia-
tion of the arrhythmia may occur similar to the mecha-
nism described for AVNRT except that the accessory
pathway is outside of the AV node. Similar to AVNRT,
conduction may travel in the opposite direction where
there is anterograde conduction from the atria to ven-
tricle over the accessory pathway and retrogradely up
the bundle branches, bundle of His, and AV node back
to the atria.

Diagnosis

AVNRT. The history and physical examination typ-
ically reveal few clues to aid in the diagnosis of PSVT.
However, rapid jugular venous pulsations, referred to as

frog sign, can occur in AVNRT due to the simultaneous
activation of the atria and ventricles, which results in
atrial contraction against closed AV valves. The typical
slow or fast AVNRT uses the slow pathway for antero-
grade conduction and the fast pathway for retrograde
conduction. Usually, the P wave is obscured by the QRS
complex. Carotid sinus massage or a Valsalva maneuver
may terminate the rhythm.

AVRT. During sinus rhythm, a delta wave and a
short PR interval due to preexcitation of ventricular tis-
sue may be seen and is called Wolff-Parkinson-White
(WPW) syndrome. During the episodes of AVRT, if the
reentry circuit results in conduction down the slow
pathway and up the fast pathway, the QRS complex
will appear normal and there will be inverted P waves
following the QRS. This more common form of the
arrhythmia is called orthodromic AVRT. Antidromic
AVRT occurs when the impulse travels from the atria to
the ventricle by the accessory pathway and from the
ventricles to the atria through the bundle branches,
bundle of His, and the AV node. In this situation, the

A B C D

Figure 4-2. Mechanism of AV nodal reentry: The atrium, AV node (AVN), and His bundle are
shown schematically. The AV node is longitudinally dissociated into two pathways, slow and
fast, with different functional properties. In each, red lines denote excitation in the AV node,
which is manifest on the surface electrocardiogram (ECG), while black lines denote conduction
that is concealed and not apparent on the surface ECG. (A) During sinus rhythm (NSR), the
impulse from the atrium conducts down both pathways. However, only conduction over the
fast pathway is manifest on the surface ECG, producing a normal PR interval of 0.16 s. (B) An
atrial premature depolarization (APD) blocks the fast pathway. The impulse conducts over the
slow pathway to the His bundle and the ventricles, producing a PR interval of 0.24 s. Because
the impulse is premature, conduction over the slow pathway occurs more slowly than it would
during sinus rhythm. (C) A more premature atrial impulse blocks the fast pathway, conducting
with increased delay in the slow pathway, producing a PR interval of 0.28 s. The impulse con-
ducts retrogradely up the fast pathway producing a single atrial echo. Sustained reentry is pre-
vented by subsequent block in the slow pathway. (D) A still more premature atrial impulse
blocks initially the fast pathway, conducting over the slow pathway with increasing delay, produc-
ing a PR interval of 0.36 s. Retrograde conduction occurs over the fast pathway and reentry
occurs, producing a sustained ventricular tachycardia (SVT). (Reproduced with permission from
Josephson ME: Clinical Cardiac Electrophysiology, 2nd ed. Philadelphia, Lea & Febiger, 2002.)
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QRS complex will be wide, and inverted P waves will
again be seen following the QRS.

Management. Referral to an arrhythmia specialist
is recommended for patients with a wide-complex
tachycardia of unknown origin, WPW syndrome,
patients desiring no drug treatment, and those with
severe symptoms such as syncope or dyspnea during
palpitations.9 Synchronized direct-current cardiover-
sion, initially at 100 J, should be administered to
patients with hemodynamic instability or severe symp-
toms related to the arrhythmia.

AVNRT

ACUTE MANAGEMENT. Acute management of AVNRT
involves vagal maneuvers such as carotid massage, Valsalva
maneuver, cold-water facial immersion, or intravenous
(IV) administration of adenosine, a non-DHP, calcium-
channel blocker, or a �-adrenergic antagonist. Adenosine
has the advantage of a very rapid onset and short duration
of action and is the preferred drug therapy except in
patients with asthma. Longer acting calcium-channel
blocker and �-adrenergic antagonists have the benefit of
suppression of atrial and ventricular depolarizations and
may be preferred as means to suppress recurrences of
PSVT. Similar to the treatment of other supraventricular
tachyarrhythmias, synchronized direct-current cardiover-
sion should be used to manage patients with hemody-
namic instability related to the arrhythmia.

CHRONIC MANAGEMENT. Chronic management of
AVNRT can involve no therapy, catheter ablation, or
drug therapy. Indications for ablation therapy depend
on clinical judgment and patient preference. Ablation
targeting the slow pathway has been shown to be more
than 95% effective with a very low incidence of signifi-
cant complications (second- or third-degree AV block)
when performed in centers of excellence.5 AV nodal
blocking drugs (non-DHP, calcium-channel antagonists,
�-blockers, digoxin, etc.), although less effective than
ablation, are equally effective among themselves and are
considered first-line drug therapy. Therapy decisions are
therefore dependent on patient tolerance. For patients
who do not respond to AV nodal blocking drugs and who
do not have structural heart disease, flecainide or
propafenone are options. These drugs can be combined
with �-adrenergic antagonists to increase efficacy and to
reduce the risk of one-to-one conduction over the AV
node if atrial flutter occurs.5 Sotalol, amiodarone, and
dofetilide, while effective, are rarely used due to the risk
of proarrhythmia and other toxicities.

For patients with infrequent episodes of PSVT, no
therapy, and vagal maneuvers alone or in combination
with single-dose oral-drug therapy, may be considered.

Single-dose drug therapy, the so-called “pill-in-the-
pocket” therapy, may reduce the need for emergency
department visits. Options shown to be effective include
flecainide and diltiazem plus propranolol. In this situa-
tion, immediate release preparations should be used.

AVRT

ACUTE MANAGEMENT. Immediate direct-current
cardioversion is recommended for the treatment of
hemodynamically unstable tachyarrhythmias. For the
acute management of suspected AVRT in stable
patients, it should be noted that if the QRS is wide
(�120 ms) it is important to differentiate SVT from VT.
If no definitive diagnosis can be made, then the
arrhythmia should be treated as VT. 

CHRONIC MANAGEMENT. Similar to AVNRT, options
for the chronic management of AVRT include no ther-
apy, catheter ablation, or drug therapy. While catheter
ablation may be used in most patients, it is first-line ther-
apy for those with WPW syndrome and those who expe-
rience hemodynamic instability during the arrhythmia.
In patients with AVRT that is poorly tolerated but is with-
out preexcitation, catheter ablation is preferred. If drug
therapy is preferred, flecainide, propafenone, sotalol, or
amiodarone may be used. Verapamil and diltiazem
should not be used as monotherapy for patients with
an accessory pathway capable of rapid conduction dur-
ing atrial fibrillation or atrial flutter. For patients with-
out preexcitation and who have minimal symptoms
during the arrhythmia, vagal maneuvers with or with-
out drug therapy may be preferred. AV nodal blocking
drugs, flecainide, propafenone, “pill-in-the-pocket,”
and possibly amiodarone, or sotalol are options for
drug therapy. In general, the use of drugs other than 
�-blockers or calcium channel blockers should be
directed by experts in arrhythmia management because
of important side effects.

VENTRICULAR ARRHYTHMIAS

It is important to distinguish between SVT with aber-
rant ventricular conduction and VT. Table 4-2 outlines
the specific criteria for each. Treatments for SVT such
as adenosine, verapamil, and �-adrenergic antagonists
are ineffective in patients with VT and rapid deteriora-
tion could occur.

Ventricular Premature Complexes and
Nonsustained VT
Ventricular premature complexes (VPCs) may occur

as single isolated events, in pairs (couplets), or in pat-
terns with a sinus beat in which the VPC occurs at every
second (bigeminy) or third (trigeminy) beat. VT occurs
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when three or more VPCs occur consecutively at a rate
greater than 100 beats per minute. Non-sustained VT is
defined as the one lasting for less than 30 s. Both the
rates and consequences of VT vary. The severity of the
symptoms is related to the duration of the arrhythmia
and underlying cardiac abnormalities. Patients with
VPCs and nonsustained VTs are frequently asympto-
matic while patients with sustained VTs almost always
have symptoms related to reduced cardiac output.

Diagnosis. VPCs occur early in relation to the
expected beat of the basic rhythm. The QRS complexes
are abnormal in duration and configuration. There is
usually a full compensatory pause following the VPC.
The morphology of the complexes may vary in the same
patient.

Management. Patients with VPCs or nonsustained
VTs without organic heart disease have a relatively low
risk of adverse outcomes. The risk of treatment with
antiarrhythmic agents outweighs the benefit because the
proarrhythmic effects of these drugs often increase the
risk of sudden cardiac death. The Cardiac Arrhythmia
Suppression Trial evaluated postmyocardial infarction
patients who had frequent asymptomatic VPCs without
significant VT.10 Patients received flecainide, encainide
(no longer available), or placebo. They were followed
for an average of 10 months. These drugs were highly
effective at reducing the number of VPCs. However, the
relative risk of death or cardiac arrest due to arrhythmia
was over 2.5 times greater in the treatment group as
compared to the placebo group. Another arm of this
study was stopped early because of increased mortality in
patients receiving moricizine therapy.11 Thus, eliminat-
ing asymptomatic or minimally symptomatic VPCs with
antiarrhythmic therapy is not recommended.

Sustained VT
Sustained VT has a duration greater than 30 s. Usu-

ally the ventricular rate is between 140 and 200 beats

per minute. Impaired LV function is a risk factor for
sudden death and an assessment of sustained VT should
include an evaluation of LV function. Symptoms are
related to the rate of the VT and the degree of LV
impairment. Sustained VT can be classified as
monomorphic or polymorphic based on the shape of
the QRS complexes. This has important prognostic
implications.

Monomorphic VT

Diagnosis. The diagnosis of monomorphic VT can
be made when three or more wide QRS complexes
occur at a rate of over 100 beats per minute without a
change in the morphology. Although a QRS duration of
more than 140 ms favors VT, in patients with a preexist-
ing bundle branch block, SVT can also have prolonged
QRS complexes. The presence of fusion beats also favor
the diagnosis of VT. The RR interval in monomorphic
VT is generally constant.

Management. Immediate cardioversion of VT to
sinus rhythm can be achieved through direct-current car-
dioversion for patients who are hemodynamically unsta-
ble and should be delivered in a series of synchronized
shocks beginning at 100 J. Chronic management may
include the use of an implantable cardioverter defibrilla-
tor (ICD); a summary of these indications is provided
later in this chapter. The options for the treatment of sus-
tained monomorphic VT include drug therapy, car-
dioversion, and pacing. The treatment should also consist
of the optimal management of impaired LV function, if
present, with angiotensin-converting-enzyme inhibitors,
aldosterone antagonists, and �-adrenergic antagonists.
Overdrive right ventricular pacing at a rate 10% to 30% in
excess of the tachycardia rate can be effective. Pacing is
generally reserved for patients who remain hemodynami-
cally stable during the arrhythmia and who do not toler-
ate or respond to antiarrhythmic drug therapy. Drug
therapy should take into consideration any impairment
of LV function.12 For patients with monomorphic VT and
normal ventricular function, procainamide or sotalol are
preferred; other acceptable options are amiodarone or
lidocaine. For patients with impaired LV function, amio-
darone or lidocaine is preferred. Only one agent should
be used in order to minimize the potential proarrhythmic
effect of these drugs.

Polymorphic VT

Diagnosis. VT with a continuously varying QRS
morphology is called polymorphic VT. Polymorphic VT
includes a specific syndrome referred to as torsades de
pointes, which is characterized by QRS peaks that
“twist” around the baseline. A prolonged baseline QT

Table 4-2. Diagnostic Criteria for the Differential Diagnosis of
Ventricular Tachycardia and Wide-QRS-Complex Supraventricular
Tachycardia

Factors that predict VT:
Absence of RS complex in all precordial leads
If RS complex present in one or more leads, RS interval �100 ms

as measured from the onset of the R wave to the deepest part
of the S wave

If RS complex present in one or more leads, RS interval �100 ms,
evidence of AV dissociation

RS interval �100 ms, AV dissociation not clearly demonstrated 
(P waves not associated with QRS complexes, QRS 
morphology criteria)
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interval (usually greater than 500 ms) suggests torsades
de pointes.13 Torsades de pointes can be caused by
drugs that prolong refractoriness of ventricular tissue
(antiarrhythmics such as quinidine and procainamide,
tricyclic antidepressants, phenothiazines, and some
antibiotics), hypokalemia, hypomagnesemia, and con-
genital prolongation of the QT interval.14

Management. Polymorphic VT is often associated
with acute myocardial ischemia and tends to be more
electrically unstable than monomorphic VT. Hemody-
namic collapse is common. As with other tachyarrhyth-
mias, VT causing hemodynamic collapse or severe
symptoms should be treated immediately with direct-
current cardioversion. For stable patients with polymor-
phic VT, a primary consideration is the baseline QT
interval. For patients with a normal baseline QT inter-
val, treatment should be directed towards correction of
ischemia or any electrolyte abnormality. Drug therapy
may include �-adrenergic antagonists, lidocaine, amio-
darone, procainamide, or sotalol.5 For those patients
with impaired LV function, amiodarone is preferred.

Treatment of torsade de pointes consists of discon-
tinuing an offending agent, correction of electrolyte
abnormalities, and administration of magnesium, even
in the face of a normal serum magnesium level. Long-
term management of congenital forms of torsades de
pointes may include ventricular pacing. Additional
treatment options include overdrive pacing, use of iso-
proterenol as a chronotrope prior to pacing, or use of
lidocaine.5

BRADYARRHYTHMIAS

Sinus Node
Sinus bradycardia is a sinus rhythm with a rate of less

than 60 beats per minute. It can occur as a result of con-
ditions such as sick sinus syndrome, inferior-wall
myocardial infarction (Bezold–Jarisch reflex), hypothy-
roidism, or from the use of �-adrenergic antagonists.15

Bradycardia may occur normally in persons with good
physical conditioning or during sleep. Treatment
should be considered for persons with symptoms
caused by decreased cardiac output related to the
bradycardia. Sinus node dysfunction may present as
either impaired automaticity of the sinus node or
impaired conduction from the sinus node to the atria.16

Sick sinus syndrome is one form of sinus node dysfunc-
tion and can lead to sinus bradycardia, sinoatrial (SA)
block, or sinus arrest. Any of these conditions can be
interspersed with periods of normal sinus rhythm.
When sinus arrest occurs or the bradycardia becomes
severe, the subsidiary pacemaker activity is shifted to tis-

sues with lower levels of automaticity such as the atria,
AV node, or His–Purkinje system. Sinus node dysfunc-
tion can also result in bradycardia–tachycardia syn-
drome in which sinus node automaticity is depressed by
atrial fibrillation, flutter, or tachycardia such that sinus
bradycardia or sinus arrest follows the tachycardia.

AV Node
Conduction blocks at the AV node are frequent and

important causes of bradyarrhythmias. These blocks are
classified by whether the impulses are delayed, inter-
mittently blocked, or completely blocked.

First-degree AV block consists of an impulse conduc-
tion delay at the AV node. This results in a prolongation
of the PR interval, which becomes greater than 200 ms,
where each P wave is followed by a QRS complex. The
ventricles are activated in a normal manner and the
QRS complex is narrow. First-degree AV block alone
does not result in symptoms, but it may progress to
higher grades of AV block. High vagal tone, as well as
drugs that slow AV conduction, can cause first-degree
AV block.

Second-degree AV block results from intermittent
block of the AV node. Because of this blockage, some
impulses from the atria are not conducted to the ventri-
cles. As a result, some P waves are not followed by a QRS
complex and the ratio of P waves to QRS complexes
varies greatly. Two forms of second-degree AV block
exist: Mobitz type I (also called Wenckebach) (Fig. 4-3)
and Mobitz type II (Fig. 4-4). In Mobitz type I, the block
usually occurs at the level of the AV node. There is a
progressive delay in conduction through the AV node
so that the PR interval increases over several successive
beats until an impulse is not conducted to the ventri-
cles. After the nonconducted P wave, the cycle repeats.
In Mobitz type II, intermittent atrial impulses are not
conducted to the ventricles. The PR interval of the con-
ducted beats remains constant. This impaired conduc-
tion is located in the bundle of His or the bundle
branches; thus, wide QRS complexes are frequently
observed. Mobitz type I is usually associated with a heart
rate that is adequate to maintain a sufficient cardiac
output so that the patient remains asymptomatic. How-
ever, this arrhythmia can progress to the more severe
heart blocks. In Mobitz type II, the heart rate is often
low enough to cause symptoms.

Third-degree AV block occurs when no impulse from
the atria is conducted to the ventricle. On the ECG, the
P waves have no relationship to the QRS complexes and
are usually more frequent than QRS complexes. The
heart rate and the configuration of the QRS complex
will depend upon the site of the ventricular pacemaker.
If the pacemaker is within the AV node, the heart rate
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Figure 4-3. Mobitz Type I.

Figure 4-4. Mobitz Type II. 

will usually be 40 to 60 beats per minute. Heart rates will
be lower if the pacemaker is within the bundle of His,
40 to 50 beats per minute, or within the ventricle, 15 to
40 beats per minute. When the pacemaker is located
below the bifurcation of the common bundle, the QRS
duration will be prolonged.

CARDIAC PACING

The indications for the placement of a permanent pace-
maker can be divided into the following categories:
bradyarrhythmias and nonbradyarrhythmias. Recom-

mendations for permanent pacing in bradyarrhythmias
can be categorized into those indicated for AV block,
AV block associated with myocardial infarction, chronic
bifascicular or trifascicular block, and sinus node dys-
function.17 See Table 4-3 for specific indications.

While the majority of indications are related to brad-
yarrhythmias, pacing can also be used to prevent or ter-
minate tachyarrhythmias and also for hemodynamic
improvement. Pacing can prevent the pause-dependent
tachycardia in patients with torsades de pointes associ-
ated with the long QT syndrome. In addition, several
studies also suggest that pacing can prevent recurrences



76 Part 1 / Cardiovascular Disorders

of arrhythmias in patients with intermittent atrial fibril-
lation and coexisting sinus node dysfunction. Although
rarely needed as a treatment, overdrive pacing may be
used to control SVT in the unlikely event of failure of
catheter ablation and drugs. Indications related to
hemodynamic improvement are enhancement of the
AV synchrony in dilated cardiomyopathy and reduction
of the LV outflow gradient in hypertrophic obstructive
cardiomyopathy.

MONITORING A PATIENT WITH A PACEMAKER

Patients with pacemakers should receive regular follow-
up either in the clinic or by primarily transtelephonic

monitoring in addition to the clinical follow-up. In
either situation, the assessment should include a collec-
tion of a nonmagnet ECG strip—an ECG strip with a
magnet applied to the pacemaker—and measurement
of magnet rate and pulse width (duration over which
the output is delivered). The schedule of follow-up
should begin with a monitoring every 2 weeks for the
first month after implantation followed by monitoring
every 4 to 8 weeks thereafter.

IMPLANTABLE CARDIOVERTER 
DEFIBRILLATORS

The indications for the use of ICDs in the prevention and
treatment of ventricular arrhythmias have expanded
since the first device was implanted in 1980. Currently,
ICDs are indicated for patients who survive a life-threat-
ening ventricular arrhythmia (i.e., secondary prophy-
laxis). ICDs are also known to benefit certain patients
who are at increased risk for sudden cardiac death but
have not experienced a life-threatening arrhythmia
(primary prophylaxis). Such patients are those who
have an ischemic, dilated cardiomyopathy, an ejection
fraction (EF) of less than 0.35, New York Heart Associa-
tion class II or III heart failure in addition to a prior
myocardial infarction, or those with a nonischemic
dilated cardiomyopathy for more than 9 months, NYHA
class II or III heart failure, and an EF less than 0.35.18

Antiarrhythmic drug therapy can be initiated in
patients with ICDs in order to reduce the frequency of
defibrillator shocks. One study showed that after 1 year
of therapy, shock rates were 10.3% for patients treated
with a combination of �-blockers and amiodarone,
24.3% in those treated with sotalol, and 38.5% for those
treated with other �-blockers.19 However, most antiar-
rhythmic drugs alter the fibrillation threshold and the
ICD may not be able to terminate the arrhythmia.
Before starting any antiarrhythmic drug, an electro-
physiologist should be consulted. 

HIGH-RISK ECGs

Electrocardiography is the most commonly performed
procedure used in the diagnosis of heart diseases. ECG
abnormalities may indicate myocardial ischemia, meta-
bolic disturbances, or arrhythmias. Unfortunately, recent
studies suggest that the overall performance in interpret-
ing ECGs is low.20,21 Certain ECGs represent conditions
that a primary care provider may be expected to treat in
an emergency situation. These include VT, complete
heart block, ST-segment-elevation myocardial infarction,
prolonged QT interval, and hyperkalemia (see Figures 
4-5 to 4-9).

Table 4-3. Major Indications for Permanent Pacing*

Acquired AV Block in Adults
• Third-degree and advanced second-degree AV block 

associated with one of the following:
• bradycardia with symptoms
• documented asystole of �3 s
• arrhythmias and other medical conditions that require

drugs that result in symptomatic bradyarrhythmia
• catheter ablation of the AV junction
• postoperative AV block that is not expected to resolve after

cardiac surgery
• neuromuscular diseases with AV block

• Second-degree AV block associated with symptomatic 
bradycardia

• Asymptomatic third-degree block with average awake 
ventricular rates of 40 bpm (especially if cardiomegaly or
left ventricular dysfunction is present)

Chronic Bifascicular and Trifascicular Block
• Intermittent third-degree AV block
• Type II second-degree AV block
• Alternating bundle–branch block

Atrioventricular Block Associated with Acute Myocardial Infarction
• Persistent second-degree AV block in the His–Purkinje 

system with bilateral bundle block or third-degree AV block
within or below the His–Purkinje system

• Transient advanced (second- or third-degree) infranodal AV
block and associated bundle–branch block

• Persistent and symptomatic second- or third-degree AV block
• Persistent second- or third-degree AV block

Sinus Node Dysfunction
• Sinus node dysfunction with documented symptomatic

bradycardia, including frequent sinus pauses that produce
symptoms

• Symptomatic chronotropic incompetence
• Sinus node dysfunction occurring spontaneously or as a

result of necessary drug therapy, with heart rate �40 bpm
when a clear association between significant symptoms 
consistent with bradycardia and actual presence of 
bradycardia has not been documented

*See guidelines for complete listing.
AV, atrioventricular; bpm, beats per minutes.
Adapted from: Gehi AK, Mehta D, Gomes JA. Evaluation and management of
patients after implantable cardioverter defibrillator shock. JAMA. 2006;296:
2839–2847.
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Figure 4-5. VT in a 71 year-old man. The patient has known coronary artery disease. He complained of palpitations and acute chest
pain just prior to this ECG. The ECG shows sustained VT with a rate of 114 bpm, QRS prolongation, and AV dissociation.

Figure 4-6. Complete heart block in an 84 year-old man. The patient presented with weakness, nausea, and some dyspnea. The ECG
shows third-degree AV block with a wide QRS junctional escape rhythm. 
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Figure 4-7. ST elevation MI in an 85 year-old man. The patient awoke with a crushing 10/10 midsternal chest pain radiating to both
arms. The pain improved slightly with sublingual nitroglycerin. The ECG shows atrial fibrillation with premature ventricular complexes in the
rightward axis with ST elevation in V3 and V4 (anterior wall) and mild ST depression in V5 and V6.

Figure 4-8. Prolonged QT syndrome.
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PERIOPERATIVE USE OF ANTIARRHYTHMIC 
AGENTS

�-adrenergic antagonists have been shown to
decrease both the risk for perioperative cardiac events
and the 6-month mortality rates in high-risk patients
undergoing noncardiac surgery.22 High-risk patients
are those who have required �-adrenergic antagonists
in the recent past to control symptoms of angina, hyper-
tension, or symptomatic arrhythmias. �-adrenergic
antagonists are also recommended for patients under-
going vascular surgery who are at high cardiac risk due
to ischemia found in preoperative testing. These
agents may also be beneficial for patients who are
identified to have untreated hypertension, coronary
artery diseases, or other major coronary risk factors.
The �-adrenergic antagonist should be started several
days to weeks prior to surgery and be titrated to
achieve a resting heart rate between 50 and 60 beats
per minute.

Arrhythmias commonly occur after cardiac surgery
with rates of atrial fibrillation and atrial flutter of up to
40% after coronary artery bypass graft surgery and 60%
following valve replacement.23 The proposed mecha-
nisms include atrial distension, atrial inflammation due
to trauma, altered atrial repolarization due to elec-

trolyte and volume shifts, and ischemic injury.24 Most
occurrences of atrial fibrillation after cardiac surgery
are self-limiting but can often recur. Limited data are
available to guide therapeutic options but recommen-
dations have been published that suggest amiodarone
for pharmacologic conversion of atrial fibrillation or
atrial flutter in hemodynamically stable perioperative
patients with depressed LV function.25 For patients
without heart failure, sotalol is a reasonable choice. It is
recommended that therapy be continued for 4 to 6
weeks following surgery.

SPECIFIC ANTIARRHYTHMIC AGENTS

ADENOSINE

Adenosine is a naturally occurring compound in the
body and is useful as an antiarrhythmic agent; it causes
activation of the delayed rectifier potassium channels
(IKr) channel by activating the A1 receptor. This results
in marked hyperpolarization that directly inhibits AV
nodal conduction. It is highly effective (�95%) for the
conversion of PSVT to sinus rhythm and is the drug of
choice for this arrhythmia. Adenosine should be given
as a peripheral IV bolus of 6 mg over 1 to 2 s and can be
repeated with 12 mg after 1 to 2 minutes, if necessary. If

Figure 4-9. T-wave changes secondary to hyperkalemia. The ECG shows sinus rhythm with tall, narrow, and peaked T-waves.
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given by a central line, the dose should be reduced to
3 mg. It has a very short half-life of 10 s and therefore
requires a rapid bolus administration. In addition to its
antiarrhythmic properties, it also produces vasodilation
and may cause flushing and hypotension in approxi-
mately 20% of patients. Complete AV block often
occurs but is short lived. It is contraindicated in patients
with asthma. Theophylline and caffeine reduce the
effects of adenosine by blocking the A1 receptor, and
dipyridamole potentiates its effects.

AMIODARONE

Amiodarone is classified as a Vaughan Williams class III
antiarrhythmic agent due to its ability to prolong the
action potential duration. (See Table 4-4 for Vaughan
Williams classification of antiarrhythmic drugs.) Amio-
darone is indicated for both ventricular and supraven-
tricular arrhythmias and is safe for use in patients with
impaired LV function and heart failure.26 Its mecha-
nism of action is complex and includes the blockade of
calcium, sodium and IKr channels and �-adrenergic
receptors. Its effects on heart rate, QT/QTc intervals,
and effective refractory period are more pronounced
with chronic oral administration when compared to IV
administration. It is metabolized by the liver to an active
metabolite, desethylamiodarone, and has a prolonged
elimination half-life of approximately 35 to 110 days.27

Amiodarone therapy is initiated with a loading dose
of approximately 10 g in the first 1 to 2 weeks. For

supraventricular arrhythmias, the loading dose can be
given as 400 mg twice daily for 2 weeks, 400 mg once
daily for 2 weeks, and then a maintenance dose of 200
mg daily. For ventricular arrhythmias, the doses are 800
to 1600 mg daily in two doses for 1 to 3 weeks, then 600
to 800 mg daily in two doses for 1 month, and then a
maintenance dose of 400 mg once daily. IV therapy
should start with 150-mg bolus given for over 10 min-
utes, followed by an infusion at 1 mg per minute for
6 hours, and then 0.5 mg per minute for 18 hours.
Amiodarone interacts with other drugs metabolized by
the liver and also P-glycoprotein, resulting in increased
blood levels of warfarin, digoxin, and phenytoin.
Adverse effects include pulmonary fibrosis, peripheral
neuropathy, optic neuritis, hypo- and hyperthyroidism,
hepatotoxicity, photosensitivity, blue-gray skin discol-
oration, nausea, and vomiting. Prior to initiation of
therapy, liver, thyroid, and pulmonary functions should
be measured.

�-ADRENERGIC ANTAGONISTS

�-adrenergic antagonists are Vaughan Williams class II
agents that slow the rate of depolarization of the SA
node and prolong AV node conduction. There are
many agents in this class that have varying properties
such as �-1 selectivity, intrinsic sympathomimetic activ-
ity, 
-adrenergic antagonism, and membrane stabilizing
effects. Examples of these agents are atenolol, carvedilol,
metoprolol, and propranolol. They effectively suppress
ventricular ectopic depolarizations, reduce the ventricu-
lar response rate during atrial fibrillation and flutter, and
may terminate PSVT. �-adrenergic antagonists have been
shown to reduce mortality rates in patients who have had
a myocardial infarction or have depressed LV systolic
function.

CALCIUM-CHANNEL BLOCKERS

The non-DHP CCBs, verapamil, and diltiazem are
Vaughan Williams class IV antiarrhythmic agents that
slow conduction, prolong the refractory period, and
decrease automaticity. In atrial tachyarrhythmias, these
agents can slow the ventricular response by slowing AV
node conduction. During atrial fibrillation, these
agents decrease the ventricular rate both at rest and
during exercise. They are more effective than digoxin
alone and their effects are additive.28 IV verapamil and
diltiazem are also drugs of choice for the acute man-
agement of PSVT. The recommended dose for IV vera-
pamil is 5 mg given over 2 minutes, followed in 5 to 10
minutes by a second dose of 5 to 7.5 mg. The recom-
mended dose for oral verapamil is 80 mg 3 times daily

Table 4-4. Vaughan Williams Classification of Antiarrhythmic Drugs

Electrophysiologic/
Class Drugs Pharmacologic Properties

Ia Procainamide Blocks sodium and potassium channel
Disopyramide Prolongs QRS duration and QT interval
Quinidine Little or no effect on SA or AV node

Ib Lidocaine Blocks sodium channel
No effect on SA or AV node

Ic Flecainide Blocks sodium channels
Increases QRS duration

Propafenone Beta-adrenergic antagonist
II Propranolol Beta-adrenergic antagonist

Atenolol Reduces SA nodal rate
Metoprolol Increases AV nodal refractoriness

III Amiodarone Blocks potassium channels
Dofetilide Increases QT interval
Ibutilide Reduces SA nodal rate (amiodarone)

Increases AV nodal refractoriness 
(amiodarone)

IV Diltiazem Blocks calcium channels
Verapamil Increases AV nodal refractoriness

AV, atrioventricular; SA, sinoatrial.
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up to a maximum of 480 mg in a day. Sustained-release
preparations are available for once-daily dosing. Dilti-
azem should be given as a dose of 0.25 mg/kg IV fol-
lowed by a second dose of 0.35 mg/kg, if needed.29 A
maintenance infusion may be given at 5 to 15 mg per
hour. Oral diltiazem should be started at 30 mg, 4 times
daily, up to a maximum of 360 mg daily. Sustained-
release preparations are available for once- or twice-
daily dosing. Both verapamil and diltiazem have nega-
tive inotropic properties and diltiazem is preferred in
patients with depressed LV systolic function. Other
common adverse effects of CCBs are hypotension, con-
stipation, bradycardia, and peripheral edema. Vera-
pamil and diltiazem are hepatically metabolized by the
cytochrome P450 system (CYP3A4) and can inhibit the
metabolism of certain 3-hydroxy-3-methylglutaryl coen-
zyme A reductase inhibitors, ranolazine, cyclosporine,
and eplerenone among others. The DHP CCBs such as
amlodipine and nifedipine do not prolong conduction
or refractoriness and are not useful as antiarrhythmic
agents.

DIGOXIN

Digoxin effectively converts PSVT to sinus rhythm
and reduces the ventricular response in atrial fibrilla-
tion and atrial flutter.30 It slows conduction through
the AV node by augmenting vagal tone. Because sym-
pathetic stimulation can overcome the effects of
digoxin on the AV node, its usefulness is limited as
monotherapy for atrial fibrillation. In addition to its
effects on AV conduction, digoxin increases myocar-
dial contractility and is useful in patients who have
reduced LV systolic function in addition to a
supraventricular arrhythmia. A loading dose of 0.75
to 1.25 mg over 24 hours in 3 to 4 divided doses is usu-
ally required because of its long half life of approxi-
mately 36 hours in patients with normal renal func-
tion. The maintenance dose is usually 0.125 to 0.5 mg
daily. Patients with impaired renal function require a
dosage reduction. Therapeutic digoxin blood levels
range from 0.8 to 2 ng/mL, but major clinical prac-
tice guidelines recommend keeping the level below
1.0 ng/mL. Digoxin levels should be drawn predose.
Digoxin is contraindicated in patients with hypokalemia
or PSVT with an unblocked accessory pathway. Amio-
darone, verapamil, and quinidine reduce digoxin’s
elimination, and concomitant therapy usually requires
a reduction in the digoxin dose by about 50%. In
about 10% of patients, oral digoxin is inactivated by
colonic bacteria, and the use of tetracycline or eryth-
romycin may result in increased digoxin blood levels.
Digoxin toxicity may lead to gastrointestinal com-

plaints, central nervous system disturbances, and
arrhythmias.

DOFETILIDE

Dofetilide prolongs the cardiac action potential dura-
tion by blocking the IKr channel and is classified as a
Vaughan Williams class III agent.31 It is indicated for
the conversion of atrial fibrillation and flutter to sinus
rhythm. Because of its potential to increase the
QT/QTc intervals and cause torsade de pointes, its use
in the United States is restricted to “confirmed
providers.” It is primarily excreted unchanged by the
kidney and dosage should be adjusted in patients with
renal impairment. It is available for oral use only and
should be dosed at 500 mcg every 12 hours if creatinine
clearance is greater than 60 mL/min and QTc is less
than 440 ms. If CrCl is between 40 and 60 mL/min and
QTc is less than 440 ms, the dose should be reduced to
250 mcg every 12 hours. If CrCl is between 20 and 40
mL/min and QTc is less than 440 ms, the dose is further
reduced to 125 mcg every 12 hours. Its use is not rec-
ommended if the CrCl is less than 20 mL/min or if the
QTc increases to more than 500 ms after the initiation
of therapy. The QTc should be monitored for 2 to 3 days
after the initiation of therapy. Noncardiac adverse
effects are rare.

FLECAINIDE

Flecainide depresses phase 0 of the action potential by
inhibiting the inward sodium channel and the potas-
sium channel. It is indicated for the treatment of both
ventricular and atrial arrhythmias in patients without
structural heart disease. The initial oral dose for sus-
tained VT is 100 mg every 12 hours to a maximum of
200 mg every 12 hours. For PSVT and paroxysmal atrial
fibrillation or flutter, the initial dose is 50 mg every 12
hours. It is contraindicated in patients with structural
heart disease and a prolonged QT interval. It has
potent negative inotropic effects and should not be
used in patients with depressed LV systolic function.
Flecainide should not be used with protease inhibitors
(saquinavir, retonavir, nelfinavir, etc.), thioridazine, or
ranolazine due to an increased risk of torsade de
pointes.

IBUTILIDE

Ibutilide is a Vaughan Williams class III agent that
increases action potential duration primarily by block-
ing the IKr channel.32 It is indicated for the conversion
of atrial fibrillation or flutter to sinus rhythm. It is more
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effective against atrial flutter than atrial fibrillation. Ibu-
tilide is only available for IV administration; and 1 mg
should be given over 10 minutes for patients weighing
greater than or equal to 60 kg. A second dose of the
same amount may be given 10 minutes after the conclu-
sion of the first infusion, as necessary. For patients
weighing less than 60 kg, the recommended dose is 0.01
mg/kg initially with a second dose of the same amount
given 10 minutes later, if necessary. Ibutilide increases
the QT/QTc interval, and nonsustained polymorphic
VT has been shown to occur in approximately 5% of
patients. It should not be used in patients at increased
risk for arrhythmias such as those with a baseline QT of
more than 500 ms, with a history of polymorphic VT, or
those receiving concomitant therapy with Vaughan
Williams class I or class III agents. Patients should be
monitored for QT prolongation for at least 4 hours
after the drug has been given.

MAGNESIUM

Magnesium has antiarrhythmic properties in patients
with hypomagnesemia and normal serum magnesium
levels.33 Magnesium’s antiarrhythmic mechanism of
action is unknown, but it is known to activate
sodium–potassium ATPase (enzyme that catalyzes
adenosine triphosphate) and to affect sodium, potas-
sium, and calcium channels. It is useful for the treat-
ment of drug-induced torsade de pointes in patients
with normal magnesium levels or for that of digoxin
toxicity. It is usually given as 1-g magnesium sulfate as an
IV infusion over 20 minutes and can be repeated once if
necessary.

PROCAINAMIDE

Procainamide is a Vaughan Williams class Ia agent that
has inhibitory properties on both the sodium and potas-
sium channels. It prolongs the QRS duration and the
QT interval on the ECG. Procainamide can cause
vasodilation and hypotension. It is effective against
most atrial and ventricular arrhythmias. Procainamide
is available in both oral and parenteral preparations. IV
use should begin with a loading dose of 15 to 17 mg/kg
administered over at least 30 minutes, followed by a
continuous infusion at 1 to 6 mg/min. The loading
dose should be stopped if the QRS widens by greater
than or equal to 50%, hypotension develops, the
arrhythmia terminates, or the maximum loading dose is
administered. Therapeutic blood concentrations can
be monitored and should take into account an active
metabolite, N-acetyl procainamide. Oral dosing is rec-
ommended at a maximum of 50 mg/kg per day in 2 to

4 divided doses. Dosage reductions are necessary for
patients with impaired renal function. Adverse effects
include torsade de pointes, a lupus-like syndrome, and
hypotension.

PROPAFENONE

Propafenone is a Vaughan Williams class Ic agent with
class II properties. It depresses phase 0 of the action
potential by inhibiting the inward sodium channel. It
also has weak �-adrenergic antagonistic properties.
Propafenone prolongs AV conduction with little or no
effect on sinus node function. It has an approved indi-
cation in the prevention of the recurrence of atrial fib-
rillation. Additionally, propafenone is useful in the
treatment of PSVT and life-threatening ventricular
arrhythmias. It should not be used in patients with
atrial fibrillation and structural heart disease. It is avail-
able in both immediate-release and sustained-release
preparations. The initial oral dose for immediate
release is 150 mg every 8 hours and may be increased to
a maximum of 300 mg every 8 hours. The sustained-
release formulation should be initiated at 225 mg every
12 hours and increased to a maximum of 450 mg every
12 hours.

SOTALOL

Sotalol is marketed as a racemic mixture of d- and 
l-sotalol. While both isomers delay cardiac repolariza-
tion by blockade of the IKr channel, the l isomer is pri-
marily responsible for the �-adrenergic blockade
activity.34 It is approved for use in the treatment of
life-threatening ventricular arrhythmias and atrial fib-
rillation and flutter. Sotalol is primarily excreted
(�90%) unchanged by the kidney. The initial oral
dose is 80 mg every 12 hours. The dose may be
increased every 3 days to a maximum of 320 mg every
12 hours. For patients with renal insufficiency, the
dosing interval should be increased. If the CrCl is
between 30 and 59 mL/min, the interval should be
increased to every 24 hours, and if the CrCl is
between 10 and 29 mL/min, the dosing interval
should be 36 to 48 hours. Adverse effects are usually
related to its �-adrenergic blockade properties or pro-
longation of the QT/QTc interval. Torsade de pointes
may occur in 2% to 4% of patients receiving sotalol. It
is not recommended for the treatment of atrial fibril-
lation and flutter in patients with structural heart dis-
ease or for patients with asthma or a prolonged QT
interval (�450 ms). It does not elevate defibrillation
threshold and thus may be a preferred agent for use
with ICDs.35
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EVIDENCE-BASED SUMMARY

• Supraventricular arrhythmias are rarely life-
threatening while ventricular arrhythmias can
be relatively benign or life-threatening.

• Atrial fibrillation is the most common arrhyth-
mia that requires treatment.

• Treatment of atrial fibrillation should be
focused on stroke prevention and symptom
reduction.

• A rate-control or a rhythm-control strategy
may be used in the management of recurrent
atrial fibrillation.

• Treatment of asymptomatic or mildly sympto-
matic VPCs is not warranted.
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SEARCH STRATEGY

A systematic search of the medical literature was performed
on April 1, 2008. The search, limited to human subjects and
English language journals, included the National Guideline
Clearinghouse, the Cochrane database, PubMed, UpTo-
Date®, and PIER. The current American College of Cardiol-
ogy/European Society of Cardiology Clinical Expert Con-
sensus Document for Hypertrophic Cardiomyopathy can be
found at www.acc.org

Hypertrophic cardiomyopathy (HCM) is a complex car-
diac disease that can manifest in multiple ways and can
occur in patients of all ages.1 The prevalence of HCM is
much higher than what was previously thought and it
occurs in one out of 500 people. It is now recognized that
a gene mutation is responsible for HCM and that it is
the most common genetic cardiovascular disease. Many
people with HCM are asymptomatic and their lives are
not affected by HCM. Others may experience severe
limitations in their daily lives and some will have sudden
cardiac death (SCD) at an early age. Therefore, it is
important for primary care providers to recognize this
common cardiac condition and to provide proper man-
agement options.

CLINICAL PRESENTATION

Symptoms of HCM can manifest at any phase of a per-
son’s life; many of these people have relatives with
known HCM. Symptoms do not always correlate to the
severity of the left ventricular (LV) outflow tract
obstruction. Dyspnea on exertion occurs in almost 90%
of the symptomatic patients, usually in the presence
of preserved systolic function.2 This is due to the
increased stiffness of the LV wall leading to elevated LV

diastolic and left atrial pressures. Other symptoms range
from fatigue to near-syncope or syncope. Typical or atyp-
ical chest pain can occur in patients with a normal coro-
nary arteriogram. This may reflect microvascular
angina. Unfortunately, the first manifestation of HCM
can be sudden death occurring in children or young
adults after strenuous physical activity.

Atrial fibrillation (AF) occurs late in the disease
process and is generally poorly tolerated. Patients with a
stiff, noncompliant left ventricle need the atrial contri-
bution for adequate ventricular filling during diastole.
AF in patients with HCM increases the risk for systemic
embolization.

PHYSICAL FINDINGS

In asymptomatic patients with HCM, the physical exam-
ination may be normal or may provide nonspecific find-
ings such as a fourth heart sound (some specific recom-
mendations are mentioned in Table 5-1). However, as
the outflow obstruction increases, several characteristic
abnormalities can be elicited (Fig. 5-1). High-grade
obstruction creates a harsh crescendo–decrescendo sys-
tolic murmur at the lower left sternal border and apex.
The murmur may radiate to the axilla and base, but usu-
ally not to the neck. It begins just after S1 and usually
represents aortic outflow obstruction often with mitral
regurgitation. A prominent S4 is usually present unless
the patient is in AF.

Maneuvers that increase outflow obstruction, usually
by decreasing LV volume, will increase the intensity of the
murmur.2,3 These include assuming an upright posture
after squatting, the Valsalva maneuver, and the posture
after the administration of nitroglycerin (Table 5-2).
Conversely, increasing LV volume will decrease the mur-
mur of HCM. This can be accomplished by squatting,
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performing a handgrip, or passively elevating the legs.
The systolic murmur of aortic stenosis is generally not
influenced by these maneuvers.

On physical examination, the neck veins may reveal a
prominent “a” wave. In HCM, the carotid pulse (bisfer-
iens) has a brisk upstroke, declines in midsystole sec-
ondary to a sudden deceleration of blood due to
midsystolic obstruction, and then has a secondary rise.
In aortic stenosis, the carotid upstroke is slow and low in
amplitude (parvus and tardus).

DIAGNOSTIC EVALUATION

ECHOCARDIOGRAPHY

After a careful consideration of the cardiovascular his-
tory and physical examination, the clinical diagnosis of
HCM is most readily established using two-dimensional
echocardiography. The usual image seen is that of left
ventricular hypertrophy (LVH) without a dilated LV
chamber in the absence of other cardiac diseases such
as hypertension or aortic stenosis. The clinical diagnos-
tic criterion for HCM is a maximal LV wall thickness of
greater than or equal to 15 mm. However, in patients
with diagnosed HCM, the values for LV wall thickness

vary from mild (13–15 mm) to massive (�30 mm) with
the normal thickness being 12 mm.

Outflow gradients are responsible for the loud, api-
cal midsystolic murmur. The subaortic obstruction is
caused by the systolic anterior motion (SAM) of the
mitral valve leaflets and the midsystolic contact with
the ventricular septum. Doppler echocardiography is
used to determine the presence and degree of SAM
and the presence of midsystolic obstruction. These
hemodynamic parameters are useful for establishing
the degree of outflow tract obstruction and in monitor-
ing the progression of the disease. A subaortic gradient
of 30 mmHg is an independent predictor of HCM-
related deaths.1

Despite being the sine qua non in the diagnosis of
HCM, echocardiography has several limitations. The LV
wall thickness criteria may not identify those patients
with inherited disease who have not yet developed LVH.
The criteria may exclude patients with HCM if they
have a coexisting disease such as hypertension. Lastly,
there could be false-positive results in patients with bor-
derline increases in LV wall thickness.

ELECTROCARDIOGRAM

The 12-lead electrocardiogram (ECG) is abnormal in
75% to 95% of patients with HCM. Patients without ECG
abnormalities are usually family members who have been
identified as part of the pedigree screening or those who
have only mild, localized LVH.4 The ECG should be
examined for LVH with repolarization abnormalities

Table 5-1. Specific Recommendations3

• Evaluate the carotid pulse
• Perform cardiac auscultation for murmurs
• Determine how murmurs change with maneuvers that alter 

venous return Valsalva or squatting

Auscultation
 

S4  S1               S2  ? S3    
          
         3–4/6murmur  

Apical Impulse 

Auscultation 
 

  S1             P2  A2 

 
         2–3/6 murmur 

Auscultation 
 

       S1             S2 
 
       1–2/6 murmur 

Figure 5-1. Physical examination in patients with hypertrophic cardiomyopathy.
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and for abnormal Q waves (septal hypertrophy) that
mimic myocardial infarction.

CARDIOLOGY CONSULTATION3

Patients with HCM should be evaluated by a cardiovas-
cular specialist to confirm the diagnosis and also for risk
stratification. Physical findings and test results may be
inconclusive and may require specialized diagnostic
procedures. The diagnosis may be difficult in patients
with coexisting conditions. The cardiovascular special-
ist can also assess the severity of outflow obstruction and
evaluate the risk for sudden death (some considera-
tions for hospitalization are given in Table 5-3).

RISK STRATIFICATION1,5,6,7

For some patients with HCM, SCD may be their first
presentation of the disease. SCD frequently occurs in
asymptomatic or mildly symptomatic patients and is
common in adolescents and young adults. This risk
does extend beyond midlife. As a result, reaching a
certain age does not negate the potential of SCD.
HCM patients at a high risk for SCD represent a
minority of the overall population. The task is to iden-
tify this small subset of patients and focus on the pre-
vention of SCD.

In order to create a risk profile, one must collect data
from several different clinical parameters. No single diag-
nostic test can accurately predict SCD. Genetic typing is
usually not justified. However, there is good consensus on
the major risk factors for SCD in HCM (Table 5-4).
These include a personal history or family history of

SCD, syncope, spontaneous sustained ventricular tachy-
cardia, nonsustained ventricular tachycardia, abnormal
blood pressure response, or extreme LVH. The strength
of one risk factor alone, such as a family history of SCD
or extreme LVH may warrant the prophylactic implan-
tation of an implantable cardioverter defibrillator. The
challenge remains on how to best identify HCM-related
sudden death.

MANAGEMENT

ASYMPTOMATIC PATIENTS

Most patients, including those who are unaware of their
disease, are asymptomatic or have only mild symptoms.
Attempting to prevent or delay the onset of symptoms
in this cohort of patients with HCM is unproven. Treat-
ments should be reserved for preventing SCD in high-
risk patients. The primary treatment strategies for
patients with HCM are shown in Fig. 5-2.

SYMPTOMATIC PATIENTS

Pharmacologic therapy should be considered in
patients experiencing dyspnea, anginal-type chest pain,
or other symptoms of heart failure. These manifesta-
tions often occur in patients with preserved systolic
function. The pathophysiology associated with HCM
involves impaired ventricular filling due to abnormal

Table 5-2. Loudness of Systolic Murmurs During Dynamic Auscultation

Response of Murmur

Maneuver HCM AS MR MVP

Decreased LV cavity size Increased Decreased Decreased Click occurs earlier and 
(Valsalva, standing) murmur increases

Increased LV cavity size Decreased No change or No change or Click and murmur 
(squatting, passive leg elevation) slight increase slight increase decrease or disappear

HCM, hypertrophic cardiomyopathy; LV, left ventricular; AS, aortic stenosis; MR, mitral regurgitation; MVP, mitral valve prolapse.

Table 5-3. Considerations for Hospitalization3

• New onset atrial fibrillation—It may cause hemodynamic 
compromise due to loss of atrial kick in filling a
hypertrophied ventricle.

• Patients who have experienced syncope or sudden death—They
may require invasive testing.

• Patients with refractory symptoms of angina or heart failure—
They need a maximization of medical therapies and an 
evaluation for pacemaker or other surgical therapies. 

Table 5-4. Risk Factors for Sudden Death in Hypertrophic
Cardiomyopathy1,7

• Cardiac arrest (ventricular fibrillation).
• Spontaneous sustained ventricular tachycardia.
• Family history of sudden HCM-related death (especially

first-degree relatives).
• Syncope (especially if recurrent or exertional or in the young).
• Nonsustained ventricular tachycardia on Holter ECG monitoring.
• Abnormal BP response with exertion (a fall in BP or a failure

to rise � 20 mmHg)
• Massive LVH (maximum LV thickness � 30 mm by 

echocardiography).

HCM, hypertrophic cardiomyopathy; ECG, electrocardiogram; BP, blood pres-
sure; LVH, left ventricular hypertrophy; LV, left ventricular.
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relaxation that leads to diastolic heart failure. These
symptoms can occur in patients without significant out-
flow obstruction. For those with LV outflow problems
and resultant elevated LV pressures, mitral regurgita-
tion with or without AF can occur and lead to severe dis-
abling symptoms.

Chest pain can occur without atherosclerotic disease
of the epicardial arteries. The pain may be classified as
typical or atypical in nature. Most of the episodes of
chest pain are probably due to abnormalities in the
coronary microvasculature. However, atherosclerotic
coronary artery disease can occur in patients with
HCM. Patients at high risk for coronary artery disease
should have arteriography.

�-ADRENERGIC BLOCKING AGENTS

The negative inotropic and chronotropic properties of
�-blockers are useful in patients with HCM. The symp-
toms of dyspnea can be relieved by �-blocker therapy due
to the decrease in heart rate that allows for increased
diastolic filling. Decreasing contractility decreases myo-
cardial oxygen consumption and may help relieve outflow
tract obstruction, especially with exertion.

Propranolol was the first �-blocker to be used for the
relief of symptoms in patients with HCM. Doses up to
480 mg per day can be used. Currently, standard doses
of longer acting agents such as metoprolol and atenolol
are being used. Caution should be used if these drugs

All Patients With HCM 
Genotype + 
Phenotype - 

Longitudinal Follow-up

High Risk for SCD 

Implantable cardioverter-
defibrillator or amiodarone 
therapy 

No Symptoms  Mild Symptoms Atrial Fibrillation 

No Treatment Cardioversion  

Pharmacologic Rate Control 

Anticoagulation 

Drug Therapy 

β-blockers 

Verapamil  

Disopyramide 

Progressive Heart 
Failure Symptoms  

Drug Refractory 
Heart Failure 

Symptoms  
Nonobstructive HCM 
(Rest and Provocation) 

Obstructive HCM  
(Rest or Provocation) 

Heart Transplant  Surgery: 
Septal myectomy  

Alternatives to Surgery: 

DDD Pacing 

Alcohol Septal Ablation  

Figure 5-2. Primary treatment strategies for patients with hypertrophic cardiomyopathy.
(HCM, hypertrophic cardiomyopathy; SCD, sudden cardiac death; DDD, dual-chamber.)
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are prescribed to children or adolescents. �-blockers can
impair academic performance or lead to depression.

VERAPAMIL

In patients who are not responding to �-blocker ther-
apy or have severe asthma, the negative inotropic
effects of verapamil may improve ventricular diastolic
filling and relieve chest pain. Doses up to 480 mg per
day in a sustained-release preparation can be used. In
addition to the constipating effects of verapamil,
another serious adverse effect should be considered. In
HCM patients with marked outflow obstruction at rest
combined with severe symptoms, verapamil has been
associated with sudden death. It is postulated that the
vasodilating properties of verapamil can lead to
increased outflow tract obstruction, pulmonary edema,
and cardiogenic shock. The combination of a �-blocker
and disopyramide may be preferable in patients with
significant symptoms.

DISOPYRAMIDE

Disopyramide is a type I-A antiarrhythmic agent with
significant negative inotropic properties. It may provide
relief from symptoms in patients with severe resting out-
flow tract obstruction. Disopyramide is not a first-line
agent and should be reserved for those who fail treat-
ment with a �-blocker or verapamil. Since disopyramide
can increase atrioventricular conduction, low-dose �-
blocker therapy should also be used in HCM patients
with AF.

MANAGEMENT OPTIONS IN 
DRUG-FAILURE PATIENTS

SURGERY

Surgery should be considered in patients with signifi-
cant outflow tract obstruction are refractory to drug
therapy. This is defined as a LV outflow gradient of
more than 50 mmHg. The goal of surgery is to elimi-
nate the SAM of the mitral valve and the septal–mitral
contact by widening the LV outflow tract. The ventricu-
lar septal myectomy operation (the Morrow procedure)
is the gold standard for obstructive HCM and severe
drug-failure symptoms. In expert hands, it is successful
in approximately 70% of patients and has an annual
mortality rate of 1% to 2%. 

ALCOHOL SEPTAL ABLATION8

An alternative to surgery is a recently developed tech-
nique in which 1 to 4 mL of absolute alcohol is infused

into a target septal perforator branch of the left ante-
rior descending coronary artery. This produces an
infarction in the proximal ventricular septum that
would provide the same hemodynamic benefits of a sep-
tal myectomy. Data for long-term outcomes (�8 years)
are lacking.

DUAL-CHAMBER PACING

A second alternative to surgery is dual-chamber pacing;
its initial outcomes were based on observational or
uncontrolled trial data. Subsequent randomized trial
data showed only modest decreases in the outflow gra-
dient. However, symptomatic improvement does not
correlate well with gradient reduction. The mecha-
nisms by which pacing reduces outflow tract obstruc-
tion are not fully elucidated. Pacing is not a primary
therapy and it should be reserved for those patients not
responding to maximum medical therapy.

ATRIAL FIBRILLATION

AF, the most common sustained arrhythmia in patients
with HCM, warrants immediate attention. Episodes of
AF can cause decreased diastolic filling with resultant
lowered cardiac output. The hypertrophied left ventri-
cle relies on atrial contractions for ventricular filling.
The increased heart rate in AF coupled with loss of
atrial contributions can lead to progressive heart fail-
ure, stroke, and death.

AF in HCM patients should be managed according
to currently accepted guidelines.9 In general, if a
patient presents within 48 hours after the onset of AF,
pharmacologic or direct-current cardioversion can be
attempted. An attempt should be made to maintain
sinus rhythm. Amiodarone is considered the most effec-
tive pharmacologic agent. Anticoagulation therapy with
warfarin is indicated for chronic or paroxysmal AF.

INFECTIVE ENDOCARDITIS PROPHYLAXIS10

The American Heart Association no longer recom-
mends that HCM patients with evidence of outflow
obstruction receive endocarditis prophylaxis at the time
of dental or other selected surgical procedures. The
new guidelines state that only patients with the highest
risk of adverse outcomes from infective endocarditis
would benefit from antibiotic prophylaxis. These car-
diac conditions include patients with prosthetic cardiac
valves or prosthetic material used for valve repair,
patients with previous infective endocarditis, or patients
with congential heart disease (CHD) (unrepaired cyan-
otic CHD, repaired CHD with prosthetic material,
repaired CHD with residual defects).
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EVIDENCE-BASED SUMMARY

• Common symptoms for HCM include dyspnea
on exertion, exertional chest pain, near-syncope
or syncope.

• The systolic murmur of HCM increases with
Valsalva and after assuming an upright posture
and decreases with squatting.

• Risk factors for SCD include a history of car-
diac arrest, sustained ventricular tachycardia,
family history of HCM-related death, nonsus-
tained ventricular tachycardia, and massive
LVH.

• Echocardiography is the most useful tool in
establishing the diagnosis of HCM.

• �-Blockers are the mainstay for treating the
symptoms of exertional chest pain or dyspnea. 
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SEARCH STRATEGY

A formal MEDLINE review was conducted (January 1994
to March 2007) using the following terms (limited to adult
humans): cholesterol or low-density lipoprotein cholesterol
AND guidelines or clinical trial. The Cochrane Controlled
Trials Registry, references from the American College of
Physicians, American Heart Association/American Col-
lege of Cardiology lipid statements, and the National Cho-
lesterol Education Program (NCEP) 2002 final report and
2004 update were also reviewed. The NCEP recommenda-
tions can be viewed at www.nhlbi.nih.gov/guidelines/cho-
lesterol/index.htm.

INTRODUCTION

Dyslipidemia is a prerequisite risk factor in the develop-
ment of the leading cause of mortality in the United
States—atherosclerotic vascular disease (ASCVD). Dys-
lipidemia is prevalent in the United States; some esti-
mates place the number of affected adults at one out
of every two.1 Dyslipidemia is a modifiable ASCVD risk
factor, unlike age, gender, or family predisposition,
and its treatment reduces the rate of nonfatal myocar-
dial infarction (MI), stroke, peripheral arterial disease,
revascularization procedures, and all-cause mortality.2

However, many individuals with dyslipidemia go unrec-
ognized and most patients with lipid abnormalities fail
to achieve adequate metabolic control.3 To address
these inadequacies, the National Heart, Lung, and
Blood Institute of the National Institutes of Health con-
vened an expert panel of researchers and clinicians to
release a series of consensus guidelines on the detection,
evaluation, and treatment of dyslipidemia. The latest
NCEP recommendations were released in 2001.4 This

Third Adult Treatment Panel (ATP-III) Report has been
the focus of comment for guidelines issued from other
specialty organizations.5,6 The ATP-III authors updated
the report in 2004 to account for the implications of sev-
eral large prospective clinical trials of lipid interven-
tions.7 These clinical practice parameters emphasize the
early identification of the individuals at risk and the tar-
geted dietary, lifestyle, and pharmacologic treatment of
dyslipidemia to prevent ASCVD events. 

LIPOPROTEIN CLASSIFICATION

Dyslipidemia is a term encompassing a variety of abnor-
mal lipid profiles. Dyslipidemia includes elevated levels
of total cholesterol, low-density lipoprotein (LDL) cho-
lesterol, and triglycerides, and low levels of high-density
lipoprotein (HDL) cholesterol. In the past, these abnor-
malities were often referenced by their Fredrickson clas-
sification (Table 6-1). Dyslipidemia is now more fully
described through sophisticated serum analyses to yield
information on particle characteristics and their athero-
genic potential. However, epidemiologic and clinical
trial data continue to identify elevated LDL as the major
lipid abnormality related to the development of ASCVD
and recurrent adverse events.8 Poor diet, lack of exercise,
tobacco use, prescription medications, and underlying
medical disorders can all contribute to alterations in
lipid metabolism. It is important to exclude such second-
ary causes of dyslipidemia prior to initiating treatment
for a presumed primary lipid abnormality (Table 6-2). 

Cholesterol is a structural element in cell mem-
branes and is a precursor in the formation of steroid
hormones, vitamin D, and bile acids. It can be obtained
from the diet, but the majority is synthesized in the
liver and peripheral tissues. Cholesterol homeostasis is
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regulated through lipid metabolism and transport. The
liver is the central organ responsible for maintaining
cholesterol balance. Dietary cholesterol and fats are
absorbed in the intestine, assembled into chylomicrons,
released into the circulation at the thoracic lymph duct,
and subsequently hydrolyzed by lipoprotein lipase
(LPL) into remnant particles before being removed
from the plasma by the liver. Cholesterol synthesized in
the liver is either secreted into bile, or released into the
circulation associated with phospholipid and apopep-
tide macromolecules. The triglyceride content of these
circulating very low-density lipoproteins (VLDL) is lib-
erated by the enzyme LPL to be stored in adipose tissue
or to be converted into energy by muscle tissue. The
residual lipid particles, now known as intermediate-den-
sity lipoproteins (IDL), can be removed by the liver or
undergo further conversion to LDL. The half-life of
IDL can be measured in hours, while that of LDL is
measured in days. At any time, LDL constitutes two-

thirds of the circulating cholesterol content. Both the
liver and extrahepatic tissues can obtain the needed
cholesterol by variably expressing LDL receptors.
Plasma LDL can also accumulate in the arterial
endothelium, incite local inflammatory processes, and
promote the formation of atherosclerotic plaques.
Atheromas may impede blood flow leading to down-
stream ischemia, or these lipid-rich lesions may rupture
leading to thrombosis and tissue necrosis. Thus, ele-
vated levels of VLDL, IDL, LDL, and triglycerides can
be viewed as atherogenic. HDL is considered to be
antiatherogenic, since it is able to accept free choles-
terol and triglyceride-rich lipoproteins, esterify them,
and then transport these cholesterol esters back to the
liver in a process of reverse cholesterol transport.

Dyslipidemia is usually asymptomatic, so a screening
lipoprotein analysis should be conducted in adults begin-
ning at the age of 20 years. If the results are acceptable,
testing should be repeated every 5 years. Earlier and more
frequent testing may be appropriate, if indicated by
genetic predisposition or medical comorbidity. No upper
age limit beyond which treatment for dyslipidemia yields
no benefit has been identified, thus testing should con-
tinue throughout life.9 A complete lipid profile, consist-
ing of total cholesterol, LDL, triglycerides, and HDL,
should be drawn after an overnight, 12-hour fast, but
direct measurements of random total cholesterol and
HDL levels may suffice for initial screening. If the non-
fasting total cholesterol value is equal to or greater than
200 mg/dL or the HDL is less than 40 mg/dL, then a
complete fasting profile should be obtained. The risk
relationship between dyslipidemia and ASCVD is contin-
uous, but normal and pathologic ranges for lipoprotein
values have been delineated (Table 6-3).

Most ASCVD events occur in patients with nonob-
structive arterial lesions that are unstable and thus
prone to ulceration and thrombus formation. Arterial
plaques are rendered vulnerable to rupture due to the
inflammation stimulated by the presence of oxidized
lipoproteins. Cholesterol reduction can beneficially
impact the progression of atheromatous disease, but
more importantly, it can stabilize these vulnerable
plaques. Clinical trials of drug therapy for dyslipidemia
have demonstrated results that are congruent with

Table 6-1. Fredrickson Classification of Lipid Disorders

Phenotype Lipoprotein Elevation Total Cholesterol Triglycerides Atherogenicity

I chylomicrons normal/� � no increase
IIa LDL �� normal ��

IIb LDL and VLDL �� � ��

III IDL � � ��

IV VLDL normal/� �� �

V VLDL and chylomicrons � ��� �

IDL, intermediate-density lipoprotein; LDL, low-density lipoprotein; VLDL, very low density lipoprotein; �, increase.

Table 6-2. Secondary Causes of Dyslipidemia

Secondary Cause Lipid Changes Seen

End-stage renal disease Increase in triglycerides, 
decrease in HDL

Nephrotic syndrome Increase in VLDL and 
triglycerides

Hypothyroidism Increase in LDL and 
triglycerides

Drugs: glucocorticoids, Variable effects
anabolic steroids, estrogens 
and progestins, tamoxifen, 
protease inhibitors, diuretics, 
�-blockers

Cigarette use Decrease in HDL
Diabetes mellitus Increase in triglycerides, 

decrease in HDL
Excessive alcohol consumption Increase in triglycerides
Obstructive liver disease Increase in LDL
Pregnancy Increase in LDL and 

triglycerides
Anorexia Increase in LDL
Caloric excess or diet high in Increase in LDL

saturated fat

HDL, high-density lipoprotein; VLDL, very low density lipoprotein; LDL, low-
density lipoprotein.
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epidemiologic studies: Lowering total cholesterol leads
to fewer ASCVD events.10 As the evidence supporting
treatment interventions is more robust for LDL lower-
ing, the ATP-III states the primary goals of dyslipidemia
therapy and the cutpoints for initiating treatment in
terms of LDL. It is estimated that for every 1% decrease
in LDL cholesterol, the risk for ASCVD events is
reduced by 1% to 2%.11 Recent evidence reveals that in
high-risk patients, who are most prone to ASCVD
events, LDL reductions of 50% or more may be
needed.12 Lipoprotein determination and classification
is an essential element in ASCVD risk reduction. 

ASCVD RISK ASSESSMENT

CORONARY HEART DISEASE RISK FACTORS 

The intensity of dyslipidemia treatment should be in
accord with a patient’s ASCVD risk. In this context, car-
diovascular risk must be considered globally, not simply

as that conferred by dyslipidemia. The pharmacologic
management of dyslipidemia is associated with significant
costs and the potential for precipitating drug-related
adverse effects. ASCVD risk assessment must balance
cardiovascular benefits against costs and treatment-
emergent risks. The ATP-III report weighs risks by uti-
lizing a validated ASCVD risk calculator, and then sets
lipid-modifying-treatment goals accordingly.13 As ade-
quate treatment is primarily defined by LDL goal attain-
ment, initial risk assessment is made without reference
to baseline LDL level. LDL is a major ASCVD risk factor,
but ATP-III assesses risk status through accompanying
risk determinants (Table 6-4).

Patients with established ASCVD are at the highest
risk of an adverse event and are placed in the highest risk
category (Table 6-5). ATP-III stratification states risk in
terms of incident nonfatal or fatal MI in patients with
coronary heart disease (CHD) over a 10-year period. As
this risk is equivalent in patients with clinical forms of
ASCVD other than CHD, symptomatic carotid artery
disease, peripheral arterial disease, or abdominal aortic
aneurysm, these manifestations of ASCVD are consid-
ered “CHD risk equivalent.” Diabetes mellitus is also a
CHD risk equivalent, as epidemiologic studies have

Table 6-3. Classification of Dyslipidemia

Value (mg/dL)

LDL Cholesterol
Optimal �100
Near or above optimal 100--129
Borderline high 130--159
High 160--189
Very high �190

Total Cholesterol
Desirable �200
Borderline high 200--239
High �240

HDL Cholesterol
Low �40
High �60

Triglycerides
Normal �150
Borderline high 150--199
High 200--499
Very high �500

HDL, high-density lipoprotein; LDL, low-density lipoprotein.

Table 6-4. Major Atherosclerotic Vascular Disease Risk Factors

Major Risk Factors that Modify LDL Goals*

Cigarette smoking
Blood pressure �140/90 mm Hg, or on antihypertensive 

medication
HDL cholesterol �40 mg/dL
First-degree relative with premature ASCVD with age:

Male �55 year
Female �65 year

Age of the individual:
Men �45 year
Women �55 year

*HDL cholesterol �60 mg/dL is a “negative” risk factor that removes one risk
factor from the total count.
LDL, low-density lipoprotein; HDL, high-density lipoprotein; ASCVD, athero-
sclerotic vascular disease.

Table 6-5. ATP-III LDL Goals and Cutpoints for TLC and Drug Therapy by Risk Category

Risk Category LDL Goal Initiate TLC Consider Drug Therapy

High risk: CHD, CHD risk equivalents, 10-year risk �20% �100 mg/dL �100 mg/dL �100 mg/dL
Very high risk* �70 mg/dL �70 mg/dL �100 mg/dL, consider drug options
Moderately high risk: more than 2 risk factors, 10-year �130 mg/dL �130 mg/dL �130 mg/dL (100–129 mg/dL, 

risk is 10%–20% consider drug options)
Moderate risk: more than 2 risk factors, 10-year risk �10% �130 mg/dL �130 mg/dL �160 mg/dL
Lower risk: 0–1 risk factor �160 mg/dL �160 mg/dL �190 mg/dL (160–189 mg/dl, 

consider drug options)

*Very high risk patients have established ASCVD plus the following: (1) multiple major risk factors, especially diabetes; (2) severe and poorly controlled risk factors,
especially continued cigarette smoking; (3) multiple risk factors of the metabolic syndrome, especially high triglycerides �200 mg/dL plus non-HDL cholesterol 
�130 mg/dL with HDL cholesterol �40 mg/dL; and (4) acute coronary syndromes.
LDL, low-density lipoprotein; TLC, therapeutic lifestyle changes; CHD, coronary heart disease.



revealed that the rate of MI in diabetic patients without
a history of CHD is similar to the rate of recurrent MI in
patients who have suffered such an ASCVD event.14 The
ATP-III update adds a classification of “very high risk,”
which includes patients who warrant intense lipid-mod-
ifying treatment. This risk cohort includes patients in
the immediate post-MI interval, diabetic patients with
CHD, and patients with established ASCVD and multi-
ple or poorly controlled risk factors.

The presence of multiple ASCVD risk factors alone
may place an individual in the CHD-risk-equivalent
class. To identify these patients, who are at a 20% risk
of MI over the next 10 years, the Framingham risk cal-
culator is employed (Table 6-6). In an individual with
two or more major risk factors, this risk projection tool
can better define candidates for aggressive lipid-modi-
fying treatment. The clinical variables considered by
this instrument include age, gender, blood pressure,
cigarette smoking, and total cholesterol and HDL lev-
els. Patients are classified into 10-year-risk categories of
less than 10%, 10% to 20%, or greater than 20%; this
last class represents patients who are CHD risk equiva-
lent (Table 6-5). As individuals with no or only one
major risk determinant are rarely candidates for inten-
sive interventions, Framingham scoring is not neces-
sary in these lower risk patients. Thus, ATP-III recom-
mends a two-step process for refining risk assessments
in individuals without preexisting ASCVD: Count
major risk factors and then employ the Framingham
calculator.

RELATED RISK FACTORS

Several “emerging” ASCVD risk factors have been iden-
tified that are not formally included in the Framingham
or other risk-stratification tools. These factors have not
yet been demonstrated to be beneficial targets for ther-
apeutic intervention. They include homocysteine,
proinflammatory factors, lipoprotein(a) (Lp[a]), and
subclinical atherosclerotic disease. Homocysteine is a
byproduct of protein metabolism and is believed to be
prothrombotic; high-sensitivity C-reactive protein is a
readily available marker of systemic inflammation;
Lp(a) is an LDL-like and plasminogen-like atherogenic
particle; and noninvasive assessments of carotid artery
intimal medial thickness can yield objective measures of
vascular dysfunction.15 There is no consensus regarding
the use of these studies as screening tests, and they are
not used to categorically set lower LDL goals. However,
they may impact clinical judgment and modify dyslipi-
demia therapy in patients on the cusp of treatment set
points.

Many dyslipidemia patients also meet diagnostic cri-
teria for the metabolic syndrome. This concurrence of

independent risk factors increases the risk for ASCVD
events at any LDL level. The metabolic syndrome is
characterized by visceral adiposity, insulin resistance,
and an atherogenic lipid profile.16 Although criteria for
the diagnosis are not uniform, the ATP-III report offers
a widely utilized definition (Table 6-7). The metabolic
syndrome is considered a secondary target for risk-
reducing therapy, after a patient’s LDL goal is achieved.
Because the underlying cause of the metabolic syn-
drome appears to be obesity and physical inactivity,
weight reduction and increased exercise are essential to
treatment. After these “life–habit risk factors” have
been addressed, drug therapy to reduce elevated
triglycerides level or increase HDL levels may be clini-
cally indicated.

NON-HDL CHOLESTEROL

Elevated triglyceride levels are independent risk factors
for the development of ASCVD and are associated with
incident CHD events. Hypertriglyceridemia may result
from lifestyle factors, medical comorbidities, and pre-
scription drug use, as well as from genetic predisposition
(Table 6-2). For very high triglyceride levels, equal to 
or greater than 500 mg/dL, immediate treatment is
required to prevent acute pancreatitis. For more modest
elevations, 200–499 mg/dL, therapy can be considered
and should be directed at ASCVD risk amelioration.
Whereas some authorities delineate specific triglyceride
goals, the ATP-III report focuses on the atherogenic lipid
profile associated with hypertriglyceridemia. Athero-
genic remnant lipoproteins, which represent degraded
VLDL particles, are elevated in hypertriglyceridemia;
thus, elevated VLDL cholesterol can be used as a marker
of the risk conferred by elevated triglyceride levels. A
measure of VLDL can be calculated from a nonfasting
assessment of total cholesterol and HDL. Subtraction of
the value of the latter from the former yields the “non-
HDL cholesterol” level. This calculated value is an aggre-
gate measure of all circulating atherogenic particles. As
VLDL levels less than 30 mg/dL are considered normal,
the ATP-III recommends non-HDL cholesterol goals to
be no more than 30 mg/dL higher than the correspon-
ding LDL targets (Table 6-5). That is, ATP-III considers
non-HDL cholesterol to be another secondary target of
lipid-modifying therapy, after the LDL goal is achieved.
As needed, dyslipidemia therapy is intensified to achieve
the non-HDL cholesterol goal, in patients with triglyc-
eride levels of 200 mg/dL or greater. Treatment recom-
mendations for reaching the non-HDL cholesterol goal
may include diet intervention, exercise prescription, and
pharmacologic therapy. Combination drug regimens are
often necessary to reach non-HDL targets. Whereas a low
HDL level is recognized as an independent risk factor for
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Table 6-6. Framingham Risk Calculator

Age and Gender

Age (y) Points for Men Points for Women
20--34 	9 	7
35--39 	4 	3
40--44 0 0
45--49 3 3
50--54 6 6
55--59 8 8
60--64 10 10
65--69 11 12
70--74 12 14
75--79 13 16

Age and Total Cholesterol for Men

Points

Men: Total Cholesterol (mg/dL) Age 20--39 y Age 40--49 y Age 50--59 y Age 60--69 y Age 70--79 y
�160 0 0 0 0 0
160--199 4 3 2 1 0
200--239 7 5 3 1 0
240--279 9 6 4 2 1
�280 11 8 5 3 1

Age and Total Cholesterol for Women

Points

Women: Total Cholesterol (mg/dL) Age 20--39 y Age 40--49 y Age 50--59 y Age 60--69 y Age 70--79 y
�160 0 0 0 0 0
160--199 4 3 2 1 1
200--239 8 6 4 3 1
240--279 11 8 5 3 2
�280 13 10 7 4 2

Smoking Status

Points for Different Age Groups

Age (y) 20--39 40--49 50--59 60--69 70--79
Nonsmoker 0 0 0 0 0
Male smoker 8 5 3 1 1
Female smoker 9 7 4 2 1

HDL Cholesterol

Points for Men 
HDL (mg/dL) or Women
�60 	1
50--59 0
40--49 1
�40 2

Blood Pressure Control and Gender

Points

Systolic Blood Pressure (mm/Hg) Men Untreated Men Treated Women Untreated Women Treated
�120 0 0 0 0
120--129 0 1 1 3
130--139 1 2 2 4
140--159 1 2 3 5
�160 2 3 4 6

(continued)



96 Part 1 / Cardiovascular Disorders

the development of ASCVD and as a predictor of CHD
events, the evidence is insufficient to specify a goal for
targeted therapy.17 In patients with low HDL, ATP-III still
considers LDL to be the primary target of therapy and
non-HDL cholesterol to be a secondary priority.

TREATMENT OF DYSLIPIDEMIA

NONPHARMACOLOGIC TREATMENT

Therapeutic lifestyle changes (TLC) should be initiated
for all individuals with dyslipidemia. Weight manage-
ment, diet modification, and increased exercise are
first-line interventions for patients who are prescribed
drug therapy. Two-thirds of U.S. adults are overweight,
and weight control can improve all lipid parameters
and the components of the metabolic syndrome. Dys-

lipidemia patients should be stratified by body mass
index to assess the need for caloric restriction and
increased physical activity. Determination of waist cir-
cumference provides an easily obtained measure of
metabolically detrimental visceral adiposity. Regardless
of weight, dyslipidemia patients should limit total fat,
saturated and trans fats, and cholesterol in their diets.
The ATP-III diet recommends limiting saturated fat in
the diet to less than 7% of total calories and decreasing
total cholesterol intake to less than 200 mg per day. This
TLC diet also encourages the intake of soluble fiber and
plant stanols or sterols to lower LDL levels. Stanols and
sterols are essential components of plant cell mem-
branes, and when ingested, they reduce the dietary cho-
lesterol absorption by disrupting the formation of intes-
tinal mixed micelles.18 The so-called Mediterranean
diet, which emphasizes consumption of monounsatu-
rated fats, such as olive oil, whole grains, vegetables, and
fish can also be recommended to reduce ASCVD risk.19

Physical activity can be recommended for all adults,
especially dyslipidemia patients who are overweight. At
least 30 minutes of moderate aerobic exercise on most
days of the week should be encouraged. Prescribed
physical activity need not be part of a structured exer-
cise program or accrued all at one time. Activities such
as running, cycling, or swimming produce cardiovascu-
lar benefit, but walking, gardening, housework, and
stair climbing are also beneficial. To yield a maximum
advantage, exercise should be intense enough to raise
the heart rate. Regular physical activity can raise HDL
levels, while decreasing blood pressure and insulin

Table 6-7. Metabolic Syndrome Clinical Criteria*

Risk Factor Defining Level

Abdominal obesity 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

*Diagnosis is made when three or more risk factors are identified.
HDL, high-density lipoprotein.

Table 6-6. Framingham Risk Calculator (continued)

10-year Risk Score for Men 10-year Risk Score for Women

Total Points 10-year Risk in % Total Points 10-year Risk in %

�0 �1
0 1
1 1
2 1
3 1
4 1
5 2
6 2
7 3
8 4
9 5

10 6
11 8
12 10
13 12
14 16
15 20
16 25

�17 �30

HDL, high-density lipoprotein.

�9 �1
9 1

10 1
11 1
12 1
13 2
14 2
15 3
16 4
17 5
18 6
19 8
20 11
21 14
22 17
23 22
24 27

�25 �30



Chapter 6 / Dyslipidemia 97

resistance. Exercise also assists smoking cessation, which
can have an added beneficial impact on HDL values.

PHARMACOLOGIC TREATMENT

Lipid-modifying drug therapies have demonstrated an
ability to slow the progression of atherosclerotic disease,
stabilize rupture-prone atheromatous plaques, and
improve cardiovascular outcomes. They confer these
benefits through their favorable impact on lipid profiles
and through drug-specific actions, vasodilatory actions,
anti-inflammatory actions, and antithrombotic actions,
which are often referred to as their pleiotropic effects.20

Pharmacologic treatment should be considered an
adjunct to diet and lifestyle changes. In stable, low-risk
patients, drug interventions may follow a 3-month trial
of TLC, but in higher risk patients, they must be con-
sidered an initial intervention.

Six drug classes are used to treat dyslipidemia. Lipid-
modifying medications differ in their impact on lipid
parameters, their relative and absolute contraindica-
tions, and their tolerability (Table 6-8). Safety concerns
may be paramount when drugs are used in combination
strategies. This increased risk of adverse events requires
appropriate patient counseling, and close clinical and
laboratory monitoring. Pharmacologic treatment must
be taken indefinitely to maintain its benefit, thus the
prescribed regimens must also be well tolerated to
enhance persistence with therapy (Figure 6-1).

STATINS

Statins, or more formally, 3-hydroxy-3-methylglutaryl
coenzyme A (HMG-CoA) reductase inhibitors, compet-
itively inhibit the rate-limiting step in hepatic choles-
terol synthesis. By decreasing intrahepatic cholesterol,
they facilitate LDL clearance from the circulation
through an upregulated expression of liver-associated
LDL receptors. They also exert a favorable impact on
triglyceride and HDL levels. Clinical trials reveal that
statins reduce cardiovascular event rates and all-cause
mortality in a broad range of demographic and risk

populations.21 Six statins are currently available in the
United States; cerivastatin (Baycol®) was withdrawn from
the market due to excess rates of morbidity (Table 6-9).
Statins not only differ in LDL-lowering efficacy, but
also in their metabolic fates, and thus in their potential
for drug and disease interactions (Table 6-10).22 They
are generally well tolerated, though they are associated
with dose-dependent elevations in liver transaminases.
Patients with liver disease should be monitored closely,
as medication withdrawal usually leads to resolution.
Muscle cramping, or myalgia, is common, but muscle
toxicity is rare and is indicated by more severe pain,
weakness, and elevations in creatine kinase. Rhabdomy-
olysis with renal failure or death is more common with
higher doses, in combination drug therapies and in cer-
tain patient cohorts (Table 6-11).23 Statins are classified
as category X in pregnancy; they should be used cau-
tiously in women of child-bearing potential.

BILE-ACID SEQUESTRANTS

The use of bile-acid sequestrants, sometimes referred to
as anion-exchange resins, is complicated by tolerability
and compliance issues, as well as their modest LDL-
lowering effects. Bile acids emulsify dietary fats to facili-
tate their absorption in the small intestine. These cho-
lesterol-rich compounds are reabsorbed in the ileum
and enterohepatically circulated back to the duode-
num. Sequestrants prevent their resorption, by increas-
ing their excretion in the stools, and increase the need
for hepatic synthesis of bile acids from cholesterol and
thus facilitate the occasional removal of cholesterol
from the circulation. Coadministration with a statin can
yield additive LDL-lowering benefits, and may obviate
the modest triglyceride elevations sometimes seen with
sequestrant use. Resins are not systemically absorbed;
their adverse-effect profile is limited to gastrointestinal
disturbances such as bloating, flatulence, and constipa-
tion. Tolerability can be enhanced by gradual dose titra-
tion and by increasing fluid and fiber intake. Bile acid
sequestrants can bind many orally administered med-
ications, including other-lipid modifying treatments,

Table 6-8. Medication Classes and Effect on Lipid Parameters

Medication Class LDL Triglycerides HDL

Statins Decrease by 20%--60% Decrease by 10%--30% Increase by 5%--15%
Bile-acid sequestrants Decrease by 15%--30% No change or increase Increase by 5%
Niacin Decrease by 5%--25% Decrease by 20%--50% Increase by 15%--35%
Fibrates Decrease by 5%--20% Decrease by 20%--50% Increase by 10%--20%
Cholesterol-absorption Decrease by 15%--20% Decrease by 5%--15% Increase by 5%

inhibitors
Fish oil No change or increase Decrease by 20%--50% Increase by 5%--10%

LDL, low-density lipoprotein; HDL, high-density lipoprotein.
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thus decreasing the bioavailability of these drugs and
detrimentally impacting their efficacy. Coadministered
medications should be taken 1 hour before or 4 to 6
hours after resins are ingested. A more palatable, tablet
form of sequestrant, colesevelam (Welchol®), does not
impair the absorption of other drugs and is purported
to be better tolerated than granular agents. Coleseve-
lam is rated category B in pregnancy.

FIBRATES

Fibric-acid derivatives lower elevated triglyceride levels
by increasing LPL activity, and increase HDL levels
through peroxisome proliferator-activated receptor 

binding. No predictable impact on LDL levels is seen,
though LDL particle composition may be rendered less
atherogenic. Clinical trial benefit has been variably

Table 6-10. Drug–Drug Interactions with HMG-CoA Reductase Inhibitors

Statin CYP Metabolism Major Drug Interactions Other Potential Interactions

Atorvastatin 3A4: Substrate Cyclosporine, Azole 
antifungals, erythromycin, 
clarithromycin, protease 
inhibitors, grapefruit juice, 
nefazodone

Fluvastatin 2C9: Inhibitor Warfarin
Lovastatin 3A4: Substrate Cyclosporine, Azole 

antifungals, erythromycin, 
clarithromycin, protease 
inhibitors, grapefruit juice, 
nefazodone

Pravastatin None None significant
Rosuvastatin 2C9: Substrate Warfarin Do not exceed 5 mg/d 

cyclosporine. Lower dose
in Asian patients.

Simvastatin 3A4: Substrate Cyclosporine, Azole Do not exceed 10 mg/d
antifungals, erythromycin, when used with 
clarithromycin, protease gemfibrozil, or 
inhibitors, grapefruit juice, cyclosporine. Do not 
nefazodone exceed 20 mg/d when 

used with amiodarone or 
verapamil.

CYP, cytochrome P450.

Table 6-9. Statins and Combination Agents

Statin Available Dose (mg) Generic LDL Decrease (%)

Atorvastatin (Lipitor®) 10, 20, 40, 80 No 39--60
Fluvastatin (Lescol®) 20, 40 maximum dose No 22--36

80 mg (40 mg bid)
Fluvastatin extended release 80 No 35

(Lescol XL®)
Lovastatin (Mevacor®) 10, 20, 40 maximum Yes 21--42

dose 80 mg (40 mg BID)
Lovastatin extended release 10, 20, 40, 60 No 24--41

(Altocor®)
Pravastatin (Pravachol®) 10, 20, 40, 80 Yes 22--37
Rosuvastatin (Crestor®) 5, 10, 20, 40 No 45--63
Simvastatin (Zocor®) 5, 10, 20, 40, 80 Yes 26--47
Simvastatin/Ezetimibe 10/10, 10/20, 10/40, 10/80 No 45--60

(Vytorin®)
Niacin extended release/ 500/20, 1000/20 No 30--42

Lovastatin (Advicor®) Dose 1000/20 to maximum 
dose 2000/40

LDL, low-density lipoprotein.
Data abstracted from Manufacturers’ Prescribing Information.
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demonstrated; their benefit on cardiovascular out-
comes has not been extended to a decrease in total
mortality. Fibrates are well tolerated, though myopathy
and rhabdomyolysis can be a concern, especially with
concurrent statin use. Fenofibrate (Tricor®) has less of
an impact on statin metabolism and is the preferred
agent in combination regimens. Fibrates are hepatically
metabolized and eliminated in the urine; use in
patients with moderate to severe liver and kidney dis-
ease should be avoided. There is an increased risk of
gallstone formation with fibrate use. Fenofibrate
belongs to category C as a pregnancy risk factor.

NIACIN

The mechanism by which nicotinic acid, or more com-
monly niacin, mediates its beneficial lipid effects is
poorly understood. It is believed to inhibit lipolysis,
decrease the release of free fatty acids into the circula-
tion, and thus lower VLDL levels. Its use favorably
impacts multiple lipid parameters: Niacin decreases
LDL, triglycerides, and Lp(a) levels and increases HDL
cholesterol. Niacin is an ideal drug for patients with
mixed lipid disorders. It is available in a nonprescrip-
tion, immediate-release formulation as well as a
branded, extended-release formulation (Niaspan®).
Widespread utilization is hindered by tolerability and
dose-titration issues. Niacin usually causes cutaneous
flushing, a prostaglandin-mediated event that can be
symptomatically ameliorated with prior aspirin adminis-
tration. Flushing can also be diminished with gradual
dose titration over weeks and the use of the extended-
release formulation. Niacin use should be closely moni-
tored in patients with diabetes mellitus, as it can impair
glucose tolerance.24 It can also lead to hyperuricemia
or precipitate gouty arthritis. Niacin can cause gastroin-
testinal distress, and should be avoided in patients with
a history of peptic ulcer. Elevations in liver enzymes are
rare, but more common when it is used in combination
with a statin. Given these tolerability and disease and
drug interactions, patient counseling is especially

important to achieve target niacin doses and to maintain
patient adherence with treatment. Pharmacologic doses
of niacin are considered a category C pregnancy risk.

CHOLESTEROL-ABSORPTION INHIBITORS

Ezetimibe (Zetia®) is the first in a novel class of lipid-
modifying medications, the selective cholesterol
absorption inhibitors. Ezetimibe inhibits the intestinal
absorption of cholesterol from exogenous sources, cho-
lesterol in food, and endogenous sources, biliary free
cholesterol. This inhibition is selective, in that there is
no detrimental impact on administered steroids or fat-
soluble vitamins. Ezetimibe use leads to a decrease in
intestinal cholesterol delivered to the liver and a subse-
quent increase in the clearance of cholesterol from the
circulation. Ezetimibe benefits all lipid parameters, but
its impact on LDL levels is modest as a monotherapy.
No dietary or anthropometric factors predict its efficacy.
Its mechanism of action is complementary to statins,
and it is approved by Food and Drug Administration
(FDA) for adjunctive therapy.25 Ezetimibe has also
demonstrated additive lipid-modifying effects when
used in combination with fenofibrate and colesevelam.
Ezetimibe requires no dosage titration, or adjustment
with renal disease or mild hepatic insufficiency. It is
administered once daily, regardless of meals. Use is well
tolerated and no adverse biochemical effect monitoring
is mandated for monotherapy. However, elevated liver
transaminases occur more frequently when ezetimibe is
used in combination drug regimens, though prompt
resolution with drug withdrawal is the rule. It is consid-
ered a category C agent in regard to pregnancy risk.

FISH OILS

Long-chain, highly unsaturated omega-3 fatty acid
supplements can be used to treat hypertriglyc-
eridemia. High doses of the fish oils like docosa-
hexaenoic acid and eicosahexaenoic acid reduce
VLDL production, though their impact on triglyc-
eride levels are less pronounced than that of fibrates
or niacin. Supplementation may produce less athero-
genic LDL particles as well as yield antioxidant or
antithrombotic effects (See Fig. 6-1). Clinical trial data
are limited, but omega-3 fatty acids have been demon-
strated to reduce sudden cardiac death.26 Many propri-
etary formulations are available over the counter,
though patients should be advised to identify product
potency and to dose titrate based upon docosa-
hexaenoic acid/eicosahexaenoic acid content. The FDA
recently approved a prescription compound (Lovaza®)
that provides a standardized omega-3-acid ethyl ester
content. Adverse effects are limited to dyspepsia and

Table 6-11. Increase Statin-Associated Myopathy Risk

Factors that Increase Risk for Statin Myopathy

Advanced age (especially �80 y)
Female gender
Small body frame, frailty
Multisystem disease (e.g., chronic kidney disease in diabetes 

mellitus)
Perioperative period
Alcohol abuse
Concomitant medication use (especially cytochrome 

interactions)
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LDL not at goal based on NCEP III guidelines with
lifestyle modifications including diet

Start simvastatin 20 mg/day (~35% reduction in LDL) *

Yes Continue current regimen, 
recheck fasting lipid panel 

(FLP) yearly and 
liver function tests (LFTs)
when clinically indicatedNo

LDL at goal?

Increase dose to simvastatin 40 mg/day

LDL at goal?
Yes

Consider Lipid Clinic consult if patient has 
 high triglycerides (≥500) or low HDL (<40) 
 for consideration of multi drug therapy

No

Clinical Pearls

1. The LDL goal for patients with
ischemic heart disease and diabetes
is <100 mg/dL; an OPTIONAL LDL  
goal of <70 relates to patients at
very high risk such as acute coronary
syndrome (ACS)12

2. The incidence of rhabdomyolysis is
very low with moderate dose (simva
40 or equivalent) statin therapy
(0.023%)21

3. Patients should receive additional
liver function tests prior to titration
and 3 months after titration to the 80-
mg dose of a statin, and periodically
thereafter (e.g., semiannually) for the
first year of treatment.

4. Niaspan is an extended-release
formulation of niacin that is
associated with less flushing and
itching than other forms of niacin;
patients should take nonenteric
coated aspirin (ASA) 325 mg 30
minutes prior to dose

5. The combination of statin and fibrate
therapy increases the risk of
rhabdomyolysis up to 5% [number
needed to harm (NNH) 20]

Monotherapy: Increase dose
to simvastatin 80 mg/day or

switch to atorvastatin 
80 mg/day

Lipid consult or
add Niaspan 500 mg

qhs, titrated q 2
weeks to max of

1 g/day

Continue current regimen,
recheck FLP yearly and
LFTs when clinically

indicated

LDL not at
goal

Ensure compliance, consider
Lipid Clinic Consult

LDL still not at
goal

Figure 6-1. LDL reduction algorithm.

*Check baseline liver function tests prior to initiation of treatment and when clinically indicated thereafter. Simvastatin was chosen because
it is now available generically.
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reports of a fishy taste or fishy burps. Multiple times
per day dosing is generally required of all products.
No significant drug interactions are noted. Use in
patients with sensitivity or allergies to fish is con-
traindicated. High-dose supplementation is assigned
category C in regard to pregnancy risk.

COMBINATION THERAPY

Many patients will require combination lipid-modifying
treatments to achieve optimal lipid management.
Emerging clinical trial evidence supports lower LDL
targets and intensified therapy for triglyceride and HDL
abnormalities.27,28 To meet these more stringent goals,
combination therapy is often necessary. Use of a statin
with an enteric agent, either a bile-acid sequestrant or
ezetimibe, may decrease the rate of adverse effects
experienced when doses of statins are titrated upwards.
Combination therapy with a statin and an agent benefi-
cially impacting triglycerides or HDL levels, either a
fibrate or niacin, is often required in patients with
mixed lipid disorders or with the metabolic syndrome.
Familial dyslipidemia may warrant triple-drug therapy.
Pharmaceutical manufacturers have responded by
introducing fixed-dose combination drugs (Table 6-9).29

However, such combination regimens have not demon-
strated CHD outcome benefits in clinical trials. Regard-
less of FDA labeling, the use of combination therapy
requires additional patient education, more vigilant
biochemical monitoring, and a greater scrutiny of
potential disease and drug interactions. Such close
monitoring may be best conducted in a specialized dys-
lipidemia clinic staffed by trained physicians, advanced-
practice nurses, and pharmacists.

FUTURE THERAPY

Novel mechanisms for treating dyslipidemia are under
active investigation. It is likely that as our understand-
ing of lipoprotein metabolism and transport evolves,
more pathophysiologic targets for pharmacologic ther-
apy will be identified. Intense scrutiny is currently
focused on reverse cholesterol transport by HDL. Thus
far, drugs that inhibit cholesteryl ester transfer protein
and raise HDL levels have been clinically disappoint-
ing. Medications that inhibit acyl-coenzyme A:choles-
terol acyltransferase and microsomal transfer protein,
thus preventing the enterocyte from assembling chy-
lomicrons, and drugs that directly inhibit ileal bile-acid
transport, thus preventing their enterohepatic circula-
tion and so depleting hepatic cholesterol stores, are
early in their development and no clinical judgments
can be made.
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SEARCH STRATEGY

A systematic search of the medical literature was per-
formed in January 2008. The search, limited to human
subjects and English language journals, included the
National Guideline Clearinghouse, the Cochrane data-
base, PubMed, UpToDate®, and PIER®. The current Amer-
ican College of Cardiology/American Heart Association
2006 Guidelines for the management of patients with
peripheral arterial disease can be found at www.acc.org

Peripheral arterial disease (PAD), the most common
form of peripheral vascular disease, is a manifestation
of progressive narrowing of arteries caused by athero-
sclerosis.1 PAD can be used to designate occlusive,
stenotic, and aneurysmal diseases of the aorta and its
branch arteries.2 This chapter will focus on lower
extremity PAD. PAD is associated with elevated risk of
cardiovascular disease (CVD) morbidity and mortality,
even in the absence of prior history of acute myocardial
infarction (AMI), stroke or other manifestations of
CVD.1,3 Patients with PAD have approximately the same
relative risk of death from CVD as do patients with a his-
tory of coronary or cerebrovascular disease and PAD
should be considered a surrogate marker of subclinical
coronary artery disease (CAD) and other vascular terri-
tories.1,4,5 The treatment of PAD focuses on decreasing
the functional impairment caused by symptoms of
intermittent claudication (IC) through nonpharmaco-
logic and pharmacologic therapy and by minimizing
the impact of other cardiovascular risk factors.6,7

CLINICAL PRESENTATION

PAD is most commonly a manifestation of systemic ath-
erosclerosis in which the arterial lumen of the lower

extremities becomes progressively occluded by athero-
sclerotic plaque.8 The major risk factors for the devel-
opment of atherosclerosis are older age (greater than
70 years), cigarette smoking, diabetes mellitus, hyper-
cholesterolemia, hypertension (HTN), and hyperho-
mocysteinemia.2,8,9 Additionally, patients less than 50
years of age are at risk if they have been diagnosed with
diabetes and one additional atherosclerotic risk factor,
as well as patients more than age 50 who have a history
of diabetes or smoking.2 The arteries most commonly
involved, in order of occurrence, are the femoropoplit-
eral-tibial, aortoiliac, carotid and vertebral, splanchnic
and renal, and brachiocephalic.10 Familial hypercholes-
terolemia (FH) leading to hypercholesterolemia and
elevated low-density lipoprotein (LDL) levels is associ-
ated with accelerated development of atherosclerosis
earlier and with more severe symptoms (e.g., IC) and
abnormal blood flow studies compared to controls.11

Intima-media thickness can be used as a surrogate phe-
notype for cardiovascular risk in FH and carotid and/or
femoral artery atherosclerosis results in increased
intima-media thickness and it is correlated to cardiovas-
cular risk in FH patients compared with normolipi-
demic individuals.7

PHYSICAL FINDINGS

The clinical presentation of PAD is variable and
includes a range of symptoms from no symptoms at all
(typically early in the disease, with 5% to 10% develop-
ing symptoms more than 5 years12,13) to pain and dis-
comfort. The two most common characteristics of PAD
are IC and pain at rest in the lower extremities.14–16 IC
is generally regarded as the primary indicator of PAD
and has been described as fatigue, discomfort, cramping,
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pain, or numbness in the affected extremities (typically
the buttock, thigh, or calf) during exercise and is
resolved within a few minutes by resting.14,15,17–19 Rest
pain typically occurs later in the disease when the blood
supply is not adequate to perfuse the extremity (critical
limb ischemia). This most often can be felt at night,
while the patient is lying in bed, in the feet (typically the
toes or heel).7,14–16

DIAGNOSTIC EVALUATION

An important criterion for the accurate diagnosis of
PAD is the exclusion of other conditions that possess
similar signs and symptoms. A differential diagnosis
should rule out other neurological conditions (i.e.,
peripheral neuropathy), inflammatory conditions (i.e.,
arthritis), and vascular conditions (i.e., deep venous
thrombosis) which may mimic PAD.7,15,19,20

MEDICAL HISTORY/PATIENT INTERVIEW

A detailed medical history and interview with the
patient is the first step in providing information that
may help to determine a differential diagnosis of PAD.
Does the patient have a history of walking impairment,
poorly healing wounds of the legs or feet, or pain at
rest localized to the lower extremities? Does the med-
ical history include a diagnosis of diabetes, obesity,
HTN, and/or hypercholesterolemia? Does the social
history include current, or past, smoking of tobacco
products?2 Detailed documentation of this informa-
tion may help to determine the diagnosis of PAD,
either in the present with patient complaining of symp-
toms, or in the future if the patient presents without
symptoms.

PHYSICAL EXAMINATION

As with any good medical encounter, a detailed patient
history of symptoms and atherosclerosis risk factors can
be helpful in the diagnosis of PAD. Unfortunately, as
illustrated by the Peripheral Arterial Disease Awareness,
Risk, and Treatment: New Resources for Survival pro-
gram, providers who rely on a history alone will miss
approximately 85% to 90% of patients with PAD.17

Therefore, a complete medical examination of the
patient is vital to proper diagnosis.7

Requesting that the patient remove socks and shoes
may reveal nonspecific signs of decreased blood low to
the extremities (i.e., cool skin temperature, shiny skin,
decreased pulses, thickened toenails, lack of hair on the
calf, feet and/or toes) or, in severe cases, visible sores or
ulcers that are slow to heal and may even be black in
appearance.2,7,14–16,21,22

ANKLE-BRACHIAL INDEX (ABI)

The ankle-brachial index (ABI) is a simple, noninvasive,
quantitative test that has been proven to be a highly sen-
sitive and specific (�90%) tool in the diagnosis of
PAD.13,17,23–25 To measure the ABI, the patient lies in
the supine position as the systolic blood pressure is
measured at the brachial arteries on both arms and the
dorsalis pedis and posterior tibial arteries of the legs
with a standard sphygmomanometer and a continuous-
wave Doppler device. The pressures obtained at the
dorsalis pedis and posterior tibial arteries are averaged
and divided by the mean measurement taken at the left
and right brachial arteries.9,21,26,27 An ABI of 1 is con-
sidered normal while a measurement less than 0.9 is
consistent with PAD. Further, the range of 0.7 to 0.9 cor-
relates with mild PAD, 0.4 to 0.7 indicates moderate dis-
ease, and less than 0.4 denotes severe PAD.7,8,18,26

The ABI can also be useful after a test of exercise tol-
erance (i.e., 5–6 min on a treadmill or 30–50 repetitions
of heel raises). Patients with PAD will have a significant
drop in the ABI after exercise while pain with a normal
or unchanged ABI can rule out PAD and suggest to the
provider that an alternate diagnosis exists.8,18,21 In addi-
tion to providing diagnostic information, the ABI meas-
urement has been shown to be a strong predictor of
future cardiovascular events associated with PAD.7,28

Alternatively, arteriography is an expensive, invasive test
that may be used to diagnose PAD. However, as ABI is a
sufficient means of diagnosis, arteriography is not nec-
essary or encouraged.7,14,19,24 Repeat ABI measure-
ments should be assessed at each patient visit to deter-
mine if there has been stabilization, or progression, of
the disease process.7

OTHER USEFUL DIAGNOSTIC TOOLS

Other noninvasive tools are available for the diagnosis
of PAD. Handheld Dopplers are becoming more readily
available and may serve to aid in the diagnosis of PAD at
the bedside. One study has suggested a calculation that
takes into consideration the patient’s history of AMI
and the number of auscultated and palpated posterior
tibial arteries.29,30 Magnetic resonance angiography can
be used to examine the presence and location of signif-
icant stenosis, or lack thereof, and is a reasonable
option in patients who are being considered for surgical
revascularization.2 Similarly, computed tomographic
angiography can be used to determine the presence of
significant stenosis and soft tissue diagnostic informa-
tion that may be associated with PAD (i.e., aneurysms).2

A provider must determine if the benefits of these addi-
tional tests will outweigh their limitations (i.e., mag-
netic resonance angiography can overestimate the
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degree of stenosis and computed tomographic angiog-
raphy requires iodinated contrast2) and justify the addi-
tional costs.

LABORATORY TESTS

There are no specific laboratory tests for the diagnosis
of PAD. However, tests that screen for risk factors of
other atherosclerotic conditions can lend useful infor-
mation (i.e., complete lipid panel demonstrating ele-
vated LDL, elevated total cholesterol and/or low HDL,
elevated blood glucose, and hemoglobin A-1C, etc.)7

RISK STRATIFICATION

The National Health and Nutrition Examination Sur-
vey found that the prevalence of PAD among adults
aged 40 years and older in the United States was 4.3%
using the definition of an ABI of less than 0.9 in either
leg.3 The prevalence of PAD is highly dependent on
age, being infrequent in younger individuals and com-
mon in older individuals. In age- and gender-adjusted
logistic regression analyses, black race/ethnicity (odds
ratio [OR] 2.83), current smoking (OR 4.46), diabetes
(OR 2.71), HTN (OR 1.75), hypercholesterolemia (OR
1.68), and impaired renal function (estimated glomeru-
lar filtration rate less than 60 mL/min per 1.73 m2)
(OR 2.00) were associated with more prevalent PAD.3,31

The relative risk of death from CVD in patients with
PAD is reported to range from 2.0 to 5.1 in patients with
or without CVD and 2.9 to 5.7 in patients with known
CVD.9 CVD accounts for 75% of all deaths in patients
with PAD.8 It is important to recognize that the risk of
death is approximately the same in men and women
and is elevated even in asymptomatic patients. Patients
with critical leg ischemia who have the lowest ABI values
have an annual mortality of 25%.7,32

MANAGEMENT

NONPHARMACOLOGIC THERAPY

Smoking Cessation
It has been thoroughly documented that cigarette

smoking not only increases the risk of developing PAD
and other cardiovascular disorders, but that the dura-
tion and quantity smoked can negatively impact disease
progression (i.e., increase the risk of amputation) and
increase mortality.9,20,28,33–37 As a result, providers must
advise patients to quit and should offer nonpharmaco-
logic and pharmacologic means to aid the patient to
that goal. Individual or group behavior modification
therapy with or without the addition of certain antide-
pressants (i.e., bupropion) or nicotine replacement

therapies (i.e., gum or patches) has been proven effec-
tive in numerous studies. Reassessment of smoking sta-
tus and progress encouragement at each encounter can
help to reemphasize to the patient the vital importance
of this lifestyle change.7

Exercise
Walking exercise programs for patients with PAD have

been proven to result in an increase in walking duration
and distance, an increase pain-free walking, and a
delayed onset of claudication by 179%.20,22,34,35,38–43

Other benefits of exercise programs include improving
diabetes and lipid management, reducing weight,
improving blood viscosity and flow, and reducing blood
pressure.6 The type of aerobic activity recommended, as
well as the duration and frequency of the activity,
should be individually designed on a patient-to-patient
basis. The 2006 American College of Cardiology and
American Heart Association Guidelines for the Man-
agement of PAD recommends supervised exercise train-
ing for patients with IC, for a minimum of 30 to 45 min-
utes, to be performed at least 3 times per week.2 A
recent prospective, observational study has concluded
that PAD patients with higher physical activity (as meas-
ured with a vertical accelerometer) have reduced mor-
tality and cardiovascular events compared to those with
low physical activity, regardless of confounders.44

Repeat exercise treadmill walking testing should be
repeated at regular intervals (i.e., quarterly to biannu-
ally) to assess improvement or decline in walking dura-
tion and distance, as well as the time to pain onset while
performing this activity.7

PHARMACOLOGIC ANTIPLATELET THERAPY

See Table 7-1.

ASPIRIN

By far, the most compelling evidence for the use of any
pharmacologic agent in PAD can be found with aspirin
(ASA). The Antithrombotic Trialists’ Collaboration
(ATC) conducted a meta-analysis of 195 randomized tri-
als, composed of more than 135000 patients at high risk
for occlusive arterial disease, and concluded that low-
dose ASA (75–160 mg) and medium-dose ASA
(160–325 mg/d) lead to a significant reduction in seri-
ous vascular events (12%) in “high-risk” patients, such
as those with PAD.45 It was also noted in this analysis
that the risk of major extracranial bleed was similar
between the low-dose and medium-dose regimens.

The recommendations of the Seventh American
College of Chest Physicians (ACCP) Conference on
Antithrombolitic and Thrombolytic Therapy recommend
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lifelong ASA (75–325 mg/d) over clopidogrel, ticlopi-
dine, and no antithrombolitic therapy in patients with
PAD.46 Unfortunately, no data are currently available
from large, clinical, randomized trials that ASA, or any
other antiplatelet therapies, can actually prevent or
delay the progression of PAD.7,46

ASA  DIPYRIDIMOLE EXTENDED-RELEASE

The ATC also examined the use of dipyridamole
extended-release in combination with ASA in “high risk”
patients, such as those with PAD. Their meta-analysis of
25 trials (more than 10 000 patients) concluded that the
addition of dipyridamole to aspirin led to an additional
reduction in serious vascular events over ASA alone
(6%); however, this reduction was unable to reach sta-
tistical significance (p � 0.32).45,47 It should also be
taken into consideration that most of the reduction in

nonfatal stoke in this analysis came from one trial, and
these data are not replicated in the other studies.45,48,49

The addition of dipyridamole to ASA may cause an
increased risk of bleeding and gastrointestinal side
effects when compared to placebo and should not be
used in with CAD.7,49

CLOPIDOGREL (PLAVIX®)

The ATC meta-analysis also reviewed the effectiveness
of clopidogrel 75 mg per day in “high-risk” patients,
including those with PAD. The Collaboration con-
cluded that although clopidogrel was able to reduce
serious vascular events by 10%, this was significantly less
than the reduction seen with ASA (12%, p � 0.03), as
described previously.45 Included in this meta-analysis
was the report from the Clopidogrel versus ASA in
Patients at Risk of Ischemic Events trial which had

Table 7-1. Pharmacotherapy Options for Patients with PAD1–15

Agent Daily Dose (Oral) MOA Side Effects Contraindications Level of Evidence

Aspirin (ASA) 81–325 mg Irreversibly inhibits Gastrointestinal upset Active bleeding; With coronary or
prostaglandin and/or bleeding Hemophilia; cerebrovascular
cyclooxygenase in Thrombocytopenia (Grade 1A),
platelets, prevents without (Grade
formation of 1C�)
thromboxane A2

Dipyridamole 400 mg (�ASA May act by inhibiting Angina; Dyspnea; Active bleeding; CAD Recommendation
ER 50 mg) platelet aggregation Hypotension; (“coronary steal for use not

(complete MOA Headache; Dizziness syndrome”) specified in
unknown) report

Cilostazol 100 mg BID Phosphodiesterase Fever; Infection; All CHF patients With IC (Grade
(Pletal®)* inhibitor, suppresses Tachycardia (decreased 2A)

platelet aggregation; survival)
direct artery 
vasodialator

Clopidogrel 75 mg Inhibits binding of ADP Chest pain; Purpura Active pathological Recommend 
(Plavix®) analogues to its platelet Generalized pain; bleeding (i.e., clopidogrel

receptor causing Rash peptic ulcer, over no 
irreversible inhibition intracranial antiplatelet
of platelets hemorrhage) therapy (Grade

1C�)
Pentoxifylline 1.2 g Alters RBC flexibility; Dyspnea; Nausea; Recent retinal or Not recommended

(Trental®) decreases platelet Vomiting; cerebral in patients with
adhesion; reduces Headache; hemorrhage; IC (Grade 1B)
blood viscosity; Dizziness active bleeding
decreases fibrinogen
concentration

Ticlopidine 500 mg Inhibits binding of ADP Leukopenia; Rash Active bleeding; Clopidogrel 
(Ticlid®) analogues to its platelet Thrombocytopenia; Hemophilia; recommended

receptor causing Neutropenia; Thrombocytopenia over ticlopidine
irreversible inhibition Agranulocytosis; (Grade 1C�)
of platelets Aplastic anemia

* Cilostazol should be used in combination with antiplatelet therapy.
Grades of recommendation for antithrombotic and thrombolytic therapy is part of the Seventh ACCP Conference on Antithrombotic and Thrombolytic Therapy16

ASA, aspirin; ER, extended-release; mg, milligrams; g, grams; BID, twice-daily; ADP, adenosine 5�-diphosphate; RBC, red blood cell; CAD, coronary artery disease;
CHF, congestive heart failure; IC, intermittent claudication. 
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concluded that clopidogrel (75 mg daily) was more
effective than ASA (325 mg daily) in preventing vascular
events in “high-risk” patients with an overall reduction in
ischemic stroke, MI or vascular death from 5.83% to
5.32% (p � 0.043). This difference was even more pro-
nounced in the subgroup analysis of PAD patients
(clopidogrel therapy led to a significant reduction of
4.86% vs. 3.71% in the ASA group, p � 0.0028).5,23,28 It
must be noted that clopidogrel is significantly more
expensive than ASA therapy, not only in drug costs, but
clopidogrel remains a by-prescription only medication
and, thus, requires a physician visit to obtain a prescrip-
tion for the medication. It is for all these reasons that the
current recommendations list clopidogrel as first-line
agent, but only in cases where ASA therapy is either not
tolerated or contraindicated. 7,45,48

TICLOPIDINE (TICLID®)

Although ticlopidine has the same mechanism of action
(MOA) as clopidogrel and possesses a similar molecular
structure, the once promising results seen with ticlopi-
dine therapy have now been overshadowed by the
severe hematological side effects unique to this agent.
Other agents, namely, clopidogrel, are now used in its
stead.7,9,20,35

PHARMACOLOGIC THERAPY OF IC

See Table 7-1.

CILOSTAZOL (PLETAL®)

In a head-to-head, randomized, placebo-controlled study
in 698 patients with moderate-to-severe claudication,
Dawson et al.50 assigned patients to cilostazol (100 mg
twice a day), pentoxifylline (400 mg 3 times a day), or
placebo in an effort to improve maximal walking dis-
tance. After 24 weeks, the cilostazol group demon-
strated a 54% mean increase in distance versus pentox-
ifylline which demonstrated only a 30% mean increase
(p � 0.001).50 Similarly, a meta-analysis of eight ran-
domized, double-blind, placebo-controlled, parallel-
design trials supported this conclusion with a reported
increase in maximal walking distance and pain-free
walking distance over placebo with cilostazol at doses of
50 mg and 100 mg twice-daily (p � 0.05 for all).51

Regrettably, improvement in walking distance has
appeared to come with a price (in addition to the high
drug cost); cilostazol has a “black box” warning from
the U.S. Food and Drug Administration warning
providers not to use this medication in patients with
PAD and coexisting heart failure.33 If patients with PAD
are not candidates for surgical interventions to improve

severe IC, and after appropriate exercise therapy and
therapeutic lifestyle changes have been implemented,
the Seventh ACCP Conference on Antithrombotic and
Thrombolytic Therapy then suggests the use of this
agent.7,46

PENTOXIFYLLINE (TRENTAL®)

Unlike cilostazol, pentoxifylline has produced less
promising results in clinical trials. An illustration of this
is the randomized, placebo-controlled trial by Dawson
et al.50 mentioned above. Not only did cilostazol out-
perform pentoxifylline in improvement in walking dis-
tance, the improvement seen with pentoxifylline was no
different from placebo (p � 0.82).50 This nonsignifi-
cant improvement in walking distance has been
observed in other studies as well.9,52 Meanwhile, other
meta-analyses of pentoxifylline in comparison to placebo
for the improvement of maximal walking distance, have
shown some minimal improvement over placebo, but the
average effects were relatively small.9,53–56 For these rea-
sons, the Seventh ACCP Conference on Antithrombotic
and Thrombolytic Therapy does not recommend the use
of this agent.7,46

VASCULAR SURGERY CONSULTATION

See Table 7-2.
Various surgical procedures are available for patients

with severe, debilitating claudication who have
attempted, and failed, other means of nonpharmaco-
logic and pharmacologic therapy. However, surgical
intervention is not indicated as a means of preventing
the progression to limb-threatening ischemia in patients
with IC.2 For patients with severe IC resulting in critical
leg ischemia, physicians may need to discuss alternate
surgical interventions including aortofemoral bypass,
femoralpopliteal bypass, or even amputation.14,15,34

However, the TransAtlantic Inter-Society Consensus
(TASC) document on PAD is very clear on the recom-
mendations for invasive therapy.22 The decision to
attempt percutaneous revascularization is often made

Table 7-2. The TASC Recommendations for Invasive
Therapy of IC17

There must be a lack of adequate response to exercise therapy
and risk factor modification. 

The patient must have severe disability from IC resulting in
impairment of daily activities. 

There must be a thorough evaluation of the risks versus benefits
of an invasive intervention including probability of success, the
anticipated future course of the disease if an intervention is 
not performed, as well as an evaluation of concomitant
disease states.
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with the guidance of diagnostic angiography. Angiogra-
phy can help to identify the location and size of lesions
and provide valuable information as to the likelihood of
success with surgical revascularization.7,22

PERCUTANEOUS TRANSLUMINAL ANGIOPLASTY

Percutaneous transluminal angioplasty (PTA) is an
example of an invasive treatment for PAD. A randomized
controlled clinical trial performed by Whyman et al.57

determined that, at 2 years postintervention, the PTA
outcomes on maximum walking distance and ABI and
were not significantly different than in patients that had
only received daily low-dose ASA (p � 0.05). Neverthe-
less, patients who had received PTA had significantly
fewer occluded arteries (p � 0.003), but the true clini-
cal significance of this finding was not able to be real-
ized in the time allotted for the study.7

STENT PLACEMENT

Stent placement in PAD patients has also been an area
of study and controversy. A meta-analysis examining the
use of stent placement versus PTA for the treatment of
aortoiliac occlusive disease determined that, although
stent placement and PTA yielded similar complication
and mortality rates, posttreatment ABI were more
improved with stents (0.87 with PTA and 0.76 with
stents, p � 0.03) and the risk of long-term failure was
39% less with stent placement.58 However, other studies
have not demonstrated improvement in patency rates
in peripheral arteries versus PTA alone.14 The TASC
document provides specific recommendations for PTA,
with or without stenting, depending on the how diffuse
the disease process is, the number and size of the
lesions, and the location of the lesions.7,22

PHARMACOLOGIC THERAPY OF COMORBID
DISEASE STATES

HYPERTENSION

HTN is a major risk factor for PAD and can lead to AMI,
stroke, heart failure, and death.43 Current guidelines
recommend the treatment goal for blood pressure in
patients with PAD to mirror those in patients with docu-
mented CVD, 130/85 mm Hg.33,43 Although, the Heart
Outcomes Prevention Evaluation study (HOPE trial),
demonstrated that angiotensin-converting-enzyme
(ACE) inhibitors reduced not only blood pressure, but
other cardiovascular events (i.e., AMI, stroke and
death) in high-risk patients, including those with PAD,
no specific class of antihypertensives are recommended
over another for the treatment of HTN in patients with

PAD. Therefore, selection of drug therapy for HTN
should be made on the basis of comorbid disease states,
drug costs and availability, drug allergies, or other pos-
sible limiting factors.7

HYPERLIPIDEMIA

PAD is considered by the Expert Panel on Detection,
Evaluation, and Treatment of High Blood Cholesterol in
Adults (Adult Treatment Panel III, or ATP III) to be in
the category of highest risk, or a coronary heart disease
risk equivalent. Therefore, it was recommended by the
Expert Panel that levels of LDL be maintained at �100
mg/dL and non-high-density lipoprotein (HDL) levels
(total cholesterol–HDL cholesterol) at �130 mg/dL.59

Clinical trials have been conducted since the time of
this recommendation, specifically the Heart Protection
Study60 and the Pravastatin or Atorvastatin Evaluation
and Infection–-Thrombolysis in Myocardial Infarc-
tion61 trial, that have lead many clinical experts to now
recommend an optional LDL goal of �70 mg/dL for
additional retardation of atherosclerotic plaque for-
mation in persons considered to be at very high risk,
including patients with PAD.62 Several options are
available for the initiation of drug therapy for LDL-
lowering in patients with PAD. Statins, bile acid
sequestrants, and nicotinic acid are all effective treat-
ment options. However, in most cases, statins are the
preferred starting agent in this patient popula-
tion.2,7,17,34,59,60

DIABETES MELLITUS

A recent meta-analysis of more than 95 000 diabetic
patients demonstrated an increasing risk of death from
cardiovascular events as blood glucose concentrations
increased, thus providing additional support for the
accepted premise that glycemic control serves as a risk
factor for CVD.63 Because of the high prevalence of
PAD among diabetic patients, the American Diabetes
Association recommends ABI screening of all diabet-
ics above 50 years of age for PAD.64 Because of the
presence of peripheral neuropathy, patients with dia-
betes may be less likely to experience or report symp-
toms of PAD and the first sign may be as drastic as the
appearance of a gangrenous foot ulcer. Therefore,
although there is currently a lack of randomized-
controlled studies illustrating that the degree of
glycemic control is predictive of the extent of PAD
present, it is recommended that all patients with
concomitant diabetes and PAD maintain good
glycemic control, as evidenced by a hemoglobin A-1c
level of �7%.7,15,20,22,33,35,64,65
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EVIDENCE-BASED SUMMARY

• PAD is most commonly a manifestation of sys-
temic atherosclerosis in which the arterial
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• Risk factors for PAD are age more than 
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pain, or numbness in the affected extremities
during exercise and is resolved by rest 

• ABI is the most useful tool in establishing the
diagnosis of PAD: 1 is considered normal, 0.7
to 0.9 correlates with mild PAD, 0.4 to 0.7 indi-
cates moderate disease, and below 0.4 denotes
severe PAD

• Every effort must be made, via pharmacologic
and nonpharmacologic means, to control
comorbid conditions such as diabetes, obesity,
HTN, and hyperlipidemia

• Aspirin is the pharmacologic agent that has
the most compelling evidence for use in PAD

• Various surgical procedures, such as PTA and
stent placement, are available for patients with
severe, debilitating claudication who have
attempted, and failed, other means of non-
pharmacologic and pharmacologic therapy 
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SEARCH STRATEGY

A systematic review of the literature was performed and
included the Cochrane database, PubMed, UpToDate®,
the National Heart, Lung, and Blood Institute and Global
Initiative for Asthma Web Sites, and the National Institute
of Health’s National Asthma Education and Prevention
Program (NAEPP) Expert Panel documents. Much of the
contents of this chapter are available online at
www.nhlbi.nih.gov and www.ginasthma.com.

Asthma is a chronic inflammatory disease of the airways
affecting 20 million Americans. Despite continuing
research and development of new drugs, asthma is
responsible for approximately 500000 hospitalizations
per year and between 5000 and 6000 deaths per year. It is
the third leading cause of preventable hospitalizations in
the United States. The incidence and prevalence of this
disease are rising for a variety of reasons.

This is a complex disease with both genetic and envi-
ronmental contributors. There are a variety of asthma
phenotypes in susceptible individuals, for example,
exercise-induced asthma, cough-variant asthma, noctur-
nal asthma, and a spectrum of mild to severe disease.
The underlying problem is inflammation of the airways
and airway hyperresponsiveness mediated by substances
produced by many different cells (eosinophils, neu-
trophils, epithelial cells).1–4 Environmental factors such
as viral infections, irritants, aeroallergens, and stress can
precipitate exacerbations in the inflamed airway. The
principal clinical consequence of this acute and chronic
inflammation is the development of asthma exacerba-
tions, characterized by bronchial smooth-muscle con-
traction, increased mucus secretion and mucosal edema
with desquamation of airway epithelium.1,2 Exacerba-
tions of asthma are an important clinical marker of dis-

ease control and progression. Exacerbations are proba-
bly the most important outcome from a humanistic and
health economics viewpoint. Thirty-seven percent of the
total costs for asthma, $2.7 billion, resulted from med-
ical care of severe acute exacerbations.5 The National
Institutes of Health’s NAEPP and the Global Initiative
for Asthma have provided guidelines and resources for
optimal asthma management, the most recent of which
were evidence-based.3,4 Since primary care providers
deal with the vast majority of asthma patients, it is vital
that they recognize and appropriately manage asthma 
in both the chronic-maintenance phase as well as the
acute-exacerbation phase.

CLINICAL PRESENTATION2,3,4

Patients may present with recurrent episodes of wheez-
ing, chest tightness, difficulty breathing, and cough at
any age; the majority of patients with asthma are diag-
nosed during childhood (about 80%). Epidemiological
studies of children with asthma in many populations
reveal that approximately one-third have symptoms only
during childhood, one-third have a period of quies-
cence during adolescence and then have return of their
symptoms later in life, and one-third have unremitting
symptoms. Adult-onset asthma is less likely to remit.
Although the diagnosis is clinical, it can be challenging;
not all that wheezes is asthma. Table 8 -1 outlines the key indi-
cators for the diagnosis of asthma. A personal or family
history of atopy, eczema, or allergic rhinitis, although
not a key indicator, is often associated with asthma.

Table 8 -2 includes the differential diagnosis for
asthma. Of note, sinus disease and reflux should always
be considered, as they may mimic asthma; also, reflux is
associated with asthma, and can worsen disease control.
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During acute asthma attack, patients may demon-
strate wheezing, accessory muscle use, nasal flaring
(important in children), tachypnea, and pulsus para-
doxus, depending on the severity of exacerbation.
Chest examination findings may include hyperinfla-
tion, wheezing, and prolonged expiratory phase.

DIAGNOSTIC TESTING2,3,4

Spirometry measures of FEV1 (forced expiratory vol-
ume in 1 second), FVC (forced vital capacity), and the
FEV1/FVC ratio are undertaken pre- and postinhala-
tion of a short-acting �2-agonist to evaluate reversible
airflow obstruction, the hallmark of asthma. An
obstructive defect is defined when FEV1 becomes lesser
than FVC and thus the FEV1/FVC ratio goes below the
predicted value (less than 70%). These measures may
be normal, may show fixed airway obstruction, or may
show reversibility (12% increase in value, postbron-
chodilator), depending on the time for which they were
performed and the severity of the disease. Typically,
spirometry is valid in children 6 years of age and older.

Additional studies are occasionally done to confirm or
exclude the diagnosis. A chest X-ray may be needed to
rule out other disorders. Additional pulmonary function
testing, including diffusion capacity for carbon monox-
ide, full lung volumes, or maximal inspiratory or expira-
tory pressures may distinguish asthma from emphysema,
a restrictive lung disease or neuromuscular weakness. 

Table 8-1. Key Indicators in the Diagnosis of Asthma

One or more attacks of wheezing
A normal chest examination does not rule out asthma
Symptoms occur or worsen at night, awakening the patient
History of any of the following:

cough, worse particularly at night
recurrent wheezing
recurrent difficult breathing
recurrent chest tightness

Colds “go to the chest” or take more than 10 d to clear up
Symptoms occur or worsen in the presence of

exercise
viral infection
animals with fur
smoke (tobacco or wood)
temperature changes
pollen
strong emotional expression
aerosol chemicals
menses
drugs (ASA, sulfites, �-blockers)
house dust mite exposure

Symptoms improved by appropriate anti-asthma treatment
Reversible and variable airflow limitation—as measured by peak 

expiratory flow in any of the following ways:
Peak expiratory flow increases by more than 15%, 15–20 

min after inhalation of a short-acting �2-agonist, varies
between measurement upon arising and measurement in
the afternoon by 20%, if on bronchodilators, 10%, if not
on bronchodilators, or decreases by more than 15% after
exercise

ASA, acetylsalicylic acid.

Table 8-2. Differential Diagnosis for Asthma

Infants and Children

Upper Airway Obstruction Large Airway Obstruction Small Airway Obstruction

Allergic rhinitis Foreign body Viral bronchiolitis
Sinusitis Vocal cord dysfunction Bronchopulmonary

dysplasia
Other Vascular rings/webs Cystic fibrosis
Chronic cough Tracheomalacia/stenosis Heart disease
Aspiration/GERD Enlarged lymph nodes/tumor

Adults

Chronic obstructive pulmonary Vocal cord dysfunction
disease

Cough secondary to drugs Pulmonary embolus
(ACE inhibitors)

Pulmonary infiltrates with Congestive heart failure
eosinophilia

Mechanical obstruction due Laryngeal dysfunction
to tumor/mass

Allergic rhinitis/sinusitis GERD
Chronic cough

GERD, gastroesophageal reflux disease; ACE, angiotensin converting enzyme.
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If the spirometry is normal and the diagnosis is in
question, bronchoprovocation with methacholine, hista-
mine, or exercise may be useful. This test can exclude the
diagnosis of asthma if the patient does not exhibit a 20%
drop in the FEV1 with subsequent increasing doses of the
inhaled challenge. Testing should not be performed on
subjects with a FEV1 of less than 65% of the predicted
value or be done by untrained personnel. Alternatively,
measuring diurnal variations in the peak expiratory flow
over 1 to 2 weeks can support the suspected diagnosis of
asthma when baseline spirometry is normal.

Currently, both the national (NAEPP) and interna-
tional (Global Initiative for Asthma) guidelines for the
management of asthma recommend spirometry and peak-
expiratory-flow monitoring as objective measures of
asthma stability. However, the standard measures of lung
function such as FEV1 and peak expiratory flow only assess
airway patency and not necessarily airway inflammation.
They do not reliably predict asthma exacerbation.

NONPHARMACOLOGIC THERAPY2,3,4,6

The key components for asthma management are listed
in Table 8-3. The NAEPP emphasizes the partnership of
health care providers and patients in understanding and
managing the disease. First, providers should help
patients to identify and control precipitants of exacerba-
tions. By avoiding triggers, asthma control is improved

and medication use is decreased. Second, providers
should educate patients to recognize symptoms and take
appropriate steps to control them. This is especially
important in patients with severe asthma who may have
a blunted perception of airflow obstruction and dyspnea
and underestimate the severity of their disease or delay
action until symptoms are quite advanced. The NAEPP
guidelines also suggest a written asthma-management
plan outlining medications for long-term control of
asthma and for exacerbations. This dynamic plan should
be updated through the course of treatment. An exam-
ple of an action plan is depicted in Fig. 8-1. Finally,
repeated instruction by the provider on the appropriate
techniques for medication delivery is necessary to assure
that patients take them correctly.

REFERRAL TO A SPECIALIST2

Any patients with risk factors for death from asthma
(Table 8-4), patients with severe persistent or moderate
persistent asthma (steps 3 and higher in Table 8-5), and
patients with a poor response to therapy should be
referred to a trained allergist or pulmonologist.

Referral is also appropriate if the diagnosis is unclear,
if an occupational etiology is suspected, or if immunother-
apy is contemplated. If significant environmental trig-
gers are identified and avoidance of the allergen is not
possible, immunotherapy should be considered. This
should only be done in patients with mild to moderate
disease under the direct care of an allergist.

Patients on high doses of inhaled corticosteroids,
continuous oral corticosteroids or frequent oral steroid
bursts should be referred for subspecialty evaluation.

PHARMACOTHERAPY3,4

Inhaled corticosteroids are the mainstay of treatment to
reduce inflammation, prevent exacerbations, and gain
control of symptoms, even in the mild persistent asthma
patient. Despite the advent of newer classes of drugs,
inhaled corticosteroids remain the best treatment for
inflammation. The NAEPP presented an update of guide-
lines in 2007 for the stepwise treatment of patients based
on the severity and control of disease (Table 8-5). It is
important to note that patients may move up or down
along a continuum of severity rather than remaining in a
clearly defined step. In addition, patients with similar lev-
els of severity may require different levels of therapy for
achieving control. Assessing disease control is a major
focus in the most recent NAEPP guidelines. The level of
control can be classified by the impairment depending
on the symptoms, use of rescue medications, and lung
function and the risk of exacerbations and potential side
effects. The severity classification is determined by the

Table 8-3. Major Components of Asthma Management

1) Avoidance of Contributing Factors
Skin testing to identify allergens
Controlling household and workplace allergens and irritants
Prevention and treatment of viral infections
Prevention and treatment of gastroesophageal reflux

2) Patient Education
Provide basic asthma education regarding underlying 

disease, triggers, medications used
Teach and reinforce inhaler and peak-flow technique
Develop action plans
Encourage self-management

3) Periodic Assessment and Monitoring
Monitor signs and symptoms of asthma
Monitor pulmonary function (spirometry, peak-flow 

monitoring)
Monitor quality of life and functional status
Monitor asthma exacerbations
Monitor pharmacotherapy (adverse effects, inhaler 

technique, and frequency of quick-reliever use)
Monitor patient–provider communication and patient 

satisfaction
4) Pharmacotherapy

Explain and reinforce role of medications (quick relief, 
long-term agents)

Stepwise therapy recommended with provision for step-up 
and step-down in therapy
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Asthma Action Plan
Name: Date: Doctor:
My Best Peak Flow Reading is:

GREEN Peak Flow Above ______
Breathing is good. You can work and play. This is where you should be every day.
Take these medicines everyday, good days, and bad days. Use spacer with metered-dose inhalers.

Medicine How Much to Take When to take it
1.
2.
3.
4.

Yellow Peak Flow Between ______ and ______
This is NOT where you should be. There may be coughing, wheezing, and mild shortness of
breath. Sleep and usual activities may be disturbed.

Keep taking green-zone medicines.Use spacer with metered-dose inhalers.
•
•

•

•

•

•
•

•
Add quick relief medicine: albuterol 2 to 4 puffs every 4 hours
If you improve completely after 2 to 3 treatments, continue your quick-relief medicine 4
times per day for the next 24 hours. Call for further advice.
If your peak flow is not back to Green Zone after using quick-relief medication.Add 
Prednisone ____ mg per day for 4 days. Call for further advice. 
If you improve completely after 2 to 3 treatments, continue your quick-relief medicine 4
times per day for the next 24 hours. Call for further advice.
NOTE: Call your doctor if you keep dropping into the yellow zone.The green-zone plan
may need to be changed to prevent this.

RED Peak Flow Below_______ GET HELP NOW!
Your asthma is out of control. Quick-relief medication is not working.
Breathing is hard and fast. Can’t walk and talk well.

Call your doctor now. Call for an ambulance or go to the hospital if
you are still in the red zone after 15 minutes AND
you have not reached your doctor.

Repeat quick-relief medications every 20 minutes on your way to the hospital.

PATIENT LABEL

worst parameter in any given category. Table 8-5 provides
an example of recommendations for adults. The reader
should refer to the NAEPP guidelines for recommenda-
tions for children of 0 to 4 years and 5 to 11 years.2

AEROSOL DELIVERY DEVICES7,8

Many of the most effective therapies for acute and
chronic asthma are delivered by inhalation, improving
both safety and efficacy. Delivery devices used include
metered-dose inhalers pressurized with chlorofluoro-
carbons and hydrofluoroalkanes, and single-dose and

multiple-dose breath-actuated dry-powder inhalers and
nebulizers (jet or air powered and ultrasonic). Differ-
ent devices within a category have different delivery
characteristics so that delivery of one cannot be extrap-
olated to another. Delivery to the lung is generally 10%
to 50% of the labeled dose.

Most chlorofluorocarbon-powered metered-dose
inhalers will be discontinued in 2008 due to the adverse
effect of chlorofluorocarbons on the ozone layer. Inhala-
tion with a metered-dose inhaler requires hand–lung
coordination and a slow, deep inhalation (15–30 L/min
or 5 seconds for the entire inhalation).

Figure 8-1. Example of a written asthma-management plan that includes the home management of an
acute exacerbation.
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to actuate the device and then inhale requiring less coor-
dination. As the speed of inhalation helps break up the
particles in a dry-powder inhaler, a deep inhalation tech-
nique/approximately 60 L/min) is generally required.

Nebulizers usually only require tidal breathing from
the patients but occasional deep breaths will enhance
delivery. Since they are a suspension, inhaled corticos-
teroids can only be given by jet nebulizers; ultrasonic
nebulizers cannot deliver suspensions.

Both the nebulizers and one-way-valved holding
chambers can have soft face masks attached to facilitate
the delivery of aerosols to infants, elderly, or patients in
severe distress. Use of face masks reduces delivery by
one-half as drug is filtered out by nasal inhalation.

Short-Acting Inhaled �2-Agonists3,4,9,10

The rapid onset and potent smooth-muscle-relaxation
properties make these drugs ideal for reversing or pre-
venting acute bronchospasm in asthma. They are func-
tional antagonists; they reverse bronchospasm induced by
any mechanism. They do not possess clinically significant

Table 8-4. Risk Factors for Asthma Mortality

Near fatal asthma: Prior intubation or ICU admission
History of sudden severe exacerbations
�3 emergency department visits for asthma in the last year
�2 hospitalizations for asthma in the last year
Emergency department visit or hospital admission in the last 

month
Usage of �2 canisters of �-agonist MDI/mo
Current oral steroid use or recent taper
Illicit drug use
Urban environment and low socioeconomic status
Poor perception of airflow obstruction or its severity
Comorbid illness
Serious psychiatric disease
Sensitivity to Alternaria 

MDI � metered-dose inhalers.

Table 8-5. Stepwise Approach to Managing Asthma Long Term for Adults and Children of More Than 11 Years of Age2

Days With Symptoms or 
as Needed Short-acting Long-Term Control—

Type of Asthma/Control �2 Agonist Use Nights with Symptoms FEV1 or PEF FEV1/FVC Daily Medications*

Step 6
Severe persistent

Step 5 
Moderate persistent;

uncontrolled on Step 4 
Step 4
Moderate persistent; 

uncontrolled on Step 3

Step 3
Moderate persistent

Step 2
Mild persistent

Step 1
Mild

*All patients: 2–4 puffs of short-acting inhaled �2-agonists for rescue medication, consider use of a spacer with MDIs for patients unable to coordinate actuation and
inhalation, allergen avoidance.
PEF, peak expiratory flow; FEV1, forced expiratory volume in 1 second; ICS, inhaled corticosteroid; LABA, long-acting inhaled �2-agonist; LTM, leukotriene modifier.
Adapted from: National Institutes of Health: National Heart, Lung, and Blood Institute. National Asthma Education and Prevention Program. Expert Panel Report 3:
Guidelines for the diagnosis and management of asthma. 2007. 

Continual
Limit activity

�2/wk on Step 4 therapy

�2/wk on Step 3 therapy

Daily
Affect activity

3–6/wk with minor limi-
tation

�2/wk

Frequent often nightly

�2/month on Step 4
therapy

�2/month on Step 3
therapy

�1/week but not nightly

3–4/mo

�2/mo

�60% reduced �5%

�80% predicted/ 
personal best on Step 4
therapy

�80% predicted/
personal best on Step 3
therapy

�60%–�80% reduced 5%

�80% Normal

�80% Normal

ICS (high dose) � LABA
� oral corticosteroids,
generally not to exceed
60 mg/d and consider
omalizumabfor
patients with allergies 

High dose ICS � LABA
and consider
omalizumab for
patients with allergies

Medium dose ICS �
LABA preferred or 
Medium dose ICS �
either LTM or
theophylline

Low dose ICS � LABA or
medium dose ICS pre-
ferred or low dose ICS
� either LTM or sus-
tained-release
theophylline

Inhaled steroid (low
dose) or cromolyn,
LTM, nedocromil, or
sustained-release
theophylline

No daily medications as
needed short-acting �2

agonists

Spacer devices can be attached to metered-dose
inhalers to enhance delivery and decrease oropharyngeal
deposition. Of these, the one-way-valved holding-cham-
ber spacer is preferred. Addition of a one-way-valved hold-
ing chamber to a metered-dose inhaler allows the patient



120 Part 2 / Respiratory Disorders

anti-inflammatory activity. The selective �2-agonists pro-
duce less cardiac stimulation than nonselective agents
and are the preferred therapy for acute bronchospasm
and the prevention of exercise-induced bronchospasm.
For severe acute-asthma exacerbations, selective �2-ago-
nists are given in higher doses and more frequently. 
�2-Agonists administered systemically or by wet nebuliza-
tion are not superior to the metered-dose inhaler plus
one-way-valved holding-chamber spacer device in severe
acute exacerbations. All of the short-acting inhaled 
�2-agonists appear to be equally effective and tolerable
when administered in equivalent doses. Regularly sched-
uled use of �2-agonists does not provide benefit beyond
use as needed for symptoms, and regular administration
leads to a shorter duration of action of 2 to 4 hours.

The frequency of need of short-acting inhaled �2-
agonists provides a measure of symptom control. Use that
exceeds 2 times in a week for symptoms (not including
prevention for exercise-induced bronchospasm) indi-
cates a need for initiation or increase in long-term con-
troller therapy. Use of two or more metered-dose-inhaler
canisters per month indicates a high risk for severe
life-threatening asthma exacerbations. At usual recom-
mended outpatient doses, �2-agonists are well tolerated,
but in high doses, they may cause tachycardia, decreased
potassium levels, and increased glucose and lactic acid
levels.

Long-Acting Inhaled �2-Agonists3,4,11

When taken regularly, both salmeterol and for-
moterol are effective for at least 12 hours for bron-
chodilation and 4 hours for prevention of exercise-
induced bronchospasm. As an adjunct to inhaled
corticosteroids, long-acting inhaled �2-agonists
(LABAs) significantly reduce the rate of severe asthma
exacerbations and are associated with lower doses of
inhaled corticosteroids. The combination of LABAs
and inhaled corticosteroids is the most effective combi-
nation and is the preferred therapy for moderate-to-
severe persistent asthma. However, LABAs do not pos-
sess any clinically significant anti-inflammatory activity.
They should only be used in conjunction with inhaled
corticosteroids. There is some evidence that the use of
monotherapy may result in deterioration of asthma and
increased risk of severe life-threatening exacerbations
and death. Currently, it is not recommended to use
LABAs in the management of acute symptoms.

Anticholinergics3,4,12,13

Neither ipratropium bromide, administered 3 times
daily, nor tiotropium, administered once daily, are indi-
cated for the outpatient treatment of asthma. They are
selective antagonists of muscarinic receptors and thus
reverse only the bronchospasm that is mediated through
cholinergic input. However, ipratropium bromide admin-

istered in frequent doses either by metered-dose inhalers
or nebulizers to patients presenting to the emergency
department provides additive bronchodilation to short-
acting inhaled �2-agonists and reduces hospital admis-
sions. Therefore, it is recommended for patients not
responding completely to the first few doses of short-act-
ing inhaled �2-agonists or those presenting with peak
flows less than 35% of the patient’s baseline normal val-
ues. These highly bronchoselective agents have few side
effects, producing only mouth dryness or accommoda-
tion problems (if accidentally administered in the eye).

Inhaled Corticosteroids3,4,14,15

The inhaled corticosteroids are the preferred therapy
for patients with any level of persistent asthma. They are
the most effective long-term control drugs for the treat-
ment of asthma due to their broad range of anti-inflam-
matory activity. They improve all outcome measures in
asthma and are the only long-term control agents
demonstrated to reduce the risk of death from asthma.

In low-to-medium doses, as recommended by the
NAEPP guidelines, they are safe (Table 8-6). High doses
increase the risk of significant systemic side effects such
as adrenal suppression, decreased bone mineral density,
growth suppression, and dermal thinning and bruising.
Long-term high doses may produce an increased risk of
cataracts, osteoporosis, and growth failure. In prepuber-
tal children, use of low-to-medium doses is associated
with a noncumulative growth retardation of about 1 cm,
but the final predicted adult height does not appear to
be affected. When administered in equipotent doses in
the low-to-medium dose range, side effect profiles are
similar; however, at high doses, differences in systemic
activity may exist. Inhaled corticosteroids are available as
metered-dose inhalers and dry-powder inhalers. Nebu-
lizer suspension is approved for infants. It is recom-
mended that patients use a one-way-valved holding-
chamber spacer with metered-dose inhalers and also
that patients rinse, gargle, and spit following dry-powder
inhalers and nebulizer use to prevent thrush and hoarse-
ness. Infants who require a face mask should have their
face washed following the treatment.

The addition of LABAs, leukotriene modifiers, or
theophylline can reduce the dose of inhaled corticos-
teroid required to control symptoms. The addition of
LABAs is often more effective than doubling the dose of
the inhaled corticosteroid, but this is not true for
leukotriene modifiers or theophylline. However, none of
these medicines should replace inhaled corticosteroids.

Systemic Corticosteroids3,4,16,17

Three- to ten-day courses of oral corticosteroids are
the most effective anti-inflammatory therapy for severe
asthma exacerbations not responsive to usual doses of
short-acting inhaled �2-agonists. They are more effective
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than high-dose inhaled corticosteroids and they have
been shown to reduce admission to the hospital and pre-
vent relapse. The usual dose of prednisone is 40 to 60
mg daily or 1 to 2 mg/kg in young children, in divided
doses. This is continued until the patient reaches 80% of
personal best peak flow or symptoms dissipate. A taper-
ing dose is not required if the patient is begun on
inhaled corticosteroids. Patients who require more that
four courses of systemic prednisone per year may expe-
rience long-term corticosteroid induced toxicities such
as adrenal suppression, osteoporosis, and growth sup-
pression. Need for frequent courses of oral steroids is an
indication for referral to a specialist.

Leukotriene Modifiers3,4,11,18

Stimulation of the leukotriene D4 receptor pro-
duces bronchospasm, mucus secretion, microvascular
permeability, and airway edema. Zileuton inhibits the
synthesis of leukotrienes from arachadonic acid. Mon-
telukast and zafirlukast competitively inhibit the
leukotriene D4 receptor. The leukotriene receptor
antagonists are more commonly used as they require
once- or twice-daily oral dosing and do not require
liver-function monitoring, as does zileuton. All these
drugs produce moderate bronchodilation and mild
anti-inflammatory activity. They attenuate but do not
block exercise-induced bronchospasm. They are sig-
nificantly less effective than inhaled corticosteroids at
all levels of asthma severity. When given in combina-
tion with inhaled corticosteroids they do allow reduc-
tion in the inhaled-corticosteroid dose, but to a lesser
extent than LABAs. They are safe with remarkably few
side effects.

Chromones3,4

Cromolyn sodium and nedocromil are prophylactic
inhaled drugs that primarily function as mast cell stabi-
lizers preventing the activation of mast cells after aller-
gen exposure. They are significantly less-effective anti-
inflammatory agents than the inhaled corticosteroids
but are equally effective to the leukotriene modifiers
and theophylline for maintenance therapy. They can
effectively inhibit exercise-induced bronchospasm
when administered 5 to 10 minutes prior to exercise.
They have an excellent safety profile. Since the
chromones require multiple daily dosing (3–4 times
daily), they have been largely replaced by the
leukotriene receptor antagonists as an alternative to the
inhaled corticosteroids in mild persistent asthma.

Theophyllines3,4,19

Theophylline, a nonselective phosphodiesterase
inhibitor, is a moderately potent bronchodilator with
mild anti-inflammatory activity. In addition, it is a com-
petitive antagonist of adenosine and stimulates endoge-
nous catecholamine release leading to dose-related cen-
tral nervous system and cardiovascular toxicities. It is
important to maintain serum concentration between 5
and 15 �g/mL for safe use.

This narrow therapeutic range as well as multiple
drug interactions has limited the use of theophylline.
The leukotriene receptor antagonists have largely
replaced the use of oral sustained-release theophylline
due to similar efficacy and greater safety profile. In addi-
tion, theophylline lowers the esophageal sphincter tone
and may promote gastric reflux, a factor known to poten-
tiate asthma symptoms. Its ethylenediamine complex,

Table 8-6. Comparable Daily Doses in Micrograms for Children 5–11 Years of Age  and and Adults and Children �11
Years of Age2

Low Dose Medium Dose High Dose 
Medication Child/Adult Child/Adult Child/Adult

Beclomethasone dipropionate
HFA-MDI (40 and 80 �g/actuation)

Budesonide
DPI (90 and 180 �g/inhalation)
Nebules (200 and 500 �g/ampule)

Flunisolide
CFC-MDI (250 �g/actuation)

Fluticasone propionate
HFA-MDI (44, 110, and 220 �g/actuation)
DPIs (50, 100, and 250 �g/inhalation)

Mometasone furoate
DPI 200 �g/inhalation

Triamcinolone acetonide
CFC-MDI (75 �g/actuation)

CFC, chlorofluorocarbons; MDI, metered-dose inhalers; HFA, hyrofluoroalkanes; DPI, dry powedered inhaler.
Adapted from: National Institutes of Health: National Heart, Lung, and Blood Institute. National Asthma Education and Prevention
Program. Expert Panel Report 3: Guidelines for the diagnosis and management of asthma. 2007.

80–160/80–240

180–360/200–600
500/Unknown

500–750/500–1000

88–176/88–264
100–200/100–300

Unknown/200

300–600/300–750

�160–320/�240–480

�360–720/�540–1080
500–1000/Unknown

�750–1250/�1000–2000

�176–440/�264–660
�200–400/�300–600

Unknown/400

�600–900/�750–1,500

�320/�480

�720/�1080
�1000/Unknown

�1250/�2000

�440/�660
�400/�600

Unknown/�400

�900/�1,00
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aminophylline, has been used in severe acute-asthma
exacerbations but has been largely replaced by more
intensive use of high-dose inhaled �2-agonists and ipra-
tropium bromide.

Omalizumab20

This drug is a humanized monoclonal antibody to the
Fc portion of IgE. It binds to and reduces the circulation
of free IgE and prevents interaction with the high-affinity
Fc�RI receptors on mast cells and basophils. This eventu-
ally reduces the number of Fc�RI receptors on mast cells.
Omalizumab is injected subcutaneously every 2 to 4
weeks, depending on the patient’s weight and IgE level.
In severe allergic asthma patients, use of omalizumab
allows the reduction of inhaled corticosteroids and dis-
continuation of oral corticosteroids in 30% to 40% of

oral-corticosteroid-dependent patients. Omalizumab has
not been compared to other treatments for reduction of
inhaled corticosteroids in moderate-to-severe persistent
allergic patients but is the only therapy that has been
shown to provide added benefit to those patients on high-
dose inhaled corticosteroids and LABAs.2 Principal side
effects are irritation at the injection sites.

ACUTE EXACERBATION MANAGEMENT3,4,16,17,21,22

Despite appropriate therapy, some patients still experi-
ence exacerbations. Prompt treatment with intensive
inhaled �2-agonists and timely initiation of corticos-
teroids improves symptoms and may lead to decreased
hospital admission. Correction of hypoxemia with
oxygen and frequent monitoring of therapeutic
response are paramount. Figure 8-2 outlines the

FEV1 or PEF > 50% of personal best
• Inhaled β2-agonist, 3 doses in first 

hour
• Oxygen as needed
• Consider oral corticosteroids

FEV1 or PEF < 50% of personal best
Inhaled β2-agonist +
anticholinergics

•

•

Oxygen as needed
• Oral corticosteroids

Repeat assessments frequently, other tests as
needed

Good response
• FEV1 or PEF > 70%
• Response sustained

60 minutes after last
treatment

Incomplete Response
• FEV1 or PEF >50% but

<70%
• Mild to moderate symptoms

Reevaluate severity step classification
• Institute therapy according to Table 8-5

Initial Assessment with PEF, FEV1, symptoms, physical examination

Impending Respiratory Arrest
• Intubation
• β2-agonists +

anticholinergics
• IV corticosteroids

Poor Response
• FEV1 or PEF

<50%
• pCO2 > 45 mm Hg

Individualized decision regarding hospitalization
• Discharge home if good response
• Admit to ward for incomplete response
• Admit to ICU for poor response

For all patients, continue inhaled β2-agonist therapy +/−
anticholinergics, systemic corticosteroids

ICU admission

Figure 8-2. Algorithm for the management of a severe acute exacerbation in the emergency department and hospital from the National
Asthma Education and Prevention Program Guidelines.2
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stepwise treatment for an asthma exacerbation in the
hospital. The recommended doses of drugs for exacer-
bations in both children and adults are found in Table 8-
7. Although intravenous magnesium sulfate has been
used during exacerbation, there is no evidence that it

has any beneficial effect. Likewise, sedatives, amino-
phylline, and antihistamines do not have a role in the
therapy of acute exacerbation. Antibiotics should be
reserved for those patients with evidence of bacterial
infection.

Table 8-7. Dosages of Drugs for Asthma Exacerbations in Emergency Medical Care or Hospital

Medication Adult Dose Child* Dose Comments

Inhaled �2-agonists
Albuterol
Nebulizer solutions

(5.0 mg/mL,
2.5 mg/3mL,
1.25 mg/3mL,
0.63 mg/3mL)

MDI (90 mcg/puff) 

Levalbuterol
Nebulizer solution

(0.63 mg/3mL,
1.25 mg/3mL)

Systemic (injected) �2-agonists
Epinephrine

1:1000 (1 mg/mL)

Terbutaline
(1 mg/mL)

Anticholinergics
Ipratropium bromide
Nebulizer solution

(0.25 mg/mL)
MDI (18 mcg/puff)

Ipratropium with albuterol
Nebulizer solution

(0.5 mg Ipratropium 
� 2.5 mg albuterol/3 mL)

MDI (each puff contains 
18 mcg ipratropium and 
90 mcg albuterol)

Systemic corticosteroids†

Methylprednisolone
Prednisolone
Prednisone

*Children of age � 12 years.
†No advantage has been found for higher-dose corticosteroids in severe asthma exacerbations. There is no advantage for intravenous over oral therapy unless
gastrointestinal transit time or absorption is impaired. The usual regimen is continued, multiple daily doses, until the patient achieves an FEV1 or PEF of 50% of pre-
dicted or personal best and then the dose is decreased to twice daily. This usually occurs within 48 hours. Therapy following a hospitalization or emergency-department
visit may last 3–10 days. If patients are then started on inhaled corticosteroids, studies indicate there is no need to taper the systemic corticosteroid dose. If systemic
corticosteroids are given once daily, one study indicates that it may be more clinically effective to give the dose at 3 PM, with no increase in adrenal suppression.
MDI, metered-dose inhaler; EDTA, ethylenediamine tetraacetic acid; PEF, peak expiratory flow.
Adapted from: National Institutes of Health: National Heart, Lung, and Blood Institute. National Asthma Education and Prevention Program. Expert Panel Report 3:
Guidelines for the diagnosis and management of asthma. 2007 

2.5–5 mg every 20 min for 3
doses, then 2.5–10 mg every
1–4 h as needed, or 10–15
mg/h continuously

4–8 puffs every 20 min up to 4 h,
then every 1–4 h as needed

1.25–2.5 mg every 20 min for 3
doses, then 1.25–5 mg every
1–4 h as needed, or 5–7.5 mg/h
continuously

0.3–0.5 mg every 20 min for 3
doses subcutaneously

0.25 mg every 20 min for 3 doses
subcutaneously

0.5 mg every 30 min for 3 doses
then every 2–4 h as needed

4–8 puffs as needed

3 mL every 30 min for 3 doses
then every 2–4 h as needed

4–8 puffs as needed

120–180 mg/d in 3–4 divided
doses for 48 h, then 60–80
mg/d until PEF reaches 70% of
predicted or personal best

0.15 mg/kg (minimum dose � 2.5
mg) every 20 min for 3 doses,
then 0.15–0.3 mg/kg up to 10
mg every 1–4 h as needed, or
0.5 mg/kg/h by continuous
nebulization

4–8 puffs every 20 min for 3
doses, then every 1–4 h as
needed. Use holding-chamber-
type spacer

0.075 mg/kg (minimum dose �
1.25 mg) every 20 min for
3 doses, then 0.075–0.15 mg/kg
up to 5 mg every 1–4 h as
needed, or 0.25 mg/kg/h by
continuous nebulization

0.01 mg/kg up to 0.3–0.5 mg
every 20 min for 3 doses subcu-
taneously

0.01 mg/kg every 20 min for 3
doses then every 2–6 h as
needed subcutaneously

0.25 mg every 30 min for 3 doses
then every 2–4 h as needed

4–8 puffs as needed

1.5 mL every 30 min for 3 doses
then every 2–4 h as needed

4–8 puffs as needed

1 mg/kg every 6 h for 48 h then
1–2 mg/kg/d (maximum � 60
mg/d) in 2 divided doses until
PEF 70% of predicted or
personal best

Only selective �2-agonists are rec-
ommended. For optimal deliv-
ery, dilute aerosols to 3 mL at a
gas flow of 6–8 L/min. Use a face
mask for children of age �6 y.

It is as effective as intermittent
nebulization therapy if patient
is able to coordinate inhalation
maneuver.

It is the single active R isomer of
albuterol and has not been ade-
quately studied in acute severe
asthma. Thus, doses are based
upon one-half of the racemic
albuterol doses.

No proven advantage over aerosol
therapy.

No proven advantage over aerosol
therapy.

May mix in the same nebulizer
with albuterol.

It should not be used as first-line
therapy; should be added to �2-
agonist therapy.

Dose delivered in MDI is low and
has not been adequately stud-
ied in asthma exacerbations.

Contains EDTA to prevent discol-
oration. This additive does not
induce bronchospasm.

For outpatient “burst” use 40–60
mg in single or 2 divided doses
for adults (children: 1–2 mg/
kg/d, maximum � 60 mg/d)
for 3–10 d.
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EVIDENCE-BASED SUMMARY

• Asthma is a complex disease with strong genetic
and environmental components affecting dis-
ease presentation.

• Asthma is a chronic inflammatory disease of
the airways with acute episodic exacerbations.

• There is an overlap with allergic rhinitis and
other atopic diseases.

• Airflow obstruction is reversible initially but
over time may lead to fixed obstruction sec-
ondary to airway remodeling.

• Inhaled corticosteroids are the most effective
anti-inflammatory therapy.

• The addition of LABAs is the most effective
adjunctive therapy improving control of
asthma and allowing lower doses of inhaled
corticosteroids.

FUTURE DIRECTIONS

To date, immune modulation therapies have been
somewhat disappointing. Nevertheless, many immuno-
logic targets exist and there is hope that new agents
will counteract the immune and neuroimmune
systems responsible for propagating the chronic
inflammation in asthma. Additionally, the new field of
pharmacogenomics holds promise for finding the
genetic basis for a patient’s response to various drug
therapies.

http://www.nhlbi.nih.gov/guidelines/asthma


SEARCH STRATEGY

A comprehensive search of the medical literature was per-
formed from January 1985 to December 2006. The search,
limited to human subjects and English language journals,
included UpToDate, Ovid, MEDLINE®, PubMed, and the
Cochrane Database of Systematic Reviews.

INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is a
chronic disease of the airways characterized by signif-
icant morbidity and mortality. It represents a substan-
tial, global economic and societal burden. COPD is
the fourth leading cause of death in the United States
and Europe and is projected to be the third leading
cause of death for both men and women by 2020.1 In
contrast to other leading chronic diseases including
cardiac disease, cerebrovascular disease, and cancer,
COPD is the only major disease with an increasing
mortality. In the United States, 122 283 patients died
from COPD in 2003. It is estimated that 1.4 million
Americans had COPD in 2004. The prevalence data is
misleading because most patients with COPD do not
seek medical attention until later in the disease
course when their symptoms have become apparent.
Unfortunately, by the time their symptoms arise, the
disease is typically advanced. Women and whites have
a higher incidence of the disease.2 Since 2002, more
women have died from COPD than men. In 2003,
more than 63000 women died of COPD compared to
59000 men. 

The economic burden of COPD is high. In the United
States, there were about 726000 hospitalizations for
COPD patients and 1.5 million emergency-department
visits in adults in 2000. In 2004, the disease cost the
United States a sum of $37.2 billion, of which $20.9 bil-
lion were direct expenditures and $16.3 billion were
indirect costs.3 Unfortunately, due to increasing ciga-
rette smoking in adolescents, women, and those from
developing countries as well as increases in population
and life expectancy, further increases in the prevalence,
morbidity, mortality, and economic burden of COPD
are expected in the years to come.

DEFINITION

Traditionally, the term COPD has referred to a number
of different obstructive airway diseases including
emphysema, chronic bronchitis, bronchiectasis, and
cystic fibrosis. Today, the term COPD refers primarily to
emphysema and chronic bronchitis or a combination
of the two. Asthma is a separate entity with a distinct
pathogenesis and pathology different from that of
COPD. The pharmacotherapy of asthma has been dis-
cussed in Chapter 8.

Updated definitions of COPD have been provided by
a number of medical societies and organizations. Of
note, the terms emphysema and chronic bronchitis are
no longer included in these definitions. The Global Ini-
tiative for Obstructive Lung Disease (GOLD) guide-
lines, a report prepared by a joint expert panel from the
National Heart, Lung, and Blood Institute and the
World Health Organization, defined COPD as “a dis-
ease state characterized by airflow limitation that is not

125

Chapter 9
Management of Chronic
Obstructive Pulmonary Disease
Patrick F. Walsh and Michael L. Ayers

Copyright © 2009 by The McGraw-Hill Companies, Inc. Click here for terms of use. 



126 Part 2 / Respiratory Disorders

fully reversible. The airflow limitation is usually both
progressive and associated with an abnormal inflamma-
tory response of the lungs to noxious particles or
gases.”4 Another expert panel from a joint commission
of the American Thoracic Society and the European
Respiratory Society, stresses that COPD is a preventable
and treatable disease and includes the new concept that
it not only affects the lungs but also produces systemic
consequences.5 The systemic effects of COPD include
systemic inflammation, skeletal muscle dysfunction,
weight loss, cardiovascular disease, dementia, depres-
sion, and cancer.6

RISK FACTORS

Cigarette smoking is the most important etiologic fac-
tor in the development of COPD. It is believed that 15%
to 20% of smokers develop COPD.7 Other risk factors
include air pollution or environmental and occupa-
tional exposures. Perinatal events and childhood illness
predispose patients to the potential development of
COPD later in life. In addition, COPD has been linked
to socioeconomic status and diet. Asthma is also
believed to be a risk factor. Asthma patients can lose
lung function as they age at a rate similar to cigarette
smokers.8 Genetic factors also play a role in the devel-
opment of COPD. Although rare, 
-1 antitrypsin defi-
ciency is the only known genetic risk factor for COPD; it
accounts for less than 5% of COPD patients.9

CLINICAL PRESENTATION

COPD is characterized by a progressive, insidious course
over many years; most patients present usually between
the age of 50 and 70. The diagnosis is based on clinical
presentation, radiographic findings, and pulmonary-
function testing. Typical symptoms include chronic
cough, sputum production, wheezing, and exertional
dyspnea. Although not very sensitive for the diagnosis,
chest radiography may demonstrate hyperinflated
lungs, bullous disease, an increased retrosternal air-
space, or flattened diaphragms. In advanced COPD,
chest radiography may reveal enlarged pulmonary
arteries and cardiomegaly indicative of the develop-
ment of cor pulmonale or pulmonary hypertension.
Spirometry confirms the diagnosis of COPD. The
GOLD guidelines define airflow obstruction as a
reduced forced expiratory volume/forced vital capacity
(FEV1/FVC) ratio less than 0.70 in combination with a
post-bronchodilator FEV1 that is less than 0.80 of the
predicted normal value.4 In addition, the GOLD guide-
lines have classified the severity of COPD in four cate-

gories or stages based on symptoms and spirometry.
The classification of the severity of disease is helpful in
discussions of the quality of life and prognosis. All
stages are characterized by an FEV1/FVC ratio of �0.70.
Stage 1 or “mild disease” is characterized by the pres-
ence or absence of chronic symptoms (cough, sputum
production) with an FEV1 of �0.80 of the predicted
normal value. Stage 2 or “moderate disease” is charac-
terized by the presence or absence of chronic symptoms
with an FEV1 of �0.50 and �0.80 of the predicted nor-
mal value. Stage 3 or “severe disease” is defined as the
presence or absence of chronic symptoms along with an
FEV1 of �0.30 and �0.80 of the predicted normal
value. Finally, stage 4 or “very severe disease” is charac-
terized by an FEV1 of �0.30 or an FEV1 of �0.50 in
combination with chronic respiratory failure.4 Another
severity classification scoring system, which employs the
Body mass index, airway Obstruction (FEV1), Dyspnea
assessment, and Exercise capacity (BODE index). Celli
and colleagues devised the score to incorporate all
these parameters into a multivariate component. The
BODE index was shown to be a better predictor than
FEV1 alone for the risk of hospitalization and death in
COPD patients.10

NONPHARMACOLOGIC THERAPY

Although pharmacologic therapy is the mainstay of
therapy for patients with COPD, there are a number of
nonpharmacologic options. Smoking cessation and
supplemental oxygen therapy are the only interven-
tions with a proven impact on survival in patients with
COPD.11,12 Other nonpharmacologic therapies include
vaccinations, pulmonary rehabilitation, and surgical
therapies.

SMOKING CESSATION

Although a difficult task for many smokers, smoking
cessation is imperative. Smoking cessation has been
shown to reduce the rate of decline in FEV1, COPD
exacerbations, and mortality.11 Smoking-cessation
strategies should include counseling patients and
implementation of nicotine-replacement agents (nico-
tine gum, transdermal patch, nicotine inhaler, lozenges,
and antidepressants such as bupropion) when counsel-
ing is ineffective. Bupropion, a non-nicotine agent, in
combination with the nicotine patch has been shown to
increase smoking cessation.13 Varenicline, the newest
smoking-cessation agent, is a nicotine-receptor antago-
nist. Head-to-head studies with other smoking-cessation
agents are underway.
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OXYGEN

The Nocturnal Oxygen Therapy Trial, a large multicen-
ter randomized trial, demonstrated that selected COPD
patients with severe hypoxemia (PaO2 � 55 mmHg)
have an improved mortality when they use daily supple-
mental oxygen therapy for 15 hours or more per day.12

Long-term oxygen therapy has also been shown to
enhance hemodynamics, exercise capacity, lung mechan-
ics, and cognitive performance. It reduces the poly-
cythemia and pulmonary hypertension that can be
caused by chronic hypoxemia.14

VACCINATIONS

The pneumococcal and influenza vaccines are two
injectable vaccines universally recommended in the eld-
erly and high-risk patients. One goal of COPD manage-
ment is to prevent acute exacerbations. Acute exacerba-
tions can be precipitated by common viral and bacterial
infections. Although the use of the pneumococcal vac-
cine has not been clearly shown to be useful specifically
in COPD patients, it is suggested.4,15 The influenza vac-
cine, on the other hand, has been shown in a number of
studies to result in a 50% reduction in serious illness
and death in patients with COPD.16,17

PULMONARY REHABILITATION

Pulmonary rehabilitation programs involve patient edu-
cation, pharmacologic interventions, nutrition counsel-
ing, and development of an exercise program suited to
the individual patient with COPD. These programs
have been shown to improve patient’s quality of life and
exercise capacity, reduce dyspnea and fatigue, and
decrease the number of hospitalizations and length of
hospital stay.18 Pulmonary rehabilitation has not been
shown to impact disease progression or mortality.

SURGICAL THERAPY

There are a number of potential surgical options for
selected patients with advanced COPD. The options
include bullectomy, lung volume reduction surgery
(LVRS), and transplantation. Many patients with
COPD are elderly and have significant comorbidities
making them poor surgical candidates. The National
Emphysema Treatment Trial studied the role of LVRS
versus medical management (pharmacologic interven-
tions and pulmonary rehabilitation). Overall, the study
did not show that LVRS resulted in an improved mor-
tality However, it was demonstrated that in a select
group of patients with predominantly upper lobe dis-
ease and a significantly reduced exercise capacity LVRS

resulted in improved exercise capacity, quality of life,
and survival after surgery. LVRS was shown to increase
mortality in a subgroup of patients who had an FEV1 of
�0.20 of the predicted normal value and either a
homogeneous disease or a carbon-monoxide diffusing
capacity of �20% of the predicted normal value.19 Any
form of surgery for patients with COPD should be
reserved as a last resort after all medical management
has been exhausted.

PHARMACOTHERAPY

BRONCHODILATORS

Short-Acting �2-Agonist
Short-acting agonists increase cyclic adenosine

monophosphate (cAMP) and increase bronchodila-
tion. However, the effects are short lived and necessi-
tate frequent dosing, resulting in decreased compli-
ance. Albuterol is the most commonly used short-acting
�2-agonist and is available as a metered-dose inhaler
and a solution for nebulization. Short-acting �2-agonists
have not been shown to improve the quality of life or
decrease exacerbations. They are useful for acute
exacerbations or on an as-needed basis in patients
with intermittent symptoms and mild COPD (defined
as FEV1/FVC � 0.7 with FEV1% predicted being
�80%).20

Long-Acting �2-Agonists
Formoterol and salmeterol are �2 selective, long-act-

ing �2-agonists that are more effective in COPD than
similar agents with a shorter half-life. The increased
duration of action is due to a prolonged dissociation
time from the receptor, as both agents are lipophilic.
Stimulation of the �2 receptor activates adenyl cyclase,
converting ATP to cAMP resulting in bronchodilation.
The pathophysiology of COPD differs from asthma. By
definition, the FEV1 in COPD does not improve more
than 12% in response to the administration of a bron-
chodilator; however, the long-acting �2-agonists are still
effective in the treatment of COPD. There are several
proposed mechanisms for this, including the effect on
neutrophil burst, airway leak, increased mucociliary
clearance, and, probably the most important, a
decrease in total lung volume. Studies have demon-
strated reduced dynamic hyperinflation and an
increase in exercise tolerance in patients with COPD
treated with �2-agonists.21–23

Adverse affects include tachycardia, increased QTc
interval, and decreased serum potassium. Serious
adverse events are rare. Long-acting �2-agonists have
been shown to improve the quality of life, exercise
endurance, total lung volumes, FEV1, dyspnea, and the
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number of acute exacerbations. The pharmacologic
properties increasing the duration of action of these
agents can also delay their onset of action; therefore,
these agents should not be used for the treatment of an
acute exacerbation of COPD. No study to date has
demonstrated a significant difference in the efficacy
between these agents when utilized as chronic therapy
for COPD. Formoterol and salmeterol are administered
every 12 hours and each is available as a single agent in
a dry-powder formulation along with a unique delivery
device. These agents are also available in combination
with an inhaled corticosteroid to increase compliance
with a multidrug regimen.24,25

ANTICHOLINERGIC AGENTS

Short-Acting Anticholinergic Therapy
Anticholinergic agents including belladonna and

stramonium have been utilized since antiquity, and
anticholinergics remain a mainstay of treatment for
COPD today. An increase in parasympathetic tone
results in activation of muscarinic receptors and so
causes bronchoconstriction. Acetylcholine binds to all
five types of muscarinic receptors; however, binding to
the M3 receptor is responsible for the majority of bron-
choconstriction. Older generation, tertiary anticholin-
ergic drugs antagonized many acetylcholine receptors
and penetrated the central nervous system (CNS)
resulting in many untoward effects. Ipratropium is a
quaternary compound specifically developed to
decrease the CNS effects and to interact more selec-
tively with the muscarinic receptors. The drug antago-
nizes all of the muscarinic receptors, but blocking of
the M3 receptor accounts for the bronchodilator
effect. Combination of ipratropium with the short-acting
�2-agonist albuterol results in greater bronchodilation
than either agent alone. The benefits of this combina-
tion are well established and most experts recommend
the combination for acute exacerbations and treat-
ment of mild disease. Ipratropium is available as a sin-
gle agent or in combination with albuterol as a metered-
dose inhaler (Combivent) or solution for nebulization
(Duoneb).20,21

Long-Acting Anticholinergic Therapy
Tiotropium is a structural analogue of ipratropium. It

has an affinity for all muscarinic receptors, but dissociates
more slowly from the M3 receptor. Binding studies con-
firm that tiotropium dissociates from M2 more rapidly
than M3, and these dissociation kinetics allow for the
once-daily dosing of tiotropium. The administration of
tiotropium as a single agent in COPD results in a signifi-
cant increase in FEV1 and inspiratory capacity both at rest

and during exercise, resulting in less-dynamic hyperinfla-
tion. (Inspiratory capacity, as opposed to FEV1, correlates
more consistently with patient-centered outcomes such as
dyspnea.) The beneficial effects on dyspnea, number of
exacerbations, hyperinflation, and increase in exercise
tolerance appear long lived in studies over 12 months.

A recent meta-analysis demonstrated the superiority of
anticholinergic compounds over long-acting �2-agonists
in the treatment of COPD. The study contained a few
flaws limiting the strength of the conclusions. It high-
lights the need for an original study comparing
tiotropium to long-acting �2-agonists. Tiotropium given
once a day is more effective than ipratropium given
four times a day, and combination with a long-acting
�2-agonist provides additional improvement than either
agent alone.26–28

THEOPHYLLINE

Caffeine, a xanthine derivative found in kola nuts, tea,
and coffee beans, has been used for centuries as a CNS
stimulant, diuretic, and bronchodilator. Theophylline,
a methylated xanthine structurally similar to caffeine,
has been utilized since the 1940s to treat COPD. In
recent years, its use has declined because of adverse
events and questionable therapeutic benefits.

Theophylline acts by inhibition of the enzyme phos-
phodiesterase, thereby blocking the conversion of
cAMP to ATP. This results in an increase of intracellular
level of cAMP, causing bronchodilation. In the past, a
serum level of 10 to 20 mcg/mL was believed to be the
optimum range to achieve maximal bronchodilatory
effect. These serum levels are also associated with seri-
ous side effects including seizures and fatal arrhythmias
leading. As safer agents became available, there was a
decline in use of theophylline.

Over recent years there has been an upsurge in the
use of theophylline at lower doses, aiming for serum lev-
els of 5 to 10 mcg/mL. Unique mechanisms of action
favorable to the treatment of COPD have been noted at
these lower levels. Some of the proposed mechanisms
include increased apoptosis, increased catecholamine
release, inhibition of intracellular calcium release, inhi-
bition of tumor necrosis factors, adenosine receptor
antagonism, and a synergistic effect with steroids on
inflammatory gene expression.

The metabolism and clearance of the drug is affected
by multiple physiologic conditions and interactions with
numerous other agents. Low doses should be prescribed
and a plasma concentration of 5 to 10 mcg/mL should not
be exceeded, as this concentration is sufficient for expres-
sion of the immunomodulatory and anti-inflammatory
effects of theophylline.29–33
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CORTICOSTEROIDS

Oral Corticosteroids
The long-term use of oral corticosteroids has no

role in the treatment of COPD, but short courses pro-
vide moderate benefit by decreasing the time to the
next exacerbation, hospital readmission from the
emergency department, and overall length of hospital
stay. The optimum dose is uncertain but recent studies
show no significant benefit beyond 40 mg of pred-
nisone per day (or equivalent) or duration of treatment
beyond 14 days.20

Inhaled Corticosteroids
Controversy has long existed regarding the benefit

of inhaled corticosteroids in patients with COPD and
their role is still being defined. Large studies of
inhaled corticosteroids combined with long-acting
bronchodilators in patients with FEV1 � 50% of the
predicted normal value showed fewer exacerbations
and a decrease in the rate of deterioration in health
status. Inhaled corticosteroids do not affect the rate of
change in FEV1 and no trial to date has shown an
improvement in mortality. Long-acting �2-agonists may
reverse corticosteroid resistance. Inhaled corticosteroids
mediate the benefit by increasing the expression of �2

receptors, not through anti-inflammatory effects.
Inhaled corticosteroids have no significant anti-inflam-
matory effect when used alone in COPD. A randomized,
double-blinded study demonstrated a significant
decrease in the occurrence of COPD exacerbations with
salmeterol and fluticasone compared to salmeterol
alone. The study patients had severe COPD and a his-
tory of two or more exacerbations in the prior year,
which is consistent with the current GOLD recommen-
dations for the utilization of inhaled corticosteroids
(Table 9-1).35,36

When considering inhaled corticosteroids, side effects
including candidiasis, infection, and osteoporosis should
be considered and appropriate patient education be
provided.

ANTIBIOTICS

Evidence suggests that many exacerbations are precipi-
tated by viral or bacterial infections of the respiratory
tract, and COPD patients have a faster recovery with
antimicrobial therapy. The studies utilized older agents
including doxycycline, amoxicillin, and trimetho-
prim–sulfamethoxazole and all the agents showed bene-
fit in patients with purulent sputum. Antibiotics are sug-
gested in patients with worsening cough and dyspnea
along with increased volume or purulence of sputum,

and local resistance patterns should be considered
when selecting an antibiotic.37

The above pharmacologic agents do not impact mor-
tality. The agents are focused on decreasing exacerba-
tions, hospitalizations, dyspnea, and hyperinflation,
increasing exercise tolerance, and improving quality of
life. The long-acting bronchodilators are expensive,
which is problematic for many COPD patients. It is
important to provide close patient follow-up to deter-
mine which long-acting bronchodilator is best suited for
each patient. Anticholinergic agents are becoming the
first-line long-acting bronchodilators for use in COPD;
however, some patients may benefit more from a �2-
agonist or a combination of both long-acting agents.

Unfortunately, clinical features and physiologic
measurements do not accurately identify those few
COPD patients who will benefit from aggressive life
support. Therefore, it is important that the physician,
patient, and family maintain an ongoing dialogue
regarding goals of care. Limitations on life support
should be clearly documented and shared by all of the
health care professionals providing care for the patient.

Table 9-1. Summary Based on Global Initiative for Chronic
Obstructive Lung Disease (GOLD) Guidelines

One or more attacks of wheezing
All patients Smoking cessation 

Annual influenza vaccination
Pneumococcal vaccination

Mild Use of short-acting bronchodilator
(with or without as needed
symptoms)

FEV1/FVC � 0.70 �2-agonist, anticholinergic
FEV1 � 0.80 of agent (alone or combined)

predicted value

Persistent symptoms Regular use of bronchodilators

Moderate Regular use of one or more 
IIA bronchodilators
FEV1/FVC � 0.70 Consider initial use of tiotropium
FEV1 � 0.50–0.80 of Add long-acting �2-agonist if 

predicted value symptoms persist

IIB Use of inhaled corticosteroids if 
FEV1/FVC � 0.70 there are significant symptoms and/
FEV1 � 0.30–0.50 of or frequent exacerbations

predicted value May consider steroids for IIA for
frequent symptoms and exacerbations

Pulmonary rehabilitation

Severe Rehabilitation, consider surgical
FEV1/FVC � 0.70 options, long-term oxygen therapy,
FEV1 � 0.30 of may consider addition of

predicted value theophylline

Adapted from: GOLD Workshop. Global Strategy for the Diagnosis, Manage-
ment, and Prevention of Chronic Obstructive Pulmonary Disease. Am J Respir
Crit Care Med. 2001;163:1256–1276.
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CONCLUSION

COPD was once associated with a nihilistic approach.
Today, the disease is considered preventable and treat-
able. There have been considerable advances in the epi-
demiology, pathophysiology, and therapy of COPD in
recent years. Despite these advances, the disease contin-
ues to have a significant morbidity and societal burden.
In addition, it has an increasing mortality. However,
there remains room for optimism. Newer medications
are under development, like the phosphodiesterase-4
inhibitors, another class of anti-inflammatory agents, as
well as other combination pharmacologic agents.
Advances continue in smoking prevention and cessation
(varenicline and combination therapies). Surgical and
bronchoscopic treatment options for lung volume
reduction continue to be developed. Clearly, there are
many existing pharmacologic and nonpharmacologic
therapies in our armamentarium for the management
of COPD, and there are newer therapies on the horizon.
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SEARCH STRATEGY

A systematic medline search of the medical literature was
performed using Ovid in July 2007. The search was limited
to human subjects, English language and the time frame
of 1998 to 2007. Subject headings included gastroe-
sophageal reflux disease, guidelines, clinical trials, and
review articles.

INTRODUCTION

Gastroesophageal reflux disease (GERD) is a common
disorder seen in the primary care setting. It is described
as symptoms or mucosal damage that occurs when the
gastric contents are abnormally refluxed into the
esophagus.1 A defective lower esophageal sphincter
pressure plays an important role in the development of
GERD. Other contributing factors include defects of
the normal mucosal “defense mechanisms” such as
anatomic factors, esophageal clearance, mucosal resist-
ance, and gastric emptying. In addition, “aggressive fac-
tors,” such as gastric acid, pepsin, bile acids, and pan-
creatic enzymes may play a role in the development of
GERD.

The prevalence and incidence of GERD are hard to
predict because of many patients not going to their
health care provider for evaluation, symptoms not
always correlating with disease severity, and the lack of a
universal method for diagnosing the disease.2 Most
patients can be characterized as having (1) nonerosive
reflux disease, (2) erosive esophagitis, or (3) Barrett’s
esophagus.3 Nonerosive reflux disease, also known as
endoscopy-negative GERD or “symptomatic” GERD,
occurs in patients experiencing GERD symptoms with
no evidence of mucosal damage per endoscopy.

Patients with nonerosive reflux disease may experience
symptoms as severe as those with erosive esophagitis
and should be treated similarly. Others may present
with erosions of the esophagus as a result of repeated
exposure of refluxed material for prolonged periods of
time (erosive esophagitis). Still others may present with
complications of GERD, such as Barrett’s esophagus.
This occurs when the normal squamous epithelial lin-
ing is replaced with specialized columnar-type epithe-
lium during the reparative process. GERD affecting
organ systems outside the esophagus is referred to as
atypical, or extra-esophageal GERD.

The diagnosis of GERD is generally made based
upon symptoms reported to the health care provider
by the patient. If these symptoms are relieved by
empiric acid-suppressing therapy, a clinical diagnosis
of GERD can be made. However, those patients not
responding to therapy, or those presenting with atypical
or complicated symptoms require further diagnostic
evaluation. The primary care provider should recog-
nize the differences in presentation and be prepared
to treat appropriately. Patients presenting with compli-
cated or atypical symptoms should be referred to a
specialist.

CLINICAL PRESENTATION

GERD symptoms are described as typical, atypical, or
complicated4 (Table 10-1).

Heartburn and regurgitation are common, highly
specific symptoms of GERD.1 These symptoms may be
aggravated when the patient is in a recumbent position,
bending over, or eating a meal high in fat. Symptom
severity does not always correlate with the degree of
esophagitis, but it does correlate with the duration of
reflux episodes.
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Atypical GERD symptoms should be distinguished
from other diseases, especially when chest pain or pul-
monary symptoms are present. Patients presenting with
asthma (especially nocturnal) or chronic cough not
responding to standard therapy may have extra-
esophageal GERD.4

The presence of complicated symptoms, such as dif-
ficulty swallowing (dysphagia), painful swallowing
(odynophagia), and weight loss should be further inves-
tigated to differentiate from other diseases as the cause
and referral to a specialist is appropriate.

PHYSICAL FINDINGS

The physical examination may be normal or provide
nonspecific findings, such as hoarseness or erosion of
tooth enamel, caused by the reflux of acid on the vocal
cords and teeth, respectively. Patients with atypical
symptoms may also present with wheezing or cough.
Heartburn or regurgitation may be aggravated when
the patient is in a recumbent or squatting position.

DIAGNOSTIC EVALUATION

Tests that are useful in diagnosing GERD include clini-
cal history, endoscopy (using either endoscope or Pill-
cam® ESO capsule), 24-hour ambulatory pH monitor-
ing, proton pump inhibitor as a diagnostic tool, and
manometry.

The most useful tool in the diagnosis of gastroe-
sophageal reflux is the clinical history, including both
presenting symptoms and associated risk factors. Invasive
diagnostic tests are unnecessary in patients presenting
with uncomplicated, typical symptoms. These patients
usually benefit from an initial trial of lifestyle modifica-
tions and acid-suppressing therapy. A clinical diagnosis of
GERD can be assumed in patients responding to therapy.5

Patients who initially present to the primary care
provider with complicated symptoms, such as dyspha-
gia, should be referred for endoscopy. Endoscopy is rec-
ommended any time visualization or biopsy of the
esophageal mucosa is needed. The presence of erosive
esophagitis or Barrett’s esophagus can only be deter-
mined via endoscopy.5 Endoscopy should also be per-
formed in the following patients: (1) those not respond-
ing to empiric (prescription) anti-suppressing therapy,
(2) those with chronic, long-standing symptoms who
are at risk for Barrett’s esophagus, and (3) those requir-
ing continuous, chronic therapy to relieve symptoms.
Patients are characterized as having nonerosive reflux
disease if no erosions or Barrett’s esophagus are seen
on endoscopy and other disease processes have been
eliminated as the cause of GERD symptoms. The avail-
ability of the new Pillcam® ESO provides a noninvasive
method of performing endoscopy via a camera-contain-
ing capsule. The capsule is swallowed by the patient and
images of the esophagus are transmitted into an external
data collector. The procedure takes approximately 15
minutes and can be performed in the physician’s office.
Eventually, the patient defecates the capsule naturally.

Patients with atypical symptoms, nonerosive disease,
or inadequate response to treatment may benefit from
24-hour ambulatory pH monitoring because it is the
most reliable method to correlate symptoms with reflux
episodes. In addition, it also documents the percentage
of time the intraesophageal pH is less than four and
determines the frequency and severity of reflux.5 The
empiric use proton pump inhibitors as a diagnostic
agent is more convenient and cost effective than ambu-
latory pH monitoring. However, the lack of a standard
dosing regimen and trial duration are limitations to the
use of proton pump inhibitors as a diagnostic tool.

More recently a probe has been developed (imped-
ance dual probe) that can detect any gastric refluxate
(both acid and nonacid) by measurement of electrical
impedance. In addition, this probe has numerous sen-
sors that permit determination of the extent of a reflux
event in terms of distance from the lower esophageal
sphincter, as well as the duration of the reflux event.
The precise diagnostic role for the use of this new
impedance technique has yet to be determined.

Patients with GERD who are candidates for anti-
reflux surgery generally receive esophageal manometry
to evaluate motility and lower esophageal sphincter
pressure.5 It is also useful in determining the ideal sur-
gical procedure for the patient.

RISK STRATIFICATION

Many factors should be considered when stratifying a
patient’s risk for developing GERD. The prevalence of

Table 10-1. Clinical Presentation Of GERD4

Typical symptoms
Heartburn, regurgitation
Water brash (hypersalivation)
Belching

Atypical symptoms
Nonallergic asthma, chronic cough
Hoarseness
Pharyngitis
Chest pain
Erosion of tooth enamel

Complicated symptoms
Continual pain
Dysphagia, odynophagia
Bleeding
Weight loss
Choking
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GERD increases in adults older than 40 years of age.
Elderly patients are especially at risk because they have
decreased host defense mechanisms, such as saliva pro-
duction. Bicarbonate-containing saliva can buffer any
gastric refluxate on the surface of the esophagus and
helps maintain a neutral intraesophageal pH. Infants are
also at risk as result of developmental immaturity of the
lower esophageal sphincter, impaired luminal clearance
of gastric acid, or if they have neurological impairment.

Gender plays a role in GERD. Females are more
likely to develop nonerosive reflux disease and may
experience GERD during pregnancy. Barrett’s esopha-
gus is more common in males.

Other factors that may put a patient at risk for devel-
oping or worsening GERD include certain foods and
medications (Table 10-2). The use of nonsteroidal anti-
inflammatory drugs or aspirin has been implicated as a
risk factor that may contribute to the development or
worsening of esophageal strictures.6 In addition, lifestyle
factors such as smoking and obesity may worsen GERD
symptoms.

The patients at the highest risk for developing seque-
lae from GERD are those who present with atypical
symptoms or complicated symptoms. Patients present-

ing with atypical symptoms may require higher doses
and longer treatment courses of acid-suppressing thera-
pies as compared with patients with typical symptoms.
Long-term, recurrent reflux symptoms that are not ade-
quately treated increase the patient’s risk for develop-
ing strictures, Barrett’s esophagus and adenocarci-
noma.7 The presence of Barrett’s esophagus may also
increase the patient’s risk of developing adenocarci-
noma. In addition, stricture formation can occur in as
many as 30% of patients with Barrett’s esophagus.

MANAGEMENT

The goals of treatment are to (1) alleviate or eliminate
the patient’s symptoms, (2) decrease the frequency or
recurrence and duration of gastroesophageal reflux, (3)
promote healing of the injured mucosa, and (4) prevent
the development of complications. Therapy is directed at
(1) decreasing the acidity of the refluxate, (2) decreasing
the gastric volume available to be refluxed, (3) improv-
ing gastric emptying, (4) increasing lower esophageal
sphincter pressure, (5) enhancing esophageal acid clear-
ance, and (6) protecting the esophageal mucosa.

The treatment of GERD is categorized into one of
the following: (1) lifestyle changes and patient-directed
therapy (with over-the-counter H2-receptor antagonists
or proton pump inhibitors), (2) pharmacologic treat-
ment with acid suppressing agents (H2-receptor antago-
nists or proton pump inhibitors), (3) anti-reflux sur-
gery, or (4) endoscopic therapies (Table 10-3). Every
effort should be made to control symptoms and to pre-
vent relapses early in the course of the patient’s disease
in order to prevent the complications seen with long-
standing symptomatic GERD.8

Maintenance therapy may be required in certain
patients. Proton pump inhibitors are preferred as main-
tenance therapy in those with more severe symptoms
(with or without esophageal erosions) or in those with
complications.

NONPHARMACOLOGIC THERAPY

Lifestyle and Dietary Changes
Lifestyle modifications and dietary changes that may

be helpful in managing GERD should be discussed with
the patient5,9,10 (Table 10-4). The importance of main-
taining these lifestyle changes throughout the course of
GERD therapy should be stressed on a routine basis.
Patients not responding to lifestyle changes and patient-
directed therapy after 2 weeks should be treated with an
acid-suppressing agent.

Anti-Reflux Surgery
Surgical intervention may be appropriate for certain

patients with well-documented GERD.5 The goal of

Table 10-2. Foods and Medications that May Worsen GERD
Symptoms15

Decrease Lower Esophageal
Sphincter Pressure

Foods Medications
Chocolate Anticholinergics
Chili pepper Barbituates
Coffee, cola, tea, Benzodiazepines (diazepam)
Fatty meal Caffeine
Onions, garlic Dihydropyridine calcium 
Peppermint, spearmint channel blockers

Dopamine
Estrogen
Ethanol 
Isoproterenol
Narcotics (meperidine, 
morphine)
Nicotine (smoking)
Nitrates
Phentolamine
Progesterone
Theophylline

Direct Irritants to the
Esophageal Mucosa

Foods Medications
Spicy foods Alendronate
Orange juice Aspirin
Tomato juice Nonsteroidal 
Coffee anti-inflammatory drugs

Iron
Potassium chloride
Tetracycline
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antireflux surgery is to reestablish the antireflux barrier,
to position the lower esophageal sphincter within the
abdomen where it is under positive (intra-abdominal)
pressure, and to close any associated hiatal defect.11 It
should be considered in patients (1) who fail to respond
to pharmacologic treatment, (2) who opt for surgery
despite successful treatment because of lifestyle consid-
erations including age, time, or expense of medications,
(3) who have complications of GERD, or (4) who have
atypical symptoms and reflux documented on 24-hour

ambulatory pH monitoring.11 The procedure chosen
depends on the surgeon’s expertise and preference, as
well as on anatomic considerations.11 Common compli-
cations of antireflux surgery include gas bloat syndrome
(inability to belch or vomit) and dysphagia.12

Endoscopic Therapies
Endoscopic therapies, such as (1) application of

radio frequency to the lower esophageal sphincter area,
(2) endoscopic suturing, and (3) endoscopic injection
of a biopolymer at the gastroesophageal junction are
new procedures that look promising but require more
experience and study to determine their place in the
management of GERD.

PHARMACOLOGIC THERAPY

Antacids and Antacid-Alginic Acid Products
Antacids and antacid–alginic acid combinations

relieve mild, infrequent GERD symptoms. The combi-
nation of an antacid with alginic acid (Gaviscon®),
forms a protective barrier on the esophagus and
decreases reflux episodes. However, patients who con-
tinue to have symptoms should be treated with pre-
scription acid-suppressing therapy.

Antacids interact with a variety of drugs by altering
gastric pH, increasing urinary pH, adsorbing medica-
tions to their surfaces, providing a physical barrier to
absorption, or forming insoluble complexes with other
medications. Clinically significant drug interactions
include tetracycline, ferrous sulfate, isoniazid, quini-
dine, sulfonylureas, and quinolone antibiotics. Antacids
require frequent administration to provide adequate
acid neutralization throughout the day.

Table 10-3. Therapeutic Approach to GERD

Presentation Treatment Recommendation Comments

Intermittent, mild heartburn Lifestyle modifications plus patient-directed Change to standard 
therapies dose acid-suppressing

Antacids therapy after 2 weeks
Over-the-counter H2- receptor antagonists if symptoms not relieved.
Over-the-counter proton pump inhibitors

Symptomatic GERD Lifestyle modifications plus Proton pump inhibitor
Standard dose acid-suppressing therapy preferred for moderate–
with an H2-receptor antagonist � 6–12 severe symptoms.
weeks or proton pump inhibitor (once Patients who relapse may
daily) � 4–6 weeks require long-term

maintenance therapy.
Erosive Esophagitis or Lifestyle modifications plus Long-term maintenance
Treatment Failures or Proton pump inhibitor therapy generally required.
Complicated Symptoms (twice daily) � 4–16 weeks Anti-reflux surgery or

endoscopic therapies are
viable options.

Table 10-4. Nonpharmacologic Treatment of GERD with Lifestyle
Modifications

Elevate the head of the bed (increases esophageal clearance). 
Use 6–8-inch blocks under the head of the bed. Sleep on 
foam wedge.

Avoid foods that may decrease lower esophageal sphincter 
pressure or have a direct irritant effect on the esophageal 
mucosa. 

Take drugs that have a direct irritant effect on the esophageal 
mucosa with plenty of liquid.

Include protein-rich meals into diet (augments lower esophageal 
sphincter pressure).

Eat small meals and avoid eating within 3 hours of sleeping. 
(decreases gastric volume).

Lose weight (reduces symptoms).
Stop smoking (decreases spontaneous esophageal sphincter 

relaxation).
Avoid alcohol (increases amplitude of the lower esophageal 

sphincter, peristaltic waves, and frequency of contraction)
Avoid tight-fitting clothes.

Adapted from: Kitchin LI, Castell DO. Rationale and efficacy of conservative
therapy for gastroesophageal efflux disease. Arch Intern Med. 1991;151;
448–454; Richter JE, Castell DO. Drugs, foods and other substances in the
cause and treatment of reflux esophagitis. Med Clin North Am. 1981;65:
1223–1234.
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Acid Suppression with H2-Receptor Antago-
nists (Cimetidine, Famotidine, Nizatidine, and 
Ranitidine)
H2-receptor antagonists block the histamine-2 recep-

tors in gastric parietal cells thereby decreasing acid
secretion. Symptomatic improvement is seen in approx-
imately 60% of patients after 12 weeks of therapy.5 How-
ever, endoscopic healing rates tend to be lower (50%).5

The efficacy of H2-receptor antagonists is similar
among the various agents. Factors that influence which
agent is chosen include differences in pharmacokinet-
ics, safety profile, and cost. The H2-receptor antagonists
are well tolerated. The most common adverse effects
include headache, somnolence, fatigue, and dizziness.
Cimetidine may inhibit the metabolism of theophylline,
warfarin, phenytoin, nifedipine, or propranolol. Select
a different H2-receptor antagonist if the patient is on
cimetidine and any of these medications.

Acid Suppression with Proton Pump Inhibitors
(Esomeprazole, Lansoprazole, Omeprazole
Pantoprazole, and Rabeprazole)
Proton pump inhibitors block gastric acid secretion

by inhibiting gastric H� (K� -adenosine triphosphatase
in gastric parietal cells.13 This acid suppressing activity
helps maintain the gastric pH above four. There is a cor-
relation between the percentage of time the gastric pH
remains above four during the 24-hour period and heal-
ing erosive esophagitis. In addition, pepsin, an aggres-
sive factor contributing to GERD, is not active at a pH
greater than four. Proton pump inhibitors improve
symptoms and heal the esophagus better than H2-recep-
tor antagonists.14 They are also more cost effective in
patients with severe disease. Approximately 83% of
patients receiving a proton pump inhibitor obtain symp-
tomatic relief. Healing rates per endoscopy at 8 weeks
are 78%.5 The proton pump inhibitors are generally
well tolerated. The most common adverse effects
include headache, dizziness, nausea and somnolence.
The long-term safety, once a concern, is no longer an
issue. The role of Helicobacter pylori in GERD remains
under investigation.12

Esomeprazole, pantoprazole, and rabeprazole,
appear less likely to cause significant drug interactions.
Drug interactions with omeprazole may be more likely
in patients who are considered “slow metabolizers,”
however, it is hard to predict who may have a problem.
In general, all of these agents are safe and effective and
the choice of a particular agent will most likely be based
on cost.

The proton pump inhibitors degrade in acidic envi-
ronments. Lansoprazole, esomeprazole, and omepra-
zole contain enteric-coated (pH-sensitive) granules in a

capsule form. The contents of these capsules can be
mixed in applesauce or placed in orange juice if
needed. Esomeprazole can be mixed with water. Lanso-
prazole is available in a powder for oral suspension and
a delayed-release orally disintegrating tablet. Lansopra-
zole is the only U.S. Food and Drug Administration-
approved proton pump inhibitor for treating GERD in
pediatric patients, although there is also clinical data
supporting the use of omeprazole in the pediatric pop-
ulation. Patients taking pantoprazole or rabeprazole
should be instructed not to crush, chew, or split the
delayed-release tablets. Esomeprazole, lansoprazole
and pantoprazole are available in an intravenous for-
mulation. However, the intravenous form is not more
efficacious than oral proton pump inhibitors and is sig-
nificantly more expensive.

Ideally, patients should take their proton pump
inhibitor in the morning, 30 to 60 minutes before
breakfast to improve efficacy, because these agents
inhibit only actively secreting proton pumps.1 If two
doses per day are needed, the second dose should be
given prior to the evening meal and not at bedtime.1

Prokinetic Agents
Prokinetic agents, such as metoclopramide, cisapride,

and bethanechol have been studied in GERD but are lim-
ited by their adverse effect profile. Cisapride is not rou-
tinely available because of life-threatening arrhythmias.
Bethanechol is not well tolerated and not routinely pre-
scribed in GERD. Metoclopramide, a dopamine antago-
nist, has shown limited benefit in GERD but also has a
negative adverse effect profile. More study is needed with
newer agents, such as tegaserod, to determine their
potential place in the management of GERD. Currently,
no clinical trials are available.

Mucosal Protectants
Sucralfate is a nonabsorbable aluminum salt of

sucrose octasulfate which forms a protective barrier on
the gastric mucosa. It is not routinely recommended in
the management of GERD.

COMBINATION THERAPY

There is limited data to support combination therapy
with an acid-suppressing agent and a prokinetic agent.
This approach should not be routinely recommended
unless a patient has esophagitis with a known motor
dysfunction occurring concurrently. A proton pump
inhibitor should be recommended in patients not
responding to monotherapy with either an H2-receptor
antagonist or prokinetic agent. Proton pump inhibitors
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not only improve compliance with once-daily dosing
but they may also be more cost-effective.

MAINTENANCE THERAPY

The goal of maintenance therapy is to improve quality
of life by controlling the patient’s symptoms and pre-
venting complications. Patients generally require stan-
dard doses of acid suppressing therapy to remain symp-
tom-free and to prevent relapses.

CONCLUSION

The short-term goal of therapy is to improve the patient’s
quality of life by relieving symptoms. Educate patients
about lifestyle modifications that should be adhered to
throughout the course of therapy. Medications or foods
that aggravate GERD should be avoided. The primary
care provider should take an active role in educating the
patient about potential adverse effects and drug interac-
tions that may occur with drug therapy. The frequency
and severity of symptoms should be monitored and
patients should be counseled on symptoms that suggest
the presence of complications requiring immediate med-
ical attention, such as dysphagia or odynophagia.
Patients should also be monitored for the presence of
atypical symptoms such as cough, nonallergic asthma, or
chest pain. These symptoms require further evaluation.

The second goal is to heal the injured mucosa.
Again, lifestyle modifications and the importance of
complying with the therapeutic regimen chosen to heal
the mucosa should be stressed. Patients should be edu-
cated about the risk of relapse and the need for long-
term maintenance therapy to prevent recurrence or
complications.

The final, more long-term goal of therapy is to
decrease the risk of complications (esophagitis, stric-
tures, and Barrett’s esophagus). A small subset of
patients may continue to fail treatment, despite therapy
with high doses of H2-receptor antagonists or proton
pump inhibitor. Maintenance therapy with acid sup-
pressing medication may be indicated in these patients.

In conclusion, GERD is a common disease that clas-
sically presents as heartburn. The pathophysiology of
reflux is involves both aggressive factors and defense
mechanisms. Therapeutic options are designed to min-
imize the aggressive factors and/or augment defense
mechanisms.
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SEARCH STRATEGY

A systematic search of the medical literature was con-
ducted in January 2008. Databases used in this search were
PubMed, UpToDate®, National Guideline Clearinghouse,
and SUMSearch. The search was limited to humans and
journals published in the English language. Information
included in this chapter is current as of January 2008.

BACKGROUND

Peptic ulcer disease (PUD) is characterized by excoria-
tion of the mucosal layer of the stomach (gastric ulcer) or
duodenum (duodenal ulcer). Ulcers should be differen-
tiated from erosions in that ulcers extend deep into the
muscular mucosae, whereas erosions tend to be superfi-
cial and less deep. Patients with peptic ulcers typically
present with dyspepsia. However, several gastrointestinal
(GI) disorders other than peptic ulcers can cause dyspep-
sia. Thus, the diagnosis of gastroesophageal reflux disease
(GERD, Chapter 10), function dyspepsia (indigestion),
and acid-hypersecretory states such as Zollinger–Ellison
syndrome need to be considered in patients presenting
with upper GI symptoms. Our understanding of the role
of Helicobacter pylori in the development of peptic ulcers
has increased significantly and has had a tremendous
impact on the treatment of PUD. Unfortunately, advances
in the treatment of peptic ulcers have not altered the rate
of complications associated with PUD.1

EPIDEMIOLOGY

Approximately 25 million Americans have had PUD dur-
ing their lifetime.2 PUD causes an estimated 1 million
hospitalizations and 6500 deaths per year.2 The incidence

of complications secondary to peptic ulcer increases with
age, possibly due to increased risk for bleeding associated
with nonsteroidal anti-inflammatory drug (NSAID) use.
The burden of PUD on our healthcare system—although
frequently overlooked—is quite substantial. Excluding
medication costs, estimated expenditures are $5.65 bil-
lion annually.3

ETIOLOGY AND PATHOPHYSIOLOGY

Traditionally, the major risk factors for peptic ulcer
were thought to be acid hypersecretion, diet, and stress.
However, it is now known that causative factors such as
infection with H. pylori and NSAID use are the primary
mechanisms of ulceration.

HELICOBACTER-PYLORI-INDUCED
PEPTIC ULCER

H. pylori may induce ulcer formation by several mecha-
nisms.4 First, the pathogen produces urease, which cat-
alyzes urea to ammonia. Ammonia, which is necessary
for the organism to survive the acidic environment of
the stomach, is very caustic to the GI mucosa and can
lead to epithelial damage. H. pylori also secretes various
mucolytic enzymes that degrade the protective mucosal
layer, exposing the epithelium and increasing the risk
for acid-related damage. Finally, the cytokines and other
inflammatory factors that are released in response to
infection may play a role in ulcer formation.

NSAID-INDUCED PEPTIC ULCER

NSAIDs exert both topical and systemic effects that con-
tribute to the development of PUD.4 Topically, NSAIDs
diffuse across the mucosal layer and into epithelial cells
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where damage to the cells may occur. Systemically,
NSAIDs inhibit the production of prostaglandins that
protect epithelial cells in the GI tract from acid-related
damage.

CLINICAL EVALUATION

Classic symptoms of PUD include epigastric pain or dis-
comfort, often described as a gnawing or burning sen-
sation. The pain may be relieved or aggravated by eat-
ing food. In gastric ulcers, eating may exacerbate the
pain whereas with duodenal ulcers the pain seems to
worsen on an empty stomach (2–3 hours after meals).
Nocturnal symptoms are also common. Patients may
experience temporary relief from antacids.

DIAGNOSTIC TESTING

The diagnosis of PUD is based largely on clinical pres-
entation and history. Endoscopy or upper GI radiogra-
phy can confirm the diagnosis, although these studies
are not always necessary if uncomplicated disease is sus-

pected. Differential diagnoses such as GERD, func-
tional dyspepsia, and acid-hypersecretory states such as
Zollinger–Ellison syndrome need to be excluded.

Most patients with suspected PUD should be tested for
H. pylori and treated if results are positive. Individuals
who are 55 years of age or older, those with complica-
tions, or those who present with alarm symptoms for gas-
tric cancer such as weight loss or dysphagia should be
referred for endoscopy.5 Evaluation for H. pylori is unnec-
essary in patients with documented nonulcer dyspepsia.
Table 11-1 and Fig. 11-1 present an approach to deter-
mine which patients should be referred for endoscopy.

Several diagnostic tests are available to detect H. pylori.
These tests can be generally classified as invasive (e.g.,

Patient presents with ulcer-like symptoms

Dyspepsia no alarm symptoms

On NSAID?

Ulcer present

Test for HP Consider other
etiologies for

symptoms, e.g.,
GERD, NUD

Ulcer absent

Yes

Stop NSAID: If not
possible, decrease
dose or change to

COX-2 Inhibitor

No

No

No
No further
treatment

Signs/symptoms 1–2
weeks post-treatment?

Yes

On NSAID?

Continue NSAID

Discontinue NSAID

Treat with H2RA or PPI

Positive

Positive Negative

On NSAID?

Discontinue
NSAID

Treat with
H2RA or PPI

Treat with PPI-
based HP
eradication

regimen

Continue
NSAID

Treat with
PPI followed
by cotherapy
with PPI or
misoprostol

or switch
NSAID to
COX-2
Inhibitor

Negative

Perform
serology

Symptoms
resolve

Symptoms
persist

Symptoms
persist

Symptoms
resolve

Consider continuation
of H2RA or PPI

No further
treatment

Initiate
H2RA
or PPI

Yes

Previously
treated for

HP?

Alarm symptoms present e.g.,
bleeding anemia, weight loss

Endoscopy to
assess ulcer status

Table 11-1. Alarm Symptoms in the Evaluation of Dyspepsia5,6

Weight loss
Dysphagia
Recurrent vomiting
Gastrointestinal bleeding
Family history of cancer

Figure 11-1. Patients to be referred for endoscopy. (Adapted from Berardi RR, Welage
LS. Peptic ulcer disease. In: DiPiro JT, Talbert RL, Yee GC, et al, eds. Pharmacotherapy:
A Pathophysiologic Approach. 6th ed. New York, NY: McGraw-Hill; 2005:629.)
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endoscopy) or noninvasive. The choice of diagnostic
test depends on the cost, clinical situation, conven-
ience, and use of acid-suppressive therapy.

During endoscopy, biopsy samples are obtained
and assessed by histology, urease activity, or culture.7

Histological examination is the preferred method of
assessment because it is highly sensitive (90%) and
specific (nearly 100%) for H. pylori.7 False-negative
results may occur with urease testing if the patient is
on acid-suppressive therapy. Cultures are generally
used to determine the sensitivity of the organism to
antibiotics rather than to make the diagnosis of infec-
tion because of the time duration required to obtain
results (approximately 2 weeks).

Noninvasive testing includes serum antibody testing,
urease breath testing, and stool antigen testing. Sero-
logic testing for antibodies to H. pylori is commonly
used as the initial screening tool to indicate infection.
Enzyme-linked immunosorbent assay (ELISA) is used
to detect IgG antibodies to H. pylori in the serum. The
sensitivity and specificity of laboratory antibody testing
are approximately 90%.6

Office-based serologic testing for H. pylori is also
available. Office-based serologic testing is more conven-
ient, but less accurate than laboratory testing.6 Since
antibodies persist after infection, ELISA serum testing
would not be appropriate to confirm eradication of
H. pylori after treatment. ELISA testing cannot distin-
guish between active infection and previously eradi-
cated infection.

Urea breath testing can be used to detect active infec-
tion with H. pylori. For the urea breath test, the patient
must drink a radiolabeled carbon isotope. H. pylori, if
present, will liberate tagged carbon dioxide through the
hydrolysis of urea. The radiolabeled carbon is then
detected in the breath of the infected patient. The speci-
ficity and sensitivity of the urea breath test for active
infection with H. pylori is greater than 90%.6 The major
limitation of the urea breath test is that patients need to
discontinue treatment with antibiotics 4 weeks prior to
the test and proton-pump inhibitor (PPI) 1 week prior
to the test as these drugs may result in false-negative
results.6,7 Urea breath testing can be used to confirm
eradication of H. pylori after treatment.

Similar to the urea breath test, the stool antigen test
for H. pylori can be used to confirm eradication of infec-
tion. Antibodies in the stool persist for a limited time
(days to a few months); however, false-positive results
are possible 4 weeks after treatment.7 The stool antigen
test is office-based, less costly, and as accurate as the
urea breath test.

Other tests such as polymerase chain reaction, salivary
assays, and urinary assays are available to detect H. pylori;
these tests are not routinely used in clinical practice.

COMPLICATIONS

Peptic ulcers may lead to serious complications includ-
ing bleeding, penetration, perforation, and gastric out-
let obstruction. Complications can occur with either
gastric or duodenal ulcer, and do not seem to be influ-
enced by ulcer etiology. Despite improvements in med-
ical therapy, the incidence of potentially life-threaten-
ing ulcer complications has not declined.1

BLEEDING

The most common complication of PUD is hemor-
rhage.4 Signs and symptoms of hemorrhage include
black tarry stools, vomiting of “coffee ground” material,
weakness, syncope, and orthostasis. Hematochezia (red
blood per rectum), usually related to lower GI bleeding,
can occur with massive upper GI bleeding. If upper GI
bleeding is suspected, nasogastric lavage should be used
to confirm the diagnosis. Those with GI bleeding may
require fluid and blood resuscitation, medical treat-
ment with acid-suppressive therapy, or endoscopic
intervention. Endoscopic intervention typically involves
coagulation of the bleeding site by electrocautery,
heater probe, laser, or epinephrine.4 Embolization of
vessels that supply the bleeding site may stop the bleed-
ing. If endoscopic intervention is performed, patients
should be treated with acid-suppressive therapy to
decrease the risk for rebleeding (see “Treatment”).

PENETRATION

Peptic ulcers may penetrate through the stomach or
duodenum without leakage of luminal contents into
the free peritoneal cavity. Penetration of ulcers into
the pancreas, liver, or biliary tract can occur. The pain
associated with penetration may be referred to sites
other than the abdomen (such as the back) and is typ-
ically described as an intense, persistent pain. Radi-
ographic evidence is generally necessary to confirm
the diagnosis of penetration. No high-quality studies
are available to provide guidance in the management
of these patients.

PERFORATION

Perforation of gastric or duodenal ulcer is a serious
medical condition requiring immediate attention. Per-
foration has been described in three phases.8 During
the initial phase of ulcer perforation (within 2 hours of
onset), patients may experience symptoms of sudden,
intense epigastric pain that quickly spreads throughout
the abdomen. Patients often do not want to move
because even taking a deep breath is painful. These
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symptoms reflect the release of acidic fluid into the
peritoneal cavity. After this initial phase, a second phase
(2–12 hours after onset) occurs in which the pain may
partially subside and the patient may appear as if his
condition is improving. On physical examination, the
abdomen is tender to palpation, the abdominal mus-
cles are rigid, and bowel sounds are decreased or
absent. During the third and last phase of perforation
(�12 hours after onset), abdominal distention and
third-spacing is evident. Peritonitis and septic shock
may ensue if there is a delay in diagnosis and medical
treatment.

GASTRIC OUTLET OBSTRUCTION

Inflammation, scarring, or spasm associated with peptic
ulcer can lead to gastric outlet obstruction.4 It is the
least common complication of PUD. Symptoms sugges-
tive of gastric outlet obstruction include abdominal
bloating or fullness, anorexia, and nausea or vomiting,
particularly a long time after meals (6 hours or longer
after eating). Typically, X-rays are used to confirm
obstruction. Treatment involves gastric decompression
and acid suppression.

GASTRIC CANCER

H. pylori has been identified as a carcinogen for gastric
cancer.9 Based on estimates from the International
Agency on Research for Cancer, H. pylori is responsible
for 36% to 47% of all gastric cancers. The precise mech-
anism by which H. pylori causes gastric cancer is
unknown, and it is not yet clear whether eradication of
H. pylori reduces the risk for cancer. At this point, rou-
tine screening for H. pylori as a tool to prevent gastric
cancer is not recommended.6

TREATMENT

The treatment options for PUD are numerous and the
practitioner’s choice often depends upon factors such
as ulcer etiology and the presence or absence of com-
plications. Treatment for an initial ulcer may also differ
compared to treatment for recurrent PUD. The pri-
mary goals of therapy include pain relief, ulcer healing,
prevention of ulcer recurrence, and reduction of com-
plications. Therapy in H. pylori-positive patients with
active or previously documented ulcers is aimed at erad-
icating H. pylori and healing the ulcer. The objective of
therapy in patients with NSAID-induced PUD is to heal
the ulcer and remove the offending agent. These
patients may also benefit from switching to a cycloxyge-
nase-2 (COX-2) inhibitor or receiving prophylactic
cotherapy for ulcer prevention.10 Guidelines for the

evaluation and management of patients who present
with dyspeptic or ulcer-like symptoms are presented in
Fig. 11-1.

NONPHARMACOLOGIC THERAPY

Patients with PUD should eliminate or decrease their
exposure to contributing agents such as cigarette smok-
ing and nonselective NSAIDs. Psychosocial and psycho-
logical issues should be addressed due to the associa-
tion between active psychosocial issues and recurrence
or persistence of ulcer symptoms.11 No firm dietary rec-
ommendations exist, but patients should generally
avoid foods and beverages (e.g., spicy foods, caffeine,
and alcohol) that precipitate dyspepsia. The availability
of effective options for H. pylori eradication and acid
suppression has drastically decreased the incidence of
elective surgery for PUD.12 A small subgroup of
patients, however, may require surgery in response to
dangerous complications such as bleeding, perforation,
or obstruction (see “Complications”).

PHARMACOLOGIC THERAPY

All ulcer patients infected with H. pylori should receive
combination therapy with antibiotics and acid-suppres-
sive agents to eradicate the organism due to the high
risk of recurrence and ulcer-related complications with
conventional ulcer treatments such as an H2 receptor
antagonist (H2RA), PPI, or sucralfate. The most exten-
sively studied antibiotics for eradication of H. pylori
include amoxicillin, clarithromycin, metronidazole,
and tetracycline.13 Metronidazole should be avoided in
patients who chronically consume alcohol and alterna-
tives to amoxicillin should be selected in penicillin-
allergic patients.

Regimens that combine two antibiotics and one anti-
secretory drug (triple therapy) or a bismuth salt, two
antibiotics, and an antisecretory drug (quadruple ther-
apy) achieve acceptable eradication rates and decrease
the risk of microbial resistance.11,13 Treatment options
for the eradication of H. pylori infection are presented
in Table 11-2.

PPI-Based Three-Drug Regimens
The most commonly recommended regimen for

first-line treatment is triple therapy with a PPI, amoxi-
cillin, and clarithromycin.11 A prepackaged daily dose
kit is currently available for the combination of lanso-
prazole, amoxicillin, and clarithromycin, Prevpac (TAP
Pharmaceuticals). Dual therapy with a PPI and either
amoxicillin or clarithromycin has yielded marginal and
variable eradication rates in the United States and is not
recommended.11,13 Yet, 2-week dual therapies with a
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PPI and clarithromycin or amoxicillin are FDA
approved in the United States and the latter regimen
could be considered in the rare patient who is intoler-
ant to clarithromycin and metronidazole.11

The appropriate treatment duration for initial eradi-
cation attempts is yet to be determined. Some clinicians
favor a 7-day initial regimen, while others prefer a 10- or
14-day-treatment course. While patient compliance may
be increased with an abbreviated duration of therapy,
eradication rates are lower and the risk of microbial
resistance is enhanced.11,14

Bismuth-Based Four-Drug Regimens
Eradication rates for a 14-day regimen containing

bismuth, metronidazole, tetracycline, and an H2RA are
similar to those of PPI-based regimens.13 Although
effective and relatively inexpensive, quadruple therapy
is associated with frequent adverse effects and patient
noncompliance.10 First-line quadruple therapy with a
PPI instead of an H2RA achieves similar eradication
rates as those of PPI-based triple therapy and allows for
a shorter duration of treatment (7 days).15 All medica-
tions except the PPI should be taken with food and at
bedtime. A combination capsule, Pylera, (Axcan Scan-
diPharma) containing bismuth subcitrate, metronida-
zole, and tetracycline has been approved for use in the
United States.

TREATMENT FAILURES

Initial attempts at eradicating H. pylori fail in as many as
20% of infected patients.11 The incidence of unsuccess-

ful eradication is increased by factors such as poor
patient compliance, resistant organisms, low intragas-
tric pH, and high bacterial load.16,17 Initial treatment
failure is often associated with a more difficult repeat
attempt and extremely variable eradication rates.13 Sec-
ond-line empiric therapy should include antibiotics
that were not previously utilized, a drug that has a top-
ical effect such as bismuth, and an extended duration
of treatment (10–14 days).11,18 Therefore, after an
unsuccessful initial treatment with a PPI–amoxicillin–
clarithromycin regimen, second-line therapy should be
initiated with bismuth subsalicylate, metronidazole,
tetracycline, and a PPI for 10 to 14 days. Twice daily dos-
ing of PPI is appropriate with second-line bismuth-
based therapy.13,18 Successful eradication has also been
achieved with a 10-day course of pantoprazole (40 mg),
amoxicillin (1 g), and levofloxacin (250 mg), all given
twice daily.11 Failure of both first- and second-line regi-
mens in primary care may necessitate referral to a spe-
cialist.

ANTISECRETORY THERAPY AFTER H. PYLORI
ERADICATION OR MAINTENANCE THERAPY

Asymptomatic patients, with small (�1 cm), uncompli-
cated duodenal or gastric ulcers, often do not require
further therapy directed at ulcer healing after appropri-
ate H. pylori treatment. Current data suggest that eradi-
cation of H. pylori can lead to ulcer healing without con-
current acid-suppression therapy.19 There are no firm
guidelines regarding continuation of antisecretory
therapy after H. pylori eradication in patients with a

Table 11-2. Treatment Options for the Eradication of H. pylori Infection

Drug 1 Drug 2 Drug 3 Drug 4

PPI-based three-drug regimens*
Omeprazole, 20 mg twice daily, Clarithromycin, 500 mg Amoxicillin, 1 g twice daily, 
or lansoprazole, 30 mg twice daily, twice daily or metronidazole, 500 mg
or pantoprazole, 40 mg twice daily, twice daily
or esomeprazole, 40 mg daily,
or rabeprazole, 20 mg daily

Bismuth-based four-drug regimens†

Omeprazole, 40 mg twice daily, Bismuth subsalicy late Metronidazole, 250–500 mg Tetracycline, 500 mg
or lansoprazole, 30 mg twice daily, 525 mg 4 times daily 4 times daily 4 times daily, or amoxicillin,
or pantoprazole, 40 mg twice daily, 500 mg 4 times daily, or
or esomeprazole, 40 mg daily, clarithromycin, 250–500 mg
or rabeprazol, 20 mg daily, 4 times daily
or standard ulcer-healing dosages 

of an H2-receptor antagonist 
taken for 4–6 wks (see Table 33-9)

*Although treatment is minimally effective if used for 7 days, 10–14 days of treatment is recommended. The antisecretory drug may be continued beyond 
antimicrobial treatment in the presence of an active ulcer.
†In the setting of an active ulcer, acid suppression is added to hasten pain relief.
Adapted from: Berardi RR, Welage LS. Peptic ulcer disease. In: DiPiro JT, Talbert RL, Yee GC, et al, eds. Pharmacotherapy: A Pathophysiologic Approach, 6th ed.
New York, NY: McGraw-Hill; 2005:629.
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history of complicated PUD. However, two consensus
panels recommend maintenance of antisecretory ther-
apy in patients who have suffered GI bleeding in the past
until H. pylori eradication and complete ulcer healing
are confirmed.20,21 Suppressive therapy may also be con-
tinued in patients with a history of giant ulcers (�2 cm)
or densely fibrosed ulcer beds. These patients should
undergo follow-up endoscopy within 4 to 12 weeks fol-
lowing completion of H. pylori treatment to evaluate
posttreatment status.19

If symptoms persist, despite successful eradication of
H. pylori, patients may have persisting ulceration or,
more commonly, another cause of dyspepsia such as
GERD or nonulcer dyspepsia.20

Maintenance therapy should always be considered to
prevent recurrence in high-risk patients, including
those with a history of complications, giant or severely
fibrosed ulcers, or frequent recurrences. Maintenance
therapy with antisecretory agents is effective in reduc-
ing recurrence of duodenal ulcers and ulcer complica-
tions. Typical recurrence rates are 20% to 25% with
H2RAs over a period of 1 year compared to 60% to 90%
with placebo.19

Effective maintenance doses for available H2RAs are
presented in Table 11-3.

Similar efficacy has been noted amongst the four
H2Ras; however, ranitidine may be a more favorable
choice over cimetidine due to its superior antisecretory
properties and decreased potential for drug–drug
interactions.22

PPIs are also effective agents for maintenance ther-
apy at appropriate doses. The response to low-dose
omeprazole (5–20 mg) is variable.19 One study noted a
recurrence rate of 23% with omeprazole, 20 mg, given
three times per week over 6 months, compared to 67%
with placebo.23 Although PPIs are reasonable options
for maintenance therapy, there are limited data regard-
ing the most appropriate maintenance doses of these
agents. Therefore, it may be appropriate to reserve
these agents for patients who do not respond to H2RA
therapy or those with large, severely fibrosed, or refrac-
tory ulcers.19

Most data on ulcer recurrence rates are related to
duodenal ulcers; however, patterns appear to be similar
with gastric ulcers. There are no clinical studies to pro-
vide insight into the optimal duration for maintenance
therapy. The highest rates of recurrence are typically
found during the first 3 to 6 months of maintenance
therapy. Studies suggest that maintenance therapy may
be effective for up to 5 years.19 Decisions related to
duration of maintenance therapy should depend on
ulcer severity and whether or not the causal factor can
be successfully eliminated.

NSAID-INDUCED ULCERS

Treatment for H. pylori is recommended for patients
taking NSAIDs who have ulcers and are infected with
this organism.24 Patients with ulcers who test negative
for H. pylori should still receive appropriate antiulcer

Table 11-3. Oral Drug Regimens Used to Heal Peptic Ulcers or Maintain Ulcer Healing

Maintenance of Duodenal or Gastric 
Drug Duodenal or Gastric Ulcer Healing Ulcer Healing

Proton-pump inhibitors (mg/dose)
Omeprazole 20–40/daily 20–40/daily
Lansoprazole 15–30/daily 15–30/daily
Rabeprazole 20/daily 20/daily
Pantoprazole 40/daily 40/daily
Esomeprazole 20–40/daily 20–40/daily

H2-receptor antagonists (mg/dose)
Cimetidine 300/4 times daily 400–800/at bedtime

400/twice daily
800/at bedtime

Famotidine 20/twice daily 20–40/at bedtime
40/at bedtime

Nizatidine 150/twice daily 150–300/at bedtime
300/at bedtime

Ranitidine 150/twice daily 150–300/at bedtime
300/at bedtime

Promote mucosal defense (g/dose)
Sucralfate 1/4 times daily 1–2/twice daily

2/twice daily 1/4 times daily

Adapted from: Berardi RR, Welage LS. Peptic ulcer disease. In: DiPiro JT, Talbert RL, Yee GC, et al, eds. Pharmacotherapy: A Pathophysiologic Approach, 6th ed.
New York, NY: McGraw-Hill; 2005:629.
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therapy (i.e., antisecretory agent). The first step in
treatment of patients with NSAID-induced ulcers is the
discontinuation of all nonselective NSAIDs (when pos-
sible).24 The healing rates of NSAID-induced ulcers
compare favorably to those of non-NSAID-induced
ulcers, provided that the NSAID is discontinued.24 If
the NSAID must be continued in spite of ulceration,
consideration should be given to lowering the NSAID
dose, switching to acetaminophen, a nonacetylated sali-
cylate, a partially selective COX-2 inhibitor, or a selec-
tive COX-2 inhibitor.25 PPIs are the treatment of choice
for NSAID-induced ulcers not only after NSAID discon-
tinuation but also in cases where it is not possible to dis-
continue the NSAID.26 PPI treatment is associated with
ulcer healing and prevention of relapse in patients
requiring long-term NSAID therapy.27 Therefore,
patients with gastroduodenal ulcers or those who must
continue NSAID therapy should be treated with a PPI,
such as omeprazole or lansoprazole, for 4 to 8 weeks fol-
lowed by maintenance therapy for as long as the NSAID
is used.11 H2RAs are less effective when NSAID therapy
is continued.24 Sucralfate is effective in the treatment of
both NSAID-induced duodenal ulcers and those unre-
lated to NSAIDs, and the agent appears to be as effec-
tive as H2RAs in the healing of non-NSAID-related gas-
tric ulcers. However, sucralfate has no proven benefit in
the treatment or prevention of gastric ulcers attributed
to NSAIDs.27 NSAID-related ulcers may be treated effec-
tively with any approved therapy for PUD (see Table 11-
3). Studies demonstrate that acceptable healing rates
can be obtained with all agents (H2RAs and PPIs) from
both 4- and 8-week-treatment durations.24

PREVENTION

PRIMARY PREVENTION

Numerous strategies have been implemented to
decrease the incidence of NSAID-induced ulcers and
gastropathy. Strategies aimed at minimizing the topical
irritant effects of NSAIDs such as enteric coating,
delayed-release formulation, or prodrugs do not pre-
vent ulcers or serious complications such as perfora-
tion and bleeding.10 Medical cotherapy with misopros-
tol, a synthetic prostaglandin E1 analog, or a PPI has
become increasingly popular and has been proven to
decrease the risk of GI ulcerations and complications
in high-risk patients.24,27 Ulcer risk is increased with
the concomitant use of NSAIDs and low-dose aspirin,
and the GI-protective effects of COX-2 inhibitors are
diminished by the addition of low-dose aspirin.28 Addi-
tional factors that have been identified with an
increased risk for NSAID-related GI complications are
presented in Table 11-4.

EVIDENCE-BASED SUMMARY

• PUD is characterized by excoriation of the
mucosal layer of the stomach or duodenum.

• Infection with H. pylori and use of NSAIDs are
major causes of PUD.

• Complications of PUD include bleeding,
penetration, perforation, and gastric outlet
obstruction.

• Treatment of peptic ulcers associated with 
H. pylori involves combination therapy with
antibiotics and antisecretory agents.

• Treatment of NSAID-induced peptic ulcers
includes discontinuation of the offending
agent and treatment with an antisecretory
agent.

Table 11-4. Factors That Have Been Identified with an Increased
Risk for NSAID-Related Gastrointestinal Complications24

Prior history of gastrointestinal event (ulcer, hemorrhage)
Age � 60 y
High dosage of NSAID
Concurrent use of corticosteroids
Concurrent use of anticoagulants

SECONDARY PREVENTION

The issue of whether or not to choose a PPI and a non-
selective NSAID over a selective COX-2 inhibitor with a
PPI for secondary prevention in patients who require
NSAIDs is the subject of controversy amongst clinicians.
The potential for increased cardiovascular risk and
higher financial burdern associated with the latter regi-
men are of concern. Patients’ cardiovascular risk factors
and the cost-effectiveness of these regimens must be
considered, but the use of a selective COX-2 inhibitor
alone in patients at high risk for re-ulceration is not
recommended.29

SUMMARY

Peptic ulcer is a GI disease associated with H. pylori
infection and NSAID use. Serious complications of
PUD include bleeding, penetration, perforation, and
gastric outlet obstruction. Treatment of peptic ulcer in
patients infected with H. pylori typically involves combi-
nation therapy with two antibiotics and a PPI. In con-
trast, management of NSAID-induced ulcer focuses on
removing the offending agent and treatment with
either a PPI or H2RA.
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Chapter 12
Inf lammatory Bowel Disease
Alexandria A. Dunleavy

SEARCH STRATEGY

A systematic search of the medical literature was per-
formed on January 9, 2008. The databases used to conduct
the search were PubMed, UpToDate®, SUMSearch, PIER,
and the National Guideline Clearinghouse. The search was
limited to human subjects and journals in the English lan-
guage. The references of articles obtained through the
search were reviewed for additional relevant materials.
Medical position statements regarding inflammatory
bowel disease are available at www.gastro.org.

Inflammatory bowel disease (IBD) is a gastrointestinal
(GI) disorder that includes both ulcerative colitis (UC)
and Crohn’s disease (CD). UC is characterized by dif-
fused inflammation that is limited to the mucosa of the
colon and rectum. CD describes a chronic inflamma-
tory process that is manifested by focal, discontinuous,
transmural lesions that may occur anywhere in GI tract
from the mouth to the anus.

Patients with IBD are often embarrassed by the symp-
toms of the disease. The impact of the disease on social
functioning and psychological health can be tremen-
dous. Although some patients will experience an exac-
erbation that requires hospitalization, many will be
treated in the community. Primary care providers will
likely encounter patients with IBD, and should be pre-
pared to meet the medical, psychological, and social
needs of these patients.

EPIDEMIOLOGY

IBD affects approximately 1 million individuals in the
United States.1 The incidences of UC and CD in the
United States are approximately 11 per 100000 and 7
per 100000 persons, respectively.2 The incidence of UC

has remained stable over several years, whereas the inci-
dence of CD appears to be increasing over the last few
decades. UC and CD have a bimodal distribution, with
peak incidence occurring in the mid-teens to early thir-
ties and then a second peak in individuals who are 50
years or older. UC is more common among some ethnic
groups than others, for instance, Ashkenazi Jews are at
higher risk for developing UC whereas blacks and
Asians are less likely to develop it. Additionally, IBD is
more common in urban areas and is more prevalent in
higher socioeconomic classes.2

Cigarette smoking has differential effects on UC and
CD. For smokers, the risk for developing UC is 40% that
of nonsmokers. In contrast, the risk for CD in smokers
is twice that of nonsmokers. Interestingly, oral contra-
ceptive use increases the relative risk for CD by 1.9
times.2

CLINICAL PRESENTATION

Like many other chronic illnesses, the clinical courses
of UC and CD are characterized by disease relapse and
remission. Health care providers should educate
patients about the chronic nature of IBD. Symptoms are
variable and often related to the extent of the disease.

ULCERATIVE COLITIS

UC is classified as mild, moderate, or severe based on
presenting symptoms (Table 12-1).3 The disease is fur-
ther categorized based on the location of involvement
in the colon and/or rectum (Fig. 12-1). The most com-
mon sites of involvement are the rectum and sigmoid
region of the colon. The following terminology is con-
sidered important:

Copyright © 2009 by The McGraw-Hill Companies, Inc. Click here for terms of use. 
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• Proctitis describes the disease that is limited to the
rectum.

• Proctosigmoiditis describes the disease in the rectum
and sigmoid colon.

• Left-sided colitis describes the disease up to the
splenic flexure (i.e., junction of the transverse and
descending colon)

• Pancolitis describes the disease that extends
throughout the colon.

This terminology is important as the extent of dis-
ease involvement guides the treatment therapy. Distal
disease, which is limited to the areas below the splenic
flexure, can generally be managed with topical therapy
whereas more extensive disease often requires oral
medications.

Mild Disease
Typically those with mild disease, suffer from UC

proctitis or proctosigmoiditis. Initially, patients may
present with rectal bleeding (often associated with the
passage of mucous) and mild diarrhea (up to four

bloody stools daily). Tenesmus (urgency with the feel-
ing of incomplete evacuation) and intermittent consti-
pation are common. Severe abdominal pain, fever, and
other systemic symptoms are rare.

Moderate Disease
Those with more extensive disease (beyond the

splenic flexure) generally experience frequent, loose,
bloody stools (four to six bloody stools daily). Some sys-
temic manifestations of moderate UC include anemia
(not requiring a blood transfusion), low-grade fever,
and abdominal pain.

Severe Disease
Clinical features of severe or fulminant UC include

bloody diarrhea (more than six bloody stools daily with
the need for blood transfusion), abdominal pain, and
distension. Systemic symptoms include fever, tachycar-
dia, weight loss, and anemia. With severe disease,
inflammation can penetrate the muscular layer of the
colon, leading to impaired motility. Decreased GI motil-
ity results in colonic dilation that may progress to toxic
megacolon. Plain abdominal films should be obtained
in order to exclude toxic megacolon.

CROHN’s DISEASE

Similar to UC, the clinical manifestations of CD are vari-
able and related to the site of the disease. CD typically
presents in one of the following two patterns: a
fibrostenotic-obstructive pattern that results from
chronic transmural inflammation or a penetrating-
fistulous pattern resulting from sinus tracts that lead to
microperforations and fistulae.2 The most common
areas of involvement are the ileum and the cecum
where the colon meets the small intestine. This is often
referred to as the ileocecal region of the GI tract.

Ileocolitis
Patients with ileocolitis often present with right lower

quadrant pain and diarrhea. These symptoms may be
accompanied by fever, leuocytosis, and weight loss
(10–20% of body weight). On physical examination, the
practitioner may palpate an inflammatory mass in the
right lower quadrant which consists of inflamed bowel,
adherent and indurated mesentery, and enlarged
abdominal lymph nodes.2 This mass can extend and
cause obstruction of the bowel and/or bladder. Initially,
bowel obstruction is intermittent; however, over time,
chronic inflammation slowly progresses to fibrostenotic
narrowing.2

Inflammation causes thinning of the bowel wall
which may lead to microperforation and fistula for-
mation. Fistulas may form on the retroperitoneum,

Table 12-1. Classification of Ulcerative Colitis3

Disease Severity Clinical Presentation

Mild �4 stools/d (��	 blood), no systemic 
involvement, normal ESR

Moderate �4–6 stools/d with minimal systemic 
involvement

Severe �6 bloody stools/d with systemic involve-
ment (fever, tachycardia, anemia) 
or elevated ESR

Fulminant �10 stools/d, continuous bleeding, 
abdominal tenderness, and distension, 
requirement of blood transfusion

ESR, erythrocyte sedimentation rate.

Splenic Flexure

Figure 12-1. The gastrointestinal tract.
(Adapted from Mount Sinai Hospital, Ontario, Canada available
at: http:// www.mtsinai. on.ca/familialgicancer/Diseases/
FAP/where.htm)

http://www.mtsinai.on.ca/familialgicancer/Diseases/FAP/where.htm
http://www.mtsinai.on.ca/familialgicancer/Diseases/FAP/where.htm
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urinary bladder, vagina, skin, or on the adjacent bowel
wall. Symptoms correlate to the location of the fistula.
For example, enterovaginal fistulae can present as the
passage of stool through vagina.

Jejunoileitis
When CD extends into the jejunum, malabsorption

of nutrients and steatorrhea can occur. This eventually
leads to nutritional deficiencies of certain vitamins and
minerals such as niacin, cyanocobalamin, calcium, and
vitamin D. Diarrhea is common. Possible causes of diar-
rhea include (1) bacterial overgrowth in the presence
of obstruction or fistulization, (2) malabsorption of bile
acids as a result of disease in the ileum, and (3) inflam-
mation with decreased absorption of water and
increased secretion of electrolytes.2

Colitis and Perianal Disease
Typically, symptoms of CD colitis include fever, diar-

rhea, abdominal pain, and possibly hematochezia
(blood in the stool). Rectal bleeding is not as common
in CD colitis as it is in UC. Similar to those with ileocol-
itis, obstruction and fistulization can occur. Those with
perianal CD may present with incontinence, hemor-
rhoidal tags, anorectal fistulas, and/or anal stricture.

Gastroduodenal Disease
When CD affects the stomach or the duodenum,

patients may experience symptoms typical of gastritis,
such as epigastric pain, nausea, and vomiting. The gas-
tritis is most often negative for Helicobacter pylori. Gastric
outlet obstruction can occur with advanced gastroduo-
denal disease. Similar to UC, CD is classified as mild-to-
moderate, moderate-to-severe, or severe to fulminant,
based on presenting symptoms (Table 12-2).4

DIAGNOSIS

The diagnosis of IBD is based on a combination of clin-
ical, endoscopic, and radiological findings. Differential
diagnostic features of UC and CD are presented in
Table 12-3.

HISTORY AND PHYSICAL EXAMINATION

A comprehensive history should include information
about symptoms, family history, current medications,
recent travel, and smoking status.5 In addition, patients
should be asked to provide details about stool fre-
quency and consistency, bleeding, abdominal pain,
fever, weight loss, or other systemic manifestations of
IBD (e.g., arthralgias, ocular symptoms such as photo-
phobia, blurred vision, and dermatologic complica-
tions). The examination should include measure-
ment of blood pressure, pulse, temperature, and
weight. The abdomen should be palpated and a rectal
examination performed if indicated (e.g., in case of

Table 12-2. Classification of Crohn’s Disease4

Disease Severity Clinical Presentation

Mild/Moderate Tolerance of oral feeding, no fever, 
dehydration, abdominal tenderness, 
�10% weight loss

Moderate/Severe Failed treatment for mild/moderate 
disease or fevers, abdominal tenderness, 
nausea/vomiting, anemia, significant 
weight loss

Severe/Fulminant Failed outpatient steroid or high fever, 
persistent vomiting, evidence of 
obstruction, rebound tenderness, 
cachexia, abscess

Table 12-3. Differential Clinical Features of Ulcerative Colitis and Crohn’s Disease2

Clinical UC CD

Blood in the stool Yes Occasionally
Passage of mucus Yes Occasionally
Systemic symptoms Occasionally Frequently
Location Confined to rectum, colon Anywhere in GI tract
Abdominal mass Rarely Yes
Fistulas No Yes
Obstruction Rarely Yes
Malnutrition/malabsorption Yes Yes
Toxic megacolon Yes Occasionally
Endoscopic
Aphthous ulcers No Yes
Cobblestone appearance No Yes
Rectal sparing No Frequently
Disease involvement Continuous Discontinuous
Granuloma No Occasionally

UC, ulcerative colitis; CD, Crohn’s disease; GI, gastrointestinal.
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rectal bleeding). Laboratory data, including com-
plete blood count (CBC), serum electrolytes, iron
studies, vitamin B12 and folate levels erythrocyte sedi-
mentation rate (ESR), C-reactive protein, and liver-
function tests should also be obtained. The stool
should be tested to rule out infectious causes of diar-
rhea such as Clostridium difficile, Campylobacter, ova, and
parasites.

COLONOSCOPY WITH ILEOSCOPY

Colonoscopy with intubation of the terminal ileum is
the procedure of choice in the initial evaluation of IBD
because it enables visualization and biopsy of the rec-
tum, colon, and terminal ileum. This procedure should
be performed during the initial evaluation of patients
with suspected IBD unless contraindicated because of
severe colitis or possible toxic megacolon.6 Nons-
teroidal anti-inflammatory drugs and sodium–phos-
phate-based bowel preparation should be avoided prior
to initial colonoscopy as these agents can cause mucosal
changes that mimic IBD. Colonoscopy should be per-
formed prior to the initiation of treatment as therapy
may obscure characteristic features such as rectal
involvement and segmental involvement that can help
distinguish CD from UC and vice versa.

Endoscopy along with other diagnostic tools can
differentiate CD from UC in 85% or more patients.6

Endoscopic features typical of CD include aphthous
ulcers adjacent to normal-appearing mucosa (“skip
lesions”) and areas of linear ulceration that often give
the mucosa a cobblestone appearance (the ulcers rep-
resent the “cracks” while normal or inflamed tissue
represent “stones”). Discontinuous lesions are an
important distinguishing feature of CD; this disease
pattern is in direct contrast to the continuous ulcera-
tion that is characteristic of UC. Additional features
that allow clinicians to differentiate CD from UC
include rectal sparing (seen in CD) and anal or peri-
anal involvement (seen in CD). In contrast to the deep
ulceration that can occur with CD, ulcers associated
with UC generally affect only the mucosal layer of the
GI tract. Typical endoscopic findings for UC include
(1) loss of mucosal vascularity, (2) friablity and granu-
larity, (3) continuous disease involvement, and possi-
bly (4) pseudopolyps.

Ileoscopy is used to establish the extent of the dis-
ease. Strictures of the terminal ileum and discrete
ulcers are suggestive of CD ileitis. In general,
endoscopy appearance correlates poorly with clinical
remission, and repeated endoscopy is not used to mon-
itor for inflammation. However, repeat endoscopy can
be used as an objective measure to assess response to
therapy.

FLEXIBLE SIGMOIDOSCOPY

For patients with severe colitis and suspected UC, sig-
moidoscopy may provide sufficient diagnostic informa-
tion with considerably less risk than colonoscopy. Addi-
tionally, sigmoidoscopy can detect other causes of colitis
such as infection with cytomegalovirus or C. difficile in
patients with established disease.6

ESOPHAGOGASTRODUODENOSCOPY

CD can affect any part of the GI tract, including the
esophagus, stomach, or duodenum. Therefore, esopha-
gogastroduodenoscopy can be useful in the evaluation
of IBD. However, most patients with upper GI involve-
ment will also have disease elsewhere in the GI tract.
Thus, esophagogastroduodenoscopy is not routinely
recommended in individuals with IBD.6

CAPSULE ENDOSCOPY

The role of capsule endoscopy in CD is not well estab-
lished. Capsule endoscopy may detect superficial
lesions in the small bowel that are not apparent on
endoscopy or radiography. However, there are several
limitations to this procedure. First, capsule endoscopy
does not allow for tissue sampling or therapeutic inter-
vention. Furthermore, there is the risk that the capsule
will be retained in individuals with strictures and
obstruction. Therefore, the individuals with evidence of
stricture or obstruction should not undergo capsule
endoscopy.6

RADIOGRAPHY

Radiological evaluation includes diagnostic procedures
such as barium enema or upper GI series. These studies
can be used to visualize strictures, aphthous lesions, or
small perforations with fistulous tracts. During an acute
attack, a plain abdominal film should be obtained to
assess for toxic dilatation of the colon. Barium studies
should not be performed in individuals with suspected
obstruction as this may lead to vomiting and aspiration
of the contrast dye. Additionally, barium enemas should
be avoided in individuals with moderate-to-severe colitis
because of the risk for inducing toxic megacolon. Often
radiography is used in conjunction with endoscopy
(rather than as the primary diagnostic tool) in the eval-
uation of IBD. 

Other diagnostic tests, including computed tomog-
raphy or magnetic resonance imaging, are not as useful
as endoscopy or barium enema but can be used to
detect fistulas, abscesses, and sinus tracts in CD.
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BIOPSY

Biopsy is an important component of the diagnostic
evaluation of IBD. Mucosal biopsy can differentiate IBD
from other causes of colitis and help distinguish CD
from UC. Features suggestive of IBD include architec-
tural distortion, increased number of transmucosal lam-
ina propria cells, and severe mucin depletion.6 Granulo-
mas may be detected on biopsy with CD, although this is
not particularly specific for CD as granulomas may occur
with other diseases such as tuberculosis or sarcoidosis.
Primary care providers should share relevant clinical
findings with the consulting pathologist in order to
obtain the most information from biopsy.

COMPLICATIONS

The complications of IBD can be local or systemic.
Local complications of UC include hemorrhage, toxic
megacolon, and intestinal perforation. CD can lead to
obstruction, acute bowel perforation, fistulas, stricture,
and abscess. Some systemic complications associated
with both UC and CD include (1) ocular manifestations
such as uveitis and episcleritis, (2) dermatologic condi-
tions such as erythema nodosum and pyoderma gan-
grenosum, (3) hepatobiliary complications such as scle-
rosing cholangitis and cholelithiasis, and (4) rheumatic
diseases such as arthritis and anklylosing spondylitis.

CANCER RISK

Patients with IBD are at higher risk for developing col-
orectal cancer than the general population. The risk for
colorectal cancer is associated with both the duration and
extent of the disease. The cancer risk after 10 years of
extensive disease is 0.5% to 1% per year; however; patients
with proctitis or proctosigmoiditis are not at increased
risk for cancer.3 Although the value of surveillance in
reducing morality associated with colorectal cancer has
not been established, several major associations recom-
mend routine screening for individuals with IBD.3,4,6,7

The American Society for Gastrointestinal Endoscopy rec-
ommends colonoscopy with multiple biopsies every 1 to 2
years beginning 8 to 10 years after diagnosis for those with
UC and extensive Crohn’s colitis.6

MANAGEMENT

Goals for treatment of IBD include (1) inducing and
maintaining disease remission, (2) maintaining and/or
improving the quality of life, and (3) controlling sys-
temic manifestations. The treatment approach depends
on the extent and severity of the disease. For distal dis-
ease (involving the rectum and sigmoid colon), topical

therapy or a combination of oral and topical therapy
may be appropriate. For extensive disease (beyond the
splenic flexure), treatment with aminosalicylates or aza-
thioprine is often necessary to maintain remission. The
following sections discuss nonpharmacologic and phar-
macologic treatment approaches to UC and CD.

NUTRITION

Although it has been suggested that dietary factors con-
tribute to the development of IBD, there is little evi-
dence to link diet with disease pathogenesis or etiology.
Patients may report that certain foods such as nuts,
seeds, fruits, or vegetables aggravate the condition; in
this case, diet therapies should be tailored to the spe-
cific needs of the individual. CD predisposes individuals
to malnutrition. Therefore, nutritional status, height,
and weight should be monitored on a regular basis in
an outpatient status. Nutritional support should be con-
sidered for children and adolescents with active small
bowel disease, as it can modify the course of the disease.5

In addition, nutritional support is an appropriate
adjunctive therapy for any malnourished patient or any-
one who is unable to meet nutritional requirements for
5 to 7 days because of severe disease.

NICOTINE

Smoking is protective against UC, but worsens the clini-
cal course of CD. The mechanism of differential effects
of smoking on UC and CD is unclear. Transdermal nico-
tine is superior to placebo for inducing remission of
UC, but does not have any significant advantage when
compared to standard treatment, and adverse effects
significantly limit the clinical use of nicotine for this
purpose.8 Patients with CD, who smoke should receive
counseling on smoking cessation as cessation may trans-
late into fewer disease relapses.

SURGERY

Primary care providers should consider consulting with a
gastroenterologist and colorectal surgeon for patients
who fail to respond to intensive medical therapy for UC
since surgery is sometimes curative.5 In contrast, surgery
is only undertaken for symptom relief of CD, since disease
usually recurs after surgery. Surgical options should also
be discussed for patients with dysplasia or carcinoma and
those with recurrent acute or chronic episodes of UC.

PHARMACOTHERAPY

Pharmacologic agents such as aminosalicylates, corticos-
teroids, and immunomodulators such as azathioprine
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are often used to induce and maintain remission. For-
tunately, these drugs are available in several formula-
tions, making topical therapy an option for some
patients.

Aminosalicylates
Aminosalicylates such as sulfasalazine or mesalamine

(5-aminosalicylic acid, 5-ASA) are effective in treating
mild-to-moderate UC or CD colitis. Several formulations
of 5-ASA are available, including sulfasalazine (Azulfi-
dine), oral mesalamine (Asacol, Pentasa and Lialda),
mesalamine suppositories and enemas (Rowasa),
olasalazine (Dipentum) and balsalazide (Colazal). These
agents appear to have comparable efficacy.3

Although effective, side effects limit the use of sul-
fasalazine. In fact, up to 30% of patients treated with
higher doses of sulfasalazine (6–8 g/d) experience seri-
ous or intolerable side effects such as allergic reaction,
headache, nausea, and vomiting.2 These side effects are
most often related to the sulfa component of the drug.
Nonetheless, many practitioners choose to initiate treat-
ment with sulfasalazine given the cost-effectiveness of
this medication in comparison to other oral aminosali-
cylates. If treatment with sulfasalazine is intolerable,
then another formulation of 5-ASA is prescribed. 

Oral aminosalicylates can be used alone or in combi-
nation with topical treatments. Mesalamine supposito-
ries or 5-ASA enemas are a mainstay treatment for ulcer-
ative proctitis and proctosigmoiditis. Often, these
topical treatments alone are effective in left-sided colitis
as well. Patients should be counseled that it may take 3
to 6 weeks to achieve the maximal benefits of oral
aminosalicylates. Doses are gradually increased and
then tapered to a minimally effective maintenance dose
once remission is achieved. Dosing and other informa-
tions on various formulations of aminosalicylate prod-
ucts are presented in Table 12-4.

Corticosteroids
Corticosteroids have potent anti-inflammatory and

immunomodulatory effects in UC and CD. Similar to
mesalamine, corticosteroids are available in various

dosage forms in an effort to optimize response while
minimizing systemic toxicity. Steroid suppositories, ene-
mas or foams are alternatives to mesalamine supposito-
ries and 5-ASA enemas in the treatment of ulcerative
proctitis, proctosigmoiditis, and left-sided colitis. How-
ever, the aminosalicylate products (suppositories and
enemas) are preferred to maintain remission. Budes-
onide is a corticosteroid with poor bioavailability that
undergoes extensive first-pass metabolism which limits
systemic toxicity. Budesonide is available in a controlled,
ileal-release formulation that is useful in the treatment
of mild-to-moderate ileal and right-sided colonic CD.1

Corticosteroids can be given rectally, orally, or intra-
venously. Oral prednisone, 40 to 60 mg/d or 1 mg/kg
per day, effectively induces remission in patients with
moderate-to-severe UC or CD. It is often necessary to
continue oral steroids for 7 days to one month in order
to induce remission, and then gradually taper the
steroid dose. For fulminant disease treatment, intra-
venous methylprednisolone 48 to 60 mg/d or hydro-
cortisone 300 to 400 mg/d, is often necessary to induce
remission. Treatment with intravenous steroids beyond
7 to 10 days has no proven benefit and increases the
risks for adverse events. Corticosteroids are reserved for
those with active disease who have failed conventional
treatment with agents such as aminosalicylates. Gener-
ally, treatment with corticosteroids is an indication of
increased disease severity, often requiring intensifica-
tion of maintenance therapy.

Maintenance Therapy
Corticosteroids have no role in the long-term main-

tenance treatment of UC or CD. However, short-term (3
months) treatment with budesonide does effectively
maintain remission of mild-to-moderate ileocecal CD.1

These effects are not maintained in the long term
(more than l year).

Chronic treatment with corticosteroids is associated
with serious adverse effects such as osteoporosis, glau-
coma, cataracts, cushingoid symptoms, GI injury, and
delayed wound healing; for this reason, treatment with
corticosteroids should be limited to the shortest duration

Table 12-4. Formulations of Aminosalicylates for Inflammatory Bowel Disease

Generic Name Brand Name Formulation Daily Dose (g) Site of Action

Sulfasalazine Azulfidine Tablet 4–6 Colon
Mesalamine Rowasa, Pentasa Enema 1–4 Rectum, sigmoid colon

Asacol Delayed-release tablet 2.4–4.8 Ileum, colon
Lialda
Pentasa Microencapsulated capsule 2–4 Small bowel, colon

Osalazine Dipenum Dimer of 5-ASA, capsule 1.5–3 Colon
Balsalazide Colazal Capsule 6.75 Colon

5-ASA, 5-aminosalicylic acid.
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possible. If corticosteroids are used, a decisive treat-
ment plan should be established, including a strategy to
wean the patient off steroids and to treat steroid-refrac-
toriness and dependence.

Corticosteroid Dependence and Refractoriness
Corticosteroid dependence refers to the inability to

reduce the dose of steroid without the patient experi-
encing a disease flare. Corticosteroid refractoriness
refers to those who fail to respond to treatment with
steroids. Those who are steroid-dependent or refractory,
should be considered for treatment with infliximab
with or without an immunomodulator. Adalimumab
can be considered for those who do not respond to
immunomodulors or infliximab.

Antibiotics
Antibiotics may be necessary in some patients with

IBD, particularly after surgery or in the treatment of
abscess. For fistulous perianal CD, metronidazole, 10 to
20 mg/kg per day in three divided doses, is the treatment
of choice. Metronidazole is often continued for 3 months.
The major concern for long-term treatment with metron-
idazole is the development of peripheral neuropathy that
may or may not be reversible. Other side effects associ-
ated with metronidazole include disulfiram-like reaction,
metallic taste, and nausea. An alternative to metronida-
zole for fistulous CD is ciprofloxacin, 500 mg twice daily.

With the exception of toxic megacolon, antibiotics
have no role in the treatment of UC. However, metron-
idazole, ciprofloxacin, or tetracyclines are effective in
the treatment of pouchitis that can occur after surgery
for UC.2

Thiopurines
Azathioprine (AZA) and mercaptopurine (6-MP) are

immunomodulatory agents that are thought to act
through the metabolites 6-thioguanine nucleotides.1

Although the precise mechanism of the thiopurines is
not clear, the metabolites of AZA and 6-MP inhibit DNA
and RNA synthesis and also induce T-cell apoptosis by
modulating cell signaling. AZA is a prodrug of 6-MP
and is converted to 6-MP after oral absorption.

The primary role of the thiopurines is to treat
patients with UC or CD who are corticosteroid depend-
ent. Thiopurines should be considered for patients with
IBD who experience a severe exacerbation requiring
corticosteroids. These agents are often used to wean
patients with UC or CD off corticosteroids and are
effective regardless of the disease distribution. Unless
contraindicated, corticosteroid-dependent patients
should be treated with AZA, 2.0 to 3.0 mg/kg per day,
or with 6-MP, 1.0 to 1.50 mg/kg per day. Some practi-
tioners start patients on these doses immediately as the

full therapeutic benefits may not be realized until 3
months after starting treatment, while others prefer to
start at lower doses and titrate up. Those corticosteroid-
dependent or refractory patients, who cannot tolerate a
thiopurine or who have a contraindication to treatment,
should be considered for treatment with infliximab.

Maintenance Therapy
Thiopurines are effective maintenance therapy for

CD. Treatment with AZA or 6-MP should also be con-
sidered for those individuals with refractory ulcerative
colitis that has not responded to medical treatment.
Thiopurines may prevent recurrences of CD after sur-
gery and should be considered for those who are at risk
for postoperative recurrence of CD.1

Thiopurines are generally well tolerated. However,
patients may experience GI side effects and hypersensi-
tivity reactions that lead to discontinuation of the drug.
Pancreatitis occurs in 3% to 4% of patients.2 Addition-
ally, leukopenia and myelosuppression may occur with
treatment. Bone-marrow suppression is often delayed
and related to the dose of AZA or 6-MP. For this reason,
treatment with AZA or 6-MP requires weekly monitor-
ing of the CBC during dose titration and every 3
months thereafter. Additionally, periodic liver-function
tests should be performed in individuals treated with
AZA or 6-MP.

The Food and Drug Administration recommends
genotype testing for thiopurine methyltransferase
(TPMT) enzyme prior to the initiation of AZA or 6-MP.
This is the enzyme responsible for metabolism of AZA
and 6-MP. Approximately 1 in 300 individuals lack
TPMT, and an additional 11% of the population con-
sists of heterozygotes with intermediate activity.2 Lack
or deficiency of TPMT leads to drug accumulation and
increases the risk for serious adverse events, including
bone-marrow suppression.

Methotrexate
The dihydrofolate-reductase inhibitor, methotrex-

ate, has anti-inflammatory and immunomodulating
effects in CD. Methotrexate, when administered in
doses of approximately 25 mg intramuscularly each
week for up to 16 weeks, effectively induces remission in
corticosteroid-dependent CD.1 Thereafter, methotrex-
ate, 15 mg intramuscularly each week, can be used to
effectively maintain remission of CD. Methotrexate can
also be used in patients who are intolerant to AZA or 6-
MP. Although methotrexate is beneficial for the treat-
ment of CD, evidence to support the use of methotrex-
ate in UC is not well established.

Adverse events associated with methotrexate include
leukopenia, nausea and vomiting, hypersensitivity
pneumonitis, and hepatic fibrosis. Patients, who are
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started on methotrexate, require monitoring of CBC,
creatinine, and liver-function tests. Liver biopsy may
be required to evaluate persistently elevated liver-
function tests. Chest X-ray and pulmonary-function
tests should also be performed prior to starting ther-
apy. Patients should be counseled that methotrexate
can cause GI side effects (nausea, vomiting, diarrhea)
and instructed to report these symptoms as they may
be reduced by taking folic acid, 5 mg, within a few days
of methotrexate.

Cyclosporine
Cyclosporine inhibits calcineurin and prevents T-cell

activation. The intravenous form of the drug is used as
salvage therapy for patients with severe UC that is refrac-
tory to medical treatment with oral or intravenous corti-
costeroids and for those with fistulizing CD. For those
with severe UC, concurrent treatment with corticos-
teroids and intravenous cyclosporine is recommended
to induce remission. Treatment with cyclosporine is
often used as a temporary bridge to thiopurine therapy.
Once remission is induced with intravenous cyclosporine,
treatment with oral cyclosporine is often required for a
few months. During this time, corticosteroids should 
be tapered and therapy with a thiopurine should 
commence. Although cyclosporine is useful in the man-
agement of IBD, this agent is associated with several
adverse effects such as infection (caused by immunosup-
pression), hypertension, nausea, dyspepsia, and renal
dysfunction. Treatment with cyclosporine requires mon-
itoring of blood pressure, pulse, renal function, serum
electrolytes, and cyclosporine levels.

Infliximab
Infliximab is a chimeric monoclonal antibody

against tumor necrosis factor that possesses beneficial
effects in active and in fistulizing CD. Additionally,
recent studies have established the benefits of inflix-
imab in UC.9 The Active Ulcerative Colitis Trials 1 and
2 found that 64% to 69% of patients with moderate-to-
severe UC responded to treatment with infliximab com-
pared to about a 30% response rate with placebo.
Patients were treated with three doses of infliximab at
either 5 mg/kg or 10 mg/kg at weeks 0, 2, and 6, fol-
lowed by maintenance infusions every 8 weeks. Clinical
guidelines indicate that patients with IBD who do not
respond to conventional treatment with aminosalicy-
lates, antibiotics, corticosteroids, or immunomodula-
tors are ideal candidates for infliximab.1,4 Those who
do respond to treatment should receive maintenance
therapy with infliximab every 8 weeks.

Infliximab increases the risk of tuberculosis and
other infections; therefore, all patients should have
tuberculin skin testing and a chest X-ray prior to start-

ing therapy. Individuals should be counseled to
promptly report signs or symptoms of infections, such
as sore throat or fever. Infusion-related reactions may
occur with infliximab. These generally respond to
decreasing the infusion rate or premedicating with acet-
aminophen and/or antihistamines.

Adalimumab
Like infliximab, adalimumab is an antibody directed

against tumor necrosis factor. Adalimumab effectively
induces and maintains remission in those individuals
with moderate-to-severe CD. Generally, adalimumab is
reserved for patients whose disease is refractory to other
treatments (i.e., AZA, methotrexate) or fails to respond
to treatment with infliximab. An initial induction dose
of adalimumab 160 mg (4 injections) is administered sub-
cutaneously, followed by 80 mg (2 injections) 2 weeks
later and then a maintenance dose of 40mg every other
week. Adalimumab carries the same risks and warnings
for infection as infliximab.

EVIDENCE-BASED SUMMARY

• CD is characterized by discontinuous, trans-
mural lesions that may involve any area in the
GI tract from the mouth to the anus.

• UC is characterized by diffused, continuous
inflammation of the mucosa that is confined
to the rectum and colon.

• Complications of IBD may be local or systemic,
including anemia, rectal fissure, fistula, perfo-
ration, and toxic megacolon.

• Treatment of IBD depends on the extent and
severity of the disease.

• Aminosalicylates effectively treat and maintain
remission of UC.

• Thiopurines are effective maintenance treat-
ment for CD.

• Long-term treatment with corticosteroids is
not recommended to maintain remission of
IBD.
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SEARCH STRATEGY

A systematic search of medical literature was performed in
January 2008. The search was limited to human subjects and
journals in English language. Keywords included nausea,
vomiting, emesis, antiemetic, chemotherapy, pregnancy,
motion sickness, postoperative nausea and vomiting. Data-
bases searched included Ovid, PubMed, National Guide-
line Clearinghouse, and the Cochrane database.

Nausea and vomiting are generalized symptoms that
accompany a wide array of disorders and therapies
(Tables 13-1 and 13-2). Although severe or prolonged
vomiting may signal a complex clinical problem, more
commonly, it is a self-limiting, unwanted side effect of
medications, medical conditions, or procedures. Nausea
and vomiting may be associated with gastrointestinal (GI)
diseases, infections, neurologic or metabolic processes,
cardiovascular disorders, pregnancy, chemotherapy, and
surgical procedures.1,2 Nausea and vomiting pose a signif-
icant expense to society as it has been estimated that preg-
nancy-induced nausea and vomiting account for 8.5 mil-
lion days of work lost per year and postoperative nausea
and vomiting (PONV) increase hospital costs by over
$400 per patient.1

PATHOPHYSIOLOGY

Nausea, vomiting, and retching are three distinct
phases involved in the process of emesis. Nausea is the
subjective awareness of the urge to vomit and may be
associated with flushing, tachycardia, diaphoresis, and
salivation. Vomiting involves contraction of the
abdominal muscles, descent of the diaphragm, and
opening of the gastric cardia leading to expulsion of

gastric contents through the mouth. Retching may
precede or alternate with vomiting and involves spas-
modic contractions of the thoracic and abdominal
muscles as well as the diaphragm without expulsion of
stomach contents.1,2

The vomiting center (VC), located in the reticular
formation of the medulla, is the final common pathway
mediating vomiting from most causes.2,3 It is a diffuse,
interconnecting neural network that, upon stimulation,
coordinates the respiratory, GI, and abdominal muscu-
lature involved in emesis. The VC may be stimulated by
several means including receiving afferent impulses
from the cerebral cortex and higher brainstem, the
vestibular system, the chemoreceptor trigger zone
(CTZ), and via visceral afferents from the pharynx and
GI tract.2 The stimulation is mediated most commonly
by dopamine, 5-hydroxytryptamine 3 (5HT3), opiate,
histamine, muscarinic, and neurokinin-1 (NK-1) recep-
tors (Table 13-3).2,3

The GI tract stimulates the VC through the nucleus
tractus solitarius in which the vagal nerve afferents ter-
minate. The CTZ is located in the area postrema in the
floor of the fourth ventricle, effectively outside the
blood–brain barrier where it is vulnerable to circulating
emetogenic substances in the blood or cerebrospinal
fluid.2 The vestibular cause of vomiting is thought to be
from stimulation of the eighth cranial nerve and
involves muscarinic and histamine receptors.1 The abil-
ity of higher brain centers to stimulate vomiting is the
least-understood pathway. Vomiting from emotional
stimuli or learned responses such as anticipatory nau-
sea and vomiting associated with chemotherapy are
thought to be mediated through the cortex but recep-
tors and neurotransmitters involved are yet to be deter-
mined.
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ASSESSMENT

The large number of diverse pathologic and physiologic
causes of nausea and vomiting can make the evaluation
of the underlying etiology difficult. Therefore, appro-
priate assessment is critical in providing recommenda-
tion for treatment.1 Often patients with acute vomiting
may require no treatment, particularly when vomiting is
related to a viral infection, food poisoning, or excessive
intake of food or alcohol. Vomiting associated with
blood in the vomitus, fever, severe headache, trauma, or
abdominal pain or distention should be referred for fur-
ther workup and is beyond the scope of this chapter.
Therefore, knowledge of onset and duration, precipitat-
ing and alleviating factors, medication history including
over-the-counter or herbal supplements, food and liquid
ingestion, sick contacts, or other medical conditions is
crucial. The management of patients with nausea and
vomiting includes identification of the underlying
cause, treatment of any adverse sequelae that may result,
and suppression of symptoms if the primary cause is self-
limiting or cannot be eliminated. In cases where nausea
and vomiting are anticipated outcomes, as in surgical
procedures or chemotherapy, the focus should be on
prevention on the basis of the most likely neurotrans-
mitters and receptors involved.

TREATMENT

Although there is a large volume of literature on the
treatment and prevention of nausea and vomiting,
there is a surprising lack of controlled trials of pharma-
cologic therapies for the most common causes of nau-
sea and vomiting. Most clinical trials have focused on
specific clinical scenarios with a high risk for nausea
and vomiting such as surgery, chemotherapy, and radio-
therapy. Risk factors for PONV, chemotherapy-induced

Table 13-1. Medications Causing Nausea and Vomiting

Class Examples

Chemotherapy Cisplatin, dacarbazine, cyclophosphamide,
doxorubicin, carboplatin

Opioids Morphine, oxycodone, codeine
Antibiotics Erythromycin, sulfonamides, tetracycline
Anti- Aspirin, ibuprofen, ketorolac, naproxen

inflammatory
Hormonal Oral contraceptives, estrogen

therapies
Cardiovascular Digoxin, beta-blockers, calcium-channel

blockers
Miscellaneous Nicotine, theophylline, colchicine, iron

preparations, amifostine, L-dopa

Table 13-2. Other Etiologies of Nausea and Vomiting

Gastrointestinal Causes

Obstruction
Constipation
Gastroparesis
Irritable bowel

syndrome
Pancreatitis
Pancreatic

adenocarcinoma
Peptic ulcer disease
Cholecystitis
Hepatitis
Gastroenteritis
Chronic intestinal

pseudo-obstruction

Cardiovascular Causes
Acute myocardial infarction
Congestive heart failure
Shock

Operative Procedures
Gynecologic
Inner ear
Tonsillectomy
Laproscopic

Table 13-3. Receptor Location and Therapies

Afferent 
Origination Receptors Involved Target Therapies

Gastrointestinal 5HT3, DA 5HT3 antagonists, DA antagonists
Nucleus tractus 5HT3, DA, H2, 5HT3 antagonists, DA antagonists, antihistamines, NK-1 

solitarius NK-1, M antagonists, anticholinergic
Chemoreceptor DA, 5HT3 DA antagonists, 5HT3 antagonists

trigger zone
Vestibular H2, M Antihistamines, anticholinergic
Cortex Unknown Benzodiazepines

5HT3, 5-hydroxytryptamine 3; DA, dopamine; H2, histamine; NK-1, neurokinin-1; M, muscarinic.

Central Nervous System Causes

Migraine
Increased intracranial 

pressure
Malignancy, hemorrhage,
meningitis, hydrocephalus,
trauma, pseudotumor 
cerebri

Seizure disorder
Emotional distress
Labyrinth disorders

Motion sickness, tumor,
Meniere’s 
disease

Psychological
Anorexia, bulimia, 
depression,
pain, anxiety

Endocrine and Metabolic
Causes

Pregnancy
Diabetic ketoacidosis
Hyperthyroid
Hyperparathyroid
Hypoparathyroid
Uremia
Hypercalcemia

Miscellaneous
Radiation therapy
Tube feeding
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nausea and vomiting (CINV), and radiation-induced
emesis often help in identifying patients who are most
likely to suffer from nausea and vomiting and who,
therefore, would benefit from antiemetic prophylaxis
(Table 13-4).3–5

Given the different neurohormonal mechanisms for
the nonspecific symptoms of nausea and vomiting, it
may not be appropriate to extrapolate results from a
trial of these specific indications to a different clinical
scenario.1 In these situations, knowledge of the under-
lying pathophysiology, as outlined above, as well as the
pharmacology of medications is used to aid in prescrib-
ing appropriate treatment. In those areas where much
research is available, the principal drug classes used to
treat and prevent nausea and vomiting include anti-
cholinergics, antihistamines, phenothiazines, benza-
mides, 5HT3 antagonists, cannabinoids, benzodiazap-
ines, corticosteroids, and butyrophenones (Table 13-5).
Alternative therapies including acupressure/acupunc-
ture, ginger, and pyridoxine (vitamin B6) have more
limited support in the literature.

ANTICHOLINERGIC/ANTIHISTAMINES

Medications with anticholinergic and antihistamine
activity are most commonly used to prevent nausea and
vomiting associated with motion sickness and vertigo.
These medications act upon muscarinic and histamine
receptors in the VC and areas related to the vestibular
system but have little effect on other causes of nausea
and vomiting. Scopolamine, diphenhydramine, dimen-
hydrinate, meclizine, and hydroxyzine are the primary
medications used in these classes. Scopolamine
appears to be the most effective agent. A recent
Cochrane review identified five studies comparing
scopolamine to placebo for prevention of nausea and
vomiting from motion sickness.6 Transdermal scopo-

lamine was superior to placebo in preventing nausea
with a pooled odds ratio of 0.25. In other studies that
were reviewed, scopolamine was superior to meclizine
in one study and equivalent to dimenhydrinate in
another.6 Although scopolamine is effective for the
prevention of nausea and vomiting when compared to
placebo, the studies were small and contained method-
ological quality issues. Common adverse effects associ-
ated with anticholinergic and antihistamine medica-
tions include dry mouth, drowsiness, dilated pupils,
urinary retention, and blurred vision.7 Their relatively
low cost and lack of serious side effects make them
good choices for nausea and vomiting associated with
motion sickness.

BENZAMIDES

Metoclopramide, a substituted benzamide, exerts its
action on both dopamine and serotonin receptors,
depending on the dose. At low doses (0.15–0.5
mg/kg), metoclopramide is a powerful dopamine
antagonist. At higher doses, it has 5HT3 antagonistic
action.8 In addition, metoclopramide enhances gas-
tric peristalsis and emptying of the upper GI tract,
thereby minimizing stasis, which may precede and
exacerbate nausea and vomiting. Metoclopramide
may be particularly useful in the treatment of nausea
due to gastroparesis. It has also been extensively eval-
uated for CINV as well as PONV. At higher doses,
metoclopramide may cause extrapyramidal symp-
toms (EPS), which should be prevented or treated
with diphenhydramine or benzotropine. Other side
effects include drowsiness, fatigue, diarrhea, and
restlessness.1

When used in the setting of CINV, multiple dosages
and dosing intervals have been evaluated. Due to the
different combinations of therapy and the different

Table 13-4. Risk Factors for Nausea and Vomiting

Pregnancy Chemotherapy/Radiation Postoperative 

History of motion Emetogenicity of chemotherapy Female
sickness Female Nonsmoker

History of Young age History of motion sickness
migraines Chronic alcohol (decreases risk) History of PONV

Nausea/vomiting History of motion sickness Use of volatile anesthetics, nitrous 
with previous Nausea/vomiting with previous oxide, or opioids
pregnancy chemotherapy Duration of surgery

Mother or sister Whole-body radiation Type of surgery (laparoscopy, ear–
with nausea/ Upper abdomen radiation nose–throat, neurosurgery, breast, 
vomiting of laparotomy, plastic surgery, strabismus)
pregnancy

PONV, postoperative nausea and vomiting.
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outcomes measured, it is difficult to determine which of
these regimens is the most appropriate. In the setting of
acute CINV, metoclopramide can be used in doses of 1
to 3 mg/kg every 3 hours for three doses starting 1/2
hour prior to the administration of chemotherapy. To
prevent delayed CINV, doses of 0.5 mg/kg can be given
every 6 hours until the risk of CINV has passed. At these
doses, side effects attributable to the multiple mecha-
nisms of action become more apparent.3 Diarrhea due
to the cholinergic effects has been reported at an inci-
dence of 25% to 30%, as well as EPS in approximately
5% of patients.

Metoclopramide is approved by the Food and Drug
Administration for the prevention of PONV at a dose of
10 to 20 mg just prior to the completion of the proce-
dure. Results from clinical trials have been inconclusive
regarding the most effective regimen, and despite
being on the market for over 40 years, a scientific dose-
finding study is yet to be performed. Consensus guide-
lines, published in 2003 for PONV, list metoclopramide

as having “lack of evidence” and the majority of mem-
bers agreed that it should not be recommended.4

PHENOTHIAZINES

Phenothiazines, including promethazine, prochlorper-
azine, chlorpromazine, and perphenazine, treat nau-
sea and vomiting via antidopamenergic mechanism,
most likely in the CTZ. These agents are inexpensive
and come in a variety of dosage forms including intra-
venous, oral, and rectal. Prochlorperazine and promet-
hazine are the agents most widely used for nausea and
vomiting.1 They are commonly used to prevent nausea
and vomiting in low to moderate emetogenic
chemotherapy and also to prevent breakthrough nau-
sea and vomiting in chemotherapy.3 They have also
demonstrated efficacy in PONV when given at the end
of surgery.4 Common adverse events to these medica-
tions include sedation and orthostatic hypotension,
and less commonly EPS; there are also rare reports of

Table 13-5. Antiemetic Dosing

Medications PONV CINV Motion Sickness Receptor(s) ADE

5HT3 antagonists 5HT3 Headache, dizziness
Dolasetron IV: 12.5 mg IV/PO: 100 mg ––
Granisetron IV: 1 mg IV: 1 mg; PO: 2 mg ––
Ondansetron IV: 4 mg IV: 8 mg; PO: 8–32 mg ––
Palonosetron IV: 0.25 ––
Anticholinergic 1.5 mg transdermal –– 1.5 mg transdermal Muscarinic Sedation, blurred vision, 
Scopolamine patch, apply 4 h patch dry mouth, urinary 

prior to procedure retention
Antihistamines
Diphenhydramine –– –– PO: 25–50 mg Histamine Sedation, blurred vision,
Dimenhydrinate –– –– PO: 10 mg dry mouth, urinary
Hydroxyzine –– –– PO: 25–100 mg retention
Meclizine –– –– PO:25–50 mg
Aprepitant –– PO: 125 mg on day –– Neurokinin-1 Sedation, hiccups,

1 then 80 mg PO on constipation 
days 2–3

Benazodiazepines –– ––
Lorazepam –– PO: 0.5–2 mg tid Unknown Sedation
Alprazolam –– PO: 0.5–2 mg tid
Dronabinol –– PO: 5–10 mg Q 6 h –– Unknown Sedation, hallucinations,

paranoia
Droperidol 0.625–1.25 mg 1.25–2.5 mg q 4–6 h –– Dopamine Sedation, dizziness, QT
Haloperidol PO/IV: 1–3 mg q 4–6 h interval prolongation
Corticosteroids –– Unknown Hyperglycemia, insomnia,
Dexamethasone PO/IV: 4 mg PO/IV: 12–20 mg leukocytosis, adrenal

suppression
Phenothiazines –– Dopamine, Sedation, hypotension,
Prochlorperazine PO/IV: 5–10 mg PO/IV/PR: 10 mg histamine
Promethazine PO/IV: 12.5–25 mg PO/IV/PR: 12.5–25 mg
Metoclopramide PO/IV: 10–20 mg PO/IV: 20 mg Q 4–6 h –– Dopamine, Diarrhea, sedation

up to 1–3 mg/kg Q 3 h 5HT3

PONV, postoperative nausea and vomiting; CINV, chemotherapy-induced nausea and vomiting; ADE, adverse drug events; 5HT3, serotonin receptor; IV, intravenous;
PO, oral; PR, per rectum; tid, three times a day; q, every.
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hypersensitivity, neuroleptic malignant syndrome, and
blood dyscrasias.1

SEROTONIN ANTAGONISTS

The selective serotonin-receptor antagonists include
ondansetron, granisetron, dolasetron, and palonosetron.
These agents act by selectively inhibiting serotonin, an
important neurotransmitter in acute CINV at the 5HT3
receptor in the small bowel, vagus nerve, and CTZ.
Each agent has relative differences in potency, half-life,
metabolism, and availability of an oral-dosage form
(Table 13-5).

The 5HT3 antagonists have been extensively studied
in CINV and PONV. These agents with the exception of
palonosetron have not been shown to be effective
beyond the first 16 to 24 hours of CINV. This highlights
the different neurotransmitters responsible for acute
CINV as compared to delayed CINV. Due to their effi-
cacy in acute CINV, their use is warranted for prevention
of CINV due to both highly and moderately emetogenic
chemotherapy. Dosing and guidelines for use have been
extensively studied and published elsewhere.3

Ondansetron, dolasetron, and granisetron are
commonly used in the prevention and treatment of
PONV. As a group, they are effective agents in pre-
venting PONV; however, their routine use is not cost
effective. The use of these agents should be based on
individual risk factors of the patient, the type of pro-
cedure, and the type of anesthesia. According to
recent guidelines, patients at high risk for PONV
should receive combination prophylaxis, which may
include a 5HT3 antagonist with droperidol, dexam-
ethasone, or promethazine. For those with moderate
risk, monotherapy with a 5HT3 antagonist may be
considered.4 No routine prophylaxis is used for
patients with a low risk of PONV. Patients who did not
receive a 5HT3 antagonist for PONV prophylaxis and
then experience PONV may then receive treatment
with a 5HT3 antagonist. In patients who received a
5HT3 antagonist for prevention of PONV, initiation
of a 5HT3 antagonist for treatment within 6 hours
provides no additional benefit and alternative agents
should be considered.4

Due to the limited indications in which randomized
controlled trials have been performed and the added
expense of these agents compared to the phenoth-
iazines and metoclopramide, their use may not be justi-
fied outside of PONV and CINV. With the exception of
palonosetron, the majority of comparative trials has
found these agents to be interchangeable; they are
often chosen on the basis of cost. Side effects include
headache, dizziness, and less commonly, QTc interval
prolongation.1

BUTYROPHENONES

Haloperidol and droperidol are antidopaminergic
medications that have shown to be useful in managing
nausea and vomiting. They are commonly utilized in
both CINV and PONV. A meta-analysis published in
2004 evaluated the use of haloperidol for nausea and
vomiting related to operative procedures, chemother-
apy, and GI diseases. Haloperidol was effective in pre-
venting and treating PONV at doses ranging from 0.5
mg to 5 mg given either intravenously or intramuscu-
larly. There was also evidence to suggest that haloperi-
dol is effective at treating nausea and vomiting related
to GI diseases. Its use in chemotherapy and radiation-
induced nausea and vomiting, however, was less clear
due to lack of placebo-controlled trials and inconsistent
endpoint reporting.9 The Consensus guidelines for
PONV state that less than 1 mg of droperidol is equiva-
lent to ondansetron in preventing PONV.4 However,
due to a recent Food and Drug Administration “black
box” warning for death or life-threatening events asso-
ciated with QT prolongation, its use has decreased.
Other adverse effects of these medications include EPS,
sedation, and drowsiness.

BENZODIAZEPINES

Benzodiazepines have been used traditionally for the
treatment of anticipatory CINV and as an adjuvant
agent treating CINV refractory to other agents. Alpra-
zolam and lorazepam are the most commonly used
agents. Recently, alprazolam showed efficacy in the pre-
vention of CINV when added to a 5HT3 inhibitor. Seda-
tion as well as amnesia is common in patients treated
with benzodiazepines.3 Dependence is usually not a
concern given the short duration of treatment.

CORTICOSTEROIDS

Corticosteroids have been shown to be more active than
placebo in the prevention of CINV and PONV, though
the exact mechanism of action is not fully understood.
The most widely studied of the corticosteroids in these
settings is dexamethasone, which readily crosses the
blood–brain barrier. The addition of corticosteroids to
5HT3 antagonists are more effective in the prevention
of CINV than either agent alone, and this combination
has formed the backbone of treatment for moderately
and highly emetogenic chemotherapy.3 In the preven-
tion of PONV, a one-time dose of 5 to 10 mg of dexam-
ethasone can be given prior to induction and is utilized
in combination with a 5HT3 antagonist in patients at
high risk for PONV.4 Side effects associated with short-
term use of corticosteroids include hyperglycemia,
leukocytosis, insomnia, and mood disorders.
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SUBSTANCE P/NK-1 ANTAGONIST

A recent development in the prevention of CINV is
aprepitant, a synthetic NK-1 receptor antagonist. In a
three-drug regimen, that included ondansetron and
dexamethasone, aprepitant provided a statistically sig-
nificant prevention of acute and delayed nausea
caused by the use cisplatin. Aprepitant is normally
well tolerated with the most frequent adverse events
being asthenia and fatigue which occurred in a
numerically higher percentage of patients treated
with aprepitant compared to placebo but did not
reach statistical significance.10 Drug interactions are
of concern because aprepitant is a substrate, moder-
ate inducer, and moderate inhibitor of cytochrome
P450 enzyme 3A4 (CYP3A4). Aprepitant also induces
CYP2C9. Chemotherapy agents known to be metabo-
lized by CYP3A4 include docetaxel, paclitaxel, etopo-
side, irinotecan, ifosfamide, imatinib, vinorelbine, vin-
blastine, and vincristine. In studies evaluating
aprepitant, the prechemotherapy dose of dexametha-
sone was adjusted from 20 mg to 12 mg. However, the
chemotherapy doses were not adjusted for potential
drug interactions. Caution is urged, because of the
small number of patients overall.10

CANNABINOIDS

Dronabinol is a synthetic oral form of tetrahydro-
cannabinol and has been found to be more active than
placebo in the treatment of nausea and vomiting. The
specific mechanism of action remains unknown.
Cannabinoids are generally reserved for CINV, which is
unresponsive to other agents, and have no role in
PONV.1,4 Side effects include sedation or drowsiness,
euphoria, dysphoria, depression, dizziness, hallucina-
tions, paranoia, and hypotension.

OLANZAPINE

Olanzapine is an antipsychotic drug that has action at
numerous neurotransmitters receptors including
dopamine D1, D2, D3, and D4, and serotonin at 5HT2a,
5HT2c, 5HT3, and 5HT6. The effects on D2 and 5HT3
receptors, which are involved in nausea and emesis
pathways, make it likely to have a significant antiemetic
effect. A recent phase II trial by Navari and colleagues
demonstrated a regimen of olanzapine used to pre-
vent nausea and vomiting associated with moderately
and highly emetogenic chemotherapy.11 Their regi-
men of 5 mg daily for 2 days prior to chemotherapy
and 10 mg daily for 2 to 4 days, in addition to standard
corticosteroids and granisetron, showed a high com-

plete response rate, but the study was limited by the lack
of a control arm and small population size. Larger con-
trolled studies are still needed to confirm its use in
CINV.11

PREGNANCY

It is estimated that 70% to 85% of women may experi-
ence nausea and vomiting during pregnancy with
0.5% to 2% progressing to hyperemesis gravidarum.5

The pathogenesis is not well understood but likely due
to hormonal changes. Although mild to moderate
nausea and vomiting are generally self-limiting with lit-
tle effect on pregnancy outcomes, many women expe-
rience significant psychosocial morbidity including
depression and report poor support by family. Hyper-
emesis gravidarum has been associated with low birth
weight and other complications including Wernicke’s
encephalopathy, splenic avulsion, and esophageal rup-
ture.5 The American College of Obstetricians and Gyne-
cologists published guidelines for the treatment of
PINV. Pyridoxine, 30 to 100 mg daily, is recommended
first line with the addition of doxylamine, 12.5 mg 3 to
4 times per day, if symptoms persist. Other possible
therapies include promethazine, dimenhydrinate,
metoclopramide, and ondansetron. Methylpred-
nisolone is reserved as a last-resort therapy due to an
association with oral clefts when used in the first
trimester.5 Other alternative therapies include ginger,
which has been found to be more effective than
placebo in preventing early nausea and vomiting of
pregnancy, and acupressure or electrical stimulation at
the P6 point.5

EVIDENCE-BASED SUMMARY

• Nausea and vomiting are generalized symp-
toms that accompany a wide array of disorders
and therapies.

• Nausea and vomiting involve complicated
interactions between neurotransmitters and
receptors. The most common receptors
involved include dopamine, 5HT3, NK-1, his-
tamine, and opiate.

• When nausea and vomiting are expected out-
comes of medications or procedures, preven-
tion is the goal of therapy.

• Guidelines for CINV and PONV suggest pre-
vention on the basis of risk factors.
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SEARCH STRATEGY

A systematic search of the medical literature was per-
formed on September 1, 2005. The search, limited to
human subjects and journals in English language,
included the National Guidelines Clearinghouse, the
Cochrane database, PubMed, and UpToDate®.

CONSTIPATION

Constipation is a highly prevalent condition, especially
in the older adult population. It is estimated that the
prevalence of chronic constipation in North America
varies between 2% and 27%.1 Constipation is generally
more common in women, older adults, nonwhites, and
patients of lower socioeconomic status.1

SYMPTOMS

Constipation can be assessed by using several variables
such as stool frequency, stool size or consistency, and
other related symptoms. It is important to keep in mind
that all patients have individual bowel habits. There-
fore, the frequency of bowel movements may not be the
most reliable method to assess constipation.1 The Rome
II criteria is a standardized tool that diagnoses func-
tional constipation as two or more of the criteria listed
in Table 14-1 for at least 12 weeks during the preceding
year with symptoms occurring at least 25% of the time.2

The knowledge of the criteria given in Table 14-1 can
be used as a guide in the clinic setting. However, it is
important to remember that symptoms can vary
depending upon the individual bowel habits of the
patients. Patients having daily bowel movements may
complain of occasional constipation.3 Symptoms of con-

stipation may arise secondary to other conditions such
as primary diseases of the colon, metabolic disturbances,
and neurologic disorders as listed in Table 14-2.3–5

ETIOLOGY3

Constipation arises from two disorders of colorectal motil-
ity. The first disorder, slow-transit constipation, or “colonic
inertia,” refers to slower-than-normal movement of fecal
contents from the proximal to the distal colon and rec-
tum. There are two proposed mechanisms that lead to
slow colonic transit: (1) decreased peristaltic contractions
and (2) uncoordinated motor activity in the distal colon.
Pelvic floor dysfunction is another major disorder of col-
orectal motility. This condition leads to an inability to evac-
uate contents from the rectum adequately. Combination
syndromes can also occur, in which a patient exhibits both
slow transit and disorders of evacuation.

EVALUATION

When a patient complains of symptoms of constipation,
a thorough history should be taken including the fol-
lowing: past medical history, associated symptoms, usual
bowel patterns, current therapies used, frequency of
current bowel movements and consistency of stools,
dietary habits, and current medications including both
prescription and over-the-counter drugs. There are sev-
eral risk factors that can predispose a patient to devel-
oping constipation (Table 14-3).

Symptoms of bloating, pain, and/or malaise between
infrequent bowel movements may be suggestive of irrita-
ble bowel syndrome.3 Pelvic floor dysfunction should be
suspected if a patient reports prolonged straining before
elimination or the need for direct digital evacuation;
this condition may not respond well to standard laxative
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therapies.3 A physical examination of the abdomen and
rectum should be performed to rule out any abdominal
mass, fecal impaction, hemorrhoids, and so on. Screen-
ing tests such as fecal occult blood tests, complete blood
count, thyroid-stimulating hormone, serum glucose,
serum creatinine, and serum calcium can also be per-
formed, especially if the patient presents with symptoms
of chronic constipation (persisting for more than 3
months) that do not have an identifiable cause.1,3,6

When a patient presents with complaints of constipa-
tion, alarm symptoms listed in Table 14-4 warrant fur-
ther testing including, but not limited to, the following:
flexible sigmoidoscopy, colonoscopy, or barium enema.1

Routine use of colon cancer screening tools is recom-
mended for all patients 50 years and older with colorec-
tal risk factors.1 According to expert opinion, no fur-
ther initial workup may be needed in healthy adults
presenting with acute constipation due to an identifi-
able cause who meet the following criteria: under the
age of 50 years with no risk factors for colorectal cancer,
a negative fecal occult blood and normal initial labora-
tory tests, negative abdominal and rectal examinations,
and adequate response to initial therapy.1,6

Untreated constipation can lead to serious conse-
quences such as fecal incontinence, bowel obstruction,
irritability, hypertension, hemorrhoids, and tachycardia.

MANAGEMENT

Nonpharmacologic Therapies
Patient education programs should focus on reducing

constipation and promoting bowel health.7 Education

should include lifestyle recommendations such as the
following: adequate fluid intake (1500–2000 mL/d),
avoidance of caffeinated and alcoholic beverages,
increased physical activity, increased dietary fiber
(25–30 g/d), and regular toileting throughout the day.7

Patients should be encouraged to keep a log of bowel
activity including frequency, character, and amount of
bowel movements, in order to recognize the need for
pharmacologic therapy.7

Pelvic floor retraining involves biofeedback and
relaxation training to assist patient in relaxing the pelvic
floor muscles during straining.3 This type of nonphar-
macologic therapy is generally more effective for treat-
ing patients with slow-transit constipation or impaired
evacuation when other treatments have failed.4

Surgical treatment of slow-transit constipation is a
last-line option that involves total colectomy with ileo-
rectal anastomosis. This procedure is designed to treat
the symptoms of constipation and achieve regular defe-
cation.3 However, other symptoms such as abdominal
pain and bloating may not be alleviated.3

Pharmacologic Therapies
Pharmacologic therapies involve the use of laxatives.

Table 14-5 lists dosage recommendations for a variety of
laxative preparations.

Bulk Laxatives.1,6 Psyllium (e.g., Metamucil®, Kon-
syl®), methylcellulose (e.g., Citrucel®), and polycar-
bophil (e.g., FiberCon®) increase colonic residue and
stimulate peristalsis. These agents should not be given to

Table 14-1. Rome II Criteria for Functional Constipation

• Straining at defecation
• Lumpy or hard stools at defecation
• Sensation of incomplete evacuation
• Sensation of anorectal obstruction or blockage at defecation
• Manual maneuvers to facilitate defecation (e.g., digital evacuation)
• Less than three defecations per week

Adapted from: Thompson WG, Longstreth D, Drossman KW, et al. Functional
bowel disorders and functional abdominal pain. Gut. 1999;45(II):II43–II47.

Table 14-2. Organic Diseases Associated with Constipation3–5

• Autonomic neuropathy
• Hypothyroidism
• Hypercalcemia
• Spinal cord injury
• Parkinsonism
• Bowel obstruction
• Paralytic ileus
• Cancer
• Diabetes mellitus
• Depression

Table 14-3. Risk Factors for Constipation3,6

• Low-fiber diet
• Low fluid intake
• Reduced mobility
• Contributing medications

• Analgesics
• Anticholinergics
• Calcium-containing antacids
• Calcium-channel blockers
• Iron supplements
• Clonidine
• Diuretics

Table 14-4. Alarm Symptoms

• Hematochezia
• Weight loss �10 lb
• Family history of colon cancer or inflammatory bowel disease
• Anemia
• Positive fecal occult blood tests
• Acute onset of constipation in older patients

Adapted from: American College of Gastroenterology Chronic Constipation
Task Force. An evidence-based approach to the management of chronic con-
stipation in North America. Am J Gastroenterol. 2005;100(S1).
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patients with inadequate fluid intake, as they have to be
taken with plenty of water to avoid intestinal obstruction.

Osmotic Laxatives.1,5,6 Lactulose, glycerin, and
sorbitol can be administered rectally or orally. These
agents increase osmotic activity in the lumen, which
draws fluid into the colon to produce soft, formed stools.
The expected onset of action after oral ingestion is 12 to
72 hours, whereas the onset of action after rectal admin-
istration is 30 minutes. Lactulose (e.g., Kristalose®) is
usually more expensive than other agents, but has been
shown to be effective at increasing stool frequency and
stool consistency in patients with chronic constipation.
Polyethylene glycol (e.g., Miralax®) has also been shown
to be effective at increasing stool frequency and stool
consistency in patients with chronic constipation. How-
ever, high doses of polyethylene glycol may lead to diar-
rhea, nausea, and cramping.

Saline Osmotic Laxatives.1,5,6 Magnesium hydrox-
ide, magnesium citrate, and sodium phosphate are pri-
marily used for acute management of constipation and
followed with bulk or osmotic laxatives for maintenance
therapy. These agents may cause fluid and electrolyte
depletion and hence should be used with caution in
patients with renal and cardiac diseases.

Stimulant Laxatives.1,5,6 Senna (e.g., Senokot®,
Ex-lax®) and bisacodyl (e.g., Dulcolax®, Correctol®)
are approved by the Food and Drug Administration for
the treatment of occasional constipation, and are the
most commonly used ingredients in stimulant laxatives
in the United States. These agents appear to act by alter-
ing the transport of electrolytes within the intestinal
mucosa, causing water retention, and stimulating peri-
stalsis. The use of these agents would be an appropriate
choice to patients taking chronic opioids. However,
continuous daily use can lead to diarrhea, hypona-
tremia, hypokalemia, and dehydration.

Surfactant Laxatives.1,5 Castor oil, docusate sodium
(e.g., Colace®), and docusate calcium (e.g., Surfak®)
are anionic surfactants that act as stool-softening agents
by altering intestinal permeability, which stimulates
peristalsis. Although docusates have minimal laxative
effects, they are useful for patients with painful defeca-
tion due to hemorrhoids. Castor oil has strong purga-
tive actions, which induce bowel movements within 1 to
3 hours. Castor oil should not be recommended for
routine treatment of constipation.

Suppositories and Enemas.1,5 Water, saline, sodium
phosphate, lactulose, and mineral oil have all been used
as enemas. Water enemas should be used with caution
in older patients due to increased risk of acute water
intoxication. Glycerin and bisacodyl suppositories are
often used in the hospital setting to stimulate bowel
activity.

Chloride Channel Activators.8,9 Lubiprostone
(Amitiza®) is a new agent that acts locally on the apical
membrane of gastrointestinal tract to increase intestinal
fluid secretion. It is approved by the Food and Drug
Administration for the treatment of chronic, idiopathic
constipation. In placebo-controlled trials, lubiprostone
demonstrated an increase in spontaneous bowel move-
ments throughout duration of therapy. However, long-
term safety remains to be established. This agent should
be reserved for patients with severe constipation despite
use of other agents. Be aware that doses may need to be
reduced if patients develop nausea. A baseline negative
pregnancy test must be obtained prior to use in women
of childbearing age.

DIARRHEA

Diarrheal diseases are one of the top five causes of
death worldwide.10 An estimated 211 to 375 million
episodes of acute diarrhea occur annually in the United
States, accounting for more than 900,000 hospitaliza-
tions and 6000 deaths per year.11

Table 14-5. Dosage Recommendations

Agents that Cause Softening of Feces in 1–3 d
Bulk-forming agents

Methylcellulose: 4–6 g/d
Polycarbophil: 4–6 g/d
Psyllium: varies with formulation

Emollients
Docusate sodium: 50–360 mg/d
Docusate calcium: 50–360 mg/d
Docusate potassium: 100–300 mg/d

Lactulose: 15–30 mL orally
Sorbitol: 30–50 g/d orally
Mineral oil: 15–30 mL orally
Chloride Channel Activators

Lubiprostone: 24 mcg orally twice daily with food
Agents that Result in Softened Stool in 6–12 h

Bisacodyl (oral): 5–15 mg orally
Phenolphthalein: 30–270 mg orally
Cascara sagrada: varies with formulation
Senna: varies with formulation
Magnesium sulfate: �10 g orally

Agents that Cause Watery Evacuation in 1–6 h
Magnesium citrate: 18 g/300 mL solution
Magnesium hydroxide: 2.4–4.8 g orally
Magnesium sulfate: 10–30 g orally
Sodium phosphates: varies with formulation
Bisacodyl: 10 mg rectally
Polyethylene glycol preparations: 4 L

Adapted from: DiPiro JT, Talbert RL, Yee GC, et al. Pharmacotherapy: A Patho-
physiologic Approach. New York, NY: McGraw-Hill; 2005.
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DEFINITION/ETIOLOGY

Several definitions of diarrhea exist, including refer-
ences to increased frequency of stools (more than three
per day), increased liquidity of stools, and stool weight
greater than 200 g/d.12 An increased frequency of defe-
cation (three or more times per day or at least 200 g of
stool per day) lasting for less than 14 days is one
accepted definition of acute diarrhea. Abdominal
cramping, nausea and vomiting, malnutrition, or clini-
cally significant systemic symptoms may also be pres-
ent.11 The major causes of acute gastrointestinal illness
in otherwise healthy individuals in developed countries
are viruses, bacteria, and less often, protozoa.13 Most
cases are probably viral in nature with many patients
choosing not to seek medical attention.10 Cases of
severe diarrhea (greater than or equal to four fluid
stools per day for more than 3 days) are usually caused
by bacteria.10 The most common pathogens implicated
in causing acute diarrhea in 2002 were salmonella,
campylobacter, shigella, Escherichia coli O157:H7, and
cryptosporidium. Clostridium difficile is the most com-
mon pathogen implicated in nosocomial diarrhea.11

Chronic diarrhea is defined as the production of loose
stools with or without increased stool frequency for
more than 4 weeks and occurs at a prevalence of
approximately 3% to 5% in the United States.14

EVALUATION

Limited evidence is available to guide the evaluation
and treatment of diarrhea.12 The initial clinical evalua-
tion of acute diarrhea should evaluate the severity of
the illness and the requirement for rehydration, and
also identify the likely causes of diarrhea on the basis of
a thorough history and clinical findings.11 Most cases of
acute diarrhea are usually self-limited, regardless of
whether the cause is due to an infection, viruses, or
noninfectious. Because most cases of diarrhea are self-
limited and nearly 50% of cases persist for less than 1
day, microbiologic investigation is usually unnecessary
for patients who present within 24 hours after the onset
of diarrhea. However, if patients present with dehydra-
tion, are febrile, have blood or pus in their stool, or
have other indications for medical evaluation (see
Table 14-6), further workup is indicated.10,11

Obtaining an accurate medical history is an impor-
tant key in the evaluation of diarrhea (Table 14-7).14

Fecal testing for Shiga toxin is recommended, as well
as cultures for E. coli O157:H7, in individuals with a
sudden onset of bloody diarrhea (especially if
afebrile) or the hemolytic-uremic syndrome.11 Travel-
ers’ diarrhea occurs in an individual, normally resid-
ing in an industrialized region, who travels to a devel-

oping tropical or semitropical country. The passage of
at least three unformed stools in a 24-hour period
with accompanying symptoms of nausea, vomiting,
abdominal pain or cramps, fecal urgency, tenesmus,

Table 14-6. Indications for Medical Evaluation

Profuse watery diarrhea Passage of � 6 unformed 
with signs of hypovolemia stools per 24 h or a

duration of illness of
�48 h

Passage of many small volume Severe abdominal pain
stools containing blood
and mucus

Bloody diarrhea Recent use of antibiotics
or hospitalized patients

Temperature �38.5�C Diarrhea in older adults
(�70 y of age) or the 
immunocompromised

Adapted from: Wanke CA. Approach to the Patient with Acute Diarrhea. UpToDate
online 13.2 Available at www.uptodate.com.Accessed April 2005.

Table 14-7. Obtaining Accurate Medical History

Onset of Diarrhea Presence of Weight Loss
Congenital, abrupt, Substantial weight loss more

or gradual likely caused by nutrient
malabsorption, ischemia,
or neoplasm

Pattern of Diarrhea Assess for Aggravating Factors
Continuous or Diet, stress

intermittent
loose stools

Duration of Symptoms Mitigating Factors
Alteration of diet, use of

prescription or over-the-
counter drugs

Epidemiological Factors Review Previous Evaluations
Travel before onset, of Diarrhea

potential exposure to Objective records, radiograms,
food or water, illness biopsy specimens
in family

Stool Characteristics Investigate for Iatrogenic 
Watery, bloody, or fatty Causes

Obtain detailed medication
history, surgical history,
and radiation history

Presence or Absence Evaluate for Factitious Diarrhea
of Fecal Incontinence Caused by surreptitious

laxative ingestion
Presence or Absence of Review of Systems
Abdominal Pain Hyperthyroidism, diabetes

Pain often present in irritable mellitus, collagen-vascular
bowel syndrome, diseases and other
inflammatory bowel inflammatory conditions,
disease, mesenteric tumor syndromes, acquired
ischemia immunodeficiency

syndrome, and other 
immune problems

Adapted from: Musher DM, Musher BL. Contagious Acute gastrointestinal
infections. NEJM. 2004;351:2417–2427.

www.uptodate.com
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or the passage of bloody or mucoid stools is included
in the definition of travelers’ diarrhea. The illness
usually occurs during the first 7 to 10 days after
returning home and consists of the passage of
between three and ten unformed stools daily for 3 to
5 days. About 10% to 20% of cases are accompanied
by abdominal pain and cramps, fever, vomiting, and
the passage of bloody stools (dysentery). Diarrhea
lasts longer than 1 week in 10% of patients and longer
than 1 month in 2% of patients.15 Treatment gener-
ally includes rehydration and antibiotics. Travelers
may be given a prescription for an antibiotic prior to
travel, in the event of diarrheal episodes. Antibiotics
are generally reserved for moderate to severe cases
(more than four unformed stools daily, fever, blood,
pus, or mucus in the stool).16 Fluoroquinolones (gen-
erally ciprofloxacin 500 mg twice a day for 1 or 2 days)
and azithromycin 1000 mg as a single dose, have been
shown to be effective in the treatment of travelers’
diarrhea.16 Patients should be advised to seek medical
attention if they develop high fever, abdominal pain,
bloody diarrhea, or vomiting.

Antibiotics (Table 14-8) have been implicated in
causing diarrhea ranging from colitis (potentially pro-
gressive and serious) to “nuisance diarrhea” (frequent
loose and watery stools with no other complications).
Antibiotic-associated colitis can produce fever, abdomi-
nal cramping, leukocytosis, hypoalbuminemia, fecal
leukocytes, and colonic thickening on computed
tomography.17 Other medications have been impli-
cated in causing diarrhea as shown in Table 14-9.

C. difficile infection is only responsible for 10% to
20% of cases of antibiotic-associated diarrhea, but
accounts for the majority of cases of antibiotic-associ-
ated colitis.17 For patients hospitalized for more than 72
hours or those with recent exposure to antibiotics, toxi-
genic C. difficile, the most common recognized cause of
nosocomial diarrhea, should be suspected.11 Clin-
damycin, cephalosporins, and penicillins are the most
commonly implicated antibiotics causing C. difficile diar-
rhea.17 Individuals with bloody diarrhea (especially if

afebrile) and a history of eating seed sprouts or rare
hamburger meat should be evaluated for Shiga toxin-
producing E. coli infection. Fecal testing is recom-
mended for cases where diarrhea is persistent or recur-
ring or if the history (for instance, of fever or tenesmus)
is equivocal. Inflammatory bowel disease should be sus-
pected if fecal evidence of inflammation is present (see
Chapter 12).11

MANAGEMENT

Since most cases of diarrhea usually last for 1 to 3 days
and are self-limited, supportive fluid therapy is usually
indicated as initial therapy. Oral rehydration solutions
with a glucose-based electrolyte solution as recom-
mended by the World Health Organization are pre-
ferred. Most adults with acute diarrhea in developed
countries are advised to drink fluids and take in salt
from soups and salted crackers.11 Although there are
nearly 400 over-the-counter preparations in the United
States promoted for their antidiarrheal properties, few
have proven their effectiveness in randomized, con-
trolled trials (Table 14-10).

Loperamide, bismuth subsalicylate, and kaolin have
proven evidence of efficacy and safety as antidiarrheals.
Loperamide inhibits intestinal peristalsis and is consid-
ered a first-line antimotility drug for adults. Antimotility
agents should not be utilized in individuals presenting

Table 14-8. Antibiotic-Associated Diarrhea

Rates of Occurrence (%) Antibiotics

15–20 Cefixime
10–25 Amoxicillin-clavulanate
5–10 Ampicillin
2–5 Cephalosporins, 

fluoroquinolones,
azithromycin, clarithromycin, 
erythromycin, tetracyclines

Adapted from: Bartlett JG. Antibiotic-associated diarrhea. NEJM. 2002;346:
334–339.

Table 14-9. Drugs Causing Diarrhea

Laxatives
Antacids containing magnesium
Antineoplastics
Auranofin (gold salt)
Antibiotics
• Clindamycin
• Tetracyclines
• Sulfonamides
• Broad-spectrum antibiotics
Antihypertensives
• Reserpine
• Guanethidine
• Methyldopa
• Guanabenz
• Gaunadrel
Cholinergics
• Bethanechol
• Neostigmine
Cardiac agents
• Quinidine
• Digitalis
• Digoxin
Nonsteroidal anti-inflammatory drugs
Prostaglandins
Colchicine

Adapted from: DiPiro JT, Talbert RL, Yee GC, et al. Pharmacotherapy: A Patho-
physiologic Approach. New York, NY: McGraw-Hill; 2005.
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Table 14-10. Antidiarrheal Preparations

Agent Dosage Form Adult Dose

Antimotility
Diphenoxylate 2.5 mg/tablet 5 mg 3 to 4 times daily; do not exceed 20 mg/d

2.5 mg/5 mL
Loperamide 2 mg/capsule Initially 4 mg, then 2 mg after each loose stool; 

1 mg/5 mL do not exceed 16 mg/d
Paregoric 2 mg/5 mL (morphine) 5–10 mL, 1–4 times daily
Opium tincture 5 mg/mL (morphine) 0.6 mL, 4 times daily
Difenoxin 1 mg/tablet 2 tablets, then 1 tablet after each loose stool; 

up to 8 tablets/d
Adsorbents

Kaolin–pectin mixture 5.7 g kaolin � 130.2 mg pectin/ 30–120 mL after each loose stool
30 mL

Polycarbophil 500 mg/tablet Chew 2 tablets 4 times daily with 8 oz of fluid 
or after each loose stool; do not exceed 12 
tablets/d

Attapulgite 750 mg/15 mL 1200–1500 mg after each loose stool or every
2 h; do not exceed 9000 mg/d

300 mg/7.5 mL
750 mg/tablet
600 mg/tablet
300 mg/tablet

Antisecretory
Bismuth sulfate 1050 mg/30 mL 2 tablets or 30 mL every 30 min to 1 h as 

needed; do not exceed 8 doses/d
262 mg/15 mL
524 mg/15 mL
262 mg/tablet

Enzymes (lactase) 1250 neutral lactase units/4 drops 3–4 drops taken with milk or dairy product
3300 FCC lactase units per tablet 1 or 2 tablets as above

Bacterial replacement 2 tablets or 1 granule packet (Lactobacillus
acidophilus, L. bulgaricus), 3–4 times daily; 
given with milk, juice, or water

Octreotide 0.05 mg/mL Initial: 50 mcg subcutaneously, 1–2 times
daily; titrate dose based on indication up
to 600 mcg(d in 2–4 divided doses

0.1 mg/mL
0.5 mg/mL

FCC, Food Chemical Codex.
Adapted from: DiPiro JT, Talbert RL, Yee GC, et al. Pharmacotherapy: A Pathophysiologic Approach. New York, NY: McGraw-Hill; 2005.

with bloody diarrhea or suspected inflammatory diar-
rhea. Bismuth subsalicylate has proven inferior to lop-
eramide in clinical trials, but is noted to alleviate symp-
toms of nausea, abdominal pain, and diarrhea in
individuals suffering from traveler’s diarrhea.
Kaolin–pectin, an adsorbent, has limited evidence to
support its use. The use of antimicrobial therapy needs
to be based upon the cause and duration of diarrhea,
risk of adverse reactions, benefit versus cost, and risk of
eradicating normal flora.11

Empirical therapy for chronic diarrhea is used as a
temporizing or initial treatment before diagnostic test-
ing, after diagnostic testing has failed to confirm a diag-
nosis, or when a diagnosis has been made but no spe-
cific treatment is available or specific treatment fails to
affect a cure.12 Individuals with chronic diarrhea

should maintain a lactose-free diet for several days to
rule out lactase deficiency.18 Medications may be
responsible for almost 4% of cases of chronic diarrhea,
especially magnesium-containing products, theo-
phylline, antibiotics, antihypertensives, nonsteroidal
anti-inflammatory drugs, antineoplastic agents, antiar-
rhythmics, and food additives such as fructose and sor-
bitol.19 Adequate hydration is a mainstay of treatment.
An empiric trial of antimicrobial therapy may be uti-
lized in environments with a high prevalence of bacter-
ial or protozoal infection. Use of bile-acid-binding
resins, such as cholestyramine, can aid in the diagnosis
of bile-acid-induced diarrhea. Diphenoxylate and lop-
eramide may be used in certain cases of less severe diar-
rhea. Opiates are nonspecific antidiarrheal agents used
in the treatment of severe chronic diarrhea and
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EVIDENCE-BASED SUMMARY

• Constipation is a common condition that can
lead to serious consequences if left untreated.

• It is important to recognize symptoms that dif-
ferentiate constipation from other disease
states that would warrant diagnostic testing.

• Effective treatment and prevention of consti-
pation are important including lifestyle modi-
fications, patient education, and proper use of
pharmacologic therapies.

• Proper assessment and monitoring of consti-
pation symptoms will lead to patient satisfac-
tion regarding their health care and improved
quality of life.

• Diarrhea is associated with significant morbid-
ity and mortality worldwide and in the United
States.

• An increased frequency of defecation (3 or
more times per day or at least 200 g of stool per
day) lasting for less than 14 days is one
accepted definition of acute diarrhea, whereas
chronic diarrhea is defined as the production
of loose stools with or without increased stool
frequency for more than 4 weeks.

• The key to evaluating the cause of diarrhea is
obtaining a thorough medical history and clin-
ical evaluation.

• Limited evidence is available to guide the eval-
uation and management of diarrhea, but one
of the most important concepts in the man-
agement of diarrhea is maintaining adequate
hydration.

octreotide, a somatostatin analog, should be reserved as
a second-line agent in the management of chronic idio-
pathic diarrhea. Psyllium or other stool modifiers typi-
cally do not decrease stool weight, but may modify stool
consistency.12
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SEARCH STRATEGY

A systematic search of the literature was performed on
June 30, 2005. The search, limited to human subjects and
journals in the English language, included PubMed
(including Practice Guidelines), MD Consults, UpTo-
Date®, and EBM Reviews (2000–2005): Cochrane data-
base, DARE, and ACP Journal Club.

INTRODUCTION

Epilepsy is a common chronic neurological disorder
with an age-adjusted incidence of approximately 44 per
100000 person-years, a prevalence of 6 to 8 per 1000,
and a cumulative incidence, through age 74, of 3.1%.1,2

There is a bimodal distribution of the first seizure, with
one peak occurring in newborn and young children
and the second in patients older than 65 years.3

It is important to recognize and optimally treat
epileptic patients since epilepsy can significantly impact
their quality of life; it can affect their chances of
employment, social relationships, and feelings of self-
worth. Epilepsy may be responsible for significant mor-
bidity including psychological distress, anxiety and
depression, and mortality.

Unfortunately up to 30% of the population develops
drug-resistant epilepsy, especially people with partial
onset seizures. The failure to respond to three or more
antiepileptic drugs (AEDs) denotes drug-resistant or
intractable epilepsy.

To optimally manage a patient with epilepsy, the
physician must first determine the type of epilepsy.
This is based on the clinical history (both from the
patient and observers), radiographic information, and

electroencephalogram (EEG) results. The Interna-
tional League Against Epilepsy (ILAE) developed a
seizure-classification scheme, which is used today
(Table 15-1)4. This scheme categorizes seizures as par-
tial, generalized, or unclassified. Partial seizures are
further subdivided into simple partial seizures (typi-
fied by no impairment of consciousness), complex
partial seizures (impairment of consciousness pres-
ent), and partial seizures developing into secondarily
generalized seizures. Generalized seizures are subdi-
vided into nonconvulsive (absence of convulsions)
and convulsive seizures. 

Additionally, the ILAE devised a second method of
categorizing epilepsy by syndromes, taking into account
the age of onset of the seizures, family history of
epilepsy, seizure type(s), and associated neurological
symptoms and signs. After grouping epilepsy into gen-
eralized and focal syndromes, the ILAE classifies epilep-
sies as idiopathic, cryptogenic (those with unknown but
suspected cause) or secondary, and symptomatic epilep-
sies. A modified working version of the ILAE 1989 clas-
sification is provided in Table 15-2.5

CLINICAL PRESENTATION

EVENTS MIMICKING SEIZURE

In evaluation for possible epilepsy it is important to con-
sider nonepileptic paroxysmal events such as transient
ischemic attacks, pseudoseizures, movement disorders,
migraine, syncope, cardiac arrhythmias, fugue states,
transient global amnesia, panic attacks, night terrors,
narcolepsy, and hyperventilation. Frontal lobe seizures
can be especially difficult to differentiate from pseudo-
seizures as a result of their unusual presentation.
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NONNEUROLOGIC CAUSES OF A SEIZURE

Epileptic seizures can occur as a result of a nonneu-
rologic etiology such as sleep deprivation, hypo-
glycemia, hyponatremia, metabolic encephalopathy,
alcohol or drug withdrawal, drug abuse, or drug toxi-
city. These seizures should not be treated with an
AED. A recent publication is available that provides
clinical policy on critical issues facing the emergency
department health care provider in assessing a per-
son who has experienced a new onset seizure (see
Table 15-3).6

TYPES OF SEIZURES

Partial Seizures
Partial seizures can be either simple or complex.

Simple partial seizures are characterized by no loss of
consciousness, so the patient is aware of his symp-
toms. The presentation varies depending on the loca-
tion of the epileptic focus. For example, an epileptic
focus in the sensory cortex leads to a sensory distur-

bance, while a focus in the motor cortex causes move-
ment of an extremity or the face contralateral to the
focus. A focus in the occipital lobe causes visual hallu-
cinations or simply flashing lights. A simple partial
seizure may precede a complex partial seizure or a
secondarily generalized seizure and is commonly
referred to as the aura.

Complex partial seizures result in an alteration of
consciousness, but only involve a specific part of the
brain. There may be repetitive, semi-purposeful move-
ments called automatisms such as lip smacking, chew-
ing, repeating words or phrases, or staring, or the
patient may be nonresponsive but awake. Impairment
of consciousness usually lasts for less than 3 minutes.
The postictal state may last for minutes or a few hours
during which time the patient is lethargic, sleepy, con-
fused, or dazed. The patient does not realize having
had a seizure. Either type of seizure may secondarily
generalize and the patient will experience a loss of
consciousness along with tonic–clonic, tonic, or
clonic movements. When a partial seizure secondarily
generalizes, the postictal state is usually longer in
duration, and the postictal symptoms may be more
severe.

Table 15-1. International Classification of Epileptic Seizures

I. Partial (Focal Seizures)
A. Simple partial seizures (consciousness not impaired)

1. With motor signs (including Jacksonian, versive, and
postural)

2. With sensory symptoms (including visual,
somatosensory, auditory, olfactory, gustatory, and 
vertiginous)

3. With psychic symptoms (including dysphasic,
dysmnesic, hallucinatory, and affective changes)

4. With autonomic symptoms (including epigastric 
sensation, pallor, flushing, papillary change)

B. Complex partial seizures (consciousness is impaired)
1. Simple partial onset followed by impaired 

consciousness
2. With impairment of consciousness at onset
3. With automatisms

C. Partial seizures evolving to secondarily generalized
seizures

II. Generalized Seizures of Nonfocal Origin (convulsive or
nonconvulsive)
A. Absence seizures

1. With impaired consciousness only
2. With one or more of the following: atonic

components, tonic components, automatisms,
autonomic components

B. Myoclonic jerks (single or multiple)
C. Tonic–clonic seizures (may include clonic–tonic–clonic

seizures)
D. Tonic seizures
E. Atonic seizures

III. Unclassified Epileptic Seizures

Adapted from: Pedley TA. Classification of seizures and epilepsy. In: Resor SR,
Jr., Kutt H, eds. The Medical Treatment of Epilepsy. New York, NY: Marcel Dekker;
1992:11.

Table 15-2. Operational Classification of Epileptic Syndromes

I. Idiopathic Epilepsy Syndromes
A. Benign neonatal convulsions

1. Familial
2. Nonfamilial

B. Benign childhood epilepsy
1. With central-midtemporal spikes
2. With occipital spikes

C. Childhood/juvenile absence epilepsy
D. JME (including generalized tonic–clonic seizures on 

awakening)
E. Idiopathic epilepsy, otherwise unspecified

II. Symptomatic Epilepsy Syndromes
A. West syndrome (infantile spasms)
B. Lennox–Gastaut syndrome
C. Early myoclonic encephalopathy
D. Epilepsia partialis continua

1. Rasmussen’s syndrome (encephalitic form)
2. Restricted form

E. Acquired epileptic aphasia (Landau–Kleffner syndrome)
F. Temporal lobe epilepsy
G. Extratemporal focal epilepsy, not specified
H. Other symptomatic epilepsy, focal or generalized, not 

specified
III. Other Epilepsy Syndromes of Uncertain or Mixed Classification

A. Neonatal seizures
B. Febrile seizures
C. Reflex epilepsy
D. Other unspecified

Adapted from: Pedley TA. Classification of seizures and epilepsy. In: Resor SR,
Jr., Kutt H, eds. The Medical Treatment of Epilepsy. New York, NY: Marcel Dekker;
1992:11.



Chapter 15 / Epilepsy 181

Frontal lobe seizures are often simple partial or
complex partial with secondary generalization. The
presentation reflects the anatomical area of onset.
Patients can present with unusual behavioral or motor
manifestations that may be mistaken for a psychiatric
disorder or pseudoseizure. The postictal state may last
for several seconds instead of minutes or hours. Status
epilepticus is associated more commonly with frontal
lobe seizures than with seizures arising from other
areas of the cortex.7

Todd’s Paralysis. Postictal paresis, also known as
Todd’s paralysis, is a transient paralysis that can occur
after a partial seizure. The classical presentation is
weakness of a hand, arm, or leg after focal motor
seizure activity involving one limb or side of the body.
Although study data on postictal paresis are sparse, the
following characteristics were noted in one retrospec-
tive observational study:

• Postictal paresis always occurred unilateral and contralat-
eral to the seizure focus.

• The most common ictal lateralizing sign was unilateral
clonic activity but ictal dystonic posturing was also seen.

• About 20% of patients displayed slight or no ictal motor
activity.8

Generalized Seizures
Generalized seizures involve both parts of the brain;

hence, they cause loss of consciousness. Generalized
seizures may be tonic with stiffening of the limbs, clonic
with convulsions of the body, or most commonly both
tonic and clonic. A patient experiencing a tonic–clonic
seizure may frequently let out a cry right before the
seizure and there may be tongue or mouth biting, or
urinary incontinence during the seizure.

Atonic seizures are another type of generalized
seizure, characterized by a sudden loss of muscle tone
and falls. This frequently results in head or face trauma
if protective gear is not worn. Another type of general-
ized seizure is the myoclonic seizure—sudden, brief
contractions of a single muscle or a group of muscles,
affecting any group of muscles. Absence seizures are a
generalized-type seizure most common in young chil-
dren, consisting of a brief staring spell often accompa-
nied by lip smacking or eye blinking. These usually pres-
ent in clusters and last for 5 to 10 seconds. A patient
may have several hundred seizures in a day. The EEG
shows a 3-Hz spike-and-wave pattern. Absence seizures
are often inherited.

EPILEPSY SYNDROMES

The more common epilepsies in the general popula-
tion are benign rolandic epilepsy, juvenile myoclonic
epilepsy (JME), febrile convulsions, infantile spasms,
and Lennox–Gastaut syndrome. Of these, the primary
care physician is most likely to come into contact with
JME. JME is often misdiagnosed resulting in inappro-
priate treatment. It presents in adolescence with the
patient experiencing mild myoclonic jerks of the arms
and shoulders that generally occur first thing in the
morning when arising from sleep. As the patient gets
older, he may develop tonic–clonic or clonic–tonic–clonic
seizures. In about 30% of the patients, brief lapses of
awareness (absence seizures) may develop early. This

Table 15-3. Patient Management Recommendations in Adult
Patients Presenting to the Emergency Department with a Seizure

Clinical Issue Level of 
Evidence* Specific Recommendation

Laboratory Tests†,‡

B Serum glucose
Serum sodium
Pregnancy test in woman of

childbearing age
Lumbar puncture (after CT scan)

in immunocompromised patient

CT†

B First-time seizure patient. (May be
deferred to outpatient when
reliable follow-up is available)

Admission to Hospital†

C Abnormal neurological examination
Antiepileptic Drugs†

C Abnormal neurological examination,
comorbidities, structural brain lesion

Dosing of Phenytoin or 
Fosphenytoin (in Patients 
with Subtherapeutic Drug 
Level)

C IV or oral loading dose, restart oral
maintenance dose (phenytoin),
IV/IM loading dose (fosphenytoin)

Patient in Status Epileptics
(Already Given Phenytoin
and Benzodiazepine)

C Give one of these agents intravenously:
high-dose phenytoin (24–30 mg/kg),
phenobarbital, valproic acid,
infusion of midazolam 
pentobarbital or propofol

EEG
C Patient who may be in nonconvulsive

status epilepticus or in subtle
convulsive status epilepticus, or 
patient who has received long-
acting paralytic, or patient in 
drug-induced coma

*Level of evidence: A, high degree of clinical certainty; B, moderate clinical
certainty; C, based on preliminary, inconclusive, or conflicting evidence, or
based on consensus of members in the Clinical Policies Committee.
†New onset seizure patient who has returned to baseline.
‡Patient with no comorbidities.
CT, computed tomography; IV, intravenous; IM, intramuscular; EEG,
electroencephalography.
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epilepsy syndrome is characterized on the EEG tracing
by a 3.5-Hz generalized spike-and-wave pattern. JME has
a strong genetic component and rarely goes away with
treatment. Fortunately, this syndrome usually responds
to low doses of select AEDs (valproic acid, ethosux-
imide, topiramate, lamotrigine). Some AEDs (carba-
mazepine, phenytoin) may worsen control of JME.

SEIZURES IN OLDER ADULTS

New onset seizures in patients older than 60 years are
commonly partial seizures, either simple or complex
with possible secondary generalization. Older patients
may display atypical clinical findings such as dizziness
and confusion. Auras and automatisms are less com-
monly seen in older patients with a complex partial
seizure.9 Postictal symptoms such as confusion, sleepi-
ness, and lethargy that last several days to weeks instead
of hours are seen. The most common etiology for par-
tial epilepsy in older adults is a cerebrovascular event,
accounting for 40% to 50% of new onset symptomatic
epilepsy.9,10 If a structural lesion is suspected, it may be
prudent to begin AED treatment after the first seizure.

PHYSICAL FINDINGS

There are no diagnostic physical findings in epilepsy.
Localizing abnormalities in patients with seizures may
indicate a structural lesion as the cause of seizure.

DIAGNOSTIC EVALUATION

USEFUL TESTS

Two tests are used to support the diagnosis of epilepsy.
Magnetic resonance imaging (MRI) is useful in identi-
fying structural lesions such as cortical dysplasias,
infarcts, or tumors responsible for focal epileptic activity.
When an MRI is contraindicated or unobtainable, com-
puted tomography may be useful. However, computed
tomography is not as sensitive as an MRI except in the
identification of a hemorrhage.

An EEG is obtained to detect and localize interictal
activity. In 50% of patients with epilepsy, a routine EEG
will reveal no epileptiform activity. To increase the
yield, activation procedures such as hyperventilation,
photic stimulation, sleep, and sleep deprivation are
used. Obtaining an EEG during sleep is particularly
useful when a partial seizure disorder is suspected.
AEDs minimally affect interictal epileptiform activity
and so EEG is not used to follow drug efficacy. An
exception to this rule is the use of EEG to quantify
spike–wave episodes in evaluating treatment of absence
epilepsy.11

Continuous EEG video monitoring for days, or until
the patient has a typical spell, is particularly useful when
clinical examination, eyewitness accounts, and clinical
history fail to elucidate the diagnosis of epilepsy. EEG
video monitoring can be invaluable for differentiating
seizures from pseudoseizures, especially in a patient
with an established history of epilepsy.

It is important to note that most experts will not
make the diagnosis of epilepsy on the basis of a single
seizure episode.

RISK STRATIFICATION

Risk factors make it more likely that a patient may
develop epilepsy; some of the risk factors associated
with epilepsy are discussed in Table 15-4.12

MANAGEMENT

WHEN TO START TREATMENT

One of the major dilemmas in the treatment of epilepsy
is the timing of therapy. AEDs have significant side
effects affecting quality of life. The initiation of treat-
ment can also have far-ranging effects on self-esteem,
social acceptance, employment, and financial future.
Numerous studies have shown that treatment with an
AED after the first seizure, either partial or generalized,
reduces the chance of another seizure occurring during
treatment. However, many of these studies were of short
duration. Two studies of treatment for 1 to 2 years
showed that immediate, but not long-term treatment,
reduced the occurrence of seizures.13,14

There are a number of factors to be considered
before making the decision to start an AED after the
first unprovoked seizure (Table 15-5).15

Table 15-4. Risk Factors for Recurrent Epileptic Seizures

Increased Risk
• Known symptomatic cause
• Partial seizures
• Family history of epilepsy
• Abnormal electroencephalogram (particularly generalized 

spike-and-slow wave)
• Abnormal findings on neurologic examination
• Abnormal imaging findings

Decreased Risk
• Idiopathic cause
• Generalized seizure
• No family history of epilepsy
• Normal electroencephalogram
• Normal findings on neurologic examination

Adapted from: Sirven JI. Antiepileptic drug therapy for adults; when to initiate
and how to choose. Mayo Clin Proc. 2002;77:1367–1375.
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FACTORS THAT MAY EXACERBATE EPILEPSY

The physician should make every effort to identify and
alleviate factors exacerbating the frequency and dura-
tion of seizures in the individual patient. Intense exer-
cise, illness, fever, hyperventilation, lack of sleep,
increased emotional stress, hormonal changes, alcohol,
drugs, fluid or electrolyte imbalance, and flashing lights
all may increase seizures.

DRUG TREATMENT

Guidelines
Currently in the United States, there are 15 major

AEDs. Carbamazepine, ethosuximide, phenobarbital,
phenytoin, primidone, and valproic acid were devel-
oped before 1990 and are considered the “older agents.”
With the exception of ethosuximide and valproic acid,
these drugs are hepatic enzyme inducers. Ethosuximide
is used only in the treatment of absence seizures. Since
1990, eight new drugs have been introduced into the US
market, namely, gabapentin, lamotrigine, levetiracetam,
oxcarbazepine, tiagabine, topiramate, zonisamide, and
felbamate. Pregabalin has also been approved for treat-
ment of epilepsy. Since the completion of this chapter
pregabalin has been introduced into the US market for
the treatment of partial seizures. Two recent evidence-
based guidelines, one from the United Kingdom16,17

and one from the United States,18,19 evaluated the safety

and efficacy of most of the newer agents. The UK guide-
line did not include felbamate due to its liver and bone
marrow toxicity, while the US guideline excluded the
drug as its usage had already been published in a previous
US guideline (Table 15-6).20

The US guideline addressed treatment of new onset
epilepsy and refractory epilepsy (defined by the failure
of a patient to respond to three or more drugs) in adults
and children. For new onset epilepsy, the US guideline
determined that gabapentin, lamotrigine, topiramate,
and oxcarbazepine are effective as monotherapy agents
in newly diagnosed adolescents and adults, with either
partial or mixed seizure disorders. In addition, patients

Table 15-5. Suggested Treatment Plan in Patients with First
Unprovoked Seizure

Factors to Consider for Starting Treatment*
• Abnormal EEG (especially those with epileptiform 

abnormalities)
• Age 15–60 y
• Known cause (presence of a tumor or occurrence of a 

stroke)
• Primary/secondary generalized tonic–clonic seizure
• High-risk occupation (driver, pilot, etc.)
• No disease interfering with drug metabolism

Factors to Consider for not Starting Treatment†

• Normal EEG
• Age �15 y or �60 y
• Unknown cause
• Partial seizure
• Seizure during sleep or upon awakening
• Presence of blood, liver, kidney disease
• Alcohol or drug-related seizures
• Pregnancy
• Aura/prodromal symptoms

*Presence of multiple factors increases likelihood of another seizures.
†Treatment should be deferred in the presence of any of the above conditions.
EEG, electroencephalography.
Adapted from: Beghi E, Berg AT, Hauser WA. Treatment of single seizures. In:
Engel J, Jr., Pedley TA, eds. Epilepsy: A Comprehensive Textbook. Vol. 2. Philadel-
phia, PA: Lippincott–Raven Publishers; 1997:1287–1294.

Table 15-6. AAN and AES Practice Advisory Recommendations
for Felbamate*

Risk-to-Benefit Ratio Supports Use In the Following Cases:
• Lennox–Gastaut patients �4 y, unresponsive to primary AEDs
• Intractable partial seizure patients for �18 y who failed stan-

dard AEDs at therapeutic levels (use felbamate as monother-
apy since lesser risk-to-benefit ratio)

• Patients on felbamate for �18 mo

Risk-to-Benefit Ratio Does not Support Use In the Following Cases:
• New onset epilepsy in adults or children
• Patients who have experienced significant prior hematologic

adverse events
• Patients in whom follow-up and compliance will not allow

careful monitoring
• Patients unable to discuss risks/benefits (e.g., those with 

mental retardation, developmental disability) and for whom
no parent or legal guardian is available to provide consent

Risk-to-Benefit Ratio is Unclear, but under Certain Circumstances
Depending on Nature and Severity of Patient’s Seizure Disorder,
Use May be Appropriate as In the Following Cases:

• Children with intractable partial epilepsy
• Other generalized epilepsies unresponsive to primary agents
• Patients who experience unacceptable sedative or cognitive

side effects with traditional AEDs
• Lennox–Gastaut syndrome under the age of 4 y, unresponsive

to other AEDs

Risk Management:
• Constantly assess risk-to-benefit ratio as therapy continues
• Educate patient to early signs of potentially serious hepatic

and hematopoietic side effects (easy bruising, prolonged
excessive bleeding, change in skin color, fatigue, fever,
change in stool color, change in the color of the whites of 
the eye)

• Although not proven efficacious, FDA and manufacturer of
drug recommend following laboratory monitoring: liver 
function tests at baseline and every 1–2 wk for first year; CBC
may identify hematologic changes before symptoms occur;
after first year, risk of aplastic anemia drops and need for 
laboratory monitoring is less clear

• Advise patient regarding the above laboratory 
recommendations

*AAN, American Academy of Neurology; AES, American Epilepsy Society.
AED, antiepileptic drug; FDA, U.S. Food and Drug Administration; CBC, 
complete blood count.
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can be treated with the older agents such as carba-
mazepine, phenytoin, valproic acid, or phenobarbital.
Choice of agent should be dictated by the characteris-
tics of the individual patient. The guideline also stated
that the new AEDs have not been definitively shown to
be effective.

The US guideline determined that all the new AEDs
are appropriate for adjunctive treatment of partial
seizures in adults with refractory epilepsy. Oxcar-
bazepine, topiramate, or lamotrigine can be used as
monotherapy in adults with refractory partial epilepsy.
In children, gabapentin is effective as adjunctive treat-
ment of mixed seizure disorders, while gabapentin,
lamotrigine, oxcarbazepine, and topiramate are effec-
tive as adjunctive treatment for refractory partial
seizures. Limited evidence suggests that topiramate
and lamotrigine are effective for adjunctive treatment
of idiopathic generalized epilepsy in adults and chil-
dren, as well as treatment of the Lennox–Gastaut syn-
drome.

The UK guideline recommended the initial use of
the older AEDs (preferably carbamazepine or valproic
acid) as monotherapy in the treatment of newly diag-
nosed partial epilepsy in adults or children except when
the following situations exist:

• a contraindication to the drug,
• an interaction of the older AED with another drug being

taken by the patient,
• the older AED is known to be poorly tolerated by the

patient, and
• the patient is female and of childbearing potential.

Repeated monotherapy with older AEDs was recom-
mended in adults and children with partial epilepsy
prior to adjunctive treatment. As with the US guideline,
the UK guideline recommended the newer AEDs in the
adjunctive treatment of refractory partial epilepsy. The
UK guideline recommends using cost of the agent as
the deciding factor when agents have equal efficacy.

For refractory generalized epilepsy, the UK guide-
line recommended using the older AEDs first, but did
point out that limited data indicate that lamotrigine
and topiramate are effective in adults and children
older than 2 years.

The UK guideline also recommended vigabatrin as
first-line therapy for the management of infantile
spasms (West syndrome).

A summary of the US and UK guidelines is provided in
Table 15-7.21 Since the publication of the US guidelines,
topiramate has been approved by the U.S. Food and Drug
Administration as initial monotherapy for patients older

Table 15-7. Summary of US and UK Guideline Recommendations for Use of New AEDs*

Newly Diagnosed Epilepsy Refractory Epilepsy

Partial Idiopathic Symptomatic
Partial, Mixed Absence Partial Monotherapy Generalized Generalized

Drug US UK US UK US UK US UK US UK US UK

Felbamate† No NA No NA Yes‡ NA Yes NA No NA Yes§ NA
Gabapentin Yes¶ No No No Yes Yes** No No No No No No
Lamotrigine Yes¶ Yes†† Yes¶ Yes†† Yes Yes‡‡ Yes Yes No Yes‡‡ Yes Yes‡‡

Levetiracetam No No No No Yes Yes§§ No No No No No No
Oxcarbazepine Yes Yes** No No Yes Yes** Yes Yes** No No No No
Tiagabine No No No No Yes Yes†† No No No No No No
Topiramate Yes¶ Yes** No No Yes Yes‡‡ Yes¶ Yes** Yes¶¶ Yes¶¶ Yes Yes‡‡

Vigabatrin*** NA No NA No NA Yes NA No NA No NA Yes†††

Zonisamide No NA No NA Yes‡‡‡ NA No NA No NA No NA

*None of the new drugs is recommended as first choice in newly diagnosed epilepsy by the UK guidelines.
†For patients unresponsive to standard drugs in whom the risk-to-benefit ratio supports the use of AED.
‡‡Only patients �18 years of age.
§Only patients �4 years of age with Lennox–Gastaut syndrome.
¶Indication not approved by U.S. Food and Drug Administration.
**Only patients �6 years of age.
††Only patients �12 years of age.
‡‡Only patients �2 years of age.
§§Only patients �16 years of age.
¶¶Only for generalized tonic–clonic seizures.
***In the UK, the indications are limited to adjunctive use after failure of all other appropriate drug combinations.
†††Only for West syndrome.
‡‡‡Only for adults.
NA, not available.
Adapted from: Beghi E. Efficacy and tolerability of the new antiepileptic drugs: Comparison of two recent guidelines. Lancet Neurol. 2004;3:618–621.
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than 9 years of age with partial or generalized tonic–clonic
seizures, and levetiracetam has been approved as adjunc-
tive therapy for partial seizures in children older than 3
years of age. Since the completion of this chapter leve-
tiracetam has also been approved as adjunctive treatment
for myoclonic seizures in patients with JME.

The US guideline also delineates the more important
side effects, drug interactions, and pharmacokinetics of
the newer agents. It provides additional clinical infor-
mation on the effect of comorbid conditions or their
treatment on the adverse effect or pharmacokinetics of
older and newer AEDs (Table 15-8).

OTHER MANAGEMENT ISSUES

Monotherapy Versus Polytherapy
It is currently believed that monotherapy is the best

approach to the treatment of epilepsy. Most experts
agree that a low starting dose and slow upward titration
lessens the chance of side effects. Levetiracetam is an
exception to this rule, with good tolerance even with
rapid dose escalation.

There is no evidence in support of the common prac-
tice of pushing the dose of the AED to the maximum, or
until side effects prevent a further increase, before try-
ing another agent. In addition, there is no evidence to
support the selection of a second agent having a differ-
ent mechanism of action although this is a common
practice. The primary and secondary mechanisms of
action for the AEDs are provided in Table 15-9.22 Most
of these agents have additional mechanisms of action
that have not been listed.

METABOLIC AED ISSUES

Effect on Bone Mineral Density
Hepatic-enzyme-inducing agents, specifically pheny-

toin, phenobarbital, oxcarbazepine, and carbamazepine,

have been associated with a reduction in bone mineral
density. Enzyme induction increases the clearance of vita-
min D, which can lead to secondary hypoparathyroidism
and a resultant decrease in bone mineral density. How-
ever, reduced bone mineral density has also been noted
in patients on enzyme inducers that are not deficient in
vitamin D. In addition, valproic acid, a nonenzyme
inducer, has been noted to decrease bone mineral den-
sity in some patients. This is believed to be related to the
drug’s effect on osteoblasts.23 Currently, it is not known
whether most of the newer agents have an effect on bone
mineral density. Bone-specific alkaline phosphatase is
often elevated and calcium and 25-hydroxy vitamin D are
often decreased in patients on enzyme inducers causing
decreased bone mineral density.

Table 15-8. Effects of Comorbid Conditions or Their 
Treatments on AED

Effects Antiepileptic Drug

Metabolic disorder may increase VPA
risk of hepatoxicity

Increased risk of hyponatremia CBZ, OXC
Measurable increase in free-drug

fraction with hypoalbuminemia PHT, VPA
Metabolism affected by renal disease PB, GBP, LEV, TPM
Metabolism affected by liver disease CBZ, PHT, VPA, LTG,ZNS,

OXC, TGB

VPA, valproic acid; CBZ, carbamazepine; OXC, oxcarbazepine; PHT, pheny-
toin; PB, phenobarbital; GBP, gabapentin; LEV, levetiracetam; TPM,
topiramate; LTG, lamotrigine; ZNS, zonisamide; TGB, tiagabine.

Table 15-9. Mechanism of Action of Antiepileptic Agents

Secondary Mechanism of 
Primary Mechanism of Action* Action

Blockade of voltage-dependent 
sodium channels

Carbamazepine
Phenytoin
Felbamate
Lamotrigine
Oxcarbazepine
Topiramate
Zonisamide

Blockade of calcium channels
Ethosuximide (T type) Carbamazepine (L type)
Gabapentin (N, P/Q type) Valproic Acid (T type)
Lamotrigine (N, P/Q, R, T type) Felbamate (L type)
Pregabalin (N, P/Q type) Levetiracetam (N type)
Zonisamide (N, P, T type) Oxcarbazepine (N, P type)

Topiramate (L type)

Increase in brain or synaptic 
GABA levels

Tiagabine Phenobarbital
Valproic acid
Felbamate
Lamotrigine
Topiramate

Selective potentiation of GABA-A-
mediated responses

Benzodiazepines Phenobarbital
Felbamate
Levetiracetam
Topiramate

Direct facilitation of chloride-ion 
influx

Phenobarbital
Modulation of SV2A synaptic 
vesicle protein

Levetiracetam

*Antiepileptic drugs with sodium-channel blockade as their sole primary
mechanism of action may aggravate absence and myoclonic seizures.
T, L, N, P, Q, R, GABA, GABA-A, synaptic vessel protein 2A.
Adapted from: Perucca E. An introduction to antiepileptic drugs. Epilepsia.
2005;46(s4):31–37.



Metabolic Acidosis and Renal Stones
Zonisamide, topiramate, and acetazolamide are

carbonic-anhydrase-inhibiting AEDs that can cause
metabolic acidosis and renal tubular acidosis. Risk fac-
tors are renal disease, severe respiratory disorders, status
epilepticus, diarrhea, surgery, ketogenic diet, and cer-
tain drugs. Zonisamide, topiramate, and acetazolamide
can predispose epileptic patients to calcium or urate
renal stone formation, because of their weak carbonic-
anhydrase-inhibiting effect. Increased fluid intake is gen-
erally recommended to try and avoid stone formation.

SPECIAL AED ISSUES IN WOMEN

Oral Contraceptives
Several of the older AEDs decrease levels of oral con-

traceptives via P450 hepatic enzyme induction of estra-
diol and progesterone (phenytoin, primidone, pheno-
barbital, and carbamazepine). At higher doses, both
topiramate and oxcarbazepine can lower contraceptive
levels. AEDs that do not affect contraceptive levels are
gabapentin, lamotrigine, tiagabine, levetiracetam, and
valproic acid. Recently, it has been determined that
contraceptives can decrease the plasma level of lamot-
rigine by 40% to 50%.

Polycystic Ovary Syndrome
Reproductive endocrine disorders occur quite fre-

quently in women with epilepsy and include sexual dys-
function, menstrual irregularities, and possibly an
increased risk of polycystic ovary syndrome. Although
not proven, an apparent increased incidence of poly-
cystic ovary syndrome has been suggested in women
with epilepsy who are taking valproic acid, especially in
polytherapy AED regimens. The mechanism is thought
to be inhibition of sex-steroid metabolism leading to
an increased testosterone level arresting follicular mat-
uration.24

Pregnancy
Guidelines for the treatment of women of childbear-

ing age recommend at least 0.4 mg of oral folic acid,
continued through pregnancy, to decrease the chance
of neural tube and other defects in utero.25 In addition,
the guidelines recommend monotherapy and prepreg-
nancy counseling on specific issues.

The possibility of congenital defects in infants of
women on AEDs is a major cause of nonadherence. The
original observational study showing an increased risk
of malformed fetuses in women on enzyme inducers
included many patients on multiple agents. Malforma-
tions were twice as common in these infants, and
included hypertelorism, microcephaly, low-set ears,
transverse palmar creases, short neck, trigonocephaly,

and other minor skeletal abnormalities. More recent
monotherapy data suggest a significant risk of fetal mal-
formation for valproic acid and carbamazepine (Table
15-10).26 In addition, caution should be used in treating
pregnant patients with phenobarbital or phenytoin. For
other agents, sufficient data are not available to make
recommendations for use in pregnant patients. Prelim-
inary data suggest that valproic acid and others may
affect cognition in infants. However, more data are
needed before definite conclusions can be drawn.

DISCONTINUING AED THERAPY
IN THE EPILEPTIC PATIENT

After 2 to 5 years without a seizure, discontinuation of
drug therapy should be considered, except in patients
with JME. This epileptic syndrome has a very a high
reoccurence rate regardless of the time elapsed since
the last seizure. Factors associated with seizure recur-
rence are summarized in Table 15-11.

A 6-month taper is suggested for most agents, includ-
ing barbiturates.27 Recurrent seizures are most com-
mon during the first year. Stroke or structural brain
lesions in older adults are associated with high recur-
rence rate and should prompt consideration of contin-
ued therapy.

MANAGEMENT OPTIONS IN 
DRUG-RESISTANT PATIENTS

Temporal Lobe and Other Brain Surgeries
Surgery is an option for some patients with drug-resist-

ant partial epilepsy, especially mesial temporal lobe
epilepsy, a form of drug refractory temporal lobe
epilepsy associated with hippocampal sclerosis. Surgery
has also been utilized for intractable neocortical epilepsy
especially with discrete, easily resectable lesions. In fact,
frontal cortical resection is the most common extratem-
poral cortical resection for intractable epilepsy. The
American Academy of Neurology in association with the
American Epilepsy Society and the American Association
of Neurological Surgeons recommended anteromesial
temporal lobe resection over AED treatment for dis-
abling complex partial seizures in appropriately selected
patients.28 Surgical risk was comparable to drug treat-
ment, and approximately two-thirds of patients had only
simple partial seizures or no seizures after surgery. About
10% to 15% of the patients did not benefit from surgery.
The panel recommended further study of the benefit of
surgery in neocortical seizures and noted that there was
insufficient data to provide recommendations regarding
the safety, efficacy, and timing of multilobar resections,
hemispherectomies, corpus callosotomies, lesionectomies,
and multiple subpial transections.

186 Part 4 / Neurologic Disorders



Vagal Nerve Stimulation
Vagal nerve stimulation is also used for patients with

refractory seizures, although the mechanism is not
known. It has been postulated that intermittent stimula-
tion of the vagus may decrease cortical epileptiform activ-
ity indirectly by influencing the reticular activating system.

Vagal nerve stimulation causes changes in blood flow in
the cerebellum, thalamus, and cortex and may activate
inhibitory structures in the brain.29 In July 1997, the U.S.
Food and Drug Administration approved vagal nerve
stimulation as an adjunctive treatment of refractory par-
tial epilepsy in adults and adolescents older than 12 years.
Currently, it is also used off-label in the treatment of gen-
eralized epilepsy. Data from uncontrolled studies suggest
that vagal nerve stimulation is useful in treatment of idio-
pathic and symptomatic generalized epilepsies in addi-
tion to partial epilepsies.30 In partial epilepsy, approxi-
mately a 50% decrease in seizure frequency was noted in
40% of the patients. However, there are no long-term ran-
domized controlled outcome data available. A Cochrane
Database of Systematic Review (up to March 2003) found
vagal nerve stimulation treatment for partial seizures to
be an effective and well-tolerated treatment. With low
stimulation, significant adverse events included hoarse-
ness, cough, pain, and paresthesias. With high stimula-
tion, they were hoarseness and dyspnea. Dropouts from
the trials were rare. Vocal cord paralysis and infection
occurs in about 1% of the patients. Studies have not iden-
tified the best candidates for vagal nerve stimulation.

Table 15-10. AED-Monotherapy-Associated Malformation Data

AED Registry/Study Malformation (Major) Exposed Numbers

PB North American 4/6 heart defects; 1/6 cleft lip 77 infants
and palate; 6.5% vs. 1.62% (controls)

PHT Several sources Increase in fetal AED syndrome
malformations especially nails and joints

VPA North American Cardiac abnormalities and neural tube 123 infants
defects; 8.8% vs. 2.8% (comparison to 
other monotherapies using internal 
controls—relative risk 5.43; 95% CI, 
3.9–9.55)

European Prospective Study group Neural tube defects (pooled data); 
relative risk, 4.9 (95% CI, 1.6%–15); 
absolute risk, 3.8% (�1 g VPA/d)

CBZ Canadian and US Case-Control Study Neural tube defects (odds ratio, 6.9; 1200 infants
[95% CI, 1.9–25.7])

European Collaborative Study Neural tube defects; relative risk, 
4.9 (95% CI, 1.3–18.0)

Prospective studies; (pooled data) Cardiac abnormalities, neural tube defects 1255 children
urinary tract problems; 6.7% vs. 2.34% 
(controls number 3756); odds ratio, 3.02 
(95% CI, 2.56–4.56)

GBP Prospective and retrospective (pooled data) No malformations seen (monotherapy) 11 infants
4.5% (monotherapy � polytherapy) 44 infants

LTG Lamotrigine Pregnancy registry 10 malformations (first trimester 360 infants
exposure); 2.8% vs. 3% (control)

OXC Argentine study No malformations 35 pregnancies

ZNS No malformations except those on polytherapy 26 pregnancies

PB, phenobarbital; PHT, phenytoin; VPA, valproic acid; CBZ, carbamazepine; AED, antiepileptic drug; CI, confidence interval; GBP, gabapentin; LTG, lamotrigine;
OXC, oxcarbazepine; ZNS, zonisamide.
Adapted from: Kaplan PW. Reproductive health effects and teratogenicity of antiepileptic drugs. Neurology. 2004;63(4);S13–S23.

Table 15-11. Unfavorable Prognostic Factors for
Antiepileptic Drug Withdrawal

Age at onset is �10–12 y
Symptomatic vs. idiopathic etiology
Mental retardation
Abnormal neurologic examination
Family history of epilepsy
Poor response to initial treatment
More than one drug being used at time of withdrawal
Epileptiform EEG changes
Slowing on EEG
Emergence of EEG abnormalities during drug withdrawal
JME (and some other syndromes)
Structural brain lesion or scar tissue

EEG, electroencephalography.
Adapted from: Britton JW. Antiepileptic drug withdrawal: Literature review.
Mayo Clin Proc. 2002;77:1378–1388.
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EVIDENCE-BASED SUMMARY

• Differentiate seizures from events that mimic
seizures.

• Determine if seizures are a result of non-
neurological causes.

• EEG and MRI are useful in the diagnosis and
management of epilepsy.

• Determine if partial versus generalized seizure
disorder is present.

• Identify and try to eliminate any factors that
may impede the control of seizures.

• Individualize drug treatment according to
age, concomitant medical problems, financial
resources, compliance, and type of epilepsy.

• Surgery may be an option in drug-resistant
epilepsy, especially in temporal lobe epilepsy.

• Vagal nerve stimulation is a treatment option
in patients suboptimally controlled with drug
therapy.
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SEARCH STRATEGY

A systematic Medline search of the medical literature was
performed in January 2008 using Ovid. Subject headings
included Cerebrovascular Accident/Prevention and Con-
trol, Drug Therapy, Surgery, Therapy.

INTRODUCTION

Stroke is a common diagnosis in primary care and it is
the third leading cause of death in Americans. Primary
care clinicians provide stroke care to three main groups
of patients: (1) patients at high risk of stroke requiring
primary prevention, (2) patients with a history of stroke
requiring secondary prevention, or (3) patients with
signs and symptoms consistent with acute stroke, requir-
ing urgent care. The purpose of this chapter is to review
the risk factors, the clinical presentation and diagnosis
of stroke and the recommended approach to acute
treatment and prevention.

Stroke can be either ischemic or hemorrhagic.
Ischemic stroke is the most common, representing 87%
of the more than 700,000 strokes reported in the United
States.1 The classification of stroke is illustrated in Fig.
16-1. Understanding the etiopathogenesis of the stroke
is paramount in determining the correct treatment,
intervention and/or prevention strategies.

The presentation and etiologies of ischemic stroke
vary based on the vessels affected. Atherosclerosis of
large, medium, and small arteries can result in ischemic
stroke. Aortic, carotid, and vertebral artery plaque can
be a source of emboli to the brain leading to stroke.

Atherosclerosis can cause stenosis and impede further
blood flow. Lipohyalinosis usually affects the small pen-
etrating arteries and accounts for lacunar (small, deep)
infarcts. Cardiac diseases such as atrial fibrillation
(which predisposes to embolic phenomenon), acute
myocardial infarction, cardiomypopathy, and valvular
disease are a few of the many conditions that can pre-
dispose to a stroke. Hypotension can cause borderzone
infarcts in different vascular territories. Other causes
such as hypercoagulable states, vasculitis, and dissec-
tions also should be sought. In spite of an exhaustive
work up, at times the etiology or cause of the stroke
remains elusive. These cryptogenic strokes account for
30% of ischemic strokes.

Hemorrhagic strokes are most commonly caused by
uncontrolled hypertension and usually affect penetrat-
ing arteries in the putamen, thalamus, pons, and cere-
bellum. Amyloid angiopathy in the elderly is another
cause of hemorrhagic stroke and is often responsible
for hemorrhages in the parietal or occipital lobes. Hem-
orrhage in a young patient without the history of
hypertension should raise suspicion of other causes
such as drug abuse (e.g., cocaine, amphetamines,
methylphenidate, etc.), arteriovenous malformations,
and brain tumors. Medications such as thrombolytic
therapy (e.g., tissue plasminogen activator [tPA]), or
anticoagulants (e.g., warfarin) are also associated with
the development of hemorrhagic stroke. Hemorrhagic
transformation of an ischemic stroke is seen most often
in embolic strokes, large infarcts, middle cerebral
artery stem occlusion, and also in the setting of uncon-
trolled hypertension and early use of anticoagulants.
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Mortality (30 days) with hemorrhagic stroke is up to
38%, compared to 12% with ischemic stroke. Stroke is
the leading cause of adult disability in the United States
and is a common cause of nursing home admission.
Great strides have been made in decreasing the conse-
quences and recurrence of stroke in the past several
decades through careful reduction of risk factors, acute
intervention, and secondary prevention.

RISK FACTORS2–5

The most important risk factor for both ischemic and
hemorrhagic stroke is hypertension. Other important
risk factors for ischemic stroke, with their relative risks,
are given in Table 16-1.

PRIMARY PREVENTION5

Strategies proven to reduce the risk of a first ischemic
stroke are illustrated in Table 16-2. Other recommen-
dations including increasing physical activity to 30 min-
utes most days of the week, a diet of at least 4 to 5 serv-
ings of fresh fruits and vegetables daily, restriction of
alcohol to 1 to 2 drinks daily, and cessation of substance
abuse are also thought to reduce stroke risk.

CLINICAL PRESENTATION OF STROKE AND
TRANSIENT ISCHEMIC ATTACK6–8

A stroke is defined as an abrupt onset focal neurologic
deficit of presumed vascular origin. Some of the most

STROKE

85%

20% 25% 20% 30% 5%

15%

Ischemic stroke

Primary
hemorrhage

Atherosclerotic
cerebrovascular

disease

Hypoperfusion Arteriogenic
emboli

Penetrating
artery disease
(“Lacunes”)

Cardiogenic
embolism

Cryptogenic
stroke

Other, unusual
causes

•  Intraparenchymal
•  Subarachnoid

•  Prothrombic states
•  Dissections
•  Arteritis
•  Migraine/vasospasm
•  Drug abuse
•  Many more

•  Atrial fibrillation
•  Valve disease
•  Ventricular thrombi
•  Many others

Figure 16-1. Classification of stroke. The types of stroke are illustrated, showing their location and prevalence.

Table 16-1. Risk Factors for Ischemic Stroke

Risk Factor Relative Risk 

Chronic atrial fibrillation 2.6–4.5
Hypertension 1.4–4
Diabetes mellitus 1.8–6
Smoking (current) 1.8
Carotid stenosis 2.0
Hyperlipidemia 1.8–2.6
Obesity 1.75–2.37
Alcohol abuse 1.6–1.8
Hyperhomocysteinemia 1.3–2.3

Adapted from: Goldstein LB, Adams R, Alberts MJ, et al. Primary prevention
of ischemic stroke. A guideline from the American Heart Association/Ameri-
can Stroke Association Stroke Council. Cosponsored by the Atherosclerotic
Peripheral Vascular Disease Interdisciplinary Working Group; Cardiovascular
Nursing Council; Clinical Cardiology Council; Nutrition, Physical Activity, and
Metabolism Council; and the Quality of Care and Outcomes Research Interdis-
ciplinary Working Group. Stroke. 2006; 37:1583–1633.

Table 16-2. Strategies for the Primary Prevention of Stroke

Strategy Population Risk Reduction (%)

BP lowering Hypertensives 38
Smoking cessation 50 within first year
Carotid Asymptomatic 50

endarterectomy carotid stenosis
Transfusion High risk sickle 91

cell disease
HMG CoA reductase Hyperlipidemia 20–30

inhibitors 
Warfarin Atrial fibrillation 68

Adapted from: Goldstein LB, Adams R, Alberts MJ, et al. Primary prevention
of ischemic stroke. A guideline from the American Heart Association/Ameri-
can Stroke Association Stroke Council. Cosponsored by the Atherosclerotic
Peripheral Vascular Disease Interdisciplinary Working Group; Cardiovascular
Nursing Council; Clinical Cardiology Council; Nutrition, Physical Activity, and
Metabolism Council; and the Quality of Care and Outcomes Research Interdis-
ciplinary Working Group. Stroke. 2006; 37:1583–1633.
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common presenting symptoms of stroke are given in
Table 16-3. Rapid recognition of these symptoms will
improve the appropriate treatment of these patients.
Even if the symptoms resolve within the first 24 hours
(usually the first 10 minutes), the patient is considered
to have experienced a transient ischemic attack (TIA),
and requires immediate medical attention. The risk of
developing a stroke after a hemispheric TIA is as high
as 20% in the first month and highest in the first 48
hours. A neurovascular work-up and prescription of
secondary prevention should occur as soon as possible
(within one day). 

DIAGNOSTIC EVALUATION6,7

Although certain symptoms and signs are more com-
mon in hemorrhagic than ischemic stroke (for exam-
ple, headache and loss of consciousness), in the acute
stage the two can only be differentiated through imag-
ing. A (noncontrast) CT scan sensitively detects acute
hemorrhage and should be performed as soon as pos-
sible. Emergency imaging studies to guide interven-
tion are indicated if the duration of symptoms is only
a few hours. In acute ischemic strokes, intravenous
tPA can be considered at qualified centers when symp-
toms are present 3 hours or less. Hence, a thorough,
yet expedited work-up, is essential. The recom-
mended immediate diagnostic studies in a patient
with suspected acute ischemic stroke are given in
Table 16-4.

After the diagnosis of acute stroke is made, further
diagnostic tests are performed to determine the etiol-
ogy of the stroke and design appropriate secondary
prevention strategies. These include assessments of
the intracranial and extracranial arteries and the
heart.

ACUTE TREATMENT2,6,7,9

Ischemia
Intravenous tPA has been shown to reduce the dis-

ability caused by ischemic stroke when administered
within 3 hours of the onset of symptoms in eligible
patients. To minimize the risk of symptomatic intracra-
nial hemorrhage, it is very important to follow a strict
protocol for administration of tPA. Specialized centers
with highly-trained rapid response teams are required
to safely and effectively use tPA for stroke. In clinical
trials, tPA was associated with a 30% increase in the
likelihood of an excellent outcome at 90 days, despite a
6.4% incidence of symptomatic intracerebral hemor-
rhage. Several smaller trials have demonstrated the
safety and efficacy of reperfusion therapy beyond 3
hours after onset, but they require imaging- or angiog-
raphy-guided patient selection. The inclusion and
exclusion criteria for tPA use in acute ischemic stroke
are given in Table 16-5. At some centers with trained
neurointerventionalists, intraarterial tPA is used within
6 hours of symptom onset in the case of angiographi-
cally demonstrated MCA occlusion or acute basilar
artery thrombosis with no signs of infarction on base-
line CT scan.

Hemorrhage
To date, no intervention has been shown to reduce

the ultimate disability caused by primary intracere-
bral hemorrhage. Although acute surgical interven-
tion has been shown to reduce rebleed and mortality
in subarachnoid hemorrhage, no benefit of early sur-
gery in primary intracerebral hemorrhages has been
shown.

Table 16-3. Common Presenting Symptoms of Acute Stroke

Symptom Patients Reporting (%)

Weakness 18.6–23.6
Sensory 17.5–18.8
Imbalance 15.2–19.9
Change in level 12–17.4

of conciousness
Dysarthria 16.2–15.6
Aphasia 10.5–11.1
Gait 7.6–10.7
Dizziness/vertigo 8.1–9.6
Pain 8.4–12.0

Adapted from: Labiche LA, Chan W, Saldin KR, Morgenstern LB. Sex and
acute stroke presentation. Ann Emerg Med. 2002;40:5:453–460.

Table 16-4. Diagnostic Studies for Stroke

Urgent Nonurgent

Brain CT (MRI in some Carotid duplex dopplers
qualified centers) Echocardiogram

Electrocardiogram
Blood glucose
Serum electrolytes
Renal function tests
Complete blood count,

including platelets
Prothrombin time/INR
Activated partial

thromboplastin time

Adapted from: Adams HP, delZoppo G, Alberts MJ, et al. Guidelines for the
early management of patients with ischemic stroke: A guideline from the
American Heart Association/American Stroke Association Stroke Council,
Clinical Cardiology Council, Cardiovascular Radiology and Intervention Coun-
cil, and the Atherosclerotic Peripheral Vascular Disease and Quality of Care
Outcomes in Research Interdisciplinary Working Groups. Stroke.
2007;38:1655–1711;34:1056–1083.
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SECONDARY PREVENTION3,4,10–17

Patients who have had a stroke or TIA remain at high risk
of recurrence (up to 45% at 5 years) and should receive
aggressive secondary stroke prevention measures.

Blood Pressure Control
All patients who have had a stroke (ischemic or hem-

orrhagic) should have their blood pressure (BP) moni-
tored and reduced to 120/80.3,4 A thiazide diuretic and
an angiotensin converting enzyme (ACE) inhibitor
should be used, unless there are contraindications.14

Patients unable to tolerate an ACE inhibitor should
receive an angiotensin receptor blocker (ARB).18

Antithrombotic Therapy
All patients with a history of ischemic stroke or TIA

should receive anticoagulation or antiplatelet therapy.
All patients who have had an ischemic stroke or TIA
(noncardioembolic) should receive either low-dose
aspirin (50–325 mg daily), clopidogrel (75 mg daily) or
the combination of aspirin and extended release dipyri-
damole (25/200 mg twice daily).2–4 Patients allergic to

Table 16-5. Inclusion and Exclusion Therapy for tPA in 
Acute Stroke6

Inclusion
Diagnosis of ischemic stroke with measurable neurologic deficit
Neurologic signs not rapidly improving
Neurologic signs not minor and isolated
Symptoms not suggestive of subarachnoid hemorrhage
Onset of symptoms �3 h before beginning treatment

Exclusion
Head trauma or stroke within past 3 months
Myocardial infarction within past 3 months
Gastrointestinal or urinary tract hemorrhage within 21 d
Major surgery within 14 d
Arterial puncture at noncompressible site within 7 d
Previous intracranial hemorrhage
BP � 185 mmHg systolic or �110 mmHg diastolic
Active bleeding or acute trauma on examination
Oral anticoagulant and INR �1,5
Heparin in previous 48 h and aPTT elevated
Platelet count �100,000
Blood Glucose � 50 mg/dL
Seizure with postictal neurological impairments
CT shows � 1/3 cerebral hemisphere infracted

Adapted from: Adams HP, delZoppo G, Alberts MJ, et al. Guidelines for the
early management of patients with ischemic stroke: A guideline from the
American Heart Association/American Stroke Association Stroke Council,
Clinical Cardiology Council, Cardiovascular Radiology and Intervention Coun-
cil, and the Atherosclerotic Peripheral Vascular Disease and Quality of Care
Outcomes in Research Interdisciplinary Working Groups. Stroke.
2007;38:1655–1711;34:1056–1083.

aspirin should receive clopidogrel. Use of the combina-
tion of clopidogrel and aspirin for secondary stroke
prevention is associated with an increase in serious
bleeding without increased efficacy over clopidogrel
alone.19

Anticoagulation with warfarin (International Nor-
malized Ratio [INR] 2.5) should be used in patients
with paroxysmal or persistent atrial fibrillation or
other compelling source of cardiac embolism.2–4,12

Anticoagulation should not be initiated until brain
imaging has ruled out a hemorrhagic lesion and not
until 5 to 14 days have passed if the patient has had a
major stroke. Close monitoring of the INR (at least
once monthly) and follow-up are necessary to assure
the safe and effective use of warfarin for stroke pre-
vention.

HMG CoA Reductase Inhibitors
Treatment with a hydroxymethylglutaryl-coenzyme A

(HMG CoA) reductase inhibitor should be considered
in all patients with prior ischemic stroke or TIA, regard-
less of their baseline cholesterol values.15,16

Surgery
In patients with ipsilateral carotid artery stenosis

�60%, carotid endarterectomy to remove the offend-
ing plaque, combined with aspirin, should be per-
formed in all eligible patients.3,4

Other Interventions
All patients should receive counseling and assistance

with smoking cessation, increasing physical activity,
adopting a low-salt, low-fat diet rich in fruits and vegeta-
bles and avoiding alcohol. Table 16-6 summarizes the
important secondary prevention strategies to be recom-
mended.

Table 16-6. Secondary Prevention Strategies

Intervention Type of Stroke Comments

BP lowering Hemorrhagic/ ACE inh �
ischemic thiazide

Anticoagulation Ischemic (atrial Warfarin (INR �
fibrillation) 2.5)

Antiplatelet Ischemic (most) Aspirin 
Clopidogrel
ASA/ERDP

Statin Ischemic (all)
Carotid Ischemic (ipsilateral) 70–99% stenosis

endarterectomy
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EVIDENCE-BASED SUMMARY

• Ischemic and hemorrhagic stroke can only be
differentiated by urgent imaging (computed
tomography).

• The most common and important modifiable
risk factors for stroke include hypertension,
atrial fibrillation, diabetes, and hyperlipi-
demia.

• Common symptoms of stroke include sudden
onset weakness, sensory change, imbalance,
and speech changes.

• Early recognition and treatment of stroke and
TIA is essential to administer effective reperfu-
sion therapy in eligible patients and for the
institution of secondary prevention strategies.

• BP lowering is one of the most effective strate-
gies in decreasing both ischemic and hemor-
rhagic stroke incidence.

• Antiplatelet therapy (aspirin, clopidogrel, or
aspirin/extended release dipyridamole) should
be prescribed for all patients with a previous
noncardioembolic ischemic stroke or TIA.

• Warfarin therapy (INR � 2.5) should only be
used in ischemic stroke patients with a history
of paroxysmal or persistent atrial fibrillation.

• BP lowering with an ACE inhibitor and a
diuretic should be instituted in all stroke
patients for secondary prevention.

• HMG CoA reductase inhibitor should be given
to all ischemic stroke patients for secondary
stroke prevention, regardless of cholesterol
values.

• Carotid endarterectomy should be considered
in all ischemic stroke patients with significant
carotid stenosis.
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SEARCH STRATEGY

A systematic search of the medical literature was per-
formed in January, 2008. The search, limited to human
subjects and English language journals, included the
National Guideline Clearinghouse, the Cochrane data-
base, PubMed, UpToDate®, and PIER.

INTRODUCTION

One of the most common neurological disorders of the
aging population, Parkinson disease (PD) is the best
understood with respect to the specific neurochemical
and pathological changes in the brain. The characteris-
tic motor impairments are mostly the consequence of
the selective loss of several hundred thousand neurons
in the substantia nigra,1 but the cause of this loss is
unknown. PD has a number of treatment options rang-
ing from medications to surgical treatments.2

CLINICAL PRESENTATION

The clinical presentation can be distinctive but is not
always diagnostic, even when the full Parkinsonian syn-
drome is present. Parkinsonian syndrome consists of
PD or others disorders with similar motor impairments.
It is characterized by one or more of the following:
tremors of a limb or face at rest, cogwheel-type rigidity,
slowed movements with diminished dexterity, facial
masking, forward flexed posture, and imbalance.3

Idiopathic PD is the most common etiology when
signs and symptoms develop slowly.4 Often, PD starts on
one side just with a resting tremor. Other presentations
quite distinctive for PD include handwriting that trails

off (micrographia), decreased arm swing, and a shuf-
fling gait. It is not necessary for all symptoms to be pres-
ent to make a diagnosis of PD. Conversely, a diagnosis of
PD cannot be made on the basis of symptoms alone.
Additional information from medical history and med-
ication response may be necessary. PD should not cause
increased muscle stretch reflexes (hyperreflexia),
Babinski signs, eye movement disturbance, impairment
of cerebellar system function, or cognitive decline as
early features. Neuroimaging studies such as head CT
or MRI scans are normal in idiopathic PD, and can be
used to assess for other syndromes with Parkinsonian
symptoms, including strokes, normal pressure (commu-
nicating) hydrocephalus, or a structural lesion such as a
subdural hematoma.

PD can present a diagnostic challenge because the
deficits evolve gradually and can caricature other ill-
nesses often associated with advanced age.5 The for-
ward flexed posture can resemble changes in the spine
in osteoporosis. Decreased arm swing can mimic frozen
shoulder. The decreased clarity of voice and diminished
facial animation can resemble depression. Tremors in
the hand and elsewhere can resemble side effects of
medications or essential tremor. PD subjects often com-
plain of generalized weakness and easy fatigue although
formal testing generally reveals slowed movements with
decreased dexterity rather than loss of muscle power.

There is no pathognomonic testing for PD outside of
research settings, in which radiotracer neuroimaging
can explore the dopaminergic lesion in vivo.6 How-
ever, responsiveness to medications like levodopa can
help greatly in making the diagnosis. Such medica-
tion trials are especially important for differentiating
PD from Parkinson-plus disorders (Table 17-1). In the
initial stages, these disorders, including progressive
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supranuclear palsy, multiple system atrophy and corti-
cobasal degeneration, mimic PD. Other conditions
sometimes displaying Parkinsonian features include
Alzheimer’s disease, diffuse Lewy body disease, Hunting-
ton disease, frontotemporal dementia with Parkinsonism,
primary pallidal atrophy, Wilson’s disease, Parkinsonism
acquired from the regular use of dopamine-blocking
medications, and rarely metabolic, infectious, or toxic
disorders. In recent years, several families with a genetic
basis for Parkinsonism have been identified. Mutations in
genes for constituent protein, alpha-synuclein, and 5
additional genes have been identified among the 11
genetic patterns of neurodegeneration closely resem-
bling PD.7 Most of these syndromes lack the full clinical
or pathological picture of idiopathic PD.

Most PD appears to be of sporadic origin, as shown
by the lack of concordance of disease in identical twin
pairs. In younger patients, there is a greater chance for
a genetic basis. PD typically develops in the sixth decade

of life, although up to 5% of patients have onset before
the age of 50. Resting tremor and predominantly uni-
lateral involvement carry a better prognosis. Disability is
rare in the first 3 years and typically is characterized by
imbalance (especially falling backwards), “freezing” of
gait, and medication side effects including levodopa-
induced involuntary movements (dyskinesia) and con-
fusional states including hallucinations. PD patients,
especially those with late onset, are at increased risk for
dementia.8 Depression also is more common in PD
patients than the general population. Despite all the
negative outcomes facing PD patients, the disorder is
not inevitably disabling. Therapies offer most patients
lasting benefit and a quality of life approaching the
norm.

TREATMENT OPTIONS

The satisfactory control of disability and discomforts
of PD is generally achievable with medications (Tables
17-2 and 17-3). Medications include levodopa, the
dopaminergic agonists, the anticholinergics, and aman-
tadine. What regimen is best for the newly diagnosed
patient?5,9 This question presupposes all patients have
similar needs and resources (such as the finances to
afford costly medications as well as willingness to take
more than one drug several times daily).10 For the most
common presentation, resting tremor, anticholinergic
medications like benztropine and trihexyphenidyl pro-
vide excellent relief. Side effects are often minimal,
including dry mouth, constipation, urinary retention
and forgetfulness. The dry mouth can be therapeutic in
patients prone to drooling. Amantadine is also a good
starting medicine when primary symptom is tremor.
Although it is less potent than levodopa, it benefits
rigidity and slowed movement and helps in controlling
levodopa-induced dyskinesia.

Disability or discomfort is usually experienced in the
first or second year and often calls for dopaminergic
treatment. Levodopa is the most effective but dyskinesia
occurs in up to half the patients in 5 years.9 Monother-
apy with a dopamine agonist sometimes yields results
close to those of levodopa but with less risk for dyskine-
sia or motor fluctuations. Fortunately, the combination
of levodopa with a dopaminergic agonist appears to be
better than levodopa alone and is probably the best
option for patients facing many years of living with
PD.11,12

The most prominent neurochemical change in PD is
a major loss of dopamine, a catecholamine neuro-
transmitter synthesized in the substantia nigra and
projected to regions of the basal ganglia (striatum).
Dopamine may be reduced to as little as 40% of nor-
mal in nigrostriatal projections before the first clinical

Table 17-1. Differential Diagnosis of Parkinsonism

Idiopathic Parkinson’s Disease (Parkinsonism with Lewy bodies)
Genetically-determined Parkinsonism (
-synuclein mutations, 

parkin gene, others)
Secondary Parkinsonism

Drug-Induced
Antipsychotics (phenothiazines, butyrophenones, 

risperidone, others)
Antiemetics (metoclopramide, prochlorperazine)
Other drugs (reserpine, alpha-methyldopa)

Toxin-induced
Carbon monoxide
Hydrogen sulfide
Manganese
Methanol
MPTP (1-methyl-4-phenyl-1-2-5-6-tetrahydropyridine)
Petrochemicals

Parkinsonism following viral encephalitis
Lesions (neoplasm, stroke, or A-V malformations interrupting

nigrostriatal pathways)
Traumatic lesions interrupting substantia nigra projections
Normal pressure (communicating) hydrocephalus

Parkinsonism associated with other types of neuronal 
degeneration
Wilson disease (hepatolenticular degeneration)
Progressive supranuclear palsy
Pallidonigral degeneration
Corticobasal degeneration
Alzheimer disease
Frontotemporal dementia
Huntington disease (rarely)
Dentatorubropallidoluysian atrophy
Pantothenate kinase-associated neurodegenerated
Spinocerebellar atrophy type-1
Multiple system atrophy

Striatonigral degeneration
Shy-Drager syndrome
Olivopontocerebellar atrophy
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features of Parkinsonism are evident.1 Treatments
restoring dopaminergic neurotransmission have been
developed, and levodopa is the most effective. Levodopa
was hailed as a cure when first released, as it is an amino
acid precursor of dopamine. The dramatic reversal of
all features of Parkinsonism can be a major reassurance
to patients and clinicians. In the best of circumstances,
levodopa is a highly effective therapy lasting beyond 10
years.9 Levodopa therapy radically changed progressive
disability to a very manageable condition for most
patients.

Chronic levodopa therapy has many side effects. To
minimize peripheral side effects such as nausea and
hypotension, levodopa is generally combined with car-
bidopa. Carbidopa inhibits peripheral decarboxylation,

thereby preventing the conversion of levodopa to
dopamine systemically. At least 75 mg/d of carbidopa is
needed and typically 25 mg is given for every 100 mg of
levodopa.2 Central side effects are not diminished by
carbidopa, and include vivid dreams and hallucinations.

Additional options for control of side effects of lev-
odopa abound. Symptomatic postural hypotension can
be treated by increased salt and water intake, or with
fludrocortisone, midodrine, indomethacin or dihy-
droergotamine. Hallucinations and vivid dreaming can
be managed by reducing total or nighttime dose.
Chronic levodopa therapy was suspected in the past of
potentially accelerating the progression of PD through
a potential toxic mechanism but more recent studies
have shown this is not the case.13,14

Table 17-2. Drugs for Treatment of Parkinsonism

Drug Name Dose Forms (mg) Typical Daily Intake (mg)

Carbidopa/levodopa 10/100, 25/100, 25/250 300–1000 (levodopa)
Carbidopa/levodopa (sustained or 25/100, 50/200 300–1000 (levodopa)

controlled release product)
Carbidopa/levodopa/entacapone 212.5/50/300, 25/100/200, 37.5/150/200 300–1000 (levodopa)
Entacapone 200 600–1600
Tolcapone 100 300
Amantadine 100, 50 (per mL) 100–300
Trihexyphenidyl 2, 5 3–15
Benztropine 0.5, 1, 2 1.5–6
Selegiline 5 5–10
Rasagiline 0.5, 1 0.5–1
Pergolide 0.5, 0.25, 1 1.5–6
Bromocriptine 2.5, 5 20–80
Pramipexole 0.125, 0.25, 0.5, 1, 1.5 0.75–6
Ropinirole 0.25, 0.5, 1, 2, 3, 4, 5 6–24
Apomorphine Variable s.c. injected dose 1–8 per dose prn

Table 17-3. Side Effects of Drugs Used for Parkinsonism

Class of Drugs Examples Common Less Common

Levodopa Carbidopa/levodopa Nausea, vomiting, Rash, vivid dreams,
(immediate- and sustained lightheadedness, hypotension, hallucination
release) sedation

Dopaminergic agonists Pergolide, bromocriptine, Nausea, vomiting, Rash, vivid dreams, 
pramipexole, ropinirole, lightheadedness, hypotension, hallucination, compulsive
apomorphine sedation, pedal edema, site  behaviors, fibrotic disorders

injection nodules (ergot-structure compounds)
(with apomorphine)

Monoamine oxidase Selegiline, rasagiline Increased dyskinesia “Cheese” (tyramine) 
inhibitors hypertensive hypertensive effect

Catechol-O- Entacapone, tolcapone Increased dyskinesia Diarrhea, hepatic toxicity 
methyltransferase (tolcapone)
inhibitors

Anti-cholinergic drugs Trihexyphenidyl, Dry mouth, dry eyes, Forgetfulness, confusion
benztropine constipation, urinary

retention, sedation
Amantadine Amantadine Dry mouth, sedation Pedal edema, hallucination



198 Part 4 / Neurologic Disorders

PD patients should avoid most of the neuroleptic
medications because they can exacerbate the Parkin-
sonian state. However, quetiapine does not, and can be
quite effective at control of otherwise disabling and dis-
tressing hallucinations, thus permitting continued use
of dopaminergic drugs.15 Quetiapine-unresponsive
patients can next try clozapine, the only other neu-
roleptic medication that does not exacerbate Parkin-
sonism. Clozapine requires frequent monitoring of the
white blood cell count to guard against the occurrence
of severe but extremely rare agranulocytosis. If the drug
does not control the hallucinations well in the first few
weeks, the risk and frequent monitoring are probably
not justified. Patients with excessive sedation from PD
medications often need to cut back on dosage. Other
options include caffeine tablets or the use of modafinil
during the day, as well as medications to improve night-
time sleep.

Multiple daily doses of carbidopa-levodopa at 3 to 5
hours intervals generally provide inexpensive and well-
tolerated symptom control. Initially, levodopa normal-
izes clinical features of the disorder in many patients.
After several years, however, a significant number
develop fluctuations in benefit.16 Typically the thera-
peutic effect wanes from the expected 4 hours after
approximately 3 years of therapy. This clinical response
pattern appears to closely follow the peripheral blood
concentrations of levodopa.17 Levodopa, a large neu-
tral amino acid is absorbed in the small intestine by
amino acid facilitated transport mechanisms. Meals,
especially large protein intake, can compete for uptake
resulting in “off” states during which medication seems
not to be working. Strategies to improve the situation
include closer spacing of doses, use of sustained-release
carbidopa-levodopa, or concomitant use of a catechol-
O-methyltransferase inhibitor (COMT-I) such as enta-
capone or tolcapone.12 These drugs slow the break-
down of levodopa peripherally by extending its
pharmacokinetic profile. The COMT-I most commonly
used today is entacapone, used at doses of 200 mg
together with each dose of levodopa. Tolcapone, another
COMT-I, is more potent but less commonly used because
of the extremely rare risk of hepatic toxicity.

When patients become sensitive to medications and
experience drowsiness or dyskinesia, it can be useful to
extend the dosage interval or even skip a dose. Length-
ening the dosing interval but providing extra doses as
needed is another useful option. The absorption of lev-
odopa by the GI tract is not always uniform and certain
doses can fail to produce benefit. In this situation, a
patient can take an extra dose, as needed, an hour or so
after the failure of an earlier dose to provide an anti-
Parkinson effect. Patient should be aware that meals
could compete with levodopa and other medications

from leaving the stomach to their absorption sites. As a
result, taking medications 30 minutes before or 60 min-
utes after a meal may achieve the best pattern of
response for medications. The dopaminergic drugs
often come from the pharmacy with a label recom-
mending that these medications be taken with meals.
While this may be good advice for their startup, eventu-
ally patients should adjust mealtimes and dosing inter-
vals accordingly. Because neither sustained release lev-
odopa preparations, monoamine oxidase inhibitors, or
COMT inhibition results in much extension of lev-
odopa effect, keeping up with the timing of medication
is probably the best way to deal with dose-by-dose
response patterns. For this situation, signaling devices
offering regular reminders for dosing can perform a
valuable role.

Unfortunately, some patients develop Parkinsonian
symptoms unresponsive to levodopa. Among these are
the typical balance disorder of PD (falling backwards,
or retropulsion), a new resting tremor, start hesitation,
or freezing in specific situations such as reaching a
doorway or leaving a group.18

After 2 years or more, patients on levodopa can
develop involuntary movements termed dyskinesia.19

These adverse reactions generally develop during the
dose cycle of each dose of levodopa as a peak-effect phe-
nomenon. Dyskinesias appear to be dose related, sug-
gestive of supersensitivity to the drug. Dyskinesias seem
to be a unique consequence of levodopa therapy, as
they have not been described from the chronic use of
anticholinergic drugs or amantadine. The involuntary
movements can be slow, writhing limb or trunk move-
ments, facial grimacing, or flailing. They are usually
mild and well tolerated, but sometimes are as disabling
as the underlying Parkinsonian disorder. Once they
develop, they are irreversible and may limit the dose.
Thus, clinicians should use the lowest effective dose of
levodopa, usually between 300 and 800 mg daily.

Another effective strategy to limit the side effects of
levodopa is the use of dopaminergic agonists alone or
in combination with levodopa.11 Dopaminergic ago-
nists available in the United States include bromocrip-
tine, pergolide, pramipexole, and ropinirole. Although
less potent, long-term outcomes of dopaminergic ago-
nists can be superior to levodopa.11 In combination
with levodopa, the risk of dyskinesia and motor fluctua-
tion such as start hesitation and freezing is lower and
symptom control may improve. Dopaminergic agonists
are not subject to enzymatic degradation in the brain
and their half-life is longer than levodopa. Overnight
use can reduce early morning symptoms, especially
cramping of feet and toes.

The dopaminergic agonists are similar in effect; one
is not consistently superior. Patients who do not
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respond well to one may benefit from a trial of another.
They differ somewhat in benefit and side effects. All
may cause more side effects than levodopa, including
drowsiness, nausea, lightheadedness, pedal edema,
vivid dreams, and hallucinations. Bromocriptine and
pergolide (with ergot or ergoline chemical structures)
bear the risk of rare idiosyncratic reactions such as pleu-
ral and cardiac valve fibrosis. For patients with pro-
longed delays in onset of action of medication (or when
immobile when waking at night), a subcutaneously
injectable dopaminergic agonist, apomorphine, can
effect a rapid “rescue” from the “off” state. This med-
ication requires training of the patient for safe and
effective use and determining optimal dose. Neverthe-
less, apomorphine can be extremely beneficial as a sup-
plement to oral medications, even if used only infre-
quently.

The optimal and maximum tolerated doses of the
oral dopaminergic agonists vary greatly among patients.
The typical range for bromocriptine is 20 to 80 mg per
day; for pergolide and pramipexole it is 1.5 to 6 mg per
day and for ropinirole it is from 6 to 24 mg per day, in
divided doses. These medicines should be titrated up
gradually over several weeks optimal dose selected
based on clinical improvement. It is not clear whether
low doses provide protection from the dyskinesias of
levodopa. Dopaminergic agonists are costly and this
limits their usefulness. Sometimes a combination of
medications and careful attention to their dosing inter-
val results in the best outcomes.

Drugs that block central acetylcholine neurotrans-
mission were the first available for treatment of Parkin-
sonism. Benztropine and trihexyphenidyl are the main
drugs of this class, and are primarily effective against
resting tremor and rigidity, with little benefit for slowed
movements. Anticholinergic drugs are a cost-effective
treatment for tremor, especially as an adjunct to
dopaminergic therapy, but side effects such as constipa-
tion, dry mouth and confusion may limit use.2

Amantadine can also be quite effective for relief of
resting tremor. At doses of 100 to 300 mg daily, it may
also suppress the dyskinesias of levodopa therapy.

RESEARCH INTO NEW MEDICATION THERAPIES

There are many promising new therapies for PD. New
preparations of levodopa and dopaminergic agonists
with longer duration of action are under evaluation.
Drugs acting on the adenosine receptor have shown
potential for augmenting responses achieved with con-
ventional medications.20 Methods of preventing the
onset or slowing the progression of PD are being sought
and tested in a number of clinical trials.21,22 Among
compounds being tested currently are rasagiline (which

is, like selegiline, a selective inhibitor of monoamine
oxidase type B), creatine, coenzyme Q-10, and experi-
mental drugs with neurotrophin-like properties. Long-
term studies have suggested that pramipexole and
ropinirole might also have neuroprotective properties
in addition to their symptomatic actions.23 An alternate
explanation is that the dopaminergic agonists are not
neuroprotective, but rather that levodopa accelerates
the disease. This explanation is challenged by a later
study of various doses of levodopa, showing no worsen-
ing of the disease.24,25

NEUROSURGICAL TREATMENT

Beyond medications, there are several surgical options
for relief of Parkinsonian disabilities. Early procedures
included brain lesioning at the globus pallidus and/or
the thalamus. Interrupting brain pathways at these sites
improved control of Parkinsonian symptoms in some
patients. The strategy most commonly used today is deep
brain stimulation (DBS).24 This procedure, based on the
earlier brain lesioning, involves localized application of
high frequency electric current. Performed bilaterally
for most patients, DBS involves placing an electrode in
the subthalamic nucleus of the basal ganglia. The fine
wire electrodes are connected subcutaneously to battery-
operated devices implanted in the upper chest, which
are programmed to optimize results. By blocking output
through the subthalamic nucleus DBS may result in
remarkable improvements of motor control, and abolish
tremor and dyskinesia. Results are superior to the earlier
lesioning procedures, and DBS has supplanted their use.
It has a high success rate, and may provide symptom con-
trol superior to all medications. However, most patients
who undergo DBS receive further benefit from contin-
ued medicine, and DBS rarely provides improvement in
imbalance and speech disorders.

Intracranial implantation of DBS electrodes poses only
a small risk for serious complications such as bleeding or
infection. For patients with disabling PD and limited med-
ication responsiveness, DBS of the subthalamic nucleus
has provided new hope for recovery from disability.19

In the future, intervention with cell-based treatments
may also become possible. Clinical trials are exploring
the implantation of dopamine-generating minute plas-
tic beads into the striatum to normalize dopaminergic
neurotransmission. It is hoped that this will relieve
symptoms with fewer side effects than the current ther-
apeutic options of dopaminergic drugs.

OTHER AIDS TO PD CARE

One of the most important therapies to preserve safe
mobility is the use of rolling walking frames or walkers.
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When specially equipped with wheels and a handbrake,
these devices reduce falls significantly. For PD patients,
leaning forward while walk with a rolling walking frame
reduces the consequences of the impaired balance
reflexes or episodic stumbling. The handbrakes prevent
runaway forward propulsion. These walkers can offer
greatly improved safety to mobility and a greatly
increased opportunity for exercise and independence.
Canes (conventional or the 4-prong variety) can also be
helpful in the quest to avoid falls but are less reliable.
PD patients also benefit from motorized lift chairs, ele-
vated toilet seats with side-handles, and a railing in their
bed to assist in positioning. Catalogues from medical
supply stores and consultations from visiting nurse asso-
ciations can introduce patients to the full range of aids
available for the physical disabilities. Many of these are
approved for Medicare reimbursement.

Sometimes the momentary impairments of gait such
as freezing can be overcome by various “tricks.”18 These
include counting out loud or stepping over an imagi-
nary log in front of the feet. Also helpful is a laser light
beam projecting a target in front of the patient’s feet,
for the next step

Physical and occupational therapy can also be effec-
tive. Specific goals include gait and balance training,
skills for overcoming impaired dexterity, and strategies
to assist in daily activities such as dressing, washing, aris-
ing from a chair, turning in bed, and freezing of gait.
Speech therapy may be helpful for hypophonia,
dysarthria and swallowing disorders. The Lee Silverman
Voice Training26 is specifically designed for patients
with speech problems from PD.

PD patients greatly benefit from information about
their disease. In addition to advice, they gain knowledge
of promising research, and realistic hope and encour-
agement. Some of the most informative sources are the
websites of the national PD lay organizations such as the
National Parkinson Foundation (www.parkinson.org),
the American Parkinson Disease Foundation (www.
apdaparkinson.org), the Parkinson Disease Foundation
(www.pdf.org), the Michael J. Fox Foundation for Parkin-
son’s Research (michaeljfox.org), WEMOVE (www.
wemove.org), and smaller local organizations. They pro-
vide newsletters with up-to-date articles on common prob-
lems of PD, highlights of new products and research, and
a forum for activism to enhance research support,
increase awareness of PD, or improve services. Participa-
tion in local support groups provides valuable contacts
and personalized help in coping with the disabilities of
this chronic illness. In some locations, volunteer support
groups meet frequently and are coordinated by profes-
sional organizations. Support groups also provide
patients with information as to community resources and
physicians with special expertise and interest in PD.
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SEARCH STRATEGY

A systematic search of the medical literature was per-
formed in April and May of 2006. The search, limited to
human subjects, and English language journals included
the Cochrane database, PubMed, and the National Guide-
line Clearinghouse.

Pain is a common reason for individuals to seek med-
ical care. In 2003, three of the 20 most frequently men-
tioned reasons for outpatient department visits in the
United States were related to stomach, head, or back
pain.1 Similarly, in a 1998 study, 21.5% of persons in a
multinational sample across Asia, Africa, Europe, and
the Americas reported pain most of the time during
the previous 6 months.2 In a study of more than 46000
European and Israeli persons, the prevalence of
chronic pain ranged from 12% to 30%, with a
weighted average of 19%.3 In the United States, pain is
often suboptimally treated in persons of all ages and a
wide variety of conditions.4–12 Important clinical,
human, and economic consequences of this short-
coming include altered immune-system functioning,
diminished ability to function, increased risk of
chronic pain, needless suffering, and higher health-
care costs.13–22 In the United States, 2002 costs of lost
productive time caused by pain have been estimated at
$61.2 billion.23 A sample of individuals with neuro-
pathic pain disorders incurred charges of more than
$17000 during calendar year 2000 compared to
approximately $5715 in a matched control group with-
out neuropathic pain.24 An analysis of symptomatic
diabetic peripheral neuropathy and its associated com-
plications found that 2001 costs were approximately
$237 million.25

DEFINITIONS

Terms used to define and describe pain are emotionally
charged and often used incorrectly or unclearly. As a
result, it is important to begin discussions of pain by
building a foundation of commonly agreed upon terms
and concepts. A simplified taxonomy of pain follows;
the reader is referred to the International Association
for the Study of Pain for a more complete list.26 Pain is
a subjective, unpleasant, sensory, and emotional experi-
ence associated with actual or potential tissue damage,
or described in terms of such damage. More simply put,
“pain is what the person says it is, existing whenever he
says it does.”27 The core of these definitions is that pain
is subjective, has multiple dimensions, without a clear
relationship between the intensity of the sensation and
tissue damage.28 Clinicians also need to be aware that
individuals may have pain even if communication is dif-
ficult or impossible. Because pain is a subjective experi-
ence, it is critically important that patients’ reports of
pain be taken seriously.26

Pain is commonly described in terms of duration
(e.g., acute or chronic) and pathophysiology (e.g.,
nociceptive or neuropathic). These constructs can be
helpful, suggesting treatments that are likely to be effec-
tive, but they can also be misleading. For example,
acute pain is often described as being of recent onset
and limited duration, with a tendency to decrease over
time, while chronic pain is often described as lasting for
some undetermined, subjective period of time beyond
that expected to be needed to heal.29 Yet, acute pain
from an injury may last much longer than expected,
and the biochemical and cellular changes that accom-
pany chronic pain begin shortly after an injury.30 Noci-
ceptive pain is the result of noxious stimuli that may
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damage normal tissue (i.e., pressure, temperature,
and chemical stimuli), and can be further delineated
into somatic or visceral subtypes.26,27 Somatic pain
originates in the skin, bones, muscle, and connective
tissue, and is usually specifically located, while visceral
pain originates in internal body structures and organs,
and is more generally located. Patients typically
describe somatic pain as dull, aching, throbbing, or
sharp. In contrast, neuropathic pain results from
nervous-system dysfunction or lesions on nerves and is
often described as burning, tingling, stinging, or shoot-
ing. Table 18-1 includes some common terminology to
describe pain.

Pain is a normal, natural reaction to noxious stimuli.
In its acute form, pain is a protective mechanism that
indicates the risk or presence of an injury. When pain
becomes persistent, however, it is no longer a protective
mechanism, and it becomes a disease in itself. This
purpose of this chapter is to provide an overview of the
assessment and management of chronic, nonmalignant
pain. Common chronic painful conditions include
spinal pain with or without radiculopathy, complex
regional pain syndrome, fibromyalgia syndrome,
spondyloarthropathies, myofascial pain syndrome, tem-
poromandibular joint dysfunction, painful peripheral
neuropathy and postherpetic neuralgia.

PATIENT ASSESSMENT

Assessing patient-reported outcomes is important in the
provision of optimal care for persons with persistent
pain. The patients’ input is a critical part of the decision
making process as it incorporates insight not provided
by healthcare providers or other proxies. These data,
commonly referred to as patient-reported outcomes,
include issues such as the patient’s global condition and
functional status, symptoms, health-related quality of

life (HRQL), and satisfaction with care.31 The purpose
of this discussion is to address some common issues in
pain evaluation and treatment, and to describe several
tools used to assess outcomes in persons with persistent
pain.

It is important to remember several limitations of
outcomes research impacting this topic. First, question-
naires and surveys are often designed and tested for use
in one population, but then used in others. This is not
necessarily wrong, but it is important to assess the valid-
ity and reliability of the instrument prior to using it in
the new population. Second, HRQL and quality of life
may be incorrectly used interchangeably. Quality of life
is a broad construct including dimensions reflecting
individual preferences, including health, work, hous-
ing, and family, among others.31 In comparison, HRQL
reflects concepts such as health status, satisfaction, and
well-being as a function of health. The Short-Form
36-item Health Survey (SF-36) is a well-known example
of a generic HRQL questionnaire.32 Third, patient sat-
isfaction alone is a crude measure of health care quality;
it is best used in combination with other data.10

Many generic and specific HRQL instruments exist,
and have been used to assess outcomes in persons with
pain.

INSTRUMENTS

Visual Analog Scales
A Visual Analog Scale (VAS) is a straight line with

labels at the ends expressing extremes of pain, such as
“no pain” and “pain as bad as it could be.” The person
is asked to indicate where their pain lies between those
two endpoints, and intensity is measured from the “no
pain” end to the person’s mark.33 VASs are valid and are
thought to have ratio–scale properties for groups of
people.34,35 They are easy to use and interpret, but they
measure only one dimension of the pain experience,
require some level of dexterity, and appear to be more
difficult to understand than other measures.10,34

Numeric Rating Scales
These scales are analogous to a VAS, and may be writ-

ten or verbal. The person is asked to rate their pain on
a 0-to-10 scale, where 0 is no pain, and 10 is the worst
possible pain. Numeric rating scales (NRSs) are valid,
but may not have ratio–scale properties.36,37 Thus, a
change from an intensity of 9 to 6 cannot necessarily be
interpreted as a one-third decrease. Nevertheless, NRSs
are valid, easy to administer and interpret, do not need
to be written, and generally considered preferable to
the VAS unless the clinician or researcher requires a
scale with ratio properties.33

Table 18-1. Selected Pain Terminology26

Term IASP Definition

Allodynia Pain caused by a stimulus that does not 
normally cause pain

Dysesthesia Unpleasant abnormal sensation, 
spontaneous or evoked

Hyperalgesia Increased response to a stimulus that is
normally nonpainful

Hyperesthesia Increased sensitivity to stimulation, 
excluding special senses

Hypoalgesia Diminished pain in response to a 
normally painful stimulus

Paresthesia An abnormal sensation, whether 
spontaneous or evoked

IASP, International Association for the Study of Pain.
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McGill Pain Questionnaire
The McGill Pain Questionnaire provides estimates of

the sensory, affective, and descriptive qualities of the
person’s pain through three scores.38,39 First, the per-
son rates their present pain intensity on a 5-point scale.
Second, the person chooses words that describe the sen-
sory and affective qualities of their pain from among
twenty groups of qualitatively similar words. The pain
rating intensity score based on the number of words
chosen and the intensity of the pain these words
describe. For example, one group includes “jumping,
flashing, or shooting.” The patient might choose jump-
ing, flashing, or shooting, and receive 1, 2, or 3 points,
respectively, or no points if no words in this group are
selected. Scores are generated for sensory, evaluative,
and miscellaneous word group, as well as an overall
total. The McGill Pain Questionnaire has been exten-
sively validated, although the present pain intensity
score does not necessarily echo the pain rating intensity
or the number of words chosen scores.38

Brief Pain Inventory
The Brief Pain Inventory (BPI) includes measures of

pain intensity, location, and the effect on function.40

This instrument was originally designed for use in can-
cer patients, but has since been validated in persons
with other painful conditions.41,42 Pain intensity is
assessed at present, at its peak, average, and least inten-
sity over the past day or week using NRSs. The conse-
quences of pain are assessed by questions on the effects
of pain on mood, walking, and other physical activity,
work, social activity, relations with others, and sleep.
The BPI and its shortened version, the BPI-short form
(BPI-SF), are valid and reliable.43

SF-36
The SF-36 measures the effects of medical conditions

on eight important health-related domains. These are
not specific to age, treatment or disease: physical func-
tioning, functioning related to physical health, bodily
pain, general health, vitality, social functioning, func-
tioning related to emotional health, and mental health.
The SF-36 has been extensively used in health outcomes
research and has been validated in populations with a
wide variety of medical conditions.44,45 While the SF-36
is one of the most commonly used HRQL instruments,
it assumes a higher level of function than that of many
patients with chronic pain.46,47 The SF-36 is available in
shortened versions, the SF-12, and the SF-8.48,49

Treatment Outcomes in Pain Survey
The Treatment Outcomes in Pain Survey (TOPS) is

a validated disease-specific questionnaire designed to
provide more information about the effect of chronic

nonmalignant pain on HRQL and functioning.46,47 It is
an “augmented SF-36” and assesses outcomes in persons
treated in outpatient multidisciplinary pain centers.
The main advantage of the TOPS is that it is sensitive
and valid for use in persons with persistent pain. The
disadvantage is that it is relatively long, Asking the per-
son to complete the TOPS before coming to clinic or
before they see their healthcare provider helps address
that issue.

DIAGNOSTIC TESTING

There is no specific laboratory or diagnostic test
beyond the patient’s report to confirm pain.50 Tests to
determine the etiology of pain and define management
should be based on the history and examination.50–53

Tests to consider include:

1. Radiological studies (plain radiographs, computed
tomography, magnetic resonance imaging, and/or
nuclear medicine studies)

2. Electrodiagnostic studies (electromyography, nerve
conduction studies)

3. Diagnostic nerve blocks
4. Psychological testing
5. Laboratory testing
6. Functional assessment (patient self report or obser-

vation of mobility, self-care, physical performance;
patient self report of vocational, social, familial,
sexual function)

PATHOPHYSIOLOGY

Pain is a complex sensation, intricately related to emo-
tion and cognition, which is intrinsically unpleasant. It
is provoked by tissue damage leading to cellular break-
down and release of biochemical substances that stimu-
late autonomic responses, and psychological and behav-
ioral reactions.54 The pathophysiology of nociceptive
and neuropathic pain is described in the following
sections.

NOCICEPTIVE PAIN

Nociception can be described in terms of transduction,
transmission, perception and modulation.55 Transduc-
tion is the conversion of noxious thermal, mechanical,
or chemical stimulus into electrical activity in the
peripheral terminals of sensory nerve fibers.55,56 The
action potentials pass from the peripheral nerve termi-
nal along axons to the central nervous system (CNS).54

Transmission is the synaptic transfer and modulation of
input from one neuron to another. Perception is the
conscious experience that occurs in higher cortical
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structures.50 The brain can accommodate only a limited
number of pain signals, and so pain modulation occurs
via endorphins and others systems.55,50

Nociceptors are free nerve endings that distinguish
between noxious and nonnoxious stimuli.50 Noxious
stimuli may be the release of bradykinins, potassium,
serotonin, and histamine following tissue injury.50

Damage to tissue may also stimulate release of pro-
staglandins, leukotrienes, and substance P; these stimuli
sensitize the nociceptors but do not stimulate them
directly.56 There are silent nociceptors that are silent
during normal nociception, but are activated in
response to neurogenic inflammation.54,56 Nociceptive
pain results from thermal, chemical, or mechanical stim-
ulation of nociceptors in tissues which transmit electri-
cal signals along intact, functional nerves from the
periphery through the spinal cord, brain stem, and
thalamus to the cerebral cortex where the sensation of
pain is perceived.54

Tissues are innervated by slow, small diameter,
unmyelinated type C fibers and fast, large diameter,
myelinated type A-� fibers that transmit impulses via
action potentials generated at nociceptors.50,54 Type C
fibers are responsible for dull, aching, poorly localized
pain, whereas type A-� fibers are responsible for fast,
sharp, well-localized pain. These fibers synapse in the
dorsal horn of the spinal cord and release a myriad of
neurotransmitters including glutamate, substance P,
and calcitonin gene-related peptide.50 These neuro-
transmitters are responsible for stimulating continued
transmission of the pain signal to ascending pathways in
the spinal cord, through the thalamus to higher cortical
regions. A-� fibers also become chemosensitive during
inflammation and affect CNS pain pathways.54 Periph-
eral nerve fibers demonstrate plasticity that can be
induced within seconds or delayed hours to days
depending on electrophysiologic properties, growth
factors, cytokines, or other tissue factors.54

The endogenous opiate system modulates pain
perception in the CNS by release of endorphins
(enkephalins, dynorphins, and �-endorphins) that
bind to �-, �-, and �-opioid receptors in the CNS.50–54

Endorphins inhibit the transmission of pain impulses
or alter pain perception within the CNS.50 Stimulation
of the N-methyl-D-aspartate receptor in the dorsal horn
decreases � receptor response to opioids, hence drugs
that antagonize N-methyl-D-aspartate receptors may
enhance the response to opioids.50

Pain can be modulated at several levels. The brain
can only process a limited number of signals allowing
nonnoxious input to alter the perception of pain.50

This can be accomplished via topical medications pro-
viding a counterirritant effect, mild stimulation of type
A-� fibers causing a reduction in transmission along

type C fibers, or by cognitive behavioral techniques
including relaxation, distraction, and guided mental
imagery. This ability to diffuse the pain signal may
explain why nonpharmacologic methods such as
acupuncture, transcutaneous electrical stimulation,
and cognitive behavioral therapy are effective for some
patients.50,55

NEUROPATHIC PAIN

Neuropathic pain may be initiated by a relatively minor
physical insult. The level of pain does not necessarily
correlate with the degree of nerve damage nor the level
of functional preservation.57 Patients may experience
negative signs such as sensory deficits, weakness, and
reflex changes, positive signs including hyperalgesia
and allodynia, or paresthesias and dysesthesias.57 Infec-
tion, trauma, metabolic abnormalities, chemotherapy,
irradiation, tumor infiltration, surgery, neurotoxins,
nerve compression, and inflammation are some of the
underlying causes of neuropathic pain.54,57 It is gener-
ally classified as central or peripheral, based on the
location of the primary lesion. Common neuropathic
pain syndromes are listed in Table 18-2.

There may be neurophysiologic and neuroanatomic
changes that contribute to the development of periph-
eral neuropathic pain, including abnormal nerve
regeneration and neuroma formation.54,57 Neuroma
and abnormal nerve endings may generate sponta-
neous, abnormal activity. Ectopic neuronal activity may
cause peripheral neuropathic pain directly via continu-
ous abnormal afferent stimulation (e.g., paresthesias in
response to continuous discharge in C fibers), through

Table 18-2. Common Neuropathic Pain Syndromes 54,55,57

Central Neuropathic Peripheral Neuropathic 
Pain Syndromes Pain Syndromes

Compressive myelopathy Painful diabetic neuropathy
from spinal stenosis

HIV myelopathy HIV-associated neuropathy
Postischemic myelopathy Phantom limb pain
Poststroke pain Trigeminal neuralgia
Posttraumatic spinal Nerve injury due to trauma 

cord injury pain (brachial plexopathy)
Syringomyelia Complex regional pain syndrome
Phantom limb pain Cancer related nerve 

infiltration or compression
Pain related to multiple Chemotherapy induced neuropathy

sclerosis or Parkinson 
disease

Postherpetic neuralgia* Postherpetic neuralgia*

*Postherpetic neuralgia initially damages the peripheral nervous system, but
damage to the dorsal root ganglion can result in anatomic changes to the
dorsal horn of the CNS, causing a mixed central and peripheral neuropathy.



Chapter 18 / Persistent Pain 207

hypersensitive neurons that respond with a painful sen-
sation in response to a mechanical or chemical stimu-
lation that would normally be nonpainful, or via cen-
tral sensitization.57 Sensitization of central neurons
occurs after brief and intense or sustained, low-level
nociceptor input; once sensitized, the central neurons
perceive innocuous mechanoreceptor stimulation
from the area surrounding the nerve injury as
painful.54,57 Central sensitization contributes to hyper-
responsive conditions of neuropathic pain, fibromyal-
gia, and gastrointestinal pain. Central sensitization may
be mediated through the release of various neuro-
transmitters including substance P, glutamate, calci-
tonin gene-related peptide, �-amniobutyric acid
(GABA) and neurokinin K, via activation of the
N-methyl-D-aspartate receptor, increased calcium flux,
and prostaglandin synthesis.57

Some of the older anticonvulsants such as car-
bazepime and phenytoin, and local anesthetics includ-
ing lidocaine, block sodium channels at concentrations
lower than necessary to inhibit normal action potentials
in nerves. These agents relieve pain by blocking abnor-
mal, ectopic discharge generated by damaged, dysfunc-
tional primary sensory neurons and their axons.54 The
mechanism of action of relief of pain of the newer anti-
convulsants, including gabapentin and pregabalin,
remains elusive. It is likely related to central neuronal
inhibition of release of excitatory amino acids, block-
ade of neural calcium channels and/or augmentation
of CNS inhibitory pathways by increasing GABA-ergic
transmission.54

MANAGEMENT

PHARMACOTHERAPY

Medications are a key component in a comprehensive
treatment plan for persistent pain, and may be used in
combination with interventional, surgical, psychologi-
cal and rehabilitation treatment modalities.53 Pharma-
cotherapy for chronic pain may be targeted at pain
itself, or at comorbid conditions. Anxiety, depression,
and insomnia may result from and contribute to
chronic pain and treatment of these comorbidities may
help alleviate pain. Choice of therapy depends on the
type; nociceptive, inflammatory, or neuropathic, as well
as the severity of the pain. Key points described in
guidelines for the management of chronic pain include
the following53,54:

1. Give an adequate therapeutic trial of a medication spe-
cific to the anticipated time to note beneficial effects
for that drug; time periods to assess medication effec-
tiveness may be found in Tables 18-3, 18-5, and 18-6.

2. Give adequate doses and titrate to provide pain relief
with manageable adverse effects.

3. Anticipate and manage adverse reactions.
4. Utilize combination therapy with complementary

mechanisms of action.
5. Taper and discontinue ineffective medications and

try a different strategy, either a new class of drugs, or
nondrug alternatives.

Nonopioid Analgesics
Acetaminophen. Acetaminophen appears to act as

a prostaglandin synthesis inhibitor, with more pro-
nounced activity centrally than peripherally, and little
anti-inflammatory activity.58 It is used to treat mild to
moderate pain and can be given as needed or around
the clock. It has well established safety, efficacy, low
cost, and few adverse effects or clinically significant
drug interactions, making it a common first line agent
for chronic pain.59 It has few adverse effects when
given in the recommended therapeutic dose to a maxi-
mum of 4000 mg/day, although toxic doses (more than
10–15 g) may cause hepatotoxicity, nephrotoxicity and
thrombocytopenia.58 Alcoholics or those with signifi-
cant hepatic dysfunction may be at increased risk for
toxicity. Periodic monitoring should include transami-
nases, alkaline phosphatase, blood urea nitrogen, and
creatinine.53

Nonsteroidal Anti-Inflammatory Drugs. Inflam-
mation occurs in response to tissue injury and causes
membrane phospholipid conversion to arachidonic acid
via the phospholipase A2 enzyme.58 Arachidonic acid is
converted to endoperoxides by the cyclooxygenase
(COX) enzyme. These endoperoxides include pro-
staglandins, prostacyclins and thromboxane A2. Prost-
aglandin E2 is the main eicosanoid that contributes to
inflammation and pain and it acts to sensitize nocicep-
tors to other stimuli.58 Nonsteroidal anti-inflammatory
drugs (NSAIDs) act both centrally and peripherally to
relieve pain by inhibition of prostaglandin synthesis via
the COX enzymes.50,58 There are three isoenzymes of
COX, COX-1, COX-2, and COX-3. COX-1 is a constitu-
tive enzyme involved in the homeostasis of the normal
physiology of the gastric mucosa, kidney, platelets, and
the endothelium.58 COX-2 is inducible and produces
prostaglandins in response to inflammation.58 Pain may
be from inflammation related to direct tissue injury or
the result of mediators released in response to pain.
For example, central sensitization occurs following
injury and results in upregulation of gene expression of
COX-2, contributing to generalized aches and pains,
loss of appetite, and changes in mood and sleep cycle.55

NSAIDs may thus be useful even if the injury is not
inflammatory in nature.55
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Table 18-3. FDA Approved Nonopioid Analgesics in Adult Pain (excludes those only approved for osteoarthritis or 
rheumatoid arthritis)50, 58, 60, 63

Maximum
Oral Dosing Adult Daily Analgesic Analgesia

Drug Class Regimen (mg) Dose (mg) onset (h) duration (h) Comments

Para-aminophenol
Acetaminophen 300–325 (q4–6h) 4000 0.5–1 3–6 ✓ Avoid in patients with a history 

of liver dysfunction or alcoholism
Salicylate
Acetylsalicylic 325–650 (q4h) 4000 0.5 3–6 ✓ NSAIDs are associated with 

acid (aspirin) increased risk of cardiovascular
Choline magnesium 500–1500 (q8–12h) 4500 2 4 events including stroke, 

trisalicylate (Trisilate) 500–1000 initially, 1500 1 8–12 myocardial infarction, and
Diflunisal then 250–500 hypertension

(q8–12h) ✓ Use caution in patients with 
Magnesium 650 (q4h) or 4800 NA 4 fluid retention, heart failure,
Salicylate 1090 (q8h) hypertension, or other 
Sodium salicylate 325–650 (q3–4h) 5400 NA 4 cardiovascular risk factors
Salsalate 500 (q4h) 3000 NA NA ✓ NSAIDs may compromise
Fenamate renal function, patients
Meclofenamate 50–100 (q4–6h) 400 NA 4–6 more susceptible include 

(Meclomen) those with impaired renal
Mefenamic acid 500 initially, then 1000–1250 NA 6 function, dehydration,

(Ponstel) 250 (q6h) (maximum7 d) heart failure, liver dysfunction, 
Pyranocarboxylic acid those taking ACE inhibitors,
Etodolac 200–400 (q6–8h) 1000 0.5–1 6–8 and the elderly

✓ NSAIDs may increase risk
Acetic acid of gastrointestinal bleeding, 
Diclofenac potassium 100 initially, then 150 0.5 6–8 ulceration, and perforation;

(Cataflam, Voltaren, 50 (q8h) use in caution in patients 
Arthrotec) with a history of bleeding or

Propionic acid ulcers, concurrent aspirin,
Ibuprofen (Advil, 200–400* *1200 0.5 4–6 anticoagulants, corticosteroids,

Motrin, others) (q4–6h) 3200 use of alcohol, smoking, and
Fenoprofen (Nalfon) 200 (q4–6h) 3200 0.25–0.5 4–6 the elderly 
Ketoprofen 12.5–25* (q4–6 h) *75 1 4–8 ✓ Use the lowest effective dose

or 25—75 (q6–8 h) 300 for the shortest duration of 
Naproxen 200* (q12 h) *600 1 Up to 12 time consistent with patient

(Naprosyn, others) 500† initially, then †1250 goals to reduce risk of 
250 (q6–8h) cardiovascular and gastro-

intestinal events.
✓ NSAIDs may cause serious 

skin reactions including 
Naproxen sodium 440* initially, then *660 0.5–1 Up to 12 Stevens-Johnson syndrome,

(Anaprox, Aleve) 220 (q8–12h) toxic epidermal necrolysis
500–1000‡ (q12–24h) ‡1500 ✓ Anaphylaxis may occur, even

with out prior exposure; 
Pyrrolizine carboxylic acid patients with “aspirin triad”
Ketorolac (Toradol) 20 initially, then 40 (maximum 5 d) 0.5–1 4–6 (bronchial asthma, aspirin

10 (q4–6h) intolerance, rhinitis) may
COX-2 inhibitor 400 initially, then 400 1 12–24 be at increased risk
Celecoxib (Celebrex) 200 (q12h)

*Over-the-counter.
†Dose expressed as naproxen base; 200 mg naproxen base � 220 mg naproxen sodium.
‡Delayed release or controlled release formulations available.
NA, not available.
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NSAIDs are most effective at relieving mild to mod-
erate somatic pain that is nociceptive or inflammatory
and tend to be less effective for visceral or neuropathic
pain.58 They are the drug of choice for moderate to
severe bone pain associated with metastatic malig-
nancy.60 NSAIDs have uricosuric effects and are first
line therapy to treat acute attacks of gout.58 The choice
of NSAID often depends on availability, cost, pharma-
cokinetics, and adverse effect profile as clinical trials
have not consistently favored one agent over another
for efficacy.50 Table 18-3 is a useful reference for selec-
tion of nonopioid analgesics.

Gastrointestinal ulceration, bleeding, gastritis,
esophagitis and perforation remain the most common
morbidity of NSAIDs and are the major limitations to
their use.58 There is a fourfold higher risk for gas-
trointestinal bleeding with a nonselective NSAID com-
pared to nonusers.61 Risk factors for ulceration
include increasing age, prior history of gastrointesti-
nal bleeding, and aspirin, warfarin, or corticosteroid
use.62 NSAIDs cause direct gastric mucosal irritation
in addition to inhibiting the production of protective
prostaglandins within the gastrointestinal tract.
Chronic NSAID use may lead to iron deficiency ane-
mia from gastrointestinal tract blood loss.58 Two
strategies are recommended to prevent gastrointesti-
nal complications in patients at risk; utilizing a COX-2
selective inhibitor or combining a traditional NSAID
with a proton pump inhibitor.62 Data suggests the two
strategies are similar with respect to ulcer prevention,
however a recent meta-analysis suggests an NSAID
combined with a proton pump inhibitor provides a
greater absolute reduction in dyspepsia.62 Misoprostal
reduces the risk of serious gastrointestinal complica-
tions as well, but its use may be limited by abdominal
pain and diarrhea.

COX-2 selective inhibitors, such as celecoxib and
valdecoxib, as well as nonselective NSAIDs, may increase
the risk of cardiovascular events including myocardial
infarction, stroke, and cardiovascular death.60 NSAIDs
may cause mild sodium retention in 10% to 25% of
patients, and tends to be more severe in patients with
edema caused by congestive heart failure, cirrhosis of
the liver, or nephrotic syndrome.58 NSAIDs also inhibit
renal prostaglandins responsible for renal vasodilation,
in states of hypoperfusion they may contribute to the
development of renal failure.58 NSAIDs can also cause
CNS side effects including headache, dizziness, and
confusion.

NSAIDs interfere with platelet function by inhibiting
the production of thromboxane A2.58 Aspirin’s anti-
platelet effect is irreversible for the life of the platelet.
Other NSAIDs have reversible activity on platelets, and
the platelets return to normal function as the level of

COX-1 inhibition decreases. COX-2 selective agents do
not affect platelet function or alter bleeding time.53

Aspirin sensitivity may cause urticaria and angio-
edema, or a triad of bronchospasm, severe rhinitis, and
nasal polyps, which is more common in asthmatic
patients. There is a cross-sensitivity with potent NSAIDs
and aspirin.58

Patients on chronic NSAID therapy should have peri-
odic monitoring including abdominal examination,
hemoglobin, stool occult blood, blood urea nitrogen,
and creatinine.53

Opioids
Pure opioid agonists are full agonists at the � recep-

tor; these agents include morphine, hydromorphone,
codeine, oxycodone, hydrocodone, fentanyl, meperi-
dine, propoxyphene and methadone. Analgesia has no
ceiling with these agents, and the maximum dose is
determined by intolerable adverse effects.50 Opioids
may be used for pain of any type or duration although
they are most effective for nociceptive pain. The lack of
clinical evidence on efficacy and risks of opioids for non-
malignant persistent pain has prompted several groups
(American Pain Society, American Academy of Pain
Medicine, American Society of Addiction Medicine, and
American Society of Interventional Pain Physicians) to
advocate cautious use in selected, carefully monitored
patients.54,64 The American Society of Interventional
Pain Physicians notes that the populations studied were
heterogeneous, and studies were short term, but recom-
mend use in “well selected patients with long-lasting or
recurrent pain that is severe enough to reduce their
quality of life, and for whom no other more effective and
less risky therapies are available.” They believe opioid
analgesics may “reduce the intensity of pain, increase
functioning, and improve quality of life for prolonged
periods.”64 They recommend periodic review of the “4
As,” Analgesia, Activity, Aberrant behavior, and Adverse
effects. Based on this assessment, therapy may be con-
tinued or, for patients in whom there is no relief of pain
or intolerable adverse effects, it may be discontinued.
Table 18-4 is an algorithm for management of persistent
pain with opioids. Patients should be informed of the
risks, including development of tolerance or depend-
ence, and consideration given to use of a controlled sub-
stance agreement to establish clear patient responsibili-
ties when prescribing controlled substances.54

Table 18-5 provides common initial dosing regimens
for opioids, anticipated duration of action for the imme-
diate release formulations, and a conversion for
“equianalgesic” dosing. Note that this chart should be
used as guide because there is incomplete cross toler-
ance among opioids and patients metabolize drug dif-
ferently as a result of drug interactions and genetic



210 Part 4 / Neurologic Disorders

polymorphisms. It is recommended to calculate an
equivalent 24-hour dose, divide by the dosing schedule,
then “under dose” and subsequently titrate to effect.64

Patients should be given a long-acting agent for continu-
ous pain relief and a short acting agent for breakthrough
pain.59 Start with a low dose in opioid naïve patients,
assess response and then increase by 25% to 50% for
mild to moderate pain, and 50% to 100% for severe, per-
sistent pain.53

Adverse effects include constipation, nausea, urinary
retention, confusion, sedation, pruritis, respiratory
depression, and syndrome of inappropriate antidiuretic
hormone.50 Patients often develop tolerance to these
effects except for constipation and syndrome of inap-
propriate antidiuretic hormone. Patients should begin
a bowel regimen when initiating opioid therapy includ-
ing a stool softener (docusate) and a stimulant laxative
(senna, bisacodyl) with dose titration to achieve a bowel
movement at least every other day.54,59

Tolerance to opioids occurs when a higher dose of
an opioid is needed to achieve the same effect.53 If tol-
erance occurs, consider increasing the dose of the med-
ication. If this is unsuccessful consider switching to
another opioid as there may be incomplete cross toler-
ance.53,59 Physical dependence is seen when patients
are maintained on opioids and experience a “with-
drawal syndrome” when the medication is abruptly dis-
continued. When discontinuing opioid therapy, taper
the dose slowly to avoid withdrawal symptoms. Physical
dependence is expected with chronic opioid therapy
and is not synonymous with addiction. Addiction is a
compulsive disorder in which an individual becomes
preoccupied with obtaining and using a substance, the
continued use of which results in a decreased quality of
life.53,59 The risk of addiction is low in patients who
have no history of alcohol or substance abuse but all
patients should be followed for aberrant behavior sug-
gestive of opioid addiction. These include adverse con-
sequences of opioid use, impaired control over medica-
tion use, and craving or preoccupation with opioids. In
patients with a history of substance abuse, providing the
patient with a controlled substance contract prior to
prescribing the medication will help ensure the patient
has a clear understanding of their responsibilities.64

Adjuvant Analgesics for Neuropathic Pain
A variety of agents have demonstrated efficacy against

various types of neuropathic pain including anticonvul-
sants, antidepressants, topical lidocaine, opioids and tra-
madol but few are U.S. Food and Drug Administration
(FDA) approved for specific types of neuropathic pain.57

Acetaminophen and NSAIDs are generally less effective
for neuropathic pain. Anticonvulsants, antidepressants,
and local anesthestics typically reduce neuropathic pain by

Table 18-4. Ten Step Approach for Long-Term Opioid Therapy in
Persistent Pain54,64

STEP I Comprehensive initial evaluation
History of present illness
Medical and psychiatric comorbidites including
substance abuse and addiction
Social aspects and family history

STEP II Establish diagnosis
X-rays, MRI, CT, neurophysiological studies
Psychological evaluation
Precision diagnostic intervention

STEP III Establish medical necessity (lack of progress or a 
supplemental therapy)
Physical diagnosis
Therapeutic interventional pain management
Physical modalities
Behavior therapy

STEP IV Assess risk-benefit ratio
Treatment is beneficial
Type of pain is likely to respond to opioid analgesia
Opioids have an equal or better therapeutic index

than alternative therapies
The patient is likely to be responsible using the drug

STEP V Establish treatment goals
Diminished pain severity
Improved quality of life
Analgesic gains should enable improved physical, 

psychological, occupational and social functioning
STEP VI Obtain informed consent and agreement
STEP VII Initial dose adjustment phase (up to 8–12 weeks)

Start low dose
Utilize opioids, NSAIDs, and adjuvants
Discontinue due to

Lack of analgesia
Side effects
Lack of functional improvement

STEP VIII Stable phase (stable—moderate doses)
Monthly refills
Assess for four A’s

Analgesia
Activity
Aberrant behavior
Adverse effect

Manage side effects
STEP IX Adherence monitoring

Prescription monitoring programs
Random drug screens
Pill counts

STEP X Outcomes
Successful—continue

Stable doses
Analgesia, activity
No abuse, side effects

Failed—discontinue
Dose escalation
No analgesia
No activity
Abuse side effects
Noncompliance
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30% to 50% in those patients that experience relief. No
single agent is effective for all patients or all symptoms,
likely reflective of the incompletely understood patho-
physiology of the different components of neuropathic
pain. It is advisable to try a different agent with a different
mechanism of action, or utilize combination therapy with
an opioid if a patient does not experience complete relief.
Table 18-6 provides key information for prescribing the
antidepressants and anticonvulsants with the most evi-
dence to support their use in neuropathic pain.57,63,66–69

Antidepressants. Tricyclic antidepressants (TCAs)
provide analgesia independent from their antidepres-
sant activity at lower doses than those needed to treat
depression.57 TCAs inhibit both norepineprhine and
serotonin and this likely contributes to analgesia. There
have been several randomized controlled trials demon-
strating the efficacy of TCAs in postherpetic neuralgia
and diabetic peripheral neuropathy as well as a met-
analysis corroborating the results. TCAs should be the
initial therapy for patients with neuropathic pain and

Table 18-5. Opioid Analgesics 50,60,63

Duration of Effect— Equianalgesic 
Generic Name Immediate Release (h) Initial Dosing Regimen Dose (mg) Comments

�-Opioid receptor agonist
Morphine

Hydromorphone

Codeine

Oxycodone

Hydrocodone

Fentanyl

Meperidine

Methadone

Propoxyphene

�-Opioid receptor partial agonist
Tramadol

*Starting dose only (equianalgesia not established).
†Repeated doses.
NA, not available.

4–5

4–5

4–6

3–6

4–8

24–48

2–4

4–8
†22–48

3–4

9

Immediate release
IV: 10 mg IV q3–4h
PO: 15–30 mg q3–5h
Controlled release
MS Contin 15–30 mg q1 h
Oramorph SR 15–30 mg

q 12h
Kadian 20 mg q24h
Avinza 30 mg q24h
Immediate release
IV: 1.5 mg q3–4h
PO: 2–8 mg q3–4h
Controlled release
PO: 12 mg q12h
PO: 30–60 mg q3–4h
Immediate release
PO: 10–30 mg q4h
Controlled release
PO: 10 mg q12h
*PO: 5–10 mg q4–6h

Transdermal: 25 mcg/h
q72h

Not recommended for
chronic pain

IV: 2.5–10 mg q3–4h
PO: 5–20 mg q4–8h

PO*: 65 mg q4h

PO*: 50–100 mg q6h
Maximum dose: 400

mg/d

10
30

1.5
7.5

NA

20–30

NA

12.5–25
mcg/h

75–300

Variable
Variable

NA
similar to
codeine

NA
similar to
codeine

Hepatic and renal
dysfunction may prolong
effects

Useful agent for patients with
renal dysfunction

Available in combination with
acetaminophen or aspirin

Available in combination with
acetaminophen

Available in combination with
acetaminophen and
ibuprofen

It takes 12–24 h to observe
optimal analgesia

Not recommended for
chronic pain

Antagonist activity at the
NDMA receptor which may
contribute to neuropathic
pain relief

Weak analgesic
Avoid using in older adults

Avoid use with seizure history
Dose reduce in older adults

and patients with renal dys-
function
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Table 18-6. Selected Adjuvant Analgesics for Neuropathic Pain57,63,65–69

Number Needed Maximum
to Treat and/or Initial Daily Dose Duration of

Drug Class FDA Approval Dose (mg) Titration (mg) (mg) Adequate Trial Comments

TCA
Amitriptyline

Desipramine
Nortriptyline

Serotonin/
Norepinephrine
reuptake
inhibitor
Duloxetine

Anticonvulsant
Gabapentin

Pregabalin

Carbamazepine

Phenytoin

TCA, tricyclic antidepressant; DPN, diabetic peripheral neuropathy; PHN, postherpetic neuralgia; NA, not available.

2 for neuropathic
pain

1.3 for DPN
2.2 for PHN

FDA approval in
DPN

4.3 for chronic
pain

2.9 for DPN
3.9 for PHN
FDA approval in

PHN

FDA approval in
DPN and PHN

1.8 FDA
approval in
trigeminal
neuralgia

2.1 for DPN

10–25 (q HS)

60 daily

100–300
(q HS) or
100–300
(tid)

50 (tid) or
75 (bid)

100 (bid)

150 daily

10–25 per d
(every 3–5 d)

May start with
lower doses
in elderly
patients or
renal impair-
ment

100–300 tid
(every 1–7 d
as tolerated)

100 per d(tid
after 1 week)

100 per d
(q7d)

50 per d q (1–2
weeks)

75–150 per d

60 per d 
bid in
fibromyal-
gia)

1800–3600
per d

300 per d

1200 (in
divided
doses)

300–400
per d

6–8 weeks with
at least 1–2
weeks at
maximum
tolerated
dose

2–3 weeks

3–8 weeks for
titration
plus 1–2
weeks at
maximum
tolerated
dose

2–4 weeks at
maximum
tolerated
dose

NA

NA

✓ May be useful in concomitant
insomnia or depression

✓ Sedation, weight gain, and anti-
cholingeric effects are common

✓ Avoid in patient with cardiac
conduction abnormalities,
recent cardiac events, heart
block, ischemic heart disease

✓ Avoid use in narrow angle glau-
coma, high risk for suicide, and
elderly patients

✓ Desipramine and nortriptyline
have fewer anticholinergic
effects than amitriptyline

✓ Avoid use if history of substantial
alcohol use or liver dysfunction

✓ May cause urinary hesitancy
✓ Avoid use if CrCL�30 mL/min

✓ Dizziness, somnolence, gastroin-
testinal complaints are common
adverse events

✓ May exacerbate cognitive impair-
ment in elderly patients

✓ Reduce dose if CrCL �60
mL/min

✓ Doses over 1800 mg/d have not
shown benefit for PHN

✓ Reduce if CrCL �60 c�min
✓ Dizziness, somnolence, edema

and weight gain are common
adverse events.

✓ Sedation, ataxia, fatigue, vertigo,
blurred vision are dose related
adverse effects

✓ Transient leukopenia, rare aplas-
tic anemia

✓ Rash
✓ Monitor liver function tests,

complete blood count, and
serum drug concentration

✓ Sedation, ataxia, nystagmus,
emesis, blurred vision are dose
related adverse effects

✓ Transient leukopenia, thrombo-
cytopenia, agranulocytosis

✓ Rash
✓ Monitor liver function tests,

complete blood count, and
serum drug concentration
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coexisting insomnia or depression. A baseline electro-
cardiogram is recommended in patients at risk for car-
diac conduction abnormalities because TCAs predis-
pose patients to arrhythmias, heart block, and postural
hypotension.57 TCAs should be avoided in patients with
suicidal thoughts as they may be fatal in overdose.63

TCAs are generally initiated at lower doses and titrated
up to minimize adverse effects including sedation and
orthostatic hypotension. Nortriptyline and desipramine
may be preferred over amitriptyline because of fewer
anticholinergic adverse effects.55 TCAs are generally the
least expensive option to treat peripheral neuropathy.

Selective serotonin reuptake inhibitors (SSRIs) have
not been shown to be as effective as drugs with norepi-
nephrine reuptake inhibition including duloxetine, ven-
lafaxine, and TCAs. Among the SSRIs, only paroxetine
and citalopram have been shown to provide benefit.57

Although SSRIs may be better tolerated than TCAs, they
should be considered a second line option to antide-
pressants with norepinephrine reuptake inhibition.

Anticonvulsants. Anticonvulsants are commonly
used for neuropathic pain, especially the newer agents
because of better side effect profiles and no need for
serum drug monitoring. Gabapentin is a structural ana-
log of GABA, but does not influence synthesis, uptake or
binding of GABA; rather it appears to have activity at volt-
age-gated calcium channels.63 It has been shown to signif-
icantly reduce mean daily pain scores in both posther-
petic neuralgia and diabetic peripheral neuropathy.57

The most common side effect is sedation; titrating the
dose over 3 to 8 weeks will allow for tolerance to develop.
Pregabalin, another structural analog of GABA, has also
been shown to be effective in postherpetic neuralgia and
diabetic neuropathy and may be easier to titrate than
gabapentin because of a more favorable pharmacokinetic
profile.55 Carbamazepine was originally proven effective
in trigeminal neuralgia and has demonstrated efficacy for
diabetic neuropathy, but has more adverse effects than
newer anticonvulsants. Dose-related side effects include
fatigue, sedation, ataxia, vertigo, blurred vision, nausea,
and vomiting. Hematologic monitoring is recommended
as it rarely causes bone marrow suppression and irre-
versible aplastic anemia.55 Oxcarbazepine, sodium val-
proate, topiramate, levetiracetam, and zonisamide have
limited data supporting use in neuropathic pain.57

Topical Therapy. Topical agents include capsaicin
and the topical lidocaine patch. They are often used in
combination with other oral agents.57 Both work locally
at the site of application with minimal systemic absorp-
tion, and should only be applied to intact skin. Lido-
caine appears to act by inhibition of voltage-gated
sodium channels.57 In postherpetic neuralgia, topical

lidocaine is most effective in the earlier phase of the dis-
ease when peripheral nociceptors are sensitized. As the
disease progresses and these receptors are lost, pain is
caused by central mechanisms, and treatments that act
centrally are more effective. Topical lidocaine works
quickly without need for titration, and there is minimal
risk for drug interactions. It is currently FDA approved
for application for 12 hours, then removed for 12
hours. This provides inadequate relief for some
patients; recent studies have explored alternate dosing
regimens and found no increase in adverse systemic
effects.57

Capsaicin is thought to increase the pain threshold
by locally depleting substance P from the membranes of
type C nociceptive fibers.57 This occurs with repeated
application and capsaicin must be applied four times
daily for several weeks before benefit is observed.
Patients may experience significant burning at the site
of application, thus many patients will not continue
therapy long enough to derive benefit. The burning
subsides with continued application, and usually corre-
lates with the onset of efficacy.57 Patients should wash
their hands following application to prevent application
to other areas of the body. Clinical trials in postherpetic
neuralgia and diabetic peripheral neuropathy have
shown mixed results, although anecdotally it has been
effective for selected patients.57

Opioids. Opioids are not first line therapy for neu-
ropathic pain, but they can be titrated quickly, and can
help control severe pain.55,57 Morphine has been stud-
ied in combination with gabapentin. This results in
reduction of pain and improved daily functioning with
lower doses of each medication and a lower rate of
adverse effects.65 Methadone is beneficial in some
patients and has activity at the N-methyl-D-aspartate
receptor which contributes to neuropathic pain relief.
Controlled release oxycodone and tramadol also have
shown benefit.55

Other. Baclofen may be helpful in lancinating,
paroxysmal neuropathic pain and painful spasticity.
There are case reports of efficacy in neuropathic pain
and fibromyalgia with tizanidine, another antispasticity
agent.55

INTERVENTIONAL THERAPY

Interventional techniques should be used in conjunc-
tion with other modalities, and may be useful in diag-
nosing the source of pain as well as in pain manage-
ment.53 Some effective techniques include neural
blockade, neuroaugmentation or provision of intraspinal
drug delivery. The latter may provide analgesia at a
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lower dose, and therefore with fewer systemic side
effects.53,71

Neural Blockade
Diagnostic blocks may be done to determine the

anatomic source of pain, and to differentiate somatic
from visceral pain, local from referred pain, and
peripheral from central pain. They may also help deter-
mine whether a painful deformity is mechanically fixed
or a result of neurally-mediated muscle spasm.53 Nerve
blocks using local anesthetics and steroids can be thera-
peutic in specific pain syndromes including radicular
pain, rotator cuff injury, tendonitis, and bursitis.

Neuroaugmentation
Implanted nerve stimulators are generally most

effective for the treatment of peripheral neuropathic
pain syndromes.53 Transcutaneous electrical nerve
stimulation (TENS) should be considered as an early
management option because of low complexity and low
risk.52 Peripheral stimulation may benefit those with
painful peripheral neuropathies such as upper or lower
limb mononeuropathies or facial neuralgic conditions.
It should be reserved for those who have responded to
a diagnostic sequence of local neural blockade and a
stimulation trial.52 Spinal cord stimulation may improve
neuropathic pain originating at cervical, thoracic, or
lumbrosacral spinal nerve roots or cord, but should be
considered only for those who fail oral medications.52

NONPHARMACOLOGIC

Rehabilitation
Pain rehabilitation is a useful and cost-effective part of

comprehensive pain therapy encompassing pharmaco-
logical, psychological, surgical, and interventional
approaches as appropriate for the patient.53 The goals of
pain rehabilitation include restoring function, alleviating
pain, and improving pain management skills for patients
with persistent pain. Adjuvant pain rehabilitation options
include physical and/or occupational therapy, exercise
programs directed toward the specific pain condition,
ergonomic modifications, and vocational rehabilitation.

Cognitive Behavioral Therapy
Pain medications do not reverse tissue damage and

the pain will return if medication is discontinued in
patients with persistent pain. In addition, a patient’s per-
ception of pain may persist despite pharmacologic treat-
ment. Thus, psychological therapy, including cognitive
and behavioral treatments may contribute. Individual
cognitive behavioral psychotherapy is insight-based with
emphasis on cognitive strategies for life planning, pac-
ing of activities, and acceptance of physical limitations
and their emotional consequences.53 It produces signifi-

cant improvements in pain experience, mood/affect,
cognitive coping and appraisal, pain behavior, activity
level, and social role function compared to a waiting list
control. Psychological therapy produces improvements
in pain experience, positive coping and social role func-
tion compared with other treatments.70

SPECIAL POPULATION

Elderly Patients
Patients 65 years and older commonly report pain.

Comorbid illnesses may cloud the determination of
pain etiology, and use of other medication increases the
risk of adverse effects and drug interactions. Cognitive
impairment may necessitate use of simplified pain
scales or reliance on nonverbal cues to suggest pain.
Verbal descriptor scales, numeric scales and faces scales
have demonstrated reliability and validity in older
adults.71 Behaviors suggestive of pain in those who have
difficulty communicating include bracing, rubbing,
guarding, agitation, delirium, altered mobility/activity
and facial expressions.71 These behaviors should be
evaluated with respect to established baseline behaviors
when possible.

Pharmacotherapy is commonly used for persistent
pain in older patients, although clinical trials often
exclude patients 65 years and older.72 In general, older
patients have decreased hepatic and renal function and
are prone to increased drug concentrations and accu-
mulation of drug. To manage chronic pain, practitioners
should “start low and go slow.” The American Geriatrics
Society Panel on Persistent Pain in Older Persons has rec-
ommended some practice adjustments when caring for
older patients.72 Acetaminophen, scheduled around the
clock, is a suitable choice for mild to moderate pain in
older persons. Those with multiple comorbidities have
an unacceptably high rate of life-threatening gastroin-
testinal bleeding with long-term use of nonselective
NSAIDs. Nephrotoxicity may result if the patient
becomes dehydrated or is taking interacting medications
such as angiotensin converting enzyme (ACE) inhibitors.
For bone pain or similar conditions, practitioners may
use a nonselective NSAID with a gastrointestinal protec-
tive medication such as a proton-pump inhibitor or his-
tamine2 antagonist, or a nonacetlyated salicylate, or a
COX-2 inhibitor. Propoxyphene has similar efficacy to
aspirin and acetaminophen but should be avoided in eld-
erly patients because of drug accumulation, neuroexcita-
tory effects, ataxia and dizziness.72 When initiating opi-
oid therapy, the clinician should be especially vigilant
seeking and managing adverse events, and titrating med-
ication carefully. Meperidine should be avoided in
elderly patients. TCAs should be used cautiously, because
of anticholinergic adverse effects including urinary
retention, constipation, blurred vision, and orthostasis
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which can contribute to falls.72 Gabapentin, when slowly
titrated to allow tolerance to develop to dizziness and
sedation, may have fewer adverse effects and similar effi-
cacy for management of neuropathic pain. Nonpharma-
cologic strategies should be strongly considered in eld-
erly patients because of safety, and can be adapted to
their level of physical and cognitive function.72
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SEARCH STRATEGY

A systematic search of the medical literature was per-
formed in November 2004 and January 2007. The search,
limited to human subjects and English language journals,
included the National Guideline Clearinghouse, PubMed,
and UpToDate®.

Headache is one of the most common complaints
encountered by health care practitioners. Headache may
be symptomatic of a distinct pathologic process (second-
ary headache) or may occur without an underlying cause
(primary headache). Most recurrent headaches are the
result of a benign chronic headache disorder but
headache may also be associated with a serious underly-
ing medical condition.1 The primary headache disorders
are migraine, tension-type, and cluster headache. The
differential for secondary headache is quite long but may
include infection, cerebral hemorrhage, or mass lesions.
A complete headache history and physical examination
are essential for accurate headache diagnosis. Primary
care providers should be able to diagnose these condi-
tions and provide appropriate therapeutic interventions.
This chapter will focus on the diagnosis and manage-
ment of the primary headache disorders.

CLINICAL PRESENTATION

The presentation of migraine can vary and is usually
divided into several phases (premonitory, aura, headache,
and resolution). Premonitory symptoms are experienced
by 20% to 60% of patients, usually a few hours or days
before headache onset.2,3 Symptoms vary widely among
migraine patients, but are generally consistent among
individuals. Common neurologic symptoms include

phonophobia, photophobia, hyperosmia, and difficulty in
concentrating. Psychological symptoms include anxiety,
depression, euphoria, irritability, drowsiness, hyperactiv-
ity, and restlessness. Constitutional symptoms include stiff
neck, yawning, thirst, food cravings, and anorexia.4

The migraine aura is a complex of positive and nega-
tive focal neurologic symptoms that precede, accom-
pany, or, rarely, follow an attack. Aura is experienced by
approximately 31% of migraine patients and is most
often visual. Other aura symptoms include paresthesias
involving the arms or face, dysphasia, or aphasia.2,4

Migraines may occur at any time of the day or night
but commonly occur early in the morning. The onset is
gradual and the pain reaches a peak in a few minutes or
hours. If left untreated, migraines typically last between
4 and 72 hours. The pain is most often unilateral, fron-
totemporal, and throbbing or pulsating. However, it,
may be bilateral at onset or become generalized during
the attack. Gastrointestinal symptoms are common and
include nausea, emesis, anorexia, food cravings, consti-
pation, diarrhea, and abdominal cramping.

Presentation of tension-type headache differs from that
of migraine in that premonitory symptoms and aura are
absent. The pain is commonly bilateral and is described as
a dull, nonpulsatile tightness or pressure. The classical
description is that of pain having a “hatband” pattern.
Associated symptoms are generally absent although mild
photophobia and phonophobia may be reported.2,4

Attacks of cluster headaches, as the name suggests,
occur in cluster periods, lasting from 2 weeks to 3
months in most patients, followed by pain-free or remis-
sion intervals. They occur most often at night and
appear to be more common in the spring and fall. Pain
peaks quickly, is excruciating and penetrating though
generally not throbbing, and is located unilaterally in
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orbital, supraorbital, or temporal locations. There can
be autonomic features on the side of the pain including
conjunctival injection, lacrimation, and nasal stuffiness
or rhinorrhea. Ipsilateral scalp and facial tenderness,
ptosis, miosis, and periorbital edema are also described.
During the cluster period, attacks may occur once in 2
days up to 8 times per day.2,4,5

PHYSICAL FINDINGS

Physical findings may be absent in individuals presenting
with primary headaches. Secondary headaches or those
caused by organic disease can generally be identified or
excluded on the basis of the history as well as general
medical and detailed neurological examinations. In the
headache evaluation, diagnostic alarms should be identi-
fied. These include acute onset of the “first” or “worst”
headache ever, accelerating pattern of headache follow-
ing subacute onset, onset of headache after the age of 50
years, headache associated with systemic illness (fever,
nausea, vomiting, stiff neck, rash), headache with focal
neurologic symptoms or papilledema, or new onset
headache in a patient with cancer or HIV infection. The
presence of any of these should be considered a diagnos-
tic alarm and prompt further evaluation for the underly-
ing etiology.

DIAGNOSTIC EVALUATION

A headache history is most important in establishing
the diagnosis of migraine, cluster, or tension-type
headache. The detailed headache history and physical
examination findings generally dictate any further diag-
nostic evaluation. If secondary headache is suspected,
appropriate diagnostic testing for the suspected organic
disease may be pursued. Evaluation may include labora-
tory or imaging studies. In selected circumstances,
serum chemistries, urine toxicology profiles, thyroid
function, Lyme studies, complete blood count, antinu-
clear antibody, erythrocyte sedimentation rate, and
antiphospholipid antibody titers may be considered.

The use of neuroimaging with computed tomogra-
phy or magnetic resonance imaging is generally not
indicated in migraine patients with normal neurologic
examination findings, but should be considered in
patients with unexplained abnormalities in neurologi-
cal examination or with an atypical headache history.6

Because migraines usually begin by the second or third
decade of life, headaches beginning after the age of 50
years suggest an organic etiology such as a mass lesion,
cerebrovascular disease, or temporal arteritis. Atypical
features that might prompt imaging include an unsta-
ble pattern, new onset daily headache, or the absence of
associated triggers. Although aura is typical, its absence
should not be the sole trigger for imaging.

The International Headache Society has recently
updated the diagnostic criteria for migraine with and
without aura (Table 19-1). Specific diagnostic criteria are
provided within the International Headache Society clas-
sification system for tension-type and cluster headaches.2

RISK STRATIFICATION

A thorough headache history should always be
obtained, including age at onset, attack frequency and
timing, duration of attacks, precipitating or aggravating
factors, ameliorating factors, description of neurologic
symptoms, characteristics of the pain (quality, intensity,
location, and radiation), associated signs and symp-
toms, treatment history, family and social history, and
the impact of headaches on daily life.

Pharmacotherapeutic management of headache
may be acute (e.g., symptomatic or abortive) or pre-
ventive (e.g., prophylactic) (Tables 19-2 and 19-3).

Table 19-1. International Headache Society Diagnostic 
Criteria for Migraine

Migraine without aura
At least 5 attacks
Headache attack lasts 4–72 h (untreated or 

unsuccessfully treated)
Headache has at least 2 of the following characteristics:

Unilateral location
Pulsating quality
Moderate or severe intensity
Aggravation by or avoidance of routine physical activity 

(i.e., walking or climbing stairs)
During headache at least one of the following occur:

Nausea, vomiting, or both
Photophobia and phonophobia

Not attributed to another disorder
Migraine with Aura (Classic Migraine)

At least 2 attacks
Migraine aura fulfills criteria for typical aura, hemiplegic 

aura, or basilar-type aura.
Not attributed to another disorder

Typical Aura
Fully reversible visual, sensory, or speech symptoms 

(or any combination) but no motor weakness
Homonymous or bilateral visual symptoms including positive 

features (e.g., flickering lights, spots, lines) or negative 
features (e.g., loss of vision), or unilateral sensory 
symptoms including positive features (e.g., visual loss, 
pins and needles) or negative features (e.g., numbness), 
or any combination

During typical aura one of following occurs:
At least one symptom develops gradually over a minimum of

5 min, or different symptoms occur in succession, or both
Each symptom lasts for at least 5 min and for no longer 

than 60 min
Headache that meets criteria for migraine without aura 

begins during the aura or follows aura within 60 min

Adapted from: Headache Classification Committee of the International
Headache Society. The International Classification of Headache Disorders,
2nd ed. Cephalalgia. 2004;24(1):1–151.
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Table 19-2. Acute Migraine Therapies*

Medications Dosage Comments

Analgesics
Acetaminophen 1000 mg at onset; repeat every 4–6 h as Maximum daily dose is 4 g
Acetaminophen 250 mg/aspirin 250 mg/ needed 2 tablets at onset and every 6 h Available over-the-counter as 

caffeine 65 mg Excedrin Migraine
Aspirin or acetaminophen with  1–2 tablets every 4–6 h Limit dose to 4 tablets/d and 

butalbital, caffeine usage to 2 d/wk
Isometheptene 65 mg/dichloralphenazone 2 capsules at onset; repeat 1 capsule every Maximum of 6 capsules/d and

100 mg�acetaminophen 325 mg (Midrin) hour as needed 20 capsules/mo

Nonsteroidal Anti-Inflammatory Drugs
Aspirin 500–1000 mg every 4–6 h Maximum daily dose is 4 g
Ibuprofen 200–800 mg every 6 h Avoid doses �2.4 g/d
Naproxen sodium 550–825 mg at onset; may repeat 220 Avoid doses �1.375 g/d

mg in 3–4 h
Diclofenac potassium 50–100 mg at onset; may repeat 50 mg in 8 h Avoid doses �150 mg/d

Ergotamine Tartrate
Oral tablet (1 mg) with caffeine 2 mg at onset; then 1–2 mg every 30 min Maximum dose is 6 mg/d or

100 mg as needed 10 mg/week; consider 
pretreatment with
an antiemetic

Sublingual tablet (2 mg)
Rectal suppository (2 mg) with caffeine 100 mg Insert 1�2 to 1 suppository at onset; repeat Maximum dose is 4 mg/d

after 1 h as needed or 10 mg�wk; consider
pretreatment with
an antiemetic

Dihydroergotamine
Injection 1 mg/mL 0.25–1 mg at onset IM or SC; repeat every Maximum dose is 3 mg�d;

hour as needed or 6 mg�wk
Nasal spray 1 spray (0.5 mg) in each nostril at onset; Maximum dose is 3 mg�d;

repeat sequence 15 min later Prime sprayer 4 times
(total dose is 2 mg or 4 sprays) before using; do not tilt

head back or inhale
through nose while
spraying; discard open
ampules after 8 h

Serotonin Agonists (Triptans)
Sumatriptan

Injection 6 mg SC at onset; may repeat after 1 h Maximum daily dose is 12 mg
if needed

Oral tablets 25, 50, or 100 mg at onset; may repeat Optimal dose is 50–100 mg, 
after 2 h if needed maximum daily 

dose is 200 mg
Nasal spray 5, 10, or 20 mg at onset; may repeat Optimal dose is 20 mg;

after 2 h if needed maximum daily dose
is 40 mg; single-dose
device delivering 5 or
20 mg; administer
1 spray in 1 nostril

Zolmitriptan 2.5 or 5 mg at onset as regular or orally Optimal dose is 2.5 mg,
disintegrating tablet; may maximum dose is
repeat after 2 h if needed 10 mg�d, do not divide

ODT dosage form
Nasal spray 5 mg at onset; may repeat after 2 h if needed Maximum dose is 10 mg�d

Naratriptan 1 mg or 2.5 mg tablet at onset; may repeat Optimal dose is 2.5 mg,
after 4 h if needed maximum daily

dose is 5 mg

(continued)



Pharmacotherapy should be individualized based on
drug efficacy, individual patient response, tolerability,
comorbid conditions, and the clinical presentation and
medical history. Abortive or acute therapies can be spe-
cific (e.g., ergots and triptans) or nonspecific (e.g.,
analgesics, antiemetics, nonsteroidal anti-inflamma-
tory drugs [NSAIDs], corticosteroids) for the headache,
and are most effective at relieving pain and associated
symptoms when administered at the onset of
headache.3 A stratified-care approach, in which the
selection of initial treatment is based on headache-
related disability and symptom severity, is preferred.6

Because severity varies in individuals, patients may be
advised to use nonspecific agents for mild-to-moderate
headache, while reserving specific medications for
more severe attacks.

Preventive therapy should be considered for recur-
ring headaches with significant disability; attacks requir-
ing symptomatic medication more than twice per week;

symptomatic therapies that are ineffective, contraindi-
cated, or produce serious side effects; and uncommon
headache variants causing profound disruption and(or
risk of neurologic injury. Efficacy of a prescribed pro-
phylactic regimen should be reassessed periodically,
and gradually reduced and discontinued after a pro-
longed headache-free interval.

Patients should be monitored for frequency, inten-
sity, and duration of headaches, as well as for any
change in the headache pattern. Careful monitoring is
essential to initiate the most appropriate pharma-
cotherapy, document therapeutic successes and failures,
identify medication contraindications, and prevent or
minimize adverse events. The use of prescription and
over-the-counter medications should be monitored to
identify potential medication-misuse headache. Strict
adherence to dosing guidelines should be stressed to
minimize potential toxicity. Patterns of abortive med-
ication use can be documented to establish the need
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Table 19-2. Acute Migraine Therapies* (Continued)

Medications Dosage Comments

Serotonin Agonists (Triptans)
Rizatriptan 5 or 10 mg at onset as regular or orally Optimal dose is 10 mg;

disintegrating tablet; may maximum daily dose is 
repeat after 2 h if needed 30 mg; onset of effect is

similar with standard and 
orally disintegrating tablets; 
use 5 mg dose (15 mg�d
max) in patients receiving 
propranolol

Almotriptan 6.25 or 12.5 mg at onset; may repeat after Optimal dose is 12.5 mg
2 h if needed Maximum daily dose 

is 25 mg
Frovatriptan 2.5 or 5 mg at onset; may repeat in Optimal dose 2.5–5 mg,

2 h if needed maximum daily dose
is 7.5 mg (3 tablets)

Eletriptan 20 or 40 mg at onset; may repeat Maximum single dose is 40 mg
after 2 h if needed Maximum daily dose is 80 mg

Miscellaneous
Butorphanol nasal spray 1 spray in 1 nostril (1 mg) at onset; Limit to 4 sprays/d; consider

repeat in 1 h if needed use only when nonopioid
therapies are ineffective or 
not tolerated

Metoclopramide 10 mg IV at onset Useful for acute relief in the 
office or emergency 
department setting

Prochlorperazine 10 mg IV or IM at onset Useful for acute relief in the 
office or emergency 
department setting

*Limit use of symptomatic medications to 2 d/wk when possible to avoid medication-misuse headache.
IM, intramuscularly; SC, subcutaneously; IV, intravenously; ODT, orally disintegrating tablets.
Adapted from: Silberstein SD. Migraine. Lancet. 2004;363:381–391; Bigal ME, Lipton RB, Krymchantowski AV. The medical management of migraine. Am J Ther.
2004;11(2):130–140; Evans RW, Bigal ME, Grosberg B, Lipton RB. Target doses and titration schedules for migraine preventive medications. Headache.
2006;46:160–164.
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Table 19-3. Prophylactic Migraine Therapies

Medication Dose

�-Adrenergic Antagonists
Atenolol 25–100 mg/d
Metoprolol* 50–300 mg/d in divided doses
Nadolol 80–240 mg/d
Propranolol*,† 80–240 mg/d in divided doses
Timolol† 20–60 mg/d in divided doses

Antidepressants
Amitriptyline 25–150 mg at bedtime
Doxepin 10–200 mg at bedtime
Imipramine 10–200 mg at bedtime
Nortriptyline 10–150 mg at bedtime
Protriptyline 5–30 mg at bedtime
Fluoxetine 10–80 mg/d
Venlafaxine* 37.5–225 mg/d
Phenelzine‡ 15–60 mg/d in divided doses

Anticonvulsants
Gabapentin 1800–2400 mg/d in divided doses
Topiramate† 25–200 mg/d in divided doses
Valproic acid 500–1500 mg/d in divided doses
Divalproex sodium†

Verapamil* 240–360 mg/d in divided doses

Methysergide†,‡ 2–8 mg/d in divided doses 
with food

Nonsteroidal Anti-Inflammatory Drugs‡

Aspirin 1300 mg/d in divided doses
Ketoprofen* 150 mg/d in divided doses
Naproxen sodium* 350–1100 mg/d in divided doses

Vitamin B2 400 mg/d

*Sustained-release formulation available.
†Approved by the U.S. Food and Drug Administration for prevention of
migraine.
‡Daily or prolonged use limited by potential toxicity.
Adapted from: Silberstein SD. Migraine. Lancet. 2004;363:381–391; Ferrari
MD, Roon KI, Lipton RB, Goadsby PJ. Oral triptans (serotonin 5_HT1B/1D
agonists) in acute migraine treatment: A meta-analysis of 53 trials. Lancet.
2001;358:1558–1575; Evans RW, Bigal ME, Grosberg B, Lipton RB. Target
doses and titration schedules for migraine preventive medications. Headache.
2006;46:160–164; Jensen R, Olesen J. Tension-type headache: An update on
mechanisms and treatment. Curr Opin Neurol. 2000;13:285–289.

for prophylactic therapy. Prophylactic therapies should
also be monitored closely for adverse reactions,
abortive therapy needs, adequate dosing, and compli-
ance.

MANAGEMENT

MIGRAINE HEADACHES

Nonpharmacologic and pharmacologic interventions
are available for the management of migraine
headaches. Drug therapy is the mainstay of treatment
for most patients and is stratified according to the indi-
vidual presentation, in both acute care and prevention
(Figs. 19-1 and 19-2).

Nonpharmacologic Therapy
Nonpharmacologic therapy of acute migraine

headache is limited, but may include application of ice
to the head and periods of rest or sleep, usually in a
dark, quiet environment. Prevention should begin with
the identification and avoidance of factors that consis-
tently provoke migraine attacks in the susceptible indi-
vidual including food, environmental, behavioral or
physiologic triggers or medications. Patients may also
benefit from adherence to a wellness program includ-
ing regular sleep, exercise, and eating habits, smoking
cessation, and limited caffeine intake. Behavioral inter-
ventions such as relaxation therapy, biofeedback, and
cognitive therapy are preventive treatment options for
patients who prefer a nondrug therapy or when symp-
tomatic therapies are poorly tolerated, contraindicated,
or ineffective.6

Acute Migraine Therapy
Acute migraine treatment may involve the use of

nonspecific or specific drugs, such as triptans or ergot
alkaloids. Most experts recommend limiting the use of
acute migraine therapies to 2 days per week in order to
avoid the development of medication misuse or
rebound headache.2,6,7 The syndrome appears to
evolve as a self-sustaining, headache–medication cycle
in which the headache returns as the medication
effect wears off, leading to the consumption of more
drugs for relief. The headache history often reflects
the gradual onset of an atypical daily or near-daily
headache with superimposed episodic migraine
attacks. Medication overuse is one of the most com-
mon causes of chronic daily headache.4 Agents most
commonly implicated in this syndrome include simple
and combination analgesics, opiates, ergotamine tar-
trate, and triptans.6

Analgesics and NSAIDs. Simple analgesics and
NSAIDs are effective medications for many migraine
attacks. They are a reasonable first-line choice for mild-
to-moderate migraine attacks or even severe attacks in
those who have previously demonstrated a beneficial
response.6 Of the NSAIDs, aspirin, ibuprofen, naproxen
sodium, tolfenamic acid, and the combination of aceta-
minophen plus aspirin and caffeine have demonstrated
the most consistent efficacy.3–8 Acetaminophen alone is
not generally recommended for migraine because of
the lack of scientific support.3,6,7

Acute NSAID therapy is associated with gastrointesti-
nal (e.g., dyspepsia, nausea, vomiting, diarrhea) and
central nervous system side effects (e.g., somnolence,
dizziness). NSAIDs should be used cautiously in patients
with previous ulcer disease, renal disease, or hypersen-
sitivity to aspirin.7
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Diagnosis of Migraine 

Patient education regarding a 
general wellness program and 
avoidance of trigger factors 

Assess headache severity and 
degree of associated disability

Consider 
prophylactic 

pharmacotherapy 

Mild to moderate symptoms Severe symptoms

Simple analgesic: acetaminophen, 
acetaminophen/aspirin/caffeine 

NSAIDs: aspirin, ibuprofen, naproxen 

Combination analgesics:  Midrin, 
acetaminophen, or aspirin/butalbital/caffeine 

Inadequate response 

Inadequate response 

Triptans Dihydroergotamine or 
ergotamine tartrate 

Inadequate response 

Opioid combination analgesics, 
butorphanol nasal spray 

Figure 19-1. Sample treatment algorithm for migraine headaches.
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Though prescription products of aspirin or aceta-
minophen combined with a short-acting barbiturate
(butalbital) are frequently used in the treatment of
migraine, no rigorous studies support their efficacy.
The use of butalbital-containing products should be
limited because of concerns about overuse, headache
caused by medication overuse, and withdrawal.3,6,7

Midrin, a combination of acetaminophen, isomethep-
tene mucate (a sympathomimetic amine), and dichlo-
ralphenazone (a chloral hydrate derivative), has
demonstrated modest benefits in placebo-controlled
studies and is generally viewed as an alternative for
patients with mild-to-moderate migraine attacks.6,7 Of
note, combination analgesics appear to pose a greater
risk of medication-overuse headache than aspirin or
acetaminophen alone.

Opiate Analgesics. Narcotic analgesic drugs (e.g.,
meperidine, butorphanol, oxycodone, hydromorphone)
are effective, but should generally be reserved for
patients with moderate-to-severe infrequent headaches
in whom conventional therapies are contraindicated or
be given as “rescue medication” after patients have failed
to respond to conventional therapies.3 The intranasal
formulation of butorphanol, a synthetically derived opi-
oid agonist–antagonist, is an alternative to frequent
office or emergency department visits. Butorphanol use
should be closely supervised because of the established
risk of overuse and dependence.6,7

Antiemetics. Adjunctive antiemetic therapy is use-
ful for the nausea and vomiting associated with
migraines and acute migraine medications. A single
dose of an antiemetic, such as metoclopramide, chlor-
promazine, or prochlorperazine, administered 15 to 30
minutes before ingestion of oral abortive migraine
medications, is often sufficient. Suppository prepara-
tions are available when nausea and vomiting are par-
ticularly prominent. Metoclopramide is also useful to
reverse gastroparesis and improve gastrointestinal
absorption during severe attacks.6,7

In addition to the antiemetic effects, dopamine
antagonists have been used successfully as monotherapy
for the treatment of intractable headache, and offer an
alternative to narcotic analgesics. Intravenous or intra-
muscular prochlorperazine and intravenous metoclo-
pramide provide more effective pain relief than
placebo. The precise mechanism of action is unknown.7

Miscellaneous Nonspecific Medications. Corti-
costeroids may be an effective rescue therapy for status
migrainosus (severe, continuous migraine lasting up to
1 week).6 Short courses of oral or parenteral pred-
nisone, dexamethasone, and hydrocortisone may be
useful in the management of refractory headache per-
sisting for several days.7

Limited studies suggest a role for intranasal lido-
caine in the treatment of acute migraine headache.7

Intranasal lidocaine provides rapid pain relief, but

Diagnosis of migraine, patient meets criteria
for prophylactic pharmacotherapy

Headaches recur in a
predictable pattern

(e.g., menstrual
migraine)

Healthy or 
comorbid 

hypertension, 
angina, or 

anxiety 

Comorbid 
depression, 

insomnia, or 
anxiety 

Comorbid seizure 
disorder, manic-
depressive illness, 

or anxiety 

Other agents 
ineffective 

NSAID at the time
of vulnerability

β-blocker or 
verapamil if 

contraindicated 
or ineffective 

Antidepressant Divalproex 
sodium, 

topiramate, 
or 

gabapentin 

Methysergide

β-blocker or 
verapamil if 

contraindicated 
or ineffective 

Figure 19-2. Sample treatment algorithm for prophylactic management of migraine headaches.
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headache recurrence is common. Adverse effects are
generally limited to local irritation of the nose or eye,
unpleasant taste, and numbness of the throat.

Ergot Alkaloids and Derivatives. Ergotamine tar-
trate and dihydroergotamine are useful and may be
considered for the treatment of moderate-to-severe
migraine attacks.6 These drugs are nonselective 5-
hydroxytryptamine-1 (5-HT1) receptor agonists that
constrict intracranial blood vessels and inhibit the
development of neurogenic inflammation in the trigemi-
novascular system; central inhibition of the trigemino-
vascular pathway as well as activity at adrenergic and
dopaminergic receptors are also reported.

Ergotamine tartrate and dihydroergotamine are
available in various dosage forms. Some patients
respond preferentially to a particular dosage form, such
as rectal dosing. Despite widespread clinical use since
1925, evidence supporting the efficacy of ergotamine
tartrate is inconsistent.3,7

Nausea and vomiting are among the most common
adverse effects of the ergotamine derivatives. Vasocon-
striction also occurs with therapeutic doses. Ergotamine
is more likely to cause these effects than dihydroergota-
mine. Pretreatment with an antiemetic agent should be
considered with ergotamine and intravenous dihy-
droergotamine. Other common side effects include
abdominal pain, weakness, fatigue, paresthesias, muscle
pain, diarrhea, and chest tightness. Occasionally, severe
peripheral ischemia (ergotism) may occur including
cold, numb, painful extremities; continuous paresthe-
sias; diminished peripheral pulses; and claudication.
Gangrenous extremities, myocardial infarction, hepatic
necrosis, and bowel and brain ischemia have been
rarely reported.4 Triptans should not be used within 24
hours of ergot derivatives. Ergotamine derivatives are
contraindicated in patients with renal or hepatic fail-
ure; coronary, cerebral, or peripheral vascular diseases;
uncontrolled hypertension; sepsis; and in women who
are pregnant or nursing.1 Dihydroergotamine does not
appear to cause rebound headache; however, dosage
restrictions for ergotamine tartrate should be strictly
observed to prevent this complication.4

Serotonin Receptor Agonists (Triptans). The
triptans represent a significant advance in migraine
pharmacotherapy. These drugs are selective agonists of
the 5-HT1B and 5-HT1D receptors. Migraine relief results
from vasoconstriction of pain-producing intracranial
blood vessels through stimulation of vascular 5-HT1B

receptors, inhibition of vasoactive neuropeptide release
from trigeminal perivascular nerves through stimulation
of presynaptic 5-HT1D receptors, and interruption of
pain-signal transmission within the brainstem trigeminal

nuclei through stimulation of 5-HT1D receptors. The
triptans are appropriate as first-line therapy for patients
with moderate-to-severe migraine, or as rescue therapy
when nonspecific medications are ineffective.

Sumatriptan, the first triptan, is the most extensively
studied antimigraine therapy and is available in the most
dosage forms. Subcutaneous sumatriptan has the most
rapid onset (10 minutes) and is the most effective of the
triptans.3 Intranasal sumatriptan and zolmitriptan usu-
ally provide a faster onset of effect (15 minutes) than the
oral formulations, and produce similar rates of response.

The newer or second-generation triptans offer
improved pharmacokinetic and pharmacodynamic pro-
files compared to oral sumatriptan. These agents have
higher oral bioavailability and longer half-lives, which
could theoretically improve within-patient treatment
consistency and reduce headache recurrence.

Placebo-controlled studies with each of the second-
generation agents reveal somewhat comparable 2-hour
response rates. Direct comparative clinical trials are
available for only a few of the triptans. A recent meta-
analysis summarized the efficacy and tolerability of the
oral triptans across both published and unpublished
studies.8 At all marketed doses, the oral triptans are
effective and well tolerated. Sumatriptan (100 mg)
resulted in a 59% 2-hour headache response; 29% were
pain free at 2 hours; 20% had sustained pain relief; and
67% had consistent relief. Compared with sumatriptan
(100 mg), rizatriptan (10 mg) showed better efficacy
and consistency and similar tolerability; eletriptan (80
mg) showed better efficacy, similar consistency, but
lower tolerability; almotriptan (12.5 mg) showed similar
efficacy at 2 hours but better consistency and tolerabil-
ity; naratriptan (2.5 mg) and eletriptan (20 mg) showed
lower efficacy and better tolerability; zolmitriptan (2.5
and 5 mg), eletriptan (40 mg), and rizatriptan (5 mg)
all showed similar results. Available data suggest lower
efficacy for frovatriptan.8

Clinical response to the triptans can vary consider-
ably among individual patients. Individual responses
cannot be predicted, and if one triptan fails, a patient
may be successfully treated with another. After an effec-
tive agent and dose have been identified, subsequent
treatments should begin with that same regimen.3,8

Side effects to the triptans are common, but usually
mild-to-moderate and of short duration. Adverse effects
include paresthesias, fatigue, dizziness, flushing, warm
sensations, and somnolence. Minor injection-site reac-
tions are reported with the subcutaneous route and
taste perversion and nasal discomfort with the
intranasal route. “Chest symptoms,” including tight-
ness, pressure, heaviness, or pain in the chest, neck, or
throat are relatively common. All triptans are partial
agonists of human 5-HT coronary artery receptors and
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produce modest coronary artery vasoconstriction. This
physiologic effect is hemodynamically insignificant in
patients with healthy coronary arteries and poses mini-
mal risk in appropriately selected patients.9

The triptans are contraindicated in patients with a his-
tory of ischemic heart disease, uncontrolled hyperten-
sion, and cerebrovascular disease. Patients at risk for
unrecognized coronary artery disease (e.g., post-
menopausal women, men over 40 years of age, and
patients with multiple risk factors) should receive a car-
diovascular assessment prior to triptan use and have their
initial dose administered under medical supervision.
Triptans are also contraindicated in patients with hemi-
plegic and basilar migraine. The triptans should not be
given within 24 hours of the ergotamine derivatives.
Administration of sumatriptan, rizatriptan, and zolmitrip-
tan within 2 weeks of therapy with monoamine oxidase
inhibitors is not recommended. Concomitant therapy
with the selective serotonin reuptake inhibitors should be
carefully monitored because of isolated reports of sero-
tonin syndrome in sumatriptan-treated patients.6,7

Preventive Migraine Therapy
Preventive migraine therapies are administered on a

daily basis to reduce the frequency, severity, and dura-
tion of attacks, and to improve responsiveness to symp-
tomatic migraine therapies.6 Preventive therapy may
also be administered preemptively or intermittently
when headaches recur in a predictable pattern (e.g.,
exercise-induced migraine, menstrual migraine). The
efficacy of the various agents appears to be similar;
however, the quality of published data is limited for
many commonly used drugs. Only propranolol, timo-
lol, topiramate, and valproic acid are currently
approved by the U.S. Food and Drug Administration
for this indication. The selection of an agent is typically
based on its side-effect profile and the patient’s comor-
bid conditions. A full therapeutic trial of 2 to 6 months
is necessary to judge the efficacy of the drug. Therapy
should be initiated at low doses and advanced slowly
until a therapeutic effect is achieved or side effects
become intolerable. Drug doses for migraine prophy-
laxis are often lower than those used for other indica-
tions.4 Prophylactic treatment is usually continued for
at least 3 to 6 months after the frequency and severity of
headaches has diminished, and then gradually tapered
and discontinued. Many migraine patients experience
fewer and less severe attacks for lengthy periods follow-
ing discontinuation of prophylactic medications or
when tapering to a lower dose.

�-Blockers. Propranolol, nadolol, timolol, atenolol,
and metoprolol have proven efficacy in reducing the fre-
quency of migraine attacks.3 The precise mechanism is

unknown; the migraine threshold may be raised by mod-
ulation of adrenergic or serotonergic neurotransmission
in cortical or subcortical pathways. Selection of a �-
blocker is based on � selectivity, convenience of the for-
mulation, and tolerability. �-Blockers are particularly
useful in patients with comorbid anxiety, hypertension,
or angina. Potential side effects of �-blockers include
drowsiness, fatigue, sleep disturbances, vivid dreams,
memory disturbance, depression, impotence, bradycar-
dia, and hypotension. They should be used with caution
in patients with congestive heart failure, peripheral vas-
cular disease, atrioventricular conduction disturbances,
asthma, depression, and diabetes.

Antidepressants. The beneficial effects of antide-
pressants in migraine are independent of their antide-
pressant activity, and may be related to downregulation
of central 5-HT2 and adrenergic receptors.10 Amitripty-
line is the most widely studied antidepressant for
migraine prophylaxis. Use of other antidepressants is
based primarily on clinical and anecdotal experience.
Other tricyclic antidepressants that have been used suc-
cessfully include doxepin, nortriptyline, protriptyline,
and imipramine.6,10 Anticholinergic side effects are
common and limit the use of these agents in patients
with benign prostatic hyperplasia and glaucoma.
Increased appetite and weight gain may occur. Ortho-
static hypotension and cardiac toxicity (slowed atrioven-
tricular conduction) are also occasionally reported. Nor-
triptyline and protriptyline may be advantageous in
patients who are particularly intolerant of the anti-
cholinergic and sedative side effects of amitriptyline.

The selective serotonin reuptake inhibitors have not
been extensively studied for migraine prophylaxis and
are considered to be less effective than tricyclic antide-
pressants. These agents should not be considered as
first- or second-line medications; however, they are use-
ful in patients with comorbid depression or anxiety dis-
orders.4,10 Recent studies have demonstrated the benefits
of venlafaxine, an inhibitor of serotonin and nore-
pinephrine reuptake in migraine prophylaxis.11

Monoamine oxidase inhibitors, such as phenelzine,
have been used in the management of refractory
headache, but their use is limited because of their com-
plex adverse effect profiles.

Anticonvulsants. Anticonvulsant medications are
increasingly recommended for the prevention of
migraine headaches. These seem to have multiple
mechanisms of action, including enhancement of
gamma aminobutyric acid mediated inhibition, modu-
lation of the excitatory neurotransmitter glutamate,
and inhibition of sodium- and calcium-ion-channel
activity. Anticonvulsants are particularly useful in those



with comorbid seizure, anxiety, or bipolar disorders.4

The efficacy of valproic acid and divalproex sodium (a
1:1 molar combination of valproate sodium and val-
proic acid) has been demonstrated in multiple placebo-
controlled studies.10 Nausea, vomiting, alopecia, tremor,
asthenia, somnolence, and weight gain are the most
common adverse effects.3,10 The extended-release for-
mulation of divalproex sodium is administered once
daily and is better tolerated than the enteric-coated for-
mulation. Hepatotoxicity is the most serious side effect
of valproate therapy, though irreversible hepatic dys-
function is extremely rare in adults. Baseline liver func-
tion tests should be obtained, but routine follow-up
studies are not necessary in asymptomatic adults on
monotherapy. Patient evaluation is recommended
every 1 to 2 months during the first 6 to 9 months of
therapy. Valproate is contraindicated in pregnant
women and patients with a history of pancreatitis or
chronic liver disease.

Topiramate has recently received the approval of the
U.S. Food and Drug Administration for migraine pro-
phylaxis. With chronic use, topiramate is associated
with weight loss. This may offer a distinct advantage,
since weight gain is a common reason for discontinua-
tion of migraine prevention therapy. Adverse events
associated with topiramate include paresthesia, fatigue,
anorexia, diarrhea, weight loss, memory difficulty, and
nausea. The initial dose of topiramate should be much
lower than the targeted dose to minimize adverse
effects. Kidney stones, acute myopia, acute angle-
closure glaucoma, and oligohidrosis have been infre-
quently reported with topiramate use.11

Gabapentin may also be an effective agent for
migraine prevention, based on the results of a recent
trial.3 Dizziness and drowsiness were the most common
adverse events associated with the use of gabapentin.

Calcium-Channel Blockers. The use of calcium-
channel blockers for migraine prevention should be
considered when other drugs with established clinical
benefit are ineffective or contraindicated. Verapamil is
the most widely used calcium-channel blocker for pre-
ventive treatment; however, only modest benefits have
been seen in two placebo-controlled studies.4 It is per-
haps most useful in patients with comorbid hyperten-
sion or with contraindications to �-blockers. The most
common side effect of verapamil is constipation. Evalu-
ations of nifedipine, nimodipine, diltiazem, and
nicardipine have yielded equivocal results.10

Methysergide. The semisynthetic ergot alkaloid,
methysergide, is a potent 5-HT2 receptor antagonist
that appears to stabilize serotonergic neurotransmis-
sion in the trigeminovascular system, preventing

migraine by blocking the development of neurogenic
inflammation. Its utility is limited by the rare develop-
ment of retroperitoneal, endocardial, and pulmonary
fibrosis during long-term administration.4 Conse-
quently, a medication-free interval of 4 weeks is recom-
mended following each 6-month treatment period
along with periodic assessment.12 In addition to gas-
trointestinal intolerance, muscle aching, leg cramps,
claudication, weight gain, and hallucinations are also
reported. Methysergide is reserved for patients with
refractory headaches that do not respond to other pre-
ventive therapies.

Nonsteroidal Anti-Inflammatory Drugs. NSAIDs
are modestly effective for reducing the frequency, sever-
ity, and duration of migraine attacks; however, potential
gastrointestinal and renal toxicity may limit the daily or
prolonged use of these agents.10 Consequently, NSAIDs
have been used intermittently to prevent headaches
that recur in a predictable pattern, such as menstrual
migraine. NSAIDs should be initiated 1 to 2 days prior
to the expected onset of headache and continued dur-
ing the period of vulnerability.4

Miscellaneous Preventive Agents. A limited num-
ber of double-blind, placebo-controlled studies have
demonstrated the efficacy of several other agents in
migraine prophylaxis. These include riboflavin (vita-
min B2), 400 mg daily, localized injections of botulinum
toxin type A, petasites extract, 75 mg twice daily (from
the plant Petasites hybridus), and coenzyme Q10.4 Fur-
ther study is needed to determine the clinical utility and
comparative efficacy of these agents for the prophylac-
tic management of migraine.

TENSION-TYPE HEADACHES

The vast majority of people suffering from episodic ten-
sion-type headache self-medicate with over-the-counter
medications and do not consult a health care profes-
sional. While pharmacologic and nonpharmacologic
treatments are available, simple analgesics and NSAIDs
are the mainstay of acute therapy. Most agents used for
tension-type headache have not been studied in con-
trolled clinical trials.13

Nonpharmacologic Therapy
Psychophysiological therapy and physical therapy

have been utilized in the management of tension-type
headache. Psychophysiological therapy may consist of
reassurance and counseling, stress management, relax-
ation training, and biofeedback. Relaxation training
and biofeedback training (alone or in combination)
can result in a 50% reduction in headache activity.
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Evidence supporting physical therapeutic options,
such as heat or cold packs, ultrasound, electrical nerve
stimulation, stretching, exercise, massage, acupunc-
ture, manipulations, ergonomic instructions, and trig-
ger-point injections or occipital nerve blocks, is some-
what inconsistent. However, patients may benefit from
selected modalities during an acute episode of tension-
type headache.4

Pharmacologic Therapy
Simple analgesics (alone or in combination with caf-

feine) and NSAIDs are effective for the acute treatment
of mild-to-moderate tension-type headache. Aceta-
minophen, aspirin, ibuprofen, naproxen, ketoprofen,
indomethacin, and ketorolac have demonstrated effi-
cacy in placebo-controlled and comparative studies.4

Failure of over-the-counter agents may warrant therapy
with prescription drugs. High-dose NSAIDs or the com-
bination of aspirin or acetaminophen with butalbital or,
rarely, codeine are effective options. Use of butalbital
and codeine combinations should be avoided, when
possible, because of the high potential for overuse and
dependency. As with migraine headache, acute medica-
tion should be taken for no more than 2 days per week
to prevent the development of chronic tension-type
headache.4,14 Preventive treatment should be consid-
ered if headache frequency (more than two per week),
duration (more than 3 to 4 hours), or severity results in
medication overuse or substantial disability. The princi-
ples of preventive treatment for tension-type headache
are similar to those of migraine headache. Tricyclic
antidepressants are most often prescribed for prophy-
laxis; however, other drugs can also be selected after
consideration of comorbid medical conditions and
respective side-effect profiles.4 The use of botulinum
toxin has not consistently demonstrated clinical efficacy
in the prophylaxis of chronic tension-type headaches.12

CLUSTER HEADACHES

As in migraine, therapy for cluster headaches involves
both abortive and prophylactic therapies. Abortive ther-
apy is directed at managing the acute attack. Prophylac-
tic therapies are started early in the cluster period in an
attempt to induce remission and may be transitional
using, agents not suitable for long-term or chronic use.
Patients with chronic cluster headache may require pro-
phylactic medications indefinitely.

Acute Cluster Therapy
Oxygen. The standard acute treatment of cluster

headache is inhalation of 100% oxygen by nonbreather
facial mask at a rate of 7 to 10 L/min for 15 to 25 min-
utes.4,5 Repeat administration may be necessary

because of recurrence, as oxygen appears to merely
delay, rather than abort, the attack in some patients.5

No side effects have been reported with the use of oxy-
gen but caution should be used for those who smoke or
have chronic obstructive pulmonary disease.

Triptans. The quick onset of subcutaneous and
intranasal triptans make them safe and effective
abortive agents for cluster headaches. Subcutaneous
sumatriptan (6 mg) is the most effective agent. Nasal
sprays are less effective but may be better tolerated in
some patients. Adverse events reported in cluster
headache patients are similar to those seen in migraine
patients. Orally administered triptans have limited use
in cluster attacks because of their relatively slow onset of
action; oral zolmitriptan (10 mg), however, was benefi-
cial in patients with episodic cluster headache at 30
minutes.5

Ergot Alkaloids and Derivatives. All forms of
ergotamine have been used in cluster headaches
although, in general, their role has been supplanted by
the triptans. Intravenous dihydroergotamine results in
the quickest response and repeated administration for
3 to 7 days can break the cycle of frequent cluster
headache attacks.5 Ergotamine tartrate has also pro-
vided effective relief of cluster headache attacks when
administered sublingually or rectally; however, the
pharmacokinetics of these preparations frequently limit
their clinical utility.4,5 Dosing guidelines are similar to
those for migraine headache therapy.

Corticosteroids. Corticosteroids are useful for
inducing remission.4,5 Therapy is initiated with 40 to 60
mg/day of prednisone and tapered over approximately
3 weeks. Relief appears within 1 to 2 days of initiating
therapy. To avoid steroid-induced complications, long-
term use is not recommended. Headaches may recur
when therapy is tapered or discontinued.

Preventive Cluster Therapy
Verapamil. Verapamil is the agent of choice for the

prevention of cluster headaches.4 The beneficial effects
of verapamil often appear after 1 week of therapy. A typ-
ical suggested dosage range is from 360 to 720 mg/day.

Lithium. Lithium carbonate is effective for episodic
and chronic cluster headache attacks, and can be used
in combination with verapamil. A positive response is
seen in up to 78% of patients with chronic cluster
headache, and in up to 63% of patients with episodic
cluster headache.4 The usual dose is 600 to 1200
mg/day, with a suggested starting dose of 300 mg twice
daily. Optimal plasma lithium levels for prevention of



230 Part 4 / Neurologic Disorders

cluster headache have not been established, but trough
values should not be more than 1.0 mEq/L.4,5

Initial side effects are mild and include tremor,
lethargy, nausea, diarrhea, and abdominal discomfort.
Thyroid and renal function must be monitored during
lithium therapy. Lithium should be administered with
caution to patients with significant renal or cardiovas-
cular disease, dehydration, pregnancy, or concomitant
diuretic or NSAID use.

Ergotamine. Ergotamine can be an efficacious agent
for prophylactic as well as abortive therapy of cluster
headaches.4 A 2-mg bedtime dose is often beneficial for
the prevention of nocturnal headache attacks. Daily use
of 1 to 2 mg of ergotamine alone or in combination with
verapamil or lithium may provide effective headache pro-
phylaxis in patients refractory to other agents with little
risk of ergotism or rebound headache.4,5

Methysergide. In patients unresponsive to other
therapies, methysergide, 4 to 8 mg/day in divided doses,
is usually effective in shortening the course of cluster
headaches. Response to treatment usually occurs within
1 week. Response rates in patients with episodic cluster
headache approach 70%, but chronic cluster headache
patients receive less benefit.5 Precautions regarding
methysergide use were described earlier in this chapter.

Miscellaneous Agents. Other therapies that have
been used in the acute management of cluster
headache include intranasal lidocaine, cocaine, cap-
saicin, and civamide. Limited studies also support the
use of divalproex sodium, topiramate, nifedipine,
nimodipine, melatonin, and baclofen for cluster pro-
phylaxis. Neurosurgical intervention may be necessary
for patients with chronic cluster headache that is resist-
ant to all medical therapies.4,5
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• After an effective abortive agent and dose have
been identified, subsequent treatments should
begin with that same regimen.
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SEARCH STRATEGY

A systematic medline search of the medical literature was
performed using Ovid in January 2008. Subject headings
included Alzheimer’s, Drug therapy, acetylcholinesterase
inhibitors, memantine, and dementia.

BACKGROUND

In 1901, Alois Alzheimer encountered a 51-year-old
woman admitted to a psychiatric hospital in Frankfurt,
Germany. Alzheimer observed and recorded the fea-
tures that we now recognize as symptoms of the disease
that bears his name, “ . . . a rapidly increasing loss of
memory. At times she would think someone wanted to
kill her and would begin shrieking loudly. She could not
find her way around in her own apartment.” More
recently, the death of President Ronald Reagan related
to Alzheimer’s disease (AD) raised awareness of the
condition and provoked calls for more research into
prevention, treatment, and cure.

AD is the most common form of dementia. It is esti-
mated that more than 4 million Americans are affected
by AD, and this number is expected to increase to
approximately 14 million by the year 2050.1 The inci-
dence increases with age. AD affects one-tenth of the
population older than 65 years and almost half of the
population older than 85 years.2 As the population
ages, the number of patients with AD will increase, and
with it the burden of caring for these patients. Finding
effective treatment for AD is increasingly important.

AD costs the American economy more than $100 bil-
lion annually. It is one of the leading causes of institu-
tionalization of older Americans. Direct and indirect

costs to family members caring for a loved one with AD
can be devastating. If effective treatment could reduce
the cost of caring for someone with AD, the economic
impact could be quite dramatic.

CLINICAL PRESENTATION

AD is the most common cause of the clinical syndrome
of dementia. By definition, dementia presents with
impairment of memory as well as aphasia, apraxia, and
agnosia.3 There is also frequently impairment of execu-
tive functioning, a higher level of cognitive functioning
responsible for planning and organizing complex tasks.
Social impairment, including social withdrawal or inap-
propriate behaviors, is usually evident.

Typically, although not exclusively, the patient is
unaware of any impairment. Most commonly, a family
member will notify the physician of a concern. Often
signs of cognitive impairment are mild and overlooked
or unnoticed until a serious event, such as an auto acci-
dent or financial indiscretion, alerts family members to
a problem. The primary care physician is usually the
first health care professional to be involved.

Diagnosis of early dementia can be difficult as the
symptoms may be mild and attributed to normal aging.
Early signs of AD can include repetitiveness or perse-
veration, changes in mood or personality, loss of initia-
tive, and difficulty with complex tasks. These impair-
ments can lead to social withdrawal and isolation and
must be distinguished from depression. Early diagnosis
is important because early treatment may more effec-
tively slow the progression of the condition. Addition-
ally, this is the best time to discuss advance care plan-
ning, such as living wills, power of attorney, or future
living arrangements. The diagnosis of AD becomes
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more evident as the disease progresses. Symptoms of
later stages include disorientation, aggression or agita-
tion, paranoid and delusional thoughts, hallucinations,
and severe memory impairment. Eventually, AD will
progress to loss of motor function, incontinence, and
complete aphasia.

DIAGNOSIS

Dementia must be distinguished from delirium. Delir-
ium is a potentially reversible, transient condition that
can present with impaired cognition. Delirium typically
presents acutely, whereas dementia presents insidiously.
Delirium is associated with altered levels of conscious-
ness and is usually secondary to an underlying medical
condition. The underlying condition may not be easily
identified and the delirium can persist as long as the
precipitating factor is untreated, and perhaps even
longer. Dementia should also be distinguished from
depression, which may present with predominantly cog-
nitive features in older patients.

The term “reversible dementia” is used to describe
conditions that are potentially treatable, but can cause a
progressive loss of cognition. However, treatment of the
underlying condition does not always lead to improve-
ment in cognition. Most will eventually develop overt
dementia. Conditions that cause potentially “reversible”
dementia include hypothyroidism, vitamin B12 defi-
ciency, neurosyphilis, and normal pressure hydro-
cephalus. These conditions can be ruled out by history
and physical, laboratory studies, and imaging.

Once dementia has been diagnosed and treatable con-
ditions ruled out, the underlying cause of the dementia
should be considered. Dementia of the Alzheimer type is
the most common cause, followed by multi-infarct
dementia and dementia with Lewy bodies. Distinction
between the types of dementia is often difficult clinically
and may not be vital to treatment decisions. Evidence sug-
gests that common treatments used for Alzheimer’s dis-
ease may also be effective in dementia with Lewy bodies
or multi-infarct dementia. However, it is clinically useful
to recognize dementia with Lewy bodies as the behavioral
symptoms of this condition respond poorly to antipsy-
chotics. Diagnosis is made from the history, usually
obtained from family members or caregivers, and from
cognitive testing. In the primary care setting, the Mini
Mental State Examination (MMSE) and clock drawing
test are two of the more commonly used tests. These are
easy to administer and can be done during a typical office
encounter. The MMSE measures several domains of cog-
nition including memory, orientation, praxis, and atten-
tion. The clock drawing task is primarily a test of executive
function. Physical examination is useful to evaluate for
neurodegenerative conditions such as Parkinson’s disease.

Neuroimaging is generally recommended as part of
the evaluation, although the diagnosis is usually quite
evident-based on the history and physical alone. Imag-
ing is primarily useful for evaluating for normal pres-
sure hydrocephalus, chronic subdural hematoma or
mass lesion. Usually, a noncontrast computerized
tomography is adequate. Complete blood count, vita-
min B12 levels, thyroid stimulating hormone, calcium
and electrolytes are generally recommended. A rapid
plasma reagin is also frequently included, although
there is some debate on the continued utility of this test.
Newer technologies such as positron emission tomogra-
phy scanning and the apolipoprotein E4 allele carrier
status are generally not helpful in the routine evalua-
tion of dementia. In cases where the diagnosis is in
question, there are neurologic deficits, or at family’s
request, a neurology consultation should be obtained.

TREATMENT

NONPHARMACOLOGIC INTERVENTIONS

Breaking the News
Informing a patient or a family of the diagnosis of

AD is a very difficult and important task. Frequently this
is done inadequately causing unnecessary stress and
negative emotions. As in breaking any bad news, it is
best done in a quiet, comfortable room with adequate
time for questions and concerns. A brief office visit
addressing several other medical issues is not adequate.
The patient should be given assistance finding more
information and accessing community resources.
Although there is some controversy, it is generally
accepted that a cognitively impaired patient should be
informed that he or she has Alzheimer’s dementia.
Patients with very advanced dementia are unlikely to
truly understand the diagnosis and are unlikely to be
harmed by being informed. Less impaired patients
deserve to be informed so they may make decisions to
the extent of their ability.

Early diagnosis is vital to allow patients to plan for the
future. At the time of diagnosis it is helpful to suggest
advance care planning including a living will, power of
Attorney and consideration of higher levels of care,
such as assisted living, personal care or nursing home
placement. The earlier the diagnosis, the more likely
the patient will be able to participate in these decisions.

Safety
Perhaps the most important issue for someone newly

diagnosed with dementia is safety. As a result of
impaired judgment and cognition, a person with AD is
at risk for injury caused by falls, motor vehicle accidents,
household accidents, wandering, or fires. A physical or
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occupational therapist or the family should do a
home safety evaluation, including checking for loose
floorboards or steps, exposed electrical cords, loose
throw rugs, clutter and other fall hazards, and func-
tioning smoke detectors. If there is a risk the patient
may leave the stove on, it should be disconnected.
Prescription medications and household cleaners
should be removed to prevent accidental poisoning.
Firearms and power tools should be removed or stored
in locked cabinets. The clinician should consider sus-
pending driving privileges and suggest disabling the
vehicle in cases where the patient may still drive.

PHARMACOTHERAPY

ASSESSMENT OF PHARMACOTHERAPY

The perfect drug for AD should possess the following
features:

1. Improve memory and cognition.
2. Slow the progression of the disease.
3. Delay admission to nursing home.
4. Control inappropriate and disruptive behaviors.
5. Improve the ability to perform activities of daily 

living (ADL).
6. Decrease the burden to caregivers.

Although there is no perfect drug for AD it is helpful
to consider these features when evaluating the cur-
rently available pharmacologic therapies.

One of the difficulties for clinicians in making treat-
ment decisions is that the outcome measures used in
studies are not common tools used in clinical practice.
Whereas cardiac drug trials typically use endpoints of
death or myocardial infarction, Alzheimer medication
trails use a confusing alphabet soup of cognitive, behav-
ioral and functional assessments, such as the Alzheimer’s
Disease Assessment Scale-cognitive subscale (ADAS-cog),
Clinical Dementia Rating (CDR), Clinician’s Interview
Based Impression of Change plus Caregiver Input
(CIBIC-plus), etc. This has led to concerns that the ben-
eficial outcomes are not always clinically meaningful.
Only a minority of studies use outcomes such as caregiver
time and time to nursing home placement.

Another concern in AD trials is the lack of a gold
standard diagnostic test. Although the diagnosis of AD
is often obvious in a clinical setting, strict diagnostic cri-
teria for research purposes can be problematic. As the
only unequivocal test for AD is autopsy, subjects in
Alzheimer’s disease research are labeled as “probable” or
“possible” Alzheimer. Despite, this, researchers attempt
to use comparable populations, and the majority of
the trials utilize the National Institute of Neurological
and Communicative Disorders and Stroke-Alzheimer’s

disease and Related Disorders Association criteria of
probable or possible AD.4

The domains of function assessed by the commonly
used instruments include cognition, behavior, function,
and global functioning. The U.S. Food and Drug
Administration (FDA) requires that an AD medication
show benefit over placebo in a performance-based
assessment of cognitive function and a clinician’s global
assessment.5 Table 20-1 outlines some of the more com-
monly used assessment methods in AD research.

PHARMACOTHERAPY OVERVIEW

Currently, there are only two classes of medications that
are FDA approved for the treatment of AD, the acetyl-
cholinesterase inhibitors (AchEI) and an N-methyl-
D-aspartate receptor antagonist, memantine. Many other
agents have been evaluated with variable results, includ-
ing nonsteroidal anti-inflammatory agents, herbal prepa-
rations, estrogen, and antioxidants. Anticonvulsants and
antipsychotics and others are frequently used to control
symptoms associated with Alzheimer’s dementia such as
the hallucinations, agitation, and aggression.

ACETYLCHOLINESTERASE INHIBITORS

The first class of medications approved by the FDA for
treatment of AD is the Acetylcholinesterase inhibitors.
These medications include tacrine, donepezil, rivastig-
mine, and galantamine. These medications appear to
act by binding to and inactivating the cholinesterase
enzymes thus preventing degradation of acetylcholine
in the synapse.

The benefits of the AchEI are generally mild. Most
studies’ outcomes were scales of cognition and global
change. Most studies also evaluated behavior and func-
tion, and benefits were found in all these domains. A
meta-analysis of trials on all three approved agents
showed that the number of subjects rated as improved
was 9% in excess of placebo.6 Another meta-analysis
focused on the neuropsychiatric symptoms and func-
tional impairment also found a modest benefit.7 How-
ever, some authors feel that the benefit of these medi-
cines is questionable, as result of methodologic flaws
and the small size of the benefit.8 See Table 20-2 for
overview of selected trials of AchEI.

It is difficult to recommend any one agent over
another in this class, as there is little data to suggest that
any agent is more effective than the others. There is also
little data to support the practice of switching from one
medication in this class to another for a perceived lack
of efficacy. Additionally, there is debate about the
appropriate length of therapy. Given that AD is a
chronic progressive illness with no cure, patients will
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inevitably worsen despite treatment. AchEI should be
stopped when patients progress to the severe stages, as
it is unlikely that they are receiving any clinical benefit
at this point.

There is debate about whether the modest benefits
achieved in the clinical trials merit the expense of these
medications. If the medications can result in decreased
caregiver time, delayed progression to severe disease, or
delay of institutionalization, some of the expense may
be offset. In moderately- to severely-demented subjects,
there may be a modest cost savings for donepezil-

treated patients when factoring in a cost of caregiver
time.9 However, this benefit has not been noted in simi-
lar studies, and the United Kingdom has considered
withdrawing coverage for these medications.10 How-
ever, even a small benefit may be worth a significant
price if it improves a patient’s daily interaction and
communication with their loved one.

It is appropriate for a primary care physician to initi-
ate treatment with these medications when the diagno-
sis is clear. It is important to titrate to the highest rec-
ommended dose, the dose shown to be most effective.

Table 20-1. Assessment Scales Commonly Used in AD Trials

No. of Range of
Test Type Domains Source Items Scores Interpretation

ADAS-cog Cognition Memory, orientation, Patient 11 0–70 Higher score reflects
attention, reasoning, examination worse function
language, praxis

MMSE Cognition Orientation, memory, Patient 0–30 Higher score reflects
language, praxis examination better function

SIB Cognition Social interaction, Patinet 51 0–100
memory, orientation, examination
language, attention, 
praxis

ADCS-CGIC Global Cognition, behavior, Caregiver and 15 1–7 1 � very much  
social functioning patient interview improved, 2 � much

improved, 3 � minimally
improved, 4 � no change, 
5 � minimally worse,
6 � much worse, 
7 � very much worse

CIBIC/CIBIC� Global Patient interview, 
(caregiver
interview-CIBIC�)

CDR Global Memory, orientation, Patient and 0–5 0 � no impairment,
judgment, community informant 0.5 � questionable,
activities, home and interview 1 � mild impairment,
hobbies, personal care 2 � moderate, 3 � severe

GDS Global 1–7 Higher scores worse
ADCS-ADL Functional Informant interview 27
FAST Functional Caregiver interview 16
PDS Functional Caregiver interview 29 0–100
DAD Functional Basic ADL, Caregiver information 40

Instrumental ADL
NPI Behavioral Caregiver interview 10 0–120

ADAS-noncog Behavioral Mood, concentration, 0–50 Higher scores worse
uncooperativeness,
delusions,
hallucinations,
motor activities

BEHAVE-AD Behavioral Paranoia, Caregiver interview 25 Mild,  
hallucinations, and subject moderate,
activity disturbances, observation or severe
aggressiveness, sleep 
disturbances, mood
disturbances, anxiety 
and phobias
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The primary side effects are gastrointestinal, caused by
the cholinergic properties, including diarrhea, nausea,
and vomiting. In clinical trials, the symptoms were most
commonly seen at initiation and dose escalation. They
were generally mild, and resolved with decreasing to
the last-tolerated dose and did not require discontinua-
tion of the drug. The side effects tend to be fairly simi-
lar across the class.

Tacrine
Tacrine was the first AchEI approved for use in

Alzheimer’s dementia, but it is rarely used today because
of limitations and adverse events. It is a nonselective,
reversible AchEI. The half-life is 2 to 4 hours necessitat-
ing multiple daily doses, which can be prohibitive in
this population. Also, tacrine may cause significant ele-
vations in serum aminotransferases, and other severe
side effects.

Donepezil
Donepezil was approved for the treatment of AD

in 1996. Donepezil is a reversible, selective anti-
cholinesterase inhibitor. The half-life is much longer
than tacrine, approximately 70 hours, and is approved
for once daily dosing. Donepezil also has minimal
peripheral anticholinesterase inhibitor activity and thus
has fewer systemic side effects than tacrine. Donepezil is
initiated at a dose of 5 mg daily. After 4 to 6 weeks the
dose can be increased to 10 mg.

Most studies of donepezil in subjects with mild-to-
moderate dementia showed benefit in the cognitive
outcome measures, but the differences were small. For
example, Rogers et al.11 conducted a 15-week, double-
blind placebo controlled study in 468 patients in 23 cen-
ters in the United States. Donepezil showed a mean dif-
ference of 3.1 points for the ADAS-cog at the endpoint.
The investigators also found a mean difference of 0.4
points favoring donepezil on the CIBIC-plus and 1.3
points favoring donepezil on the MMSE. A 1-year placebo
controlled preservation of function study showed that
donepezil extended the mean time to clinically evi-
dent functional decline by 5 months.12 In a meta-
analysis of 16 trials, involving 4365 participants, the
investigators found a statistically significant improve-
ment in cognition at both 24 weeks and 52 weeks, as
well as improvement in global clinical state, behavior,
and ADL.13

There have been a few investigations of more
impaired subjects. Feldman et al.13 conducted a 24-
week, randomized, double-blind study of donepezil in
moderate-to-severe AD, mean MMSE of 5 to 17. The
subjects were all community dwelling or residing in an
assisted living setting. Subjects were excluded if they
required skilled nursing facility placement. Donepezil

showed benefit over placebo in the primary outcome
measure CIBIC-plus at all visits up to week 24 and on
the week-24 visit using last observation carried forward
analysis. There were also benefits seen in measures of
behavior, cognition, and function. Tariot et al.14 evalu-
ated donepezil in a more impaired group of subjects
with AD, mean MMSE 14, who resided in a nursing
home. In this study, the primary efficacy variable was
the Neuropsychiatric Inventory-Nursing Home (NPI-
NH) version and there was no difference between
donepezil and placebo. However, both groups did show
improvement from baseline, probably because of other
medications and nonpharmacologic interventions,
which may have contributed to the lack of drug placebo
difference in this study. Although there was no effect
seen on the primary outcome variable, differences in
the CDR, and MMSE favored donepezil.

Rivastigmine
Rivastigmine is a selective inhibitor of acetyl-

cholinesterase. The half-life of Rivastigmine is 1.5 hours
and it is dosed twice daily. The initial dose of rivastig-
mine is 1.5 mg bid and increased at 2-week intervals by
3 mg/d to a maximum of 12 mg/d. As with other AchEI
the side effects are gastrointestinal and typically occur
at initiation and dose escalation. Rosler et al.17 con-
ducted a study in 725 subjects with mild-to-moderately
severe AD (MMSE 10–26) over 26 weeks. The investiga-
tors found that cognitive function deteriorated in the
placebo group, but improved in the groups on the
higher dose (6–12 mg/d). Significantly, more patients
in the high-dose group showed improvement of 4
points or more on the ADAS-cog, 24% versus 16% for
the placebo group. A meta-analysis of seven studies
involving 3370 participants showed that rivastigmine
at 6 to 12 mg daily was associated with a 2.1 point
improvement on ADAS-cog compared to placebo.21 A
2.2-point improvement on the PDS at 26 weeks was also
found. Smaller doses of rivastigmine were associated
with significant differences in cognition, but not in
other outcome measures.

Galantamine
Galantamine is a selective reversible inhibitor of

acetylcholinesterase and an allosteric modulator at
nicotinic cholinergic receptors. The initial dose is 4
mg twice daily and can be increased by 8 mg/d
divided bid every 4 weeks. The maximum dose is 24
mg/d, and 16 mg/d in patients with hepatic or renal.
Raskind et al.22 conducted a 6-month, multicenter,
double blind, placebo controlled trial in 636 patients
at 33 centers in the United States. In patients with
mild-to-moderate AD, MMSE score of 11 to 24, there
was a 3.9-point difference in the ADAS-cog score in



Table 20-2. Selected trials of AchEI for Treatment of AD

Primary Secondary
Author Duration Subjects No Treatment Outcome Outcome Results Comments

Rogers 12 wks Probable 468 Placebo, donepezil ADAS-cog, MMSE Better outcome on
et al.11 AD, mild-to- 5 mg, donepezil CIBIC� on ADAS-cog,

moderate, MMSE 10 mg CIBIC�, MMSE,
12–26 higher proportion

showing improvement
Mohs 1 yr Probable AD, 431 Placebo, donepezil ADFACS, Donepezil extended 

et al.12 mild-to-moderate, 10 mg MMSE, CDR* median time to
MMSE 12–20 clinically evident decline 

by 5 months
Winblad 1 yr Possible or probable 286 Placebo, donepezil GBS MMSE, PDS, Stabilization in donepzil

et al.15 AD, mild-to- 10 mg NPI, GDS group decline in placebo
moderate, MMSE 
10–26

Feldman 24 wks Probable or possible 290 Placebo, donepezil CIBIC� sMMSE, SIB, Better outcome on Subject more
et al.13 AD, moderate-to- 10 mg DAD, IADL�, measures of function, impaired 

severe MMSE 5–17 NPI, PSMS � cognition, and behavior than in 
FRS for donepzil group most AD 

trials
Tariot 24 wks Possible or probable 208 Placebo, donepezil NPI-NH MMSE,  No difference on Subjects

et al.16 AD, NH residents, 10 mg CDR-SB, NPI-NH, benefit on were in NH
MMSE 5–206 PSMS MMSE and CDR

Rosler 26 wks Probable AD, mild-to- 725 Placebo, ADAS-cog, GDS, MMSE Mean deterioration in
et al.17 moderate MMSE Rivastigmine CIBIC�, PDS placebo with slight

10–26 1–4 mg/d, improvement in 
rivastigmine rivastigmine, greater
6–12 mg/d proportion improving

in the rivastigmine group
Wilcock 6 mo Probable AD, mild-to- 653 Placebo, galantamine ADAS-cog, DAD Galantamine showed 

et al.18 moderate MMSE 24 mg/d, galantamine CIBIC� better outcome on
11–24 32 mg/d ADAS-cog, CIBIC�,

and DAD
Tariot 5 mo Probable AD, mild-to- 978 Placebo, galantamine ADAS-cog, ADCS/ADL, Better outcome in

et al.19 moderate MMSE 16 mg/d, galantamine CIBIC� NPI ADAS-cog, CIBIC�,
10–22 24 mg/d and proportion of

responders
Wilkinson  12 wks Probable AD, mild-to- 285 Placebo, galantamine ADAS-cog CGIC, PDS Significant differences

et al.20 moderate MMSE 18 mg/d, 24 mg/d, favoring galantamine on
13–24 galantamine 32 mg/d ADAS-copg and CGIC

*Analysis done using predetermined criteria for clinically evident decline using these scales.

2
4
0
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favor of the galantamine group and a significant improve-
ment in outcome on the CIBIC-plus. Tariot et al.19 con-
ducted a 5-month randomized, placebo controlled trial
of galantamine that showed a difference of 3.6 points on
the ADAS-cog in favor of galantamine 24 mg/d. This
study also showed a better outcome in ADL, CIBIC�,
and behavioral symptoms. In a 6-month, randomized,
double blind, placebo-controlled study involving 653
patients in Europe and Canada, galantamine showed bet-
ter outcome compared to placebo on the ADAS-cog.18

The mean treatment effect was 3.1 points. In addition,
subjects in the galantamine group were found to have sig-
nificantly better scores on the CIBIC� compared to
placebo. A meta-analysis found statistically significant
consistent positive effects for galantamine with doses of
greater than 8 mg/d.23 The magnitude of the effect was
felt to be similar to other cholinesterase inhibitors.

MEMANTINE

In 2003, the FDA approved a new medication for the
treatment of AD, memantine. Memantine is an uncom-
petitive, N-methyl-D-aspartate receptor antagonist. This
medication is postulated to block the glutamatergic
overstimulation that may result in neurotoxicity. This
neurotoxicity, called excitotoxicity, may play a role in
AD. Memantine is initiated at a dose of 5 mg daily and
increased by 5 mg/d every week to a maximum dose of
20 mg/d divided twice daily.

Unlike the cholinesterase inhibitors, memantine
has been studied in more severely impaired subjects. In
fact, memantine is currently only approved for the
treatment of moderately severe to severe AD. Reisberg
et al.24 conducted a randomized, placebo-controlled,
trial of memantine in 252 patients in 32 centers in the
United States. The subjects had MMSE scores ranging
from 3 to 14 and a stage 5 or 6 on the Global Deterio-
ration Scale. The primary outcome variables were
the CIBIC� and the Alzheimer’s Disease Cooperative
Study Group-Activities of Daily Living modified for
severe dementia (ADCS-ADLsev). The mean difference
between the two groups in the CIBIC� was 0.3 favoring
the memantine group (p � 0.03 analysis of observed
cases, p � 0.06 analysis with lost observation carried
forward). There was significantly less deterioration in
the memantine group compared to placebo group
based on the ADCS-ADLsev with a mean difference of
2.1 (p � 0.02) in the last observation carried forward
and 3.4 (p � 0.003) in the observed case analysis. No
differences were seen in the MMSE, GDS, or NPI. Per-
haps the most beneficial effect seen with memantine
was a reduction in caregivers time, a mean difference
of 45.8 hours (95% CI 10.37–81.27) over 28 weeks. A
meta-analysis of the available trials concluded that

memantine caused a clinically noticeable reduction in
deterioration over 28 weeks in patients with moderate-
to-severe AD.25

COMBINATION THERAPY

Given the different classes of medicines for Alzheimer
type dementia, there is interest in combination therapy.
Tariot et al.16 conducted a study evaluating the addition
of memantine to patients already receiving donepezil.
Four hundred and four subjects with moderate-to-severe
dementia, MMSE 5 to 14, who had been on donepezil
for 6 months and at a stable dose for 3 months, were ran-
domized to receive memantine or placebo. There was a
statistically significant benefit of memantine on the pri-
mary efficacy variables the SIB and the ADCS-ADL and
the secondary outcome variables, NPI, and CIBIC. The
combination was well tolerated, with more patients
discontinuing treatment in the placebo group. The most
common adverse events in the memantine group were
confusion and headache. Although the results of this
trial are promising, whether the same results would be
seen in patients with less severe dementia or with other
AchEI is unknown.

ANTIOXIDANTS

It has been theorized that the neuronal damage in AD
may be related to oxidative stress and the accumulation
of free radicals. This has led to speculation that anti-oxi-
dants may slow the progression of disease. Sano et al.26

conducted a trial of selegiline and 
-tocopherol (vita-
min E) as treatment for AD. This was a randomized,
placebo-controlled double blind trial of 341 patients
with moderate dementia over 2 years. The primary out-
come was the time to death, institutionalization, loss of
ability to perform ADL, or severe dementia (CDR of 3).
In the initial unadjusted analysis there was no differ-
ence in any of the outcome measures. However, the
baseline MMSE was higher in the placebo group, and
when this was used as a covariate, there were significant
delays in the primary outcome for both the selegiline
and the vitamin E groups and the combination group.
However, there were no added benefits seen in the com-
bination group than in either therapy alone. Given the
higher rate of adverse effects with selegiline, this med-
ication is not widely used for AD. The dose of vitamin E
used in this trial, 2000 IU per day, is much higher than
is typically used for other indications for vitamin E ther-
apy and whether lower doses would show the same
results is unclear. This study by Sano et al.26 is to date
the only one with acceptable methodology and given
the questions in interpreting these results, it is difficult
to recommend vitamin E for treatment of AD.27 A further
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concern is that some data suggest a potential harm
from the use of high-dose vitamin E.28

ALTERNATIVE AND HERBAL THERAPIES

Ginkgo Biloba
Given the limitations of the FDA-approved thera-

pies, it is not surprising that many of those afflicted
with or caring for someone with AD seek alternative or
complementary therapies. Perhaps the most com-
monly used herbal preparation is ginkgo biloba. Many
claim that this plant extract has effects on cognition
and memory. However, a randomized controlled trial
of nondemented older subjects did not show any
improvement on neuropsychological tests of learning,
memory, attention, and concentration.29 The extract
of ginkgo biloba, is widely used in Europe for
improved cognition and is approved in Germany for
the treatment of dementia. A 52-week trial in 309
patients with AD or multi-infarct dementia showed a
1.4 point difference in ADAS-cog favoring extract of
ginkgo biloba.30 A meta-analysis of 33 trials of ginkgo
found promising evidence of improvement in cogni-
tion and function.31 However, the authors expressed
concern that many of the trials were small, few used an
intention to treat analysis, and the more recent studies
showed inconsistent results. Larger trials with
improved methodology are necessary to better evalu-
ate the efficacy of ginkgo biloba.

ESTROGEN

The role of estrogen in AD has been debated and there
is some biological plausibility for a beneficial effect on
cognition. Epidemiologic data also suggest a beneficial
effect of hormone replacement therapy (HRT) on cog-
nition. However, in an evaluation of the effects of HRT
on tests of cognitive function in healthy older women in
the Nurses Health Study only tests of verbal fluency
showed improvement while overall cognitive function
seemed to be no different in women who took HRT.32

The Study of Osteoporotic Fractures found that
endogenous estrogen levels were not associated with
improved cognitive performance or likelihood of cog-
nitive decline.33 The Women’s Health Initiative Mem-
ory Study, a randomized double-blind, placebo con-
trolled trial of 4532 postmenopausal women, showed
that estrogen and progesterone replacement therapy
may be associated with an increased risk of developing
AD.34 As there is conflicting evidence about the use of
estrogen as far as prevention of dementia and preserva-
tion of cognition, there is also conflicting data about
the use of estrogen for the treatment of AD. In a small
study involving only 20 women with mild-to-moderate

dementia, high-dose estrogen improved attention and
memory.35 However, a larger study of 50 women with
mild-to-moderate dementia found no improvement in
cognition, dementia severity, or behavior over 12
weeks.36 In larger study involving 120 participants in the
AD Cooperative Study with mild-to-moderate AD
(MMSE 12–28), found no difference on the primary
outcome variable, the CGIC, between estrogen and
placebo.37 Given data from the Women’s Health Initia-
tive Study suggesting increased risk of stroke with HRT
and the lack of data suggesting a benefit in treatment of
AD, it is not recommended to use HRT to treat AD.38,39

Anti-Inflammatory Agents
Evidence suggests there may be an inflammatory

contribution to the development of AD. Thus, it is plau-
sible that nonsteroidal anti-inflammatory drugs may
treat or prevent Alzheimer. There is evidence from case
control trials that nonsteroidal anti-inflammatory drugs
may have an effect in preventing dementia.39,40 Several
different agents have been evaluated. A small trial of
indomethacin suggested some benefit in cognition but
more than 20% of patients had adverse effects leading
to discontinuation of the trial.41 Rofecoxib was not
found to be superior to placebo in 692 patients with
mild-to-moderate AD over 12 months in measures of
cognition or global impression of disease severity.42

Rofecoxib and naproxen showed no benefit for the
treatment of mild-to-moderate AD.43 Given the risk of
gastrointestinal bleeding with nonselective cyclooxyge-
nase inhibitors and the more recent concerns regard-
ing the Cox-2 inhibitors, these agents should not be
used for the treatment of AD.44

TREATMENT OF BEHAVIORAL ASPECTS OF AD

One of the most distressing aspects of dementia for
families and caregivers is agitation and disruptive
behaviors, which frequently leads to institutionaliza-
tion. It is also a frequent source of frustration on the
part of the clinician. There are several agents that are
used for the treatment of the behaviors associated with
AD, including antidepressants, mood stabilizers,
antipsychotics, anticonvulsants, the AchEI, and meman-
tine.

ANTIPSYCHOTICS

The most commonly used medications for controlling
agitation, psychosis, and behaviors in dementia are the
antipsychotics. The older antipsychotics have been
used for treatment of psychosis in dementia, but the
side effects, such as the extrapyramidal symptoms, are
often limiting. A randomized, double blind placebo
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controlled trial of haloperidol for psychosis and disrup-
tive behaviors in 71 subjects with AD showed no differ-
ence with 0.5–0.75 mg/d compared to placebo.45

Patients on 2–3 mg/d had a higher response rate with a
reduction of psychosis and disruptive behaviors, but a
20% increase in extrapyramidal effects. The authors
recommended starting at 1 mg/d with gradual dose
titration to 2–3 mg/d. Another trial showed no differ-
ence between haloperidol, trazodone, behavioral man-
agement techniques (BMT), or placebo.46 Haloperidol
was initiated at 0.5 mg/d and increased until the subject
improved, significant adverse events were noted or to a
maximum of 3 mg/d. The mean dose of haloperidol
was lower in this trial, 1.8 mg/d, and fewer side effects
were seen. An analysis of the available trials of haloperi-
dol for agitation concluded that haloperidol decreased
aggression but did not decrease agitation and increased
some adverse events.47

The second generation antipsychotics are less likely
than the older agents to have extrapyramidal side
effects and are frequently used in the management of
behavioral symptoms in AD; however these agents are
not FDA approved for this purpose. Risperidone,
olanzapine, and aripiprazole have shown modest
benefits; however these trials also showed a large
placebo response and the differences were modest
over placebo.48–50 The FDA has issued a health advi-
sory reporting increased mortality in elderly patients
with dementia-related behavioral disorders treated
with these agents.51 There are also concerns that
these agents may promote a decline in cognition. One
study showed no benefit in behaviors from quetiapine
or rivastigmine compared to placebo, and quetiapine
was associated with greater cognitive decline.52 These
medications have significant side effects, including falls,
hyperglycemia, and stroke.

These agents are probably overprescribed in the
nursing home population. However, this class still prob-
ably represents one of the more effective and well-stud-
ied class of medications for the treatment of agitation in
Alzheimer’s dementia. Primary care physicians who pre-
scribe these medicines should start with low doses,
increase carefully, monitor closely, and consult a spe-
cialist in difficult cases.

MOOD STABILIZERS

The mood stabilizers carbamazepine and valproate are
commonly used for the management of behaviors in
AD. Carbamazepine provided some benefit in manag-
ing agitation in 51 nursing home patients.53 However,
some caution against their use because of side effects
and limited supporting data.54

DISCUSSION OF TREATMENT OPTIONS

There are several important issues to discuss with capa-
ble patients and their family members. Family members
and caregivers should be informed of the limitations of
these medications. Those seeking a cure or even a rever-
sal of the inevitable progressive decline in cognition will
be disappointed. Therefore, it is important to discuss
realistic outcomes. Financial considerations are a com-
mon barrier to medication compliance. Given the
expense involved in caring for someone with AD includ-
ing possibly nursing home care, incontinence supplies,
and home health equipment, as well as medications for
other comorbid conditions, the additional expense of a
rather costly AD medication could be prohibitive. Some
may feel that the modest benefits are not worth the
additional expense. Discussion of some of the unan-
swered questions involved in treatment of AD should
also be considered when initially prescribing the med-
ication. These include a discussion of the uncertainty
over the duration of therapy and whether to continue
therapy when the patient has advanced to the severe
stages.

EVIDENCE-BASED SUMMARY

• The acetycholinesterase inhibitors are FDA-
approved for mild-to-moderate AD and show
modest benefits on measures of cognition,
function, and behavior.

• There is no definite benefit of one acetyl-
cholinesterase over another.

• Memantine is FDA-approved for moderate-to-
severe Alzheimer’s dementia and shows benefit
on measures of cognition, function, behavior,
and caregiver time.

• There may be benefit in adding memantine to
donepezil.

• The medications have not been shown to delay
institutionalization and cost effectiveness is
unproven.

• The primary adverse events for AchEI are gas-
trointestinal including diarrhea and nausea.

• There is little evidence to support using vita-
min E.

• There is no evidence to support using estro-
gen or anti-inflammatories.

• There is little evidence supporting any class of
medication in treating behavioral symptoms of
AD, including agitation and aggression, but the
atypical (second generation) antipsychotic med-
ications can be used at low doses with caution.
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SEARCH STRATEGY

This chapter was developed by searching the National
Guideline Clearinghouse for all available treatment guide-
lines for depression. These guidelines were narrowed
down to those focused on depression in the primary care
setting. Epidemiologic information about depression was
obtained from the National Institute of Mental Health and
the World Health Organization. Additional evidence-based
information from each section was obtained through Med-
line searches using the words, “depression” or “depressive
disorder,” “antidepressants,” and “primary care.”

INTRODUCTION

Depression is a whole body illness that can affect one’s
mood, thoughts, and physical well-being. Depressive
symptoms may last weeks, months, or even years if left
untreated.1 The lifetime prevalence for major depres-
sive disorder (MDD) ranges from 10% to 25% for
women and 5% to 12% for men.2 Statistics from the
National Institute of Mental Health show that depres-
sion is a widespread illness affecting approximately 18.8
million Americans in any given year.3 It is estimated that
32 to 35 million American adults will suffer from MDD
in their lifetime.4 Nearly one in six individuals with
severe, untreated depression will commit suicide.1

In 2004, the World Health Organization (WHO)
reported that 11.9% of disability is caused by unipolar
depressive disorders; these disorders are the leading
source of years with disability.5 Depression causes more
disability than hypertension, diabetes, cardiovascular dis-
ease, or low back pain1 It is estimated that the annual
direct cost of depression in the United States is $ 26 mil-
lion.4 Workers with depression cost employers in excess of
$30 billion per year in lost productivity.1 By the year 2020,

depression is projected to reach second place on disabil-
ity adjusted life years calculated for all ages by the WHO.5

Depression is one of the top five conditions seen by
primary care physicians. In fact, depressive disorders
are one of the most common reasons for primary care
visits. Fifty to sixty percent of all antidepressant therapy
prescriptions are generated by primary care physi-
cians.6 Despite its recognition as a major health con-
cern, depression is often under-recognized and left
untreated. The WHO reported that fewer than 25% of
all individuals with depression receive care.5 Many
patients are reluctant to seek treatment for fear of the
stigma of having a mental disorder or are unaware of
the gravity of the illness.

CLINICAL PRESENTATION

Individuals with a depressive disorder present with vary-
ing symptoms, the most evident being depressed mood.
Patients may report loss of interest in activities, includ-
ing sex. Patients may also report sleep disturbances,
alterations in appetite, or significant changes in weight.
Concentration may be impaired or patients may com-
plain of distractibility. Hopelessness, helplessness, or
feelings of excessive guilt may be present. Patients can
feel fatigued, worn down, or exhausted even with little
to no exertion. Movements may be either visibly slowed
or increased. In addition, rate of speech may be
decreased, as well as volume.

Healthcare providers must also be cognizant of non-
specific signs and symptoms, including vague somatic
complaints, which may be related to a depressive disor-
der. Often the etiology of these complaints cannot be
determined. Symptoms such as headaches, gastroin-
testinal ailments, or bone or muscle aches that do not
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respond to appropriate medical treatment suggest a
possible depressive disorder. Patients with persisting
conditions despite adequate treatment should be evalu-
ated for depression.

Current psychosocial stressors can affect mood and
must also be examined. These include financial con-
cerns, issues with marital or familial relationships, med-
ical conditions, and work stressors. Patients with pre-
dominant psychosocial issues may be candidates for
psychotherapy.

Patients with comorbid medical conditions, such as
diabetes, cancer, myocardial infarction, and stroke
need to be monitored for depression. It is estimated
that 20% to 25% of patients with these conditions will
suffer from a depressive episode.2 Depression with
comorbid medical conditions increases the complexity
of the management of both conditions and makes the
prognosis less favorable.2

SCREENING INSTRUMENTS

Because depression is often missed, routine screening
for the disorder is recommended.7 The optimal inter-
val between screening is unknown, but recurrent
screening may be most beneficial in patients with a his-
tory of depression, other psychological comorbidities,
substance abuse, chronic pain, or somatic symptoms.7

At a minimum, all patients should be routinely
assessed for depressed mood and loss of interest or
pleasure.8,9

There are a variety of tools available for use in the
primary care setting. The Primary Care Evaluation of
Mental Disorders (Prime-MD): 2 Item and the Brief
Patient Health Questionnaire (BPHQ) each use simple
yes or no questions (Table 21-1). If a patient answers yes
to either of these questions, a more detailed interview
should be performed. The 2-item questionnaires offer
equal sensitivity but with less precision compared to
extensive screening tools.

Other instruments are available but take longer to
complete. Depression-specific tools such as the Beck
Depression Inventory, Quick Inventory of Depressive
Symptoms Self Report, the Center for Epidemiologi-
cal Studies-Depression Scale, Zung Depression Scale,
and Hamilton Depression Rating Scales are useful for
more extensive assessment of symptoms. However,
each of these tools also offers shorter, more time effi-
cient versions that may be used in primary care
settings. These instruments are available for adminis-
tration by a clinician or self administration by the
patient.

DIAGNOSIS

DIAGNOSTIC CRITERIA

The diagnosis of a depressive disorder is formulated uti-
lizing the specific criteria set forth in the Diagnostic and
Statistical Manual of Mental Disorders, Fourth Edition, Text
Revision which include depressed mood, sleep or
appetite disturbances, impaired concentration, aner-
gia, and suicidal or homicidal ideation (Table 21-2). For
a depressive episode, the specific symptoms must be
present for at least 2 weeks, for most of the day, nearly
every day, during that period. Additionally, the pres-
ence of symptoms must cause clinically significant dis-
tress or impair functioning in at least one domain:
home, work, or social interactions. Diagnostic criteria
for depression may be remembered utilizing the
mnemonic of Sleep, Interest, Guilt, Energy, Concentra-
tion, Appetite, Psychomotor Activity, Suicidal Ideation
(SIGECAPS) (Table 21-3). Careful evaluation must be

Table 21-1. Depression Screening Questions

Prime-MD: 2 Item Depression Screening8

In the past month, have you often been bothered by feeling 
down, depressed, or hopeless? 

In the past month, have you often been bothered by little 
interest or pleasure in doing things?

BPHQ: 2 Item Depression Screening9

In the past 2 weeks, have you often been bothered by feeling 
down, depressed, or hopeless? 

In the past 2 weeks, have you often been bothered by little 
interest or pleasure in doing things?

Table 21-2. Diagnostic Criteria for MDD2

Criteria Symptoms

At least 5 symptoms with at Depressed mood
least one being depressed Diminished or loss of 
mood and/or loss of interest/pleasure
interest/pleasure Weight or appetite disturbances

Symptoms cause distress or Insomnia or hypersomnia
impair function Restlessness or being slowed 

Symptoms are not due to down
general medical condition Fatigue or loss of energy 

Symptoms are not a reaction Feelings of worthless/guilt
to a death Decreased ability to think or 

Symptoms do not occur in concentrate
the context of schizo- Thoughts of death/suicide
phrenia, schizophreniform 
disorder, delusional 
disorder, or psychotic 
disorder NOS

Source: APA. Man of Mental Dis, 4/e. DC: APPress/2000.
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performed to rule out medical causes (including neu-
rological conditions and hormonal dysregulation).

PHYSICAL FINDINGS

No specific findings upon physical examination can be
used to diagnose a depressive disorder. Likewise, labo-
ratories cannot be used to “rule in” depression. How-
ever, these can be utilized to rule out medical causes of
the patient’s symptoms, such as hypothyroidism.

DIAGNOSTIC EVALUATION

A complete psychiatric evaluation should be performed,
including a detailed history of present illness and
description of current symptoms. A thorough psychi-
atric history must be obtained, including prior treat-
ment and response, psychiatric hospitalizations, suicide
attempts, and possible symptoms of mania. The practi-
tioner should also detail substance abuse history, social
history, and developmental history. Taking a family history
of psychiatric illness is also necessary. A comprehensive
review of medications is required. Physical examination,
mental status examination, and laboratories including
CBC, thyroid function, and serum chemistries should be
performed.

SUICIDALITY

Assessment of the patient’s risk for suicide is imperative.
Determination of the presence or absence of suicidal or
homicidal ideation, as well as measure of intent and
extent of preparation is crucial. The clinician must
determine the availability and means for a suicide
attempt and make a clinical judgment on the lethality
of those means. History of prior attempts should also be
elucidated, as well as family history of suicide and
recent exposure to suicide.10 Patients with suicidal or
homicidal ideation, intentions, or plans require close
monitoring and should be referred to a psychiatrist.
Factors that may increase a patient’s risk for suicide

include the presence of psychotic symptoms, severe
anxiety, panic attacks, and substance or alcohol abuse.

PSYCHIATRY CONSULT

Patients with depression should be referred to a psychia-
trist if the patient is deemed at risk for suicide, or if psy-
chotic features are present. Additionally, a consult
should be submitted if the patient requires psychiatric
hospitalization. A consultation is recommended if the
patient fails an adequate trial of antidepressant medica-
tion of at least 6 weeks’ duration or if the patient has a
need for psychotherapy in addition to medication.
Patients with a history of manic symptoms (i.e.,
decreased need for sleep, pressured speech, grandiosity,
flight of ideas, or distractibility) should be referred to a
psychiatrist for evaluation and treatment. Significant
comorbidity, either medical or psychiatric, is also reason
for referral to a psychiatrist. For “special populations”
such as patients with substance abuse and psychiatric
comorbidities, especially bipolar disorder, consider
involving a substance abuse or mental health specialist.

MANAGEMENT

Depression can be treated with pharmacotherapy, psy-
chotherapy, or a combination of both depending on
severity of illness. Electroconvulsive therapy (ECT) can be
used for those patients refractory to other treatments. No
antidepressant agent or class has been shown to be more
effective than the others. Therefore, selection of an anti-
depressant medication is based on potential side effects,
prior response, comorbid medical conditions, patient
preference, and medication cost. In most patients, SSRIs,
bupropion, mirtazapine, venlafaxine, desipramine, and
nortriptyline are appropriate agents.10,11

Patients initiated on antidepressant medication
should be informed of potential side effects and moni-
tored carefully to assess treatment response, emergence
of adverse effects, clinical condition, and safety. Fre-
quency of monitoring should be dependent on the
severity of illness, cooperation with therapy, presence of
social supports, and comorbid medical conditions. Fol-
low-up should occur often enough to evaluate suicidality
and encourage compliance with treatment.10

DURATION OF TREATMENT

Treatment for depression is divided into three phases
(Fig. 21-1). The first, the “acute phase,” includes the first
3 months of treatment. During this phase, strict moni-
toring of the patient’s severity of illness including suici-
dality, medication compliance, side effects, and safety
is required. The American Psychiatric Association

Table 21-3. SIGECAPS Mnemonic

SIGECAPS Mnemonic:
In the past 2 weeks have you experienced . . .

Sleep disturbance (insomnia/hypersomnia)
Loss of Interest or pleasure
Guilt (hopelessness, worthlessness or regret)
Energy deficit
Concentration impairment
Appetite or weight changes
Psychomotor agitation or retardation
Suicidal or homicidal ideation
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recommends weekly visits during this period for 
less-severe cases, up to multiple times per week for
more-severe cases of depression. The goal of treatment
should be remission of the patient’s depression symp-
toms, defined as minimal to no signs of depression
remain. Response is defined as a significant level of
improvement or 50% decrease in severity. By the sixth to
eighth week of treatment, there should be a least a mod-
erate improvement in depressive symptoms. If a moderate
reduction in symptoms is not achieved by week 8, a dosage
increase or medication change should be implemented.

The second phase, or “continuation phase,” is the 16
to 20 weeks following remission. Patients on pharma-
cotherapy for depression should remain on their med-
ication at the same dose during this phase to prevent
relapse of the depressive episode. There is no data to
support the reduction in antidepressant dosage during
the continuation phase.

The third phase is the “maintenance phase.” Dur-
ing this period, patients are treated to prevent recur-
rence of the disorder. Without long-term antidepres-
sant therapy, relapse and recurrence occur in 50% to
80% of patients.11 A multitude of factors must be
addressed while considering maintenance treatment.
First, the risk of recurrence for the patient can be eval-
uated by examining the number of prior episodes, the
presence of comorbid conditions, and residual symp-
toms present between episodes.10 The severity of
episodes, such as suicidality, psychotic features, or
severe functional impairments, should also be taken
into account.10 The patient’s tolerability with the cur-
rent medication regimen should be considered. Lastly,

the patient’s willingness to continue the medication
must be assessed. All these factors must be weighted
together to determine if the patient should receive
maintenance treatment.

The Institute for Clinical Systems Improvement
guidelines suggest that patients with first-episode
depression should be treated for 6 to 12 months;
patients with a second episode should be treated for 3
years.11 Those with a second episode with complicating
factors (preexisting dysthymia, inability to reach full
remission, or recurrence with dose lowering or discon-
tinuation) should receive lifelong treatment.11 Patients
with three or more episodes of depression should be
treated lifelong with antidepressant therapy.11,12

PHARMACOTHERAPY

There are many pharmacotherapeutic options for
depression. Each class of antidepressant medications
are briefly discussed in this section. Starting and target
doses of each medication are listed in Table 21-4.

Selective Serotonin Reuptake Inhibitors
The selective serotonin reuptake inhibitors (SSRIs)

are considered first-line treatment for depression,
because of efficacy, tolerability, and safety in overdose.
In addition, both the quality and quantity of clinical
data supporting their use has lead to their widespread
use. The SSRIs act by selectively binding to the sero-
tonin transporter preventing the reuptake of sero-
tonin. These agents are equally efficacious in treating
depression, but differ in side effect burden and drug

Figure 21-1. Phases of treatment for depression. (Adapted from Kupfer DJ. Long-
term treatment of depression. J Clin Psychiatry. 1991;52(Suppl):28–34.)
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interaction profile. Additionally, the availability of
generic products for citalopram, fluoxetine, and parox-
etine allows for lower cost. Selection of an agent should
be made after careful consideration of these three dis-
tinctions between medications rather than minimal dif-
ferences in efficacy.

Second-Generation Antidepressants
The second-generation antidepressants include

medications with dual reuptake inhibition and/or non-
selective binding, such as bupropion, duloxetine, mir-
tazapine, nefazodone, trazodone, and venlafaxine.
Each medication has its own distinct receptor binding

Table 21-4. Commonly Used Antidepressant Medications (list is representative, not 
Comprehensive)

Starting Dose Usual Dose Cost/30-Day
Generic Name (mg/d)* (mg/d)‡ Prescription§

SSRIs†

Citalopram 20 20–60‡ $44.99–134.97
Escitalopram 10 10–20‡ $72.99–74.99
Fluoxetine 20 20–60‡ $24.99–74.97
Paroxetine 20 20–60‡ $57.99–173.97
Sertraline 50 50–200‡ $86.99–173.98

Dopamine-norepinephrine
reuptake inhibitors†

Bupropion, 200 200–450 $47.40–107.98
immediate release

Bupropion, sustained 150 150–400 $86.99–173.98
release

Bupropion, extended 150 150–450 $113.99–148.99
release

Serotonin-norepinephrine
reuptake inhibitors†

Venlafaxine 37.5 75–375 $71.50–220.49
Venlafaxine, extended 37.5 75–225 $99.99–229.98
release
Duloxetine 30 40–60 $109.99–200.99

Norepinephrine-serotonin
modulator

Mirtazapine 15 15–45 $75.99–$79.99
Serotonin modulators

Nefazodone 50 150–300 $66.99–67.99
Trazodone 50 75–300 $9.99–40.98

Tricyclic and tetracyclic
Tertiary amine tricyclics

Amitriptyline 25–50 100–300 $7.99–17.99
Clomipramine 25 100–250 $37.20–103.98
Doxepin 25–50 100–300 $12.99–49.99
Imipramine 25–50 100–300 $20.40–61.20

Secondary amine tricyclics
Desipramine† 25–50 100–300 $19.99–92.39
Nortriptyline† 25 50–200 $18.99–58.49

Tetracyclics
Amoxapine 50 100–400 $38.10–152.40
Maprotiline 50 100–225 $29.94–76.50

MAOIs
Phenelzine 15 15–90 $19.20–115.20
Tranylcypromine 10 30–60 $101.70–203.40

*Lower starting doses are recommended for elderly patients and for patients with panic disorder, significant anxiety 
or hepatic disease, and general comorbidity.
†These medications are likely to be optimal medications in terms of the patient’s acceptance of side effects, safety, 
and quantity of clinical trial data.
‡Dose varies with diagnosis
§Cost estimated from price of prescription from retail pharmacy
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profile and is unique in mechanism of action, side
effect profile, and pharmacokinetic parameters. These
medications are used as first- or secondline treatment
for depression. Bupropion, mirtazapine, and venlafax-
ine are incorporated in most guidelines as first-line
agents because of safety profiles similar to the SSRIs.
Bupropion is a dual reuptake inhibitor of dopamine
and norepinephrine. Mirtazapine is a potent sero-
tonin-2 and serotonin-3 receptor antagonist, which also
exhibits strong histamine-1 antagonist and 
-2 block-
ing properties, as well as moderate 
-1 antagonism.
Venlafaxine is a potent inhibitor of serotonin and
norepinephrine and a weak inhibitor of dopamine.
Duloxetine is an equipotent inhibitor of serotonin and
norepinephrine. Duloxetine is not included in most of
the recent guidelines as a result of its recent release
onto the market, but it would be assumed to be a first-
or second-line agent unless some undue side effects
present themselves.

Trazodone blocks serotonin reuptake, histamine-1,
and 
-1 receptors. Trazodone is typically reserved for
second-line treatment because of the higher sedative
properties seen with doses used for depression. Nefa-
zodone is a serotonin and norepinephrine reuptake
inhibitor with serotonin-2 and 
-1 antagonism. Nefa-
zodone is considered as a last-line agent in many
guidelines as a result of the black box warning issued
by the FDA for hepatic failure. The incidence of
hepatic failure with nefazodone is one in every 250000
to 300000.

Tricyclic Antidepressants
Tricyclic antidepressants (TCAs) are typically first- to

third-line agents for the treatment of depression
because of increased side effects, risk of overdose, and
drug interactions exhibited in comparison to SSRIs and
second generation antidepressants. Some of the more
commonly prescribed TCAs are amitriptyline, nortripty-
line, imipramine, desipramine, and doxepin. The sec-
ondary amine TCAs such as desipramine are generally
better tolerated and are less sedating than the tertiary
amine compounds (amitriptyline and nortriptyline). As
these agents are all available in generic form, the cost of
these medications may be substantially less than other
classes of antidepressants.

Monoamine Oxidase Inhibitors
Although more effective than TCAs in atypical

depression, monoamine oxidase inhibitors (MAOIs)
are typically last-line pharmacological agents because of
their high side effect profiles, risk of overdose,
drug–drug interactions, and drug–food interactions.
These agents are usually restricted to patients who have

EVIDENCE-BASED SUMMARY

• Common depressive symptoms include depres-
sed mood, loss of interest or pleasure, appetite
changes, sleep disturbances, decreased energy,
impaired concentration, and thoughts of
death or suicide.

• Various tools can be utilized to screen for
depression including the Prime MD: 2 item
and BPHQ 2 item depression screening ques-
tions

• No antidepressant agent or class has been
shown to be more effective than the others.
Therefore, selection of an antidepressant med-
ication is based on potential side effects, prior
response, comorbid medical conditions, patient
preference, and medication cost.

• During the “acute phase” of a depressive epi-
sode, patients should be monitored closely for
safety, tolerability, and suicidality.

• Patients with first-episode depression should
be treated at minimum for 6 months after
obtaining remission; those with 3 or more
episodes should receive lifelong therapy.

failed all other pharmacological treatments. The
MAOIs include tranylcypromine and phenelzine.

ELECTROCONVULSIVE THERAPY

ECT is a very effective treatment option for depression.
ECT can be used in patients who have failed medication
therapy either because of adverse side effects or lack of
efficacy. Clinical data supports ECT in geriatric depres-
sion, depression with psychotic features, catatonia, and
in patients with depression and Parkinsonism.11 The
use of ECT is often performed in patients with severe,
refractory depression. Unfortunately, the number of
institutions and psychiatrists performing the procedure
are limited in many areas.

PSYCHOTHERAPY

Psychotherapy is an effective, viable option for the
treatment of depression. Various treatment approaches
have been found to be effective, such as cognitive–
behavioral, interpersonal, and structured educational
group therapy.11 Psychotherapy should be considered
in patients with depression involving psychological and
psychosocial issues. Psychotherapy involves a consulta-
tion to a mental health care professional that provides
this care.
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SEARCH STRATEGY

A comprehensive search of the medical literature was per-
formed from January 1999 to December 2005. The search,
limited to human subjects and English language journals,
included MEDLINE®, PubMed, and the Cochrane Data-
base of Systematic Reviews.

Anxiety disorders are vastly prevalent and often coexist
with depression. The lifetime prevalence of anxiety dis-
orders is approximately 29%, affecting one in four
adults.1 Symptoms of anxiety are more common in
patients who are frequent users of healthcare resources.
The diagnosis of an anxiety disorder requires signifi-
cant impairment in daily functioning. Less than a third
of patients diagnosed with anxiety disorders in primary
care receive adequate counseling or drug therapy.2 Five
anxiety disorders commonly encountered in practice
will be discussed in this chapter: Generalized anxiety
disorder, panic disorder, posttraumatic stress disorder,
social anxiety disorder, and obsessive–compulsive disor-
der (OCD).

Anxiety disorders are diagnosed using specific crite-
ria from the Diagnostic and Statistical Manual of Mental
Disorders, Fourth Edition, Text Revision.3 Medical and
pharmacological etiologies for anxiety should be
assessed before diagnosing an anxiety disorder. Com-
mon medical conditions associated with anxiety include
coronary artery disease, angina, stroke, hyperthy-
roidism, and pheochromocytoma. Drug-induced causes
include stimulants, corticosteroids, anticonvulsants,
antidepressants, sympathomimetics, thyroid hormones,
and alcohol or central nervous system depressant with-
drawal. A thorough history, including alcohol and sub-
stance use, should be obtained.

GENERALIZED ANXIETY DISORDER

CLINICAL PRESENTATION

Generalized anxiety disorder is a chronic disorder char-
acterized by persistent, uncontrollable worry and anx-
ious feelings that are difficult to control. Life stressors
can worsen symptoms, but treatment is necessary for
remission to occur. The lifetime risk of generalized anx-
iety disorder is 5.7%.1

DIAGNOSTIC EVALUATION

Anxiety symptoms must exist nearly every day for a min-
imum of 6 months for a diagnosis of generalized anxiety
disorder. At least three of the following symptoms must
be present: Fatigue, irritability, sleep disturbance, rest-
lessness or feeling on edge, muscle tension, and poor
concentration.1,4 Increased heart rate may be evident
on physical examination.

MANAGEMENT

The two modes of treatment for generalized anxiety dis-
order are drug therapy and psychotherapy. Psychother-
apy should be considered for all patients with general-
ized anxiety disorder.4 Antidepressants (i.e., selective
serotonin reuptake inhibitors [SSRIs], serotonin norepi-
nephrine reuptake inhibitors [SNRIs], or tricyclic anti-
depressants [TCAs]) are first-line agents because of the
high comorbidity of depression and the chronicity of
generalized anxiety disorder.5 The SNRIs, venlafaxine
and duloxetine, and the SSRIs, escitalopram and paroxe-
tine, have less adverse effects than TCAs, and are first-
line agents indicated for use in generalized anxiety
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disorder (Table 22-1). The onset of anxiolytic effects of
antidepressants is 2 to 4 weeks and optimal response may
take 6 to 8 weeks or longer, but both the psychic and
somatic symptoms are relieved.4 Benzodiazepines reduce
the somatic symptoms and can provide relief in acute sit-
uations.4 Long-term use of benzodiazepines is associated
with dependence, withdrawal, and lack of documented
efficacy. Buspirone and hydroxyzine are alternatives with
a lag-time of effect similar to antidepressants but lack
dependence and abuse.4,5 The duration of treatment is
not well defined, 12 months or for life is suggested.

PANIC DISORDER

Panic disorder is a chronic, relapsing illness with a life-
time prevalence rate of 4.7%.1 It is characterized by
recurrent panic attacks (distinct periods of unprovoked
fear and discomfort). Panic attacks can include a com-
bination of somatic (e.g., palpitations, sweating, chills,
paresthesias, tremors, shortness of breath, feeling of
choking, chest pain, gastrointestinal distress, dizziness)
and psychic symptoms (i.e., fear of losing control, dere-
alization, depersonalization, fear of dying) that peak
within 10 minutes.3

DIAGNOSTIC EVALUATION

Panic disorder is diagnosed when unexpected panic
attacks recur and one attack is followed by anticipatory
anxiety about having another attack, worrying about the
implications of the attack, or a distinct change in behavior
as a result of the attack (e.g., avoiding shopping because a

panic attack occurred in the mall).3,4 Panic disorder is
often misdiagnosed as physical illness. Also, patients can
present with agoraphobia. Individuals with severe symp-
toms may require hospitalization for stabilization.

MANAGEMENT

Pharmacotherapy and cognitive behavioral therapy
(CBT) are effective in panic disorder. An acute panic
attack can be relieved by benzodiazepines. The SSRIs,
TCAs, or extended-release venlafaxine should be used for
maintenance therapy to reduce panic symptoms and the
frequency of attacks. The SSRIs are first-line agents—flu-
oxetine, paroxetine, and sertraline are approved for
panic disorder. Venlafaxine extended-release was recently
approved for panic disorder. TCAs and monoamine oxi-
dase inhibitors (MAOIs) are also effective, but less well
tolerated. The dose of antidepressants must be low ini-
tially and titrated gradually to avoid activating effects
(e.g., insomnia, restlessness). Antidepressants require 6 to
8 weeks for response. High-potency benzodiazepines (i.e.,
alprazolam, clonazepam) are effective in panic disorder
and provide a faster onset of effect; however, discontinua-
tion can be problematic. An initial combination of a ben-
zodiazepine for 4 to 6 weeks and an antidepressant can be
used to stabilize symptoms.4,5 The minimum duration of
therapy is 12 to 18 months.5

POSTTRAUMATIC STRESS DISORDER

Posttraumatic stress disorder requires an exposure (i.e.,
witnessing, experiencing, or confronting) to a traumatic

Table 22-1. First- and Second-line Pharmacotherapy of Anxiety Disorders

Anxiety Disorder First-Line Drugs Second-Line Drugs Alternatives

Generalized anxiety SNRIs Benzodiazepines Hydroxyzine
Paroxetine Imipramine
Escitalopram Buspirone

Panic disorder SSRIs Imipramine Phenelzine
Venlafaxine XR* Clomipramine

Alprazolam
Clonazepam

Posttraumatic Paroxetine Phenelzine
stress disorder Sertaline TCAs

Social anxiety disorder Paroxetine Citalopram Buspirone
Sertraline Escitalopram Gabapentin
Venlafaxine XR* Fluvoxamine Phenelzine

Clonazepam
OCD SSRIs Clomipramine

*XR,, extended release.
Adapted from: Kirkwood CK, Melton ST. Anxiety disorders I: Generalized anxiety, panic, and social anxiety disorders.
In: Dipiro JT, Talbert RL, Yee GC, eds. Pharmacotherapy: A Pathophysiologic Approach, 6th ed. New York, NY: McGraw-
Hill; 2005:1285; Kirkwood CK, Makela EH, Wells BG. Anxiety disorders II: Posttraumatic stress disorder and
obsessive–compulsive disorder. In: Dipiro JT, Talbert RL, Yee GC, eds. Pharmacotherapy: A Pathophysiologic Approach, 6th
ed. New York, NY: McGraw-Hill; 2005:1307; Cymbalta [package insert]. Indianapolis, IN: Eli Lilly & Company; 2007.
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event (e.g., rape, motor vehicle accident, a death) that
led to real or threatened injury or death, or a risk to the
safety of the patient or others.3 The individual must have
reacted with extreme fear, horror, or helplessness. The
lifetime prevalence rate of posttraumatic stress disorder
is 6.8%.1

CLINICAL PRESENTATION

Patients with posttraumatic stress disorder report symp-
toms in three core areas: reexperiencing, avoidance,
and hyperarousal. Symptoms of re-experiencing
include recurrent images or thoughts of the event,
dreams or flashbacks, feelings as if the event were reoc-
curring, or distress with reminders of the event. The
inability to recall aspects of the trauma, restricted affect,
and efforts to avoid thoughts or conversations about the
event encompass avoidance behavior. Increased arousal
includes hypervigilance, sleep disturbances, difficulty
concentrating, and an exaggerated startle response.

DIAGNOSTIC EVALUATION

The duration of posttraumatic stress disorder symp-
toms exceeds 1 month. Patients must have one or more
symptoms of experiencing, three or more avoidance
behaviors, and at least two symptoms of hyperarousal to
meet the criteria for posttraumatic stress disorder.3

MANAGEMENT

Treatment options for posttraumatic stress disorder
include drug therapy and/or CBT. The SSRIs are first-
line treatment for reduction of the core symptoms of
posttraumatic stress disorder.6,7 TCAs and MAOIs are also
effective. Antidepressants require at least 8 weeks to assess
efficacy in posttraumatic stress disorder. Benzodiazepines
can reduce anxiety and improve sleep disturbances, but
should not be used as monotherapy because of reports of
worsened symptoms. Atypical antipsychotics, anticonvul-
sants, 
2-adrenergic agents, and �-adrenergic blockers
are agents that can be used as adjuncts to manage symp-
toms of psychosis, mood instability, and autonomic symp-
toms.6 CBT and eye movement desensitization and repro-
cessing therapy are nonpharmacologic approaches
effective in posttraumatic stress disorder. The minimum
duration of therapy is 12 months.8

SOCIAL ANXIETY DISORDER

CLINICAL PRESENTATION

Social anxiety disorder occurs in 12.1% of the popula-
tion during their lifetime1 and is characterized by a

marked and persistent fear of one or more social or
performance situations in which a person may be nega-
tively evaluated or scrutinized. Individuals with social
anxiety disorder fear most social situations (generalized
type) or specific social situations such as public speak-
ing (nongeneralized type). Exposure to feared situa-
tions results in physical symptoms of anxiety including
palpitations, tremor, sweating, gastrointestinal discom-
fort, diarrhea, muscle tension or blushing (the princi-
pal physical indicator in social anxiety disorder). Indi-
viduals can also experience situational panic attacks.3

Patients with social anxiety disorder had fewer visits
to primary care physicians than well controls and
patients with other psychiatric disorders. They often
avoid seeking general medical care because of fears of
scrutiny by unfamiliar people while sitting in a crowded
waiting room or talking to people in authority.9

DIAGNOSTIC EVALUATION

Social anxiety disorder is differentiated from other anx-
iety disorders by the rationale behind the fear—fear of
anxiety symptoms is typical of panic disorder while fear
of embarrassment characterizes social anxiety disorder.
The following yes-or-no statements were found to be
89% sensitive in detecting social anxiety disorder:
“Being embarrassed or looking stupid is among my
worst fears”; “Fear of embarrassment causes me to avoid
doing things or speaking to people”; “I avoid activities
in which I am the center of attention.”10

Adults with social anxiety disorder recognize their
fear is excessive and unreasonable, and tend to avoid
the situation rather than endure significant distress,
while children may not. Social anxiety disorder usually
presents in the mid-teens and continues throughout
life. Symptoms must be present for at least 6 months to
diagnose social anxiety disorder in persons less than 18
years of age.3

MANAGEMENT

The goals of treatment for social anxiety disorder are to
reduce physical symptoms of anxiety and avoidance
behaviors in the acute phase and improve social func-
tioning and quality of life in the continuation phase.
Because of the disabling nature of social anxiety disor-
der, it should be treated aggressively. Patients may be
resistant to treatment for fear of what others might
think or say about seeking help. Treatment should be
continued for at least 1 year to maintain remission and
reduce risk of relapse.11

Treatment of social anxiety disorder includes CBT
and pharmacotherapy. Paroxetine, sertraline, and ven-
lafaxine extended-release are approved for the treatment



258 Part 5 / Psychiatric Disorders

of generalized social anxiety disorder and are
considered first-line agents. Onset of effect is delayed, 4
to 8 weeks, with maximum benefit after treatment for
12 weeks or longer. Fluvoxamine, but not fluoxetine,
was effective in improving psychosocial disability and
symptoms.12 Initial doses of SSRIs and venlafaxine are
similar to those used in the treatment of depression. If a
patient has comorbid panic disorder the dose should be
started at a quarter to half of the antidepressant dose to
avoid exacerbating panic symptoms. Phenelzine is a
last-line agent for social anxiety disorder.

Benzodiazepines are not considered first-line agents
in social anxiety disorder. Providers often use benzodi-
azepines for short-term management of anxiety symp-
toms in the acute phase of treatment lasting approxi-
mately 1 month. Benzodiazepines may be used in
combination with an antidepressant, CBT or both for
initial symptom relief. Clonazepam demonstrated sig-
nificant improvement in fear and phobic avoidance,
fears of negative evaluation, and disability measures and
was effective within 1 to 2 weeks for patients requiring
rapid relief of symptoms. Alprazolam was not effective
in social anxiety disorder.

Gabapentin was superior to placebo in a 14-week trial
of 69 patients with social anxiety disorder. Effective
doses ranged from 900 to 3600 mg/d and was seen 2 to
4 weeks after beginning treatment.12,13 �-Blockers are
used to manage performance anxiety and nongeneral-
ized social anxiety disorder to minimize the symptoms
of anxiety (e.g., palpitations, tremor, sweating) during
performance-related situations. Propranolol 10 to 80
mg or atenolol 25 to 100 mg taken 30 to 60 minutes
before a performance situation can reduce anxiety
symptoms. A test dose should be taken before the event
to assure �-blockade is sufficient and there are no
adverse events. Daily �-blocker therapy is not effective
for generalized social anxiety disorder.12,13

OBSESSIVE–COMPULSIVE DISORDER

CLINICAL PRESENTATION

OCD is characterized by recurrent obsessions and/or
compulsions. An obsession is a persistent thought, idea,
impulse or image that is intrusive and results in marked
anxiety or distress. The most common obsessions include
repeated doubts (e.g., wondering whether one left the
stove turned on), repeated thoughts of contamination
(e.g., preoccupation with germs, dirt, or chemicals), and
a need to have items in a particular order. These fixations
cause significant feelings of anxiety. Individuals may try
to simply ignore or suppress obsessions. Compulsions are
repetitive behaviors (e.g., hand washing, checking) or
mental acts (e.g., counting, repeating words silently,

praying) performed in response to an obsession. Com-
pulsive behavior is not pleasurable and patients feel
driven to perform these acts to reduce anxiety or prevent
some dreaded event or situation.3 The lifetime preva-
lence of OCD is 1.6%.1 On physical examination patients
may exhibit dermatological conditions because of exces-
sive washing with water or caustic cleaning agents.3

DIAGNOSTIC EVALUATION

OCD can be difficult to diagnose because of a patient’s
reluctance to volunteer information about their thoughts
and rituals. Three screening questions can be used to
determine whether diagnostic criteria are met: “Do you
have repetitive thoughts that make you anxious and that
you cannot get rid of regardless of how hard you try?,”
“Do you keep things extremely clean or wash your hands
frequently?,” and “Do you check things excessively?”14

The obsessions and compulsions are severe enough to be
time-consuming (occupy more than 1 h/d). Individuals
must recognize that their thoughts and compulsions are a
product of their own mind, excessive, and unreasonable.
Patients can become very skilled in hiding their illness
from family (e.g., denying symptoms, disguising rituals).

MANAGEMENT

The goals of treatment in OCD are to improve social
functioning and quality of life through reducing the
degree of anxiety and frequency of obsessive thoughts
and time spent performing compulsive acts. CBT and
pharmacotherapy are the most effective treatments for
OCD.14 Treatment of OCD may not completely resolve
obsessions or compulsions but patients may feel better
with only partial resolution of symptoms.

CBT is the first-line treatment in adolescents or
adults with mild OCD. It can be used in combination
with pharmacotherapy in moderate to severe cases of
OCD. CBT consists of exposure and response preven-
tion. Patients are exposed to feared objects/activities
and asked to delay their ritualistic response for as long
as possible. Initially patients are unable to perform
these activities but over time they are able to resist ritu-
als for longer periods. Less than 25% of patients have a
relapse of symptoms after successful treatment with
CBT.14

Drug therapy is reserved for patients with moderate
to severe symptoms. Approximately 40% to 60% of
patients respond to SSRIs with a mean improvement in
symptoms of 20% to 40%. An SSRI may be added to
patients with mild symptoms not responding to CBT
alone. Effective doses of SSRIs for OCD exceed those
used in the treatment of major depression. An adequate
trial of an agent for OCD is considered 10 to 12 weeks of
therapy at target doses.14
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The SSRIs fluoxetine, paroxetine, fluvoxamine, and
sertraline and the TCA clomipramine are approved for
OCD. A meta-analysis comparing data from trials of sertra-
line, fluoxetine, fluvoxamine, and clomipramine demon-
strated clomipramine’s superiority to SSRIs. The SSRIs are
the drugs of choice in the treatment of OCD because they
tend to be better tolerated. After 2 or 3 failed attempts
with SSRIs, a trial of clomipramine is warranted.15 Con-
sider tapering drug therapy after 1 to 2 years of treatment.
Patients with 2 to 4 severe relapses or 3 to 4 mild-to-mod-
erate relapses may need long-term therapy.16

THERAPY OPTIONS

PSYCHOTHERAPY

The most common form of psychotherapy employed in
anxiety disorders is CBT. It involves training patients to
recognize their own internal or external cues associated
with anxiety and alter maladaptive responses to reduce

anxiety. CBT alone or in combination with pharma-
cotherapy is a standard of treatment for anxiety dis-
orders. Access to CBT is often limited to those in
large urban areas or academic teaching centers
because of the lack of trained therapists and cost of
treatment. CBT consists of exposure therapy, cogni-
tive restructuring, relaxation techniques, and social
skills training.

DRUG THERAPY

Selective Serotonin Reuptake Inhibitors
The SSRIs are the first-line of therapy for anxiety dis-

orders because of the chronic nature of anxiety disorders,
effectiveness in both anxiety and depressive disorders, tol-
erable side effect profile, lack of dependency and abuse
potential, and safety in overdoses. Dosing for each agent
appears in Table 22-2. The dosage must be tapered to pre-
vent withdrawal symptoms upon discontinuation, except
for fluoxetine.

Table 22-2. Doses of Drugs Used to Treat Anxiety Disorders

Class/Generic Name Brand Name Starting Dose (mg) Dosage Range (mg/day)*

SSRIs
Citalopram Celexa 20, daily 20–40
Escitalopram† Lexapro 10, daily 10–20
Fluoxetine‡,§ Prozac 10–20, daily 20–60
Fluvoxamine‡ Luvox 50, daily 150–300
Paroxetine†,‡,§,¶,** Paxil 20, daily 20–50

Paxil CR†† 25, daily (panic disorder) 12.5–75 
(social anxiety
disorder)

12.5–75
Sertraline‡,§,¶,** Zoloft 50, daily 50–200

SNRIs
Duloxetine† Cymbalta 30 or 60, daily 30–120
Venlafaxine†,§,¶ Effexor XR†† 37.5 or 75, daily 75–225

Tricyclics
Imipramine Tofranil 25 or 50, daily 74–200
Clomipramine‡ Anafranil 25, daily 100–250

Azapirones
Buspirone† Buspar 7.5, twice daily 15–60

Diphenylmethane
Hydroxyzine†,‡‡ Vistaril, Atarax 25 or 50, four times daily 200–400

Benzodiazepines
Alprazolam†,§ Xanax, Niravam 0.25–0.5, daily 1–4 (anxiety)

Xanax XR†† 3–6 (panic)
Clonazepam§ Klonopin 0.25, twice daily 1–4

*Elderly patients are usually treated with approximately one-half of the dose listed.
†FDA-approved for generalized anxiety disorder.
‡ FDA-approved for OCD.
§FDA-approved for panic disorder.
¶FDA-approved for social anxiety disorder.
**FDA-approved for posttraumatic stress disorder.
††Once daily dosing.
‡‡FDA-approved for anxiety and tension in children in divided daily doses of 50–100 mg.
Adapted from: Kirkwood CK, Melton ST. Anxiety disorders I: Generalized anxiety, panic, and social anxiety disorders.
In: Dipiro JT, Talbert RL, Yee GC, eds. Pharmacotherapy: A Pathophysiologic Approach, 6th ed. New York, NY: McGraw-
Hill; 2005:1285; Kirkwood CK, Makela EH, Wells BG. Anxiety disorders II: Posttraumatic stress disorder and
obsessive–compulsive disorder. In: Dipiro JT, Talbert RL, Yee GC, eds. Pharmacotherapy: A Pathophysiologic Approach, 6th
ed. New York, NY: McGraw-Hill; 2005:1307; Cymbalta Package Insert. Eli Lilly & Company, Indianapolis, IN, 2007.
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Tricyclic Antidepressants
The adverse effects (i.e., anticholinergic, sedation,

orthostatic hypotension, weight gain) of the TCAs and
potential fatalities in overdose have limited widespread
use of these agents for anxiety disorders. TCAs are usu-
ally used second line in patients who fail multiple
attempts with SSRIs or venlafaxine (see Table 22-1).

Monoamine Oxidase Inhibitors
Phenelzine is effective for panic disorder and social

anxiety disorder. However, because of dietary restric-
tions, potential drug–drug interactions, and adverse
effects such as postural hypotension, insomnia, weight
gain, sedation and hypertensive crisis, MAOIs are
reserved for treatment-resistant patients.13 To prevent
hypertensive crisis patients should avoid tyramine-con-
taining foods and sympathomimetic drugs. An appropri-
ate washout period should be followed when switching a
patient from another antidepressant to phenelzine.

Other Antidepressants
The SNRI venlafaxine is indicated for use in general-

ized anxiety disorder, panic disorder, and social anxiety
disorder. The initial dose of venlafaxine extended-
release in generalized anxiety disorder and social anxiety
disorder is 75 mg/d given as a single dose. The dose may
be titrated every 4 days to a maximum of 225 mg/d. The
initial dose in panic disorder is 37.5 mg daily for 7 days
and increased weekly to a maximum dose of 225 mg/d.
Venlafaxine should be tapered slowly (37.5 mg/month)
to reduce risk of relapse during discontinuation. Other
antidepressants (e.g., mirtazapine, nefazodone) have
limited data to support their use in anxiety disorders.
Bupropion is not effective for anxiety disorders.

Benzodiazepines
Benzodiazepines are effective in reducing the somatic

symptoms of anxiety, but do not manage the psychic
symptoms. Limitations of benzodiazepine use include
central nervous system side effects (e.g., drowsiness,
memory impairment, psychomotor impairment), lack of
efficacy in depression, abuse potential, and difficulty dis-
continuing therapy. Benzodiazepines should be reserved
for patients with low risk for substance abuse, requiring
rapid relief of symptoms, or nonresponse to other thera-
pies. Patients should be educated not to decrease or dis-
continue benzodiazepines without consulting their
provider. Benzodiazepines should be slowly tapered on
discontinuation to avoid withdrawal effects.12,13,17

The starting dose of clonazepam in social anxiety dis-
order is 0.25 mg/d and may be titrated over several
weeks to 3 mg/d as tolerated. The average daily dose in
clinical trials was 2.5 mg/d. Adverse effects include

dizziness, unsteadiness, difficulty concentrating, and
sexual dysfunction.

Buspirone
Buspirone is a 5-HT1A partial agonist that is effec-

tive in generalized anxiety disorder, with improved
tolerability over benzodiazepines. It has a delayed
onset of effect and is not effective in depression.
Common adverse effects include nausea and head-
aches.

EVIDENCE-BASED SUMMARY

• Antidepressants are the first-line of therapy for
the long-term management of anxiety disor-
ders.

• Benzodiazepines can be used to manage acute
anxiety symptoms for several weeks but should
be avoided in patients with a history of sub-
stance abuse.

• Clomipramine should be considered after 2 or
3 failed trials with SSRIs in the management of
OCD.

• At least 1 year of therapy is recommended for
the management of anxiety disorders.

• Antidepressants and benzodiazepines should
be tapered upon drug discontinuation to
avoid withdrawal symptoms and prevent
relapse.
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SEARCH STRATEGY

A comprehensive search of the medical literature was
performed from January 1985 to June 2006. The search,
limited to human subjects and English language jour-
nals, included MEDLINE®, PubMed, and the Cochrane
Database of Systematic Reviews. Clinical practice param-
eters for obstructive sleep apnea submitted by the Amer-
ican Association of Sleep Medicine can be found at
http://www.aasmnet.org

Obstructive sleep apnea/hypopnea syndrome (OSAHS)
is a disease of repetitive episodes of nocturnal upper
airway obstruction leading to sleep fragmentation,
episodic oxyhemoglobin desaturations, and concomi-
tant daytime hypersomnolence. The hypersomnia asso-
ciated with OSAHS worsens intellectual capacity, motor
coordination, and memory. Studies link this disease to
increased motor vehicle accidents and suggest a causal
link between OSAHS and cardiovascular disease. Despite
increasing awareness of sleep disordered breathing,
OSAHS continues to be under-diagnosed. Recognition
and diagnosis of this disease is essential as treatment is
associated with decreased cardiovascular mortality and
improved cognitive function.

ETIOLOGY

A sleep apneic or hypopneic event is caused by pharyn-
geal narrowing or closure during sleep. In normal sub-
jects, the negative inspiratory pressure of normal
breathing tends to close the upper airway. Patency is
maintained with activation of pharyngeal dilator mus-

cles. Neuromuscular tone in the upper airway muscula-
ture decreases with sleep.1 Excessive adipose tissue,
craniofacial abnormalities, and hypertrophic tonsils
may result in a smaller upper airway diameter. In
patients with a tendency to develop OSAHS, residual
pharyngeal muscle activity during sleep may not ade-
quately maintain airway patency. Snoring may cause sig-
nificant trauma to the upper airway and uvula, leading
to edema and further narrowing.2 Sleep fragmentation
occurs from arousals that are necessary to reestablish
airway patency. These arousals contribute to daytime
hypersomnolence.3 The repeated obstructive respira-
tory events are associated with various cardiovascular
effects related to increased sympathetic tone.4

EPIDEMIOLOGY

OSAHS is a common disorder. Up to 24% of men and
9% of women between 30 and 60 years of age will have
significant sleep disordered breathing defined as more
than five events (apneic and/or hypopneic) per hour.
Four percent of men and 2% of women in this cohort will
have OSAHS defined as a significant number of events
with daytime symptoms of sleepiness.5 The prevalence of
OSAHS increases with age. Up to 50% of people above
age 65 have sleep disordered breathing.6 OSAHS is asso-
ciated with common diseases. Sixty percent of middle-
aged, obese men with a BMI �30 kg/m2 will have sleep
disordered breathing and 27% will have OSAHS.7 Thirty
percent of patients with essential hypertension and
37% of patients with diabetes have sleep apnea. Thirty
to thirty-five percent of patients with coronary artery
disease (CAD) have significant sleep apnea. OSAHS
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continues to be under-diagnosed.8 As of 1997, one esti-
mate suggests that 82% of men and 93% of women with
moderate-to-severe OSAHS remain undiagnosed.9

MORBIDITY

CLINICAL MORBIDITY

In patients with apnea/hypopnea index (AHI) (the sum
of apneas and hypopneas in 1 hour) greater than 11
events per hour, 50% use antihypertensive medications,
23% have cardiovascular disease, 3% have heart failure,
5% report a history of a cerebral vascular accident, and
15% have diabetes.10 Immediate physiologic effects of
repeated sleep apneic events include nocturnal oxygen
desaturations, increased sympathetic tone, nocturnal,
systemic, and pulmonary hypertension.11 Compared to
normal individuals, sleep apneic patients have an exag-
gerated sympathetic response to obstructive events. This
altered sympathetic response appears to persist during
wakefulness. Patients with moderate-to-severe OSAHS
have increased resting heart rate, increased blood pres-
sure variability, decreased heart rate variability, and
increased sympathetic tone when compared with con-
trols with similar blood pressures.12 A large prospective
study confirms that OSAHS is independently associated
with hypertension, CAD, heart failure, and strokes.10,13

This study demonstrates statistically significant associ-
ations of the AHI and sleep time with oxygen saturations
�90% with cardiovascular diseases when adjusted for
other comorbid conditions including age, sex, and body
mass index (BMI).10 A number of cardiac arrhythmias
can be seen with OSAHS. During the apneic event, com-
mon arrhythmias include sinus bradycardia, atrioven-
tricular block, and ventricular ectopy. Use of a validated
questionnaire suggests that up to 50% of patients with
atrial fibrillation have OSAHS.14 Patients with untreated
OSAHS are twice as likely to revert back to atrial fibrilla-
tion after cardioversion. Use of continuous positive air-
way pressure (CPAP) decreases the risk of recurrence.15

In the general population, sudden cardiac death occurs
predominantly between 6 AM and noon. In patients with
OSAHS, this peak occurs while asleep between midnight
and 6 AM.16 Increased AHI is also independently associ-
ated with insulin resistance and diabetes when adjusted
for obesity. Desaturations �4% are associated with wors-
ening glucose intolerance when adjusted for percent
body fat, BMI, and AHI.7,17 This glucose intolerance
improves with CPAP treatment.3

NEUROCOGNITIVE MORBIDITY

Neurocognitive dysfunction is common with OSAHS.
Deficiencies with intellectual capacity, mood, memory,

motor coordination, visual reaction times, and auditory
learning are well documented when compared to nor-
mal controls.1,18 When compared to other hypersom-
nolent groups, this impairment is not completely attrib-
utable to lack of sleep or the degree of sleepiness.18

The relationship of neurocognitive dysfunction
caused by OSAHS and motor vehicle accidents has been
extensively studied. Reports suggest that OSAHS confers
a seven-fold increase in risk for motor vehicle acci-
dents.19 Treatment with CPAP ameliorates this increased
risk.20 Simulated driving tests show sleep apneic patients
perform poorly compared to normal controls. These
subjects perform similarly to legally intoxicated driv-
ers.21 These tests return to normal levels with CPAP
treatment.1 One survey shows 24% of commercial driv-
ers have excessive sleepiness and 16% report a history
of OSAHS. Those with severe sleepiness have increased
multiple motor vehicle accidents.22 Accidents associ-
ated with sleepiness carry higher mortality when com-
pared to other causes. OSAHS is responsible for 810,000
collisions and 1400 fatalities annually at a cost of $15.9
billion.21

CLINICAL PRESENTATION

The best clinical predictors of OSAHS are male gender,
BMI, neck girth, snoring, and witnessed apneas. All these
correlate independently with an AHI of 15 or greater.23

Risk factors for OSAHS include:1

• BMI �29 kg/m2

• Male gender
• Thirty to sixty years of age
• Family history
• Alcohol and sedative use
• Hypothyroidism and acromegaly
• Craniofacial abnormalities

SYMPTOMS

The hallmark of OSAHS is daytime hypersomnolence.
Up to 80% of patients referred to a sleep laboratory and
diagnosed with OSAHS have hypersomnolence.24

Excessive sleepiness may be less common in women and
patients with congestive heart failure.4,24 Some patients
substitute excessive daytime sleepiness with complaints
of depression, irritability, nonrestorative sleep, and
problems with concentration or memory. The Epworth
Score is a commonly utilized questionnaire that quanti-
fies a patient’s degree of sleepiness. The patient is asked
to rate his likelihood of falling asleep with certain
activities:

• Sitting and reading
• Watching television
• Sitting inactive in a public place
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• Riding as a passenger in a car for an hour without a
break

• Lying down to rest in the afternoon when circum-
stances permit

• Sitting and talking to someone
• Sitting quietly after lunch without alcohol
• In a car, while stopped for a few minutes in traffic

The patient assigns: 0, would never fall asleep; 1,
slight chance of falling asleep; 2,  moderate chance of
falling asleep; 3, high chance of falling asleep. A score
�6 is considered normal. A score �16 is considered a
pathologic degree of sleepiness.25 The Epworth scale is
useful for quantifying the level of sleepiness but may not
correlate well with the AHI.3 Other symptoms include:1

• Snoring: 46% of partners sleep in separate room
• Witnessed apneas
• Restlessness and diaphoresis: 50%
• Choking or dyspnea: 18–31%
• Gastroesophageal reflux
• Nocturia: 28%
• Dry mouth
• Morning headaches: 50%

OSAHS can cause insomnia or worsen insomnia,
which has numerous etiologies. In the patient present-
ing with chronic insomnia, a careful history should
assess for a medication or substance cause, inadequate
sleep hygiene, active psychosocial stressors, and an
underlying psychiatric or medical condition.26

PHYSICAL EXAMINATION

The cardinal physical examination finding for OSAHS is
obesity. A BMI �30 mg/kg2 confers at least a 10-fold risk
for OSAHS. The incidence of OSAHS is 20% to 40% in
these patients versus 2% to 4% in the general popula-
tion.27 Upper body fat distribution as determined by
waist-to-hip ratio is not independently associated with
OSAHS.23 Neck circumference �40 cm yields a speci-
ficity of 93% for OSAHS. Sensitivity, however, is only
61%.1 Another physical examination finding is a small
oral airway as determined by a modified Mallampati clas-
sification class of III or IV. The Mallampati classification
is used by anesthesiologists to assess the size of the
tongue in relation to the length of the palate when assess-
ing airways for relative difficulties in endotracheal intu-
bations. Other cranial facial abnormalities associated
with OSAHS include high arched palate, long and thick
uvula, enlarged tonsils, and severe septal deviation.28

DIAGNOSIS

The diagnosis of OSAHS cannot be made by history
and physical examination alone. Multiple question-
naires have been developed and studied based on risk

factors and symptoms. Sensitivity for patients with a
high pretest probability of disease is approximately
30%. Specificity is 90%. This suggests that a diagnostic
polysomnogram (PSG) is required to confirm a diagno-
sis of OSAHS. History and physical examination can
reduce the likelihood of disease in patients with a low
pretest probability.24 Additionally, patients with systolic
or diastolic heart failure, CAD, significant tachyarrhyth-
mias or bradyarrhythmias, and history of stroke or tran-
sient ischemic attacks are at higher risk. Those with sug-
gestive histories should undergo a diagnostic PSG.29

OVERNIGHT DIAGNOSTIC POLYSOMNOGRAM

The gold standard and recommended study for diag-
nosing OSA is a laboratory-based, full-night diagnostic
PSG (Fig. 23-1). This test includes broad surface elec-
troencephalogram (EEG), electrooculogram, and chin
electromyography (EMG). Airflow, rib cage movement,
abdominal movement, and oxyhemoglobin saturations
are monitored to detect respiratory abnormalities. A
continuous electrocardiogram detects arrhythmic
events. Anterior tibialis EMG detects limb movements.
The patient’s position is noted. Additional monitoring
may include expired or transcutaneous carbon dioxide
sensing, esophageal pressure monitoring, or induc-
tance plethysmography. EEG, electrooculogram, and
chin EMG are used to determine wakefulness, sleep
onset, sleep stage, and arousals. The limb EMG helps to
detect arousals and sleep related movement disorders.30

Understanding a PSG interpretation requires knowl-
edge of certain terminology. An obstructive apnea is
defined as cessation of airflow for at least 10 seconds.
The definition of a hypopnea is controversial and varies
among sleep physicians. This incongruity can generate
significant interinterpreter variability regarding the
severity of the sleep disordered breathing.31 The Ameri-
can Association of Sleep Medicine and the Centers for
Medicare and Medicaid Services define a hypopnea as a
reduction of thoracoabdominal movement or airflow of
at least 30% from baseline lasting �10 seconds and
associated with a �4% oxyhemoglobin desaturation.29

An arousal is a change in the EEG to an awake fre-
quency lasting �3 seconds. An arousal must be pre-
ceded by 10 seconds of normal sleep. Arousals caused
by respiratory events that are not classifiable as hypop-
neas but appear related to increasing respiratory effort
are called respiratory-effort related arousals. The AHI is
the sum of apneas and hypopneas seen in an hour. An
AHI of �5 is abnormal. OSAHS requires an abnormal
AHI with daytime symptoms.32 The arousal index refers
to the number of arousals per hour and is an indicator
of the level of sleep fragmentation. The arousal index
may be a greater contributor to daytime symptoms than
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the AHI.3 Sleep efficiency is percent of the total time of
the study that the patient is scored asleep. Upper airway
resistance syndrome is defined as �5 respiratory events
per hour with daytime symptoms but a normal AHI.33

Lastly, an adequate sleep study should include all sleep
stages and positions. Decreased amounts of supine sleep
or rapid eye movement sleep seen during a study may
reduce the sensitivity of a PSG in detecting sleep disor-
dered breathing.

SPLIT-NIGHT STUDY

Traditionally, a second therapeutic PSG is conducted to
obtain a best positive airway pressure level. As a result of
prolonged wait times and increased costs associated
with two separate studies, many laboratories incorpo-
rate the diagnosis and treatment of OSAHS into a single
overnight session. If respiratory events are detected
within the first 2 hours of the session, a therapeutic posi-
tive airway pressure titration is attempted. Split-night
studies are less sensitive in diagnosing sleep disordered
breathing. The sensitivity depends upon the amount of

time devoted to the diagnostic portion of the study. Con-
versely, lengthened diagnostic portions often lead to inad-
equate positive airway pressure titrations. A full-night pos-
itive pressure titration allows more time for changes in
masks or positive pressure modalities.24 Current recom-
mendations suggest limiting split-night studies to patients
with a high pretest probability of OSAHS.29

PORTABLE HOME MONITORING DEVICES

Timely access of obtaining a PSG is increasingly prob-
lematic. In response, various portable home monitoring
devices have been developed as a substitute for the labo-
ratory-based PSG. The sophistication of these devices
varies greatly from recording only a single signal to per-
forming a full PSG with EEG and respiratory channels.34

Historically, the Centers for Medicare and Medicaid Ser-
vices have not reimbursed studies utilizing devices with-
out EEG. Recently, however, this agency proposed
expanded coverage of CPAP devices for the diagnosis of
OSAHS made by clinic evaluation and unattended
home sleep monitoring without EEG. Current practice

Figure 23-1. Typical polysomnogram 30-second epoch representing an obstructive hypopnea with a histogram at the bottom of the
screen. The epoch represents airflow limitation with paradoxical abdominal and chest excursion followed by a snort, arousal and desatura-
tion. The desaturation seen in this epoch is from the prior event.
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guidelines recommend unattended portable monitor-
ing be reserved for patients with a high pre-test proba-
bility for moderate or severe OSAHS.35

TREATMENT

Treatment goals for OSAHS include significant improve-
ment or resolution of the sleep disordered breathing,
improvement in excessive daytime hypersomnolence
and neurocognitive deficits, and improvement of clini-
cal morbidities. Treatment options include weight loss,
positional therapy, oral appliances, positive airway pres-
sure, and surgical modification of the upper airway.1

LIFESTYLE MODIFICATIONS

Obesity is significantly and independently associated
with OSAHS. A longitudinal study suggests that obesity
increases the incidence and severity of OSAHS.36 Con-
versely, weight loss leads to reduction in AHI, snoring,
oxygen desaturations, blood pressure, and CPAP
requirements. Large weight reductions from bariatric
surgeries are associated with significant improvement
and often cure OSAHS.37 In many patients, the benefits
seen after surgery persist at long-term follow-up.
Extreme weight loss is not necessary to impact the sever-
ity of disease. In one small series, a loss of either 10 kilo-
grams or 10% of total body weight is associated with a
50% improvement in AHI.1

Some patients have a significantly increased number
of respiratory events in the supine position when com-
pared to their nonsupine sleep. These patients can be
prescribed positional therapy to limit the amount of
their supine sleep. Avoidance of alcohol and sedative
medications should also be stressed in patients with
OSAHS.

ORAL APPLIANCES

An oral appliance is a viable treatment for OSAHS. Oral
appliances include mandibular advancement devices
and anterior tongue retainers. Both are constructed by
dentistry. The mandibular advancement devices are pro-
duced with molds of the patient’s bite and reposition the
mandible anteriorly to increase the posterior oropha-
ryngeal volume. The tongue retainers displace the
tongue forward to achieve similar changes. These
devices can also increase pharyngeal muscle tone. In a
review of the literature, 50% of patients improve to a
normal breathing level as defined by an AHI �10 per
hour. Others improve but continue to have a signifi-
cantly elevated AHI �20 per hour. Some worsen with
treatment. Levels of oxyhemoglobin desturations show
modest improvement. Long-term cardiovascular mor-

bidity data is lacking. Long-term compliance ranges
between 25% and 100%. Early side effects of excessive
salivation and discomfort are usually transient. Rare late
complications are not well defined but include temporal
mandibular joint pain and dental occlusive alignment
changes. Oral devices uniformly and significantly
improve snoring. Cost of measuring, manufacturing,
and fitting are significant and often not reimbursed by
insurance.38 Current practice parameters for oral appli-
ances include:

• Snoring without OSAHS
• Mild OSAHS patients unresponsive to behavioral

weight loss and positional therapies
• Moderate-to-severe OSAHS patients with intolerance

of positive airway pressure
• Moderate-to-severe OSAHS patients unwilling or

unable to undergo surgery for correctable craniofacial
abnormalities, tonsillectomy and adenoidectomy, or
tracheostomy.

Repeat PSG with the appliance is recommended for
mild OSAHS if symptoms are not improved and for all
moderate-to-severe OSAHS patients to confirm efficacy
of treatment. Caution should be used in prescribing
these devices to patients with temporal mandibular joint
syndrome. Device fitting and manufacturing should be
performed by trained professionals with extensive expe-
rience in this arena.39

POSITIVE AIRWAY PRESSURE

Standard of treatment for moderate-to-severe OSAHS is
CPAP. The positive pressure serves as a pneumatic
splint maintaining the patency of the oropharynx. An
adequate CPAP titration eliminates all sleep disordered
breathing and snoring during all sleep stages in all posi-
tions.1 Substantial data, including a randomized con-
trol trial utilizing sham CPAP, supports its use to
improve neurocognitive function, quality of life, per-
ceived health status and daytime hypersomnolence.40,41

Treatment with CPAP eliminates the increased risk for
motor vehicle accidents.20,42 Emerging evidence sug-
gests improvement in blood pressure and left ventricu-
lar function with CPAP use.43–46

Unfortunately, compliance with CPAP therapy
remains suboptimal. Satisfactory compliance is defined
as an average CPAP use of �4 hours per night on �70%
of nights. Using this definition, 25% to 50% of patients
will discontinue or refuse CPAP therapy. Reasons for
noncompliance include mask discomfort, nasal dryness
and congestion, and difficulty adapting to the pressure
setting.47 Use of bi-level positive airway pressure does not
objectively improve compliance.48 The effect of an
autotitrating CPAP device is unclear. One study suggests
increased compliance with an autotitrating device begun
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at home versus CPAP introduced in the laboratory.49

Early intervention to address compliance is important
given long-term compliance equals rates achieved at 
1 month.1 An established program of early and frequent
contact with the patient can improve 6-month compli-
ance to approximately 85%.50

SURGERY

Because of this significant degree of positive airway
pressure intolerance, surgical treatments for moderate-
to-severe OSAHS continue to remain viable options.
Current available surgeries include uvulopalatopharyn-
goplasty (UPPP), laser midline glossectomy and lin-
gualplasty, inferior sagittal mandibular osteotomy and
genioglossal advancement with hyoid myotomy and sus-
pension (GAHM), maxillomandibular osteotomy and
advancement, and tracheostomy. Of these, only tra-
cheostomy achieves consistent resolution of nocturnal
obstructive respiratory events, improvement in daytime
symptoms, and improvement in cardiovascular meas-
urements. The remaining surgical treatments are hin-
dered by low success rates or by limited literature sup-
port. Of note, surgical success for these procedures is
defined by a 50% reduction in AHI with an absolute
value �20 events per hour. Subsequently, a patient with
successful surgery may continue to have a moderate
degree of OSAHS.

UPPP is the most commonly offered surgery. Overall
success rate is approximately 40%. Similarly, glossectomy
has a response rate of approximately 42%. These two
treatments combined show higher response rates of 75%
to 79% in small studies. GAHM carries variable success
rates between 37.5% and 80% in preselected patients.
Maxillomandibular osteotomy and advancement, alone
or in conjunction with other surgeries, for example,
UPPP or GAHM yields success rates from 40% to
100%.51,52 Current practice recommendations include:

• Determination of presence and severity of OSAHS
prior to surgery

• Initial treatment for moderate-to-severe OSAHS with
positive airway pressure

• Surgery only for treatable craniofacial abnormalities
and possibly for patients who reject positive airway
pressure.

The candidates for surgery should be counseled on
the effectiveness and rates of success of these proce-
dures.53

PHARMACOTHERAPY

In general, CPAP, oral appliances, and surgery are
superior to pharmacotherapy in maintaining airway

patency for the treatment of OSAHS. Common seda-
tive hypnotics for the treatment of chronic insomnia,
for example, benzodiazepines, nonbenzodiazepine
agents affecting the �-aminobutyric acid/benzodi-
azepine complex, and melatonin-receptor agonists,
have no role for the treatment of OSAHS. Limited data
suggest that in patients with nasal obstruction from
allergic rhinitis, treatment with intranasal corticos-
teroids may improve OSAHS symptoms.54 Small, uncon-
trolled trials evaluating protriptyline and fluoxetine
show that these agents may improve overall oxygen sat-
uration by decreasing REM sleep, which is associated
with more oxygen desaturations.55 A systematic review
of drug therapy for OSAHS in adults concludes, how-
ever, that there is insufficient evidence for the use of
pharmacologic agents in the treatment of OSAHS.56

Adjunctive therapy in patients with OSAHS who are tol-
erating CPAP but still have daytime sleepiness exists.
Modafinil, a wake-promoting agent pharmacologically
distinct from CNS stimulants, is approved in the
United States for the treatment of excessive sleepiness
in patients with OSAHS who are receiving nasal CPAP
therapy. This agent has a low abuse potential and is well
tolerated.57

CONCLUSION

In summary, OSAHS is a common disorder, fre-
quently occurring with significant comorbid illness
including hypertension, CAD, cerebral vascular dis-
ease, and diabetes mellitus (see Evidence-Based Sum-
mary below). Its detrimental effects on neurocogni-
tive function are well established. The daytime
hypersomnolence leads to increased motor vehicle
accidents. Emerging evidence suggests a causative
link to cardiovascular diseases. Treatment can allevi-
ate much of the cognitive effects of OSAHS and posi-
tively impact morbidity from the cardiovascular com-
plications. Diagnosis can be suggested by history and
physical examination but requires objective testing
for confirmation. The overnight laboratory-based
PSG remains the gold standard and recommended
diagnostic study. Treatment options include oral den-
tal devices, positive airway pressure, and surgery.
Adjunctive behavioral modifications such as weight
reduction and exercise are important and are often
under emphasized. Avoidance of alcohol and sedative
medications should be stressed. Positive airway pres-
sure is a proven treatment modality, but compliance is
suboptimal. Overall success rates with surgery are not
promising but are better with combined procedures.
Surgery remains an option for patients who decline
positive airway pressure treatment.
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SEARCH STRATEGY

A systematic search of the medical literature was per-
formed on April 6, 2007. The search, limited to human
subjects and English language journals included Ovid,
UpToDate®, and the Cochrane database. Search terms
included obesity, pharmacotherapy, diabetes, insulin resist-
ance, hypertension, dyslipidemia, orlistat, sibutramine,
and phentermine.

INTRODUCTION

Long-term weight loss maintenance is a challenge in
the treatment of obesity, especially in the primary
care setting where time constraints and reimburse-
ment are major issues. The prevalence of obesity is on
the rise world wide, and is a major public health con-
cern. There is little doubt that this disease needs to be
treated; however the traditional strategies of weight
reduction by behavior modification and physical activity
have poor long-term outcomes, primarily as a result of
lack of compliance.1 Considerable evidence suggests
that even a modest weight reduction of 5% to 10% of
initial body weight can significantly impact the morbid-
ity and mortality of obese patients.2 Obesity is a multi-
factorial disease requiring individually tailored treat-
ment strategies. Pharmacotherapy plays an important
role in the appropriate patient.

CLINICAL EVALUATION

BODY MASS INDEX

Body mass index (BMI) is the most practical way to eval-
uate weight. It is calculated (metric formula) as follows: 

BMI � (body weight in kilograms) �
(height in meters)2

When measurements are recorded in pounds and
inches, the following equation may be used: 

BMI � [(body weight in pounds) � 705] �
(height in inches)2

BMI is relatively unaffected by height, and is highly
correlated with body fat. A BMI of 18 to 25 kg/m2 is
considered normal or ideal body weight. Patients with a
BMI of 25 to 30 kg/m2 are low risk, while those with a
BMI of 30 to 35 kg/m2 are moderate risk. Patients with
a BMI of 35 to 40 kg/m2 are at high risk, and those with
a BMI above 40 kg/m2 are at very high risk for morbid-
ity and mortality from their obesity. Irrespective of BMI,
health risk is increased by more abdominal fat distribu-
tion (increased waist to hip ratio) (Fig. 24-1).

COMORBIDITIES

The Swedish Obese Subjects Study followed untreated
obese subjects with an average BMI of 38 kg/m2 for 2
years.3 The 2-year incidence of the following comor-
bidities were:

• Hypertension: 13.6%
• Diabetes mellitus: 6.3%
• Hyperinsulinemia: 6.3%
• Hypertriglyceridemia: 7.7%
• Low serum high-density lipoprotein (HDL) 

cholesterol: 8.6%
• Hypercholesterolemia: 12.1%

A comparison of one of the above comorbidities, in
the general population, yielded a 29% incidence rate
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for hypertension4 and an 8% incidence for diabetes.5

The prevalence of insulin resistance is 5% in the nonobese
population compared with 22% in those who are over-
weight, and 60% in persons who are obese.6

The Nurses’ Health and the Health Professionals
Studies also showed increased risk of developing a
chronic disease including cholelithiasis, hypertension,
heart disease, colon cancer, and stroke (in male subjects
only), with increasing BMI.7

Diabetes Mellitus
Type 2 diabetes mellitus is strongly associated with

obesity, regardless of ethnicity, with more than 80% of
cases attributed to BMI greater than 30 kg/m2.

Insulin Resistance
Insulin resistance probably results from a combina-

tion of genetic factors and obesity. Insulin resistance is
defined as fasting serum insulin to serum glucose ratio
less than five.

Hypertension
The risk for increased blood pressure is most

prominent in patients whose fat distribution is prima-
rily abdominal and upper body. The mechanism is not
well understood. One theory suggests hyperinsuline-
mia may raise blood pressure by increasing sympa-
thetic activity, renal sodium absorption, or vascular
tone.8

Figure 24-1. Algorithm for the assessment and stepwise management of the overweight or obese
adult. *BMI and waist circumference cutoff points are different for some ethnic groups. LDL, low-density
lipoprotein; HDL, low-density lipoprotein.

Conduct clinical and laboratory 
investigations to assess comorbidities:

Blood pressure, heart rate, fasting 
glucose, lipid profile

Screen for depression, eating and mood 
disorders

Treat comorbidities and other health
risks if present 

Assess readiness to change behaviors
and barriers to weight loss 

Devise goals and lifestyle modification 
program for weight loss and reduction of 
risk factors

Weight loss goal: 1–2 pounds/week for 6 
months

Lifestyle Modification Program

Nutrition: reduce energy intake by 500- 
1000 kcal/d 

Physical activity: Initially 30 minutes of 
moderate intensity 3–5 times/wk; 
eventually ≥ 60 minutes on most days

Cognitive-behavior therapy 

 

Satisfactory progress or goal achieved? 

Regular Monitoring

*Assist with weight 
maintenance

Reinforce healthy eating and
physical activity advice

Pharmacotherapy

BMI ≥ 27 kg/m2 + risk
factors, or                           
BMI ≥ 30 kg/m2

Adjunct to lifestyle 
modification; consider if 
patient has not lost 1 
pound/wk by 3 to 6 months

Bariatric Surgery

BMI ≥ 35 kg/m2 + risk
factors, or       
BMI ≥ 40 kg/m2

Consider if other weight 
loss attempts have failed. 
Requires lifelong medical 
monitoring.

Yes No No
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Dyslipidemia
Obesity is associated with several changes in lipid

metabolism, including low serum HDL cholesterol and
elevated low-density lipoprotein and very-low-density
lipoprotein cholesterol. Elevated triglycerides are also
seen; however decreased HDL levels carry a greater rel-
ative risk of coronary heart disease.9

Stroke
BMI �27 kg/m2 is associated with an increased risk

of ischemic stroke. Elevated BMI is not correlated
with hemorrhagic stroke, although the relationship is
still present for total stroke risk, and is increased in
men.10

Hepatobiliary Disease
The two prominent comorbidities seen in the hepa-

tobiliary system of obese patients are symptomatic gall-
stones and steatosis. The increased risk of gallstones is
likely because of the elevated production and excretion
of cholesterol. When the rate of triglyceride synthesis
exceeds the rate of clearance, the excess accumulates in
the liver leading to steatosis.11

Degenerative Joint Disease
Osteoarthritis, seen predominantly in the knees and

ankles of obese subjects, is most likely caused by repeti-
tive trauma from excess body weight. It occurs more fre-
quently in nonweight-bearing joints as well, suggesting
that other components in the obese patient may alter
cartilage and bone metabolism independent of weight
bearing.12

Skin Changes
Several skin changes may be seen with increased

weight, striae being the most common signaling
strain on the skin from expanding fat deposits. Hir-
sutism in women is a result of increased testosterone
production from visceral adiposity. Acanthosis nigri-
cans may be seen around the neck, axilla, knuckles,
and extensor surfaces, and is linked with insulin
resistance.

Respiratory Disease
Obstructive sleep apnea and hypoventilation syn-

drome are the most serious respiratory problems asso-
ciated with obesity. Increased abdominal pressure on
the diaphragm can lead to decreased lung compliance,
increased chest wall impedance, and higher residual
lung volume which then decrease strength and
endurance of respiratory muscles, and depress ventila-
tory drive. It is controversial as to whether or not obesity
is a risk factor for asthma.13

Cancer
In both male and female subjects, increasing BMI

has been associated with higher rates of death from
cancer in the following areas: esophagus, colon, rec-
tum, liver, gallbladder, pancreas, and kidney, in addi-
tion to increased rates of non-Hodgkin’s lymphoma
and multiple myeloma. Women were also at increased
risk for breast, uterine, cervical, and ovarian cancer,
while men were also at increased risk for stomach and
prostate cancer.14

Polycystic Ovarian Syndrome
Anovulatory cycles, irregular menses, and decreased

fertility are common in obese individuals. 

Depression
The stigma associated with obese individuals is seen

in schools, the workplace, and the health care arena,
among other areas. This is evident in a study of more
than 10 000 adolescents and women who had a BMI
above the 95th percentile. This group completed fewer
years of school, were less likely to be married, had
lower household incomes, and higher rates of poverty
than their normal weight counterparts, independent
of their baseline socioeconomic status or aptitude test
scores.15

COST OF OBESITY

In a 1998 study by Wolf and Colditz, the direct costs of
obesity in the United States were estimated to be $51.6
billion dollars per year, with greater than 50%
accounted for by type 2 diabetes. The indirect costs are
calculated at approximately $95 billion per year.16

TREATMENT

OBESITY GUIDELINES

The goal of weight reduction must be realistic. It is
unlikely that the obese patient will return to his or her
ideal body weight. Rarely are patients happy with the
weight loss they achieve. Accordingly the provider and
patient must come to a mutual understanding of realis-
tic weight loss goals.

Pharmacotherapy is a useful component of a weight
management program in individuals with a BMI
greater than 30 kg/m2 or greater than 27 kg/m2 with
comorbid medical problems. (See Table 24-1) In order
to be considered effective, weight loss should be in the
range of 0.5 to 3 pounds per week, decrease more than
5% below baseline by 3 to 6 months, and have mainte-
nance of the weight loss. Patients should be aware that
drug therapy is not a cure for obesity, and only works in
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conjunction with behavior modification and increased
physical activity.

SYMPATHOMIMETIC DRUGS

The noradrenergic sympathomimetic drugs, includ-
ing phentermine, diethylpropion, phendimetrazine,
benzphetamine, and sibutramine mimic the neuro-
transmitter norepinephrine. They can increase blood
pressure and heart rate. These drugs reduce food
intake by causing early satiety. They are rapidly metab-
olized and reach peak concentrations in a few hours,
although sibutramine has active metabolites. These
drugs are metabolized to inactive products in the liver,
and should not be used in patients with a history of
heart disease or uncontrolled hypertension. Sibu-
tramine should not be used in patients taking selective
serotonin reuptake inhibitors, as the combination may
precipitate serotonin syndrome.

Phentermine
Phentermine is approved by the U.S. Food and Drug

Administration (FDA) for short-term use, loosely inter-
preted as up to 12 weeks. It is a Schedule IV drug,
although the abuse potential is low. Both continuous and
intermittent use of phentermine is associated with weight
loss. However, weight loss decreased during the drug-free
periods and accelerated once treatment resumed. 

Diethylpropion
Diethylpropion is also only approved for short-term

use and is a Schedule IV drug. It is available in a long
acting form.

Benzphetamine
Benzphetamine is only approved for short-term use;

however, it is a Schedule III drug.

Phendimetrazine
Phendimetrazine is also a Schedule III drug, and is

only approved for short-term use.

Sibutramine
Sibutramine is a norepinephrine and serotonin

reuptake inhibitor. It not only has anorectic properties,
but has been shown to stimulate thermogenesis in
experimental animals.17 Sibutramine is the only sympa-
thomimetic drug approved for both short-term and
long-term use. It is a Schedule IV drug.

LIPASE INHIBITOR

Orlistat
Orlistat inhibits pancreatic lipases. As a result, 30%

of ingested fat is not absorbed and is excreted in the GI
tract. Less than 1% of the drug is absorbed. This drug
is generally well tolerated, although patients may expe-
rience gastrointestinal side effects including cramps,
flatus, fecal incontinence, oily spotting, urgency, and
flatus with discharge. Additionally, orlistat may decrease
the uptake of fat-soluble vitamins.18 It is helpful to give
a vitamin supplement to minimize this effect. 

OTHER

Metformin
In patients who are diabetic or insulin resistant, met-

formin has been shown to increase insulin sensitivity, as
well as decrease appetite and promote weight loss. The
mechanism of appetite suppression is presumed to be
related to the more efficient use of the anabolic hor-
mone, insulin.

Fluoxetine
Fluoxetine is a selective serotonin reuptake inhibitor

which has been shown to have anorectic side effects.
The mechanism is not known.

Herbal Preparations
Caution should be used when recommending herbal

preparations to patients as these are not regulated by
the FDA. There is limited research to substantiate the

Table 24-1. FDA Approved Drugs for the Treatment of Obesity.

Drug Trade Names Dosage (mg) DEA Schedule

Orlistat Xenical 120, three times daily before meals N/A
Sibutramine Meridia, Reductil 5–15, daily IV
Diethylpropion Tenuate 25, three times daily IV

Tenuate Dospan 75, daily
Phentermine Adipex 15–30, daily IV

Ionamin Slow Release
Benzphetamine Didrex 25–50, 3 times daily III
Phendimetrazine Bontril 17.5–70, 3 times daily III

Prelu-2 105, once daily
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claims made by some of the producers. Some of the
herbs claiming weight loss properties include garcinia
cambogia, caffeine, guar gum, chromium picolinate,
and green tea.

UPCOMING THERAPEUTIC AGENTS19

Rimonabant20 is currently in clinical trials. This
agent acts on the endocannabinoid system by selec-
tively blocking CB1 receptors both centrally and
peripherally. Increased activity of the endocannabi-
noid system is associated with disproportionate food
intake.

Bariatric surgery may be indicated for patients who
have class III obesity (BMI (�40) with comorbid med-
ical problems who have failed conservative medical
management.21,23 The most common surgery per-
formed in the United States today is the roux-en-Y gas-
tric bypass procedure, which restricts the capacity of the
stomach and limits absorption of calories by shortening
the small intestine. However, adjustable gastric banding
is gaining popularity because it is less invasive and is
reversible. Bariatric surgery is a tool and must be used
in conjunction with continued, monitored diet and
exercise programs.

SUMMARY

Obesity needs to be recognized as a chronic disease,
and not a failure of will power. Behavior modification
and exercise are the foundation for maintaining a
healthy weight, or reducing body mass. Medications
are a useful adjunctive therapy in the appropriate
patient to reduce and treat comorbidities associated
with obesity. 

RESOURCES

Additional materials and resources can be found at the
following websites:

The American Obesity Association at www.obesity.org

The International Association for the Study of Obe-
sity at www.iaso.org
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SEARCH STRATEGY

A search for specific references and reviews was conducted
in PubMed. Diabetes Care provides a use for search for
position papers and clinical practice guidelines and can be
accessed at http://care.diabetesjournals.org1

BACKGROUND

An epidemic of diabetes mellitus is sweeping the United
States and the developing world. Since 1958, the preva-
lence of diabetes has increased more than 5-fold.
Between 1991 and 2001, the prevalence of diabetes has
increased by 49% overall, by 76% in the 30 to 39 age
group, and as much as 10-fold in the pediatric popula-
tion. As the population ages and becomes more over-
weight, the two major risk factors for type 2 diabetes,
the epidemic of diabetes continues to accelerate. The
cost of this disease for our society is shocking. Diabetes
accounts for 15% of health care costs and 25% of
Medicare costs in the United States. The total expendi-
ture of our society on diabetes is greater than any other
disease entity, including heart disease, cerebrovascular
disease, cancer, and HIV. Most of this cost is from pre-
ventable complications of diabetes.1

Diabetes is a risk equivalent for cardiovascular dis-
ease (CVD) and is the leading cause of renal failure,
adult blindness, and nontraumatic limb amputation in
the United States. The Diabetes Control and Complica-
tions Trial showed significant risk reduction in the
development of cardiovascular events, retinopathy,
nephropathy, and neuropathy in patients with Type 1
diabetes mellitus with more tightly controlled diabetes
than those with suboptimal control.2 Glycemic control
in addition to control of hypertension (HTN) and dys-

lipidemia are important in the management of dia-
betes. Clinical trials have shown that diabetes is highly
preventable in those most at risk by moderate exercise
and modest weight loss, and that this is more effective
than drug therapy in preventing diabetes.3,4 With
these sobering facts in mind, it is important for pri-
mary care providers to be aware of the current stan-
dards of care for treating diabetes and preventing its
complications as well as to understand effective thera-
pies for diabetes in all its stages.5

CLASSIFICATION

There are two main clinical classifications of diabetes
mellitus: type 1 diabetes and type 2 diabetes. Other
specific types of diabetes (genetic defects in pancreatic
�-cell function or insulin action, diseases of the
exocrine pancreas, and drug or chemical induced dia-
betes) and gestational diabetes are less common and
will be deferred to more detailed texts.6

TYPE 1 DIABETES

In type 1 diabetes there is little or no pancreatic secre-
tion of insulin as a result of autoimmune �-cell destruc-
tion, requiring the patient to be treated with insulin
replacement therapy in order to survive. While this type
of diabetes most frequently appears in childhood or
adolescence, it is possible to develop type 1 diabetes in
adulthood. Patients with type 1 diabetes are classically
thin or underweight, the result of chronic insulin defi-
ciency and the resultant inability to utilize and store car-
bohydrate calories. Insulin resistance plays no part in
pure type 1 diabetes. In the absence of exogenous
insulin, type 1 diabetes patients develop ketosis, which
can move quickly through ketoacidosis to death. While
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the prevalence of type 1 diabetes has been increasing,
this disease still accounts for only a small percentage of
patients with diabetes.6

TYPE 2 DIABETES

Type 2 diabetes mellitus (T2DM) accounts for 90% to
95% of all patients with diabetes, and occurs when there
is significant resistance to the effects of insulin at tissue
levels coupled with an insufficient insulin secretory
response to overcome this resistance. This manifests as
increased hepatic output and decreased muscle absorp-
tion of glucose, and long-term relative failure of �-cell
function. The combination of these abnormalities leads
to elevations in serum glucose levels and eventually to
symptoms of overt diabetes, usually after many years
of asymptomatic undiagnosed disease. Age, sedentary
lifestyle, and adiposity are the major risk factors for
T2DM. The typical type 2 diabetic patient is older and
overweight; 85% to 90% of type 2 diabetic patients are
overweight or obese.6

With the increase in obesity in the US population in
all ages and the increasing prevalence of T2DM, T2DM
is now quite common at younger ages. Indeed, some
pediatric epidemiologic surveys have reported that
T2DM is now the most common form of diabetes in
children, some emergency department series are now
reporting that diabetic ketoacidosis is now more often
caused by T2DM (although it remains an uncommon
complication of that disease), and it is no longer
uncommon to find patients with type 1 diabetes who
have become overweight and developed insulin resist-
ance and T2DM as well. Children and adolescents diag-
nosed with T2DM are generally between 10- and 19-
year-olds, obese, have a strong family history for T2DM,
and have insulin resistance. Those affected with T2DM
belong to all ethnic groups, but it is more commonly
seen in non-white groups, particularly among American
Indian youth.1

CLINICAL PRESENTATION

SYMPTOMS

Although type 1 patients are usually easily recognized
early in the course of disease, T2DM likely presents no
symptoms at all for many years. While not all patients
exhibit symptoms of hyperglycemia, those patients with
significant hyperglycemia may experience, either alone
or in combination, the following symptoms: polyuria,
polydipsia, unexplained weight loss, polyphagia,
fatigue, and blurred vision. Women may have frequent
vaginal candidiasis. Men may experience erectile dys-
function. In addition, susceptibility to certain infections

and impairment of growth may also be experienced.
Those patients who have severe hyperglycemia for
extended periods of time may develop nonketotic
hyperosmolar syndrome or DKA. Presenting symptoms
in these conditions may range from the insidious onset
of dehydration and lethargy to nausea, vomiting, and
severe electrolyte disturbances.5

DIAGNOSIS

A normal fasting glucose is considered to be less than
100 mg/dL. The diagnosis of diabetes is established by a
fasting plasma glucose of �126 mg/dL on two separate
occasions, symptoms of diabetes with a random plasma
glucose of �200 mg/dL, or a 2-hour glucose tolerance
test with a plasma glucose of �200 mg/dL. Although a
glucose tolerance test is seldom used clinically it is use-
ful for research purposes. Prediabetes is defined by
impaired fasting glucose or by impaired glucose toler-
ance (IGT). Impaired fasting glucose is defined as a fast-
ing plasma glucose between 100 mg/dL to 125 mg/dL.
A random plasma glucose or glucose following a 2-hour
glucose tolerance test of 140 mg/dL to 199 mg/dL is
considered evidence of IGT. Those patients with
prediabetes are at high risk for a future diagnosis of
diabetes, and patients with prediabetes should be
strongly encouraged to incorporate appropriate
changes in their diet and exercise regimens to prevent
development of diabetes.6 Currently, no evidence
exists to advocate screening for diabetes in all primary
care patients (Table 25-1), although there is much evi-
dence demonstrating improved risk for cardiovascular
events and other complications with early detection
and aggressive control.8 Screening for diabetes is rec-
ommended in those patients who are at risk for T2DM
which includes the following: being overweight or obe-
sity; having first degree relatives with T2DM; being of
African American, Asian, and Hispanic, or Native
American ethnicity; having a history of gestational
diabetes or polycystic ovarian syndrome; having CVD
or risks including HTN, dyslipidemia, or metabolic
syndrome.9

MANAGEMENT OF COMPLICATIONS

The major morbidity, mortality, and cost of diabetes is
associated with its chronic complications. These compli-
cations of diabetes include macrovascular sequelae
(CVD, stroke, peripheral vascular disease [PVD]) and
microvascular complications (renal failure, retinopathy,
neuropathy). It is now well known that tight control of
blood glucose, blood pressure, and lipids can prevent or
significantly delay the macrovascular and microvascular
complications of diabetes. The management of multiple
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risk factors and comorbidities in the diabetic patient
requires a systematic evaluation and assessment with fre-
quent visits to the primary care provider. Reminder sys-
tems such as flow sheets are useful in achieving recom-
mended rates in patients with diabetes. Table 25-2 gives
a list of recommended evaluations.

MACROVASCULAR DISEASE

Cardiovascular Disease
CVD is a major cause of death in patients with dia-

betes; it is also a major contributor to both direct and

indirect costs of diabetes and to morbidity associated
with diabetes.8 Of the 18.2 million Americans with dia-
betes, approximately 75% die of CVD. With the signifi-
cant increase in the number of patients diagnosed with
diabetes each year, complications of diabetes, in partic-
ular CVD, are a major health and economic problem.8

The risk of myocardial infarction for a diabetic patient
is equivalent to the risk of a patient who has known
CVD, so that diabetes is now considered an independ-
ent CVD risk equivalent. A careful history and physical
should be taken to evaluate patients for preexisting
CVD.

Peripheral Vascular Disease
PVD caused by  atherosclerosis is accelerated in

patients with diabetes and increases morbidity caused
by ischemia. Assessment of the carotid arteries, abdom-
inal aorta, and femoral arteries should be included in
the physical examination. Randomized controlled trials
have demonstrated that CVD and PVD can be pre-
vented or its progression slowed in diabetic patients by
improving other cardiovascular risk factors (blood
pressure, low-density lipoprotein (LDL), and smoking
cessation) in addition to improving overall diabetes
control.10 Currently, the ADA guidelines recommend
screening for CVD with thallium imaging in asympto-
matic diabetic patients who have an abnormal testing
electrocardiogram indicative of myocardial infarction
or ischemia, peripheral arterial disease or two or more
additional CVD risk factors.11

MICROVASCULAR DISEASE

Nephropathy
Diabetic nephropathy occurs in 20% to 40% of

patients with diabetes and is the leading cause of end-
stage renal disease. Annual screening for microalbu-
minuria is recommended in patients who have had type
1 diabetes for �5 years and in patients with T2DM, at
initial diagnosis. Microalbuminuria in the range of
30–299 mg/24 h has been shown to be the earliest
clinically discernable stage of diabetic nephropathy and
is also independently associated with increased CVD
risk. Measurement of the microalbumin to creatinine
ratio in a random urine sample is recommended for
screening. Less than 30 mg of albumin per gram of
creatinine is normal. The role of annual microalbumin
assessment after the onset of microalbuminuria is
unclear.

In addition to annual screening for proteinuria,
improved glucose and blood pressure control are nec-
essary to reduce the risk for nephropathy. Treatment
with angiotensin-converting enzyme inhibitors (ACE-I)
or angiotensin receptor blockers (ARBs) with or without

Table 25-1. Criteria for Screening Adults for Diabetes

Date Organization Recommendations

2007 American Diabetes Diabetes screening for 
Association6 adults every 3 y starting 

at age 45 y
Screen adults �45 y of age if

they are overweight and other
diabetes risk factors

2003 U.S. Preventative Insufficient evidence exists 
Services Task Force7 to recommend diabetes 

screening for asymptomatic
adults

Adults with HTN or hyper
lipidemia should be screened
for diabetes

Table 25-2. Recommended Evaluation for Diabetes Care

Evaluation

Body weight/BMI Each office visit
Blood pressure Each office visit
Hemoglobin A1C Every 10–12 weeks if not at goal; 

every 6 months if at goal
Lipids Annually; more frequently to 

achieve treatment target
Foot examination Physical examination each visit; 

monofilament annually
Urine microalbumin Annually 
Smoking cessation Annually
Dilated eye examination Annually

Treatment of CVD risks
Antihypertensive Optimal Blood Pressure Control.

Include ACE-I or ARB if 
microalbuminuria is confirmed.

HMg CoA reductase LDL reduction is primary target
(statin)

Anti-platelet agent Aspirin or clopidogrel
Pneumonia vaccine At least one lifetime vaccine; 

revaccinate adults �64 if 
previous vaccine was �5 y ago

Flu vaccine Annually unless contraindicated 
for all patients �6 months
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the presence of HTN can reduce the incidence of
microalbuminuria and slow the development of overt
nephropathy. Appropriate consultation with a nephrol-
ogist for those patients with diabetic nephropathy
whose estimated GFR has fallen below 60 mL/min/
1.73 m2 has been found to delay progression of diabetic
nephropathy and the initiation of dialysis, improve
quality of care, and reduce costs.5

Retinopathy
Diabetic retinopathy is a vascular complication that is

specific to diabetes and is the most frequent cause of
blindness. Retinopathy can be prevented and its pro-
gression delayed by optimizing glycemic control. Opti-
mal blood pressure control can independently reduce
the risk and progression of diabetic retinopathy. For
patients with type 1 diabetes, a dilated, comprehensive
eye examination is recommended within 5 years after
the onset of the disease and at least annually thereafter.
Patients with T2DM should have a dilated, comprehen-
sive eye examination soon after their diagnosis and at
least annually thereafter. If retinopathy has developed
or is progressing, more frequent eye examinations may
be necessary. Treatment with laser therapy can reduce
the risk of vision loss. Aspirin therapy does not increase
the risk of hemorrhage in diabetic retinopathy or
prevent diabetic retinopathy.5

Neuropathy
Lower extremity neuropathy leads to increased inci-

dences of pain, foot ulceration, and amputation. Those
patients at increased risk for developing foot ulcers are
those who have poorly controlled diabetes, who have
had diabetes for �10 years, or who have developed
renal, retinal, or cardiovascular complications. In addi-
tion, patients with bony deformities of the foot, PVD, or
a previous history of ulcers are also at risk. A foot exam-
ination should be performed at each office visit, with
assessment of pedal pulses and a sensory examination
performed annually using a Semmes–Weinstein 5.07
monofilament. Patients should be educated on appro-
priate foot care and advised on risk reduction for PVD,
progressive neuropathy, and infection. Referral to a dia-
betic foot specialist or podiatrist is useful for treatment
of calluses, ulcers, or other abnormalities that may be
outside the scope of care provided by the primary dia-
betes provider.5 The progression of painful diabetic
neuropathy may be slowed with tight glycemic control.
In the event that the patient does develop painful dia-
betic neuropathy, antidepressants and anticonvulsants
are often used to decrease the intensity of pain experi-
enced, often described as burning or stinging pain.12

Other forms of neuropathy, diabetic gastroparesis
and autonomic dysfunction, result in major complica-

tions for patients. Such patients should be referred to a
diabetic specialty center if available.

CONCOMITANT RISK FOR CVD IN DIABETES

Hypertension
The United Kingdom Prospective Diabetes Study

demonstrated that intensive antihypertensive therapy
had beneficial effects on macrovascular and microvas-
cular diabetes-related outcomes. Furthermore, the ben-
efit of blood pressure control was greater than that
derived by glycemic control.13 Blood pressure is an
independent risk factor for both macrovascular and
microvascular complications in patients with diabetes
and most diabetics are hypertensive. Blood pressure
should be measured at each office visit. The systolic
blood pressure goal is �130 mm Hg, while diastolic
blood pressure goal is �80 mm Hg. Patients who
develop elevated blood pressure (systolic blood pres-
sure �140 mm Hg or diastolic blood pressure �90
mmHg) should be educated on diet and lifestyle rec-
ommendations to lower blood pressure and, depending
on other cardiovascular risk factors, can be given a 3-
month trial of diet and exercise modifications without
medications to attempt to reduce their blood pressure
readings. Medication treatment revolves around lower-
ing overall blood pressure while providing cardiovascular
protection (see Chapter 1). Initial drug therapy should
be with a class shown in randomized controlled clinical
trials to reduce CVD events in patients with diabetes:
diuretics, ACE-I, ARBs, or calcium channel blockers.
Multiple drug therapy (two or more agents) will usually
be necessary to achieve blood pressure targets. Ideally, all
patients with diabetes and HTN should be treated with a
regimen containing an ACE-I or an ARB if possible, as
both offer significant renal protection in patients with
diabetes in addition to cardiovascular protection. ACE-I
and ARBs are contraindicated in pregnancy.5

Dyslipidemia
Primary and secondary prevention of CVD in the

diabetic patient requires the evaluation and manage-
ment of dyslipidemia and is considered the standard of
care.5,14 Clinical trial evidence supports the use of lipid
lowering agents to present primary and secondary CVD
in diabetes treatment14 (see Chapter 6). Patients with
diabetes should be tested annually to screen for lipid
abnormalities, and more frequently if necessary to eval-
uate treatment. Education on exercise, weight loss, and
a diet of reduced saturated fat and cholesterol is essen-
tial and may be effective in improving lipid levels. For
patients with diabetes and without overt CVD, an LDL
goal of �100 mg/dL is advised. HMG CoA reductase
inhibitor (“statin”) therapy is recommended as initial
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drug therapy to achieve a LDL reduction of 30% to
40%. Patients with overt CVD and diabetes are at very
high risk for further events, and should be treated with
statin therapy if at all possible. A tighter LDL goal of
�70 mg/dL is an option in this group. A pattern of
high triglycerides and low HDL is characteristic of the
insulin resistant state. Combination therapy with statins
and fibrates or niacin may be required to achieve lipid
goals but has not yet been evaluated in outcomes stud-
ies for CVD event reduction or safety. Statins are con-
traindicated in pregnancy.5

Anti-Platelet Agents
Aspirin in a dose of 75–162 mg/d is utilized in

patients with diabetes to prevent CVD events. Daily
aspirin is recommended as primary prevention in
patients with T2DM who are �40 years or who have
additional CVD risk factors, such as smoking, strong
family history of CVD, HTN, dyslipidemia, or albumin-
uria. Daily aspirin is recommended for secondary
prevention in all diabetic patients with known
macrovascular disease. Aspirin is not recommended for
patients with diabetes who are less than 21 years of age
because of the increased risk of Reye’s syndrome; in
addition, it is contraindicated in pregnancy. For those
patients who are intolerant of aspirin (history of aspirin
allergy, history of GI bleeding, history of hepatic dis-
ease), other anti-platelet agents may be considered as
an alternative (clopidogrel). The presence of retinopa-
thy is not a contraindication to aspirin therapy.5

Smoking Cessation
Smoking is a known risk factor for CVD and is one of

the most preventable causes of premature death. Smok-
ing significantly multiplies the already significant CVD
risk of diabetic patients and contributes to the pro-
gression of PVD. All patients with diabetes should be
advised not to smoke. Smoking cessation counseling
and other forms of treatment should be a routine com-
ponent of diabetes care.5

PREVENTION

Individuals with “prediabetes” are at risk for diabetes.6

Patient with prediabetes should be counseled on pre-
vention strategies and be followed closely. Clinical trials
have demonstrated that regular exercise and dietary
changes may prevent or delay the onset of diabetes. In
overweight subjects with IGT moderate exercise, per-
sonal dietary counseling to reduce fat intake and
increase dietary fiber resulted in a significant reduction
in new onset diabetes.15 The Diabetes Prevention Pro-
ject (DPP) showed that lifestyle modification in predia-
betics reduced the incidence of diabetes.4 In the DPP

trial metformin reduced the onset of diabetes but not as
well as lifestyle intervention.4 Other pharmacothera-
peutics that have been shown to delay the onset of dia-
betes include rosiglitazone and acarbose.5

TREATMENT

LIFESTYLE RECOMMENDATIONS

Thorough, intensive education is essential to any dia-
betes treatment plan. Patients should be educated on
the importance of weight loss (if necessary) and regular
physical activity. The American Diabetes Association
recommends 150 minutes of moderate-intensity exer-
cise each week to improve glycemic control, promote
weight loss, and to decrease CVD risk. In addition to
aerobic exercise, resistance exercise is recommended
three times a week.16

Referral to diabetes educators for diabetes self-man-
agement education and/or nutritionists for medical
nutritional therapy can ensure appropriate dietary
counseling and behavioral modifications specific to the
individual patient’s needs. Dietary recommendations
are individually designed to reduce caloric intake if
weight loss is needed and to improve glycemic control.
It is recommended that saturated and trans fats be
reduced. Carbohydrate intake should also be moni-
tored to achieve glycemic control.5,16

Follow up and reinforcement are key to ensuring
successful incorporation of these measures into the
patient’s diabetes care plan. A variety of strategies and
techniques should be used to provide education and
develop problem-solving skills in the various aspects of
diabetes management. Crucial to the implementation
of any management plan is that each aspect should be
understood and agreed upon by the patient and the
care providers, and that the treatment plan and goals
are reasonable for that individual patient.

In addition, patients with diabetes should be coun-
seled on the importance of self-monitored blood glu-
cose (SMBG) testing. In addition to monitoring A1C
levels, SMBG testing is critical in helping both providers
and patients determine what their individual glucose
patterns are and therefore where treatment should be
adjusted. Table 25-3 is an example of a SMBG chart
which patients are encouraged to keep. SMBG testing
not only helps to identify hyperglycemia, but also
episodes of hypoglycemia, when the patient may not
experience symptoms. Clinical trials using insulin have
shown that SMBG is an integral part of tight diabetes
control. SMBG should be utilized three times a day or
more in patients on multiple insulin injection therapy.
SMBG has not been shown to improve glycemic control
in noninsulin-treated diabetes.17
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Table 25-3. Self Monitoring Blood Glucose (SMBG) and Diet Log
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Hemoglobin AIC correlates with glycemic control and
is used to monitor therapy. It is not recommended in the
diagnosis of diabetes. Evaluation of the AIC should be a
routine part of diabetes care and measured at least two
times a year. More frequent measurements should be
taken after 2 to 3 months to assess the therapeutic effects
of pharmocotherapeutic agents. The American Diabetes
Association currently recommends a target AIC of less
than 7 % in most patients with diabetes.5

PHARMACOTHERAPY

There are numerous pharmacologic agents and deliv-
ery systems now available for the treatment of T2DM. In
recent years new classes and combination therapies
have been developed. An individualized approach to
treatment is required and should take into considera-
tion many variables including comorbid conditions,
lifestyle, access to medications, patient adherence, and
level of glycemic control. In general, oral therapy is ini-
tiated in patients to achieve glycemic control and is
maximized by dose titration and use of combined oral
therapy. Oral agents may also be used in combination
with insulin. Insulin therapy should be used as initial
therapy in those with weight loss, severe symptoms of
hyperglycemia, or fasting glucoses of �250 mg/dL.
Oral agents may be added to an insulin- based regimen.5

Lifestyle intervention combined with metformin is
recommended for early treatment.18 Fig. 25-1 illus-
trates an algorithm for pharmacotherapeutic choices
in the treatment of T2DM. If the AIC is �7%, a sec-
ond class (and third class) of therapy may be added
(sulfonylureas, thiazolidinediones [TZDs], or insulin)
in a stepwise fashion to achieve optimal glycemic con-
trol.5 Other classes of antidiabetic agents and combi-
nation therapeutic agents are available as illustrated
in Table 25-4.

SULFONYLUREAS

The oldest class of oral diabetes medications, the sul-
fonylureas, have been in use for approximately 50 years
and are the most frequently prescribed oral agents.
The sulfonylureas stimulate insulin secretion from 
�-cells of the pancreatic islets by binding to the sul-
fonylurea receptor on the �-cell surface. This class of
oral diabetes agents is divided into first and second
generation agents, with the first generation having a
shorter duration of action (�12 hours) than the sec-
ond generation (�24 hours) as a result of differences
in metabolism rates, activity of metabolites, and rates of
elimination. These medications are metabolized
through the liver and reach their peak plasma concen-
trations within 2 to 4 hours. They are highly bound to

plasma proteins and may interact with medications that
have a similar binding effect, such as warfarin, salicy-
lates, and sulfonamides. The response to this class of
medications depends on the presence of �-cell func-
tion, and doses may have to be increased over time or
additional agents added depending on the continued
gradual loss of �-cell function that typically occurs with
the progression of T2DM. On average, this class can
lower A1C levels by 1% to 2%.19

The most common side effects of sulfonylureas are
weight gain, with an average gain of 1 to 4 kilograms
that stabilizes more than 6 months, and hypo-
glycemia, which may occur more frequently with the
longer-acting second-generation sulfonylureas. This
class should be used cautiously in patients with renal
and hepatic disease, as decreased excretion can lead
to more hypoglycemia. Rarely, sulfonylureas have
been associated with fever, jaundice, blood dyscrasias,
and erythema multiforme. Although some older data
suggested that this class increases the risk for cardio-
vascular events in diabetic patients, more modern
large randomized trials have not demonstrated this
effect. The sulfonylureas may be used as monotherapy
or with other oral diabetes agents and may be used
safely with insulin.20

MEGLITINIDES

The nonsulfonylurea insulin secretagogues are also
known as the meglitinides or rapid acting prandial insulin
releasers. The agents in this class, repaglinide and
vateglinide, stimulate rapid but short-lived insulin secre-
tion to compensate for the defect in insulin response to
meal consumption in diabetes. These medications are
taken orally immediately before meals and can be useful
in patients with irregular meal patterns or lifestyle needs.
They reach peak plasma concentrations within 1 hour
and are metabolized by the liver; their insulin releasing
effect typically lasts for 3 hours. They carry a decreased
risk of hypoglycemia and have a small amount of weight
gain. They may be used as monotherapy for those patients
who experience hyperglycemia strictly related to meals or
in combination with other diabetes agents. They can typi-
cally lower A1C by 1% to 2%, and are most valuable when
postprandial hyperglycemia is a significant problem.19


-GLUCOSIDASE INHIBITORS

Acarbose and miglitol retard the rate of carbohydrate
digestion resulting in a delay in glucose absorption.
They can decrease postprandial hyperinsulinemia and
triglyceride levels. They may be used as monotherapy or
in combination with other diabetes medications.
Patients do not experience weight gain and typically do
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Lifestyle interventions + metformin 
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Yes* 

Add basal insulin
(most effective) Add sulfonylurea 

(least expensive) 

Add glitazone 
(no hypoglycemia) 

>Target 
HbA1c  >Target 

HbA1c  
>Target 
HbA1c  

No No No 

Intensify insulin therapy • Add glitazone Add basal
insulin

• Add sulfonylurea

>Target 
HbA1c  

>Target 
HbA1c  No No 

Yes* 

Add or increase basal insulin
or intensify insulin therapy

Intensive insulin therapy + metformin  
+/- glitazone 

Yes* 

Yes* 
Yes* Yes* 

Determine HgA1c goal

Diagnosis

Figure 25-1. Management of hyperglycemia in T2DM. 
(Copyright © 2006 American Diabetes Association. From Diabetes Care® ,Vol. 29,
2006; 1963–1972. Reprinted with permission from The American Diabetes
Association.)

� Practitioners should reinforce lifestyle modifications with each visit.
Target HbA1c �7%5

* HgA1c should be checked every 3 months until goal is reached and then at least every 6 months.
• Although all three oral medications can be used. Initiation and intensification of insulin therapy
are preferred on basis of effectiveness and expense.

Please see insulin initiation and adjustment.

not have hypoglycemia unless used in conjuction with
insulin or sulfonylureas. However, their use has been
limited by an increased incidence of gastrointestinal
(GI) disturbances, including flatulence, abdominal dis-
comfort, and diarrhea. These drugs may therefore be
difficult to use in patients with a history of chronic
intestinal disease. These GI side effects may be mini-
mized by gradually titrating dosages upward and by
ensuring that patients eat meals containing complex
carbohydrates instead of simple carbohydrates. Higher
doses may result in increased liver enzyme concentra-
tions. This class may lower A1C levels by 0.5% to 1%.19

BIGUANIDES

The biguanides improve diabetes control by decreas-
ing hepatic output of glucose and increasing insulin-
mediated glucose utilization in tissues. Metformin is
currently the only biguanide available in the United
States; phenformin was withdrawn in the 1970s, as a
result of increased incidences of lactic acidosis. The
biguanides are absorbed quickly, distributed widely, not
metabolized, and eliminated unchanged in the urine.
They decrease endogenous insulin requirements and
basal plasma insulin concentrations. Metformin is now
recommended in conjunction with lifestyle intervention
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as first line therapy in most type 2 diabetics. Metformin
may also be used in combination with other diabetes
agents and is now marketed in combination with several
other oral antidiabetic drugs (Table 25-4).19

Biguanides carry no risk of serious hypoglycemia.
They are contraindicated in patients with impaired
renal function, in patients with liver disease, alcohol
abuse, and a history of metabolic acidosis, and in
patients with cardiac or respiratory insufficiency. Renal
function should be assessed before initiating therapy
and during the course of therapy, and metformin
should be discontinued prior to procedures utilizing
intravenous radiographic contrast media. They can be
taken with meals or immediately after the meal to mini-
mize GI side effects, which can include diarrhea, flatu-
lence, and abdominal discomfort.19 Metformin should

be discontinued if serum creatinine exceeds 1.4 mg/dL
in women and 1.5 mg/dL in men.

THIAZOLIDINEDIONES (TZDs)

TZDs, (pioglitazone and rosiglitazone) were intro-
duced in the late 1990s. They contribute to improved
insulin sensitivity, reduction in hyperinsulinemia, and
increase peripheral glucose disposal rates while
decreasing hepatic glucose production.16 Their ability
to improve glucose control relies on the presence of
adequate insulin production by the pancreas. They are
metabolized in the liver and bind to plasma proteins
but have no known interference with other protein
binding drugs. They have a slow onset of action, and
overall improvement in glucose control may not be

Table 25-4. Oral Antidiabetic Agents*

Drug Class Daily Dosage Duration of
(Generic Name) Range Dose(s)/d Action (h) Main Adverse Effects

Insulin secretagogues sulfonylureas
First generation Weight gain, hypoglycemia

Tolbutamide 0.5–2.0 g 2–3 12
Acetohexamide 0.25–1.5 g 1–2 12–24
Tolazamide 0.1–0.5 g 1–2 12–24
Chlorpropamide 1.25–20.0 mg 1 36–72

Second generation Weight gain, hypoglycemia
Glyburide 5–40 mg 1–2 16–24
Glipizide 5–40 mg 1–2 12
Glimepiride 1–8 mg 2–4 24

Meglitinides Hypoglycemia, weight gain
Netaglinide 60–360 mg 2–4 1–2
Repaglinide 1–16 mg 2–4

Biguanide GI intolerance, lactic acidosis
Metformin 1.0–2.5 g 2–3 6–12


-Glucosidase inhibitors GI intolerance
Acarbose 75–300 mg 3 NA
Miglitol 75–300 mg 3 NA

TZDs Fluid retention, congestive heart failure,
hepatoxicity, weight gain, hypoglycemia

Rosiglitazone 4–8 mg 1–2 12–24
Pioglitazone 15–45 mg 1 24

Incretin mimetics GI intolerance
Pramlintide 0.6 mg 3 3
Exanatide† 5–10 mg sq 2 2

Dipeptidyl peptidase (DDP) Headache, upper respiratory infection
IV inhibitors
Sitagliptin 25–100 mg 1 1–4 

Combination medications Dosage and interval are 
dependent upon specific
combination

Sulfonylurea/biguanide Weight gain, hypoglycemia
Sulfonylurea/thiozolidinedione Weight gain, hypoglycemia
Biguanide/ thiozolidinedione GI intolerance, weight gain, hypoglycemia
DDP-IV inhibitor/biguanide GI intolerance, headache

*Modified from multiple sources.
†Given subcutaneously.
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seen for 3 to 4 months. The TZDs have been shown to
reduce A1C levels by 0.5% to 1.5% and may be used as
monotherapy or in combination with other oral dia-
betes medications or insulin. They are contraindicated
in patients with active liver disease and in patients with
class III or IV congestive heart failure, as well as in preg-
nancy. Prior to starting this therapy, it is recommended
that baseline liver enzymes be drawn to evaluate for pre-
existing liver disease, and repeat liver enzymes periodi-
cally as determined by the clinician thereafter. Side
effects include weight gain (an average of 1 to 4 kilo-
grams that stabilizes more than 6–12 months), edema,
hypoglycemia, and elevated liver enzymes.21 Recent
data have emerged regarding the potential risk with
rosiglitazone and increased incidence of cardiovascular
events and death in patients taking the medication;
providers need to make an educated decision regarding
its continued use as treatment for diabetes.22

GLUCAGON-LIKE PEPTIDE RECEPTOR
AGONISTS—INCRETIN MIMETICS

Glucagon-like peptide 1 (GLP-1) is a gut-derived incretin
hormone that stimulates insulin and suppresses glucagon
secretion, inhibits gastric emptying, and reduces appetite
and food intake. Currently available GLP-1 agonists
include exenatide and pramlintide. Exenatide is adminis-
tered by subcutaneous injection twice daily for patients
with T2DM suboptimally controlled on oral antidiabetic
agents (metformin, sulfonylureas, a combination of both,
or TZDs). The starting dose of exenatide is 5 �g twice
daily for 4 weeks, followed by an increase to 10 �g twice
daily. Exenatide reduced A1C concentrations by 0·8% to
1·0 % more than 30 weeks, with prevention of weight gain
or modest weight loss of 1·5 to 3 kilograms. The most fre-
quent adverse events with exenatide were nausea, or
more rarely vomiting or diarrhea. Exenatide has a circu-
lating half-life of 60 to 90 minutes, with increases in
plasma exenatide concentrations lasting 4 to 6 hours after
a single subcutaneous injection.23 Randomized con-
trolled clinical trials with GLP-1 therapy result in
improved fasting and postprandial blood sugars in non-
pregnant patients with diabetes and have a favorable
weight profile.24 Further evaluation of long-term efficacy
and safety with these agents are needed.

Preclinical studies indicate that the neuroendocrine
actions of the peptide hormone amylin, produced in pan-
creatic 
-cells, complement those of insulin in glucose
homeostasis by targeting suppression of postprandial
glucagon, delaying gastric emptying time, and enhancing
satiety, which leads to decreased caloric intake and poten-
tial weight loss.23 Amylin also replenishes hepatic glyco-
gen stores and glucagon-like insulinotropic polypeptide,
which increases insulin production in response to a

meal.23 Human amylin has a very short half-life and is too
thick to inject as such not useful in diabetic patients.

Pramlintide, the first soluble, stable, nonaggregat-
ing, synthetic peptide analog of human amylin is now
available. The time to achieve maximum concentration
of pramlintide is 20 minutes, with the effect lasting up
to 3 hours after drug administration. Its elimination
half-life is approximately 20 to 45 minutes. Pramlintide
is metabolized and eliminated predominantly by the
kidneys. Since pramlintide possesses a wide therapeutic
index, dosage adjustments are not required regardless
of meal size or in the presence of mild-to-moderate
renal insufficiency. Pramlintide has clearly been shown
to reduce A1C by 0.1% to 0.4% in patients with type 1
diabetes and 0.3% to 0.7% in patients with T2DM.
Trials also demonstrated that pramlintide therapy was
associated with a weight reduction of 0.7 kg to 1.7 kg.
Side effects include nausea, vomiting, and anorexia.
Pramlintide is available in 30 mg and 60 mg doses bid
subcutaneously Pramlintide is rated as pregnancy
category C and is contraindicated in patients with
gastroparesis.25

DIPEPTIDYL PEPTIDASE-4 ACTIVITY INHIBITORS
(INCRETIN ENHANCERS)

Dipeptidyl peptidase-4 (DPP-4) inhibitors degrade the
natural breakdown of incretins by DPP-4 and mimic
many of the actions ascribed to GLP-1 agonists, includ-
ing stimulation of insulin and inhibition of glucagon
secretion, and preservation of �-cell mass through
stimulation of cell proliferation and inhibition of
apoptosis. By contrast, DPP-4 inhibitors are generally
not associated with deceleration of gastric emptying or
weight loss. Typically, these agents reduce serum DPP-
4 activity by more than 80%, with some inhibition
maintained for 24 hours after one dose or with once
daily treatment. DPP-4 inhibition is accompanied by a
rise in postprandial levels of intact GLP-1. Sitagliptin is
well-tolerated at doses of 100 mg once daily, either as
monotherapy, or in combination with metformin or
pioglitazone, without significant hypoglycemia or
weight gain. No characteristic pattern of adverse
events has been associated with the use of DPP-4
inhibitors, despite the large number of potential sub-
strates for DPP-4. In view of the widespread expression
of DPP-4 on many cell types, including lymphocytes,
there is considerable interest in the long-term safety
profile of DPP-4 inhibitors.23

COMBINATION ORAL MEDICATIONS

With the natural progression of diabetes and decline of
�-cell function, it may be necessary to add additional



Chapter 25 / Diabetes Mellitus Management 289

agents to maintain glycemic control. Combinations of
different classes of oral agents are particularly effective,
as each class targets a different mechanism contributing
to elevated blood glucose. In fact, many oral medica-
tions are now available in combination form (Table 25-4).
As with the use of these medications individually, appro-
priate laboratory values and side effects should be mon-
itored, and therapy adjusted as necessary based on indi-
vidual patient needs.

INSULIN

The introduction of insulin therapy in the 1920s was
the most significant innovation in the treatment of dia-
betes.26 Over time, new insulin types and methods of
delivery have allowed patients who require insulin bet-
ter control, more options, and more flexibility with
regards to their diet, lifestyles, and insulin administra-
tion. For many patients with T2DM the gradual decline
of �-cell function and increasing peripheral insulin
resistance often renders insulin treatment necessary,
either as monotherapy or in combination with oral
agents. Figure 25-2 illustrates a method of initiation of
insulin. Insulin therapy in patients with T2DM may be
necessary at the time of diagnosis to reduce glucose
toxicity, with the possibility of weaning insulin and con-
verting to oral medications as hyperglycemia improves.
Insulin is also indicated for severe or symptomatic
hyperglycemia. Insulin may be temporarily required
for a transient increase in insulin resistance such as in
acute severe physical stress, injury, infection, or gluco-
corticoid therapy.26

Patient instructions for insulin therapy should
emphasize the importance of timing of meals to insulin
injections, of rotating insulin injection sites to minimize
lipodystrophy, of regularity in the schedule of doses and
meals, and of appropriate recognition and treatment of
hypoglycemia. As with sulfonylureas, the most common
side effects of insulin are hypoglycemia and weight
gain. In patients with renal disease, insulin absorption
and excretion will be affected, leading to decreasing
insulin requirements as renal function declines and to
more frequent episodes of hypoglycemia if not appro-
priately monitored. The importance of SMBG testing
cannot be overemphasized in patients receiving insulin
injections.26

Insulin can be classified into four different cate-
gories: rapid- (lispro aspart and glulisine), short- (reg-
ular), intermediate- (NPH, lente), and long-acting
(ultralente, glargine, detemir) insulin.27 Table 25-5
illustrates the currently available insulins. While each
category has its own onset, peak, and duration, it is
important to remember that individual patients
respond individually to various insulin regimens, and

adjustment of predicted insulin dosages should be
made with the aid of SMBG testing. These insulins may
be used as monotherapy for treatment or in combina-
tion with oral medications, depending on the individ-
ual patient needs for optimal glucose control. In addi-
tion, combinations of intermediate and short or rapid
acting insulins are available (70/30—NPH and R,
Humalog 75/25—NPL and lispro, Novolog 70/30—
NPA and aspart).27 These mixed insulins may be use-
ful in patients who have difficulty in mixing insulins
but are limited in their flexibility. Titration increases
or decreases mean that both components of the mix-
ture are changed, so that there is no way to adjust only
one component of their particular insulin regimen,
which can lead to more frequent episodes of hypo-
glycemia.28

Insulin is stable at room temperature for approxi-
mately 1 month but will retain its stability longer if
refrigerated. It should not be exposed to extreme cold
or hot temperatures. With the exception of aspart,
lispro, glulisine, detemir, and glargine, all other
insulins are in suspension and require gentle mixing
by rolling to ensure uniform suspension before the
insulin is used. Regular insulin, aspart, lispro, gluli-
sine, and detemir may be mixed with NPH without any
variation in the stability in any of the types of insulin.
Glargine may not be mixed with other insulins.
Absorption occurs more quickly in the abdomen with
slower absorption in the arms, buttocks, and thighs.
Physical exercise increases blood flow to the active
body part and therefore will increase insulin absorp-
tion from that region, which can lead to hypoglycemia.
Patients should be counseled on the importance of
SMBG when exercising to minimize the incidence of
hypoglycemia.27

Methods of delivery of insulin have changed over
time, and many modalities are now available. In addi-
tion to traditional syringes, many insulins are available
for administration as insulin pens, which some patients
find more convenient, safer, simpler, more accurate, or
easier to see. Insulin pumps are becoming increasingly
more common as therapy for type 1 diabetics and
selected type 2 patients and offer considerable accuracy
and flexibility at the cost of more complex mainte-
nance, increased expense, and increased patient
responsibility.29

Insulin and Surgery
In general, patients who are on insulin injections

may continue those injections during the perioperative
phase. Nighttime long-acting insulin doses may need to
be decreased on the night prior to the procedure to
prevent hypoglycemia, depending on when the patient
will be allowed to eat following the procedure. For
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patients undergoing procedures that are long and/or
complex, sliding scale or intravenous insulin is usually
required in place of their injections.30

CONCLUSION

Diabetes is an extremely disease process that requires
intensive management on the part of both the patient
and the provider. For many, optimal control can only
be achieved by a multidisciplinary approach involving

the primary care provider, the diabetes educator, the
nutritionist, and often other subspecialists. Particular
attention must be given to comorbid conditions, in
particular HTN and dyslipidemia, as modification of
these risk factors contributes most directly to improve-
ment in cardiovascular risk in diabetic patients.
Macrovascular complications (CAD, cerebrovascular
disease, and PVD) should be routinely screened for
and preventive measures implemented (aspirin therapy
and smoking cessation). Microvascular complications

Start with NPH insulin 5 units a 
bedtime

•Check SMBG fasting and at bedtime until glucose levels are in target range 90–130 mg/dL* 

 Above HgA1c target after 2–3 months?If hypoglycemia 
occurs, or 
fasting glucose 
level <70 mg/dL
reduce dose 

No Yes

Continue regimen 
check HgA1c 

If fasting BG in target range 90–130 
mg/dL, intensify SMBG 

Predinner BG 
out of range; add
NPH insulin at
breakfast* or
rapid acting at
lunch

Prebed BG out
of range; add
rapid-acting
insulin at dinner

Prelunch BG out
of range; add
rapid acting
insulin at

HgA1c ≥7% after 3 
months?  

No

Recheck premeal BG levels and if out of 
range, may need to add another injection; if 
HgA1c continues to be out of range, check

 2-h postprandial levels and adjust preprandial
rapid-acting insulin 

*See SMBG Log (Table 25-3).

Figure 25-2. Initiation and adjustment of insulin.
(Copyright © 2006 American Diabetes Association. From Diabetes Care® ,Vol. 29, 2006; 1963–1972.
Reprinted with permission from The American Diabetes Association.)
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EVIDENCE-BASED SUMMARY

• Risk factors for diabetes include obesity, seden-
tary lifestyle, and increasing age.

• Diabetes is a leading risk factor for macrovas-
cular (CVD and PVD) and microvascular dis-
ease (retinopathy, neuropathy, nephropathy).

• Diabetes is usually associated with other risk
factors for heart disease, including HTN and
dyslipidemia.

• Management of the diabetic patient requires
comprehensive medical management to pre-
vent primary and secondary CVD which
includes optimal control of HTN, lipids, as
well as glycemic control.

• Treatment of diabetes requires comprehensive
lifestyle intervention in addition to a multi-
drug regimen to achieve glycemic control and
optimization of other CVD risks.

• Diabetic patients often require combination
antidiabetic agents to control their disease and
often must utilize insulin for optimal glycemic
control.

(diabetic nephropathy, retinopathy, and neuropathy)
should be routinely screened for and treated. Fre-
quent follow-up with A1C levels and SMBG testing is
essential to monitor control and adjust therapy
according to individual patient needs.
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SEARCH STRATEGY

A search of PubMed was conducted for specific references.
Guidlelines for reference were obtained from www.guide-
line.gov. UptoDate was queried for general content.

The term metabolic syndrome refers to a constellation
of interrelated conditions that directly promote the
development of atherosclerotic cardiovascular disease
(CVD) and type 2 diabetes mellitus. The term meta-
bolic syndrome has become widely accepted in the
medical literature. The primary care provider is faced
with the implications of the diagnosis of the metabolic
syndrome for patients. Identification of one risk com-
ponent of the metabolic syndrome should prompt
evaluation of other components.1 Early identification
of the cluster of risks of CVD and diabetes may be
important in educating patients on lifestyle interven-
tions to avert or delay the development of CVD and
type 2 diabetes. Pharmacologic treatment for meta-
bolic syndrome does not differ from the treatment for
the traditional risks for CVD including diabetes, hyper-
tension, and hyperlipidemia, although more research
on prevention and treatment of metabolic syndrome is
clearly needed.

DEFINITION AND DIAGNOSIS

In 1988, Reaven first described a cluster of risk factors
associated with CVD, which included hyperglycemia,
low high-density lipoprotein, hypertriglyceridemia, and
hypertension. He coined the phrase “syndrome X” and
proposed that the pathophysiology leading to CVD is
related to insulin resistance resulting in hyperinsuline-
mia. Reaven recognized an association with obesity and

syndrome X but did not consider obesity a central com-
ponent of syndrome X.2

Since Reaven’s landmark presentation, other names
have been applied to the syndrome including metabolic
syndrome X, dysmetabolic syndrome, plurimetabolic
syndrome, and the insulin resistance syndrome. Failure
to reach consensus on a universally acceptable title
stems from the fact that the exact causes of metabolic
syndrome remain elusive. Strictly speaking, this is an
association of conditions, not a syndrome3, however,
the term gained popularity during the last few years.
Extensive research in the areas of epidemiology, patho-
physiology, and clinical care related to metabolic syn-
drome has been done.

Multiple methods have been used during the last 10
years to define the metabolic syndrome criteria. The
World Health Organization proposed diagnostic crite-
ria of metabolic syndrome in 1998.4 These guidelines
were not widely accepted, as there is a requirement for
evaluation of insulin resistance either by oral glucose
tolerance test or euglycemic clamp. Both methods are
difficult to conduct in the clinical setting. The National
Cholesterol Education Program (NCEP) Adult Treat-
ment Panel III (ATP III) proposed a set of criteria in
2001 based on common clinical measures including
waist circumference, triglycerides (TG), HDL choles-
terol, blood pressure (BP), and fasting glucose level.
Abnormal findings in 3 of the 5 areas constitute a posi-
tive diagnosis.1 Modifications to these criteria have
been suggested by several organizations since 2001,
including the American Heart Association (AHA), the
National Heart, Lung, and Blood Institute,5 and the
International Diabetes Foundation (IDF).6 Table 26-1
lists the diagnostic criteria for the modified ATP III
guidelines as suggested by the AHA and National Heart,
Lung, and Blood Institute. 
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Recently, modified guidelines of World Health Orga-
nization have been published, which are more consis-
tent with NCEP guidelines.6 These guidelines, like
NCEP, include cut points for BP, HDL cholesterol, TG,
and central obesity. The IDF guidelines differ in that
they include adjusted waist circumference cut points for
different ethnic groups. The IDF guidelines take into
account the greater sensitivity of Asian Americans for
insulin resistance with increasing waist circumferences.6

PREVALENCE

Metabolic syndrome is very common in the United
States, particularly in individuals more than the age of
50. It is largely an entity of westernized societies and is
highly associated with increasing weight, particularly
abdominal obesity. An increasing prevalence of meta-
bolic syndrome allows projection of increases in the
prevalence of CVD and type 2 diabetes.7 Approximately
35% of the population more than 50 years of age meet
the original ATP III criteria.8 Among the population as
a whole, the age-adjusted prevalence from the Third
National Health and Nutrition Examination Survey
1998–1994 (NHANES III) and NHANES 1999–2000
were 23.1% and 26.7% (p � 0.043), respectively, based
on the original NCEP/ATP III criteria, which defined
the glucose threshold of 110 mg/dL. When using the
AHA and National Heart, Lung, and Blood Insitute

modified criteria (glucose threshold of 100 mg/dL),
the age-adjusted prevalence is 29.2% with NHANES
III.9 Variability is seen with gender and ethnicity.
Women have a greater increase in prevalence with His-
panic women having the highest prevalence (36%) and
African American men having the lowest (16%).8

Approximately 50 million US adults had metabolic syn-
drome in 1990 compared to the current estimates of
nearly 64 million adults with metabolic syndrome and
risk for diabetic and atherosclerotic disease in the
future.9

Metabolic syndrome occurs in children and adoles-
cents, but there is no consensus on the diagnostic criteria.
The presence of metabolic syndrome is high is obese chil-
dren and adolescents, and its prevalence increases with
the degree of obesity.10 In the period of adolescence
there are physiologic alterations related to develop-
mental changes making criteria development challeng-
ing.11 A modified ATP III definition requires at least
three of the following: TG levels �95th percentile, HDL
in �5th percentile, systolic or diastolic pressure 95th
percentile, and impaired glucose tolerance.12 In
another proposed criteria, the syndrome as it applies to
children and adolescents was defined as serum TG
�110 mg/dL, HDL cholesterol �40 mg/dL, waist cir-
cumference �90th percentile, fasting plasma glucose
�110 mg/dL, and BP �90th percentile.13 Without con-
sensus on the definition of metabolic syndrome in chil-
dren and adolescents, it is difficult to estimate the
prevalence or risk in this age group. Furthermore, rec-
ommendations that apply to adults may not be general-
izable to children and adolescents.11

PATHOPHYSIOLOGY

Although the exact mechanisms for the development of
metabolic syndrome remain elusive, the major underly-
ing risk factors include obesity and insulin resistance.
Insulin resistance leads to worsening of each of the com-
ponents of the metabolic syndrome, which together
increase cardiovascular risk. Genetics appears to play an
important role in predisposing certain individuals and
populations to the development of metabolic syndrome.
Multiple environmental factors modify this genetic pre-
disposition and include physical inactivity, advancing
age, cigarette smoking, and endocrine dysfunction.1,5,14

Although composite criteria are established to
define the metabolic syndrome, it is the underlying
constellation of individual conditions of metabolic ori-
gin that contribute to the increased risk for CVD.
These include atherogenic dyslipidemia (small LDL
particles, elevated TG and apolipoprotein B, low HDL
cholesterol concentrations), elevated BP, elevated
plasma glucose, a prothrombotic state identified by

Table 26-1. Diagnostic Criteria for Metabolic Syndrome

Any 3 of 5 Criteria 
Constitute the Diagnosis
of Metabolic Syndrome Cut Points

Elevated waist �102 cm (�40 inches) in men
circumference �88 cm (�35 inches) in women

Elevated TG �150 mg/dL (1.7 mmol/L)
or
Drug treatment for elevated TG*

Reduced HDL cholesterol �40 mg/dL (0.9 mmol/L) in men
�50 mg/dL (1.1 mmol/L) in 

women
or
Drug treatment for reduced HDL

cholesterol*
Elevated BP �130 mmHg systolic BP

or
�85 mmHg diastolic BP
or
Drug treatment for hypertension

Elevated fasting glucose �100 mg/dL
or
Drug treatment for elevated 
glucose

*Fibrates and nicotinic acid are the most commonly used drugs for elevated
TG and reduced HDL cholesterol. Patients taking one of these drugs
presumed to have high TG and low HDL.



Chapter 26 / Metabolic Syndrome 295

increases in fibrinogen and factor VIII, antifibrinolyt-
ics associated with plasminogen activator inhibitor-1,
and a proinflammatory state associated by markers
such as C-reactive protein.14 Both obesity and insulin
resistance are associated with inflammation.15 A grow-
ing list of novel transcription factors, cytokines, and
inflammatory mediators are associated with metabolic
syndrome.16 While these are not used in diagnosis and
management, they are important in understanding
the underlying pathophysiology of the metabolic syn-
drome. Interventions, including a Mediterranean
diet, exercise, and the use of some medications used to
modify traditional CVD risks such as statins, ACE
inhibitors, and angiotensin receptor antagonists, have
been shown to alter markers of inflammation in the
metabolic syndrome.16

There is debate on whether the atherosclerotic risk
imparted by the metabolic syndrome is more than the
“sum of its parts.”14,17 Several longitudinal studies have
established an increased multiplicative risk of developing
both diabetes and CVD in subjects with metabolic syn-
drome.14 Adults followed in the Framingham cohort
without CVD or type 2 diabetes at baseline had a preva-
lence of metabolic syndrome of 26.8% in men and 16.6%
in women. Over an 8-year period, the metabolic syn-
drome increased the relative risk for CVD in men and
type 2 diabetes in men and women. The metabolic syn-
drome accounted for up to one-third of CVD in men and
half of new type 2 DM diagnoses in this cohort.7

CLINICAL MANAGEMENT

The management of the metabolic syndrome depends
on thorough identification of risk and appropriate strat-
ification for intensive treatment of each individual CVD
risk factor. Secondary goals include delaying or pre-
venting the development of type 2 diabetes. In view of
the complexities of multiple medications with possible
side effects and interactions, multiple dosing regimens,
adherence to therapy, access to medications prescribed,
and challenging lifestyle modifications, a global
approach to all risk factors is crucial in reaching all
goals for treatment.

The ultimate choice and intensity of treatment
depends on the calculated global risk of the patient.
Diabetics and patients with established CVD should
receive more intensive therapy based on established
guidelines. Using Framingham Heart Study data, the
10-year risk for CHD for non-diabetics with the meta-
bolic syndrome depends more on the individual risk
factors. For these individuals, without type 2 diabetes
and/or established CVD, the absolute 10-year Framing-
ham risk score is a better predictor of cardiovascular
endpoint risk.14

Lifestyle modifications targeted at improving the
individual components of metabolic syndrome remain
the first-line intervention to prevent metabolic syn-
drome and lower the risk for CVD and type 2 diabetes.5

Weight loss, increased physical activity, an antiathero-
genic diet, and smoking cessation are integral and pow-
erful tools when closely followed by patients. Such
lifestyle modifications are too often overlooked or
ignored by medical personnel, but are essential for a
long-term benefit by decreasing all risk factors simulta-
neously. Recently, the AHA guidelines have be modified
so that they are applicable to patients with traditional
risks for CVD (hypertension, hyperlipidemia, hyper-
glycemia) and metabolic syndrome with a focus on CVD
prevention.18 The AHA recommended lifestyle inter-
ventions are summarized in Table 26-2.

The AHA recommends maintaining a healthy body
weight defined by a body mass index between 18.5 and
24.9 kg/m2. This may be achieved with attention to
caloric intake and expenditure. An overall healthy diet
rich in fruits, vegetables, whole grains, low-fat dairy prod-
ucts, poultry, lean meats, and oily fish twice weekly
applies to all groups including patients with metabolic
syndrome, CVD or diabetes and in those aiming for pri-
mary prevention of CVD. Limited intake of saturated
fats, trans-fats, and cholesterol is recommended. Low
sodium intake and avoidance of alcohol are important.18

Regular physical activity improves all components of
the metabolic syndrome.

Daily moderate-intensity activity such as brisk walk-
ing for at least 30 minutes is the standard recommenda-
tion but increased intensity increases the beneficial
effects.19

Table 26-2. Lifestyle Goals for CVD Risk Reduction

Consume a healthy diet daily
High in fruits, vegetables, and whole grains
Low-fat dairy products
Low cholesterol, low saturated and trans-fats
Low sodium
Avoidance of alcohol

Aim for a healthy body weight
Body mass index of 18.5–24.9 kg/m2

Aim for a desirable lipid profile
LDL �100 mg/dL
HDL �40 mg/dL in men and �50 mg/dL in women
TG �150 mg/dL

Aim of an optimal BP
BP �120/80 mmHg

Aim for a normal glucose
Fasting glucose �100 mg/dL

Perform regular physical activity
Avoid exposure to tobacco products

Adapted from: American Heart Association Diet and Lifestyle
Recommedations, Revision 2006.
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Currently, no specific pharmacotherapeutic regimen
is recommended to the treat the metabolic syndrome
other by than medications approved for use in individ-
ual components. These include lipid lowering drugs,
antidiabetic agents, antihypertensives, weight loss agents,
and antiplatelet therapy. Therapeutic targets for each
individual entity are not modified by the additional diag-
nosis of the metabolic syndrome. More detailed discus-
sions are included in other chapters of this text.

Dyslipidemic targets should follow NCEP guidelines,
targeting LDL as the primary goal based on Framing-
ham risk, with non-HDL cholesterol and HDL choles-
terol as secondary targets. Mainstays of therapy are cur-
rently the statins, bile acid sequestrants, and ezetimibe.
Other medications targeting the secondary goals noted
above and severe hypertriglyceridemia include nico-
tinic acid and the fibrates.1

Impaired glucose tolerance, resulting in elevated
fasting glucose and overt type 2 diabetes, should be
appropriately diagnosed according to the current
American Diabetic Association guidelines.20 Currently,
no medications are recommended to treat elevated fast-
ing glucose levels outside of type 2 diabetes. Once dia-
betes develops, multiple medications may be needed to
modify endogenous insulin secretion and effectiveness,
decrease gluconeogenesis, and increase insulin sensitiv-
ity in peripheral tissues.20 Lifestyle modifications are
again very important and are the foundation of appro-
priate care of the patient with impaired glucose toler-
ance or type 2 diabetes.

Elevated BP should be assessed with a reliable device
according to the seventh Report of the Joint National
Commission (JNC7).21 Lifestyle modifications should
be recommended for all individuals regardless of the
level of BP. Medications should be considered for indi-
viduals whose BP is �140/90 mmHg. For individuals
with diabetes or chronic renal disease, the target BP
should be �130/80 mm Hg, utilizing both lifestyle
changes and medications. Drug choice should be
driven by JNC7 recommendations and appropriate
compelling indications for particular drug classes.21

For those individuals at higher risk for CVD (10-year
risk for coronary heart disease �10%, type 2 diabetes,
or current diagnosis of CVD), low-dose aspirin therapy
should be initiated. Clopidogrel should be considered
in situations precluding the use of aspirin.

CONCLUSION

The associated risk factors comprising the metabolic syn-
drome represent a challenging dilemma of comprehen-
sive CVD risk assessment and treatment. As the preva-
lence of obesity and physical inactivity increase in
developing societies, the metabolic syndrome will con-

tinue to present global healthcare challenges. Healthcare
providers have a critical role in preventing the develop-
ment of metabolic syndrome in patients. Attention to and
aggressive management of all risk factors with lifestyle
modifications and medication therapy will ensure pri-
mary and secondary prevention of atherogenic end-
points. Further understanding of the pathophysiologic
changes leading to the disorder may help to identify vari-
ous pharmacologic targets aimed at prevention and treat-
ment of metabolic syndrome, CVD, and type 2 diabetes.

EVIDENCE-BASED SUMMARY

• Metabolic syndrome is a cluster of risk factors
that are associated in increased risk for CVD
and type 2 diabetes.

• The prevalence of metabolic syndrome is
increasing worldwide as obesity and physical
inactivity increase.

• Metabolic syndrome is associated with insulin
resistance and proinflammatory, prothrom-
botic, and atherogenic markers.

• Lifestyle intervention with diet, exercise, and
weight reduction are the fundamental to pre-
vention and treatment of metabolic syndrome,
CVD, and type 2 diabetes.

• Pharmacotherapy in metabolic syndrome is
used to target individual components of the syn-
drome including dyslipidemia, hyperglycemia,
and hypertension.
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SEARCH STRATEGY

A comprehensive search of the medical literature was per-
formed on Endocrinology texts, UpToDate®, and www.gui-
dlelines.gov These resources were queried for general con-
tent. PubMed was accessed for specific references during
January 2008.

THYROID GLAND DISORDERS

Disorders of the thyroid gland are a common problem
encountered in a primary care setting. Normal thyroid
function is essential to many cellular and metabolic
processes which are important throughout the life
cycle. Abnormalities of function may lead to a wide
variety of nonspecific and subtle or overt signs and
symptoms. Among the disorders that present to the pri-
mary care provider are hypothyroidism, hyperthy-
roidism, thyroid nodules, goiter, thyroid cancers, and
even nonthyroidal illness. The routine screening for
thyroid disease is not recommended by most consensus
groups, thus the primary care provider must recognize
the need for evaluation of thyroid function when
appropriate.

PHYSIOLOGY

The thyroid is an endocrine gland controlled by a feed-
back loop involving the hypothalamus, pituitary gland,
and the thyroid gland. The hypothalamus produces thy-
rotropin-releasing hormone (TRH) which stimulates
the pituitary gland to produce thyroid-stimulating hor-
mone (TSH). TSH controls the formation and release
of the hormones serum thyroxine (T4) and serum tri-
iodothyronine (T3). All of T4 is made in the thyroid

gland while only 20% of T3 is formed in the thyroid.
Eighty percent of T3 is formed by the deiodination of T4

to T3 in the peripheral tissue (predominately in the
liver and kidneys) in the presence of 5¿ monodeiodi-
nase. Serum T3 and T4 regulate the release or suppres-
sion of the TRH and TSH from hypothalamus and pitu-
itary, respectively, in a feedback loop.1

Nearly all of T3 and T4 is protein-bound by thyroxine-
binding protein or albumin. The unbound portion of
thyroid hormone is referred to as free T4 and free T3

which are the physiologically active forms of hormone.
Protein binding is important in regulation of uptake by
tissues and for providing a reserve of hormone.1

Testing for thyroid abnormalities varies depending
on the clinical situation but generally begins with the
evaluation of the TSH and free T4 levels. Other tests of
thyroid function may be necessary. The measurement
of Total T4 and Total T3 is seldom indicated. Free T4

and free T3 will be referred to as T4 and T3 throughout
this text.

HYPOTHYROIDISM

Hypothyroidism is the manifestation of a deficiency of
thyroid hormones. The symptoms may vary from severe
as seen with myxedema coma to absent as with subclini-
cal hypothyroidism.

CLASSIFICATION/CAUSES

There are many different causes of hypothyroidism
including autoimmune disorders, iatrogenic causes,
and secondary to other disease processes. Table 27-1
illustrates many of the conditions that may cause
hypothyroidism.1
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Primary hypothyroidism accounts for approximately
99% of cases of hypothyroidism. In the United States,
overt hypothyroidism occurs in 0.8% to 1% of the pop-
ulation.2 Worldwide iodine deficiency is the most com-
mon cause; however, in regions that are iodine suffi-
cient, chronic autoimmune (Hashimoto’s) thyroiditis is
the most common form of primary hypothyroidism.
Infiltrative diseases such as amyloidosis, hemochro-
matosis, or fibrous thyroiditis are rare forms of primary
thyroid failure. Hypothyroidism can be transient if
caused by subacute lymphocytic thyroiditis or in post-
partum thyroiditis.2

Iatrogenic causes of hypothyroidism include thy-
roidectomy, radioactive iodine treatment for Graves’
disease, and external radiation therapy. The most com-
mon drugs that can cause hypothyroidism are lithium
and amiodarone.2

Central hypothyroidism is caused by hypothalamic or
pituitary disease. These patients generally have other
hormonal deficiencies or a pituitary mass causing com-
pressive symptoms such as visual field deficits or
headaches.1

Congenital hypothyroidism occurs in newborns at a
rate of one in 3000 to 4000 and is the leading cause of
hypothyroidism in iodine-deficient regions of the
world.3 It can be transient, but it is usually permanent
and may result in severe neurological consequences

such as mental retardation, if untreated. Newborn
screening programs are in place in developed coun-
tries. After the diagnosis is confirmed, immediate ther-
apy with T4 is essential to prevent impaired cognitive
development.3

CLINICAL MANIFESTATIONS OF
HYPOTHYROIDISM

Generally, the onset of hypothyroid symptoms is gradual.
Some of the most common symptoms early on are
fatigue, weakness, dry skin, menorrhagia, cold intoler-
ance, or constipation. A careful review of systems may lead
to early diagnosis of hypothyroidism.4 Table 27-2 summa-
rizes many of the symptoms related to hypothyroidism.

Skin/Hair
Patients may complain of dry, thickened, or scaly

skin which may appear yellow in color. Hair loss and
thinning of the outer-third of eyebrows are common.
The extremities may be cool and peripheral edema (a
condition referred to as myxedema) is common.

Cardiopulmonary
Hypothyroidism is considered in the evaluation of a

patient with diastolic hypertension or resistant hyper-
tension and is considered a form of secondary hyper-
tension. Bradycardia may occur. In severe cases, peri-
cardial effusions or pleural effusions may occur.

Table 27-1. Conditions Resulting in Hypothyroidism

Failure of the thyroid gland
Thyroidectomy
Radioactive iodine treatment
External beam radiation therapy 

Immune-mediated hypothyroidism
Chronic autoimmune thyroiditis
Transient subacute lymphocytic thyroiditis
Postpartum thyroiditis

Drugs
Lithium
Amiodarone
Interferon alfa
Interleukin-2
Stavudine
Aminoglutethimide
Betaroxine

Infiltrative diseases
Fibrous thyroiditis
Hemochromatosis
Scleroderma
Leukemia
Cystinosis
Amyloid
Sarcoid
Infections

Hypothalamic or pituitary disease 

Table 27-2. Signs and Symptoms of Hypothyroidism

Weakness
Fatigue
Forgetfulness
Slow speech
Cold intolerance
Weight gain
Menstrual irregularities
Constipation
Decreased appetite
Hair loss
Cool skin
Dry or yellow skin
Periorbital puffiness
Bradycardia
Pericardial or pleural effusion
Ascites
Hoarseness
Diastolic hypertension
Sleep apnea
Paresthesias
Muscle cramps
Delayed tendon reflexes
Carpel tunnel syndrome 
Dupuytren’s contracture 
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Hypothyroidism should be considered in patients with
hypercholesterolemia.

Patients may be hoarse because of vocal cord edema
and may have enlargement of the tongue. Obstructive
sleep apnea may result from sequelae of hypothyroidism.

Gastrointestinal
Hypothyroidism may contribute to weight gain

although it does not cause morbid obesity. Constipation
is a common complaint. In patients with unexplained
ascites evaluation of thyroid function should take place.

Musculoskeletal and Neurologic
Patients may complain of muscle cramps, or muscle

weakness. Carpal tunnel syndrome and Dupuytren’s
contracture may be found.5 Severe cases may result in
ataxia or there may be gradual development of pares-
thesias or hearing loss. On examination, there may be
delayed relaxation phase of deep tendon reflexes.

Gynecologic
Menstrual irregularities such as menorrhagia or

amenorrhea can occur. Thyroid function is one compo-
nent of an infertility evaluation.

Psychiatric
Patients may suffer from depression, memory loss, or

slow speech.

Laboratory Manifestations
Hypothyroidism should be considered when unex-

plained lab tests are found (Table 27-3).
A normochromic, normocytic anemia or pernicious

anemia caused by vitamin B12 malabsorption may result
from hypothyroid disease. Elevated creatinine phos-
phokinase levels can be seen on laboratory testing.
Hyperlipidemia may occur with even mild hypothy-
roidism. Unexplained hyponatremia should prompt an
evaluation for thyroid disease.

DIAGNOSIS

Serum TSH is the most sensitive test for thyroid dys-
function and the first indication of hypothyroidism. In

mild cases, there is only a slight elevation of serum TSH
level. A repeat TSH in 2 to 3 months should be consid-
ered. Anti-TPO antibody is associated with autoimmune
hypothyroidism. In patients with an elevated TSH but
normal T4; the titer of anti-TPO is predictive of pro-
gression to thyroid failure.2 As the condition progresses
serum T4 declines, resulting in a compensatory rise in
TSH. Clinical hypothyroidism is characterized by a very
high TSH level with low T4 and a low serum T3. Diag-
nosis of hypothyroidism is made with an elevated TSH
level and a low free T4.2

Patients with central hypothyroidism, caused by
hypothalamic or pituitary disease, have a low serum T4

and low or normal serum TSH concentration. These
patients should be referred to an endocrinologist for
evaluation of other hormonal deficiencies and the pres-
ence of pituitary adenomas.2

TREATMENT

Treatment of hypothyroidism involves supplement with
levothyroxine (T4) at an average replacement dose of
1.6 mcg/kg per day.2 Synthetic T4 has a half-life of 
7 days, so the serum TSH should be evaluated a mini-
mum of 6 weeks after starting the replacement dose.2

Thyroid supplement is best taken without food to
increase bioavailability and avoid binding to other com-
pounds that may be taken at the same time. If a dose is
missed, it can be taken with the next day’s dose. Patients
should be advised to use the same brand or a specific
generic formulation of levothyroxine, as different prod-
ucts may not be bioequivalent. Since T4 has a narrow
therapeutic range, the TSH should be measured at a
minimum of 6 weeks after a change in thyroid products.
Nonadherence to therapy should be considered when
the TSH is mildly elevated and the free T4 is normal.

TSH levels should be maintained within the normal
range (�1.0 uM/L) in patients with primary hypothy-
roidism. Levels below the normal range indicate over
replacement of T4. Long term a supratherapeutic dose
of T4 can increase bone turnover and can also lead to
cardiac arrhythmias. Patients on long-term therapy
should have TSH level monitored annually.2

Patients with secondary hypothyroidism caused by thy-
roidectomy for thyroid carcinoma should be treated with
T4; the goal in these patients is to suppress the TSH below
the normal range. For more detailed information on this
topic, see the section on thyroid carcinoma. Patients with
central hypothyroidism should be treated to a target
serum free-T4 in the upper-half of the normal range.4

In the elderly patients or those with coronary artery
disease, therapy should be started with a low dose of
levothyroxine (25 mcg) and increased slowly.2,4 In preg-
nancy the levothyroxine requirement increases.6 On

Table 27-3. Lab Abnormalities Associated with Hypothyroidism

Increased creatinine
Hyponatremia
Pernicious anemia
Normochromic normocytic anemia
Elevated transaminases
Elevated cholesterol
Elevated creatinine kinase
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confirmation of pregnancy, the levothyroxine dose
should be increased by approximately 30%. This can be
accomplished by taking two extra tablets per week. Fol-
low-up measurement of the TSH should occur after 6
weeks on the increased dose.6 By 16 to 20 weeks of ges-
tation, increased levothyroxine doses are not required
in most women.6,7 Postpartum requirements return to
the prepregnancy requirement.

Decreased requirements occur with aging. Malab-
sorption syndromes may also affect thyroid hormone
requirements. If patients are allergic to the dye in a
preparation of levothyroxine, a white tablet free from
dye should be used.4

Levothyroxine is the usual hormone replacement
although there are exceptions. Treatment with T3 is rec-
ommended as temporary therapy in those with thyroid
carcinoma who are to have radioiodine imaging and
treatment. Dessicated thyroid can also be used for
replacement but it might result in varying potency.4

Recent trials have not supported the use of levothy-
roxine plus T3 for primary hypothyroidism. One trial
did not show improvement in body weight, serum lipid
levels, symptoms, or measures of cognitive performance
when comparing levothyroxine alone to combination
therapy.8 Patients with depressive symptoms did not
find any improvement on treatment with T3.9

DRUG INTERACTIONS

Drugs may affect requirements of levothyroxine (see
Table 27-4).10 Calcium carbonate reduces T4 absorp-
tion and increases serum thyrotropin levels when taken
with the levothyroxine.11 Cholestyramine, colestipol,
ferrous sulfate, aluminum hydroxide, and sucralfate
can decrease the absorption of levothyroxine, there-
fore, patients should be advised to take these medica-
tions several hours apart. Patients with impaired acid
secretion caused by Helicobacter pylori-related gastritis,
atrophic gastritis, or therapy with proton pump
inhibitors may require an increased dose of thyrox-
ine.12 Other drugs such as phenobarbital, rifampin,
phenytoin, and carbamazepine increase T4 require-
ment by increasing hepatic metabolism.10

SUBCLINICAL HYPOTHYROIDISM

Subclinical hypothyroidism is diagnosed when the TSH
is slightly elevated in the 5 to 10 mU/L range, the free
thyroxine (T4) is normal, and the patient is asympto-
matic or may have vague complaints. The etiologies
include early chronic autoimmune thyroiditis, history
of ablative therapy for Graves’ disease, history of radia-
tion therapy, and inadequate T4 replacement. Some of

these patients develop overt hypothyroidism. The risk
of progression is higher in those with elevated antibod-
ies to TPO and in those given radioiodine therapy or
external radiation to the neck.4

Mortality and morbidity trials of patients treated
for subclinical hypothyroidism have not been con-
ducted but there may be benefit of treatment in these
patients. A double-blind controlled trial in patients
with subclinical hypothyroidism showed that physio-
logical L-thyroxine replacement reduced total choles-
terol and LDL by 3.8 % and improved clinical
symptoms of hypothyroidism.13 In another study,
patients with increased baseline Lp(a) levels who were
treated for subclinical hypothyroidism had a reduc-
tion in Lp(a) concentrations.14 In women with sub-
clinical hypothyroidism, replacement T4 reduced
LDL-C and Lp(a).15 Treatment of subclinical hypothy-
roidism improves endothelial function.16 The Tromso
study concluded that there is an association between
total cholesterol and LDL levels and the serum TSH
levels. Treatment with thyroxine reduced those lipid
levels.17

Guidelines have been issued regarding the evalua-
tion and management of subclinical hypothyroidism.18

Patients with TSH �10 mIU/L should be treated. The
benefit of treating patients with serum TSH between 4.5
to 10 mIU/L is less clear. Treatment should be consid-
ered for symptoms of hypothyroidism or to those
patients with positive anti-TPO titers, elevated choles-
terol, or goiter. There are no recommendations regard-
ing the routine screening for anti-TPO antibodies in
patients with subclinical hypothyroidism. TSH levels
should be evaluated every 6 to 12 months. TSH should
be reduced to the normal range in those who are
treated. The risk of treatment is the development of
subclinical hyperthyroidism.18

Table 27-4. Drugs Causing Increased Levothyroxine Requirements

Aluminum containing antacids
Bile acid resins
Ferrous sulfate
Calcium supplements
Fiber supplements
Sucralfate (Carafate)
Rifampin
Carbamazepine (Tegretol)
Estrogens
Raloxifene (Evista)
Phenytoin (Dilantin)
Phenobarbital
Amiodarone (Cordarone, Pacerone)
Omeprazole
Propranolol (Inderal)
Glucocorticoids
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MYXEDEMA COMA—SEVERE HYPOTHYROIDISM

Patients with this rare condition have a high mortality rate
and should be treated aggressively. Myxedema coma may
occur in patients with preexisting hypothyroidism or may
even be the initial presentation. Myxedema coma may be
associated with hypothermia, trauma, burns, surgery, sep-
sis, and severe infections.19 Patients present with severe
symptoms including decreased mental status, hypother-
mia, hypotension, hypoglycemia, bradycardia, hypona-
tremia, and decreased respirations. Patients suspected of
having this should begin treatment immediately and not
wait on confirmatory labs. Broad spectrum antibiotics are
also recommended until infection has been ruled out.20

Patients should also be evaluated for adrenal insufficiency
which may coexist in patient with thyroid disease. Until
adrenal insufficiency is ruled out, stress doses of hydro-
cortisone 100 mg IV every 8 hours should be given.19

There are no clinical trials regarding treatment of
myxedema coma since it is so rare, although several
treatment regimens have been recommended. One
regimen is an initial loading dose of 200 to 500 mcg T4

intravenously, followed by daily intravenous (IV) doses
of 50 to 100 mcg until the patient is able to take T4

orally.19,20 Others prefer T3 10 to 25 mcg IV every 8
hours.18 A third option is combination therapy with
T3/T4, with a T4 loading dose of 4 mcg/kg IV daily and
T3 10 mcg IV every 8 hours.18

SCREENING FOR HYPOTHYROIDISM

Screening for thyroid disease with laboratory measures
of various hormones in asymptomatic individuals is not
recommended by the U.S. Preventive Services Task
Force.21 The American Thyroid Association recom-
mends screening for hypothyroidism in the following
populations: women more than 60 years of age, history
of thyroid disease, autoimmune disease, unexplained
depression, cognitive dysfunction, or hypercholes-
terolemia.22 The U.S. Preventive Services Task Force
recommends that patients with Down’s syndrome be
screened. These patients are at high risk for hypothy-
roidism and the symptoms of hypothyroidism may be
difficult to appreciate.21 Subclinical hypothyroidism is
associated with poor obstetric outcomes and with poor
cognitive development in the affected children. It is
not, however, recommended to screen women of child-
bearing potential or who become pregnant. If pregnant
patients are at risk for or have a prior history of thyroid
disease, a TSH should be measured.22

HYPERTHYROIDISM

Thyrotoxicosis is the physiological and biochemical man-
ifestations of excessive amounts of thyroid hormones,

which may be secondary to hyperactivity of the thyroid
gland or excessive exogenous hormone. Hyperthy-
roidism occurs when excessive amounts of thyroid hor-
mones result from excessive production or release from
the thyroid gland. The clinical manifestations of hyper-
thyroidism depend on the severity and duration of the
abnormality, age of the patient, and susceptibility.4

CLASSIFICATION/CAUSES

Graves’ disease is the most common cause of hyperthy-
roidism. Graves’ disease is an autoimmune disease
caused by the production of antibodies against the TSH
receptor site which may cause stimulation of the gland.
Graves’ disease usually has one or more of the follow-
ing: goiter, exophthalmos, dermopathy, or thyrotoxico-
sis.4,22 Other causes of hyperthyroidism include toxic
adenoma and toxic multinodular goiter which results
from focal or diffuse hyperplasia of thyroid cells whose
function is independent of regulation by TSH.4

Iodine-induced hyperthyroidism may occur after an
iodine load is given in the forms of IV contrast used for
CT or angiography or in the form of medications con-
taining iodine such as amiodarone. This usually occurs
in patients with a multinodular goiter and may be self-
limiting after the iodine is stopped. Iatrogenic hyper-
thyroidism may result if a patient is taking excessive
amounts of thyroid hormone which should be treated
by decreasing the dose of the medication.22

The TSH receptor may be stimulated by high levels
of hCG, thus hyperthyroidism may occur in patients
with a hydatidiform mole or choriocarcinoma.22

Subacute thyroiditis is an acute inflammatory disor-
der of the thyroid gland which may be painful, and is
usually secondary to a viral process. This initial hyper-
thyroid phase of subacute thyroiditis is usually followed
by a hypothyroid phase before recovery occurs. Painless
thyroiditis usually occurs in the postpartum period. As
in subacute thyroiditis, there may be an initial hyper-
thyroid phase, followed by a hypothyroid phase and
normal thyroid function. Other causes of hyperthy-
roidism may be secondary to a TSH-producing pituitary
adenoma or struma ovarii in which functioning thyroid
tissue is present in an ovarian neoplasm.4,22

CLINICAL MANIFESTATIONS

The classic symptoms of hyperthyroidism typically
occur in younger patients. Patients more than 60 years
of age may present with only weight loss or cardiac signs
such as atrial fibrillation and congestive heart failure.
The classic manifestations of hyperthyroidism are anxi-
ety, weight loss despite increased appetite, palpitations,
tachycardia, irritability, heat intolerance, tremor, and



304 Part 6 / Endocrinologic Disorders

increased frequency of bowel movements. Symptoms
that may be seen in Graves’ disease, but not in the other
causes of hyperthyroidism, include ophthalmopathy
(proptosis, impaired eye muscle function, and perior-
bital edema), goiter, and dermopathy (thickening of
the skin especially over the shins).23

Eyes
Eye findings related to hyperthyroidism include

exophthalmos, as seen in Graves’ disease. The increased
sympathetic activity in patients with hyperthyroidism
gives the appearance of a stare and lid lag.

Skin
Skin findings include warmth secondary to increased

blood flow, increased sweating, and onycholysis (sepa-
ration of the fingernails from the nail beds). The
patient may also complain of itching. In Graves’ disease
only, thyroid dermopathy may be seen.

Cardiovascular
In hyperthyroidism, patients may have increased car-

diac output, heart rate, and a widened pulse pressure.
Atrial fibrillation occurs in up to 10% to 20% of patients
with hyperthyroidism. In severe hyperthyroidism, con-
gestive heart failure may occur.

Skeletal and Neuromuscular System
Since thyroid hormone increases bone resorption,

long-term untreated hyperthyroidism is associated with
osteoporosis and increased risk of fractures. Tremor is
common in hyperthyroidism. One may also find muscle
weakness that may be so profound that the patients are
unable to stand from a seated position.

Gastrointestinal
Patients may have increased appetite with associated

weight loss, although occasionally, a patient may have
weight gain secondary to the increased appetite. Many
patients will report diarrhea and hyperactive bowel
sounds.

Geriatric
Geriatric patients may have relatively few signs and

symptoms and may even appear depressed; this mani-
festation is called apathetic hyperthyroidism.22

DIAGNOSIS

The findings of an elevated T4 with a suppressed TSH
constitutes the diagnosis of hyperthyroidism. If the TSH
is suppressed but the T4 is normal, check a T3 level to rule
out T3 thyrotoxicosis as the cause of the hyperthyroidism.
Some asymptomatic patients have only a low TSH con-

centration with normal T4 and T3 levels, indicative of sub-
clinical hyperthyroidism. If the T4 and T3 are high but
the TSH is normal or high rather than the expected sup-
pressed level, the diagnosis of a pituitary mass or a TSH-
secreting adenoma should be considered.22

In cases where the diagnosis of hyperthyroidism is
confirmed (low TSH, elevated T4), a 24-hour radioio-
dine uptake and scan are performed to determine if the
hyperthyroidism is secondary to Graves’ disease or
other causes (see Table 27-5). Since the treatment of
hyperthyroidism differs depending on the cause of the
hyperthyroidism, the etiology must be found prior to
treatment. Increased radioiodine uptake is secondary
to increased synthesis of thyroid hormone, but low
uptake is secondary to damage of the thyroid with
release of preformed hormone rather than increased
synthesis of hormone.4,22

TREATMENT

Once the etiology of the hyperthyroidism is deter-
mined, the proper treatment must be decided. In
patients with low radioiodine uptake determined to be
subacute thyroiditis, treatment of symptoms is started
with such medications as �-blockers for tachycardia and
nonsteroidal antiinflamatory drugs if needed. Thion-
amides (methimazole and propylthiouracil [PTU]) are
not used since the hyperthyroidism of thyroiditis is sec-
ondary to the release of preformed hormones rather
than new hormone synthesis.4

In patients with Graves’ disease, the goals of therapy
include decreasing new thyroid hormone formation
and resolution of the symptoms. Therapy to decrease
new thyroid hormone formation includes radioactive
iodine (treatment of choice in the United States),
thionamides, and surgery (rarely used as first line).4

Table 27-5. Radioactive Iodine Uptake in Thyroid Disease

High uptake
Graves’ disease
Toxic multinodular goiter
Toxic adenoma
Hashitoxicosis
TSH-secreting adenoma
Human chorionic gonadotropin mediated (hydatidiform 

mole, choriocarcinoma)
Amiodarone-induced hyperthyroidism (nonthyroiditis)

Low uptake
Subacute thyroiditis (painful thyroiditis)
Painless thyroiditis (including postpartum thyroiditis)
Amiodarone-induced thyroiditis
Factitious ingestion of thyroid hormone
Struma ovarii (functioning thyroid tissue in ovarian neoplasm)
Metastatic thyroid cancer
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�-Blockers
In hyperthyroidism, there is an increase in �-adren-

ergic tone causing such symptoms as anxiety, tachycar-
dia, tremor, and palpitations. Therefore, if not con-
traindicated, a �-blocker should be initiated to help
improve these symptoms. Examples of �-blockers that
can be used include propranolol at higher doses, meto-
prolol, or the longer acting once-daily atenolol.24

Radioactive Iodine
Radioactive iodine ablation is the most common

treatment for hyperthyroidism in the United States.
Radioiodine is given orally at a dose which destroys
thyroid tissue, and thus permanently cures hyper-
throidism. Only approximately 5% of patients treated
with radioactive iodine ablation require additional
treatment with antithyroid medications after ablation.
Most patients treated with radioiodine will develop
hypothyroidism requiring replacement of thyroid
hormone.

Radioactive iodine treatment is contraindicated in
pregnancy. Hyperthyroid patients anticipating preg-
nancy should be encouraged to delay pregnancy for at
least 6 months after ablation. There is a small chance of
inducing radiation thyroiditis which is secondary to the
release of stored hormone from the thyroid gland caus-
ing worsening of the hyperthyroid symptoms.24 This
can be dangerous in elderly patients and in patients
with cardiac involvement. In these cases, consideration
of pretreatment with antithyroid medications to render
the patient euthyroid should be considered to decrease
this risk. Pretreatment with methimazole is preferred
over PTU since PTU may induce thyroid resistance to
the effects of 131I, which may last weeks to months.
Methimazole may be stopped within 5 to 7 days of treat-
ment with 131I without affecting the radioiodine
uptake.24

There continues to be controversy surrounding
radioiodine therapy and worsening of Graves’ ophthal-
mopathy. Some doctors will not use radioactive iodine
in patients who already have moderate eye disease, but
some physicians treat with radioactive iodine followed
by 3 months of prednisone. In patients with moderate
to severe eye disease, referral to an endocrinologist and
ophthalmologist for specialized treatment should be
considered.4

In patients with either a toxic adenoma or toxic
multinodular goiter, the areas of autonomy cause sup-
pression of the surrounding normal thyroid tissue.
Radioactive iodine is taken up well within the
autonomous areas while not affecting the surrounding
areas leading to euthyroidism after ablation.25

Evaluation of patients who received radioactive
iodine ablation initially requires a free T4. The TSH

may remain suppressed for months after the patient is
euthyroid. A TSH should be ordered every 6 to 12
months to evaluate for the development of posttherapy
hypothyroidism.

Thionamides
Antithyroid drugs (PTU and methimazole) are

options for the treatment of hyperthyroidism. Treat-
ment with these agents does not result in permanent
hypothyroidism as with radioactive iodine ablation.
Female patients more than 40 years of age with a small
goiter, mild hyperthyroidism, and TSH-receptor anti-
body negative have high rates of hyperthyroid remis-
sion. In the United States, the frequency of remission is
generally approximately 20% to 40%. Patients are usu-
ally given a 1 to 2 years’ trial of antithyroid medication
to determine if remission can be achieved. The side
effects of the antithyroid medications include rash, GI
upset, and arthralgias. The most dangerous side effect,
agranulocytosis, occurs in 0.5% of patients.24 Agranulo-
cytosis with methimazole is dose-related and more likely
when using doses greater than 40 mg/d. Rarely PTU
causes hepatic necrosis and antineutrophil cytoplasmic
antibody positive vasculitis. With methimazole, cholysta-
tic jaundice is a possible side effect.24

Pretreatment with methimazole prior to radioactive
iodine ablation is advised in the elderly patients or in
patients with cardiovascular disease. Treatment is con-
tinued until the patient becomes euthyroid. Methima-
zole should be stopped 5 to 7 days before the radioac-
tive iodine ablation is performed.24

In pregnancy, PTU and methimazole both cross the
placenta. The patient should be given the smallest dose
possible to control the hyperthyroidism. In pregnancy,
PTU is preferred to methimazole because of the rare
congenital side effect of aplasia cutis in the infant with
methimazole.2

Surgery
Surgery for hyperthyroidism is seldom used in the

United States. As one might expect, the disadvantages
include permanent hypothyroidism, the risks of general
anesthesia, hypoparathyroidism, and damage to the
recurrent laryngeal nerve. Surgery should be consid-
ered in patients with very large goiters causing com-
pressive symptoms, patients with a coexisting thyroid
nodule, and pregnant women who have an allergy to
antithyroid medication and are symptomatic of hyper-
thyroidism.4

THYROID STORM

When the effects of hyperthyroidism become life threat-
ening, the term thyroid storm is used.19 The crisis is
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usually found in patients with a previous history of
Graves’ disease that have not been completely treated,
and is usually provoked by a severe illness or infection.
The clinical signs include high fever which may reach
106�F, altered mental status, tachycardia, nausea/vomit-
ing, and abdominal pain. If not diagnosed and treated
properly, thyroid storm can be fatal. Treatment with
antithyroid medication PTU is preferable to methima-
zole as PTU inhibits conversion of T4 to T3 when used
in large doses. Iodine, in the form of SSKI (saturated
solution of potassium iodide) or Lugol’s solution,
acutely blocks the release of hormone from the thyroid.
PTU should be given 1 hour before the iodine to help
in suppressing new thyroid hormone synthesis resulting
from the dose of iodine. Steroids, dexamethasone or
hydrocortisone, also help decrease the conversion of T4

to T3. If there are no contraindications, �-blockers
should be used to help treat the cardiac manifestations.
Propranolol is usually suggested as it also blocks T4 to
T3 conversion. Initial improvement may be seen in 1 or
2 days with recovery taking a week. Steroids and iodine
treatment are slowly stopped while long-term treatment
plans are determined.20

SUBCLINICAL HYPERTHYROIDISM

Subclinical hyperthyroidism is defined as a suppressed
TSH with a normal serum free T4 and T3.4 Patients with
subclinical hyperthyroidism may be asymptomatic, but
there is an increased risk of developing atrial fibrillation
and osteoporosis especially in elderly patients. Cur-
rently, there is an absence of complete evidence based
guidelines recommending treatment. Strong considera-
tion for treatment of subclinical hyperthyroidism
should be made in elderly patients and patients with
atrial fibrillation or osteopenia. Treatment should be
considered in patients with goiters or high radioactive
iodine uptake. Without the above mentioned risks,
patients should have thyroid function tests every 6
months.4

EUTHYROID SICK SYNDROME

Euthyroid sick syndrome occurs when thyroid function
is abnormal during nonthyroidal illness. There is usu-
ally a reduction in circulating T3 with normal TSH and
T4 in mild illnesses with reduced T4, T3, and TSH in
severe illnesses.

Drugs used during severe illness, such as dopamine,
glucocorticoids, and dobutamine, can further cause
TSH suppression which makes it more difficult to inter-
pret the thyroid tests.24 One should avoid checking thy-
roid function tests in ill patients unless the index of
suspicion for myxedema or thyroid storm is high.

THYROID NODULES

Thyroid nodules are a common clinical problem evalu-
ated in the primary care setting. In the United States,
thyroid nodules have a prevalence of 4% to 7% and the
incidence of cancer is 0.004%.26 Nodules can be discov-
ered by the patient, during a routine physical examina-
tion, or incidentally during radiologic procedures. The
differential diagnosis of thyroid nodules includes thy-
roglossal duct cyst, pyramidal lobe of thyroid, delphian
nodes, dermoid cyst, innominate artery, cervical lym-
phadenopathy, branchial cyst, carotid body tumor, thy-
roid lymphoma, subacute thyroiditis, and metastatic
cancer.27

DIAGNOSTIC EVALUATION

Discovery of a thyroid nodule calls for a complete his-
tory and physical. A personal and family history may
provide clues to the etiology of thyroid pathology. A his-
tory of head and neck irradiation, total body irradiation
for bone marrow transplantation, or exposure to radia-
tion increase the risk for thyroid carcinoma. A family
history of thyroid carcinoma in a first degree relative is
also predictive.27 Findings that increase the suspicion of
cancer include rapid growth, a very firm or hard nod-
ule, fixation of the nodule, vocal cord paralysis,
regional lymphadenopathy, and distant metastases.

The diagnostic approach begins by measurement of
the serum TSH level. If TSH is low, then levels of free T4

and free T3 should be measured. Higher TSH levels
with a higher serum anti-TPO antibody levels suggest
Hashimoto’s thyroiditis. However, a coexisting cancer
can still be present. Radionuclide scanning is the next
step in those with suppressed levels of TSH to evaluate
functionality of the nodule. A functional nodule is
nearly always benign. Nonfunctioning nodules have a
5% risk of being malignant.26 Thyroid ultrasonography
is recommended in patients with a solitary nodule dis-
covered on physical examination, as additional nodules
can be detected with ultrasound.26 Diagnostic ultra-
sound should be done to evaluate the characteristics of
the nodules. Sonographic appearance is better than
nodule size for identifying nodules that are more likely
to be malignant. Characteristics of malignant nodules
include the presence of microcalcifications, hypo-
echogenicity of a solid nodule, and intranodular hyper-
vascularity. If patients have more than two nodules
larger than 1 to 1.5 cm, the nodules with suspicious
sonographic appearance should be aspirated. CT scans
are only recommended to evaluate substernal goiters.26

Multi-slice CT is used when there is a suspicion of extra-
capsular extension.28 In those with normal or high TSH
levels, the next step is fine needle aspiration (FNA)
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biopsy with ultrasound guidance if needed. Ultrasound-
guided FNA is recommended for thyroid nodules
greater than 1.0 cm or those with suspicious ultrasound
findings. Patients with multiple thyroid nodules are not
at increased risk for malignancy compared to solitary
nodules.27

The results of FNA can be categorized as benign,
malignant, indeterminate, and nondiagnostic. For
benign results, patients are followed clinically. For
malignant cytologies, surgery is the next step. If the
FNA results are nondiagnostic, repeat FNA with ultra-
sound guidance is recommended, if still nondiagnostic,
surgery is recommended.26 Indeterminate results can
be managed with surgery or by performing radionu-
clide scanning if not performed previously. It is recom-
mended to follow benign nodules clinically if palpable,
and nonpalpabable nodules should be followed with
serial ultrasound examinations 6 to 18 months after the
initial FNA. If the nodule grows, it is recommended to
repeat the FNA.26

THYROID CANCER

Thyroid cancer is uncommon. Radiation to the head
and neck as a child increases the risk. There are familial
forms of thyroid cancer. Also, metastases from other
cancers can occur. There are four different types of
thyroid cancer: papillary, follicular, anaplastic, and
medullary. Papillary cancer is the most common and
occurs more frequently in women. Recently there has
been an increase in the number of cases with current
estimates of 12 cases per 100,000.1 Follicular cancer
occurs more commonly in older patients and in women.
Hurthle cell cancer is a variant of follicular and is more
aggressive than other forms. Preoperative neck ultra-
sound should be performed to look for abnormal
lymph nodes in the neck.26

The initial treatment of thyroid cancer is by near
total or total thyroidectomy. Giving thyroxine after sur-
gery for papillary and follicular cancer to suppress TSH
and tumor growth, in addition to treating the hypothy-
roidism, is recommended. For high-risk patients, the
TSH should be suppressed to below 0.1 mU/L. For low
risk patients TSH can be maintained at lower limit of
normal range. Radiation therapy is used for metastatic
disease, adjunctive therapy, and recurrent disease.
There should be regular follow-up of these patients
after radiation.

Surveillance for metastatic disease requires addi-
tional testing. Serum thyroglobulin, a prohormone of
T4 and T3, is made only by thyroid follicular cells. Thy-
roglobulin levels can be used to monitor for recur-
rences. There is a possibility of test interference by thy-
roglobulin antibodies which should be measured

simultaneously by the lab.26 TSH should be elevated to
obtain the most reliable thyroglobulin assay which
requires stopping levothyroxine therapy. Thyroglobu-
lin, TSH levels, and thyroglobulin antibodies should be
measured every 6 to 12 months after treatment of thy-
roid cancer. Thyroglobulin is the best tumor marker in
those patients who have no thyroid tissue left. Thy-
roglobulin levels should be measured by the same lab as
result of the variability of results.26

Recurrence of thyroid carcinoma may also be evalu-
ated by administration of thyrogen, recombinant
human TSH which stimulates any thyroid tissue, fol-
lowed by thyroglobulin assay.26 The American Thyroid
Association recommends periodic chest X-rays in sur-
veillance for metastatic disease.

Postoperative radioiodine remnant ablation is rec-
ommended for patients with stage III and stage IV dis-
ease, all patients younger than 45 and most patients
older than 45 years with stage II, and in patients with
high-risk features of nodal metastases. Ultrasound of
the neck is recommended at 6 and 12 months then
annually for 3 to 5 years depending on thyroglobulin
status and the patient’s risk for recurrence.26

Anaplastic carcinoma is highly malignant and can
cause death from locally infiltrative disease. Medullary
thyroid carcinoma can be sporadic or hereditary.
Patients with medullary type should be evaluated for
pheochromocytomas and hyperparathyroidism which
may all coexist in the rare familial MEN (multiple
endocrine neoplasia) syndrome. Lymphoma of the thy-
roid gland is uncommon and is managed with
chemotherapy and radiotherapy.1

THYROIDITIS

Thyroiditis refers to inflammation of the thyroid gland.
The classification of thyroiditis is based upon the pres-
entation and etiology.1 Painless thyroiditis can be
caused by drugs such as interferon–alfa, interleukin-2,
amiodarone, or lithium. It can occur in the postpartum
period and can cause hyperthyroidism. It is similar to
subacute painless lymphocytic thyroiditis which has a
transient hyperthyroidism sometimes associated with
subsequent hypothyroidism. The related hypothyroid
state is also transient. Fibrous thyroiditis or Riedel’s thy-
roiditis is a rare fibrosing disorder. It can be associated
with fibrosclerosis in other organs.29 Prednisone may be
helpful or surgery may be needed to relieve compres-
sion. Chronic lymphocytic thyroiditis or Hashimoto’s is
very common in women and often leads to hypothy-
roidism. It is autoimmune in nature and high levels of
thyroid antibodies can be found initially. Many present
with a goiter and are euthyroid.2 There is an increased
incidence of lymphoma in Hashimoto’s disease.
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Painful thyroiditis can be caused by acute infec-
tions. Infectious thyroiditis is rare. More commonly,
there is subacute painful thyroiditis. As compared
with the other thyroid diseases, it is more common in
women, and it tends to occur following viral infec-
tions. Erythrocyte sedimentation rates are increased,
and T4 levels can be elevated. The RAI uptake is
markedly decreased.2 This condition is generally a
self-limiting disorder that requires only symptomatic
treatment.
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EVIDENCE-BASED SUMMARY

• Evaluation of thyroid hormones requires con-
sideration of synthesis and release by the thyroid
gland and peripheral conversion of T4 to T3

• The most sensitive test for thyroid function in
serum TSH.

• Anti-TPO is predictive of autoimmune thyroid
disease and progression to primary thyroid
failure.

• Hashimoto’s thyroiditis is the most common
form of hypothyroidism in iodine sufficient
regions

• Sufficient thyroid replacement with levothy-
roxine should achieve a goal TSH of 1 to 2
mU/L.

• Pregnant women with hypothyroidism require
increased doses of levothyroxine during preg-
nancy.

• Radioactive iodine uptake is increased in
Graves’ disease but decrease in thyroiditis.

• Treatment for hyperthyroidism caused by
Graves’ disease, toxic adenoma, and toxic
multinodular goiter includes radioiodine,
antithyroid drugs, and rarely surgery.

• Thyroid nodule evaluation includes measures
of TSH and T4 and FNA.

• Myxedema coma and thyroid storm are life
threatening conditions.
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SEARCH STRATEGY

A systematic search of medical literature pertaining to con-
traception was performed during November 2007. The
search was limited to human subjects and journals in Eng-
lish language and included PubMed, UpToDate®, and the
American College of Obstetricians and Gynecologists Prac-
tice Bulletin.

INTRODUCTION

Unintended pregnancy is a major public health prob-
lem worldwide. The overwhelming evidence that oral
contraceptives are effective for reversible birth control
has led to their widespread use in preventing preg-
nancy. Despite the availability of many contraceptive
options, unplanned pregnancy rates remain high even
in developed countries. The need for effective contra-
ceptive methods with few side effects has led to a myriad
of dose options and delivery systems.

Oral contraception pills (OCPs) were first intro-
duced in the United States by the Food and Drug
Administration (FDA) in the early 1960s for the control
of irregular menses and infertility. Early preparations
contained high estrogen and progestin concentrations,
which were later found to result in adverse effects
including weight gain, acne, and bloating and thus led
to a high rate of discontinuation. The risk of cardiovas-
cular events including stroke, myocardial infarction,
and pulmonary embolism was not recognized until well
after the approval of OCPs.1 Safety concerns and the
adverse side effects associated with high dose formula-
tions have led to the development of OCP preparations
with low doses of estrogen and progestin. Preparations
containing more than 50 mcg of estrogen are no longer

marketed in the United States as a result of the
increased risk of thrombosis with higher doses. A variety
of progestins, in a range of doses, have been developed
in an effort to reduce side effects related to cardiovas-
cular risks and also to reduce androgenic effects related
to various progestins.2 As a result of improved safety
and efficacy, the age limit for OCP use, previously
defined as less than 35 years for smokers and less than
40 years for nonsmokers, has recently been lifted by the
FDA.3 Currently, OCPs may be considered as an effec-
tive option for birth control until menopause in all
healthy, nonsmoking women.

Primary care providers are often called upon to rec-
ommend contraceptive therapy for birth control.
Appropriate use requires a basic knowledge of the
pharmacology, indications, contraindications, efficacy,
and the noncontraceptive benefits of OCPs. Making a
choice of the many therapeutic options requires con-
sideration of the specific progestins, dosing intervals,
and delivery systems available for contraception.

PATIENT EVALUATION

A thorough medical, social, and family history of the
patient is important prior to the recommendation of hor-
monal contraception. Absolute and relative contraindi-
cation to the use of OCPs should be identified. On review
of systems, the physician may identify an opportunity to
choose particular hormones that provide potential bene-
fits in addition to contraception (Table 28-1).

A body mass index and accurate blood pressure
measurement should be documented. Although pelvic
and breast examinations are important, consensus
groups agree that these procedures are not necessary
prior to initiating therapy.3
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ADVERSE EFFECTS

Common side effects associated with OCPs include
breakthrough bleeding, water retention, nausea, and
breast tenderness. OCPs may cause an increase in blood
pressure, mild insulin resistance, and lipid abnormali-
ties.3 Estrogens elevate serum triglycerides and high-
density lipoprotein levels while decreasing low-density
lipoprotein levels. On the other hand, progestins have
an adverse effect on a patient’s lipid panel by increasing
low-density lipoprotein levels and decreasing high-
density lipoprotein levels.2

CONTRAINDICATIONS

Patients with a history of thromboembolism or coagula-
tion disorders should avoid OCPs. Patients with a his-
tory of vascular disease including stroke, coronary heart
disease, and structural heart disease should avoid estro-
gen-containing OCPs. Oral contraceptive products may
increase blood pressure, so these should be used with
caution in patients with this cardiovascular risk factor.
Patients with conditions increasing the risk for throm-
bosis, such as lupus, should avoid contraceptive hor-
monal therapy. Women older than 35 years of age who
smoke should avoid combination OCPs as a result of
the increased risk of cardiovascular disease.2–4 Most
estrogen and progestins are metabolized in the liver so
should be avoided in patients with liver diseases.
Patients with a history of breast cancer should also avoid
estrogen-containing products because of the possibility
of estrogen-dependent tumors. Pregnancy is a con-
traindication to OCP use.3 Table 28-2 lists contraindica-
tions to the use of hormonal contraceptive.

DRUG INTERACTIONS

OCPs are metabolized by the liver so medications that
interfere with hepatic enzyme activity may alter the

effectiveness of OCPs.2 Enzymatic inducers such as
rifampin and phenytoin increase the metabolism of
OCPs. Other medications that induce the metabolism
of OCPs and potentially decrease their effectiveness
include St. John’s Wort and anticonvulsants including
phenytoin, phenobarbital, carbamazepine, topiramate,
and felbamate.3,5 Fluconazole decreases the metabo-
lism of estrogen, causing increased estrogen concentra-
tions.3 Any woman on a medication that interacts with
the metabolism of OCPs should be instructed to use a
backup contraceptive method.

Some women taking ethinyl estradiol along with cer-
tain antibiotics like tetracyclines or penicillin experi-
ence decreased concentrations of estrogen. As it is diffi-
cult to identify which patient may have a change in
estrogen levels, it is currently recommended that all
patients receiving an antibiotic use an alternative form
of contraception.3

Women considering the use of hormonal contracep-
tion should be informed of the potential adverse
effects, contraindications, and possible drug interac-
tions in addition to the potential benefits.

MECHANISM OF ACTION/PHARMACOLOGY

Combination OCPs suppress pituitary gonadotropin
secretion by interfering with the release of gonadotropin-
releasing hormone from the hypothalamus thus
preventing ovulation.2,3 Estrogen suppresses follicle-
stimulating hormone resulting in inhibition of the
development of a dominant follicle. Estrogen also sta-
bilizes the endometrium, thus controlling blood loss.
Both estrogen and progestin together prevent a surge
in the luteinizing hormone.4 Progestins have several
direct effects on the uterus that decrease the chances of
pregnancy. First, progestins alter the endometrium by
decreasing the production of glycogen and rendering

Table 28-1. Potential Noncontraceptive Benefits with Oral 
Contraceptives

• Reduction in dysfunctional uterine bleeding
• Decrease in the amount of blood lost during menses
• Decrease in the incidence of anemia
• Alleviation of the symptomatology of benign cystic breast 

disease
• Decrease in the functional ovarian cysts
• Decrease in the incidence of pelvic inflammatory disease 

and ectopic pregnancies
• Reduction in acne
• Prevention of ovarian cancer
• Prevention of endometrial cancer

Table 28-2. Contraindications to Estrogen-containing 
Contraceptives

• History of thromboembolism or coagulation disorders
• History of vascular diseases including stroke, coronary 

heart disease, structural heart disease
• Diabetes associated with vascular disease
• Unexplained genital bleeding
• Smoker with age � 35 y
• Active liver disease or presence of benign or malignant 

liver tumor
• Known or suspected pregnancy
• History of breast cancer
• Classic migraine headaches
• Breast feeding
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the endometrium less suitable for implantation.
Second, they thicken the cervical mucus making it
more difficult for sperm penetration. Finally, they
impair uterine and tubal motility preventing the trans-
port of ova and sperm.3

All currently available OCPs contain either a syn-
thetic estrogen and progestin or progestin alone. There
are only two synthetic estrogens, ethinyl estradiol and
mestranol, available in the United States.4 Mestranol
undergoes hepatic conversion to ethinyl estradiol. Mes-
tranol may only be half as potent as ethinyl estradiol in
some patients depending on the degree of conversion
and is, therefore, not widely used.4 Ethinyl estradiol is
found in most available hormone contraceptives.6,7

Synthetic progestins derived from testosterone are
combined to ethinyl estradiol to improve safety and
efficacy, to reduce breakthrough bleeding that may
occur with low-dose estrogen, and to improve tolera-
bility. The various progestins differ in the estrogenic
and androgen activity. The estrogenic activity results
from metabolism of progestin to estrogenic sub-
stances. The androgenic activity is related to the struc-
tural similarity between progestins and testosterones.
Progestin binds to the sex-hormone-binding globulin
and affects free testosterone concentrations.4 The
degree of estrogenic and androgenic activity exhib-
ited by a particular progestin is responsible for the
associated side effects (Table 28-3).8 Earlier forms 
of progestins include norethindrone, norethindrone
acetate, levonorgestrel, and medroxyprogesterone.
These have low progesterone-receptor selectivity and
high-androgenic activity. While lower doses of these
progestins may improve androgenic side effects, there
may be poorer menstrual cycle control. The more selec-
tive, but less androgenic, progestins include norgestrel,
ethynodiol diacetate, desogestrel, drospirenone, and
norgestimate.

CLASSIFICATION OF ORAL HORMONE
CONTRACEPTIVES

COMBINATION ESTROGEN/PROGESTIN

The most common combination, estrogen plus prog-
estin, OCPs are available as the classic “21 days of active
ingredient followed by a 7-day drug-free period.” The
last 7 tablets of the 28-day cycle are placebo tablets that
are given to help improve patient compliance during
the hormone-free interval. This cessation of hormone,
specifically progesterone, causes the endometrium to
slough in 1 to 3 days.3 In patients taking OCPs, with-
drawal bleeding usually lasts for 3 to 4 days and normal
amount of blood loss is approximately 25 mL. This is
approximately 10 mL less than the normal amount of
blood loss that occurs in patients not taking OCPs.2

The dose of estrogen and progestin supplied
throughout the dosing interval can be classified as fol-
lows: monophasic, biphasic, and triphasic formulations
(Table 28-4). The monophasic formulations contain a
consistent dose of estrogen and progestin for all 21
active tablets. The biphasic oral contraceptive tablets
contain a fixed dose of estrogen and increasing
amounts of progestin. The triphasic oral contraceptive
tablets contain varying doses of either progestin or
estrogen in combination with a fixed dose of the other
agent.2,3 Multiphasic oral contraceptive formulations
were developed in the 1970s to lower the total hormone
dose without increasing breakthrough bleeding.

A chewable combination formulation is now avail-
able. The Femcon Fe tablet contains ethinyl estradiol,
35 mcg, and norethindrone, 0.4 mg. The placebo tablet
contains ferrous fumarate to help prevent iron defi-
ciency, commonly found in menstruating women.9

LOW-DOSE FORMULATIONS

Several low-dose ethinyl estradiol, containing 20 to 25
mcg oral contraceptive formulations, are currently
available. Perimenopausal women who desire contra-
ception but prefer the lowest estrogen dose possible
may benefit from low-dose formulations. These prod-
ucts may alleviate vasomotor symptoms and mood
swings associated with menopause. Estrogen doses less
than 35 mcg may be less effective in obese patients and
should therefore be avoided.3

THIRD-GENERATION PROGESTIN 
FORMULATIONS

Reference to the classification by “generations” of prog-
estins is widely used although there is no uniform
agreement as to the meaning of this nomenclature. In
general the term “first generation” refers to those

Table 28-3. Adverse Effects Associated with Hormonal 
Contraception Components

Component Adverse Effects

High estrogen Nausea, breast pain, increase in blood 
pressure, headache, bloating

Low estrogen Early-cycle breakthrough bleeding, 
hypomenorrhea

High progestin Fatigue, irritability, breast tenderness, 
headaches

Low progestin Late-cycle breakthrough bleeding
High androgen Weight gain, acne, oily skin, increased 

LDL cholesterol, decreased libido

LDL, low-density lipoprotein.
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Table 28-4. Oral Contraceptive Pills by Estrogen/Progestin Content

Product Estrogen Dose (mcg) Progestin Dose (mg)

50-mcg Estrogen
Necon 1/50 M, Norinyl 1/50, Ortho-Novum 1/50 Mestronol 50 Norethindrone 1
Ovcon 50 Ethinyl estradiol 50 Norethindrone 1
Ogestrel E. estradiol 50 Norgestrel 0.5
Demulen 1/50, Zovia 1/50 E. estradiol 50 Ethynodiol diacetate 1

Monophasic (�50-mcg Estrogen)
Alesse, Aviane, Lessina, Levlite, Lutera E. estradiol 20 Levonorgestrel 0.1
Levlen, Levora 0.15/30, Nordette, Portia E. estradiol 30 Levonorgestrel 0.15
Brevicon, Modicon, Necon 0.5/35, Notrel 0.5/35 E. estradiol 35 Norethindrone 0.5
Necon 1/35, Norinyl 1/35, Norethin 1/35, Notrel 1/35, E. estradiol 35 Norethindrone 1

Ortho-Novum 1/35
Demulen 1/35, Kelnor 1/35, Zovia 1/35 E. estradiol 35 Ethy. diacetate 1
Apri, Desogen, Ortho-Cept, Reclipsen, Solia E. estradiol 30 Desogestrel 0.15
Junel 21 1/20, Junel Fe 1/20 E. estradiol 20 Northindrone acetate 1
Loestrin 1/20, Loestrin Fe 1/20, Microgestin 1/20 E. estradiol 20 Nor. acetate 1
Junel 21 1.5/20, Junel Fe 1.5/20 E. estradiol 20 Nor. acetate 1.5
Loestrin 1.5/30, Loestrin Fe 1.5/30, Microgestin 1.5/30, E. estradiol 30 Nor. acetate 1.5
Cryselle, Lo-Ovral, Low-Ogestrel E. estradiol 30 Norgestrel 0.3
Ortho-Cyclen, Mononessa, Previfem, Sprintec E. estradiol 35 Norgestimate 0.25
Ovcon-35, Femcon Fe (chewable) E. estradiol 35 Norethindrone 0.4
Yasmin E. estradiol 30 Drospirenone 3

Biphasic
Estrogen Dose in Progestin Dose in 

mcg (days) mg (days)
Mircette, Kariva E. estradiol 20 (21), 10 (5) Desogestrel 0.15 (21)
Necon 10/11, Gencept 10/11, Ortho-Novum 10/11 E. estradiol 35 Norethindrone 0.5 (10), 

1 (11)

Triphasic
Cyclessa, Cesia, Velivet E. estradiol 25 (21) Desogestrel 0.1 (7), 

0.125 (7), 
0.150 (7)

Estrostep Fe E. estradiol 20 (5), 30 (7), Norethindrone 1 (21)
35 (9)

Ortho-Novum 7/7/7, Notrel 7/7/7, Necon 7/7/7 E. estradiol 35 (21) Norethindrone 0.5 (7), 0.175 
(7), 1 (7)

Ortho Tri-Cyclen, Tinessa, Tri-Previfem, Tri-Sprintec E. estradiol 35 (21) Norgestimate 0.18 (7), 
0.215 (7), 
0.25 (7)

Tri-Levlen, Triphasil, Trivora E. estradiol 30 (6), 40 (5), Levonorgestrel 0.05 (6), 
30 (10) 0.075 (5), 

0.125 (10)
Tri-Norinyl, Leena, Aranell E. estradiol 35 (21) Norethindrone 0.5 (7), 1 (9), 

0.5 (5)

Progestin Only
Micronor/Nor-Q.D. Norethindrone 0.35
Ovrette Norgestrel 0.075

Extended Cycle
Seasonale (84 d hormone � 7 d placebo) E. estradiol 30 Levonorgestrel 0.15
Seasonique (84 d hormone � 7 d estrogen 10 mcg) E. estradiol 30 Levonorgestrel 0.15
Loestrin 24 FE (24/4 d cycle) E. estradiol 20 Norethindrone 1
YAZ (24/4 d cycle) E. estradiol 20 Drospirenone 3
Lybrel (Continuous) E. estradiol 20 Levonorgestrel 90 mcg

Adapted from: Several sources.
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formulations developed before 1973 and “second gen-
eration” refers to those developed between 1973 and
1989.

The combination oral contraceptive formulations
containing estrogen and the newer progestins (norgesti-
mate and desogestrel) are referred to as third-generation
OCPs.1 These progestins have no estrogenic effects and
less androgenic effects when compared to older prog-
estins, and their contraceptive efficacy is similar to the
older formulations.4 When compared to levonorgestrel,
these progestins have lesser effect on carbohydrate and
lipid metabolism.3

The use of the newer progestins is controversial.
European studies have demonstrated an association
between the newer progestins and an increased risk of
nonfatal venous thromboembolism; however, these
epidemiologic studies did not establish a direct cause-
and-effect relationship. Currently, there is insufficient
evidence to support a labeling change in the package
insert or to withdraw these progestins from the market.
The use of these agents remains widespread.4

SPIRONOLACTONE ANALOG FORMULATION

Drospirenone is a new progestin derived from spirono-
lactone that has an antimineralocorticoid, antiandro-
genic activity. It is available in monophasic oral contra-
ceptive product, containing 30 mcg ethinyl estradiol
combined with 3 mg drospirenone, under the trade
name Yasmin and as YAZ 24/4, containing 20 mcg
ethinyl estradiol combined with 3 mg drospirenone. As
a result of its antimineralocorticoid activity, drospirenone
may be useful to prevent water retention and weight
gain associated with the menstrual cycle. Women with
androgen effects such as hirsutism or acne may derive
additional benefits.9 Drospirenone has potassium-spar-
ing effects like spironolactone so should be used with
caution in women at risk for hyperkalemia, including
those with renal or hepatic disease, or in patients taking
medications that increase potassium levels.3

EXTENDED-CYCLE FORMULATIONS

The purpose of the extended-cycle oral contraceptive
product is to reduce the frequency of menses to once
every 3 months and to reduce the withdrawal symptoms
of headache and dysmenorrhea.6 Seasonique, approved
in 2006, and Seasonale, approved in 2003, both provide
30 mcg of ethinyl estradiol combined with lev-
onorgestrel 0.15 mg daily for 12 weeks. During the 13th
week, the Seasonale packets contain placebo tablets
whereas the Seasonique tablets contain 10 mcg of
ethinyl estradiol. The low-dose estrogen taken during
the 13th week may prevent the hormonal withdrawal

symptoms of headache, dysmenorrhea, and heavy men-
strual bleeding.9

Lybrel, approved in 2007, is the first extended-inter-
val OCP approved for continuous use. Each tablet con-
tains 90 mcg levonorgestrel and 20 mcg ethinyl estra-
diol. With extended use, the incidence of breakthrough
bleeding and spotting decreases although it still occurs
in approximately 40% of users.9

Extended-cycle OCPs are an attractive option for
some women who desire minimal bleeding. The long-
term risks and benefits of these agents are unknown.

PROGESTIN-ONLY FORMULATIONS

Progestin-only tablets are a contraceptive option for
women unable to use estrogen-containing products,
such as lactating women. Progestin-only OCPs do not
consistently inhibit ovulation, so the effectiveness is less
than the combination estrogen and progestin products.
It is very important that these progestin-only products
be taken at the same time every day to help maintain
consistent blood levels that do not fall below the mini-
mal effective level. Progestin-only OCPs are taken daily
without a hormone-free interval.2 Table 28-4 provides a
summary of currently available oral contraceptives.

OTHER HORMONAL CONTRACEPTION

VAGINAL RING FORMULATION

The hormone vaginal ring (NuvaRing) has a similar
mechanism of action as oral contraceptive tablets, but
does not require daily administration. The ring is
inserted into the vagina for 3 weeks; during this time,
the vaginal ring releases 15 mcg of ethinyl estradiol and
120 mcg of etonogestrel daily. After 3 weeks, the ring is
removed for 1 week during which withdrawal bleeding
occurs. If the vaginal ring needs to be removed for a
period of 3 hours or longer, an alternative method of
contraception should be used for 7 days.10

TRANSDERMAL PATCH FORMULATION

The contraceptive patch (Ortho Evra) delivers 20 mcg
of ethinyl estradiol and 150 mcg of norelgestromin
daily. Its mechanism of action is similar to OCPs. The
patch is worn for 3 weeks and then discarded for 1 week
during which time withdrawal bleeding occurs. The
patch should be applied to the upper arm, lower
abdomen, buttocks, or upper torso (excluding the
breasts).

It has similar efficacy as oral contraceptive tablets;
however, it may be less effective for women weighing
more than 90 kg.10 An additional concern is the
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increased risk for thrombosis. With the use of the oral
agents, there is a peak estradiol level after ingestion fol-
lowed by a decrease throughout the day. The transder-
mal patch results in hormone levels that are 25% lower
than those caused by oral contraceptives; however, the
levels remain consistent throughout the day. Women on
the patch containing 20 mcg estradiol have 60% more
serum estrogen than women on a 35-mcg estradiol oral
agent.9 In 2005, the FDA changed the labeling of the
transdermal patch to warn physicians of the increase in
estrogen levels with this delivery system.6 The implica-
tions of this increase are unclear but may lead to an
increased risk for thrombosis.9

INJECTABLE PROGESTIN

Depomedroxyprogesterone acetate (DMPA) is cur-
rently the only injectable contraceptive available in the
United States. It is formulated as an aqueous suspen-
sion of microcrystals with a low solubility at the injec-
tion site which allows the progestin activity to last for 3
to 4 months after a single dose.11 It is given as a 150-mg
intramuscular injection within 5 days after the onset of
menses to ensure that the patient is not pregnant.4

Administering DMPA at this time prevents ovulation
during the first month of use.11 The injection should be
repeated every 3 months to ensure continuous efficacy.
If a patient presents to clinic more than 1 week late for
her DMPA injection, she should be administered a
pregnancy test before the next dose is given.

Breakthrough bleeding and spotting are common
during the first months of use. With increased duration
of use, amenorrhea is common, and at 1 year, nearly half
of all patients using DMPA are amenorrheic. Return of
fertility may be delayed several months with DMPA use.
DMPA does not appear to affect blood pressure or
increase the risk of venous thromboembolism but is
associated with weight gain.4 One serious adverse effect
with the use of DMPA is bone demineralization, which
may not be entirely reversible after discontinuation.
Women using DMPA should take vitamin D and calcium
supplements and be monitored by bone densitometry.6

INTRAUTERINE DEVICES

The use of intrauterine devices (IUDs) declined in the
1970s when the Dalkon Shield was linked to the pelvic
inflammatory disease. Recent studies on newer devices
have shown that IUDs provide a safe and effective
method of contraception in women at low risk for pelvic
inflammatory disease. IUDs are the most widely used
nonpermanent contraception used worldwide.12

There are two IUDs currently available in the United
States: the copper T380A IUD and the levonorgestrel-

releasing IUD (Mirena IUS). Both IUDs are approved
for long-term use; the copper-releasing IUD is im-
planted in the uterus for a 10-year duration and the lev-
onorgestrel-releasing IUD for a 5-year duration.9 The
mechanism of action contributing to the effectiveness
of IUDs is unclear. The copper T380A IUD appears to
have an adverse effect on sperm. The levonorgestrel-
releasing IUD releases approximately 20 mcg of hor-
mone daily.12

With proper insertion, the expulsion of an IUD is
unlikely. Once inserted, these T-shaped devices may result
in menstrual abnormalities and increased spotting
although this usually resolves by 6 months. If pregnancy
should occur while the IUD is in place, removal is recom-
mended (if this can be accomplished noninvasively).12

ROD IMPLANTS

A single rod implant for subdermal placement was
approved in July 2006. The Implanon rod releases 
40 mcg of etonogestrel (a metabolite of desogestrel)
daily for 3 years. This highly effective contraceptive is
easily reversible, and can be reversed by the removal of
the rod. Ovulation resumes within 1 month of removal.
Although there are no long-term studies to evaluate the
side effects with Implanon, the absence of estrogen
seems to pose a low risk for venous thromboembolism.
The risk of bone demineralization seen in long-term
DMPA is not known with Implanon.9

NONHORMONAL CONTRACEPTION

BARRIER METHODS

Male condoms are the most effective barrier for pre-
vention of sexually transmitted diseases. Pregnancy
rates with this form of contraception have been shown
to be around 3% to 9%. The pregnancy rate for patients
older than 30 years is half the pregnancy rate of those
younger than 30 years.2

The female condom is also an effective form of bar-
rier birth control and appears to provide external cov-
erage to the labia and base of the penis. The female
condom can be inserted prior to sexual activity and can
be left in place after ejaculation has occurred. Preg-
nancy rates are comparable to its male counterpart with
rates ranging from 3% to 5%. To date, no direct com-
parison of barrier methods has been undertaken.

Two other female barrier contraception methods
include the cervical cap and the diaphragm. Both of
these methods require fitting by a physician. Failure
rates for both methods are comparable at 16% to 17%.
Both barriers have to be removed after use. The cap has
the advantage of being able to be left in for up to 
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48 hours. The diaphragm is recommended to be
removed every 24 hours. The diaphragm method re-
quires that spermicide be applied with each act of
intercourse for the most effective contraception.2

NATURAL FAMILY PLANNING

Natural family planning has been reported to have vary-
ing degrees of effectiveness. It is usually instituted by
having the patient record a strict menstrual calendar
for 3 months. Abstinence is then instituted by subtract-
ing 18 days from shortest cycle and 11 days from longest
cycle. This form of contraception can mean that absti-
nence is required for greater than half of the menstrual
cycle. It has been shown that the majority of couples fail
to abstain for these lengths of time. Other forms of fam-
ily planning have used evaluation of cervical secretions
and basal body temperature measurements.2

CONCLUSION

The choice of oral contraceptive should be based on
careful consideration of the patient. The healthcare
provider must determine if there are any contraindica-
tions to a combination oral contraceptive product and
encourage patients to discuss concerns or side effects.
All combination oral contraceptive products have simi-
lar efficacy; however, products with the lowest dose of
estrogen and progestin may have fewer side effects.
Patients with a history of or concern for nonadherence
may benefit from products such as the contraceptive
patch, vaginal ring, injectable forms, or IUDs. These
products do not require daily administration for efficacy.

The healthcare provider should explain the advan-
tages and disadvantages of agents and choose the agent
that fits the patient’s lifestyle and likelihood for adher-
ence.4,11 The prescription for a contraceptive agent
should be accompanied by careful instructions given to
the patient (Table 28-5).

Table 28-5. Patient Education Regarding Oral Contraceptive Use

• Oral contraceptive tablets should be started on the first day of 
menses or the first Sunday after menstruation.

• Patients who incorporate pill taking with a daily ritual have 
improved compliance.

• Patients should be advised that neither oral contraceptive 
tablets nor DMPA protects against STDs or HIV.

• If a patient misses one or two combination oral contraceptive 
tablets, she should take one tablet as soon as possible and 
followed by one tablet twice daily until all the missed tablets 
have been taken.

• Patients who miss more than two tablets should be advised to 
use a backup form of contraception.

• Progestin-only oral contraceptive products should be taken at 
the same time every day. If the patient is late in taking this 
product by 3 h or more, she should use a backup form of 
contraception.

• Patients should inform their healthcare provider if they are or
plan to become pregnant.

DMPA, depomedroxyprogesterone acetate; STD, sexually transmitted disease;
HIV, human immunodeficiency virus.

EVIDENCE-BASED SUMMARY

• Low-dose estrogen/progestin combinations
are effective in the prevention of pregnancy.

• The risk and benefits of hormonal contracep-
tion should be considered in all patients.

• The risk of thromboembolic disease is decreased
with lower doses of estrogen.

• The side effects of a given hormonal contra-
ceptive agent are related to its estrogen, prog-
estin, and antiandrogen properties.

• In addition to oral contraceptives, other hor-
mone delivery systems are available including
hormone injections, patches, transdermal sys-
tems, and intrauterine devices.
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SEARCH STRATEGY

A systematic Medline search using “menopause” and “hor-
mone replacement therapy” was performed in March
2007, which was limited to human subjects and articles
from journals in English language. The American College
of Obstetricians and Gynecologists Women’s Health Care
Physicians have published guidelines on their website at
http://www.greenjournal.org

BACKGROUND

Menopause is defined by 12 consecutive months with-
out menstrual periods; it naturally occurs between 45
and 55 years of age. Women experience variable symp-
toms during the perimenopausal period and frequently
seek advice from their health care provider regarding
the short- and long-term management of the changes
related to menopause. For many years, the mainstay of
menopausal treatment has been estrogen alone or in
combination with progesterone. Hormone replace-
ment therapy was thought to be beneficial in women in
preventing heart disease. In the last decade, the
approach to treatment of menopause has changed as
findings from randomized, controlled clinical trials
have shown detrimental effects of estrogen on breast
cancer and no improvement in cardiovascular out-
comes. Recently, a National Institutes of Health State of
the Science Panel has recommended only short-term
use of hormone therapy (HT) for menopausal symp-
tom relief and, as such, used the term menopausal hor-
mone therapy (MHT) rather than hormone replace-
ment therapy.1 Primary care providers should be
familiar with the available evidence regarding MHT to
be able to counsel patients in the short- and long-term

use of MHT. Given the potential risk related to HT,
many patients and providers consider the use of alter-
native therapy to treat menopausal symptoms.

RESEARCH IN MENOPAUSAL 
HORMONE THERAPY

Observational studies reported positive effects with HT
in postmenopausal women in the prevention of chronic
diseases, which resulted in the widespread use of estro-
gen and progesterone.2 The largest of these observa-
tional studies was the Nurses’ Health Study that began
in 1976 and was renewed in 1993 and 2002.3 It enrolled
over 121000 nurses initially and remains the largest and
longest-running study of women’s health. A 10-year fol-
low-up of postmenopausal participants, who were tak-
ing estrogen and did not have coronary heart disease or
cancer at baseline, showed a reduction in incident coro-
nary heart disease.3 In 1997, the Postmenopausal Estro-
gen/Progestin Interventions Trial was one of the first
randomized trials to demonstrate potential benefits of
HT on surrogate markers for heart disease and osteo-
porosis.4 This trial also led to the recommendation of
combined estrogen and progesterone in women with
an intact uterus. Until 2001, HT was widely recom-
mended to prevent cardiovascular disease (CVD).

In 1998, the Heart and Estrogen/Progestin Replace-
ment Study (HERS) showed an increase in coronary
heart disease during the first year of HT; among women
with established heart disease, there was no overall CVD
benefit compared to placebo.5 Another surprising
result was an increase in the risk of venous thrombosis
in the HERS study.6

The Women’s Health Initiative (WHI) randomized
control study consisted of a series of randomized clinical
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trials designed to compare estrogen alone7 or combined
estrogen–progesterone8 with placebo in primary pre-
vention of CVD. Over 16000 women, aged 50 to 79
years, were randomized to the combined estrogen plus
progestin arm of the study. Compared to placebo, there
was an increased risk for coronary heart disease, stroke,
and venous thromboembolus in the first 5 years. For
these reasons, the study was discontinued early in 2002.8

The WHI estrogen plus progestin study also showed
a low but modest increased risk for breast cancer in
women on the combined hormone regimen8; however,
there was no increased risk for breast cancer in the
unopposed estrogen arm of the study.7

The WHI estrogen-alone trial enrolled over 11000
women who had undergone hysterectomy. This trial
also failed to show cardiovascular benefit and because
of an increase in incident stroke was terminated early.7

The WHI study showed a reduction of risk for hip
fracture in women on estrogen/progestin, and a signif-
icant reduction in risk for colon cancer for those
women on combined HT, supporting previous findings
in observational studies investigating the effects of
MHT.9 In the WHI study, there was a 2-fold increase in
dementia among women older than 65 years on treat-
ment with estrogen/progestin.10

Critics of these studies have pointed out that the age
of the participants in the HERS and WHI trials was
much more than women who routinely taking MHT
given that the mean age in the HERS trial was 67 years
at baseline and, in the WHI, it was 63 years at baseline.
The findings may not be generalizable to younger
women.11 The age of menopause and initiation of HT
may influence coronary heart disease, stroke, and other
outcomes. Nevertheless, the HERS and WHI studies
have had a remarkable impact on the use of HT for pre-
vention of CVD and treatment of menopausal symp-
toms.12 MHT should no longer be recommended for
primary or secondary prevention of CVD.13 Further
research is needed to address this issue.14

STAGES OF MENOPAUSE

The normal ovarian cycle involves complex hormonal
regulation from the hypothalamus, pituitary, and
ovaries. During the menopause transition, there is a
physiologic decline in ovarian function and the number
of ovarian follicles. This results in a decreasing number
of mature eggs, irregular ovulation, and menstrual
irregularity. The pituitary gonadotropin, follicle-stimu-
lating hormone (FSH), increases to promote continued
estradiol secretion by the remaining ovarian follicles.
Because of the fluctuations in FSH levels, measurement
of FSH while a woman is still menstruating is not help-
ful. When the ovarian follicles are depleted, estradiol

levels decline. The ovary continues to produce andro-
gens as a result of continued production of the pituitary
gonadotropin, luteinizing hormone. Once menstrua-
tion ceases, an FSH of more than 30 mU/mL is consid-
ered diagnostic of menopause, although it is not usually
needed for the diagnosis of menopause.15

The stages of menopause have recently been revised to
clarify the nomenclature and to relate staging to the bio-
chemical and clinical changes related to menopause.16

The Stages of Reproductive Aging Workshop guidelines
describe the stages of menopause as menopausal transi-
tion, perimenopause, menopause, and postmenopause.
Progression to menopause reflects gradual ovarian follic-
ular failure with a decline in estrogen levels. The effects of
declining ovarian function begin several years before
actual menopause occurs. Menopausal transition begins
with variation in menstrual cycles. FSH levels may be nor-
mal to high and women are likely to have vasomotor
symptoms during this stage. Perimenopause overlaps with
the menopausal transition and begins when the men-
strual cycles are more than 7 days different from the nor-
mal period. The perimenopausal period is greater than
60 days of amenorrhea or 2 skipped menstrual periods
and in many women results in symptoms related to the
genitourinary, neuroendocrine, and integumentary sys-
tems. Menopause is defined retrospectively after 12
months of anovulation; the mean age at menopause is 
51 years.16

ASSESSMENT OF MENOPAUSE

CLINICAL PRESENTATION

Women in menopausal transition may experience
changes in menstruation including the shortening of
the follicular phase with heavier, lighter, or even absent
menses. Hot flashes (“flushes”) occur in up to 75% of
women. Young women who have undergone surgical
menopause have greater frequency and severity of hot
flashes. The hot flash is a sensation of heat that typically
begins in the face and chest and quickly spreads. The
hot flash may be accompanied by palpitations and anx-
iety. These vasomotor symptoms may occur 1 to 2 times
daily or as often as hourly and are most common at
night (night sweats). The flash lasts for 2 to 4 minutes,
is associated with perspiration, and followed by chills.
The prevalence of hot flashes varies with ethnicity and
may be related to obesity, sedentary lifestyle, smoking,
and higher socioeconomic status.1

Vaginal dryness and dyspareunia (painful inter-
course) are common in perimenopausal and post-
menopausal women. These changes are related to
decreased estrogen secretion and relieved by topical or
systemic estrogen replacement.
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Sleep disturbance is a common complaint in
menopause transition and may be caused by nocturnal
hot flashes. There is evidence that menopausal transi-
tion causes sleep disturbance independent of vasomo-
tor symptoms.1

Other symptoms described by women in menopausal
transition include bladder dysfunction, body aches, sex-
ual dysfunction, cognitive dysfunction, mood swings,
and fatigue.1 Table 29-1 lists the most common symp-
toms associated with menopause.

DIAGNOSTIC EVALUATION OF THE
WOMEN IN MENOPAUSE

A recommendation for treatment of menopausal symp-
toms should be individualized and with consideration
of the patient’s past medical history, family history,
lifestyle habits, and risk factors for CVD, malignancy,
and other chronic diseases. A thorough medical history
should be taken to determine the stage of menopause
and to evaluate both absolute and relative contraindi-
cations for MHT (see Table 29-2). Absolute contraindi-

cations for HT include vaginal bleeding, suspected or
history of breast or endometrial cancer, or active venous
thrombosis. Relative contraindications include uterine
fibroids, endometriosis, history of cholelithiasis or
migraine, hypertriglyceridemia, or liver disease. The
determination of menopause is based upon a careful
review of systems as the differential includes thyroid dys-
function, depression, and a variety of other conditions
depending upon the chief complaints.

The physical assessment of the perimenopausal
woman should include an examination of the thyroid
gland, breasts, cardiovascular system, and the pelvis. A
mammogram and Papanicolaou smear should be per-
formed. A bone mineral density evaluation should be
considered if it is age-appropriate and also if risk factors
for osteoporosis exist.

Laboratory studies should include thyroid function
tests, a complete blood count, lipid profile, and liver
enzymes. Laboratory tests to determine ovarian hor-
mone status can be performed although they are not
required for the evaluation of menopausal transition. A
circulating FSH with level greater than 30 mU/mL is
consistent with menopause. Table 29-3 outlines the rec-
ommended evaluation for the perimenopausal patient.

MANAGEMENT OF MENOPAUSAL SYMPTOMS

The treatment of perimenopausal symptoms and the long-
term treatment of the woman in menopause must be indi-
vidualized. The decision to recommend MHT is made
after evaluation of risks and benefits of MHT. The type
and duration of therapy remains controversial and should

Table 29-2. Contraindications to Hormone Replacement Therapy

Absolute contraindications
Vaginal bleeding
History or evidence of breast or endometrial cancer
Active venous thrombosis

Relative contraindications
Uterine fibroids
Endometriosis
History of cholelithiasis
History of migraine
Hypertriglyceridemia
Liver disease

Table 29-1. Common Symptoms Associated with Menopause

Vasomotor symptoms
Hot flashes
Night sweats

Urogenital symptoms
Vaginal dryness, itching
Dysuria, urgency, incontinence
Recurrent urinary tract infections

Psychologic symptoms
Anxiety, difficulty in concentration
Depression, loss of interest, irritability
Memory loss

Neurologic symptoms
Headaches
Dizziness
Numbness and tingling

Table 29-3. Components of an Initial Menopause Assessment

Past medical history
Reproductive history
Sexual and social history
Family history
Psychiatric history
Dietary habits
Medication use

Physical examination
Height and weight
Thyroid palpation
Cardiovascular examination
Breast examination
Pelvic examination

Diagnostic evaluation
Chemistries
Lipid panel
Hormone levels
Pap smear
Mammogram
Bone density 
Colonoscopy (if age-appropriate)
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be carefully weighed and discussed with each individual
woman. Some symptoms related to perimenopause may
be managed by lifestyle changes including exercise, avoid-
ance of alcohol, smoking cessation, and relaxation tech-
niques. For women with more severe symptoms, the use of
HT is an option that may be considered. Many women
consider alternative therapies and herbal compounds.

MENOPAUSAL HORMONE THERAPY

The choice and dosage regimen of MHT should be based
on patient preference and previous medical history. MHT
relieves women of menopausal symptoms such as vaso-
motor symptoms, vaginal dryness, and sleep distur-
bances.1 Estrogen alone or in combination with proges-
terone is highly effective in the treatment of vasomotor
symptoms but should be used at a low dose and only as a
short-term treatment.17,18 Specific estrogen and proges-
terone products are listed in Table 29-4. Since most MHTs
will cause almost immediate breast tenderness, it is rec-
ommended to start at a low dose and increase the dose
after 2 to 4 weeks. For women who have had a hysterec-
tomy, estrogen alone is the preferred option. When initi-
ating cyclic MHT in women with an intact uterus, it is rec-
ommended to give estrogen first for 1 to 2 months on a
daily basis. This can then be followed by the addition of
progesterone after 1 to 2 months of successful treatment
with the estrogen. The cyclic regimen will avoid erratic
bleeding or spotting in menopausal women, which is one
of the most common reasons why women discontinue tak-
ing HT. All patients starting MHT should return to clinic
in 2 months for further evaluation and discussion of relief
of menopausal symptoms. Adherence to MHT can be
maximized by allowing discussion, explaining the risks
and benefits of MHT on an individualized basis, includ-
ing patient preferences into the recommendations, and
planning for frequent follow-up.19

Estrogen and progesterone creams may also be ben-
eficial but sporadic absorption rates may only offer local
effects; thus, vaginal application of the creams offers
the most relief of vaginal symptoms.1

ALTERNATIVES TO MENOPAUSAL HORMONE
THERAPY

In those women with menopausal symptoms who do not
wish to use any form of MHT or have contraindications
to MHT, the primary care provider may discuss alterna-
tive therapies. Table 29-5 includes alternative therapies
suggested to be effective in reducing menopausal symp-
toms although little data is available for most of the
given therapies.

The selective serotonin reuptake inhibitors (fluoxe-
tine, paroxetine, sertraline) and the serotonin—norep-
inephrine reuptake inhibitors (venlafaxine) have been
shown to decrease menopausal hot flashes and improve
quality of life. In clinical trials, gabapentin has shown
benefit in comparison to clonidine, which is of little
benefit, in the treatment of hot flashes.20

The use of complementary and alternative (CAM)
therapy is frequently considered, yet, there are few well-
designed studies for the use of CAM therapy for
menopausal symptoms. Herbal products including the
phytoestrogens found in foods containing soy or red
clover may also be beneficial in reducing symptoms.
These agents are not regulated by the Food and Drug
Administration and therefore should be used with
caution, as little information is available regarding their
efficacy and adverse effects.21

Table 29-5. Alternative Therapies Used in the Treatment of
Menopausal Symptoms

Medications
Selective serotonin reuptake inhibitors (fluoxetine, 

paroxetine, sertraline)
Venlafaxine
Gabapentin
Clonidine

Herbal supplements
Black cohosh
Phytoestrogens (isoflavones)

Soy products (tofu, soy milk, soy nuts)
Red clover 

Ginseng
Kava
Primrose oil

Nonpharmacologic options
Exercise therapy (aerobic exercise several times weekly)
Relaxation techniques (meditation, stress management)
Environmental measures (avoiding warm places, air 

conditioning)
Acupuncture
Massage therapy

Table 29-4. Estrogen and Progesterone Products

Estrogen products
Conjugated equine estrogens
Esterified estrogens
Estropiate sulfate
Estrone sulfate
Micronized estradiol
Ethinyl estradiol
Transdermal estradiol
Vaginal estrogen preparations

Progesterone products
Medroxyprogesterone
Levonorgestrel
Norethindrone
Micronized progesterone
Transvaginal progesterone
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Other botanical agents reported to reduce menopausal
hot flashes include black cohosh, ginseng, and kava
although clinical trials evidence is scant.1,20 Black cohosh,
a widely used botanical agent for hot flashes, failed to
show a reduction in vasomotor symptoms when used
alone or in combination with multibotanical regimen in
women treated for 12 months.22 Women should be cau-
tioned regarding the long-term use of alternative botan-
ical therapies until there is clinical trial evidence of
safety and efficacy.

Acupuncture, massage therapy, aerobic exercise,
appropriate nutrition, and improved sleep hygiene
have also been recommended, yet, there are few data
confirming the benefits of reduction in menopausal
symptoms.23 Beneficial alternatives for the treatment of
menopausal symptoms are important. Research in the
use of CAM therapy with well-designed, randomized,
controlled trials is imperative.

EVIDENCE-BASED SUMMARY

• The use of MHT in postmenopausal women
remains controversial.

• Decisions about the use of MHT require the
careful examination of the risks and benefits
in each individual woman.

• MHT should no longer be used for the pri-
mary or secondary prevention of CVD.

• If MHT is used, it should only be used at the
lowest dose for the shortest duration possible.

• If progesterone is used, it should only be used
in females who have a uterus to provide pro-
tection of the endometrium.

• For those females already taking MHT, discon-
tinuation should be considered.

• Alternative therapies for treatment of meno-
pausal symptoms are based on little clinic trial
evidence.

• Further research in the use of HT and alterna-
tive therapies is needed.
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SEARCH STRATEGY

A systematic search of the medical literature was performed
on March 14, 2007. The search, limited to human subjects
and journals in English language, included the National
Guideline Clearinghouse, the Cochrane database, MED-
LINE, and International Pharmaceutical Abstracts.

Erectile dysfunction (ED) is defined as the inability to
achieve an erection sufficient for satisfactory sexual
intercourse.1 It is estimated that approximately 52% of
men in the United States who are 40 years and older suf-
fer from some degree of ED.2 The etiology can be due
to psychological, vascular, endocrine, neurologic, uro-
logic, or pharmacologic causes, and may often be mul-
tifactorial. The development of effective oral therapies
has revolutionized the treatment of ED. More men are
seeking treatment and most are seeking it through pri-
mary care providers.

CLINICAL PRESENTATION

ED typically occurs in men older than 40 years and the
risk increases with age and comorbidities. Men may
present to their primary care provider with a complaint
of ED, but a full workup may reveal more serious under-
lying causes such as depression or cardiovascular dis-
ease. In fact, many patients with ED may have subclini-
cal atherosclerosis and those without a clear etiology
should be evaluated for vascular disease, as ED appears
to be an independent predictor of cardiovascular dis-
ease.3,4 Severity of ED varies from patient to patient but
usually increases with age. Men suffering from ED may
also complain of problems with libido and/or ejacula-
tion, depending on the cause of their ED.

PHYSICAL FINDINGS

All patients with ED should be evaluated for abnormali-
ties in the size and consistency of the prostate, testicles,
and penis. The physical examination should also include
blood pressure measurement and femoral and pedal
pulse evaluations to further identify cardiovascular-
related ED. Endocrine evaluation should include
inspection for thyroid gland abnormalities, breasts for
gynecomastia, and hair distribution or general mascu-
line development. Perineal sensation and bulbocav-
ernous reflex are part of an appropriate neurologic
evaluation. Patients with abnormalities in the systems
above should be further evaluated and may require
referral to an appropriate specialist (e.g., urologist,
endocrinologist).

DIAGNOSTIC EVALUATION

To aid successful treatment, an accurate diagnosis of ED
must be made through a thorough history and physical
findings including ED screening; sexual, medical,
social, and medication histories; a physical examina-
tion; laboratory tests; and possibly additional cardiovas-
cular testing. Screening patients for ED can be easily
accomplished by using a patient-focused questionnaire.
The Sexual Health Inventory for Men is a standard clin-
ical tool that aids in diagnosing ED (Fig. 30-1).5 It
includes five questions from the ED portion of the
International Index of Erectile Function related to con-
fidence, penetration, maintenance, and satisfaction; a
score of 21 or less indicates the patient is likely to have
ED. In addition to screening male patients for ED, pri-
mary care providers should discuss sexual history as a
means to improve and clarify diagnoses. Some sexual
changes may be related to aging rather than to ED. As
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men age they sometimes require increased sexual stim-
ulation, time, and concentration to obtain and main-
tain an erection compared to their younger selves. Men
with these symptoms may benefit from reassurance that
they do not have ED, and pharmacologic treatment is
usually not indicated. Moreover, a sexual history is nec-
essary to fully identify if the patient is suffering from
erectile, libido, and/or ejaculatory dysfunction.

A full medical history, including history of diabetes,
hypertension, dyslipidemia, cardiovascular disease,
peripheral vascular disease, and hypogonadism is
essential to identifying precipitating factors for ED.6

Patients with these conditions should be evaluated for
disease control, and those with poor control should
have appropriate interventions to optimize disease
management. A social history should be taken in
patients complaining of ED to evaluate for tobacco,
alcohol, and illicit drug use, all of which can contribute
to ED. Psychological causes such as stresses, interper-
sonal relationship problems, and depression should be
explored. Rapid-onset ED may be more psychogenic or
medication-related in origin, whereas complete loss of
nocturnal and stimulated erections is usually vascular
or neurologic in origin. Finally, a complete medication
history is important to identify medications used to
treat concomitant illnesses that may be causing or con-
tributing to ED. Common medical conditions, social
factors, and medications that increase ED risk are listed
in Table 30-1.

As discussed above, a physical examination in patients
with suspected ED should focus on identifying abnor-
malities in systems that can increase ED risk (cardiovas-
cular, urologic, endocrine, and neurologic). Laboratory
tests should also be performed to help identify causes of
ED. All patients should be screened with a fasting blood

glucose to assess diabetes risk or control, fasting lipid
profile to assess cardiovascular risk, blood chemistry to
evaluate electrolytes and serum creatinine, hemogram
to assess for anemia, and serum testosterone. Although
hypogonadism is rarely the single cause of ED in men, low
testosterone levels are associated with decreased libido
and are an important part of the ED evaluation. Evaluat-
ing free testosterone and/or bioavailable testosterone is
the preferred method of detecting hypogonadism.

Over the past 6 months:
1) How do you rate your confidence that you could get and keep an erection? (Very low �1, Low �2, Moderate � 3, High � 4, Very high  � 5)
2) When you had erections with sexual stimulation, how often were your erections hard enough for penetration (entering your partner)?

(No sexual activity � 0, Almost never or never � 1, A few times [much less than half the time] � 2, Sometimes [about half the time] � 3,
Most times [much more than half the time] � 4, Almost always or always � 5)

3) During sexual intercourse, how often were you able to maintain your erection after you had penetrated (entered) your partner? (Did
not attempt intercourse � 0, Almost never or never � 1, A few times [much less than half the time] � 2, Sometimes [about half the
time] � 3, Most times [much more than half the time] � 4, Almost always or always � 5)

4) During sexual intercourse, how difficult was it to maintain your erection to completion of intercourse? (Did not attempt intercourse � 0,
Extremely difficult � 1, Very difficult � 2, Difficult � 3, Slightly difficult � 4, Not difficult � 5)

5) When you attempted sexual intercourse, how often was it satisfactory for you? (Did not attempt intercourse � 0, Almost never or never � 1,
A few times [much less than half the time] � 2, Sometimes [about half the time] � 3, Most times [much more than half the time] � 4,
Almost always or always � 5)

Add the numbers corresponding to the questions 1–5. If your score is 21 or less, you may want to give this form to your health care profes-
sional who can determine if you have erectile dysfunction.

Figure 30-1. Sexual health inventory for men. 
(Adapted with permission from Rosen RC, Cappelleri JC, Smith MD, Lipsky J, Pena BM. Development and evaluation of an abridged, 5-item
version of the International Index of Erectile Function (IIEF-5) as a diagnostic tool for erectile dysfunction. Int J Impot Res 1999;11:
319–326.)

Table 30-1. Common Medical, Social, and Medication-
Related Causes of ED

Medical Social Medications

Diabetes Smoking Hydrochlorothiazide
Hypertension Alcohol Metoprolol, atenolol,
Dyslipidemia Cocaine propranolol
Peripheral Marijuana Spironolactone

vascular disease
Cardiovascular Methyldopa, clonidine,

disease reserpine
Obesity Digoxin
Sleep apnea Fluoxetine, paroxetine,
Thyroid disease sertraline, citalopram, 

escitalopram
Stroke Amitriptyline, nortrip-

tyline, imipramine, 
desipramine, doxepin

Parkinson disease Lithium
Urologic surgery Thioridazine, fluphenazine,

thiothixene
Benign prostatic Metoclopramide

hypertrophy Finasteride, dutasteride
Hypogonadism Cimetidine
Depression Phenytoin, carbamazepine,
Psychologic primidone, phenobarbital
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Morning measurements are optimal since testosterone
is secreted in a diurnal pattern, and at least two morning
concentrations should be obtained. Total testosterone is
not recommended as a measure of hypogonadism, as
levels are affected by the increase in sex-hormone-bind-
ing globulin that occurs with aging. If free or bioavail-
able testosterone concentrations are found to be low,
serum luteinizing hormone and prolactin concentra-
tions should be drawn to aid in discriminating primary
from secondary hypogonadism.

Additional cardiovascular testing is based on risk
stratification. Consensus guidelines suggest that cardio-
logic evaluation be performed before sexual activity in
those patients with intermediate and high cardiovascu-
lar risk (Table 30-2) to determine if sexual activity and
ED treatment are safe.7 An exercise treadmill test
and/or echocardiogram are recommended. Patients
with high cardiovascular risk should also be referred to
a cardiologist for evaluation before ED treatment is ini-
tiated. Updated guidelines corroborate the above rec-
ommendations, provide some clarification on certain
cardiac conditions, and emphasize that ED may be an
early or sole symptom of atherosclerotic vascular dis-
ease.8 As such, it appears prudent to perform an evalu-
ation of cardiac risk factors in almost all patients pre-
senting with ED.

RISK STRATIFICATION

Risk stratification for ED is necessary to determine
appropriate management. Once a diagnosis of ED is
made and a cause determined, patients should be sepa-
rated into those with modifiable risks and those with

unmodifiable risks. Modifiable risks include poor
glycemic, hypertensive, and dyslipidemic control; smok-
ing, alcohol, and illicit drug use; hypogonadism; depres-
sion; endocrine disorders; and use of medications that
can cause ED. Unmodifiable risks for ED include uro-
logic surgery, vascular disease, and neurologic disease.
An evaluation and management algorithm designed for
men with diabetes can also be utilized for most other
men presenting with ED, and is shown in Figure 30-2.7

MANAGEMENT

NONPHARMACOLOGIC TREATMENT

Risk-Factor Modification
All patients with ED and modifiable risk factors should

be initially managed by modifying their ED risk.6 Improv-
ing glycemic control, dyslipidemia, and hypertension can
potentially improve erectile function. Tobacco, alcohol,
and illicit drug cessation should be encouraged.
Increased exercise, weight loss, and a balanced diet have
also been shown to improve erectile function, especially
in obese men. Additionally, underlying medical condi-
tions such as depression, hypogonadism, and thyroid dys-
function should be treated and effect on ED assessed.
Risk-factor modification can help to improve erectile
function and overall health, but many patients may still
need pharmacologic therapy for ED. Pharmacologic
therapy can be prescribed concomitantly with risk-factor
modification, but patients may be less motivated to mod-
ify risk factors if their ED is quickly improved by pharma-
cologic treatment. Finally, medications causing ED can
be stopped or replaced with similar medications that are
associated with a lower ED risk (Table 30-3).6,9,10

Table 30-2. Cardiovascular Assessment in ED Patients

Grade of Risk Categories of CVD Management Recommendations

Low risk Asymptomatic, �3 major risk factors for CAD; controlled Primary-care management
HTN; mild, stable angina; post-successful coronary Consider all first-line therapies
revascularization; uncomplicated past MI (�6–8 wk);  Reassess at 6–12 mo intervals
mild valvular disease; LVD/CHF (NYHA Class I)

Intermediate risk �3 major risk factors for CAD, excluding gender; moderate, Specialized CV testing (e.g., ETT, Echo) 
stable angina; recent MI (�2, �6 wk); LVD/CHF (NYHA Restratification into high risk or low risk
Class II); noncardiac sequelae of atherosclerotic disease  based on the results of CV assessment
(e.g., CVA, peripheral vascular disease)

High risk Unstable or refractory angina; uncontrolled HTN; LVD/CHF Priority referral for specialized CV
(NYHA class III/IV); recent MI (�2 wk), CVA; high-risk management
arrhythmias; hypertrophic obstructive and other Treatment for sexual dysfunction to
cardiomyopathies; moderate/severe valvular disease be deferred until cardiac condition

stabilized and dependent on specialist
recommendations

CAD, coronary artery disease; HTN, hypertension; CHF, congestive heart failure; CVA, cerebrovascular accident (stroke); CVD, cardiovascular disease; Echo,
echocardiogram; ETT, exercise tolerance test; LVD, left ventricular dysfunction; NYHA, New York Heart Association; MI, myocardial infarction; CV, cardiovascular.
Adapted with permission from: DeBusk R, Drory Y, Goldstein I, Jackson G, Kaul S, Kimmel SE, et al. Management of sexual dysfunction in patients with cardiovascular
disease: Recommendations of the Princeton Consensus Panel. Am J Cardiol. 2000;86:175–181.
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Complex problem

Oral ED therapy†

ED persists

Vacuum constriction device 
Transurethral therapy

ED resolves§ ED resolves§

ED resolves§

ED resolves§

ED resolves§

Gonadal or endocrine problem 
Possible brain or spinal cord 
   injury 
Deep-seated psychiatric 
   disease 
Peyronic disease 
Posttraumatic or primary ED 
Active cardiovascular disease

Hypogonadism

ED persists

Androgen replacement‡

ED persists

Consider referral to 
   appropriate specialist

Consider further testing 
     Nocturnal penile tumescence 
     Injection with vasodilator

ED persists

Intracavernosal injection therapy

Refer for penile prosthesis

ED persists

Modify reversible causes 
(medications, alcohol, 
smoking cessation) 

Improve glycemic control 
Provide education/counseling

Diagnostic assessment 
      Medical, sexual, psychosocial history 
      Physical examination 
      Laboratory tests*

Figure 30-2. Primary management of ED: Treatment algorithm. 
*Hemoglobin A1C, thyrotropin, and AM total testosterone levels. Testosterone deficiency should be further evaluated by measuring
luteinizing hormone, follicle-stimulating hormone, and prolactin levels to elucidate a specific etiology. (Bioavailable testosterone
should be considered in men �50 years or body mass index �30 kg/m3.)

†Phosphodiesterase inhibitors or others.
‡Androgen replacement and oral ED therapy are often initiated simultaneously in men with hypogonadism.
§Perform follow-up and reassessment.

(Reprinted with permission from: Dey J, Shepherd MD. Evaluation and treatment of erectile dysfunction in
men with diabetes mellitus. Mayo Clin Proc. 2002;77:276–282.)
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Psychological Counseling
Psychological counseling for patients with ED and

their partners should play an integral role for any
patient demonstrating a psychological component to
their ED.6 Proper psychosexual therapy can improve
ED and eliminate need for pharmacologic therapy. Pri-
mary care providers can provide reassurance of the nor-
mal sexual changes with aging, such as decreased spon-
taneous erections in men and vaginal dryness in
women, and can also encourage couples to seek coun-
seling for relationship problems in general.

Pelvic Floor Muscle Exercises
Men suffering from ED may have weakness in their

pelvic floor muscles. Recent reports have suggested that
pelvic floor muscle exercises focusing on the bulbocav-
ernosus and ischiocavernosus muscles, which are
important for penile rigidity, can improve erectile func-
tion. Men can easily implement pelvic floor muscle
exercises into their daily routine. For example, in one
study, men were instructed to tighten their pelvic floor
muscles as strongly as possible twice daily along with
additional exercises while walking and after voiding.11

Vacuum Devices
The vacuum pump is an effective, noninvasive

method of treating ED that is approved by the US Food
and Drug Administration (FDA) for over-the-counter
distribution. Typically, vacuum pumps are best accepted
by men in stable relationships, but they are effective for
essentially all types of ED. One report indicates that up
to 84% of men are satisfied with results from a vacuum
pump device.12 Electric or battery-powered vacuum
devices are the easiest to use, but all require reasonable
dexterity. The device draws venous blood into the penis
by negative pressure, and the patient must place a ten-
sion ring on the base of the penis to maintain the erec-
tion. Vacuum devices reduce spontaneity as they take
several minutes to create an erection, and the tension
ring must be removed after 30 minutes. Typical adverse
effects include numbness, bruising, penile pain, delayed
ejaculation, and a cyanotic color in the penis, most of
which may decrease with improved technique.

Although vacuum pumps are effective and can be
considered as first-line therapy, they remain second-line
treatments for most patients with ED because of diffi-
culties in use, adverse effects, and cost. However, patients
with ED and concomitant severe cardiovascular disease
or those taking nitrates are good candidates for vacuum
pump therapy.

Other nonpharmacologic interventions include
intraurethral inserts and surgical insertion of a penile
prosthesis.

PHARMACOLOGIC TREATMENT

Phosphodiesterase Type-5 Inhibitors
Phosphodiesterase type-5 (PDE-5) inhibitors (silde-

nafil, vardenafil, and tadalafil) are first-line treatment for
most men with ED. They increase nitric oxide availability
in the penis, allowing men to obtain and maintain an
erection with sexual stimulation. Each medication varies
slightly in its dosing, onset, and duration (Table 30-4).
Sildenafil is the most extensively studied of the three
agents and has been found to be about 57% effective
overall.13 Clinically, all three agents are thought to be
similarly effective, but some patients may respond to
one PDE-5 inhibitor better than another.14,15 Tadalafil
has a longer duration of effect, which can increase
spontaneity but also increase duration of side effects.
Vardenafil should be avoided in patients with preexist-
ing QT prolongation and in those taking medications
such as quinidine, procainamide, sotalol, and amio-
darone, which can cause QT prolongation. Choice of
PDE-5 inhibitor should be based on effectiveness, safety,
cost, and insurance coverage.

Each PDE-5 inhibitor is metabolized by the cyto-
chrome P450 system, and serum concentrations can be

Table 30-3. Common Medications That Induce ED and 
Alternative Agents

Medication/
Class Associated with ED Alternative Agent(s)

Thiazide diuretics, Loop diuretics 
spironolactone (furosemide, bumetanide)

Beta-blockers, methyldopa, Angiotensin-converting-enzyme
clonidine, reserpine inhibitors (captopril, 

enalapril, lisinopril)
Angiotensin-receptor blockers 

(losartan, valsartan,  
candesartan, irbesartan)

Nebivolol
Finasteride, dutasteride Alpha-blockers (terazosin, doxa-

zosin, tamsulosin, alfuzosin)
Cimetidine Other histamine-2 blockers 

(ranitidine, nizatidine) or 
proton pump inhibitors 
(omeprazole, lansoprazole,
rabeprazole)

Serotonin reuptake Bupropion, mirtazapine, 
inhibitors, tricyclic trazodone
antidepressants

Lithium Valproic acid
Metoclopramide Erythromycin, proton pump 

inhibitors
Phenothiazine Atypical antipsychotics (e.g., 

antipsychotics agents risperidone, olanzapine, 
quetiapine, aripiprazole)

Phenytoin, carbamazepine, Valproic acid, gabapentin
primidone, phenobarbital

Digoxin Diltiazem
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increased by drugs that inhibit this metabolic system.
Thus, the lowest doses of PDE-5 inhibitors are recom-
mended in patients taking cytochrome P450 inhibitors
such as erythromycin, clarithromycin, ritonavir,
saquinavir, indinavir, ketoconazole, and itraconazole,
and dosing intervals may also need to be increased.
Maximum concentrations of ritonavir and indinavir can
also be decreased significantly by vardenafil, making
low-dose sildenafil a better choice for patients taking
protease inhibitors. Lower doses of PDE-5 inhibitors are
also recommended for the elderly, those with hepatic
impairment, and those with severe kidney dysfunction.
In patients taking cytochrome P450 enzyme inducers,
such as phenytoin, rifampin, phenobarbital, and carba-
mazepine, concentrations of PDE-5 inhibitors may be
decreased. Hence, PDE-5 inhibitor doses may need to
be increased if efficacy is not achieved.

Blood pressure should be monitored in patients tak-
ing alpha-blockers concomitantly with PDE-5 inhibitors,
as hypotension can occur from this drug combination.
PDE-5 inhibitors should be initiated at the lowest possi-
ble dose in patients already stable on alpha-blockers. If
patients are stable on PDE-5 inhibitors, the addition of
alpha-blockers should be slow and at the lowest starting
dose. Moreover, in patients with benign prostatic hyper-
trophy requiring combination alpha-blocker and PDE-5
inhibitor therapy, uroselective alpha-blockers such as
tamsulosin and alfuzosin are preferred to lessen the risk
of hypotension. Patients taking sildenafil, 50 to 100 mg,
should separate these doses from those of alpha-blockers
by 4 hours, and similar precautions should be taken
with the other two PDE-5 inhibitors to reduce the likeli-
hood of hypotensive adverse effects.

Adverse effects that occur in patients taking PDE-5
inhibitors are usually dose related and due to vasodila-
tion or low-affinity inhibition of other PDE enzymes. The
most common adverse effects reported in patients tak-
ing PDE-5 inhibitors are headache (10–30%), rhinitis
(1–11%), flushing (10–20%), dyspepsia (3–16%), myal-
gia and back pain (0–10%), and dizziness (up to 5%).16

Rare ocular changes can also occur in patients taking
PDE-5 inhibitors, most commonly with sildenafil. Up to
10% of patients may experience reversible problems with
color discrimination and sensitivity to light, both related

to PDE-6 inhibition in the rods and cones of the retina.
Reports of irreversible vision loss associated with nonar-
teritic anterior ischemic optic neuropathy (NAION) are
rare. The reports of vision loss have mostly been in men
older than 50 years with low cup-to-disc ratios or other
characteristics commonly associated with arteriosclerosis
(and ED): smoking, diabetes, hypertension, coronary
artery disease, and hyperlipidemia.17 A causal relation-
ship between vision loss and use of PDE-5 inhibitors has
not been established, but patients should be educated
about the potential risk. Moreover, product labeling now
discusses NAION and includes instructions for patients
with sudden vision loss to stop use of all PDE-5 inhibitors
and seek immediate medical attention. It is also recom-
mended that PDE-5 inhibitors be avoided in patients
with a previous history of NAION.

Most importantly, use of PDE-5 inhibitors is contraindi-
cated in patients taking any form of nitrates (including as
needed sublingual nitroglycerin). The combination of
nitrates and PDE-5 inhibitors can cause fatal hypotension-
related cardiac or cerebrovascular damage. In patients
with cardiac disease, who are not taking nitrates regularly,
sexual activity can also precipitate angina and the need to
use nitrate therapy. Hence, cardiovascular examination is
prudent to help identify patients who might experience
an adverse cardiovascular outcome due to sexual activity
and taking a PDE-5 inhibitor. Moreover, clinical experi-
ence regarding use of PDE-5 inhibitors is lacking in
patients with recent myocardial infarction, stroke, arrhyth-
mias, unstable angina, hypotension (less than 90/50
mmHg), and uncontrolled hypertension (greater than
170/110 mmHg). If a patient taking a PDE-5 inhibitor
experiences chest pain or signs and symptoms of a car-
diovascular or cerebrovascular event, they should be
instructed to seek care immediately at an emergency
department, making sure to let the emergency staff know
they took a PDE-5 inhibitor. In general, nitrates should be
withheld for 24 hours after a dose of sildenafil or varde-
nafil and for 48 hours after a dose of tadalafil.

Testosterone Replacement
Testosterone replacement may improve erectile

function and libido, but should be recommended only
for men with hypogonadism. Testosterone therapy is

Table 30-4. Phosphodiesterase Type-5 Inhibitors for ED Treatment

Sildenafil Vardenafil Tadalafil

Tablet availability 25, 50, 100 mg 5, 10, 20 mg 5, 10, 20 mg
Starting dose 50 mg daily 10 mg daily 10 mg daily
Onset 30–60 min 30–60 min 30 min–6 h
Duration 4 h 4 h 24–36 h
Best absorption Empty stomach Empty stomach No preference
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contraindicated in patients with prostate or breast cancer
and should be used cautiously in patients with benign
prostatic hypertrophy, sleep apnea, peripheral edema,
congestive heart failure, polycythemia, and hepatic dis-
ease. Before exogenous testosterone is initiated, patients
should be screened with a prostate specific antigen,
aspartate amino transferase, alanine amino transferase,
fasting lipid panel, hematocrit, and hemoglobin. Once
patients are treated with testosterone, the above labora-
tory monitoring should be repeated within a few months
and then every 6 to 12 months to assess for adverse
effects. Free and/or bioavailable testosterone concen-
trations should also be monitored after treatment to
assess efficacy.

Three different routes of testosterone replacement
exist: intramuscular, transdermal, and buccal. Intra-
muscular testosterone enanthate, 200 mg, or testos-
terone cypionate, 300 mg, is administered approxi-
mately every 2 to 3 weeks; the dosing and frequency are
based on testosterone concentrations just before the
next injection. Initial dosing should be lower in elderly
men. If concentrations are too high, the dose should be
decreased or the interval between doses increased.
Alternatively, if testosterone concentrations are too
low, the dose should be increased or the interval short-
ened. Intramuscular injection of testosterone often
results in more erratic concentrations than other
routes, so its use has declined as other options have
become available.

Transdermal testosterone is available as scrotal and
nonscrotal patches and gel. Scrotal patches are rarely
used because of the need to shave the scrotum before
application. Nonscrotal testosterone patches are avail-
able in 2.5 mg and 5 mg patches, but dosing can be
increased to 7.5 mg (using one of each patch), if neces-
sary. Nonscrotal patches are placed on the back,
abdomen, upper arms, or thighs every evening. Patch
placement should be rotated to prevent site reactions,
and sites should not be reused for 7 days. Morning
testosterone concentrations in patients using patches
can be measured after 1 day of therapy to assess efficacy.
Testosterone patches typically provide more stable con-
centrations of testosterone than intramuscular injec-
tions. However, testosterone gel has now become the
preferred method of testosterone replacement for most
patients, due to increased testosterone concentration
stability and low incidence of site reactions. Testos-
terone 1% gel is initiated at 2.5 to 5 g daily, applied to
the shoulders, upper arms, or abdomen. Morning
testosterone concentrations should be measured after 2
weeks of therapy and the dose increased to 7.5 g or 10 g,
if necessary. Site reactions are reduced if application
sites are rotated, and patients should be counseled to
avoid showering, washing, or skin contact with partners

for 4 to 6 hours after application to prevent testosterone
loss and/or transfer.

Buccal testosterone has been available since 2003,
and it offers an additional mechanism for testosterone
delivery. The system is inserted above an incisor tooth
twice daily, and patients should remove the old system
and rotate sides of the mouth with each dose. Patients
should also verify that the system is still in place after
eating, drinking, brushing teeth, and rinsing the mouth.
Typical adverse effects include gum irritation, pain, ten-
derness, edema, bitter taste, and headache. Morning
testosterone concentrations should be monitored after
4 to 12 weeks to assess for efficacy.

The type of testosterone replacement should be
guided by patient preference for route and risk of
adverse reactions. In general, adverse reactions are usu-
ally route and dose related. Application site reactions
are the most common adverse effect, occurring in at
least one-half of patients using patches and in approxi-
mately 5% of men using transdermal gel. Site reactions
due to patches can be decreased if triamcinolone cream,
0.1%, is applied under the central drug reservoir of the
patch. All patients prescribed testosterone therapy should
also be monitored for acne, prostate/urinary problems,
peripheral edema, increased cholesterol, decreased high-
density lipoprotein cholesterol, increased liver function
tests, increased level of prostate specific antigen, and
increased hematocrit or hemoglobin.

If responsive to testosterone replacement, erectile
function and libido should increase slowly over a few
months of testosterone treatment. If results are not sat-
isfactory, other treatments for ED should be initiated.
Concomitant treatment with PDE-5 inhibitors and
testosterone are appropriate for patients with moder-
ate to severe ED. Patients with more complicated ED,
difficult-to-regulate testosterone concentrations, or lab-
oratory abnormalities should be referred to an endocri-
nologist and/or urologist.

Vasodilatory Treatments
Intraurethral alprostadil and intracavernosal alpro-

stadil, papaverine, and phentolamine are available
vasodilatory treatments for ED. Each drug relaxes smooth
muscles and induces vasodilation. Although the intracav-
ernosal route is slightly more effective than the intrau-
rethral route (approximately 70–90%, compared with up
to 60%), intraurethral suppositories can be prescribed by
primary care providers and are usually recommended as
second-line therapy because they are easy to use. The ini-
tial dose of intraurethral alprostadil is 125 mcg, onset of
action is within 5 to 10 minutes, and duration of activity is
approximately 30 to 60 minutes. Doses may be doubled
over time up to 1000 mcg to establish efficacy, but no
more than 2 doses per day should be used. The first dose
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should also be observed by a health care provider due to
risk of syncope. Typical adverse effects include penile
pain (32%) and urethral burning (12%). Patients receiv-
ing unsatisfactory results from intraurethral suppositories
can use it in combination with an adjustable penile con-
striction band, but adverse effects may increase.

Intracavernosal routes require physician-established
dosing and monitoring and are thus recommended as
third-line treatments for more difficult-to-treat patients.
Intracavernosal alprostadil is the only agent adminis-
tered via this route that is approved by the FDA for ED.
Patients wishing to attempt this treatment should be
referred to a urologist or endocrinologist. This route
should be avoided in anticoagulated patients. After
instruction by a medical provider and verification of effi-
cacy, patients can administer their doses at home. The
onset of action is within 10 minutes and the erection may
last for 30 to 60 minutes. However, adverse effects can
be extensive and include penile pain (37%), cavernosal
fibrosis/scarring (3–8%), hematoma (3%), ecchymosis
(2%), and, rarely, priapism (0.4%). Oral decongestants,
such as pseudoephedrine, can be recommended for
patients experiencing prolonged erections secondary to
alprostadil. However, emergency department treatment
should be recommended for any patient with priapism
(painful erection lasting longer than 4 hours), as perma-
nent damage to the corpora cavernosa may occur.

Alternative Agents
Sublingual apomorphine, oral phentolamine, and oral

yohimbine are unapproved alternative agents used by
some practitioners for ED treatment. Although approved
for use in Europe, Mexico, and South America, sublin-
gual apomorphine was denied approval by the FDA in
2003 and will not be marketed in the United States. Apo-
morphine is a centrally acting dopamine agonist that can
be used to treat ED in patients taking nitrates. It is less
effective than PDE-5 inhibitors and can cause nausea,
dizziness, drowsiness, yawning, and headache.

Oral phentolamine is a vasodilator approved for use
in Mexico and Brazil, but approval is not being pursued
in the United States because of a perceived lack of mar-
ket for an additional oral agent. Typical adverse effects
include nasal congestion, headache, tachycardia, dizzi-
ness, and nausea, and it should not be used in combi-
nation with PDE-5 inhibitors.

Yohimbine, marketed in the United States as a
dietary supplement, is an alpha-2 antagonist that has
uncertain efficacy for ED. Typical adverse effects
include headache, dizziness, hypertension, insomnia,
and anxiety. Because yohimbine is not regulated as a
drug by the FDA, recommending it could present addi-
tional unknown risks to the patient. In addition, yohim-
bine was named one of “12 supplements you should
avoid,” by the May 2004 issue of Consumer Reports , as it is

“likely hazardous” with reports of deaths and cardiovas-
cular adverse effects and events associated with its use.18

TREATMENT FAILURE

Patients failing treatment with PDE-5 inhibitors may
receive some benefit from combination therapy with
alprostadil, a vacuum device, psychotherapy, or pelvic
floor muscle exercises. However, prolonged erections
and priapism have developed in some patients using
combination sildenafil and alprostadil. Vacuum devices
can also be used in combination with psychotherapy
in patients with psychosexual problems. If a patient
fails one of the above combination therapies, they
likely have a more complex form of ED and should be
referred to a urologist for further evaluation. Penile
prostheses are also available for refractory cases or
those who have contraindications to other treatments.

FUTURE TREATMENTS

New agents are being investigated for the treatment of
ED. One new drug class being investigated is the
melanocortin-agonist class. This class affects the central
nervous system rather than directly affecting the vascu-
lar system like some other available agents.

EVIDENCE-BASED SUMMARY

• Risk factors for ED include conditions such
as hypertension, dyslipidemia, diabetes, and
depression; social factors such as smoking,
alcohol, and drug use; and drugs such as anti-
depressants, diuretics, beta-blockers, cimeti-
dine, and 5-alpha reductase inhibitors.

• Cardiovascular risk factors should be assessed
in most patients presenting with ED, and
patients with intermediate to high cardiovas-
cular risk should receive cardiologic testing
prior to ED treatment.

• Nonpharmacologic therapy such as risk-factor
modification, counseling, pelvic floor muscle
exercises, and vacuum devices are effective for
ED and can be attempted first-line in many
patients.

• Sildenafil, vardenafil, and tadalafil are effective
pharmacologic therapy for most patients, and
dosing should be based on age, concomitant
medications, and kidney and liver function.

• Sildenafil, vardenafil, and tadalafil should not
be utilized in patients with severe cardiovascu-
lar diseases or those taking nitrates.

• Testosterone replacement is recommended
for patients with hypogonadism.
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SEARCH STRATEGY

A systematic search of medical literature was performed on
July 21, 2005, and again on August 8, 2007, for relevant clin-
ical trials and reviews using the terms benign prostatic hyper-
plasia, BPH, lower urinary tract symptoms, LUTS, alpha-receptor
antagonists, alpha-blockers, and 5-alpha-reductase inhibitors. The
search, limited to human subjects and journals in English
language, included the Cochrane database, PubMed, and
UpToDate®.

Benign prostatic hyperplasia (BPH) is a very common
condition in aging men. Lower urinary tract symptoms
(LUTS) are the clinical hallmark of BPH. Diagnosis of
BPH is a process of exclusion of other potential causes
of LUTS through history, physical examination, and
selected laboratory tests. Once BPH is diagnosed, treat-
ment may be safely undertaken using pharmacologic
and/or surgical interventions.

The prostate is a chestnut-shaped gland responsible
for the production of the milky fluid discharged during
male ejaculation. It is also structured similar to a dough-
nut, with the male urethra passing through the dough-
nut hole, and it is highly innervated with alpha-1 adren-
ergic receptors (Fig. 31-1). BPH is common in men due
to age and testosterone-related enlargement of the
prostate. Smoking, ethnic origin, chronic diseases, and
other factors may relate to enlargement of the prostate,
but these have not been well defined. At autopsy, patho-
logically demonstrated BPH is frequently found in men,
including about 8% of men, aged 30 to 40 years, 50% of
men, aged 50 to 60 years, and more than 80% of men
older than 70 years.1,2 One study found a 45% chance
that a 45-year-old asymptomatic man who lives to the
age of 75 will develop symptomatic BPH.3

CLINICAL PRESENTATION

LUTS are the hallmark of symptomatic BPH. LUTS
include weak stream, frequency, nocturia, intermittent
stream, incomplete emptying, straining, and urgency.
The American Urological Association (AUA) has
developed a tool called the “Symptom Index for BPH”
used to quantify the subjective symptom severity,4

which asks the patient to grade the severity of these
seven symptoms on a scale from 0 to 5. The score can
help guide the need for intervention as well as evalu-
ate efficacy of treatment.

Complications of BPH include acute urinary reten-
tion, urinary tract infection, chronic renal failure, over-
flow urinary incontinence, bladder stones, and the
need for prostate surgery (including subsequent
adverse effects discussed in the section on “Surgery”).

PHYSICAL FINDINGS AND DIAGNOSTIC
EVALUATION

The goal of the initial evaluation—history, physical
examination, and laboratory tests—is to identify other
medical conditions that might be the cause of LUTS so
that an appropriate treatment can be instituted. Table
31-1 presents a summary of the diagnostic evaluation.4,6

To help identify underlying conditions, a thorough
history should be taken. This includes detailed ques-
tions about prior urinary infections or surgeries, age at
onset of symptoms, and known anatomic abnormalities.
Diabetes, neurologic disorders, back injuries, stroke,
and central nervous system trauma may suggest a neu-
rogenic bladder (one that cannot contract normally
due to inadequate innervation). Prior urologic instru-
mentation, urologic surgery, or urethritis raises the pos-
sibility of urethral stricture as a source of LUTS.
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Several medications can worsen LUTS, including
some nonprescription drugs, dietary supplements, and
drugs of abuse (Table 31-2). Drugs with sympathetic or
anticholinergic properties are particularly likely to
interfere with normal urinary functioning. Modifica-
tion of medications that compromise urinary function-
ing may improve or resolve the LUTS regardless of
other etiologies.

Physical examination should include a digital rectal
examination to assess the prostate size and consistency
as well as rectal sphincter tone. In BPH, the prostate
gland is enlarged and has a smooth consistency. If nod-
ules, asymmetry, or induration are found on examina-
tion, other diagnoses must be investigated, including
cancer and infection.

A neurologic examination of the lower extremities
should be performed, evaluating for neuromuscular
diseases that may interfere with urinary function.

A urinalysis should be performed and evaluated to
check for the presence of blood or infection.4 Hematuria

Figure 31-1. Representation of the anatomy of and alpha-
adrenergic receptor distribution in the prostate, urethra, and blad-
der. (From Narayan P, Indudhara R. West J Med. 1994;161:501.
Reproduced with permission from the BMJ Publishing Group.)

Table 31-1. Diagnostic Evaluation of Men With Lower Urinary
Tract Symptoms (LUTS)4,5

History
• Rule out other etiologies for LUTS

Prior urinary infections or surgeries
Age at onset of symptoms
Known anatomic abnormalities
Other diseases known to cause LUTS (e.g., diabetes mellitus,

neurologic disorders, back injuries, stroke)
Use of medications known to cause or worsen LUTS (see 

Table 31-2)
Physical Examination
• Digital rectal examination (DRE)

Prostate size and consistency
Rectal sphincter tone

• Neurologic examination of lower extremities
Assess any neurologic deficiencies that may affect urinary 

function
Laboratory Tests
• Urinalysis

Hematuria
Proteinuria
Infection

• Prostate specific antigen assay
Determine risk for prostate cancer, may be elevated in

benign prostatic hyperplasia as well
Other Studies
• Urine cytology: Cystoscopy
• Urinary flow studies: Prostate ultrasound
• Postvoid residual

Table 31-2. Medications That May Produce or Worsen Lower
Urinary Tract Symptoms

Anticholinergic Mechanism: Decrease bladder detrusor
products muscle contractibility, causing a

weakened ability to contract bladder
to force urine out

Agents: Tricyclic antidepressants
Antispasmodic agents (e.g., dicyclomine, 

oxybutynin)
First-generation antihistamines (e.g., 

diphenhydramine)
Antiparkinson drugs (e.g., benztropine)

Some muscle relaxants
Some antipsychotic agents (e.g., clozapine, 

thioridazine)
Sympathomimetic Mechanism: Stimulates alpha-adrenergic

products receptors causing constriction of the 
prostate and urethra

Agents: Pseudoephedrine, oxymetazoline 
(Afrin), ephedrine

Opioid analgesics Mechanism: Urinary retention
Agents: Narcotic analgesics (e.g., 

oxycodone, morphine)
Diuretics Mechanism: Increased urinary frequency

Agents: All types of diuretics (e.g., 
furosemide, torsemide)



Chapter 31 / Benign Prostatic Hyperplasia 339

and proteinuria require evaluation for urinary pathol-
ogy that may not be related to BPH.

Further evaluation, if indicated by history and physi-
cal examination, may include prostate specific antigen
(PSA), postvoid residual (PVR) measurement, urine
cytology, urinary flow studies, cystoscopy, and prostate
ultrasound. PSA and PVR are easily done in a primary
care office. The remaining tests usually require urologic
consultation. PVR volume is the urine volume remain-
ing in the bladder after complete spontaneous emptying
has been attempted by the patient. PSA is used to screen
for prostate cancer, although BPH may elevate this to
some extent. The age of the patient and the absolute
level of PSA elevation have been shown to be related to
the risk of prostate enlargement and adverse events
from BPH.6 This information may allow selection of
individuals who need closer surveillance and earlier
treatment for prostate enlargement; however, clinical
application of this data is still uncertain. If moderate-to-
severe symptoms are reported by the patient, urinary
flow studies may indicate the degree of bladder outlet
obstruction or detrusor dysfunctions.

RISK STRATIFICATION

Treatment of BPH is guided by the degree to which
symptoms are bothersome to the patient. Validated
tools have been designed to stratify the severity of these
symptoms. The AUA Symptom Score defines 0 to 7 as
mild, 8 to 19 as moderate, and 20 or greater as severe
(Table 31-3). This tool consists of seven questions about
LUTS the patient may be experiencing. The survey asks
the patient to rank the severity of the symptoms on a
scale of 0 to 5 (5 being most severe). The International
Prostate Symptom Score7 is identical to the AUA Index
but also includes the question: “If you were to spend the
rest of your life with your urinary condition just the way
it is now, how would you feel about that?” This addi-
tional question is important as it serves to clarify the
patient’s perception of the impact of the LUTS on his

life. If the patient is not bothered by symptoms, no
treatment may be needed. Routine use of one of these
measurement instruments is recommended for all
patients with symptomatic BPH to assist in diagnosis
and to measure the efficacy of therapeutic interven-
tions.

MANAGEMENT

When considering treatment for LUTS, patients are
stratified into three groups using the AUA symptom
index (Table 31-3). Recommendations for BPH treat-
ment can be found in the AUA Guideline on Manage-
ment of BPH.4 Treatment of BPH consists of lifestyle
modification (any symptoms), watchful waiting (mild
symptoms), pharmacotherapy (mild and moderate
symptoms), and/or surgery (severe symptoms). Treat-
ment decisions may be based on criteria set by the AUA
and are summarized in Fig. 31-2. These criteria have
been set somewhat arbitrarily, and the decision to treat
should include patient preference and individualized
benefit and risk, including comorbidities that may
exclude some types of treatment (i.e., alpha blockers in
ventricular systolic dysfunction). Therapeutic goals
include relieving symptoms, delaying disease progres-
sion, preventing complications of BPH, minimizing
adverse effects, and ultimately improving the patient’s
quality of life.

Lifestyle modifications should be suggested to all
patients with LUTS. These include limiting fluid intake
in the evening, especially those containing alcohol or
caffeine (both of which can trigger urination urge).
Educate patients to take the time to empty their bladder
completely and often. As discussed in the initial evalua-
tion, educate patients about the medications to avoid
(Table 31-2).

Watchful waiting is recommended for patients with
mild LUTS. In some patients, symptoms may improve or
stabilize without treatment while in others it may progress
over time. Watchful waiting comprises reassessment of

Table 31-3. Categories of BPH Disease Severity Based on Symptoms and Signs

Disease Severity AUA Symptom Score Typical Symptoms and Signs

Mild #7 Asymptomatic
Peak urinary flow rate, 10 mL/s
Postvoid residual urine volume �25–50 mL
Increased BUN and serum creatinine

Moderate 8–19 All the above signs plus obstructive voiding symptoms 
and irritative voiding symptoms (signs of detrusor instability)

Severe �20 All the above plus one or more complications of BPH

AUA, American Urological Association; BUN, blood urea nitrogen.
Reprinted with permission from: Lee M. Management of benign prostatic hyperplasia. In: DiPiro JT, Talbert RL, Yee GC, et al. eds. Pharmacotherapy:
A Pathophysiologic Approach. 7th ed. New York, NY: McGraw-Hill; 2008.
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symptoms on an annual basis or more frequently,
depending on symptom severity and rate of progres-
sion. Reassessment should include completion of a sur-
vey tool (i.e., AUA Symptom Index for BPH) to help
determine changes in symptom severity. This is particu-
larly useful if symptoms have worsened or are more
bothersome to the patient. A subsequent workup, as
previously described in initial evaluation, should follow
as necessary. For patients who are symptomatic, watch-
ful waiting may lead to worsening PVR urine volumes,
infection, and many other BPH complications. For
these reasons, watchful waiting should not be recom-
mended for patients with moderate-to-severe LUTS.

PHARMACOTHERAPY

Pharmacotherapy is first-line treatment for men with
moderate LUTS. Medications are reversible, safe, and
noninvasive and provide significant symptomatic improve-
ment. However, pharmacotherapy is considered an
interim therapy in most patients, as medications at best
either manage symptoms without affecting disease pro-
gression or only slow the progression of BPH complica-
tions and thereby delay the inevitable need for surgical
intervention.

The two drug classes approved by the Food and Drug
Administration (FDA) for the treatment of BPH symp-
toms are alpha-adrenergic antagonists and 5-alpha

reductase inhibitors. Other therapies include antiandro-
genic compounds, gonadotropin-releasing hormone
agonists, and herbal products. These therapies are less
desirable as they have not been well studied and may
have objectionable adverse effects.

ALPHA-1 ADRENERGIC ANTAGONISTS

The prostate gland is highly innervated, predominantly
by alpha-1 adrenergic receptors (Fig. 31-1).8 Stimulation
of these receptors by catecholamines, such as norepi-
nephrine, causes contraction of the tissue, leading to
compression of the urethra resulting in LUTS as dis-
cussed above. Alpha-adrenergic antagonists, which pro-
mote smooth-muscle relaxation in both the prostate and
bladder neck and thereby decrease obstruction and
allow urination to proceed, are approved by the FDA for
the treatment of BPH (Table 31-4).4,6,9–16 These include
the second-generation agents doxazosin (Cardura®), ter-
azosin (Hytrin®), and alfuzosin (Uroxatral®), and the
third-generation agent tamsulosin (Flomax®). Prazosin
(Minipress®), a second-generation alpha-1 antagonist,
requires multiple daily doses and has considerable car-
diovascular effects; it is therefore not recommended or
FDA approved for use in BPH.

The alpha-1 adrenergic antagonists that are approved
for treatment of BPH seem to have comparable efficacy,
although few direct comparisons have been performed.

If no response, 
surgery

5-Alpha reductase 
inhibitors

Alpha-adrenergic 
antagonists

Moderate to severe 
symptoms

If response, continue

Mild to moderate 
symptoms

Prostate size
<50 g

Prostate size
>50 g

Severe symptoms 
with complications

If no response, 
surgery

Combination 
therapy

If response, continue

Surgery

BPH

Monitor symptoms 
yearly or more 
frequently 
depending on the 
severity

Mild symptoms

Watchful waiting

Figure 31-2. Management algorithm for benign prostatic hyperplasia. 
(Adapted with permission from Lee M. Management of benign prostatic hyperplasia. In: DiPiro JT, Talbert
RL, Yee GC, et al., eds. Pharmacotherapy: A Pathophysiologic Approach, 7th ed. New York, NY:
McGraw-Hill; 2008.)
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Table 31-4. Comparison of Treatments for BPH4,6,9–16
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Caution in severe 
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Contraindicated in 
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C classification
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• Least amount of
ejaculatory 
problems

1, 2, 4, 8 mg

1 mg at bedtime;
titrate up depen-
ding on efficacy
over several
weeks

1–8 mg

Actions may be 
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Close monitoring,
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2–4 wk

1, 2, 5, 10 mg

1 mg at bedtime; 
titrate up depend-
ing on efficacy over 
several weeks

1–10 mg

Yes

Precaution in severe
cases

2–4 wk

0.4 mg

0.4 mg; may titrate 
up to 0.8 mg after
2–4 wk, if 
symptoms are not 
controlled

0.4–0.8 mg

Yes

Yes

1–2 d

• Highest rate of
ejaculatory prob-
lems (with alpha-
antagonists)
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antagonist in
patients with
underlying coro-
nary disease,
decreased circula-
tory volume,
orthostasis, or car-
diac arrhythmias

0.5 mg

0.5 mg

0.5 mg

Yes

Caution; dosage 
adjustment may 
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severe disease
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5 mg

5 mg

Yes

Caution in severe 
disease

(continued)

3
4
1

Available 
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Initial dosage in
healthy adults
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impairment

Time to effect 
of BPH 
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Average increase 
in urinary flow 
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prostate size?

Decreases PSA?

Adverse effects
(major)

�6 mo

1.6–2.0

Yes, by 25%

Yes, by �40%–50%*

• Erectile dysfunction (higher than with alpha-
antagonists)

• Ejaculatory problems

2–3

No

No

• Orthostatic hypotension
• Cardiovascular effects
• Ejaculatory dysfunction
• Fatigue



Alfuzosin Doxazosin Terazosin Tamsulosin Finasteride Dutasteride
(Uroxatral®) (Cardura®) (Hytrin®) (Flomax®) (Proscar®) (Avodart®)

Class Alpha-antagonists 5-Alpha
reductase inhibitors

Generation Second Third

Alfuzosin Doxazosin Terazosin Tamsulosin Finasteride Dutasteride
Descriptor (Uroxatral®) (Cardura®) (Hytrin®) (Flomax®) (Proscar®) (Avodart®)

Table 31-4. Comparison of Treatments for BPH4,6,9–16 (Continued)

Duration of 
efficacy

Elimination
half-life (h)

Metabolism

Take with food

Clinically
relevant drug
interactions

Patient
instructions

Cost†

10

Hepatic

Yes

• CYP 3A4
inhibitors (e.g.,
ketoconazole)

• Phosphodiesterase
inhibitors

• With other med-
ications that pro-
long the QT
interval (sotalol,
amiodarone,
erythromycin)

• Take with same
meal each day

• Do not crush or
chew tablets

Brand $81

19–22

Hepatic

With or without

Generic $20–24
Brand $45–50
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Hepatic

With or without

Generic $14–36
Brand $67
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Hepatic

No

• May be taken 
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• Patient should take
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• Do not crush,
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Brand $80–160
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• CYP 3A4
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6–8

Hepatic
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professionals) should not handle tablets due
to potential teratogenicity

• May cause impotence
• (Dutasteride) Do not donate blood for at

least 6 months after last dose (to avoid preg-
nant female receiving blood containing drug)

• No cardiovascular adverse effects are associ-
ated with these agents

Generic $70 Brand $92
Brand $93

• Phosphodiesterase inhibitors
• Antihypertensive agents

• Rise slowly from sitting/lying position as
this drug may cause dizziness

• May experience syncope or dizziness
with first dose

• Take at bedtime to minimize side effects
of dizziness

*For valid interpretation of laboratory results, consider doubling the PSA in patients taking these medications.
†30-day supply ranging from lowest to highest dose possible. (Cited from http://www.drugstore.com. Accessed August 19, 2007.)
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patients who are on other antihypertensive agents
without having an additive hypotensive effect. Severe
life-threatening hypotension has been reported when
terazosin or doxazosin are used concomitantly with
phosphodiesterase inhibitors such as sildenafil or var-
denafil. Tamsulosin may be used cautiously in men with
erectile dysfunction being treated with these agents
because its selectivity reduces the likelihood of severe
hypotension.

The benefits seen with the alpha-antagonists are seen
only during current therapy; symptoms are likely to
recur if the patient discontinues the medication. If
LUTS worsen while on pharmacologic treatments, the
patient should be reassessed for dosage increase or the
need for surgical intervention.

5-ALPHA REDUCTASE INHIBITORS

Two 5-alpha reductase inhibitors are approved by the
FDA for treatment of BPH, finasteride (Proscar®) and
dutasteride (Avodart®). These drugs reduce prostate
size by inhibiting enzymes that convert testosterone to
an active metabolite dihydrotestosterone (DHT). These
agents are most useful for patients with a prostate of 50 g
or more in size.16–18 As a result of reduction in prostate
size, symptoms—including urinary flow, urgency, and
frequency—improve in many patients. Unfortunately,
the therapy generally takes 6 to 12 months before
prostate size is adequately reduced to improve symp-
toms. Serum PSA concentrations decrease by about 50%
during therapy with these agents. This should be consid-
ered when using this marker to determine the risk of
prostate cancer, as values may appear falsely normal or
even low.

Dutasteride is an inhibitor of both types of 5-alpha
reductase enzymes, whereas finasteride inhibits only
type II. As a result, dutasteride may be more potent
although no direct comparisons have been performed.
The major adverse effects of these agents include
decreased libido and ejaculatory dysfunction; some
studies indicate that these may worsen during the first
year of therapy.

These agents appear most useful in men with moder-
ate-to-severe symptoms and an enlarged prostate. Unlike
alpha-antagonists, 5-alpha reductase inhibitors have
been shown to delay the progression of BPH complica-
tions and the need for surgery.18 They may also be pre-
ferred in patients with BPH who have uncontrolled
arrhythmias or unstable angina, are on antihypertensive
agents, or are unable to tolerate the hypotensive adverse
effects of the second-generation alpha-antagonists. The
overall percentage of patients who report improvement
in BPH symptoms is lower and sexual dysfunction more
prevalent with 5-alpha reductase inhibitors than with

Studies show that they increase urinary flow rates and
reduce PVR volume, but have little effect on prostate
size.

The second-generation agents in this class are
administered once or twice daily. With the exception of
alfuzosin, the second-generation agents are nonselec-
tive alpha-1-antagonists. They block prostatic alpha-1
receptors, as well as alpha-receptors found on the
peripheral vasculature, which results in vasodilatation.
Because of this nonselectivity, orthostatic hypotension
may occur, particularly first-dose syncope. Patients should
be started on low doses initially, with slow titration over
4 to 8 weeks. Patients should take these agents at bed-
time to minimize orthostatic effects.

The effects of these agents on blood pressure can be
either beneficial or excessive, depending on the partic-
ular patient situation. In patients with hypertension
who are already on hypotensive agents, second-genera-
tion alpha-1 adrenergic antagonists should generally be
avoided or used with caution, as blood pressures may be
lowered too much. However, in those whose hyperten-
sion is inadequately treated, the agents may be pre-
ferred for their additional hypotensive effects.

As seen in the Antihypertensive and Lipid-Lower-
ing Treatment to Prevent Heart Attack Trial, more
patients treated with the alpha-antagonist doxazosin
as monotherapy for hypertension developed congestive
heart failure than did patients on other antihyperten-
sive therapies.12 These agents are thus not recom-
mended for lone treatment for high blood pressure in
patients with BPH and hypertension.12,13 Alfuzosin is
the exception among the second-generation agents.
Compared with the other agents in this category, it is
more uroselective and therefore unlikely to result in
hypotensive or congestive heart failure adverse
effects.13

Tamsulosin, the only third-generation agent, is selec-
tive for urologic alpha-1A adrenergic receptors. These
account for 70% of the alpha-1 receptors in the
prostate.14,15 Antagonism of these receptors allows for
the prostatic effects without peripheral vascular dila-
tion. Tamsulosin, unlike the other alpha-antagonists,
has very little blood pressure lowering effect and as a
result, dose titration is unnecessary. However, two doses
are recommended, and therapy should be initiated with
the lower dose, 0.4 mg once daily. This may be
increased to 0.8 mg daily after 2 to 4 weeks if symptoms
are not controlled with the lower dose.

When selecting an alpha-blocking agent for a patient
with BPH, therapy should be individualized. Doxazosin
and terazosin, which may be beneficial in patients who
need additional blood-pressure-lowering effects, are
less expensive than alfuzosin and tamsulosin. On the
other hand, tamsulosin or alfuzosin may be used in
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alpha-blockers. In addition, the delayed onset of action
of 5-alpha reductase inhibitors is not ideal for patients
with bothersome symptoms. In men with less severe dis-
ease and smaller prostate volumes, alpha-blockers may
be more beneficial.

COMBINATION THERAPY

For patients with severe symptoms and an enlarged
prostate (40–50 g), combination therapy may be benefi-
cial. When beginning concomitant therapy with agents
in both classes, the alpha-blocker improves symptoms
within days and the 5-alpha reductase inhibitor after 6
months. Some studies have shown no difference in
improvement with combination therapy as compared to
alpha-antagonist therapy alone, although the short
duration of trials limited their sensitivity to an effect of
5-alpha reductase inhibitors.18–20 The Medical Therapy
of Prostatic Symptoms Study showed that combination
therapy reduces the risk of symptom progression and
development of BPH complications.5 This area needs
further evaluation, but if a patient has a large prostate
and moderate-to-severe symptoms, combination therapy
is a logical treatment approach, despite the increased
cost and risk of adverse effects. Ejaculatory dysfunction
in particular may be more likely when initiating or con-
tinuing combination therapy.

ALTERNATIVE THERAPIES

Several herbal therapies are marketed in the United
States for prostate health. These include saw palmetto,
stinging nettle, and African plum. Saw palmetto has
been studied more extensively than other herbal reme-
dies for BPH. It is believed to act through both inhibi-
tion of 5-alpha reductase and blockade of adrenergic
receptors. Symptom reduction occurs approximately
1 month after the initiation of the therapy.

Herbal agents are not FDA regulated and there-
fore not recommended for use in men with BPH.
Clinical trials of saw palmetto have yielded mixed
results, with the most recently published study of 225
men showing no improvement in symptoms or objec-
tive measures of BPH during a 1-year comparison
with placebo.21,22

MONITORING

Monitoring for pharmacotherapy efficacy includes
reassessment of the patient’s symptoms using the AUA
Symptom Index or other validated tools. Other
workups may include repetition of initial evaluation as
discussed previously. If alpha-blockers are used, blood
pressure and heart rate as well as orthostatic changes

should be assessed at each visit. Frequency of follow-up
is contingent upon the severity of symptoms and may
range from every 3 months, for those patients with
severe symptoms, to once a year, for patients with mild
symptoms. A change in therapy, including increased
dosage or surgical intervention, is warranted if the
LUTS do not improve or worsen. PSA levels may be
falsely normal or even low when the patient is on a 5-
alpha reductase inhibitor. Some physicians believe
that PSA levels should be doubled if the patient is on
this class of medications.

SURGERY

Surgery is indicated for patients with moderate to
severe symptoms or those unresponsive or nonadher-
ent with pharmacotherapy. It may be required in
patients whose symptoms worsen or complications
arise while on pharmacotherapy. Such cases include
recurrent urinary tract infections, recurrent or per-
sistent gross hematuria, bladder stones, renal insuffi-
ciency, or refractory urinary retention. When consid-
ering surgery for a patient, referral to a urologist is
appropriate to discuss all options. The Agency for
Health Care Policy and Research (AHCPR) Clinical
Practice Guidelines provides information for invasive
procedures that have undergone prolonged use and
evaluation before 1994.23 There are currently several
minimally invasive surgeries/therapies for treating the
associated symptoms of BPH. Surgical options include
transurethral resection of the prostate (TURP),
transurethral incision of the prostate (TUIP), and
transurethral vaporization (TUVP). An excellent review
of minimally invasive therapies has also been pub-
lished.24 These include urethral stent, balloon dilation,
hypothermia, transurethral microwave therapy (TUMT),
laser therapy, transurethral needle ablation (TUNA),
and high-intensity focus ultrasound (HIFU). Open
prostatectomy is the oldest and most invasive procedure
done for BPH. It has a higher rate of strictures and ret-
rograde ejaculations compared with TURP and TUIP,
but has an excellent cure rate of 98%.

TURP is the gold standard surgical treatment as it is
less invasive than an open prostatectomy but has similar
cure rates (ranging from 85% to 100%). Side effects
include incontinence (3%), bladder neck contracture
(3%–5%), erectile dysfunction (5–10%), and retrograde
ejaculation (60%–80%).5,25 This procedure should not
be performed in men who wish to remain fertile.

If a man has a prostate gland mass of less than
50 grams, a TUIP may be appropriate. Symptom
improvement is only slightly less effective than TURP,
ranging from 85% to 95%. Adverse effects include
incontinence (�1%), erectile dysfunction (0%–4%),
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bladder neck contracture (1%), and retrograde ejacu-
lation (15%–20%).23,26
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EVIDENCE-BASED SUMMARY

• Lifestyle changes are recommended for any-
one with BPH and LUTS.

• Watchful waiting may be considered for
patients with mild symptoms of BPH.

• Pharmacotherapy is considered first-line treat-
ment for BPH in patients with mild-to-moder-
ate symptoms.

• Therapy should be individualized, depending
on patient preference, comorbidities, size of
the prostate, and adverse effects of therapeutic
interventions.

• In patients with severe symptoms or those who
prefer surgery, less-invasive options are now
available, including the gold standard TURP.

• No therapy is without risks, but ultimately all
have beneficial effects on patient’s quality of life.
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SEARCH STRATEGY

A systematic search of the medical literature was per-
formed in May 2007. The search, limited to human sub-
jects and journals in English language, included the
National Guideline Clearinghouse, the Cochrane data-
base, PubMed, and UpToDate®. The most recent national
guidelines for urinary incontinence were created in 1996
and are considered to be outdated. No revised national
guidelines were available at the time of publication.

INTRODUCTION

Urinary incontinence (UI) is the involuntary loss of
urine1 and results from several different etiologies that
may or may not present in combination with one
another. Prevalence data for UI vary significantly across
the literature; however, evidence shows that UI increases
with age and is generally more prevalent in women.2

Many individuals suffering from UI attempt to cope
with the condition without seeking medical intervention.
This may be a result of the social stigma associated with UI
or the misconception that UI is a normal part of aging.3

UI is a medical condition that warrants evaluation and
individualized management. Quality of life in individuals
suffering from UI is diminished when compared with
those without incontinence4; successful treatment of UI is
the ultimate goal of therapy whenever feasible.

CLASSIFICATION

UI is classified on the basis of the duration and onset of
symptoms. Accurate diagnosis is essential to ensure that
the most appropriate treatment strategies are initiated.
There are two general types of UI: acute and persistent

(or chronic). Acute UI is associated with a new or recent
medical condition that can be treated independently
from the resultant UI. Persistent UI is either not caused
by a new treatable medical condition or persists over a
long period of time. As described in the following sec-
tions, persistent UI is divided into subtypes on the basis
of etiology: urge urinary incontinence (UUI), stress uri-
nary incontinence (SUI), mixed UI, chronic retention
of urine (formerly overflow UI), and functional UI.

ACUTE UI

Acute UI (or reversible UI) may present independently
or in conjunction with long-standing UI. There are
numerous causes or contributing factors for UI. A couple
of useful mnemonics for identifying possible reversible
causes are listed in Table 32-15.

URGE URINARY INCONTINENCE

UUI results from an overactive bladder (OAB), a syn-
drome in which the detrusor involuntarily contracts,
either provoked or spontaneously, causing a sudden
“urge” to urinate. The etiology is presumed to be unin-
hibited bladder contractions, but compensatory mecha-
nisms and the functional requirements for continence
can contribute. In UUI, the OAB syndrome progresses
to undesirable urine leakage.

STRESS URINARY INCONTINENCE

SUI is a condition in which the patient is unable to post-
pone urination following an increase in intra-abdomi-
nal pressure. In SUI, involuntary loss of urine occurs as
a result of activities or actions such as exercise, cough-
ing, sneezing, or lifting. Urethral sphincter insufficiency
is often noted as the underlying abnormality.3

347

Chapter 32
Urinary Incontinence
Ann E. Canales and Beverly D. Nixon-Lewis

Copyright © 2009 by The McGraw-Hill Companies, Inc. Click here for terms of use. 



348 Part 7 / Urologic Disorders

MIXED INCONTINENCE

Mixed incontinence results when individuals experi-
ence urine leakage as a result of urgency combined with
increases in intra-abdominal pressure from exertion,
sneezing, or coughing; it is essentially a combination of
UUI and SUI.

CHRONIC RETENTION OF URINE

Chronic retention of urine, in which a nonpainful blad-
der remains palpable or percussible following the pas-
sage of urine, has replaced the term overflow urinary
incontinence as defined by the International Continence
Society.1,6 This condition results from the inability of the
bladder to completely empty on urination so that the
bladder expands to and beyond capacity with the poten-
tial for resultant urine leakage. The inability to com-
pletely empty the bladder may be a result of loss of detru-
sor tone or bladder outlet obstruction (as is often seen in
benign prostatic hyperplasia—described in Chapter 31).
This is the second most common cause of UI in older
men, second to UUI, but is uncommon in women.6

FUNCTIONAL UI

Functional incontinence results from external factors
hindering timely transfer to the toilet and diseases or
medications that may prevent an individual from recog-
nizing the need to urinate. Thus, its etiology is not
related to lower urinary tract pathophysiology. Func-
tional incontinence is more prevalent among older
individuals who have concomitant conditions such as
dementia, Parkinson’s disease, limited mobility, and cog-
nitive or musculoskeletal deficits.

CLINICAL EVALUATION

A complete evaluation of UI begins with taking a detailed
history.3 Screening questions directed at specific charac-

teristics and precipitating events that lead to incontinent
episodes are important. Review of the patient’s medical
and surgical history, current medications, and social his-
tory help to identify risk factors. Bladder records or void-
ing diaries can be useful in characterizing symptoms and
are particularly helpful in monitoring treatment response.

PHYSICAL FINDINGS

The physical examination is essential in the evaluation
of all patients with UI. It should focus on the neurologic,
abdominal, rectal, and pelvic examinations. Special atten-
tion should be given to the patient’s mobility and mental
status to qualify the patient’s functional ability with
regard to independent toileting. Knowing the functional
status of the patient is paramount to developing a suc-
cessful treatment plan. Table 32-25 describes the key
aspects to the physical examination.

The neurologic examination should focus on the per-
ineum and lower extremities to identify any motor or
sensory deficits that may point to neurologic conditions

Table 32-1. Acronyms for Potentially Reversible Causes of 
Urinary Incontinence

D Delirium
I Infection (UTI), 

inflammation
A Atrophic urethritis/

vaginitis
P Pharmaceuticals
P Psychologic
E Excessive urine output
R Restricted mobility, 

retention
S Stool impaction

Source: Adapted from Kane RL, Ouslander JG, Abrass IB. Essentials of Clinical
Geriatrics. 5th ed. New York, NY: McGraw-Hill; 2004.

D Delirium
R Restricted mobility, retention
I Infection (UTI), inflammation, 

impaction
P Polyuria, pharmaceuticals, 

psychologic

Table 32-2. Key Aspects of an Incontinent Patient’s 
Physical Examination

Mobility and Dexterity
Functional status compatible with ability to self-toilet
Gait disturbance (parkinsonism, normal-pressure 

hydrocephalus)
Mental Status

Cognitive function compatible with ability to self-toilet
Motivation
Mood and effect

Neurologic
Focal signs (especially lower extremities)
Signs of parkinsonism
Sacral arc reflexes

Abdominal
Bladder distention
Suprapubic tenderness
Lower abdominal mass

Rectal
Perianal sensation
Sphincter tone (resting and active)
Impaction
Masses
Size and contour of prostate

Pelvic
Perineal skin condition
Perineal sensation
Atrophic vaginitis (friability, inflammation, bleeding)
Pelvic prolapse (i.e., cystocele, rectocele)
Pelvic mass
Other anatomic abnormality

Other
Lower extremity edema or signs of heart failure (if nocturia is

a prominent complaint)

Source: Adapted from Kane RL, Ouslander JG, Abrass IB. Essentials of Clinical
Geriatrics. 5th ed. New York, NY: McGraw-Hill; 2004.
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believed to cause or worsen UI. Cognitive assessment,
perhaps conducted with a mini-mental status examina-
tion, is important to exclude cognitive disorders that
can complicate participation in a patient-dependent
treatment plan.

The abdominal examination focuses on identifying
bladder distention or tenderness as well as looking for
lower abdominal masses.

The pelvic examination in women should assess for
perineal skin condition and irritation, vaginal atrophy,
prolapse of the bladder or rectum, as well as pelvic
mass. The pelvic floor muscle function should assess
tone at rest and the strength of a reflex contraction.

The rectal examination should assess for sphincter
tone, impaction, and rectal mass. In men, prostate size
and contour is also evaluated.

DIAGNOSTIC EVALUATION

In the initial evaluation, several objective studies are
routinely recommended. A urinalysis should be per-
formed on all patients. A culture should be done only if
infection is suspected. In the older or institutionalized
patient, there is a high incidence of asymptomatic bac-
teriuria, which is not a cause of either incontinence or

morbidity.6 Cytology and cystoscopy are indicated only
if hematuria or pelvic pain is present.6

An observed clinical stress test is a very sensitive
means of evaluating the presence of UI and specifically
SUI. It can be misleading if the patient is inhibited or
uncooperative, or if the bladder volume is low.6 This
test is conducted with the patient standing in a com-
fortable and relaxed position. The patient’s bladder
must be comfortably full for the test to be optimal. The
patient should give a single vigorous cough. Instanta-
neous leakage is diagnostic of SUI.6

The postvoid residual (PVR) test has been recom-
mended based on expert opinion using catheterization
or ultrasound on all patients with UI. PVR volumes of
less than 50 mL are considered normal, whereas vol-
umes of greater than 200 mL are considered abnormal
and suggestive of an obstructive uropathy or poor blad-
der contractility.

PVR volumes between 50 and 200 mL should be
assessed on an individual basis after evaluating the
patient’s history, bladder diary, and any other associated
physical findings in helping to establish a treatment
plan. An example bladder diary is shown in Fig. 32-1.5

Referral for complex urodynamic testing should be
reserved for patients who have PVR volumes greater

Figure 32-1. Example of a bladder diary for ambulatory care settings. (Source: Adapted
from Kane RL, Ouslander JG, Abrass IB. Essentials of Clinical Geriatrics. 5th ed. New York,
NY: McGraw-Hill; 2004.)

Bladder Record
Day:––––––––––––––––––––––––––––––

––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

–––––––––––––––––––––Date:

INSTRUCTIONS

1.   In the first column make a mark every time during the 2-hour period you urinate in the toilet.

2.   Use the second column to record the amount you urinate (if you are measuring amounts).

3.   In the third or fourth column, make a mark every time you accidentally leak urine. 

Time Interval Urinated 
in Toilet

Amount Leaking 
Accident

Large 
Accident

Reason for 
Accident*

6–8 AM

8–10 AM

10–Noon

Noon–2 PM

2–4 PM

4–6 PM

6–8 PM

8–10 PM

10–Midnight

Overnight

Number of pads used today:

*For example, if you coughed and had a leaking accident, write “cough.” 
  If you had a large accident after a strong urge to urinate, write “urge.”

or



350 Part 7 / Urologic Disorders

than 200 mL, patients with inconclusive results, those
not responding to treatment, and those being evaluated
for possible surgical intervention.

Finally, some evidence supports laboratory evalua-
tion of the patient, including tests of renal function,
serum glucose, serum calcium, and in the older
patients, serum vitamin B12 levels.

THERAPEUTIC GOALS

The main goal for treating UI is improvement of the
patient’s quality of life, and a patient’s treatment plan
must be individualized for optimal effect.3 The goal for
individuals with acute incontinence is effective treat-
ment of the underlying cause with full resolution of the
UI. For most patients with persistent incontinence, the
ideal primary goal is the restoration of continence, but
improvement of symptoms, health, and activity level as
well as self-image and physical appearance are strong
secondary goals.

A patient-centered approach is important to success-
fully meet individualized goals. In developing the treat-
ment plan, the patient’s goals should be considered. In
the elderly population or in the institutionalized environ-
ment, goals are not static and may change over time.
Patient dryness may be an initial goal of treatment; how-
ever, that goal may change over time to prevention of skin
breakdown and maintenance of a clean environment.

MANAGEMENT

Because of the differing etiologies of UI, management
strategies will depend upon the type of UI. The treat-
ment of acute UI is aimed at correcting the underlying
condition. The treatment for persistent UI includes
first-line treatment with nonpharmacologic interven-
tions in conjunction with appropriate pharmacother-
apy when indicated.2,7 With medications, the choice is
patient-specific and should be guided by the following
considerations: evidence-based efficacy for the type of
UI being treated, patient tolerability (age, underlying
medical conditions, concurrent medication use, and
anticipated adverse drug reactions), and cost to the
patient and society. Figure 32-25,8 outlines the manage-
ment of acute and persistent UI.

NONPHARMACOLOGIC MANAGEMENT OF UI

Often, individuals initiate nonpharmacologic manage-
ment techniques before seeking formal medical care.
Numerous methods may be used; some are effective,
while others are only coping strategies without any ther-
apeutic benefit for the condition.4 Effective nonphar-
macologic management depends not only on the type

of UI being treated, but also multiple factors about the
patient and their support system. Some methods are
patient-dependent, meaning that their purpose is to
restore some level of control over the condition.

Other interventions are caregiver-dependent, mean-
ing that they are focused on keeping the patient dry
and the environment clean to prevent secondary prob-
lems associated with UI. Included within this category
of management options are lifestyle modifications,
behavioral interventions, environmental modifications,
and nonprescription products. The use of these man-
agement techniques may serve as the initial presenting
sign(s) of UI.

Some common maladaptive techniques include
reliance on absorbent pads, restroom mapping, toilet-
ing frequently, avoidance of social situations, and alter-
ing or avoiding activity that may precipitate an inconti-
nence event. This is an appropriate time for health
professional intervention.

Lifestyle Modifications
Obesity and smoking have both been positively cor-

related with UI, while weight loss and smoking cessa-
tion have proven to reduce the burden of UI in
affected individuals.3 Because caffeine acts as a diuretic
and spicy foods and carbonated beverages act as blad-
der irritants, moderation of these types of foods may
help with UI symptoms as well.3,7 Scheduling fluid
intake to minimize situational incontinence (i.e.,
avoiding evening fluids to manage night-time wetness)
and maintaining adequate fluid intake to prevent con-
stipation and the production of concentrated urine,
which can be irritating to the bladder, are also impor-
tant interventions.3

Behavioral Interventions
Numerous behavioral interventions for the manage-

ment of UI have been identified and categorized as
either patient-dependent or caregiver-dependent.
Table 32-35 summarizes these interventions.

Environmental Modifications
Rearrangement of the environment to improve the

likelihood of timely transfer to a toilet may be a useful
measure in the treatment of functional UI and UUI.
Placement of a bedside commode and providing access
to alternate urine receptacles may be appropriate in
some situations.

NONPRESCRIPTION DEVICES

A large variety of absorbent products are readily avail-
able. They differ in many ways including size, ease of
use, intended method of use (e.g., undergarment vs
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bed pad), absorbency, odor protection, bacterial
growth inhibition, disposability, and cost-effectiveness.
The ready availability of such wide assortment of
absorbent products is a large part of the reason that
patients often attempt to self-manage UI before seek-
ing professional help. Additionally, tampons and vagi-
nal pessaries3 may be useful for management of SUI in
women during certain activities, such as exercise. A
variety of other devices are available for the manage-
ment of UI.

MANAGEMENT OF ACUTE UI

The treatment of acute UI is aimed at correcting the
underlying condition whenever possible. Common
reversible causes of UI may be found in Table 32-4.8 If
the management strategies listed there effectively
reverse the UI, then no additional therapy for persistent
UI should be necessary. If, however, these approaches
fail to reverse the condition, additional testing should
be undertaken to determine whether the UI has a

Figure 32-2. Algorithm for the management of urinary incontinence. (Source: Adapted from Kane RL,
Ouslander JG, Abrass IB. Essentials of Clinical Geriatrics. 5th ed. New York, NY: McGraw-Hill; 2004; Fantl JA.
Urinary Incontinence In Adults: Acute and Chronic Management. Rockville, MD: United States Department of
Health and Human Services, Public Health Service, Agency for Health Care Policy and Research; 1996.
Accessed October 11, 2005.)

Basic evaluation 
  •    History, including assessment of risk 
        factors and bladder record 
  •    Physical examination 
  •    Measure postvoid residual volume 
  • Urinalysis

Treat reversible 
conditions

Further diagnostic test 
options

Continue therapy and 
monitor

Therapeutic trial

Reversible 
condition?

Satisfactory 
outcome?

Indication for 
further work up?

Satisfactory 
outcome?

Follow-up as appropriate

Therapeutic trial

yes

yes 
no yes

yes 

no 

no
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persistent etiology. Inappropriate acute management
may lead to persistent UI (e.g., indwelling-catheter use
beyond an appropriate duration). In an older patient
with new-onset or worsening UI, urinary tract infection
should be suspected and appropriate antimicrobial
therapy should be initiated.

PHARMACOLOGIC MANAGEMENT OF UUI

In patients with UUI, pharmacotherapy should be con-
sidered for anyone not achieving adequate relief of
symptoms with nondrug measures. Medications should
be used in conjunction with continued nonpharmaco-
logic interventions.

Antimuscarinic Agents
This class of medications is the mainstay for the treat-

ment of OAB and UUI.9 Five muscarinic receptors,
M1–M5, have been identified. Detrusor contraction has
been associated with activation of the M3 receptor,
while activation of the M1 receptors in the central nerv-
ous system (CNS) has been associated with disruption
of cognitive function.10 Common, and often dose-limit-
ing, adverse effects (AEs) demonstrated by this class
include dry mouth, blurred vision, and constipation.11

Inhibition of M3 receptors in the bladder is the pri-
mary focus of antimuscarinic agents for OAB and UUI.
The chemical differences in the antimuscarinic medica-
tions include molecular size, polarity, and specificity for
the M3 receptor. Multiple studies have demonstrated
relative equivalence in efficacy as compared with
placebo for oxybutynin and tolterodine, but these
agents differ in tolerability, formulation availability, and
to a limited extent cost (discussed later).9 Some of the
newer agents, such as solifenacin, trospium, and darife-
nacin, have not undergone as many comparative trials,
but have received approval of the Food and Drug
Administration for the treatment of UI (Table 32-5).

Oxybutynin chloride, one of the older and more
thoroughly studied agents is a small, lipophilic mole-
cule specific for the M1 and M3 receptors. It readily
crosses the blood–brain barrier (BBB) and produces
centrally mediated AEs such as somnolence, drowsiness,
and fatigue. Dry mouth and blurred vision, particularly
in older patients, result from the drug’s peripheral
effects on muscarinic receptors. It is available as an
immediate-release tablet, an extended-release tablet,
and a transdermal patch. The efficacy is relatively equiv-
alent for all formulations, but the tolerability and cost
are increased with the extended-release and transdermal

Table 32-3. Behavioral Interventions for Urinary Incontinence

Procedure Definition Comments

Types of Incontinence
Patient-dependent
Pelvic muscle (Kegel) exercises
Stress and urge

Bladder training
Stress and urge

Bladder retraining
Acute (e.g., postcatheterization with
urge or overflow, poststroke)

Urge-suppression training
Urge

Caregiver-dependent
Scheduled toileting
Urge and functional

Habit training
Urge and functional

Prompted voiding
Urge, stress, mixed, functional

Repetitive contraction and relaxation of pelvic
floor muscles.

Use of education, bladder records, pelvic 
muscle, and other behavioral techniques.

Progressive lengthening or shortening of inter-
voiding interval, with intermittent catheteri-
zation used in patients recovering from
overdistention injuries with persistent 
retention.

Purposeful postponement of urination follow-
ing urge for a predetermined period of time.
May use modified Kegel exercises, and
distraction to aid in this method.

Routine toileting at regular intervals.

Variable toileting schedule based on patient’s
voiding patterns.

Offer opportunity to toilet every 2 h during the
day; toilet only on request; social reinforce-
ment; routine offering of fluids.

Requires adequate function and motivation.
Biofeedback may be helpful in teaching the

exercise.
Requires trained therapist, adequate cogni-

tive and physical functioning, and 
motivation.

Goal is to restore normal pattern of voiding
and continence.

Requires adequate cognitive and physical
function and motivation.

Requires adequate function and motivation.

Goal is to prevent wetting episodes.
Can be used in patients with impaired cogni-

tive or physical functioning.
Requires staff or caregiver availability and

motivation.
Same as above.
25–40% of nursing home residents respond

well during the day and can be identified
during a 3-d trial.

Source: Adapted from Kane RL, Ouslander JG, Abrass IB. Essentials of Clinical Geriatrics. 5th ed. New York, NY: McGraw-Hill; 2004.
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Table 32-4. Management of Reversible Conditions That Contribute to Urinary Incontinence

Condition Management

Conditions affecting the lower urinary tract
Urinary tract infection (symptomatic) Antimicrobial therapy
Atrophic urethritis/vaginitis Estrogen (topical)
Pregnancy/vaginal delivery/episiotomy Behavioral intervention

Avoid surgical therapy postpartum as condition may be self-limiting
Postprostatectomy Behavioral intervention

Avoid further surgery until certain that the condition will not resolve
Stool impaction Disimpaction

Appropriate use of stool softeners and laxatives
High-fiber dietary intake
Greater mobility
Adequate fluid intake

Adverse drug effects Discontinuation or change of therapy if clinically appropriate
Dosage reduction or modification (i.e., flexible diuretic scheduling)

Increased urine production
Metabolic (hyperglycemia, hypercalcemia) Improved control of diabetes mellitus

Therapy for hypercalcemia depends on underlying cause
Excess fluid intake Reduction in intake of diuretic fluids (caffeinated beverages)

Volume overload
Venous insufficiency with edema Support stockings

Leg elevation
Sodium restriction
Diuretic therapy

Heart failure Medical management
Impaired ability or willingness to reach a toilet

Delirium Diagnosis and treatment of underlying causes of acute confusional state
Chronic illness, injury, or restraint that interferes Regular toileting

with mobility Use of toilet substitutes
Avoiding restraints when possible

Psychologic Pharmacologic and/or nonpharmacologic treatment

Source: Adapted from Fantl JA. Urinary Incontinence in Adults: Acute and Chronic Management. Rockville, MD: United States Department of Health and Human Services,
Public Health Service, Agency for Health Care Policy and Research; 1996. Accessed October 11, 2005.

Table 32-5. Pharmacologic Options for Urge Urinary Incontinence

Drug Dose Comments

Oxybutynin hydrochloride
Ditropan®

Ditropan XL®

Oxytrol ™

Tolterodine
Detrol®

Detrol® LA

Trospium chloride
Sanctura™

Solifenacin succinate
VESIcare®

Darifenacin hydrobromide
Enablex®

ER, extended release; CNS, central nervous system.

Generic available
2.5–5 mg, 2–3 times daily (IR)
5–30 mg daily (ER)
3.9 mg daily (transdermal)

changed every 3–4 d
Generic available
1–2 mg, 2 times daily (IR)
2–4 mg daily (ER)

20 mg daily

5–10 mg daily

7.5–15 mg daily

Similar efficacy noted for all formulations.
Tolerability improved with ER and transdermal formulations.
Transdermal may cause local skin irritation.

Similar efficacy noted for both formulations.
Tolerability improved with ER formulation.
Adjust dose for renal and hepatic impairment.
Possible drug interactions with potent CYP3A4 inhibitors.
Take on empty stomach
Cognitive impairment not noted in clinical studies.
Adjust dose for renal and hepatic impairment.
Minimized CNS adverse effects likely due to M3 receptor selectivity.
Minimized CNS adverse effects likely due to M3 receptor selectivity.
Possible drug interactions with potent CYP3A4 inhibitors.
Adjust dose for hepatic impairment
No cognitive impairment noted in clinical studies.
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Table 32-6. Pharmacologic Options for Stress Urinary Incontinence

Drug Dose Comments

Estrogen (topical)
Women only

Pseudoephedrine

Ephedrine

Imipramine
Tofranil®

Duloxetine
Cymbalta®

0.5 mg cream applied vaginally every night for
2 wks, then extended to 2–3 times weekly

Estrogen-containing ring inserted every 3 mo

15–60 mg, 3 times daily

25–50 mg, 3 times daily

10–50 mg, 1–3 times daily

40 mg, 2 times daily

Oral formulation also studied, but efficacy and safety
questionable.

Topical formulation efficacy not validated in clinical trials.
Avoid cream in women with absolute contraindication to

estrogen.
Efficacy questionable.
Use caution in hypertensive patients.
Use caution in hypertensive patients.
May cause agitation, insomnia, tremor, or cardiac arrhythmias.
Potential use in concomitant depression.
May be useful for mixed incontinence (stress � urge).
Avoid use in older patients due to possibility of CNS depression.
Unlabeled use and dose in the United States, investigational drug

for SUI

formulations. No significant drug interactions have
been identified.

Tolterodine tartrate is a large polar molecule that is
unlikely to cross an intact BBB, but it is a nonselective
muscarinic receptor antagonist and may cause signifi-
cant AEs in a compromised BBB, such as may be found
in the very elderly population.10 Additionally, toltero-
dine is a CYP450 2D6 and 3A4 substrate, which creates
several potentially significant drug interactions with
strong inhibitors or inducers of these isoenzymes. For
example, ketoconazole, a strong inhibitor, may warrant
a dose decrease for tolterodine.

Trospium chloride, the least lipophilic antimuscarinic
agent available, would be the least likely to cross the BBB
under normal conditions. It is, however, a nonselective
muscarinic receptor antagonist and may lead to signifi-
cant AEs in the event of a breach of CNS permeability
barriers10 as has been described for tolterodine. Current
studies have demonstrated no cognitive impairment with
this agent compared with placebo,10 but trospium pro-
duces anticholinergic AEs similar to those of other agents
in this class.12 Additionally, because trospium is renally
eliminated, it poses less risk for drug interactions. How-
ever, dose adjustment is recommended in case of renal
impairment and also in patients older than 75 years.

Solifenacin succinate and darifenacin hydrobromide
are newer M3-specific antimuscarinic agents with the
least potential of causing CNS AEs. Solifenacin requires
dosage adjustments for renal and hepatic impairment
and as a CYP450 3A4 substrate, drug interactions are
possible. Darifenacin is a large polar molecule that is not
only a specific M3 receptor antagonist, but is also a sub-
strate for the P-glycoprotein active transport efflux
pumps in the CNS, thereby minimizing CNS AEs. Darife-
nacin is a CYP450 3A4 substrate and a moderate 2D6
inhibitor, which may lead to drug interactions. Drugs

that could cause accumulation of darifenacin, such as
ketoconazole, should be coadministered cautiously.

Because the newer agents are somewhat less likely to
induce CNS toxicity in older individuals, they may be pre-
ferred over oxybutynin and tolterodine. For individuals in
whom the anticholinergic AEs are not bothersome or
potentially dangerous, using the less-expensive agents
(immediate-release oxybutynin or tolterodine) may be
preferred; however, multiple daily doses are required and
compliance must be considered. If compliance is likely to
be a problem, the transdermal-patch formulation or any
once-daily formulation may be more appropriate.

Several older agents with antimuscarinic effects have
been used for the treatment of UI; however, flavoxate,
propantheline, dicyclomine, hyoscyamine, and imipra-
mine have essentially been replaced by the newer, more-
specific agents with sufficient clinical trial efficacy and
tolerability data.3 Additionally, gabapentin and botu-
linum toxin A have been studied recently for the treat-
ment of OAB, particularly OAB resistant to anticholin-
ergic medications, but sufficient clinical evidence is still
lacking. Although these agents are not currently con-
sidered first-line treatment options for UUI, they may
be preferable in individuals with concomitant medical
conditions for which they are useful (i.e., imipramine
for UUI in an individual with depression who can toler-
ate the CNS AEs of the medication).

PHARMACOLOGIC MANAGEMENT OF SUI

Since SUI results from the inability of the sphincter
mechanisms to remain closed during bladder filling, the
medications used in the treatment of SUI act at the blad-
der neck and urethra or on the pelvic floor musculature
to promote closure of the urethral sphincter. Table 32-6
provides a summary of individual agents that are used
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for SUI. In addition to pharmacotherapy and surgery,
some minimally invasive techniques have been studied
for the treatment of SUI; these include injectable thera-
pies and radiofrequency micro-remodeling.13

Estrogen
The urinary tract support systems decline following

menopause in women. This is probably due to a thin-
ning of the periurethral mucosa. Both local and sys-
temic estrogen have been studied for the treatment of
SUI; however, conflicting efficacy data and possible AEs
with the use of systemic estrogen have essentially
removed this option from current clinical use.3 Local
estrogen is still recommended as a safe and potentially
effective treatment option for SUI in women without an
absolute contraindication to the use of estrogen, but
published efficacy data are lacking.


-Adrenergic Agonists

-Adrenergic agonists work at the bladder neck and

urethra to enhance closing pressure via stimulation of 
-1
adrenergic receptors. Potentially useful agents include
pseudoephedrine, ephedrine, and imipramine. These
agents must be used cautiously in individuals with pre-
existing hypertension and avoided in individuals suffer-
ing from chronic retention of urine.

Duloxetine, an antidepressant that inhibits neuronal
norepinephrine and serotonin reuptake and is also
approved for diabetic peripheral neuropathic pain and
generalized anxiety disorder, is being studied for the
treatment of SUI in the United States. It is approved for
SUI use in other countries. Other agents, such as Ro
115–1240, a selective 
-1A/1I-adrenergic agonist, are
also in the investigational pipeline.

Imipramine, a tricyclic antidepressant, has been used
in SUI as well, with a proposed mechanism of action
related to its 
-adrenergic agonist activity.

PHARMACOLOGIC MANAGEMENT OF MIXED UI

Pharmacologic treatment for mixed UI should be aimed
at the more bothersome and/or more treatable condi-
tion first while minimizing drug toxicity. For example, a
patient with UUI and SUI may benefit from treatment
with imipramine since it has a dual mechanism of action
that is potentially effective for both types of UI; however,
sufficient studies are lacking and potential toxicity
should be considered, especially in older individuals.

PHARMACOLOGIC MANAGEMENT OF CHRONIC
RETENTION OF URINE

Chronic retention of urine, formerly identified as over-
flow urinary incontinence, may be due to an atonic detru-
sor or bladder outlet or urethral obstruction. Atonic
detrusor is treated with catheterization while the treat-
ment of obstruction may be managed with 
-1 adrenergic
antagonists. A common cause of this condition is benign
prostatic hyperplasia. This condition may be successfully
treated with 
-1 adrenergic antagonists and/or 5-
-reduc-
tase inhibitors. Table 32-7 provides a summary of individ-
ual agents that are used for chronic retention of urine.


-1 Adrenergic Antagonists
These agents work by relieving the resistance of the

bladder neck and urinary sphincter. Prazosin, doxa-
zosin, terazosin, tamsulosin, and alfuzosin are all avail-
able on the market. Tamsulosin and alfuzosin are both

Table 32-7. Pharmacologic Options for Chronic Retention of Urine

Drug Dose Comments


-1-Adrenergic agonists˛
Prazosin

Minipress™

Doxazosin
Cardura®

Terazosin
Hytrin®

Tamsulosin
Flomax®

Alfuzosin
Uroxatral™

5-
-Reductase inhibitors
Finasteride

Proscar®

Dutasteride
Avodart™

HS, bedtime; ER, extended release; BPH, benign prostatic hyperplasia.

1–10 mg, 2 times/daily

1–8 mg daily (HS)

1–10 mg daily (HS)

0.4–0.8 mg daily

10 mg daily (ER)

5 mg daily

0.5 mg daily

Nonselective
Orthostatic hypotension is a common adverse effect
Useful for BPH

Useful in concomitant hypertension

Selective for urinary tract
Useful for BPH
Tamsulosin is a CYP3A4 and 2D6 substrate
Alfuzosin is a CYP3A4 substrate

Useful for BPH
Benefit not immediately observable
Sexual dysfunction adverse effect
Minor CYP3A4 substrates
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more selective for the 
 receptors in the urinary tract,
they are associated with less orthostatic hypotension—a
common AE of the nonselective drugs.

5-
-REDUCTASE INHIBITORS

Finasteride and dutasteride work by inhibiting the con-
version of testosterone to dihydrotestosterone, thereby
causing shrinkage of the prostate gland with long-term
therapy.

SURGICAL OPTIONS

Surgery is an option for treatment of SUI, UUI, and
chronic retention of urine. It is usually reserved for
individuals who fail or cannot tolerate less-invasive ther-
apeutic options, including pharmacotherapy. Referral
to a surgeon should be considered for patients in whom
the quality of life can be improved with successful inter-
vention, regardless of age, but risks of the surgery
should always be considered as well.
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EVIDENCE-BASED SUMMARY

• UI is classified as acute or chronic and is best
treated according to the etiology: urge, stress,
mixed, chronic retention of urine, or func-
tional.

• Acute UI is best treated by correcting the
underlying cause, when possible.

• Voiding diaries can be helpful in characteriz-
ing symptoms of chronic UI and monitoring
treatment response.

• The primary goal of treatment is to improve
the patient’s quality of life and should be indi-
vidualized with reasonable expectations.

• Numerous environmental modifications, non-
pharmacological devices, and medications are
available for the management of UI.

• Antimuscarinic agents are the primary phar-
macologic treatment options for UUI while
various medications, including topical estro-
gen, alpha-adrenergic agonists, and selected
antidepressants are available treatment options
for SUI. Treatment of mixed UI is best aimed at
the more bothersome subtype of UI—stress or
urge.1

• Alpha-adrenergic antagonists and 5-
-reduc-
tase inhibitors are the primary pharmacologi-
cal treatment options for chronic retention of
urine.

• Surgery is a treatment option for SUI, UUI,
and chronic retention of urine; however, it is
best reserved for those not tolerating other
options.
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SEARCH STRATEGY
A systematic search of the medical literature was con-
ducted between March 7, 2007, and March 20, 2007. A
search update was conducted between February 13, 2008,
and March 11, 2008. The search, limited to human 
subjects and English language journals, included the
National Guideline Clearinghouse, PubMed, and the
Cochrane database. The National Osteoporosis Founda-
tion can be found at www.nof.org and the Clinician’s Guide
to Prevention and Treatment of Osteoporosis can be found at
http://www.nof.org/professionals/clinicians_ Guide.htm. 

Osteoporosis is the most common human bone dis-
ease that is often recognized only after a patient expe-
riences a fracture. Characterized by low bone mass
and increased bone porosity, osteoporosis leads to
reduced bone strength and an increased risk of bone
fracture. Although the disease can affect any bone,
most typical fracture sites include the hip, spine, wrist,
and ribs. Osteoporosis is prevalent in the United
States and considered a major public health threat,
particularly as our population ages. U.S. Census data
estimated that in 2002, more than 10 million women
and men aged 50 and older had osteoporosis, and this
number is projected to rise by 30% in 2020.1 Approx-
imately 44 million Americans have osteoporosis and
osteopenia (low bone mass) and by 2020, more than
61 million are expected to be affected by these disor-
ders. Osteoporosis most commonly occurs in Cau-
casian and Asian postmenopausal women, and 50%
will experience an osteoporosis-related fracture dur-
ing their lifetime. Table 33-1 describes other risk fac-
tors for developing osteoporosis and fractures. Osteo-
porotic fractures result in significant financial and

individual costs. The United States spends approxi-
mately $18 billion annually treating fractures second-
ary to osteoporosis.2 Adults who incur one fracture
are 50% to 100% likely to sustain another. Moreover,
the one year posthip fracture mortality rate for
patients 50 years and older is approximately 24%.

Living bone undergoes a dynamic constant remod-
eling process of new bone formation (by osteoblasts)
and bone resorption (by osteoclasts). Bone loss results
when bone resorption occurs more rapidly than bone
formation or vice versa. The skeleton consists of two
types of bone: (1) cortical and (2) trabecular. Cortical
bone is dense and forms the outer skeletal shell, tra-
becular bone is more porous and forms the interior
honeycomb structure. Optimal peak bone mass is
achieved by 20 to 35 years of age. Increasing bone
mass during childhood, adolescence, and early adult-
hood years is imperative to preventing osteoporosis in
the later years of life.

Osteoporosis can be classified as a primary or second-
ary disorder. Primary osteoporosis refers to bone loss
associated with both menopause and osteoporosis of
aging, also referred to as senile osteoporosis. Post-
menopausal osteoporosis is mainly caused by trabecular
bone loss as a result of declining estrogen production,
while age-related osteoporosis is characterized by loss of
trabecular and cortical bone, affecting women and men
in a 2:1 ratio, after 75 years of age. Secondary osteoporo-
sis results from bone loss associated with medical disor-
ders such as hyperthyroidism or Cushing’s syndrome or
because of chronic medication use such as systemic glu-
cocorticoid or anticonvulsant therapy. Through pre-
ventive care and treatment, primary care providers can
play a significant role in reducing the prevalence of
osteoporosis.
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CLINICAL PRESENTATION AND 
PHYSICAL FINDINGS

Bone loss and resulting osteoporosis are often silent,
occurring with few or no clinical indicators. Patients
experiencing symptoms may present with lower tho-
racic or lumbar bone pain. Signs resulting from mul-
tiple vertebral fractures include kyphosis (excessive
outward curvature of the spine, particularly near the
shoulders), lordosis (also referred to as dowager’s or
widow’s hump), or loss of height. Since the develop-
ment of osteoporosis is commonly a silent process, the
first signs of the disease are often minimal or non-
traumatic fractures in the vertebra, hip, or wrist
bones, sometimes symptomatic but frequently diag-
nosed by radiographs. Acute fracture pain may occur
initially but typically resolves in a few months. Some
patients, however, may experience a chronic dull pain
near the fracture site. Patients may also suffer from
psychological symptoms, such as depression and loss
of self-esteem from the pain, physical limitations, and
lifestyle and cosmetic changes associated with their
condition.

DIAGNOSTIC EVALUATION

HISTORY AND PHYSICAL EXAMINATION

A complete history and physical examination are vital
in evaluating a patient for osteoporosis, particularly
assessing for nonmodifiable and potential modifiable
risk factors such as those listed in Table 33-1.

LABORATORY EVALUATION

Although patients with osteoporosis usually have nor-
mal routine laboratory tests, certain tests may help rule
out other metabolic bone diseases (e.g., hyperparathy-
roidism, osteomalacia, Paget’s disease) or secondary
causes of osteoporosis (e.g., glucocorticoid use, other
immunosuppressants, hyperthyroidism, malabsorption
disorders). Initial blood and urine tests include: serum
calcium (corrected for serum albumin level), phospho-
rus, alkaline phosphatase, parathyroid hormone, thy-
roid stimulating hormone, 25-hydroxyvitamin D, testos-
terone (in men), creatinine, complete blood count,
protein electrophoresis, and a 24-hour urine for creati-
nine and calcium.

BONE MINERAL DENSITY MEASUREMENT

Bone mineral density (BMD) measurement by central
dual energy x-ray absorptiometry (DXA) is the gold
standard for diagnosing osteoporosis. A continuous,
inverse relationship exists between measured BMD

and fracture risk; the lower the BMD, the greater the
risk of fracture. With every one standard deviation
decrease in BMD, fracture risk approximately dou-
bles. The World Heath Organization classifies bone
mass in terms of T-scores, or BMD scores (see Table
33-2). T-scores reflect the BMD mean standard devia-
tion from a young normal adult female population.
Osteoporosis is defined as a T-score of 	2.5 or below,
and these patients have an increased risk of bone frac-
ture. Patients with osteopenia have low bone mass and
are at risk of developing osteoporosis in the future. 
Z-scores are similar to T-scores but reflect mean BMD
scores of age-matched, sex-matched, and ethnic-
matched patients. Thus, Z-scores may be more useful
in assessing premenopausal women, men �50 years of
age, and children. A Z score of �	2.0 is defined as
the BMD being below the expected range for age,
while a score of �	2.0 is defined as being within the
expected range for age.

Diagnosis of osteoporosis can be made by directly
quantifying bone mass or a fragility fracture history.
The National Osteoporosis Foundation suggests several
BMD tests that are good predictors of future fractures
(see Table 33-3)3:

RISK STRATIFICATION

Risk factors for developing osteoporosis and the World
Heath Organization definition of osteoporosis are in
Tables 33-1 and 33-2, respectively. Using BMD in con-
junction with risk factor assessment improves the accu-
racy of fracture predictions.4 Since pharmacologic
treatment can substantially reduce fracture risk, identi-
fying and screening patients at high risk is indicated.
The National Osteoporosis Foundation recommends
BMD testing for the following patients:3

• Women 65 years and older, regardless of risk factors.
• Men 70 years and older, regardless of risk factors
• Younger postmenopausal women with one or more risk fac-

tors (other than being white, postmenopausal, and female).
• Men 50–70 years based on their risk factor profile
• Women in the perimenopausal period with a specific risk

factor associated with increased fracture risk (e.g. low
body weight, prior low-trauma fracture, taking a high-risk
medication)

• Adults who fracture after age 50 (to confirm diagnosis and
determine disease severity).

• Adults with a medical condition (e.g. rheumatoid arthritis)
or taking a medication (e.g. prednisone �5mg/day for �3
months) associated with low bone mass or bone loss

• Anyone being considered for pharmacologic therapy for
osteoporosis

• Anyone being treated for osteoporosis, to monitor treat-
ment effect
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ment.5 Figure 33-1 outlines a flow chart for screening
patients. Additional guidelines for testing men, chil-
dren, and premenopausal women as well as indications
for specific densitometric tests are provided by the
International Society for Clinical Densitometry and the
American Association of Clinical Endocrinologists.6,7

Additional risk assessment tools include measuring
biochemical markers of bone turnover, using vertebral
fracture assessment (VFA), and the World Health Orga-
nization (WHO) absolute fracture risk algorithm
(FRAX). VFA refers to densitometric spine imaging to
detect vertebral fractures, as radiographically con-
firmed vertebral fractures are a strong predictor of ver-
tebral fractures, independent of BMD, age and other
clinical risk factors.3,6 FRAX may be used to calculate
the 10-year probability of a hip fracture and the 10-year
probability of any major osteoporotic fracture (defined

Table 33-1. Risk Factors for Developing Osteoporosis and Fractures

Nonmodifiable Risk Factors Potentially Modifiable Risk Factors

• Advanced age • Low BMD
• Gender: Women �� Men (approximately 4:1 ratio, • Falling

especially postmenopausal women)
• Race: Caucasian or Asian � Hispanic or African American • Decreased gonadal steroid levels (estrogen in women and 

testosterone in men)
• Genetics: First-degree family history of osteoporosis or • Lifestyle choices: sedentary (inadequate physical activity or

nontraumatic fracture, or personal history of low body immobilization), smoking (active or passive), low dietary intake
weight or small body frame, cystic fibrosis, homocystinuria, of calcium and vitamin D (or inadequate sunlight exposure), 
osteogenesis imperfecta, Ehlers-Danlos, glycogen storage excessive alcohol consumption (�2 drinks per day), excessive
diseases, Gaucher’s disease, hemochromatosis, hypo- vitamin A, salt, and caffeine intake
phosphatasia, idiopathic hypercalciuria, Marfan syndrome, 
Riley-Day syndrome, Menkes steely hair syndrome, porphyria

• Gonadal steroids: late menarche, early menopause or • Medications: excessive use of aluminum-containing antacids, 
oophorectomy without hormone replacement (especially chronic glucocorticoid use (� 5mg prednisone or equiv for 
premenopausal), amenorrhea, nulliparity, gonadal failure � 3 months)
or loss (androgen insensitivity, anorexia nervosa or bulimia, • adrenocorticotropin
Turner’s & Klinefelter’s syndromes, hyperprolactinemia, • immunosuppressants
panhypopituitarism, athletic amenorrhea) • tamoxifen (premenopausal use)

• Gastrointestinal disorders: GI surgery, inflammatory bowel • cytotoxic drugs
disease, gastric bypass, celiac disease, primary biliary • anticonvulsant therapy (enzyme inducers such as phenobarbital 
cirrhosis, pancreatic disease or phenytoin), 

• Hematologic disorders: hemophilia, leukemia and lymphomas, • lithium
rheumatic and auto-immune diseases, ankylosing spondylitis, • proton pump inhibitors (e.g. omeprazole, lansoprazole, 
multiple myeloma, sickle cell disease, systemic mastocytosis, esomeprazole, rabeprazole)
thalassemia, lupus, rheumatoid arthritis) • excessive levothyroxine

• History of a fracture as an adult, especially after age 50 • cholestyramine
and other contributing factors (poor balance, reduced • long-term heparin use 
proprioception, poor vision, orthostatic hypotension) • parenteral medroxyprogesterone acetate

• Selective serotonin reuptake inhibitors (SSRIs)
• thiazolidines (rosiglitazone, pioglitazone)
• long term total parenteral nutrition 

• Chronic treatable medical conditions (e.g., bulimia, anorexia
nervosa, hyperthyroidism, primary hyperparathyroidism, Cushing’s
syndrome, or malabsorption syndromes)

BMD, bone mineral density

Table 33-2. Definition of Osteoporosis

Bone Classification* T-Score† (BMD Measurement) 

Normal At 	1.0 and above
Osteopenia (low bone mass) Between 	1.0 to 	2.5
Osteoporosis At 	2.5 or below

* Based on 1994 World Health Organization classification of BMD.
†Mean standard deviation from a young normal adult female population.
BMD, bone mineral density.

• Anyone not receiving therapy in whom evidence of bone
loss would lead to treatment

• Postmenopausal women discontinuing estrogen therapy

Height loss and secondary causes of osteoporosis are
also risk factors strongly associated with fracture risk
and would also be logical indications for BMD measure-
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Table 33-3. BMD Testing Techniques

Method Site of BMD Testing Comment

DXA Spine, hip, wrist, total body Highly precise and accurate, quick, low radiation exposure, not 
portable; gold standard. Central DXA of hip and/or spine is 
the preferred measure for definitive diagnosis.

Peripheral dual-energy Forearm, finger, heel Trivial amounts of radiation exposure. Not applicable to axial 
X-ray absorptiometry skeleton. Used more for screening purposes to assess if 

DXA is indicated. Lack of evidence for fracture prediction 
in men.

Quantitative computed Spine, hip, wrist Most radiation exposure and more expensive; measures 
tomography trabecular and cortical bone density. Peripheral 

quantitative computed tomography can measure bone density 
in periphery (forearm, tibia).

Quantitative ultrasound Fingers, heel, tibia, patella No radiation; portable. Not as precise as DXA or single-
densitometry energy X-ray absorptiometry, but good 

predictor of future fracture risk.

 

 

 

 

Assessing and Screening for Osteoporosis

Assess risk factors (refer to Table 33-1)

•    Advanced age

•    Gender (female > male)

•    Low body weight and height loss

•    Race (Asian or white)

•    History of fracture

•    Parental history of hip fracture

•    Lifestyle (refer to lifestyle advice) 

•    Secondary causes 

•    Other conditions  

•    Glucocorticoid use

•    Other medications

 

Provide lifestyle advice

•    Ensure adequate calcium and 

vitamin D intake 

•    Adequate weight-bearing and 

physical activity 

•    Smoking cessation 

•    Limit alcohol, caffeine, and salt 

intake 

•    Reduce fall risk 

•    Avoid excessive vitamin A intake 

Postmenopausal 

woman or any 

woman ≥65 y, 

or any man ≥70 y

Younger post- 

menopausal 

woman, 

perimenopausal 

woman, or man 

50–70 y, with

additional risk

factors

Man, 

perimenopausal 

woman, or 

postmenopausal 

woman 

<65 y with low 

risk factors

Woman or

man with

fracture after

50 y of age

Adult who is 

being 

considered for 

osteoporosis 

drug therapy

Woman or man 

with a medical 

condition or 

taking 

medications 

associated with 

low bone mass 

or bone loss

Post- 

menopausal 

woman 

discontinuing 

estrogen 

therapy

Low BMD on

peripheral

densitometry

Measure

BMD by central

DXA

Reevaluate at

follow-up visit

Figure 33-1. Flow chart for recommendations regarding selection of patients for dual-energy X-ray absorptiometry (DXA). For peripheral
densitometry, each system will have different levels of T-score cutoff. In most cases, DXA will be recommended for patients with T-scores
of 	1.0 or lower. It is important to identify diseases or drugs that are likely to cause skeletal fragility or to increase the risk of falls.
(Adapted from Raisz LG. Screening for osteoporosis. N Engl J Med. 2005;353:164–171 and National Osteoporosis Foundation: Clinician’s
Guide to Prevention and Treatment of Osteoporosis, 2008.)
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as vertebral, hip, forearm, or humerous fracture).3,8

The FRAX considers femoral neck BMD as well as sev-
eral clinical risk factors. This algorithm may be most
useful in identifying which patients with low bone mass
(T score 	1.0 to 	2.5), or osteopenia, are most likely to
benefit from treatment.8

MANAGEMENT9

PREVENTIVE STRATEGIES

Prevention of osteoporosis begins early in life. A well-
balanced diet provides a variety of nutrients required
for optimal bone health. Calcium is an essential mineral
for healthy bones, and most Americans do not consume
sufficient amounts. The recommended daily calcium
requirements for ages 9–18 years are 1300 mg/day, for
18–50 yrs; 1000 mg/day, and over 50 yrs; 1200 mg/day.3,10

Although dairy products are the major source of cal-
cium for most people, Table 33-4 lists other food
sources that provide calcium. Absorption of calcium is
reduced when consumed from foods with oxalic or
phytic acids, such as spinach, wheatbran, and other
forms of unrefined flour. 

Oral calcium supplements can be used when dietary
sources do not meet the maximum daily calcium
requirements. Calcium carbonate provides the highest
amount of elemental calcium per tablet (40%), com-
pared with calcium acetate (25%), calcium citrate
(21%), calcium lactate (13%), and calcium gluconate
(9%).

Calcium carbonate should be taken after meals to
enhance absorption, whereas calcium citrate can be
taken anytime. Doses of more than 500 mg per day of
elemental calcium should be taken in 2 to 3 divided
doses because overall intestinal absorption of calcium
is reduced at higher doses. Achlorhydria, which fre-
quently occurs with aging, reduces the absorption of
calcium carbonate, whereas calcium citrate absorption

is not impaired in achlorhydria. As such, calcium citrate
may be a preferred calcium salt in older persons. 

A major adverse effect of calcium supplementation is
constipation, which may be managed by increasing
dietary fiber and fluid intake, reducing the total daily
calcium intake, or changing the calcium salt. Other side
effects of calcium supplements include bloating, and
gas. Doses should not exceed 2500 mg per day to avoid
kidney stones.

Calcium salts also interact with a number of drugs.
Calcium adsorbs or chelates antibiotics such as tetracy-
clines, azithromycin, fluoroquinolones in the gut. Also,
by increasing intragastric pH, calcium salts reduce
absorption of itraconazole, ketoconazole, and iron.
These agents should be spaced at least 2 hours apart
from calcium dosing. Long-term (�1 y) proton pump
inhibitor (PPI) use has been shown to increase the risk
of hip fractures in patients �50 years of age by impairing
calcium absorption and/or inhibiting osteoclast activity.
It is recommended that PPIs be given in the lowest dose
for the shortest time period possible, and to use calcium
salts other than calcium carbonate (which requires gas-
tric acidity for absorption) when taking a PPI. Calcium
supplements may also interfere with the absorption of
other drugs such as thyroid hormone (levothyroxine)
and should be spaced 6–12 hours apart.

Sufficient daily amounts of vitamin D are made by
the body after 5 to 15 minutes of the skin exposure to
sunlight, but the process can be attenuated by skin pig-
mentation and topical sunscreens. However, if regular
sunlight exposure is not practical or feasible, vitamin
D may be obtained from oral supplements. In addi-
tion, patients �70 years do not effectively convert
provitamin D in their skin to vitamin D from sunlight.
Recommended adequate daily intakes of vitamin D
have been published for all life stages10. Vitamin D
dosed at 800–1000 IU per day is required to prevent
hip and nonvertebral fractures in patients �50 years of
age. Newer guidelines recommend ages 19–50 years
receive vitamin D at 400–800 IU/day, and over 50 years
consume 800–1000 IU/day.3

Weight-bearing aerobic exercise and resistance train-
ing of at least 30 minutes a day for adults (60 min for
children) should be encouraged to increase BMD in
the spine, hips, and wrists. Regular exercise also has
been linked to improvements in balance, stronger mus-
cles, improved muscle tone, and reduced falls.

Patients at high risk for falls should be evaluated for
fall prevention strategies aimed at minimizing fall risk.
Strategies should include optimizing living conditions
such as removing rugs, using night lights, installing
shower seats and/or holding bars, and avoiding med-
ications that are known to increase the risk of falls, such
as sedating medications, anticholinergics, and narcotics.

Table 33-4. Selected Food Sources Containing High 
Amounts of Calcium22,23

Food Calcium (mg)

Yogurt, plain, nonfat, 8 oz. 452
Soy beverage, calcium fortified, 8 fl. oz. 368
Fruit, yogurt, low fat, 8 oz. 345
Sardines, Atlantic, in oil, drained, 3 oz. 325
Mozzarella, part skim 1.5 oz. 311
Cheddar cheese, 1.5 oz. 307
Milk, (skim) nonfat, 8 fl. oz. 306
Milk, low fat (2%), 8 fl. oz. 285
Milk, whole, 8 fl. oz. 276
Salmon, pink, canned, 3 oz. 181
Spinach, cooked from frozen, 1⁄2 cup 146
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The use of hip protectors should be considered for frail
older people and patients at high risk for falling,
although patient adherence is low because these devices
are bulky and uncomfortable to wear.

Smokers should be strongly encouraged to quit, since
smoking has been associated with an increase in risk of
overall fractures, while cessation of smoking seems to
reduce the fracture risk.11 Consumption of more than 2
alcoholic beverages per day increases patient risk of low
BMD. Both women and men should avoid excessive
weight loss. Consumption of excessive doses of vitamin A
may be associated with decreases in BMD and an
increased risk of fracture.12 Although current data are
limited, patients should be advised not to exceed the
dietary reference intake (DRI) of 700 to 900 mcg/d
(2310 IU to 3000 IU) of vitamin A for women and men,
respectively. Patients on chronic glucocorticoid therapy
(doses of �5 mg/day of prednisone or equivalent for
�3 months) are at risk for glucocorticoid-induced
osteoporosis and should be advised to take calcium sup-
plementation of 1200–1500 mg/day and vitamin D of
800 IU/day.

There are conflicting studies whether phytoestro-
gens, such as soy, are beneficial in improving BMD and
reducing bone turnover in postmenopausal women.
These may be as a result of varying content of
isoflavones (the active agent) in different soy foods or
products, increased sensitivity to the effects of soy
isoflavones in Asian women, or whether soy is con-
sumed in early or late postmenopause. As a result, phy-
toestrogens are not recommended for prevention or
treatment in postmenopausal women with osteoporosis.

TREATMENT

Pharmacologic treatment should be initiated in women
and men 50 years and older presenting with any of the
following3:

• BMD T-scores �	2.5 at the femoral neck, total hip,
or spine after appropriate evaluation to exclude sec-
ondary causes

• Low bone mass (T score between 	1.0 and 	2.5 at
the femoral neck, total hip, or spine) and secondary
causes associated with high risk of fracture (e.g. glu-
cocorticoid use or total immobilization)

• A hip or vertebral (clinical or morphometric) fracture
• Other prior fractures and low bone mass (T score

between 	1.0 and 	2.5) at the femoral neck, total
hip, or spine)

• Low bone mass (T score between 	1.0 and 	2.5 at the
femoral neck, total hip, or spine) and 10-year proba-
bility of hip fracture �3% or a 10-year probability of
any major osteoporosis-related fracture �20% based
on the U.S. adapted WHO algorithm8

Adequate calcium and vitamin D intake have been
associated with reduced bone loss, lower fall risk, and a
lower risk of bone fractures. Calcium and vitamin D
supplements may be needed to ensure adequate cal-
cium intake (see Table 33-4). Both agents should be
continued indefinitely for long-term efficacy. Cholecal-
ciferol (vitamin D3) is preferred over ergocalciferol
(vitamin D2) for vitamin D supplementation as chole-
calciferol is more effective at raising serum 25(OH)D
concentrations and is active for a longer period of time
than ergocalciferol, especially in older patients. Ade-
quate calcium (at least 1200 mg/day) and vitamin D3

(800–1000 IU/day) intake must continue indefinitely
with any pharmacologic therapy to obtain maximum
benefit.

Table 33-5 summarizes the medications used in the
treatment and prevention of osteoporosis. Bisphospho-
nates are the first-line pharmacologic agents for the
prevention and treatment of postmenopausal osteo-
porosis, treatment of osteoporosis in men, and the
prevention and treatment of glucocorticoid-induced
osteoporosis. Bisphosphonates act to decrease bone
resorption by inhibiting osteoclast function. They have
been shown to halt bone loss and increase BMD, but
their ability to improve bone strength is more related
to their ability to preserve trabecular architecture than
their effect on BMD.

The currently available bisphosphonates for osteo-
porosis management are alendronate, risedronate, iban-
dronate, and zoledronate (also called zoledronic acid).
The agents vary in their effect on increasing BMD at ver-
tebral and nonvertebral sites, fracture risk reduction at
different sites, dosing regimens, route of administration,
and administration instruction. Although the effect on
BMD varies between these agents, there is not a clear
relationship between degree of BMD increase and
fracture risk reduction. Alendronate (Fosamax), rise-
dronate (Actonel), and zoledronate (Reclast)have been
shown to reduce both spine and hip fractures in women
with postmenopausal osteoporosis.13,14,15 Ibandronate
(Boniva) reduces vertebral fractures. Ease of adherence
to therapy may be a more important selection criteria
than the choice of bisphosphonate, as there is a high
discontinuation rate of bisphosphonates, especially dur-
ing the first year. Postmenopausal women who consis-
tently take a bisphosphonate have fewer bone fractures
than nonadherent women.16 Simplifying dosing regi-
mens to once weekly (oral alendronate, oral rise-
dronate), once monthly (oral ibandronate or oral
risedronate), once every three months (intravenous
ibandronate), or once yearly (intravenous zoledronate)
may offer a distinct advantage over traditional once daily
dosing. Further, patients who are unable to tolerate oral
forms of bisphosphonates due to a contraindication or
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Table 33-5. Medications Used in Treatment and Prevention of Osteoporosis*

Drug Class Drug Name (Brand Name) Dosing Guidelines

Bisphosphonates Alendronate (Fosamax tablets or Treatment of postmenopausal osteoporosis
oral solution) • 70 mg tablet orally once weekly, or

• 1 bottle of 70 mg oral solution once weekly, or
• 10 mg tablet orally once daily
Prevention of postmenopausal osteoporosis
• 35 mg tablet once weekly, or
• 5 mg tablet orally once daily
Treatment to increase bone mass in men with osteoporosis
• 70 mg tablet orally once weekly, or
• 1 bottle of 70 mg oral solution once weekly, or
• 10 mg tablet orally once daily
Treatment of glucocorticoid-induced osteoporosis
• 5 mg tablet orally once daily, except for postmenopausal

women not receiving estrogen, for whom dosing is:
• 10 mg tablet orally once daily

Alendronate plus cholecalciferol Treatment of postmenopausal osteoporosis
(Fosamax Plus D tablets) • 70 mg/5,600 IU tablet orally once weekly (provides 7 days 

worth of 800 IU vitamin D3 in a single once weekly dose)
• 70 mg/2800 IU tablet orally once weekly (provides 7 days 

worth of 400 IU vitamin D3 in a single once weekly dose)
Treatment to increase bone mass in men with osteoporosis
• 70 mg/2800 IU tablet orally once weekly

Risedronate (Actonel tablets) Prevention and treatment of postmenopausal osteoporosis
• 150 mg tablet orally once monthly
• 75 mg tablet orally, taken on two consecutive days each month
• 35 mg tablet orally once weekly, or
• 5 mg tablet orally once daily
Treatment to increase bone mass in men with osteoporosis
• 35 mg tablet orally once weekly
Prevention and treatment of glucocorticoid-induced osteoporosis
• 5 mg tablet orally once daily

Risedronate with calcium (Actonel Prevention and treatment of postmenopausal osteoporosis
with calcium tablets) • 35 mg tablet orally once weekly with 500 mg elemental calcium 

(1250 mg calcium carbonate) for remaining six days of the week
Ibandronate (Boniva tablets or Prevention and treatment of postmenopausal osteoporosis

injection) • 2.5 mg orally once daily, or
• 150 mg tablet orally once monthly (on the same date each month)
Treatment of postmenopausal osteoporosis
• 3 mg intravenously every three months (administered as a bolus over 

15–30 seconds)
Zoledronate acid (Reclast Treatment of postmenopausal osteoporosis

injection) • 5 mg intravenously once a year (administered as an infusion over no 
less than 15 minutes)

Calcitonin Calcitonin- salmon (Miacalcin Treatment of postmenopausal osteoporosis in women �5 years
nasal spray or injection; Fortical postmenopause
nasal spray-rDNA origin) • 200 IU (1 spray) per day intranasally, alternating nostrils daily

• 100 IU subcutaneously or intramuscularly every other day
Estrogen therapy Estrogen (Premarin tablets) Prevention of postmenopausal osteoporosis

• 0.3 mg orally daily. Subsequent dosing adjustment based on 
individual and BMD response. Oral progestin should be added if 
woman has an intact uterus. 

Selective estrogen receptor Raloxifene (Evista tablets) Prevention and treatment of postmenopausal osteoporosis
modulator • 60 mg orally daily

Parathyroid hormone Teriparatide (Forteo pen injection- Treatment of postmenopausal osteoporosis
rDNA origin) • 20 mcg injected subcutaneously into the thigh or abdominal wall 

once daily
Treatment to increase bone mass in men with osteoporosis
• 20 mcg injected subcutaneously into the thigh or abdominal wall 

once daily

*Dosing per FDA-approved indication.
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gastrointestinal tolerance may be candidates for an
intravenous (IV) bisphosphonate.

To maximize oral absorption, alendronate and rise-
dronate must be taken at least 30 minutes before the
first food, beverage, or medication of the day with 6 to 8
oz of plain water only. Oral ibandronate (Boniva) must
be taken 60 minutes before the first food or beverage of
the day. Patients must not chew or suck the tablet
because of a potential for oropharyngeal ulceration. To
minimize the risk of esophageal stricture or perfora-
tion, the patient must be instructed not to lie down for
at least 30 minutes after dosing and then to do so only
after consuming the first food of the day. Patients with
an abnormality of their esophagus, stricture, achalasia,
or inability to sit upright for 30–60 minutes should not
receive an oral bisphosphonate. Patients at high risk of
aspiration should not receive oral alendronate solution.
Oral bisphosphonates may cause dysphagia, esophagi-
tis, or esophageal or gastric ulcers. Concomitant use of
nonsteroidal anti-inflammatory agents or aspirin may
increase the risk of gastrointestinal side effects. In addi-
tion, patients with aspirin sensitivity resulting in bron-
chospasm should avoid bisphosphonates.

The bisphosphonates have recently been associated
with osteonecrosis of the jaw.17 While uncommon,
patients receiving bisphosphonate therapy should receive
a routine oral examination prior to initiating therapy,
biannual dental examinations, minimize periodontal
inflammation and avoid invasive dental procedures.
Patients should inform their dentists that they are tak-
ing a bisphosphonate.

Other side effects associated with bisphosphonate
therapy include bone, joint, or muscle pain, a slightly
higher risk of atrial fibrillation in some studies, and an
acute phase reaction with IV formulations (pyrexia,
influenza-like symptoms). The latter may be minimized
post-treatment with analgesics such as acetaminophen.
Bisphosphonates should not be given to patients
with poor renal function (creatinine clearance �35
mL/min), and IV bisphosphonates should be avoided
in patients receiving nephrotoxic medications (e.g.,
aminoglycosides, NSAIDs). Any existing hypocalcemia
should be corrected before starting bisphosphonate
therapy.

Calcitonin-salmon (Miacalcin nasal spray or injec-
tion, Fortical nasal spray) is administered as a nasal
spray or an injection for the treatment of post-
menopausal osteoporosis in women who are more than
5 years postmenopausal. Calcitonin has been demon-
strated to significantly increase vertebral BMD in osteo-
porotic women and reduce lumbar spine fractures.
Calcitonin also relieves pain associated with spinal com-
pression fractures. Calcitonin increases hip BMD, but
does not reduce hip fractures. The intranasal dose of

calcitonin is one spray (200 IU) per day intranasally,
alternating nostrils daily while the injectable form is
administered as a 100 IU subcutaneous or intramuscu-
lar injection every other day. The main adverse effects
of intranasal calcitonin are mild to moderate rhinitis,
nasal irritation, erythema, and excoriation, which seem
to be more common in patients �65 years than younger
patients. The injectable formulation may cause a local
inflammatory reaction at the injection site, nausea, and
flushing of the hands and face.

Estrogen therapy, with or without a progestin, has
been shown to prevent postmenopausal bone loss. The
Women’s Health Initiative demonstrated that estrogen
with or without a progestin reduces hip, vertebral, and
total fractures in women without known osteoporosis.18,19

Unfortunately, an increased risk of invasive breast can-
cer, myocardial infarction, venous thromboembolism
and stroke occurred with conjugated equine estrogen
combined with medroxyprogesterone acetate in the
Women’s Health Initiative, while conjugated equine
estrogen alone in women with a hysterectomy also
showed an increased incidence of venous thromboem-
bolism, stroke, and dementia (although breast cancer
risk was not increased). As such, the use of these agents
for osteoporosis is no longer generally recommended
in otherwise healthy postmenopausal women and if
used, should be started at the lowest possible dose for
the shortest time period possible.

Raloxifene (Evista), a selective estrogen receptor
modulator, has been approved for both osteoporosis
treatment and prevention in postmenopausal women.
It reduces the risk of spine fracture in women with and
without prior spinal fracture. However, it remains sec-
ond line after bisphosphonates because it has not yet
been shown to reduce the risk of hip fractures. Ralox-
ifene has been associated with a reduction in risk of
invasive breast cancer in postmenopausal women, sug-
gesting that women at high risk of invasive breast cancer
may benefit from raloxifene’s protective effects. Ralox-
ifene has a black box warning on its product labeling
that it should be avoided in patients at high risk of
thromboembolic events as it can increase the risk of
deep venous thromboembolism, pulmonary embolism,
and stroke. Its use should be discontinued at least 72
hours prior to and during prolonged immobilization.
In addition, raloxifene increases hot flushes; women in
perimenopause should avoid its use. The dose of ralox-
ifene is 60 mg orally once daily.

Teriparatide (Forteo) is a parathyroid hormone for-
mulation that is injected subcutaneously into the thigh
or abdominal wall once a day. Teriparatide stimulates
new bone formation, resulting in increased BMD. Teri-
paratide has been shown to reduce the risk of both ver-
tebral and nonvertebral fractures in clinical trials of
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postmenopausal women with osteoporosis. Teriparatide
increases BMD more effectively than alendronate in
glucocorticoid-induced osteoporosis.20 It may also
reduce back pain in patients with vertebral fractures.
The teriparatide product labeling carries a black-box
warning of increased incidence of osteosarcoma based
on observations in rats; the incidence was dependent
on the dose and treatment duration. Teriparatide
should be reserved for patients who are intolerant to, or
have failed therapy with bisphosphonates, and it should
not be prescribed for patients at risk for developing
osteosarcoma such as Paget’s disease or adolescents, or
patients with cancer that may spread to bone. Further, if
teriparatide is prescribed, treatment is limited to 2 years
because of the lack of longer-term efficacy and safety
data. Adverse effects of teriparatide are generally mild
and include nausea and dizziness. Patients should be
monitored for hypercalcemia and hypercalciuria. At
present, teriparatide should not be given in combina-
tion with a bisphosphonate as the latter (specifically,
alendronate) has been shown to significantly blunt the
effect of teriparatide. However, teriparatide therapy fol-
lowed by a bisphosphonate can maintain the gains in
BMD obtained by teriparatide.

The use of combination therapy is still controversial.
Combinations of the above agents (such as a bisphos-
phonate with estrogen therapy or raloxifene; teri-
paratide with raloxifene) may provide a further increase
in BMD, but it remains to be seen if this translates to
fewer hip and spinal fractures than individual agents
alone. While, combination therapy may be considered
for patients with severe osteoporosis or who continue to
fracture with single drug therapy, combination treat-
ment is associated with higher drug costs for patients
and has the potential for more adverse effects. Initiating
and monitoring combination therapies may be best
decided by an endocrinologist.

Patients who have a bone fracture also experience
severe pain from the fracture itself. Calcitonin may have a
role in reducing pain in patients with vertebral fractures.
However, these patients will most likely require analgesics
to control the pain in addition to osteoporosis therapy.

MONITORING

The safety and efficacy of alendronate has been con-
firmed for up to 10 years of use. Women who discontinue
alendronate after 5 years have a moderate decline in
BMD but do not have a higher risk of nonvertebral frac-
tures after five years without therapy compared to
women who continued alendronate.21 However, women
who continued alendronate for 10 years had significantly
fewer vertebral fractures than women who discontinued
therapy after five years.21 This suggests that women who

are at high risk for vertebral fractures should continue
bisphosphonate therapy beyond 5 years. 

Bisphosphonates can prevent bone fractures inde-
pendently of whether they increase BMD. Hence, the
need and frequency of follow-up BMD testing post-ther-
apy has been debated. Unless a fracture occurs, BMD
can be repeated every 2 years once on therapy. Chang-
ing therapy can be considered after at least 1 year of
medication therapy if fractures continue or if bone or
back pain develops. Monitoring should also address any
troublesome side effects encountered, and medication
adherence. Since less than 50% of patients persist with
bisphosphonate therapy after 2 years of use, medication
regimens requiring less frequent administration, such
as once every three months IV ibandronate or once
yearly IV zoledronate should be considered for poorly
adherent patients. 

RECENT DEVELOPMENTS

Denosumab, an antibody preparation that inhibits
osteoclastogenesis, may have similar application. Newer
selective estrogen receptor modulators are under devel-
opment as are other agents that inhibit osteoclast func-
tion, such as cathepsin inhibitors. Strontium ranelate,
with bone anabolic actions, is approved in Europe and
Canada for osteoporosis treatment and may become
available in the United States. 

EVIDENCE-BASED SUMMARY

• Osteoporosis is often a silent disease until a frac-
ture occurs. Symptomatic patients may experi-
ence bone pain, loss of height, or kyphosis. Frac-
tures in the vertebra, hip, and wrist are common.

• Nonmodifiable risk factors (see Table 33-1) for
osteoporosis include advanced age, female gen-
der, race (white or Asian), family history of frac-
ture, low body weight or short stature, personal
history of fracture, gonadal steroid issues.

• Modifiable risk factors (see Table 33-1) include
low BMD, falling, reduced gonadal steroids,
poor lifestyle choices, long-term use of some
medications (e.g., prednisone), and chronic
treatable medical conditions.

• Screening is recommended for all women � 65 y,
all men �70 y, postmenopausal women �65 y,
and men 50–70 y with risk factors, men or peri-
menopausal women with specific risk factors,
all adults who fracture after age 50, medical
conditions or medications associated with low
bone mass, anyone being considered for phar-
macologic treatment, anyone being treated for
osteoporosis
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SEARCH STRATEGY

A systematic search of the medical literature was con-
ducted on December 27, 2006. The search, limited to
human subjects and journals in the English language,
included the National Guideline Clearinghouse, PubMed,
and the Cochrane database

Rheumatoid arthritis (RA) is a systemic disease with
symmetric inflammation of joints as a hallmark feature.
Many other organ systems may also be involved. Joint
destruction with loss of ability to perform daily func-
tional activities often results if adequate treatment is not
used. Early treatment with therapies that slow disease
progression is recommended together with physical
modalities to assist the patient to maintain normal activ-
ities of daily living and prevent disability.

RA occurs in approximately 1% of the population.
The factors responsible for RA are not known.

CLINICAL PRESESNTATION

Symptoms of RA often are insidious with nonspecific
symptoms such as fatigue, weakness, low-grade fever,
and loss of appetite in addition to joint symptoms. Stiff-
ness and myalgia may precede the development of syn-
ovitis. Joint stiffness tends to be more of a problem early
in the morning. Duration of morning stiffness is a use-
ful clinical parameter to follow as patients with more
active inflammation remain stiff for longer periods of
time and successful suppression of disease activity
should reduce the duration ideally to less than 30 min-
utes. Fatigue onset tends to be earlier in the day for
patients with more active disease and lessens with effec-
tive treatment. Joint involvement tends to be symmetrical

although early in the disease, it may involve a few joints
and be asymmetrical in pattern.1 No single physical
finding or laboratory test can be used to make the diag-
nosis. The American College of Rheumatology has
developed criteria for RA classification that can be use-
ful in making the diagnosis (Table 34-1). These criteria
have been criticized as they are not very useful for
patients with early disease. For example, radiographic
changes and rheumatoid nodules are late-disease mani-
festations and symmetric involvement may not be seen
early in the disease.2

PHYSICAL FINDINGS

The joints of the hands and feet are most frequently
affected by RA. Other joints commonly affected include
the elbows, shoulders, hips, and knees. Palpation may
reveal tenderness and swelling as well as increased skin
temperature over inflamed joints. In the hand,
metacarpal and proximal interphalangeal joints and
the wrist tend to be involved. The distal interphalangeal
joints are seldom involved in RA but may be inflamed in
other rheumatic diseases.

Deformities of hand joints including subluxation,
ulnar deviation of the metacarpals, and boutonniere
and swan-neck deformities tend to be late manifesta-
tions of the disease. Tendon rupture may also lead to
deformity and loss of function. Swelling may occur just
over joints or more diffusely if involvement includes the
tendon sheath (tenosynovitis). Swelling occurs as a result
of proliferation of inflamed synovial membrane as well
as the accumulation of joint fluid that extends the joint
capsule. Functional difficulties in clasping, grasping,
and pinching may result from inflammation or chronic
deformity.
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Swelling of the elbow is best assessed by palpation of
the radiohumeral joint. Swelling of the olecranon bursa
may also be seen but may also occur in patients without
inflammatory arthritis. Reduced range of motion in the
elbow may occur with long-standing inflammation and
disuse.

Pain in the shoulder may result from synovitis of the
shoulder joint or inflammation of tendons or bursa
around the shoulder. Painful motion may be noted
early in the disease with loss of motion with disuse.

Spine involvement is uncommon with RA but may be
seen in other inflammatory rheumatic diseases. Cervical
(C1–C2) instability and subluxation is rarely seen in RA.

The knee may be involved with swelling of the joint as
well as surrounding bursae. With chronic synovitis, carti-
lage degradation and instability of the joint may be a fac-
tor. Loss of range of motion may result in changes in
gait. Chronic joint pain can result in muscle atrophy,
which can lead to ligamentous laxity and joint instability.

In the foot, involvement of the ankle and metatarsal
joints is common. Callus formation, bunion, and other
foot deformities may also contribute to foot pain.

EXTRA-ARTICULAR FINDINGS

Rheumatoid nodules are found in 20% of the patients
with RA. They are usually found on extensor tendons of
the hand, elbows, and forearm but may also be found
elsewhere, including the lung and sclera.

Vasculitis may be seen particularly in patients with
long-standing RA. Small-vessel vasculitis can result in
tiny infarcts near the ends of digits, particularly around
the nail bed. Skin ulcers similar to stasis ulcers may
develop particularly in the lower extremities.

Lung manifestations of RA include pleural effusions,
pulmonary fibrosis, and lung nodules. In addition to
auscultation, chest radiographs are useful in assessing
the patient.

RA is associated with a higher risk of cardiovascular
disease. This risk appears to lessen with treatment of
inflammation. Pericarditis and myocarditis may occur
but are relatively uncommon. Cardiac conduction
abnormalities and aortic valve incompetence may also
occur.

Ocular manifestations include keratoconjunctivitis
sicca and inflammation of the sclera, episclera, and
cornea. Inflammation of the lacrimal ducts can lead to
decreased tear formation resulting in keratoconjunc-
tivitis. Inflammation of the episclera tends to be self-
limiting but involvement of the sclera or cornea may
require intervention.

Lymphadenopathy may be seen in patients with very
active inflammation. Amyloidosis is a rare complication
sometimes seen in patients late in the course of their
disease.

DIAGNOSTIC EVALUATION

A careful history and physical examination should be
done to assess whether the patient meets diagnostic cri-
teria for RA. Additionally, laboratory and radiographic
studies are useful to help confirm the diagnosis. Care
must be taken to rule out other causes of arthritis,
which can sometimes be very challenging due to simi-
larities between these entities. Discussion of these dif-
ferences is beyond the scope of this chapter.

Laboratory evidence for inflammation can be
assessed using the erythrocyte sedimentation rate
(ESR) and C-reactive protein (CRP). The ESR measures
the rate of settling of erythrocytes through plasma over
a period of 1 hour. The rate of settling is influenced by
surrounding plasma proteins and tends to increase with
active inflammation. The ESR is a very nonspecific
marker and can be increased with a number of diseases
as well as with advanced age. Another drawback is that
patients with very active synovitis may have normal ESR
and an elevated ESR may be seen in patients without
any apparent disease. CRP is a protein made by the liver,
which increases production during inflammation. It
tends to parallel ESR changes but the rise and fall of
CRP tends to be more abrupt. The CRP has limitations
similar to ESR in terms of lack of specificity and sensi-
tivity. Nevertheless, the presence of elevated CRP and

Table 34-1. Criteria for the Classification of Rheumatoid Arthritis

Criterion* Definition

1. Morning stiffness Stiffness of joints lasting at least 1 h
before improvement

2. Arthritis of 3 or Soft-tissue swelling or fluid in joint
more joints

3. Arthritis in hand At least one swollen wrist, MCP,
joints or PIP

4. Symmetric joint Simultaneous involvement of 
swelling bilateral joint areas

5. Rheumatoid nodules Subcutaneous nodules over extensor
tendons, bony prominences, or 
near joints

6. Positive rheumatoid Significantly elevated rheumatoid 
factor factor concentration

7. Radiographic changes Characteristic changes for rheuma-
toid arthritis noted on hand 
radiographs including erosions 
and periarticular osteoporosis

*A patient shall be classified as having rheumatoid arthritis if at least four of
these criteria are met. Criteria 1–4 must be present for at least 6 weeks.
MCP, metacarpophalangeal; PIP, proximal interphalangeal.
Adapted from: Arnett FC, Edworthy SM, Bloch DA, et al. The American
Rheumatism Association 1987 revised criteria for the classification of rheuma-
toid arthritis. Arthritis Rheum. 1988;31:315–324.
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ESR can be useful in conjunction with physical findings
in evaluating the patient.

Rheumatoid factor is an IgG antibody that is found
in increased concentrations in patients with RA. A posi-
tive rheumatoid factor may be seen in 50% of patients
early in the disease course but increases to as many as
85% over time. Rheumatoid factor can be elevated in
patients with other diseases including systemic lupus
erythematosus, polymyositis, chronic infection, and
malignancy. About 5% of young patients without obvi-
ous disease may have a positive rheumatoid factor and
the prevalence increases to about 9% to 14% of people
older than 70 years. The high rate of positive rheuma-
toid factor in patients without disease may lead to false
positives, particularly when the clinical suspicion for RA
is low. Conversely, RA may be present in patients with a
negative rheumatoid factor.

Anticyclic citrullinated peptide antibody is another
test with similar sensitivity (50–85%) but higher speci-
ficity (90–95%) than rheumatoid factor. For this reason,
it has been found to be clinically useful in diagnosing
patients with RA.3,4

Other laboratory findings that are commonly seen
include normochromic, normocytic anemia. This ane-
mia is often termed “anemia of chronic disease.” It is
caused by high levels of proinflammatory cytokines,
such as interleukin-1 (IL-1), which reduce the bone
marrow’s response to erythropoietin. Additionally,
thrombocytosis is frequently seen in patients with active
inflammation.

Radiographs of affected joints are also useful.
Although these may be normal in very early disease, it is
still worthwhile obtaining X-rays at baseline to be able
to assess for disease progression with treatment. Radi-
ographs of small joints of the hands and feet are partic-
ularly worthwhile due to the relatively high rate of
involvement of these joints. Early radiographic changes
include periarticular osteoporosis and loss of joint
space due to cartilage degradation. Erosions usually
develop later and tend to be first seen on bone near the
joint margin.

In addition to radiographs, magnetic resonance
imaging and ultrasound may be useful in documenting
changes in joints and soft-tissue structures consistent
with RA. These modalities may be useful to document
early inflammatory arthropathy before bone and carti-
lage degradation occur, which radiographs are able to
detect.

MANAGEMENT

The management of RA includes a combination of both
nondrug and drug therapy. Nondrug therapies include
exercise to maintain range of motion and prevent muscle

atrophy, which may occur from disuse. Additionally,
patients may need to recognize that physical exertion
may aggravate symptoms particularly when the disease
is active. Learning physical limits are important for the
patient. In some cases, assistive devices such as canes,
crutches, walkers, or wheelchairs may be necessary. In
addition, braces may be of benefit for joints with insta-
bility. Occupational therapy may be useful to evaluate
patients for devices to assist with activities of daily living,
which may be important to help a patient maintain
independence.

Podiatry may be needed to assist patients with foot
deformities and other rheumatoid foot disorders.
Orthotic shoe inserts or custom shoes may be necessary
for some patients. Surgery may also be necessary in
some patients with more severe joint destruction.

DRUG THERAPY

Drug therapy includes nonsteroidal anti-inflammatory
drugs (NSAIDs), corticosteroids, and disease-modifying
antirheumatic drugs (DMARDs). DMARDs, as the
acronym implies, are those drugs that are believed to
alter disease progression. Current guidelines for treat-
ment recommend that an agent in this category be
started within 3 months of the onset of symptoms.5,6 It
has been demonstrated that early initiation of DMARDs
results in better long-term outcomes.7 Earlier initiation
of DMARDs may prevent the erosions and deformities
that tend to occur later in the course of the disease. For
this reason, early and accurate diagnosis of the patient
is essential. Expedited referral to a rheumatologist may
be needed in some patients, particularly when a patient
has atypical features of presentation.

The choice of DMARD for first-line therapy is not
clearly defined, though for patients with more severe
disease methotrexate is frequently chosen due to supe-
rior long-term outcome data compared to other oral
DMARDs and lower cost than biologic DMARDs.8–10

See Fig. 34-1 for a schematic algorithm for the treat-
ment of RA. For a list of DMARDs, common doses, and
monitoring parameters, see Tables 34-2 and 34-3.

Combination therapy with two or more DMARDs may
sometimes be useful when single DMARD therapy fails
to achieve adequate responses. The combinations of
cyclosporine plus methotrexate, and methotrexate plus
sulfasalazine and hydroxychloroquine have been shown
to be particularly effective.6,11–18 Combinations of
methotrexate plus biologic DMARDs have also been
shown to be effective compared to single-agent therapy.19

Nonsteroidal Anti-Inflammatory Drugs
A variety of NSAIDs are available for the treatment

of RA (see Table 34-4). It is important to recognize
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Methotrexate or other DMARD 
+/-NSAID, +/-Prednisone 

Within First 3 Months

Combo 
DMARD Rx

Other DMARD Mono Rx 
(MTX if not used above)

Biologic DMARD 
mono or combo with 

DMARD

Poor Response

Try other combination, triple drug (DMARD + biologic), add low-dose 
prednisone for longer term, consider second line DMARD.

Poor Response

Figure 34-1. Treatment of rheumatoid arthritis.
Abbreviations: RA, rheumatoid arthritis; NSAID, nonsteroidal anti-inflammatory drug;
Rx, therapy; DMARD, disease-modifying antirheumatic drug.

Table 34-2. Dosage and Laboratory Monitoring

Drug Usual Dose Initial Maintenance

NSAIDs See table Scr or BUN, CBC q 2–4 wk Same as initial plus stool guaiac
p starting therapy � 1–2 mo q 6–12 mo

Salicylates: Serum salicylate levels
if therapeutic dose and no response

Methotrexate Oral, SC, or IM: 7.5–15 mg Baseline: AST, ALT, alk phos, alb, t. bili, CBC w/plt, AST, alb q 1--2 mo
q week hep B and C studies, CBC w/plt, Scr

Leflunomide Oral: 100 mg daily for 3 d then Baseline: ALT, CBC ALT, CBC monthly initially and  
10–20 mg daily then periodically when stable

Hydroxychloroquine Oral: 200 mg bid Baseline: Color fundus photography and Peripheral visual field testing 
automated central perimetric analysis q 9–12 mo or Amsler grid at 

home q 2 wk
Sulfasalazine Oral: 500 mg bid, then Baseline: CBC w/plt, then q week � 1 mo Same as initial q 1–2 mo

8 to 1 g bid max.
Etanercept 50 mg SC weekly None None
Infliximab 3 mg/kg IV at 0, 2, 6 wk None None

then q 8 wk
Adalimumab 40 mg SC q 2 wk None None
Anakinra 100 mg SC daily None None
Rituximab 1000 mg � 2 doses, 14 d apart None None
Abatacept �60 kg � 500 mg None None

60–100 kg � 750 mg
�100 kg � 1000 mg
given at 0, 2, and 4 wk then 
every 4 wk by IV infusion

Azathioprine Oral: 50–150 mg daily CBC w/plt, AST q 2 wk � 1–2 mo CBC w/plt, AST q 4–6 wk
d-Penicillamine Oral: 125–250 mg daily, may baseline: UA, CBC w/plt, then CBC w/plt, UA q 4–6 wk

8 by 125–250 mg q 1–2 mo, q week � 1 mo
max 750 mg daily

Cyclophosphamide Oral: 1–2 mg/kg per day UA, CBC w/plt q wk � 1 mo UA, CBC w/plt q 4–6 wk
Cyclosporine Oral: 2.5 mg/kg per day Scr, blood pressure at 4 wk Scr, blood pressure 4 wk
Corticosteroids Oral, IV, IM, IA, and soft- Glucose, blood pressure Glucose, blood pressure q 3–6 

tissue injections: variable mo, bone density annually

Alb, albumin; alk phos, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BUN, blood urea nitrogen; CBC, complete blood
count; hep, hepatitis; IA, intra-articular; IM, intramuscular; IV, intravenous; p, after; plt, platelet; q, every; Scr, serum creatinine; t. bili, total bilirubin; UA, urinalysis.
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Table 34-3. Clinical Monitoring of Drug Therapy in Rheumatoid Arthritis

Drug Toxicities Requiring Monitoring Symptoms to Inquire About*

NSAIDs and salicylates GI ulceration and bleeding, renal Blood in stool, black stool, dyspepsia, nausea/vomiting, 
damage weakness, dizziness, abdominal pain, edema, weight gain, 

shortness of breath
Corticosteroids Hypertension, hyperglycemia, Blood pressure if available, polyuria, polydipsia, edema, 

osteoporosis† SOB, visual changes, weight gain, headaches, broken 
bones or pain in bones

Azathioprine Myelosuppression, hepatotoxicity, Symptoms of myelosuppression (extreme fatigue, easy
lymphoproliferative disorders bleeding or bruising, infection), jaundice

Gold (intramuscular or oral) Myelosuppression, proteinuria, rash, Symptoms of myelosuppression, edema, rash, oral ulcers, 
stomatitis diarrhea

Hydroxychloroquine Macular damage, rash, diarrhea Visual changes including a decrease in night or 
peripheral vision, rash, diarrhea

Methotrexate Myelosuppression, hepatic fibrosis, Symptoms of myelosuppression, SOB, nausea/vomiting, 
cirrhosis, pulmonary infiltrates or lymph node swelling, coughing, mouth sores, diarrhea,
fibrosis, stomatitis, rash jaundice

Leflunomide Hepatitis, GI distress, alopecia Nausea/vomiting, gastritis, diarrhea, hair loss, jaundice
Penicillamine Myelosuppression, proteinuria, Symptoms of myelosuppression, edema, rash, diarrhea,

stomatitis, rash, dysgeusia altered taste perception, oral ulcers
Sulfasalazine Myelosuppression, rash Symptoms of myelosuppression, photosensitivity, rash, 

nausea/vomiting
Etanercept, adalimumab, Local injection site reactions, Symptoms of infection

anakinra infection
Infliximab Immune reactions, infection Postinfusion reactions, symptoms of infection
Rituximab, abatacept Infusion reactions, infection Postinfusion reactions, symptoms of infection

*Altered immune function increases infection, which should be considered particularly in those patients taking azathioprine, methotrexate, and corticosteroids or
other drugs as a symptom of myelosuppression.
†Osteoporosis is not likely to manifest itself early in treatment but all patients should be taking appropriate steps to prevent bone loss.
GI, gastrointestinal; SOB, shortness of breath.
Adapted from: American College of Rheumatology Ad Hoc Committee on Clinical Guidelines. Guidelines for monitoring drug therapy in rheumatoid arthritis.
Arthritis Rheum. 1996;39:723–731.

Table 34-4. Dosage Regimens for Nonsteroidal Anti-inflammatory Drugs

Recommended
Drug Anti-inflammatory Total Daily Dosage Dosing Schedule

Adult Children
Aspirin 2.6–5.2 g 60–100 mg/kg qid
Celecoxib 200–400 mg daily, bid
Diclofenac 150–200 mg tid to qid

— extended release-bid
Diflunisal 0.5–1.5 g — bid
Etodolac 0.2–1.2 g (max. 20 mg/kg) — tid to qid
Fenoprofen 0.9–3.0 g — qid
Flurbiprofen 200–300 mg — bid to qid
Ibuprofen 1.2–3.2 g 20–40 mg/kg tid to qid
Indomethacin 50–200 mg 2–4 mg/kg (max. 200 mg) bid to qid

extended-release, daily
Meclofenamate 200–400 mg — tid to qid
Meloxicam 7.5–15 mg daily
Nabumetone 1–2 g — daily to bid
Naproxen 0.5–1.0 g 10 mg/kg bid

extended release daily
Naproxen sodium 0.55–1.1 g — bid
Nonacetylated salicylates 1.2–4.8 g — bid to 6x/d
Oxaprozin 0.6–1.8 g (max. 26 mg/kg) — daily to tid
Piroxicam 10–20 mg — daily
Sulindac 300–400 mg — bid
Tolmetin 0.6–1.8 g 15–30 mg/kg tid to qid
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that these drugs do not alter the disease course, so
they should be considered adjuncts to assist in pain
and inflammation control but should not be consid-
ered definitive therapy. In many cases, if DMARDs are
effective, patients may discontinue these drugs or use
them on an as-needed basis only. NSAIDs can be par-
ticularly useful in early disease as they have a relatively
prompt onset of action. They have similar adverse
effects with gastrointestinal upset and ulceration,
decreased renal function (particularly in patients with
marginal renal function to begin with), and the poten-
tial to increase blood pressure as common adverse
effects. With the exception of salsalate and celecoxib,
they may also inhibit platelet function, which can pro-
long bleeding times. NSAIDs as a class have been
implicated as increasing risk for coronary events
though documentation is limited, and this risk
appears to be small unless patients have preexisting
coronary disease. Gastroprotection in patients with
high risk of ulcers can be achieved by the use of pro-
ton-pump inhibitors or misoprostol. Celecoxib may
also offer a decrease in gastrointestinal toxicity. The
safety of NSAIDs in pregnancy has not been estab-
lished but their use should be avoided in the third
trimester of pregnancy as these drugs may prolong
gestation and lead to bleeding and other complica-
tions during delivery. Misoprostol should be avoided
in pregnancy as it may induce abortion.

Corticosteroids
Corticosteroids are useful for patients with RA. They

may be given by the oral or intramuscular route for sys-
temic effect or intra-articular or soft-tissue injection for
management of inflammation in a single joint, tendon,
or bursa. The advantages are that they are rapid acting
and are effective in practically all patients given an ade-
quate dose. The disadvantages are the wide variety of
potentially serious toxicities associated with these drugs
particularly if high doses or prolonged treatment is
required.

Systemic corticosteroids may be used as “bridge”
therapy to provide control of inflammation while wait-
ing for DMARDs to work. They may also be given to
manage acute flares of disease activity, which may be
self-limiting. Finally, they may be used chronically as an
adjunct to reduce disease activity when DMARDs alone
are not enough. Oral prednisone is most commonly used
in a once-daily or twice-daily divided dose. When given
chronically, the lowest dose should be used, which pro-
vides adequate disease control. Consideration should be
given to the use of calcium and vitamin D supplements,
and periodic bone densitometry should be done to
evaluate patients for osteoporosis. Close surveillance of

other adverse effects should also be done including
hypertension, diabetes, and cataracts.

Intra-articular and soft-tissue injections typically use
long-acting depot dosage forms such as triamcinolone
acetonide, which may have an effect for 4 to 6 weeks. In
many cases, injection may induce prolonged remission
in an actively inflamed joint, ligament, or bursa. The
dosage used is dependent on joint size as smaller joints
cannot accommodate large injection volumes. For
example, in a finger joint 10 mg per 0.25 mL may be
used while a knee joint can accommodate 60 to 80 mg.
Repeated injections into a joint or tendon should be
avoided as they may put the patient at risk for aseptic
necrosis or tendon rupture, respectively. Patients should
be instructed to avoid excessive usage for several weeks
following injection as rest may help reduce inflamma-
tion of joint or soft tissue and reduce risk for complica-
tions. Local injections should not be repeated more
than 2 to 3 times per year.

Disease-Modifying Antirheumatic Drugs
A number of drugs have been identified that appear

to alter disease activity and are therefore considered
“disease modifying” (Table 34-2). This includes older
oral drugs and injectable gold, which suppress immune
function in a general way, and injectable biologic agents,
which target specific proinflammatory cytokines.

DMARDs include methotrexate, hydroxychloro-
quine, sulfasalazine, leflunomide, azathioprine, gold
(both intramuscular and oral dosage forms), and peni-
cillamine. Of these drugs, the best long-term outcome
has been documented with methotrexate with fewer
patients discontinuing it for lack of efficacy or toxicity.
Leflunomide has been shown to have similar efficacy in
long-term studies but there are no direct comparative
trials with methotrexate. Cyclosporine and cyclophos-
phamide have been effective for RA but their toxicity
risk is high and they are seldom used.

Methotrexate is given in a once-weekly dose of 7.5
to 25 mg. Doses greater than 15 mg should be given by
subcutaneous injection as the bioavailability becomes
less predictable for oral doses more than that. Patients
need to be monitored with periodic complete blood
counts for bone marrow toxicity and serum transami-
nases (alanine aminotransferase or aspartate amino-
transferase) to assess for liver toxicity. Additionally,
periodic serum albumin should be obtained to moni-
tor the liver as patients may develop liver fibrosis with-
out hepatitis. Patients taking methotrexate should be
advised not to drink alcohol as there is some concern
for additive hepatic toxicity and it is not known if
there is a “safe” amount of alcohol that can be con-
sumed with the drug. Periodic liver biopsy used to be
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recommended but the incidence of cirrhosis and
fibrosis is so uncommon that the risk from biopsy
exceeds the benefit for most patients. The only reason
to do biopsy now may be as a baseline in patients with
prior history of liver disease or significant alcohol
intake or in those with persistent transaminase eleva-
tion or decrease in albumin on treatment. Pulmonary
fibrosis may also occur rarely. Patients presenting with
nonproductive cough and shortness of breath should
have a chest X-ray to look for fibrosis. Fortunately,
both liver and pulmonary toxicities are rare. Stomati-
tis and gastrointestinal adverse effects may occur with
methotrexate use. These adverse effects can often be
managed by reducing the dose or supplementing the
patient with folic acid, 1 to 10 mg daily. Gastrointesti-
nal toxicity may also be reduced by giving the drug in
divided doses over 24 hours.

Hydroxychloroquine is an antimalarial drug that
has been documented to be also useful for patients
with RA. It is somewhat less effective when given long-
term than methotrexate but does not need laboratory
monitoring. Skin rash and gastrointestinal toxicity are
the most common adverse effects. As there is a small
risk for retinal toxicity, which may be manifest by sco-
tomas and loss of vision, it is recommended that
patients have annual ophthalmic examinations with
visual field testing.

Sulfasalazine is somewhat less effective than
methotrexate in long-term use but toxicity is relatively
low for most patients and can be useful as monotherapy
or in combination with other DMARDs. The most com-
mon adverse effect is gastrointestinal distress. This can
be minimized by starting with low doses (e.g., 500 mg
twice daily) and increasing gradually to 2 to 3 g in
divided dose as maintenance. In addition, the use of an
enteric-coated formulation may reduce gastrointestinal
toxicity. Complete blood counts to monitor for myelo-
suppression, and transaminases to monitor for drug-
induced hepatitis should be done periodically. History
of sulfa allergy is a contraindication. Photosensitivity
and other skin rashes may occur.

Although no direct comparisons with methotrexate
have been done, long-term studies suggest that lefluno-
mide has a similar long-term efficacy.20 Liver and bone
marrow toxicity have been reported with leflunomide,
so alanine aminotransferase and complete blood
counts should be done monthly for the first 6 months
and then every 6 to 8 weeks. As combination therapy
with other drugs with marrow toxicity increases risk for
this toxicity, laboratory monitoring, done every 4 weeks,
should continue long-term in patients on combina-
tions. Other toxicities include alopecia and gastrointesti-
nal toxicity and these effects seem to be dose related.

Lowering the dose may still prove to be effective with-
out loss of efficacy. The drug has a prolonged half-life,
so administration of a loading dose of 100 mg daily for
3 days followed by maintenance of 20 mg daily will
result in much more rapid onset of action. Not using a
loading dose reduces the frequency of toxicity in
patients but failure to use a loading dose will increase
the time to onset of effect from a few days to several
months. As the drug undergoes enterohepatic circula-
tion, the elimination half-life is 14 days. The drug
should be avoided in pregnancy, and patients of child-
bearing potential should be advised to use adequate
contraception. In patients who wish to become preg-
nant or those who have serious toxicity, the use of
cholestyramine should be considered to rapidly remove
drug from the body. Procedures to do this are outlined
in the package insert.

Gold salts, azathioprine, penicillamine, cyclosporine,
cyclophosphamide, and minocycline have all been used
in RA. Although they may still have a place in select
patients, it is seen that either their efficacy is low, toxic-
ity is high, or both; hence, these drugs are not fre-
quently used in RA.

Biologic DMARDs
Biologic DMARDs are drugs that target specific

proinflammatory cytokines like IL-1 (anakinra) and
tumor necrosis factor (TNF) (adalimumab, etanercept,
and infliximab). Additionally, certain biologic DMARDs
have been developed that cause peripheral B-cell deple-
tion (rituximab) and block the costimulation necessary
to activate T cells (abatacept). They are created using
recombinant DNA technology. They may be effective
when other therapies fail to achieve an adequate clini-
cal response, but they are considerably more expensive
than older drugs.21

Response rates with these agents in patients who fail
to achieve adequate control with methotrexate alone
are 50% to 75%. No laboratory monitoring is required.
There appears to be a small increased risk for infections
in patients treated with these drugs and they should be
avoided in patients with active infection and used with
caution in those with a history of recurrent infection.
Patients who develop an infection while taking them
should have a temporary interruption of therapy until
the infection has been cured. Tuberculin skin testing
should be done to screen for latent tuberculosis prior to
initiation of these therapies.

Infliximab and etanercept have been noted to
cause exacerbations of congestive heart failure. In
patients with a history of decompensated heart failure
or frequent admissions for this condition, alternative
antirheumatic therapy should be considered. Inhibition
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of TNF has been theorized to carry some risk for cancer
as this proinflammatory cytokine is important in rid-
ding the body of tumor cells. Studies to date have failed
to document an increase in incidence compared to
patients with RA not treated with these drugs, but long-
term surveillance studies are yet to be performed.
Although biologic agents have been demonstrated to
be effective in patients who fail to achieve adequate
responses from methotrexate, when combined with
methotrexate they appear to have increased efficacy
than when used as monotherapy. Combinations of bio-
logic agents should be avoided as they appear to
increase infection risk.

Adalimumab
Adalimumab is a human IgG1 antibody to TNF. It

binds excess TNF to reduce the role of this cytokine in
stimulating an inflammatory response. In addition to
RA, the drug is approved by the Food and Drug Admin-
istration (FDA) for the treatment of psoriatic arthritis,
and ankylosing spondylitis. The drug is given as a sub-
cutaneous injection of 40 mg every 2 weeks. The most
common adverse effect is injection site reactions. To
date, congestive heart failure has not been reported
with adalimumab.

Etanercept
Etanercept is a fusion protein combining the con-

stant-region long chain of IgG1 with two soluble TNF
receptors. These receptors are naturally occurring anti-
inflammatory cytokines. The binding of excess TNF
molecules with etanercept prevents them from attach-
ing to cell-surface TNF receptors, which would result in
cell activation and stimulate the inflammatory
response. The drug is given by subcutaneous injection
and can be given either as 25 mg twice a week or 50 mg
once a week. In addition to RA, the drug is FDA
approved for the treatment of juvenile RA, psoriatic
arthritis, and ankylosing spondylitis. In children, the
dose is adjusted depending on their weight. In addition
to the concerns regarding infection and congestive
heart failure, the drug has been reported to worsen
symptoms in patients with demyelinating disease such
as multiple sclerosis. Also, there have been a few case
reports of pancytopenia, but this complication does not
appear to be common, and currently routine monitor-
ing of patients for bone marrow toxicity is not recom-
mended in the package insert.

Infliximab
Infliximab is a chimeric antibody consisting mostly

of human IgG1 with an attachment portion derived
from mouse anti-TNF antibody. Infliximab is given by
intravenous infusion at a dose of 3 mg/kg given at 0,

2, and 6 weeks and then every 8 weeks. Some patients
need higher or more frequent doses to control
inflammation throughout the time interval between
injections. Doses of up to 10 mg/kg can be used, and
shortening the dosing interval up to 4 weeks may be
used if needed. To prevent the development of anti-
bodies, methotrexate should be given in all patients
receiving the infliximab. Infusion reactions may occur
and sometimes can be prevented by slowing the rate
of infusion. In more severe cases, these reactions may
be managed by premedication with corticosteroids
and antihistamines.

Anakinra
Anakinra is the only IL-1 receptor antagonist. It is

the same as naturally occurring IL-1 receptor antago-
nist, which binds to receptors on the cell surface and
prevents cell activation to promote inflammatory
response by IL-1. The drug is available as prefilled
syringes of 100 mg, which must be given by daily subcu-
taneous injection. Infection risk and other precautions
are similar to TNF inhibitors.

Rituximab
Rituximab in combination with methotrexate is

FDA-approved for use for the treatment of RA in
patients who fail to achieve adequate control with TNF
inhibitors. Combination therapy was shown to have
better outcomes in clinical trials. This drug depletes
B cells, which promote antibody response and play 
an important role in the humoral inflammatory
response. It has been shown to reduce disease activity
by 50% in 43% of patients treated with a combination
of methotrexate and rituximab who received 1 g by
intravenous infusion on day 1 and day 15, when
patients were evaluated 24 and 48 weeks later.22 Pre-
medication with 100 mg methylprednisolone, given
intravenously 30 minutes prior to infusion, reduces
the likelihood and severity of infusion reactions.
Unlike other biologic agents, it is not administered
continuously but only given when RA flares. Experi-
ence with long-term repeated courses of the drug is
limited at this time.23

Abatacept
Abatacept is a costimulation modulator that inhibits

binding of antigen presenting cells to the CD28, cell-
surface receptor of cytotoxic T lymphocytes, and
decreases their activation. In a trial of patients who
failed to achieve adequate response from anti-TNF ther-
apy, 50% of patients responded to abatacept.24 Dosing
is based on patient weight (see Table 34-2). The drug is
given every 4 weeks after the initial 3 doses given 2
weeks apart.
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EVIDENCE-BASED SUMMARY

• Symmetrical inflammation of joints with pain,
swelling, and morning stiffness are hallmarks
of rheumatoid arthritis. Joint deformity and
rheumatoid nodules are late manifestations.
Pulmonary fibrosis, vasculitis, pericarditis, and
scleritis are less common manifestations of the
disease.

• Nondrug therapy includes therapeutic exer-
cise to maintain muscle strength and joint
range of motion, assistive devices to aid in
activities of daily living, and surgery in some
patients.

• Treatment with DMARDs should be initiated
as soon as possible, preferably within 3 months
of the onset of symptoms.

• Of the oral drugs for rheumatoid arthritis,
methotrexate is more likely to be continued
long-term with relatively low discontinuance
rates for toxicity and loss of benefit. When
combined with other drugs, it has the best doc-
umentation of added benefit.

• Hydroxychloroquine, leflunomide, and sul-
fasalazine are other frequently used oral
DMARDs.

• Biologic agents such as etanercept, adali-
mumab, infliximab, rituximab, abatacept, and
anakinra may prove effective when other
DMARDs fail to achieve adequate responses

• NSAIDs should be considered adjuncts to
DMARDs for most patients as they do not alter
disease course. Corticosteroids are beneficial
for many patients but toxicity limits their use
as chronic therapy for most patients.

http://www.utdol.com/utd/content/topic.do?topicKey=rheumart/3022&selectedTitle=6~150&source=search_result
http://www.utdol.com/utd/content/topic.do?topicKey=rheumart/3022&selectedTitle=6~150&source=search_result
http://www.utdol.com/utd/content/topic.do?topicKey=rheumart/3022&selectedTitle=6~150&source=search_result
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SEARCH STRATEGY

A systematic search of the medical literature was per-
formed on August 20, 2007, using the terms osteoarthritis
and arthritis. The search, limited to human subjects and
English language journals, included the PubMed and
Cochrane Collection databases.

Osteoarthritis (OA) is the most common of the rheu-
matic diseases, with a prevalence of approximately 200
per 100,000 person-years, and is responsible for enor-
mous disability and loss of productivity.1–3 The preva-
lence and severity of OA is higher in older age groups
than in younger groups, affecting an estimated 46 mil-
lion Americans.4

The most common risk factors for the development
of OA, which is typically a multifactorial disease, include
obesity, previous occupation, participation in certain
sports, history of joint trauma, and a genetic predispo-
sition to OA. Patients with osteoarthritis are less likely to
have osteoporosis, probably because heavy individuals
have higher bone density because of weight-bearing,
but increased risk of OA as a result of excessive joint
loading.3

CLINICAL PRESENTATION

The typical patient presenting with OA is older than
50 years of age and has had the presenting symptoms
for months to years, often having treated them with
nonprescription medications or dietary supplements.
Pain in the affected joint is a nearly universal com-
plaint, and hands, knees, or hips are the most com-
monly affected joints. Pain is most common with
motion, unless the disease is advanced, in which case

pain can be present at rest. Joint stiffness resolves with
motion and recurs with rest.

Late-stage disease is associated with joint deformity
(Fig. 35-1). Joint space narrowing and/or osteophytes
may be evident in X-ray films (Fig. 35-2). Abnormal
alignment of joints and joint effusion can occur in late
disease (Fig. 35-3).

DIAGNOSTIC EVALUATION

The diagnosis of OA is made through history, physical
examination, characteristic radiographic findings, and
laboratory testing.2,5 The major diagnostic goals are:
(1) to discriminate between primary and secondary OA
and (2) to clarify the joints involved, severity of joint
involvement, and response to prior therapies, providing
a basis for a treatment plan.

Physical examination reveals a patient in mild, mod-
erate, or severe pain. Crepitus—a crackling or grating
sound heard with joint movement that is caused by irreg-
ularity of joint surface—may be present. Limited range
of motion may be accompanied by joint instability.

The American College of Rheumatology has pub-
lished traditional diagnostic criteria and also “decision
trees” for OA diagnosis.5 As with all guidelines, these tools
assist the clinician rather than replace clinical judgment.

RISK STRATIFICATION

The prognosis for patients with primary OA is variable
and depends on the joint involved. If a weight-bearing
joint or the spine is involved, considerable morbidity and
disability are possible. In the case of secondary OA, the
prognosis depends on the underlying cause. Treatment
of OA may relieve pain or improve function, but it does
not reverse preexisting damage to the articular cartilage.
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MANAGEMENT

Management of the patient with OA should be tailored
to each individual based on clinical findings and prog-
nosis. Goals are to: (1) educate the patient, caregivers,
and relatives, (2) relieve pain and stiffness, (3) maintain
or improve joint mobility, (4) limit functional impair-
ment, and (5) maintain or improve quality of life.6–10

Treatment for the patient with OA depends on the
distribution and severity of joint involvement, comorbid
disease states, concomitant medications, and allergies
(Fig. 35-4). Management for all individuals with OA
should begin with patient education, and physical
and/or occupational therapy, and weight loss or assis-
tive devices if appropriate.6–12

The primary objective of medication is to alleviate
pain.7–11 Scheduled acetaminophen, up to 4 g/d, should
be tried initially. If this is ineffective, nonsteroidal anti-
inflammatory drugs (NSAIDs) are prescribed, or possi-

bly a cyclooxygenase-2 (COX-2) selective inhibitor
(celecoxib) if warranted. Application of capsaicin or
methyl salicylate topical creams over specific joints can
sometimes be helpful adjuncts for pain control. Glu-
cosamine and chondroitin in combination can be help-
ful for those with moderate to severe arthritis. Joint
aspiration followed by glucocorticoid or hyaluronate
injection can relieve pain, and is offered concomitantly
with oral analgesics or after an unsuccessful trial of
these agents. Opioid analgesics are a last-resort medica-
tion to prescribe if other therapies are unsuccessful.
When symptoms are intractable or there is significant
loss of function, joint replacement may be appropriate
if the patient is a surgical candidate.

Finally, for patients interested in clinical trials, inves-
tigational strategies with oral doxycycline, matrix metal-
loproteinase inhibitors, disease-modifying osteoarthri-
tis drugs, or cartilage transplants may be considered.

For management of patients with OA, evidence-
based recommendations have recently been summa-
rized by the Third Canadian Consensus Conference
Group (Table 35-1).13 ACR recommends acetamino-
phen as the drug of first choice. In patients with risk fac-
tors for gastrointestinal (GI) complications, use of a
nonselective NSAID plus a proton pump inhibitor
(PPI), or a COX-2 selective inhibitor plus a PPI is sup-
ported by much recent evidence, as described below.

NONPHARMACOLOGIC THERAPY

The first step in OA treatment is patient education
about the disease process, the extent of OA, the progno-
sis, and treatment options. Education is paramount, in
that OA is often seen as a “wear and tear” disease, an
inevitable consequence of aging for which nothing

Figure 35-1. Typical appearance of the bony changes associ-
ated with Heberden’s and Bouchard’s nodes.

Figure 35-2. Plain X-ray films of the knee demonstrating joint
space narrowing.

Figure 35-3. Physical findings of joint enlargement and genu
varum of the knees.
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helps. Even worse, patients may resort to the use of alter-
native but unproven medications or quackery. Patients
should be warned about these and encouraged to access
information from local or national units of the Arthritis
Foundation (www.arthritis.org). The Arthritis Founda-

tion provides literature about OA and OA medications
and information about local clinics and agencies offer-
ing physical and economic assistance. The Arthritis
Foundation also sponsors support groups and public
education programs.

Continue
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Figure 35-4. Treatment for osteoarthritis.
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DIET

Excess weight increases the biomechanical load on
weight-bearing joints and is the single best predictor of
need for eventual joint replacement.3,12,14,15 Even a 5-kg
weight loss can decrease the load on a weight-bearing
joint. Weight loss is associated with decreased symptoms
and disability, although results are variable.15,16 At least
one randomized, controlled trial has demonstrated
improvement in pain and self-reported physical func-
tion using a combination of modest weight loss (5%)
and exercise.17 Although dietary intervention for over-
weight OA patients is reasonable, weight loss usually
requires a motivated patient and a structured weight-
loss program.

Physical and Occupational Therapy
Physical therapy—with heat or cold treatments and

an exercise program—helps to maintain and restore
joint range of motion and reduce pain and muscle
spasms. Warm baths or warm water soaks may decrease
pain and stiffness. Heating pads should be used with
caution, especially in older people. Patients should be
warned not to fall asleep on the heat source or to lie
on it for more than brief periods in order to avoid
burns.

Exercise programs and quadriceps strengthening can
improve physical functioning and can decrease disabil-
ity, pain, and analgesic use by OA patients.1,17,18 Isomet-
ric exercise is preferred over isotonic exercise because

Table 35-1. Summary of Recommendations for Osteoarthritis

Level of Grade of 
Recommendation Evidence Recommendation

Patient–physician Patients should be fully informed about evolving 3 C
communication information regarding the benefits and risks

of their treatment options.
Indications NSAIDs and coxibs are generally more effective 1 A

and preferred by patients over acetaminophen, 
although a trial of the latter is warranted for some 
patients. Topical NSAID formulations may confer 
benefit in knee OA

GI toxicity In patients with risk factors for PUB, a coxib is still 1 A
the anti-inflammatory drug of choice, depending on 
the patient’s cardiovascular risks. High-risk patients 
who must use nonselective NSAIDs should have a PPI.

Renal Before starting an NSAID or coxib, determine renal 3 C
status and creatinine clearance in patients more 
than 65 years of age or in those with comorbid 
conditions that may affect renal function.

Advise patients that if they cannot eat or drink on 4 D
a given day, they should withhold that day’s dose 
of NSAID/coxib.

Hypertension In patients receiving antihypertensive drugs, measure 1 A
blood pressure within a few weeks after initiating 
NSAID/coxib therapy and monitor appropriately; 
drug doses may need adjustment.

Cardiovascular Patients taking rofecoxib have been shown to have an 1 A
increased risk of CV events. Current data suggest 
that this increased CV risk may be an effect of the 
NSAID/coxib class. Physicians and patients should 
weigh the benefits and risks of NSAID/coxib therapy.

Geriatric consideration NSAIDs/coxibs should be used with caution in elderly 3 C
patients, who are at the greatest risk for serious GI, 
renal, and CV side effects.

Pharmacoeconomics Although the data are ambiguous, coxibs may be 3 C
more cost-effective than traditional NSAID �
proprietary PPI among high-risk patients.

Categories of evidence: 1A, meta-analysis of RCT; 1, at least one RCT; 2A, at least one controlled study without randomization; 3, descriptive studies such as compara-
tive, correlation, or case-control studies; 4, expert committee reports or opinions and/or clinical experience of respected authorities.
Grades of recommendations: A, category 1 evidence; B, category 2 evidence or extrapolated recommendation from category 1 evidence; C, category 3 evidence or
extrapolated recommendation from category 1 or 2 evidence; D, category 4 evidence or extrapolated recommendation from category 2 or 3 evidence.
NSAID: nonsteroidal anti-inflammatory drug; GI: gastrointestinal; CV: cardiovascular; PUB: perforations, ulcers, and bleeds; PPI: proton pump inhibitor.
Adapted from: Tannenbaum H, Bombardier C, Davis P, Russell AS, Third Canadian Consensus Conference Group. An evidence-based approach to prescribing nons-
teroidal antiinflammatory drugs. Third Canadian Consensus Conference. J Rheumatol. 2006;33:140–157. 
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the latter can aggravate affected joints. Exercises should
be taught and then observed before the patient exer-
cises at home, ideally three to four times daily. The
patient should be instructed to decrease the number of
repetitions if severe pain develops with exercise.

The decision about whether to encourage walking
should be made on an individual basis. With weak or
deconditioned muscles, the load is transmitted excessively
to the joints, so weight-bearing activities can exacerbate
symptoms. However, avoidance of activity by those with
hip or knee OA leads to further deconditioning or weight
gain. A program of patient education, muscle stretching
and strengthening, and supervised walking can improve
physical function and decrease pain in patients with knee
OA.1,17,18 Referral to the physical and/or occupational
therapist is especially helpful for patients with functional
disabilities. The therapist can assess muscle strength and
joint stability, and recommend exercises and methods of
protecting the affected joint from excessive forces. The
therapist can also provide assistive and orthotic devices,
such as canes, walkers, braces, heel cups, splints, or insoles
for use during exercise or daily activities.

Surgery
Surgery can be recommended for OA patients with

functional disability and/or severe pain unresponsive to
conservative therapy. Criteria for total replacement
(arthroplasty) of the knee were developed at an NIH
consensus conference.19 Likewise, criteria for total hip
replacement, as well as a summary of clinical outcomes
resulting from this procedure have been published.20

These hip and joint replacement recommendations
have been based on critical review of the literature as
well as on expert opinion. For patients with advanced
disease, a partial or total arthroplasty can relieve pain
and improve motion, with the best outcomes after hip
or knee arthroplasty.

PHARMACOLOGIC THERAPY

Drug therapy in OA is targeted at relief of pain. OA is
commonly seen in older individuals who have other med-
ical conditions, and OA treatment is often long-term. As
such, a conservative approach to drug treatment, focus-
ing on the needs of the individual patient, is warranted
(Fig. 35-4). For mild or moderate pain, topical analgesics
or acetaminophen can be used. If these measures fail, or
if there is inflammation, NSAIDs may be useful. Even
when drug therapy is initiated, appropriate nondrug
therapies should be continued and reinforced. Nondrug
modalities are the cornerstone of OA management and
may provide as much relief as drug therapy.

The ACR recommends acetaminophen as first-line
drug therapy for pain management in OA, as a result of

its relative safety, efficacy, and lower cost compared
with NSAIDs.1,13,21 The ACR recommends considera-
tion of NSAIDs for OA patients in whom acetamino-
phen is ineffective. NSAIDs all display comparable
analgesic and anti-inflammatory efficacy and are simi-
larly beneficial in OA (Table 35-2).22,23

For patients with elevated GI risk or cardiovascular
risk who need treatment with an NSAID, a COX-2 selec-
tive inhibitor or a traditional NSAID taken with a PPI
should be considered. For those taking regular low
dose aspirin for cardiovascular risk (with or without
increased GI risk), a traditional NSAID taken with a
PPI, or a COX-2 selective inhibitor taken with a PPI can
be considered. Given the current concerns regarding
cardiovascular risk with COX-2 selective inhibitors or
possibly any NSAIDs, and continuing concern about GI
events, treatment with the lowest dose possible for the
shortest duration possible is warranted.13

Topical products can be used alone or in combina-
tion with oral analgesics or NSAIDs. Capsaicin, isolated
from hot peppers, releases and ultimately depletes sub-
stance P from afferent nociceptive nerve fibers. Data
comparing topical capsaicin to other effective pharma-
cologic treatments for OA is lacking.

The exact role of glucosamine, chondroitin, or a
combination of the two products is still unclear.24–26

Because of the relative safety of these agents, a trial of
glucosamine/chondroitin may be reasonable in patients
considering alternatives to traditional OA treatments.
Dosing should be at least 1500 mg/d of glucosamine
and 1200 mg/d of chondroitin. The glucosamine com-
ponent should be the sulfate salt rather than the
hydrochloride salt as nearly all positive efficacy studies
used the better absorbed sulfate salt. Glucosamine-
related adverse events are generally mild and include
gastrointestinal symptoms (gas, bloating, cramps). If
made from shellfish, however, glucosamine should
not be used in those with shellfish (shrimp, crab, lob-
ster) allergies. The initial concerns regarding glu-
cosamine-induced hyperglycemia had likely been
overstated as later safety data in both healthy subjects
and those with type 2 diabetes mellitus did not show
significant elevations in blood glucose. Chondroitin 
is extremely well tolerated, with the most common
adverse effect being nausea. Depending on the source
of chondroitin (cattle, pig, or shark), this compound
could also pose risk to persons who are allergic to
shark, and some have expressed concern about the
possibility of bovine spongiform encephalopathy
(mad-cow disease) when the source of chondroitin is
cow trachea.

Intraarticular glucocorticoid injections can provide
excellent pain relief, particularly when a joint effusion
is present.1,27 Aspiration of the effusion and injection of
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Table 35-2. Medications Commonly Used in the Treatment of Osteoarthritis

Medication Dosage and Frequency Maximum Dosage (mg/d)

Oral analgesics
Acetaminophen 325–650 mg every 4–6 h or 1 g 3–4 times/d 4000
Tramadol 50–100 mg every 4–6 h 400
Acetaminophen/codeine 300 to 1000 mg/15 to 60 mg every 4 h as needed 4000mg/360mg*

Acetaminophen/oxycodone 325 to 650 mg/2.5 to 10 mg every 6 h as needed 4000mg/40mg*

Topical analgesics
Capsaicin 0.025% or 0.075% Apply to affected joint 3–4 times/d —
Nutritional supplements
Glucosamine hydrochloride/chondroitin sulfate 500 mg/400 mg 3 times/d 1500/1200
NSAIDs
Carboxylic acids
Acetylated salicylates
Aspirin, plain, buffered, or enteric-coated 325–650 mg every 4–6 h for pain; anti-inflammatory 3600†

doses start at 3600 mg/d in divided doses
Nonacetylated salicylates

Salsalate 500–1000 mg 2–3 times a day 3000†

Diflunisal 500–1000 mg 2 times a day 1500
Choline salicylate‡ 500–1000 mg 2–3 times a day 3000‡

Choline magnesium salicylate 500–1000 mg 2–3 times a day 3000‡

Acetic acids
Etodolac 800–1200 mg/d in divided doses 1200
Diclofenac 100–150 mg/d in divided doses 200
Indomethacin 25 mg 2–3 times a d; 75 mg SR once daily 200; 150
Ketorolac§ 10 mg every 4–6 h 40
Nabumetone¶ 500–1000 mg 1–2 times a day 2000

Propionic acids
Fenoprofen 300–600 mg 3–4 times a day 3200
Flurbiprofen 200–300 mg/d in 2–4 divided doses 300
Ibuprofen 1200–3200 mg/d in 3–4 divided doses 3200
Ketoprofen 150–300 mg/d in 3–4 divided doses 300
Naproxen 250–500 mg twice a day 1500
Naproxen sodium 275–550 mg twice a day 1375
Oxaprozin 600–1200 mg daily 1800

Fenamates
Meclofenamate 200–400 mg/d in 3–4 divided doses 400
Mefenamic acidf 250 mg every 6 h 1000

Oxicams
Piroxicam 10–20 mg daily 20
Meloxicam 7.5 mg daily 15

Coxibs
Celecoxib 100 mg twice daily or 200 mg daily 200 (400 for RA)

*Maximum dosage in combination product limited by acetaminophen maximum of 4000 mg/d.
†Monitor serum salicylate levels over 3–3.6 g/day.
‡Only available as a liquid; 870 mg salicylate/5 mL.
§Not approved for treatment of OA for more than 5 days.
¶Nonorganic acid but metabolite is an acetic acid.
fNot approved for treatment of OA.
RA, rheumatoid arthritis; SR, sustained-release.

glucocorticoid are carried out aseptically, with exami-
nation of the aspirate recommended to exclude crys-
talline arthritis or infection. (This risk is low, however,
approximately 1 in 50000 procedures.) After injection,
the patient should minimize activity and stress on the
joint for several days. Initial pain relief may be seen
within 24 to 72 hours after injection, with peak pain
relief approximately 1 week after injection and lasting
up to 4–8 weeks.

HA products are injected once weekly for either 3 or 5
weeks depending on the specific agent administered.
Four preparations are commercially available: Hylagan®
(20 mg sodium hyaluronate/2 mL), Supartz® (25 mg
sodium hyaluronate/2.5 mL), Synvisc® (16 mg hylan
polymers/2 mL) and Orthovisc® (30 mg hyaluronan/
2 mL). Hylagan® and Supartz® are administered weekly
for 5 injections, while Synvisc® and Orthovisc® are
administered weekly for 3 injections. Injections are
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well tolerated, although acute joint swelling and local
skin reactions, including rash, ecchymoses, and pruri-
tus have been reported.

Low-dose opioid analgesics can be useful in patients
who experience no relief with acetaminophen, NSAIDs,
intraarticular injections, or topical therapy. These
agents are particularly useful in patients who cannot
take NSAIDs because of renal failure, or for patients in
whom all other treatment options have failed and who
are at high surgical risk, precluding joint arthroplasty.
Low-dose opioids are the initial intervention, usually
given in combination with acetaminophen. Sustained-
release compounds usually offer better pain control
throughout the day, and are used when simple opioids
are ineffective. If pain is intolerable and limits activities
of daily living, and the patient has sufficiently good car-
diopulmonary health to undergo major surgery, joint
replacement may be preferable to continued reliance
on opioids.
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SEARCH STRATEGY

A systematic search of the medical literature was performed
on July 14, 2005, and again on February 16, 2007. The
search, limited to human subjects and English language
journals, included MEDLINER® (1999 to February 2007),
the Cochrane Database of Systemic Reviews, ACP Journal
Club, and Database of Abstracts of Reviews of Effectiveness.
Search terms included gout and gouty arthritis. Selected
review articles and clinical trials were examined. Pertinent
references of the identified articles were also examined.
Additionally, the American College of Rheumatology web-
site, www.rheumatology.org was reviewed for information.

Gout is a disease characterized by deposition of
monosodium urate crystals in the joints and tendons. It is
the most common form of inflammatory arthritis in men
more than 40 years of age.1 Historically, gout was limited
to affluent members of society; however, the incidence
and prevalence of gout continue to increase in all social
classes, probably because of growing waistlines, increased
longevity, and changing dietary patterns.2,3

Men are affected with gout approximately 7 to 9 times
more commonly than women, except in older age groups
where approximately half of newly diagnosed cases will be
in women.3,4 The incidence of gout increases with age,
with annual incidence ranging from one per 1000 for
men aged 40 to 44 years to 1.8 per 1000 for those aged 55
to 64 years.5 The lowest rates of gout are observed in
younger women, in which there are approximately 0.8
cases per 10000 patient-years.6

PATHOPHYSIOLOGY

Gout results from physiologic disturbances of urate
metabolism which lead to hyperuricemia. Normal uric

acid levels are near the limits of urate solubility because
of a delicate balance that exists between the amount
of urate produced and excreted.7 Hyperuricemia is
defined as a serum urate level of �7 mg/dL in men or
�6 mg/dL in women.4 In the hyperuricemic state, uric
acid salts form crystals and are deposited in and around
the joints and soft tissue. Hyperuricemia can result in
four distinct clinical stages: asymptomatic hyper-
uricemia, acute gouty arthritis, intercritical gout (inter-
vals between attacks), and chronic tophaceous gout. 

Serum urate levels are the single most important
risk factor for the development of gout; however, hype-
ruricemia and gout are not always concurrently pres-
ent, and most patients with hyperuricemia remain
asymptomatic.4 The risk of gout increases in a parallel
manner with serum urate levels. The 5-year cumulative
risk of gout in patients with serum urate �7 mg/dL is
0.6%, compared to a risk of 30.5% with urate levels
�10 mg/dL.8

Two distinct mechanisms can lead to hyperuricemia:
decreased uric acid clearance or overproduction of uric
acid. Several conditions (Table 36-1) are associated with
either mechanism.5,9,10 The vast majority (80–90%) of
patients with gout have a relative deficit in the renal
excretion of uric acid for an unknown reason (primary
idiopathic hyperuricemia).4

COMPLICATIONS

Renal complications, including urolithiasis, acute renal
failure, and chronic urate nephropathy can occur with
gout. Nearly 10% of individuals who report the passage
of a kidney stone on two or more occasions have a his-
tory of gout.11 The frequency of urolithiasis depends on
serum uric acid concentrations, acidity of the urine,
and urinary uric acid concentration. Typically, patients
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with uric acid nephrolithiasis have a urinary pH of less
than 6.0. Clinicians should be suspicious of hyper-
uricemic states in patients who present with kidney
stones, and all patients with diagnosed gout should have
renal function monitored regularly.

CLINICAL PRESENTATION OF ACUTE 
GOUTY ARTHRITIS

Approximately 90% of first attacks of gout present as an
acute inflammatory monoarthritis of the first metatar-
sophalangeal joint, a condition known as “podagra.”
However, any joint of the lower extremity may be affected
and occasionally gout will present as a monoarthritis of
the wrist or finger.12 The onset is rapid, and the joint is
warm, erythematous, swollen, and tender. A low-grade
fever may be present. The attack is usually self-limiting
within 3 to 5 days, but may take up to a week to subside.
Atypical presentations of gout can occur, such as in the
older people or in women where it can present as a pol-
yarticular arthritis easily mistaken for osteoarthritis.2

Acute gouty arthritis may occur without provocation.
Fluctuations in serum uric acid brought about by binge
amounts of alcohol or ingestion of large amounts of

protein- or purine-rich foods can initiate an attack.
Acute flares may occur infrequently, although with time
the period between attacks may shorten if appropriate
measures to correct hyperuricemia are not under-
taken.12 Later in the disease, tophaceous deposits of
monosodium urate crystals in the skin or subcutaneous
tissues may be found. These tophi can be anywhere but
are often found on the hands, wrists, elbows, or knees.
It is estimated to take 10 or more years for tophi to
develop.12

DIAGNOSTIC EVALUATION

Table 36-2 shows the American College of Rheumatol-
ogy classification criteria for an acute gouty arthritis
attack. Although the diagnosis can be suspected clini-
cally, gout is definitively diagnosed when monosodium
urate crystals are observed in synovial fluid or a
tophus.4, 13 Crystals are needle shaped and when exam-
ined under polarizing light microscopy they are
strongly negatively birefringent (doubly refractive).
Measuring 24-hour urinary uric acid excretion can help
in determining whether hyperuricemia is caused by
overproduction or underexcretion; however, because
fewer than 10% of hyperuricemic patients are overpro-
ducers, this test is not often performed. Testing should
be considered in patients with recurrent kidney stones,
a strong family history of gout or kidney stones, or gout
at a young age. Overproduction hyperuricemia is
defined by excessive uric acid excretion of more than 1 g
in 24 hours.14

In patients with long standing gout, radiographs may
show punched-out marginal erosions and secondary
osteoarthritis changes; however, in an acute first attack
radiographs are unremarkable.15 Alternatively, the
presence of chondrocalcinosis on radiographs may

Table 36-1. Causes of Hyperuricemia

Underexcretion of Urate

Primary idiopathic 
hyperuricemia

Renal Renal insufficiency/renal failure, polycystic
kidney disease

Metabolic/ Diabetes insipidus, lactic acidosis, ketosis,
endocrine hypothyroidism, hyperparathyroidism

Drugs Diuretics, low-dose salicylates, cyclosporine,
levodopa, niacin, ethambutol, 
pyrazinamide

Miscellaneous Hypertension, Down syndrome, sarcoidosis,
berylliosis, lead intoxication, toxemia of 
pregnancy

Overproduction of Urate

Primary idiopathic 
hyperuricemia

Genetic Hypoxanthine-guanine phosphoribosyl-
transferase deficiency, phosphoribosyl-
pyrophosphate synthetase overactivity, 
glucose-6-phosphate dehydrogenase 
deficiency, fructose-1-phosphate aldolase 
deficiency

Hematologic Myeloproliferative and lymphoproliferative 
disorders, polycythemia vera, hemolytic 
anemias and anemias associated with 
ineffective erythropoiesis, cytotoxic drugs

Nutritional Purine-rich diet, alcohol
Miscellaneous Obesity, psoriasis, rhabdomyolysis, Paget’s 

disease, exercise, hypertriglyceridemia

Table 36-2. American College of Rheumatology Criteria for the
Classification of Acute Gouty Arthritis*

1. More than one attack of acute arthritis
2. Maximum inflammation developed within 1 d
3. Monoarthritis attack
4. Redness observed over joints
5. First metatarsophalangeal joint painful or swollen
6. Unilateral first metatarsophalangeal joint attack
7. Unilateral tarsal joint attack
8. Tophus (proven or suspected)
9. Hyperuricemia

10. Asymmetric swelling within a joint on x-ray films
11. Subcortical cysts without erosions on x-ray films
12. Monosodium urate monohydrate microcrystals in joint fluid

during attack
13. Joint fluid culture negative for organisms during attack

*The combination of crystals, tophi, and/or six or more criteria is highly sug-
gestive of gout.
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indicate pseudogout. The use of magnetic resonance or
computed tomography imaging to diagnosis gout is not
usually warranted.

TREATMENT

Figure 36-1 summarizes the clinical approach to the
diagnosis and treatment of gout. The general goals of
therapy are to terminate the acute painful attack, pre-
vent recurrences by lowering excess uric acid stores,
and prevent or reverse complications of urate deposi-
tion into joints, kidneys, or other sites. Because of the
association between gout and conditions such as alco-
holism, hypertension, obesity, metabolic syndrome, and
myeloproliferative disorders, successful treatment of
gout also involves addressing the underlying conditions

that may be contributing to it. In addition, because
elevated uric acid levels have been associated with
increased risk of coronary artery disease, a gout attack
should be an incentive to assess the patient’s overall car-
diovascular risk profile.16

ACUTE GOUTY ARTHRITIS

Nonsteroidal Anti-Inflammatory Drugs
Table 36-3 summarizes the available pharmacother-

apy for gout. In most patients without complications,
nonsteroidal anti-inflammatory drugs (NSAIDs) are
preferred for initial therapy. Indomethacin has been
historically favored as the NSAID of choice for acute
gout flares, but there is little evidence to support one
NSAID as more efficacious than another.4 The most

Figure 36-1. Algorithm for evaluation and treatment of gout.

Suspected Gout

Gout Diagnosed

•    History and clinical features (Table 36-2). 
•    Look for tophi and past or current evidence of hyperuricemia. 
•    Aspirate affected joint for a definitive diagnosis; analyze joint fluid 
     for urate crystals.

•   NSAIDs for several days (Table 36-3). 
•   Colchicine if NSAIDs are contraindicated 
    or unhelpful. 
•   Corticosteroids can be considered for 
     intra-articular injection for monoarthritis, 
     or systemically (PO or IM) if NSAIDs or 
     colchicine are ineffective or 
     contraindicated. 
•   Corticotropin may be an alternative. 
•   Lifestyle modification if indicated (lose 
     weight, reduction of alcohol, avoidance 
     of purine-rich foods).

•    Evaluate the cause of 
     hyperuricemia (Table 36-1). 
•    Identify and treat medical conditions 
     associated with gout. 

•    2–3 episodes per year 
• Gouty tophi 
•    Erosive joint damage 
• Renal impairment 
• Hyperuricemia 
•    Urate stones

•    Initiate appropriate uric acid– 
     lowering treatment after acute 
     inflammatory arthritis subsides 
     (Table 36-3). 
•    Administer prophylactic low-dose 
     daily colchicine (appropriate for the 
     first 6 months of antihyperuricemic 
     therapy).

Acute Treatment

Indications for Chronic Treatment
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Table 36-3. Pharmacotherapy of Acute and Chronic Gout

Acute Gout (Treatment)

Drug Typical Regimen Considerations
NSAIDs*
FDA-approved
Indomethacin 25–50 mg four times daily initially for Avoid use in patients with peptic ulcer disease, active

3 d, then taper to twice daily for 4–7 d bleeding. May cause nephropathy, gastritis, fluid
Sulindac 200 mg twice daily for 7–10 d overload in patients with congestive heart failure.
Naproxen 500 mg twice daily initially for 3 d, then

250–500 mg once daily for 4–7 d
Others studied
Ketoprofen 75 mg four times daily See above
Etodolac 300 mg twice daily
Ibuprofen 800 mg four times daily
Colchicine 0.5–0.6 mg every hour until adverse Dose reduction necessary in patients with renal

effects occur or maximum dosage of insufficiency. Dose-dependent gastrointestinal adverse
6 mg is reached effects (diarrhea, nausea, vomiting). Avoid using 

concurrently with macrolide antibiotics. Intravenous 
dosing not recommended.

Corticosteroids
Oral Prednisone 40–60 mg once daily � 3 d,  Use with caution in diabetics. Avoid long-term use. May

then taper by 10–15 mg/d every 3 d cause fluid retention, impaired wound healing. Intra-
until discontinuation articular administration is preferred for monarticular

Intramuscular Triamcinolone acetonide 60 mg IM involvement; avoid use if joint sepsis is not excluded.
once, or methylprednisolone 
100–150 mg/d � 1–2 d

Intra-articular Triamcinolone acetonide 10–40 mg 
(large joints), 5–20 mg (small joints)

Corticotropin 25 USP units subcutaneously for acute Repeat injections may be needed. Requires intact  
small joint monoarticular gout; 40 USP pituitary–adrenal axis. Less effective in patients 
units IM or IV for larger joints or receiving long-term oral corticosteroid therapy.
polyarticular involvement

Chronic Gout (Prevention)

Drug Regimen Comments
Allopurinol 50–300 mg once daily Can be used in both urate overproduction and urate 

underexcretion. Adverse effects include rash, 
gastrointestinal symptoms, potential for fatal 
hypersensitivity syndrome. Dose reduction necessary 
in patients with renal insufficiency.

Colchicine 0.6 mg twice daily Prophylaxis against acute gout during the initiation of 
antihyperuricemic therapy.

Uricosurics
Probenecid 250 mg twice daily, titrated up to Useful in urate underexcretion. Avoid in patients

500–2000 mg/d (target serum urate with history of urolithiasis.
�6 mg/dL)

Sulfinpyrazone 50 mg twice daily, titrated to
100–400 mg/d (target serum urate 
�6 mg/dL)

*Therapeutic benefit of NSAIDs in gout is considered to be a class effect. 
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important determinant of therapeutic success with
NSAIDs appears not to be which one is chosen, but
rather how soon it is initiated. Therapy should be initi-
ated with maximum dosages at the onset of symptoms
and continued for 24 hours after complete resolution
of an acute attack, then tapered quickly over 2 to 3
days.13

Unfortunately, NSAIDs are associated with a number
of adverse effects, including gastrointestinal (gastritis,
bleeding, and perforation), renal (renal papillary
necrosis, reduced creatinine clearance), cardiovascular
(sodium and fluid retention, increased blood pres-
sure), and central nervous system (impaired cognitive
function). NSAIDs should be used with caution in the
older people, and in patients with a history or increased
risk of peptic ulcer disease, renal insufficiency, conges-
tive heart failure, or receiving anticoagulants.

Colchicine
Colchicine has been used for the treatment of gout

since ancient times. As a result of the high incidence of
adverse effects, and low benefit-risk ratio, it is used less
often than NSAIDs. When colchicine is begun within
the first 24 hours of an acute attack, two-thirds of
patients will respond within hours of administration.17

Although it is a highly effective therapy, colchicine is
limited by dose-dependent gastrointestinal adverse
effects, including nausea, vomiting, and diarrhea. More
than 80% of patients may experience these adverse
effects at therapeutic dosages before complete relief of
symptoms.4,17

Colchicine is usually administered orally. An initial
dose of 1 to 1.2 mg is usually given, followed by 0.5 to
0.6 mg every hour until symptoms are relieved, gas-
trointestinal adverse effects develop, or a total of 5 to 7
mg have been given. It should be administered within
12 to 24 hours of symptom onset, and is less effective
once an acute attack has persisted beyond a few days. It
is rapidly absorbed and eliminated; however, in patients
with renal insufficiency, the terminal half-life may be
two to three times normal (up to 24 hours).18 Because
of fatalities associated with improper use of intravenous
colchicine, it should be only be administered by experi-
enced clinicians.19

Corticosteroids
Corticosteroids can be safely used in gout, particu-

larly when NSAIDs or colchicine are contraindicated.4

They can be used either systemically or by intra-articu-
lar injection. Monarticular gout attacks respond well to
small intra-articular doses of triamcinolone.20 Injection
should be done under aseptic technique in a joint
determined to be free of infection. Oral corticosteroids,

such as prednisone 20 to 40 mg/d initially, can be used
in patients experiencing polyarticular involvement.4

Therapy should be tapered carefully over several days,
as rebound flares can occur. A single intramuscular
injection of a long-acting corticosteroid, such as methyl-
prednisolone, can be used as an alternative to the oral
route.4 If not contraindicated, low-dose colchicine can
be used as adjunctive therapy to injectable corticos-
teroids to prevent rebound flare-ups.7

Corticosteroids can have a number of adverse effects,
and should be used with caution in patients with dia-
betes since they can increase blood glucose. In addi-
tion, patients with a history of gastrointestinal prob-
lems, bleeding disorders, cardiovascular disease, and
psychiatric disorders should be monitored closely.
Long-term corticosteroid use should be avoided
because of the risk for osteoporosis, hypothalamus-pitu-
itary axis suppression, and muscle deconditioning that
can occur.

Corticotropin
Corticotropin, which stimulates the adrenal cortex

to produce cortisol, corticosterone, and other andro-
gens, can be administered in acute gout. It is typically
given in a dose of 40 to 80 units as an intramuscular
injection.12 Studies with corticotropin are limited, but it
appears to provide similar efficacy to systemic antiin-
flammatory doses of corticosteroids.21 When adminis-
tered alone or in combination with colchicine, corti-
cotropin may provide earlier efficacy compared with
indomethacin but with fewer adverse effects.22 Several
doses of corticotropin may be needed, and it cannot be
used in patients with a recent prior use of systemic
steroids. Since the studies have several limitations, the
regimen should be considered only as an alternative,
primarily in patients with comorbidities where other
regimens are contraindicated.

PROPHYLACTIC TREATMENT OF CHRONIC
(INTERCRITICAL) GOUT 

Prevention of chronic gout attacks is aimed at lowering
serum uric acid concentrations to less than 6 mg per
dL, and preferably below 5 mg/dL.23,24 Serum urate
levels may return to normal with simple dietary and
lifestyle modifications—including weight loss and
purine-restricted diets—although these interventions
may be only moderately effective in lowering serum uric
acid levels.25

Evidence about when to start prophylactic therapy is
controversial. Since gout attacks are generally infre-
quent and often self-limiting, initiation of long-term
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therapy after the first attack is often not indicated. Pro-
phylactic therapy is cost-effective if patients have 2 or
more attacks per year, or in patients with tophi or who
have documented states of overproduction.7,26 Urate-
lowering therapy should not commence during an
acute attack, but rather should be started 6 to 8 weeks
after resolution.18

Urate-lowering therapies generally fall into two cate-
gories—those that reduce urate production (e.g., allop-
urinol), or those that increase urate excretion (urico-
suric agents). Overproducers of urate can be identified
using a 24-hour urinary urate excretion test, but it has a
number of limitations, including patient inconvenience
and possible misdiagnosis of patients who are not fol-
lowing strict low-purine diets. Also, the test cannot iden-
tify patients with combination urate overproduction
and underexcretion.7 Regardless of what type of urate-
lowering therapy is selected, use of low-dose colchicine
(0.6 mg twice daily) concurrently in first 6 months is
recommended to help prevent acute flares if no con-
traindications exist.27

Allopurinol
Allopurinol, a xanthine oxidase inhibitor that pre-

vents formation of uric acid, is the most widely used
agent for prophylaxis because of its convenient once-
daily dosing and its benefits to both underexcreters and
overproducers.7 Allopurinol lowers uric acid levels in a
dose-dependent manner.18 It is typically initiated at a
dose of 100 mg/d and then gradually titrated to 300
mg/d to achieve a serum uric acid level of 6 mg/dL or
less. The dose of allopurinol should be reduced in
patients with renal insufficiency.28 When prescribed,
allopurinol should be used long-term, as intermittent
administration is less effective in controlling gouty
attacks.29

Although allopurinol is the most effective urate-
lowering agent available, some patients are unable to tol-
erate the adverse effects such as rash, gastrointestinal
upset, headache, and urticaria. More severe adverse
reactions including severe rash (toxic epidermal necrol-
ysis, erythema multiforme, or exfoliative dermatitis),
hepatitis, interstitial nephritis, and eosinophilia report-
edly occur in approximately 2% of patients, and is asso-
ciated with a 20% mortality.23,28 The greatest risk for this
“allopurinol hypersensitivity syndrome” is with higher
doses (200 to 400 mg/daily), especially in the presence
of renal insufficiency.28

Uricosuric Agents
Probenecid and sulfinpyrazone are uricosurics that

inhibit post-secretory renal proximal tubule reabsorp-
tion of uric acid. Of the two agents, probenecid is more
commonly used. Both agents should be used only in

patients with documented underexcretion of urate
(less than 800 mg in 24 hours on a regular diet, or 600
mg on a purine-restricted diet). As a result of the
increased risk for urolithiasis from the uricosuria that
results after initiating probenecid or sulfinpyrazone,
both agents are contraindiacated in patients with crea-
tinine clearance of less than 50 mL/min or a history of
renal calculi.18 Probenecid can inhibit the tubular
secretion of other organic acids; thus, increased
plasma concentrations of penicillins, cephalosporins,
sulfonamides, and indomethacin can occur. Sulfinpyra-
zone is less frequently used secondary to its adverse
effect profile.18

MONITORING AND FOLLOW-UP

For a patient experiencing a first attack of gout, long-
term therapy is generally not indicated. Many experts
believe that long-term treatment should be started only
after two or three attacks of gout. Patients having a first
attack should be educated about the likelihood of
recurrence and what to do if another attack occurs.
Approximately 60% of patients have a second attack
within the first year, and 78% have a second attack
within 2 years. Only 7% of patients do not have a recur-
rence within a 10-year period.

When using medications chronically, renal function
(serum creatinine, blood urea nitrogen), liver enzymes
(aspartate aminotransferase, alanine aminotransferase),
complete blood count, and electrolytes should be
obtained at baseline and periodically thereafter. In
patients without evident tophi, consideration can be
given to discontinuing chronic therapy 6 to 12 months
after normal serum urate levels are obtained.

ASYMPTOMATIC HYPERURICEMIA

Asymptomatic hyperuricemia does not usually require
treatment or follow-up except for those individuals at
high risk of complications, such as those with very high
levels of uric acid, a personal or strong family history of
gout, urolithiasis, or uric acid nephropathy. Some
experts have recommended not treating asymptomatic
hyperuricemia unless uric acid levels are at least 12 or
13 mg/dL in men or 10 mg/dL in women.14 Although
the treatment of asymptomatic hyperuricemia has not
proven to reduce cardiovascular disease, evidence indi-
cating a link between the two suggests patients with
hyperuricemia should be evaluated for signs of cardio-
vascular disease and appropriate risk reduction meas-
ures undertaken. Correctable causes of hyperuricemia,
such as medications, obesity, malignancy, and alcohol
abuse should be treated.9
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EVIDENCE-BASED SUMMARY

• Gout classically presents as an acute inflamma-
tory monoarthritis and is definitively diag-
nosed when monosodium urate crystals are
observed in synovial fluid or a tophus.

• NSAIDs are the first-line therapy for an acute
gout attack. Colchicine and corticosteroids
can also be used.

• Asymptomatic hyperuricemia is generally not
treated.

• In patients who experience two or more gout
attacks in a year, or who have tophi, long-term
prophylactic treatment with allopurinol is rec-
ommended.

• Serum urate levels should be lowered below 6
mg/dL and preferably 5 mg/dL to reduce the
risk of recurrent attacks.

• Lifestyle changes such as reduction of alcohol
intake, weight loss, and avoidance of purine-
rich foods are recommended to help reduce
risk for gout attacks.
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SEARCH STRATEGY

Information in this chapter was obtained from published
articles identified in a Medline search conducted in March
2008 using the search term allergic rhinitis.

INTRODUCTION

Rhinitis is a misunderstood and commonly trivialized
problem despite its high prevalence. The defining
symptoms of rhinitis are well known (“it’s just a runny
nose”), including nasal congestion, mucoid dis-
charge, pruritus, and sneezing. What are less well
known are the spectrum of secondary symptoms such
as fatigue, sleep disturbance, cognitive and motor
impairment, mood changes, and somnolence that
often accompany nasal symptoms.1 Cumulatively,
these contribute to potentially serious and detrimen-
tal effects on quality of life, functionality, and pro-
ductivity.

Approximately 40 million Americans have allergic
rhinitis, another 17 million individuals are estimated to
have nonallergic rhinitis, and 10 million suffer from
mixed allergic and nonallergic conditions.2 Global epi-
demiology studies have found similar proportions
throughout the world. This makes rhinitis one of the
most common of chronic human diseases and the most
prevalent chronic disease of childhood.

Billions of dollars are spent each year on office visits
and medications, while indirect costs such as decreased
productivity in the workplace and at school and poor
quality of life add untold dollars to the cost. Thus, what
seems like a relatively innocuous disease has far-reaching
impact.

CLASSIFICATION

More than a dozen forms of rhinitis are recognized in
the “Global Resource in Allergy” consensus document,
published by the World Allergy Organization. Rhinitis is
classified by etiology and temporal criteria. The three
most common types are allergic, nonallergic, and infec-
tious. Infectious rhinitis, often manifested as the “com-
mon cold,” and acute sinusitis typically occur together,
as they share the same mucosal tissue. For this reason,
infectious rhinitis and acute sinusitis have been
retermed “acute rhinosinusitis,”3 and these conditions
are addressed in Chapter 38 of this textbook.

Allergic and nonallergic rhinitis are each further sub-
divided into “intermittent” and “persistent” conditions.
Intermittent rhinitis is considered acute or occasional
rhinitis with symptoms lasting fewer than 4 days per week
or for fewer than 4 weeks. Patients with persistent rhinitis
have symptoms for more than 4 days per week or for more
than 4 weeks.4 These conditions were formerly termed
“seasonal” and “perennial,” which were helpful terms for
allergic rhinitis but nonsensical for nonallergic rhinitis.

Additionally, the newer classification scheme
accounts for individuals who have symptoms intermit-
tently from allergens that are traditionally perennial.
For example, cats produce “perennial” allergens, but if
a woman does not have a cat in her home and only gets
symptoms when she visits friends or relatives who have
cats, then she has intermittent allergic rhinitis second-
ary to cat allergens.

Severity classification of rhinitis is relatively straight-
forward from a qualitative standpoint:

• Patients with mild rhinitis have normal sleep, no impair-
ment of daily activities, normal work and school, and no
troublesome symptoms.
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• Patients with moderate-to-severe rhinitis have one or
more of the following symptoms: abnormal sleep, impair-
ment of daily activities, interference with regular work
and school attendance and performance, and trouble-
some symptoms.

Thus, most patients that present to a medical provider
are likely to have more moderate-to-severe symptoms. In
clinical testing of medications, more specific quantitative
scales are used to measure symptoms of rhinitis.

CLINICAL PRESENTATION

For patients with symptoms indicative of rhinitis, taking
a complete history will generally point the clinician
toward a diagnosis. Determining the age of onset of
symptoms, frequency of symptoms, triggers, and pres-
ence of comorbid conditions will lead to a correct dif-
ferential diagnosis of one of the types of rhinitis in the
majority of patients. Symptom presentation and differ-
entiating features are listed in Table 37-1.

The most common presenting symptoms of rhinitis
are nasal congestion and anterior or posterior drainage.
This can be associated with sneezing, sinus pressure/
pain, mouth breathing, and/or snoring. Patients may
describe a chronic cough, hoarseness, or globus sensa-
tion as a result of postnasal drainage. Eustachian tube
dysfunction with tinnitus, sensation of fluid in the ear,
and “ear popping” can occur due to sinonasal inflam-
mation.

Typically, allergic rhinitis is further characterized
by pruritus of the nose, upper palate, inner ear, and
conjunctiva. Serial sneezing, in which an individual
has several sneezes in a row, is also associated with
allergic rhinitis. Allergic rhinitis is differentiated from
nonallergic rhinitis by a clinical history of allergen
exposure and specific immunoglobulin E (IgE) testing
demonstrating a response to a potentially causative
allergen. IgE testing is performed using either skin
prick testing or radioallergosorbent test (RAST)
blood testing.5 The most common allergens are dust
mites, trees, grasses, weeds, cockroaches, pets, and
molds. Repeated exposure to these allergens sensi-
tizes the immune system prompting antigen specific B
cells to activate and mature into IgE producing
plasma cells. The antigen-specific IgE then circulates
in the blood or binds to mast cells awaiting activation
by allergens.

Nonallergic rhinitis presents very similarly to aller-
gic rhinitis except for the absence of pruritic features.
A collection of disorders associated with nasal symp-
toms but with a wide variety of etiologies and patho-
physiologies, nonallergic rhinitis can be caused by
medications such as �-blockers, endocrine abnormal-
ities, irritants, and vasomotor instability. Recurrent

nasal symptoms appear similar to allergic rhinitis but
without specific IgE-mediated allergy (see Table 37-1).
There is a strong female preponderance, and only
30% of patients present below 20 years of age.3 Patho-
physiology in this group of disorders is less well under-
stood. Vasomotor rhinitis is not immune mediated,
but can result in vascular engorgement and inflam-
mation. Cerebrospinal fluid rhinorrhea, caused by
leakage of cerebrospinal fluid  into the nasal cavity,
can be caused by craniofacial trauma or surgery. This
can be mistaken for allergic or nonallergic rhinitis
with disastrous consequences. Gustatory rhinitis, or
nasal symptoms associated with eating, may be a result
of an irritant response to spicy foods, vasomotor
response to alcohol, or chemical sensitivity to certain
preservatives.

Physical examination in these patients usually
reveals some evidence of nasal pathology. Outer nares
should be inspected for evidence of excoriation,
swelling, and mucoid discharge. Anterior rhinoscopy
will reveal swollen turbinates, some mucoid dis-
charge, and occasionally nasal polyposis. Allergic
patients may have pale bluish boggy nasal mucosa,
while nonallergic patients may have a variety of find-
ings ranging from normal mucosa to atrophic. Aller-
gic patients have many classic findings including
“allergic shiners,” or under-eye pigmentation; Dennie–
Morgan lines, which are creases below the eyes; and
the “nasal crease” across the lower bridge of the nose.
Children may rub their noses so often that they create
the “allergic salute.”

QUALITY OF LIFE AND 
SOCIOECONOMIC IMPACT

Allergic rhinitis is not simply a nuisance. Multiple stud-
ies confirmed what many patients with rhinitis have
symptoms that can have a profound impact on quality
of life.

An estimated 80% of rhinitis patients have sleep dis-
turbances with resulting daytime fatigue.3 This con-
tributes to 2 million missed schooldays and 100 million
missed workdays every year in the United States.3

Employees with rhinitis have decreased productivity, are
absent more frequently, and are at increased risk for
work-related injury and motor vehicle accidents.
Schoolchildren may have learning impairment, mood
changes, shyness, fatigue, and depression.1 Cognitive
impairment, a well-known effect of rhinitis, is likely the
result of the inflammatory cascade of rhinitis, sleep dis-
turbance, and the nonprescription medications many
patients take. In many states, driving while under the
influence of sedating antihistamines can result in a traf-
fic citation.
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Table 37-1. Common Symptoms of Rhinitis and Potentially Differentiating Features

Type Symptoms Classic Triggers Special Features Testing

Allergic

Infectious

Nonallergic,
drug-induced

Occupational

Hormonal

Gustatory

Nonallergic 
with 
eosinophilia 
syndrome

Atrophic

Vasomotor

Nasal polyps

Mucociliary 
defects

Cerebrospinal 
rhinorrhea

Sneezing, pruritus, clear mucus
drainage although may
develop colored drainage with
an increase in cellular byprod-
ucts. May be intermittent or
persistent, possible seasonal
worsening

Rhinitis symptoms without 
pruritus, transient. Purulent
discharge, associated
symptoms of systemic illness
such as fever, sore throat, ear
pain, malaise, fatigue

Aspirin/NSAIDS, �-blockers,
other medicines. May be inter-
mittent or persistent depend-
ing on medication exposure

Rhinitis symptoms that are pres-
ent at work, but improve at
home, over the weekend, or
while on vacation

Symptoms of rhinitis associated
with hormonal fluctuations

Rhinitis associated with food
consumption

Persistent rhinitis symptoms

Atrophy of nasal mucosa result-
ing in crusting, malodorous 
discharge. Also known as
ozena.

Persistent rhinitis symptoms

Rhinitis symptoms but associated
with anosmia, presence of
nasal polyps seen on anterior
rhinoscopy or CT scanning

Chronic nasal congestion, often
from childhood, associated
with chronic bronchitis, otitis,
infertility

Clear nasal discharge days to
months after sinus surgery or
facial trauma. Symptoms worse
with bending forward.

Dust mites, animal dander,
cockroaches, pollens,
molds

Virus, bacterial

Acute onset symptoms
within a 4 h of drug expo-
sure. Alterations in vascu-
lar tone due to cardiovas-
cular medications.

May be allergic or nonaller-
gic. Fumes, aerosolized
chemicals, animal dander,

Menstruation, puberty,
pregnancy, endocrine dis-
orders

Spicy foods, alcohol

None

Dry environment, sino/
nasal surgery

Temperature, barometric 
or humidity changes, irri-
tants such as cigarettes,
perfume, paint, smoke,
and emotional stress

Irritants, viral infections 
and NSAID ingestion can
cause acute exacerbations

Recurrent infections

Sinus or facial 
manipulation

Family history of atopic
disease, other atopic
illnesses such as
asthma

Possible sick contact
exposure

Aspirin allergy may have
associated asthma and
nasal polyps

May have associated
asthma or conjunc-
tivitis

Can be socially 
debilitating

Treated as if vasomotor
rhinitis

Discharge can be mal-
odorous, but patient
may not recognize it
as they are anosmic

90% of patients are
women 40–60 y of
age.

Can have high levels of
localized staphylococ-
cal enterotoxin sensi-
tivity. Often associated
with asthma

Can have a secondary
form due to certain
medications,
infections, cystic
fibrosis

Specific allergen 
testing through cuta-
neous allergy testing
or RAST testing.
Some specialty 
clinics may offer
allergen challenges.

Generally none
required

May require 
subspecialty evalua-
tion for formal 
challenge or aspirin
desensitization

May require
subspecialty evalua-
tion for specific IgE
testing, direct chal-
lenge, and monitor-
ing at work.

Pregnancy test or
endocrine evaluation
is indicated.

Usually none required.

Specific allergen test-
ing is negative, but
nasal cellular infil-
trate is composed of
eosinophils.

Culture for culprit bac-
teria, evaluate for
nutritional deficiency

Specific allergen test-
ing to determine
possible mixed 
rhinitis.

CT imaging. May
require referral to
allergy possible
aspirin desensitiza-
tion, or otolaryngol-
ogy for surgery.

Mucociliary transport
testing. Sweat testing
for cystic fibrosis

Subspecialty evaluation
with otolaryngology
is imperative

(continued)
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Table 37-1. Common Symptoms of Rhinitis and Potentially Differentiating Features (Continued)

Type Symptoms Classic Triggers Special Features Testing

Tumors related

Mechanical 
obstruction

Granulomatous 
diseases

May have mild rhinitis symptoms,
but congestion and nasal
obstruction, or epistaxis may
be the hallmark symptom.

Adenoidal hypertrophy, nasal
septal deviation, foreign 
bodies, choanal atresia

Symptoms of rhinitis, anosmia,
purulent or bloody discharge,
and other associated
symptoms of systemic 
granulomatous diseases

May worsen with concomi-
tant allergic disease

Can have headache
associated

May become secondar-
ily infected

Sarcoid, infectious gran-
uloma, Wegener’s
granulomatosis, mid-
line granuloma

Subspecialty evaluation
is suggested. CT
imaging may be
required

Radiographic imaging,
rhinoscopy

Aggressive serologic
and pathologic eval-
uation and referral
is recommended

ANATOMY AND FUNCTION OF THE NOSE

As a passageway for oxygen and a channel to the brain
for smells and taste, the nose and its complex structures
(Figure 37-1) provide humidification and warming of
air, filter particles, and protect the lungs and thereby
assure optimal lung function. In patients with exercise-
induced asthma, breathing through their nose resulted
in less bronchospasm than taking breaths through the
mouth.6

The nose has a normal cycle of congestion and
decongestion with each side alternating being con-
gested. This cycle can be exaggerated during inflamma-
tory responses and result in airway obstruction. The lat-
eral recumbent position is associated with congestion of

the dependent side of the nose, which can be especially
uncomfortable while trying to sleep while suffering
from an upper respiratory tract infection. Interestingly,
prolonged pressure on the axilla results in ipsilateral
congestion in the nose (“crutch reflex”).7

Mucus production in the nose begins from the ante-
rior chamber, flows along the turbinates, and drains
into the posterior pharynx. Normally, mucus is thin and
not noticeable. As a result of inflammation, mucus
thickens and with the release of inflammatory media-
tors, takes on any of several colors.1

COMORBID CONDITIONS

Rhinitis of all types can be associated with significant
comorbid conditions. Chronic nasal congestion and
mouth breathing can result in facial/cranial changes in
children. Often an allergic rhinitis exacerbation or
infectious rhinitis can result in asthma exacerbations,
secondary infection with bacterial sinusitis, persistent
cough, otitis media, otitis media with effusion, chronic
snoring, or eustachian tube dysfunction.

The most important comorbid condition associated
with rhinitis is asthma. The nose and the lungs are both
lined with airway epithelium, and they are susceptible
to the same types of insults. Well-conducted antigen
challenge studies have demonstrated inflammation in
the nose after challenge with ragweed in the left
bronchus. In the same vein, patients challenged with
antigen in the nose had decreased airflow consistent
with exacerbations of asthma.8 More than 95% of
patients with asthma have concomitant rhinitis, and
more than 50% of patients with rhinitis have some symp-
toms of asthma.6 During allergy seasons, 30% of patients
with allergic rhinitis but not asthma have bronchial
hyperactivity. Allergic rhinitis is clearly a significant risk
factor for asthma, and patients who present with rhinitis
should also be screened for asthma by history or further

Figure 37-1. Nasal anatomy. The nose serves to filter inhaled
air, removing dust, pollen, viruses, and bacteria, while also humid-
ifying and warming the inhalant. The three turbinates provide a
large surface area and generate a turbulent airflow that ensures
maximal warming and humidification, while also forcing impact of
particles onto the nasal mucosa. Mucus produced by the nose
flows from the anterior chamber filtering and collecting debris and
then drains down the back of the throat.
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tests. Infectious rhinitis can also be a potent trigger of
asthma exacerbations.

Another comorbid condition of rhinitis is rhinosi-
nusitis. More than 50% of patients with chronic rhino-
sinusitis have specific IgE fractions associated with the
condition. IgE-mediated rhinitis may prompt further
inflammation in the sinuses, or the inflammation in the
sinuses may lead to IgE differentiation and production.

TREATMENT

Therapies for rhinitis have not changed significantly
over the past 20 years. As noted in Figure 37-2, patients
generally present after nonprescription therapies fail
to modulate symptoms of stuffiness, postnasal drip,
scratchy throat, and difficulty breathing. Symptoms that

likely have an infectious origin can be managed sup-
portively, adding antibiotics only if the condition per-
sists or worsens. Recently, deaths of infants and children
from inadvertent overdoses and usual doses of antihist-
amines and decongestants have resulted in market with-
drawals and controversy over the use of these medica-
tions in pediatric patients, especially those younger
than 6 years. Use of nonpharmacologic approaches,
other medications, and immunotherapy is thus increas-
ing in this age group.

For allergic rhinitis, vasomotor rhinitis, and other
conditions in which an identifiable external factor trig-
gers symptoms, the first line of management—and the
most poorly implemented—is avoidance. This is possi-
ble with uncommonly encountered irritants, such as
cigarette smoke or spicy foods. However, other triggers

Rhinitis
symptoms

Infectious 
symptoms 
Sick contacts 

Supportive 
care, 
symptomatic 
treatment 

Symptoms 
persist or 
worsen 

Consider antibiotic 
treatment and 
evaluation for other 
forms of rhinitis 

Improvement 
and 
resolution 

Patients often present having
failed OTC therapy or had
significant side effects

Symptoms
suggestive
of allergic
rhinitis

Symptoms 
suggestive of 
nonallergic 
rhinitis 

Consider
specific
allergen
testing

Negative Positive

Irritant/trigger 
avoidance 
Further evaluation as 
needed 

Allergen avoidance
Further evaluation as
needed

Nonsedating antihistamines 
Intranasal steroid 
Oral leukotriene modifier 
Intranasal antihistamine

Symptomatic treatment.  
Intranasal steroid or 
intranasal antihistamine 

Consider allergen 
immunotherapy

Figure 37-2. Diagnosis and treatment of rhinitis.



such as barometric changes and aeroallergens are often
impossible to avoid. A large body of allergens/irritants
can be partially avoided, but the data for avoidance are
mixed. For these reasons allergen avoidance is often
coupled with medical therapy.

Nonpharmacologic means of treating symptoms of
allergic rhinitis include maintaining an upright posi-
tion to enhance nasal drainage, maintaining adequate
fluid intake, increasing humidity of inspired air, irrigat-
ing the nose with saline drops, and clearing mucus from
the nasal passageways with a bulb syringe.9 These inter-
ventions can be used in patients of all ages.

Pharmaceutical therapy includes anticholinergic
agents, oral antihistamines and decongestants (Table
37-2), topical decongestants (Table 37-3), intranasal cor-
ticosteroids (Table 37-4), intranasal antihistamines, and
oral leukotriene modifiers (Table 37-5). The approach
to therapy depends on the age of the patient, frequency
and severity of the rhinitis, and the type of rhinitis. For
allergic rhinitis, antihistamines and decongestants are
convenient and effective, but they are often limited
by adverse effects such as sedation (antihistamines) or

jitteriness and increased blood pressure (deconges-
tants). Antihistamines have little effect in nonallergic
rhinitis, but decongestants provide symptomatic relief.
Nonsedating antihistamines—such as cetirizine, levo-
cetirizine, fexofenadine, loratadine, and deslorata-
dine—revolutionized the treatment of allergic rhinitis,
allowing once-daily therapy for patients that does not

Table 37-3. Duration of Action of Topical Decongestants

Medication Duration (H)

Short-acting
Phenylephrine hydrochloride Up to 4
Intermediate-acting
Naphazoline hydrochloride 4–6
Tetrahydrozoline hydrochloride
Long-acting
Oxymetazoline hydrochloride Up to 12
Xylometazoline hydrochloride

Source: Reprinted with permission from DiPiro JT, et al: Pharmacotherapy: A
Pathophysiologic Approach, 7th ed., Chapter 98, published by McGraw-Hill, 2008.
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Table 37-2. Oral Dosages of Commonly Used Oral Antihistamines and Decongestants

Dosage and Interval*
Medication Availability Adults Children

Nonselective (first generation) 
antihistamines

Chlorpheniramine maleate, plain† OTC 4 mg every 6 h 6–12 y: 2 mg every 6 h
2–5 y: 1 mg every 6 h

Chlorpheniramine maleate, OTC 8–12 mg daily at bedtime or 6–12 y: 8 mg at bedtime
Sustained-release 8–12 mg every 8 h �6 y: not recommended
Clemastine fumarate† OTC 1.34 mg every 8 h 6–12 y: 0.67 mg every 12 h
Diphenhydramine hydrochloride† OTC 25–50 mg every 8 h 5 mg/kg per day divided every 8 h 

(up to 25 mg per dose)

Peripherally selective (second generation) 
antihistamines

Loratadine† OTC 10 mg once daily 6–12 y: 10 mg once daily
2–5 y: 5 mg once daily

Fexofenadine Rx 60 mg twice daily or 180 mg 6–11 y: 30 mg twice daily
once daily

Cetirizine† OTC 5–10 mg once daily �6 y: 5 mg once daily infants 
6–11 Mo‡

Oral decongestants
Pseudoephedrine, plain† OTC¶ 60 mg every 4–6 h 6–12 y: 30 mg every 4–6 h

2–5 y: 15 mg every 4–6 h
Pseudoephedrine, sustained-release§ OTC¶ 120 mg every 12 h Not recommended
Phenylephrine** OTC 10–20 mg every 4 h 6–12 y: 10 mg every 4 h

2–6 y: 0.25% drops, 1 ml 
every 4 h

*Dosage adjustment may be needed in renal/hepatic dysfunction. Refer to manufacturers' prescribing information.
†Available in liquid form.
‡0.25 mg/kg orally demonstrated to be safe.31

§Controlled-release product available: 240 mg once daily (60 mg immediate release with 180 mg controlled release).
¶See text regarding OTC requirements.
**Phenylephrine has replaced pseudoephrine in many OTC antihistamine–decongestant combination products. Read product labels carefully.
Source: Reprinted with permission from DiPiro JT, et al: Pharmacotherapy: A Pathophysiologic Approach, 7th ed., Chapter 98, published by McGraw-Hill, 2008.
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add to constitutional symptoms such as somnolence
and cognitive impairment. These agents typically pro-
vide relief for pruritic symptoms but do not have a sig-
nificant effect on congestion.10–12

Leukotriene modifiers are a popular treatment for
allergic rhinitis, but have little role in nonallergic rhini-
tis. Zileuton, montelukast, and zafirlukast have efficacy
in both allergic rhinitis and asthma. In studies compar-
ing efficacy of leukotriene modification compared with
nonsedating antihistamines as monotherapy, efficacy
was equivalent.13 These agents are advantageous in that
they provide single agents that address the symptoms of
individuals with mild asthma and mild rhinitis.

Intranasal antihistamines are approved for both aller-
gic and nonallergic rhinitis, and unlike oral antihista-
mines, may have beneficial effects on nasal congestion
and ocular pruritus. They are often used in combination
with intranasal steroids. The strong unpleasant taste of
intranasal antihistamines can hamper adherence.10–12

Intranasal steroids such as fluticasone propionate,
mometasone, beclomethasone, ciclesonide, and triam-
cinolone are the mainstay of therapy currently for both
allergic and nonallergic rhinitis. They improve all
major rhinitis symptoms: nasal pruritus, congestion, rhi-
norrhea, and sneezing. Studies have demonstrated that

intranasal steroids are more efficacious than antihista-
mines or leukotriene modifiers for all symptoms.
Patients are sometimes reluctant to use products that
they must spray into the nose, making adherence a con-
cern. The most common adverse effect of intranasal
steroids is epistaxis and nasal irritation, usually due to
poor inhaler technique.10–12

Other agents such as intranasal cromolyn (mast cell
stabilizer) and intranasal ipratropium (anticholinergic)
are not used as frequently. Intranasal ipratropium can
be very effective in treating intermittent nonallergic
rhinitis such as gustatory rhinitis or exercise-associated
vasomotor rhinitis. For patients who are bothered by
these syndromes, treatment with intranasal ipratropium
before exercise or eating can prevent symptoms.10–12

For patients with allergic symptoms caused by an
identifiable allergen, immunotherapy is a possibility.
The advent of subcutaneous immunotherapy, or SCIT,
has increased interest in this approach, which is well
established in adult patients with allergic rhinitis.14

SCIT provides an emerging but not yet sufficiently stud-
ied option for children as young as 2 years of age.15

Table 37-4. Dosage of Nasal Steroids

Medication Dosage and Interval

Beclomethasone dipropionate, �12 y: 1–2 inhalations (42–84 mcg) twice daily in each nostril
monohydrate 6–12 y: 1 inhalation per nostril (42 mcg) twice daily to start

Budesonide �6 y: 2 sprays (64 mcg) per nostril in AM and PM or 4 sprays per nostril in AM (maximum, 256 mcg)
Flunisolide Adults: 2 sprays (50 mcg) per nostril twice daily (maximum, 400 mcg)

Children: 1 spray per nostril 3 times a day
Fluticasone Adults: 2 sprays (100 mcg) per nostril once daily; after a few days decrease to 1 spray per nostril

Children �4 y and adolescents: 1 spray per nostril once daily (maximum, 200 mcg/d)
Mometasone furoate �12 y: 2 sprays (100 mcg) per nostril once daily
Triamcinolone acetonide �12 y: 2 sprays (110 mcg) per nostril once daily (maximum, 440 mcg/d)

Source: Reprinted with permission from DiPiro JT, et al: Pharmacotherapy: A Pathophysiologic Approach, 7th ed., Chapter 98, published by McGraw-Hill, 2008.

Table 37-5. Dosage Regimens for Montelukast in 
Treatment of Allergic Rhinitis

Age Dosage*

Adults and adolescents �15 y One 10-mg tablet daily
Children 6–14 y One 5-mg chewable tablet daily
Children 2–5 y One 4-mg chewable tablet or 

oral granule packet daily

*The timing of drug administration can be individualized. If the patient has
combined asthma and seasonal allergic rhinitis, the dose should be given in
the evening.
Source: Reprinted with permission from DiPiro JT, et al: Pharmacotherapy: A
Pathophysiologic Approach, 7th ed. Chapter 98, published by McGraw-Hill, 2008.

EVIDENCE-BASED SUMMARY

• Allergic rhinitis is a common but also misun-
derstood disease that causes substantial and
often unrecognized morbidity.

• Symptoms of nasal congestion, mucoid dis-
charge, pruritus, and sneezing are categorized
as allergic or nonallergic and as intermittent
or perennial.

• Severity of allergic rhinitis is differentiated by
the effect on sleep, with patients with mild
conditions having normal sleep and daily activ-
ities and those with moderate-to-severe allergic
rhinitis having compromised function in these
areas.
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• Allergic rhinitis is diagnosed through a com-
plete history that focuses on the age of onset of
symptoms, frequency of symptoms, triggers,
and presence of comorbid conditions.

• Allergic rhinitis exacerbation or infectious
rhinitis can result in asthma exacerbations, sec-
ondary infection with bacterial sinusitis, per-
sistent cough, otitis media, otitis media with
effusion, chronic snoring, or eustachian tube
dysfunction.

• Avoidance of allergens is the first line of treat-
ment, followed by use of nonprescription
medications for symptoms present in a given
patient.

• Antibiotics are indicated only if symptoms of
allergic rhinitis appear to be infectious in ori-
gin and they persist or worsen.

• Immunotherapy is an emerging option, espe-
cially for adult patients and children older than
6 years but increasingly in younger patients as
well.
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SEARCH STRATEGY

A systematic biomedical literature review was conducted in
April 2005. The search was limited to English language
articles and human subjects, and included PubMed, the
Cochrane Database, and the National Guideline Clearing-
house. The current consensus documents for otitis media
with effusion, and for diagnosis and management of acute
otitis media can be found at the American Academy of
Pediatrics website: http//www.aap.org./ Acute rhinosi-
nusitis consensus statements can be found at the National
Guideline Clearinghouse website: http//www.guideline.gov./

INTRODUCTION

Sinusitis and otitis media (OM) are two of the most
common presenting conditions in primary care prac-
tice. They are frequent causes of missed school and
work days, and they cost the United States health care
system billions of dollars in office visits, surgeries, and
medications. They have a profound impact on quality of
life, work productivity, and school performance.1–4

Caring for patients with sinusitis and OM has
changed dramatically in the past few years. The vast
body of literature on sinusitis and OM suffers from
widely divergent opinions regarding pathophysiology,
diagnosis, and treatment. As a result of poor standardi-
zation of definitions, measures of severity, and
improper clinical research design, frequently cited
studies often directly contradict each other. Further,
inappropriate antibiotic use leading to rising bacterial
resistance to antimicrobials and growing health care
costs are compelling trends that are impacting treat-
ment approaches to these common illnesses. For these
reasons, recent evidence-based reference guidelines,

systematic reviews, and multidisciplinary consensus
statements have been invaluable in providing guidance
to clinicians. 

UPPER AIRWAY ANATOMY

The upper airway is a complex system with numerous
functions. It includes the nose, the sinuses and pharyn-
geal structures, the eustachian tubes, and the outer,
middle, and inner ears (Fig. 38-1). The paranasal
sinuses, consisting of the maxillary, ethmoidal, sphe-
noidal, and frontal sinuses are connected to the nasal
passage and ultimately the pharyngeal structures.
These sinuses are thought to aid the nose in providing
heat and humidification to inhaled air, while also
decreasing the weight of the bony skull and increasing
resonance for speech. The osteomeatal complex, a nar-
row orifice connecting the maxillary sinuses to the nasal
passage, is a critical component of sinus function. Cilia
lining the walls of the sinuses provide regular clearance
of mucus and debris.5

Healthy sinuses may produce up to 2 liters of mucus
per day that goes unnoticed. Mucus thickens in
response to inflammatory signals and becomes notice-
able in its altered state. The infiltrate and degradation
products associated with inflammation can alter the
color of mucus even in the absence of true infection.

The space known as the middle ear begins at the
nasopharyngeal orifice of the eustachian tube and
extends to the air cells of the mastoid, petrosa, and
related areas. The tympanic membrane serves as a win-
dow directly from the ear to the outer air, facilitating
sound transfer and also allowing clinicians to make
observations about the middle ear based on the mem-
brane’s appearance and ability to handle pressure and
sound waves.
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Figure 38-1. Anatomy of the upper airway. (Reproduced with permission from Mckinley M, O’Loughlin VD.
Human Anatomy, 2nd ed. NY: McGraw-Hill; 2008:749.)
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OTITIS MEDIA

OM, defined as the presence of fluid in the middle ear
with signs and symptoms of inflammation, is the most
common reason for an antibacterial prescription in
children. In 2000, more than 13 million such antibiotic
prescriptions were written, a rate of 802 per 1000 office
visits for OM. Direct costs of OM were estimated at
almost $2 billion in 1995, while indirect costs added
more than $1 billion.6

The two subtypes of OM include acute otitis media
(AOM) and otitis media with effusion (OME). OM with
effusion is the presence of fluid in the middle ear with-
out signs and symptoms of acute ear inflammation and
infection. Unlike AOM, the fluid is usually not infected
by either viruses or bacteria. The presence of a persist-
ent effusion can result in tympanic membrane dysfunc-
tion and can have deleterious outcomes such as
decreased sound conduction and superinfection with
microbes. Distinguishing between these two types of
OM is important, as management and outcomes differ.
OME can precede or follow AOM, is associated with
acute viral infections, and is more common than AOM.
Thus, patients with OME and superimposed viral infec-
tion can appear to have AOM. The most important dis-
tinguishing feature is the acute onset of symptoms in
AOM, whereas other features such as red tympanic
membranes, decreased mobility, and air–fluid levels
have poor predictive value. Sometimes, despite the best
efforts of a clinician, making a definitive diagnosis is
impossible and appropriate follow-up becomes para-
mount.

This chapter will exclude more complicated AOM
associated with significant comorbid conditions such as
immunodeficiencies, sensory deficits, cochlear implants,
and craniofacial or neurologic abnormalities (cleft
palate or Down’s syndrome). Management of patients
who require pressure equalization tubes will also be
excluded.

EPIDEMIOLOGY AND PATHOPHYSIOLOGY

AOM is very common in pediatrics, with 70% of chil-
dren having at least one episode by 3 years of age. It is
most common in young children, with a peak incidence
at 6 to 24 months of age; however, susceptible individu-
als can develop AOM well into adulthood. Patients who
have persistent inflammation can progress to OME.

OME is more common than AOM, and likely affects
90% of patients before 5 years of age with approxi-
mately 2.2 million diagnosed episodes per year. More
than half of children less than one year of age will
develop OME. Direct and indirect costs of OME are esti-
mated at four billion dollars.

OM may be caused by eustachian tube obstruction
and secondary infection. The eustachian tube protects,
aerates, and provides drainage from the middle ear.
Mechanical obstruction of the eustachian tube can be
caused by edema from infection or allergy, or by the
presence of enlarged adenoids or nasopharyngeal
tumors. This can result in poor tube function and allow
entry and proliferation of pathogens in the middle ear.
An alternative hypothesis for the development of OM is
that the eustachian tube compliance or patency is
increased, allowing easier access for pathogenic organ-
isms. In this setting, tubal obstruction may be secondary
to inappropriate function. Other contributing factors
may include the adenoids as possible reservoirs for
microbes, and nasopharyngeal organisms entering the
middle ear as a result of reflux during swallowing.

DIAGNOSIS

Acute Otitis Media
The American Academy of Pediatrics Clinical Prac-

tice Guideline provides three main criteria for diagnosis
of AOM: (1) acute onset, (2) middle ear effusion, and
(3) middle ear inflammation (Table 38-1). All three
components are necessary to make a definitive diagno-
sis of AOM. Diagnostic accuracy declines when any of
the three is absent. Presence of middle ear effusion and
the associated inflammation is especially important in
diagnosis.

In an infant, the cardinal presenting symptom is ear
pain or pulling of the ear. This symptom is often of
rapid onset and associated with nonspecific symptoms
such as anorexia, fever, malaise, irritability, diarrhea,
and excessive crying. Symptoms can be especially subtle
in neonates, and a high index of suspicion is prudent.
Clinical symptoms alone are not sufficient for making
the diagnosis, as most of the above symptoms are non-
specific. Symptoms such as purulent otorrhea, ear full-
ness, and hearing loss may be more specific but are less
frequent or occur later in the course of the disease.

Examination of the patient may reveal a red tympanic
membrane that may be immobile upon pneumatoscopy.

Table 38-1. Three Components of AOM Diagnosis

History of acute onset signs and symptoms
Presence of middle ear effusion

Bulging of tympanic membranes
Limited or absent mobility of the tympanic membrane
Otorrhea

Signs and symptoms of middle ear inflammation.
Distinct erythema of the tympanic membrane or
Distinct otalgia clearly referable to the ear that interferes 

with normal activity or sleep.
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The presence of full or bulging tympanic membranes
associated with redness and decreased mobility is most
predictive of AOM. Opacification or cloudiness of the
tympanic membrane and air–fluid levels are helpful to
note. Blisters on the tympanic membrane may indicate
bullous myringitis, a viral infection that attacks the tym-
panic membranes, and can also be associated with OM.
Care must be taken to differentiate the redness of
inflamed tympanic membranes from the pink flush of
high fever or crying. Tympanometry or acoustic reflec-
tometry are useful when the presence of a middle ear
effusion is difficult to diagnose.

OM with Effusion
The diagnosis of OME is based on the presence of

fluid in the middle ear in the absence of acute symp-
toms. Most commonly, patients may be asymptomatic,
or complain of decreased hearing, but lack the intense
ear pain and nonspecific symptoms associated with
acute infection. On examination, they may have pale
yellow to bluish opacified tympanic membranes, with
decreased motion on pneumatic otoscopy, but without
significant bulging, purulent discharge, or pain. In
OME the presence of air bubbles or air–fluid levels
behind the tympanic membrane may indicate impend-
ing resolution.

Diagnostic Tools 
The most sensitive and specific noninvasive diagnos-

tic modality is pneumatic otoscopy when compared to
myringotomy as the gold standard. In experienced
hands, pneumatic otoscopy is an excellent, cost-effective,
and efficient method of diagnosing effusion. In the
absence of experienced otoscopists, either tympanome-
try or acoustic reflectometry are reliable diagnostic test-
ing modalities. Tympanometry, also known as acoustic
immittance testing, uses a sound probe to measure tym-
panic membrane compliance in electroacoustic terms.
Tympanometry requires a tight seal and expensive cali-
brated equipment, but has been validated in children as
young as 4 months, and with special equipment, even
younger. Patients in early AOM or OME, however, may
have normal tympanograms. Acoustic reflectometry is a
lower cost option, with no requirement for a tight seal,
but has not been validated in children below the age of
two.8

COMORBIDITIES AND CONTRIBUTING FACTORS

A number of comorbid conditions and risk factors
contribute to the development of OM (Table 38-2).
The most common predisposing factor is a viral upper

respiratory tract infection, especially in high exposure
locations such as daycare centers. Breast feeding is
protective, but the benefits disappear when it is dis-
continued. Lower socioeconomic status is associated
not only with early or recurrent AOM, but also with
higher rates of hearing loss secondary to AOM. The
prevalence of nasal allergy in children with OM with
effusion is 35% to 50%, making allergic rhinitis
(discussed in another chapter) a major predisposing
factor. Anatomic alterations either from congenital
defects such as cleft palate, or secondary causes
such as adenoidal hypertrophy or nasotracheal intuba-
tion, can also cause functional obstruction of the
eustachian tubes. Reflux can cause contamination of
the middle ear space by nasopharyngeal secretions.
Finally, barotrauma from air flight or diving can
worsen OM.

MICROBIOLOGY OF AOM

The most common viral illnesses associated with AOM
are also those most commonly associated with other
upper respiratory tract infections: rhinovirus, influen-
zavirus, adenovirus, enterovirus, parainfluenza virus,
corona virus, and respiratory syncytial virus. Viruses
have been found in respiratory secretions or ear effu-
sion fluid in 40% to 75% of patients with AOM. In 25%
of cases, no pathogen is found. Bacterial causes vary by
age and acuity. Streptococcus pneumoniae is the most
prevalent cause of bacterial OM, accounting for 30% to
50% of cases. Group B Streptococcus is responsible for
approximately 20% of neonatal and young infant dis-
ease. Nontypable Haemophilus influenzae cause up to
30% of OM in older children, adolescents, and adults.
Moraxella catarrhalis is the third most common cause,
responsible for up to 20% of cases. Because viruses are
so commonly found in middle ear effusion, the empiri-
cal use of antimicrobials has come under some scrutiny.
However, the frequency with which bacteria are isolated
is high enough to require antibiotic treatment in very
young infants, and in children who do not improve
quickly. Immunizations against H. influenzae and protein

Table 38-2. Risk Factors and Comorbidities Associated with
Development of OM

• Bottle-feeding
• Maternal smoking
• Family history of OM
• Male
• Daycare
• Lower socioeconomic 

status

• Viral upper respiratory
tract infection

• Allergic rhinitis
• Immunodeficiencies
• Anatomic alterations
• Reflux
• Barotrauma



Chapter 38 / Otitis Media and Sinusitis 411

conjugate vaccine of S. pneumoniae may reduce the inci-
dence of AOM and other infections, but these need to
be confirmed in further trials.

DIFFERENTIAL DIAGNOSIS

The diagnosis most commonly confused with AOM is
OME. Differentiating between these two diseases is cru-
cial to the effective management of the patient. Other
possible diagnoses associated with ear abnormalities
include tympanosclerosis (a structural abnormality
resulting from scarring of the tympanic membrane),
cholesteatoma (a sac-like structure associated with

chronic OM), middle ear tumors, foreign bodies in the
ear, and myringitis.

AOM MANAGEMENT

Proper management of AOM begins with appropriate
diagnosis and includes pain management, supportive
care, antibiotics in some situations, follow-up, and referral
to specialists in difficult or complicated cases (Fig. 38-2).
Since the complications of untreated bacterial AOM can
include abscess formation, mastoiditis, hearing loss, and
ultimately poor development in speech and cognition, a
seemingly mild disease can have profound effects.

All patients with AOM

Pain assessment: 
Analgesics as needed

1. Mild symptoms 
                  AND 
2. > 2-year-old 
                   AND 
3. Otherwise healthy

1. ≥ Moderate symptoms 
                    OR 
2. < 6-month-old

Observation for 
48–72 hours

Improving:
No improvement 
or worsening: Antibiotic 

therapy

After 
48–72 hours

Improving:
 

No improvement 
or worsening:

Education on 
prevention

1. Reassess diagnosis 
2. Consider changing 
    antibiotic 
3. Consider referral

Complete antibiotics

Figure 38-2. Treatment algorithm for patients with acute OM.



412 Part 9 / Disorders of the Eyes, Ears, Nose, and Throat

Most children will recover well from an episode of
AOM without antibiotic therapy if the disease is not
severe. For children older than 2 years of age with mild
signs and symptoms, observation for 48 to 72 hours is
often the most appropriate course of action. Symptomatic
relief may be provided. This option should be limited to
otherwise healthy children who have a caregiver who will
reliably be able to observe the child, recognize symptoms
of worsening illness, and have access to prompt medical
care and follow-up if improvement does not occur.

Analgesics
Patients should undergo routine pain assessment,

and appropriate pain-reducing treatments should be
provided when needed. Various analgesics may be con-
sidered, including acetaminophen, ibuprofen, topical
agents, and narcotics for severe pain. As no one agent
has proven benefit over another, the product selected
should incorporate patient/caregiver preference.

Antibiotics
Antibiotic treatment is recommended for infants

under 6 months of age, all children with moderate to
severe symptoms, and children who worsen or fail to
improve over an initial observation period. For most
children, amoxicillin at a dose of 80 to 90 mg/kg per
day is recommended (see Table 38-3). Amoxicillin is
the first-line agent because of its safety record, low cost,
tolerable taste, limited antibacterial spectrum of activ-
ity, and effectiveness against susceptible and moderately
resistant pneumococci. For patients with moderate to
severe pain, or fever �39�C, initiate therapy with amox-
icillin–clavulanate. Antibiotic therapy should be given
for 10 days for all infants and most children, the excep-

tion being that for children older than 2 years of age
who have no history of chronic or recurrent OM and
intact tympanic membranes, a 5-day antibiotic treat-
ment course can be considered.

Once antibiotic therapy is instituted, the patient’s
condition should improve within 48 to 72 hours. If the
patient does not improve over this time frame, reassess
the patient to confirm the diagnosis, and consider
changing the antibacterial agent. Strong evidence sup-
ports the use of the following medications as second-
line agents (see Table 38-3): amoxicillin–clavulanate,
cefuroxime, ceftriaxone, cefprozil, loracarbef, cefdinir,
cefixime, and cefpodoxime. Several other medications
are often used for treating AOM—including trimetho-
prim–sulfamethoxazole, clarithromycin, erythromycin
ethylsuccinate and sulfisoxazole, and azithromycin—
but the evidence showing efficacy for this indication is
lacking, and they should be avoided. If a patient gives a
history of penicillin allergy, consider an allergy consul-
tation, as penicillin allergy is evanescent, and proper
identification of allergic individuals can increase antibi-
otic choice in this population.

For recurrent AOM (three or more episodes in a 6-
month period, or four or more episodes in 1 year), con-
sider antibiotic prophylaxis with amoxicillin 20 mg/kg
once daily for 2 to 6 months. Prophylaxis for 12 months
decreases recurrence by approximately one to two
AOM episodes per child per year.7

Adjunct Medications
Otic antibiotic drops, such as ciprofloxacin or

ofloxacin, may be added for a child with a draining mid-
dle ear. Use of nasal decongestants and corticosteroids
is not supported by the literature.

Table 38-3. Treatment for Acute OM

Initial Antibiotic Regimen

Recommended Alternative
Nonsevere illness Amoxicillin: 80–90 mg/kg per day Cefdinir, cefuroxime, cefpodoxime 

For type 1 penicillin allergy: azithromycin, 
clarithromycin

Severe illness Amoxicillin–clavulanate: Ceftriaxone, 1 or 3 days
90 mg/kg per day of amoxicillin,
6.4 mg/kg per day of clavulanate

If Initial Antibiotic Regimen Fails

Recommended Alternative
Nonsevere illness Amoxicillin–clavulanate: Ceftriaxone, 3 days 

90 mg/kg per day of amoxicillin, For type 1 penicillin allergy: clindamycin
6.4 mg/kg per day of clavulanate

Severe illness Ceftriaxone, 1 or 3 days Tympanocentesis, clindamycin

Adapted from: Subcommittee on Management of Acute Otitis Media, American Academy of Pediatrics and American Academy of Family Physicians. Clinical practice
guideline: Diagnosis and management of acute otitis media. Pediatr. 2004;113:1451–1465.
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Prevention 
Patients/caregivers should be educated about pre-

venting AOM. Controllable prevention measures
include breastfeeding, feeding the child upright if bot-
tle-fed, avoiding passive smoke exposure, limiting expo-
sure to other children, encouraging correct hand-wash-
ing techniques, decreasing pacifier use after 6 months
of age, and keeping immunizations up-to-date.

Referral 
Patients may benefit from an otolaryngology referral

if they develop mastoiditis or labyrinthitis, or if fever,
agitation, or irritability persists after 48 hours despite
therapy. Children with recurrent AOM of more than
three times in 6 months or four to six times in 1 year can
be referred to both an otolaryngologist for tympanos-
tomy tube placement or other surgical intervention and
an audiologist for hearing evaluation. Patients with
recurrent AOM may benefit from an allergy and
immunology evaluation to detect and treat any con-
tributing allergic disease. 

OME MANAGEMENT

The principles of management for OME include identi-
fying patients at risk for long term sequelae with aggres-
sive intervention when needed, and watchful waiting
for children at decreased risk. In most patients, effusion
will spontaneously resolve within 3 months, thereby
decreasing the need for significant medical therapy.
Children who are generally healthy can tolerate the
brief periods associated with tinnitus, decreased hear-
ing acuity, and possible vertigo.  Children with bilateral
OME of greater than 3-month duration have a 30%
chance of spontaneous recovery after 6 to 12 months.
Thus, after 3 months, the decision to intervene will be
based on a risk/benefit analysis utilizing clinical judg-
ment, parental preference, impact on patient health,
and available medical facilities.

Hearing testing is recommended for patients with
OME lasting longer than 3 months. In patients with
hearing loss, testing for language delay is critical. In
patients with no evidence for hearing loss or secondary
structural abnormalities of the middle ear, regular
observation is suggested until the effusion resolves. If
evidence for structural abnormalities is seen, then
patients should be referred to otolaryngology for tym-
panostomy tube insertion.

For patients who are already at risk for developmen-
tal delay, who have significant hearing or visual impair-
ments, or who have cognitive or behavioral risk factors,
the addition of hearing and balance abnormalities asso-
ciated with OME can cause further delay. These patients
require aggressive hearing, speech and language evalu-

ations, and concurrent referral to otolaryngology for
possible tympanostomy tube placement. Patients
should be retested after resolution of the effusion to
document improvement.

A short course of antibiotics with or without steroids
may result in quicker improvement. However, the long
term benefits and the risk/benefit ratio have not been
demonstrated, and therefore these medications are not
recommended.

PROGNOSIS AND FOLLOW-UP

Most pediatric patients with AOM do well and have no
residual effects in adulthood. With appropriate care
and aggressive monitoring, up to 70% of patients have
spontaneous resolution of their symptoms without
antibiotics. In observational studies conducted in dif-
ferent countries, the rates of mastoiditis did not differ
in places where clinicians typically treat with antibiotics
earlier as compared with areas where supportive care
and monitoring are used preferentially.

Most infants should have follow-up within a few days
of onset of infection to detect treatment response and
complications. AOM effusion often takes weeks to
resolve, although symptoms may resolve quickly. For
this reason, repeat antibiotics should only be used if
patients appear to have continued infection and inflam-
mation. If the effusion persists, patients should be man-
aged for OME rather than AOM.

SINUSITIS

The definition of sinusitis is “inflammation of the
paranasal sinuses.” This definition is deceptive in that
“sinusitis,” or what is now being referred to as “rhinosi-
nusitis,” is likely a complex syndrome arising from a
wide variety of causes, and therefore requires a more
nuanced approach. The term rhinosinusitis is increas-
ing in popularity as sinusitis is usually, if not always,
accompanied by rhinitis. Rhinitis may occur, however,
in the absence of discernable sinusitis.

Acute rhinosinusitis (ARS) is defined as symptoms of
less than 4-week duration, including nasal congestion
and anterior or posterior drainage, associated with
facial pain or pressure with objective evidence for puru-
lent drainage.9 Chronic rhinosinusitis (CRS) is defined
as symptoms as mentioned above that have been pres-
ent for greater than 12 weeks, with objective evidence of
sinus involvement such as from rhinoscopy or com-
puted tomography (CT) imaging.

ARS is most likely infectious in origin, while CRS may
be the result of multiple contributing factors including
allergic inflammation, biofilms, anatomic abnormali-
ties, fungal sensitivity, bacterial superantigens, and de



414 Part 9 / Disorders of the Eyes, Ears, Nose, and Throat

novo inflammatory processes. Individuals who are diag-
nosed with CRS should be referred to an allergist or oto-
laryngologist for further evaluation and therapy. The use
of recurrent surgeries to treat CRS is falling out of favor
with the realization that the inflammatory processes con-
tinue after surgery, and require immunomodulation
rather than mechanical clearance. Also, anatomic abnor-
malities, cystic fibrosis, ciliary motility disorders and
immune deficiencies contributing to rhinosinusitis
require unique approaches that are beyond the scope of
this book. Because of the complex nature of CRS and for
the sake of brevity and completeness, this chapter will
focus primarily on ARS. For a more complete discussion
of CRS, please refer to the Rhinosinusitis guidelines
listed in the references.

EPIDEMIOLOGY AND PATHOPHYSIOLOGY

Rhinosinusitis is a highly prevalent disease affecting
more than 31 million people, and is the most frequent
presenting complaint to a primary care physician. It is
responsible for thousands of lost workdays, school days,
and decreased productivity. It significantly affects qual-
ity of life, and has well known associated comorbid con-
ditions, such as asthma and chronic cough, that also
contribute to its overall cost.

Acute viral rhinosinusitis and the common cold are
likely the same entity. During an upper respiratory tract
infection, nasal fluid may be forced into the sinuses,
especially when a person blows their nose. This enables
viral particles, cellular debris, and bacteria to be trans-
ported into the sinuses to produce a possible infection
and an inflammatory response. These materials are
either too thick or they become increasingly mucinous
so that the normal ciliary mechanisms cannot clear
them. Their persistence in sinus cavities may trigger a
more exuberant inflammatory response thereby caus-
ing increased swelling, inflammation, and mucus pro-
duction locally. The natural history of viral rhinosinusi-
tis ranges from 1 to 33 days, with most patients showing
improvement within 7 to 10 days, and 25% of patients
having continued symptoms after 14 days.10

DIAGNOSIS

Inflammation of the paranasal sinuses can be the result
of infectious, allergic, or irritant causes. Determining
whether the cause is infectious or noninfectious is usu-
ally as simple as taking a very thorough history and
physical examination. The diagnosis of allergic rhinitis
is discussed in another chapter. Briefly, the hallmark of
allergic disease is itching and sneezing, as compared to
viral illnesses which often lack a significant pruritic
component. Differentiating between the various causes

of sinus inflammation is critical to determine appropri-
ate treatment.

The current clinical diagnostic criteria describe ARS
as a cold that begins to resolve after a few days, and is bet-
ter by 1 week to 10 days after onset. Acute bacterial rhi-
nosinusitis is defined as a cold that is worse or no better
after 10 to 14 days. Common symptoms include nasal
congestion and anterior and/or posterior nasal
drainage. Additional symptoms may include cough, sore
throat, headache, facial pain or pressure, periorbital
edema, earache, halitosis, tooth pain, and hyposmia.
Systemic symptoms such as fatigue, increased wheeze,
and fever are also possible.

Examination of the patient may reveal fever, dark
shadowing under the eyes, and possible mouth breath-
ing. Anterior nasal endoscopy can show turbinate hyper-
trophy and inflamed erythematous mucosa with evi-
dence for purulent mucoid discharge. In contrast,
patients with allergic rhinitis may have pale bluish
mucosa. The oropharynx may be inflamed with exu-
dates, or show evidence for post-nasal drainage in the
form of mucous adherent to the posterior oropharynx or
cobblestoning suggesting more chronic inflammation.

Radiographic evaluation in ARS should be under-
taken if more complicated disease is suspected. The use
of sinus X-rays may have some benefit, although limited
CT scanning is gaining popularity. Sinus CT of both
adults and children conducted at the onset of a viral res-
piratory tract infection reveal significant sinus abnor-
malities including mucosal thickening, air–fluid levels,
and evidence for osteomeatal complex obstruction.
While this provides evidence of inflammation in the
sinuses, it does not indicate bacterial infection. CT
scans are indicated in patients who have severe dra-
matic symptoms of unilateral facial pain and swelling
associated with fever, and for patients who do not
respond to initial therapy.

DIFFERENTIAL DIAGNOSIS

Most patients with symptoms that are brief and resolve
spontaneously likely have the common cold. However,
several other conditions can masquerade as sinus dis-
ease. Allergic rhinitis, which is a systemic illness associ-
ated with nasal congestion and purulent drainage can
have many of the same signs and symptoms as ARS.
Headache, even if located directly in the area of the
maxillary sinuses, in the absence of significant nasal
drainage, is more likely to be a migraine than rhinosi-
nusitis. Different entities can cause symptoms similar to
ARS including irritant rhinitis, rhinitis medicamentosa,
intranasal cocaine use, �-blockers, head trauma, for-
eign bodies, tumors, and rarely, vasculitic diseases such
as Wegener’s granulomatosis.
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MICROBIOLOGY

The vast majority of ARS is viral in origin. The most com-
mon viral causes include rhinovirus (15%), influenza
virus (5%) parainfluenza virus (3%) and adenovirus
(2%). These viruses have numerous serotypes that impact
their potency and frequency of infection. Secondary bac-
terial infections can occur requiring antimicrobial inter-
vention. Several studies indicate that less than 2% of ARS
in adults and up to 30% of ARS in children progress to
involve a bacterial component requiring antibiotics. How-
ever, in other studies, up to 30% of patients presenting to
an outpatient clinic had bacterial rhinosinusitis. The most
commonly isolated bacteria in these patients are S. pneu-
monia, nontypeable H. influenza and M. catarrhalis. The
organisms cultured from the sinuses vary by age of the
patient, presentation, and other comorbid conditions.
The H. influenza is often �-lactamase producing, and
therefore resistant to amoxicillin. Occasionally, S. aureus
or S. pyogenes may be cultured.11

COMORBID CONDITIONS

While patients with allergic rhinitis, OME, or asthma
may not be more likely to develop ARS, complications
associated with flares of these diseases may require
more aggressive therapy. Acute upper respiratory viral
infections can trigger asthma exacerbations and may
require oral steroid supplementation during the course
of the disease. Patients with concomitant allergic rhini-
tis and ARS may benefit from treatment with anti-hista-
mines or an intranasal steroid to decrease persistence
and severity of symptoms.12

MANAGEMENT

The majority of evidence-based systematic reviews and
consensus documents recommend deferring antibiotic
therapy for ARS until after 7 to 10 days of symptoms
(for treatment algorithm of ARS, see Figure 38-3). Ini-
tial therapy should be supportive and symptom based.

All patients with ARS

Within the first 7–10 days 
of symptoms

≤ Moderate symptoms Severe symptoms

Improving
No improvement 

or worsening 
after 7–10 days

Antibiotic 
therapy

Improving:
 

No improvement 
or worsening:

Symptoms resolve 
within a few weeks

1. Consider limited CT 
     scan 
2. Consider referral 

Complete antibiotics. 

Symptoms resolve 
within a few weeks

 

Symptom-based 
supportive treatments

Figure 38-3. Treatment algorithm for ARS.
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Patients may utilize decongestants and mucolytics in
the first few days to decrease nasal symptoms. First gen-
eration anti-histamines decrease secretions and also
provide much needed sedation at night. Ibuprofen and
acetaminophen may decrease pain and fever.
Intranasal saline sprays and rinses can improve overall
symptoms for several hours with almost minimal
expense and side effects. Oxymetazoline spray, a topi-
cal decongestant, may be recommended for up to 5
days to improve nasal patency, but no longer, as toler-
ance will develop.

The Agency for Health Care Research and Quality
published an evidence-based guideline in which they
examined the cost-effectiveness of therapy. Although
69% of patients’ symptoms resolved within 14 days in
the absence of antibiotic therapy, patients with the most
severe symptoms may benefit from the modest improve-
ment in outcomes conferred by antimicrobial use, and
may be treated earlier than 7 days.10

The goals of antimicrobial therapy are to reduce
symptoms, decrease duration of disease, and prevent
complications. The most commonly recommended
antibiotics in acute uncomplicated bacterial sinusitis
include amoxicillin, doxycycline, and trimethoprim/
sulfamethoxazole.13 Suggestions for the length of treat-
ment are not uniform, although standard regimens uti-
lize a 7-day to 10-day course. Efficacy for other more
expensive antibiotics have been demonstrated, includ-
ing cephalosporins, macrolides, amoxicillin–clavu-
lanate, levofloxacin, moxifloxacin, and gatifloxacin, but
cost and local resistance patterns may amend their use-
fulness.

Regardless of the type of antibiotic, rates of cure or
clinical improvement do not differ between older and
newer medications. According to the Cochrane Review,
more than 80% of patients will feel better with no dif-
ference in relapse rates no matter which antibiotic is
used. Patients dropped out more when treated with
amoxicillin–clavulanate (4.4%) when compared with
those who were treated with nonpenicillin antibiotics
(1.9%).14

PROGNOSIS

Most patients’ symptoms resolve spontaneously within a
few weeks, with few residual complications. Patients
who do not respond to initial therapy should be evalu-
ated with a limited sinus CT scan to determine if other
complicating factors are present, and they may benefit
from referral to allergy/immunology or otolaryngol-
ogy. Patients with significant comorbid illnesses such as
immune deficiency, cystic fibrosis, diabetes, allergic
rhinitis, asthma, or CRS would also benefit from refer-
ral. Patients with severe acute unilateral symptoms,

intense periorbital swelling, changes in vision, mental
status, or with frontal or sphenoidal disease will likely
require a highly aggressive approach, if not urgent eval-
uation by an otolaryngologist.

EVIDENCE-BASED SUMMARY

• AOM presents with acute onset symptoms,
middle ear effusion and middle ear inflamma-
tion.

• Treatment for AOM in young infants is
empiric antibiotics, but watchful observation
may be considered in older children.

• Acute onset of illness, bulging tympanic mem-
branes, and presence of ear pain can be used
to separate AOM from OME.

• Pneumatic otoscopy is the most reliable nonin-
vasive tool for diagnosis of AOM and OME.

• OME is likely to resolve spontaneously within 3
months.

• ARS is most likely viral in origin, and will
resolve without the need for antibiotics in
most patients.

• Patients with severe ARS symptoms and those
whose symptoms do not resolve in 7 to 10 days,
benefit from antibiotic therapy.
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SEARCH STRATEGY

A systematic search of the medical literature was per-
formed on June 18, 2007. The search, limited to human
subjects and journals in English language, included the
National Guidelines Clearinghouse, the Cochrane data-
base, PubMed, and UpToDate®.

INTRODUCTION

Deep vein thrombosis (DVT) and pulmonary embolus
(PE) are some of the most common causes of excess mor-
bidity and mortality in medicine today, yet it may be
reduced with careful application of strategies, including
increased venous circulation, early ambulation and
anticoagulant medication. DVT and PE incidences are
difficult to estimate since most episodes of thromboem-
bolism are occult and recanalization occurs sponta-
neously. However, estimates suggest that approximately
600000 cases occur in the United States annually with
increases noted as the population ages.1 Worldwide esti-
mates suggest that the incidence of venous thromboem-
bolism (VTE) ranges from 1.22 to 1.8 per 1000 person-
years.2,3 Thromboembolism is common in patients with
malignancy, serious infections, serious trauma, and sur-
gery and has a higher incidence in patients with inher-
ited thrombophilias.4 Mortality from pulmonary
embolism has been predicted to range from 1% to 8%
with an estimated mortality rate of more than 15% within
the first 3 months of diagnosis.5,6 Risk of recurrent VTE
during the first year is as high as 5% to 10%, and there-
after the risk decreases to 2% to 3% annually.7 Morbidity
complications from VTE include postthrombotic syn-
drome, pain, leg swelling, dermatitis ulcers, hyperpig-
mentation, lipodermatosclerosis, and venous gangrene.8

Because of the burden of disease associated with DVT
and PE, many risk factors have been identified (Tables
39-1 and 39-2) that are associated with thromboem-
bolisms. Risk factor stratification and strategies to pre-
vent thromboembolism have also been developed. This
chapter will focus on evaluation and management of
thromboembolism in the primary care setting.

PRESENTATION

There are several presentations of VTE, including those
in peripheral veins and those in the pulmonary vascula-
ture (see Table 39-3). In the lower extremities where
most DVTs originate, there may be diffuse pain, pain
localized in the affected area, or no pain at all, similarly,
there may be diffuse swelling of the extremity or none,
leading to a wide differential diagnosis (Table 39-4). A
typical presentation would be diffuse pain and swelling
in the lower extremity in someone who has recently
been immobilized as a result of surgery.

Pulmonary embolism usually results from propaga-
tion of a thrombus in the pelvic region or in deep veins
in the lower extremities. The clot travels up the vena
cava through the right heart and terminates in the dis-
tal pulmonary vasculature.3 PE may be occult in as
many as 40% of patients found to have DVT. Pul-
monary embolism can be single or multiple and can
have several presentations. Symptoms range from acute
dyspnea, cough, and hemoptysis to pleuritic chest pain
alone or in combination with syncope or sudden death
(see Table 39-5).9 Seldom, chronically recurring PE’s
may result in chronic hypoxia, pulmonary hyperten-
sion or right heart failure.10 Presenting signs and symp-
toms may not be specific; thus, testing is necessary for
diagnosis.11
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PHYSICAL EXAMINATION

Physical examination is often misleading, as physical
signs can be subtle. Estimations are that physical find-
ings are inaccurate in 50% of cases of DVT, and the best
tool is a high index of suspicion. However, only a minor-
ity of those suspected to have DVT based on clinical cri-
teria, actually have DVT when tested. Common findings
may include disparity in limb circumference with or
without pitting edema, tenderness in the extremity, pos-
itive Homan’s sign (pain with active dorsiflexion of the
ankle), disparity of temperature in the limb, mottled
skin, palpable “cord” (vein tract) and engorged veins
distal to venous obstruction. Wells and colleagues cre-
ated a prediction rule for diagnosing DVT. The scoring
system includes one point for various risk factors includ-
ing active cancer, paralysis/paresis or recent plaster
immobilization of lower extremity, recent immobiliza-
tion for more than 3 days (bedridden) or major surgery
within 4 weeks, localized tenderness, entire lower
extremity swelling, calf swelling more than 3 cm greater
than asymptomatic side, pitting edema on symptomatic
leg, collateral superficial veins. If an alternative diagno-
sis is documented, points are subtracted from the total.
A score �3 suggests a high probability of DVT, while a
score of �0 suggests a low probability of DVT.12,13 These
signs may be present in the affected lower extremity or
have corollary signs in the case of an upper extremity
DVT. In rare cases of severe venous obstruction, skin and
tissue necrosis may mimic arterial occlusion.

DIAGNOSTIC EVALUATION

Once a consideration of VTE is entered into a differen-
tial diagnosis, a diagnostic approach can be chosen. Var-
ious strategies in excluding and confirming venous
thrombosis have been devised, using a combination of
blood and imaging tests. A negative D-dimer test may
exclude the diagnosis (i.e., level � 500 ng/mL via ELISA),
although an abnormal result does not confirm it. The
D-dimer test is typically used in cases with a low index of
suspicion. Other blood tests are not helpful in making a
diagnosis as findings such as leukocytosis are nonspe-
cific. Imaging tests are the most helpful. Imaging tests
range from noninvasive testing to contrast venography
or pulmonary angiography (gold standard test). In
cases of DVT of an extremity, compression ultrasonog-
raphy can provide rapid and accurate diagnosis without
X-ray exposure (see Fig. 39-1).1,8,14,15

Limitations of compression ultrasonography include
cases of chronically occluded veins, inability to reveal
pelvic DVT and operator variability. Normalization of
ultrasound findings may take more than 1 year in 30%
to 40% of cases of DVT, impedance plethysmography or
MRI is more predictive of an acute DVT in the setting of
prior thromboembolism in the same limb. Contrast
venography is rarely indicated in light of well-validated
noninvasive tests.1,8

Table 39-3. Symptoms and Signs of DVT

Symptoms Signs

Diffuse pain in extremity Gross swelling and edema
Pain localized along Swelling best detected by 

involved vein discrepancy in measured limb
Pain in knee (LE DVT) or circumference

shoulder (UE DVT) Swelling mimicking knee effusion
Abdominal pain from Palpable vein tract

pelvic thrombosis Visible vein engorgement
Symptoms referable to PE Cyanotic discoloration of limb

(see below) Homan’s sign
No pain Warmth

Normal findings

Table 39-4. Differential Diagnosis for DVT

DVT Musculoskeletal Injury
Superficial thromobophlebitis Postthrombotic syndrome
Chronic venous insufficiency Venous obstruction
Popliteal (Baker’s) cyst Cellulitis
Fracture Hematoma
Hypoproteinemia Lymphedema

Table 39-1. Risk Factors for DVT and PE

Age �40 Immobilization
Long auto/plane trips Major surgery
Malignancy Serious infection/sepsis
Previous DVT or stroke Acute myocardial infarction
Congestive heart failure Nephrotic syndrome
Lower extremity fractures Burns
Spinal cord trauma Vasculitis
Inherited hypercoagulable states Thrombocytosis
Pregnancy/postpartum status Trauma
Obesity Inflammatory bowel disease
Presence of central venous catheter Use of oral contraceptives 

or hormone replacement 
therapy

Table 39-2. Inherited Hypercoagulable States

Factor V Leiden mutation Protein C deficiency
Protein S deficiency Anticardiolipin syndrome
Antithrombin deficiency Dysfibrinogenemias
Prothrombin gene mutation
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One approach for diagnosis of PE is using helical
high resolution CT scanning with a “pulmonary
embolism protocol,” to observe obstructions within pul-
monary artery segments. Alternatively, ventilation/per-
fusion scanning may show a mismatch of perfusion to
ventilation, indicating obstruction in a pulmonary
artery. The diagnosis of pulmonary embolism may be
inferred from symptoms referable to PE, along with
the finding of DVT in an extremity, since the treat-
ment of DVT parallels that of PE. Finally, in cases
when there is a high clinical suspicion of PE and other
techniques are unrevealing, a definitive diagnosis
must be made. Pulmonary arteriography of the pul-
monary tree is considered the gold standard in diag-

nosis but is tedious and carries risks of contrast and
x-ray exposure greater than that of other techniques
(see Fig. 39-2).3,9,16

RISK STRATIFICATION

Risk stratification allows appropriate patients to be
treated as an outpatient while others must be admitted
to the hospital. Some patients with simple DVT may be
treated at home without admission to the hospital.17 In
cases where a diagnosis can be made expeditiously, for
instance with presentation to an emergency depart-
ment where immediate access to ultrasonography is
available, a definitive diagnosis can be made and initial
treatment begun as an outpatient. Pulmonary
embolism should be addressed with questioning for
near syncope, episodes of breathlessness, or pleuritic
chest pain. The physical examination should focus on
abnormal vital signs, splinting and a pleural rub. Oxy-
gen saturation should be above 95% on room air. If any
of these factors are abnormal, hospital admission or
tests to rule out PE should be considered.

Pain should be addressed when dealing with simple
DVT. Pain uncontrollable by oral medication should be
treated parenterally, necessitating admission. Most DVT
pain should be treatable as an outpatient.

Table 39-5. Symptoms and Signs of Pulmonary Embolism

Symptoms Signs

Pleuritic chest pain Pleuritic rub
Dyspnea Tachypnea
Cough/hemoptysis Tachycardia
Syncope/sudden death Hypotension, sometimes episodic
Dyspnea on exertion Apparent anxiety
Edema caused by right 4th heart sound

heart failure
Asymptomatic None of the above

Figure 39-1. Diagnostic approach for diagnosing DVT.

Low Risk 
(probability score ≤ 1)

High Risk 
(probability score > 1)
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DVT present 
(TREAT)

Negative for 
DVT

Negative for 
DVT

± D-dimer Test

Ultrasound

Inconclusive or 
inadequate study

DVT Present 
(TREAT)

Venography or 
MRI

DVT Present 
(TREAT)
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Lastly, since comorbid conditions frequently contribute
to the development of DVT, assessment of these condi-
tions should include the consideration of a hypercoagula-
ble state workup for idiopathic DVT or PE. If the patient’s
functional capacity is significantly impaired, admission to
address these issues and the DVT is warranted.

Many hospital admissions can be avoided in follow-
ing the above guidelines, as long as the patient can

also enter management quickly. Management has
been greatly simplified with the availability of once-
daily dosing of low molecular weight heparins
(LMWHs). The patient should have ready access to
follow-up for monitoring of the prothrombin time
(PT) when warfarin therapy is begun. Complications
of therapy should be assessed and managed quickly
when encountered.

Clinical Suspicion of PE

± D-Dimer

Normal High

No PE Chest CT

Normal

Positive

Undetermined

No PE

Treat PE

Ultrasound of Deep Leg Veins

+ DVT 
(Treat DVT/PE) 

No DVT

Consider Pulmonary 
Angiography

Negative

Positive

No PE

Treat PE

Figure 39-2. Diagnostic approach for diagnosing PE.
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MANAGEMENT

PREVENTION OF VTE

Perhaps the best strategy for prevention of thromboem-
bolism is careful evaluation of every at-risk patient and
application of a guideline derived from synthesis of
medical evidence. One such guideline has been pub-
lished by the American College of Chest Physicians and
is commonly referred to as the Chest guidelines.18

TREATMENT OF ESTABLISHED
THROMBOEMBOLISM

Treatments of DVT and PE are similar. Acute PE should
be managed in a hospital setting. Long-term anticoagu-
lation therapy is the mainstay of treatment. However,
other treatment options are available (see Tables 39-6
and 39-7). Most of the alternative initial treatment
options are not recommended to be used routinely.19

Complications such as post-thrombotic syndrome,
chronic thromboembolic pulmonary hypertension,
and superficial thrombophlebitis may occur despite
appropriate management of thromboembolism.

ANTICOAGULANTS

Anticoagulants are the treatment of choice for throm-
boembolic disease and a good understanding of these
agents is imperative. Anticoagulants are utilized to pre-
vent thrombus extension and early and late recurrences
of DVT and PE. Heparin, until recently, was the pre-
ferred initial treatment of DVT and PE. Newer agents
include LMWHs that have a relatively flat dose-response
curve allowing fixed dosing without intensive monitor-
ing. Warfarin, a vitamin K antagonist (VKA), is used pri-
marily for long-term treatment of DVT or PE and has

been used increasingly in prophylactic treatment after
orthopedic and vascular procedures.

Unfractionated Heparin
Unfractionated heparin (UFH) is a heterogeneous

mixture of polysaccharide chains ranging from 3000 to
30000 Da in size, averaging approximately 15000 Da.
UFH can exert antithrombotic activity by two competing
mechanisms. Pentasaccharide units scattered along the
chain bind to and activate antithrombin, causing binding
and subsequent inactivation of activated Factor X (Xa) in
a pentasaccharide/antithrombin/Xa complex. Alterna-
tively, by virtue of its large size, UFH can create a pen-
tasaccharide/antithrombin/thrombin complex, essen-
tially enveloping thrombin. This complex is the basis of
measurement of the partial thromboplastin time (PTT).
UFH has an equal effect on thrombin and Xa activity.
UFH dosing is recommended to be given as a continuous
infusion while being monitored intensively. Intermittent
IV injections of UFH have been associated with a higher
risk of bleeding. Over-anticoagulation with UFH can be
antagonized with protamine, which binds to UFH, form-
ing a stable salt at a ratio of 1 mg of protamine for every
100 units of UFH. When continuous UFH is used, the
previous few hour’s units should be included.20

Low Molecular Weight Heparin 
(Pentasaccharides)
LMWH is created by exposing heparin to enzymatic or

chemical agents to fragment the large heparin molecule,
making a more homogeneous mixture of shorter chains,
averaging approximately 5000 Da. This exposes the pen-
tasaccharide units along the heparin strand but leaves
the chain short enough to reduce binding of thrombin.
The smaller LMWH molecule confers a more pre-
dictable dose response and obviates monitoring of anti-
coagulation. LMWHs have a longer half-life, greater
bioavailability and drug clearance, independent of dos-
ing. LMWH has less binding to plasma proteins includ-
ing those acute phase reactants in ill and injured
patients. The reverse is true with UFH, which must be
closely monitored to deliver the proper dose. Should
measurement of anticoagulation be necessary, some lab-
oratories can perform Factor Xa measurement. Many cli-
nicians suggest still following hemoglobin/hematocrit,
platelets and renal function (as many agents require
adjustment or are not recommended in significant renal
impairment). Currently three LMWHs are available in
the US: enoxaparin, dalteparin, tinzaparin. Fonda-
parinux is a synthetic pentasaccharide heparin analog
very similar to the LMWHs. To date, there is no reversal
agent for LMWHs. Protamine has shown some activity for
reversing effects of LMWH. Factor VII therapy has also
been used in case reports to reverse anticoagulation.20

Table 39-6. Initial Treatment Options for DVT

Anticoagulation
Systematically administered thrombolysis
Catheter-directed thrombolysis
Catheter extraction or fragmentation and surgical thrombectomy
Vena caval interruption
Nonsteroidal anti-inflammatory agents

Table 39-7. Initial Treatment Options for PE

Anticoagulation
Systemically and locally administered thrombolytic drugs
Catheter extraction or fragmentation
Pulmonary embolectomy
Vena caval interruption
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Table 39-8. Management of Supratherapeutic INR for DVT and PE

Symptoms of Risk Factors for
Bleed or Rapid Bleed Present
Reversal of or Increased 
Excessive Patient Risk of 
Anticoagulant Thromboembolic Recheck

INR Effect Required Problems Reversal Agent Warfarin INR (h)

Less than 5 No Yes None Hold 1–3 doses/ 24
decrease on restart

5–9 No No Vitamin K 2.5 to Hold 1–3 doses/ 24
5 mg po decrease on restart

Greater than 9 No No Vitamin K 5–10 mg po Hold 1–3 doses/ 12–24
with the expectation that decrease on restart
the INR will be reduced 
substantially in 24–48 h. 
Monitor frequency and use 
of additional vitamin K if 
necessary

Variable Yes Vitamin K 10 mg (slow IV Hold warfarin 12 
infusion) � prothrombin
complex concentrate/fresh
frozen plasma/factor VIIa 
(repeat vitamin K (slow IV 
infusion) dose until INR
in therapeutic range)-
Every 12 h

Warfarin
Interestingly, warfarin initially creates a paradoxical sit-

uation of inhibiting the manufacture of procoagulant fac-
tors II, VII, IX, and X, while also inhibiting the circulating
anticoagulants protein C and protein S. While the intact
procoagulants are still circulating, a thrombogenic effect
of warfarin may predominate, thus requiring anticoagula-
tion by other means such as with parenteral heparin
products. The homeostatic forces of coagulation and anti-
coagulation are balanced by procoagulants and their
counterregulatory anticoagulants. The full effect of war-
farin is not accomplished for several days as the intact pro-

coagulant factors are cleared from the circulation.21 War-
farin also crosses the placenta and therefore cannot be
used in pregnancy. Its main limitation is a requirement
for monitoring drug levels and dosages. Warfarin is mon-
itored, and doses are adjusted, utilizing the international
normalized ratio (INR). The INR is the ratio of a patient’s
PT to a control sample, raised to the power of the Inter-
national Sensitivity Index value for the control sample
used. Over-anticoagulation can significantly increase the
risk of bleeding complications. Agents for warfarin rever-
sal include vitamin K, fresh frozen plasma, prothrombin
concentrate and factor VIIa (see Table 39-8).21,22

Table 39-9. UFH and LMWH Dosing Recommendations for Treatment of DVT and PE

UFH20 Bolus dose: 80 units/kg and 18 units/kg per hour infusion
Follow hospital protocol for adjustment of dose with a PTT monitoring

Enoxaparin (Lovenox®)23 (FDA-approved for 1 mg/kg body weight SC BID for treatment 
treatment of DVT and PE) 1.5 mg/kg SC daily

1 mg/kg SC daily for Creatinine Clearance � 30 mL/min

Dalteparin (Fragmin®)24 (only FDA-approved as 200 units/kg per day SC (total body weight) for the first 30 d then 150 units/kg
extended treatment of symptomatic VTE patients per day SC months 2–6 (daily dose should not exceed 18000 units)
with cancer for up to 6 months) 175 units/kg SC daily for DVT or PE treatment (caution for reduced

clearance in renal insufficiency)

Tinzaparin (Innohep®)25 (FDA-approved for 7.5 mg SC daily for treatment of DVT or PE (50–100 kg patient) 
treatment of DVT and PE) (caution reduced clearance in renal insufficiency, body weight less than 50 kg 

and the elderly)

Fondaparinux (Arixtra®)26, a synthetic Contraindicated for Creatinine Clearance �30 mL/min
pentasaccharide (FDA approved for treatment
of DVT and PE in conjunction with warfarin)

SC, subcutaneous; BID, twice daily.
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Table 39-10. Initiation of Warfarin Therapy for DVT and PE

INR Day 1 Day 2 Day 3 Day 4 Day 5

Less than 1.5 Initial dose No dose change Increase dose by Increase dose by  Increase dose by 
(usually 5 mg) 0–25% of total 0–25% of daily dose 25% of daily dose

1.5–1.9 Decrease dose No dose change No dose change or Increase dose by
by 25–50% or decrease by increase by 10–25% 0–25% of daily 

10–25% of total of daily dose dose
2.0–2.5 Decrease dose Decrease dose by Decrease dose by No change or 

by 50–75% 50–75% of total 10–25% of daily dose decrease dose  
by 0–15% of 
daily dose

Greater than 2.5 Hold warfarin until INR less than 2.5 and restart at a lower dose

INITIAL TREATMENT FOR DVT AND PE

Patients who have a high clinical suspicion or docu-
mented DVT or PE should begin anticoagulation ther-
apy. LMWH is the treatment of choice for acute DVT
and PE as a result of its predictable dose-response
curve. While testing of PTT allows the clinician to judge
the level of anticoagulation with intravenous UFH,
maintenance of the narrow therapeutic range is fraught
with complications. Inadequate dosing results in delay
or lapses of treatment, and overshooting anticoagula-
tion goals increases the risk of bleeding complications.
LMWH and UFH therapy should be overlapped with
VKAs for a minimum of 5 days and discontinued when
the INR is stable and �2.0 (see Table 39-9).19

Application of clinical studies has resulted in the use of
VKAs on day 1 of treatment, so as to expedite monitoring
of the PT and adjustment of warfarin dosing during the
customary 5-day treatment period with parenteral or sub-
cutaneous anticoagulants. Initial dosing of warfarin is five

to ten milligrams daily. Dosing with 5 mg has shown to
have less excessive bleeding complications (see Table
39-10).21 Elderly, debilitated and malnourished patients
as well as those patients with congestive heart failure or
liver disease should start warfarin at doses �5 mg daily.22

The Seventh ACCP Conference on Antithrombotic
and Thrombolytic Therapy and the AHA/ACC Scien-
tific Statement Guide to Warfarin Therapy have been
developed to aid clinicians in the management of anti-
coagulation therapy.19,21

LONG-TERM TREATMENT FOR DVT AND PE

The safety and efficacy of long-term treatment with
warfarin for DVT and PE has been extensively stud-
ied. Clinical trials have shown an increased risk for
recurrent events or bleeding events when patients’
INR values are maintained above or below the thera-
peutic range. Chest guideline developers looked at
ideal duration of therapy as well (see Table 39-11).19

Table 39-11. Long-Term Treatment for DVT and PE*

Condition INR Range Duration of Therapy

DVT first episode (transient/reversible risk factor) 2.0–3.0 At least 3 months
DVT (first episode and idiopathic) 2.0–3.0 6–12 months (consider indefinite)
DVT (with cancer—may consider LMWH for first 3–6 months) 2.0–3.0 3–6 months (consider indefinite or until

cancer resolves)
DVT (antiphospholipid antibodies or 2 or more thrombophillic 2.0–3.0 6–12 months (consider indefinite)

conditions)
DVT (recurrent—2 or more episodes) 2.0–3.0 Indefinite
PE first episode (transient/reversible risk factor) 2.0–3.0 At least 3 months
PE (first episode and idiopathic) 2.0–3.0 6–12 months (consider indefinite)
PE (with cancer—may consider LMWH for first 3–6 months) 2.0–3.0 3–6 months consider indefinite or until

cancer resolves)
PE (antiphospholipid antibodies or 2 or more thrombophillic 2.0–3.0 6–12 months (consider indefinite)

conditions)
PE (recurrent—2 or more episodes) 2.0–3.0 Indefinite

*Risk-benefit of indefinite anticoagulation therapy must be reassessed periodically.



benefits of long-term anticoagulation therapy in pre-
venting recurrent events.
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Table 39-12. Long-Term Management of Warfarin 
Therapy for DVT and PE

INR Recommendations Repeat INR (d)

Less than 1.5 Increase weekly dose 5–7 
by 10–15%

1.6–1.9 Increase weekly dose 7 
by 5–15%

2–3 No change in dose *

3.1–3.5 Decrease weekly dose 5–7 
by 5–10%

3.6–4 Hold warfarin. Decrease 5–7
weekly dose by 10–15%

4.1–9 Hold warfarin 1–2 d. 
Consider vitamin K 1–2
2.5–5 mg if INR close to
9 or increased bleed risk

9.1–20 Hold warfarin. Vitamin K 1
2.5–5 mg po. Restart 
warfarin when INR at  
goal and decreased weekly
dose by at least 15–20%
(may need implement
other reversal 
recommendations)

*Frequency of INR testing for stable patients: (1) when INR and dose of war-
farin has been stable (�2 tests), then check INR every week, (2) when INR
and dose of warfarin has been stable 2 consecutive weeks, check INR every 2
weeks, (3) when INR and dose of warfarin has been stable 4 weeks, check INR
every month, and (4) all patients should be checked monthly, not to exceed
4–5 weeks between laboratory draws.

Many approaches to improve anticoagulation control
have been studied. Some of these approaches include
therapeutic drug monitoring clinics, point of care PT
testing allowing patients to adjust warfarin regimens
and computer programs that aid in adjusting war-
farin regimens (see Table 39-12).19,22 Interruption of
therapy may be required for patients undergoing
invasive procedures. For those patients at greatest
risk, including VTE within the first 3 months, bridge
therapy with LMWH or UFH should be considered
(see Table 39-13).19,27

SUMMARY

Thromboembolic disease complications may be re-
duced by risk assessment and appropriate pharmaco-
logic treatment strategies. Many studies have elucidated
the dosing and clinical use of anticoagulant therapy.
The introduction of LMWHs has provided opportunity
for outpatient treatment of DVT as well as a safe and
effective alternative to heparin treatment of throm-
boembolic disorders. Warfarin is still the drug of choice
for long-term anticoagulation by virtue of its cost. Most
patients should be reevaluated periodically to assess the

Table 39-13. Prophylaxis During Interruption of Oral 
Anticoagulation Therapy for Invasive Procedures*

Day 10 to day 7 Stop aspirin/clopidogrel
Day 5 Stop warfarin
Day 3, day 2 Start enoxaparin 1mg/kg q12h
Day 1 Last enoxaparin dose in morning 

before procedure
If INR �1.8, give Vitamin K1, 2.5 mg 

by mouth
Day 0 (day of procedure) Restart warfarin at usual dose in

evening
Day �1 Restart enoxaparin at 1 mg/kg q12h
Day �4 or more Continue enoxaparin until INR is 

therapeutic

*Modified from: Spyropoulos A. Bridging of oral anticoagulation therapy for
invasive procedures. Curr Hematol Rep. 2005;4:405.
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SEARCH STRATEGY

Standard textbooks of hematology and UpToDate® were
used as general reference materials. Recent advances in
hematology were accessed on PubMed.

INTRODUCTION

Anemia is defined as the reduction in circulating ery-
throcytes as compared to age- and sex-adjusted ranges
of normal. These ranges were developed since the
advent of automated blood cell analysis which has
allowed clinical laboratories, large and small, to
screen large amounts of blood samples. However,
these quantitative results must be combined with the
results of an accurate history and physical examina-
tion, review of the peripheral blood smear and other,
more specific, laboratory tests so that an accurate
diagnosis for the cause of anemia is found. Once the
diagnosis is made, then an appropriate treatment
plan can be instituted so that the anemia is corrected
and, ultimately, the patient’s clinical condition is
improved.

In both the inpatient and outpatient settings, anemia
is one of the more commonly encountered clinical con-
ditions affecting both children and adults. With respect
to the ages at which anemia is encountered, differential
diagnoses are often disparate. By and large, anemia in a
child is generally because of congenital causes, whereas
in adults, anemia is caused by an acquired etiology. In
this chapter, we will evaluate some of the more common
explanations of anemia, along with their treatments, as
well as examine how laboratory measurements may
facilitate the diagnosis and subsequent evaluation of
therapies.

HISTORY AND PHYSICAL EXAMINATION

Signs and symptoms of anemia may be nonspecific,
such as the noting of fatigue or dyspnea on exertion, or
quite specific, such as koilonychia (“spoon nail defor-
mity”) or the presence of blood in stools. In general, all
aspects of a detailed history and physical examination
are important to understanding the cause of anemia.
On review of systems, fatigue, shortness of breath or
dyspnea on exertion, hematemesis, hemoptysis, hema-
tochezia, and reduced mental concentration, among
others, may be associated with an underlying deficiency
in erythrocytes and oxygen delivery. Medical or surgical
histories may point to a diagnosis (e.g., diabetes melli-
tus and subsequent decreased renal production of ery-
thropoietin or a history of gastric or intestinal resec-
tion). For women who are premenopausal, noting the
frequency and severity of menstruation can be helpful.
Dietary factors, such as veganism or sprue, may be asso-
ciated with nutritional deficiencies that lead to the
development of anemia. Family history is invaluable in
the evaluation of children with anemia, as congenital
causes dominate the diagnoses in this age group. Occu-
pational and recreational exposures may point to a
toxin (e.g., lead) or infectious agents (e.g., mononucle-
osis or HIV) that result in anemia. Along with this, an
accurate list of prescribed and over-the-counter medica-
tions may provide clues as well.

On physical examination, pallor of the skin or
mucosal membranes is very common, although nonspe-
cific. Likewise, tachycardia and/or systolic ejection mur-
murs may be present, although nondiagnostic (unless
there is a history of valvular replacement). More specific
findings may be related to an underlying etiology, such
as koilonychia or angular cheilitis as seen in iron defi-
ciency, or loss of vibratory or position sense as seen in
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chronic B12 deficiency. Splenomegaly in children is gen-
erally caused by production of blood elements in the
spleen when there is inadequate production within the
marrow spaces. Examples would include the hemoglo-
binopathies, such as thalassemia or sickle cell disease, or
erythrocyte membrane disorders, such as hereditary
spherocytosis. In adults, splenomegaly may be seen in
association with autoimmune hemolytic anemia or con-
comitant malignancy, among other diagnoses. The his-
tory will often dictate a focused examination, such as
palpation of the thyroid or examination of the urine or
feces for blood, in the appropriate clinical situation.

APPROACH TO THE DIAGNOSIS OF ANEMIA

Screening for anemia is not routinely recommended as
it is more frequently discovered when clinical clues sug-
gest the need for laboratory assessment of anemia as
during hospitalization, blood donation, or as part of
routine annual examination. If anemia is suspected, a
complete blood count with platelets, white blood cell
count (WBC) with differential, and reticulocyte count
should be ordered. Anemia is represented by a hemo-
globin (Hgb) of �13–15 g/dL or hematocrit (Hct)
�42% in men and in women a Hgb �11–13 g/dL or
Hct �37%. These values vary according to ethnicity and
age, but can serve as a guideline in the initial evaluation
of anemia.1 When a reduction in Hgb or Hct is found, a
determination of the etiology is important.

Plasma volume may affect the measured Hgb and
Hct which can be appreciated in several common sce-
narios. Dehydration with a decrease in plasma volume
causes hemoconcentration with higher measurements
of Hgb and Hct. Pregnancy results in expansion of
plasma volume and lowers Hgb and Hct. An acute gas-
trointestinal bleed with rapid volume loss results in
lower Hgb and Hct after plasma volume redistribution,
which can take hours to develop.

In addition Hgb and Hct, the complete blood count
provides measures of the red blood cell count and red
blood cell indices. These indices include: mean corpus-
cular volume (MCV), mean cell hemoglobin, and mean

cell hemoglobin concentration. The MCV is useful in
the classification of anemia into microcytic, normocytic,
or macrocytic anemias (Table 40-1). The red cell distri-
bution width (RDW) is a statistical measurement of vari-
ation in size of the red cell.

The reticulocyte count can be useful in distinguish-
ing types of anemia. A high reticulocyte count is consis-
tent with rapid release of reticulocytes from the marrow
into the peripheral circulation which can be seen in
blood loss or hemolysis of red cells. The presence of
reticulocytes in the peripheral circulation results in an
elevated RDW as they are much larger than the normal
RBC. A low reticulocyte count with anemia indicates
ineffective erythropoiesis. Anemia caused by multiple
etiologies may be associated with a low reticulocyte
count, even in the presence of blood loss or hemolysis.

Additional clues to the etiology are provided by evalu-
ation of the WBC count and differential as well as the
platelet counts. A low WBC count with anemia should
prompt the evaluation of abnormalities in the bone mar-
row. One such condition that leads to anemia and under-
production of WBC and platelets is aplastic anemia.
While this can be due to specific viral infections, this con-
dition frequently presents in young adults and is caused
by an autoimmune phenomenon. Increased WBCs sug-
gest infection or leukemia. Hypersegmented neutrophils
are associated with B12 or folate deficiency. Platelet
counts may be very high (thrombocytosis) in severe iron
deficiency, inflammatory conditions, or myeloprolifera-
tive disorders. Thrombocytopenia is consistent with sep-
sis, infiltration of the marrow, or platelet destruction. 1

Evaluation of the peripheral smear is essential to pro-
viding clues to determining the cause of anemia which
are not readily apparent from red cell indices. Table 40-2
provides a list of abnormal characteristics of red cells
and associated etiologies.

IRON METABOLISM

The most important dietary supplement to support ery-
throcyte formation and function is iron. Chronic daily
losses of iron occur with subclinical bleeding and normal

Table 40-1. Classification of Anemia Based on MCV

Decreased MCV Normal MCV Increased MCV

Iron deficiency Anemia of chronic disease B12 deficiency
Anemia of chronic disease Early iron/folate/B12 deficiency Folate deficiency
Thalassemia Marrow infiltration Liver disease
Hyperthyroidism Combined iron/folate deficiency Alcohol abuse

Acute blood loss Aplastic anemia
Myelodysplasia
Myeloproliferative disorder
Hypothyroidism
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skin exfoliation. This is balanced by absorption of iron
in foods. Men and postmenopausal women absorb
approximately 0.5–1.0 mg/d of dietary iron. Pre-
menopausal women, as a result of greater blood loss
with menstruation, absorb 1–2 mg/d. Dietary non-
heme iron is absorbed in the proximal duodenum
under acidic conditions. This iron is then complexed
with ferritin, and stored in the marrow, or with trans-
ferrin and made available for immediate use to circu-
lating RBC. Heme iron in foods, generally meats, is
thought to be absorbed in a similar manner,2 although
a greater proportion of dietary heme iron is absorbed
than nonheme iron. Antacids and gastric acid blockers
(H2-blockers and proton pump inhibitors) decrease
iron absorption, whereas vitamin C enhances iron
absorption.

Red blood cell lifespans are approximately 100 to
120 days. As red blood cells age, they become less
deformable, and are eventually destroyed by the cells in
the reticuloendothelial system. Iron released during
this process is bound to transferrin and transported to
the macrophages in the bone marrow. There, iron is
stored in ferritin complexes, until needed by develop-
ing erythrocyte colonies.

The gold standard for the evaluation of patients to
determine the presence and availability of iron is via
bone marrow aspiration. Despite its utility in this
regard, it is an uncomfortable experience for patients,
but carries minimal risk. Serum measurement of iron

stores is one of the most frequent laboratory studies
done in the evaluation of anemia. Serum levels of iron
and total iron binding capacity (TIBC) reflect the
amount of iron bound to transferrin and the ability of
erythrocytes to absorb iron, respectively. Iron satura-
tion, calculated as serum iron divided by TIBC,
reflects the relative availability of iron for use by cir-
culating RBC. In general, during iron deficiency,
serum measurements of iron are low whereas serum
TIBC is elevated, resulting in a low iron saturation.
Serum measurement of ferritin is a useful marker of
storage iron, as it is produced in amounts relative to
marrow stores. When ferritin is low, iron deficiency is
present. However, a number of conditions can result
in ferritin elevation, as ferritin is an acute phase pro-
tein. In iron deficiency associated with such disease
states, ferritin will be normal to elevated, resulting in
a false negative result. As discussed later, in anemia of
chronic disease, serum iron and TIBC evaluation may
mimic iron deficiency, but the ferritin is frequently
elevated.

Erythrocytes absorb iron via membrane-bound
transferrin receptors, reflected as TIBC. Circulating
enzymes can cleave the extracellular domain of trans-
ferrin receptors, releasing these into the circulation.
This can be measured as soluble transferrin receptors
(sTFr).3 If this value is �1.5, iron deficiency is likely
present. Conditions associated with inappropriately low
sTFr include chronic renal insufficiency and aplastic
anemia. Both conditions are associated with decreased
production of erythrocytes. Increased sTFr values are
seen in conditions associated with brisk erythropoiesis,
such as the chronic hemolytic states thalassemia and
sickle cell disease.

IRON DEFICIENCY ANEMIA

Iron deficiency exists when the demand for iron by
developing erythrocytes exceeds the supply of iron by
marrow macrophages, iron stored by ferritin, or trans-
ported by transferrin. Increased requirements of iron
delivery are present as a result of a number of condi-
tions. Loss of iron via the gastrointestinal, genitouri-
nary, and pulmonary tracts is a frequent cause of iron
depletion. This is frequently visible and detectable by
bedside analysis. Subclinical loss of iron via the gas-
trointestinal tract may occur with the ingestion of
aspirin, nonsteroidal anti-inflammatory medications, or
with alcohol. Genitourinary iron excretion most com-
monly arises in conditions that result in intravascular
hemolysis. Premenopausal women, through menstrua-
tion and during pregnancy or lactation, experience
large losses of iron as a result of bleeding or from
incorporation into the developing fetus.

Table 40-2. Peripheral Smear

Abnormalities of Red Cells Common Associations

Anisocytosis Iron deficiency
(abnormal sizes)

Poikilocytosis Microangiopathic anemia
(abnormal shapes)

Hypochromia Iron deficiency
Acanthosis (spur cells) Liver disease
Elliptocytosis (pencil cells) Iron deficiency

Megaloblastic anemia
Hereditary elliptocytosis

Macrocytosis B12 deficiency
Microcytosis Iron deficiency
Rouleaux (coin stacking) Multiple myeloma
Schistocytes (helmet cells) Microangiopathic hemolytic

anemia
Heart valve hemolysis

Sickle cells Sickle cell anemia
Spherocytosis Hereditary spherocytosis
Target cells Thalassemia

Liver disease
Hemoglobinopathies

Teardrop cells Iron deficiency
Myelofibrosis
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Decreased supply of iron to erythroid colonies is usu-
ally a result of ingestion of an iron-poor diet. Some
patients have a decreased ability to absorb dietary iron,
usually caused by concurrent use of antacids or after some
gastric procedures. Patients who have undergone duode-
nal resection may have impaired iron absorption as well.
Rare conditions exist in which iron-transporting mole-
cules, such as transferrin, may be markedly decreased or
absent.

Patients with iron deficiency may develop a range of
signs of symptoms. Those generally seen with anemia,
such as shortness of breath or decreased exercise toler-
ance, are frequent. More specific findings such as
koilonychia or angular cheilitis may be present. Occa-
sionally, patients will have a bluish tint to the sclerae,
possibly because of decreased iron availability for nor-
mal collagen synthesis. Pica is a condition which may
develop in patients who are iron deficient. Most com-
monly, this is manifested by eating ice or pagophagia.
Once iron replacement therapy is begun, pica resolves
fairly quickly. The other signs above may take several
weeks to completely resolve. Other forms of pica include
ingestion of clayish dirt or starch which decreases
dietary iron absorption. Patients should be discouraged
from such habits.

The bone marrow will continue to produce erythro-
cytes that are normocytic and normochromic despite
ongoing iron losses. Once iron supply is depleted, pro-
duction of microcytic, hypochromic erythrocytes
ensues. Eventually the MCV decreases and then the
RDW normalizes, reflecting production of similarly
small erythrocytes. Once iron supplementation is
begun, an increase in reticulocytosis is evident within 7
to 10 days. The Hct may normalize in 6 to 8 weeks, while
the MCV may take 3 to 4 months to normalize. Several
conditions exist which results in the production of
microcytic, hypochromic erythrocytes other than iron
deficiency. These include: anemia of chronic disease,
thalassemia, hemoglobinopathies (e.g., sickle cell dis-
ease), and the rare conditions associated with decreased
or absent ferritin and transferrin production. Evalua-
tion of the bone marrow in these conditions will, in con-
trast to iron deficiency, show normal to increased
amounts of iron.2

Therapy for iron deficiency is through exogenous
iron. This is most easily accomplished via oral supple-
mentation. Many preparations of elemental iron exist,
and their efficacy is roughly equivalent with each other.
Patients should be informed that upon beginning iron
supplementation, they may experience gastrointestinal
upset with nausea, diarrhea, or constipation. This gen-
erally resolves over a few days although it frequently
results in patients becoming noncompliant. In patients
who experience continued problems, a decrease in

dose may be needed or they may take it with meals.
Occasionally, changing iron preparations will alleviate
some of these problems. Stools will turn dark, reflecting
nonabsorbed iron. Performing an analysis for fecal
occult blood will be negative, however, unless there is
concomitant loss of blood via the gastrointestinal tract.

Several preparations of iron for parenteral use exist,
too. There is a risk for anaphylaxis with parenteral iron,
and this risk is variable with the different preparations.
If the decision is made to proceed with parenteral iron,
its administration must be done in a place equipped to
treat anaphylaxis. Usually, stopping the infusion and
administering glucocorticoids, antihistamines, or epi-
nephrine is all that is required. However, occasionally,
vasopressor support and intubation with mechanical
ventilation may be needed. The risk associated with ana-
phylaxis far exceeds any benefit parenteral iron pro-
vides over oral supplementation, and, thus, this is done
infrequently.

For patients who are iron deficient, a simple test can
determine whether or not they have the capacity to
absorb iron. After determination of baseline serum
iron, patients take 100 mg of iron elixir on an empty
stomach. Measurement of serum iron 1 and 2 hours
later can identify those who can and cannot absorb
iron. For those patients whose serum iron remains less
than 100 mg/dL, malabsorption exists and referral for
small bowel biopsy may be indicated.4 In such cases, the
administration of subcutaneous or intravenous iron
preparations may be improve anemia. For patients
whose iron levels rise above 100 mg/dL, iron absorp-
tion is normal absorption and the anemia is likely
related to nonadherence with oral iron.

ANEMIA OF CHRONIC DISEASE

Many conditions that affect patients in the inpatient
and outpatient settings can result in anemia. However,
once causes such as blood loss or nutritional deficiency
are excluded, the diagnosis may be difficult. Evaluation
of underlying disease states may lead to the conclusion
that the anemia is a result of these conditions causing
either an impaired erythrocyte production or acceler-
ated erythrocyte destruction. Therefore, the anemia is
typically attributed to “chronic disease.” Increasingly, a
more detailed understanding of how disease states and
alterations in cytokines influence erythropoiesis is being
generated.5 Chronic diseases, such as kidney disease
caused by diabetes or hypertension, heart failure,
autoimmune diseases such as systemic lupus erythe-
matosus or rheumatoid arthritis, chronic infections, and
malignancies may result in anemia. Endocrinopathies
including hypothyroidism and hypopituitarism may
cause anemia of chronic disease. Frequently, however,
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these conditions are often seen along with other expla-
nations for anemia, such as blood loss or marrow infil-
tration by tumor or organisms. The mechanisms
through which disease states influence erythrocyte pro-
duction are quite varied. Abnormal iron mobilization
from macrophages to developing erythrocyte colonies is
influenced by inflammatory cytokines such as inter-
leukin-1, interleukin-6, and TNF-
.5 Renal disease may
result in a suboptimal production of erythropoietin.
Fever can result in physical changes in erythrocytes that
result in accelerated destruction. The end result is a
blunted erythrocyte production in response to decreased
circulating erythrocytes.

The laboratory measurements seen in anemia of
chronic disease are quite nonspecific and may exist
along with other abnormalities, further clouding the
diagnosis. Usually, the anemia is mild with a normal to
low-normal MCV. The reticulocyte count is often low,
given the degree of anemia. This may also be seen as a
normal RDW value. Measurement of serum erythropoi-
etin is useful, especially in renal disease. Low levels of
erythropoietin in anemic states indicate an underpro-
duction. Normal to high levels indicate a lack of mar-
row responsiveness. Serum iron levels are low, usually,
however measurement of body iron stores with serum
ferritin results in a normal or increased value. As fer-
ritin is an acute phase reactant that is frequently ele-
vated in many inflammatory conditions, a normal or
elevated level does not exclude the coexistence of iron
deficiency. A useful discriminating test is the serum
sTFr assay. Circulating erythrocytes contain transferrin
receptors that can be shed by cleavage of the extracel-
lular domain. The circulating levels of sTFr are an accu-
rate measure of the ability of circulating erythrocytes to
bind and absorb iron. In iron replete states, the sTFr
should be normal, and elevated in iron deficiency. In
anemia of chronic disease, the sTFr is typically normal
to slightly elevated, but much less so than seen in iron
deficiency. Therefore, the usual laboratory results in
anemia of chronic disease are low serum iron, low
TIBC, normal sTFr, elevated ferritin, and low reticulo-
cyte count. Table 40-3 illustrates the laboratory differ-
ences in anemia of chronic disease and iron deficiency
anemia.

Therapy for anemia of chronic disease often is treat-
ment of the underlying condition thereby increasing
the ability of the marrow to produce and release ery-
throcytes. It may be necessary to transfuse erythrocytes,
particularly in symptomatic patients. Recombinant ery-
thropoietin administration may be helpful, especially if
serum erythropoietin levels are low. Evaluation for and
supplementation of other nutrients, such as iron or
folic acid, may be needed. Frequently, however, these
supportive measures are often not enough to correct

the anemia, especially in light of the disease states that
are responsible and the therapies that are undertaken
to treat them.

B12 DEFICIENCY

Vitamin B12 is a coenzyme responsible for the normal
function of methylmalonyl coenzyme A mutase and
methyltetrahydrofolate-homocysteine methyl trans-
ferase. These enzymes are responsible for normal intra-
cellular folate metabolism and nucleic acid synthesis. In
the absence of B12, purine biosynthesis is altered and
nuclear function is impaired. In hematopoiesis, B12

deficient states results in megaloblastic erythrocytes
and decreased white blood cell and platelet counts.6

Under normal conditions, dietary B12 is bound to
“R”-binders in the low pH stomach. As food passes into
the small intestine, the higher pH results in B12 unbind-
ing with the R-binders and binding to intrinsic factor
(IF). B12-IF then binds to cubulin in the terminal ileum
where it is transported into the bloodstream. There, B12

is bound by transcobalamin I and transcobalamin II
where it is transported to tissues. Most of the measured
serum B12 amount is bound to transcobalamin I.7

Many conditions exist that result in impaired B12

uptake. Strict veganism for several years will result in
B12 deficiency. Pernicious anemia, an immune-medi-
ated destruction of gastric parietal cells (which synthe-
size and release IF) or of the IF itself, is the classic diag-
nosis for B12 deficiency. Gastrectomy or resection of the
ileum will result in B12 deficiency either by impaired
delivery of B12-IF or the impaired uptake of B12-IF,
respectively. Pancreatic insufficiency, via decreased abil-
ity to alkalinize gastric output, will result in an inability
of B12 to bind IF.6

Symptoms classically associated with B12 deficiency
are related to the neurologic changes that occur. These
are generally seen in distal extremity loss of vibratory or
position sense. Over time, this progresses proximally to

Table 40-3. Laboratory Characteristics of Iron Deficiency Anemia
and Anemia of Chronic Disease

Iron Anemia of
Laboratory Test Deficiency Chronic Disease

MCV �85 fL 72–100 fL
Serum Iron �60 ug/dL �60 ug/dL
TIBC �400 ug/dL �250 ug/dL
Ferritin �15 ng/mL �35 ng/mL
Serum sTFr Increased Normal
Transferrin saturation Decreased Normal/increased

(sFe/TIBC)
Bone marrow iron stains Absent Present

MCV, mean cell volume; TIBC, total iron binding capacity; sFE, serum iron.



436 Part 10 / Hematologic Disorders

involve the entire extremities. Demyelinization of the
dorsal and lateral portions of the spinal cord may result
in a spastic ataxia. Cognitive difficulties, progressive
dementia, and psychosis have all been attributed to B12

deficiency. Despite prompt replacement of B12, neuro-
logic and psychiatric abnormalities are rarely com-
pletely resolved.8

Erythrocytes produced during B12 deficiency are
larger, termed macroovalocytes. Within the marrow,
production of these cells is an inefficient process, and
destruction within the marrow, and in the periphery,
may result in elevated values of lactate dehydrogenase
(LDH) and indirect bilirubin. White blood cells are
similarly disrupted in B12 deficiency, with the most strik-
ing changes seen in the neutrophils. Normal neu-
trophils contain 2 to 5 nuclear lobes. In B12, and folic
acid, deficiency, more than 5% of the neutrophils will
contain �5 lobes, so-called “hypersegmented” neu-
trophils. Because of the enzymes involved, deficiency
of B12 will result in elevation of serum values for
methylmalonic acid and homocysteine. In contrast,
folate deficiency will result in normal methylmalonic
acid levels. If a megaloblastic anemia is encountered,
determination of both the methylmalonic acid and
homocysteine levels is important, along with B12 and
folic acid. Supplementation with folic acid may correct
the anemia associated with B12 deficiency, as well as the
homocysteine levels, but the methylmalonic acid levels
will remain elevated.6

Once B12 deficiency is diagnosed, prompt replace-
ment with intramuscular injections of B12 is undertaken
at a dose of 1000 �g weekly for 8 to 10 weeks then
monthly thereafter. Any B12 not taken up and used by
the body will undergo renal clearance and urinary
excretion. Once therapy has begun, prompt resolution
of erythrocyte and leukocyte deficiencies will be seen,
generally within several days. Within 1 or 2 months, the
anemia should be completely corrected.

FOLATE DEFICIENCY

Folic acid, like B12, is necessary for the normal intra-
cellular metabolism of nucleotides and DNA/RNA
synthesis. Therefore, many of the laboratory abnor-
malities seen in folate deficient states are also seen in
B12 deficiency, except methylmalonic acid (see above).
Unlike B12, however, folate is not present in great
amounts in meats and dairy products. Our daily inges-
tion of folate is through green, leafy vegetables and
some citrus fruits. Dietary folates are polyglutamated
and, through the action of intestinal enzymes, are
reduced to monoglutamate-folate. This is absorbed in
the duodenum or proximal jejunum and transported
to the tissues.

Excess cooking of green vegetables may leach out the
folate present. Excessive alcohol consumption, with
concomitant poor nutritional intake, will result in
decreased folate ingestion as well. Decreased dietary
intake of folate is the major cause of folate deficiency,
although this has lessened over time with folate fortifi-
cation of bread products. Other causes of decreased
folate availability may be secondary to decreased
absorption (celiac disease, regional enteritis, intestinal
lymphoma or amyloidosis) or increased utilization
(pregnancy, end-stage renal disease, hemolytic anemia
with increased marrow response).

In general, the laboratory, neurologic and psychi-
atric sequelae of folate deficiency are milder than that
seen in B12 deficiency. During pregnancy, folate defi-
ciency has been associated with neural tube defects and
cognitive deficiencies in infants. Correction of folate
deficiency is accomplished with oral supplementation,
generally 1 mg daily. As for B12, determination of serum
methylmalonic acid and homocysteine levels will aid
the diagnosis and evaluation of treatment. Anemia
should correct itself rather quickly, and leukocyte
abnormalities should promptly resolve.

SICKLE HEMOGLOBINOPATHIES

The mutation resulting in the formation of sickle hemo-
globin (HbS) is found in approximately 20% of the
population in equatorial Africa, Saudi Arabia, and
India.1 This region of the world is also referred to as the
“malaria belt” as a result of the high presence of Plas-
modium sp. infections. Patients with this mutation are
afforded some degree of protection from malarial
infection of erythrocytes. While not as prevalent in
African Americans and other descendants of these
regions, it comprises a large amount of nonmalignant
hematology cases, particularly in urban areas. This
mutation, the first abnormal hemoglobin to be discov-
ered,  results in an amino acid substitution at codon 6 in
the �-globin protein from glutamic acid to valine.8

There are now over 400 variants of hemoglobin mole-
cules identified.  These named by a letter or the place of
the molecules discovery. Sickle cell hemoglobin results
in a conformational change in the deoxygenated state
which can allow affected  Hgb molecules to polymerize,
resulting in the classic sickle erythrocyte shape. Patients
who are heterozygous for the sickle mutation experi-
ence no problems unless subjected to states of low
oxygen tension, such as high altitudes. Homozygotes
(HbSS), however, can experience a variety of systemic
problems caused by the occlusion of the microvascula-
ture in all organs.

Familial genetic variants of sickle cell disease exist,
however, all forms of sickle cell disease have similar



Chapter 40 / Anemia 437

erythrocyte abnormalities that result in occlusion of the
vasculature. Sickle erythrocytes are less deformable and
demonstrate increased adherence to vascular endothe-
lial cells which results in disruption of the intimal layer of
vessels. Exposure of subendothelial matrix proteins acti-
vates coagulation factors thereby contributing further to
vasoocclusion. Problems that are commonly seen as a
result of vasoocclusion include: bone and joint pains,
acute chest syndrome, splenic sequestration, stroke,
retinopathy, nonhealing leg ulcers or osteonecrosis,
glomerulonephritis, and priapism. The functional or
anatomic asplenia from chronic infarction predisposes
patients to infection from Streptococcus pneumoniae and
possible osteomyelitis.

Sickle erythrocytes have a markedly reduced lifespan
to approximately 20 days because of intra- and extravas-
cular hemolysis. As a result, elevated levels of serum
LDH and indirect bilirubin are seen, as well as increased
reticulocytosis. Patients with HbSS typically have Hct val-
ues of �25%. Occasionally patients with HbSS may
present with acute decreases in Hct. This may result
from folate or iron depletion or loss of erythropoietin
from renal insufficiency. Parvovirus B19 infection is
classically associated with aplastic crisis in patients with
HbSS. The marrow may become infected with other
organisms or undergo infarction, similarly resulting in
aplastic crisis. Splenic sequestration, especially in
patients with Hb SC disease and HbS�� disease, can
result in precipitous declines in Hct.

The diagnosis of HbSS is made via Hgb elec-
trophoresis. Cellulose acetate electrophoresis at alka-
line pH can distinguish between HbA, A2, and S. Fur-
ther distinction upon citrate agar electrophoresis at
acidic pH can sort out comigrating Hemoglobin,
deltaHbD (from HbS) and hemoglobin C (from HbA2).
Patients with sickle cell trait (HbAS) have approximately
60% HbA and 40% HbS. Concomitant 
-thalassemia can
have higher percentages of HbA because of the prefer-
ence of 
-globins binding with nonsickle �-globins. Con-
comitant �� thalassemia results in decreased amounts of
HbA (�15%) and increased HbS (�85%). Concomitant
�°thalassemia, however, has no HbA and elevated
amounts of HbA2. Homozygous HbSS similarly has no
HbA, but normal amounts of HbA2 and HbF.

Treatment options for sickle cell disease are a combi-
nation of prevention efforts and aggressive intervention
during crises.8 Prevention focuses on prophylactic vacci-
nation (Pneumovax, Haemophilus influenzae, and Hepati-
tis B) and folic acid supplementation. Education of
patients to avoid crisis exacerbation by proper hydra-
tion, stress reduction, and hypothermia can reduce the
frequency and severity of crises. Hydroxyurea has been
shown to reduce the frequency and severity of sickle
crises, probably by reducing erythrocyte-endothelial

adhesion and improving erythrocyte hydration. In
some patients, hydroxyurea therapy results in increased
levels of HbF formation, possibly decreasing sickling
tendency. Hydroxyurea results in an elevated MCV, also
serving as a monitor for compliance.

During a crisis, however, if interventions at home
are unable to alleviate symptoms, intravenous hydra-
tion and pain control may be required. Morphine and
hydromorphone are preferable to meperidine, which
can lower seizure thresholds. Oxygen may be required
if hypoxemia is present. In severe cases, mechanical
ventilation may be required. For most cases of sickle
cell crises, transfusions of blood products are not
required. During splenic sequestration or aplastic
crises, transfusions may bridge recovery from these
events. For acute chest syndrome, cerebrovascular
accidents, or ocular vasoocclusion, exchange transfu-
sions to keep HbA �70% is necessary. Recent trials
examining patients who have experienced cerebrovas-
cular accidents have shown that continued exchange
transfusion has beneficial effects in reducing subse-
quent events.8

THALASSEMIA

Adult hemoglobin (HbA) is a tetramer, composed of
two 
-globin proteins and two �-globin proteins. The
genes for 
-globin are located on chromosome 16, with
each chromosome containing two alleles for 
-globin,
for a total of four. The genes for �-globin are located on
chromosome 11 within a cluster of genes capable of
producing �, �-, �-, and �-globin.2 Each chromosome 11
contains one gene cluster each. During fetal develop-
ment, production is restricted to �-globin, with the
resultant production of fetal Hgb, 
2�2, or HbF. After
birth, gene switching results in primarily �-globin pro-
duction, although there is some �-globin (
2�2 or
HbA2) and HbF being produced. Patients with normal

-globin and �-globin production will have, on Hgb
electrophoresis, 90% to 95% HbA, and 5% to 10%
HbA2 and HbF.

Thalassemia is a condition in which there is deficient
production of 
-globin (
-thalassemia) and/or �-globin
(�-thalassemia). The end result is the production of a
decreased amount of HbA, with increased amounts of
other globin tetramers. Depending on the type and
severity of the respective deficiencies, the erythrocytes
produced may exhibit decreased MCV, “target-cell”
conformation, and/or globin tetramer inclusions.
Because of their size and shape, they may undergo
destruction in the periphery or within the marrow,
causing a picture of hemolytic anemia. This is seen on
the peripheral smear as microspherocytes or schisto-
cytes and on serum chemistries with increased LDH
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and increased indirect bilirubin. With hemolysis of any
origin, Hgb is released into the plasma and degraded,
with the heme moiety bound by haptoglobin. Once
haptoglobin has been depleted, excess heme is cleared
by the kidneys and taken up by urothelial cells. This
can be seen on urinary cytology as hemosiderin-laden
urothelial cells are sloughed.


-THALASSEMIA

The deficient production of 
-globin is primarily seen
in patients with African, Middle Eastern, Southeast
Asian, or Mediterranean ancestries. This deficiency is
primarily accomplished by allele deletion or the pro-
duction of a truncated form of the protein.8 Function-
ally, however, it results in a decreased amount of 
-globin
production. Hgb electrophoresis measures the relative
percentages of each type of Hgb in the circulation.
The majority of 
-thalassemic patients will have rela-
tively normal amounts of HbA, HbA2, and HbF, as all
of these contain two 
-globins each. With increasing
deletion of 
 alleles, the Hgb electrophoresis may
become abnormal, as it isolates more amounts of HbH
(�4). To make an accurate diagnosis of 
-thalassemia,
DNA-sequencing of 
 alleles is required, although
rarely clinically indicated. As there are four globin alle-
les, there are actually six possible genotypes (Table 40-4).
For zero, one, or two allele deletions, the Hgb elec-
trophoresis will be essentially normal. The erythro-
cytes may display variable amounts of microcytosis,
“target”-shapes, and anemia. By and large, however,
these patients are asymptomatic, despite the size and
shape of the erythrocytes as well as the increased
extravascular hemolysis that is present. This hemolysis is
generally very well compensated by chronic, increased
marrow production of erythrocytes. As long as ade-
quate iron and folate are present, severe anemia should
not be present.

For three allele deletion, HbH disease, the Hgb elec-
trophoresis displays increased amounts of �4 and HbF
and decreased amounts of HbA. The erythrocytes
demonstrate severe microcytosis and evidence of hemol-

ysis. Despite this, no therapy is required, unless there is
severe anemia. In these instances, to compensate for
the degree of anemia, the spleen begins to produce
blood cells (extramedullary hematopoiesis). The result-
ant splenomegaly may become massive, causing intra-
abdominal compression of other organs. Splenectomy
alleviates this problem, although does not correct the
underlying anemic picture.

Hydrops fetalis, or four allele deletion, is usually
lethal in utero or soon after birth. As there is no 
-globin
production, there is primarily Hb Bart (�4) in ery-
throcytes. These globin molecules have very high
O2-affinities, preventing off-loading of oxygen to the
developing tissues, producing lactic acidosis and tis-
sue edema.

�-THALASSEMIA

Defects in �-globin production can be quite varied.
Mutations may result in the absent expression of a � gene
and no �-globin production (��-thalassemia) or the
production of a truncated or defective �-globin (��-
thalassemia).8 Seen primarily in populations of Mediter-
ranean, Middle Eastern, Southeast Asian, and Indian
descent, the degree of ineffective erythropoiesis is gen-
erally more severe than is seen with 
-thalassemia. Pro-
portionate to the degree of anemia, the microcytosis is
more severe, as is the degree of extravascular hemolysis
and destruction within the marrow spaces. As there are
two possible defects within each �-globin gene, there
are six possible genotypes (Table 40-5).

With decreased amounts of normal �-globin being
produced, the cell will increase, to some degree, the
amounts of �-globin and �-globin. The result of this
can be seen on Hgb electrophoresis, with decreased
amounts of HbA and increased amounts of HbA2 and
HbF. If patients contain one functional �-globin gene,
there will still be �50% HbA as the 
-globin will prefer-
entially associate with �-globin rather than the �- and
�-globins.

In �-thalassemia minor, patients generally have a
mild microcytic anemia with frequent target cells. The
MCV is �70 fL and there are increased amounts of
reticulocytes and, occasionally, nucleated red blood
cells. On Hgb electrophoresis, there is increased
amounts of HbA2 (�3.5%) and HbF. As patients are

Table 40-4. 
-Thalassemia Genotypes



/

 Normal production of 
-globin
A-/

 
� thalassemia; seen in �1/3 of African 

Americans
–/

 
-thalassemia 1 (
�-thalassemia); seen primarily 

in Asian populations
A-/
- 
-thalassemia 2; seen in African and Mediterranean 

populations
A-/– HbH disease (�4)
–/– hydrops fetalis; Hb Bart (�4) production

Table 40-5. �-Thalassemia Genotypes

B/� Normal
B/�� or �/�� �-thalassemia minor
B�/�� or ��/�� �-thalassemia intermedia
B8/b8 b-thalassemia major; Cooley’s anemia
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minimally symptomatic, no therapy or transfusions are
required.

In �-thalassemia intermedia, the microcytosis and
anemia are more severe than seen in �-thalassemia
minor. Significant splenomegaly and marrow expan-
sion can develop to accommodate the increase in ery-
thropoiesis. If splenomegaly becomes symptomatic,
splenectomy can achieve symptom relief, without an
impact on hematopoiesis. With splenectomy, there can
be a marked increase in the amount of nucleated red
blood cells in the circulation. With the significant ane-
mia and the amount of hemolysis present, there is
marked increase in iron absorption and availability.
Eventually, patients may require iron chelation therapy
with deferoxamine to prevent hepatic damage from
iron overload.2

Patients who have Cooley’s anemia, or �-thalassemia
major, marrow expansion occurs in all the bones, par-
ticularly the skull and long bones. Children with this
disorder frequently have growth and developmental
delays as a result. These children require an aggressive
transfusion program with concurrent iron chelation
therapy. There is functional asplenia despite the mas-
sive splenomegaly, and recurrent bacterial infections,
classically Yersinia enterocolitica, develop. In many centers
throughout the world, allogeneic bone marrow trans-
plantation for affected children offers the potential for
cure of this disease.2

MICROANGIOPATHIC ANEMIA

Microangiopathic hemolytic anemia is a syndrome which
results in intravascular hemolysis of red blood cells caused
by a variety of underlying disorders. Mechanical heart
valves may cause sheer stress and resulting lysis of cells.
Disseminated intravascular hemolysis, thrombotic throm-
bocytopenic purpura, hemolytic-uremic syndrome, accel-
erated hypertension, vasculitis, or eclampsia may be asso-
ciated with this anemia. Examination of the peripheral
smear shows a normocytic anemia with thrombocytope-
nia and anisocytosis, poikilocytosis, or the presence of
schistocytes. An elevated reticulocyte count is the result of
rapid bone marrow response to hemolysis and anemia.
An elevated LDH and bilirubin and decreased haptoglo-
bin result from hemolysis.

The treatment of the syndrome is to address the
underlying abnormalities which may include sepsis,
autoimmune disorders, pregnancy, or severe hyper-
tension.

CONCLUSION

Patients in the primary care setting often present with
anemia. Through a careful history and physical exami-

nation and judicious use of appropriate laboratory
tests, clues to the etiology will often present themselves.
Initiation of appropriate treatment depends upon the
correct diagnosis, and treatment of concomitant med-
ical illnesses. In those situations in which the diagnosis
is unclear or outside the scope of a primary care setting,
referral to a hematologist should be considered.

EVIDENCE-BASED SUMMARY

• The diagnosis of anemia requires a search for
the underlying etiology.

• Adults with anemia of chronic disease may
benefit from administration of erythropoietin
supplementation.

• Iron replacement is not necessary for anemia
of chronic disease.

• Ferritin is a useful measure of iron stores.
• The sTFr assay is elevated in iron deficiency

and normal to increased in anemia of chronic
disease.

• B12 and folate deficiency can result in mega-
loblastic anemia and hypersegmented neu-
trophils. Patients may develop neurologic
changes.

• Sickle cell anemia is associated with many life-
threatening consequences.

• Hgb electrophoresis is used to evaluate abnor-
malities of Hgb in variants of sickle cell anemia
and thalassemias.
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SEARCH STRATEGY

A systematic search of the medical literature was performed
on November 15, 2007. The search included relevant arti-
cles from UpToDate®, Ovid, Guidelines from the Infectious
Diseases Society of America (IDSA), the American Thoracic
Society (ATS), and Centers for the Disease Control and Pre-
vention (CDC). 

INTRODUCTION

Lower respiratory tract infections are a significant cause
of morbidity and mortality in the United States and one
of the major reasons for unscheduled physician office
visits. In 1997, there were more than 10 million office
visits by adults for acute bronchitis in the United
States.1 Although bronchitis and pneumonia are often
felt to be a spectrum of the same disease by patients and
health care providers, they are in fact distinct, and
require different treatment approaches. This chapter
will discuss the epidemiology and evidence-based
management of acute uncomplicated bronchitis and
community-acquired pneumonia (CAP). Bronchitis
occurring in patients with underlying lung disease, often
termed acute exacerbations of chronic bronchitis, will
not be addressed here.

ACUTE BRONCHITIS

EPIDEMIOLOGY AND MICROBIOLOGY

Acute uncomplicated bronchitis is a common inflam-
matory condition of the tracheobronchial tree that
affects as many as 5% of adults each year.2 In contrast to
more nonspecific respiratory syndromes, a majority of
patients with bronchitis seek medical care from a physi-
cian. This is a result of the prevailing belief that bron-

chitis is a bacterial infection that requires antibiotic
therapy to hasten resolution. In fact, literature supports
the vast majority of cases of uncomplicated acute bron-
chitis that have a nonbacterial cause.2 Viruses, includ-
ing influenza A and B, parainfluenza, respiratory
syncytial virus (RSV), rhinoviruses, adenoviruses and
coronaviruses are among the more common etiologic
agents. RSV seems to be of concern especially in older
adults, where a significant percentage of cases will be
associated with pneumonia. The only nonviral causes
that have been convincingly implicated in acute uncom-
plicated bronchitis are Bordetella pertussis, Mycoplasma
pneumoniae and Chlamydophila pneumoniae, and are
thought to account for 5% to 10% of cases of acute bron-
chitis.2 B. pertussis may be a particularly common cause
of prolonged cough, but antibiotic therapy is not of clin-
ical benefit, unless begun early in the illness.3 Pathogens
common to other respiratory tract infections like otitis
media and pneumonia, including Streptococcus pneumo-
niae, Haemophilus influenza and Moraxella catarrhalis have
not been convincingly shown to be etiologic agents in
acute bronchitis in patients without underlying lung
disease.

CLINICAL PRESENTATION AND 
DIAGNOSTIC EVALUATION

The hallmark of acute bronchitis is a cough, which may
be purulent or nonpurulent, and is often prolonged in
duration. Many patients begin with symptoms typical of
a viral upper respiratory tract infection, but progress to
persistent cough. Pulmonary function tests have been
shown to be abnormal in nearly half of these patients.
Bronchial hyperresponsiveness is typically evident for 2
to 3 weeks, although it may persist for up to 2 months.3

The main focus in the evaluation of patients is in
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differentiating uncomplicated bronchitis from pneumo-
nia, which requires antibiotic therapy. Although no one
symptom can reliably distinguish these conditions,
recent guidelines suggest the absence of vital sign
abnormalities (heart rate �100 beats/min, respiratory
rate �24 breaths/min, or temperature �38�C) and
absence of focal physical findings on chest examination
(rales, egophony, or fremitus) reduce the likelihood of
pneumonia to the point where further diagnostic testing
is usually unnecessary. One caveat to this is that older
patients with pneumonia often present with atypical
symptoms. A higher index of suspicion and diagnostic
workup is indicted in these patients even in the absence
of vital sign abnormalities.3 Also, in patients with a
cough persisting for longer than 3 weeks, evaluation of
other causes of chronic cough such as postnasal drip,
asthma and gastroesophageal reflux may be useful.

MANAGEMENT

Reviewing the etiologies should make it obvious that
antimicrobial therapy is unlikely to benefit patients with
acute uncomplicated bronchitis. Numerous clinical tri-
als and meta-analyses support this claim, showing no or
minimal benefit of antibiotics over placebo on dura-
tion of illness, limitation of activity or loss of work.2,4

Although older studies were criticized for design flaws, a
recent well-designed study of azithromycin versus a vita-
min C control found no benefit of antibiotics on health-
related quality of life or return to work.5 Other trials have
shown a benefit of albuterol over antibiotics, possibly
because of the decreasing bronchial hyperresponsive-
ness.6 The usefulness in patients without airway obstruc-
tion, however, is controversial. A recent meta-analysis did
not find benefit in the routine use of �-agonists for acute
bronchitis.7 Despite the fact that antibiotics provide
minimal benefit, a recent survey found over 60% of
patients who visited a physician for bronchitis were
given a prescription for an antibiotic, and over half of
those were for broad-spectrum antibiotics.8 This is in
the face of a public health crisis, where few antibiotics
are in the developmental pipeline and antibiotic resist-
ance both in and out of hospitals is soaring. As a result,
in 2001 the CDC partnered with the American Academy
of Family Physicians, the American College of Physi-
cians-American Society of Internal Medicine, and the
IDSA to issue a joint statement on the management of
uncomplicated acute bronchitis.2 The guideline focuses
on ruling out pneumonia (see Subsection “Clinical
Presentation and Diagnostic Evaluation” above), and edu-
cating patients on the lack of benefit of antimicrobial
therapy for acute bronchitis. Antibiotics are not recom-
mended for patients with acute uncomplicated bronchi-
tis, regardless of cough duration. Education is critical as
physicians cite patient expectations a major reason for

prescribing antibiotics despite the lack of benefit. Clini-
cians should employ tactics such as referring to bronchitis
as a “chest cold,” explaining the dangers of resistance and
antibiotic adverse effects, and counseling patients about
appropriate symptomatic management and realistic esti-
mates of cough duration. The societal and financial harm
of antibiotic misuse cannot be overstated. Antibiotic use
predicts antibiotic resistance both in a society as well as
individual patients, and is associated with worse patient
outcomes. Finally, the cost of unnecessary prescriptions
for respiratory tract infections has been estimated at over
$700 million each year in the United States alone.3 It is
encouraging that interventions designed to reduce
unnecessary antibiotic use have found significant reduc-
tion in the prescription of antibiotics without increasing
adverse outcomes or return physician visits.

EVIDENCE-BASED TREATMENT 
OF ACUTE BRONCHITIS

• The vast majority of acute bronchitis in adults
without underlying lung disease is viral in
origin and requires no treatment other than
supportive care.

• Older patients may not manifest classic symp-
toms of pneumonia and providers should have
a lower threshold for obtaining a chest radi-
ograph in patients with symptoms of bronchitis
and wheezing.

• �-Agonists may provide some relief in patients
with symptoms of acute bronchitis, especially in
the setting of chronic cough.

• Indiscriminate use of antibiotics leads to
increased cost and resistance, and may not
improve patient satisfaction with their providers.

COMMUNITY-ACQUIRED PNEUMONIA

EPIDEMIOLOGY AND MICROBIOLOGY

CAP is an acute infection of the pulmonary parenchyma.
It is associated with symptoms of acute infection accom-
panied by an infiltrate on chest radiograph in patients
who have not been recently hospitalized or resided in a
long-term care facility.9 Approximately 4 million cases
of CAP are diagnosed each year, resulting in an esti-
mated 10 million physician visits, 600000 hospitaliza-
tions, and 45000 deaths in the United States.10 Nearly
80% of these patients are treated in the outpatient set-
ting, with a consequent mortality of less than 1%.

The etiologic agent of CAP remains elusive in up to
half of the patients, even with extensive diagnostic test-
ing. S. pneumoniae is consistently the most common
pathogen isolated in nearly every prospective series of
CAP. Other pathogens commonly isolated include
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H. influenzae, and M. catarrhalis, and the atypical
organisms—M. pneumoniae, C. pneumoniae, and Legionella
pneumophila. Respiratory viruses have also been impli-
cated, especially Influenza A and B, parainfluenza,
and RSV.9-11 Some patients may have more than one
etiologic agent responsible for CAP, such as a mixture
of typical and atypical organisms.

CLINICAL PRESENTATION AND 
DIAGNOSTIC EVALUATION

Symptoms of CAP include fever, productive or nonpro-
ductive cough, pleuritic chest pain and dyspnea. Older
patients may present with atypical symptoms such as
confusion or failure to thrive.11 Unfortunately, physical
examination is neither sensitive nor specific in diagnos-
ing CAP.9 Guidelines endorsed by the IDSA and the
ATS strongly recommend chest radiographs in all
patients when the diagnosis of CAP is considered.11

Providers should avoid feeding the problem of antibi-
otic overuse and resistance by treating suspected
patients with antibiotics. A sputum gram stain and cul-
ture is also useful, but may not be possible, particularly
in the outpatient setting.11 In hospitalized patients,
additional diagnostic testing should include a complete
blood count and differential, chemistry testing, and a
measure of oxygenation (oximetry or arterial blood
gas). Blood cultures are optional in most cases, but
should be performed in patients with severe CAP,
chronic liver disease, and alcohol abuse or in those fail-
ing therapy. If the chest radiograph shows evidence of
pleural effusion or cavitary pneumonia, blood and spu-
tum cultures should be obtained.11 Newer diagnostic
tests such as the pneumococcal urinary antigen may
also prove useful in some situations.

MANAGEMENT

Impact of Initial Site of Treatment
The decision to treat a patient with CAP as an outpa-

tient or an inpatient may be the single most important
clinical decision throughout the course of illness.9,11

Overall mortality for patients with CAP is approximately
14%. However, it is less than 1% for outpatients and
nearly 30% in patients treated in the hospital. Determi-
nation of initial treatment site should be based on sev-
eral factors, including age, severity of illness, other co
morbid conditions and social support issues. A number
of factors have been shown to be associated with an
increased risk of mortality (Table 41-1).

Applying these risk factors is difficult. It has been
suggested physicians often overestimate a patient’s risk
of death, with a resultant increase in hospitalization
rates. Considering that the average cost of care for inpa-
tient management of CAP is $7500 versus $150-350

for outpatient care, considerable energy has been
expended to identify patients at low risk of death who
may benefit from outpatient therapy.12 One method to
accomplish this is through the use of prognostic scoring
systems such as the Pneumonia Severity Index (PSI)
and the CURB-65.13,14 The PSI is a tool to predict short-
term mortality with CAP and divides patients into five
risk classes. Patients are categorized as class I if they are
younger than 50 years of age, have normal mental sta-
tus, relatively normal vital signs and do not possess any
of the five comorbid conditions—neoplastic disease,
liver disease, congestive heart failure, cerebrovascular
disease, or renal disease. Classes II to V are based on
points assigned for demographic factors, comorbid
conditions, physical findings, and laboratory and radi-
ographic findings. Investigators found that patients in
class I or II are at lower risk for mortality (�1%) and
can generally be treated as outpatients. Patients in class
III have slightly higher mortality (1%–3%) and may
require brief observation in an inpatient unit. Finally,
patients in class IV or V are at the highest risk
(10%–30% mortality) and require hospitalization.
Although the PSI is useful, it is complicated to calculate,
is heavily weighted by age, and does not account for
social issues such as substance abuse, noncompliance,
and poor family support. More recently, a modification
of the British Thoracic Society criteria, known as CURB-
65 has been correlated with risk for mortality.14 Patients
are assigned a point for confusion, BUN � 20 mg/dL,
respiratory rate �30 breaths/minute, low blood pres-
sure (SBP �90 or DBP �60 mm Hg) and age � 65
years. The number of points correlates well with mor-
tality, with rates of 0.7%, 2%, 9%, 14%, 40%, and 57%,
respectively, for those patients with 0, 1, 2, 3, 4, or 5 fac-
tors. As a result, patients with a score of 0 to 1 could be
treated as outpatients, while those with higher scores
should be hospitalized. The use of either scoring system
can decrease the number of patients hospitalized with
CAP, but it is unclear which is superior. The ease of the
CURB-65 makes it a quick and useful tool to assist in the

Table 41-1. Criteria for Severe CAP

Respiratory rate � 30 breaths/min
PaO2/FiO2 � 250
Multilobar infiltrates
Confusion/disorientation
Uremia (BUN � 20 mg/dL)
Leukopenia (WBC count � 4000 cells/mm2)
Thrombocytopenia (platelet count � 100000 cells/mm2)
Hypothermia (core temperature � 36�C)
Hypotension requiring aggressive fluid resuscitation
Need for invasive mechanical ventilation
Need for vasopressors for septic shock

Adapted from Ref. 11.
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antibiotics can still successfully be used. Ideal choices
include high-dose amoxicillin (1 g three times daily) or
amoxicillin/clavulanate (2 g twice daily). Other suit-
able agents to consider include cefuroxime or cefpo-
doxime.11 Respiratory fluoroquinolones are active
against the majority of strains of DRSP.

Appropriate duration of treatment remains an area
of uncertainty. Few controlled trials have been con-
ducted assessing length of treatment for CAP. Physi-
cians should consider the offending pathogen,
response to treatment, and complications. A reasonable
course of therapy is 7 to 10 days for most patients.
Recent studies have found durations of as short as 5
days to be successful in a large percentage of patients,
although further study is needed.11

Initial response to therapy is often seen within the
first 3 days of antibiotic therapy, although deferves-
cence may not occur until several days later. Radi-
ographic findings are much slower to resolve and can
be abnormal for several months. Several considerations
should be taken into account in patients who fail to
respond to initial therapy. These include incorrect diag-
nosis, host failure, incorrect antibiotic or dose, unusual
pathogen, adverse drug reactions, or complications
such as empyema. 

Viral Causes of Pneumonia
As discussed earlier many viruses cause pneumonia

and may account for up to half of patients hospitalized
for an acute respiratory condition.11 Influenza also pre-
disposes patients to bacterial superinfection. Patients
with cardiopulmonary conditions and those older than
65 years of age are at increased risk for complications
and death from influenza.11 Rapid antigen tests for
influenza A and B are available and are recommended
for early identification and treatment initiation. Treat-
ment with antiviral agents within 48 hours of symptom
onset will reduce the duration of illness by 1 to 2 days.11

Preliminary data also suggest early use of antivirals may
decrease the incidence of lower respiratory tract com-
plications.16 The neuraminidase inhibitors, zanamivir
and oseltamivir, are active against both influenza A and
B. Oseltamivir is given orally while zanamivir is adminis-
tered through inhalation; oseltamivir is recommended
in patients with concurrent asthma or COPD due to the
risk of bronchospasm with zanamivir. Amantadine and
rimantadine currently have a very limited role in the
treatment and prophylaxis of influenza due to an
increased rate of resistance in circulating influenza
viruses.17

Prevention 
Considering the morbidity and mortality associated

with CAP, prevention is an important goal. The best
data on prevention of CAP comes from the influenza

decision to hospitalize. Whichever scoring system the
physician chooses should be supplemented with clinical
judgment, and recognition of social factors that may
compromise the safety of outpatient treatment.

Antibiotic Treatment
Antibiotics are the mainstay of therapy for CAP. As

described above, pneumonia is caused by a variety of
pathogens. Given the difficulty in establishing an etio-
logic diagnosis, treatment is largely empiric. Initial
antibiotic therapy for outpatients with CAP is based on
two factors. These include the presence or absence of
recent antibiotic therapy and the presence of comor-
bidities, such as cardiopulmonary disease, diabetes,
renal or liver disease, asplenia, and malignancy. Patients
should also be assessed for risk of infection with mul-
tidrug-resistant pathogens, including recent hospital-
ization or nursing home residence. These patients
should be treated as healthcare-associated pneumonia,
rather than CAP.15 Initial suggested empiric antibiotic
regimens are listed in Table 41-2.

Outpatients who are otherwise healthy with no
recent antibiotic use or comorbidities can be given a
macrolide antibiotic or doxycycline. Each demonstrates
adequate coverage of the likely organisms (S. pneumo-
niae, H. influenzae, M. pneumoniae and C. pneumoniae). In
patients with recent antibiotic use or co morbid condi-
tions, coverage for penicillin nonsusceptible S. pneumo-
niae should be considered (see Subsection “Drug-Resis-
tant S. pneumoniae” below). If aspiration is suspected
coverage of oral anaerobes with either amoxicillin-
clavulanate or clindamycin is indicated. 

Drug-Resistant S. pneumoniae
Drug-resistant S. pneumoniae (DRSP) (penicillin MIC

�4 mcg/mL) has been a problem in recent years. Risk
factors for DRSP include age �65 years, �-lactam use
within the previous 3 months, alcoholism, immunosup-
pressive illness, and exposure to a child in daycare.11

Resistance to penicillin in S. pneumoniae often results in
resistance to other classes of drugs, such as tetracyclines
and macrolides. If DRSP is suspected, several �-lactam

Table 41-2. Empiric Antibiotic Therapy for CAP in Outpatients

Population Drug Therapy
Previously healthy adults Macrolide* or doxycycline
No recent antibiotic therapy
Recent antibiotic therapy Respiratory fluoroquinolone†

or comorbidities present �-lactam‡ plus a macrolide or 
doxycycline

*Azithromycin or clarithromycin.
†Levofloxacin 750 mg, moxifloxacin, gemifloxacin.
‡High-dose amoxicillin (1g three times daily), high-dose amoxicillin/
clavulanate (2g twice daily), ceftriaxone, cefpodoxime, or cefuroxime.
Adapted from Ref. 11.
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vaccine, where meta-analysis demonstrates the adminis-
tration of the influenza vaccine in elderly adults
decreases the overall incidence of pneumonia by 53%,
hospitalization by 50% and death by 68%.18 The CDC
currently recommends that all patients 6 to 59 months
or �50 years of age, pregnant women and patients with
chronic medical conditions be administered the
influenza vaccine yearly.17 Vaccination is also recom-
mendation for health care workers to prevent transmis-
sion to high-risk patients. In 2003, the U.S. Food and
Drug Administration (FDA) approved a live, attenuated
influenza vaccine that is administered intranasally, and
is recommended for healthy persons aged 5 to 49 years.
Because it is a live vaccine, it should be avoided in chil-
dren younger than 5 years of age and individuals older
than 50 years of age, patients with chronic pulmonary,
cardiac or metabolic conditions, and those with under-
lying immunosuppressive conditions. Health care work-
ers, family members, and those with close contact to
immunosuppressed individuals should also be excluded
from receiving the intranasal vaccine. High-risk patients
exposed to influenza should be considered for chemo-
prophylaxis with antivirals. 

Studies demonstrating overall effectiveness of the
23-valent pneumococcal vaccine for prevention of
pneumonia are less conclusive. The pneumococcal vac-
cine is recommended for all adults older than 65 years
of age, and younger patients with chronic diseases such
as diabetes, cardiovascular or lung diseases, alcoholism,
renal failure, and immune system disorders.11 Revacci-
nation is recommended 5 years after the first. 
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EVIDENCE-BASED
TREATMENT OF CAP

• The decision whether or not to hospitalize a
patient with CAP may be the most important
treatment decision and there are several scor-
ing systems which can aid providers.

• Treatment decisions should be based on risk
factors for drug-resistant organisms, such as
recent antibiotic use and comorbidities.

• Coverage for atypical organisms should always
be included in empiric treatment regimens.

• Prevention of pneumonia in high-risk patients
through the use of influenza and pneumococ-
cal vaccine is extremely important.
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SEARCH STRATEGY

A systematic search of the medical literature was per-
formed in January, 2008. The search, limited to human
subjects and English language journals, included MED-
LINE®, PubMed, the Cochrane Database of Systematic
Reviews, and UpToDate®. The current Infectious Disease
Society of America practice guidelines for management of
skin and soft tissue infections and those for diabetic foot
infections can be found at www.idsociety.org.

The skin serves as a barrier between humans and their
environment and therefore functions as a primary
defense mechanism against infections. The skin con-
sists of the following layers and structures: (1) the epi-
dermis, the outermost nonvascular layer of the skin, (2)
the dermis, the layer of skin directly beneath the epi-
dermis which consists of connective tissue containing
blood vessels and lymphatics, sensory nerve endings,
sweat and sebaceous glands, hair follicles, and smooth-
muscle fibers, and (3) the subcutaneous fat, a layer of
loose connective tissue beneath the dermis which prima-
rily consists of fat cells. Beneath the subcutaneous fat lies
the fascia, which separates the skin from underlying mus-
cle. Skin and soft tissue infections (SSTIs) may involve any
or all layers of the skin, fascia, and muscle. They may also
spread far from the initial site of infection and lead to
more severe complications, such as endocarditis, sepsis,
or streptococcal glomerulonephritis. The treatment of
SSTIs may at times necessitate both medical and surgical
management. Various infections of the skin are a com-
mon reason for patients seeking attention from primary
care providers; cellulitis was listed as the primary reason
for office visits in approximately 2% of members of one
health plan.1 It is therefore imperative that primary care

providers have adequate knowledge of the appropriate
evaluation and management of common SSTIs.

Bacterial infections of the skin can broadly be classified
as primary or secondary (see Table 42-1).2 Primary bacte-
rial infections usually involve areas of previously healthy
skin and are typically caused by a single pathogen. In con-
trast, secondary infections occur in areas of previously
damaged skin and are frequently polymicrobic. SSTIs are
also classified as complicated or uncomplicated. Infec-
tions are considered complicated when they involve
deeper skin structures (fascia, muscle layers, etc.), require
significant surgical intervention, or occur in patients with
compromised immune function (diabetes mellitus,
human immunodeficiency virus [HIV], etc.).3

The skin and subcutaneous tissues are normally
extremely resistant to infection but may become sus-
ceptible under certain conditions. Even when high con-
centrations of bacteria are applied topically or injected
into the soft tissue, resultant infections are rare. The
majority of SSTIs result from the disruption of normal
host defenses by processes such as skin puncture, abra-
sion, or underlying diseases (e.g., diabetes). The nature
and severity of the infection depends on both the type
of microorganism present and the site of inoculation.2,3

IMPETIGO

Impetigo is a superficial skin infection that is seen most
commonly in children of age 2 to 5 years, and is easily
transmitted from person to person. The infection is
generally classified as bullous or nonbullous based on
clinical presentation. Impetigo is most common during
hot, humid weather, which facilitates microbial colo-
nization of the skin. Minor trauma, such as scratches or
insect bites, then allows entry of organisms into the
superficial layers of skin and infection ensues. Impetigo
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is highly communicable and readily spreads through
close contact, especially among siblings, day care cen-
ters, and schools.2,4

ETIOLOGY2,4,5

Traditionally, nearly all cases of impetigo were caused by
group A streptococci (i.e., Streptococcus pyogenes) (refer to
Table 42-2). However, Staphylococcus aureus, either alone
or in combination with S. pyogenes, has more recently
emerged as the principal cause of impetigo. The bullous
form is caused by strains of S. aureus capable of produc-
ing exfoliative toxins. The bullous form most frequently
affects neonates and accounts for approximately 10% of
all cases of impetigo.

CLINICAL PRESENTATION1,2,4,5

Nonbullous impetigo manifests initially as small, pain-
less vesicular lesions on the skin. These vesicles usually
occur on exposed areas of the skin such as the face and
extremities. The vesicles then rapidly become pustules.
These pustules usually then rupture within 4 to 6 days
and form characteristic thick, golden-yellow crusts.
Itching is common and scratching spreads the infec-
tion. Most lesions heal without scars and systemic mani-
festations of the infection are minimal.

Bullous impetigo is characterized by skin lesions
which are superficial, thin-walled, fluid-filled with clear
or amber-colored liquid, ranging in size from 0.5 to 3 cm
in diameter, and surrounded by an erythematous margin.
The bullae may be flaccid or tense, and they also even-
tually rupture to release fluid and form a shiny film over
the denuded area.

DIAGNOSTIC EVALUATION2,4

Diagnosis of impetigo is usually made by history and
examination. This infection most commonly occurs in
children, and soliciting a careful history from the child

or parents will often reveal the presence of some sort of
minor trauma prior to appearance of the lesions. The
presence of new vesicular and older pustular lesions,
the latter associated with the characteristic honey-yellow
crusts, are usually sufficient to make the diagnosis.
Microbiological diagnosis is usually not required, but
may be made by culturing the base of lesions that have
had the crusts removed. In bullous impetigo, microbio-
logical diagnosis may be made by culturing fluid aspi-
rated from the lesions. However, cultures are usually
not necessary since this infection is caused almost
exclusively by S. aureus.

MANAGEMENT1,2,4,5

Although impetigo may resolve spontaneously, antimicro-
bial treatment is indicated to relieve symptoms, prevent
formation of new lesions, and prevent complications such
as a secondary cellulitis. Antibiotic selection for manage-
ment of impetigo is summarized in Table 42-3. Penicilli-
nase-resistant penicillins, for example, dicloxacillin, are
preferred for treatment because of the increased inci-
dence of infections caused by S. aureus. Amoxicillin/
clavulanic acid and first-generation cephalosporins such
as cephalexin are also effective. Although penicillin is
effective for infections known to be caused by S. pyogenes,
impetigo is usually treated empirically without microbio-
logical diagnosis and antistaphylococcal agents are ini-
tially recommended. Penicillin-allergic patients can be
treated with clindamycin or erythromycin; however, resist-
ance to erythromycin among S. aureus and S. pyogenes

Table 42-1. Classification of Skin and Soft Tissue Infections
Encountered in Primary Care2,5

Primary infections
Impetigo
Erysipelas
Folliculitis
Furuncles and carbuncles
Cellulitis

Secondary infections 
Infected bite wounds

Animal bites
Human bites

Diabetic Foot infections

Table 42-2. Bacterial Etiology of Skin and Soft Tissue Infections

Infection Pathogens

Impetigo S. aureus, Group A streptococci
(S. pyogenes)

Erysipelas Group A streptococci, rarely S. aureus
Folliculitis S. aureus
Furuncles and S. aureus

carbuncles
Cellulitis S. aureus, group A streptococci; MRSA

becoming more common; enteric
Gram-negative bacilli and/or
anaerobes occur in diabetics, injection
drug users 

Infected bite wounds P. multocida, streptococci, staphylococci,
Animal bites Moraxella, Neisseria, Bacteroides, other

anaerobes
Human bites Streptococci, S. aureus, Haemophilus,

E. corrodens, anaerobes
Diabetic foot S. aureus, streptococci, enteric Gram-

infections negative bacilli, P. aeruginosa; Bacteroides,
Peptostreptococcus, other anaerobes

MRSA, methicillin-resistant S. aureus
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is increasing in some geographical areas and this drug
should be used cautiously. Mupirocin 2% ointment
(applied topically 3 times daily) is as effective as eryth-
romycin and provides a useful alternative to systemic
antibiotic therapy in some patients.6 Retapamulin 1%
ointment (applied topically twice daily) may also be
considered as an alternative to systemic therapy for the
treatment of mild impetigo. The usual duration of
antibiotic therapy is 7 to 10 days. In addition to antibi-
otics, removal of the crusts by soaking with soap and
warm water is helpful in the healing of the ruptured
lesions and providing symptomatic relief, particularly
for itching often associated with the thick crusts. With
proper treatment, healing of skin lesions is generally
rapid and occurs without residual scarring.

ERYSIPELAS

Erysipelas is a superficial cellulitis of the skin with
prominent lymphatic involvement. Infections are most
common in infants, young children, and older people.
Predisposing factors include venous stasis, diabetes
mellitus, alcohol abuse, and nephrotic syndrome.
Erysipelas also commonly occurs in areas of preexisting
lymphatic obstruction or edema.2,7

ETIOLOGY

Organisms which cause erysipelas gain access to under-
lying tissues through small breaks in the skin. The infec-
tion is almost always caused by group A �-hemolytic
streptococci (S. pyogenes). Very rarely these infections
are caused by S. aureus.2,4,7

CLINICAL PRESENTATION2,4,7

Approximately 70% to 80% of erysipelas infections are
found on the lower extremities, the remainder involv-
ing the face. Erysipelas is characterized by a painful
lesion with a bright red, edematous, indurated appear-
ance and an advancing, raised border that is sharply
demarcated from adjacent normal skin. The intense
red color and burning pain associated with this skin
infection has led to the common name of St. Anthony’s
fire. The sharply demarcated border and lesions which
are raised above the level of the surrounding skin are
the two clinical features that differentiate erysipelas
from cellulitis. Fever and malaise are prominent clinical
features of erysipelas and leukocytosis is common.
Because erysipelas itself can cause lymphatic obstruc-
tion, a risk factor for this type of infection, it tends to
recur in areas of previous infection. Approximately 30%
of patients will have a recurrent infection within 3 years
of a previous episode of erysipelas.

DIAGNOSTIC EVALUATION

Diagnosis is nearly always made based on the character-
istic lesion. Cultures obtained by aspiration of the
advancing edges of the lesion or by punch biopsy may
yield causative organisms, but the overall presentation
of the infection is distinctive enough that cultures are
not routinely recommended.

MANAGEMENT1,2,5,7

The goal of treatment of erysipelas is rapid eradication of
the infection. Most cases of erysipelas are relatively mild
and can be treated in the outpatient setting with oral
antibiotics, although more extensive lesions may require
hospitalization and parenteral antibiotics. Mild-to-mod-
erate cases of erysipelas in both adults and children may
be treated with penicillin V potassium (VK) (Table 42-3).
A penicillinase-resistant penicillin or first-generation
cephalosporin are also acceptable treatments. Mild-to-
moderate erysipelas in penicillin-allergic patients may be
treated with clindamycin or erythromycin.

Erysipelas generally responds quickly to appropriate
antimicrobial therapy with marked improvement usu-
ally seen within 48 hours. Temperature and white blood
cell count should return to normal within 48 to 72
hours. Erythema, edema, and pain should also gradu-
ally resolve.

FOLLICULITIS

Folliculitis is inflammation of the hair follicle. Infection
occurring at the base of the eyelid is referred to as a
stye. Folliculitis can be caused by physical injury, chem-
ical irritation, or infection. Inadequate chlorine levels
in whirlpools, hot tubs, and swimming pools which lead
to the presence of large numbers of bacterial organisms
may cause outbreaks of folliculitis.1,2,4

ETIOLOGY

S. aureus is the most common cause of folliculitis. Folli-
culitis associated with contaminated whirlpools and hot
tubs are often caused by Pseudomonas aeruginosa. This
organism, as well as other Gram-negative bacilli, has
also been associated with folliculitis as a complication in
patients with acne. Most cases seen by primary care
practitioners will, however, be caused by S. aureus.1,2,4

CLINICAL PRESENTATION AND 
DIAGNOSTIC EVALUATION

Folliculitis is associated with small (2–5 mm), erythema-
tous, sometimes pruritic papular lesions. These lesions
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are often topped by a central pustule. Systemic signs
of infection such as fever and malaise are uncommon,
although they have been reported in cases caused by
P. aeruginosa.1,2,4 Folliculitis associated with contami-
nated whirlpools and hot tubs generally appears within
48 hours after exposure to the contaminated water.2

The pruritic lesions are usually found on the buttocks,
hips, and axillae and are typically limited to the trunk
below the upper part of the chest or neck, correspon-
ding to the water level. Diagnosis is usually made by the
characteristic clinical findings and cultures or more
extensive work-up are seldom performed.

Table 42-3. Recommended Drugs and Dosing Regimens for Initial Outpatient Treatment of Skin and Soft Tissue Infections

Type of Infection Drug and Oral Adult Dose Drug and Daily Oral Pediatric Dose

Impetigo Dicloxacillin 250–500 mg every 6 h Dicloxacillin 25–50 mg/kg in four divided doses
Amoxicillin/clavulanic acid 875 mg/125 mg every 12 h Amoxicillin/clavulanic acid 40 mg/kg (of the amoxicillin 
Cephalexin 250–500 mg every 6 h component) in two divided doses
Clindamycin 300–600 mg every 6–8 h* Cephalexin 25–50 mg/kg in four divided doses
Mupirocin ointment every 8 h* Clindamycin 10–30 mg/kg per day in 3–4 divided doses*

Retapamulin ointment every 12 hours* Mupirocin ointment every 8 h*

Retapamulin ointment every 12 hours*

Erysipelas Penicillin VK 250–500 mg every 6 h Penicillin VK 40,000–90,000 units/kg in four divided doses
Dicloxacillin 250–500 mg every 6 h Dicloxacillin 25–50 mg/kg in four divided doses
Cephalexin 250–500 mg every 6 h Cephalexin 25–50 mg/kg in four divided doses
Erythromycin 250–500 mg every 6 h* Erythromycin 30–50 mg/kg in four divided doses*

Folliculitis None; warm saline compresses usually sufficient
Furuncles and Dicloxacillin 250–500 mg every 6 h Dicloxacillin 25–50 mg/kg in four divided doses

carbuncles Clindamycin 300–600 mg every 6–8 h* Clindamycin 10–30 mg/kg/d in 3–4 divided doses*

Cellulitis Dicloxacillin 250–500 mg every 6 h Dicloxacillin 25–50 mg/kg in four divided doses
Amoxicillin/clavulanic acid 875 mg/125 mg every 12 h Amoxicillin/clavulanic acid 40 mg/kg (of the amoxicillin 
Cephalexin 250–500 mg every 6 h component) in two divided doses
Cefadroxil 500–1000 mg every 12 h Cephalexin 25–50 mg/kg in four divided doses
Fluoroquinolone (levofloxacin 500–750 mg every Cefadroxil 30 mg/kg in two divided doses

24 h or moxifloxacin 400 mg every 24 h)* Clindamycin 10–30 mg/kg/d in 3–4 divided doses*

TMP/SMX 160 mg/800 mg every 12 h* TMP/SMX 4–6 mg/kg (of the trimethoprim component) 
Doxycycline 100–200 mg every 12 h* every 12 h*

Animal bite Amoxicillin/clavulanic acid 875 mg/125 mg every 12 h Amoxicillin/clavulanic acid 40 mg/kg (of the amoxicillin
Doxycycline 100–200 mg every 12 h* component) in two divided doses
Dicloxacillin 250–500 mg every 6 h � Penicillin VK Dicloxacillin 25–50 mg/kg in four divided doses � Penicillin

250–500 mg every 6 h VK 40,000–90,000 units/kg in four divided doses
Cefuroxime axetil 500 mg every 12 h � metronidazole Cefuroxime axetil 20–30 mg/kg in two divided doses �

250–500 mg every 8 h or clindamycin 300–600 mg metronidazole 30 mg/kg in 3–4 divided doses or
every 6–8 h clindamycin 10–30 mg/kg/d in 3–4 divided doses

Fluoroquinolone (levofloxacin 500–750 mg every 24 h TMP/SMX 4–6 mg/kg (of the trimethoprim component)
or moxifloxacin 400 mg every 24 h) � metronidazole every 12 h � metronidazole 30 mg/kg in 3–4 divided
250–500 mg every 8 h or clindamycin 300–600 mg doses or clindamycin 10–30 mg/kg/d in 3–4 divided
every 6–8 h* doses*

Human bite Amoxicillin/clavulanic acid 875 mg/125 mg every 12 h Amoxicillin/clavulanic acid 40 mg/kg (of the amoxicillin
Doxycycline 100–200 mg every 12 h* component) in two divided doses
Dicloxacillin 250–500 mg every 6 h � Penicillin VK Dicloxacillin 25–50 mg/kg in four divided doses �

250–500 mg every 6 h Penicillin VK 40,000–90,000 units/kg in four divided doses
Cefuroxime axetil 500 mg every 12 h � metronidazole Cefuroxime axetil 20–30 mg/kg in two divided doses �

250–500 mg every 8 h or clindamycin 300–600 mg metronidazole 30 mg/kg in 3–4 divided doses or 
every 6–8 h clindamycin 10–30 mg/kg/d in 3–4 divided doses

Fluoroquinolone (levofloxacin 500–750 mg every 24 h TMP/SMX 4–6 mg/kg (of the trimethoprim component)
or moxifloxacin 400 mg every 24 h) � metronidazole every 12 h � metronidazole 30 mg/kg in 3–4 divided
250–500 mg every 8 h or clindamycin 300–600 mg doses or clindamycin 10–30 mg/kg/d in 3–4 divided 
every 6–8 h* doses*

Diabetic foot Amoxicillin/clavulanic acid 875 mg/125 mg every 12 h
infections Fluoroquinolone (levofloxacin 750 mg every 24 h or 

moxifloxacin 400 mg every 24 h) � metronidazole
250–500 mg every 8 h or clindamycin 300–600 mg 
every 6–8 h*

* Recommended for patients with penicillin allergy.
TMP/SMX, trimethoprim/sulfamethoxazole.
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MANAGEMENT1,2,4

Treatment of folliculitis generally requires only local
measures, such as warm saline compresses, or topical
antibiotic therapy with clindamycin, erythromycin,
mupirocin, or benzoyl peroxide (Table 42-3).6 Topical
agents are generally applied 2 to 4 times daily for 7 days.
Many follicular infections resolve spontaneously without
medical or surgical intervention, generally within 5 days.
Lesions may need to be incised if they do not respond to
a few days of moist heat and over-the-counter topical
agents. Following drainage, most lesions begin to heal
within several days. Scarring or more serious compli-
cations rarely develop from mild cases of folliculitis.
Folliculitis associated with whirlpools or hot tubs
which does not spontaneously resolve, or which
appears to be worsening, may be treated with oral
ciprofloxacin or levofloxacin.2

FURUNCLES AND CARBUNCLES

Furuncles and carbuncles occur when a follicular infec-
tion extends from around the hair shaft to involve the
deeper areas of the skin. A furuncle, commonly known
as an abscess or boil, is a walled-off mass of purulent
material arising from a hair follicle. Furuncles differ
from folliculitis in that furuncles affect the dermis and
subcutaneous tissue rather than only the superficial epi-
dermis. The lesions are called carbuncles when they
coalesce to form large, deep masses which extend to the
subcutaneous tissue, often in areas covered with thick
or inelastic skin. Risk factors for furuncles and carbun-
cles include obesity, treatment with corticosteroids,
immune defects, and diabetes mellitus.1,2,4

ETIOLOGY

S. aureus is nearly always the causative pathogen of
furuncles and carbuncles.

CLINICAL PRESENTATION1,2,4

Furuncles can occur anywhere on hairy skin, but gener-
ally develop in areas subject to friction and perspiration.
These infections commonly occur on the face, neck,
axillae, and buttocks. Furuncles begin as firm, tender,
red nodules that then become painful and fluctuant.
The lesions are usually discrete and occur as single nod-
ules, although multiple nodules also occur. Sponta-
neous drainage of pus is common, after which the
lesions subside.

Carbuncles are usually located at the base of the neck,
on the back, or on the thighs. The lesions are large,
deep, and indurated with obvious swelling of the sur-
rounding tissues. Fever, chills, and malaise are frequent

complaints, and some patients may appear acutely ill or
“toxic.” The lesions usually eventually open and drain
externally through multiple sinus tracts along the hair
follicles. Areas of undrained pus are frequent, and cel-
lulitis or bacteremia may occur as complications of
severe carbuncles. Leukocytosis may be present in
patients with large or severe carbuncular lesions or in
those with secondary complications. Endocarditis and
osteomyelitis occur rarely.

DIAGNOSTIC EVALUATION

Diagnosis of a furuncle or a carbuncle is usually made
based on the characteristic appearances of the lesions.
Drainage fluids may be sent for culture, but this is not
usually done since the infection is invariably caused by
S. aureus.

MANAGEMENT1,2,4

Small furuncles can generally be treated with moist
heat, which promotes localization and drainage of pus.
Large and/or multiple furuncles and carbuncles are
generally treated with a penicillinase-resistant penicillin
such as dicloxacillin for 7 to 10 days (Table 42-3). An
alternative agent for penicillin-allergic patients is clin-
damycin. Surgical incision and drainage is indicated for
large furuncles that do not spontaneously drain and/or
are fluctuant in nature; most carbuncles also require
incision and drainage.

CELLULITIS

Cellulitis is defined as an acute, spreading infection of
the skin and subcutaneous tissue. Cellulitis is consid-
ered a serious disease because of the propensity of the
infection to spread through lymphatic tissue and to the
bloodstream. Although cellulitis may affect patients of
all ages, more than one-half of patients who develop cel-
lulitis have an underlying condition such as drug or
alcohol abuse, obesity, diabetes mellitus, peripheral vas-
cular disease, or preexisting edema.2,4,5 The presence
of a foreign body, such as an intravenous catheter, also
increases the risk of developing cellulitis. Cellulitis may
occur when the skin barrier is broken, as with a cut,
bite, or abrasion. In older patients, cellulitis of the
lower extremities may be complicated by throm-
bophlebitis. Other complications of cellulitis include
local abscess formation, osteomyelitis, septic arthritis,
and sepsis in more severe cases.2,4,5

ETIOLOGY

Although any organism may cause cellulitis, the most
common bacterial causes are group A streptococci and
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Staphylococcus species.1,2,4,5 In certain populations,
other organisms may be prevalent. For example,
patients with diabetes may develop cellulitis caused
by multiple pathogens including Gram-negative and
anaerobic organisms. Haemophilus influenzae was con-
sidered a common pathogen in children before the
H. influenzae type b vaccine was introduced.2 The rising
incidence of infections caused by community-acquired
methicillin-resistant S. aureus (CA-MRSA) is a major
concern in the outpatient setting.5,8

Acute cellulitis with mixed aerobic and anaerobic
flora generally occurs in diabetics, where the skin is
adjacent to some site of trauma, at sites of surgical inci-
sions to the abdomen or perineum, or where host
defenses have been otherwise compromised (e.g., vas-
cular insufficiency). Injection drug users are also pre-
disposed to polymicrobic cellulitis and abscess forma-
tion at the site of injection. Infecting organisms are
believed to originate from the skin and/or oropharynx,
as well as from contaminated needles, syringes, and
diluents. S. aureus and streptococci are the most com-
mon organisms isolated from these infections, but
anaerobic bacteria (especially oropharyngeal anaer-
obes) are also commonly found as part of polymicrobic
infections.2,4,5

CLINICAL PRESENTATION2,4,5

Cellulitis most commonly affects the head, neck, and
upper and lower extremities. The most common signs
and symptoms associated with cellulitis include pain,
tenderness, nonpruritic erythema, swelling, and warmth
at the site of infection. The borders of the infected tis-
sues may appear demarcated compared to the adjoining
tissue that is not affected, but the borders of the infec-
tion are often poorly defined. Vescicles and bullae filled
with clear fluid are common, although pustular lesions
are also occasionally present. Some patients may experi-
ence a prodrome, which may include chills, malaise,
anorexia, nausea, and vomiting. Fever and white blood
cell count elevation may occur in some patients but are
not present in all.

DIAGNOSTIC EVALUATION2,4,5

Needle aspiration of the infected area may identify the
pathogenic organism in up to 60% of patients, but the
yield of such cultures is often much lower in routine
practice. In general, needle aspiration and cultures of
the infected area are unnecessary in uncomplicated
cases because empiric antibiotic therapy is effective in
the majority of cases. Cultures should be considered if
the infection is complex; if there is an increased risk of
complications, as in very young patients or older adults

and in patients with diabetes, peripheral vascular dis-
ease, or immunosuppression; or if a standard course of
antibiotics has failed. Blood cultures are positive in
�5% of patients and are not routinely performed in
mild-to-moderate infections.

Most patients with cellulitis of mild-to-moderate
severity may be successfully managed with oral antibi-
otics in the outpatient setting. However, more severe
cases or infections in patients with significant comor-
bidities may necessitate the need for hospitalization and
treatment with parenteral antibiotics. The decision to
hospitalize a patient will be based on the location of the
cellulitis (particularly face or head), presence of severe
systemic symptoms, presence of complications such as
abscess or osteomyelitis, underlying diseases such as
poorly controlled diabetes mellitus or drug- or disease
state-induced immunosuppression, the patient’s ability
to be adherent with drug therapy or return to the clinic
if problems develop, and the clinicians’ subjective over-
all assessment of the severity of the infection.1,2,4,5,9 As a
general guideline, patients who are afebrile, not toxic-
appearing, and who are otherwise healthy or with no
unstable comorbid conditions are usually suitable for
outpatient therapy with oral antibiotics.5 Conversely,
patients having a toxic appearance, unstable comor-
bidities, a limb-threatening infection, or other life-
threatening infection such as gangrenous infection or
necrotizing fasciitis will require initial hospitalization,
parenteral antimicrobial therapy, and often some type
of surgical intervention. Periorbital cellulitis (infection
of the tissues surrounding the eye) should always be ini-
tially treated with parenteral antibiotics.10

MANAGEMENT1,2,4,5,9,11

The goal of therapy of acute bacterial cellulitis is rapid
eradication of the infection and prevention of further
complications. Optimal cellulitis treatment is based on
a number of factors, including the most likely causative
organisms, penetration of the antibiotic to the site of
infection, concurrent medications, medication aller-
gies, patient compliance issues, and cost. Antimicrobial
therapy of bacterial cellulitis is directed against the type
of bacteria either documented, or suspected to be pres-
ent based on the clinical presentation. The most likely
organism may vary depending on patient age and con-
comitant diseases such as diabetes mellitus or HIV
infection. In general, although, empiric therapy of
uncomplicated cellulitis should be effective against
streptococci and S. aureus.

Local care of cellulitis includes elevation and immo-
bilization of the involved area to decrease swelling. Ini-
tial application of cool sterile saline dressings may help
to decrease pain and inflammation. These should be
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followed, when tolerated, by moist heat to aid in local-
ization of the infection, promote drainage and remove
exudates, and decrease edema. Surgical intervention
(incision and drainage or debridement) may often be
required for severe cellulitis but is not usually required
for the treatment of cellulitis in patients appropriately
treated in the primary care setting. Abscesses may also
be associated with infections caused by CA-MRSA; these
lesions should likewise be incised and drained when
present.

Commonly used antibiotics for outpatient manage-
ment of cellulitis are shown in Table 42-3. Because
staphylococcal and streptococcal cellulitis are usually
indistinguishable, and because �90% of all S. aureus
strains produce penicillinase enzymes, administration of
an oral penicillinase-resistant penicillin (dicloxacillin
or cloxacillin) is usually recommended. Amoxicillin/
clavulanic acid and first-generation cephalosporins such
as cefadroxil or cephalexin are also commonly used for
mild-to-moderate infections. Other oral cephalosporins,
such as cefaclor, cefprozil, and cefpodoxime proxetil, are
also effective in the treatment of cellulitis but are consid-
erably more expensive. In patients allergic to �-lactam
antibiotics, clindamycin is an appropriate choice. If doc-
umented to be a mild cellulitis secondary to streptococci,
oral Penicillin VK may be administered.

The increasing incidence of infections caused by
CA-MRSA is of great concern as a result of the inade-
quacy of standard recommended therapy for cellulitis
(traditionally consisting of a �-lactam agent). Although
the most optimal treatment for CA-MRSA infections is
not known, initial therapy with trimethoprim/sul-
famethoxazole (TMP/SMX) or a tetracycline (i.e.,
doxycycline or minocycline) should be considered in
geographic areas in which CA-MRSA infections are
commonly encountered.2,8,12 Because TMP/SMX may
not provide adequate activity against group A strepto-
cocci, the empiric addition of a �-lactam agent to
TMP/SMX has also been advocated; however, whether
such initial combination therapy improves clinical out-
comes is not clear. Patients begun on �-lactam antibi-
otic regimens should be closely monitored for appro-
priate response to therapy. Empiric therapy with agents
which are highly active against multidrug-resistant
Gram-positive cocci, for example, linezolid, is not rou-
tinely recommended as a result of the significantly
higher cost of these drugs and usually adequate
response to TMP/SMX or a tetracycline.8,12

Amoxicillin/clavulanic acid and cephalosporins may
be preferred in the setting of diabetes because of their
broader spectrum of antibacterial activity and the
potential for infection with Gram-negative bacilli as
well as Gram-positive pathogens. Fluoroquinolones
(levofloxacin or moxifloxacin) may also be recom-

mended for adult diabetic patients because of their
expanded spectrum of activity. Although these fluoro-
quinolones have been shown to be effective for uncom-
plicated SSTIs including cellulitis, they are considered
to be alternative rather than first-line agents because
of increasing reports of resistance among both Gram-
positive and Gram-negative bacteria as well as increased
treatment costs compared to other therapies.2,4,9

Because patients with diabetes are at higher risk for
CA-MRSA, clinicians must be alert to the potential for
infection with this pathogen and patient response to
therapy must be monitored very closely.5

Infections in injection drug users are generally treated
similarly to those in other types of patients. It is also
important that blood cultures be obtained, as 25% to 35%
of patients may be bacteremic. Also, patients should be
assessed for the presence of abscesses; incision, drainage,
and culture of these lesions are of extreme importance.
Initial antimicrobial therapy should include coverage for
anaerobic organisms, in addition to S. aureus and strepto-
cocci. In areas where methicillin-resistant S. aureus
(MRSA) is prevalent, hospitalization for treatment with
parenteral antibiotics should be considered.2,5,9

The usual duration of therapy for cellulitis is 10 to 14
days. However, patients with peripheral vascular disease,
chronic venous stasis, alcoholic cirrhosis, or diabetes
may have significantly delayed response to therapy and
may require a total of 3 to 4 weeks of therapy.

BITE WOUNDS

GENERAL CONSIDERATIONS2,5

Infections associated with bite wounds, either from ani-
mals or humans, are considered to be serious illnesses
as they can manifest 4 to 24 hours after the injury, cause
extensive skin and subcutaneous tissue injury, and are
potentially limb threatening, requiring extensive surgi-
cal debridement. Most bite wounds will be initially eval-
uated in the primary care setting, either in offices and
clinics or through emergency departments. Knowledge
of appropriate evaluation and management is therefore
very important for primary care clinicians.

The initial care of the patient with a bite wound
should include a detailed history including time lapse
from injury to clinic or emergency department visit.
Inspection of the wound with attention to deepness,
whether tendons and ligaments are affected, and pres-
ence of foul odor are necessary to determine whether
treatment may be attempted in the outpatient setting
with oral antibiotics alone or whether hospitalization
and surgical interventions may potentially be required.
Cultures (aerobic and anaerobic) and a complete blood
count are important for evaluating treatment options,
and a surgical consult should be obtained for wounds
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which are deep, obviously infected, and/or associated
with extensive injury to tissues, ligaments, or tendons.
Time is essential to prevent permanent damage, partic-
ularly if the hand is involved.

Treatment of bite wounds with antibiotic therapy is
appropriate for an established infection. If the wound
does not adequately respond within 24 hours, a return
visit to the clinic or emergency department may be nec-
essary for reevaluation. Finally, appropriate measures
for rabies and tetanus vaccination should be considered
in all patients.

ANIMAL BITES2,5

Dog bites account for approximately 80% of all animal
bite wounds requiring medical attention. Dog bites
most commonly occur in males less than 20 years of age.
More than 70% of these bites are to the extremities.
Bites to the face occur less commonly and are mostly
seen in children younger than 15 years of age. Patients
at greatest risk of acquiring an infection after a bite
have had a puncture wound (usually the hand), have
not sought medical attention within 12 hours of the
injury, and are older than 50 years of age.

Cat bites account for approximately 5% to 15% of all
reported animal bites and are the second most com-
mon cause of animal bite wounds in the United States.
Bites and scratches caused by cats most commonly
occur on the upper extremities and, in contrast to dog
bites, most cat-related injuries are reported in women.
Infections associated with cat bites are estimated to
occur in 30% to 50% of injuries and happen at a rate
more than double that seen with dog bites.

Etiology
Infections from dog bite wounds are caused predom-

inantly by organisms of the dog’s oral flora. Most infec-
tions are polymicrobial and involve an average of five
bacterial pathogens (Table 42-2). Pasteurella species are
most frequently isolated; other common aerobes
include streptococci, staphylococci, Moraxella, and Neis-
seria. The most common anaerobes are Fusobacterium,
Bacteroides, Porphyromonas, and Prevotella. Cultures of
both infected and noninfected bite wounds have similar
bacteria present, with aerobic organisms isolated from
74% to 90% and anaerobic organisms isolated from
41% to 49% of wounds.2,5

Infections associated with cat bites or scratches are
caused by Pasteurella multocida in approximately 75% of
cases; this bacteria is part of the normal flora of 50% to
70% of healthy cats. Mixed aerobic and anaerobic infec-
tions have been reported in the majority of cat bite
wounds.2,5 Both tularemia (Pasteurella tularensis) and
rabies have also been transmitted by cat bites.

Clinical Presentation
Primary care providers see two distinct groups of

patients seeking medical attention for animal bites.2,5

The first group presents within 8 to 12 hours of the
injury and has not yet developed infection; these
patients require only general wound care, repair of tear
wounds, or rabies and/or tetanus treatment. The sec-
ond group of patients presents more than 8 to 12 hours
after the injury has occurred and is usually seeking
medical attention for infection-related complaints.
Such complaints include pain, erythema, purulent dis-
charge, and swelling. Localized cellulitis is generally
present with pain at the site of injury. The cellulitis usu-
ally spreads proximally from the initial site of injury and
a gray malodorous discharge may be encountered. If 
P. multocida is present, a rapidly progressing cellulitis
may be observed with pain and swelling developing
within 24 to 48 hours after the initial injury. Infections
developing within the first 24 hours of a bite are most
often caused by P. multocida, while infections developing
more than 36 to 48 hours after the bite are more likely
to be infected with staphylococci or streptococci. In
contrast to some other SSTIs, fever is uncommon and
fewer than 20% of patients have concomitant adenopa-
thy or lymphangitis.

Diagnostic Evaluation
Documentation of the mechanism of injury is impor-

tant. Because the rabies virus can be transmitted via
saliva, rabies may be a potential complication of a bite.
Capture of the animal for determination of rabies
immunization history is essential. It is also important for
the patient’s tetanus immune status to be determined.

Cultures obtained from early and/or noninfected
bite wounds are not of great value in predicting the
subsequent development of infection.2,5 Cultures are
therefore not recommended for wounds that are seen
within 8 hours or more than 24 hours after the bite
injury when the incidence of infection is low. In the case
of bite wounds with clinical signs of established infec-
tion, samples for both aerobic and anaerobic cultures
should be obtained. Purulent discharge is a common
finding in infected bite wounds and is easily sent for cul-
ture. Radiographic evaluation of the affected part
should be considered when infection is documented in
proximity to a bone or joint.

Management
Wounds should be thoroughly irrigated with a large

volume (�150 mL) of sterile normal saline. Proper irriga-
tion will reduce the bacterial count in the wound; prompt,
thorough irrigation of the wound with soap or iodine
solution may also reduce the development of rabies.
Antibiotic solutions do not offer any advantage over
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saline. In addition to irrigation, when possible, the injured
area should be immobilized and elevated. It is important
to stress to patients that the affected area should be ele-
vated for several days or until edema has resolved.2

Tetanus does not commonly occur after animal bites.
However, immunization history in regard to the tetanus
vaccine should be reviewed with each patient. Adminis-
tration of tetanus–diphtheria toxoids and/or tetanus
immune globulin should be considered if immunization
histories are incomplete and/or tetanus vaccinations
have been inadequate, particularly in patients with more
extensive wounds or if soil contamination has occurred.2,5

The role of prophylactic antimicrobial therapy for
the early, noninfected bite wound remains controver-
sial.2,5,13 Controlled studies, retrospective evaluations,
and meta-analyses have not definitively shown benefits
with prophylactic antibiotics for noninfected bites.13

Because up to 20% of bite wounds may become
infected, a 3- to 5-day course of antimicrobial therapy is
generally recommended, especially for patients at
greater risk for infection (patients �50 years of age,
deep puncture wounds, wounds to the hands, and
wounds in immunocompromised hosts).2,5,13 Prophy-
lactic treatment should be directed at the typical aero-
bic and anaerobic oral flora of the animal as well as the
skin flora of the bite victim. Antibiotic regimens sug-
gested for empiric oral therapy of bite wounds from
dogs and cats usually consist of either amoxicillin/
clavulanic acid or doxycycline.5 Alternative regimens
include a first- or second-generation cephalosporin plus
clindamycin, or penicillin in combination with a first-
generation cephalosporin or clindamycin. Although
these latter combination regimens are effective, they
are also more expensive and more difficult for good
patient adherence. Doxycycline has good activity against
P. multocida, is less expensive than amoxicillin/clavulanic
acid, and is also suitable for patients who are allergic
to penicillins. Although conclusive clinical data are
lacking, fluoroquinolones may also be considered in
�-lactam allergic patients. Doxycycline should not be
used in children and/or pregnant women.

Patients who present with established infections
should be evaluated regarding whether therapy is best
accomplished with oral antibiotics or parenteral ther-
apy. More severe infections for which initial parenteral
antibiotic therapy may be more appropriate include
those involving the head or hands, those accompanied
by extensive cellulitis or lymphangitis, significant sys-
temic signs and symptoms, wounds in which bones or
joints may be involved, and wounds in which pain is dis-
proportionate to the apparent severity of the injury.2,5

The recommended treatment of infected animal
bites is amoxicillin/clavulanic acid.5 Doxycycline is an
effective alternative agent, particularly in penicillin-

allergic, nonpregnant adults. Dicloxacillin plus penicillin
VK has also been recommended. Second-generation
cephalosporins such as cefuroxime axetil, fluoro-
quinolones, and TMP/SMX may also be effective options
but should be combined with metronidazole or clin-
damycin to provide adequate antianaerobic activity. The
duration of antibiotic treatment is usually 7 to 10 days.

Results of any available Gram stains or cultures
should be used to confirm the appropriateness of
antibiotic therapy. Surgical evaluation and/or wound
debridement may be needed if signs and symptoms of
infection have not substantially improved, or the wound
has become worse, within 24 to 48 hours after begin-
ning therapy.

HUMAN BITES

Human bites are the third most frequent type of bite
(after dogs and cats). Infected human bites usually
occur secondary to bites inflicted by another individual,
or from clenched-fist injuries resulting from one person
hitting another in the mouth. Bites by others can occur
to any part of the body, but most often involve the
hands. The areas most commonly affected by clenched-
fist injuries are the third and fourth metacarpopha-
langeal joints.2,5

Human bites are generally more serious than animal
bites and carry a higher likelihood of infection than do
most animal bites; infectious complications occur in
10% to 50% of cases. Bites to the hand are most serious
and more frequently become infected. Clenched-fist
injuries are particularly prone to infection because the
force of a punch may carry bacteria into deep tissue
spaces. The injury also often causes a breach in the cap-
sule of the metacarpophalangeal joint and leads to
direct inoculation of bacteria into the joint or bone.
Clenched-fist injuries may also be associated with sever-
ing of tendons or nerves, or breaking of bones.2,5

Etiology
Infections of human bite wounds are most often

caused by the normal oral flora but may also involve nor-
mal flora of the skin. These are typically polymicrobial
infections which include both aerobic and anaerobic
microorganisms.2,5 Streptococcus species (especially S. angi-
nosus) are the most common isolates, followed by Staphy-
lococcus species (predominately S. aureus). Haemophilus
species and Eikenella corrodens are also commonly isolated
from human bite wounds. Anaerobic pathogens are
involved in approximately 40% of human bites, with a
slightly higher incidence in clenched-fist injuries.
Anaerobes recovered from human bite infections com-
monly include Prevotella, Fusobacterium, Veillonella, and
Peptostreptococcus species.
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Clinical Presentation
Most clenched-fist injuries are already infected by

the time patients seek medical care. Patients with
infected bites to the hand may develop a painful, throb-
bing, swollen extremity. Wounds often have a purulent
discharge, and patients often complain of a decreased
range of motion. Signs of infection include erythema,
swelling, and clear or purulent discharge. Adjacent
lymph nodes may be enlarged. In clenched-fist injuries,
edema may cause substantial limitation to a joint’s
range of motion.

Diagnostic Evaluation
Surgical assessment of wounds should be considered

if it appears that deeper tissues may have been injured
or if accumulations of pus have occurred. Surgical
exploration, debridement, or excision and drainage
may be required in many cases. Clenched-fist injuries in
particular should also be evaluated for evidence of dam-
age to tendons, joints, and nerves because of the poten-
tial for more extensive and/or severe damage to the
hand and resultant loss of function.2,5

Samples for bacterial cultures (both aerobic and
anaerobic), usually from purulent drainage fluids,
should be collected in all patients with established
infection. Peripheral leukocytosis of 15000 to 30000
cells/mm3 may be seen in many infections, therefore
the white blood cell count should be monitored for res-
olution of infection. If damage to a bone or joint is sus-
pected, radiographic evaluation should be undertaken.

Management
Similar to animal bites, management of human bite

wounds consists of aggressive irrigation, surgical
debridement if necessary, and immobilization of the
affected area. Tetanus toxoid and antitoxin may be indi-
cated. If the biter is known to be HIV-positive or may
have important risk factors, the victim should have a
baseline blood specimen drawn to determine preexpo-
sure HIV status and then be retested in 3 months and
6 months. Bite wounds should also be thoroughly and
vigorously irrigated with a virucidal agent such as povi-
done-iodine. Bite victims exposed to blood-tainted
saliva from a person known to have HIV infection
should be offered antiretroviral chemoprophylaxis.

All patients with noninfected hand bite injuries
should be given prophylactic antibiotic therapy.5 Initial
therapy should consist of amoxicillin/clavulanic acid or
doxycycline. A penicillinase-resistant penicillin such as
dicloxacillin in combination with Penicillin VK may also
be administered. Prophylactic therapy should be given
for 3 to 5 days as for animal bites. First-generation
cephalosporins or macrolides are not recommended
since sensitivity of E. corrodens to these agents is variable.

Patients with infected bite wounds should be carefully
evaluated to determine the most appropriate route of
antibiotic administration. Hospitalization for minor
wounds is not necessary if surgical repair of vital struc-
tures has not been performed or is not necessary.
Patients in whom parenteral antibiotic therapy may be
most appropriate include those with wounds character-
ized by the following: large in area; evidence of involve-
ment of deeper tissues, joints, or bones; accumulations of
pus, particularly in or around joint spaces; any evidence
of damage to tendons, joints, or nerves; or those wounds
subjectively felt to be severe in nature on the basis of clin-
ical assessment.2,5 Patients suffering clenched-fist injuries
are often most appropriately treated with parenteral
antibiotics. Immunocompromised patients and those
who are unlikely to be adherent to antibiotic regimens
should also receive parenteral therapy.2,5

Patients who are suitable candidates for oral antibi-
otic therapy should be empirically started on amoxi-
cillin/clavulanic acid or doxycycline pending results of
cultures.5 Penicillin plus a penicillinase-resistant peni-
cillin would be a suitable alternative regimen. A combi-
nation of clindamycin plus a fluoroquinolone or
TMP/SMX may also be used as an alternative therapy
for the penicillin-allergic patient. Duration of therapy
for infected bite injuries should be 7 to 14 days.

Results of any available Gram stains or cultures should
be used to confirm the appropriateness of antibiotic
therapy. Surgical evaluation and/or wound debridement
may be needed if signs and symptoms of infection have
not substantially improved, or the wound has become
worse, within 24 to 48 hours after beginning therapy.

DIABETIC FOOT INFECTIONS

Disorders of the foot are among the most common
complications of diabetes. The three major types of foot
infections seen in diabetic patients include deep
abscesses of the central plantar space (arch); cellulitis
of the dorsum, often arising from infections in the toes;
and mal perforans ulcers, that is, chronic ulcers of the
sole of the foot. Osteomyelitis is one of the most serious
complications of foot problems in diabetic patients and
may occur in 30% to 40% of infections. It is estimated
that 25% of diabetic patients experience significant
soft tissue infection at some time during the course of
their lifetime; these infections are the cause of lower
extremity amputations in approximately 15% to 20%
of patients.5,14 Of these patients, approximately 10% to
20% will undergo additional surgery or amputation of
a second limb within 12 months of the initial amputa-
tion. Foot infections are clearly associated with signifi-
cant morbidity, cost, and decreased functionality and
quality of life in diabetic patients.2,5,14
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Three key factors involved in the development of dia-
betic foot problems are neuropathy, angiopathy and
ischemia, and immunologic defects.5,14 Any of these dis-
orders can occur in isolation; however, they frequently
occur together. Neuropathies may cause muscular
imbalance, abnormal stresses on tissues and bone, and
repetitive injuries. Also, decreased pain sensation may
cause an absence of pain and unawareness of minor
injuries and ulceration. Atherosclerosis in diabetic
patients causes problems with both small vessels
(microangiopathy) and large vessels (macroangiopathy)
that can result in varying degrees of ischemia, ultimately
leading to skin breakdown and infection. Finally, dia-
betic patients typically have impaired phagocytosis and
intracellular microbicidal function as compared to non-
diabetics, possibly related to angiopathies and tissue
ischemia. These defects in cell-mediated immunity
make patients with diabetes more susceptible to certain
types of infection and also impair wound healing.

Etiology
Diabetic foot infections typically involve a number of

different bacterial pathogens. Diabetic foot infections
are usually polymicrobic in nature and involve an aver-
age of 4 to 6 isolates per culture. Table 42-4 lists the bac-
terial etiology in 346 diabetic patients with microbio-
logically documented infections who were enrolled in
three recent comparative studies.15–17 Staphylococci
(especially S. aureus) and streptococci are the most

common pathogens, although Gram-negative bacilli
and/or anaerobes occur in approximately 30% to 50%
of cases. Common Gram-negative bacteria involved in
diabetic foot infections include Escherichia coli, Klebsiella
species, and Proteus species. P. aeruginosa is found in
usually 2% to 10% of infections. Bacteroides fragilis and
Peptostreptococcus species are among the most common
anaerobes isolated. Hospitalization, surgical proce-
dures, and prolonged or broad-spectrum antibiotic
therapy increases the risk of infection with antibiotic-
resistant pathogens such as MRSA.14 Similar to celluli-
tis, infection with CA-MRSA is becoming more common
in diabetic foot wounds.5,14

Clinical Presentation5,14

Infections are often much more extensive and much
deeper than they initially appear. Patients with peripheral
neuropathy often seek medical care for swelling or ery-
thema in the foot with the absence of pain. Typical clin-
ical signs of infection as seen with other types of SSTIs
may not be present in the diabetic foot as a result of
angiopathy and neuropathy. When present, infected
lesions vary in size and in clinical features. Erythema,
edema, warmth, presence of pus, draining sinuses,
pain, and tenderness are common clinical features of
infected wounds; however, some of these signs and
symptoms may be absent in some patients. Fever may
also be absent in many patients. It has been noted that
50% of patients with limb-threatening infection have no
systemic signs or symptoms.

Diagnostic Evaluation
Specimens for culture and sensitivities should be

routinely collected. However, routine swab cultures of
ulcerative lesions are difficult to interpret because non-
pathogenic organisms often colonize the surface of the
wounds. Cultures of material from sinus tracts are also
unreliable. Cultures and sensitivity tests should there-
fore be done with specimens obtained from a deep cul-
ture obtained after surgical debridement whenever
possible.16 Before culturing, the wound should be vig-
orously scrubbed with saline-moistened sterile gauze to
remove any overlying necrotic debris. Cultures then can
be obtained from the wound base, preferably from
expressed pus. Because of the complex microbiology of
these infections, wounds must be cultured for both aer-
obic and anaerobic organisms.5,14–17 The presence of
osteomyelitis must also be assessed via radiograph, bone
scan, and/or bone culture, as appropriate.

Management
The goal of therapy of diabetic foot infections is preser-

vation of as much normal limb function as possible while
preventing additional infectious complications. Up to

Table 42-4. Frequency of Bacterial Isolates from Diabetic 
Foot Infections15–17

Organisms Percent of Infections (%)

Aerobes 69–79
Gram-positive 45–66

S. aureus 13–46
Streptococcus spp. 10–14
Enterococcus spp. 8–20
Coagulase-negative 7–12

staphylococci
Gram-negative 24–37

Proteus spp. 5
Enterobacter spp. 2–3
E. coli 3–5
Klebsiella spp. 2
P. aeruginosa 2–7
Other Gram-negative 3–7

bacilli
Anaerobes 25–44

Peptostreptococcus spp. 8–27
B. fragilis group 5–11
Other Bacteroides spp. 3–4
Clostridium spp. 0–2
Other anaerobes 5–7
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90% of these infections can be successfully treated with a
comprehensive treatment approach that includes both
wound care and antimicrobial therapy. However, one of
the most important initial tasks in the management of dia-
betic foot infections is to recognize which patients require
immediate hospitalization rather than treatment as an
outpatient. Determination of the most appropriate treat-
ment setting is often very difficult and somewhat contro-
versial. One system for classifying the severity of diabetic
foot wounds has recently been published by the Interna-
tional Consensus on the Diabetic Foot (Table 42-5). Infec-
tions categorized as mild-to-moderate in severity can usu-
ally be treated with oral antibiotics in the outpatient
setting. Complicating factors which make oral antibiotics
less appropriate for these infections include the need for
urgent diagnostic testing, likely inability to adhere to
antibiotic therapy, or factors that may affect the ability to
provide good wound care. Patients with severe infections
should be hospitalized for treatment with parenteral
antibiotics. Patients with wounds classified as uninfected
should of course not receive any antibiotic therapy.

After carefully assessing the extent of the lesion and
obtaining necessary cultures, necrotic tissue must be
thoroughly debrided and wounds drained as required.
Wounds must be kept clean and dressings changed fre-
quently (two to three times daily). Glycemic control must
be maximized in all patients to ensure optimal wound
healing. Bedrest for leg elevation and control of any
edema is another important component of comprehen-
sive wound management. Finally, appropriate antimicro-
bials must be initiated.

The optimal antimicrobial therapy for diabetic foot
infections has yet to be defined. Many different agents
have been studied and generally provide clinical cure
rates of 60% to 85% in published studies.5,14 Many

clinicians consider amoxicillin/clavulanic acid to be
the preferred agent because of its broad spectrum of
activity which includes staphylococci, streptococci, ente-
rococci, and many Enterobacteriaceae and anaerobes.
Although amoxicillin/clavulanic acid does not have
activity against P. aeruginosa, most mild-to-moderate
infections are not likely to involve P. aeruginosa and
activity against this organism has not been proven to
lead to better outcomes. Fluoroquinolones such as
ciprofloxacin and levofloxacin, which provide coverage
against P. aeruginosa, have been extensively studied as
monotherapy but are perhaps most appropriately used
in combination with metronidazole or clindamycin to
provide anaerobic activity.14 Oral moxifloxacin has
enhanced anaerobic activity and is a suitable fluoro-
quinolone for oral monotherapy of mild-to-moderate
infections in which P. aeruginosa is less likely. Although
MRSA is becoming more common in diabetic foot infec-
tions, use of agents such as linezolid is not recom-
mended for initial therapy unless properly obtained cul-
tures document the presence of this pathogen.5,8,12,14

Mild-to-moderate infections should generally be
treated for at least 10 to 14 days, although regimens of
21 days or more are often required. In cases of underly-
ing osteomyelitis, treatment should continue for 6 to 12
weeks. After healing of the infection has occurred, a
well-designed program for prevention of further infec-
tions should be instituted.

Therapy should be carefully reevaluated after 48 to 72
hours to assess favorable response. Change in therapy (or
route of administration, if oral) should be considered if
clinical improvement is not observed during this time.
For optimal results, drug therapy should be appropri-
ately modified according to information from deep tis-
sue culture and the clinical condition of the patient.

Table 42-5. Classification of Infection in Diabetic Patients with Foot Wounds14

Wound Characteristics Severity; Treatment Recommendation

No purulence, no signs/symptoms of inflammation (e.g., purulence, Uninfected; no antibiotic therapy indicated
erythema, pain, tenderness, warmth, or induration)

Presence of �2 signs/symptoms of inflammation (as listed above), Mild infection; most cases appropriate to treat as outpatient with 
cellulitis or erythema extend �2 cm around ulcer and limited to oral antibiotics
skin or superficial subcutaneous tissues, no complications or
systemic findings

Presence of inflammation (as with mild infection), patient clinically Moderate infection; most cases appropriate to treat as outpatient
stable but with �1 of the following: Cellulitis/erythema �2 cm with oral antibiotics
around ulcer, lymphangitis, spread through deeper tissues, 
deep-tissue abscess, gangrene, or involvement of muscle, tendon, 
bone or joint

Presence of infection with systemic involvement and/or clinical Severe infection; requires hospitalization and treatment with 
instability (e.g., fever, chills, tachycardia, hypotension, mental parenteral antibiotics
status changes, vomiting, leukocytosis, metabolic acidosis, severe 
hyperglycemia, acute renal dysfunction)
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EVIDENCE-BASED SUMMARY

• Impetigo is a superficial skin infection that is
most commonly seen in young children and
usually caused by group A streptococci (i.e.,
S. pyogenes), or occasionally S. aureus. Impetigo
usually manifests as small, painless vesicular
lesions and pustules on the face and extremi-
ties and is associated with thick, golden-yellow
crusts. Appropriate antibiotics for impetigo
include dicloxacillin, amoxicillin/clavulanate,
and first-generation cephalosporins (e.g.,
cephalexin). Mild cases may also be treated
with topical mupirocin or retapamulin oint-
ments rather than with systemic antibiotics.

• Erysipelas is a superficial infection of the skin
that is most common in infants, young chil-
dren, and older people. Erysipelas is charac-
terized by a painful lesion with a bright red,
edematous appearance and is differentiated
from cellulitis by the presence of raised lesions
with a sharply demarcated border. Most cases
are caused by group A streptococci and can be
successfully treated with Penicillin VK, a peni-
cillinase-resistant penicillin, or a first-genera-
tion cephalosporin.

• Folliculitis is inflammation of the hair follicle
and is most commonly caused by S. aureus.
This infection is associated with small, erythe-
matous, sometimes pruritic papular lesions
which are often topped by a central pustule.
Folliculitis is usually treated with local meas-
ures such as warm saline compresses, or topi-
cal antibiotic therapy with clindamycin, eryth-
romycin, mupirocin, or benzoyl peroxide.

• Furuncles and carbuncles occur when a folli-
culitis extends from the hair shaft to involve
the deeper areas of the skin; these infections
are also usually caused by S. aureus. Furuncles
are commonly known as an abscesses or boils,
while carbuncles coalesce to form large, deep
masses which extend to subcutaneous tissues.
Small furuncles are generally treated with
moist heat, while large and/or multiple furun-
cles and carbuncles are usually treated with a
penicillinase-resistant penicillin plus surgical
incision and drainage.

• Cellulitis is an acute, spreading infection of
the skin and subcutaneous tissue and is con-
sidered a serious infection with many potential
complications. Group A streptococci and
staphylococci are most commonly seen,
although mixed infections involving Gram-
negative bacilli and anaerobes may occur in
diabetics, traumatic wounds, injection drug
users, surgical incisions sites in the abdomen
or perineum, or where host defenses have

been otherwise compromised (e.g., vascular
insufficiency). The increasing incidence of
infection caused by CA-MRSA is also a major
concern in the outpatient setting. Patients
who are afebrile, not toxic appearing, and
who are otherwise healthy or with no unsta-
ble comorbid conditions are usually appro-
priate for outpatient therapy with oral antibi-
otics such as dicloxacillin, amoxicillin/
clavulanate, or first-generation cephalosporins.
Fluoroquinolones or amoxicillin/clavulanate
are most appropriate when the presence of
Gram-negative pathogens is suspected. Initial
therapy with TMP/SMX or a tetracycline
(i.e., doxycycline or minocycline) should be
considered in geographic areas in which 
CA-MRSA infections are commonly seen.
Appropriate wound care including incision
and drainage or debridement, if required, is
also important in the proper management of 
cellulitis.

• Bite wounds, either from animals or humans,
are considered to be serious infections
because they can cause extensive skin and sub-
cutaneous tissue injury, and are potentially
limb threatening with the need for extensive
surgical debridement. Surgical assessment of
human bite wounds to the hand should be
considered if deeper tissues are involved or
accumulations of pus have occurred. Surgical
exploration, debridement, or excision and
drainage may be required in bite wounds to
the hand, particularly with clenched-fist
injuries; these infections may also require par-
enteral rather than outpatient-based therapy.
Infected animal or human bites may be
treated with amoxicillin/clavulanate or doxy-
cycline. A 3- to 5-day course of prophylactic
antibiotics may also be considered in patients
in whom an established infection has not yet
developed.

• Diabetic foot infections are typically polymi-
crobial in nature and require careful assess-
ment to determine the extent and severity of
tissue involvement. Many mild-to-moderate
infections can be successfully treated with a
comprehensive treatment approach that
includes both wound care and oral antimi-
crobial therapy in the outpatient setting.
Wounds must be thoroughly debrided,
drained, and kept clean with frequent dress-
ing changes. Glycemic control must be maxi-
mized in all patients to ensure optimal
wound healing. Amoxicillin/clavulanate, or
a fluoroquinolone with or without metron-
idazole or clindamycin are considered appro-
priate antibiotics for initial therapy of mild-
to-moderate infections.
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SEARCH STRATEGY

This chapter reflects current recommendations from the
American Thoracic Society/Centers for Disease Control
(CDC)/Infectious Disease Society of America on the treat-
ment of tuberculosis; diagnostic standards and classifica-
tion of tuberculosis in adults and children; targeted tuber-
culin skin testing; treatment of latent tuberculosis infection
(LTBI); and prevention and treatment of tuberculosis
among patients infected with human immunodeficiency
virus (HIV). It also includes the most recently published
data addressing the diagnosis and treatment of tuberculo-
sis, plus the authors’ three decades of experience.

INTRODUCTION

Tuberculosis (TB) remains a leading infectious killer
globally. TB is caused by Mycobacterium tuberculosis,
which can produce either a silent, latent infection, or a
progressive active disease.1 If left untreated, or improp-
erly treated, TB causes progressive tissue destruction
and eventually death. TB remains out of control in
many developing countries. One-third of the world’s
population currently is infected, and drug resistance is
increasing in many areas.1

EPIDEMIOLOGY

Approximately, 2 billion people are infected by M. tuber-
culosis worldwide, and roughly 2 million to 3 million peo-
ple die from active TB each year, despite the fact that it
is curable.1–3 In the United States, about 13 million peo-
ple are latently infected with M. tuberculosis, meaning
that they are not currently sick, but they could fall ill
with TB any time. The United States had over 14 000

new cases of active TB in 2005, and about 1500 deaths4

(for detailed data analysis visit the CDC website at
http://www.cdc.gov/nchstp/tb).

RISK FACTORS FOR INFECTION

Location and Place of Birth
California, Florida, Illinois, New York, and Texas

accounted for over 50% of all TB cases in 2005.4 Within
these states, TB is most prevalent in large urban areas.3

The percentage of foreign-born TB patients in the
United States has increased annually since 1986, reach-
ing 54% in 2005.4 Two-thirds of these patients came
from Mexico, the Philippines, Vietnam, India, China,
Haiti, and South Korea.4 Close contacts of pulmonary
TB patients are most likely to become infected.2–3

These include family members, coworkers, or coresi-
dents in places such as prisons, shelters, or nursing
homes.

Race, Ethnicity, Age, and Gender
In the United States, in 2005, non-Hispanic blacks

accounted for 27.9% of all TB cases, and Hispan-
ics accounted for 28.4%.5 Asians and Pacific Islanders
accounted for about 22%, while non-Hispanic whites
accounted for only 21% of the new TB cases.5 TB is
most common among people aged 25 to 44 years, fol-
lowed by those aged 45 to 64 years (28%) and more
than 65 years (21%).

Coinfection with HIV
HIV is the most important risk factor for active TB,

especially among people aged 25 to 44 years.2,3,5,6

Roughly 10% of US TB patients are coinfected with
HIV, while approximately 20% of TB patients aged 25 to
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44 years are coinfected with HIV.4,5 HIV coinfection
may not increase the risk of acquiring M. tuberculosis
infection, but it does increase the likelihood of progres-
sion to active disease.1,6 Further, TB and HIV patients
share a number of behavioral risk factors that con-
tribute to the high rates of coinfection.2,7,8

Risk Factors for Disease
Once infected with M. tuberculosis, a persons’ lifetime

risk of active TB is about 10%.2,3,6 The greatest risk for
active disease occurs during the first 2 years after infec-
tion. Children younger than 2 years, adults older 65
years, and immunocompromised patients have greater
risks. HIV-infected patients with M. tuberculosis infection
are 100 times more likely to develop active TB than nor-
mal hosts.3,9

ETIOLOGY

After staining, microscopic examination (“smear”)
detects about 8000 to 10 000 organisms/mL of speci-
men. A patient can be “smear negative” but still show
a growth of M. tuberculosis on culture. Microscopic
examination also cannot determine species. On cul-
ture, M. tuberculosis grows slowly, doubling about every
20 hours. This is very slow compared to gram-positive
and gram-negative bacteria, which double about every
30 minutes.

CULTURE AND SUSCEPTIBILITY TESTING

Direct susceptibility testing involves inoculating special-
ized media with organisms taken directly from a con-
centrated, smear-positive specimen, producing suscepti-
bility results in 2 to 3 weeks.1,10,11 Indirect susceptibility,
obtained from a pure culture of the organisms, takes
several more weeks. The most common agar method,
known as the proportion method, also takes many
weeks to produce results. The Bactec system uses liquid
media and detects live mycobacteria in 9 to 14
days.1,10,11 Rapid-identification tests include nucleic
acid probes and DNA fingerprinting using restriction
fragment length polymorphism analysis, and poly-
merase chain reaction.1,6,10,12–14

TRANSMISSION

M. tuberculosis is transmitted from person to person by
coughing or sneezing.2,6,15 This produces “droplet
nuclei” that are dispersed in the air. Each droplet nuclei
contains 1 to 3 organisms. About 30% of individuals
who experience prolonged contact with an infectious
TB patient become infected.

PATHOPHYSIOLOGY

PRIMARY INFECTION

Primary infection usually results from inhaling droplet
nuclei that contain M. tuberculosis.2,6,16

The progression to clinical disease depends on three
factors: (1) the number of M. tuberculosis organisms
inhaled (infecting dose), (2) the virulence of these
organisms, and (3) the host’s cell-mediated immune
response.2,4,6,12,15,17 If pulmonary macrophages inhibit
or kill the bacilli, the infection is aborted.15 If the
macrophages do not do this, the organisms continue to
multiply, and M. tuberculosis eventually can spread
throughout the body through the bloodstream.2,6,15

M. tuberculosis most commonly infects the posterior api-
cal region of the lungs.

After about 3 weeks, T lymphocytes become acti-
vated, and begin to secrete Interferon-gamma and the
other cytokines. These stimulate macrophages to
become bactericidal and to form granulomas.15 Over
1 to 3 months, tissue hypersensitivity occurs, resulting
in a positive tuberculin skin test.2,6,16 About 5% of
patients (usually children, the older adults, or the
immunocompromised) experience “progressive pri-
mary” disease prior to skin test conversion.18,19 This
presents as a progressive pneumonia, and frequently
spreads, leading to meningitis and other severe forms
of TB.18

REACTIVATION DISEASE

Roughly 10% of infected patients develop reactivation
disease; and nearly half of these cases occur within
2 years of infection.2,6,12 The apices of the lungs are the
most common sites for reactivation (in 85% of
cases).2 The inflammatory response produces caseat-
ing granulomas, which will eventually liquefy and
spread locally, leading to the formation of a hole (cav-
ity) in the lungs. Bacterial counts in the cavities can
be as high as 108/mL of cavitary fluid.2,15 If left
untreated, pulmonary TB continues to destroy the
lungs, resulting in hypoxia, respiratory acidosis, and
eventually death.

EXTRAPULMONARY AND MILIARY TB

Caseating granulomas at extrapulmonary sites can
undergo liquefaction, releasing tubercle bacilli and
causing symptomatic disease.2,6 Extrapulmonary TB
without concurrent pulmonary disease is more common
in HIV-infected patients. The diagnosis of TB is difficult
and often delayed in immunocompromised hosts.2,3,6

Occasionally, a massive inoculum of organisms enters
the bloodstream, causing a widely disseminated form of
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the disease known as miliary TB. It is named for the
millet seed appearance of the small granulomas seen
on chest radiograph, and it can become fatal rapidly.16

Miliary TB is a medical emergency, requiring immedi-
ate treatment.

INFLUENCE OF HIV INFECTION 
ON PATHOGENESIS

HIV infection is the largest risk factor for active TB.2,6,16

As CD4� lymphocytes multiply in response to the
mycobacterial infection, HIV multiplies within these
cells and selectively destroys them. In turn, the TB-fight-
ing lymphocytes are depleted.16 HIV-infected patients
infected with TB deteriorate more rapidly unless they
receive antimycobacterial chemotherapy.20,21 Most
physicians elect to begin TB treatment first, and once
this is under control, begin HIV treatment as well. Start-
ing both treatments at the same time can lead to para-
doxical worsening of the TB.12,22

CLINICAL PRESENTATION

TB classically presents with symptoms such as weight
loss, fatigue, a productive cough, fever, and night
sweats.1,2,6,17 The onset of TB may be gradual, and the
diagnosis may not be considered until a chest radi-
ograph is performed.2,6,17 As the infection progresses,
cavitation is often seen on the radiograph. Physical
examination is nonspecific, but suggestive of progres-
sive pulmonary disease. Dullness to chest percussion,
rales, and increased vocal fremitus are frequently
observed on auscultation. Abnormal laboratory data
usually are limited to moderate elevations in the white
blood cell count with a lymphocyte predominance.

Patients coinfected with HIV may have atypical pre-
sentations.1,2,6,16,23 As their CD4� counts decline, HIV-
positive patients are less likely to have positive skin tests,
cavitary lesions, or fever. Pulmonary radiographic find-
ings may be minimal or absent. Extrapulmonary TB typ-
ically presents as a slowly progressive decline in organ
function.2,6,16,17 Abnormal behavior, headaches, or con-
vulsions suggest tuberculous meningitis.6,16

THE OLDER ADULTS

TB in the older adults is easily confused with other res-
piratory diseases. Many clinical findings are muted, or
absent altogether. TB in the older adults is far less likely
to present with positive skin tests, fevers, night sweats,
sputum production, or hemoptysis.2,16,24,25 In contrast,
mental status changes are twice as common in the older
adults, and mortality is 6 times higher.2,16,24

CHILDREN

TB in children, especially those younger than 12 years,
may present as a typical bacterial pneumonia, called
progressive primary TB.17–19 Unlike adults, pulmonary
TB in children often involves the lower and middle
lobes.17–19 Dissemination to the lymph nodes, gastroin-
testinal and genitourinary tracts, bone marrow, and
meninges is fairly common. Because cavitary lesions are
uncommon, children do not spread TB readily. How-
ever, TB can be rapidly fatal in a child, and it requires
prompt chemotherapy.

DIAGNOSIS

SKIN TESTING

The Mantoux test is the preferred TB skin test. Tubersol
5 TU brand of the purified protein derivative appears to
be the preferred product.2,17,20 Injection should produce
a small, raised, blanched wheal to be read by an experi-
enced professional in 48 to 72 hours. Criteria for inter-
pretation are listed in Table 43-1.1,2,6,17,20 The CDC does
not recommend the routine use of anergy panels.20,26

The “booster effect” occurs in patients who do not
respond to an initial skin test, but show a positive reac-
tion if retested about a week later.17,26

ADDITIONAL TESTS

Sputum collected in the morning usually has the highest
yield of organisms.2,10,17 Daily sputum collections over 3
consecutive days are recommended. Sputum induction
with aerosolized hypertonic saline may produce a diag-
nostic sample. Bronchoscopy, or aspiration of gastric
fluid via a nasogastric tube, may be attempted in selected
patients.17 For patients with suspected extrapulmonary
TB, samples of draining fluid, biopsies of the infected
site, or both may be attempted. Blood cultures are posi-
tive occasionally, especially in AIDS patients.17,23,27

TREATMENT OF TB

GENERAL APPROACHES TO TREATMENT

Monotherapy can be used only for infected patients
who do not have active TB (LTBI as shown by positive
skin test). Once active disease is present, a minimum of
two drugs and generally three or four drugs must be
used simultaneously.2,6,12,28 The shortest duration of
treatment generally is 6 months, and 2 to 3 years of
treatment may be necessary for cases of multidrug-
resistant TB (MDR-TB).2,6,12,28 Directly observed ther-
apy (DOT) by a health care worker is a cost-effective way
to ensure the completion of treatment.2,6,12,28–30
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NONPHARMACOLOGIC THERAPY

Nonpharmacologic interventions aim to (1) prevent
the spread of TB, (2) find where TB has already spread,
using contact investigation, and (3) replenish the weak-
ened (consumptive) patient to a state of normal weight
and well-being. Public health departments perform
functions (1) and (2). Clinicians involved in the treat-
ment of TB should verify that the local health depart-
ment has been notified of all new cases of TB. Surgery
may be needed to remove destroyed lung tissue, space-
occupying infected lesions (“tuberculomas”), and cer-
tain extrapulmonary lesions.2,12,28

PHARMACOLOGIC THERAPY

Treating LTBI
Isoniazid is the preferred drug for treating

LTBI.2,6,12,28 Generally, isoniazid, 300 mg daily (5–10
mg/kg of body weight), is given alone for 9 months.
Lower doses are less effective.2,31 The treatment of LTBI
reduces a person’s lifetime risk of active TB from about
10% to about 1% (Table 43-2).20 Rifampin, 600 mg daily
for 4 months, can be used when isoniazid resistance is
suspected, or when the patient cannot tolerate isoni-
azid.2,19,32,33 Rifabutin, 300 mg daily, might be substi-
tuted for rifampin for patients at high risk of drug inter-
actions. The combination of pyrazinamide plus rifampin
is no longer recommended because of higher than
expected rates of hepatotoxicity.34 When resistance to

isoniazid and rifampin is suspected in the isolate causing
infection, there is no regimen proven to be effective.2,28

Treating Active Disease
Combination chemotherapy is required for treating

active TB disease. The patient should receive at least
two drugs to which the isolate is susceptible, and gen-
erally four drugs are given at the onset of treatment.
Isoniazid and rifampin should be used together when-
ever possible, as they are the best drugs for preventing
drug resistance.2,6,28,35,36 Drug susceptibility testing
should be done on the initial isolate for all patients with
active TB. These data should guide the selection of
drugs over the course of treatment.2,6,12,28

The standard TB treatment regimen is isoniazid,
rifampin, pyrazinamide, and ethambutol for 2 months,
followed by isoniazid and rifampin for 4 months, for a
total of 6 months of treatment.2,12,28 A total of 9 months
of isoniazid and rifampin treatment is required for
patients with cavitation on initial chest radiograph, pos-
itive cultures at the completion of 2 months initial-
phase treatment, and in patients initially treated with-
out pyrazinamide. Treatment should be continued for
at least 6 months from the time they convert to smear
and culture negative.2,6,12,28 Some authors recommend
therapeutic drug monitoring for such patients.2,28,36,37

Table 43-3 shows the recommended treatment regi-
mens for TB. When isoniazid and rifampin cannot be
used, treatment durations become 2 years or more,

Table 43-1. Criteria for Tuberculin Positivity by Risk Group

Reaction �5 mm of Induration Reaction �10 mm of Induration Reaction �15 mm of Induration

HIV-positive persons Recent immigrants (i.e., within the last 5 y) Persons with no risk factors for TB
from high-prevalence countries

Persons with recent contacts with Injection drug users
TB patients

Fibrotic changes on chest radiograph Residents and employees† of the following 
consistent with prior TB high-risk congregate settings: prisons and 

jails, nursing homes and other long-term 
facilities for the older asults, hospitals and 
other health care facilities, residential facilities 
for patients with AIDS, and homeless shelters

Patients with organ transplants and Mycobacteriology laboratory personnel
other immunosuppressed patients Persons with the following clinical conditions that 
(receiving the equivalent of �15 mg/d place them at high risk: silicosis, diabetes 
of prednisone for 1 mo or more)* mellitus, chronic renal failure, some hematologic 

disorders (e.g., leukemias and lymphomas), 
other specific malignancies (e.g., carcinoma of 
the head or neck and lung), weight loss of �10%
of ideal body weight, gastrectomy, and jejunoileal bypass

Children younger than 4 y of age or infants, children, 
and adolescents exposed to adults at high risk

*Risk of TB in patients treated with corticosteroids increases with higher dose and longer duration.
†For persons who are otherwise at low risk and are tested at the start of employment, a reaction of �15 mm induration is considered positive.
HIV, human immunodeficiency virus; TB, tuberculosis; AIDS, acquired immunodeficiency syndrome.
Source: Adapted from Centers for Disease Control and Prevention. Screening for tuberculosis and tuberculosis infection in high-risk populations: Recommendations
of the Advisory Council for the Elimination of Tuberculosis. MMWR. 1995;44(No. RR-11):19–34.
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regardless of immune status.2,12,28,36 When intermittent
therapy is used, DOT is essential. Doses missed during
an intermittent TB regimen decrease its efficacy and
increase the relapse rate. When the patients’ sputum
smear results convert to negative, the risk of infecting
others is greatly reduced, but it is not zero.2,15,28 Such
patients can be removed from respiratory isolation, but
they must be careful not to cough on others, and should
meet people only in well-ventilated places.

Adjustments to the regimen should be made once
the susceptibility data are available.2,12,28 Drug resist-
ance should be expected in patients presenting for the
retreatment of TB. Two or more drugs not previously
used before, with in vitro activity against the patient’s
isolate, should be added to the regimen, as
needed.2,12,28 TB specialists should be consulted
regarding cases of drug-resistant TB.2,12,28 It is critical to
avoid monotherapy, and it is critical to avoid adding a single
drug to a failing regimen.2,12,28

SPECIAL POPULATIONS

Patients with central nervous system TB usually are
treated for longer periods (9–12 months instead of 6
months,).2,12,28 Extrapulmonary TB of the soft tissues
can be treated with conventional regimens.2,12,28 TB of
the bone is typically treated for 9 months, occasionally
with surgical debridement.2,12,28 TB in children may be
treated with regimens similar to those used in adults,
although some physicians extend treatment to 9
months.2,12,17,18,28,32,38 Pediatric doses of isoniazid and

rifampin on a milligram per kilogram basis are higher
than those used in adults (see Table 43-4).28

Pregnant women receive the usual treatment of isoni-
azid, rifampin, and ethambutol for 9 months.2,28,32,36,38

Pyrazinamide has not been studied in a large number of
pregnant women, but anecdotal data suggest that it may
be safe.28 Vitamin B6 should be provided. Streptomycin,
other aminoglycosides, capreomycin, and ethionamide
are generally avoided.28,39 Para-aminosalicylic and
cycloserine are used sparingly.39 Quinolones generally
are avoided in pregnancy.28,39 Although most anti-TB
drugs are excreted in breast milk, the amount of drug
received by the infant through nursing is insufficient to
cause toxicity. Quinolones should be avoided in nursing
mothers, if possible.

HUMAN IMMUNODEFICIENCY VIRUS

Patients with AIDS or other immunocompromising
conditions may be managed with chemotherapeutic
regimens similar to those used in immunocompetent
individuals, although treatment is often extended to
9 months (Table 43-3).2,12,28 The precise duration of treat-
ment remains a matter of debate. Highly intermittent reg-
imens (twice or once weekly) are not recommended for
HIV-positive TB patients.28 Prognosis has been particularly
poor for HIV-infected patients infected with MDR-TB.
Some patients with AIDS malabsorb their oral medica-
tions, and drug interactions are common.2,28,36,37 For
these reasons, serum drug concentration monitoring
should be strongly considered in this population.

Table 43-2. Recommended Drug Regimens for Treatment of Latent Tuberculosis Infection in Adults

Rating* Evidence†

Drug Interval and Duration Comments HIV� HIV�

Isoniazid Daily for 9 mo‡§ In HIV-infected patients, isoniazid maybe administered A (II) A (II)
concurrently with NRTIs, protease inhibitors, or NNRTIs

Twice weekly for 9 mo‡§ DOT must be used with twice-weekly dosing B (II) B (II)
Isoniazid Daily for 6 mo§ Not indicated for HIV-infected persons, those with fibrotic B (I) C (I)

lesions on chest radiographs, or children
Twice weekly for 6 mo§ DOT must be used with twice-weekly dosing B (II) C (I)

Rifampin Daily for 4 mo For persons who are contacts of patients with isoniazid-resistant, 
rifampin-susceptible TB.

In HIV-infected patients, protease inhibitors or NNRTIs B(II) B(III)
should generally not be administered concurrently with 
rifampin; rifabutin can be used as an alternative for patients 
treated with indinavir, nelfinavir, amprenivir, ritonavir, or 
efavirenz, and possibly with nevirapine or soft-gel saquinavir¶

*Strength of recommendation: A � preferred; B � acceptable alternative; C � offer when A and B cannot be given.
†Quality of evidence: I � randomized clinical trial data; II � data from clinical trials that are not randomized or were conducted in other populations; III � expert opinion.
‡Recommended regimen for children younger than 18 years of age.
§Recommended regimens for pregnant women. Some experts would use rifampin and pyrazinamide for 2 months as an alternative regimen in HIV-infected pregnant
women, although pyrazinamide should be avoided during the first trimester.
¶Rifabutin should not be used with hard-gel saquinavir or delavirdine. When used with other protease inhibitors or NNRTIs, dose adjustment of rifabutin may be required.
HIV, human immunodeficiency virus; NRTI, nucleoside reverse transcriptase inhibitor; NNRTI, non-nucleoside reverse transcriptase inhibitor; DOT, directly
observed therapy; TB, tuberculosis.
Source: Adapted from Centers for Disease Control and Prevention. Targeted tuberculin testing and treatment of latent tuberculosis infection. MMWR. 2000;49(RR-6):31.



Table 43-3. Drug Regimens for Culture-Positive Pulmonary Tuberculosis Caused by Drug-Susceptible Organisms

Initial Phase Continuation Phase

Interval and Doses‡ Interval and Doses ‡§ Range of Total Doses 
Regimen Drugs (Minimal Duration) Regimen Drugs (Minimal Duration) (Minimal Duration) HIV� HIV�

1 INH 7 d/wk for 56 doses 1a INH/RIF 7 d/wk for 126 doses 182–130 (26 wk) A (I) A (II)
RIF (8 wk) or 5 d/wk (18 wk) or 5 d/wk 
PZA for 40 doses (8 wk)¶ for 90 doses (18 wk)¶

EMB
1b INH/RIF Twice weekly for 36 doses (18 wk) 92–76 (26 wk) A (I) A (II)**

1c†† INH/RPT Once weekly for 18 doses (18 wk) 74–58 (26 wk) B (I) E (I)
2 INH 7 d/wk for 14 doses 2a INH/RIF Twice weekly for 36 doses (18 wk) 62–58 (26 wk) A (II) B (II)**

RIF (2 wk)¶, then twice weekly 2b†† INH/RPT Once weekly for 18 doses (18 wk) 44–40 (26 wk) B (I) E (I)
PZA for 12 doses (6 wk) or
EMB 5 d/wk for 10 doses (2 wk), 

then twice weekly for 
12 doses (6 wk)

3 INH 3 times weekly for 3a INH/RIF 3 times weekly for 54 doses (18 wk) 78 (26 wk) B (I) B (II)
RIF 24 doses (8 wk)
PZA
EMB

4 INH 7 d/wk for 56 doses (8 wk) 4a INH/RIF 7 d/wk for 217 doses (31 wk) 273–195 (39 wk) C (I) C (II)
RIF or 5 d/wk for 40 doses (8 wk)¶ or 5 d/wk for 155 doses (31 wk)¶

EMB
4b INH/RIF Twice weekly for 62 doses (31 wk) 118–102 (39 wk) C (I) C (II)

*Definitions of evidence ratings: A � preferred; B � acceptable alternative; C � offer when A and B cannot be given; E � should never be given.
†Definitions of evidence ratings: I � randomized clinical trial; II � data from clinical trials that were not randomized or were conducted in other populations; III � expert opinion.
‡When DOT is used, drugs may be given 5 d/wk and the necessary number of doses adjusted accordingly. Although there are no studies that compare five with seven daily doses, extensive experience indicates
this would be an effective practice.
§Patients with cavitation on initial chest radiograph and positive cultures at completion of 2 months of therapy should receive a 7-month (31-week; either 217 doses [daily] or 62 doses [twice weekly]) continuation phase.
¶The 5 d/wk administration is always given by DOT. Rating for 5 d/wk regimens is A (III).
**Not recommended for HIV-infected patients with CD4� cell counts �100 cells/mL.
††Options 1c and 2b should be used only in HIV-negative patients who have negative sputum smears at the time of completion of 2 months of therapy and who do not have cavitation on the initial chest
radiograph. For patients started on this regimen and found to have a positive culture from the 2-month specimen, treatment should be extended for an extra 3 months.
HIV, human immunodeficiency virus; EMB: ethambutol; INH: isoniazid; PZA: pyrazinamide; RIF: rifampin; RPT: rifapentine.
Source: Adapted from Centers for Disease Control and Prevention. Treatment of tuberculosis. MMWR. 2003;52 (RR-11).

4
6
8

Rating* (Evidence)†
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Table 43-4. Antituberculosis Drugs for Adults and Children*

Drug Daily Doses† Adverse Effects Monitoring

Isoniazid Adults: 5 mg/kg (300 mg). Asymptomatic elevation of  • LFT monthly in patients who have 
Children: 10–15 mg/kg aminotransferases, clinical preexisting liver disease or who 

(300 mg). hepatitis, fatal hepatitis,  develop abnormal liver function 
peripheral neurotoxicity, CNS that does not require discontinuation 
effects, lupus-like syndrome, of drug.
hypersensitivity, monoamine • Dosage adjustments may be necessary 
poisoning, diarrhea. in patients receiving anticonvulsants or 

warfarin.
Rifampin Adults‡: 10 mg/kg (600 mg). Cutaneous reactions, gastrointestinal • Rifampin causes many drug interactions.

Children: 10–20 mg/kg . reactions (nausea, anorexia,  For a complete list of drug interactions 
(600 mg) abdominal pain), flu-like syndrome, and effects refer to CDC website: 

hepatotoxicity, severe immunologic  http://www.cdc.gov/tb/TB_HIV_
reactions, orange discoloration of   Drugs/Table2.htm
bodily fluids (sputum, urine, 
sweat, tears), drug interactions
caused by induction of 
hepatic microsomal enzymes.

Rifabutin Adults‡: 5 mg/kg (300 mg). Hematologic toxicity, uveitis, • Drug interactions of rifabutin are less 
Children: Appropriate  gastrointestinal symptoms,  problematic than rifampin.

dosing unknown. polyarthralgias, hepatotoxicity,
pseudojaundice (skin
discoloration with normal 
bilirubin), rash, flu-like syndrome,
orange discoloration of bodily 
fluids (sputum, urine, sweat, tears).

Rifapentine Adults: 10 mg/kg Similar to those associated with • Drug interactions are being investigated 
(continuation phase) rifampin. and are likely similar to rifampin.
(600 mg) 

Dosed weekly.
Children: The drug is not 

approved for use 
in children.

Pyrazinamide Adults: Based on IBW. Hepatotoxicity, gastrointestinal  • Serum uric acid can serve as a surrogate 
40–55 kg, 1000 mg; 56–75 kg, symptoms (nausea, vomiting),  marker for compliance.

1500 mg; 76–90 kg, 2000 mg. nongouty polyarthralgia, • LFTs in patients with underlying liver 
Children: 15–30 mg/kg. asymptomatic hyperuricemia,    disease.

acute gouty arthritis, transient  
morbilliform rash, dermatitis.

Ethambutol§ Adults: Based on IBW. Retrobulbar neuritis, peripheral  • Baseline visual acuity testing and testing 
40–55 kg, 800 mg; 56–75 kg, neuritis, cutaneous reactions. of color discrimination.

1200 mg; 76–90 kg, 1600 mg. • Monthly testing of visual acuity and color 
Children‡: 15–20 mg/kg discrimination in patients taking �15–20

daily. mg/kg, renal insufficiency, or receiving 
the drug for �2 mo

Cycloserine Adults¶: 10–15 mg/kg per CNS effects • Monthly assessments of neuropsychiatric 
day, usually 500–750 mg/d status.
in 2 doses. • Serum concentrations may be necessary 

Children: 10–15 mg/kg until appropriate dose is established.
per day.

Ethionamide Adults**: 15–20 mg/kg per Gastrointestinal effects,  • Baseline LFTs.
day, usually 500–750 mg/d hepatotoxicity, neurotoxicity, • Monthly LFTs, if underlying liver disease
in a single daily dose or endocrine effects. is present.
2 divided doses. • TSH at baseline and monthly intervals.

Children: 15–20 mg/kg per day.

Streptomycin Adults: See footnote.†† Ototoxicity, neurotoxicity, • Baseline audiogram, vestibular testing, 
Children: 20–40 mg/kg nephrotoxicity. Romberg testing, and Scr.

per day. • Monthly assessments of renal function  
and auditory or vestibular symptoms.

(continued )

http://www.cdc.gov/tb/TB_HIV_ Drugs/Table2.htm
http://www.cdc.gov/tb/TB_HIV_ Drugs/Table2.htm
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RENAL FAILURE

Isoniazid and rifampin do not require dose modifica-
tion in renal failure.31,36,39 Pyrazinamide and ethambu-
tol typically are reduced to 3 times weekly.28,31 Renally
cleared TB drugs include the aminoglycosides (amikacin,
kanamycin, and streptomycin), capreomycin, ethambu-
tol, cycloserine, and levofloxacin.28,31,33,39 Dosing
intervals need to be extended for these drugs. Serum
concentration monitoring must be performed for
cycloserine to avoid dose-related toxicities in renal failure
patients.33,36,37

HEPATIC FAILURE

Anti-TB drugs that rely on hepatic clearance for  elimi-
nation include isoniazid, rifampin, pyrazinamide,

ethionamide, and p-aminosalicylic acid.39 About 50% of
the ciprofloxacin is cleared by the liver. Elevations of
serum transaminase concentrations generally are not
correlated with the residual capacity of the liver to
metabolize drugs, so these markers cannot be used as
guides for drug dosing. Further, isoniazid, rifampin,
pyrazinamide, and to a lesser degree, ethionamide,
p-aminosalicylic acid, and rarely ethambutol, may cause
hepatotoxicity.28,36,39 These patients require close mon-
itoring and may benefit from serum concentration
monitoring.

THE TB DRUGS

The interested reader is referred to several other publi-
cations for more detailed information regarding these

Amikacin/ Adults: See footnote.†† Ototoxicity, nephrotoxicity. • Baseline audiogram, vestibular testing,
kanamycin Children: 15–30 mg/kg per Romberg testing, and Scr.

day, intravenously or • Monthly assessments of renal function
intramuscularly as a single and auditory or vestibular symptoms.
daily dose. 

Capreomycin Adults: See footnote.†† Nephrotoxicity, ototoxicity. • Baseline audiogram, vestibular testing, 
Children: 15–30 mg/kg per Romberg testing, and Scr.

day, intravenously or • Monthly assessments of renal function and
intramuscularly as a single auditory or vestibular symptoms.
daily dose. • Baseline and monthly serum K� and Mg��.

p-Aminosalicylic Adults: 8–12 g/d in 2 or 3 Hepatotoxicity, gastrointestinal  • Baseline LFTs and TSH.
acid doses. distress, malabsorption syndrome, • TSH every 3 mo.

Children: 200–300 mg/kg hypothyroidism, coagulopathy.
per day in 2–4 divided
doses.

Levofloxacin Adults: 500–1000 mg daily. Gastrointestinal disturbance, • No specific monitoring recommended.
Children: See footnote.‡‡ neurologic effects, cutaneous 

Moxifloxacin Adults: 400 mg daily. reactions.
Children: See footnote.§§

Gatifloxacin Adults: 400 mg daily.
Children: See footnote.¶¶

*For purposes of this document, adult dosing begins at the age of 15 years.
†Dose per weight is based on ideal body weight. Children weighing more than 40 kg should be dosed as adults.
‡Dose may need to be adjusted when there is concomitant use of protease inhibitors or nonnucleoside reverse transcriptase inhibitors.
§The drug can likely be used safely in older children but should be used with caution in children younger than 5 years, in whom visual acuity cannot be monitored.
In younger children, ethambutol (at the dose of 15 mg/kg per day) can be used if there is suspected or proven resistance to isoniazid or rifampin.
¶It should be noted that although this is the dose recommended generally, most physicians with experience using cycloserine indicate that it is unusual for patients to
be able to tolerate this amount. Serum concentration measurements are often useful in determining the optimal dose for a given patient.
**The single daily dose can be given at bedtime or with the main meal.
††Dose: 15 mg/kg per day (1 g), and 10 mg/kg in persons more than 50 years of age (750 mg). Usual dose: 750–1000 mg administered intramuscularly or
intravenously, given as a single dose 5–7 d/wk and reduced to 2 or 3 times per week after the first 2–4 months or after culture conversion, depending on the efficacy
of the other drugs in the regimen.
‡‡The long-term (more than several weeks) use of levofloxacin in children and adolescents has not been approved because of concerns about effects on bone and
cartilage growth. However, most experts agree that the drug should be considered for children with tuberculosis caused by organisms resistant to both isoniazid and
rifampin. The optimal dose is not known.
§§The long-term (more than several weeks) use of moxifloxacin in children and adolescents has not been approved because of concerns about effects on bone and
cartilage growth. The optimal dose is not known.
¶¶The long-term (more than several weeks) use of gatifloxacin in children and adolescents has not been approved because of concerns about effects on bone and
cartilage growth. The optimal dose is not known.
CNS, central nervous system; LFT, liver function tests; IBW, ideal body weight; TSH, thyroid stimulating hormone.
Source: From Centers for Disease Control and Prevention. Treatment of tuberculosis. MMWR. 2003;52 (RR-11).

Table 43-4. Antituberculosis Drugs for Adults and Children* (Continued )

Drug Daily Doses† Adverse Effects Monitoring
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drugs.2,11,28,34–37,39–42 A summary of daily doses, adverse
effects, and monitoring parameters of first-line and
second-line anti-TB drugs is provided in Table 43-4.28

EVALUATION OF THERAPEUTIC OUTCOMES

The most serious problem with TB therapy is patient’s
nonadherence to the prescribed regimens.43,44 Unfor-
tunately, there is no reliable way to identify such
patients a priori. The most effective way to achieve this
end is with DOT.2,11,28 The use of DOT in nearly all
patients with TB may be of benefit.45 For patients who
are acid fast bacillus smear positive, sputum samples
should be sent for AFB stains every 1 to 2 weeks until
two consecutive smears are negative. This provides
early evidence of a response to treatment.28 Once on
maintenance therapy, sputum cultures can be per-
formed monthly until two consecutive cultures are
negative, which generally occurs over 2 to 3 months. If
sputum cultures continue to be positive after 2 months,
drug susceptibility testing should be repeated, and
serum concentrations of the drugs should be checked.

Serum chemistries, including blood urea nitrogen,
creatinine, aspartate transaminase, alanine transami-
nase, and a complete blood count with platelets should
be performed at baseline and periodically thereafter,
depending on the presence of other factors that may
increase the likelihood of toxicity (advanced age, alco-
hol abuse, pregnancy).2,28 Hepatotoxicity should be
suspected in patients whose transaminases exceed 5
times the upper limit of normal or whose total bilirubin
exceeds 3 mg/dL, and in patients with symptoms such
as nausea, vomiting, or jaundice. At this point, the
offending agent(s) should be discontinued. Sequen-
tial reintroduction of the drugs with frequent testing
of liver enzymes is often successful in identifying the
offending agent; other agents may be continued
(Table 43-4).28

THERAPEUTIC DRUG MONITORING

Therapeutic drug monitoring (TDM) or applied phar-
macokinetics is the use of serum drug concentrations to
optimize therapy.28,36,37 Non-AIDS patients with drug-
susceptible TB generally do well, and TDM may be used
if they are failing appropriate DOT (no clinical improve-
ment after 2 to 4 weeks or smear positive after 4 to 6
weeks). On the other hand, patients with AIDS, diabetes,
cystic fibrosis, and various gastrointestinal disorders
often fail to absorb these drugs properly and are candi-
dates for TDM. In addition, patients with hepatic or renal
disease should be monitored, given their potential for
overdoses. In the treatment of MDR-TB, TDM may be
particularly useful.39,41 Finally, TDM of the TB and HIV

drugs is perhaps the most logical way to untangle the
complex drug interactions that take place. For a com-
plete list of drug interactions visit the CDC website at
http://www.cdc.gov/nchstp/tb/tb_hiv_drugs/toc.htm.46

EVIDENCE-BASED SUMMARY

• In the United States, TB disproportionately
affects ethnic minorities as compared to
whites, reflecting greater ongoing transmis-
sion in ethnic minority communities. Addi-
tional TB surveillance and preventive treat-
ment is required within these communities.

• Coinfection with HIV and TB accelerates the
progression of both diseases, thus requiring
rapid diagnosis and treatment of both dis-
eases.

• Mycobacteria are slow-growing organisms; in
the laboratory, they require special stains, spe-
cial growth media, and long periods of incuba-
tion to be isolated and identified.

• TB can produce atypical signs and symptoms
in infants, the older adults, and immunocom-
promised hosts, and it can progress rapidly in
these patients.

• LTBI can lead to reactivation disease years
after the primary infection occurred.

• The patient suspected of having active TB dis-
ease must be isolated until the diagnosis is con-
firmed and they are no longer contagious.
Often, isolation takes place in specialized
“negative pressure” hospital rooms to prevent
the spread of TB.

• Isoniazid and rifampin are the two most
important TB drugs; organisms resistant to
both of these drugs (MDR-TB) are much more
difficult to treat.

• Never add a single drug to a failing regimen!
• DOT should be used whenever possible to

reduce treatment failures and the selection of
drug-resistant isolates.
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SEARCH STRATEGY

A systematic search of the medical literature was per-
formed on November 2006. The search included relevant
articles from PubMed, Ovid, and guidelines from the
Infectious Diseases Society of America.

INTRODUCTION

Urinary tract infections (UTIs) are one of the most
commonly occurring bacterial infections, accounting
for millions of patient visits annually.1–3 Approximately
one in three females will have had a UTI by their mid-
twenties. In the older adults, infection rates in men and
women are similar.

A UTI is defined as the presence of microorganisms in
the urinary tract that cannot be accounted for by con-
tamination. UTIs are classified by several methods.
Commonly, describing them by anatomic site or as
uncomplicated or complicated is most typical. The
main classification method used in this chapter will be
the categorization of UTIs as uncomplicated or compli-
cated. Tables 44-1 to 44-3 present summary lists on clini-
cal presentation, diagnostic criteria, and empiric therapy. 

UNCOMPLICATED UTI

EPIDEMIOLOGY AND MICROBIOLOGY

Uncomplicated infections occur in individuals who lack
structural or functional abnormalities of the urinary
tract that may interfere with the normal flow of urine or
voiding mechanism. Normal healthy females of child-

bearing age are the individuals who fit this category
almost exclusively. Males are excluded from this UTI
classification because their infections most often repre-
sent a structural or neurologic abnormality.

Approximately 20% of the females will suffer from
a symptomatic UTI during their lifetime. A marked
increase in the UTI after puberty is thought to be
associated with sexual activity as the percentage of
nonpregnant females having significant bacteriuria
increases to as much as 4% compared to 1% before
puberty. Unfortunately, a significant percentage (20%)
of women will have recurrent infections as either
uncomplicated or complicated. The women still clas-
sified as uncomplicated, but experiencing recurrent
UTIs, have less than three UTIs within a year. Most
physicians would classify a more frequent UTI presen-
tation, regardless of clinical presentation or anatomi-
cal site, as complicated UTI.

The microbiology of uncomplicated UTIs by the def-
inition stated shows Escherichia coli to be the causative
bacterium in approximately 80% of cases.4,5 Other
organisms that are less frequently encountered include
Staphylococcus saprophyticus, Proteus mirabilis, and Kleb-
siella pneumoniae. The surveillance data demonstrating
the predominance of E. coli in uncomplicated UTI has
major implications for the empiric management of
uncomplicated UTI.

CLINICAL PRESENTATION AND 
DIAGNOSTIC EVALUATION

Typical symptoms in the primary care setting are fre-
quency, dysuria, and urgency (see Table 44-1).4,6 A
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significant number of patients will have hematuria.
Systemic presentation such as fever, malaise, and nau-
sea are not to be expected. The finding of dysuria
requires careful consideration of non-UTI diseases,
particularly sexually transmitted diseases. Utilizing
the patient history with a urinalysis is quite often suf-
ficient for the diagnosis of uncomplicated UTI. Dip-
stick methods for the determination of pyuria and the
presence of bacteriuria are quite helpful in the outpa-
tient setting. When used together, their specificity is
usually about 90% and their sensitivity at least 60%.7

Negative dipstick results with a high suspicion of UTI
will require a microscopic examination for better
detection confidence. Urine culture is not necessary
in uncomplicated UTI unless treatment failure is an
issue.1

MANAGEMENT

Our desired goals are to eradicate the organism(s), pre-
vent recurrence, and prevent or treat the consequences
of the infection. Utilizing appropriate pharmacological
intervention is most often effective in treating or pre-
venting infection consequences and eradicating the
organism(s). However, preventing recurrence may not
follow appropriate management for a variety of reasons.
Use of a nonantimicrobial in uncomplicated UTIs is
common, but often without evidence-based data. For
example, the dysuria associated with UTI is a result of
the infection and the appropriate antimicrobial therapy

Table 44-1. Diagnostic Criteria for Significant Bacteriuria

�102 CFU coliforms/mL or �105 CFU noncoliforms/mL in a 
symptomatic female

�103 CFU bacteria/mL in a symptomatic male
�105 CFU bacteria/mL in asymptomatic individuals on two 

consecutive specimens
Any growth of bacteria on suprapubic catheterization in a 

symptomatic patient
�102 CFU bacteria/mL in a catheterized patient

CFU, colony forming units.

Table 44-2. Clinical Presentation of Urinary Tract Infections in Adults

Signs and symptoms
Lower UTI: dysuria, urgency, frequency, nocturia, suprapubic

heaviness
Gross hematuria
Upper UTI: Flank pain, fever, nausea, vomiting, malaise

Physical examination
Upper UTI: costovertebral tenderness

Laboratory tests
Bacteriuria
Pyuria (white blood cell count �10/mm3)
Nitrite-positive urine (with nitrite reducers)
Leukocyte esterase–positive urine
Antibody-coated bacteria (upper UTI)

Table 44-3. Empiric Treatment of Urinary Tract Infections and Prostatitis

Infectious Disease Causative Organisms Treatments

Uncomplicated UTI E. coli, S. saprophyticus Trimethoprim–sulfamethoxazole � 3–5 d
Quinolone � 3–5 d

Complicated UTI
Pregnancy E. coli, S. saprophyticus Amoxicillin--clavulanate � 7 d

Cephalosporin � 7 d
Trimethoprim--sulfamethoxazole � 7 d

(avoid during third trimester)
Pyelonephritis E. coli, Proteus spp., Quinolone � 14 d

K. pneumoniae, P. aeruginosa, (oral for mild to moderate)
S. fecalis Trimethoprim--sulfamethoxazole � 14 days

(oral for mild to moderate)
Extended spectrum penicillin plus aminoglycoside � 14 days

(oral therapy may complete a total of 2 weeks of therapy)
Recurrent UTI Trimethoprim--sulfamethoxazole, 1/2 single-strength tablet 

daily � 6 mo
Nitrofurantoin 50 mg daily � 6 mo

(Suppressive therapy for �3 UTIs/yr)
Prostatitis

Acute E. coli, K. pneumoniae Trimethoprim--sulfamethoxazole � 4--6 wk
Quinolone � 4--6 wk

(IV therapy may be needed initially)
Chronic E. coli, K. pneumoniae, Trimethoprim--sulfamethoxazole � 6 wk or longer

Proteus spp.; P. aeruginosa Quinolone � 6 wk or longer
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will eliminate this symptom. Therefore, the practice of
using urinary analgesics for dysuria is not usually war-
ranted. Encouraging fluids, however, is prudent as a
natural means of eliminating bacteria from the urinary
tract.2

Therapy is directed against E. coli as it is the pre-
dominant causative organism.1,5 Unfortunately, this
organism, like many others, has developed an increas-
ing resistance to many antimicrobial agents. Of par-
ticular note is the ever-increasing resistance of E. coli
to ampicillin and many cephalosprins. Some areas of
the United States have been experiencing an increase
in resistance by E. coli to the product trimethoprim–
sulfamethoxazole.8,9 It is, therefore, incumbent upon
the physician to know the local susceptibility patterns of
antimicrobial agents to potential urinary pathogens.

The length of therapy for uncomplicated UTI has
been debated for several years. Current data suggest
short-course therapy to be the most appropriate
approach. The use of single-dose therapy should be dis-
couraged as lower cure rates and high recurrence has
been documented. Short-course therapy (3 or 5 days)
still has the advantages of increased patient adherence,
decreased cost, fewer side effects, and reduced recur-
rence rates as compared with single-dose therapy.4,10–13

Using 1 or 2 weeks of therapy for uncomplicated UTI is
not recommended owing to increased side effects,
increased cost, and no marked increase in efficacy. The
data suggest that either fluorinated quinolone or
trimethoprim–sulfamethoxazole be used empirically in
uncomplicated UTI. Other agents, such as nitrofuran-
toin may be effective. In the case of nitrofurantoin, short-
course therapy is not as efficacious as for fluorinated
quinolones or trimethoprim–sulfamethoxazole; there-
fore, a treatment course of at least 7 days should be used.

COMPLICATED UTI

Basically, complicated UTIs are those that do not meet
the definition of uncomplicated UTI. For example, all
UTIs in males are complicated, as males will have some
predisposing factor(s) for acquiring a UTI. Regardless
of gender, complicated UTI occurs due to predisposing
factor(s) such as a congenital abnormality or distortion
of the urinary tract, a stone, indwelling catheter, prosta-
tic hypertrophy, obstruction, and/or neurologic deficit
that interferes with the normal flow of urine and uri-
nary tract defenses.14,15 Additionally, upper tract infec-
tion, that is, pyelonephritis, will be considered as a com-
plicated UTI because its treatment usually is prolonged
and directed by laboratory testing. For clarity, the vari-
ous types of complicated UTIs will be discussed individ-
ually rather than attempt to discuss complicated UTI as
a homogenous topic.

GENERAL EPIDEMIOLOGY AND MICROBIOLOGY

No specific figures are available on the number of cases
of complicated UTIs per year, but it is safe to estimate
there occur thousands of complicated UTIs annually in
the United States. Pyelonephritis alone accounts for sev-
eral hundred thousand cases annually, with about half
of them, requiring hospitalization.16 At particular risk
are pregnant women since complicated UTI is associ-
ated with premature labor and low-birth-weight
infants.17 Older adults, both men and women, experi-
ence a significant incidence of complicated UTI and
are susceptible to urosepsis.18 General risk factors asso-
ciated with complicated UTIs are listed in Table 44-1. 

As compared to uncomplicated UTI, E. coli causes
less than 50% of complicated UTIs. As a subset, acute
pyelonephritis in an otherwise normal, healthy individ-
ual is caused by E. coli in 80% of cases. Enterococci,
Pseudomonas aeruginosa, K. pneumoniae, Proteus spp.,
staphylococci, and Enterobacter spp. are often isolated in
complicated UTI with E. coli and enterococci being the
most commonly isolated organisms.10,19

OVERALL CLINICAL PRESENTATION AND
DIAGNOSTIC EVALUATION

The clinical signs and symptoms are quite diverse.
Fever, flank pain, costovertebral angle tenderness and
other systemic signs and symptoms generally lead one
to an initial suggestion of upper tract infection (see
Table 44-1). However, dysuria, frequency, and urgency
may also be present. There are a multitude of present-
ing signs and symptoms for complicated UTI and no
one constellation fits perfectly. Older adults, the
immunocompromised host, the catheterized patient,
and so on, all have potential differing presentations.
Therefore, any clinical presentation of signs and symp-
toms suggestive of urinary tract invasion warrants fur-
ther diagnostic testing.

Urine culture and urinalysis are required for the con-
firmation of complicated UTI. Usually obtaining a mid-
stream clean-catch urine specimen showing at least 102

organisms/mL with suggestive symptoms is confirma-
tory. If noncoliform organisms are noted, then at least
105 organisms/mL would be confirmatory. Counts less
than 102/mL do not rule out UTI, particularly in men
and pregnant women. Pyuria and hematuria are com-
monly noted in complicated UTI. Table 44-2 lists the cri-
teria of significant bacteriuria for differing conditions.20

UTIs IN MALES

Except for the age extremes, the incidence of infection
in males is less than females. In very young males, struc-
tural anomalies are usually responsible for UTI but as
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the male ages into adulthood, UTI often occurs as the
result of urinary tract instrumentation. In the older
male, both structural (prostatic hypertrophy) and
instrumentation factors may cause UTI. Recurrence of
infection is seen in the older male because of the
prostate being the site of continued bacterial seeding of
the urinary tract. Urinalysis and urine culture should be
obtained before therapy initiation as infections in the
male are not as predictable as in women.

Most physicians will treat male UTI with a course of
therapy directed by laboratory analysis for 10–14 days.
Short-term therapy should not be used. Initial therapy
usually involves the use of fluoroquinolone or trimetho-
prim–sulfamethoxazole.21 If recurrent infections exist,
treatment periods of at least 6 weeks may be used.22

Long-term therapy courses have demonstrated more
successful cure rates than the 2-week therapy. Even with
long-term therapy, recurrent infections are difficult to
cure and success is related to factors such as prostatic
involvement, obstruction, and more than one causative
organism. Alterations in treatment due to unsuccessful
treatment are directed by further urine culture testing
and diagnostic workup where appropriate.

RECURRENT INFECTIONS

Recurrent infections are quite common and the major-
ity are caused by reinfection of a new organism differ-
ent from the organism causing the preceding infection.
The patient is typically female with a history of lower
tract infections. 

For patients experiencing less than three infections
per year, each new infection should be treated as a sep-
arate acute process. Short-term therapy for each infec-
tion would be prudent. In addition, self-administration
of antimicrobials at the onset of symptoms has been suc-
cessful and convenient for some women.23 The physi-
cian may choose from several treatment strategies based
upon the predisposing factors, number of episodes per
year, and patient’s preference. A couple of common fac-
tors associated with recurrence are sexual intercourse
and diaphragm or spermicide use for birth control.
Additional management choices include self-adminis-
tered therapy, postcoital therapy, and continuous low-
dose prophylaxis.

Patients with more than three infections per year and
not having any apparent reason for the recurrences are
treated with long-term prophylactic therapy. After a con-
ventional course of therapy for a given UTI, prophylaxis
is instituted. Older men, women, and children have ben-
efited from long-term prophylaxis by having a marked
reduction in their symptomatic UTIs. For example,
women have had recurrence rates drop to less than one
infection per patient-year from an initial rate of three per

patient-year.24 Trimethoprim–sulfamethoxazole (one-
half of a single-strength tablet), trimethoprim (100 mg
daily), fluoroquinolone (one tablet daily), and nitrofu-
rantoin (50 or 100 mg daily) all reduce the rate of rein-
fection when used in single-agent therapy.24 During pro-
phylactic therapy (usually 6 months in length), urine
cultures are obtained monthly, so that a conventional
course of therapy can be instituted based on the last cul-
ture results in case the patient develops a UTI on the pro-
phylaxis therapy.

Women experiencing symptomatic reinfection after
sexual intercourse may be treated with postcoital single-
dose prophylactic therapy.25 Postintercourse voiding
should also be encouraged. A lack of estrogen may be
responsible for recurrence in postmenopausal women
owing to an increase in E. coli vaginal colonization. Top-
ically applied estrogen cream may be helpful in this
setting.

If recurrence is due to relapse, that is, persistence of
infection with the same organism after therapy for an
isolated UTI, then the therapeutic approach focuses
on assessing the patient for structural anomalies, pro-
statitis (for males), and infection of the renal tissue. If
short-course therapy was used for the initial UTI, then
a 2-week course is now prudent. Failing a conventional
course would require a few weeks of therapy; therapy
should then be continued for another 2 to 4 weeks.
Urological investigation will be necessary in those not
having success with the aforementioned therapies, and
very prolonged therapy may be needed, particularly
when no apparent cause for relapse is found. 

ACUTE PYELONEPHRITIS

When signs and symptoms of upper tract infection are
present as stated earlier, aggressive management is usu-
ally warranted. Depending on the overall presentation,
hospitalization may be necessary. The initial workup
should be a Gram stain of the urine, urinalysis, and cul-
ture and sensitivity tests. The therapeutic objections in
this setting should be to achieve not only therapeutic
urine concentrations of an appropriate antimicrobial,
but also effective plasma concentration of it, as well.
Additionally, an agent that will provide suitable renal tis-
sue effectiveness seems prudent for full eradication of
the invading organism.

Again, fluoroquinolone or trimethoprim–sulfamethox-
azole for a 2-week course of oral therapy is effective in
mild or moderate cases.1,26 If the Gram stain shows a
gram-positive coccus, Streptococcus faecalis should be con-
sidered, and therapy with ampicillin should be used.
The seriously ill patient will require hospitalization and
parenteral therapy at least initially. A number of antimi-
crobial agents are effective in these patients such as
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combination therapy of an aminoglycoside and ampi-
cillin or an extended-spectrum beta-lactam antimicro-
bial, a fluoroquinolone, or a carbapenem.1,26 Therapy
should stabilize the patient within 24 hours and a sig-
nificant reduction in the bacteriology should be
demonstrated within a couple of days. If an appropriate
response is not seen in few days, further investigation
along with a switch in antimicrobial therapy, based on
recent blood and/or urine culture reports, is needed.
Follow-up urine cultures should be performed 2 weeks
after completion of therapy to ensure an appropriate
outcome and to check for possible relapse.

UTI IN PREGNANCY

A variety of factors contribute to the development of
bacteriuria and UTI in the pregnant patient via physio-
logical or urine component changes promoting bacter-
ial growth. Up to 40% of bacteriuric pregnant patients
will develop pyelonephritis. If untreated, asymptomatic
bacteriuria has the potential to cause significant adverse
effects, including prematurity, low birth weight, and
stillbirth.27,28 Therapy is a particular challenge for the
physician, as the therapy needs to be effective and safe
for the patient as well as the unborn child. The use of a
sulfonamide, cephalosporin, or penicillin agent for a
week of therapy is very effective. Follow-up urine cul-
tures posttherapy are recommended.

UTI IN CATHETERIZED PATIENTS

In the hospital or nursing home setting, it is the use of
an indwelling catheter that is frequently associated with
infection of the urinary tract. The risk of infection from
a single catheterization in a healthy patient is quite low;
however, bacteriuria is going to occur in the patient
with an indwelling catheter, regardless of therapeutic
approaches.29–31 One may delay the appearance of bac-
teria in the urine, but with sufficient time, all catheter-
ized patients will suffer from bacteriuria. The use of
aseptic techniques for catheterization, a closed
drainage system, and prophylactic antimicrobials may
have improved the overall incidence of UTIs in the
catheterized patient by a few weeks, but these methods
do not eliminate the finding.30,32 The presence of a for-
eign body in the urinary system for a sufficient period
of time will lead to bacteriuria and potentially UTI.
Unfortunately, UTI symptoms in catheterized patient
are not clearly defined and may not be of predictive
value. When bacteriuria occurs in the asymptomatic,
short-term catheterized patient (�30 days), the use of
systemic antibiotics should be withheld and the
catheter removed as soon as possible. If the patient
becomes symptomatic, the catheter should be removed

and systemic treatment be used for a couple of weeks.
As bacteriuria will occur in the long-term catheterized
patients, urine cultures should be done periodically
and if the patient becomes symptomatic, therapy
should be instituted as per the last urine culture results.

PROSTATITIS

INTRODUCTION

Bacterial prostatitis, an inflammation of the prostate
gland and surrounding tissue as a result of infection, is
classified as either acute or chronic. Pathogens and sig-
nificant inflammatory cells must be present in prostatic
secretions and urine to make the diagnosis of bacterial
prostatitis. Up to 50% of males develop some form of
prostatitis during their lifetime.33,34 The acute form typ-
ically is an acute infectious disease characterized by a
sudden onset of fever, tenderness, and urinary and con-
stitutional symptoms while chronic prostatitis presents
with the following symptoms: urinating difficulty, low
back pain, perineal pressure or a combination of these
symptoms.

It would appear that intraprostatic reflux of infected
urine plays a significant role in the development of pro-
statitis.33,34 Indwelling urethral catheterization, urethral
instrumentation, and transurethral prostatectomy in
patients with infected urine can cause prostatitis. In
addition, the activity of prostatic antibacterial factor and
its dependency on zinc concentrations is of undeter-
mined significance in the development of prostatitis.35

MICROBIOLOGY

E. coli is the predominant organism in acute prostatitis
and occurs in 75% of cases. Other gram-negative
organisms frequently isolated include K. pneumoniae,
P. mirabilis, and less frequently, P. aeruginosa, Enterobacter
spp., and Serratia spp.33,34 E. coli most commonly causes
chronic bacterial prostatitis with other gram-negative
organisms isolated less frequently. The importance of
gram-positive organisms in chronic bacterial prostatitis
remains controversial. 

CLINICAL PRESENTATION

The clinical presentation of acute and chronic prostati-
tis is presented in Table 44-4. The diagnosis of acute bac-
terial prostatitis can be made from the patient’s clinical
presentation and the presence of significant bacteriuria.
In contrast, chronic bacterial prostatitis is more difficult
to diagnose and treat. Chronic bacterial prostatitis is typ-
ically characterized by recurrent UTIs with the same
pathogen, is the most common cause of recurrent UTI
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in males, and remains asymptomatic in many patients.
Because physical examination of the prostate is often
normal, urinary tract localization studies are critical to
the diagnosis of chronic bacterial prostatitis.36

MANAGEMENT

The therapeutic objectives for bacterial prostatitis are
similar to that of UTI. Generally speaking, acute prostati-
tis responds nicely to pharmacologic intervention. Pro-
static penetration of antimicrobials occurs because the
acute inflammatory reaction alters the cellular mem-
brane barrier between the bloodstream and the prostate.
Most patients can be managed with oral antimicrobial
agents, such as trimethoprim–sulfamethoxazole and the
fluoroquinolones, with intravenous therapy rarely neces-
sary. The length of therapy is kept to be 4 weeks to mini-
mize the risk of chronic prostatitis development. Some
physicians may use suppressive therapy for recurrent
infections (see Table 44-4).37

Chronic bacterial prostatitis rarely results in cure,
despite the achievement of appropriate systemic concen-
trations of a suitable antimicrobial. It seems that despite
these systemic concentrations, prostatic fluid/tissue con-
centrations are not appropriate. Several factors that
determine antibiotic diffusion into prostatic secretions
include lipid solubility, amount of unionized drug, and
pH gradient from plasma to prostatic tissue. 

Appropriate antimicrobial choices considering the
potential infecting organisms and desirable antimicro-
bial characteristics for prostatic activity include fluoro-
quinolones and trimethoprim–sulfamethoxazole (the
sulfa component probably adds little for efficacy). Ther-
apy should be continued for 4 to 6 weeks initially with
long treatments necessary in select cases. Suppressive
therapy can be an option for regimen failures. 

Table 44-4. Clinical Presentation of Bacterial Prostatitis

Signs and symptoms
Acute bacterial prostatitis: high fever, chills, malaise, myalgia,

localized pain (perineal, rectal, sacrococcygeal), frequency,
urgency, dysuria, nocturia, and retention

Chronic bacterial prostatitis: voiding difficulties (frequency,
urgency, dysuria), low back pain, and perineal and suprapubic
discomfort

Physical examination
Acute bacterial prostatitis: swollen, tender, tense, or indurated 

gland
Chronic bacterial prostatitis: boggy, indurated (enlarged) 

prostate in most patients
Laboratory tests

Bacteriuria
Bacteria in expressed prostatic secretions

EVIDENCE-BASED SUMMARY

Uncomplicated urinary tract infections
• Uncomplicated UTIs are most common in an

otherwise healthy female who lacks structural
or functional abnormalities of the urinary
tract.

• Eighty-five percent of uncomplicated UTIs are
caused by E. coli, and the remainder are caused
primarily by S. saprophyticus, Proteus spp., and
Klebsiella spp.

• Symptoms of lower UTIs include dysuria,
urgency, frequency, nocturia, and suprapubic
heaviness.

• The goals of treatment of UTIs are to prevent
or treat systemic consequences of infections,
eradicate the invading organism(s), and pre-
vent the recurrence of infection.

• Uncomplicated UTIs can be managed most
effectively with short-course (3 days) therapy
with either trimethoprim–sulfamethoxazole or
fluoroquinolone.

• In choosing appropriate antibiotic therapy,
physicians need to be cognizant of antibiotic
resistance patterns, particularly to E. coli.
Recently, trimethoprim–sulfamethoxazole has
demonstrated diminished activity against E. coli
in some areas of the country, with reported
resistance up to 20%.

Complicated urinary tract infections
• Most often complicated infections are associ-

ated with a predisposing lesion of the urinary
tract; however, the term may be used to refer
to all other infections, except for those in the
otherwise healthy adult female.

• Complicated UTIs can involve more systemic
symptoms such as fever, nausea, vomiting, and
flank pain.

• Enterococci, P. aeruginosa, K. pneumoniae, Pro-
teus spp., staphylococci, and Enterobacter spp.
are often isolated in complicated UTI with E.
coli and enterococci being the most commonly
isolated organisms.

• Complicated infections require longer treat-
ment periods (2 weeks) usually with one of
these agents.

Prostatitis
• Acute bacterial prostatitis can be managed

with many agents that have activity against the
causative organism.

• Therapy with trimethoprim–sulfamethoxazole
or fluoroquinolone is preferred for 4 to 6 weeks.

• Chronic prostatitis requires an agent that is not
only active against the causative organism but
also concentrates in the prostatic secretions.
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SEARCH STRATEGY

A search and evaluation of the medical literature was per-
formed on January 22, 2008. This search was limited to
studies published in English concerning human trials. An
Ovid search was performed, as was a search of the Centers
for Disease Control and Prevention website and the
National Guideline Clearinghouse.

Sexually transmitted diseases (STDs) are a heteroge-
neous group of infections with a wide variety of causative
agents. The pathogens associated with STDs run the
range from bacterial, viral, and fungal sources to para-
sitic organisms. The common link between the infecting
agents and the diseases they cause, is their propensity to
be spread through sexual contact. 

Primary care providers are in the unique position to
not only diagnose and treat current STD infections, but
they also have the opportunity to reduce STD transmis-
sion through risk reduction counseling. Screening for
STD risk factors should occur at each health care con-
tact and education on safer sexual practices is appropri-
ate for all at-risk patients. Counseling measures aimed
at preventing transmission of STDs must be delivered in
a nonjudgmental manner and should address each
patient’s particular risk factors. Patients who seek test-
ing for one STD should also be offered testing for all
STDs, including HIV. 

Risk factors for acquiring STDs include young age,
socioeconomic factors, immune status, sexual orienta-
tion and sexual behaviors among others. Specific behav-
iors associated with increased risk of infection with a
STD (regardless of other risk factors) include multiple
sexual partners, male with male sex, and sexual contact
with those people known to be infected with STDs. 

Short of abstinence, the best protection against con-
tracting a STD is participation in a mutually monoga-
mous relationship with an uninfected partner. Consis-
tent and proper usage of latex condoms offers the next
best protection against STDs.

Although STDs occur more commonly in males than
females, the complications associated with STDs tend to
be more severe in women. These complications can
include damage to the reproductive system, increased
risk of cervical cancer and disease transmission to the
neonate during pregnancy or childbirth. 

This chapter will focus on the most commonly
encountered STDs (Table 45-1). The recommendations
contained in this chapter are derived from the Centers
for Disease Control and Prevention (CDC) treatment
guidelines.1

In general, patients who actively seek treatment and
evaluation of STDs complain of genital ulcers, urethri-
tis, cervicitis, or copious vaginal discharge and itching.
The signs and symptoms of many STDs are similar
which makes testing for specific etiology paramount,
since prompt treatment can limit further disease
spread. All patients who are evaluated for STDs should
also be screened for HIV.1

VIRAL INFECTIONS

STDs that are caused by viral agents produce lifelong
infections. The course of the specific disease is variable,
and is dependent upon both viral and host factors.
Treatment is aimed at transmission prevention, symp-
tom suppression and decreasing morbidity and mortal-
ity. Hepatitis A (HAV), hepatitis B (HBV) and hepatitis
C can be transmitted sexually, unfortunately, HAV and
HBV and human papillomavirus (HPV) are the only
STDs for which approved vaccines are available. 
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GENITAL HERPES 

Genital herpes lesions are caused by two separate virion,
herpes simplex virus type 1 (HSV-1) and herpes simplex
virus type 2 (HSV-2). HSV-1 is typically associated with
perioral lesions, these lesions are commonly termed
“fever blisters.” HSV-2 is the more common cause of geni-
tal lesions, although it should be kept in mind that either
virus can cause infection in either region. It is estimated
that at least 45 million persons in the United States are
infected with genital herpes.2 Infections with HSV-1 and
HSV-2 are, as with other viral infections, lifelong. 

Clinical Presentation
The initial manifestation of genital herpes usually

presents as blisters in the genital and/or perianal area,
which later burst and form painful ulcers (Table 45-2).
These ulcers characteristically last weeks to months, and
occasionally are so severe as to require hospitalization.
Subsequent outbreaks tend to be less severe, both in
intensity and in duration than the initial outbreak,
and many infected persons never experience another
symptomatic episode after the initial flare.3 Viral trans-
mission can occur even when there are no visible

Table 45-1. Sexually Transmitted and Sexually Transmissible Microorganisms

Bacteria Viruses Other*

Transmitted in adults predominantly 
by sexual intercourse

Neisseria gonorrhoeae HIV (types 1 and 2) Trichomonas vaginalis
Chlamydia trachomatis Human T-cell lymphotropic virus type I Phthirus pubis
Treponema pallidum Herpes simplex virus type 2
Haemophilus ducreyi HPV (multiple genotypes)
Calymmatobacterium granulomatis HBV†

Ureaplasma urealyticum Molluscum contagiosum virus

Sexual transmission repeatedly described 
but not well defined 
or not the predominant mode

Mycoplasma hominis Cytomegalovirus Candida albicans
M. genitalium Human T-cell lymphotropic virus type II Sarcoptes scabiei
Gardnerella vaginalis and other (?) Hepatitis C, D viruses

vaginal bacteria HSV-1
Group B Streptococcus (?) Epstein–Barr virus
Mobiluncus spp. Kaposi’s sarcoma-associated herpesvirus‡

Helicobacter cinaedi Transfusion-transmitted virus
Sporothrix fennelliae

Transmitted by sexual contact involving 
oral-fecal exposure; of declining 
importance in homosexual men

Shigella spp. HAV Giardia lamblia
Campylobacter spp. Entamoeba histolytica

*Includes protozoa, ectoparasites, and fungi. 
†Among the US patients for whom a risk factor can be ascertained, most HBV infections are transmitted sexually or by injection drug use.
‡Human herpesvirus type 8.

Table 45-2. Clinical Features of Genital Ulcers

Disease Clinical Diagnosis Painful Ulcers Inguinal Adenopathy Comment

Syphilis Indurated, relatively clean No Firm, rubbery Primary (chancre); secondary
base; heals spontaneously nodes; tender (rash, mucocutaneous lesions,

lymphadenopathy); tertiary 
(cardiac, ophthalmic, auditory,  
CNS lesions)

Herpes simplex Multiple, small, grouped Yes Tender bilateral Cytologic detection insensitive;
infection vesicles coalesce and form adenopathy false-negative culture common;

shallow ulcers; vulvovaginitis type-specific serologic test

Chancroid Multiple, painful, irregular, Yes Painful, suppurative, Cofactor for HIV transmission;
purulent ulcers inguinal lymph nodes 10% have HSV or syphilis

Source: Adapted from Centers for Disease Control and Prevention: STDs treatment guidelines-2002. MMWR. 2002;51(RR-6).
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lesions, in fact, many of those who are infected are
completely asymptomatic and unaware they carry the
disease. Asymptomatic viral shedding is more typical
with HSV-2 than it is with HSV-1, and is also more com-
mon during the first year of infection.2,4 Herpes
viruses are transmitted when infected bodily secre-
tions come in contact of with mucosal or abraded tis-
sue. Women are more susceptible to infection than are
men, probably because of the more extensive contact of
mucosal surfaces during sexual activity. Herpes virus
may also be transmitted neonatally during vaginal birth;
the risk for transmission is exceptionally high if the
mother contracts the virus near the time of delivery.5

Current recommendations state that women with active
herpetic lesions at the time of onset of labor should
deliver via cesarean section to protect against herpes
transmission. However, even those women who are
asymptomatic at time of delivery can pass the virus;
cesarean delivery has not been proven 100% protective
against vertical transmission.6,7

DIAGNOSTIC EVALUATION

Genital herpes may be diagnosed clinically by history,
physical presentation, and visual inspection, although
this method is not optimal as many infected patients are
asymptomatic. Several modes of laboratory testing have
been employed, but none has proven fully satisfactory.
Virological testing to isolate HSV within cell cultures is
the preferred detection method in those who present
with genital lesions. When testing mucocutaneous
lesions, the sensitivity is highest for HSV early in the
course of the outbreak, and rapidly declines as the
ulcers heal.7

Sensitivity also declines when testing recurrent out-
breaks as opposed to testing the initial disease presenta-
tion.6 Polymerase chain reaction assays to amplify HSV
DNA are sensitive, but very expensive, and their role in
testing has not been fully defined. Since cytological
Tzanck testing which stains cells obtained from lesions
is both nonspecific and insensitive, it is only helpful
when positive.2

Treatment
Antiviral therapy combined with disease counseling

and transmission prevention is the mainstay of treat-
ment for genital herpes. Systemic antiviral drugs are
used for symptomatic treatment. Daily suppressive ther-
apy with systemic antiviral drugs can reduce both the
severity and frequency of outbreaks.8 These drugs may
also be used upon symptom recurrence to reduce the
severity and length of the outbreak, but intermittent
therapy does not decrease the frequency of outbreaks.
Sustained oral antiviral treatment cannot eliminate the

virus from the body, but it can decrease viral shedding,
possibly reducing, but not eliminating, the risk of trans-
mitting the virus to a sexual partner.8 Topical antiviral
treatments have shown little efficacy in the treatment of
genital herpes and are not recommended. Acyclovir,
valacyclovir and famcyclovir have all been shown in ran-
domized clinical trials to provide benefit in the treat-
ment of genital herpes.9–12

Treatment of initial symptomatic episode (Table 45-3)
is usually prescribed for 7 to 10 days, but if healing is not
complete on day 10, therapy will usually be extended.
The decision to treat episodically only during outbreaks
or to administer daily suppressive therapy is ultimately
driven by the severity and frequency of outbreaks the
patient experiences. 

GENITAL WARTS 

Condyloma acuminatum, commonly know as genital
warts, are caused by HPV. It is estimated that approxi-
mately 50% of sexually active people are infected with
HPV, and a high percentage of persons are unaware of
their infection. HPV encompasses a large group of
viruses, more than 30 strains of which have been shown
to be sexually transmitted. The most serious conse-
quence of HPV is cervical cancer.13 Approximately 90%
of all cervical cancers are associated with HPV infec-
tion. In June 2006, the FDA approved the HPV vaccine
Gardasil for use in females 9 to 26 years of age. The vac-
cine is protective against four of the most common
strains of HPV which together account for more than
90% of cases of genital warts.14

Clinical presentation
Genital warts typically appear externally as painless,

pink or flesh colored swellings of the skin of the genital
region, perineum, and perianal region. These warts can
appear singly or in clusters and may occasionally be
found on the face. Genital warts can also manifest inter-
nally on the cervix, vaginal walls, and anus or within the
urethra, in which case the patient is unlikely to be aware
of the infection. After infection with HPV, signs of infec-
tion may take months to appear, or the infected person
may never develop symptoms. Visible signs need not be
present to transmit the virus. 

Diagnostic Evaluation
Diagnosis of genital warts is by visual identification.

Many asymptomatic women are presumptively diag-
nosed with HPV on the basis of an abnormal Papanico-
laou test (Pap smear). Biopsy and DNA identification of
HPV is also available for women who present with mild
cervical dysplasia, although tests are not normally war-
ranted in routine management of genital warts. 
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Treatment
No specific treatment for genital warts has proven to

be more effective than any other treatment. This
includes watchful waiting, as symptoms can resolve
without treatment. If active therapy is desired, the regi-
men is based on wart location (moist or dry area),
amount of skin area involved and preference of the
patient and provider.13 Three main avenues of treat-
ment are available: surgical, laser therapy or topical
treatment. Treatment can take place in the provider’s
office or topical therapy can be administered at home
by the patient. Common office treatments include
cryotherapy with liquid nitrogen, surgical removal of
individual warts or application of a caustic agent such
as trichloroacetic acid. Common at-home topical ther-
apies are podofilox 0.5% applied to affected area in
cycles of twice daily application for 3 days, alternating
with no therapy for 4 days, repeated over a 4-week
period, or imiquimod 5% applied before bed, 3 nights
each week for 16 weeks. 

BACTERIAL INFECTIONS

A great number of different organisms including spiro-
chetes and both gram-negative and gram-positive bacte-
ria cause sexually transmitted bacterial infections. 

SYPHILIS

Syphilis is an STD that is considered a reportable dis-
ease in every state. It is caused by the spirochete Tre-
ponema pallidum. Transmission is through direct mucous
membrane contact or through an abrasion in nonmu-
cous tissue with a syphilis lesion of an infected sexual
partner. Exposure can also occur in the womb. After ini-
tial infection, syphilis has an incubation period that
normally lasts approximately 3 weeks, but it can last up
to 3 months. If left untreated, syphilis progresses
through several different phases: primary, secondary,
latent, and tertiary. Neurosyphilis can occur at any
point in the disease. Each stage of syphilis presents with
its own specific set of symptoms.

Clinical Presentation
Primary Syphilis. After the dormant period, pri-

mary syphilis presents with painless genital ulcers or
chancres at the site of infection (Table 45-2). The lesion
or lesions (more than one chancre may occur if more
than one spirochete penetrated at initial exposure) can
arise on the external genitals or perianal area where
they are visible, but they can also occur in the vagina,
rectum or in the mouth where they are not as evident.
The chancres are round in shape, indurated, and usu-
ally painless. This primary lesion can last up to two

Table 45-3. Antimicrobial Therapy for STDs

Disease First-Line Treatment Alternate(s)

Chlamydia Azithromycin 1 g po single dose Erythromycin 500 mg po qid � 7 d 
Doxycycline 100 mg po bid � 7 d Ofloxacin 300 mg po bid � 7 d 

Levofloxacin 500 mg po qd � 7 d
Gonorrhea Cefixime 400 mg po single dose Spectinomycin 2 g IM single dose 

Ceftriaxone 125 mg IM single dose Spectinomycin 2 g IM single dose
Ciprofloxacin 500 mg po single dose Gatifloxacin 400 mg po single dose
Ofloxacin 400 mg po single dose 
Levofloxacin 250 mg po single dose

Trichomoniasis Metronidazole 2 g po single dose Metronidazole 500 mg po bid � 7 d
Bacterial vaginosis Metronidazole 500 mg po bid � 7 d Clindamycin 2% cream intravaginally qhs � 7 d

Metronidazole vaginal gel 0.75% qd for 5 d
Syphilis (primary, Benzathine penicillin G 2.4 million units Doxycycline 100 mg po bid � 14

secondary, early tertiary) IM d in a single dose
Syphilis (latent, tertiary) Benzathine penicillin G 2.4 million units 

IM weekly � 3 weeks
HSV (primary) Acyclovir 400 mg po tid � 7-10 d Acyclovir 200 mg po 5 times a day � 7-10 d

Famciclovir 250 mg po tid � 7-10 d 
Valacyclovir 1 g po bid � 7-10 d

HSV (recurrent) Acyclovir 400 mg po tid � 5 d Acyclovir 800 mg po 5 times a day � 7-10 d
Famciclovir 125 mg po bid � 5 d Valacyclovir 1 g po qd � 5 days
Valacyclovir 500 mg po bid � 5 d

Chancroid Azithromycin 1 g po single dose Erythromycin base 500 mg po qid � 7
Ceftriaxone 250 mg IM single dose 
Ciprofloxacin 500 mg po bid � 3 d

Source: Adapted from the Centers for Disease Control and Prevention: STDs treatment guidelines-2002. MMWR. 51(RR-6), 2002.
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months, but may disappear as quickly as one week even
without treatment. 

Secondary Syphilis. Secondary syphilis manifests
as skin rash 14 to 42 days after appearance of the pri-
mary chancre if the primary stage is left untreated. The
rash typically occurs on the palms of the hands and the
soles of the feet. The rash is often accompanied by gen-
eral malaise, fever, and lymphadenopathy. Independent
of treatment, the rash usually disappears in 4 to 6 weeks. 

Latent Syphilis. During latent syphilis, the infected
person shows no symptoms of the disease, but will have
positive infection upon serological testing. The early
latent period is defined as up to 1 year from infection by
the U.S. Public Health Service. Late latent syphilis is the
period of asymptomatic infection greater than 1 year
post infection. The late latent stage is generally consid-
ered to be noninfectious, except during pregnancy, but
the disease may still progress to the tertiary stage.

Tertiary Syphilis. Tertiary or late syphilis can
develop anywhere from 1 to 30 years after initial infec-
tion in untreated persons. Tertiary syphilis is character-
ized by organ damage; particularly cardiovascular dam-
age, neurological damage and the presence of benign
gumma that can involve any organ. 

Diagnostic Evaluation
Microscopic inspection of fluid from chancres or

enlarged lymph nodes can identify T. pallidum on
darkfield examination; the spirochete can also be
identified through direct fluorescent antibody tests.
Two types of serological examinations are useful for
diagnosis when fluid samples are not available and
syphilis is suspected. Nontreponemal tests such as the
Venereal Disease Research Laboratory (VDRL) and
Rapid Plasma Reagin (RPR) test for antibodies. Both
VDRL and RPR can yield false-positive results and
alone are not appropriate for diagnosis. Positive non-
treponemal serology tests should be confirmed by tre-
ponemal serological testing such as fluorescent tre-
ponemal antibody absorbed (FTA-ABS) or T. pallidum
particle agglutination (TP-PA). Serial nontreponemal
antibody testing correlates to disease activity, and can
be used to track disease progression. After successful
treatment of primary or secondary syphilis, the
patient almost invariably becomes seronegative, while
patients treated for tertiary or late latent syphilis tend
to remain seropositive. 

Treatment
Parenteral penicillin G is the mainstay of syphilis

treatment in all stages of the disease. Penicillin G is

used preferentially for treatment of syphilis over other
penicillin preparations because of the drug’s long half-
life. Differences in the growth patterns of T. pallidum
depend on the length of infection; for this reason, the
specific disease stage determines the appropriate treat-
ment regimen. Since T. pallidum resistance to penicillin
has not developed, alternative drug regimens that do
not contain penicillins are only appropriate treatment
in those who are truly penicillin allergic. Penicillin G is
the only drug shown to be safe and effective for syphilis
treatment during pregnancy. Pregnant women who
report a penicillin allergy should undergo skin testing
for confirmation; penicillin desensitization should be
conducted if an allergy is confirmed. Specific treat-
ment regimens recommended by the CDC are listed in
Table 45-3.

GONORRHEA

It is estimated that infection with Neisseria gonorrhoeae
causes more than half a million new cases of gonorrhea
each year in the United States alone.1 In many men,
quickly developing symptoms of urethral infection
cause them to seek prompt treatment, but often women
(and some men) will remain asymptomatic. Addition-
ally, many of those infected with gonorrhea are coin-
fected with Chlamydia trachomatis. Most authorities
recommend an agent that is effective against both
N. gonorrhoeae and C. trachomatis be added to primary
gonorrhea therapy. Presumptive therapy is often cheaper
than actually testing for chlamydial infection in those
with gonorrhea.1

Clinical Presentation
Patients who are infected with gonorrhea display a

highly variable clinical picture. Within 2 to 8 days of
infection, most men will develop symptoms of urethri-
tis including dysuria, increased urinary frequency and
purulent discharge from the penis. These disturbing
symptoms usually cause infected men to seek treat-
ment. Women, on the other hand, may experience
symptoms that are nonspecific such as dysuria,
increased urinary frequency, and increased vaginal
discharge if symptoms are present at all. Unfortu-
nately, gonorrhea is often not diagnosed in women
until disease complications such as pelvic inflamma-
tory disease (PID) have developed. PID is a common
cause of female infertility. The most common site of
gonorrheal infection in women is the endocervical
canal, but also occurs in the cervix itself. Both men
and women can also contract infection of the orophar-
ynx, rectum, or eyes. Left untreated, gonorrhea infec-
tion can disseminate in the blood (bacteremia), and
ultimately cause skin lesions and septic arthritis. 
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Diagnostic Evaluation
Diagnosis in women is problematic since they are

so often asymptomatic; therefore screening of at-risk
persons is paramount. Diagnosis in men is more straight-
forward given that they typically present shortly after
onset of symptoms. Clinically, the Gram stain is the most
useful initial technique for identification of the N.
gonorrhoeae bacterium in urethral or vaginal discharge.
N. gonorrhoeae is a gram-negative intracellular diplococ-
cus. Ambiguous Gram stain smears require that a cul-
ture be performed. Most people are colonized with
neisseria in the oropharynx, so Gram stain is not useful
for diagnosis of suspected pharyngeal gonorrhea. 

Treatment
Gonorrheal resistance to antibiotic treatment is

increasing worldwide. Gonorrheal resistance may be
either plasmid-mediated (penicillins, tetracycline) or
chromosomally mediated (penicillins, tetracycline and
fluoroquinolones).15 Resistance to fluoroquinolones
has spread to the point that the CDC recommends
against using this class of drugs to treat gonorrhea in
the United States.16 Local resistance patterns should be
used to guide choice of treatment from within the CDC
recommended regimens (Table 45-3).17

If chlamydial coinfection cannot be ruled out, the
patient should receive a concomitant course of doxycy-
cline or azithromycin.

CHLAMYDIA INFECTIONS

Chlamydia infections are the most common bacterial
STDs in the United States. The causative bacterium is
C. trachomatis. Chlamydia infections are particularly dan-
gerous, because even when signs/symptoms are mild,
the patient is still contagious and an untreated infection
may cause irreparable harm. In women, PID, ectopic
pregnancy, and irreversible infertility can result from
chlamydial infection. As stated in the section on gonor-
rhea, coinfection with both N. gonorrhea and C. tra-
chomatis is quite common and many authorities recom-
mend treatment for both infections if either bacterium
is detected. 

Clinical Presentation
In patients who display symptoms (75% of women

and 50% of men are asymptomatic), mucopurulent
vaginal or penile discharge, accompanied by a burning
sensation during urination are the most common find-
ings. Symptoms typically appear 1 to 3 weeks after

Table 45-4. Treatment of Infectious Urethritis and/or Cervicitis

Syndrome/Microorganism First-Line Therapy Alternative Therapy

Empiric therapy (treat for both Combination therapy for both organisms 
N. gonorrhoeae and C. trachomatis) (see below)

Gonococcal urethritis (N. gonorrhoeae) Ceftriaxone, 125 mg IM �1 Spectinomycin,† 2 g IM � 1
Ciprofloxacin,* 500 mg orally � 1 Ceftizoxime,‡ 250–500 mg IM � 1
Cefixime, 400 mg orally � 1 Cefuroxime axetil,‡ 1 g orally � 1

Nongonococcal urethritis Doxycycline,§ 100 mg orally twice daily � 7 d Erythromycin base, 500 mg orally four 
(C. trachomatis or U. urealyticum) Azithromycin, 1 g orally � 1 times daily � 7 d

Erythromycin ethylsuccinate, 800 mg 
orally four times daily � 7 d

Ofloxacin, 300 mg orally twice daily � 7 d
Amoxicillin, 500 mg orally twice daily � 7 d

Recurrent/persistent urethritis Ensure patient is compliant with therapy Retreat
Evaluate for possible reexposure to Retreat

untreated infected sexual partner Metronidazole,¶ 2 g orally � 1 plus
Wet mount �/	 culture for Trichomonas erythromycin base, 500 mg orally four

vaginalis times daily � 7 d
OR
Erythromycin ethylsuccinate, 800 mg 

orally four times daily � 7 d

*The fluoroquinolones should not be used during pregnancy or in patients less than 18 years of age. The CDC no longer recommends use of fluroquinolones for
patients in the U.S.
†Spectinomycin, once widely used for the treatment of gonorrhea, has the disadvantages of higher cost, requirement for injection, and lack of sustained high-serum
bactericidal levels.
‡Ceftizoxime and cefuroxime are well tolerated but less active.
§Doxycycline should not be used during pregnancy.
¶Metronidazole should not be given during the first trimester of pregnancy. Metronidazole may cause a disulfiram-like reaction with alcohol.
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infection. Infection may also be present in the throat of
those who have oral sex and the anus and rectum of
those who receive anal sex. 

Diagnostic Evaluation
Diagnosis of chlamydial infection is made by detec-

tion of C. trachomatis by either culture or nucleic acid
amplification tests. If the patient is in a risk group with
a particularly high prevalence of Chlamydia and gonor-
rhea, and the disease is clinically suspected, the CDC
recommends empiric treatment, especially in those
unlikely to return for treatment.

Treatment
Therapy for chlamydial infections (Table 45-4) com-

monly includes treatment with either azithromycin or
doxycycline. Both regimens have proven efficacious in
clinical trials. In some patient groups the azithromycin
may be preferred because it can be given as directly
observed single-dose therapy. 

CHANCROID

Chancroid infection is caused by Haemophilus ducreyi, a
gram-negative bacillus, and is an important cofactor for
the transmission of HIV infection. Infection with chan-
croid is not commonly detected in the Unites States, but
has been associated with periodic regional outbreaks.
All patients diagnosed with chancroid should be tested
for HIV since infections with H. ducreyi increases trans-
mission rates of HIV.

Clinical Presentation
Chancroid presents as highly painful genital ulcers

3 to 5 days after sexual exposure to an infected partner.
The ulcer itself is not indurated, but typically appears
necrotic with purulent discharge and may be accompa-
nied by inguinal lymphadenopathy. Untreated, the
enlarged lymph (bubo) may form an abscess. 

Diagnostic Evaluation
H. ducreyi is the causative agent in chancroid infec-

tions, but the culture media used to make specific diag-
nosis has a low sensitivity. Polymerase chain reaction
testing is available commercially, although there are no
FDA approved assays. Presumptive diagnosis is made
based on the presence of painful genital ulcers only
when syphilis and herpes simplex virus have been ruled
out by examination of the exudative fluid from the
ulcer. The presence of painful genital ulcers when asso-
ciated with regional lymphadenopathy is also highly
suggestive of chancroid infection.

Treatment
Chancroid is treated with a macrolide antibiotic

(erythromycin, azithromycin), or ceftriaxone or
ciprofloxacin (Table 45-3). Treatment results in clini-
cal cure in approximately one week, although resist-
ance to ciprofloxacin and erythromycin is increasing
worldwide and treatment should be based on local
resistance patterns.

In the primary care setting, detecting and preventing
transmission of STDs is of paramount importance. STD
risks should be discussed openly and honestly with
patients, and CDC guidelines should serve as the basis
for treatment recommendations. 

EVIDENCE-BASED SUMMARY

• STDs include a wide variety of infections
including bacterial, viral and fungal pathogens

• Risk factors for STDs include young age,
socioeconomic factors, immune status, sexual
orientation, and sexual behaviors such as sex-
ual contact with those known to be infected,
and multiple sexual partners

• The spread of STDs can be limited by partici-
pating in a mutually monogamous relation-
ship and by consistent, proper use of a latex
condom

• HAV, HBV, and HPV are the only STDs for
which approved vaccinations are available

• The presentation of many STDs are very simi-
lar, which makes laboratory testing to deter-
mine the specific pathogen mandatory

• Infections with the herpes-virus are lifelong,
and although symptoms may not be present,
the disease is still transmissible 
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characteristics, 38
chronic stable

follow-up, 58–59, 58t
treatment, 49–53

circadian variation in, 37–38, 38f
and hypertension, management, 7
incidence, 37
pharmacotherapy for, and prevention of

myocardial infarction, 50–53
prevalence, 37
refractory, therapy for, 57–58
typical, 38, 39t
unstable, 13t

Angioedema, 28
Angiography, coronary, in heart failure, 21
Angiotensin-converting enzyme (ACE) inhibitor(s)

for asymptomatic left ventricular dysfunction, 23
for chronic heart failure, 23
contraindications to, 9, 27–28, 282
for diabetic patients with microalbuminuria, 8,

281–282
for heart failure, 25t, 27–28

dosage and administration, 25t, 27
mechanism of action, 27
ongoing evaluation, 21, 27–28

for heart failure with preserved systolic 
function, 27

for hypertension, 6, 7, 9, 10t
in African Americans, 7–8,
in chronic nondiabetic kidney disease, 9
in diabetic patient, 282
in elderly, 9

for hypertensive renal disease in African
Americans, 8

for prevention of myocardial infarction, 50
for reduced left ventricular dysfunction, 23
for resistant hypertension, 12
for secondary stroke prevention, 192 

Angiotensin II receptor blockers
adverse effects and side effects, 28

for chronic heart failure, 23
contraindications to, 9, 282
for diabetic patients with microalbuminuria, 

8, 281–282
for heart failure, 25t

dosage and administration, 25t, 28
ongoing evaluation, 21, 28
with preserved systolic function, 27

for hypertension, 7, 9, 10t
in African Americans, 7–8
in chronic nondiabetic kidney disease, 9
in diabetic patient, 282

mechanism of action, 28
for reduced left ventricular dysfunction, 23
for resistant hypertension, 12
for secondary stroke prevention, 192, 192t

Anglo-Scandinavian Cardiac Outcomes Trial:
Blood Pressure Lowering Arm 
(ASCOT-BPLA), 7

Angular cheilitis, 431–432, 434
Ankle-brachial index, 104
Ankylosing spondylitis, in inflammatory bowel

disease, 155
Antacid-alginic acid products, for gastroesophageal

reflux disease, 138
Antacids

aluminum-containing, osteoporosis caused by,
361t

drug interactions with, 138
for gastroesophageal reflux disease, 138
magnesium-containing, diarrhea caused by, 173t

Antiarrhythmics
contraindications to, 31
diarrhea caused by, 174
perioperative management, 79
therapy with, in heart failure, 31
Vaughan Williams classification, 80, 80f

Antibiotics
for acute bronchitis, 444
for acute otitis media

dosage and administration, 412, 412t
recommendations for, 412, 412t

for animal bites, 452t, 457
for carbuncles, 452t, 453
for cellulitis, 452t, 454–455
for chronic obstructive pulmonary disease, 129
for diabetic foot infection, 452t, 460
diarrhea caused by, 173, 173t, 174
for erysipelas, 451, 452t
for furuncles, 452t, 453
for Helicobacter pylori eradication, 146, 147t

treatment failures, 147
for human bite, 452t, 458
for impetigo, 450–451, 452t
for inflammatory bowel disease, 157
interactions

with calcium salts, 363
with oral contraceptives, 312

misuse, 444
for otitis media, prescribing practices, 409
for pneumonia, 446, 446t
prophylactic

for animal bites, 457
for human bites, 458
for infective endocarditis, 89

resistance, in Streptococcus pneumoniae, 446
for rhinosinusitis, 415, 416
for skin and soft tissue infections, 452t

pediatric dosages, 452t
for travelers’ diarrhea, 173
unnecessary use

costs, 444
detrimental effects, 444

Anticholinergics
for acute exacerbation of asthma, 123t
adverse effects and side effects, 163, 164t,

197t, 199
for asthma, 120

for chronic obstructive pulmonary disease, 128
long-acting, for chronic obstructive pulmonary

disease, 128
and lower urinary tract symptoms in men, 

338, 338t
mechanism of action, 128
for nausea and vomiting, 163, 164t
for Parkinson disease, 196, 199
for rhinitis, 404
short-acting, for chronic obstructive pulmonary

disease, 128
Anticoagulants

for deep venous thrombosis, 425–427
interruption for invasive procedures, prophy-

laxis during, 428, 428t
for prevention of myocardial infarction, 49, 50
for pulmonary embolism, 425–427

interruption for invasive procedures, prophy-
laxis during, 428, 428t

for secondary stroke prevention, 192, 192t
and stroke, 189
for thromboembolism, 425–427

interruption for invasive procedures, prophy-
laxis during, 428, 428t

Anticonvulsants. See also Antiepileptic drugs
analgesic effects

mechanism of action, 207
for neuropathic pain, 210–211, 212t, 213

anxiety caused by, 255
for diabetic neuropathy, 282
interactions with oral contraceptives, 312
for migraine prophylaxis, 223t, 227–228
osteoporosis caused by, 359, 361t
for posttraumatic stress disorder, 257

Anticyclic citrullinated peptide antibody, in
rheumatoid arthritis, 373

Antidepressants
analgesic effects

for neuropathic pain, 210–211, 212t
for persistent pain, 211–212

anxiety caused by, 255
for anxiety disorders, 259–260, 259t
costs, 251t
for diabetic neuropathy, 282
dosage and administration, 251t
for generalized anxiety disorder, 255–256
interactions with antihypertensive therapy, 11
for migraine prophylaxis, 223t, 227
for panic disorder, 256, 256t
for posttraumatic stress disorder, 256t, 257
second-generation, 251–252
selection, 249
tapering, upon discontinuation, 259, 260

Antiemetic(s)
adverse effects and side effects, 164t
dosage and administration, 164t
mechanism of action, 164t
for migraine, 225

Antiepileptic drugs, 179, 183–186. See also
Anticonvulsants

adverse effects and side effects, comorbid 
conditions and, 185, 185t

discontinuation, 186
unfavorable prognostic factors for, 186, 187t

guidelines for, 183–185
interactions, with oral contraceptives, 186
for juvenile myoclonic epilepsy, 182
mechanism of action, 185, 185t
metabolic effects, 185–186
monotherapy

versus polytherapy, 185
recommendations for, 183, 184, 184t
teratogenicity, 186, 187t

in pregnancy, 186
teratogenicity, 186, 187t

Antihistamine(s)
adverse effects and side effects, 163, 164t, 404
intranasal, for rhinitis, 404, 404t, 405

Index 493



Antihistamine(s) (continued)
and lower urinary tract symptoms in men, 338t
for nausea and vomiting, 163, 164t
nonsedating, 404–405
nonselective (first generation), 404t
oral, for rhinitis, 404, 404t
peripherally selective (second generation), 404t
precautions with, in pediatric patients, 403

Antihypertensive and Lipid Lowering Treatment to
Prevent Heart Attack Trial (ALLHAT),
6–7, 8, 9, 343

Antihypertensives, diarrhea caused by, 173t
Antihypertensive therapy

for diabetic patient, 282
efficacy, monitoring, 4
for hypertensive crises, 14
for hypertensive emergencies, 14t
initial, 6–7
interfering substance and, 11
for resistant hypertension, 12
withdrawal, and hypertensive crises, 12

Anti-inflammatory agents, for Alzheimer’s disease,
242

Antimotility agents, for diarrhea, 173–174, 174t
Antimuscarinic agents

adverse effects and side effects, 352
CNS toxicity, 354
for urge urinary incontinence, 352–354, 353t

Antineoplastic agents, diarrhea caused by, 174
Antioxidants, for Alzheimer’s disease, 241–242
Antiparkinson drugs, and lower urinary tract

symptoms in men, 338t
Antiplatelet agents

chemoprophylaxis, in diabetic patients, 283
for peripheral arterial disease, 105–107, 106t
for prevention of myocardial infarction, 49
for secondary stroke prevention, 192, 192t

Antipsychotic agents
adverse effects and side effects, 243
atypical, for posttraumatic stress disorder, 257
for behavioral aspects of Alzheimer’s disease,

242–243
and lower urinary tract symptoms in men, 338t
precautions with, in Parkinson disease, 198

Antispasmodic agents, and lower urinary tract
symptoms in men, 338t

Antitachycardia pacing (ATP), 31
Antithrombotic therapy

for atrial fibrillation, 68–69, 69t
for atrial flutter, 70
for prevention of myocardial infarction, 50
for secondary stroke prevention, 192, 192t

Anti-TPO antibody, in diagnosis of
hypothyroidism, 301


1-Antitrypsin deficiency, and chronic obstructive
pulmonary disease, 126

Antituberculosis drugs
adverse effects and side effects, 469t–470t
dosage and administration, 469t–470t
pediatric dosages, 469t–470t
therapy with, ongoing evaluation, 469t–470t

Anxiety
drug-induced, 255
in hyperthyroidism, 303
medical conditions associated with, 255

Anxiety disorders, 255–261. See also Generalized
anxiety disorder; Obsessive-compulsive
disorder (OCD); Panic disorder; Posttrau-
matic stress disorder (PTSD); Social anxi-
ety disorder

and depression, co-occurrence, 255
diagnostic criteria for, 255
epidemiology, 255
evidence-based summary, 260
pharmacotherapy for, 259–260, 259t
psychotherapy for, 259

AOM. See Otitis media, acute
Aortic coarctation, and hypertension, 11, 12t

Aortic dissection, blood pressure control in, 12,
13t, 14t, 15

Aortic insufficiency, pharmacotherapy for, 53t
Aortic stenosis, pharmacotherapy for, 53t
Aplastic anemia, 432
Apnea/hypopnea index, 264, 265
Apomorphine

adverse effects and side effects, 197t
dosage and administration, 197t
for Parkinson disease, 199
sublingual, for erectile dysfunction, 334

Appetite suppressants, interactions with antihyper-
tensive therapy, 11

Aprepitant, for nausea and vomiting, 164t, 166
ARBs. See Angiotensin II receptor blockers
Aripiprazole, for behavioral aspects of Alzheimer’s

disease, 243
Arixtra®. See Fondaparinux
Arousal, from sleep, definition, 265
Arousal index, definition, 265–266
Arrhythmia(s) (cardiac), 31, 39–40, 67–84

after cardiac surgery, 79
evidence-based summary, 83
history-taking in, 67
pharmacotherapy for, 53t
physical findings with, 67
search strategy, 67

ARS. See Rhinosinusitis, acute
Arteriovenous malformation, and stroke, 189
Arthritis. See also Acute gouty arthritis; Osteoarthritis

(OA); Rheumatoid arthritis
in inflammatory bowel disease, 155
psoriatic, pharmacotherapy for, 378

Arthritis Foundation, 383
Arthrotec. See Diclofenac
Asacol. See Mesalamine
Ascites

in heart failure, 21
in hypothyroidism, 301

ASCOT-BPLA. See Anglo-Scandinavian Cardiac
Outcomes Trial: Blood Pressure Lowering
Arm (ASCOT-BPLA)

ASCVD. See Atherosclerotic vascular disease
Aspirin

antiplatelet effects, 209
chemoprophylaxis, 9

for atrial fibrillation, 68–69, 69t
for coronary heart disease, 49, 54
in diabetic patients, 283
in metabolic syndrome, 296
for prevention of myocardial infarction, 49

contraindications to, 283
and esophageal strictures, 137
interactions, with bisphosphonates, 366
for migraine, 221t, 223–225
for migraine prophylaxis, 223t
for pain in adults, 208t
for peripheral arterial disease, 105–106, 106t
plus butalbital and caffeine, for migraine, 

221t, 225
plus dipyridamole extended-release, for periph-

eral arterial disease, 106, 106t
for rheumatoid arthritis, dosage and administra-

tion, 375t
for secondary stroke prevention, 192, 192t
sensitivity to, 209
for tension-type headache, 229

Assistive devices
for Parkinson disease, 199–200
for rheumatoid arthritis, 373

Asthma, 415
acute attack, clinical characteristics, 116
adult-onset, 115
and chronic obstructive pulmonary disease, 126
clinical presentation, 115–116
costs, 115
cough-variant, 115
death from, risk factors for, 117, 119t

diagnosis
key indicators for, 115, 116t
testing in, 116–117

differential diagnosis, 115, 116t
epidemiology, 115
exacerbations, 115

acute, treatment, 120, 122–123, 122t, 123t
exercise-induced, 115
leukotriene modifiers for, 405
mortality rate for, 115
nocturnal, 115
obesity and, 275
pathophysiology, 115
pharmacotherapy for, 53t, 117–122
referral to specialist for, 117
remission, 115
rhinitis and, 402–403
severity, spectrum of, 115, 117–118t
treatment, 115–124

advances in (future directions for), 124
aerosol delivery devices for, 118–119
evidence-based summary, 124
nonpharmacologic, 117
plan for, 117, 118f
search strategy, 115
stepwise approach, 117, 119t

Atarax. See Hydroxyzine
Ataxia, in hypothyroidism, 301
Atenolol, 80

erectile dysfunction caused by, 328t
for hypertension, 6, 7
for hyperthyroidism, 305
for hypertrophic cardiomyopathy, 88–89
for migraine prophylaxis, 223t, 227
for performance anxiety, 258

Atherosclerotic vascular disease
in coronary heart disease, prognostic

significance, 44–45
as coronary heart disease risk equivalent, 

93–94, 93t
dyslipidemia and, 91
and heart failure, 22
pathogenesis, 92
risk assessment, 93–96
risk factors for, 93, 93t

classification, 93, 93t
“emerging” (related, but not proven therapeu-

tic targets), 95
lipid-lowering therapy and, 92–93 

and stroke, 189
Atorvastatin

dosage and administration, 98t
drug interactions with, 98t

ATP. See Antitachycardia pacing (ATP)
ATP-III. See National Cholesterol Education

Program (NCEP), Third Adult 
Treatment Panel Report

Atrial fibrillation, 27, 68–70, 68f
comorbidities associated with, 68
diagnosis, 68, 68f
ECG findings in, 68, 68f
in hyperthyroidism, 303, 304
in hypertrophic cardiomyopathy, 85

management, 89
lone, 68
management, 68–70
paroxysmal, 68–69
permanent, 68–70
persistent, 68–69
pharmacotherapy for, 53t
recurrent, 68–69
and stroke, 189, 190t
stroke prevention with, 192
and subclinical hyperthyroidism, 306

Atrial flutter, 68, 68f
diagnosis, 70
ECG findings in, 68f, 70
management, 70
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Atrial tachycardia, 68
Atrioventricular (AV) block

first-degree, 74
pharmacotherapy for, 53t
second-degree, 74

Mobitz type I, 74, 75f
Mobitz type II, 74, 75f

third-degree, 74–75
Atrioventricular (AV) node, conduction blocks, 74
Atrioventricular node reentrant tachycardia, 68,

70–71, 71f
acute management, 72
chronic management, 72
diagnosis, 71
ECG findings in, 71

Atrioventricular reentrant tachycardia, 68, 70–71,
71f

acute management, 72
chronic management, 72
diagnosis, 71–72
ECG findings in, 71–72

Attapulgite, for diarrhea, 174t
AUA. See American Urological Association
Aura

migraine, 219, 220, 220t
seizure, 180

Auranofin, diarrhea caused by, 173t
Autoimmune disease, anemia caused by, 434–435
Autoimmune hemolytic anemia (AIHA), 432
Autoimmune thyroiditis, 300
Automatisms, 180
Autonomic dysfunction, in diabetes, 282
AVNRT. See Atrioventricular node reentrant tachy-

cardia
Avodart®. See Dutasteride
AVRT. See Atrioventricular reentrant tachycardia
AZA. See Azathioprine
Azapirones. See also Buspirone

for anxiety disorders, dosage and
administration, 259t

Azathioprine
adverse effects and side effects, 375t
for inflammatory bowel disease, 155, 157
for rheumatoid arthritis, 376

dosage and administration, 374t
ongoing evaluation, 374t, 375t

Azithromycin
for acute otitis media, 412, 412t
for chancroid, 486t, 489
for chlamydial infection, 486t, 489
diarrhea caused by, 173t
interactions, with calcium salts, 363
for nongonococcal urethritis, 488t

Azulfidine. See Sulfasalazine

B
Bacilli, Gram-negative

diabetic foot infection caused by, 459
skin and soft tissue infection caused by, 450t, 451

Back pain, PDE-5 inhibitors and, 332
Baclofen

for cluster headache, 230
for pain, 213

Bacterial infection(s)
and acute bronchitis, 443
and acute otitis media, 410
diarrhea caused by, 172
pneumonia caused by, 444–445
rhinosinusitis and, 415
of skin and soft tissue, classification, 449, 450t

Bacterial replacement, for diarrhea, 174t
Bacterial vaginosis, treatment, 486t
Bacteriuria

asymptomatic, in elderly, 349
in pregnancy, 479
significant, diagnostic criteria for, 476t

Bacteroides, skin and soft tissue infections caused by,
450t, 456

Bacteroides fragilis, diabetic foot infection caused by,
459

Balloon dilation, for benign prostatic hyperplasia,
344

Balsalazide
for inflammatory bowel disease, 156
pharmacology, 156t

Bariatric surgery, for obesity, 274f, 277
Barium enema

contraindications to, 154
in inflammatory bowel disease, 154

Barotrauma, and otitis media, 410
Barrett’s esophagus, 135, 137

diagnosis, 136
Baycol®, 97
Beck Depression Inventory, 248
Beclomethasone, for rhinitis, 405, 405t
Behavioral interventions, for urinary incontinence, 

350, 352t
Bendroflumethiazide, for hypertension, 7
Benign prostatic hyperplasia, 337–345. See also

Lower urinary tract symptoms, in men
clinical presentation, 337
complications, 337
diagnostic evaluation, 337–339, 338t
in hypertensive patient, management, 343
management, 339–345, 340f

alternative therapies for, 344
evidence-based summary, 345
by watchful waiting, 339–340

pharmacotherapy for, 340–344, 341t–342t
combination therapy, 344
ongoing evaluation, 344

physical findings in, 337–339
prevalence, 337
risk stratification, 339
search strategy, 337
severity, based on signs and symptoms, 

339, 339t
surgery for, 344–345

Benzamides, for nausea and vomiting, 163–164,
164t

Benzodiazepines
for acute panic attack, 256
adverse effects and side effects, 164t, 165, 260
for anxiety disorders, 260

dosage and administration, 259t
for generalized anxiety disorder, 256, 256t
mechanism of action, 185t
for nausea and vomiting, 164t, 165
for panic disorder, 256, 256t
for posttraumatic stress disorder, 256t, 257
for social anxiety disorder, 258
tapering, upon discontinuation, 260

Benzphetamine, for obesity, 276, 276t
Benztropine

adverse effects and side effects, 197t
dosage and administration, 197t
and lower urinary tract symptoms in men, 338t
for Parkinson disease, 196, 199

Berylliosis, hyperuricemia caused by, 390t
Beta-agonists

for acute bronchitis, 444
�1, for heart failure, 31
�2

inhaled
for acute exacerbation of asthma, 123t
for asthma, 120

long-acting
adverse effects and side effects, 127
for asthma, 119–120, 119t
for chronic obstructive pulmonary disease,

127–128
plus inhaled corticosteroid, 128

short-acting, for chronic obstructive
pulmonary disease, 127

systemic (injected), for acute exacerbation of
asthma, 123t

Beta-blockers
adverse effects and side effects, 52, 227, 414
for angina, 51–52
antiarrhythmic therapy with, 80
for asymptomatic left ventricular dysfunction, 23
for atrial flutter, 70
for atrioventricular node reentrant tachycardia,

72
and calcium antagonists, combination therapy

with, 52
for chronic heart failure, 23
contraindications to, 28, 52
and ECG exercise stress testing, 41
erectile dysfunction caused by, 331t
for heart failure, 25t, 28

dosage and administration, 25t
indications for, 28
ongoing evaluation, 28
with preserved systolic function, 27

for hypertension, 6, 7, 9, 10t
in African Americans, 7–8
in diabetic patients, 9
in elderly, 9

for hypertensive renal disease in African
Americans, 8

for hyperthyroidism, 304–305
for hypertrophic cardiomyopathy, 88–89
indications for, in angina and related conditions,

53t
interactions, with amiodarone, 31
mechanism of action, 28, 80
for migraine prophylaxis, 223t, 227
and nitrates, combination therapy with, 52
for performance anxiety, 258
perioperative management, 79
for polymorphic ventricular tachycardia, 74
for posttraumatic stress disorder, 257
for reduced left ventricular dysfunction, 23
for resistant hypertension, 12
for social anxiety disorder, 258
for thyroid storm, 306

Bethanechol
diarrhea caused by, 173t
for gastroesophageal reflux disease, 139

Bezold-Jarisch reflex, 74
BiDil®, 30
Biguanides

adverse effects and side effects, 287
contraindications to, 287
for diabetes, 286–287

dosage and administration of, 287t
Biguanide/thiazolidinedione, for diabetes, dosage

and administration of, 287t
Bile acid sequestrants

adverse effects and side effects, 97
and coadministered medications, 97–98
drug interactions with, 97–98
for dyslipidemia, 97–98, 97t, 98t
for hyperlipidemia, in peripheral arterial

disease, 108
Bisacodyl, 171, 171t
Bismuth, for peptic ulcer disease, 147, 147t
Bismuth subsalicylate, for diarrhea, 173–174
Bismuth sulfate, for diarrhea, 174t
Bisoprolol, for heart failure, dosage and adminis-

tration, 25t
Bisphosphonates

adverse effects and side effects, 366
contraindications to, 366
follow-up BMD testing after, 367
mechanism of action, 364
for osteoporosis, 364–366, 365t

dosage and administration, 364–366, 365t, 367
duration of therapy, 367

Bite wounds
animal

antibiotic therapy for, 452t
infected
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Bite wounds (continued)
clinical presentation, 456
diagnostic evaluation, 456
etiology, 450t, 456
management, 456–457

antibiotic therapy for, 456
evidence-based summary, 461
human

antibiotic therapy for, 452t
HIV and, 458
infected

antibiotic therapy for, 452t, 458
clinical presentation, 458
diagnostic evaluation, 458
etiology, 450t, 457
management, 458

initial treatment, 455–456
Black cohosh, for menopausal symptoms, 322t, 323
Bladder. See Neurogenic bladder; Overactive

bladder
Bladder diary, 349, 349f
Blindness, adult, diabetes mellitus and, 279
Blood pressure (BP)

in acute decompensated heart failure,
prognostic significance, 24

ambulatory monitoring, 4, 11
and cardiovascular disease risk, 54
control of

factors affecting, 10
in heart failure with preserved systolic

function, 27
in metabolic syndrome, 295t, 296
in stroke prevention, 192, 192t

in diabetic patient
goals for, 282
ongoing evaluation, 282

diastolic
goals, for hypertensive patients, 10
in pre-hypertension, 5, 5t

elevated. See Hypertension
home monitoring, 4

BP goals for, 4
indications for, 4

JNC VII classification, 5, 5t
measurement of

faulty, 11
follow-up, 5, 5t
proper technique, 3–4

in metabolic syndrome, 293–294
monitoring

in ACE inhibitor therapy, 27
in ARB therapy, 28

normal, 5, 5t
pre-hypertension (pre-HTN), 5, 5t
systolic

goals, for hypertensive patients, 10
in pre-hypertension, 5, 5t

Blood urea nitrogen (BUN)
in acute decompensated heart failure,

prognostic significance, 24
monitoring, in heart failure, 21–22

BMD. See Bone mineral density
BMI. See Body mass index (BMI)
BNP. See B-type natriuretic peptide (BNP)
BODE index, for chronic obstructive pulmonary 

disease, 126
Body mass index (BMI)

calculation of, 273
clinical significance of, 273

Bone
cortical, 359
loss of, 359
remodeling, 359
trabecular, 359
turnover, biochemical markers, 362
types, 359

Bone marrow, iron stains, in anemia of chronic
disease, 435t

Bone mass
age-related changes in, 359
low, 364
optimal peak, 359
T-scores for, 360, 361t, 364
Z-scores for, 360

Bone mineral density
antiepileptic drugs and, 185
and fracture risk, 360
measurement, 360
testing

guidelines for, 360–361
techniques for, 362t

Boniva. See Ibandronate
Bontril. See Phendimetrazine
Bordetella pertussis, and acute bronchitis, 443
Bottle feeding, and otitis media, 410
Botulinum toxin A

for migraine prophylaxis, 228
for overactive bladder, 354
for tension-type headache prophylaxis, 229

Bouchard’s nodes, 382f
Boutonniere deformity, in rheumatoid arthritis,

371
Bovine spongiform encephalopathy, chondroitin

and, 385
BP. See Blood pressure
BPH. See Benign prostatic hyperplasia
BPHQ. See Brief Patient Health Questionnaire

(BPHQ)
BPI. See Brief pain inventory
Braces, for rheumatoid arthritis, 373
Bradyarrhythmias, 74–75
Bradycardia, 31

hypothyroidism and, 300
Bradycardia–tachycardia syndrome, 74
Brain surgery

for drug-resistant epilepsy, 186
for Parkinson disease, 199

Brain tumor(s), and stroke, 189
Breast cancer

obesity and, 275
protection against, raloxifene and, 366

Breast feeding, protective effect against otitis
media, 410

Brief Pain Inventory (BPI), 205
Brief Patient Health Questionnaire (BPHQ), 248,

248t
British Hypertension Society, clinical practice

guidelines for hypertension, 10
Bromocriptine

adverse effects and side effects, 197t, 199
dosage and administration, 197t, 199
for Parkinson disease, 198

Bronchitis
acute, 443–444

clinical presentation, 443–444
diagnostic evaluation, 443–444
differential diagnosis, 444
epidemiology, 443
etiology, 443
evidence-based summary, 444
management, 444

guidelines for, 444
microbiology, 443

chronic, 125
Bronchoprovocation testing, in asthma, 117
Bronchoscopy, in tuberculosis, 465
B-type natriuretic peptide (BNP)

evaluation, in heart failure, 21, 22
in heart failure, 26
synthetic. See Nesiritide

Budesonide, intranasal, for rhinitis, 405t
Bullectomy, in chronic obstructive pulmonary

disease, 126
Bumetanide

for heart failure, dosage and administration, 25t
mechanism of action, 27

BUN. See Blood urea nitrogen
Bundle branch block

left, 39, 41, 42, 43
right, 39

BUN/SCr ratio, monitoring, in heart failure,
21–22

Bupropion
for depression, 251–252, 251t
mechanism of action, 252
for smoking cessation, 126

Buspar. See Buspirone
Buspirone

adverse effects and side effects, 260
for anxiety disorders, dosage and

administration,
259t, 260

for generalized anxiety disorder, 256, 256t
mechanism of action, 260
for social anxiety disorder, 256t

Butalbital, for tension-type headache, 229
Butorphanol

intranasal, for migraine, 225
for migraine, 225
nasal spray, for migraine, 222t

Butyrophenones, for nausea and vomiting, 
164t, 165

C
CAD. See Coronary artery disease
Caffeine, 128

for drug-induced sedation, in Parkinson disease,
198

interactions with antihypertensive therapy, 11
Calcitonin-salmon

adverse effects and side effects, 366
for osteoporosis, 366

dosage and administration, 365t, 366
Calcium

food sources, 363, 363t
recommended daily requirements, 363
serum, in osteoporosis, 360
supplementation, 363

adverse effects and side effects, 363
with corticosteroid therapy, 376
with glucocorticoid therapy, 364
for osteoporosis, 364

urinary, in osteoporosis, 360
Calcium acetate, 363
Calcium carbonate, 363

and levothyroxine requirement, 302, 302t
Calcium-channel blockers. See also

Dihydropyridines
adverse effects and side effects, 81
for angina, 52
antiarrhythmic therapy with, 80–81

dosage and administration, 80–81
indications for, 80

for atrial flutter, 70
for atrioventricular node reentrant tachycardia,

72
contraindications to, 30

in heart failure, 23, 24
dihydropyridine. See also Dihydropyridines

indications for, in angina and related
conditions, 53t

for heart failure with preserved systolic function,
27

for hypertension, 7, 10t
in African Americans, 8
in diabetic patient, 282
in elderly, 9

for hypertensive renal disease in African
Americans, 8

indications for, in angina and related conditions,
53t

interactions, with amiodarone, 31
mechanism of action, 52
for migraine prophylaxis, 228
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negative inotropic effect, 52
nondihydropyridine, indications for, in angina

and related conditions, 53t
for resistant hypertension, 12

Calcium citrate, 363
Calcium lactate, 363
Calcium salts, drug interactions with, 363
Campylobacter, diarrhea caused by, 172
CA-MRSA. See Methicillin-resistant Staphylococcus

aureus (MRSA)
Canadian Hypertension Education Program,

clinical practice guidelines for
hypertension, 10

Cancer
and depression, 248
obesity and, 275
risk, with biologic DMARDs, 378

Candesartan
for heart failure, dosage and administration, 25t
for heart failure with preserved systolic function,

27
Canes, for Parkinson disease, 200
Cannabinoids, for nausea and vomiting, 164t, 166
CAP. See Pneumonia, community-acquired
Capreomycin

adverse effects and side effects, 470t
dose modification in renal failure, 470
pediatric dosage, 470t
therapy with, ongoing evaluation, 470t
for tuberculosis, dosage and administration,

470t
Capsaicin

analgesic effects, 213
for cluster headache, 230
mechanism of action, 213
topical, for osteoarthritis, 382, 385

Capsule endoscopy, in inflammatory bowel disease,
154

Captopril
for heart failure, dosage and administration, 25t
for hypertensive crises, 14

Carbamazepine, 183, 184
adverse effects and side effects, 213

comorbid conditions and, 185, 185t
for Alzheimer’s patients, 243
analgesic effects, 213

mechanism of action, 207
for neuropathic pain, 212t

and bone mineral density, 185
contraindications to, 182
erectile dysfunction caused by, 328t, 331t
interactions

with oral contraceptives, 186, 312
with PDE-5 inhibitors, 332

and levothyroxine requirement, 302
mechanism of action, 185t
monotherapy, teratogenicity, 186, 187t

Carbapenem, for pyelonephritis, 479
Carbidopa/levodopa. See Levodopa, plus

carbidopa
Carbuncles, 453

antibiotic therapy for, 452t, 453
clinical presentation, 453
complications, 453
definition, 453
diagnostic evaluation, 453
etiology, 450t, 453
evidence-based summary, 461
management, 452t, 453
risk factors for, 453

Cardiac cachexia, in heart failure, 20
Cardiac devices

follow-up for, 32
for heart failure, 31–32

Cardiac pacing, 75–76
follow-up for, 76
for hypertrophic cardiomyopathy, 89
indications for, 75, 76t

and patient monitoring, 76
for torsades de pointes, 74
for ventricular tachycardia, 73

Cardiac resynchronization therapy, 31
biventricular, 32

Cardiac stress imaging
for diagnosis of coronary heart disease, 42–43
in follow-up for chronic stable angina, 58–59, 58t
for risk stratification in coronary heart disease,

46–47
Cardiomyopathy, and stroke, 189
Cardiotoxic agents, exposure to, and heart failure,

21, 21t
Cardiovascular assessment, in ED patients, 329,

329t
Cardiovascular disease (CVD)

diabetes and, 281
and erectile dysfunction, 328
metabolic syndrome and, 293
obstructive sleep apnea/hypopnea syndrome

and, 263, 264
peripheral arterial disease and, 105
risk factors for, 293

in diabetic patients, management, 281
screening, in diabetic patients, 281

Cardiovascular risk
in diabetes, management, 282–283
diabetes mellitus and, 279
erectile dysfunction as predictor of, 327
gout and, 391
in metabolic syndrome, 294–295

management, 295–296
reduction, in hypertension, 6, 7, 9–10

in elderly patients, 9
in rheumatoid arthritis, 372
with rofecoxib, 384t
treatment, 54–55
in white-coat hypertension, 4

Cardioversion
for atrial fibrillation, 68, 69
for atrial flutter, 70
for atrioventricular node reentrant tachycardia,

72
for atrioventricular reentrant tachycardia, 72
for polymorphic ventricular tachycardia, 74
for ventricular tachycardia, 73

Cardura®. See Doxazosin
CARE. See Cholesterol And Recurrent Events

(CARE) trial
Carotid endarterectomy, for secondary stroke pre-

vention, 192, 192t
Carotid massage, for atrioventricular node reen-

trant tachycardia, 72
Carotid pulse

in aortic stenosis, 86
in hypertrophic cardiomyopathy, 86

Carotid stenosis
secondary stroke prevention with, 192, 192t
and stroke, 190t

Carpal tunnel syndrome, in hypothyroidism, 301
Cartilage, transplantation, for osteoarthritis, 382
Carvedilol, 80

for heart failure, dosage and administration, 25t
for hypertension, in diabetic patients, 9

Cascara sagrada, 171t
Castor oil, 171
Cataflam. See Diclofenac
Cat bites, 456
Catecholamine excess, pharmacotherapy for, 14t
Catechol-O-methyltransferase inhibitors

adverse effects and side effects, 197t
for Parkinson disease, 198

Cathepsin inhibitors, 367
Catheter(s), urinary, and infection, 479
Catheter ablation

for atrioventricular node reentrant tachycardia,
72

for atrioventricular reentrant tachycardia, 72

Cat scratches, 456
CBT. See Cognitive behavioral therapy
CD. See Crohn’s disease (CD)
Cefaclor, for cellulitis, 455
Cefadroxil, for cellulitis, 452t, 455
Cefdinir, for acute otitis media, 412, 412t
Cefixime

for acute otitis media, 412
diarrhea caused by, 173t
for gonococcal urethritis, 488t
for gonorrhea, 486t

Cefpodoxime
for acute otitis media, 412, 412t
for cellulitis, 455
for drug-resistant Streptococcus pneumoniae, 446

Cefprozil
for acute otitis media, 412
for cellulitis, 455

Ceftizoxime, for gonococcal urethritis, 488t
Ceftriaxone

for acute otitis media, 412, 412t
for chancroid, 486t, 489
for gonococcal urethritis, 488t
for gonorrhea, 486t

Cefuroxime
for acute otitis media, 412, 412t
for animal bites, 452t, 457
for drug-resistant Streptococcus pneumoniae, 446
for gonococcal urethritis, 488t
for human bites, 452t

Celebrex. See Celecoxib
Celecoxib, 376

adverse effects and side effects, 209
for osteoarthritis, 382
for pain in adults, 208t, 209
for rheumatoid arthritis, dosage and

administration, 375t
Celexa. See Citalopram
Cellulitis, 449, 453–455

antibiotic therapy for, 452t, 454–455
clinical presentation, 454
comorbidities associated with, 453
complications, 453
definition, 453
in diabetic foot, 458
diagnostic evaluation, 454
etiology, 450t, 453–454
evidence-based summary, 461
hospitalization for, 454
with infected animal bites, 456
management, 452t, 454–455
outpatient treatment, 454
periorbital, 454
risk factors for, 453

Center for Epidemiological Studies-Depression
Scale, 248

Central nervous system (CNS) depressant(s), 
withdrawal, anxiety caused by, 255

Central venous pressure, in heart failure, 20
Cephalexin

for cellulitis, 452t, 455
for erysipelas, 452t
for impetigo, 450, 452t

Cephalosporins. See also specific agent
for animal bites, 457
for bacterial sinusitis, 416
for cellulitis, 452t, 455
diarrhea caused by, 173, 173t
for urinary tract infections, 476t

Cerebrospinal fluid (CSF), rhinorrhea, 400, 401t
Cerebrovascular event(s), and seizures in older

adults, 182
Cerivastatin, 97
Cervical cancer

HPV infection and, 485
obesity and, 275

Cetirizine, 404–405, 404t
Chancre, syphilitic, 486–487
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Chancroid, 489
clinical presentation, 489
diagnostic evaluation, 489
genital ulcers, 484t, 489
and HIV infection, 489
treatment, 486t, 489

CHD. See Coronary heart disease
Chemoreceptor trigger zone (CTZ), 161
Chemotherapy, nausea and vomiting caused by,

161, 162t
Chest guideline, 425, 427
Chest pain, 87–88. See also Angina

clinical classification, 38, 39t
descriptors for, 38
in heart failure, 21
noncardiac, 38, 39t

Chest radiography
in amiodarone therapy, 31
in asthma, 116
in chronic obstructive pulmonary disease, 126
in coronary heart disease, 40
in heart failure, 21
in pneumonia, 445
in rheumatoid arthritis, 372

Cheyne-Stokes respiration, in heart failure, 20
Child(ren)

anemia in, 431
metabolic syndrome in, 294
rhinitis in, treatment, 403, 404t
skin and soft tissue infections in, antibiotic

therapy for, 452t
splenomegaly in, 432
tuberculosis in

clinical presentation, 465
pharmacotherapy for, 467

Chlamydia trachomatis, 487, 488–489
coinfection in gonorrhea, 487, 488, 488t
infection

clinical presentation, 488–489
diagnostic evaluation, 489
treatment, 486t, 488t, 489

urethritis, treatment, 488t
Chlamydophila pneumoniae

and acute bronchitis, 443
pneumonia caused by, 445

Chlorpheniramine maleate
plain, 404t
sustained-release, 404t

Chlorpromazine
for migraine, 225
for nausea and vomiting, 164–165

Chlorpropamide, for diabetes, dosage and
administration of, 287t

Chlorthalidone
adverse effects and side effects, 6
for heart failure, dosage and administration, 25t
for hypertension, 6, 7

in African Americans, 8
cardiovascular benefits, 6
in elderly, 9

Cholecalciferol, for vitamin D supplementation,
364

Cholelithiasis
in inflammatory bowel disease, 155
risk, obesity and, 274

Cholesteatoma, 411
Cholesterol

non-HDL, therapeutic targets for, 95–97
physiology, 91–92
serum, normal and pathologic values, 92, 93t

Cholesterol-absorption inhibitors, for dyslipidemia, 
97t, 99

Cholesterol And Recurrent Events (CARE) trial, 
50

Cholestyramine, 174
chelation therapy, and leflunomide, 377
and levothyroxine requirement, 302, 302t
osteoporosis caused by, 361t

Choline magnesium trisalicylate, for pain in adults,
208t

Chondrocalcinosis, 390–391
Chondroitin. See also Glucosamine, and

chondroitin
adverse effects and side effects, 385

Choriocarcinoma, and hyperthyroidism, 303
Chromones. See also Cromolyn sodium;

Nedocromil
for asthma, 121

Chronic obstructive pulmonary disease (COPD),
125–131

BODE index for, 126
with bronchospasm, pharmacotherapy for, 53t
clinical presentation, 126
costs, 125
definition, 125–126
epidemiology, 125
exacerbations of

prevention of, 127, 128, 129
treatment for, 127, 128, 129

mortality rate for, 125
pharmacotherapy for, 126–129
pulmonary rehabilitation for, 126
risk factors for, 126
search strategy, 125
severity, classification, 126
stage 1 (mild), 126
stage 2 (moderate), 126
stage 3 (severe), 126
stage 4 (very severe), 126
systemic effects, 126
treatment for

follow-up, 129
GOLD recommendations for, 129, 129t
nonpharmacologic, 126–127
surgical, 126

Chronic retention of urine, 347, 348
evidence-based summary, 356
pharmacotherapy for, 355–356, 355t
surgery for, 356

CIBIC-plus. See Clinician’s Interview Based Impres-
sion of Change plus Caregiver Input

Ciclesonide, intranasal, for rhinitis, 405
Cilostazol, for peripheral arterial disease, 106t, 107
Cimetidine

erectile dysfunction caused by, 328t
for gastroesophageal reflux disease, 139
for peptic ulcer disease, 148

maintenance therapy, 148t
for ulcer healing, 148t

Ciprofloxacin
for chancroid, 486t, 489
for diabetic foot infections, 460
for gonococcal urethritis, 488t
for gonorrhea, 486t
otic administration, in otitis media, 412
for travelers’ diarrhea, 173

Cisapride, for gastroesophageal reflux disease, 139
Citalopram

analgesic effects, 213
for anxiety disorders, dosage and

administration, 259t
for depression, 251, 251t
erectile dysfunction caused by, 328t
for social anxiety disorder, 256t

Citrucel®. See Methylcellulose
Civamide, for cluster headache, 230
Clarithromycin

for acute otitis media, 412, 412t
diarrhea caused by, 173t
for Helicobacter pylori eradication, 146, 147t
interactions

with digoxin, 30
with PDE-5 inhibitors, 331–332

for peptic ulcer disease, 146–147
Clemastine fumarate, 404t
Clenched-fist injury(ies), 457–458

Clindamycin
for acute otitis media, 412t
for animal bites, 452t, 457
for bacterial vaginosis, 486t
for cellulitis, 455
for community-acquired pneumonia, 446
for diabetic foot infections, 452t, 460
diarrhea caused by, 173, 173t
for erysipelas, 451
for furuncles and carbuncles, 452t, 453
for human bites, 452t, 458
for impetigo, 450

Clinical Dementia Rating (CDR), 237, 238t,
239, 241

Clinician’s Interview Based Impression of Change
plus Caregiver Input, 237, 238t, 239, 241

Clock drawing, in diagnosis of dementia, 236
Clomipramine

for anxiety disorders, dosage and
administration, 259t

for depression, 251t
for obsessive-compulsive disorder, 256t, 259
for panic disorder, 256t

Clonazepam
adverse effects and side effects, 260
for anxiety disorders, dosage and

administration, 259t, 260
for panic disorder, 256, 256t
for social anxiety disorder, 256t, 258

Clonidine
erectile dysfunction caused by, 328t, 331t
for hypertension, 6
for hypertensive crises, 14
for menopausal symptoms, 322, 322t

Clopidogrel
chemoprophylaxis

for atrial fibrillation, 69t
in diabetic patients, 283
in metabolic syndrome, 296

for peripheral arterial disease, 106–107, 106t
for prevention of myocardial infarction, 49
for secondary stroke prevention, 192, 192t

Clostridium difficile, diarrhea caused by, 172, 173
Cloxacillin, for cellulitis, 455
Clozapine

for drug-induced hallucinations, in Parkinson
disease, 198

and lower urinary tract symptoms in men, 338t
Cluster headache, 219

acute therapy for, 229
clinical presentation, 219–220
prophylaxis, 229–230

Cocaine
for cluster headache, 230
interactions with antihypertensive therapy, 11
intranasal, 414

Codeine, 209
dosage and administration, 211t
for tension-type headache, 229

Coenzyme Q-10
for migraine prophylaxis, 228
for Parkinson disease, 199

Cognitive behavioral therapy
for anxiety disorders, 259
for obsessive-compulsive disorder, 258
for panic disorder, 256
for persistent pain, 214
for posttraumatic stress disorder, 257
for social anxiety disorder, 257

Cognitive dysfunction, in vitamin B12 deficiency,
436

Cognitive impairment, rhinitis and, 400
Colace®. See Docusate sodium
Colazal. See Balsalazide
Colchicine

for acute gouty arthritis, 392t, 393
dosage and administration, 392t, 393

adverse effects and side effects, 392t, 393
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for chronic gout (prevention), 392t, 394
diarrhea caused by, 173t

Cold therapy, for arthritic patient, 384
Colesevelam, 98
Colestipol, and levothyroxine requirement, 302,

302t
Colitis

antibiotic-associated, 173, 173t
Crohn’s, 153
left-sided, definition, 152

Collagen vascular disease, and heart failure, 21,
21t

Colon cancer
obesity and, 275
risk, obesity and, 274

Colonic inertia, 169
Colonoscopy, in inflammatory bowel disease, 154

for cancer screening, 155
Colorectal cancer, risk, in inflammatory bowel 

disease, 155
Combivent, 128
Common cold, 414
Complementary and alternative medicine (CAM),

for menopausal symptoms, 322–323, 322t
Complete blood count

in diagnosis of anemia, 432
in osteoporosis, 360

Complete heart block, ECG findings in, 78f
Complex regional pain syndrome, 204
Compulsion(s), definition, 258
Computed tomography (CT)

in diagnosis of dementia, 236
in diagnosis of pulmonary embolism, 422
in diagnostic evaluation of stroke, 191, 191t
electron beam (EBCT), 40, 45
in epilepsy, 182
in headache patient, 220
helical high-resolution, pulmonary embolism

protocol for, 422
of paranasal sinuses, 414
quantitative, for bone mineral density

assessment, 362t
COMT-I. See Catechol-O-methyltransferase

inhibitors
Condyloma acuminatum, 485–486
Constipation, 169–171

alarm symptoms with, 170, 170t
with calcium supplementation, 363
chronic, 170
complications, 170
epidemiology, 169
etiology, 169
evaluation, 169–170
evidence-based summary, 175
functional, Rome II criteria for, 169, 170t
in hypothyroidism, 301
with migraine, 219
organic diseases associated with, 169, 170t
patient education about, 170
pharmacotherapy for, 170–171
prevalence, 169
risk factors for, 169
search strategy, 169
slow-transit, 169

surgery for, 170
symptoms, 169
treatment, nonpharmacologic, 170
in ulcerative colitis, 152

Continuous positive airway pressure
compliance with, 267–268
for obstructive sleep apnea/hypopnea

syndrome, 264, 267–268
Contraception, 311–317. See also Intrauterine

device (IUD); Oral contraceptives
barrier methods, 316–317
evidence-based summary, 317
hormonal

injectable progestin, 316

rod implants, 316
transdermal patch, 315–316
vaginal ring, 315

natural family planning for, 317
nonhormonal, 316–317
search strategy, 311

Cooley’s anemia, 438t, 439
COPD. See Chronic obstructive pulmonary disease

(COPD)
Cornea, inflammation, in rheumatoid arthritis, 372
Coronary angiography, 44, 44t

in follow-up for chronic stable angina, 58–59, 58t
prevalence of coronary artery disease on, 47, 48f
for risk stratification in coronary heart disease,

47–48
Coronary artery bypass grafting, 55–57, 56t
Coronary artery calcification(s), clinical

significance, 40
Coronary artery disease (CAD)

anxiety associated with, 255
and heart failure, 21, 21t
obstructive sleep apnea/hypopnea syndrome

and, 263, 264
serum uric acid and, 391
treatment, 23

Coronary heart disease (CHD), 37–65
costs, 37
diagnosis, 38–44

stress imaging in, 42–43
special issues in, 43

epidemiology, 37
evidence-based summary, 59
history-taking in, 38–39
likelihood

clinical predictors, 39, 39t, 40t
pretest and posttest comparisons, 43, 43f

physical examination for, 39
prevalence, on coronary angiography, 47, 48f
prevention, 54
prognosis for, 44–48

chest radiographic findings and, 45
ECG findings and, 45
history and, 45
physical findings and, 45

risk, clinical assessment, 39, 39t, 40t
risk equivalent

atherosclerotic vascular disease as, 93–94, 93t
diabetes mellitus as, 93–94

risk factors for, 38–39
treatment, 54–55

risk stratification, 44–48
noninvasive testing for, 45–48, 49t

search strategy, 37
stress imaging in, 46

for risk stratification, 46–47
Coronary ischemia, pharmacotherapy for, 14t
Coronary plaque rupture, in coronary heart dis-

ease, prognostic significance, 45
Coronavirus, and acute bronchitis, 443
Cor pulmonale, in chronic obstructive pulmonary

disease, 126
Correctol®. See Bisacodyl
Corticobasal degeneration, 196
Corticosteroid(s)

for acute exacerbation of asthma, 123t
adverse effects and side effects, 120, 121, 129,

156–157, 375t, 376, 393
anxiety caused by, 255
for chronic obstructive pulmonary disease, 129
for cluster headaches, 229
for inflammatory bowel disease, 155, 156

maintenance therapy, 156–157
inhaled

for asthma, 117, 119t, 120
dosage and administration, 120, 121t

for chronic obstructive pulmonary disease,
129

intra-articular, for acute gouty arthritis, 392t, 393

intramuscular, for acute gouty arthritis, 392t, 393
intranasal

adverse effects and side effects, 405
for obstructive sleep apnea/hypopnea

syndrome, 268
for rhinitis, 404, 405, 405t

for nausea and vomiting, 164t, 165
oral

for asthma, 119t, 120–121
for chronic obstructive pulmonary disease,

129
for rheumatoid arthritis, 373

dosage and administration, 374t, 376
ongoing evaluation, 374t, 375t

for status migrainosus, 225
Corticosteroid dependence, in inflammatory

bowel disease, 157
Corticosteroid refractoriness, in inflammatory

bowel disease, 157
Corticotropin, for acute gouty arthritis, 392t

dosage and administration, 392t, 393
Cough, in acute bronchitis, 443–444
CPAP. See Continuous positive airway pressure
Crackles, pulmonary, in heart failure, 21
Craniofacial anomalies, and obstructive sleep

apnea/hypopnea syndrome, 265
C-reactive protein (CRP), 95

in rheumatoid arthritis, 372–373
Creatine, for Parkinson disease, 199
Creatinine

serum
in acute decompensated heart failure, prog-

nostic significance, 24
aldosterone antagonist therapy and, 29
monitoring

in ACE inhibitor therapy, 27–28
in heart failure, 21–22

in nondiabetic kidney disease and antihyper-
tensive therapy, 9

in osteoporosis, 360
urinary, in osteoporosis, 360

Crepitus, in osteoarthritis, 381
Crestor®. See Rosuvastatin
Crohn’s disease (CD). See also Inflammatory bowel 

disease (IBD)
classification, 153, 153t
clinical course, 151
clinical presentation, 152–153
complications, 155
epidemiology, 151
fibrostenotic-obstructive, 152
gastroduodenal involvement in, 153
mild/moderate, 153, 153t
moderate/severe, 153, 153t
penetrating-fistulous, 152
severe/fulminant, 153, 153t
sites of involvement in, 152

Cromolyn sodium
for asthma, 119t, 121
intranasal, for rhinitis, 405

CRP. See C-reactive protein (CRP)
CRS. See Rhinosinusitis, chronic
CRT. See Cardiac resynchronization therapy
Crutch reflex, 402
Cryotherapy, for genital warts, 486
Cryptosporidium, diarrhea caused by, 172
CT angiography, in peripheral arterial disease, 104
CTZ. See Chemoreceptor trigger zone (CTZ)
CURB-65, 445–446
Cushing’s syndrome

and hypertension, 11, 12t
and hypertensive crises, 12
osteoporosis in, 359

CVD. See Cardiovascular disease
CXR. See Chest radiography
Cyclooxygenase (COX)

activity, 207
isoenzymes, 207
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Cyclooxygenase-2 inhibitors
adverse effects and side effects, 384t
cardiovascular risk with, 384t, 385
contraindications to, 29

in Alzheimer’s disease, 242
for osteoarthritis, 384t
in peptic ulcer disease, 149
for persistent pain, 207–209, 208t
plus proton pump inhibitor, for osteoarthritis,

382, 385
Cyclophosphamide, for rheumatoid arthritis, 376

dosage and administration, 374t
ongoing evaluation, 374t

Cycloserine
adverse effects and side effects, 469t
dose modification in renal failure, 470
pediatric dosage, 469t
therapy with, ongoing evaluation, 469t, 470
for tuberculosis, dosage and administration,

469t
Cyclosporine

hyperuricemia caused by, 390t
for inflammatory bowel disease, 158
interactions

with antihypertensive therapy, 11
with digoxin, 30

plus methotrexate, for rheumatoid arthritis, 373
for rheumatoid arthritis, 376

dosage and administration, 374t
ongoing evaluation, 374t

Cymbalta®. See Duloxetine
Cystoscopy

in men with BPH, 339
in urinary incontinence, 349

Cytochrome P450
amiodarone and, 31
antimuscarinic agents and, 354

Cytochrome P450 inducer(s), interactions with
PDE-5 inhibitors, 332

Cytochrome P450 inhibitor(s), interactions with
PDE-5 inhibitors, 331–332

Cytokine(s), proinflammatory
and anemia of chronic disease, 373
drugs targeted to, 377

Cytotoxic drugs
hyperuricemia caused by, 390t
osteoporosis caused by, 361t

D
Dalteparin, 425

for thromboembolism, dosage and administra-
tion, 426t

Darifenacin
drug interactions with, 354
for urinary incontinence, 352, 353t, 354

DASH eating plan, 5
for hypertensive patient, 6, 6t

DBP. See Blood pressure, diastolic
DBS. See Deep brain stimulation
D-dimer test, 422
DDP. See Dipeptidyl peptidase
Decongestants

for acute rhinosinusitis, 416
adverse effects and side effects, 404
oral, 404t
precautions with, in pediatric patients, 403
for rhinitis, 404, 404t
topical

duration of action, 404, 404t
for rhinitis, 404, 404t

Deep brain stimulation, for Parkinson disease, 199
Deep venous thrombosis

anticoagulants for, 425–427
clinical presentation, 421, 422t
comorbidities associated with, 424
diagnosis, prediction rule for, 422
diagnostic evaluation for, 422, 423f
differential diagnosis, 421, 422t

heparin for, dosage and administration, 426t
incidence, 421
initial treatment, 425, 425t, 427, 427t
pain control for, 423
physical findings in, 422
risk factors for, 366, 421, 422t
risk stratification, 423–424
treatment, 424

duration of, 427–428, 427t
long-term, 427–428, 427t, 428t

warfarin for, initiation, 427, 427t
Deferoxamine, iron chelation therapy, in �-

thalassemia intermedia, 439
Deformity(ies), in rheumatoid arthritis, 371
Degenerative joint disease, obesity and, 275
Dehydration, and measurement of Hgb and Hct,

432
Delirium, and dementia, differentiation, 236
Dementia. See also Alzheimer’s disease; Multi-

infarct dementia
of Alzheimer type, 236
and delirium, differentiation, 236
and depression, differentiation, 236
epidemiology, 235
frontotemporal, with parkinsonism, 196
with Lewy bodies, 236
“reversible,” 236
treatment, 236–237
types, 236
in vitamin B12 deficiency, 436

Demyelination, in vitamin B12 deficiency, 436
Dennie-Morgan lines, 400
Denosumab, 367
Depression, 247–253. See also Major depressive

disorder
and anxiety disorders, co-occurrence, 255
clinical presentation, 247–248
comorbidities associated with, 248
costs, 247
and dementia, differentiation, 236
diagnostic criteria for, 248–249, 248t
diagnostic evaluation in, 249
and disability, 247
electroconvulsive therapy for, 249, 252
epidemiology, 247
and erectile dysfunction, 328, 329
evidence-based summary, 252
in hypothyroidism, 301
obesity and, 275
osteoporosis and, 360
in Parkinson disease, 196
pharmacotherapy for, 53t, 250–252

duration of, 249–250
ongoing evaluation, 249
phases, 249–250, 250f

physical evaluation in, 249
and psychiatric comorbidity, psychiatry consult

for, 249
psychiatry consult for, 249
psychosocial stressors and, 248
psychotherapy for, 252
recurrence, 250, 250f
relapse, 250, 250f
remission, 250, 250f
response to therapy, 250, 250f
screening for, 248, 248t
search strategy for, 247
and substance abuse, psychiatry consult for, 249
and suicide, 247, 249
treatment, 249–252
undertreatment, 247

Dermis, 449
Desipramine

for depression, 249, 251t, 252
erectile dysfunction caused by, 328t

Desloratadine, 404–405
Desogestrel, 313, 315
Detrol®. See Tolterodine

Detrol® LA. See Tolterodine
Dexamethasone

for nausea and vomiting, 164t, 165
for status migrainosus, 225

DHP. See Dihydropyridines
Diabetes Control and Complications Trial

(DCCT), 279
Diabetes insipidus, hyperuricemia caused by, 390t
Diabetes mellitus, 279–292

antiplatelet therapy in, 283
blood pressure control in, 54, 279
and cardiovascular risk, 21, 21t, 22, 54–55, 279

management, 23, 23t, 54, 282–283
cellulitis in, 453–455
classification, 279
clinical presentation, 280
complications, 279

management, 280–283
as coronary heart disease risk equivalent, 93–94
costs, 279
and depression, 248
diagnosis, 280
dyslipidemia in, 282–283
epidemiology, 274, 279
and erectile dysfunction, 328
evidence-based summary, 291
glycemic control in, 279, 283
hypertension in, 8–9, 54, 282
insulin therapy for, 285, 289–290
macrovascular complications, 8–9, 280–281, 459
microvascular complications, 8–9, 280, 281–282,

459
and MRSA infection, 455
obesity and, 273, 274
and obstructive sleep apnea/hypopnea

syndrome, 263, 264
ongoing evaluation of patient, 281, 281t
patient education about, 283
pharmacotherapy for, 54–55, 285–290

combination oral medications, 287t, 288–289
in peripheral arterial disease, 108

and pre-hypertension, 5
prevention, 279, 283
screening for, 280, 281t
search strategy, 279
self-monitored blood glucose testing in, 283,

284f
and smoking cessation, 283
and stroke, 190t
treatment, 283–290

lifestyle recommendations in, 283–284
type 1, 279–280

pharmacotherapy for, 53t
prevalence, 279–280

type 2, 279, 280
in children, 280
clinical presentation, 280
epidemiology, 280
hyperglycemia in, management, 285, 286f
metabolic syndrome and, 293, 295

management, 295–296
pharmacotherapy for, 53t, 285–289
risk factors for, 279, 280

Diabetes Prevention Project, 283
Diabetic angiopathy, 459. See also Diabetes mellitus,

macrovascular complications; Diabetes
mellitus, microvascular complications

Diabetic foot
infections, 458–460

antibiotic therapy for, 452t, 460
classification, 460, 460t
clinical presentation, 459
diagnostic evaluation, 459
etiology, 450t, 459
evidence-based summary, 461
management, 452t, 459–460
risk factors for, 459

pathophysiology, 459

500 Index



Diabetic gastroparesis, 282
Diabetic ketoacidosis, 279, 280
Diabetic nephropathy, 281–282
Diabetic neuropathy, 282, 459
Diabetic retinopathy, 282
DIAPERS (mnemonic), 348t
Diarrhea, 171–175

acute
definition, 172
etiology, 172
evaluation, 172

antibiotic-associated, 173, 173t
bloody, 173

evaluation, 172
chronic

definition, 172
prevalence, 172
treatment, 174–175

in Crohn’s disease, 153
definition, 172
epidemiology, 171
etiology, 172
evaluation, 172–173
evidence-based summary, 175
history-taking in, 172, 172t
in hyperthyroidism, 304
management, 173–175
medical evaluation, indications for, 172, 172t
with migraine, 219
mortality from, 171
nosocomial, 173

etiology, 172
search strategy, 169
severe

definition, 172
etiology, 172

in ulcerative colitis, 152
Diastolic dysfunction, 26
Diclofenac

for migraine, 221t
for pain in adults, 208t
for rheumatoid arthritis, dosage and administra-

tion, 375t
Dicloxacillin

for animal bites, 452t, 457
for cellulitis, 452t, 455
for erysipelas, 452t
for furuncles and carbuncles, 452t, 453
for human bites, 452t, 458
for impetigo, 450, 452t

Dicyclomine
and lower urinary tract symptoms in men, 338t
for urinary incontinence, 354

Didrex. See Benzphetamine
Diet

for arthritic patient, 384
and chronic obstructive pulmonary disease, 

126
for diabetes prevention, 283
for diabetic patient, 283
for dyslipidemia, 96
in gastroesophageal reflux disease, 137, 138t
in gout, 393
for hypertensive patient, 5–6, 6t

with diabetes, 282
in inflammatory bowel disease, 155
lipid-lowering, for diabetic patient, 282
Mediterranean, 96
for metabolic syndrome, 295, 295t
in peptic ulcer disease, 146
for secondary stroke prevention, 192
and stroke prevention, 190
for urinary incontinence, 350

Dietary Approaches to Stop Hypertension. See
DASH eating plan

Diethylpropion, for obesity, 276, 276t
Difenoxin, for diarrhea, 174t
Diffusion capacity, in amiodarone therapy, 31

Diflunisal
for pain in adults, 208t
for rheumatoid arthritis, dosage and 

administration, 375t
Digitalis glycosides. See also Digoxin

diarrhea caused by, 173t
for heart failure, 29–30
mechanism of action, 29
noncardiac effects, 29

Digitalis Investigation Group (DIG), 29
Digital rectal examination (DRE), in men, 338
Digoxin. See also Digitalis glycosides

adverse effects and side effects, 30
antiarrhythmic therapy with, 81

dosage and administration, 81
for atrial flutter, 70
for chronic heart failure, 23
contraindications to, 29–30, 81
diarrhea caused by, 173t
drug interactions with, 30, 81
duration of action, 29
and ECG exercise stress testing, 41
erectile dysfunction caused by, 328t, 331t
for heart failure, 25t, 29

dosage and administration, 25t, 29
indications for, 29–30
ongoing evaluation, 21, 30
therapeutic serum level, 29

interactions, with amiodarone, 31
onset of action, 29
toxicity, 81

risk factors for, 21, 30
Dihydroergotamine

adverse effects and side effects, 226
for cluster headaches, 229
for migraine, 221t, 226
for postural hypotension, in levodopa therapy, 197

Dihydropyridines
for heart failure, 30
for hypertension, 10t
for hypertensive renal disease in African

Americans, 8
indications for, in angina and related conditions,

53t
for resistant hypertension, 12

Diltiazem
adverse effects and side effects, 81
antiarrhythmic therapy with

dosage and administration, 80–81
indications for, 80

drug interactions with, 81
for heart failure with preserved systolic function,

27
indications for, in angina and related conditions,

53t
for migraine prophylaxis, 228

Dimenhydrinate, for nausea and vomiting, 163,
164t

in pregnancy, 166
Dipenum. See Osalazine
Dipeptidyl peptidase IV inhibitor/biguanide, for

diabetes, dosage and administration of,
287t

Dipeptidyl peptidase IV inhibitors, for diabetes,
288

dosage and administration of, 287t
Diphenhydramine hydrochloride, 404t

and lower urinary tract symptoms in men, 338t
for nausea and vomiting, 163, 164t

Diphenoxylate, for diarrhea, 174, 174t
Diphenylmethane. See also Hydroxyzine

for anxiety disorders, dosage and
administration, 259t

Dipyridamole
extended-release, with aspirin, for peripheral

arterial disease, 106, 106t
for myocardial perfusion imaging, 42
for secondary stroke prevention, 192, 192t

Directly observed therapy, in tuberculosis, 465,
467, 471

Disability
depression and, 247
in Parkinson disease, 196

Disease-modifying antirheumatic drugs (DMARDs)
biologic, 377–378

contraindications to, 377
and infection risk, 377
for rheumatoid arthritis, response rates with,

377
combination therapy with, 373
for rheumatoid arthritis, 373, 376–377
selection, 373

Disease-modifying osteoarthritis drugs, for
osteoarthritis, 382

Disopyramide, for hypertrophic cardiomyopathy,
89

Ditropan®. See Oxybutynin
Ditropan XL®. See Oxybutynin
Diuretics

adverse effects and side effects, 27
combination therapy with

for chronic heart failure, 23
for heart failure, 27

for heart failure, 25t, 27, 28
ongoing evaluation, 21, 27

for heart failure with preserved systolic function,
27

for hypertension, 6, 7, 10t
in African Americans, 8
in diabetic patient, 282
in elderly, 9

hyperuricemia caused by, 390t
and lower urinary tract symptoms in men, 338t
mechanism of action, 27
potassium-sparing

for heart failure, 27
mechanism of action, 27

for resistant hypertension, 12
therapy with, algorithm for, 24f

Divalproex sodium
adverse effects and side effects, 228
for cluster headache, 230
for migraine prophylaxis, 223t, 228

Dizziness, PDE-5 inhibitors and, 332
DMARDs. See Disease-modifying antirheumatic

drugs (DMARDs)
DMPA. See Medroxyprogesterone acetate, depot
Dobutamine

for acute decompensated heart failure, 31
intermittent intravenous infusions, for heart

failure, 26
TSH suppression by, 306

Dobutamine stress echocardiography, 43
Docusate calcium, 171, 171t
Docusate potassium, 171t
Docusate sodium, 171, 171t
Dofetilide

antiarrhythmic therapy with, 81
dosage and administration, 81
indications for, 81

for atrial fibrillation, 69
Dog bites, 456
Dolasetron, for nausea and vomiting, 164t, 165
Donepezil, for Alzheimer’s disease, 239, 240t
Dopamine

for acute decompensated heart failure, 31
reduction, in Parkinson disease, 196–197
TSH suppression by, 306

Dopamine agonists, for Parkinson disease, 196
Dopamine-norepinephrine reuptake inhibitors, for 

depression, 251t
Dopaminergic agonists

adverse effects and side effects, 197t, 199
dosage and administration, 199
for Parkinson disease, 196, 198–199

Doppler echocardiography, in heart failure, 21
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Doppler ultrasound, in peripheral arterial disease,
104

DOT. See Directly observed therapy
Dowager’s hump, 360
Down syndrome, hyperuricemia caused by, 390t
Doxazosin

for benign prostatic hyperplasia, 340–343,
341t–342t

for chronic retention of urine, 355–356, 355t
for hypertension, 6, 343

Doxepin
for depression, 251t, 252
erectile dysfunction caused by, 328t
for migraine prophylaxis, 223t, 227

Doxycycline
for animal bites, 452t, 457
for bacterial sinusitis, 416
for chlamydial infection, 486t, 489
for chronic obstructive pulmonary disease, 129
for community-acquired pneumonia, 446, 446t
contraindications to, 457
for human bites, 452t, 458
for MRSA infection, 452t, 455
for nongonococcal urethritis, 488t
for osteoarthritis, 382
for syphilis, 486t

Doxylamine, for nausea and vomiting, in
pregnancy, 166

DPP. See Diabetes Prevention Project
DRIP (mnemonic), 348t
Dronabinol, for nausea and vomiting, 164t, 166
Droperidol

adverse effects and side effects, 164t, 165
for nausea and vomiting, 164t, 165

Drospirenone, 313
DRSP. See Streptococcus pneumoniae, drug-resistant
Drug(s)

diarrhea caused by, 173, 173t
erectile dysfunction caused by, 328t, 329, 331t
hyperuricemia caused by, 390t, 394
hypothyroidism caused by, 300, 300t
nausea and vomiting caused by, 161, 162t
osteoporosis caused by, 361t

Drug abuse. See also Substance abuse
and heart failure, 21, 21t
and stroke, 189

Dual-energy x-ray absorptiometry (DXA), 
360, 362t

patient selection for, 362f
Duke Treadmill Score, 46, 46t
Dulcolax®. See Bisacodyl
Duloxetine

analgesic effects, 213
for neuropathic pain, 212t

for anxiety disorders, dosage and
administration, 259t

for depression, 251–252, 251t
for generalized anxiety disorder, 255–256
mechanism of action, 252
for stress urinary incontinence, 354t, 355

Duoneb, 128
Dupuytren’s contracture, in hypothyroidism, 301
Dutasteride

for benign prostatic hyperplasia, 341t–342t,
343–344

for chronic retention of urine, 355t, 356
erectile dysfunction caused by, 328t, 331t

DVT. See Deep venous thrombosis
DXA. See Dual-energy x-ray absorptiometry (DXA)
Dysentery, 173
Dysesthesia, definition, 204t
Dyskinesia, levodopa-induced, 198

in Parkinson disease, 196
Dyslipidemia, 91–102

and atherosclerotic vascular disease, 91
in diabetic patient, 282–283
and erectile dysfunction, 328, 329
evidence-based summary, 101

familial, pharmacotherapy for, 101
Fredrickson classification, 91, 92t
guidelines on, 91
in metabolic syndrome, pharmacotherapy for,

296
obesity and, 275
pharmacotherapy for, 97–101

combination therapy, 98t, 101
risk factors for, 91
screening for, 92
search strategy, 91
secondary causes, 91, 92t
treatment, 96–101

advances in (future directions for), 101
nonpharmacologic, 96–97

Dyspareunia, menopausal, 320
Dyspepsia, 143

evaluation, alarm symptoms in, 144, 144f, 144t
functional, 143, 144
PDE-5 inhibitors and, 332

Dysphagia, 136
Dyspnea. See also Paroxysmal nocturnal dyspnea

in heart failure, 19, 26
in hypertrophic cardiomyopathy, 85, 88–89

E
EBCT. See Computed tomography (CT), electron

beam
ECG. See Electrocardiography (ECG)
Echocardiography

in coronary heart disease, 45
in follow-up for chronic stable angina, 58–59,

58t
in heart failure, 21
in hypertrophic cardiomyopathy, 86
and myocardial perfusion imaging, comparison, 

43–44, 44t
resting, in diagnosis of coronary heart disease,

41–42
stress

in diagnosis of coronary heart disease, 42–43
for risk stratification in coronary heart

disease, 46, 47
Eclampsia, 13t

and hypertensive crises, 12
pharmacotherapy for, 14t

ECT. See Electroconvulsive therapy
ED. See Erectile dysfunction
Edema

dependent, in heart failure, 20
in heart failure, etiology, 27
peripheral, in heart failure, 20, 21

EEG. See Electroencephalography
EF. See Ejection fraction
Effexor. See Venlafaxine
Eikenella corrodens, skin and soft tissue infection

caused by, 457–458
Ejection fraction, in heart failure, 21
Elderly

hypertension in, pharmacotherapy for, 9
osteoarthritis treatment in, 384t
pain in, 214–215
pseudohypertension in, 11
subclinical hyperthyroidism in, 306

Electrical stimulation, at P6 point, for nausea and
vomiting, in pregnancy, 166

Electrocardiographic exercise stress testing, 37,
40–41

in coronary heart disease, 46
in diagnosis of coronary heart disease, 41
special issues in, 41
in women, 41

Electrocardiography (ECG)
ambulatory recordings, 48
in coronary heart disease, 39–40
in heart failure, 20–21
high-risk, 76, 77f–79f
in hypertrophic cardiomyopathy, 86–87

interpretation, 67–68
narrow-complex rhythm on, 68
resting ST-segment depression on, 41
wide-complex rhythm on, 67–68

Electroconvulsive therapy, for depression, 249, 252
Electroencephalography

in absence seizures, 181
in epilepsy, 179, 182

video monitoring with, 182
in juvenile myoclonic epilepsy, 182

Electrolytes, serum, monitoring
in digoxin therapy, 30
in heart failure, 21, 27
in inotropic therapy, 31

Eletriptan, for migraine, 222t, 226
Emphysema, 125

differential diagnosis, 116
Enablex®. See Darifenacin
Enalapril

for heart failure, dosage and administration, 25t
for hypertension, in elderly, 9

Enalaprilat
adverse effects and side effects of, 14t
dosage and administration, 14t
duration of action, 14t
for hypertensive emergencies, 14t
onset of action, 14t

Encephalopathy, hypertensive, 12–15, 13t
Endoscopy

in gastroesophageal reflux disease
diagnostic, 136
therapeutic, 138

in inflammatory bowel disease, 154
in peptic ulcer disease, 145

referral for, 144, 144f, 144t
Enema(s). See also Barium enema

laxative, 171, 171t
Enhanced external counterpulsation, for

intractable angina, 57
Enoxaparin, 425

and bridging of oral anticoagulation therapy for
invasive procedures, 428, 428t

for thromboembolism, dosage and administra-
tion, 426t

Enoximone, for acute decompensated heart fail-
ure, 31

Entacapone
adverse effects and side effects, 197t
dosage and administration, 197t
for Parkinson disease, 198

Enterobacter
prostatitis caused by, 479
urinary tract infection caused by, 477

Enterococci, urinary tract infection caused by, 477
Environmental modifications

for Alzheimer’s patient, 236–237
for urinary incontinence, 350

Ephedrine
and lower urinary tract symptoms in men, 338t
for stress urinary incontinence, 354t, 355

Epidermis, 449
Epilepsy, 179–188

benign rolandic, 181
clinical presentation, 179–182
comorbid conditions in, and adverse effects of

antiepileptic drugs, 185, 185t
computed tomography in, 182
cryptogenic, 179, 180t
diagnostic evaluation, 182
drug-resistant, 179

management options for, 186–187
epidemiology, 179
evidence-based summary, 188
exacerbating factors, 183
idiopathic, 179, 180t
intractable, 179
juvenile myoclonic, 181–182

pharmacotherapy for, 185
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magnetic resonance imaging in, 182
new onset, treatment, guidelines for, 183–184,

184t
pharmacotherapy for, 183–186

guidelines for, 183–185
physical findings in, 182
postictal paresis (Todd’s paralysis) in, 181
and quality of life, 179
refractory

surgery for, 186
treatment, guidelines for, 183, 184, 184t
vagal nerve stimulation for, 187

risk factors for, 182, 182t
risk stratification, 182
search strategy, 179
secondary, 179, 180t
symptomatic, 179, 180t
treatment, 182–187

initiation, 182
Epilepsy syndromes, 181–182

operational classification, 179, 180t
Epinephrine, for acute exacerbation of asthma,

123t
Episclera, inflammation, in rheumatoid arthritis,

372
Episcleritis, in inflammatory bowel disease, 155
Epistaxis, tumor-related, 402t
Eplerenone, for heart failure, 29

dosage and administration, 25t, 29
Epworth Score, 264–265
Erectile dysfunction

cardiovascular assessment with, 329, 329t
clinical presentation, 327
definition, 327
diagnostic evaluation, 327–329
drugs causing, 328t, 329, 331t
etiology, 327, 328, 328t
evidence-based summary, 334
laboratory testing for, 328
pelvic floor muscle exercises for, 331
pharmacotherapy for, 329, 331–334
physical evaluation for, 327
prevalence, 327
psychological counseling for patients with, 331
risk factors for

modifiable, 329
modification, 329
unmodifiable, 329

risk stratification for, 329
screening for, 327
search strategy, 327
treatment, 330f

advances in (future directions for), 334
combination therapies in, 334
nonpharmacologic, 329–331
vacuum pump for, 331

treatment failure, 334
Ergocalciferol, for vitamin D supplementation, 364
Ergot alkaloids

adverse effects and side effects, 226
for cluster headaches, 229
for migraine, 226

Ergotamine, for cluster headache prophylaxis, 230
Ergotamine derivatives

adverse effects and side effects, 226
for cluster headaches, 229
contraindications to, 226
for migraine, 226

Ergotamine tartrate
adverse effects and side effects, 226
for cluster headaches, 229
for migraine, 221t, 226

Ergotism, 226
Erosive esophagitis, 135

diagnosis, 136
Erysipelas

antibiotic therapy for, 451, 452t
clinical presentation, 451

diagnostic evaluation, 451
epidemiology, 451
etiology, 450t, 451
evidence-based summary, 461
management, 451

Erythema nodosum, in inflammatory bowel
disease, 155

Erythrocytes. See Red blood cells
Erythrocyte sedimentation rate, in rheumatoid

arthritis, 372
Erythromycin

for acute otitis media, 412
bacterial resistance to, 450–451
for chancroid, 486t, 489
for chlamydial infection, 486t
diarrhea caused by, 173t
for erysipelas, 451, 452t
for impetigo, 450
interactions

with digoxin, 30
with PDE-5 inhibitors, 331–332

for nongonococcal urethritis, 488t
for recurrent/persistent urethritis, 488t

Erythropoietin (EPO)
interactions with antihypertensive therapy, 11
serum levels, in anemia of chronic disease, 435

Escherichia coli
antibiotic resistance in, 477
diabetic foot infection caused by, 459
O157:H7

culture for, 172
diarrhea caused by, 172

prostatitis caused by, 479
urinary tract infection caused by, 475, 476t, 477

Escitalopram
for anxiety disorders, dosage and

administration, 259t
for depression, 251t
erectile dysfunction caused by, 328t
for generalized anxiety disorder, 255–256, 256t
for social anxiety disorder, 256t

Esmolol
adverse effects and side effects of, 14t
dosage and administration, 14t
duration of action, 14t
for hypertensive emergencies, 14t
onset of action, 14t

Esomeprazole
for gastroesophageal reflux disease, 139
osteoporosis caused by, 361t
for peptic ulcer disease, 147t

maintenance therapy, 148t
for ulcer healing, 148t

Esophageal cancer, 137
obesity and, 275

Esophageal manometry, in gastroesophageal reflux
disease, 136

Esophageal strictures, 137
Esophagogastroduodenoscopy, in inflammatory

bowel disease, 154
ESR. See Erythrocyte sedimentation rate
Estrogen

for Alzheimer’s disease, 242
in menopausal hormone therapy, 322, 322t
replacement therapy

cognitive effects, 242
postmenopausal, and cardiovascular risk, 55

for stress urinary incontinence, 354t, 355
synthetic, 313
therapy with

adverse effects and side effects, 366
for osteoporosis, 366

dosage and administration, 365t
for prevention of postmenopausal bone loss,

366
Estrogen-containing contraceptives. See also Oral

contraceptives
contraindications to, 312, 312t

Etanercept
adverse effects and side effects, 375t, 377, 378
for ankylosing spondylitis, 378
for juvenile rheumatoid arthritis, 378
mechanism of action, 377
pharmacology, 378
for psoriatic arthritis, 378
for rheumatoid arthritis

dosage and administration, 374t, 378
ongoing evaluation, 375t

Ethambutol
adverse effects and side effects, 469t
dose modification in renal failure, 470
hepatotoxicity, 470
hyperuricemia caused by, 390t
pediatric dosage, 469t
therapy with, ongoing evaluation, 469t, 470
for tuberculosis, 466–467, 468t

dosage and administration, 469t
Ethinyl estradiol, 313
Ethionamide

adverse effects and side effects, 469t
hepatotoxicity, 470
pediatric dosage, 469t
therapy with, ongoing evaluation, 469t, 470
for tuberculosis, dosage and administration, 469t

Ethnicity, and tuberculosis risk, 463
Ethosuximide, 183

for juvenile myoclonic epilepsy, 182
mechanism of action, 185t

Ethynodiol diacetate, 313
Etodolac

for acute gouty arthritis, 392t
for pain in adults, 208t
for rheumatoid arthritis, dosage and administra-

tion, 375t
European Society of Cardiology, clinical practice

guidelines for hypertension, 10
European Society of Hypertension, clinical prac-

tice guidelines for hypertension, 10
Eustachian tube

functions, 409
obstruction, 409

and otitis media, 410
Euthyroid sick syndrome, 306
Evista. See Raloxifene
Exenatide, for diabetes, 288

dosage and administration of, 287t
Exercise

for arthritic patient, 384–385
bronchoprovocation testing, in asthma, 117
for chronic heart failure, 23
for coronary heart disease, 55
for diabetes prevention, 279, 283
for diabetic patient, 283
for dyslipidemic patient, 96–97
in heart failure, patient education about, 32–33
for hypertensive patient, 6, 6t

with diabetes, 282
hyperuricemia caused by, 390t
for menopausal symptoms, 322t, 323
in metabolic syndrome, 295
in peripheral arterial disease, 105
and prevention of osteoporosis, 363
for rheumatoid arthritis, 373
for secondary stroke prevention, 192
and stroke prevention, 190

Ex-lax®. See Senna
Exophthalmos, in hyperthyroidism, 304
Eye movement desensitization and reprocessing ther-

apy, for posttraumatic stress disorder, 257
Ezetimibe, for dyslipidemia, 99

F
Face masks, for asthma treatment, 119
Factor VII

activated (VIIa), for warfarin reversal, 426, 426t
for anticoagulant reversal, 425
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Factor X, activated (Xa), 425
Fall(s)

backward, in Parkinson disease, 198
prevention, 363

in Parkinson disease, 199–200
risk, medications and, 363

Famcyclovir, for genital herpes, 485
Family planning, natural, 317
Famotidine

for gastroesophageal reflux disease, 139
for peptic ulcer disease, for ulcer healing, 148t

Fascia, 449
Fat, subcutaneous, 449
Fatigue

in heart failure, 19, 26
in rheumatoid arthritis, 371

Febrile convulsions, 181
Felbamate, 183

adverse effects and side effects, 183
guidelines for therapy with, 184t
interactions with oral contraceptives, 312
mechanism of action, 185t
recommendations for, 183, 183t

Felodipine
for heart failure, 30
indications for, in angina and related conditions,

53t
Fenofibrate, for dyslipidemia, 99
Fenoldopam mesylate

adverse effects and side effects of, 14t
dosage and administration, 14t
duration of action, 14t
for hypertensive emergencies, 14t
onset of action, 14t

Fenoprofen
for pain in adults, 208t
for rheumatoid arthritis, dosage and administra-

tion, 375t
Fentanyl, 209

dosage and administration, 211t
Ferritin, 433

decreased/absent, 434
serum levels

in anemia of chronic disease, 435
factors affecting, 433

Ferrous sulfate
interactions, with antacids, 138
and levothyroxine requirement, 302, 302t

Fever blisters, 484
FEV1/FVC ratio

in asthma, 116
in chronic obstructive pulmonary disease, 126

Fexofenadine, 404–405, 404t
FiberCon®. See Polycarbophil
Fibrates, for dyslipidemia, 97t, 98–99
Fibromyalgia, 204
Finasteride

for benign prostatic hyperplasia, 341t–342t,
343–344

for chronic retention of urine, 355t, 356
erectile dysfunction caused by, 328t, 331t

Fine-needle aspiration (FNA), of thyroid nodule,
306–307

Fish oils, for dyslipidemia, 97t, 99–101
Fistula(s), in Crohn’s disease, 152–153, 155
Flavoxate, for urinary incontinence, 354
Flecainide

antiarrhythmic therapy with, 81
dosage and administration, 81
indications for, 81

for atrial fibrillation, 69
for atrioventricular node reentrant tachycardia,

72
for atrioventricular reentrant tachycardia, 72
contraindications to, 81
drug interactions with, 81

Flexible sigmoidoscopy, in inflammatory bowel dis-
ease, 154

Flomax®. See Tamsulosin
Fluconazole, interactions with oral contraceptives,

312
Fludrocortisone, for postural hypotension, in 

levodopa therapy, 197
Fluid

intake, modification, for urinary incontinence,
350

restriction, in heart failure, patient education
about, 32–33

Fluid retention, in heart failure, 19, 21, 26
Flunisolide, intranasal, for rhinitis, 405t
Fluorescent treponemal antibody absorption test 

(FTA-ABS), 487
Fluoroquinolones

for animal bites, 452t, 457
for cellulitis, 452t, 455
for diabetic foot infections, 452t, 460
diarrhea caused by, 173t
for human bites, 452t, 458
interactions, with calcium salts, 363
for pyelonephritis, 478, 479
respiratory, for drug-resistant Streptococcus

pneumoniae, 446
for travelers’ diarrhea, 173
for urinary tract infections, 478
for urinary tract infections in males, 478

Fluoxetine
for anxiety disorders, dosage and

administration, 259t
for depression, 251, 251t
erectile dysfunction caused by, 328t
for menopausal symptoms, 322, 322t
for migraine prophylaxis, 223t
for obesity, 276
for obsessive-compulsive disorder, 259
for obstructive sleep apnea/hypopnea

syndrome, 268
for panic disorder, 256

Fluphenazine, erectile dysfunction caused by, 328t
Flurbiprofen, for rheumatoid arthritis, dosage and 

administration, 375t
Flushing, PDE-5 inhibitors and, 332
Fluticasone, for rhinitis, 405, 405t
Fluvastatin

dosage and administration, 98t
drug interactions with, 98t
extended release, dosage and administration, 98t

Fluvoxamine
for anxiety disorders, dosage and

administration, 259t
for obsessive-compulsive disorder, 259
for social anxiety disorder, 256t, 258

Folate
deficiency, 432, 436

in pregnancy, 436
dietary sources, 436
supplementation, 436

Folic acid
with methotrexate therapy, 377
supplementation

in pregnancy, 186
in sickle cell disease, 437

Follicle-stimulating hormone (FSH), 320
Folliculitis

clinical presentation, 451–452
diagnostic evaluation, 451–452
etiology, 450t, 451
evidence-based summary, 461
management, 452t, 453
pathophysiology, 451

Fondaparinux, 425
for thromboembolism, dosage and administra-

tion, 426t
Foot ulcers, diabetes and, 282
Forced expiratory volume in 1 second (FEV1)

in asthma, 116, 117
in chronic obstructive pulmonary disease, 126

Forced vital capacity (FVC), in asthma, 116
Foreign body(ies)

in ear, 411
intranasal, 414

Formoterol
for asthma, 120
for chronic obstructive pulmonary disease, 

127
Forteo. See Teriparatide
Fortical. See Calcitonin-salmon
Fosamax. See Alendronate
Fosamax Plus D. See Alendronate, plus

cholecalciferol
Fracture(s), osteoporotic, 360

absolute fracture risk algorithm for. See FRAX
costs, 359
risk factors for, 362t

Fragmin®. See Dalteparin
Framingham risk calculator, 94, 95t–96t
FRAX, 361–363
Free T3, 299
Free T4, 299
Freezing, in Parkinson disease, 198

management, 200
Fresh-frozen plasma, for warfarin reversal, 426,

426t
Frog sign, 71
Frovatriptan, for migraine, 222t
Fructose, diarrhea caused by, 174
Fructose-1-phosphate aldolase deficiency,

hyperuricemia caused by, 390t
FTA-ABS. See Fluorescent treponemal antibody

absorption test (FTA-ABS)
Functional capacity, monitoring, in heart failure,

21
Furosemide

for heart failure, dosage and administration, 25t
and lower urinary tract symptoms in men, 338t
mechanism of action, 27

Furuncles, 453
antibiotic therapy for, 452t, 453
clinical presentation, 453
definition, 453
diagnostic evaluation, 453
etiology, 450t, 453
evidence-based summary, 461
management, 452t, 453
risk factors for, 453

Fusobacterium
skin and soft tissue infections caused by, 

456–458

G
Gabapentin, 183, 184

adverse effects and side effects, 213, 228
comorbid conditions and, 185, 185t
in elderly patients, 215

analgesic effects, 213
mechanism of action, 207
for neuropathic pain, 212t

guidelines for therapy with, 184t
mechanism of action, 185t, 213
for menopausal symptoms, 322, 322t
for migraine prophylaxis, 223t, 228
for overactive bladder, 354
for persistent pain, in elderly patients, 215
for social anxiety disorder, 256t, 258
teratogenicity, 187t

GAHM. See Genioglossal advancement with hyoid
myotomy and suspension

Gait, in rheumatoid arthritis, 372
Galantamine, for Alzheimer’s disease, 239–241,

240t
Gallbladder, cancer, obesity and, 275
Gallstones, obesity and, 275
Gardasil, 485
Gastric banding, 277
Gastric bypass, Roux-en-Y, 277
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Gastric cancer
Helicobacter pylori and, 146
obesity and, 275
peptic ulcer disease and, 146

Gastric outlet obstruction, in peptic ulcer disease, 
146

Gastritis, Crohn’s, 153
Gastroesophageal reflux disease (GERD), 135–141

and asthma, 115
clinical presentation, 135–136, 136t
diagnosis, 135, 136
endoscopy-negative, 135
epidemiology, 135, 136–137
evidence-based summary, 140
extra-esophageal, 135, 136
pathogenesis, 135
pharmacotherapy for, 137, 138–139

combination therapy, 139–140
physical findings in, 136
risk factors for, 135, 137, 137t
risk stratification in, 136–137
search strategy, 135
surgery for, 137–138
symptomatic, 135
symptoms

atypical, 136, 136t, 137
complicated, 136, 136t, 137
typical, 135, 136t

treatment, 137–140, 138t
maintenance, 137, 139–140
nonpharmacologic, 137–138

Gastrointestinal tract, anatomy, 152f
Gatifloxacin

adverse effects and side effects, 470t
for bacterial sinusitis, 416
for gonorrhea, 486t
pediatric dosage, 470t
for tuberculosis, dosage and administration, 470t

Gaviscon®, for gastroesophageal reflux disease, 138
Generalized anxiety disorder, 255–256, 260
Genioglossal advancement with hyoid myotomy

and suspension, for obstructive sleep
apnea/hypopnea syndrome, 268

Genital herpes, 484–485
clinical presentation, 484–485
diagnostic evaluation, 485
epidemiology, 484
genital ulcers in, 484t
primary, treatment, 485, 486t
recurrent, treatment, 485, 486t
transmission, 484–485
treatment, 485, 486t

Genital warts, 485–486
Genu varum, in osteoarthritis, 382f
GERD. See Gastroesophageal reflux disease (GERD)
Ginger, for nausea and vomiting, in pregnancy, 166
Gingko biloba, for Alzheimer’s disease, 242
Ginseng, for menopausal symptoms, 322t, 323
Glimepiride, for diabetes, dosage and administra-

tion of, 287t
Glipizide, for diabetes, dosage and administration

of, 287t
Global initiative for asthma, guidelines for asthma

treatment, 115, 117
Global initiative for Obstructive Lung Disease

(GOLD)
definition of chronic obstructive pulmonary

disease, 125–126
recommendations for treatment of chronic

obstructive pulmonary disease, 129, 129t
GLP-1. See Glucagon-like peptide 1
Glucagon-like peptide 1, 288
Glucagon-like peptide receptor agonists, for

diabetes, 288
Glucocorticoid(s)

intra-articular, for osteoarthritis, 382, 385–386
osteoporosis caused by, 359, 361t, 364
TSH suppression by, 306

Glucosamine
adverse effects and side effects, 385
and chondroitin, combination therapy with, for

osteoarthritis, 382, 385
Glucose. See also Self-monitored blood glucose

testing
fasting (plasma)

in diabetes, 280
normal, 280

Glucose-6-phosphate dehydrogenase (G6PD) defi-
ciency, hyperuricemia caused by, 390t

Glucose tolerance testing, 280
Glyburide, for diabetes, dosage and administration

of, 287t
Glycerin, 171
Goiter, 303–305, 307

and subclinical hyperthyroidism, 306
Gold

adverse effects and side effects, 375t
for rheumatoid arthritis, 376

ongoing evaluation, 375t
Gonorrhea, 487–488

antibiotic-resistant, 488
chlamydial coinfection with, 487

treatment, 488, 488t
clinical presentation, 487
complications, 487
diagnostic evaluation, 488
epidemiology, 487
screening for, 488
treatment, 486t, 488, 488t

Gout, 389–395. See also Acute gouty arthritis
cardiovascular risk in, 391
chronic, pharmacotherapy for, 392t, 393–394
complications, 389–390
diagnostic evaluation, 390–391, 391f
epidemiology, 389
evidence-based summary, 395
follow-up for, 394
intercritical, prophylactic treatment, 392t, 393–394
pathology, 389
pathophysiology, 389
pharmacotherapy for, 391–393, 391f, 392t

follow-up, 394
ongoing evaluation, 394

risk factors for, 389
search strategy, 389
stages, 389
tophi in, 390
treatment, 391–392, 391f

Granisetron, for nausea and vomiting, 164t, 165
Graves’ disease, 303

clinical presentation, 304
treatment, 304–305

Guanabenz, diarrhea caused by, 173t
Guanadrel, diarrhea caused by, 173t
Guanethidine, diarrhea caused by, 173t

H
Haemophilus, skin and soft tissue infection caused

by, 450t, 457–458
Haemophilus ducreyi, 489
Haemophilus influenzae, 454

and acute otitis media, 410
immunization against, and prevention of otitis

media, 410–411
pneumonia caused by, 445
and rhinosinusitis, 415

Hair, hypothyroidism and, 300
Hallucination(s), drug-induced, in Parkinson dis-

ease, 197–198
Haloperidol

for behavioral aspects of Alzheimer’s disease,
243

for nausea and vomiting, 164t, 165
Hamilton Depression Rating Scales, 248
Hashimoto’s thyroiditis, 300, 307
HAV. See Hepatitis A virus (HAV)

HbAS. See Sickle cell trait
HbH disease, 438, 438t
HbS. See Hemoglobin, sickle (HbS)
HbSS. See Sickle cell disease
HBV. See Hepatitis B virus (HBV)
HCM. See Hypertrophic cardiomyopathy
Hct. See Hematocrit
HDL. See High-density lipoproteins (HDL)
Headache, 219–231. See also Cluster headache;

Migraine
alarm symptoms with, 220
diagnostic evaluation, 220
etiology, 219
evidence-based summary, 230
with onset after age 50, 220
PDE-5 inhibitors and, 332
pharmacotherapy for, 220–223

abortive, 220–223
acute, 220–222
ongoing evaluation, 222–223
prophylactic, 220–223

physical findings in, 220
primary, 219
recurrent, 219
risk stratification, 220–221
search strategy, 219
secondary, 219

differential diagnosis, 219
physical findings in, 220

tension-type, 219
clinical presentation, 219
pharmacotherapy for, 229
prophylaxis, 229
treatment, nonpharmacologic, 228–229

Headache history, 220
Head trauma, 414

and hypertensive crises, 12
Health-related quality of life, 204–205
Hearing loss

in hypothyroidism, 301
otitis media with effusion and, 413

Heart, auscultation, in heart failure, 20
Heart and Estrogen/Progestin Replacement Study

(HERS), 319–320
Heartburn, 135, 136
Heart disease. See also Coronary heart disease;

Ischemic heart disease
risk, obesity and, 274

Heart failure (HF), 19–35
acute decompensated

hemodynamic profiles in, 23, 26f
hospitalization for, 26t
in-hospital mortality, 24
pharmacotherapy for, 30, 31
treatment, 23–24

advanced, treatment, 24–26
in African Americans, pharmacotherapy for, 30
anemia caused by, 434–435
antirheumatic therapy and, 377
chronic, treatment, 23–26
classification, 22, 22f
clinical presentation, 19, 20t
continuum, 22, 22f
contributing factors, evaluation for, 21, 21t
costs, 19
emergency care requirements, 32, 33
epidemiology, 19
evaluation, 20–22

initial, 20–21
ongoing, 21–22

evidence-based summary, 33
exacerbating factors, 24
and hypertension, management, 7
in hyperthyroidism, 303, 304
ICD therapy for, 31–32
laboratory testing in, 21
with left ventricular systolic dysfunction,

treatment, 23

Index 505



Heart failure (HF) (continued)
mortality rate for, 19
obstructive sleep apnea/hypopnea syndrome

and, 264
patient education about, 32–33
patients at high risk for, management, 22–23
pharmacotherapy for, 27–31, 53t

by NYHA functional status, 25t, 28–30
patient education about, 32–33

physical findings in, 20, 20t
with preserved systolic function

comorbidities associated with, 27
diagnosis, 26
mortality with, 26
treatment, 26–27

prevention, in hypertensive patient, 6, 7
progression, 22, 22f
provider contact in, patient instructions for, 33
risk, blood pressure control and, 3
risk factors for, 2223t
search strategy, 19
stages, 22, 22f
symptomatic, treatment, 23–26

Heart murmur(s)
in aortic stenosis, 86, 87t
in coronary heart disease, 39
in hypertrophic cardiomyopathy, 85–86, 86f, 87t
in mitral regurgitation, 87t
in mitral valve prolapse, 87t

Heart Outcomes Prevention Evaluation (HOPE),
50

Heart rate, control, in heart failure with preserved
systolic function, 27

Heart sound(s)
in coronary heart disease, 39
in heart failure, 20

Heart transplantation, 25–26
contraindications to, 26
indications for, 26, 26t

Heat therapy, for arthritic patient, 384
Heberden’s nodes, 382f
Height, loss, osteoporosis and, 360, 362
Helicobacter pylori, 139

detection, 144–145
eradication

drugs for, 146, 147t
treatment failures, 147

and gastric cancer, 146
in peptic ulcer disease, 143, 144–145

Hematochezia, 145
in Crohn’s disease, 153

Hematocrit
in anemia, 432
in sickle cell disease, 437

Hematoma, subdural, 195
Hematuria, 338–339, 349

in urinary tract infections, 476t, 477
Heme iron, 433
Hemochromatosis, and hypothyroidism, 300
Hemoglobin

adult (HbA), 437
in anemia, 432
electrophoresis

in 
-thalassemia, 438
in �-thalassemia, 438–439

fetal (HbF), 437
sickle (HbS), 436

Hemoglobin A1C, 283, 285
Hemoglobin Bart, 438, 438t
Hemoglobinopathy(ies), 432, 434

sickle, 436–437
Hemolytic anemia

hyperuricemia caused by, 390t
microangiopathic, 439

Hemolytic uremic syndrome (HUS), 172
Hemorrhage

in peptic ulcer disease, 145
in ulcerative colitis, 155

Heparin
long-term use, osteoporosis caused by, 361t
low-molecular-weight

and bridging of oral anticoagulation therapy
for invasive procedures, 428, 428t

dosage and administration, 426t, 427
pharmacology, 425
for thromboembolism, 425

dosage and administration, 426t
unfractionated

and bridging of oral anticoagulation therapy
for invasive procedures, 428, 428t

dosage and administration, 426t, 427
mechanism of action, 425
for thromboembolism, 425

dosage and administration, 426t
Hepatitis, amiodarone-related, 31
Hepatitis A virus (HAV), 483
Hepatitis B virus (HBV), 483
Hepatobiliary disease, obesity and, 275
Hepatomegaly, in heart failure, 20, 21
Herbal therapy

for benign prostatic hyperplasia, 344
for menopausal symptoms, 322–323, 322t
for obesity, 276–277

Hereditary spherocytosis, 432
Herpes simplex virus (HSV). See also Genital her-

pes
type 1, 484
type 2, 484

HF. See Heart failure (HF)
HFPSF. See Heart failure (HF), with preserved sys-

tolic function
Hgb. See Hemoglobin
HIFU. See High-intensity focus ultrasound (HIFU)
High-density lipoproteins (HDL)

antiatherogenic properties, 92
in metabolic syndrome, 293–294
serum, normal and pathologic values, 92, 93t

High-intensity focus ultrasound (HIFU), for
benign prostatic hyperplasia, 344

Hip fractures, mortality rate after, 359
Hip protectors, 364
Hip replacement, for osteoarthritis, 385
Hirsutism, obesity and, 275
Histamine, bronchoprovocation testing, in asthma,

117
Histamine (H2) antagonists

for gastroesophageal reflux disease, 139
for NSAID-induced peptic ulcer disease, 149
for peptic ulcer disease, 147, 147t, 148

maintenance therapy, 148t
for ulcer healing, 148t

HIV. See Human immunodeficiency virus (HIV)
HMG-CoA reductase inhibitors

adverse effects and side effects, 97
for diabetic patient, 282–283
drug interactions with, 97, 98t
for dyslipidemia, 97, 97t
interactions, with amiodarone, 31
for prevention of myocardial infarction, 50
for secondary stroke prevention, 192, 192t

Homan’s sign, 422
Homocysteine, 95

serum levels, in vitamin B12 deficiency, 436
HOPE. See Heart Outcomes Prevention Evaluation

(HOPE)
Hormone replacement therapy (HRT). See also

Menopausal hormone therapy
cognitive effects, 242
postmenopausal, and cardiovascular risk, 55

Hormone therapy, perimenopausal, 319–320
Hot flashes, menopausal, 320
HPV. See Human papillomavirus (HPV)
HRQL. See Health-related quality of life
HSV. See Herpes simplex virus (HSV)
HT. See Hormone therapy
5HT3 antagonists. See Serotonin antagonists

HTN. See Hypertension
Humalog, 289
Human immunodeficiency virus (HIV). See also

Tuberculosis, coinfection with HIV
and chancroid, 489
and human bites, 458
screening for, in patients with STDs, 483

Human papillomavirus (HPV), 483, 485
infection

complications, 485
epidemiology, 485

Human papillomavirus (HPV) vaccine, 485
Huntington disease, 196
Hurthle cell cancer, 307
Hyalgan®, 386
Hyaluronate, intra-articular, for osteoarthritis, 382, 

386–387
Hydatidiform mole, and hyperthyroidism, 303
Hydralazine

adverse effects and side effects of, 14t
dosage and administration, 14t
duration of action, 14t
for heart failure, dosage and administration, 25t
for hypertension, 6
for hypertensive emergencies, 14t
onset of action, 14t

Hydralazine-isosorbide dinitrate
for chronic heart failure, 23
for heart failure, 30

adverse effects and side effects, 30
in African Americans, 30
dosage and administration, 30

Hydrocephalus, normal pressure, 195
and “reversible” dementia, 236

Hydrochlorothiazide
erectile dysfunction caused by, 328t
for heart failure, dosage and administration, 25t
for hypertension, 7

Hydrocodone, 209
dosage and administration, 211t

Hydrocortisone
for inflammatory bowel disease, 156
for status migrainosus, 225

Hydromorphone, 209
dosage and administration, 211t
for migraine, 225

Hydrops fetalis, 438, 438t
Hydroxychloroquine

adverse effects and side effects, 375t, 377
for rheumatoid arthritis, 376, 377

dosage and administration, 374t
ongoing evaluation, 374t, 375t

Hydroxyurea, for sickle cell disease, 437
25-Hydroxyvitamin D, serum, in osteoporosis, 360
Hydroxyzine

for anxiety disorders, dosage and
administration, 259t

for generalized anxiety disorder, 256, 256t
for nausea and vomiting, 163, 164t

Hyoscyamine, for urinary incontinence, 354
Hyperaldosteronism, and hypertension, 11, 12t
Hyperalgesia, definition, 204t
Hypercholesterolemia

hypothyroidism and, 301
obesity and, 273

Hypercoagulable states
inherited, 422t
and venous thromboembolism, 424

Hyperemesis gravidarum, 166
Hyperesthesia, definition, 204t
Hyperglycemia

glucosamine and, 385
in metabolic syndrome, 293–294

treatment, 296
in type 2 diabetes, 280

Hyperhomocysteinemia, and stroke, 190t
Hyperinsulinemia, obesity and, 273
Hyperkalemia
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ECG findings in, 79f
risk, with aldosterone antagonists, 29

Hyperlipidemia
cardiovascular risk in, 22

management, 23t
hypothyroidism and, 301
pharmacotherapy for, in peripheral arterial dis-

ease, 108
and stroke, 190t

Hyperparathyroidism
differential diagnosis, 360
and hypertension, 11, 12t
hyperuricemia caused by, 390t

Hypersomnolence, daytime, obstructive sleep
apnea/hypopnea syndrome and, 263, 264

Hypertension, 3–17
in African Americans, 7–8, 10t
and cardiovascular risk, 21, 21t, 22, 54

management, 23t, 54
in chronic nondiabetic kidney disease, pharma-

cotherapy for, 9, 10t
control, factors affecting, 10
in diabetes, 8–9, 10t, 54, 282
diagnosis, 3–4, 5
difficult-to-control, definition, 10
disease burden, 3
in elderly, pharmacotherapy for, 9, 10t
epidemiology, 273–274
and erectile dysfunction, 328, 329
essential, 11, 12

and obstructive sleep apnea/hypopnea
syndrome, 263

evidence-based summary, 15
and gout, 391
and heart failure, 24, 54
hyperuricemia caused by, 390t
hypothyroidism and, 300
initial evaluation, 5, 5f, 6t
lifestyle modifications for, 5–6, 6t
management, 5–7, 54

in diabetes, 54, 279
in metabolic syndrome, treatment, 296
obesity and, 273
obstructive sleep apnea/hypopnea syndrome

and, 11, 12t, 263, 264
occult volume overload in, 11
office, 11
optimal control, barriers to, 10–11
in patient with benign prostatic hyperplasia,

management, 343
pharmacotherapy for, 53t

in African Americans, 7–8, 10t
blood pressure goals for, 10t
clinical practice guidelines for, 10
in coronary artery disease, 10t, 54
in diabetes mellitus, 8–9, 10t, 54
in elderly, 9, 10t
initial, 6–7
interfering substances and, 11
in left ventricular hypertrophy, 10t, 54
nonadherence to, 11
in nondiabetic kidney disease, 9, 10t
in peripheral arterial disease, 108

prevalence, 3
pseudoresistant, 11
resistant/refractory, 4, 10–11

definition, 10
evaluation, 10–12, 13f
hypothyroidism and, 300
management, 10–12, 13f

risk, obesity and, 274
risk of end-organ damage in, 3
screening for, 3
search strategy, 3
secondary

causes, 5, 11, 12t, 13f
hypothyroidism and, 300

stage 1, 5, 5t

stage 2, 5, 5t
and stroke, 189, 190, 190t
systolic

definition, 9
in elderly, pharmacotherapy for, 9

white-coat, 4, 11
cardiovascular risk in, 4
definition, 4
follow-up, 4
home blood pressure measurement in, 4

Hypertensive crises, 12–15
MAOIs and, 260

Hypertensive emergency(ies), 12–15
definition, 12, 13t
end-organ damage in, 12–15, 13t
treatment, 13t

Hypertensive urgency(ies), 12–15
definition, 12, 13t
treatment, 12–15, 13t

Hyperthyroidism, 303–305. See also Thyroid storm
amiodarone-related, 31
anxiety associated with, 255
apathetic, 304
causes, 303
clinical presentation, 303–304
diagnosis, 304
in elderly, clinical presentation, 303, 304
and heart failure, 21, 21t
and hypertension, 11, 12t
iatrogenic, 303
iodine-induced, 303
osteoporosis in, 359
pharmacotherapy for, 53t
subclinical, 306
surgery for, 305
treatment, 304–305

in pregnancy, 305
Hypertriglyceridemia, 95

hyperuricemia caused by, 390t
obesity and, 273

Hypertrophic cardiomyopathy, 85–90
alcohol septal ablation for, 89
asymptomatic, management, 85, 87
cardiology consultation for, 87
clinical presentation, 85
diagnostic evaluation, 86–87
epidemiology, 85
evidence-based summary, 90
genetics, 85
hospitalization for, considerations in, 

87, 87t
management, 87–89, 88f

in drug-failure patients, 89
pacemaker therapy for, 89
pharmacotherapy for, 53t, 87–89
physical findings in, 85–86, 86f, 86t
risk stratification, 87
search strategy, 85
surgery for, 89
symptomatic, management, 87–89

Hyperuricemia, 389
asymptomatic, 394
causes, 389, 390t
overproduction, 389, 390, 390t, 392t, 394
primary idiopathic, 390t
stages, 389
underexcretion, 389, 390, 390t, 392t, 394

Hypoalgesia, definition, 204t
Hypogonadism

diagnosis, 328–329
and erectile dysfunction, 328, 329

Hypokalemia
and digoxin toxicity, 30
diuretic-related, 21

Hypomagnesemia, and digoxin toxicity, 30
Hyponatremia, hypothyroidism and, 301
Hypopituitarism, anemia caused by, 434–435
Hypopnea, definition, 265

Hypotension
with alpha-blocker and PDE-5 inhibitor

combination therapy, 332
and border-zone infarcts, 189
in heart failure, 20

Hypothalamic-pituitary axis, suppression,
corticosteroid-related, 393

Hypothalamic-pituitary-thyroid axis, 299
Hypothermia, for benign prostatic hyperplasia, 344
Hypothyroidism, 299–303

amiodarone-related, 31
anemia caused by, 434–435
autoimmune, 300

diagnosis, 301
cardiopulmonary involvement in, 300–301
causes, 299–300, 300t
central, 300, 300t

diagnosis, 301
clinical presentation, 300–301, 300t
congenital, 300
diagnosis, 301
and heart failure, 21, 21t
and hypertension, 11, 12t
hyperuricemia caused by, 390t
iatrogenic, 300, 300t
laboratory findings in, 301, 301t
primary, 300
and “reversible” dementia, 236
screening for, 303
severe, 303
subclinical, 302
transient, 300, 307
treatment, 301–302

ongoing evaluation, 301
Hypoxanthine-guanine phosphoribosyltransferase

deficiency, hyperuricemia caused by, 390t
Hypoxemia, in sickle cell disease, 437
Hytrin®. See Terazosin

I
Ibandronate, for osteoporosis, 364

dosage and administration, 365t, 366, 367
IBD. See Inflammatory bowel disease (IBD)
Ibuprofen

for acute gouty arthritis, 392t
for acute rhinosinusitis, 416
for migraine, 221t, 223–225
for pain in adults, 208t
for rheumatoid arthritis, dosage and

administration, 375t
for tension-type headache, 229

Ibutilide
antiarrhythmic therapy with

dosage and administration, 82
indications for, 81–82

contraindications to, 82
mechanism of action, 81

ICDs. See Implantable cardioverter-defibrillator(s)
IF. See Intrinsic factor (IF)
IGT. See Impaired glucose tolerance
Ileocolitis, Crohn’s, 152–153
Ileoscopy, in inflammatory bowel disease, 154
Illicit drug use. See Substance abuse
Imaging

in coronary heart disease, 37
in diagnosis of dementia, 236
in diagnosis of venous thromboembolism, 422
in diagnostic evaluation of stroke, 191, 191t
in headache patient, 220
in inflammatory bowel disease, 154
in Parkinson disease, 195

Imipramine
for anxiety disorders, dosage and

administration, 259t
for depression, 251t, 252
erectile dysfunction caused by, 328t
for generalized anxiety disorder, 256t
for migraine prophylaxis, 223t, 227
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Imipramine (continued)
for mixed urinary incontinence, 355
for panic disorder, 256t
for stress urinary incontinence, 354t, 355
for urge urinary incontinence, 354

Immunoglobulin(s), IgE
in allergic rhinitis, 400
in rhinosinusitis, 403

Immunomodulators, for inflammatory bowel
disease, 155, 157

Immunosuppressants, osteoporosis caused by, 361t
Immunotherapy, subcutaneous, 405
Impaired glucose tolerance, 280
Impedance dual probe, for diagnosis of

gastroesophageal reflux disease, 136
Impedance plethysmography, of deep venous

thrombosis, 422
Impetigo, 449–451

antibiotic therapy for, 450–451, 452t
bullous, 449, 450
clinical presentation, 450
diagnostic evaluation, 449–450
epidemiology, 449–450
etiology, 450, 450t
evidence-based summary, 461
management, 450–451, 452t
nonbullous, 449, 450

Implanon, 316
Implantable cardioverter-defibrillator(s), 26

components, 31
contraindications to, 32
functions, 31
indications for, 32, 76
recommendations for, 32
for ventricular tachycardia, 73

Incretin mimetics, for diabetes, 288
Incretins, for diabetes, dosage and administration

of, 287t
Indinavir, interactions with PDE-5 inhibitors,

331–332
Indomethacin

for acute gouty arthritis, 391–393, 392t
for Alzheimer’s disease, 242
for postural hypotension, in levodopa therapy,

197
for rheumatoid arthritis, dosage and administra-

tion, 375t
for tension-type headache, 229

Infection(s)
chronic

anemia caused by, 434–435
rheumatoid factor in, 373

lower respiratory tract, 443–447
recurrent, in �-thalassemia major, 439
risk, with biologic DMARDs, 377
skin, 449–462
soft-tissue, 449–462

Infective endocarditis, prophylaxis, in
hypertrophic cardiomyopathy, 89

Inferior sagittal mandibular osteotomy, for
obstructive sleep apnea/hypopnea syn-
drome, 268

Infertility, thyroid function and, 301
Inflammatory arthropathy, of rheumatoid arthritis,

372–373
Inflammatory bowel disease (IBD), 151–175, 173.

See also Crohn’s disease (CD); Ulcerative
colitis (UC)

biopsy in, 153
and cancer risk, 155
clinical presentation, 151–153
colonoscopy in, 154
complications, 155
dermatologic manifestations, 155
diagnosis, 153–155
epidemiology, 151
evidence-based summary, 158
hepatobiliary involvement in, 155

history-taking in, 153–154
ileoscopy in, 154
laboratory findings in, 154
nutrition in, 155
ocular manifestations, 155
pharmacotherapy for, 155–158
physical evaluation in, 153–154
rheumatic disorders in, 155
search strategy, 151
surgery for, 155
systemic manifestations, 153–154
treatment, 155–158

Infliximab
adverse effects and side effects, 375t, 377, 378
for inflammatory bowel disease, 158
mechanism of action, 377
and methotrexate, combination therapy with,

378
pharmacology, 378
for rheumatoid arthritis

dosage and administration of, 374t, 378
ongoing evaluation, 375t

Influenza, pneumonia caused by, management,
446

Influenza A
and acute bronchitis, 443
diagnosis, 446
pneumonia caused by, 445

Influenza B
and acute bronchitis, 443
diagnosis, 446
pneumonia caused by, 445

Influenza vaccine
CDC recommendations for, 447
in chronic heart failure, 23
in chronic obstructive pulmonary disease, 126
intranasal, 447
and prevention of pneumonia, 446–447

Injection drug users, cellulitis in, 453–455, 455
Innohep®. See Tinzaparin
Inotropes

for acute decompensated heart failure, 31
ongoing evaluation, 31

adverse effects and side effects, 31
for heart failure, 25t, 30–31
mechanism of action, 31
positive

for heart failure, 28, 30–31
indications for, 30–31

intermittent intravenous infusions, for heart
failure, 26

Insomnia, chronic, work-up for, 265
Inspiratory capacity, 128
Insulin

absorption, 289
combinations, 289, 291t
intermediate-acting (NPH, lente), 289, 291t
long-acting (ultralente, glargine, detemir), 289,

291t
rapid-acting (lispro aspart, glulysine), 289, 291t
short-acting (regular), 289, 291t
storage, 289

Insulin pen, 289
Insulin pump, 289
Insulin resistance

definition, 274
and metabolic syndrome, 293–295
obesity and, 274
prevalence

in nonobese persons, 274
in overweight persons, 274

in type 2 diabetes, 280
Insulin secretagogues. See also Sulfonylureas

for diabetes, 287t
Insulin therapy, 285, 289–290

adjustment, 289, 290f
adverse effects and side effects, 289
delivery methods, 289

initiation, 289, 290f
perioperative management, 289–290

Interleukin(s) (IL)
IL-1

and anemia of chronic disease, 373
drug targeted to, 377

IL-1 receptor antagonist, 378
Intermediate-density lipoproteins (IDL), 92

atherogenic properties, 92
International Association for the Study of Obesity,

URL, 277
International Headache Society, diagnostic criteria

for migraine, 220, 220t
International League Against Epilepsy (ILAE)

operational classification of epilepsy syndromes,
179, 180t

seizure classification system, 179, 180t
International normalized ratio (INR), 426

in long-term treatment of thromboembolism,
427t, 428t

monitoring, in stroke prevention with warfarin,
192

supratherapeutic, management, 426t
targets, in atrial fibrillation, 68–69, 69t

Intestinal obstruction, in Crohn’s disease, 155
Intestinal perforation

in Crohn’s disease, 155
in ulcerative colitis, 155

Intestinal stricture, in Crohn’s disease, 155
Intra-aortic balloon pump, 26
Intrauterine device (IUD), 316
Intrinsic factor (IF), 435
Iodine. See also Radioactive iodine

deficiency, 300
Ionamin Slow Release. See Phentermine
Ipratropium

for acute exacerbation of asthma, 123t
with albuterol

for acute exacerbation of asthma, 123t
for chronic obstructive pulmonary disease,

128
for asthma, 120
for chronic obstructive pulmonary disease, 128
intranasal, for rhinitis, 405
mechanism of action, 128

Iron
absorption, 433

factors affecting, 433
impairment, 434
test, 434

chelation therapy, in �-thalassemia intermedia,
439

deficiency, 431, 433. See also Iron deficiency ane-
mia

heme, 433
interactions, with calcium salts, 363
loss, 433
malabsorption, 434
metabolism, 432–433
nonheme, 433
parenteral administration, 434
serum levels, 433

in anemia of chronic disease, 435, 435t
stores, 433
supplementation

adverse effects and side effects, 434
for anemia, 434

Iron deficiency anemia, 433–434
laboratory findings in, 435, 435t
signs and symptoms, 434

Iron saturation, 433
Irritable bowel syndrome (IBS), 169
Ischemic heart disease. See also Coronary heart

disease
evidence-based summary, 59
mortality from, 37
pharmacotherapy for, and prevention of 

myocardial infarction, 50–53
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Isoflavones, soy, 364
Isometheptene, plus dichloralphenazone and acet-

aminophen, for migraine, 221t, 225
Isoniazid

adverse effects and side effects, 469t
hepatotoxicity, 470
interactions, with antacids, 138
for latent tuberculosis infection, 466, 467t
pediatric doses, 467, 469t
therapy with, ongoing evaluation, 469t, 470
for tuberculosis, 466–467, 468t

dosage and administration, 469t
Isosorbide dinitrate. See also BiDil®; Hydralazine-

isosorbide dinitrate
for heart failure, dosage and administration, 25t

Itching, in hyperthyroidism, 304
Itraconazole, interactions

with calcium salts, 363
with digoxin, 30
with PDE-5 inhibitors, 331–332

IUD. See Intrauterine device (IUD)

J
Jejunoileitis, Crohn’s, 153
JME. See Epilepsy, juvenile myoclonic
JNC VII

classification of blood pressure for adults, 5, 5t
clinical practice guidelines for hypertension, 10
recommendations

for elderly hypertensive patients, 9
for initial drug treatment of hypertension, 6

URL for, 3
Joint(s)

aspiration, for osteoarthritis, 382
deformity, in osteoarthritis, 381
effusions

aspiration, 385–386
in osteoarthritis, 381, 385–386

pain in, in osteoarthritis, 381
stiffness

in osteoarthritis, 381
in rheumatoid arthritis, 371

swelling, in rheumatoid arthritis, 371–372
Joint National Committee on Prevention, Detection,

Evaluation, and Treatment of High Blood
Pressure, Seventh Report. See JNC VII

Joint replacement, for osteoarthritis, 382, 385, 387
Joint space narrowing, in osteoarthritis, 381, 382f
Jugular vein(s), distention, in heart failure, 20
Jugular venous pulse, in heart failure, 20, 21
JVP. See Jugular venous pulse

K
Kanamycin. See Amikacin/kanamycin
Kaolin-pectin, for diarrhea, 173–174, 174t
Kava, for menopausal symptoms, 322t, 323
Keratoconjunctivitis, in rheumatoid arthritis, 372
Ketoconazole, interactions

with antimuscarinic agents, 354
with calcium salts, 363
with PDE-5 inhibitors, 331–332

Ketoprofen
for acute gouty arthritis, 392t
for migraine prophylaxis, 223t
for pain in adults, 208t
for tension-type headache, 229

Ketorolac
for pain in adults, 208t
for tension-type headache, 229

Ketosis, hyperuricemia caused by, 390t
Kidney, cancer, obesity and, 275
Kidney stones

antiepileptic therapy and, 186
in gout, 389–390

Klebsiella, diabetic foot infection caused by, 459
Klebsiella pneumoniae

prostatitis caused by, 479
urinary tract infection caused by, 475, 477

Klonopin. See Clonazepam
Knee replacement, for osteoarthritis, 385
Koilonychia, 431, 434
Konsyl®. See Psyllium
Krostalose®. See Lactulose
Kyphosis, in osteoporosis, 360

L
Labetalol

adverse effects and side effects of, 14t
dosage and administration, 14t
duration of action, 14t
for hypertensive crises, 14
for hypertensive emergencies, 14t
onset of action, 14t

Labyrinthitis, otitis media and, 413
Lactase

deficiency, 174
for diarrhea, 174t

Lactic acidosis, hyperuricemia caused by, 390t
Lactulose, 171, 171t
Lacunar infarcts, 189
Lamotrigine, 183, 184

adverse effects and side effects, comorbid condi-
tions and, 185, 185t

guidelines for therapy with, 184t
for juvenile myoclonic epilepsy, 182
mechanism of action, 185t
teratogenicity, 187t

Lansoprazole
for gastroesophageal reflux disease, 139
for NSAID-induced peptic ulcer disease, 149
osteoporosis caused by, 361t
for peptic ulcer disease, 146–147, 147t

maintenance therapy, 148t
for ulcer healing, 148t

Larynx, anatomy, 407, 408f
Laser midline glossectomy and lingualplasty, for

obstructive sleep apnea/hypopnea syn-
drome, 268

Laser therapy
for benign prostatic hyperplasia, 344
for genital warts, 486

Laxative(s)
bulk, 170–171, 171t
chloride channel activator, 171, 171t
diarrhea caused by, 173t
enemas, 171, 171t
osmotic, 171, 171t

saline, 171, 171t
stimulant, 171, 171t
suppositories, 171, 171t
surfactant, 171, 171t

LBBB. See Bundle branch block, left
LDL. See Low-density lipoprotein (LDL)
Lead intoxication/poisoning, hyperuricemia

caused by, 390t
Lee Silverman Voice Training, 200
Leflunomide

adverse effects and side effects, 375t
contraindications to, 377
elimination half-life, 377
for rheumatoid arthritis, 376

dosage and administration, 374t, 377
efficacy, 377
ongoing evaluation, 374t, 375t

Left ventricular assist devices, 26
Left ventricular dysfunction

asymptomatic
and hypertension, management, 7
management, 23

in heart failure, and clinical presentation, 19
pharmacotherapy for, 53t

Left ventricular ejection fraction, 45
in heart failure, 21

Left ventricular failure, acute, with pulmonary
edema, 12, 13t

pharmacotherapy for, 14t

Left ventricular function
assessment, 45
in coronary heart disease, prognostic

significance, 44
Left ventricular hypertrophy, 41

and cardiovascular risk, 54
Legionella pneumophila, pneumonia caused by, 445
Lennox-Gastaut syndrome, 184
Lescol®. See Fluvastatin
Lescol XL®. See Fluvastatin, extended release
Leukotriene modifiers

for asthma, 119t, 120, 121, 405
oral, for rhinitis, 404, 405, 405t

Levalbuterol, for acute exacerbation of asthma,
123t

Levetiracetam, 183, 185
adverse effects and side effects, comorbid condi-

tions and, 185, 185t
dosage and administration, 185
guidelines for therapy with, 184t
mechanism of action, 185t
for neuropathic pain, 213

Levocetirizine, 404–405
Levodopa

adverse effects and side effects, 197, 197t
hyperuricemia caused by, 390t
for Parkinson disease, 196–197, 199
plus carbidopa

adverse effects and side effects, 197, 197t
dosage and administration, 197t, 198
for Parkinson disease, 197

plus carbidopa and entacapone, dosage and
administration, 197t

plus dopamine agonists, for Parkinson disease,
196

Levofloxacin
adverse effects and side effects, 470t
for animal bites, 452t
for bacterial sinusitis, 416
for cellulitis, 452t, 455
for chlamydial infection, 486t
for diabetic foot infections, 452t, 460
dose modification in renal failure, 470
for gonorrhea, 486t
for Helicobacter pylori eradication, 147
for human bites, 452t
pediatric dosage, 470t
for tuberculosis, dosage and administration,

470t
Levonorgestrel, 313
Levothyroxine

drug interactions with, 302, 302t
interactions, with calcium salts, 302, 363
osteoporosis caused by, 361t
supplementation, for hypothyroidism, 301–302

dosage and administration, 301–302, 302t
in elderly, 301
pregnancy and, 301–302

Lewy bodies, dementia with, 236
Lewy body disease, diffuse, 196
Lexapro. See Escitalopram
Lialda. See Mesalamine
Licorice, interactions with antihypertensive ther-

apy, 11
Lidocaine

analgesic effects, mechanism of action, 207
intranasal

adverse effects and side effects, 226
for cluster headache, 230
for migraine, 225–226

for monomorphic ventricular tachycardia, 73
for polymorphic ventricular tachycardia, 74
topical

mechanism of action, 213
for neuropathic pain, 210–211, 213

Lifestyle
modifications

in dyslipidemia, 96
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Lifestyle (continued)
in gastroesophageal reflux disease, 137, 138t
in gout, 393
for hypertensive patient, 5–6, 6t, 9
for men with lower urinary tract symptoms,

339
in metabolic syndrome, 295, 295t
in obstructive sleep apnea/hypopnea

syndrome, 267
for prediabetics, 283
for urinary incontinence, 350

osteoporosis caused by, 361t
recommendations, for diabetic patients, 283–285

Linezolid, for diabetic foot infections, 460
Lipase inhibitor, for obesity, 276, 276t
Lipid-lowering agents, for prevention of

myocardial infarction, 50
Lipitor®. See Atorvastatin
Lipohyalinosis, 189
Lipoprotein(s)

classification, 91–93
serum, normal and pathologic values, 92, 93t

Lipoprotein(a), 95
and cardiovascular risk, 55

Lipoprotein lipase (LPL), 92
Lisinopril

for heart failure, dosage and administration, 25t
for hypertension, 6

in African Americans, 8
Lithium

for cluster headache prophylaxis, 229–230
erectile dysfunction caused by, 328t, 331t
hypothyroidism caused by, 300, 300t
osteoporosis caused by, 361t

Liver cancer, obesity and, 275
Liver failure, and tuberculosis treatment, 470
Liver function, thiazolidinediones and, 288
LMWHs. See Heparin, low-molecular-weight
Loop diuretics

for chronic heart failure, 23
for heart failure, dosage and administration, 

25t
mechanism of action, 27

Loperamide, for diarrhea, 173–174, 174t
Loracarbef, for acute otitis media, 412
Loratadine, 404–405, 404t
Lorazepam, for nausea and vomiting, 164t, 165
Lordosis, in osteoporosis, 360
Losartan, for heart failure, dosage and administra-

tion, 25t
Lovastatin

dosage and administration, 98t
drug interactions with, 98t
extended release, dosage and administration,

98t
Lovaza®, 99–101
Lovenox®. See Enoxaparin
Low-density lipoprotein (LDL)

atherogenic properties, 54, 92
serum

and cardiovascular risk, 91, 92t
goals, for diabetic patient, 282, 283
low levels, obesity and, 273
normal and pathologic values, 92, 93t
reduction

algorithm for, 100f
coronary benefits, 54
and prevention of myocardial infarction, 50

Lower respiratory tract infection(s), 443–447. See
also Bronchitis, acute; Pneumonia, com-
munity-acquired

epidemiology, 443
search strategy, 443

Lower urinary tract symptoms
clinical characteristics, 337
in men. See also Benign prostatic hyperplasia

with benign prostatic hyperplasia, 337
diagnostic evaluation, 337–339, 338t

management, 345–346
by watchful waiting, 339–340

medications that produce or worsen, 338, 338t
pharmacotherapy for, 340–344, 341t–342t

LPL. See Lipoprotein lipase (LPL)
LTBI. See Tuberculosis, latent infection
Lubiprostone, 171, 171t
Lugol’s solution, for thyroid storm, 306
Lung(s)

auscultation, in heart failure, 20
in rheumatoid arthritis, 372
transplantation, in chronic obstructive

pulmonary 
disease, 126

Lung volume reduction surgery, in chronic
obstructive pulmonary disease, 126

LUTS. See Lower urinary tract symptoms
Luvox. See Fluvoxamine
LVADs. See Left ventricular assist devices
LVEF. See Left ventricular ejection fraction
LVRS. See Lung volume reduction surgery
Lymphadenopathy, in rheumatoid arthritis, 372
Lymphoproiliferative disorders, hyperuricemia

caused by, 390t

M
Macrolides

for bacterial sinusitis, 416
for community-acquired pneumonia, 446, 446t

Macroovalocytes, in vitamin B12 deficiency, 436
Mad-cow disease. See Bovine spongiform

encephalopathy
Magnesium

antiarrhythmic therapy with
dosage and administration, 82
indications for, 82

serum. See also Hypomagnesemia
monitoring, in inotropic therapy, 31

Magnesium citrate, 171, 171t
Magnesium hydroxide, 171, 171t
Magnesium salicylate, for pain in adults, 208t
Magnesium sulfate, 171t
Magnetic resonance angiography (MRA), in

peripheral
arterial disease, 104

Magnetic resonance imaging (MRI)
for cardiac evaluation, 48–49
of deep venous thrombosis, 422
in epilepsy, 182
in headache patient, 220
in rheumatoid arthritis, 373

Major depressive disorder. See also Depression
diagnostic criteria for, 248–249, 248t
lifetime prevalence, 247

Malabsorption, in Crohn’s disease, 153
Malaria belt, 436
Malignancy

anemia caused by, 434–435
hyperuricemia caused by, 394
rheumatoid factor in, 373

Mallampati classification, of oral airway, 265
Mal perforans ulcers, in diabetic foot, 458
Mantoux test, 465
MAOIs. See Monoamine oxidase inhibitors (MAOIs)
Maprotiline, for depression, 251t
Massage therapy, for menopausal symptoms, 322t,

323
Mastoiditis, otitis media and, 413
Matrix metalloproteinase (MMP) inhibitors, for

osteoarthritis, 382
Maxillomandibular osteotomy and advancement,

for obstructive sleep apnea/hypopnea
syndrome, 268

McGill Pain Questionnaire, 205
MDD. See Major depressive disorder
Mean cell hemoglobin, 432
Mean cell hemoglobin concentration, 432
Mean corpuscular volume (MCV), 432

in anemia of chronic disease, 435, 435t
in classification of anemia, 432, 432t

Meclizine, for nausea and vomiting, 163, 164t
Meclofenamate

for pain in adults, 208t
for rheumatoid arthritis, dosage and administra-

tion, 375t
Meclomen. See Meclofenamate
Mediterranean diet, 96
Medroxyprogesterone, 313
Medroxyprogesterone acetate

depot, 316
parenteral, osteoporosis caused by, 361t

Mefenamic acid, for pain in adults, 208t
Meglitinides, for diabetes, 285

dosage and administration of, 287t
Melanocortin agonists, 334
Melatonin, for cluster headache, 230
Meloxicam, for rheumatoid arthritis, dosage and

administration, 375t
Memantine, for Alzheimer’s disease, 241
Memory loss, in hypothyroidism, 301
Menopausal hormone therapy

alternatives to, 322–323, 322t
contraindications to, 321, 321t
estrogen and progesterone products for, 322, 322t
evidence-based summary, 323
research in, 319–320
search strategy, 319

Menopausal transition, 320
symptoms, 320–321, 321t

Menopause
assessment, 320–321
clinical presentation, 320–321, 321t
definition, 319
diagnostic evaluation of woman in, 321, 321t
mean age at, 320
stages, 320
symptoms, management, 319, 321–323

Menorrhagia, in hypothyroidism, 301
Meperidine, 209

contraindications to, in elderly patients, 214
dosage and administration, 211t
for migraine, 225

Mercaptopurine, for inflammatory bowel disease,
157

Meridia. See Sibutramine
Mesalamine

for inflammatory bowel disease, 156
pharmacology, 156t

Mestranol, 313
Metabolic acidosis, antiepileptic drugs and, 186
Metabolic bone disease, differential diagnosis, 360
Metabolic syndrome, 95, 293–297

in children and adolescents, 294
clinical criteria for, 95, 97t
definition, 293
diagnostic criteria for, 293–294, 294t
epidemiology, 294
evidence-based summary, 296
management, 295–296
pathophysiology, 294–295
pharmacotherapy in, 296
risk factors for, 294
search strategy, 293

and gout, 391
Metamucil®. See Psyllium
Metered-dose inhaler, 118–119

spacer for, 119
Metformin

adverse effects and side effects, 287
for diabetes, dosage and administration of, 287t
for diabetes prevention, 283
for diabetes treatment, 285, 286–287
for obesity, 276
and renal function, 287

Methacholine, bronchoprovocation testing, in
asthma, 117
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Methadone, 209
dosage and administration, 211t
for neuropathic pain, 213

Methicillin-resistant Staphylococcus aureus (MRSA)
antibiotic therapy for, 452t, 455
in diabetic foot wounds, 459, 460
skin and soft tissue infection caused by, 450t, 454

Methimazole, for hyperthyroidism, 304–305
Methotrexate

adverse effects and side effects, 157–158, 375t
for inflammatory bowel disease, 157–158
with infliximab therapy, 378
plus biologic DMARDs, 378

for rheumatoid arthritis, 373
plus sulfasalazine and hydroxychloroquine, for

rheumatoid arthritis, 373
for rheumatoid arthritis, 373, 376

adverse effects and side effects, 376–377
dosage and administration, 374t, 376
efficacy, 376
ongoing evaluation, 374t, 375t, 376–377

Methylcellulose, 170–171, 171t
Methyldopa

diarrhea caused by, 173t
erectile dysfunction caused by, 328t, 331t

Methylmalonic acid, serum levels, in vitamin B12
deficiency, 436

Methylprednisolone
for acute exacerbation of asthma, 123t
for inflammatory bowel disease, 156
intramuscular, for acute gouty arthritis, 393
premedication, for rituximab infusion, 378

Methyl salicylate, topical, for osteoarthritis, 382
Methysergide

adverse effects and side effects, 228
for cluster headache prophylaxis, 230
for migraine prophylaxis, 223t, 228

Metoclopramide
adverse effects and side effects, 163, 164t
erectile dysfunction caused by, 328t, 331t
for gastroesophageal reflux disease, 139
for migraine, 222t, 225
for nausea and vomiting, 163–164, 164t

in pregnancy, 166
Metolazone

for heart failure, dosage and administration, 25t
mechanism of action, 27

Metoprolol, 80
for angina, 51–52
erectile dysfunction caused by, 328t
for heart failure, dosage and administration, 25t
for hypertension, in diabetic patients, 9
for hypertensive renal disease in African Ameri-

cans, 8
for hyperthyroidism, 305
for hypertrophic cardiomyopathy, 88–89
for migraine prophylaxis, 223t, 227

Metronidazole
for animal bites, 452t, 457
for bacterial vaginosis, 486t
contraindications to, 146
for diabetic foot infections, 452t, 460
for Helicobacter pylori eradication, 146, 147t
for human bites, 452t
for peptic ulcer disease, 146–147
for recurrent/persistent urethritis, 488t
for trichomoniasis, 486t

METs, 40
Mevacor®. See Lovastatin
MHT. See Menopausal hormone therapy
Miacalcin. See Calcitonin-salmon
Michael J. Fox Foundation for Parkinson’s

Research, 200
Microalbuminuria, screening, in diabetic patients,

281
Microangiopathic hemolytic anemia, 439
Micrographia, 195
Middle ear

anatomy, 407
tumors, 411

Midodrine, for postural hypotension, in levodopa
therapy, 197

Midrin. See Isometheptene, plus
dichloralphenazone and acetaminophen

Miglitol
adverse effects and side effects, 286
for diabetes, 285–286

dosage and administration of, 287t
Migraine, 219, 414

chronic daily, 223
clinical course, 219
clinical presentation, 219
diagnostic criteria for, 220, 220t
evidence-based summary, 230
gastrointestinal symptoms with, 219
medication overuse and, 223, 225
menstrual, prophylaxis, 228
pharmacotherapy for, 53t

acute therapy, 221t–222t, 223–227
prophylactic, 223t, 227–228

rebound, 223, 226
sites of pain in, 219
treatment, 223–228, 224f

nonpharmacologic, 223
Milrinone

for acute decompensated heart failure, 31
for heart failure, 28
intermittent intravenous infusions, for heart fail-

ure, 26
Mineral oil, 171, 171t
Mini Mental State Examination (MMSE)

in Alzheimer’s disease trials, 238t, 239, 241, 242
in diagnosis of dementia, 236

Minipress®. See Prazosin
Minocycline, for MRSA infection, 455
Miralax®. See Polyethylene glycol
Mirtazapine

for anxiety disorders, 260
for depression, 249, 251–252, 251t
mechanism of action, 252

Misoprostol, 209
adverse effects and side effects, 376

Mitral regurgitation, 42
pharmacotherapy for, 53t

Mitral stenosis, pharmacotherapy for, 53t
Modafinil

for drug-induced sedation, in Parkinson disease,
198

for obstructive sleep apnea/hypopnea
syndrome, 268

Mometasone furoate, for rhinitis, 405, 405t
Monoamine oxidase inhibitors (MAOIs)

adverse effects and side effects, 197t, 260
for anxiety disorders, 260
for depression, 251t, 252
for migraine prophylaxis, 227
for panic disorder, 256
for posttraumatic stress disorder, 256t, 257

Monosodium urate crystals, 390
Montelukast, 405

dosage and administration, 405t
mechanism of action, 121

Mood stabilizers, for Alzheimer’s patients, 243
Moraxella, skin and soft tissue infections caused by,

450t, 456
Moraxella catarrhalis

and acute otitis media, 410
pneumonia caused by, 445
and rhinosinusitis, 415

Moricizine, for atrial fibrillation, 69
Morphine, 209

dosage and administration, 211t
and lower urinary tract symptoms in men, 338t
for neuropathic pain, 213

Motion sickness, pharmacotherapy for, 163–166,
164t

Motor vehicle accident(s), risk, with obstructive
sleep apnea/hypopnea syndrome, 263,
264

Motrin. See Ibuprofen
Moxifloxacin

adverse effects and side effects, 470t
for animal bites, 452t
for bacterial sinusitis, 416
for cellulitis, 452t, 455
for diabetic foot infections, 452t, 460
for human bites, 452t
pediatric dosage, 470t
for tuberculosis, dosage and administration,

470t
6-MP. See Mercaptopurine
MRSA. See Methicillin-resistant Staphylococcus aureus

(MRSA)
Mucolytics, for acute rhinosinusitis, 416
Mucosal protectants

for gastroesophageal reflux disease, 139
for peptic ulcer disease

maintenance therapy, 148t
for ulcer healing, 148t

Multi-infarct dementia, 236
Multiple myeloma (MM), obesity and, 275
Multiple system atrophy, 196
Mupirocin, for impetigo, 451, 452t
Muscarinic receptor(s), 352

inhibitors, 352. See also Antimuscarinic agents
Muscle cramps, in hypothyroidism, 301
Muscle deconditioning, corticosteroid-related, 393
Muscle relaxants, and lower urinary tract symptoms in

men, 338t
Myalgia, PDE-5 inhibitors and, 332
Mycobacterium tuberculosis, 463

culture, 464
susceptibility testing, 464
transmission, 464

Mycoplasma pneumoniae
and acute bronchitis, 443
pneumonia caused by, 445

Myeloproliferative disorders
and gout, 391
hyperuricemia caused by, 390t

Myocardial infarct/infarction, 12–15, 13t
acute, and stroke, 189
circadian variation in, 37–38, 38f
and depression, 248
history of, and hypertension, management, 7
prevention, 23

pharmacotherapy for, 49–53
risk of

blood pressure control and, 3
diabetes and, 281

with ST elevation, ECG findings in, 78f
Myocardial ischemia, 27

circadian variation in, 37–38, 38f
and heart failure, 24
ischemic cascade in, 37, 38f

Myocardial oxygen consumption, factors affecting,
50, 51f

Myocardial perfusion imaging, 42
and echocardiography, comparison, 43–44, 44t
for risk stratification in coronary heart disease,

46–47
Myocardial revascularization, 55–57, 56t. See also

Transmyocardial revascularization (TMR)
Myocarditis, in rheumatoid arthritis, 372
Myofascial pain syndrome, 204
Myopathy, statin-associated, risk factors for, 97, 99t
Myringitis, 411
Myxedema, 300
Myxedema coma, 303

N
Nabumetone, for rheumatoid arthritis, dosage and

administration, 375t
Nadolol, for migraine prophylaxis, 223t, 227
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NAEPP. See National Asthma Education and Pre-
vention Program

NAION. See Nonarteritic anterior ischemic optic
neuropathy

Nalfon. See Fenoprofen
Naphazoline hydrochloride, duration of action,

404t
Naprosyn. See Naproxen
Naproxen

for acute gouty arthritis, 392t
for Alzheimer’s disease, 242
for pain in adults, 208t
for rheumatoid arthritis, dosage and administra-

tion, 375t
for tension-type headache, 229

Naproxen sodium
for migraine, 221t, 223–225
for migraine prophylaxis, 223t
for pain in adults, 208t
for rheumatoid arthritis, dosage and administra-

tion, 375t
Naratriptan, for migraine, 221t
Narcotic analgesics, and lower urinary tract symp-

toms in men, 338t
Nasal cavity, anatomy, 407, 408f
Nasal congestion, 402
Nasal decongestants, interactions with antihyper-

tensive therapy, 11
Nasal polyps, 401t
National Asthma Education and Prevention Pro-

gram, guidelines for asthma treatment,
115, 117

in children, 118
National Cholesterol Education Program (NCEP)

consensus guidelines on dyslipidemia, 91
Third Adult Treatment Panel Report, 91, 93–96

National Health and Nutrition Examination Sur-
vey (NHANES) III, 3, 10

National Parkinson Foundation, 200
Natrecor®. See Nesiritide
Natriuresis, nesiritide and, 30
Nausea

definition, 161
and vomiting, 161–167

alternative therapies for, 163
assessment, 162
cardiovascular causes, 161, 162t
causes, 161, 162t
chemotherapy-related

pharmacotherapy for, 163–166, 164t
risk factors for, 162–163, 163t

costs, 161
drug-induced, 161, 162t
evidence-based summary, 166
gastrointestinal causes, 161, 162t
metabolic causes, 161, 162t
with migraine, 219, 225
neurologic causes, 161, 162t
pharmacotherapy for, mechanism of action,

162t, 163
postoperative, 161, 162t

costs, 161
pharmacotherapy for, 163–166, 164t
risk factors for, 162–163, 163t

in pregnancy
management, 166
risk factors for, 162–163, 163t

radiation-related, risk factors for, 162–163,
163t

risk factors for, 162–163, 163t
search strategy, 161
treatment, 162–166

NCEP. See National Cholesterol Education
Program (NCEP)

Nebulizers, for asthma treatment, 118, 119
Neck vein(s), examination, in heart failure, 20
Nedocromil, for asthma, 119t, 121
Nefazodone

for anxiety disorders, 260
for depression, 251–252, 251t
and hepatic failure, 252
mechanism of action, 252

Neisseria, skin and soft tissue infections caused by,
450t, 456

Neisseria gonorrhoeae, 487–488
Neostigmine, diarrhea caused by, 173t
Nephropathy, diabetic, 281–282
Nerve blocks, for persistent pain, 214
Nesiritide

for acute decompensated heart failure, 30
dosage and administration, 30
ongoing evaluation, 30
recommendations for, 30

contraindications to, 30
mechanism of action, 30

Netaglinide, for diabetes, dosage and administra-
tion of, 287t

Neuroaugmentation, for persistent pain, 214
Neurocognitive dysfunction, with obstructive sleep

apnea/hypopnea syndrome, 264
Neurogenic bladder, 337
Neuroma, 206
Neuropathic pain syndrome(s), 206, 206t

central, 206t
peripheral, 206t

Neuropathy. See also Neuropathic pain
syndrome(s); Pain, neuropathic

amiodarone-related, 31
diabetic, 282

costs, 203
pharmacotherapy for, 211–213, 212t

in vitamin B12 deficiency, 435–436
Neurosyphilis, 486

and “reversible” dementia, 236
Neutrophils

hypersegmented, 432
in vitamin B12 deficiency, 436

in vitamin B12 deficiency, 436
New York Heart Association Functional Classifica-

tion (NYHA-FC), 21, 21t, 22–24, 28–30
Niacin

adverse effects and side effects, 99
for dyslipidemia, 97t, 99
extended release, 99
hyperuricemia caused by, 390t

Niacin extended release/lovastatin, dosage and
administration, 98t

Niaspan®. See Niacin, extended release
Nicardipine, for migraine prophylaxis, 228
Nicardipine hydrochloride

adverse effects and side effects of, 14t
dosage and administration, 14t
duration of action, 14t
for hypertensive emergencies, 14t
onset of action, 14t

Nicotine, interactions with antihypertensive ther-
apy, 11

Nicotine replacement agents, for smoking cessa-
tion, 126

Nicotinic acid, for hyperlipidemia, in peripheral
arterial disease, 108

Nifedipine
for angina, 51–52
for cluster headache, 230
contraindications to, 14
for migraine prophylaxis, 228

Night sweats, menopausal, 320
Nimodipine

for cluster headache, 230
for migraine prophylaxis, 228

Niravam. See Alprazolam
Nitrates

for angina, 52–53
for heart failure, 30
indications for, in angina and related conditions,

53t

interactions, with sildenafil, 52
mechanism of action, 30
PDE-5 inhibitors and, 332
tolerance to, 52–53

Nitrendipine, for hypertension, in elderly, 9
Nitrofurantoin, for urinary tract infections, 476t,

478
Nitroglycerin

adverse effects and side effects of, 14t
for angina, 52–53
dosage and administration, 14t
duration of action, 14t
for hypertensive emergencies, 14t
onset of action, 14t

Nizatidine
for gastroesophageal reflux disease, 139
for peptic ulcer disease

maintenance therapy, 148t
for ulcer healing, 148t

NK-1 antagonist. See Aprepitant
Nociception, 205–206
Nociceptors, 206
Nonarteritic anterior ischemic optic neuropathy,

332
Nonerosive reflux disease, 135
Non-Hodgkin’s lymphoma (NHL), obesity and,

275
Nonketotic hyperosmolar syndrome, 280
Nonsteroidal anti-inflammatory drugs (NSAIDs)

for acute gouty arthritis, 391–393, 391f, 392t
adverse effects and side effects, 208t, 209, 223,

375t, 376, 384t, 392t, 393
for Alzheimer’s disease, 242
analgesic effects, mechanism of action, 207
cardiovascular risk with, 384t, 385
chronic therapy with, ongoing evaluation, 209
contraindications to, 29

in heart failure, 23, 24
diarrhea caused by, 173t, 174
and esophageal strictures, 137
gastrointestinal bleeding caused by, 143
gastrointestinal complications with, risk factors

for, 149t
gastroprotection with, 376
for hyperthyroidism, 304
interactions

with antihypertensive therapy, 11
with bisphosphonates, 366

for migraine, 221t, 223–225
for migraine prophylaxis, 223t, 228
for osteoarthritis, 382, 384t, 385
and peptic ulcer disease, 143–144, 146, 148–149
for persistent pain, 207–209, 208t

in elderly patients, 214
plus proton pump inhibitor, for osteoarthritis,

382, 385
for rheumatoid arthritis, 373–376

dosage and administration, 374t, 375t
ongoing evaluation, 374t, 375t

for tension-type headache, 229
Norepinephrine-serotonin modulator, for depres-

sion, 251t
Norethindrone, 313
Norethindrone acetate, 313
Norgestimate, 313, 315
Norgestrel, 313
Nortriptyline

analgesic effects, for neuropathic pain, 212t
for depression, 249, 251t, 252
erectile dysfunction caused by, 328t
for migraine prophylaxis, 223t, 227

Nose
anatomy, 402, 402f, 407, 408f
functions, 402

Novolog, 289
NSAIDs. See Nonsteroidal anti-inflammatory drugs

(NSAIDs)
Numeric rating scales, for assessment of pain, 204
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Nurses’ Health Study, 319
NuvaRing, 315

O
OA. See Osteoarthritis (OA)
OAB. See Overactive bladder
Obesity, 273–278

bariatric surgery for, 274f, 277
and cancer risk, 275
cardiovascular risk in, 22, 55

management, 23t
clinical evaluation, 273–275, 274f
comorbidities associated with, 273–275
costs, 275
and difficult-to-control hypertension, 11
evidence-based summary, 277
and gastroesophageal reflux disease, 137
and gout, 391
and hypertension, 11, 12t
hyperuricemia caused by, 390t, 394
Internet resources on, 277
management, stepwise approach, 274f
and metabolic syndrome, 293–295
and obstructive sleep apnea/hypopnea

syndrome, 263, 265, 267
pharmacotherapy for, 274f, 275–277, 276t

advances in (future directions for), 277
prevalence, 273
and risk of chronic disease, 274
search strategy, 273
and stroke, 190t
treatment, 275–277

advances in (future directions for), 277
and type 2 diabetes, 280
and urinary incontinence, 350

Obsession(s), definition, 258
Obsessive-compulsive disorder (OCD), 

258–259
evidence-based summary, 260

Obstructive apnea, definition, 265
Obstructive sleep apnea/hypopnea syndrome,

263–270
and cardiovascular disease, 263, 264
clinical morbidity, 263, 264
clinical practice parameters for, 263
clinical presentation, 263, 264
diagnosis, 265–267

overnight polysomnogram for, 265–266, 266f
portable home monitoring devices for,

266–267
split-night study in, 266

and difficult-to-control hypertension, 11
epidemiology, 263–264
etiology, 263
evidence-based summary, 269
and hypertension, 11, 12t, 263, 264
hypothyroidism and, 301
and motor vehicle accidents, 263, 264
neurocognitive morbidity, 264
obesity and, 275
oral appliances for, 267
pharmacotherapy for, 268
physical findings in, 265
risk factors for, 264
search strategy, 263
signs and symptoms, 264–265
treatment, 267–268

split-night study in, 266
surgical, 268

under-diagnosis, 263–264
Occupational therapy

for arthritic patient, 385
for Parkinson disease, 200
for rheumatoid arthritis, 373

OCD. See Obsessive-compulsive disorder (OCD)
OCPs. See Oral contraceptives
Octreotide, for diarrhea, 174t, 175
Odynophagia, 136

Ofloxacin
for chlamydial infection, 486t
for gonorrhea, 486t
for nongonococcal urethritis, 488t
otic administration, in otitis media, 412

Olanzapine, for behavioral aspects of Alzheimer’s
disease, 166, 243

OM. See Otitis media
Omalizumab, 119t

for asthma, 122
mechanism of action, 122

OME. See Otitis media, with effusion
Omeprazole

for gastroesophageal reflux disease, 139
for NSAID-induced peptic ulcer disease, 149
osteoporosis caused by, 361t
for peptic ulcer disease, 147t

maintenance therapy, 148, 148t
for ulcer healing, 148t

Ondansetron, for nausea and vomiting, 164t, 165
in pregnancy, 166

Onycholysis, in hyperthyroidism, 304
Opiates

for diarrhea, 174
endogenous, and pain modulation, 206

Opioid analgesics
addiction to, 210
adverse effects and side effects, 210, 211t
bowel regimen with, 210
dosage and administration, 209–210, 211t
for elderly patients, 214
equianalgesic dosing, conversion chart for,

209–210, 211t
four A’s for, 209
guidelines for, 209
and lower urinary tract symptoms in men, 338t
mechanism of action, 209
for migraine, 225
for neuropathic pain, 210–211, 213
for osteoarthritis, 382, 387
for persistent pain, 209–210, 210t, 211t
physical dependence on, 210
tolerance to, 210

Opium tincture, for diarrhea, 174t
Oral appliances, for obstructive sleep

apnea/hypopnea syndrome, 267
Oral contraceptives, 317

adverse effects and side effects, 312, 313, 313t
biphasic, 313, 314t
classification, 313–315
combination estrogen/progestin, 313, 314t
contraindications to, 311, 312, 312t
drug interactions with, 186, 312
estrogen/progestin content, 311, 313
extended-cycle formulations, 314t, 315
formulations, 311, 313–315, 314t
interactions

with antiepileptic therapy, 186
with antihypertensive therapy, 11

low-dose formulations, 313, 314t
mechanism of action, 312–313
monophasic, 313, 314t
noncontraceptive benefits, 311, 312t
patient education about, 317, 317t
patient evaluation for, 311
pharmacology, 312–313
progestin-only formulations, 314t, 315
and risk for Crohn’s disease, 151
spironolactone analog formulation, 314t, 315
third-generation progestin formulations,

313–315,
314t

triphasic, 313, 314t
Orlistat, for obesity, 276, 276t
Ortho Evra, 315–316
Orthopnea, in heart failure, 19, 21
Orthotics, for rheumatoid arthritis, 373
Orthvisc®, 386

OSAHS. See Obstructive sleep apnea/hypopnea
syndrome

Osalazine
for inflammatory bowel disease, 156
pharmacology, 156t

Oseltamivir, for influenza, 446
Osteoarthritis (OA), 381–388

clinical presentation, 381
diagnostic criteria for, 381
diagnostic evaluation, 381
epidemiology, 381
evidence-based summary, 387
obesity and, 275
pain control in, 382, 385, 387
patient education about, 382–383
pharmacotherapy for, 385–387
physical findings in, 381
prognosis for, 381
risk factors for, 381
risk stratification, 381
search strategy, 381
secondary, 381
treatment, 382–387, 383f

evidence-based recommendations, 382, 
384t

investigational strategies, 382
nonpharmacologic, 382–383

Osteoblasts, 359
Osteoclasts, 359
Osteomalacia, differential diagnosis, 360
Osteomyelitis

diabetic foot and, 458
in sickle cell disease, 437

Osteonecrosis, of jaw, bisphosphonates and, 366
Osteopenia, 360, 363

epidemiology, 359
and subclinical hyperthyroidism, 306
T-score in, 362t

Osteophytes, in osteoarthritis, 381
Osteoporosis, 359–369

age-related, 359
clinical presentation, 360
corticosteroid-related, 393
costs, 359
definition, 360
diagnostic evaluation, 360
differential diagnosis, 360
epidemiology, 359
evidence-based summary, 367–368
fracture risk with, 359
glucocorticoid-related, 359, 364

prevention, 364
treatment, 364, 367

history-taking in, 360
in hyperthyroidism, 304
laboratory evaluation in, 360
in men, treatment, 364
pathophysiology, 359
pharmacotherapy for, 364–367

combination therapy, 367
monitoring, 367

physical findings in, 360
postmenopausal, 359

treatment, 364, 366–367
prevention, 363–364

with corticosteroid therapy, 376
primary, 359
psychological effects, 360
risk factors for, 359, 360, 362t
risk stratification, 360–363
screening for, 360, 361, 362f
search strategy, 359
secondary, 359, 360, 362
senile, 359
steroid-induced, 376
treatment, 364–367
T-score in, 362t

Osteosarcoma, teriparatide and, 367
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Otitis media, 407–413
acute, 409

complications, 411, 413
diagnosis, 409–410, 409t
diagnostic criteria for, 409, 409t
differential diagnosis, 409, 411
epidemiology, 409
evidence-based summary, 416
follow-up, 413
in infant, signs and symptoms, 409
management, consensus statements on, 407
microbiology, 410–411
pain control in, 412
physical findings in, 409–410
prevention, 413
prognosis for, 413
recurrent

definition, 412
referral for, 413

treatment, 411–413, 411f, 412t
adjunct medications for, 412
definition, 412

antibiotic therapy for, prescribing practices, 409
comorbidities associated with, 410, 410t
costs, 409
definition, 409
diagnosis, tools for, 410
with effusion

clinical characteristics, 409
consensus statements on, 407
costs, 409
definition, 409
diagnosis, 410
differential diagnosis, 409, 411
epidemiology, 409
evidence-based summary, 416
management, 413
spontaneous recovery from, 413

otolaryngology referral for, 413
pathophysiology, 409
risk factors for, 410, 410t

controllable, 413
search strategy, 407
treatment, 407
types, 409

Ovarian cancer, obesity and, 275
Ovarian cycle, 320
Overactive bladder, 347

pharmacotherapy for, 352–354, 353t
Overweight

clinical assessment, 274f
management, stepwise approach, 274f
and type 2 diabetes, 280

Oxaprozin, for rheumatoid arthritis, dosage and
administration, 375t

Oxcarbazepine, 183, 184
adverse effects and side effects, comorbid

conditions and, 185, 185t
and bone mineral density, 185
guidelines for therapy with, 184t
interactions, with oral contraceptives, 186
mechanism of action, 185t
for neuropathic pain, 213
teratogenicity, 187t

Oxybutynin
adverse effects and side effects, 352
and lower urinary tract symptoms in men, 

338t
mechanism of action, 352
pharmacology, 352
for urinary incontinence, 352–354, 353t

Oxycodone, 209
dosage and administration, 211t
and lower urinary tract symptoms in men, 338t
for migraine, 225
for neuropathic pain, 213

Oxygen therapy
for chronic obstructive pulmonary disease, 126

for cluster headaches, 229
in sickle cell disease, 437

Oxymetazoline hydrochloride
for acute rhinosinusitis, 416
duration of action, 404t
and lower urinary tract symptoms in men, 338t

Oxytrol™. See Oxybutynin

P
Pacemaker therapy. See Cardiac pacing
PAD. See Peripheral arterial disease (PAD)
Paget’s disease

differential diagnosis, 360
hyperuricemia caused by, 390t

Pagophagia, 434
Pain

acute, 203, 204
assessment

in elderly patients, 214
instruments for, 204–205

chronic, 203
common causes, 204

definition, 203
diagnostic testing for, 205
in elderly patients, 214–215
neuropathic, 204. See also Neuropathic pain syn-

drome(s); Neuropathy
adjuvant analgesics for, 210–211, 212t
costs, 203
evidence-based summary, 215
pathophysiology, 206–207

nociceptive, 203–204
evidence-based summary, 215
pathophysiology, 205–206

in osteoarthritis, 381
in osteoporosis, 360, 367
pathophysiology, 205
persistent, 203–217

clinical significance, 204
costs, 203
epidemiology, 203
evidence-based summary, 215
interventional techniques for, 213–214
nonopioid analgesics for, 207–209, 208t
nonpharmacologic treatment, in elderly

patients, 215
patient assessment, 204
patient-reported outcomes, 204
pharmacotherapy for, 207–213

in elderly patients, 214–215
guidelines for, 207

search strategy, 203
in rheumatoid arthritis, 372
somatic, 204
spinal, with/without radiculopathy, 204
taxonomy, 203–204
terminology for, 203–204, 204t
visceral, 204

Pain control
for deep venous thrombosis, 423
for diabetic neuropathy, 282

Pain rehabilitation, 214
Palonosetron, for nausea and vomiting, 164t, 165
Palpitations, in hyperthyroidism, 303
Pancolitis, definition, 152
Pancreatic cancer, obesity and, 275
Panic attacks, 256

situational, 257
Panic disorder, 256, 260
Pantoprazole

for gastroesophageal reflux disease, 139
for peptic ulcer disease, 147, 147t

maintenance therapy, 148t
for ulcer healing, 148t

Papaverine, for erectile dysfunction, 333–334
Parainfluenza virus

and acute bronchitis, 443
pneumonia caused by, 445

Parathyroid hormone (PTH)
serum, in osteoporosis, 360
therapy with, for osteoporosis, dosage and

administration, 365t
Paregoric, for diarrhea, 174t
Paresis, postictal, 181
Paresthesia(s)

definition, 204t
in hypothyroidism, 301

Parkinson disease, 195–201
cell-based treatments, 199
clinical presentation, 195–196
deep brain stimulation for, 199
diagnosis, 195
differential diagnosis, 195, 196t
epidemiology, 196
evidence-based summary, 200
idiopathic, 195
information sources, 200
medication trials in, 195
neurosurgical treatment, 199
pharmacotherapy for, 196–199, 197t

advances in (future directions for), 199
search strategy, 195
support groups, 200
symptoms unresponsive to levodopa, 198
treatment, 196–199

Parkinson Disease Foundation, 200
Parkinsonian syndrome, 195
Parkinsonism, genetically determined, 196
Paroxetine

analgesic effects, 213
for anxiety disorders, dosage and

administration, 259t
for depression, 251, 251t
erectile dysfunction caused by, 328t
for generalized anxiety disorder, 255–256, 256t
for menopausal symptoms, 322, 322t
for obsessive-compulsive disorder, 259
for panic disorder, 256
for posttraumatic stress disorder, 256t
for social anxiety disorder, 256t, 257–258

Paroxysmal nocturnal dyspnea, in heart failure, 
19, 21

Paroxysmal supraventricular tachycardia, 70–72
Partial fatty acid oxidation (pFOX) inhibitors, for

angina, 54
Partial thromboplastin time (PTT), 425
Parvovirus B19, infection, in sickle cell disease, 437
Pasteurella, skin and soft tissue infections caused by,

456
Pasteurella multocida, skin and soft tissue infections

caused by, 456
Pasteurella tularensis, skin and soft tissue infections

caused by, 456
Patient education

in aldosterone antagonist therapy, 29
about bowel health, 170
about constipation, 170
about diabetes, 283
about heart failure, 32–33
about oral contraceptives, 317, 317t
about osteoarthritis, 382–383

Paxil. See Paroxetine
PCI. See Percutaneous coronary intervention
PD. See Parkinson disease
PE. See Pulmonary embolism
Pelvic floor dysfunction, 169–170
Pelvic floor retraining, 170
Pelvic inflammatory disease (PID), 487, 488
Penicillamine

adverse effects and side effects, 375t
for rheumatoid arthritis, 376

dosage and administration, 374t
ongoing evaluation, 374t, 375t

Penicillin
for animal bites, 457
diarrhea caused by, 173
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extended spectrum, for urinary tract infections,
476t

interactions with oral contraceptives, 312
resistance, in Streptococcus pneumoniae, 446

Penicillin allergy, and treatment of acute otitis
media, 412, 412t

Penicillin G, for syphilis, 486t, 487
Penicillin VK

for animal bites, 457
for cellulitis, 455
for erysipelas, 451, 452t
for human bites, 452t, 458

Penile prosthesis, 334
Pentasa. See Mesalamine
Pentoxifylline, for peripheral arterial disease, 106t,

107
Peptic ulcer disease (PUD), 143–150

clinical presentation, 144
complications, 145–146, 146
costs, 143
diagnostic testing in, 144–145
differential diagnosis, 144
epidemiology, 143
etiology, 143–144
gastric outlet obstruction in, 146
Helicobacter pylori-induced, 143, 144–145
hemorrhage in, 145
NSAID-induced, 143–144, 146, 208t, 209

pharmacotherapy for, 148–149
pathophysiology, 143–144
penetration in, 145
perforation in, 145–146
pharmacotherapy for, 146–147

antisecretory therapy, after H. pylori
eradication, 147–148

bismuth-based four-drug regimen, 147, 147t
maintenance therapy, 147–148
PPI-based three-drug regimens, 146–147, 147t
PPI-based two-drug regimens, 146–147
quadruple therapy, 146, 147
triple therapy, 146–147

prevention
primary, 149
secondary, 149

recurrence, 148
search strategy, 143
treatment, 146–149

nonpharmacologic, 146
Peptostreptococcus

diabetic foot infection caused by, 459
skin and soft tissue infection caused by, 450t,

457–458
Percutaneous coronary intervention, 55–57, 56t
Percutaneous transluminal angioplasty (PTA), for

peripheral arterial disease, 108
Pergolide

adverse effects and side effects, 197t, 199
dosage and administration, 197t, 199
for Parkinson disease, 198

Perianal disease, Crohn’s, 153
Pericardial effusions, hypothyroidism and, 300
Pericarditis, in rheumatoid arthritis, 372
Perimenopause, 320
Perindopril

for heart failure, dosage and administration, 
25t

for hypertension, 7
Peripheral arterial disease (PAD), 103–111

ankle-brachial index in, 104
and cardiovascular disease, 105
clinical presentation, 103
comorbidities associated with, pharmacotherapy

for, 108
CT angiography in, 104–105
diagnostic evaluation, 104–105
Doppler ultrasound in, 104
evidence-based summary, 109
history-taking in, 104

laboratory findings in, 105
magnetic resonance angiography in, 104–105
pharmacotherapy for, 105–107, 106t
physical findings in, 103–104
risk stratification, 105
search strategy, 103
treatment

nonpharmacologic, 105
PTA. See Percutaneous transluminal

angioplasty (PTA)
stent placement for, 108

vascular surgery consultation for, 107–108, 107t
Peripheral blood smear, 432, 433t
Peripheral dual-energy x-ray absorptiometry, 362t
Peripheral nerves, stimulation, for persistent pain,

214
Peripheral neuropathy, painful, 204
Peripheral vascular disease

in diabetes, 281
and erectile dysfunction, 328
pharmacotherapy for, 53t
treatment, 23

Pernicious anemia, 435
Perphenazine, for nausea and vomiting, 164–165
Petasites extract, for migraine prophylaxis, 228
pFOX inhibitors, for angina, 54
Pharynx, anatomy, 407, 408f
Phendimetrazine, for obesity, 276, 276t
Phenelzine

for anxiety disorders, 260
for depression, 251t, 252
for migraine prophylaxis, 223t
for panic disorder, 256t
for posttraumatic stress disorder, 256t
for social anxiety disorder, 256t, 258

Phenformin, 286
Phenobarbital, 183, 184

adverse effects and side effects, comorbid condi-
tions and, 185, 185t

and bone mineral density, 185
erectile dysfunction caused by, 328t, 331t
interactions

with oral contraceptives, 186, 312
with PDE-5 inhibitors, 332

and levothyroxine requirement, 302
mechanism of action, 185t
precautions with, in pregnant patient, 186
teratogenicity, 186, 187t

Phenolphthalein, 171t
Phenothiazines

adverse effects and side effects, 164–165, 164t
erectile dysfunction caused by, 331t
for nausea and vomiting, 164–165, 164t

Phentermine, for obesity, 276, 276t
Phentolamine

adverse effects and side effects of, 14t, 334
dosage and administration, 14t
duration of action, 14t
for erectile dysfunction, 333–334, 334
for hypertensive emergencies, 14t
onset of action, 14t

Phenylephrine hydrochloride
dosage and administration, 404t
duration of action, 404t

Phenytoin, 183, 184
adverse effects and side effects, comorbid condi-

tions and, 185, 185t
analgesic effects

mechanism of action, 207
for neuropathic pain, 212t

and bone mineral density, 185
contraindications to, 182
erectile dysfunction caused by, 328t, 331t
interactions

with oral contraceptives, 186, 312
with PDE-5 inhibitors, 332

and levothyroxine requirement, 302
mechanism of action, 185t

precautions with, in pregnant patient, 186
teratogenicity, 186, 187t

Pheochromocytoma
anxiety associated with, 255
and hypertension, 11, 12t
and hypertensive crises, 12

Phosphodiesterase inhibitor(s)
for heart failure, 28, 31
type 3, for heart failure, 31
type 5

adverse effects and side effects, 332
and alpha-blocker, combined, hypotension

caused by, 332
cardiovascular risks with, 332
cerebrovascular risks with, 332
contraindications to, 332
drug interactions with, 331–332
for erectile dysfunction, 331–332, 332t

Phosphoribosyl-pyrophosphate synthetase overac-
tivity, hyperuricemia caused by, 390t

Phosphorus, serum, in osteoporosis, 360
Physical activity, in heart failure, patient education

about, 32–33
Physical inactivity, cardiovascular risk with, 22

management, 23t
Physical therapy

for arthritic patient, 384–385
for Parkinson disease, 200

Phytoestrogens, 364
for menopausal symptoms, 322, 322t

Pica, 434
PID. See Pelvic inflammatory disease (PID)
Pillcam® ESO, 136
Pill-in-the-pocket therapy, for arrhythmias, 72
Pioglitazone

for diabetes, 287–288
dosage and administration of, 287t

osteoporosis caused by, 361t
Piroxicam, for rheumatoid arthritis, dosage and

administration, 375t
Pituitary adenoma, TSH-producing, 303
Plain film radiography

in gout, 390–391
in osteoarthritis, 381, 382f
in rheumatoid arthritis, 373

Plasma renin activity, in African Americans, 8
Plasma volume, and measurement of Hgb and Hct,

432
Platelet count, 432
Plavix®. See Clopidogrel
Pletal®. See Cilostazol
Pleural effusion

in heart failure, 20
hypothyroidism and, 300
in rheumatoid arthritis, 372

PND. See Paroxysmal nocturnal dyspnea
Pneumatic otoscopy, 410
Pneumococcal vaccine

in chronic heart failure, 23
in chronic obstructive pulmonary disease, 126
and prevention of otitis media, 410–411
in prevention of pneumonia, 447
recommendations for, 447

Pneumonia
community-acquired, 443, 444–447

antibiotic therapy for, 446, 446t
clinical presentation, 445
comorbidity with, management, 446, 446t
diagnostic evaluation, 445
epidemiology, 444–445
etiology of, 444–445
evidence-based summary, 447
hospitalization for, 445–446
management, 445–446
microbiology, 444–445
mortality rate for, 445
outpatient treatment, 445–446
prevention, 446–447
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Pneumonia (continued)
severe, criteria for, 445, 445t
viral, management, 446

differential diagnosis, 444
healthcare-associated, 446
mortality risk stratification, 445–446
in older patients, 444
short-term mortality in, prediction, 445

Pneumonia Severity Index, 445
Podagra, 390
Podiatry, for rheumatoid arthritis, 373
Podofilox, for genital warts, 486
Polycarbophil, 170–171, 171t

for diarrhea, 174t
Polycystic ovary syndrome (PCOS)

obesity and, 275
valproic acid and, 186

Polycythemia vera, hyperuricemia caused by, 390t
Polyethylene glycol, 171, 171t
Polymyositis, rheumatoid factor in, 373
Polysomnogram, overnight diagnostic, for obstruc-

tive sleep apnea/hypopnea syndrome,
265–266, 266f

Ponstel. See Mefenamic acid
PONV. See Nausea and vomiting, postoperative
Porphyromonas, skin and soft tissue infections

caused by, 456
Positron emission tomography (PET), for cardiac

evaluation, 49
Postherpetic neuralgia, 204

pharmacotherapy for, 211–213, 212t
Postmenopause, 320
Posttraumatic stress disorder (PTSD), 256–257
Postvoid residual

measurement, in men with BPH, 339
in urinary incontinence, 349

Potassium
loss, in heart failure, 27
serum. See also Hypokalemia

aldosterone antagonist therapy and, 29
monitoring

in ACE inhibitor therapy, 27–28
in ARB therapy, 28
in heart failure, 21
in inotropic therapy, 31

Pramipexole
adverse effects and side effects, 197t
dosage and administration, 197t, 199
for Parkinson disease, 198, 199

Pramlintide
adverse effects and side effects, 288
for diabetes, 288

dosage and administration of, 287t
pharmacology, 288

Pravachol®. See Pravastatin
Pravastatin

dosage and administration, 98t
drug interactions with, 98t

Prazosin, 340
for chronic retention of urine, 355–356, 355t

Prediabetes, 280
management, 283

Prednisolone, for acute exacerbation of asthma,
123t

Prednisone
for acute exacerbation of asthma, 123t
for chronic obstructive pulmonary disease, 129
for cluster headaches, 229
for inflammatory bowel disease, 156
oral

for acute gouty arthritis, 393
for asthma, 121

osteoporosis caused by, 364
for rheumatoid arthritis, dosage and administra-

tion, 376
for status migrainosus, 225

Pregabalin, 183
analgesic effects, 213

mechanism of action, 207
for neuropathic pain, 212t

mechanism of action, 185t
Pregnancy

antiepileptic therapy in, 186
bacteriuria in, 479
and hyperthyroidism treatment, 305
and leflunomide, 377
levothyroxine supplementation in, 301–302
and NSAIDs, 376
syphilis treatment in, 487
tuberculosis treatment in, 467
urinary tract infection in, 479

Prehypertension
definition, 5, 5t
management, 5

Prelu-2. See Phendimetrazine
Premarin. See Estrogen
Prevotella, skin and soft tissue infections caused by,

456, 457–458
Prevpac, for peptic ulcer disease, 146–147
Primary Care Evaluation of Mental Disorders

(Prime-MD):
2 Item, 248, 248t

Prime-MD. See Primary Care Evaluation of Mental
Disorders (Prime-MD): 2 Item

Primidone, 183
erectile dysfunction caused by, 328t, 331t
interactions, with oral contraceptives, 186

Probenecid
for chronic gout (prevention), 392t, 394
contraindications to, 394
drug interactions with, 394

Procainamide
adverse effects and side effects, 82
antiarrhythmic therapy with, 82

dosage and administration, 82
indications for, 82
ongoing evaluation, 82

for atrial fibrillation, 69
for monomorphic ventricular tachycardia, 73
for polymorphic ventricular tachycardia, 74

Prochlorperazine
for migraine, 222t, 225
for nausea and vomiting, 164–165, 164t

Proctitis
definition, 152
in ulcerative colitis, 152

Proctosigmoiditis
definition, 152
in ulcerative colitis, 152

Progesterone, in menopausal hormone therapy,
322, 322t

Progestin, synthetic, 313
Progressive supranuclear palsy, 195–196
Prokinetic agents, for gastroesophageal reflux dis-

ease, 139
Prolonged QT syndrome, ECG findings in, 78f
Promethazine, for nausea and vomiting, 164–165,

164t
in pregnancy, 166

Propafenone
antiarrhythmic therapy with

dosage and administration, 82
indications for, 82

for atrial fibrillation, 69
for atrioventricular node reentrant tachycardia,

72
for atrioventricular reentrant tachycardia, 72
contraindications to, 82

Propantheline, for urinary incontinence, 354
Propoxyphene, 209

contraindications to, in elderly patients, 214
dosage and administration, 211t

Propranolol, 80
erectile dysfunction caused by, 328t
for hyperthyroidism, 305
for hypertrophic cardiomyopathy, 88–89

for migraine prophylaxis, 223t, 227
for performance anxiety, 258
for thyroid storm, 306

Propylthiouracil (PTU)
for hyperthyroidism, 304–305
for thyroid storm, 306

Proscar®. See Finasteride
Prostaglandin(s) (PG), diarrhea caused by, 173t
Prostate

anatomy, 337, 338f
innervation, 337, 338f
physical examination, 338

Prostate cancer, obesity and, 275
Prostatectomy, for benign prostatic hyperplasia,

344
Prostate-specific antigen (PSA)

5-alpha reductase inhibitors and, 344
measurement, in men with BPH, 339

Prostatitis
bacterial, 479–480

acute, 479–480, 480t
pharmacotherapy for, empiric, 476t

chronic, 479–480, 480t
pharmacotherapy for, empiric, 476t

clinical presentation, 479–480, 480t
epidemiology, 479
microbiology, 479
pathogenesis, 479
pharmacotherapy for, 476t, 480
search strategy, 475
treatment, 476t, 480

evidence-based summary, 480
Protamine, for heparin reversal, 425
Protein electrophoresis, in osteoporosis, 360
Proteinuria, 338–339

screening, in diabetic patients, 281
Proteus

diabetic foot infection caused by, 459
urinary tract infection caused by, 477

Proteus mirabilis
prostatitis caused by, 479
urinary tract infection caused by, 475

Prothrombin, for warfarin reversal, 426, 426t
Proton pump inhibitors

and calcium absorption, 363
as diagnostic agents, in gastroesophageal reflux

disease, 136
for gastroesophageal reflux disease, 139
and levothyroxine requirement, 302
for NSAID-induced peptic ulcer disease, 149,

209
osteoporosis caused by, 361t
for peptic ulcer disease, 146–147

maintenance therapy, 148, 148t
for ulcer healing, 148t

Protriptyline
for migraine prophylaxis, 223t, 227
for obstructive sleep apnea/hypopnea

syndrome, 268
Prozac. See Fluoxetine
Pseudoephedrine

and lower urinary tract symptoms in men, 338t
plain, 404t
for stress urinary incontinence, 354t, 355
sustained-release, 404t

Pseudogout, 390–391
Pseudohypertension, 11
Pseudomonas aeruginosa

diabetic foot infection caused by, 459, 460
prostatitis caused by, 479
skin and soft tissue infection caused by, 450t,

451, 452
urinary tract infection caused by, 477

Pseudoseizures, 179
PSG. See Polysomnogram
PSI. See Pneumonia Severity Index
Psoriasis, hyperuricemia caused by, 390t
PSVT. See Paroxysmal supraventricular tachycardia
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Psychosis, in vitamin B12 deficiency, 436
Psychosocial issues, in peptic ulcer disease, 146
Psychotherapy

for anxiety disorders, 259
for depression, 252
for generalized anxiety disorder, 255
for persistent pain, 214

Psyllium, 170–171, 171t, 175
PTT. See Partial thromboplastin time (PTT)
PUD. See Peptic ulcer disease (PUD)
Pulmonary angiography, in diagnosis of

pulmonary embolism, 422, 423
Pulmonary edema, 12, 13t
Pulmonary embolism

anticoagulants for, 425–427
clinical presentation, 421, 423t
diagnostic evaluation for, 423, 424f
heparin for, dosage and administration, 426t
incidence, 421
initial treatment, 425, 425t, 427, 427t
mortality rate for, 421
risk factors for, 366, 421, 422t
treatment

duration of, 427–428, 427t
long-term, 427–428, 427t, 428t

warfarin for, initiation, 427, 427t
Pulmonary fibrosis

amiodarone-related, 31
methotrexate therapy and, 377
in rheumatoid arthritis, 372

Pulmonary function testing
in acute bronchitis, 443
in amiodarone therapy, 31
in asthma, 116

Pulmonary hypertension, in chronic obstructive
pulmonary disease, 126

Pulse pressure, in heart failure, 20
Pulsus alternans, in heart failure, 20
Pulsus paradoxus, in asthma, 116
PVD. See Peripheral vascular disease
PVR. See Postvoid residual
Pyelonephritis, acute, 478–479
Pylera, for peptic ulcer disease, 147
Pyoderma gangrenosum, in inflammatory bowel

disease, 155
Pyrazinamide

adverse effects and side effects, 469t
dose modification in renal failure, 470
hepatotoxicity, 470
hyperuricemia caused by, 390t
pediatric dosage, 469t
therapy with, ongoing evaluation, 469t, 470
for tuberculosis, 466–467, 468t

dosage and administration, 469t
Pyridoxine, for nausea and vomiting, in pregnancy,

166
Pyuria, in urinary tract infections, 476t, 477

Q
QT prolongation, vardenafil and, 331
Quality of life

definition, 204
health-related, 204
and health-related quality of life, differentiation,

204
rhinitis and, 400

Quetiapine, 243
for drug-induced hallucinations, in Parkinson

disease, 198
Quick Inventory of Depressive Symptoms Self

Report, 248
Quinapril, for heart failure, dosage and adminis-

tration, 25t
Quinidine

diarrhea caused by, 173t
interactions

with antacids, 138
with digoxin, 30

Quinolones
contraindications to, 467
interactions, with antacids, 138
for prostatitis, 476t
for urinary tract infections, 476t, 477

R
RA. See Rheumatoid arthritis
Rabeprazole

for gastroesophageal reflux disease, 139
osteoporosis caused by, 361t
for peptic ulcer disease, 147t

maintenance therapy, 148t
for ulcer healing, 148t

Rabies
animal bites and, 456
cat bite and, 456

Race, and tuberculosis risk, 463
Radiculopathy, 204
Radioactive iodine, therapy with

contraindications to, 305
for hyperthyroidism, 304–305

Radioactive iodine uptake (RAIU), in thyroid dis-
orders, 304, 304t

Radioallergosorbent test (RAST), in allergic rhini-
tis, 400

Radionuclide ventriculography, in coronary heart
disease, 45

RALES. See Randomized Aldactone Evaluation
Study (RALES)

Rales, 39
in heart failure, 20, 21

Raloxifene
adverse effects and side effects, 366
for osteoporosis, 366

dosage and administration, 365t, 366
protective effect against breast cancer, 366

Ramipril
for heart failure, dosage and administration, 25t
for hypertensive renal disease in African Ameri-

cans, 8
Randomized Aldactone Evaluation Study (RALES),

28–29
Ranexa. See Ranolazine
Ranitidine

for gastroesophageal reflux disease, 139
for peptic ulcer disease, 148

maintenance therapy, 148t
for ulcer healing, 148t

Ranolazine, for angina, 54
Rapid plasma reagin (RPR) test, 487

in diagnosis of dementia, 236
Rasagiline

adverse effects and side effects, 197t
dosage and administration, 197t
for Parkinson disease, 199

Raynaud’s syndrome, pharmacotherapy for, 53t
Reclast. See Zoledronate
Rectal cancer, obesity and, 275
Red blood cells

abnormalities, associated etiologies, 432, 433t
lifespan, 433

in sickle cell disease, 437
microcytic hypochromic, 434
sickle, 436–437
in 
-thalassemia, 438
in vitamin B12 deficiency, 436

Red cell distribution width (RDW), 432
Red clover, for menopausal symptoms, 322, 322t
Reductil. See Sibutramine
Reflux, and otitis media, 410
Regurgitation, 135, 136
Rehabilitation, in pain therapy, 214
Renal artery stenosis, 9
Renal disease

anemia caused by, 434–435
chronic, nondiabetic, antihypertensive therapy

in, 9

and hypertension, 11, 12t
hypertensive, in African Americans,

pharmacotherapy for, 8
parenchymal, and hypertensive crises, 12
and pre-hypertension, 5

Renal failure
acute, 12

in gout, 389
diabetes mellitus and, 279
and tuberculosis treatment, 470

Renal function
in acute decompensated heart failure, prognos-

tic significance, 24
metformin and, 287
monitoring

in ACE inhibitor therapy, 27
in aldosterone antagonist therapy, 29
in ARB therapy, 28
in digoxin therapy, 30
in gout, 389–390
in heart failure, 21, 27

nesiritide and, 30
Renal tubular acidosis, antiepileptic therapy and,

186
Renovascular disease

and hypertension, 11, 12t
and hypertensive crises, 12

Repaglinide
for diabetes, 285

dosage and administration of, 287t
mechanism of action, 285

Reserpine
diarrhea caused by, 173t
erectile dysfunction caused by, 328t, 331t
for hypertension, 6

Respiration, evaluation, in heart failure, 20
Respiratory disease, obesity and, 275
Respiratory syncytial virus (RSV)

and acute bronchitis, 443
pneumonia caused by, 445

Retapamulin, for impetigo, 451, 452t
Retching, 161
Reticulocyte count, 432
Retinopathy, diabetic, 282
Retropulsion, in Parkinson disease, 198
Reye’s syndrome, 283
Rhabdomyolysis

hyperuricemia caused by, 390t
statin-associated, 97, 99t

Rheumatic fever, and heart failure, 21, 21t
Rheumatoid arthritis, 371–379

anemia caused by, 434–435
classification, criteria for, 371, 372t
clinical presentation, 371
diagnosis, 371
diagnostic evaluation, 372–373
epidemiology, 371
evidence-based summary, 379
extra-articular findings in, 372
joint involvement in, 371
laboratory findings in, 372–373
nondrug therapy for, 373
ocular involvement in, 372
pathology, 371
pharmacotherapy for, 373–378
physical findings in, 371–372
rheumatoid factor in, 373
search strategy, 371
spinal involvement in, 372
treatment, 374f

Rheumatoid factor, 373
Rheumatoid nodules, 372
Rhinitis, 413. See also Allergic rhinitis

and asthma, 402–403
atrophic, 401t
in children, pharmacotherapy for, 404t
classification, 399–400
clinical presentation, 400
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Rhinitis (continued)
comorbidities associated with, 402–403
costs, 399
diagnosis, 403f
differential diagnosis, 400, 401t–402t
epidemiology, 399
evidence-based summary, 405–406
granulomatous disease and, 402t
gustatory, 400, 401t

treatment, 405
hormonal, 401t
infectious, 399, 401t

and asthma, 403
intermittent, 399
irritant, 414
mechanical obstruction and, 402t
mucociliary defects and, 401t
nasal polyps and, 401t
nonallergic

causes, 400
clinical presentation, 400
differential diagnosis, 400, 401t–402t
drug-induced, 401t
with eosinophilia syndrome, 401t
epidemiology, 399, 400
search strategy, 399

occupational, 401t
PDE-5 inhibitors and, 332
in pediatric patients, treatment, 403
persistent, 399
pharmacotherapy for, 404–405, 404t, 405t

precautions with, in children, 403
physical findings in, 400
and quality of life, 400
search strategy, 399
severity, classification, 399–400
signs and symptoms, 399, 400, 401t–402t
socioeconomic effects, 400
treatment, 403–405, 403f
tumor-related, 402t
vasomotor, 400, 401t

treatment, 403–404, 405
Rhinitis medicamentosa, 414
Rhinosinusitis, 403

acute, 399
antibiotic therapy for, 415, 416
causes, 413
comorbidities associated with, 415, 416
consensus statements on, 407
definition, 413
diagnosis, 414
diagnostic criteria for, 414
differential diagnosis, 414
epidemiology, 414
imaging, 414
microbiology, 415
pathophysiology, 414
physical findings, 414
prognosis for, 416
referral for, 416
signs and symptoms, 413, 414
treatment, 415–416, 415f

chronic
causes, 413–414
definition, 413
signs and symptoms, 413
treatment, 414

definition, 413
viral, 414, 415

Rhinovirus, and acute bronchitis, 443
Riboflavin. See Vitamin B2
Rifabutin

adverse effects and side effects, 469t
for latent tuberculosis infection, 466
therapy with, ongoing evaluation, 469t
for tuberculosis, dosage and administration, 469t

Rifampin
adverse effects and side effects, 469t
hepatotoxicity, 470

interactions
with oral contraceptives, 312
with PDE-5 inhibitors, 332

for latent tuberculosis infection, 466, 467t
and levothyroxine requirement, 302
pediatric doses, 467, 469t
therapy with, ongoing evaluation, 469t, 470
for tuberculosis, 466–467, 468t

dosage and administration, 469t
Rifapentine

adverse effects and side effects, 469t
therapy with, ongoing evaluation, 469t
for tuberculosis, 468t

dosage and administration, 469t
Rimantadine, for influenza, 446
Rimonabant

mechanism of action, 277
for obesity, 277

Risedronate, for osteoporosis, 364
dosage and administration, 365t, 366

Risperidone, for behavioral aspects of Alzheimer’s
disease, 243

Ritonavir, interactions with PDE-5 inhibitors,
331–332

Rituximab
adverse effects and side effects, 375t, 378
mechanism of action, 377, 378
plus methotrexate, for rheumatoid arthritis, 378
for rheumatoid arthritis

dosage and administration, 374t
ongoing evaluation, 375t

Rivastigmine
adverse effects and side effects, 243
for Alzheimer’s disease, 239, 240t, 243

Rizatriptan, for migraine, 222t, 226
Rofecoxib

for Alzheimer’s disease, 242
cardiovascular risk with, 384t

Rolling walking frame, for Parkinson disease,
199–200

Ropinirole
adverse effects and side effects, 197t
dosage and administration, 197t, 199
for Parkinson disease, 198

Rosiglitazone
adverse effects and side effects, 288
for diabetes, 287–288

dosage and administration of, 287t
for diabetes prevention, 283
osteoporosis caused by, 361t

Rosuvastatin
dosage and administration, 98t
drug interactions with, 98t

Rowasa. See Mesalamine
RPR. See Rapid plasma reagin (RPR) test
RSV. See Respiratory syncytial virus (RSV)

S
St. Anthony’s fire, 451
St. John’s wort, interactions with oral contracep-

tives, 312
Salicylates

adverse effects and side effects, 375t
low-dose, hyperuricemia caused by, 390t
nonacetylated, for rheumatoid arthritis, dosage

and administration, 375t
for persistent pain, 207–209, 208t
for rheumatoid arthritis, ongoing evaluation,

375t
Saline, intranasal, for acute rhinosinusitis, 416
Salmeterol

for asthma, 120
for chronic obstructive pulmonary disease, 127

Salmonella, diarrhea caused by, 172
Salsalate, for pain in adults, 208t
Sanctura™. See Trospium
Saquinavir, interactions with PDE-5 inhibitors,

331–332
Sarcoidosis, hyperuricemia caused by, 390t

Saw palmetto, for benign prostatic hyperplasia, 344
SBP. See Blood pressure, systolic
SCD. See Sudden cardiac death
SCIT. See Immunotherapy, subcutaneous
Sclera, inflammation, in rheumatoid arthritis, 372
Sclerae, blue, 434
Sclerosing cholangitis, in inflammatory bowel

disease, 155
Scopolamine, for nausea and vomiting, 163, 164t
Scottish Intercollegiate Guidelines Network,

clinical practice guidelines for
hypertension, 10

SCr. See Creatinine, serum
Seasonale, 314t, 315
Seasonique, 314t, 315
Seattle Heart Failure Model, 25
Sedatives, avoidance, in obstructive sleep

apnea/hypopnea syndrome, 267
Sedentary lifestyle, cardiovascular risk with,

management, 23t
Seizure(s)

absence, 179, 180t, 181
pharmacotherapy for, 183, 184, 184t

atonic, 181
clinical presentation, 179–182
events mimicking, 179
first unprovoked, management plan for, 

182, 183t
frontal lobe, 181

differential diagnosis, 179
generalized, 179, 180t

clinical presentation, 181
convulsive, 179, 180t
nonconvulsive, 179, 180t
symptomatic, pharmacotherapy for, 183, 184,

184t
idiopathic generalized, pharmacotherapy for,

183, 184, 184t
myoclonic, 181
new-onset, emergency department management,

recommendations for, 180, 181t
nonneurologic causes, 180
in older adults, 182
partial (focal), 179, 180t

clinical presentation, 180–181
complex, 179, 180, 180t
evolving to secondarily generalized seizures,

179, 180, 180t
in older adults, 182
pharmacotherapy for, 183, 184, 184t
simple, 179, 180, 180t

pharmacotherapy for, 183–186
guidelines for, 183–185

recurrence, after AED withdrawal, unfavorable
prognostic factors for, 186, 187t

risk factors for, 183
tonic, 181
tonic-clonic, 181

pharmacotherapy for, 185
Selective serotonin reuptake inhibitors (SSRIs)

with analgesic effects, 213
for anxiety disorders, dosage and

administration, 259, 259t
costs, 251
for depression, 249, 250–251, 251t
erectile dysfunction caused by, 331t
for generalized anxiety disorder, 255–256, 256t
mechanism of action, 250
for menopausal symptoms, 322, 322t
for migraine prophylaxis, 227
for obsessive-compulsive disorder, 256t, 258–259
osteoporosis caused by, 361t
for panic disorder, 256, 256t
for posttraumatic stress disorder, 256t, 257
for social anxiety disorder, 257–258

Selegiline
adverse effects and side effects, 197t
for Alzheimer’s disease, 241
dosage and administration, 197t
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Self-monitored blood glucose testing, in diabetes,
283, 284f, 289

Senna, 171, 171t
Senokot®. See Senna
SERM (selective estrogen receptor modulator)

new, 367
for osteoporosis, 366

dosage and administration, 365t
Serotonin antagonists

adverse effects and side effects, 226–227
contraindications to, 227
for migraine, 221t–222t, 226–227
for nausea and vomiting, 164t, 165

Serotonin modulators, for depression, 251t
Serotonin-norepinephrine reuptake inhibitors

(SNRIs)
analgesic effects, for neuropathic pain, 212t
for anxiety disorders, dosage and

administration, 259t, 260
for depression, 251t
for generalized anxiety disorder, 255–256, 256t

Serratia, prostatitis caused by, 479
Sertraline

for anxiety disorders, dosage and
administration, 259t

for depression, 251t
erectile dysfunction caused by, 328t
for menopausal symptoms, 322, 322t
for obsessive-compulsive disorder, 259
for panic disorder, 256
for posttraumatic stress disorder, 256t
for social anxiety disorder, 256t, 257–258

Sexual function, male, age-related changes in,
327–328

Sexual Health Inventory for Men, 327, 328f
Sexually transmitted disease (STD), 483–490

bacterial, 484t, 486–489
clinical presentation, 483
complications, 483
evidence-based summary, 489
and HIV screening, 483
microbiology, 483, 484t
prevention, 483
risk factors for, 483

screening for, 483
risk reduction, 483
search strategy, 483
viral, 483–486

SF-36. See Short Form 36-Item Survey
Shellfish allergy, glucosamine and, 385
Shiga toxin, fecal testing for, 172, 173
Shigella, diarrhea caused by, 172
Short Form 36-Item Survey, 204, 205
Sibutramine, for obesity, 276, 276t
Sickle cell disease, 432, 433, 434

acute chest syndrome in, management, 437
aplastic crisis in, 437

management, 437
familial genetic variants, 436–437
pathophysiology, 436
splenic sequestration in, management, 437
treatment, 437
vasoocclusion in, 437

ocular, management, 437
Sickle cell trait, 437
Sick sinus syndrome, 74
SIGECAPS mnemonic, 248–249, 249t
Sildenafil

for erectile dysfunction, 331–332, 332t
interactions, with nitrates, 52

Simvastatin
dosage and administration, 98t
drug interactions with, 98t

Simvastatin/ezetimibe, dosage and administration,
98t

Single-photon emission computed tomography
(SPECT)

in diagnosis of coronary heart disease, 42, 43
for myocardial perfusion imaging, 42, 43, 45

Sinus(es), paranasal, anatomy, 407, 408f
Sinus bradycardia, 74

pharmacotherapy for, 53t
Sinusitis, 407, 413–416

acute, 399
definition, 413
evidence-based summary, 416
search strategy, 407
treatment, 407

Sinus node, dysfunction, 74
Sinus tachycardia, 68

pharmacotherapy for, 53t
Sitagliptin, for diabetes, 288

dosage and administration of, 287t
Skin

in hyperthyroidism, 304
hypothyroidism and, 300
infection(s), 449–462

and soft tissue infection(s) (SSTIs), 449–462
antibiotics for, 452t

pediatric dosages, 452t
bacterial, 449

primary, 449, 450t
secondary, 449, 450t
in children, antibiotic therapy for, 452t
complications, 449
evidence-based summary, 461
pathogenesis, 449
polymicrobic, 454, 456
search strategy, 449
uncomplicated, 449

layers, 449
structure, 449

Skin changes, obesity and, 275
Skin ulcers, in rheumatoid arthritis, 372
Sleep, positioning for, in obstructive sleep

apnea/hypopnea syndrome, 267
Sleep disturbance(s)

menopausal, 321
rhinitis and, 400

Sleep efficiency, definition, 266
Sleep fragmentation, obstructive sleep

apnea/hypopnea syndrome and, 263
Sleep study, in obstructive sleep apnea/hypopnea

syndrome, 265–266
SMBG. See Self-monitored blood glucose testing
Smoking

cardiovascular risk with, 22
management, 23t

cessation, 126
for diabetic patients, 283
for dyslipidemic patient, 97
in inflammatory bowel disease, 155
in metabolic syndrome, 295
in peptic ulcer disease, 146
in peripheral arterial disease, 105
for secondary stroke prevention, 192
and stroke prevention, 190t

and chronic obstructive pulmonary disease, 126
and erectile dysfunction, 328, 329
and fracture risk, 364
and gastroesophageal reflux disease, 137
and risk for Crohn’s disease, 151, 155
and risk for ulcerative colitis, 151, 155
and stroke, 190t
and urinary incontinence, 350

Snoring, 263
oral appliances for, 267

SNRIs. See Serotonin-norepinephrine reuptake
inhibitors

Social anxiety disorder, 257–258, 260
Socioeconomic status

and chronic obstructive pulmonary disease, 126
obesity and, 275
and otitis media, 410

Sodium
dietary, reduction, for hypertensive patient, 5–6, 6t
intake, cardiovascular risk with, 24

management, 23t

restriction
for chronic heart failure, 23
in heart failure, patient education about,

32–33
retention, in heart failure, 27

Sodium nitroprusside
adverse effects and side effects of, 14t
dosage and administration, 14t
duration of action, 14t
for hypertensive emergencies, 14t
onset of action, 14t

Sodium phosphate, 171, 171t
Sodium salicylate, for pain in adults, 208t
Sodium valproate, for neuropathic pain, 213
Soft tissue infection(s). See Skin and soft tissue 

infection(s)
Solifenacin, for urinary incontinence, 352, 353t,

354
Sorbitol, 171, 171t

diarrhea caused by, 174
Sotalol

adverse effects and side effects, 82
antiarrhythmic therapy with

dosage and administration, 82
indications for, 82

for atrial fibrillation, 69
for atrioventricular reentrant tachycardia, 72
contraindications to, 82
for monomorphic ventricular tachycardia, 73
for polymorphic ventricular tachycardia, 74

Soy isoflavones, 364
for menopausal symptoms, 322, 322t

Spectinomycin
for gonococcal urethritis, 488t
for gonorrhea, 486t

Speech, slowed, in hypothyroidism, 301
Speech therapy, in Parkinson disease, 200
Sphygmomanometer

aneroid, 4
calibration, 4

appropriate use, 3–4
electronic, 4
mercury, 4

Spinal cord stimulation
for intractable angina, 57
for persistent pain, 214

Spirometry
in asthma, 116, 117
in chronic obstructive pulmonary disease, 126

Spironolactone
erectile dysfunction caused by, 328t, 331t
for heart failure, 28–29

dosage and administration, 25t, 29
Splenomegaly

in adults, 432
in �-thalassemia intermedia, 439
in �-thalassemia major, 439
in children, 432
in HbH disease, 438

Split-night study, in obstructive sleep
apnea/hypopnea syndrome, 266

Spondyloarthropathy(ies), 204
SSKI, for thyroid storm, 306
SSRIs. See Selective serotonin reuptake inhibitors

(SSRIs)
SSTIs. See Skin and soft tissue infection(s)
Staphylococci (Staphylococcus spp.)

diabetic foot infection caused by, 459, 460
skin and soft tissue infections caused by, 450t,

454, 456–458
urinary tract infection caused by, 477

Staphylococcus aureus. See also Methicillin-resistant
Staphylococcus aureus (MRSA)

diabetic foot infection caused by, 459
and rhinosinusitis, 415
skin and soft tissue infection caused by, 450,

450t, 451, 453, 454, 457–458
Staphylococcus saprophyticus, urinary tract infection

caused by, 475, 476t
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Start hesitation, in Parkinson disease, 198
Statins

adverse effects and side effects, 97
contraindications to, 283
for diabetic patient, 282–283
drug interactions with, 97, 98t
for dyslipidemia, 97, 97t, 98t
for hyperlipidemia, in peripheral arterial

disease, 108
myopathy caused by, risk factors for, 97, 99t
for prevention of myocardial infarction, 50
for secondary stroke prevention, 192, 192t

Status epilepticus, 181
emergency department management,

recommendations for, 181t
Status migrainosus, 225
STDs. See Sexually transmitted disease (STD)
Steatorrhea, in Crohn’s disease, 153
Steatosis, obesity and, 275
Stent placement, for peripheral arterial disease,

108
sTFr. See Transferrin receptors, soluble
Stimulants, anxiety caused by, 255
Stinging nettle, for benign prostatic hyperplasia,

344
Stool antigen test, for Helicobacter pylori, 145
Streptococci (Streptococcus spp.)

diabetic foot infection caused by, 459, 460
group A, skin and soft tissue infection caused by,

450, 450t, 451
skin and soft tissue infections caused by, 454,

456–458
Streptococcus anginosus, skin and soft tissue infection

caused by, 457–458
Streptococcus faecalis, pyelonephritis caused by, 478
Streptococcus pneumoniae

and acute otitis media, 410
drug-resistant, 446

risk factors for, 446
infection, in sickle cell disease, 437
pneumonia caused by, 444–445
and rhinosinusitis, 415

Streptococcus pyogenes
and rhinosinusitis, 415
skin and soft tissue infection caused by, 450,

450t, 451
Streptomycin

adverse effects and side effects, 469t
dose modification in renal failure, 470
pediatric dosage, 469t
therapy with, ongoing evaluation, 469t
for tuberculosis, dosage and administration,

469t
Stress imaging. See Cardiac stress imaging
Striae, obesity and, 275
Stroke, 13t, 189–194, 195

anxiety associated with, 255
clinical presentation, 190–191, 191t
cryptogenic, 189
and depression, 248
diagnostic evaluation, 191, 191t
embolic, 189
evidence-based summary, 193
hemorrhagic, 189, 190f

acute treatment, 191
etiology, 189
mortality with, 190

and hypertensive crises, 12
ischemic, 189, 190f

acute treatment, 191
clinical presentation, 189
epidemiology, 189
etiology, 189
hemorrhagic transformation, 189
mortality with, 190
risk factors for, 190, 190t

mortality rate for, 189
obstructive sleep apnea/hypopnea syndrome

and, 264

prevention
in atrial fibrillation, 68–69, 69t
in hypertension, 6
in hypertensive elderly patients, 9
primary, 190, 190t
in white-coat hypertension, 4

risk
with atrial fibrillation, 68
blood pressure control and, 3
obesity and, 274, 275

risk factors for, 190, 366
search strategy, 189
secondary prevention, 192, 192t
in sickle cell disease, 437
tissue plasminogen activator for, 191, 192t
treatment, 23

Strontium ranelate, 367
Struma ovarii, 303
Substance abuse. See also Drug abuse

and erectile dysfunction, 328, 329
and heart failure, 21, 21t, 24

Substance P antagonist. See Aprepitant
Sucralfate

for gastroesophageal reflux disease, 139
and levothyroxine requirement, 302, 302t
for NSAID-induced peptic ulcer disease, 149
for peptic ulcer disease

maintenance therapy, 148t
for ulcer healing, 148t

Sudden cardiac death, 31
hypertrophic cardiomyopathy and, 85, 87, 87t
with obstructive sleep apnea/hypopnea

syndrome, 264
predictors, 31
prevention, 23

SUI. See Urinary incontinence, stress
Suicide, depression and, 247, 249
Sulfasalazine

adverse effects and side effects, 375t, 377
contraindications to, 377
for inflammatory bowel disease, 156
pharmacology, 156t
for rheumatoid arthritis, 376

dosage and administration, 374t, 377
ongoing evaluation, 374t, 375t, 377

Sulfinpyrazone
for chronic gout (prevention), 392t, 394
contraindications to, 394

Sulfisoxazole, for acute otitis media, 412
Sulfonamides, diarrhea caused by, 173t
Sulfonylurea/biguanide, for diabetes, dosage and

administration of, 287t
Sulfonylureas

adverse effects and side effects, 285
for diabetes, 285

dosage and administration of, 287t
drug interactions with, 285
interactions, with antacids, 138

Sulfonylurea/thiazolidinedione, for diabetes,
dosage and administration of, 287t

Sulindac
for acute gouty arthritis, 392t
for rheumatoid arthritis, dosage and administra-

tion, 375t
Sumatriptan

for cluster headaches, 229
for migraine, 221t, 226

Supartz®, 386
Supraventricular arrhythmias, 68–72

pharmacotherapy for, 31
Supraventricular tachycardia, 67, 72

pharmacotherapy for, 53t
wide-QRS-complex, differential diagnosis, 72,

73t
Surfak®. See Docusate calcium
Surgery

anti-reflux, 137–138
for cluster headache, 230
for genital warts, 486

for hyperthyroidism, 305
for inflammatory bowel disease, 155
for osteoarthritis, 385
for peptic ulcer disease, 146

SVT. See Supraventricular tachycardia
Swan-neck deformity, in rheumatoid arthritis, 371
Sympathetic nervous system, activation, cardiac

effects, 28
Sympatholytics, for hypertension, in African Amer-

icans, 8
Sympathomimetics

anxiety caused by, 255
contraindications to, in heart failure, 23, 24
interactions with antihypertensive therapy, 11
and lower urinary tract symptoms in men, 338,

338t
for obesity, 276, 276t

Syndrome X, 293
Synvisc®, 386
Syphilis, 486–487

diagnostic evaluation, 487
genital ulcers in, 484t, 486
latent, clinical presentation, 487
primary, clinical presentation, 486–487
as reportable disease, 486
secondary, clinical presentation, 487
stages, 486
tertiary, clinical presentation, 487
transmission, 486
treatment, 486t, 487

Systemic lupus erythematosus (SLE)
anemia caused by, 434–435
rheumatoid factor in, 373

T
Tachycardia, in hyperthyroidism, 303, 304
Tacrine, for Alzheimer’s disease, 239
Tacrolimus, interactions with antihypertensive

therapy, 11
Tadalafil, for erectile dysfunction, 331–332, 332t
Tamoxifen, osteoporosis caused by, 361t
Tamsulosin

for benign prostatic hyperplasia, 340–343,
341t–342t

for chronic retention of urine, 355–356, 355t
TB. See Tuberculosis
TCAs. See Tricyclic antidepressants
TDM. See Therapeutic drug monitoring
T2DM. See Diabetes mellitus, type 2
Technetium-99m sestamibi, for myocardial

perfusion imaging, 42
Technetium-99m tetrofosmin, for myocardial

perfusion imaging, 42
Temporal lobe epilepsy, mesial, 186
Temporal lobe surgery, for drug-resistant epilepsy,

186
Temporomandibular joint dysfunction, 204
Tenesmus, in ulcerative colitis, 152
Tenosynovitis, in rheumatoid arthritis, 371
TENS. See Transcutaneous electrical nerve stimula-

tion (TENS)
Tenuate. See Diethylpropion
Tenuate dospan. See Diethylpropion
Terazosin

for benign prostatic hyperplasia, 340–343,
341t–342t

for chronic retention of urine, 355–356, 355t
Terbutaline, for acute exacerbation of asthma,

123t
Teriparatide

adverse effects and side effects, 367
contraindications to, 367
drug interactions with, 367
mechanism of action, 366
for osteoporosis, 366–367

dosage and administration, 365t, 366
Testosterone

replacement therapy
buccal, 333
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contraindications to, 332–333
dosage and administration, 333
for erectile dysfunction, 332–333
intramuscular, 333
ongoing evaluation, 333
transdermal, 333

serum
in ED evaluation, 328–329
in osteoporosis, 360

Tetanus vaccination
for animal bites, 456, 457
for human bites, 458

Tetracyclic antidepressants, for depression, 251t
Tetracycline

diarrhea caused by, 173t
for Helicobacter pylori eradication, 146, 147t
interactions

with antacids, 138
with calcium salts, 363

for MRSA infection, 452t, 455
for peptic ulcer disease, 147

Tetracyclines, interactions with oral contraceptives,
312

Tetrahydrozoline hydrochloride, duration of
action, 404t

Thalassemia, 432, 433, 434, 437–439

-

epidemiology, 438
genotypes, 438, 438t
pathophysiology, 437

�-
genotypes, 438, 438t
intermedia, 438t, 439
major, 438t, 439
minor, 438–439, 438t
pathophysiology, 437, 438

Thallium-201 myocardial perfusion imaging, 42
Theophylline

adverse effects and side effects, 121, 128
for asthma, 119t, 120, 121–122
for chronic obstructive pulmonary disease, 128
diarrhea caused by, 174
mechanism of action, 121, 128

Therapeutic drug monitoring, in tuberculosis, 471
Thiazide diuretic(s)

efficacy, renal function and, 11
erectile dysfunction caused by, 331t
for heart failure, dosage and administration, 25t
for hypertension, 6, 7, 10, 10t

in African Americans, 7–8
in diabetic patients, 9
in elderly, 9

mechanism of action, 27
for secondary stroke prevention, 192, 192t

Thiazide-related diuretics, for heart failure, dosage
and administration, 25t

Thiazolidinediones (TZDs)
adverse effects and side effects, 288
contraindications to, 288

in heart failure, 23, 24
for diabetes, 287–288

dosage and administration of, 287t
and liver function, 288

Thiazolidines, osteoporosis caused by, 361t
Thionamides, for hyperthyroidism, 304–305
Thiopurine methyltransferase, 157
Thiopurines, for inflammatory bowel disease, 157

maintenance therapy, 157
Thioridazine

erectile dysfunction caused by, 328t
and lower urinary tract symptoms in men, 338t

Thiothixene, erectile dysfunction caused by, 328t
Thrombocytopenia, 432
Thrombocytosis, 432

inflammation and, 373
Thromboembolism

oral contraceptives and, 312
raloxifene-related, 366
venous. See Venous thromboembolism

Thrombolytic therapy, and stroke, 189
Thyroid adenoma, toxic, 303–305
Thyroid cancer, 306–307

anaplastic, 307
epidemiology, 307
follicular, 307
medullary, 307
metastases, surveillance for, 307
papillary, 307
recurrence, 307
treatment, 307

Thyroid dermopathy, 304
Thyroid disorders, 299–309. See also

Hyperthyroidism; Hypothyroidism
diagnosis, 299
and erectile dysfunction, 329
evidence-based summary, 308
and heart failure, 21, 21t
and hypertension, 11, 12t
radioactive iodine uptake in, 304, 304t
search strategy, 299

Thyroid function testing, in amiodarone therapy,
31

Thyroid gland, physiology, 299
Thyroid hormone(s)

anxiety caused by, 255
interactions, with calcium salts, 363
replacement, for hypothyroidism, 301–302

Thyroiditis, 307–308
autoimmune, 307
chronic lymphocytic, 307
drug-related, 307
fibrous, 307

and hypothyroidism, 300
infectious, 308
painful, 308
painless, 307
postpartum, 300, 303, 307
Riedel’s, 307
subacute, 303
subacute lymphocytic, 300, 307

Thyroid nodules
diagnostic evaluation, 306–307
differential diagnosis, 306
epidemiology, 306
fine-needle aspiration of, 306–307
malignant, 306–307

Thyroid-stimulating hormone (TSH), 299
in hyperthyroidism, 304
serum 

in diagnosis of hypothyroidism, 301
in osteoporosis, 360

Thyroid storm, 305–306
Thyrotoxicosis, 303
Thyrotropin-releasing hormone (TRH), 299
Thyroxine (T4), 299. See also Levothyroxine

in hyperthyroidism, 304
for myxedema coma, 303

Thyroxine-binding globulin (TBG), 299
TIAs. See Transient ischemic attacks
Tiagabine, 183

adverse effects and side effects, comorbid condi-
tions and, 185, 185t

guidelines for therapy with, 184t
mechanism of action, 185t

TIBC. See Total iron-binding capacity
Ticlid®. See Ticlopidine
Ticlopidine

adverse effects and side effects, 49
mechanism of action, 49
for peripheral arterial disease, 106t, 107

Timolol, for migraine prophylaxis, 223t, 227
Tinzaparin, 425

for thromboembolism, dosage and administra-
tion, 426t

Tiotropium, for chronic obstructive pulmonary
disease, 128

Tissue plasminogen activator, for stroke, 191, 192t
Tizanidine, for pain, 213

TMR. See Transmyocardial revascularization (TMR)
Todd’s paralysis, 181
Tofranil®. See Imipramine
Tolazamide, for diabetes, dosage and administra-

tion of, 287t
Tolbutamide, for diabetes, dosage and administra-

tion of, 287t
Tolcapone

adverse effects and side effects, 197t
dosage and administration, 197t
for Parkinson disease, 198

Tolfenamic acid, for migraine, 223–225
Tolmetin, for rheumatoid arthritis, dosage and

administration, 375t
Tolterodine

adverse effects and side effects, 354
drug interactions with, 354
for urinary incontinence, 352, 353t, 354

Topiramate, 183, 184–185
adverse effects and side effects, 228

comorbid conditions and, 185, 185t
for cluster headache, 230
guidelines for therapy with, 184t
interactions, with oral contraceptives, 186, 312
for juvenile myoclonic epilepsy, 182
mechanism of action, 185t
and metabolic acidosis, 186
for migraine prophylaxis, 223t, 227, 228
for neuropathic pain, 213

TOPS. See Treatment Outcomes in Pain Survey
Toradol. See Ketorolac
Torsades de pointes, 73–74
Torsemide

for heart failure, dosage and administration, 
25t

and lower urinary tract symptoms in men, 338t
mechanism of action, 27

Total iron-binding capacity, 433
in anemia of chronic disease, 435, 435t

Total parenteral nutrition, long-term, osteoporosis
caused by, 361t

Toxemia of pregnancy, hyperuricemia caused by,
390t

Toxic megacolon, in ulcerative colitis, 155
Toxic multinodular goiter, 303–305
TPMT. See Thiopurine methyltransferase
TP-PA. See Treponema pallidum particle agglutina-

tion
Tracheostomy, for obstructive sleep apnea/

hypopnea syndrome, 268
Tramadol

dosage and administration, 211t
for neuropathic pain, 210–211, 213

Trandolapril, for heart failure, dosage and admin-
istration, 25t

Transcutaneous electrical nerve stimulation
(TENS), for persistent pain, 214

Transferrin, 433, 434
decreased/absent, 434

Transferrin receptors, soluble, 433
assay, in anemia of chronic disease, 435, 435t

Transferrin saturation, assay, in anemia of chronic
disease, 435, 435t

Transient ischemic attacks (TIAs), 189–194
clinical presentation, 191
evidence-based summary, 193
search strategy, 189
and stroke prevention, 193
and stroke risk, 191

Transmyocardial revascularization (TMR)
laser, 57
percutaneous, 58
surgical, 58

Transurethral incision of prostate (TUIP), for
benign prostatic hyperplasia, 344–345

Transurethral microwave therapy (TUMT), for
benign prostatic hyperplasia, 344

Transurethral needle ablation (TUNA), for benign
prostatic hyperplasia, 344
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Transurethral resection of prostate (TURP)
adverse effects and side effects, 344–345
for benign prostatic hyperplasia, 344–345
and prostatitis, 479

Transurethral vaporization of prostate (TUVP), for
benign prostatic hyperplasia, 344

Tranylcypromine, for depression, 251t, 252
Travelers’ diarrhea, 172–173
Trazodone

for depression, 251–252, 251t
mechanism of action, 252

Treadmill exercise testing, in follow-up for chronic
stable angina, 58–59, 58t

Treatment Outcomes in Pain Survey, 205
Tremor

in hyperthyroidism, 304
in Parkinson disease, 196

pharmacotherapy for, 196, 198–199
Trental®. See Pentoxifylline
Treponema pallidum, 486, 487

particle agglutination, 487
Triamcinolone acetonide

intra-articular, for acute gouty arthritis, 393
intranasal, for rhinitis, 405, 405t
for rheumatoid arthritis, 376

Trichloroacetic acid, for genital warts, 486
Trichomoniasis, treatment, 486t
Tricor®. See Fenofibrate
Tricyclic antidepressants

adverse effects and side effects, 260
in elderly patients, 214–215

analgesic effects
for neuropathic pain, 211–213, 212t
for persistent pain, 211–212

for anxiety disorders, 260
dosage and administration, 259t

for depression, 251t, 252
erectile dysfunction caused by, 331t
for generalized anxiety disorder, 255–256
and lower urinary tract symptoms in men, 338t
for migraine prophylaxis, 227
for obsessive-compulsive disorder, 259
for panic disorder, 256, 256t
for posttraumatic stress disorder, 256t, 257
secondary amine, for depression, 251t, 252
for tension-type headache prophylaxis, 229
tertiary amine, for depression, 251t, 252

Triglycerides
atherogenic properties, 92, 95
and cardiovascular risk, 55
and metabolic syndrome, 293–294
serum, normal and pathologic values, 92, 93t

Trihexyphenidyl
adverse effects and side effects, 197t
dosage and administration, 197t
for Parkinson disease, 196, 199

Triiodothyronine (T3), 299
in hyperthyroidism, 304
for myxedema coma, 303
supplementation, for hypothyroidism, 302

Trimethoprim, for urinary tract infections, 478
Trimethoprim-sulfamethoxazole (TMP-SMX)

for acute otitis media, 412
for animal bites, 457
for bacterial sinusitis, 416
for chronic obstructive pulmonary disease, 

129
for human bites, 458
for MRSA infection, 452t, 455
for prostatitis, 476t
for pyelonephritis, 478
for urinary tract infections, 476t, 477, 478
for urinary tract infections in males, 478

Triptans
adverse effects and side effects, 226–227
for cluster headaches, 229
contraindications to, 227
for migraine, 226–227

Trospium
adverse effects and side effects, 354
for urinary incontinence, 352, 353t, 354

T-scores, for bone mass, 360, 361t, 364
Tuberculin skin test, 465, 466t
Tuberculosis, 463–473. See also Mycobacterium 

tuberculosis
active

pharmacotherapy for, 466–467, 468t
risk factors for, 464

of bone, pharmacotherapy for, 467
central nervous system involvement in,

pharmacotherapy for, 467
in children

clinical presentation, 465
pharmacotherapy for, 467

clinical presentation, 465
coinfection with HIV, 463–464

clinical presentation, 465
and extrapulmonary disease, 464
management, 465
pharmacotherapy for, 467

drug interactions with, 470, 471
therapeutic drug monitoring with, 470, 471

culture and susceptibility testing in, 464
diagnosis, 465
drug-resistant, 466, 467
epidemiology, 463
etiology, 463, 464
evidence-based summary, 471
extrapulmonary

diagnosis, 465
pathophysiology, 464–465
pharmacotherapy for, 467

geographic distribution, 463
latent infection

pharmacotherapy for, 466, 467t
treatment, 465

miliary, pathophysiology, 464–465
mortality rate for, 463
multidrug resistant, in HIV-infected (AIDS)

patients, 467
in older adults, clinical presentation, 465
pathogenesis, HIV infection and, 465
pathology, 463
pathophysiology, 464–465
pharmacotherapy for, 466–470

directly observed therapy, 465, 467, 471
duration, 465
hepatotoxicity, 470, 471
ongoing evaluation, 469t–470t, 471
in renal failure, 470
therapeutic drug monitoring with, 470, 471

primary, pathophysiology, 464
progressive primary, 464
pulmonary, pathophysiology, 464
reactivation disease, pathophysiology, 464
risk factors for, 463–464

age and, 463
ethnicity and, 463
place of birth and, 463
race and, 463

search strategy, 463
skin tests for, 465

booster effect in, 465
interpretation, 466t

sputum test for, 465
treatment, 465–471

nonpharmacologic, 466
in pregnant patient, 467

Tubersol, 465
TUIP. See Transurethral incision of prostate

(TUIP)
Tularemia, cat bite and, 456
Tumor(s)

brain, and hypertensive crises, 12
intranasal, 414
renin-secreting, and hypertensive crises, 12

Tumor necrosis factor (TNF), drugs targeted to,
377

TUMT. See Transurethral microwave therapy
(TUMT)

TUNA. See Transurethral needle ablation (TUNA)
TURP. See Transurethral resection of prostate

(TURP)
TUVP. See Transurethral vaporization of prostate

(TUVP)
Tympanic membrane, 407

in acute otitis media, 410
in otitis media with effusion, 410

Tympanometry, 410
Tympanosclerosis, 411
Tympanostomy tube(s), 413
TZDs. See Thiazolidinediones (TZDs)

U
UC. See Ulcerative colitis (UC)
UFH. See Heparin, unfractionated
UI. See Urinary incontinence
Ulcer(s)

of diabetic foot, 458
duodenal, 143. See also Peptic ulcer disease

(PUD)
gastric, 143. See also Peptic ulcer disease (PUD)
genital, 484, 484t

Ulcerative colitis (UC). See also Inflammatory
bowel disease (IBD)

clinical course, 151
clinical presentation, 151–152
complications, 155
epidemiology, 151
fulminant, 152t
mild, 151–152, 152t
moderate, 151–152, 152t
severe, 151–152, 152t
sites of involvement, 151

Ultrasound
compression, in diagnosis of deep venous

thrombosis, 422
of prostate, 339
in rheumatoid arthritis, 373

Ultrasound densitometry, quantitative, for bone
mineral density assessment, 362t

Upper airway resistance syndrome, definition, 
266

Upper respiratory tract infection (URI), viral, and
otitis media, 410, 410t

UPPP. See Uvulopalatopharyngoplasty
Urate

24-hr urinary excretion, measurement, 390, 394
overproduction, 389, 390, 390t

detection, 394
pharmacotherapy for, 392t
treatment, 394

serum. See also Hyperuricemia
and coronary artery disease, 391
reduction

nonpharmacologic methods, 393
pharmacologic methods, 392t, 394

and risk of gout, 389
underexcretion, 389, 390, 390t

pharmacotherapy for, 392t
treatment, 394

Urate nephropathy, 389
Urea breath testing, 145
Ureaplasma urealyticum, urethritis, treatment, 488t
Urethral stent, for benign prostatic hyperplasia,

344
Urethral stricture, in men, 337
Urethritis

gonococcal, treatment, 488t
nongonococcal, treatment, 488t
recurrent/persistent, treatment, 488t

Uricosurics
for chronic gout (prevention), 392t, 394
contraindications to, 394
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Urinalysis
in men with BPH, 338–339
in urinary incontinence, 349
in urinary tract infections, 477

Urinary flow studies, in men with BPH, 339
Urinary incontinence, 347–356

acute (reversible), 347
behavioral interventions for, 352t
causes, 347, 348t, 351, 353t
management, 351–352

behavioral interventions for, 350, 352t
classification, 347
clinical evaluation, 348, 348t
definition, 347
diagnostic evaluation, 349–350
etiology, 347
evidence-based summary, 356
functional, 347, 348

behavioral interventions for, 352t
mixed, 347, 348

behavioral interventions for, 352t
pharmacotherapy for, 355

nonprescription devices for, 350–351
overflow. See Chronic retention of urine
persistent (chronic), 347
physical evaluation for, 348–349, 348t
prevalence, 347
search strategy, 347
stress, 347

behavioral interventions for, 352t
diagnosis, 349
etiology, 347
evidence-based summary, 356
pathophysiology, 347
pharmacotherapy for, 354–355, 354t
surgery for, 356

treatment
goals, 350
nonpharmacologic, 350

urge, 347
behavioral interventions for, 352t
etiology, 347
evidence-based summary, 356
pathophysiology, 347
pharmacotherapy for, 352–354, 353t
surgery for, 356

Urinary tract infection(s) (UTIs), 475–479
in catheterized patient, 479
clinical presentation, 476t
complicated, 475, 477

clinical presentation, 477
diagnostic evaluation, 477
epidemiology, 477
evidence-based summary, 480
microbiology, 477
pathogenesis, 477
pharmacotherapy for, empiric, 476t

definition, 475
epidemiology, 475
lower, clinical presentation, 476t
in males, 477–478
pharmacotherapy for, empiric, 476t
in pregnancy, 479
recurrent, 478

pharmacotherapy for, empiric, 476t
prophylaxis, 478

relapse, 478
search strategy, 475
uncomplicated, 475

clinical presentation, 475–476
diagnostic evaluation, 476
epidemiology, 475
evidence-based summary, 480
microbiology, 475, 476t
pharmacotherapy for, empiric, 476t
treatment, 476–477, 476t

upper, clinical presentation, 476t
Urine, culture, in urinary tract infections, 477

Urine cytology, in men with BPH, 339
Urolithiasis

antiepileptic therapy and, 186
in gout, 389–390

Uroxatral®. See Alfuzosin
Uterine cancer, obesity and, 275
UTIs. See Urinary tract infection(s) (UTIs)
UUI. See Urinary incontinence, urge
Uveitis, in inflammatory bowel disease, 155
Uvulopalatopharyngoplasty, for obstructive sleep

apnea/hypopnea syndrome, 268

V
Vaccination(s), in chronic obstructive pulmonary

disease, 126
Vacuum pump, for erectile dysfunction, 331
Vagal nerve stimulation

adverse effects and side effects, 187
for drug-resistant epilepsy, 187

Vaginal dryness, menopausal, 320
Vaginal ring, 315
Valacyclovir, for genital herpes, 485, 486t
Valdecoxib, adverse effects and side effects, 209
Valproate, for Alzheimer’s patients, 243
Valproic acid, 183, 184

adverse effects and side effects, 228
comorbid conditions and, 185, 185t

and bone mineral density, 185
contraindications to, 228
hepatotoxicity, 228
for juvenile myoclonic epilepsy, 182
mechanism of action, 185t
for migraine prophylaxis, 223t, 227, 228
monotherapy, teratogenicity, 186, 187t
and polycystic ovary syndrome, 186

Valsalva maneuver, for atrioventricular node reen-
trant tachycardia, 72

Valsartan, for heart failure, dosage and administra-
tion, 25t

Valvular heart disease
and heart failure, 21, 21t
left-sided, pharmacotherapy for, 53t
and stroke, 189

Vardenafil
contraindications to, 331
drug interactions with, 331, 332
for erectile dysfunction, 331–332, 332t

Varenicline, for smoking cessation, 126
VAS. See Visual Analog Scale
Vasculitis, in rheumatoid arthritis, 372
Vasodilator(s)

for erectile dysfunction, 333–334
adverse effects and side effects, 334
dosage and administration, 333–334

for heart failure, 30
for hypertensive emergencies, 14t
for resistant hypertension, 12

Vasodilator stress echocardiography, 43
Vateglinide

for diabetes, 285
mechanism of action, 285

Vaughan Williams classification, of
antiarrhythmics, 80, 80f

VC. See Vomiting center
VDRL. See Venereal Disease Research Laboratory

(VDRL) test
Veillonella, skin and soft tissue infection caused by,

457–458
Venereal Disease Research Laboratory (VDRL)

test, 487
Venlafaxine

analgesic effects, 213
for anxiety disorders, dosage and

administration, 259t, 260
for depression, 249, 251–252, 251t
extended-release

for anxiety disorders, dosage and administra-
tion, 259t, 260

for panic disorder, 256, 256t
for social anxiety disorder, 256t, 257–258

for generalized anxiety disorder, 255–256
mechanism of action, 252
for menopausal symptoms, 322, 322t
for migraine prophylaxis, 223t, 227

Venous thromboembolism, 421–429. See also Deep
venous thrombosis; Pulmonary embolism

anticoagulants for, 425–427
clinical presentation, 421
complications, 421, 425
diagnostic evaluation for, 422–423
epidemiology, 421
incidence, 421
morbidities associated with, 421
physical findings in, 422
prevention, 425
recurrence, 421
risk factors for, 421, 422t
risk stratification, 423–424
search strategy, 421
treatment, 425

duration of, 427–428, 427t
long-term, 427–428, 427t, 428t

Ventricular arrhythmias, 72–74
pharmacotherapy for, 31, 53t

Ventricular fibrillation, 31
Ventricular premature complexes, 72–73

ECG findings in, 73
Ventricular tachycardia, 31, 67, 72

differential diagnosis, 72, 73t
ECG findings in, 78f
monomorphic, 73

ECG findings in, 73
nonsustained, 72–73
polymorphic, 73–74

ECG findings in, 73–74
sustained, 73

Verapamil
adverse effects and side effects, 81, 228
antiarrhythmic therapy with

dosage and administration, 80–81
indications for, 80

for cluster headache prophylaxis, 229, 230
drug interactions with, 81
for heart failure with preserved systolic function,

27
for hypertrophic cardiomyopathy, 89
indications for, in angina and related conditions,

53t
interactions, with digoxin, 30
for migraine prophylaxis, 223t, 228

Vertebral fracture assessment, 362
Vertebral fractures, osteoporotic, 360, 367
Vertigo, otitis media with effusion and, 413
Very-low-density lipoproteins (VLDL), 92, 95

atherogenic properties, 92
VESIcare®. See Solifenacin
VFA. See Vertebral fracture assessment
Vigabatrin, 184

guidelines for therapy with, 184t
Viral infection(s)

and acute bronchitis, 443
and acute otitis media, 410
diarrhea caused by, 172
pneumonia caused by, 445

management, 446
rhinosinusitis caused by, 415

Vision, PDE-5 inhibitors and, 332
Vision loss, PDE-5 inhibitors and, 332
Vistaril. See Hydroxyzine
Visual acuity, testing, in amiodarone therapy, 31
Visual Analog Scale, for assessment of pain, 204
Vital signs, in heart failure, 20
Vitamin A

dietary reference intake, 364
excessive intake, and fracture risk, 364

Vitamin B2, for migraine prophylaxis, 223t, 228
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Vitamin B12
deficiency, 431–432

and “reversible” dementia, 236
signs and symptoms, 435–436

definition of, 435–436
intramuscular, for vitamin B12 deficiency, 436
physiology, 435
uptake, factors affecting, 435

Vitamin D
clearance, antiepileptic therapy and, 185
recommended adequate daily intake, 363
supplementation, 363

with corticosteroid therapy, 376
with glucocorticoid therapy, 364
for osteoporosis, 364

Vitamin E, for Alzheimer’s disease, 241–242
Vitamin K, for warfarin reversal, 426, 426t
Vitamin K antagonist(s). See also Warfarin

for thromboembolism, 427
VKAs. See Vitamin K antagonist(s)
Vocal cords

edema, hypothyroidism and, 301
paralysis, vagal nerve stimulation and, 187

Voltaren. See Diclofenac
Volume overload

in heart failure, 23
occult, 11

Volume status
control, in heart failure with preserved systolic

function, 27
monitoring, in heart failure, 21

Vomiting. See also Nausea and vomiting
definition, 161

Vomiting center, 161
VPCs. See Ventricular premature complexes
VT. See Ventricular tachycardia
VTE. See Venous thromboembolism
Vytorin®. See Simvastatin/ezetimibe

W
Walkers, for Parkinson disease, 199–200
Walking

for arthritic patient, 385
in peripheral arterial disease, 105

Warfarin
for atrial fibrillation, 68–69, 69t

contraindications to, 426
interactions, with amiodarone, 31
mechanism of action, 426
for prevention of myocardial infarction, 49, 50
reversal, 426
for secondary stroke prevention, 192, 192t
therapy with

initiation, 427, 427t
interruption for invasive procedures, prophy-

laxis during, 428, 428t
long-term management, 428, 428t
ongoing evaluation, 426

for thromboembolism, 425
Weakness

in hyperthyroidism, 304
in hypothyroidism, 301

Wegener’s granulomatosis, 414
Weight

management
for dyslipidemic patient, 96
for obese patient, 275–276

monitoring
in chronic heart failure, 23
in heart failure, 21, 28

patient education about, 32–33
Weight gain, in hypothyroidism, 301
Weight loss

for arthritic patient, 384
in diabetes prevention, 279
for diabetic patient, 282, 283
and fracture risk, 364
for gout, 393
in hyperthyroidism, 303, 304
for metabolic syndrome, 295, 295t
in obesity, 275

benefits, 273
for obstructive sleep apnea/hypopnea

syndrome, 267
for urinary incontinence, 350

Weight reduction, for hypertensive patient, 6, 6t
Welchol®. See Colesevelam
WEMOVE, 200
Wheezing, in asthma, 116
White blood cell(s) (WBC), in vitamin B12

deficiency, 436
White blood cell (WBC) count, in anemia, 432

Widow’s hump, 360
Wilson’s disease, 196
Wolff-Parkinson-White syndrome, 71, 72
Women’s Health Initiative, 319–320

X
Xanax. See Alprazolam
Xanthoma, 39
Xenical. See Orlistat
Xylometazoline hydrochloride, duration of action,

404t

Y
Yasmin, 315
YAZ, 314t, 315
Yersinia enterocolitica, recurrent infection, in �-tha-

lassemia major, 439
Yohimbine

adverse effects and side effects, 334
for erectile dysfunction, 334

Z
Zafirlukast, 405

mechanism of action, 121
Zanamivir, for influenza, 446
Zetia®. See Ezetimibe
Zileuton, 405

mechanism of action, 121
Zocor®. See Simvastatin
Zoledronate, for osteoporosis, 364

dosage and administration, 365t, 367
Zollinger-Ellison syndrome, 143, 144
Zolmitriptan

for cluster headaches, 229
for migraine, 221t, 226

Zoloft. See Sertraline
Zonisamide, 183

adverse effects and side effects, comorbid condi-
tions and, 185, 185t

guidelines for therapy with, 184t
mechanism of action, 185t
and metabolic acidosis, 186
for neuropathic pain, 213
teratogenicity, 187t

Z-scores, for bone mass, 360
Zung Depression Scale, 248
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