
Congestive heart failure (CHF) is the most common
DRG for Medicare patients in U.S. hospitals and is there-
fore the target of considerable regulatory attention due to
its financial impact on the
federal budget. The re-
admission rate for CHF
patients is also quite high,
and Medicare has threat-
ened not to pay hospitals for
subsequent admissions with-
in 30 days. Hospitals also
are becoming highly compli-
ant with core measures in
CHF patients, as these are
tracked in publicly reported
web sites such as www.hos-
pitalcompare.gov. Although
these measures deal with
hospitalized patients, the outpatient arena is where these
patients spend the majority of their lives. With the increas-
ing trend toward hospitalist management of Medicare
patients, hospitalists argue, with some justification, that the
re-admission rates are not their responsibility, but rather
that of the primary care physicians to whom the patients
are referred upon discharge. To reduce the re-admission

rates, hospitals increasingly are utilizing home care servic-
es and CHF specialty clinics. This article highlights some
of the recent advances in CHF evaluation and treatment to

allow the primary care
physician to become more
familiar with current man-
agement to improve long-
term outcomes and to better
address the financial burden
on the healthcare system.

—The Editor

Introduction
Heart failure is a clinical

syndrome that is character-
ized by the inability of the
heart to meet the body’s
metabolic demands. (See

Table 1.) This is attributed to either a functional or structur-
al impairment of ventricular filling or ejection of blood.
Patients manifest clinically with symptoms of low exercise
tolerance and fluid retention. 

Heart failure is a major public health problem in the
western world. In the United States alone there are about
5 million Americans living with the diagnosis of heart

Volume 16, Number 2 February 2010

Medical Advances in the Evaluation 
and Treatment of Heart Failure

Author: Sula Mazimba, MD, MPH, Cardiology Fellow, Kettering

Medical Center, Kettering, OH; Trupti Patel, MD, Jefferson School

of Population Health, Philadelphia, PA; and Nakash Grant, MD,

Wright State University Boonshoft School of Medicine, Dayton, OH.

Peer Reviewer: Thomas Hill, MD, Medical Director, Congestive Heart

Failure Clinic, Mercy Health Partners, Muskegon, MI.

EDITOR IN CHIEF
Gregory R. Wise, MD, FACP
Associate Professor of Medicine
Wright State University
Dayton, OH;
Vice President, Medical Affairs
Kettering Medical Center
Kettering, OH

EDITORIAL BOARD
Nancy J.V. Bohannon, MD, FACP
Private Practice
San Francisco, CA

Clara L. Carls, DO
Program Director
Hinsdale Family Medicine

Residency
Hinsdale, IL

Norton J. Greenberger, MD
Clinical Professor of Medicine
Harvard Medical School
Senior Physician
Brigham & Women’s Hospital
Boston, MA

Udaya Kabadi, MD
Professor
University of Iowa School 

of Medicine
Iowa City, IA

Norman Kaplan, MD
Professor of Internal Medicine
Department of Internal Medicine
University of Texas Southwestern 
Medical School
Dallas, TX

Dan L. Longo, MD, FACP
Scientific Director
National Institute on Aging
Baltimore, MD

David B. Nash, MD, MBA
Chairman, Department of Health

Policy and Clinical Outcomes
Jefferson Medical College 
Thomas Jefferson University
Philadelphia, PA

Karen J. Nichols, DO, FACOI
Dean
Professor, Internal Medicine
Midwestern University
Chicago College of Osteopathic
Medicine
Downers Grove, IL

Allen R. Nissenson, MD
Professor of Medicine
Director of Dialysis Program
University of California 
Los Angeles School of Medicine

Kenneth L. Noller, MD
Professor and Chairman
Department of OB/GYN
Tufts University
School of Medicine
Boston, MA

Robert W. Piepho, PhD, FCP
Dean and Professor
University of Missouri-Kansas 
City School of Pharmacy
Kansas City, MO

Robert E. Rakel, MD
Department of Family 
and Community Medicine
Baylor College of Medicine
Houston, TX

Leon Speroff, MD
Professor of Obstetrics and 
Gynecology, Oregon Health 
Sciences University School of 
Medicine, Portland, OR

Robert B. Taylor, MD
Professor and Chairman
Department of Family Medicine
Oregon Health Sciences University
School of Medicine
Portland, OR 

John K. Testerman, MD, PhD
Associate Professor and Chair
Department of Family Medicine
Loma Linda University
Loma Linda, CA

© 2010 AHC Media LLC
All rights reserved 

To reveal any potential bias in this publication, we disclose that Dr. Greg Wise, Editor-in-Chief, serves on the speaker’s bureau and is a retained consultant for The Medicines Company. Dr. Mazimba (author), Dr. Patel (author), Dr. Grant (author),
Dr. Hill (peer reviewer), Mr. Underwood (Associate Publisher), and Ms. Mark (Specialty Editor) report no consultant, stockholder, speaker’s bureau, research, or other financial relationships with companies having ties to this field of study.

Statement of Financial Disclosure



failure. It is also estimated that another 550,000 Americans
are diagnosed with this condition every year.1 Heart failure
accounts for about 15 million physician office visits every
year.2 It is the most common Medicare discharge diagno-
sis, accounting for more healthcare costs than any other
condition in the United States.3 The overall prevalence of
heart failure is increasing. This increase has been attrib-
uted to the aging population and the advances in the treat-
ment of coronary artery disease (CAD) that have led to
more people surviving initial events of acute myocardial
infarction.4 Heart failure is primarily a disease of the elder-
ly, as evidenced by the fact that 80% of the patients admit-
ted with heart failure are older than 65 years.5 The inci-
dence of heart failure among people aged 65 years and
older is about 10 per 1000 population.1 The estimated
direct and indirect cost of heart failure in the United States
is $37.2 billion.6

Risk Factors
Hypertension is the most common risk factor for heart

failure, followed by antecedent acute myocardial infarc-
tion (AMI).7 Other risk factors include diabetes, metabolic
syndrome, and dilated cardiomyopathy. (See Table 2.) Dia-
betes mellitus substantially increases the risk of develop-
ing heart failure, especially among post-menopausal
women with established CAD. Heart failure incidence
increases with each additional risk factor. For example, the
annual incidence of heart failure among nondiabetic
women with no risk factors is 0.4%. This risk increases to

3.4% in nondiabetic women with at least three risk factors.
Among diabetic patients with no additional risk factors,
the annual incidence of heart failure is 3.0%, compared
with 8.2% among diabetics with at least three additional
risk factors.8 Dilated cardiomyopathy accounts for a sub-
stantial number of cases of heart failure. About one-third
of patients with cardiomyopathy may have a genetic pre-
disposition.9 Thus, it may be important to screen family
members of patients presenting with heart failure second-
ary to idiopathic cardiomyopathy.

Classification of Heart Failure
There are numerous ways of classifying heart failure

and, in many cases, these categories overlap and may be
ambiguous. The basis of these definitions has varied wide-
ly and has ranged from anatomical (right- vs left-sided
heart failure), physiological (diastolic vs systolic), and, in
some instances, clinical considerations (acute vs chronic).
The World Health Organization (WHO) classification is
based on myocardial disorder, i.e. ,dilated, hypertrophic,
restrictive, arrhythmogenic right ventricular, and unspeci-
fied cardiomyopathies.10 In recognition of the fact that
heart failure is a progressive disorder, the American Heart
Association (AHA) and American College of Cardiology
(ACC) societies in collaboration have developed the stag-
ing criteria that take into account the development and pro-
gression of the disease. (See Table 3.) This classification
has four stages: A through D. Stage A identifies patients
who are at high risk for developing heart failure but have
no structural abnormalities of the heart and have no symp-
toms of heart failure. These are patients who might have
risk factors for developing heart failure, such as hyperten-
sion, diabetes, CAD, history of alcohol abuse, or exposure
to cardiotoxins.
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• Common risk factors for congestive heart failure include 
hypertension, coronary artery disease, diabetes, obesity, 
and cardiomyopathy.

• Although brain natriuretic peptide correlates highly with 
symptoms of heart failure, other conditions such as 
advanced age, obesity, cirrhosis, and hypoxia also can 
increase values.

• ACE inhibitors are recommended in most patients with CHF 
but must be used in high doses to show reductions in 
mortality.

• Aldosterone antagonists have been shown to reduce 
mortality and hospital admissions in patients with 
NYHA class III or IV heart failure.

• Patients with advanced heart disease can have up to 50% 
one-year mortality, with half of these deaths being 
sudden.

Executive Summary



Stage B includes patients with structural heart
abnormalities but with no overt symptoms of heart fail-
ure. Patients in this stage might have left ventricular
hypertrophy (LVH), reduced left ventricular ejection
fraction (LVEF), valvular disease, and prior AMI but
are asymptomatic.

Stage C includes patients who have all the factors in
stages A and B, and in addition have symptoms of clinical
heart failure. They not only have structural abnormality of
the heart but also manifest clinical symptoms and signs of
heart failure. 

Stage D includes patients who are refractory to standard
treatment of heart failure. These patients may require intra-
venous pressor agents, mechanical assist devices, heart
transplant, or hospice care. In the ACC/AHA classifica-
tion, patients can progress from one lower stage to a high-
er stage but never the reverse (i.e., from stage A to B, but
never from B to A).

Another more clinically based classification is the New
York Heart Association (NYHA) classification. This

classification uses the presence or absence of symptoms of
heart failure on functional capacity to classify severity of
heart failure.11 There are four classes in this classification:
I through IV. (See Table 4.)

Causes of Heart Failure
The most common cause of heart failure in the western

world is attributed CAD and often may be secondary to an
AMI. CAD accounts for about 70% of the cases heart fail-
ure.12 Heart failure also can result from nonischemic caus-
es such as hypertension, cardiomyopathies, valvular disor-
ders, pericardial disorders, or arrhythmias. See Table 5 for
comprehensive list of etiologies of heart failure.

Pathophysiology
Numerous conceptual models have been proposed to

explain heart failure; however, no single model effectively
explains the complexity of the heart failure syndrome.
Earlier models conceived heart failure as a result of exces-
sive salt and water retention leading to poor renal flow
(cardiorenal model).13 Following this was the hemody-
namic model that conceived heart failure as a problem of
“pump failure” with resultant excessive peripheral vaso-
constriction.14 These models could not, however, explain
the progression of heart failure once the original insult
causing heart failure was removed. More recently, the
neuro-hormonal model has attempted to explain the pro-
gression of heart failure as resulting from the effects of
biochemical molecules released in response to injury of
the heart.15 These biomedical chemicals include cate-
cholamines, through the activation of the adrenergic nerv-
ous system (ANS); and angiotensin II and aldosterone
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Heart failure is a clinical syndrome in which patients have the
following features:
• Symptoms of heart failure
(Breathlessness at rest or on exercise, fatigue, tiredness, ankle
swelling) and
• Signs typical of heart failure
(Tachycardia, tachypnea, pulmonary rales, pleural effusion,
raised jugular venous pressure, peripheral edema,
hepatomegaly) and
• Objective evidence of a structural or functional 
abnormality of the heart at rest
(Cardiomegaly, third heart sound, cardiac murmurs, abnormality
on the echocardiogram, raised natriuretic peptide 
concentration)

Reprinted with permission from: Dickstein K, Cohen-Solal A, Fil-
ippatos G, et al. ESC guidelines for the diagnosis and treatment
of acute and chronic heart failure 2008. Eur Heart J
2008;29:2388-2442: table 3.

Table 1. Definition of Heart Failure

• Hypertension
• Coronary artery disease
• Diabetes
• Obesity
• Metabolic syndrome
• Use of cardiotoxins (illicit drug use)
• Family or personal history of cardiomyopathy
• Structural heart abnormalities (such as valvular abnormalities)

Table 2. Risk Factors for Heart Failure

STAGE A

At high risk for developing heart failure. No evidence of 
structural or functional abnormality. No signs or symptoms 
of heart failure.

STAGE B

Presence of structural heart disease without evidence of signs 
or symptoms.

STAGE C

Symptoms and signs of heart failure associated with 
underlying structural heart disease.

STAGE D

Advanced structural heart disease with marked symptoms of 
heart failure at rest despite maximal medical therapy.

Source: Hunt SA, et al. Circulation 2005;112:1825-1852.

Table 3. Classification of Heart Failure
(ACC/AHA)



through the activation of the rennin-angiotensin-aldos-
terone system (RAAS). The mechanism by which injury
to the heart progresses into overt heart failure is shown in
Figure 1. With a reduction in cardiac output resulting
from an insult on the heart (index event), compensatory
mechanisms are set in motion with the goal of maintain-
ing adequate cardiac output for tissue perfusion. An acti-
vated ANS and RAAS results in the over-expression of
catecholamines, angiotensin II and aldosterone, respec-
tively. These biochemical molecules have profound mal-
adaptive effects on myocardial cells. Some of these
effects include loss of myocytes, hypertrophy, and fibrosis
of the myocardium (also known as remodeling). The
overall result is that the heart configuration changes from
the elliptical shape to a more spherical shape, which is
hemodynamically less efficient for pumping out blood.
Patients may be asymptomatic after the index event, but
with persistence of these maladaptive changes, patients
develop overt symptoms of heart failure. Therapeutic
agents such as beta-blockers and angiotensin-converting
enzyme inhibitors (ACEI) have been shown to improve
survival in heart failure by ameliorating the effects of
these maladaptive changes through directly acting on the
ANS and RAAS, respectively.16-18 This conceptual frame-
work helps to explain the changes in the development of
systolic dysfunction (heart failure with depressed ejection
faction, less than 45%). However, the maladaptive
changes in diastolic dysfunction (heart failure with pre-
served ejection fraction) are not very well understood.

Evaluation
Evaluation of patients with heart failure begins with a

thorough history and physical examination. A detailed his-
tory should elicit patients’ risk factors or behaviors associ-
ated with the development and progression of heart failure.
Direct inquiry about past or current history of CAD, con-
genital heart disease, valvular diseases, and illicit drug use
may help point to etiology of heart failure. It is also impor-
tant to establish the baseline functional status using the
NYHA classification for future monitoring of therapy and
progression of the disease.

Many tests routinely are used to evaluate patients with
heart failure. Diagnostic tests usually are better at detect-
ing heart failure with systolic dysfunction than heart fail-
ure with preserved systolic function. Laboratory evalua-
tion should include tests that reveal disorders that will
lead to or cause progression of heart failure. Initial studies
should include urinalysis, complete blood count, basic
metabolic profile, thyroid function tests, and lipid profile.
(See Table 6.)

Other tests should include electrocardiogram (ECG).
ECG may reveal rhythm abnormalities or signs of
ischemia pointing to possible etiologies that may have pre-
cipitated or exacerbated heart failure.

Chest X-ray (CXR) allows the physician to assess pul-
monary congestion as well as rule out other respiratory
causes of shortness of breath. In chronic heart failure,
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CLASS I

No limitation of physical activity. Ordinary physical activity 
does not cause undue fatigue or dyspnea.

CLASS II

Slight limitation of physical activity. Comfortable at rest, but 
ordinary physical activity results in fatigue or dyspnea.

CLASS III 

Marked limitation of physical activity. Comfortable at rest, but 
less than ordinary activity results in fatigue, palpitation, or 
dyspnea.

CLASS IV 

Unable to carry on any physical activity without discomfort. 
Symptoms at rest.

Source: New York Heart Association

Table 4. NYHA Functional Classification 
of Heart Failure

CAUSE COMMENTS

Ischemic heart disease CAD is the most common cause
Valvular heart disease Primary disorder is valve 

abnormality
Hypertension Commonly due to LVH leading to 

diastolic dysfunction and not 
uncommonly systolic dysfunction.

Diabetes Associated with diastolic/systolic 
failure

Infections Viral myocarditis, bacterial 
endocarditis, and rheumatic fever 
are examples

Arrhythmias Tachycardias such as atrial 
fibrillation

Metabolic causes Hypo/hyperthyroidism, Paget’s 
disease, hypophosphatemia

Systemic diseases Connective tissue diseases such as 
systemic lupus erythematosus 
(SLE)

Toxin Cocaine, alcohol, certain 
chemotherapeutic agents

Genetic disorder Cardiomyopathies
Pregnancy Post-partum cardiomyopathy 

CAD = Coronary artery disease; LVH = Left ventricular 
hypertrophy

Table 5. Causes of Heart Failure



about 20% of patients may not have pulmonary markings
of congestion on CXR because of compensatory increase
in lymphatic drainage of fluid.19 One of the most useful
diagnostic tests in evaluating heart failure is the 2-dimen-
sion echocardiogram (2-D Echo). This test noninvasively
assesses the functional capacity of the cardiac chambers
and the presence of structural abnormalities. It also estab-
lishes a baseline reference point for future comparison of
heart failure progression. In special situations in which
myocardial disease is suspected, such as myocarditis, car-
diac magnetic resonance imaging (MRI) can be done to
evaluate for this disorder.20 Myocardial biopsy is now
rarely performed in the diagnosis of heart failure except in
patients with acute fulminant heart failure of unknown
etiology with ventricular arrhythmias and/or atrioventric-
ular conduction delays, or in patients suspected of having

infiltrative processes such as amyloid,
hemochromatosis, and restrictive cardiomy-
opathy of unknown etiology.

Patients presenting for the initial workup for
heart failure should have CAD ruled out, as
underlying ischemia is the most common etiol-
ogy of heart failure.

More recently, serum assays of brain natri-
uretic peptide (BNP) and N-terminal pro BNP
(NT-proBNP) have been shown to correlate
highly with symptoms of heart failure, particu-
larly in systolic dysfunction.21 BNP is released
from distended heart muscle as occurs in vol-
ume overload states. A number of patient fac-
tors besides heart failure can cause elevated
levels. Factors that can elevate these serum
assays include advanced age, obesity, liver cir-
rhosis, tachycardia, hypoxemia, and renal func-
tion.22 A normal level of BNP in a patient not
receiving treatment has a high negative predic-
tive value for heart failure. 

Therapy
Treatment of HF is linked to the ACC/AHA

staging guidelines. One of the important
aspects of treatment of heart failure is the
recognition and treatment of risk factors that
predispose to the development and progression
of heart failure. These risk factors should be
addressed adequately so as to mitigate the
effects of the remodeling process in all the
heart failure stages. Another therapeutic goal
for stages C and D is to treat the disabling
symptoms of heart failure.

Stage A. The goal of management of stage
A heart failure is the prevention of progression
of disease by treating risk factors. Adequately

treated hypertension can lead to profound reduction in the
incidence of heart failure. In some studies, optimally treat-
ing hypertension translated to as much as a 30-50% reduc-
tion in the development of left ventricular hypertrophy and
heart failure.23 Patients with diabetes and hypertension can
be treated with ACEIs or ARBs to prevent the remodeling
of the ventricles and subsequent progression of heart fail-
ure. Patients who smoke, drink alcohol, or use drugs are
counseled to abstain from these risky behaviors.

Stages B, C, D. The goal of therapy for patients with
these stages of heart failure is to decrease the progression
of disease, improve symptoms, and minimize the risk
factors for the development and progression of the dis-
ease. Some of the interventions include salt restrictions
and avoidance of nonsteroidal anti-inflammatory drugs
(which can cause fluid retention and worsening of heart
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Figure 1. Pathogenesis of Heart Failure

Heart failure begins after an index event produces an initial decline in
pumping capacity of the heart. After this initial decline in pumping capacity
of the heart, a variety of compensatory mechanisms are activated, includ-
ing the adrenergic nervous system, the renin-angiotensin system, and the
cytokine system. In the short term, these systems are able to restore car-
diovascular function to a normal homeostatic range, with the result that the
patient remains asymptomatic. However, with time, the sustained activation
of these systems can lead to secondary end-organ damage within the ven-
tricle, with worsening LV remodeling and subsequent cardiac decompensa-
tion. As a result of resultant worsening LV remodeling and cardiac decom-
pensation, patients undergo the transition from asymptomatic to sympto-
matic heart failure.
Reprinted with permission from: Mann D, Bristow MR. Mechanisms and
models in heart failure: The biomechanical model and beyond. Circulation
2005;111:2837-2849.



failure).24 There are also specific therapeutic agents that
have been shown to have improved outcomes in patients
with heart failure that should be considered. (See Table
7.)

ACE Inhibitors
The use of ACEIs is recommended for most patients

with stages B, C, and D. These classes of medications

have been shown to confer survival benefit to patients with
heart failure, after myocardial infarction, and improve
heart failure symptoms and reverse remodeling by blunt-
ing the activity of the RAAS.25-27 The effects of these med-
ications are not dose-dependent. The effects of low-dose
ACEI on mortality have not been any different than in
those patients taking high-dose regimens in most random-
ized clinical trials.28-31

Beta Blockers
Beta blockers have been shown to confer clinical bene-

fits in patients with all stages of heart failure. The benefits
that beta blockers confer include improved survival,
reduced morbidity, improved quality of life, reduced rate
of hospitalizations, improvement in remodeling, and
reduced incidence of sudden cardiac death.32-33 Studies
have shown improvements in the systolic function and
reversal of remodeling with just 3-4 months of treatment
with beta blockers.34-36 In some cases the improvement in
mortality and hospitalization was seen as early as 14-21
days after initiation of therapy.37 Beta blockers should be
initiated when the patient is hemodynamically stable at
low doses and titrated slowly over 2-4 weeks. Caution
should be exercised in patients with hyperactive airways
disease, bradyarrhythmias, and in patients known to be
diabetics with frequent hypoglycemic episodes.

Angiotensin Receptor Blockers (ARBS)
ARBs block the effects of angiotensin II at the

angiotensin II type 1 receptor site. ARBs are comparable
but not superior to ACE inhibitors.38-40 There are reports of
increased adverse events in patients who were receiving a
combination of ACEIs and ARBs.41-42 ARBs, therefore,
generally are recommended in patients who are not able to
tolerate ACEIs due to cough and angioedema.

Aldosterone Antagonists
Aldosterone antagonists are another class of medica-

tions that have a beneficial role in heart failure.43 Patients
with heart failure have elevated levels of aldosterone, lead-
ing to salt and water retention. Aldosterone also works
locally on the heart muscle to induce myocardial fibrosis
and hypertrophy. Aldosterone antagonists counteract these
effects, thereby inhibiting the remodeling process.44 The
addition of these agents in patients with advanced heart
failure (NYHA class III or IV) has been shown in random-
ized controlled studies to improve mortality outcomes and
hospital admissions for heart failure.45 Patients on aldos-
terone antagonists must be monitored closely for serum
potassium and creatinine. These medications generally are
not started if the serum potassium is more than 5.0
mmol/L or the serum creatinine is more than 2.5 mg/dL.
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LAB TEST CLINICAL COMMENTS

Urinalysis Rule out infections, proteinuria, 
glycosuria for diabetes

Complete blood count Anemia can precipitate heart failure
or can be a complication of
infective endocarditis and other 
systemic diseases. High white 
blood cell count may indicate 
presence of infection.

Basic metabolic panel Evaluate for hyperglycemia.
Creatinine may indicate presence 
of renal failure and may necessitate 
heart failure therapy adjustment, 
i.e., ACEI/ARB or aldosterone 
blocker.
Hypokalemia may be complication 
of diuretics.

Thyroid functioning test Hyperthyroidism and hypothy-
roidism can both precipitate heart 
failure.
Amiodarone therapy can 
complicate thyroid function.

Iron (Fe) studies Anemia from iron deficiency can 
precipitate heart failure.
Hemochromatosis is one cause 
of heart failure. 

B-type natriuretic peptide Elevated levels may make 
diagnosis of heart failure likely.

Elevated cardiac May suggest the AMI in the setting 
markers of CAD as etiology of heart failure

Lipid profile To guide the treatment of 
cardiovascular risk reduction

Liver function test Elevated levels maybe seen 
hepatic congestion as a 
complication of heart failure.

Table 6. Common Laboratory Tests 
in the Initial Evaluation of Heart Failure



Diuretics
Diuretics are usually the initial medications adminis-

tered to patients who are symptomatic (stage C and D
heart failure). These medications are effective at reducing
the pulmonary congestion and cardiac afterload.46 The
combination of loop diuretics with thiazide can be effec-
tive in optimizing diuresis in advanced cases.47-48

Digoxin
Digoxin can be used in symptomatic patients with low

ejection fraction. It has been shown in randomized con-
trolled studies to reduce hospitalization and improve heart
failure symptoms. It does not affect survival outcomes,
however.49 It is important to monitor electrolytes and renal
function in patients receiving digoxin to prevent toxicity.
Low serum digoxin concentration (lower than 0.09 ng per
milliliter) can be as effective as higher therapeutic ranges
previously recommended in maintaining therapeutic
response.50 Digoxin also is beneficial in patients with con-
comitant atrial fibrillation and systolic dysfunction, as it
can be used to control ventricular rate in patients with atri-
al fibrillation. Contraindications for digoxin include sec-
ond- or third-degree heart block (without a permanent

pacemaker), pre-excitation syndromes, and previous evi-
dence of digoxin intolerance. 

Hydralazine and Isosorbide Dinitrate
In patients with heart failure and systolic dysfunction

who are unable to tolerate ACEIs or ARBs, a combination
of hydralazine and isosorbide dinitrate could be consid-
ered. This combination therapy has been shown to reduce
mortality and hospitalization and to improve quality of
life.51-53 Evidence of benefit is strongest in African-Ameri-
cans. The medications must be titrated over a period of 2-4
weeks. This combination is contraindicated in patients
with symptomatic hypotension, lupus syndrome, and
severe renal failure.

Diastolic Heart Failure
Diastolic heart failure deserves special mention because

of the high prevalence of this disorder; yet, there is still a
paucity of outcome data from long-term randomized
placebo-controlled trials. Most of the available data on the
therapeutic interventions have been in heart failure with
systolic dysfunction. Diastolic heart failure is defined by
the presence of heart failure symptoms in a patient with
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DRUG DOSAGE RANGE DRUG CLASS COMMENTS

ACEI
Captopril 6.25 mg tid to 50 mg tid Needs close monitoring of electrolytes and renal 
Enalapril 2.5 mg bid to 10-20 mg bid function.
Lisinopril 2.5-5 mg bid to 20-40 mg bid Cough as side effect common.
Ramipril 1.25-2.5 mg qd to 10 mg qd

Beta Blockers
Carvedilol 3.125 mg bid to 25-50 mg bid Can cause worsening of HF, bradycardia, 
Bisoprolol 1.25 mg qd to 10 mg qd hypotension, and bronchial spasms.
Metoprolol succinate 12.5-25 mg qd to 200 mg qd

Digitalis Gycosides
Digoxin 0.125 mg qd to 0.25 mg qd Narrow therapeutic window, monitor levels in patients 

with renal disease, elderly and with hypokalemia. 
No benefit on survival but shown to have effect 
on morbidity.

Aldosterone Inhibitors
Spironolactone 25 mg qd to 50 mg qd Electrolytes and renal function should be monitored 
Eplerenone 25 mg qd to 50 mg qd carefully, especially in patients taking concomitant 

ACEI.

Angiotensin Receptor Blockers
Candesartan 8 mg qd to 32 mg qd As effective as ACEI. Use these agents if patient is  
Irbesartan 75 mg qd to 300 mg qd not able tolerate ACEI due to cough or angioedema.
Losartan 25 mg to 100 mg qd
Valsartan 80 mg to 320 mg qd

Table 7. Commonly Used Drugs in Heart Failure



normal left ventricular ejection fraction and no valvular
abnormalities on echocardiography.54 Approximately 50%
of patients with a diagnosis of heart failure have normal or
preserved left ventricular function.55 The prevalence of
diastolic heart failure is highest in patients older than 75
years, and most often in women.56 The preeminent prob-
lem in diastolic heart failure is the impaired ability of the
ventricles to relax, leading to increased end-diastolic ven-
tricular pressures in relation to a given ventricular blood
volume. Thus with just a slight increase in blood volume,
blood pressure, or even the presence of tachycardia in a
patient with impaired ventricular relaxation could lead to
substantial elevation of left atrial pressures and pulmonary
edema manifesting with exercise intolerance. Treatment in
the acute setting involves gentle diuresis as well as aggres-
sively treating hypertension and controlling heart rate.
However, long-term treatment strategies remain to be fully
studied. Current treatment recommendations have been
generally extrapolated from the interventions used in the
treatment of heart failure with systolic dysfunction. The
use of beta blockers, ACEIs, and calcium channel blockers
generally is recommended in diastolic heart failure.57-60 In
the CHARM-preserved study, an angiotensin receptor
blocker was associated with lower hospitalization and a
non-statistically significant trend toward lower mortality.61

Non Pharmacological Therapies
There are nonpharmacological approaches to treatment

of some patients with heart failure. All patients with heart
failure must be evaluated and treated for CAD. Angioplas-
ty and surgical revascularization can lead to improvement
of ischemic symptoms and ejection fraction, and can
reduce the incidence of sudden death.62 Some patients with
stage C and D heart failure may benefit from bypass sur-
gery. Some studies are looking at the role of surgical pro-
cedures designed for the treatment of heart failure. Some
of these procedures include mitral valve repair, mechanical
devices to reduce wall stress, and surgical excision of
infarcted tissue.63-65 Mechanical devices for stage D
patients may provide a bridging gap modality in patients
awaiting heart transplantation or even those patients who
are not candidates for transplant surgery.65 Cardiac resyn-
chronization therapy with biventricular pacers has been
shown to be effective in the treatment of patients with
heart failure and left bundle branch blocks on a 12-lead
electrocardiogram. These devices have been shown to
improve exercise tolerance and quality of life and to
reduce the rate of hospitalizations. Resynchronization ther-
apy also been to shown to reverse the remodeling effects
and improve the ejection fraction of the heart.66-69

Sudden Cardiac Death
Patients with heart failure are at an increased risk of

sudden cardiac death.70 Sudden death usually results from
ventricular tachyarrhythmias. Sudden death resulting from
cardiac causes accounts for about 50% of all cardiovascu-
lar deaths.71 Patients with advanced heart disease such as
those with systolic dysfunction and NYHA class III or IV
may have up to 50% one-year mortality, with half of these
deaths being sudden.72 Patients with severe systolic dys-
function presenting with syncope, for instance, may need
to be referred for electrophysiological testing for inducible
arrhythmias and possible insertion of mechanical devices.

Summary
Heart failure is a debilitating progressive disease that

has severe morbidity and mortality. The prevalence of
heart failure is increasing because of the aging population.
Physicians must work toward incorporating evidence-
based therapies that have been known to decrease morbidi-
ty and mortality in heart failure. A promising report from
the Framingham study showed that there was increased
survival with the diagnosis of heart failure.73 Despite this,
evidence shows that treatment of heart failure is less than
optimal.74 In keeping with the recent classification of heart
failure by the ACC/AHA, physicians must focus on identi-
fying and treating those patients with risk factors to pre-
vent heart failure from developing.
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Physician CME Questions

5. A patient presents with no symptoms of heart failure but has a
long-standing history of hypertension and is noted to have left
ventricular hypertrophy on echocardiography. Which
ACC/AHA classification stage of heart failure does he have?
A. stage A
B. stage B
C. stage C
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D. stage D

6. All of the following combinations of medication have been
shown to reduce mortality in patients with heart failure except:
A. ACEIs and beta blockers
B. hydralazine-isorsobide dinitrate
C. digoxin and a diuretic
D. ARBs and beta blockers

7. A 70-year-old man with a prior history of hypertension was
recently diagnosed with stage B heart failure. His echocardio-
gram showed an ejection fraction of 40%. He was started on
an ACEI in addition to a beta blocker for optimal management
of his heart failure. Two weeks after discharge from the hospi-
tal, he developed a dry irritating cough. He has no signs of
fluid overload. What should be the next step?
A. Start diuretic therapy.
B. Stop ACEI and start an ARB.
C. Add an aldosterone antagonist.
D. Start digoxin. 

8. A 65-year-old active white male with a history of heart failure
with ejection fraction of 30% presents with a history of pass-
ing out while at home. The episode was witnessed by his wife,
who reports that he suddenly collapsed while sitting in the
chair watching TV. He was admitted and worked up for the
passing out episode. His cardiac and neurology workup were
normal except for a left bundle branch block that he has on
ECG, which has been present for 2 years. His medication
includes an ACEI, a beta blocker, and aspirin. What would be
the best option of management for this patient?
A. Reassure him and discharge home.
B. Refer him for electrophysiologist for evaluation.
C. Restrict his physical activity.
D. Stop his beta-blocker therapy.

9. All of the following conditions may cause an elevated brain
natriuretic peptide level except:
A. cirrhosis of the liver
B. renal failure
C. stroke
D. obesity

CME Answer Key
5. B
6. C
7. B
8. B
9. C
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Prevention of diabetes:
The long-term outlook
Source: Diabetes Prevention Program
Research Group; et al. Lancet 2009;374:
1677-1686.

NUMEROUS RANDOMIZED CLINICAL

trials show that a variety of inter-
ventions can prevent the development 
of type 2 diabetes (DM2) in subjects
with prediabetes (i.e., impaired glucose
tolerance, defined as a 2-hour post-load
glucose of 140-199 mg/dL). Lifestyle
interventions (i.e., intensive diet and
exercise programs) are generally at least
as effective as pharmacotherapy (e.g.,
metformin, rosiglitazone, orlistat). Some
experts quibble with the term “prevent,”
preferring instead to indicate that our
prediabetes interventions simply “delay”
diabetes. Since persons at high risk for
DM2 are likely to remain in a high-risk
group indefinitely, the long-term picture
of interventions to prevent DM2 is
important.

The Diabetes Prevention Program
(DPP) was one of the largest diabetes
prevention trials ever performed. At 2.8
years, incidence of DM2 was reduced
58% with lifestyle, and 31% with met-
formin (compared to placebo). A recent
report by the Diabetes Prevention Pro-
gram Research Group provides a win-
dow of insight into data 10 years from
the date of randomization.

Compared to placebo, subjects in the
lifestyle intervention group had a 34%
reduction in new onset DM2; the met-
formin group had an 18% risk reduction. 

Follow-up of subjects enrolled in the
DPP indicates a long-term risk reduction
in development of DM2 attained with
lifestyle or metformin intervention.

Whether you call it prevention or delay,
less DM2 at 10 years is a good thing.  ■

Does it matter how 
we lower LDL?
Source: Taylor AJ, et al. N Engl J Med
2009;361:2113-2122.

BASED UPON A PRESUMED DIRECT

relationship between LDL lowering
and reduction in CV events for persons
with vasculopathy, many clinicians
enthusiastically embraced the combina-
tion of ezetimibe (EZT) and statins,
especially when therapeutic LDL goals
were difficult to attain with a statin
alone. After the ENHANCE trial, which
questioned the ability of EZT to effec-
tively regress carotid atherosclerosis,
clinicians began to rethink the issue,
fueled additionally by disappointing data
from trials of torceptrapib, an HDL-rais-
ing drug, which not only did not reduce
CV events, but actually worsened CV
risk, and was subsequently withdrawn
from consideration for FDA approval.

A single clinical trial, the Coronary
Drug Project, showed CV risk reduction
with niacin in long-term follow-up.
Because of adverse effects that limit
more universal use of niacin, agents that
were much better tolerated (like EZT)
appeared to be a more suitable choice. 

A clinical trial was performed to eval-
uate the comparative efficacy of extend-
ed-release niacin with EZT in persons
with known coronary disease or with a
CHD risk equivalent (e.g., DM). All sub-
jects were already on a statin and had
achieved an LDL < 100 mg/dL. Over 14
months, the performance of niacin to
regress carotid intima-media thickness
was significantly greater than EZT.

Indeed, the incidence of CV events was
significantly lower in the niacin group
also (1% vs 5%). 

Although EZT is effective in reduc-
ing LDL, it has not been shown to have
a favorable effect upon CV or vascular
surrogate endpoints; hence, its use must
be reconsidered.  ■

Identifying risk factors
for falls in seniors
Source: Leveille SG, et al. JAMA
2009;302:2214-2221.

AMONG OLDER ADULTS, FALLS REMAIN

in the top 10 causes of death. Risk
factors for falls include vitamin D sta-
tus, cognitive status, physical decline,
and mobility impairment. The epidemio-
logic magnitude of fall risk has motivat-
ed the search for other risk factors.

Leveille et al studied a population of
community-dwelling senior citizens
(age > 70 years) in the greater Boston
area. Each participant (n = 749) was
assessed for chronic pain, and
reassessed on a monthly basis for 18
months. During this interval, subjects
reported 1029 falls. 

Subjects were stratified into pain
scores by tertile. Most pain syndromes
were associated with disorders like
osteoarthritis, and included individuals
with a single painful area as well as
multiple symptomatic sites.

There was a linear relationship
between pain scores and risk for falls.
Subjects with two or more painful sites
had approximately 20% greater risk of
falls when compared to persons without
pain. Although one might think that
analgesic use prompted by joint pain
might explain a greater incidence of
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falls, such a relationship was not
demonstrable in this population. 

Why pain is associated with falls is
uncertain. Perhaps pain leads to decon-
ditioning, leading to falls. There is also
some support for cognitive effects of
chronic pain that might lead to lesser
executive alacrity, impairing the ability
to respond to precipitants of a fall. It
remains to be shown whether superior
pain control will reduce fall risk.  ■

Resistance vs aerobic
exercise and COPD 
Source: O’Shea S, et al. Chest 2009;
136:1269-1283.

COPD IS CURRENTLY THE 4TH MOST

common cause of death in the Unit-
ed States. Other than smoking cessation,
only oxygen therapy in late-stage disease
has been shown to modify disease. Phar-
macotherapy provides improvements in
symptoms and pulmonary function tests,
but has not been shown to alter disease
progression. 

Physical deconditioning is common-
place in COPD. Indeed, the pathologic
phenomenon seen in COPD of dynamic
hyperinflation — an even greater
diminution in ability to utilize expirato-
ry reserve during exercise than at rest —
helps explain why COPD patients may
lack enthusiasm for aerobic exercise.
Resistance exercise trials indicate that
COPD patients can improve muscle

strength, but whether such improve-
ments translate into incremental symp-
tomatic benefit or ability to participate
in activities of daily living is uncertain.

O’Shea et al performed a meta-analy-
sis of 18 controlled trials employing
progressive resistance exercises for
COPD patients. The data show some
benefits of resistance exercise in ability
to rise from a sitting position and climb
stairs; however, trials comparing aerobic
training vs resistance training indicated
more favorable outcomes for activities
like cycling, and that resistance training
added to aerobic training provides little
if any additional benefit. Finally, studies
that indicated resistance training bene-
fits for activities of daily living were
ranked as having higher risk of bias.
More studies specifically addressing the
effects of resistance training upon func-
tionality in COPD are needed.  ■

Breast cancer out-
comes and soy intake
Source: Shu XO, et al. JAMA 2009;302:
2437-2443.

ESTROGEN (EST) IS FELT TO PLAY A

role in the development of breast
cancer (BCA), and modulation of estro-
gen is utilized as a treatment for BCA.
Soy foods contain a large amount of
phytoestrogens, which impact natural
estrogen receptors. Soy components
have also been shown to possess anti-
cancer effects. Ultimately, whether
dietary soy affects important outcomes
like survival or progression of disease
among subjects with cancers that may be
estrogen-sensitive — like BCA — is
critical to ascertain.

Shu et al studied data from the
Shanghai Breast Cancer Survival Study,
which provides a population of Chinese
breast cancer survivors (n = 5042). After
approximately 4 years of follow-up, the
relationship between soy intake and
BCA recurrence, overall mortality, and
BCA-related deaths was evaluated.
There was a consistent, linear, and
inverse relationship between soy intake
and mortality and BCA recurrence.
When compared with persons in the
lowest quartile of soy intake, those in
the highest quartile enjoyed a 29%
lower relative risk of mortality, and a
32% lower risk of BCA recurrence. 

The relationship between soy intake
and favorable outcomes was not altered
by estrogen receptor-positive or -nega-
tive status or tamoxifen use. 

Average soy intake in U.S. women
(1-6 mg/day) is markedly less than Chi-
nese women (47 mg/d). Whether incre-
mental dietary soy increases in the U.S.
population will translate into risk reduc-
tion has not been determined.  ■

Oxygen therapy for
cluster headache
Source: Cohen A, et al. JAMA 2009;
302:2451-2457.

THE PAIN OF CLUSTER HEADACHE

(CLUS) is among the most severe of
any clinical syndrome. The advent of
triptans, especially sumatriptan injection,
has restructured the landscape of CLUS
management, since SQ sumatriptan has
been shown to provide effective CLUS
pain relief within 15 minutes. Unfortu-
nately, since some patients with CLUS
have multiple attacks per day, for multi-
ple days, triptan dosing limitations pre-
clude use in these high-frequency suffer-
ers. Additionally, CLUS patients with
CAD are unable to use triptans. 

Another first-line CLUS treatment is
high-flow oxygen (OXY). Advanta-
geous aspects of oxygen treatment
include its low adverse-effect profile,
ability to be combined with other treat-
ments, and applicability for multiple
attacks within a short time frame.
Despite commonplace clinical use, trial
data on OXY are quite limited.

Cohen et al performed a randomized
placebo-controlled study to compare
100% oxygen vs room air (both deliv-
ered at 12 L/min for 15 minutes). Study
participants (n = 109) were followed for
5 years, with instructions to treat at least
4 attacks of CLUS with either OXY or
placebo (room air). All subjects received
indistinguishable separate tanks of
100% oxygen and room air, and were
instructed to alternate tanks for sequen-
tial CLUS episodes in their home.

The primary endpoint of the study
was percent of individuals pain-free at
15 minutes. OXY was much superior to
air (78% vs 20% pain free). Random-
ized, placebo-controlled confirmation of
our clinical practice supports continued
appropriateness of OXY for CLUS.  ■
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In this issue: Results from a Phase 3 study of
dabigatran, intensive lipid-lowering in CVD,
H1N1 vaccine dosing and efficacy, and FDA
Actions.

Anticoagulation without monitoring?
Dabigatran is an oral direct thrombin inhibitor,

currently being used in many countries as an
alternative to warfarin. It is anxiously awaited in
this country primarily because, unlike warfarin, it
does not require monitoring with blood tests. The
drug has been shown to be as effective as war-
farin in preventing stroke in patients with atrial
fibrillation (N Engl J Med 2009;361:1139-1151). 

A new study published in December 2009 com-
pares the two drugs in the treatment of acute
venous thromboembolism. In a randomized, dou-
ble-blind, non-inferiority trial, patients with acute
venous thrombus embolism were given a median
of 9 days of parenteral anticoagulation therapy,
then were randomized to oral dabigatran (150 mg
twice a day) or warfarin that was dose-adjusted
to achieve an INR of 2.0-3.0. The primary out-
come was 6-month incidence of recurrent symp-
tomatic, objectively confirmed venous
thromboembolism and related deaths. Of the
patients randomized to receive dabigatran, 2.4%
had recurrent venous thromboembolism com-
pared to 2.1% of patients on warfarin (difference
in risk of 0.4%; 95% confidence interval [CI], -0.8
to 1.5; P < 0.001 for the prespecified non-inferior-
ity margin). Major bleeding episodes occurred in
1.6% of patients on dabigatran vs 1.9% of patients
on warfarin. Episodes of any bleeding were
16.1% with dabigatran and 21.9% with warfarin.
There was no difference in the number of deaths,
acute coronary syndromes, or abnormal liver

function tests between the two groups. Treatment
was discontinued due to adverse events in 9% of
patients on dabigatran and 6.8% of patients on
warfarin. The authors concluded that for treat-
ment of acute venous thromboembolism, a fixed
dose of dabigatran is as effective as warfarin, has
similar safety, but does not require laboratory
monitoring (N Engl J Med 2009;361:2342-2352). 

Physicians and patients alike in the United
States have been awaiting an orally effective anti-
coagulant that doesn’t require monitoring.
Dabigatran, a direct thrombin inhibitor, may soon
fill that role. The drug, which has the additional
advantage of having minimal drug and food
interactions, has been available in Canada and
Europe for almost 2 years, and with the comple-
tion of Phase 3 trials such as this one, there is
speculation the FDA may take action this year.  ■

Intensive lipid-lowering and CVD
Follow-up analysis of two of the most famous

lipid-lowering trials confirms that intensive 
lipid-lowering therapy continues to be beneficial
in the longer term. The PROVE IT-TIMI 22
(Pravastatin or Atorvastatin Evaluation and
Infection Therapy-Thrombolysis in Myocardial
Infarction 22) trial, first published in 2004, 
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compared moderate lipid-lowering using stan-
dard-dose pravastatin to intensive lipid-lowering
with high-dose atorvastatin after acute coronary
syndrome. The study showed high-dose therapy
significantly reduced the occurrence of death,
myocardial infarction, stroke, and unstable
angina requiring hospitalization or revasculariza-
tion occurring more than 30 days after the event.
The new post-hoc analysis (J Am Coll Cardiol 2009;
54:2358-2362) followed patients for up to 2 years
and showed continued benefit in reduction of the
primary endpoint (16%; P = 0 .005) with high-
dose therapy, as well as reduction of additional
events (19%; P = 0.009). 

The IDEAL (Incremental Decrease in End
Points Through Aggressive Lipid Lowering)
study compared high-dose atorvastatin with
usual dose simvastatin for the prevention of
events subsequent to a first event. The study was
published in 2005, and while not showing reduc-
tion in mortality in the 4.8 years of study, it did
show a reduction in secondary cardiovascular
outcomes with high-dose therapy. The new
analysis looked at not only time to first event, but
also second, third, fourth, and fifth events. High-
dose therapy significantly reduced subsequent
events by 17%-28%. The authors concluded that
continued intensive statin therapy continues to
be more effective than standard statin therapy,
even beyond the first vascular event (J Am Coll
Cardiol 2009;54:2353-2357). 

Both these studies suggest that staying the
course with intensive lipid-lowering in patients
with cardiovascular disease is an effective long-
term strategy.  ■

H1N1 dosing and efficacy
Three recent studies in the Dec. 17, 2009, New

England Journal of Medicine confirm that a single
dose of the H1N1 vaccine is effective for most
healthy adults and children age 3 and older. In
the first study, 240 patients were equally divided
to receive 15 μg or 30 μg of hemagglutinin anti-
gen by IM injection. By day 21, antibody titers of
1:40 were observed in 95.0% of patients who
received the 15 μg dose and 89.1% of patients
who received the 30 μg dose (N Engl J Med
2009;361:2405-2413). 

In the second study from China, antibody titers
were done at 21 days after a first injection of 15
μg with or without adjuvant. A titer of 1:40 was
achieved in 75% of subjects between age 3 and 11,
97.1% of subjects between age 12 and 17, 97.1% of
subjects between age 18 and 60, and 79.1% of sub-

jects age 61 and older. Alum adjuvant did not sig-
nificantly raise antibody titers. Although a sec-
ond injection at 21 days raised antibody titers, the
authors conclude that a single dose of 15 μg
induced a typically protective antibody response
in the majority of subjects between age 12 and 60
(N Engl J Med 2009;361:2414-2423). 

In the third study, standard H1N1 vaccine was
compared to a MF59-adjuvanted vaccine (derived
from cell culture rather than egg-based). A num-
ber of injection schedules were tested. Local reac-
tions and muscle aches were more frequent in the
MF59-adjuvanted vaccine. Although higher anti-
body titers were seen with the adjuvanted vac-
cine, significant titers were also seen within
non-adjuvanted vaccine within 2-3 weeks (N Engl
J Med 2009;361:2424-2435). 

These findings confirm data previously pub-
lished in the Lancet in the fall of 2009 confirming
that one dose of the H1N1 vaccine seems ade-
quate, although two doses may be required for
younger children. Currently, the Centers for
Disease Control and Prevention (CDC) recom-
mends two doses for children younger than age
10, but the recommendations may change based
on these findings. 

In related news, the CDC is reporting that
safety data regarding the H1N1 vaccine is “reas-
suring,” with a rate of serious complications such
as Guillain-Barré syndrome no higher than
“background rates.” The rate of adverse event
reporting has been higher with the H1N1 vaccine
compared to seasonal flu; however, most of these
reports have been for mild reactions and may be
attributed to the higher rate of awareness associ-
ated with the new vaccine.  ■

FDA Actions 
The FDA has approved the first generic version

of donepezil (Aricept®) for the treatment of
Alzheimer’s disease. The new generic will be
marketed as 5 mg and 10 mg orally disintegrating
tablets, which dissolve on the tongue and do not
need to be swallowed. Generic donepezil is
expected to be available later this year.  ■

An FDA advisory panel is recommending
expansion of the indication for rosuvastatin
(Crestor®) to include patients with normal choles-
terol levels and no history of cardiovascular dis-
ease. The recommendation is based on the
JUPITER trial, which showed a reduction in car-
diovascular risk in patients with normal LDL
cholesterol but high C-reactive protein who were
treated with rosuvastatin.  ■
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