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Heart failure (HF) is a complex clinical syndrome result-
ing from any structural or functional cardiac disorder
impairing the ability of the ventricles to fill with or eject
blood. The approach to pharmacologic treatment has
become a combined preventive and symptomatic man-
agement strategy. Ideally, treatment should be initiated
in patients at risk, preventing disease progression. In
patients who have progressed to symptomatic left ven-
tricular dysfunction, certain therapies have been dem-
onstrated to improve survival, decrease hospitalizations,
and reduce symptoms. The mainstay therapies are an-
giotensin-converting enzyme (ACE) inhibitors and
�-blockers (bisoprolol, carvedilol, and metoprolol XL/
CR), with diuretics to control fluid balance. In patients
who cannot tolerate ACE inhibitors because of angio-
edema or severe cough, valsartan can be substituted.
Valsartan should not be added in patients already tak-
ing an ACE inhibitor and a �-blocker. Spironolactone is
recommended in patients who have New York Heart
Association (NYHA) class III to IV symptoms despite

maximal therapies with ACE inhibitors, �-blockers, di-
uretics, and digoxin. Low-dose digoxin, yielding a se-
rum concentration <1 ng/mL can be added to improve
symptoms and, possibly, mortality. The combination of
hydralazine and isosorbide dinitrate might be useful in
patients (especially in African Americans) who cannot
tolerate ACE inhibitors or valsartan because of hypoten-
sion or renal dysfunction. Calcium antagonists, with the
exception of amlodipine, oral or intravenous inotropes,
and vasodilators, should be avoided in HF with reduced
systolic function. Amiodarone should be used only if
patients have a family history of sudden death, or a
history of ventricular fibrillation or sustained ventricular
tachycardia, and should be used in conjunction with an
implantable defibrillator. Finally, anticoagulation is rec-
ommended only in patients who have concomitant atrial
fibrillation or a previous history of cerebral or systemic
emboli. �2003 by Excerpta Medica, Inc.
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Cardiovascular disease has been the number 1 cause
of morbidity and mortality in the Western world

for the past century. Whereas death rates from coro-
nary artery disease and stroke decreased by nearly
50% over the past decade,1 there has been a significant
increase in the prevalence, morbidity, and mortality
from chronic heart failure (HF).2

It is now estimated that almost 4.8 million people
in the United States have HF, with approximately
550,000 new cases being diagnosed each year.1 HF
prevalence is increasing with age, ranging from �1%
for patients �50 years of age to 5% for patients 50 to
70 years of age and 10% for all patients �70 years of
age.1 The mean age at diagnosis has increased from
approximately 60 years in the 1950s to 80 years in the

last decade.3 Over the past 5 decades, the incidence of
HF has decreased by 30% to 40% in women, but it has
remained fairly constant in men.3

Despite advances in treatment and relative im-
provement in survival over the past decades,3 HF
mortality remains high, with nearly 300,000 patients
dying of HF as the primary or contributory cause each
year.1,2 The 5-year survival rate for all patients with
HF is around 50%, but patients with more advanced
disease have a worse prognosis.4

The rate of hospitalizations because of HF has
increased 250% in the past 2 decades to approximately
970,000 admissions in 1999.5 The total number of
hospitalizations exceeded 3 million when HF was
listed as 1 of the first 3 discharge diagnoses. HF has
become the number 1 volume diagnosis in the Medi-
care health system and the number 1 cause of read-
mission within 60 days of discharge.5

The estimated HF costs range from $21 to $50
billion dollars per year, 66% being spent in the hos-
pital setting.1,6 It is estimated that the cost of care of
patients with HF is nearly 3 times greater than that for
patients with cancer and twice as much as that spent
for the care of patients with acute myocardial infarc-
tion.6 The total loss of work productivity because of
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HF, beyond the direct healthcare cost, is estimated to
be an additional $30 to $50 billion per year.7

EVOLVING CHARACTERISTICS OF
CHRONIC HEART FAILURE

The 2001 American College of Cardiology/Amer-
ican Heart Association (ACC/AHA) Guidelines define
HF as “a complex clinical syndrome that can result
from any structural or functional cardiac disorder that
impairs the ability of the ventricle to fill with or eject
blood and that it is characterized by specific symptoms
(dyspnea and fatigue) and signs (fluid retention).”8

These guidelines have taken an important step in
acknowledging that the optimal treatment for HF
starts with its prevention. Accordingly, it divides the
syndrome in 4 stages: A, B, C, and D. Stage A
includes the 50 to 60 million people in the United
States who have coronary artery disease, hyperten-
sion, or diabetes mellitus and who, if untreated, are at
risk of developing HF.1,8,9 Stage B includes approxi-
mately 8 to 10 million patients with structural heart
disease (either secondary to an acute myocardial in-
farction, hypertensive heart disease, or asymptomatic
valvular disease) but who have not yet shown symp-
toms or signs of HF.1,8,9 There are almost 5 million
patients who have symptomatic HF responding to
therapy; they are classified as stage C.1,8,9 Finally,
stage D includes the 50,000 to 200,000 patients with
symptomatic end-stage HF refractory to the maximal
available therapies.8–10

Today, patients with HF in the United States have
many different characteristics compared with what
was seen 30 to 40 years ago:

1. Coronary artery disease has replaced hyperten-
sion and valvular heart disease as the most common
etiology for HF, accounting for nearly 70% of cases.11

The prognosis in patients with severe left ventricular
(LV) dysfunction and coronary artery disease is worse
than the prognosis of HF in patients with normal
coronary arteries.12 Hypertension contributes signifi-
cantly to the syndrome of HF in African Americans,
perhaps up to 60% of the cases.13,14

2. There is an increased prevalence of patients
with HF and preserved systolic function. In 3 well-
controlled population-based studies in the United
States, it was reported that 30% to 40% of HF cases
occur in the setting of preserved systolic function.15–17

Although diastolic dysfunction is, per se, a rare cause
of HF, when combined with hypertension, diabetes,
coronary artery disease, and/or atrial fibrillation, it
results in a clinical syndrome of HF with preserved
systolic function. Studies thus far show that these
patients are more likely to be women, generally older,
and have atrial fibrillation more often than those with
LV systolic dysfunction.18

3. Systemic and pulmonary congestion is seen less
frequently, even in patients with severe LV dysfunc-
tion. In the Studies of Left Ventricular Dysfunction
(SOLVD), which enrolled patients with an ejection
fraction (EF) �0.45, �35% of the patients had signs
of systemic congestion.19 This is probably the com-
bined result of early recognition of LV dysfunction

and the efficacy of available treatments that reduce or
eliminate the signs and symptoms of congestion.20

4. Despite advances in the recognition and treat-
ment of HF, mortality remains very high.2,21 Most
patients with HF die suddenly, presumably of ventric-
ular arrhythmias, before they develop symptoms or
after their symptoms have been controlled.22 This is
very different from what was seen decades ago, when
most patients were dying with progressive circulatory
failure.

PATHOPHYSIOLOGY OF CHRONIC
HEART FAILURE WITH REDUCED
SYSTOLIC FUNCTION

Our understanding of the pathophysiology of
chronic HF with reduced systolic function is con-
stantly evolving. Once considered a simple pump dys-
function, HF has come to be understood as a highly
complex clinical syndrome in which coronary artery
disease and its progression, neurohormonal activation,
ventricular remodeling, as well as genetic factors play
important roles.23,24

HF is initiated after an event damages the heart
muscle or disrupts the ability of the myocardium to
contract and/or relax. This event may have an abrupt
onset (eg, an acute myocardial infarction) or an insid-
ious onset (eg, hemodynamic pressure or volume
overload from long-standing hypertension or valvular
disease), or it may be hereditary (eg, dilated cardio-
myopathy).24,25 These events lead to subtle or overt
ventricular dysfunction, resulting in decreased pump-
ing capacity. Patients will often remain asymptomatic
or minimally symptomatic after the initial pump dys-
function or will develop symptoms only after the
dysfunction has been present for many years.24

Coronary artery disease: In the United States, cor-
onary artery disease is the underlying etiology for HF
in �70% of the cases.11 Transient severe ischemic
events may cause prolonged systolic dysfunction that
persists, even after the ischemic event has resolved
(stunning).26 The sustained reduction in the coronary
blood flow leads to a tissue perfusion that is sufficient
to maintain viability but insufficient to maintain a
normal contractility (hibernation).27 However, hiber-
nation cannot be maintained indefinitely, and eventu-
ally, myocardial necrosis ensues if coronary blood
flow is not restored.28 Ischemia and hibernation may
lead to myocyte apoptosis,28 which may result in
progression of LV dysfunction.23,29 Finally, episodes
of reversible myocardial ischemia caused by coronary
artery disease, when superimposed on a left ventricle
with already depressed systolic function, may cause
an exacerbation of HF.11,30 Progression of coronary
artery disease may also contribute to the progression
of HF in a large number of patients.

The coronary endothelium plays an important role,
not only in the control of coronary blood flow and
patency, but also in the physiologic modulation of
myocardial structure and function.31 Endothelial dys-
function leads to impaired secretion of nitric oxide and
prostacyclin, as well as increased release of endothelin
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and angiotensin II, which will amplify the myocardial
dysfunction.31–33

Neurohormonal and cytokine activation: Decreased
cardiac performance characterized by a reduction in
cardiac output and/or an increase in wall stress results
in activation of neurohormonal systems, such as the
adrenergic system, the renin–angiotensin–aldosterone
system, and the hypothalamic–neurohypophyseal sys-
tem, possibly related to baroreceptor abnormali-
ties.23,24 Continued activation of the adrenergic sys-
tem increases ventricular afterload and, therefore, the
hemodynamic burden placed on the failing ventricle.
Its activation also leads to an increase in the heart rate
and myocardial energy utilization. It may also cause
hypertrophy, ischemia, tachyarrhythmias, and myo-
cyte damage, perhaps through myocardial calcium
overload or apoptosis.29 Chronic �-adrenergic stimu-
lation has been shown to induce expression of proin-
flammatory cytokines, such as tumor necrosis fac-
tor-�, interleukin-1, and interleukin-6.34 Increased cy-
tokine levels may result in the skeletal muscle
myopathy characteristic of HF35 and cause myocardial
inflammation, cell proliferation, and apoptosis,
thereby causing or intensifying HF.36,37 Tumor necro-
sis factor-� also activates transcription factors and
enzymes involved in signal transduction, and it in-
duces a number of genes, including the fetal gene
program.38

Activation of the renin–angiotensin–aldosterone sys-
tem results in an increased level of angiotensin II, which
increases ventricular afterload and causes myocyte hy-
pertrophy, apoptosis, interstitial fibrosis, cardiac and vas-
cular remodeling, and the secretion of aldosterone.39 The
latter also plays an important role in cardiac remodeling,
fibroblast proliferation, and collagen deposition. These
changes increase the passive stiffness of the ventricles
and arterial bed, interfere with ventricular filling, and
reduce arterial compliance.39 Myocardial interstitial fi-
brosis and hypertrophy, along with myocyte slippage and
interstitial growth, result in ventricular remodeling.23

There is increasing evidence of interplay between
the adrenergic system and the renin–angiotensin–al-
dosterone system. Thus, in patients with HF, angio-
tensin-converting enzyme (ACE) inhibition has been
found to reduce enhanced peripheral sympathetic
nerve impulse traffic40 and cardiac adrenergic drive.41

The beneficial effects of ACE inhibitors appear to be
especially prominent in patients with increased adren-
ergic activation.42 Conversely, �-blockade reduces the
secretion of renin, therefore reducing the levels of
angiotensin and aldosterone.43

Arginine vasopressin is synthesized in the hypo-
thalamus, and its release from the neurohypophysis is
enhanced by osmolar stimuli as well as elevated con-
centrations of norepinephrine and angiotensin II. In-
creased release of arginine vasopressin in HF causes
vasoconstriction (through binding to vasopressin1 re-
ceptors), water retention, and dilutional hyponatremia
(through binding to vasopressin2 receptors).23

The vasodilator peptides, such as atrial natriuretic
peptide and brain natriuretic peptide, are also overex-
pressed in chronic HF and exert a counterregulatory or

beneficial effect. However, renal responsiveness to
their action is impaired. This probably reflects
changes in renal hemodynamics and a combination of
receptor downregulation and increased cyclic
guanosine monophosphate phosphodiesterase activity.
The decreased responsiveness leads to enhanced local
actions of angiotensin II and the sympathetic system
in the kidney, resulting in salt retention and further
deterioration of renal function and increased vasocon-
striction.44

Remodeling: The development of myocardial hy-
pertrophy initially represents an important adaptive
mechanism to hemodynamic stress and is character-
ized by structural changes at the myocyte level that are
translated into alterations in chamber size and geom-
etry.45 In addition to cardiac myocytes, the fibroblasts
and the increased production of extracellular matrix
participate in the remodeling process. Increased he-
modynamic stress (either pressure or volume over-
load) appears to be sensed by myocytes, leading to
changes in myocardial gene expression. Thus, hyper-
trophy is not just a quantitative increase in contractile
proteins and other key elements that initiate and reg-
ulate contraction, but it is also associated with quali-
tative changes in gene expression that lead to an
impairment of contractile function.24

The systemic vasoconstriction translates into in-
creased afterload, which further reduces cardiac per-
formance. In patients with HF, a marked increase in
the LV diastolic pressure may be responsible for
changes in the shape of the left ventricle from an
ellipsoid to a more spherical configuration.46,47 This
change in ventricular geometry may result in papillary
muscle rearrangement and secondary mitral insuffi-
ciency.48,49

In addition, the elevated LV end-diastolic pressure
(wall stress) can cause subendocardial ischemia49 that
is perpetuated by tachycardia, which shortens the di-
astole and decreases the coronary filling time. This is
reflected at a biochemical level by increased produc-
tion of lactate, adenosine triphosphate, and creatine
phosphate and at a histologic level through fibrosis.49

All these changes may lower the threshold for malig-
nant ventricular arrhythmias.30

Genetic factors: Several studies have shown that
there might be a genetic predisposition to dilated
cardiomyopathy. Specific loci have been found to be
associated with early development of the disease,50

and mutations in the amino acids of the actin domain
have been associated with hereditary dilated cardio-
myopathy.51 Also, polymorphism in the �2-adrenergic
receptors (threonine-to-isoleucine switch at position
164) has been associated with a striking decrease in
survival in patients who exhibit this mutation com-
pared with those who have the wild type.52

Recently, it has been shown that a combination of
receptor variants that results in increased synaptic
norepinephrine release and enhanced receptor func-
tion in the myocyte would predispose persons to HF.53

Summary: It is clear now that patients with HF with
reduced systolic function from ischemic and nonisch-
emic causes have viable and noncontractile myocar-
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dium. The amount of viability is probably greater in
patients without severe symptoms. Because the re-
sponse to therapies in terms of LV function is related
to the amount of viable but noncontractile myocar-
dium, it is possible that patients who will benefit the
most from life-saving therapies are those who might
have no or minimal symptoms, and they should be
treated aggressively.

PHARMACOLOGIC MANAGEMENT
OF SYMPTOMATIC CHRONIC HEART
FAILURE WITH REDUCED SYSTOLIC
FUNCTION

HF is not a single disease but rather a syndrome, a
manifestation of different cardiovascular disorders,
and not all patients should be treated in a similar
manner. Treatment must be tailored according to the
individual characteristics present in each patient. In
the same patient, coronary artery disease, hyperten-
sion, diabetes, atrial fibrillation, an element of cardio-
myopathy (caused by smoking or excess alcohol in-
take), and valvular heart disease may coexist and
contribute in various amounts to the clinical picture of
HF.

The management of HF is comprehensive and in-
cludes the following: (1) accurate diagnosis, assisted
by measurement of brain natriuretic peptide54 and by
the use of echocardiography8,55; (2) identification and
treatment of etiologic factors, such as ischemia or
hypertension; (3) syndrome definition, for instance,
HF with systolic dysfunction versus HF with pre-
served systolic function, right-sided versus left-sided
HF, HF with congestion (wet) versus without conges-
tion (dry), or high-output versus low-output state; (4)
correction of precipitating causes, such as noncompli-
ance with drugs, use of nonsteroidal anti-inflamma-
tory drugs and cyclooxygenase-2 inhibitors, nasal de-
congestants, anemia, infections, pulmonary emboli,
dietary indiscretion, inactivity, hyperthyroidism, etc;
and (5) therapy, which has 4 major components: (a)
interventions, such as exercise, vitamin supplementa-
tion, diet, and treatment for sleep apnea; (b) pharma-
cologic therapy; (c) electrical therapy (implantable
cardioverter defibrillators, biventricular pacing); and
(d) surgical therapy (coronary artery bypass grafting,
LV-assisted device, ventricular reduction surgery, mi-
tral valve repair, transplant).

Keeping in mind the complexity of HF manage-
ment, the present review will focus only on the phar-
macologic therapy for symptomatic patients with HF
with systolic dysfunction responding to therapy (stage
C). Other parts of this supplement will be addressing
the treatment of patients in stages A, B, and D, as well
as the other treatment options for patients in stage C.

THERAPIES THAT IMPROVE SURVIVAL
ACE inhibitors: BACKGROUND: ACE inhibitors act by

blocking the conversion of angiotensin I into angio-
tensin II, breaking down the renin–angiotensin–aldo-
sterone system that is activated in HF. This leads to a
decrease in preload and afterload, with an improve-
ment in the hemodynamic profile.56 Aldosterone pro-

duction also diminishes, and thus the sodium and
water retention decreases.56 Inhibition of angiotensin
II leads to a decrease in cardiac remodeling, hypertro-
phy, apoptosis (either directly or by decreasing aldo-
sterone production),57 sympathetic activity,40,41 and
vasopressin levels.23 ACE inhibitors may increase
plasma concentrations of bradykinin, nitric oxide, and
vasodilating prostaglandins.58

BENEFITS OF ACE INHIBITORS: Clinical effects. ACE
inhibitors improve symptoms, New York Heart Asso-
ciation (NYHA) functional class, and exercise capac-
ity in patients with HF, as shown in randomized,
double-blind, placebo-controlled trials.59–61 The Cap-
topril Multicenter Research Group showed that cap-
topril treatment improved the NYHA class in 61% of
patients compared with only 24% of patients taking
placebo over a 12-week period.61 The improvement
started as early as 2 weeks and was maintained over
the course of the study. Treadmill exercise time was
significantly and progressively improved throughout
the 12 weeks of the study in 24% of captopril-treated
patients, but in none of the placebo-treated patients.61

Hemodynamic effects. ACE inhibitors have a ben-
eficial impact on hemodynamic effects in HF by de-
creasing the systemic vascular resistance, pulmonary
capillary wedge pressure, right atrial pressure, and the
LV end-diastolic and end-systolic dimensions, as ob-
served by LeJemtel et al.62 The hemodynamic effects
were maintained during long-term treatment with ena-
lapril, as shown by DiCarlo et al.63 Long-term ACE
inhibition significantly decreased LV dimensions and
increased shortening fraction as determined by echo-
cardiography.64,65

Effects on mortality and hospitalization. Indubita-
bly, the most important benefit of therapy with ACE
inhibitors is the dramatic increase in survival seen in
patients with NYHA class II to IV and in all patients
with LV systolic dysfunction after an acute myocar-
dial infarction, even in those without symptoms or
signs of HF. The first trial to show a survival benefit,
the Cooperative North Scandinavian Enalapril Sur-
vival Study (CONSENSUS) was conducted in patients
with NYHA class IV who were randomized to receive
enalapril or placebo.66 At the end of the study (20
months), patients treated with enalapril had a signifi-
cant 27% reduction in total mortality, the primary end
point. It appeared that enalapril had no effect on
sudden death but decreased mortality from progres-
sive HF by 50%. After CONSENSUS, the SOLVD
Treatment trial examined the effect of enalapril in
patients with mild-to-moderate HF (NYHA class II to
III).67 Enalapril decreased the all-cause mortality by
16%, the mortality caused by progressive HF by 22%,
and the combined point of death or hospitalizations for
worsening HF by 26% compared with placebo. The
decreased mortality was attributed to a decrease in the
progression of HF because there was no effect on
sudden death. The mortality benefit was lost after 5
years.68 The SOLVD Prevention trial69 enrolled pa-
tients with asymptomatic LV dysfunction and showed
that, although there was no immediate mortality ben-
efit, enalapril had a major effect in delaying the de-
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velopment of HF (22.3 months vs 8.3 months in the
enalapril and placebo groups, respectively), and in
reducing the risk for first and multiple hospitalizations
for HF by 36% and 44%, respectively.69 A long-term
follow-up study of the SOLVD trials, known as
XSOLVD, showed that in the prevention arm, a sig-
nificant mortality benefit was apparent at 5 years and
was maintained at 12 years.68 Retrospectively, there
was also a significant reduction in the rate of myocar-
dial infarction.70

Effect after myocardial infarction. Four major tri-
als proved the favorable effects of prophylactic ACE
inhibition after an acute myocardial infarction. After
myocardial infarction, ACE inhibition attenuated ven-
tricular dilation, reduced the incidence and hospital-
ization for HF, prevented recurrent ischemic events,
and increased survival. The Survival and Ventricular
Enlargement (SAVE) trial examined the effect of cap-
topril in patients with an ejection fraction (EF) �0.40
but without overt HF or symptoms of myocardial
ischemia. Captopril-treated patients had a 19% reduc-
tion in the all-cause mortality, a 22% reduction in the
risk of hospitalization for HF, and a 25% reduction in
the risk of recurrent myocardial infarction.71 The
Acute Infarction Ramipril Efficacy (AIRE) trial dif-
fered from SAVE in that the patients had overt signs
of HF after an acute myocardial infarction, although
NYHA class IV patients were excluded.72 Patients
treated with ramipril had a 27% reduction in mortality
and a slightly lower rate of progression to severe HF.
The Survival of Myocardial Infarction Long-Term
Evaluation (SMILE) trial randomized 1,556 patients
in Italy within 24 hours after an acute myocardial
infarction to receive zofenopril or placebo for 6
weeks. A 34% reduction in mortality and incidence of
severe HF was observed at 6 weeks, and a 29%
reduction in mortality was observed after 1 year in the
patients treated with the ACE inhibitor.73 Finally, the
Danish Trandolapril Cardiac Evaluation (TRACE)
study evaluated the effect of trandolapril on patients
with an LVEF �0.35 after myocardial infarction. Pa-
tients assigned to treatment with trandolapril had a
22% reduction in the risk of death from all causes and
a 24% reduction in sudden death. The risk of progres-
sion to advanced HF was decreased by 29% with
trandolapril, whereas the drug had no effect on the risk
of recurrent myocardial infarction.74

ACE inhibitors significantly improve mortality in
asymptomatic patients with LV dysfunction and
symptomatic patients with NYHA class II to IV, im-
prove symptoms and EF, decrease the readmission
rate for HF, decrease the rate of reinfarction in patients
with coronary artery disease, and have no effect on
sudden death.

RECOMMENDATIONS ON THE USE OF ACE INHIBITORS:
Based on data from published trials, ACC/AHA
guidelines recommend ACE inhibitors as the first-line
therapy for symptomatic HF with reduced systolic
function and for asymptomatic LV dysfunction.8 They
should be used in conjunction with a diuretic to main-
tain the sodium balance and prevent the development
of fluid overload. A �-blocker should be added in all

patients without contraindications. Digoxin could also
be part of the treatment regimen. ACE inhibitors
should be started at low doses and gradually increased
to the doses that have been shown to decrease mor-
tality in clinical trials (Table 1). The doses used in
clinical practice are often less than those demonstrated
to be of benefit in clinical trials, mostly because of
perceived adverse effects at higher doses.

To assess the difference between lower and higher
doses of ACE inhibitors on mortality and hospitaliza-
tions for HF, the Assessment of Treatment with Lis-
inopril and Survival (ATLAS) trial randomized pa-
tients with HF, predominantly those with NYHA class
III and with a LVEF �0.35, to receive lisinopril 32.5
to 35 mg/day versus 2.5 to 5 mg/day. During 46
months of follow-up time, all-cause mortality was not
statistically different between groups, but high doses
of lisinopril produced a significant 12% reduction in
the combined end point of death or hospitalization for
any reason compared with the low-dose regimen. In
addition, high-dose lisinopril reduced HF hospitaliza-
tions by 25%.75

The Clinical Outcome with Enalapril in Symptom-
atic Chronic Heart Failure (NETWORK) trial com-
pared different doses of enalapril and found no differ-
ences between high-dose and low-dose groups for any
of the end points measured.76

The above studies suggest that the difference in
efficacy between intermediate and high doses of an
ACE inhibitor (if any) is likely to be very small. The
ACC/AHA recommendations are that patients with
HF should not generally be maintained on very low
doses of an ACE inhibitor unless these are the only
doses that can be tolerated.8

It has also been suggested that treatment with ACE
inhibitors leads to different outcomes in whites com-
pared with African Americans. In a recent retrospec-
tive analysis of the SOLVD trials, enalapril was asso-
ciated with a 44% reduction in the risk for hospital-
izations for HF among white patients (p �0.001), but
there was no significant reduction among African
Americans (p � 0.74).77 However, in another retro-
spective analysis of the same trial, treatment with
enalapril was associated with a comparable reduction
in the relative risk of development of symptomatic HF
in African Americans (relative risk, 0.67; 95% confi-
dence interval, 0.49 to 0.92; p � 0.01) and whites
(relative risk, 0.61; 95% confidence interval, 0.53 to
0.70; p � 0.001).78 Thus, all patients with HF, includ-
ing African Americans, should receive ACE inhibitors
as first-line treatment.

Once the drug has been titrated to the appropriate
dose, patients can be maintained on long-term therapy
with an ACE inhibitor with little difficulty. Renal
function and serum potassium should be assessed
within 1 to 2 weeks of initiating therapy and every 2
to 3 months thereafter.

The main adverse effects of the therapy are related
to the angiotensin suppression (hypotension, increase
in serum creatinine and potassium) and bradykinin
potentiation (cough and angioedema). Usually, the
initial hypotension responds to a decrease in the dose
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of diuretic agent, liberalization of salt intake, or initi-
ation of a lower dose of ACE inhibitors. Patients
generally will be able to tolerate ACE inhibitors in the
long term. Treatment should be reassessed if levels of
creatinine are �3.0 mg/dL or if serum potassium is
�5.5 mEq/L.8 Cough is a major reason for discontin-
uation of therapy, but ACE inhibitors should be dis-
continued only if cough is persistent and troublesome
and should be replaced with angiotensin II receptor
blockers. Patients should not be given ACE inhibitors
if they are pregnant, have a history of angioedema or
anuric renal failure during a previous exposure to this
class, or if they are severely hypotensive and at risk of
immediate cardiogenic shock.8

�-Adrenergic receptor blockers: BACKGROUND:
Long-term activation of the sympathetic system is
associated with an increase in ventricular volumes and
pressures by causing peripheral vasoconstriction79 and
by impairing sodium excretion by the kidney.80 Nor-
epinephrine causes myocyte hypertrophy, changes
gene expression and apoptosis, and induces myocar-
dial ischemia.81–83 Sympathetic activation is also cor-
related with increased arrhythmogenesis84 and sudden
death. �-Blockers act by inhibiting the adverse effects
of the sympathetic nervous system activation in pa-
tients with HF.

BENEFITS OF �-BLOCKERS: Clinical effects. Several
randomized, double-blind, placebo-controlled trials
have shown that long-term use of �-blockers is asso-
ciated with improved clinical status in patients with
HF. Changes in exercise tolerance may not reflect the
changes in clinical status because �-blockers blunt
exercise-induced changes in heart rate and thus impair
performance, even if they improve symptoms. In the
Metoprolol in Dilated Cardiomyopathy (MDC) trial,85

metoprolol increased exercise tolerance, enhanced
quality of life, and improved NYHA class at 12
months, but not at 6 months. Treatment with meto-
prolol controlled-release/extended-release for 6
months did not improve symptoms or tolerance in the
Randomized Evaluation of Strategies for Left Ventric-
ular Dysfunction (RESOLVD) trial,86 but when used
for an average of 12 months in the Metoprolol Con-
trolled-Release/Extended-Release Randomized Inter-
vention Trial in Congestive Heart Failure (MERIT-
HF), it showed a significant improvement in clinical
status and NYHA class.87 Similar improvements in
NYHA class were noted when bisoprolol was used for

an average of 44 months in the first Cardiac Insuffi-
ciency Bisoprolol Study (CIBIS I) trial.88

The use of carvedilol in patients with NYHA class
II to III was associated with an improvement in symp-
toms, NYHA class, and overall well-being, but not
exercise tolerance.89–92 Finally, in the Carvedi-
lol Prospective Randomized Cumulative Survival
(COPERNICUS) study evaluating patients with
NYHA class IV, treatment with carvedilol for an
average of 29 months was associated with an improve-
ment in overall well-being.93 Thus, it appears that
clinical improvement with �-blocker therapy becomes
evident after a longer period compared with ACE
inhibitor treatment.

Effects on mortality and hospitalization. The ef-
fects of �-blockers on mortality were evaluated in
several trials. The MERIT-HF trial, evaluating meto-
prolol controlled-release/extended-release, was con-
ducted in almost 4,000 patients mostly (96.4%) with
NYHA class II to III.87 These patients had an EF
�0.40 and were receiving ACE inhibitors, diuretics,
and digoxin at the time of randomization. Overall, a
34% risk reduction in all-cause mortality was reported
in the metoprolol group, with a 49% risk reduction in
death caused by HF and 41% decrease in sudden
death. The effects were more pronounced in 3.6% of
patients who were in NYHA class IV.94

The addition of bisoprolol to standard therapy in
the CIBIS trial was associated with a nonsignificant
20% reduction in the risk of death (p � 0.22) but with
a significant 34% decrease in the risk of hospitaliza-
tion for HF.88 In the second CIBIS trial, which en-
rolled predominantly patients with NYHA class III,
treatment with bisoprolol was associated with a 34%
reduction in mortality, a 20% decrease in the risk of
hospitalization for any reason, and a 32% reduction in
the risk of hospitalization for HF.95

The US Carvedilol Heart Failure Study Group96

evaluated the clinical effects of carvedilol in patients
with HF in a series of 4 protocols. Although it was not
a primary end point, overall mortality was signifi-
cantly decreased by 65% in the carvedilol group when
compared with placebo. The risk of cardiovascular-
related hospitalization was also significantly de-
creased by 27%. Both the risk of death from progres-
sive HF and the risk of sudden death were also de-
creased by carvedilol.96 In the Australia and New
Zealand carvedilol study, which enrolled patients with

TABLE 1 Target Doses of Angiotensin-Converting Enzyme Inhibitors for Heart Failure as
Resulted from Clinical Trials

Agent Starting Dosage Target Dosage Trial

Captopril 6.25 mg tid 25–50 mg tid SAVE
Enalapril 5 mg bid 10 mg bid SOLVD P/T
Fosinopril 10 mg qd 40 mg qd FEST
Lisinopril 2.5 mg qd 40 mg qd ATLAS
Ramipril 2.5 mg bid 5 mg bid AIRE
Trandalopril 1 mg qd 4 mg qd TRACE

AIRE � Acute Infarction Ramipril Efficacy; ATLAS � Assessment of Treatment with Lisinopril and Survival; FEST
� Fosinopril Efficacy/Safety Trial; SAVE � Survival and Ventricular Enlargement trial; SOLVD P/T � Studies of
Left Ventricular Dysfunction (Prevention/Treatment); TRACE � Trandalopril Cardiac Evaluation.
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NYHA class II to III, carvedilol decreased the risk of
disease progression by 26% and reduced the risk of
hospitalization for any reason by 23%. Although the
trial was not powered to assess mortality, it reported a
lower rate of mortality in patients with HF treated with
carvedilol than in those who received placebo.97 Fi-
nally, in the COPERNICUS trial, which enrolled pa-
tients with NYHA class IV and an EF �0.25, treat-
ment with carvedilol was associated with a 35% re-
duction in the risk of death and a 24% decrease in the
combined risk of death and hospitalization for any
reason.93

The comparative efficacy of metoprolol and carve-
dilol is currently under investigation in the Carvedilol
or Metoprolol European Trial (COMET),98 with the
results being expected later this year. Because this
trial is not a direct comparison of carvedilol with
metoprolol controlled-release/extended-release, the
agent used in MERIT-HF, the usefulness of the study
will be somewhat limited.

Bucindolol was the last of the �-blockers to be
evaluated in a clinical trial.99 The �-Blocker Evalua-
tion of Survival Trial (BEST) produced equivocal
results, showing a nonsignificant trend toward a de-
crease in all-cause mortality in the treatment group
(33% vs 30% in the placebo and bucindolol group,
respectively; p � 0.1). A possible explanation for the
apparent difference between the results of this study
and those of other �-blocker studies may be the
unique pharmacologic properties of bucindolol, a non-
selective �-blocking agent with strong �2-adrenergic
blocking and only weak �1-blocking properties. Thus,
bucindolol is uniquely sympatholytic among all
�-blocking agents that have been evaluated in trials in
patients with HF. Another trial, SR Moxonidine for
Congestive Heart Failure (MOXCON), evaluating an
agent with central sympatholytic properties, showed
that moxonidine increased mortality by �50%, de-
spite decreasing the plasma norepinephrine levels by
23%.100 Unlike receptor blockade, sympatholysis
produces an irreversible loss of adrenergic support to
the failing heart, which may be deleterious early in
the course of therapy in patients with advanced HF
because they are dependent on circulatory cat-
echolamines.

An analysis of the US Carvedilol Heart Failure
Study showed that race did not influence the response
to carvedilol in patients with HF.101 Long-term treat-
ment with carvedilol improved cardiac function, less-
ened symptoms, and reduced the risk of death and
hospitalization to a similar degree in both races. Fur-
thermore, the favorable effect of carvedilol on clinical
status, NYHA functional class, LVEF, the risk of the
combined end point of death or hospitalization, and
the progression of HF in African American patients
was significant in its own.101,102

Effect after myocardial infarction. The effect of
long-term �-blocker use in patients after myocardial
infarction was tested in the Carvedilol Post-Infarct
Survival Control in Left Ventricular Dysfunction
(CAPRICORN) trial. The trial enrolled patients after
myocardial infarction with an LVEF �0.40 who were

receiving ACE inhibitors for �48 hours. Carvedilol
decreased all-cause mortality by 23% and the end
point of all-cause mortality or nonfatal recurrent myo-
cardial infarction by 29%.103

�-Blockers significantly improve mortality in
symptomatic patients with NYHA class II to IV, im-
prove symptoms and EF, and decrease sudden death,
the rate of reinfarction in patients with coronary artery
disease, and the readmission rate for HF.

RECOMMENDATIONS ON THE USE OF �-BLOCKERS:
Based on the results from available studies, the ACC/
AHA guidelines recommend that �-blockers should
be routinely prescribed to all patients with asymptom-
atic LV dysfunction and stable HF caused by LV
systolic dysfunction, unless they have a contraindica-
tion or have been shown to be intolerant to treatment
with these drugs.8,104 Patients should be clinically
stable, receive ACE inhibitors (and possibly digoxin),
and receive diuretics as needed to control the fluid
retention associated with adrenergic blockade.8,104

�-Blockers should be initiated at very low doses and
increased gradually, typically at 2-week intervals, to
achieve the target doses from published clinical trials
(Table 2). A recent post-hoc analysis of the MERIT-HF
trial showed that patients who did not achieve the
target metoprolol controlled-release/extended-release
dose (200 mg/day) had a similar 38% reduction in
mortality as did patients who achieved the target
dose.105 These results support the idea of an individ-
ualized dose-titration regimen, which is guided by
patient tolerability and the heart rate response.

The safety and feasibility of introducing �-block-
ers before hospital discharge has been proved in the
Initiation Management Predischarge Process for
Assessment of Carvedilol Therapy for Heart Failure
(IMPACT-HF) trial. Significantly, more patients ran-
domized to carvedilol predischarge were receiving a
�-blocker at 60 days as compared with �-blocker
initiation at physician discretion �2 weeks after dis-
charge. In addition, significantly more patients ran-
domized to carvedilol predischarge were receiving a
higher dose at 60 days.106 The adverse events were
similar in both groups, and predischarge initiation of
carvedilol was not associated with an increased risk of
worsening HF, increased length of stay, or other seri-
ous adverse events.106

Only the �-blockers tested in clinical trials should
be used because only they have been shown to have a
mortality benefit. Some �-blockers have unique mo-
lecular structures that can contribute to their beneficial
effect (eg, carvedilol is also an �-blocker, increases
insulin sensitivity, and has antioxidant proper-
ties).107,108 �-Blockers may differ in their intrinsic
sympathomimetic or sympatholytic activity and li-
pophilicity. Because these pharmacologic differences
might translate into therapeutic differences, a class
effect cannot be assumed when treating HF.

Patients need not be receiving high doses of ACE
inhibitors before being considered for a �-blocker. In
patients receiving a low or intermediate dose of an
ACE inhibitor, adding a �-blocker may improve
symptoms and reduce the risk of death and hospital-
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izations to a greater extent than increasing the dose of
the ACE inhibitor to a maximally tolerated dose (Ta-
ble 3).109 High doses of an ACE inhibitor could also
produce hypotensive effects that might impair the
ability of some patients to tolerate �-blocker therapy.

Once the target dose has been achieved, patients
can generally be maintained on long-term treatment
with little difficulty. Abrupt withdrawal of �-blockers
can lead to clinical deterioration and should be
avoided, even in hospitalized patients who do not
require inotropic support.8,104

Initially patients and physicians should be advised
that �-blockers can worsen fluid retention and HF
symptoms. This can be managed by increasing the
diuretic dose to maintain patients at their dry weight.
Treatment can also be associated with complaints of
fatigue and weakness, which usually resolve in a few
weeks.8,104 Sometimes, it is necessary to decrease the
dose of �-blocker or diuretic. Symptomatic bradycar-
dia is also a serious adverse effect of �-blockers and
requires a decrease in the dose or sometimes cardiac
pacing to allow the use of this vital medication.8,104

Finally, hypotension is a side effect seen, especially
with nonselective blockers such as carvedilol. Usu-
ally, it is seen within the first 48 hours of initiation of
therapy and subsides with repeated dosing without any
change in the dose.8,104 Administration of ACE inhib-
itors and diuretics at a different time of day than the
�-blockers can minimize the hypotension and dizzi-
ness. Patients who exhibit a low systolic blood pres-
sure should be evaluated for orthostatic changes. In
the absence of orthostatic changes these patients prob-

ably can safely tolerate the addition of �-blockers to
their ACE inhibitor and diuretic regimen.

Administration of �-blockers is contraindicated in
patients with severe bronchospasm, systolic blood
pressure �85 mm Hg, symptomatic bradycardia, or
advanced heart block in the absence of a pacemak-
er.8,104

Aldosterone antagonists: BACKGROUND: Despite
treatment with an ACE inhibitor or angiotensin II
receptor blocker, patients with HF may demonstrate
elevated aldosterone levels.110,111 Mechanisms of
“aldosterone escape” include alternative stimuli for
aldosterone synthesis (such as adrenocorticotrophic
hormone and endothelin), potassium-dependent aldo-
sterone secretion, and reduced aldosterone clear-
ance.110 Aldosterone may have a number of detrimen-
tal effects in HF, such as causing potassium and
magnesium wastage, baroreceptor dysfunction, and
myocardial fibrosis; it can also decrease the neuronal
uptake of norepinephrine, thereby enhancing the risk
of cardiac arrhythmias.42,112,113

BENEFITS OF ALDOSTERONE ANTAGONISTS: Clinical
benefits and effects on mortality and hospitalization.
The effect of aldosterone-receptor blockade with spi-
ronolactone in patients with NYHA class III to IV
who are treated with ACE inhibitors, diuretics, and
digoxin was evaluated in the Randomized Aldactone
Evaluation Study (RALES).114 This trial showed a
30% reduction in all-cause mortality, a 31% reduction
in cardiac deaths, and a 35% reduction for hospital-
ization for worsening HF. Patients also had a net
improvement in symptoms and in NYHA class. Spi-

TABLE 2 Target Doses of �-Blockers for Heart Failure as Resulted from Clinical Trials

Agent Starting Dosage Target Dosage Trial

Bisoprolol* 1.25 mg qd 10 mg qd CIBIS II
Carvedilol 3.125 mg bid 25/50 mg bid US Carvedilol Heart

Failure Studies
COPERNICUS

Metoprolol CR/XL 12.5/25 mg qd 200 mg qd MERIT-HF

CIBIS II � Cardiac Insufficiency Bisoprolol Study II; COPERNICUS � Carvedilol Prospective Randomized
Cumulative Survival trial; MERIT-HF � Metoprolol CR/XL Randomized Intervention Trial in Congestive Heart
Failure.

*Not approved by the US Food and Drug Administration for treatment of heart failure in the United States;
approved for heart failure treatment in several European countries.

TABLE 3 Comparative Effects of 2 Different Strategies in Patients Receiving Low-Dose
Angiotensin-Converting Enzyme (ACE) Inhibitors

Increasing ACE
Inhibitor to

Maximal Doses
Adding a �-Blocker
to the ACE Inhibitor

Effect on symptoms No change Improved
Effect on risk of death 8% reduction 30%–40% reduction
Effect on risk of death

and hospitalization
12% reduction 20%–40% reduction

Data from the ATLAS trial38 were used to predict the effect of increasing the dose of the ACE inhibitor from low dose
to maximal doses. Data from the Metoprolol CR/XL Randomized Intervention Trial in Congestive Heart Failure
(MERIT-HF) and the US Carvedilol Study Group.87,89–93 were used to predict effect of adding a �-blocker to the
regimen of patients already taking low-to-intermediate doses of an ACE inhibitor.

Adapted from Am J Med.109
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ronolactone appeared particularly beneficial in pa-
tients who were taking digoxin.114 In the spironolac-
tone group, 10% of men reported gynecomastia or
breast pain. Serious hyperkalemia was uncommon in
both the placebo and spironolactone groups, but it is
seen much more frequently in clinical practice.

Effects after myocardial infarction. The effects of
aldosterone antagonists in patients after myocardial in-
farction complicated by HF with reduced systolic func-
tion have been tested in the recently published
Eplerenone Post–Acute Myocardial Infarction Heart
Failure Efficacy and Survival Study (EPHESUS).115 The
trial randomized patients hospitalized with myocardial
infarction, after a mean of 7 days, to eplerenone (a new
selective aldosterone antagonist) or placebo in addition
to standard medical therapy. Most patients received ther-
apy with ACE inhibitors or angiotensin II receptor block-
ers (86%), �-blockers (75%), aspirin (88%), diuretics
(60%), and statins (47%). The mean eplerenone dose
achieved (43 mg daily) produced a significant 15% re-
duction in the all-cause mortality and a significant 13%
reduction in the cardiovascular deaths or hospitalizations
for cardiovascular causes.115 Interestingly, the benefit
was more pronounced in the group of patients who
received both ACE inhibitors/angiotensin II receptor
blockers and �-blockers, and was nonexistent in the
patients who received neither class of drug. There was
also a significant 21% reduction in the rate of sudden
death from cardiac causes.115 The only significant com-
plication in the eplerenone group was the rate of serious
hyperkalemia (5.5% vs 3.9% in the eplerenone and pla-
cebo group, respectively). 115

RECOMMENDATIONS ON THE USE OF ALDOSTERONE
ANTAGONISTS: Currently, the ACC/AHA guidelines
recommend that spironolactone should be used in
patients with recent or current NYHA class IV symp-
toms, despite use of ACE inhibitors, �-blockers,
digoxin, and diuretics. Patients should have serum
potassium levels �5 mEq/L and creatinine �2.5
mg/dL before therapy is initiated. Potassium should be
monitored within 1 week of initiation and at least
every 4 weeks for the first 3 months and every 3
months thereafter. Potassium should be monitored at
any dose change in spironolactone or if there is a
change in concomitant medications that affects potas-
sium balance. The spironolactone dose (standard 25
mg/day) should be reduced if potassium levels are
�5.4 mEq/L, and treatment should be discontinued if
painful gynecomastia or serious hyperkalemia result.8

THERAPIES WITH POSSIBLE
INCREASE IN SURVIVAL

Angiotensin II receptor blockers: BACKGROUND:
These agents block the action of angiotensin II at the
receptor level and conceivably could block the effects
of angiotensin II produced, not only through the clas-
sical ACE pathway, but also by the chymase pathway.
Available angiotensin II receptor blockers block only
the angiotensin II type 1 receptors (associated with
hypertrophy and remodeling) and enhance the activa-
tion of angiotensin II type 2 receptors, causing vaso-
dilation.116 Because some of the side effects of ACE

inhibitors, such as angioedema and dry nonproductive
cough, may be bradykinin related, an angiotensin II
receptor blocker could provide the same beneficial
effects as an ACE inhibitor, with fewer side effects.

BENEFITS OF ANGIOTENSIN II RECEPTOR BLOCKERS:
Effects on mortality and hospitalization. The Evalua-
tion of Losartan in the Elderly (ELITE) trial was
conducted to determine whether losartan offers safety
and efficacy advantages over ACE inhibition with
captopril in the treatment of elderly patients with
HF.117 Although not the primary end point of the
study, death and/or hospital admissions for HF were
reduced by a nonsignificant 32% in the losartan group.
This was attributed to a 46% reduction in all-cause
mortality in patients receiving losartan, considered to
be because of a reduction in sudden death. The HF
hospitalization rate was identical in the 2 groups
(5.7%).117 The hypothesis that losartan might reduce
mortality when compared with captopril was tested in
a larger follow-up study. ELITE II showed no signif-
icant differences in all-cause mortality (p � 0.16), sud-
den death or resuscitated arrests (p � 0.08), or hospital
admission rates (p � 0.45) between the 2 treatment
groups.118 Significantly fewer patients in the losartan
group discontinued study treatment because of adverse
effects, mainly angioedema and severe cough (9.7% vs
14.7%, p �0.001). Losartan was not superior to captopril
in improving survival in elderly patients with HF, but it
was significantly better tolerated.118

The Valsartan Heart Failure Trial (Val-HeFT) in-
vestigators took a different approach, evaluating
whether the administration of valsartan to patients
with HF conventionally treated (ACE inhibitors,
�-blockers, diuretics, and digoxin) would result in a
clinical benefit.119 The addition of valsartan did not
improve mortality, but it did reduce the end point of
mortality plus nonfatal morbid events, which were
predominantly hospitalizations for HF, by 13.2%.119

More patients in the valsartan group than in the
placebo group had improvements in NYHA class
(23.1% vs 20.7%) and fewer had worsening (10.1% vs
12.8%; p �0.001). Similarly, dyspnea, fatigue,
edema, and rales were more favorably affected by
valsartan than by placebo (p �0.01). Analyses of
subgroups defined according to background therapy at
baseline showed highly significant interactions. For
instance, the small subgroup not receiving ACE in-
hibitors had a 33% reduction in mortality and a 54%
reduction in the combined end point of mortality and
morbidity with valsartan.120 The larger subgroup of
patients receiving both an ACE inhibitor and a
�-blocker had a statistically significant 42% increase
in mortality with valsartan (p � 0.009) and a trend
toward an increase in the mortality and morbidity
composite (p � 0.10).119

Effects after myocardial infarction. There are 2
major studies of angiotensin II receptor blockers in
patients post–myocardial infarction that are deemed to
clarify the potential clinical value of this mode of
inhibiting the renin–angiotensin–aldosterone system.
The Optimal Trial in Myocardial Infarction with the
Angiotensin II Antagonist Losartan (OPTIMAAL)121
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was designed to prove that losartan would be superior
or not inferior to captopril in decreasing all-cause
mortality in patients with myocardial infarction com-
plicated by systolic dysfunction. Patients were ran-
domly assigned and titrated to a target dose of losartan
(50 mg once daily) or captopril (50 mg 3 times daily)
as tolerated. There was a trend toward decreased all-
cause mortality in the captopril group compared with
losartan (p � 0.07), and fewer captopril-treated pa-
tients had sudden death or a resuscitated cardiac ar-
rest.121 There was no difference between the 2 groups
in fatal or nonfatal reinfarction or in the all-cause
hospital admission rates. Losartan was significantly
better tolerated than captopril, with fewer patients
discontinuing study medication.121 Critics of the study
argue that the dose of losartan was too low because it
was not different from that used in the ELITE trials,
and a much higher dose (100 mg/day) might have
shown a different effect.

The Valsartan in Acute Myocardial Infarction Trial
(VALIANT)122 is an even larger study that is simul-
taneously addressing whether valsartan can be consid-
ered superior to or as good as the proven captopril in
high-risk patients with myocardial infarction. In addi-
tion, the trial is prospectively designed with equal
statistical power to address whether the combination
of valsartan and captopril is superior to captopril alone
in reducing mortality in this patient population.

RECOMMENDATIONS ON THE USE OF ANGIOTENSIN II

RECEPTOR BLOCKERS: The ACC/AHA guidelines rec-
ommend that angiotensin II receptor blockers should
not be considered equivalent or superior to ACE in-
hibitors in the treatment of HF with reduced systolic
function.8 They should only be used if a patient has
intolerance to ACE inhibitors secondary to intractable
cough or angioedema. They are as likely as ACE
inhibitors to cause hypotension, worsening renal func-
tion, and hyperkalemia.

Because OPTIMAAL showed no statistically sig-
nificant mortality difference of losartan over captopril
in total mortality, ACE inhibitors should remain the
first-choice treatment in patients after complicated
acute myocardial infarction.

Although the role of losartan and valsartan in pa-
tients intolerant of ACE inhibitors is not clearly de-
fined, these drugs can be considered in such patients.
When used, angiotensin II receptor blockers should
probably be dosed twice daily because of their short
half-life.123

Their role as an adjunct to ACE inhibitors remains
to be defined, but angiotensin II receptor blockers
should not be added in patients who are already taking
ACE inhibitors and �-blockers.

Combination hydralazine-isosorbide: BACKGROUND:

Long-acting nitrates, such as isosorbide dinitrate, are
vasodilators and can also inhibit abnormal myocardial
and vascular growth, therefore attenuating the remod-
eling process.124,125 Hydralazine-isosorbide dinitrate,
on the other hand, may interfere with the biochemical
and molecular mechanisms responsible for the pro-

gression of HF as well as the development of nitrate
tolerance.126,127

BENEFITS OF HYDRALAZINE-ISOSORBIDE: Clinical
benefits and effects on mortality and hospitalization.
Used alone or together, these agents decrease the
preload and afterload, decrease mitral regurgitation,
improve cardiac output, increase exercise capacity,
modestly increase EF, and prolong survival in patients
with HF.128–131

The effect of the hydralazine-isosorbide dinitrate
combination on survival was evaluated in V-HeFT
I.130 In this trial, patients with NYHA class II to III
who were taking digoxin and a diuretic agent were
randomized to receive placebo, prazosin, or the com-
bination of hydralazine-isosorbide dinitrate. Com-
pared with placebo, the mortality-risk reduction in the
group treated with hydralazine-isosorbide dinitrate
was 36% by 3 years.130 In contrast, the mortality in the
prazosin group was similar with the placebo group.
The LVEF increased significantly at 8 weeks and at 1
year in the group treated with hydralazine-isosorbide
dinitrate, but not in the prazosin or placebo groups.130

Given the survival benefit of ACE inhibitors in HF,
V-HeFT II directly compared the combination of hy-
dralazine-isosorbide dinitrate with enalapril in patients
with predominantly NYHA class II to III.131 Mortality
at 2 years was significantly lower in the enalapril
group than in the hydralazine-isosorbide dinitrate
group (18% vs 25%, p � 0.016). In contrast, the
combination of hydralazine-isosorbide dinitrate pro-
duced more favorable effects on the LVEF and exer-
cise capacity determined by peak oxygen consump-
tion.131 In both trials, hydralazine-isosorbide dinitrate
use produced frequent adverse reactions (primarily
headache, gastrointestinal complaints, and fluid reten-
tion), and many patients could not continue treatment
at target doses. Based on the above trials, the US Food
and Drug Administration (FDA) did not find enough
evidence to support the approval of the hydralazine-
isosorbide dinitrate combination for the treatment of
HF.132

Subgroup analysis of the V-HeFT trials showed a
possible benefit of the hydralazine-isosorbide dinitrate
combination in African Americans.133 Therefore, this
hypothesis is being tested in the African-American
Heart Failure Trial (A-HeFT),134 a study that includes
African American patients with stable NYHA class III
to IV on standard therapy. Patients must have prior
HF-related events and an LVEF �0.35 or an LVEF
�0.45 with LV internal diastolic dimension �2.9
cm/m2. Randomization to the addition of placebo or a
fixed combination of hydralazine-isosorbide dinitrate
is stratified for �-blocker usage. All patients will be
treated and observed until the last patient entered
completes 6 months of follow-up time. The primary
efficacy end point is a composite score, including
quality of life, death, and hospitalization for HF.134

Results are expected this year.
RECOMMENDATIONS ON THE USE OF HYDRALAZINE-

ISOSORBIDE USE: Based on the available data, the ACC/
AHA guidelines do not recommend the hydralazine-
isosorbide dinitrate combination for the treatment of
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HF in patients who have no prior use of an ACE
inhibitor.8 Despite the lack of data with the vasodilator
combination in patients who are intolerant of ACE
inhibitors, the combined use of hydralazine-isosorbide
dinitrate may be considered as a therapeutic option in
such patients, particularly in African Americans or in
those who cannot take an ACE inhibitor because of
hypotension or renal insufficiency. However, compli-
ance with this combination has generally been poor
because of the large number of tablets required and the
high incidence of adverse reactions. There is no con-
trolled experience with the addition of hydralazine-
isosorbide dinitrate to therapy with an ACE inhibitor
or a �-blocker. Therefore, this combination should not
be used in this setting.8

SYMPTOMATIC THERAPIES
Digoxin: BACKGROUND: Digoxin exerts its effects by

inhibition of sodium-potassium adenosine triphos-
phatase (Na�K� ATPase). In the myocardium this
results in an increase in myocardial contraction.135,136

Inhibition of Na�K� ATPase in the vagal afferent
fibers sensitizes the cardiac baroreceptors, reducing
the sympathetic outflow from the central nervous sys-
tem.137,138 By inhibiting Na�K� ATPase in the kid-
ney, digoxin reduces the renal tubular reabsorption of
sodium, resulting in the suppression of renin secretion
from the kidneys.137 These observations have led to
the hypothesis that digoxin acts in HF primarily by
attenuating the activation of neurohormonal systems
and not as a positive inotropic drug.137,138

BENEFITS OF DIGOXIN: Clinical effects. The beneficial
effects of digoxin in HF include reduced symptoms,
improvement in NYHA class, increased exercise time,
modestly increased LVEF, enhanced cardiac output, and
decreased HF hospitalizations.138,139 When digoxin is
withdrawn from the medical therapy, these benefits are
lost, as shown in the Randomized Assessment of
Digoxin and Inhibitors of Angiotensin-Converting En-
zyme (RADIANCE) and the Prospective Randomized
Study of Ventricular Function and the Efficacy of
Digoxin (PROVED) trials.140,141 Their design was sim-
ilar except that the RADIANCE trial included ACE
inhibitors and diuretics as background therapy, whereas
in the PROVED study, patients received diuretics only.
Digoxin withdrawal has been associated with an in-
creased hospitalization rate, decreased exercise time and
EF, and an increased heart rate, body weight, and car-
diothoracic ratio on chest x-ray.140,141

Effects on mortality and hospitalization. The Digi-
talis Investigation Group (DIG) trial tested the effects
of digoxin on survival in patients with HF in normal
sinus rhythm.142 The trial enrolled 7,788 patients, of
whom 87% had systolic dysfunction. They were ran-
domized to a mean dose of 0.25 mg of digoxin or
placebo, with a background therapy of ACE inhibitors
and diuretic agents. Before enrollment, �50% of the
patients in this trial were not receiving digoxin. For
both groups, the all-cause mortality was 35% and the
cardiovascular mortality was 30%.142 There was a
trend toward a decrease in mortality caused by HF in

the digoxin group, but this was offset by an increase in
death for other causes that included deaths presumed
to result from arrhythmias. Thus, digoxin was shown
to have a bidirectional effect on mortality. To date, it
is the only positive inotropic agent with a neutral
effect on mortality (Table 4). The DIG trial showed
that digoxin reduced the risk of hospitalizations as
well as the risk for hospitalizations because of wors-
ening HF (p �0.001),142 confirming the results of the
PROVED and RADIANCE trials. Digoxin decreased
the need for medical co-intervention for worsening
HF, and the benefits were more marked in patients
with NYHA class IV, greater cardiothoracic ratio on
chest x-ray, or a lower LVEF.142

Subgroup analysis from the DIG trial showed a
relation between serum digoxin concentration and
mortality. In this empirical observation, the risk of
death increased significantly if the digoxin level ex-
ceeded 1 ng/mL.143 A post-hoc analysis of the DIG
trial showed that the serum digoxin concentration of
0.5 to 0.8 ng/mL is associated with a decrease in
all-cause mortality in men. This relation was main-
tained even after multivariable adjustment: hazard ra-
tio, 0.8 (95% CI, 0.68 to 0.94).144 A similar analysis
for women could not be done because the serum
digoxin concentration was not available in most
women. A recent post-hoc subgroup analysis of the
patients enrolled in the DIG trial showed that women
who were randomly assigned to digoxin had a higher
rate of death than women who were randomly as-
signed to placebo (33.1% vs 28.9%).145 In the multi-
variable analysis, digoxin was associated with a sig-
nificantly higher risk of death among women, but it
had no significant effect among men. However, be-
cause serum digoxin concentrations were measured in
�33% of patients at 1 month, the trial had insufficient
statistical power to test whether the interaction be-
tween sex and digoxin therapy was independent of
sex-based differences in serum digoxin concentra-
tion.145 Therefore, it is probably not advisable to stop
the digoxin in women, but rather a smaller dose
should be given that would result in a serum digoxin
concentration �1.0 ng/mL.145,146

Recent retrospective cohort analysis of the com-
bined PROVED and RADIANCE databases indicates
that patients with a low serum digoxin concentration
(0.5 to 0.9 ng/mL) were no more likely to have wors-
ening symptoms of HF on maintenance digoxin than
those with moderate (0.9 to 1.2 ng/mL) or high (�1.2
ng/mL) serum digoxin concentrations. All serum
digoxin concentration groups were significantly less
likely to deteriorate during follow-up study compared
with patients withdrawn from digoxin.147

RECOMMENDATIONS ON THE USE OF DIGOXIN: Ac-
cording to ACC/AHA guidelines, digoxin should be
used to improve symptoms in patients treated with
diuretics, ACE inhibitors, and �-blockers. Digoxin
could be used to reduce symptoms in patients who
have been started on, but have not yet responded
symptomatically to, treatment with an ACE inhibitor
or a �-blocker, or it could be used in patients who
remain symptomatic despite therapy with the neuro-
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hormonal antagonists. In patients not taking ACE in-
hibitors or �-blockers, treatment with digoxin should
not be stopped, but appropriate therapy with the neu-
rohormonal antagonists should be instituted.8 If a pa-
tient has atrial fibrillation with a rapid ventricular rate,
the �-blocker dose should be increased rather than
increasing the dose of digoxin, because higher serum
digoxin concentrations are associated with increased
adverse effects. The digoxin dose should be low
(0.125 mg/day) because this dose was shown to con-
trol symptoms and was safe.8 The drug should be used
cautiously in patients who are taking other medica-
tions that can depress atrioventricular conduction and
should not be used in patients with significant sinus or
atrioventricular blocks, unless they have a pacemaker.
The major side effects include cardiac arrhythmias (eg,
ectopic and reentrant cardiac rhythms and heart block),
gastrointestinal symptoms (eg, anorexia, nausea, and
vomiting), and neurologic complaints (eg, visual distur-
bances, disorientation, and confusion). Digitalis toxicity
is commonly associated with serum digoxin levels �2
ng/mL, but they may occur with lower digoxin levels,
especially if hypokalemia, hypomagnesemia, or hypo-
thyroidism are present.8

Diuretics: BACKGROUND: Diuretics inhibit the so-
dium and water reabsorption at specific sites in the
renal tubules. Loop diuretics act on the loop of Henle,
and their inhibition of sodium chloride transport ex-
ceeds the rate-limited sodium chloride reabsorption in
the more distal nephron, thereby producing a maximal
diuretic effect equivalent to 20% to 25% of the filtered
sodium load. Currently available loop diuretics in-
clude furosemide, bumetanide, torsemide, and

ethacrynic acid. Because of their potency, they are
generally effective in patients with advanced renal
insufficiency (glomerular filtration rates �25 mL/
min).148 Distal tubular diuretics, with the exception of
metolazone, are generally 6 to 8 times less potent than
the loop diuretics and are thus reserved for patients
with mild fluid retention. They are ineffective as the
glomerular filtration rates decrease to levels �25 to 30
mL/min. Traditionally, they are classified into potas-
sium-wasting (thiazides, chlorthalidone, and metola-
zone) and potassium-sparing diuretics (triamterene,
amiloride, and spironolactone). Potassium-wasting di-
uretics decrease sodium reabsorption in the cortical
segment of the ascending limb of the loop of Henle
and the distal convoluted tubule, and they are associ-
ated with an increase in urinary potassium excretion.
Potassium-sparing diuretics are not potent enough
when used alone, but they may be used to avoid the
potassium-wasting effects of diuretics that act at more
proximal nephron sites.148

The plasma half-life of a diuretic determines its
frequency of administration. Thiazides and distal tu-
bule diuretics have longer half-lives that allow them to
be given once daily or even every other day (eg,
metolazone). The plasma half-life of loop diuretics
ranges from 1 to 4 hours. Once a dose of a loop
diuretic has been administered, its effect dissipates
before the next dose is given. During this time, the
nephron avidly reabsorbs sodium, resulting in rebound
sodium retention that nullifies the prior natriuresis.148

BENEFITS OF DIURETICS: Clinical effects. Several tri-
als have demonstrated the ability of diuretics to de-
crease signs of fluid retention in patients with

TABLE 4 Effect of the Study Drug on the Occurrence of Death or Hospitalization Due to Worsening Heart Failure

Variable

No. of Patients with �1 Event
(% Randomized)

Absolute Difference, %
(95% CI)†

Risk Ratio
(95% CI)‡Digoxin* Placebo*

Ejection fraction
0.25–0.45 613/2,270 (27.0) 735/2,273 (32.3) �5.3 (�8.0 to �2.7) 0.80 (0.72 to 0.89)
�0.25 428/1,127 (38.0) 556/1,130 (49.2) �11.2 (�15.3 to �7.2) 0.68 (0.60 to 0.77)

Previous use of digoxin
Yes 550/1,498 (36.7) 688/1,519 (45.3) �8.6 (�12.1 to �5.1) 0.74 (0.66 to 0.83)
No 491/1,899 (25.9) 603/1,884 (32.0) �6.2 (�9.0 to �3.3) 0.77 (0.68 to 0.86)

Cause of heart failure
Ischemic 731/2,405 (30.4) 873/2,398 (36.4) �6.0 (�8.7 to �3.3) 0.79 (0.72 to 0.88)
Nonischemic 306/983 (31.1) 413/996 (41.5) �10.3 (�14.5 to �6.1) 0.67 (0.58 to 0.77)

Cardiothoracic ratio
�0.55 600/2,220 (27.0) 724/2,233 (32.4) �5.4 (�8.1 to �2.7) 0.79 (0.71 to 0.88)
�0.55 441/1,176 (37.5) 567/1,170 (48.5) �11.0 (�14.9 to �7.0) 0.69 (0.61 to 0.78)

NYHA class
I or II 601/2,275 (26.4) 739/2,296 (32.2) �5.8 (�8.4 to �3.1) 0.78 (0.70 to 0.87)
III or IV 438/1,118 (39.2) 552/1,105 (50.0) �10.8 (�14.9 to �6.7) 0.70 (0.61 to 0.79)

Overall study population 1,041/3,397 (30.6) 1,291/3,403 (37.9) �7.3 (�9.5 to �5.0) 0.75 (0.69 to 0.82)

CI � confidence interval; NYHA � New York Heart Association.
*Numbers of patients shown for the subgroups do not all add up to the total number in the group because of missing data for some patients.
†Absolute differences were calculated by subtracting the percentage of patients with �1 event in the placebo group from the corresponding percentage of patients

in the digoxin group (before values were rounded). The p values for the interaction of the variables shown with the study assignments were as follows: ejection
fraction, p � 0.02; previous digoxin use, p � 0.54; cause of heart failure, p � 0.11; cardiothoracic ratio, p � 0.02; and NYHA class, p � 0.02.

‡Risk ratios and CIs were estimated from the Cox proportional-hazards model that used the date of the first event. The p values for the interaction of the variables
shown with the study assignments were as follows: ejection fraction, p � 0.05; previous digoxin use, p � 0.60; cause of heart failure, p � 0.06; cardiothoracic
ratio, p � 0.10; and NYHA class, p � 0.15.

Adapted from N Engl J Med.142
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HF.149,150 In these short-term studies, diuretic use has
led to a reduction in jugular venous pressures, pulmo-
nary congestion, peripheral edema, and body weight,
all observed within days. Diuretics have been shown
to improve cardiac function, symptoms, and exercise
tolerance in patients with HF.151 Unfortunately, di-
uretics activate the neurohormonal vasoconstrictor
systems that have been implicated in the progression
of the disease, increasing plasma renin activity and
concentrations of angiotensin II, aldosterone, and nor-
epinephrine.152 Long-term diuretic use also decreases
circulating concentrations of the vasodilating natri-
uretic peptides.152 This imbalance may partially ex-
plain the development of progressive diuretic resis-
tance that is commonly seen in advanced HF.

Effects on mortality and hospitalization. There
have been no long-term studies of diuretic therapy in
HF, and, thus, their effects on morbidity and mortality
are not known. A retrospective analysis of the
SOLVD trials showed that non–potassium-sparing di-
uretic use is associated with an increased risk of
arrhythmic death (relative risk, 1.33; 95% confidence
interval, 1.05 to 1.69; p � 0.02).153 Use of a potassi-
um-sparing diuretic alone or in combination with
other diuretics was not associated with increased risk
of arrhythmic death (relative risk, 0.9; 95% confidence
interval, 0.61 to 1.31; p � 0.6).153 The recently pre-
sented Torasemide in Congestive Heart Failure
(TORIC) study compared the efficacy of torsemide
and furosemide in HF.154 Although not designed as a
mortality study, TORIC showed fewer deaths in the
torsemide-treated patients (2.2% vs 4.5% in the
torsemide and furosemide group, respectively).154 The
study also showed fewer hypokalemic episodes in the
torsemide patients and similar NYHA class improve-
ment in both groups. Another recent published trial
suggested that the use of torsemide is associated with
fewer HF rehospitalizations and fewer hospital days
for HF admission than with the use of furosemide.155

Although the above trials enrolled a relatively small
number of patients, had an open-label design, and the
percentage of patients receiving ACE inhibitors and
�-blockers was small, these observations deserve fur-
ther investigation. Thus, it is prudent to use the lowest
dose of diuretic that helps control congestion and

perhaps use torsemide, which has a more predictable
bioavailability and may be safer than furosemide.

RECOMMENDATIONS ON THE USE OF DIURETICS: Di-
uretics improve symptoms within hours or days,
whereas the clinical effects of ACE inhibitors or
�-blockers may take weeks or months to become
apparent. ACC/AHA guidelines recommend that di-
uretics be prescribed to all patients who have evidence
of fluid retention and that they should be combined
with an ACE inhibitor and a �-blocker (and usually
digoxin).8 Therapy is initiated with low doses, and the
dose is increased until urine output increases and
weight decreases, generally by 0.5 to 1.0 kg/day. The
treatment goal is to eliminate physical signs of fluid
retention. Once fluid retention has resolved, treatment
with the diuretic should be maintained to prevent the
recurrence of volume overload. Patients are com-
monly prescribed a fixed dose of diuretic (Table 5),
but the dose should be adjusted periodically, allowing
the patient to make changes in dose if his or her
weight increases or decreases beyond a specified
range.8 Diuretics should be dosed based on their half-
life. Loop diuretics, with a shorter half-life, should be
dosed twice daily to prevent rebound sodium reten-
tion. Thiazides can be given once daily, and metola-
zone, which has a longer half-life, can be safely given
every other day.148

Appropriate dosing of diuretics is crucial for the
success of other drugs used in treating HF. Using too
low a dose causes fluid retention, which can diminish
the response to ACE inhibitors and increase the risk of
treatment with �-blockers.8 Use of inappropriately
high doses of diuretics leads to volume contraction, an
increased risk of hypotension, and renal insufficiency
with ACE inhibitors.8

Patients may become unresponsive, even to high
doses of diuretics, if their diet contains large amounts
of sodium, if they are taking nonsteroidal anti-inflam-
matory drugs or cyclooxygenase 2 inhibitors, or if
they have a significant impairment of renal function.8
Diuretic resistance can generally be overcome by the
intravenous administration of diuretics (including the
use of continuous infusions), the use of �2 diuretics
in combination (eg, furosemide and metolazone), or

TABLE 5 Diuretics Used in the Management of Heart Failure

Agent Starting Dosage
Total Maximal
Daily Dosage Primary Site of Action

Bumetanide 0.5–1 mg qid/bid 10 mg

Loop of HenleEthacrynic acid 25 mg qid/bid 50–200 mg
Furosemide 20–40 mg qid/bid 500 mg
Torsemide 10–20 mg qid/bid 200 mg
Chlorothiazide 500 mg qid/bid 500–1,500 mg

Distal tubule (potassium wasting)Hydrochlorothiazide 25 mg qid/bid 25–100 mg
Metolazone 2.5–5 mg qid 2.5–20 mg
Amiloride 5 mg qid 5–20 mg

Distal tubule (potassium sparing)Spironolactone* 25 mg qid/bid 25–200 mg
Triamterene 50 mg qid/bid 100–300 mg

*For use as aldosterone receptor blocker, see text.

}
}
}
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the use of diuretics together with drugs that increase
renal blood flow (eg, positive inotropic agents).8

Volume and electrolyte depletion are the most
common complications of chronic diuretic therapy.
Volume depletion may result in hypotension and/or
diminished renal perfusion, leading to the develop-
ment of prerenal azotemia or acute intrinsic renal
failure that may resolve by decreasing the diuretic
dose. Hypokalemia and hypomagnesemia may in-
crease the risk of life-threatening ventricular arrhyth-
mias in patients with HF and may contribute to the
incidence of sudden death, particularly during treat-
ment with digoxin. Usually, combining ACE inhibi-
tors and, if appropriate, spironolactone, will minimize
potassium loss. Magnesium and/or potassium supple-
ments can be given as needed. If hypotension or
azotemia is observed, the rapidity of diuresis could be
reduced, but diuresis should be maintained until fluid
retention is eliminated. Diuretics may also cause met-
abolic alkalosis, carbohydrate intolerance, hyperurice-
mia, hypersensitivity reactions, and acute pancreati-
tis.8

THERAPIES THAT ARE NOT
BENEFICIAL

Calcium antagonists: Although all calcium antago-
nists have anti-ischemic properties and cause systemic
vasodilation, they have not demonstrated sustained
improvement in patients with HF. In fact, worsening
symptoms and increased mortality have been reported,
possibly because of their negative inotropic effect and
reflex neurohormonal activation. The first-generation
calcium antagonists, such as diltiazem and nifedipine,
were found to exacerbate HF and/or increase mortality
in patients after myocardial infarction with pulmonary
congestion or an EF �0.40.156,157 The newer calcium
antagonists, amlodipine and felodipine, appear to have
less negative inotropic effects and do not have the
deleterious effects seen with earlier drugs in this class.

The long-term effect of amlodipine on morbidity
and mortality in patients with advanced HF was ex-
amined in the Prospective Randomized Amlodipine
Survival Evaluation (PRAISE I) trial.158 Although
amlodipine produced a 9% reduction in the combined
risk of fatal and nonfatal events and decreased the risk
of all-cause mortality by 16%, these reductions were
not statistically significant.158 Amlodipine had no sig-
nificant effect on mortality in the subset of patients
with coronary artery disease. However, in the patients
with nonischemic cardiomyopathy, mortality was sig-
nificantly decreased by 46%, and the combined risk of
fatal and nonfatal events was significantly decreased
by 31% with amlodipine.158 Amlodipine had no effect
on the frequency of worsening HF associated with
hospitalizations or the rate of myocardial infarction,
but the amlodipine group had a higher incidence of
pulmonary and leg edema, as well as renal failure. To
further test the hypothesis that amlodipine benefits
patients with nonischemic primary cardiomyopathy,
the investigators conducted the PRAISE II trial. The
preliminary results did not show any difference in the

outcomes between the amlodipine and placebo
groups.159

V-HeFT III attempted to determine the effect of
extended-release felodipine on exercise capacity and
HF symptoms after 12 weeks of therapy in male
patients being treated with ACE inhibitors and diuret-
ics, but it failed to show any benefit.160 Overall mor-
tality and the need for hospitalization in patients as-
signed to receive felodipine did not differ from that in
the placebo control group.160

Based on available data, calcium antagonists are
not recommended for the treatment of HF. Diltiazem,
verapamil, and nifedipine should be avoided in pa-
tients with HF with reduced systolic function. The
vasculoselective agents, such as amlodipine, may be
considered for the management of hypertension in
patients with LV systolic dysfunction who are also
receiving standard HF therapy.

Oral inotropic agents: For many years, HF was
considered a defect in cardiac contractility, and posi-
tive inotropes have long been considered an attractive
pharmacologic target. Although inotropic agents may
improve hemodynamics and relieve symptoms in the
short term, long-term therapy has failed to produce
significant clinical benefits, and, in most instances, it
has shown increased mortality in patients with HF.
Only digoxin, which has weak inotropic properties,
has been shown to have a neutral effect on mortali-
ty.142 Nonglycoside inotropic agents include the fol-
lowing: (1) �-adrenergic drugs (ie, xamoterol), (2)
phosphodiesterase inhibitors (ie, amrinone, enoxi-
mone, milrinone), (3) dopaminergic agents (ie, ibo-
pamine), and (4) mixed or unknown activity (ie, pimo-
bendan, vesnarinone, flosequinan).

The Xamoterol in Severe Heart Failure Study ex-
amined the effect of xamoterol, a �1-adrenergic selec-
tive partial agonist, on survival in patients with
NYHA class III to IV.161 Patients treated with xam-
oterol had significantly higher rates of all-cause mor-
tality, mortality from progressive HF, and sudden
death than those assigned to the placebo group. The
excess number of deaths with xamoterol led to early
termination of this study.161

Phosphodiesterase inhibitors combine positive ino-
tropic activity with vasodilation. They increase car-
diac output, decrease LV filling pressures, and lower
both vascular resistance and venous tone. The Enoxi-
mone Multicenter Trial (EMT) investigated enoxi-
mone combined with digoxin and diuretics in patients
with NYHA class II to III.162 Although not a survival
trial, EMT showed that enoximone was associated
with a higher total mortality and mortality from pro-
gressive HF compared with placebo. Enoximone had
no effect on HF symptoms or exercise capacity.162

The larger Prospective Randomized Milrinone Sur-
vival Evaluation (PROMISE) trial assessed the effect
of milrinone and conventional therapy on mortality in
a population of patients with NYHA class III to IV.163

Patients treated with milrinone showed a 28% increase
in all-cause mortality and a 34% increase in cardio-
vascular deaths over placebo. Adverse effects of mil-
rinone were apparent in all patient subgroups and were
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most pronounced in patients with NYHA class IV,
who had a 53% increase in mortality. Treatment with
milrinone was also associated with an increased fre-
quency of hospitalization and more frequent study
withdrawal because of drug side effects.163

Ibopamine interacts with the cardiac �-receptors,
producing a weak inotropic response, and with the
dopaminergic receptors in peripheral vessels, resulting
in decreased peripheral vascular resistance and en-
hanced renal blood flow in the kidney. Although it
appears to improve the neurohormonal profile164 and
is as effective as captopril and diuretics in reducing
symptoms of HF,165 the second Prospective Random-
ized Study of Ibopamine on Mortality and Efficacy
(PRIME II) trial showed a significantly higher death
rate in the ibopamine-treated patients than with pla-
cebo.166

The Pimobendan in Congestive Heart Failure
(PICO) trial evaluated the effect of pimobendan, a
positive inotropic agent with a dual mechanism of
action involving both calcium sensitization and phos-
phodiesterase inhibition properties, on exercise capac-
ity in patients with NYHA class II to III.167 Addition
of pimobendan to standard therapy with a diuretic
agent and an ACE inhibitor resulted in a significant
increase in exercise capacity after 24 weeks of treat-
ment compared with placebo. No significant effect on
oxygen consumption or quality of life was noted, but
overall mortality during the treatment and follow-up
period was 1.8 times greater in patients treated with
pimobendan than in those receiving placebo.167

Vesnarinone is a phosphodiesterase inhibitor and a
potassium antagonist. Its effect on mortality in pa-
tients with symptomatic HF was evaluated in 2 trials.
The smaller Vesnarinone Study Group (VeSG) trial
showed that patients who received vesnarinone 60
mg/day, digoxin, and ACE inhibitors had a 62% de-
crease in all-cause mortality and a 50% reduction in
morbidity and mortality combined.168 In contrast to
the favorable effect on mortality seen with 60 mg/day
of vesnarinone, a doubling of the dose to 120 mg/day
increased mortality. Therefore, this arm of the study
was discontinued.168 Subsequently, the larger
Vesnarinone Trial (VEST) examined mortality in
3,600 patients observed for 9 months. A 26% increase
in all-cause mortality occurred with the 60-mg/day
dose of vesnarinone.169 A statistically nonsignificant
14% increase in all-cause mortality was observed in
patients receiving 30 mg/day of vesnarinone. Because
of the mortality findings, VEST was prematurely dis-
continued.169 Based on these trials that indicated in-
creased mortality, oral inotropic agents are contrain-
dicated in the management of HF.

Only a few small trials evaluated the intermittent or
continuous long-term use of intravenous inotropes in
the management of HF. The disappointing results sug-
gested little efficacy and an increase in mortality.170–172

Recently published trials showed that even short-term
use of intravenous inotropes for management of HF
exacerbations is associated with increased mortality in
the long run and does not result in any significant
symptomatic improvement over placebo.173,174 Given

the lack of convincing evidence of clinical benefit and
the abundant evidence of increased mortality, the
ACC/AHA guidelines recommend that intravenous
inotropes should not be used intermittently or contin-
uously in the treatment of patients with HF and should
be considered only as palliative therapy for end-stage
disease.8

Systemic vasodilators: HF is characterized by de-
creased cardiac performance, which leads to neuro-
hormonal activation, resulting in increased systemic
vascular resistance that causes further decrease in
cardiac performance. Improvement in hemodynamics
with vasodilators was thought to prevent progression
of HF and improve survival. The effect of several
direct vasodilators on mortality in patients with HF
was evaluated in clinical trials and produced disap-
pointing results.

Flosequinan is a direct vasodilator with dose-de-
pendent positive inotropic and chronotropic effects.
The Prospective Randomized Flosequinan Longevity
Evaluation (PROFILE) trial evaluated the efficacy of
flosequinan in patients with NYHA class III to IV.
The study was terminated prematurely because of a
41% increase in the risk of death in patients treated
with flosequinan.175 Flosequinan may increase levels
of circulating neurohormones176 and heart rate, and
the activation of the neurohormonal system may con-
tribute to the progression of HF. Initially approved by
the FDA for therapy of HF, flosequinan was with-
drawn based on the results of PROFILE.

Epoprostenol causes direct vasodilation of the pul-
monary and systemic arteries, resulting in a reduction
in afterload, as well as increased cardiac output and
stroke volume. An initial pilot study in 33 patients
with advanced HF reported significant improvement
in the 6-minute walk test and a trend toward improved
survival in patients receiving continuous intravenous
infusion of epoprostenol.177 The Flolan International
Randomized Survival Trial (FIRST) showed that in-
travenous epoprostenol combined with standard ther-
apy was associated with a higher overall mortality
compared with standard therapy alone.178 This obser-
vation led to the premature discontinuation of the trial.
Because of the negative effects of these drugs on
survival, they should not be used in the treatment of
HF.

Antiarrhythmic agents: Ventricular ectopic activity
is common in patients with HF. Sudden cardiac death,
frequently resulting from ventricular arrhythmias, ac-
counts for 40% to 50% of the mortality in these
patients.179,180 Empirical antiarrhythmic therapy for
patients with HF has no proven benefit and has been
associated with a higher incidence of proarrhythmic
complications in patients with LV systolic dysfunc-
tion.181 After the increased mortality seen in the Car-
diac Arrhythmia Suppression Trial (CAST) and in
CAST II, class I antiarrhythmics are contraindicated
in the treatment of patients with HF.182,183

Amiodarone is an antiarrhythmic agent with low
proarrhythmic potential and a favorable hemodynamic
profile. Several studies evaluated the effect of amio-
darone on mortality in patients with HF. In the Grupo
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de Estudio de la Sobrevida en la Insuficiencia Car-
diaca en Argentina (GESICA), amiodarone 300 mg/
day, combined with standard therapy in patients with
NYHA class II to IV, was associated with a 28%
reduction in the risk of death and a 31% reduction in
the combined risk of death or hospitalization for wors-
ening HF in patients with advanced disease.184 There
was trend toward a reduction in the risk of death
because of progressive HF and the risk of sudden
death.184

The Survival Trial of Antiarrhythmic Therapy in
Congestive Heart Failure (HF-STAT) involved pa-
tients with mild HF and asymptomatic ventricular
arrhythmias, manifested as �10 premature ventricular
contractions per hour.185 No significant differences in
overall mortality, sudden death, or death from overt
HF were detected between the amiodarone and pla-
cebo treatment groups for the study population as a
whole or for the subgroup of patients with coronary
artery disease. However, a trend toward a reduction in
overall mortality was noted among amiodarone-
treated patients with nonischemic cardiomyopathy.
Amiodarone suppressed ventricular arrhythmias and
improved the LVEF.185

The European Myocardial Infarct Amiodarone
Trial (EMIAT) assessed the effect of amiodarone ver-
sus placebo in patients after myocardial infarction
with an EF �0.40. Amiodarone had no significant
effect on total mortality in these patients. Sudden
death, however, was decreased by 35% with amioda-
rone. A favorable interaction was apparent between
the concomitant use of �-blockers and cardiac mor-
tality, independent of LV function.186

Because of the conflicting evidence and its known
toxicity, the prophylactic use of amiodarone to pre-
vent sudden cardiac death in patients with HF is not
recommended in the current ACC/AHA guidelines.8 It
should be used in combination with a �-blocker and
an implantable cardioverter defibrillator in patients
with a history of sudden death, ventricular fibrillation,
or sustained ventricular tachycardia.8 Patients on ami-
odarone therapy should be monitored for the occur-
rence of thyroid, ocular, pulmonary, or hepatic abnor-
malities. Thyroid and liver function tests, as well as
chest x-ray, should be assessed at baseline and every
6 months during therapy. Pulmonary function tests
should be obtained at baseline and repeated only if
findings on follow-up chest x-ray are abnormal. Pa-
tients taking amiodarone, digoxin, and warfarin
should be carefully monitored for drug interactions.8

The Survival with Oral d-sotalol (SWORD) trial
examined the effect of treatment with d-sotalol in
patients with a previous myocardial infarction and LV
dysfunction. The study was terminated prematurely
because of a statistically significant 65% increase in
the risk of death in the d-sotalol group. The higher
mortality was attributable to an excess of presumed
arrhythmic deaths, which were increased by 77%.187

Consequently, sotalol is contraindicated in patients
with HF.

ANTICOAGULATION AND
ANTIPLATELET AGENTS

Theoretically, patients with HF have an increased
risk of thromboembolic events because of stasis of
blood in the cardiac chambers188 and increased activ-
ity of procoagulant factors.189 However, in large stud-
ies, the risk of thromboembolism in clinically stable
patients has been only 1% to 3% per year, even in
those with a very low EF and echocardiographic evi-
dence of intracardiac thrombi.190,191 Because the ben-
efit–risk ratio is low, anticoagulation is not justified in
these patients. Currently, there are no published con-
trolled trials of warfarin or other antithrombotic agents
in patients with HF, but in several retrospective anal-
yses, the risk of thromboembolic events in patients
taking warfarin was not lower than in patients not
treated with antithrombotic drugs.190 Currently, the
Warfarin and Antiplatelet Therapy in Chronic Heart
Failure (WATCH) study is evaluating the role of
aspirin, clopidogrel, and warfarin in patients with HF.
In the absence of definitive trials, it is not clear how
anticoagulants should be prescribed in patients with
HF. According to the ACC/AHA guidelines, antico-
agulation with warfarin is most justified in patients
with HF who have had a previous embolic event or
who have paroxysmal or chronic atrial fibrillation,8,192

and it probably should not be prescribed in patients
who are in normal sinus rhythm, even with a low EF.8

INVESTIGATIONAL THERAPIES
Vasopeptidase inhibitors: HF is characterized not

only by enhanced activation of endogenous vasocon-
strictor neurohormonal systems, such as the renin–
angiotensin–aldosterone system or endothelin, but
also by the diminished responses to endogenous va-
sodilator systems, such as natriuretic peptides.193 Re-
cently, there has been interest in the development of
vasopeptidase inhibitors that block not only the ACE,
which leads to decreased levels of angiotensin II, but
also the neutral endopeptidase, which leads to en-
hanced activity of endogenous vasodilators.193 In the
Inhibition of Metalloproteinase BMS-186716, Omi-
patrilat, in a Randomized Exercise and Symptom
Study (IMPRESS), patients with NYHA class II to IV
were randomized to receive either omapatrilat or lis-
inopril. Exercise treadmill test performance improved
similarly in both groups.194 Omapatrilat-treated pa-
tients with NYHA class III to IV had a greater func-
tional improvement than those treated with lisinopril,
and there was a trend in favor of omapatrilat on the
combined end point of death or admission for wors-
ening HF (p � 0.052).194 However, the much larger
Omapatrilat Versus Enalapril Randomized Trial of
Utility in Reducing Events (OVERTURE) produced
disappointing results. When compared with enalapril,
omapatrilat did not reduce significantly the rate of
death and HF hospitalizations (the primary end point)
or all-cause mortality. Treatment with omapatrilat was
associated with more hypotensive episodes than ena-
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lapril.195 Thus, at present, this drug class has no role in
HF management.

Cytokine antagonists: Patients with HF have ele-
vated levels of tumor necrosis factor that correlate
with the severity of symptoms.196 Tumor necrosis
factor has been associated with LV dysfunction, car-
diomyopathy, and pulmonary edema.197–199 It was
proposed that etanercept, an antagonist of tumor ne-
crosis factor, might be effective in the treatment of
HF. Based on pilot data of survival benefit with tumor
necrosis factor antagonism,200 the Randomized Etan-
ercept North American Strategy to Study Antagonism
of Cytokines (RENAISSANCE) and the Research into
Etanercept Antagonism in Ventricular Dysfunction
(RECOVER) trials enrolled patients with NYHA class
II to IV who were treated with placebo or various
doses of etanercept. The Randomized Etanercept
World-Wide Evaluation (RENEWAL) results pooled
all patients from both trials for a combined primary
end point of all-cause mortality and HF hospitaliza-
tion. However, in 2001 when interim analysis indi-
cated that therapy would not demonstrate benefit, the
studies were stopped by their steering committees.
Analysis of hazard ratios for death/worsening HF
showed that in the RECOVER study, patients receiv-
ing the higher dose appeared to show slightly better
results than those receiving the lower dose.201 In the
RENAISSANCE study, the hazard ratio was increased
in both of the etanercept treatment groups. There was
a trend toward an increased risk of death in the etan-
ercept group for both studies combined (odds ratio,
1.10). There was also an indication of worse outcome
in patients with nonischemic HF and in those aged
�65 years. It was concluded that although the
RENEWAL study did not conclusively demonstrate
harm, the risk ratio for worsening HF was increased in
the RENAISSANCE study, and it was suggested that
etanercept be used with caution in patients with rheu-
matoid arthritis with concomitant HF.201

Infliximab is a monoclonal antibody that binds to
tumor necrosis factor, thereby inhibiting its action.
The Effects of Anti-Tumor Necrosis Factor-� Therapy
Against Chronic Heart Failure (ATTACH) trial was
designed as a pilot trial to assess the efficacy and
safety of infliximab in HF.202 Patients with NYHA
class III to IV on standard therapy were randomized to
2 doses of infliximab (low and high) and placebo.
There were strong trends toward an increase in the
percentage of patients with worsening clinical status,
largely because of an increase in deaths or hospital-
ization for HF at week 28 in the infliximab groups. It
was concluded that infliximab did not improve out-
comes in HF and that it was associated with an in-
creased incidence of worsening of HF, which contin-
ued after therapy was stopped. In view of these find-
ings, the investigators concluded that infliximab
should be avoided in patients with HF.202

Endothelin antagonists: Endothelins are a family of
peptides that mediate vascular tone. Endothelin-1 is a
potent vasoconstrictor that can adversely affect the
structure and function of the heart and peripheral
blood vessels.203 Circulating levels of endothelin-1 are

elevated in patients with HF,204 and they correlate
with symptomatic and hemodynamic severity.205

There are 2 types of endothelin-1 antagonists under
evaluation: those that block the receptors for endothe-
lin-1 and those that inhibit the endothelin-converting
enzyme. So far, clinical studies have evaluated endo-
thelin receptor blockers only. The Enrasentan Coop-
erative Randomized Evaluation (ENCOR) trial ran-
domized 419 patients with NYHA class II to III to
several arms: enrasentan (a combined endothelin A/B
receptor antagonist) at 3 doses, high-dose enalapril,
and placebo. All patients received standard therapy
that included digoxin, diuretics, �-blockers, vasodila-
tors, and “standard doses” of ACE inhibitors.206 There
was no dose response seen in the enrasentan group.
There was no statistically significant difference when
all groups treated with enrasentan were compared with
placebo. However, there was a trend toward favoring
placebo (p � 0.0644). There was also a trend toward
higher mortality and a higher incidence of adverse
effects in the enrasentan group.206

The Research on Endothelin Antagonism in
Chronic Heart Failure (REACH 1) trial studied bosen-
tan (a combined endothelin A/B receptor antagonist)
in patients with NYHA class III to IV. The study had
to be terminated early because of elevated hepatic
transaminases, which were reversible on drug cessa-
tion. Of the patients who completed the study, there
was a 41% reduction in all-cause hospitalization.207

The Endothelin Antagonists Cooperative Randomized
Evaluation (ENABLE) trial consisted of 2 parallel
identical studies, ENABLE-1 in the United States and
ENABLE-2 in Europe, Israel, and Australia.208 It
compared bosentan (at much lower doses than used in
REACH 1) with placebo. There was no statistical
difference in the rate of cardiac death or HF hospital-
ization or in all-cause mortality with bosentan over
placebo.208 There was a significant increase in both
body fluid retention and elevated liver function en-
zymes in those randomized to treatment with bosen-
tan. Thus, endothelin antagonists with the doses and
agents studied to date offer no benefit and can cause
potential harm if used in patients with chronic HF.

The fourth Randomized Intravenous Tezosentan
(RITZ 4) trial is a recently completed trial evaluating
the effects of tezosentan, a dual endothelin A/B recep-
tor antagonist, in patients with acute HF in the setting
of an acute coronary syndrome.209 The results are
expected later this year.

Vasopressin2 receptor antagonists: Arginine vaso-
pressin is a nonpeptide hormone with cardiovascular
and renal effects mediated through 2 receptor sub-
types: the vasopressin1A receptor, found on vascular
smooth muscle cells and in the myocardium, and the
vasopressin2 receptors, found in the distal tubule of
the kidney.210,211 Stimulation of the vasopressin1A re-
ceptor results in vasoconstriction in the peripheral and
coronary circulations and has other effects, such as
increasing the myocardial intracellular calcium levels
and myocyte hypertrophy.210–212 The vasopressin2 re-
ceptor mediates renal water retention and is predom-
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inantly responsible for the antidiuretic effect of this
hormone.210,211 In HF and LV dysfunction, arginine
vasopressin release is stimulated by baroreceptors
sensing changes in intra-arterial plasma volume and
neurohormones, such as angiotensin II.212

A recent study evaluating the hemodynamic effects
of an intravenous combined vasopressin1A and vaso-
pressin2 receptor antagonist in patients with advanced
HF showed that short-term antagonism of arginine
vasopressin receptors with conivaptan produced fa-
vorable hemodynamic and renal effects.213 Decreases
in pulmonary capillary wedge pressure and right atrial
pressure were accompanied by substantial increases in
urine output, without affecting systemic blood pres-
sure, heart rate, or serum electrolytes.213

A recently presented study assessed the effects of 3
different doses of tolvaptan, an oral vasopressin2 re-
ceptor antagonist, administered for 25 days in patients
with HF and NYHA class II to III with signs of
congestion. Patients were on stable doses of furo-
semide. Treatment with tolvaptan was associated with
a significant increase in urine output and decrease in
body weight compared with placebo, which was evi-
dent at 24 hours and was maintained for the duration
of the study.214 Marked reduction in leg edema was
observed in the tolvaptan group compared with pla-
cebo.214 Tolvaptan normalized serum sodium in pa-
tients with baseline hyponatremia and did not increase
the serum sodium above normal values in patients
with normal levels at baseline.215 Treatment with
tolvaptan was not associated with changes in blood
pressure or in serum potassium.214,215

The short-term and long-term effects of tolvaptan
in patients admitted for worsening HF were tested in
the Acute and Chronic Therapeutic Impact of a Va-

sopressin Antagonist in Congestive Heart Failure
(ACTIV-CHF) trial. The trial enrolled patients in
NYHA class III to IV with signs of congestion who
were randomized to 3 different doses of tolvaptan or
placebo that were continued for 7 weeks after dis-
charge.216 The primary end points of the study are
change in body weight within 24 hours after the first
in-hospital dose and clinical worsening of HF within
60 days. The results are expected this year.216

CONCLUSION
HF is a progressive syndrome, and the pharma-

cologic treatment has become a combined symp-
tomatic–preventive management strategy. Ideally,
treatment should be started for patients at risk and
when structural damage is not yet done. However, if
patients progress to symptomatic LV dysfunction,
certain therapies have shown a benefit in improving
symptoms and mortality (Table 6). The mainstays
of therapy are ACE inhibitors and �-blockers (biso-
prolol, carvedilol, and metoprolol CR/XL) with di-
uretics to control fluid retention. If patients manifest
hypotension because of the medications, it is better
to use lower doses of ACE inhibitors and �-block-
ers combined than the maximum dose of either
agent alone and/or to space the administration of
these drugs throughout the day. If patients are in-
tolerant to ACE inhibitors because of intractable
cough or angioedema, valsartan can be substituted.
Aldosterone antagonists are recommended in patients
with stable NYHA class III to IV who are symptom-
atic despite standard therapy and who have a serum
creatinine level of �2.5 mg/dL and a potassium level
of �5.0 mEq/L. Low-dose digoxin yielding a serum
digoxin concentration �1 ng/mL could be added to

TABLE 6 Effects of Drugs in Heart Failure (HF) with Reduced Systolic Function

Agent Symptoms
Worsening/Hospitalization

for HF Mortality

ACE inhibitors Improve Decrease Decrease in asymptomatic and NYHA class II to
IV patients

�-Blockers (bisoprolol,
carvedilol, and metoprolol
CR/XL)

Improve Decrease Decrease in NYHA class II to IV patients

ARB (valsartan) Improve Decrease May decrease in ACE inhibitor–intolerant
patients

May increase in patients taking both ACE
inhibitors and �-blockers

Aldosterone receptor antagonists
(spironolactone)

Improve Decrease Decrease in NYHA class III to IV patients

Hy-ISDN No effect No effect May decrease, especially in African Americans
Digoxin Improve Decrease Neutral or may increase when SDC �1 ng/mL

or may decrease when SDC is 0.5 to 0.8
ng/mL

Loop diuretics Improve Decrease May Increase
Calcium antagonists

(amlodipine)
May worsen No effect No effect

Inotropic agents (oral and IV)* May improve No effect Increase
Systemic vasodilators† May improve No effect Increase

ACE � angiotensin-converting enzyme; ARB � angiotensin-receptor blocker; EF � ejection fraction; IV � intravenous; NYHA � New York Heart Association; SDC
� serum digoxin concentration.

*Other than digoxin.
†Epoprostenol and flosequinan.
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improve symptoms. The combination hydralazine-
isosorbide dinitrate could be used if ACE inhibitors or
valsartan are not tolerated, especially in African
Americans. Amiodarone is recommended together
with a �-blocker and an implantable cardioverter de-
fibrillator in patients with a history of sudden death,
ventricular fibrillation, or sustained ventricular tachy-
cardia. Anticoagulation is recommended only in pa-
tients who have had a previous embolic event or who
have paroxysmal or chronic atrial fibrillation. Finally,
calcium antagonists should be avoided in patients with
HF and reduced systolic function.
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