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IMPROVING OUTCOMES IN HEART FAILURE PATIENTS

Comprehensive Treatment of
Heart Failure: State-of-the-Art
Medical Therapy
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Despite advances in therapy and better outcomes for heart failure, this disease remains
burdensome in terms of hospitalization costs, quality of life, and mortality. Many
treatment strategies are available for heart failure, including medical therapy with
agents such as angiotensin-converting enzyme inhibitors, and �-blockers, and device
therapy including implantable cardioverter-defibrillators and cardiac resynchronization.
However, data now demonstrate that compliance with these evidence-based strategies is
well below acceptable thresholds, negatively affecting quality of care. The implementa-
tion of guidelines such as those of the American College of Cardiology/American Heart
Association and the application of dedicated disease management programs are two
mechanisms aimed toward helping physicians construct and adhere to effective treat-
ment regimens for their patients with heart failure. 
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Heart failure has emerged as one of the most pressing cardiovascular dis-
ease entities in contemporary medicine. Arguably, heart failure is now a
treatable illness; however, despite noteworthy advances in therapy and

improved outcomes, significant challenges remain. The costs of hospitalization
resources amount to more than $10 billion annually, quality of life is often worse
than that of patients with cancer, and hundreds of thousands of lives are lost
on an annual basis.1 It is therefore important to give careful thought to the
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comprehensive treatment of heart
failure in order to reduce the ever-
increasing burden of this disease.

Recently, effective medical treat-
ment strategies have emerged focus-
ing on modulating an activated
neurohormonal system responsible
for the observed pathobiologic
changes in the heart that predispose
to ventricular dysfunction, sympto-
matic heart failure, disease progres-
sion, and death. These discoveries in
medical therapy for heart failure
have yielded a robust cohort of ther-
apeutic options, resulting in the
potential to significantly improve
outcomes. Available medical treat-
ment strategies now include renin-
angiotensin-aldosterone system
inhibitors, sympathetic nervous sys-
tem antagonists, diuretics, digoxin,
natriuretic peptides, and electrolyte
replacement.2 New device options
include implantable cardioverter-
defibrillators (ICDs),3 pacemakers for
cardiac resynchronization therapy
(CRT),4-6 and combined ICD/CRT.5

Adjunctive therapeutic options in-
clude correction of sleep-disordered
breathing and cardiac rehabilitation.
Emerging surgical approaches in-
clude high-risk coronary artery by-
pass grafting for significant coronary
artery disease with severe left ven-
tricular dysfunction, surgical reverse
remodeling, mitral valve repair,

surgical restraint devices, and left
ventricular assist devices (LVADs).
The new dynamic is one of “disease
management,” the full potential of
which has not yet been realized in
heart failure. This surfeit of treat-
ment choices must be carefully navi-
gated and implemented on a patient-
by-patient basis.

The best template available to
facilitate the most effective medical
therapy for heart failure is the 2001
American College of Cardiology/
American Heart Association (ACC/
AHA) guidelines for the manage-
ment of chronic heart failure in the
adult.2 These guidelines, which pro-
vide a rigorous review of available
peer-reviewed data followed by

appropriate recommendations for
therapy based both on the strength
of the recommendation and the
quality of the data supporting
the recommendation, represent the
best available approach. In concert
with the new guidelines, a new stag-
ing scheme was proposed to more
adequately address disease severity

(Figure 1). The new staging nomen-
clature does not replace the more tra-
ditional New York Heart Association
(NYHA) classification scheme. The
ACC/AHA nomenclature represents
disease progression, whereas the
NYHA class implies symptom status,
which is much more dynamic and is
modifiable with medical therapy. The
anticipated update of the ACC/AHA
2001 guidelines is not likely to di-
gress from this staging scheme; there-
fore, it is valid to structure treatment
concepts for heart failure that parallel
this staging system.

The new heart failure diagnosis
and management guidelines provide
an opportunity to bridge the treat-
ment gap for patients with heart fail-
ure. This new classification scheme
is intended to complement, rather
than replace, the New York Heart
Association (NYHA) classification
system, which is based on symptom
severity. The NYHA classification
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Figure 1. American College of Cardiology/American Heart Association practice guidelines: pyramid approach to
heart failure (HF) stages. CAD, coronary artery disease; LV, left ventricular; MI, myocardial infarction. Adapted with
permission from Brozena SC and Jessup M. Geriatrics. 2003;58(6):31-36.

The new dynamic is one of “disease management,” the full potential of
which has not yet been realized in heart failure.
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system relies on a subjective assess-
ment of symptoms that can be diffi-
cult to place into a particular class
and that change frequently. Changes
in NYHA symptom class do not nec-
essarily lead to changes in therapeu-
tic approach, whereas the progres-
sion of disease defined by the
ACC/AHA classification system leads
to a better-defined evolution of heart
failure therapies. The new system al-
lows for improved matching of ther-
apies, including lifestyle manage-
ment, drugs, and devices for patients
ranging from those in pre-heart fail-
ure Stage A to those with Stage D
end-stage heart failure. It is clear that
mechanical therapies, including ICD
and biventricular pacing, along with

optimal medical therapy, play a sig-
nificant role in patients with stages
B, C, and D heart failure.

ACC/AHA Stage A 
Heart Failure
For patients with stage A heart fail-
ure or “pre–heart failure,” aggressive
prevention and treatment strategies
are strongly advised. The treatment
of heart failure must begin with
prevention, including appropriate
therapy for hypertension and ag-
gressive modification of known risk
factors for cardiovascular disease,
especially dyslipidemia and dia-
betes. The current recommenda-
tions from the Seventh Joint Na-
tional Committee on the treatment

of hypertension suggest that as
much as a 50% reduction in
heart failure episodes may be real-
ized with effective therapy of
hypertension.7 For the patient with
uncomplicated stage I hypertension
and no other compelling indica-
tions, the use of thiazide diuretics is
associated with reduction in cardio-
vascular events, provided that blood
pressure is controlled and potas-
sium homeostasis is maintained.
Hypertension at stage II or greater
mandates combination therapy at
the outset. For the patient with
diabetes or established renal disease
(ie, proteinuria) combination ther-
apy should include inhibitors of the
renin-angiotensin system (Figure 2).

Not at Goal Blood Pressure (� 140/90 mm Hg)
(� 130/80 mmHg for those with diabetes or chronic kidney disease)

Lifestyle Modifications

Initial Drug Choices

Drug(s) for the Compelling
Indications

Other antihypertensive drugs
(diuretics, ACEI, ARB, BB, CCB)

as needed

With Compelling
Indications

Stage 2 Hypertension
(SBP � 160 or DBP � 100 mm Hg)

2-drug combination for most (usually
thiazide-type diuretic and
ACEI, ARB,  BB, or CCB)

Stage 1 Hypertension
(SBP 140 –159 or DBP 90–99  mm Hg)

Thiazide-type diuretics for most
May consider ACEI, ARB, BB, CCB,

or combination

Without Compelling
Indications

Not at Goal
Blood Pressure

Optimize dosages or add additional drugs
until goal blood pressure is achieved

Consider consultation with hypertension specialist

Figure 2. Algorithm for the treatment of hypertension. ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; BB, �-blocker; CCB, calcium channel
blocker; DBP, diastolic blood pressure; SBP, systolic blood pressure.
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African Americans appear to be
particularly at risk of developing
heart failure associated with hyper-
tension as the putative cause of left
ventricular dysfunction. More rigor-
ous control of blood pressure has
been advised for African Americans,
and multiple drugs—up to 3 or 4
agents—may be required to effect
meaningful blood pressure control.8

It is suggested that antihypertensive
therapy in all patients should
include agents known to improve
outcomes in heart failure.2

The Valsartan Antihypertensive
Long-Term Use Evaluation (VALUE)

trial compared the angiotensin re-
ceptor blocker (ARB) valsartan with
the calcium channel blocker (CCB)
amlodipine in hypertensive patients
at risk for heart disease and failed to
show an advantage of the ARB over
the CCB.9 Blood pressure control was
better in the CCB arm, which further
strengthens the argument that effec-
tive blood pressure control is the
top-line goal in the prevention of
cardiovascular complications.

In patients with a demonstrable
burden of atherosclerosis and no his-
tory of hypertension, left ventricular
dysfunction, or heart failure, the
Heart Outcomes Prevention Evalua-
tion (HOPE) trial identified a 17% re-
duction in episodes of new-onset
heart failure in patients with estab-
lished risk factors for heart disease
who were treated preemptively with
an angiotensin-converting enzyme
(ACE) inhibitor.10 Of note, the recent
Prevention of Events with An-
giotensin Converting Enzyme Inhi-
bition (PEACE) trial failed to demon-

strate a benefit of ACE inhibitors for
low-risk patients with stable coro-
nary artery disease and preserved left
ventricular systolic function.11 Be-
cause of the very low event rates,
PEACE may have been underpow-
ered to demonstrate an effect of the
ACE inhibitor. It is, however, noted
that patients in the PEACE trial had
a higher rate of coronary artery
revascularization and greater pene-
tration of statin use, resulting in bet-
ter control of low-density lipopro-
tein levels. Thus, ACE inhibitors are
effective in patients at higher risk,
especially those with diabetes, but

when other risk factors are con-
trolled and ventricular function is
intact, the additional benefit of
ACE inhibitors in nonhypertensive
patients may be less apparent or per-
haps not even realized.

ACC/AHA Stage B 
Heart Failure
For patients with stage B heart fail-
ure (ie, those with structural heart
disease but no symptoms of heart

failure) the recommendation is to
proceed with agents that are cardio-
protective, especially ACE inhibitors
and �-blockers. This category is
largely populated by patients with
post-myocardial infarction (MI) left
ventricular dysfunction, and the rec-
ommendation is based on strong

data using both ACE inhibitors and
�-blockers in the post-MI setting.
The landmark Survival and Ventricu-
lar Enlargement (SAVE) trial yielded
convincing data that the conse-
quences of post-MI left ventricular
dysfunction can be ameliorated by
the use of ACE inhibitors.12 Similarly,
the Valsartan in Acute Myocardial
Infarction Trial (VALIANT) demon-
strated a benefit similar to that of an
ACE inhibitor for the ARB valsartan
in the setting of post-MI left ventric-
ular dysfunction.13 The imputed
mechanism of benefit for blockers
of the renin-angiotensin system is a
retardation of progressive ventricular
remodeling. 

The post-MI use of �-blockade is
well established, but data regarding
the use of �-blocker therapy for
post-MI left ventricular dysfunction
(left ventricular ejection fraction
[LVEF] � 0.35) has been surprisingly
sparse. The recently reported
Carvedilol Post-Infarct Survival Con-
trol in Left Ventricular Dysfunction
(CAPRICORN) trial established with
a strong imperative that an evidence-
based �-blocker appropriate for heart
failure ameliorates the natural his-
tory of post-MI left ventricular
dysfunction.14 The addition of
carvedilol to ACE inhibitors resulted
in a 23% improvement in the risk of
death (Figure 3). Taken together,

these data would suggest a reason-
able comfort level for the use of ACE
inhibitors and �-blockers in patients
with asymptomatic left ventricular
dysfunction. These data are further
extrapolated on a theoretical basis
to apply to patients with asympto-
matic nonischemic left ventricular

The recent Prevention of Events with Angiotensin Converting Enzyme Inhi-
bition (PEACE) trial failed to demonstrate a benefit of ACE inhibitors for
low-risk patients with stable coronary artery disease and preserved left
ventricular systolic function.

Truly definitive strategies that prevent heart failure in at-risk patients still
represent a need not yet fully addressed, thus providing a great opportunity
for future research.
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dysfunction, those with familial car-
diomyopathies, and perhaps those
who have received cardiotoxic
agents that have resulted in left ven-
tricular dysfunction. Truly definitive
strategies that prevent heart failure
in at-risk patients still represent a
need not yet fully addressed, thus
providing a great opportunity for
future research.

ACC/AHA Stage C 
Heart Failure
Stage C heart failure is the category
that includes patients with structural
heart disease and current or past
symptoms of heart failure. For these
patients, nonpharmacologic ap-
proaches including dietary sodium
restrictions and avoidance of alcohol
and tobacco are further expanded by
the implementation of indicated
medical therapy.2 A multitude of
medical options are currently avail-
able, including ACE inhibitors,
angiotensin receptor antagonists,
�-adrenergic receptor blockers, aldos-
terone antagonists, digoxin, diuret-
ics, coumadin, ICDs, CRT, natriuretic
peptides, and inotropes—all of which
play a role in the correct context.

The data are quite compelling that
both ACE inhibitors and �-blockers
should be used in all patients with
systolic dysfunction and heart failure
unless there is an overt and impor-
tant contraindication.2 The aggre-

gate impact of ACE inhibitors on
symptomatic heart failure is a 15% to
20% improvement in the annual risk
of death due to heart failure.2,15

There are similar improvements in
risk for hospitalization, increase in
functional class, and recovery of
quality of life. The mechanism of
benefit of ACE inhibitors remains
unclear as angiotensin II levels

return to pretreatment levels just
weeks after initiation of ACE in-
hibitors. Because ACE inhibitors act
on both ACE and kininases, the
potential benefit of increased
bradykinin levels may be implicated
as a mechanism of benefit for ACE
inhibitors. The additional effects of
ACE inhibitors on inflammation, ox-
idative stress, and protein expression
represent plausible, but unproven,
mechanisms of benefit (Figure 4).

Recently, the universality of ACE
inhibitor efficacy has been ques-
tioned as both gender and racial
variations in the responsiveness to
ACE inhibitors for heart failure have
been described.16-19 A meta-analysis

of pooled data from published heart
failure trials using ACE inhibitors in
women demonstrates only a 3%
non–statistically significant benefit,17

which is more likely the result of
under-representation in clinical trials
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Figure 3. All-cause mortality in the
Carvedilol Post-Infarct Survival Control in
Left Ventricular Dysfunction (CAPRICORN)
trial. Data from Dargie HJ.14
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Figure 4. The renin-angiotensin-aldosterone system. ACE, angiotensin-converting enzyme; agg, aggregation AT1,
angiotensin II, type 1 receptor; AT2, angiotensin II, type 2 receptor; B2, bradykinin receptor; NO, nitric oxide.

A multitude of medical options are currently available, including ACE
inhibitors, angiotensin receptor antagonists, �-adrenergic receptor blockers,
aldosterone antagonists, digoxin, diuretics, coumadin, ICDs, CRT, natri-
uretic peptides, and inotropes—all of which play a role in the correct context.
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than a true biologic variation in the
response to therapy. However, it is of
some concern that definitive data
regarding the efficacy of ACE in-
hibitors in women are lacking.16

Based on a review of available clini-
cal trial data, albeit retrospective,
African Americans do appear to have
a lesser response to ACE in-
hibitors.18,19 Whether this can be
overcome with higher doses is un-
known but is suggested to be the
case.20 An explanation for variations
in responsiveness to ACE inhibitors
may invoke principles in genomic
medicine. The dual deletion poly-
morphism of ACE is well described
and appears to be associated with
higher risk in some patient popula-
tions.21 Similar variations in an-
giotensin receptors have been de-
scribed as well.22 Although this field
remains incipient, it is likely to yield
insights into variations in disease
expression and responsiveness to
medical therapy.

Since the original guideline genera-
tion process, important data regard-
ing the use of ARBs have emerged.
The Valsartan Heart Failure Trial 
(Val-HeFT) data tested the adjunctive
benefit of valsartan added to an ACE
inhibitor in a randomized placebo-
controlled, double-blind trial in
patients with principally class II heart
failure. A mortality reduction was not
realized in the trial, but a composite
end point that included several clini-
cal variables plus hospitalization for
heart failure and all-cause mortality
did yield a slight 13.2% risk reduc-
tion that was statistically signifi-
cant.23 Data derived from a subset
analysis of Val-HeFT demonstrated
that in the 7% of patients who were
unable to tolerate an ACE inhibitor,
the use of the ARB valsartan was as-
sociated with a 44% improvement in
the combined outcomes of morbidity
and mortality and an approximately
30% decline in the annual risk of

death due to heart failure.23 Based
on this subset analysis, valsartan is
indicated in the treatment of heart
failure as a primary inhibitor of
the renin-angiotensin system in ACE
inhibitor–intolerant patients with
heart failure.

The Candesartan in Heart Failure
Assessment of Reduction in Mortal-
ity and Morbidity (CHARM) trial
tested the benefit of candesartan
in three scenarios: ACE inhibitor–
intolerant patients with heart failure
and systolic dysfunction; heart fail-
ure patients with systolic dysfunc-
tion on an ACE inhibitor; and symp-
tomatic heart failure patients with
preserved left ventricular systolic
function not on an ACE inhibitor.
This study of � 7000 patients with
heart failure was intended to cor-
rectly position the use of ARBs in
heart failure. The primary end point
was all-cause mortality for the entire
CHARM program (ie, all three trials).
A non–statistically significant 9% re-
duction in all-cause mortality was
observed for the overall program.24-27

When an alternative endpoint of
cardiovascular death or heart failure
hospitalization was assessed, there

was a 16% reduction for this com-
posite in the overall CHARM pro-
gram, varying from 11% for heart
failure with preserved left ventricular
systolic function to 23% for heart
failure with impaired left ventricular
systolic function and ACE inhibitor
intolerance (Figure 5).24-27 Thus, the
use of an ARB is associated with a
reduction in the combined end-
point of cardiovascular morbidity
and mortality, whether used in ACE
inhibitor–intolerant patients, in
combination with an ACE inhibitor
alone, or with an ACE inhibitor and
�-blocker. 

Aldosterone antagonists have now
emerged as an effective treatment for
patients with moderately severe
heart failure and for those with left
ventricular dysfunction complicat-
ing an acute MI.28,29 Care must be
observed to avoid administration of
aldosterone antagonists to patients
with significant renal insufficiency
and/or those with borderline hyper-
kalemia. Recent data have suggested
that since the release of the Random-
ized Aldactone Evaluation Study
(RALES) trial, the incidence of hospi-
talizations for hyperkalemia and,

CV death or
CHF hospitalization
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Figure 5. Mortality and morbidity in the Candesartan in Heart Failure Assessment of Reduction in Mortality and
Morbidity (CHARM) program.24-27 CHF, congestive heart failure; CV, cardiovascular.
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importantly, deaths attributable to
hyperkalemia, have increased.30

These observations indicate the need
to be especially observant of renal
function and to avoid the use of
aldosterone antagonists in patients
with significant renal insufficiency
or in those who already have evi-
dence of high-normal or elevated
potassium levels. Conversely, the
concerns regarding risks must be put
in context, as the number of addi-
tional lives saved with the correct
usage of these agents is not insignifi-

cant.28,29 As a separate concern, there
are few if any data, and none that
have been prospectively acquired,
regarding the use of aldosterone
antagonists concomitant with ACE
inhibitors, �-blockers, and an-
giotensin receptor antagonists. It
would thus be prudent to avoid use
of “quadruple” neurohormonal an-
tagonism until data regarding safety
and efficacy are available.

The cornerstone of improved
outcomes in heart failure has come
from the use of �-blockers. An acti-

vated sympathetic nervous system is
especially injurious to the heart and
predicts prognosis quite precisely.
Impeding the activity of the sympa-
thetic limb of the neurohormonal
cascade is thus desirable. The addi-
tion of an evidence-based �-blocker
to an ACE inhibitor has resulted in a
35% improvement in the annual risk
of death due to chronic heart failure
(Figure 6).31 This benefit has been
realized for all heart failure disease
severities, both genders, all age
ranges, and in African Americans.32
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Concomitant improvements in the
rate of hospitalization and quality of
life are also associated with �-blocker
therapy. A hallmark of �-blocker
therapy for heart failure is an im-
provement in left ventricular systolic
performance, and in patients who
respond to �-blocker therapy, the
expectation is an increase in ejection
fraction of 5% to 10%; a few patients
experience near normalization of
ventricular function. There is a varia-
tion in response to �-blockers. At
least part of this variation is a result
of the distribution of single-
nucleotide polymorphisms affecting
adrenergic receptors. Loss-of-gain
�1-receptor polymorphisms have
been discovered, as have very
high–risk combinations of variants of
the �-receptor and �1-receptor that
predispose to a high likelihood of de-
veloping heart failure.33,34 The biggest
hurdle to overcome in the use of
�-blocker therapy is implementation.
The Initiation Management Predis-
charge: Process for Assessment of
Carvedilol Therapy in Heart Failure
(IMPACT-HF) trial demonstrated that
about 90% of patients discharged
with a primary diagnosis of heart
failure can be initiated on �-blocker

emanates from retrospective reviews
that are underpowered. Neverthe-
less, there was strong evidence from
the earlier Vasodilator Heart Failure
Trials (V-HeFT I and II) that African
Americans respond in an espe-
cially robust manner when treated
with isosorbide dinitrate and hy-
dralazine.19 Using a proprietary,
fixed-dose combination of these
two older drugs (BiDil; NitroMed,
Bedford, MA), the African American
Heart Failure Trial (A-HeFT) yielded
noteworthy data. A 43% reduction
in the risk of death due to heart
failure was realized when BiDil was
added to appropriate evidence-
based medical therapy for heart fail-
ure (Figure 8).38 The actual mecha-
nism of benefit of this combination
of a nitric oxide donor (isosorbide
dinitrate) and antioxidant (hy-
dralazine) is not entirely clear, but
there is a strong implication that ni-
tric oxide deficiency and increased
oxidant stress may be operative in
the development of heart failure in
some individuals, and a compound
that improves nitric oxide bioavail-
ability would be beneficial.38 It is
anticipated that this compound will
soon be commercially available.
Whether it will be approved for
heart failure broadly or heart failure
only in African Americans remains
to be seen. Even though A-HeFT was
completed in an African American-
only patient population, there is no
reason to believe that the combina-
tion of isosorbide dinitrate and hy-
dralazine would not be beneficial in
other patients.

The emerging paradigm of natri-
uretic peptides has brought impor-
tant diagnostic and therapeutic
applications to the care and manage-
ment of patients with heart failure.
B-type natriuretic peptide (BNP) is
a pleuripotent hormone that is
produced by stress on the left and/or
right ventricle. As such, it parallels
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therapy prior to hospital discharge,
whereas the Acute Decompensated
Heart Failure Registry (ADHERE)
database now demonstrates that the
use of �-blockers in appropriate pa-
tients is as low as 40% (Figure 7).35,36

This gap in the utilization of evi-
dence-based therapy for heart failure
is unacceptable. For patients with
mild to moderate disease, the num-
ber of patients needed to treat for
1 year to save a life is only 25 to 30,
but for severe heart failure, the num-
ber falls to 14. The opportunity to
treat patients with �-blocker therapy
for symptomatic heart failure should
not be missed.

The newest data regarding the
medical treatment of heart failure
have focused on an important co-
hort of the heart failure population:
the African American patient. The
best data now suggest that heart
failure as it affects African Ameri-
cans is a different illness with a dif-
ferent epidemiology, natural his-
tory, and responsiveness to proven
medical treatment options.37 Obser-
vations regarding events and re-
sponsiveness to therapy in this co-
hort have been especially difficult
because the majority of the database
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neurohormonal activation and
serves as a useful marker for heart
failure (Figure 9).39 As a diagnostic
test, an assay for B-type natriuretic
peptide is best applied when there is
clinical ambiguity regarding a diag-
nosis of heart failure. BNP should

not be surveyed in all patients, and it
should be noted that several disease
entities other than heart failure may
lead to an elevated BNP, including
pulmonary emboli, cor pulmonale,
pneumonia, sepsis, and advanced
age. The BNP assay may be elevated

in the setting of chronic renal dis-
ease and lower than expected in the
setting of obesity.39

Beyond its properties that promote
natriuresis and diuresis, BNP is also a
neurohormonal antagonist, as it pro-
vides central sympathoinhibition
and antagonizes the release of aldos-
terone from adrenal cortical cells. In
the periphery, it has important
vasodilatory properties that indi-
rectly result in an increase in cardiac
output with minimal increase in
heart rate, no increase in myocardial
oxygen consumption, and no evi-
dence of proarrhythmia.39 This favor-
able profile has been applied to the
treatment of acute decompensated
heart failure (ADHF). The therapeutic
application of BNP given as nesiritide
demonstrates a more rapid resolution
of symptoms, greater reduction in
filling pressures, and a sustained
period of benefit versus placebo
(parenteral diuretics) or intravenous
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Treatment Options (Cardiac):
Consider acute coronary
syndromes

Patient presenting with dyspnea

BNP 100–500 pg/mLBNP � 100 pg/mL

HF very unprobable (2%)

BNP � 500 pg/mL

HF very probable (95%)Clinical suspicion of HF or past
history of HF?

HF probable (90%)

Physical examination, chest x-ray,
ECG, BNP level

Treatment Options for HF with
BP � 90:
Diuretics plus nesiritide, especially
with CKD and pulmonary congestion;
vasodilator therapy;* consider adding
inotropes for poor perfusion

Treatment Options (Noncardiac):
Consider COPD, pulmonary

embolism, asthma,
pneumonia, sepsis Treatment Options: Diuretics as required;

consider vasodilator therapy* if pulmonary
congestion, or for borderline hemodynamic

instability, Creat � 1.5 mg/dL,
CrCI � 60 mL/min, BUN � 40 mg/dL

Treatment Options for HF with
BP � 90 or Shock:

Diuretics, inotropes, vasodilators
and/or nesiritide to follow

*Vasodilator therapy includes nitroglycerin, nitroprusside, and natriuretic peptides.

Figure 9. The evaluation and treatment of patients presenting with acute dyspnea. BNP, B-type natriuretic peptide; BP, blood pressure; BUN, blood urea nitrogen; CKD, chronic
kidney disease; COPD, chronic obstructive pulmonary disease; CrCl, creatinine clearance; Creat, creatinine; ECG, electrocardiogram; HF, heart failure. Adapted with permission
from Silver et al.39 Copyright 2004 by LeJacq Communications, Inc.
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priate application of device therapy.
Patients with both left ventricular
systolic dysfunction and a wide QRS
duration consistent with a left
bundle branch block have evidence
of ventricular dyssynchrony that
leads to inefficient cardiac contrac-
tions and significant mitral insuffi-
ciency. Correction of ventricular
dyssynchrony with a cardiac resyn-
chronization device has been
proven to reduce the need for
hospitalizations and when added
to an implantable defibrillator, sur-
vival is likewise enhanced. The

Comparison of Medical Therapy,
Pacing, and Defibrillation in Heart
Failure (COMPANION) data clearly
demonstrate that the combina-
tion ICD/CRT device leads to a
statistically significant 39% decline
in the combined endpoint of heart
failure–related morbidity and all-
cause mortality.4

The Achilles’ heel of heart failure
has always been the inability to con-
fidently modify the risk of sudden
cardiac death (SCD), and, ironically,
the greatest risk of heart failure–
related SCD is in the stable, ambula-
tory NYHA class II or III heart failure
patient. The Sudden Cardiac Death
in Heart Failure Trial (SCD-HeFT)
was completed in � 2500 patients,
who were overwhelmingly repre-
sented by class II heart failure. The
use of an implantable defibrillator
resulted in a 23% reduction in
mortality over 5 years, and the num-
ber of patients needed to treat to
save 1 life over 5 years is only 14
(Figure 10).3

It is difficult and inappropriate
to dismiss these noteworthy data

nitroglycerin. To date, no untoward
risks have been identified.40 Clinical
uncertainty remains regarding the
best patient population to receive
nesiritide in the setting of ADHF. In
the opinion of this author, the com-
pound is most appropriate for ADHF
with overt volume overload, systolic
blood pressure � 90 mm Hg, and
clinical evidence of advanced disease,
diuretic resistance, and/or the car-
diorenal syndrome. Preliminary data
now available suggest that it may
be feasible to use nesiritide on an
outpatient basis for patients with
ACC/AHA stage C/D disease at
risk for recurrent hospitalizations,
but more definitive trials are ongoing
and the outpatient use of natriuretic
peptides cannot yet be fully em-
braced.41

ACC/AHA Stage D 
Heart Failure
Patients with ACC/AHA stage D
heart failure are at high risk for
repeat hospitalizations and prema-
ture death due to heart failure
despite appropriate medical therapy.
An enormous unmet need exists
for the treatment of patients with
stage D heart failure. Beyond ventric-
ular replacement strategies, which
include LVADs and heart trans-
plantation, the portfolio of available
treatment options is fairly thin.
The Randomized Evaluation of
Mechanical Assistance for the
Treatment of Congestive Heart Fail-
ure (REMATCH) trial randomized
patients with ACC/AHA stage D
heart failure who were not candi-
dates for heart transplantation to op-
timal medical therapy versus an
LVAD implanted as “destination
therapy,” with no plans to proceed
with heart transplantation. The
LVAD group realized an approxi-
mately 50% survival at 1 year and
25% at 2 years. The group on med-
ical therapy realized a 75% mortality

rate at 1 year and a nearly 90% mor-
tality rate at 2 years.42 Many of the
patients in the optimal medical
treatment arm were using long-term
inotropes in the home setting, and
the risk of these compounds may
have contributed greatly to the
success of the REMATCH trial.43

REMATCH serves as a dramatic
“proof-of-concept” trial, but easier-
to-apply iterations of the LVAD are
needed before widespread use of
chronic mechanical support can
become the norm. A more detailed
discussion of emerging surgical treat-

ments for heart failure (eg, surgical
reverse remodeling and cardiac re-
straint devices) is beyond the scope
of this review.

A major component of heart failure
care, especially as it affects the pa-
tient with ACC/AHA stage D heart
failure, is end-of-life decision making.
Often, patients with stage D heart
failure are older and have more co-
morbidities than patients in the other
stages, and discussions regarding
end-of-life issues may be fairly well
received. Palliative care, home in-
otropes, hospice referral, and proto-
col participation are too infrequently
considered but may be of great
importance in the correct context.

Emerging Data: How Will the
Treatment of Heart Failure
Change?
A cornucopia of effective medical
treatment options exist for sympto-
matic heart failure due to systolic
dysfunction, but additional im-
provements in morbidity and mor-
tality due to heart failure may be
realized with the careful and appro-

The COMPANION data clearly demonstrate that the combination ICD/CRT
device leads to a statistically significant 39% decline in the combined
endpoint of heart failure–related morbidity and all-cause mortality.
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regarding device therapy, and it is
critical to acknowledge that all of the
demonstrated benefit of device ther-
apy has been in the context of
appropriate medical therapy. Thus,
device therapy for heart failure
does not supplant medical therapy;
rather, it is complementary. It is
anticipated that the next version of
the ACC/AHA guidelines for chronic
heart failure will address device ther-
apy. The Center for Medicare and
Medicaid Services (CMS) has posted
its decisions regarding coverage of
devices44:

CMS has determined that the
evidence is adequate to conclude
that an implantable cardioverter-
defibrillator (ICD) is reasonable
and necessary for the following: 

• Patients with ischemic dilated
cardiomyopathy (IDCM), docu-
mented prior myocardial infarc-
tion (MI), New York Heart Asso-
ciation (NYHA) class II and III
heart failure, and measured left
ventricular ejection fraction
(LVEF) � 35% 

• Patients with nonischemic di-
lated cardiomyopathy (NIDCM)
� 9 months, NYHA class II and
III heart failure, and measured
LVEF � 35% 

• Patients who meet all current
CMS coverage requirements for
a cardiac resynchronization
therapy (CRT) device and have
NYHA class IV heart failure

In a cost effectiveness analysis
of ICD therapy from the recent SCD-

HeFT trial presented at the 2004 sci-
entific session of the AHA, Dr. Daniel
Mark of the Duke University Re-
search Institute, Durham, NC,
showed definitively that amiodarone
therapy was more expensive but no
more effective than placebo. Single-
chamber ICD treatment was also
more expensive than placebo but
was correspondingly more effec-
tive as well. Economic benchmark
analysis concludes that a cost greater
than $100,000 per life-year saved is
not attractive, whereas a cost less
than $50,000 per life-year saved is at-
tractive. The cost per life year saved
in SCD-HeFT was $27,718 (undis-
counted) and $33,192 (discounted at
3%). Favorable cost effectiveness was
observed for a wide range of pre-
specified subgroups including pa-
tients in NYHA Classes II and III,
those with ejection fractions above
and below 30%, age both above and
below 65 years, and QRS duration
less than or greater than 120 msec.
The presenter concluded that “ICD
therapy is both more effective and
more expensive but represents an
economically attractive way to in-
crease societal health benefits.”

Future Directions of 
Heart Failure Therapy
Several intriguing medication ad-
juncts are likely to arrive soon and
enter the heart failure treatment mi-
lieu. The early data regarding the use
of arginine vasopression (AVP) antag-
onists are promising, particularly for
patients with renal insufficiency.45

These agents appear to restore the
ability to secrete concentrated urine
and, in clinical practice, function as
aquaretics. In keeping with one of
the presumed benefits of AVP antago-
nists, hyponatremia appears to be an
excellent marker for AVP antagonist
therapy. Other promising therapeutic
agents/classes include calcium-sensi-
tizing agents (eg, levosimendan)46

MUSTT
(5 Yr)

0
5

10

20
25

15

30
35
40
45
50

MADIT
(2.4 Yr)

MADIT II
(3 Yr)

AVID
(3 Yr)

SAVE
(3.5 Yr)

MERIT-HF
(1 Yr)

4S
(6 Yr)

3 4

11 9

20

26 28

NNTx years � 100/(% Mortality in Control Group – % Mortality
in Treatment Group)

SCD-HeFT NNT � 14 @ 5 years

ICD Therapy

Drug Therapy

simvastatin

metoprolol
succinate

captopril

Figure 10. Number needed to treat (NNT) in clinical trials of drug and implantable cardioverter-defibrillator (ICD)
therapies. The NNT values in the major ICD trials have been superior to those in many important drug trials. NNT
is a normalized measure of clinical effectiveness and efficiency that allows comparison among treatments/studies.
NNT is calculated at a specific point in time. When comparable data are available, it is best to compare NNT for
different therapies at the same point in time. Take the mortality estimate at a specific point in time from the sur-
vival/mortality curve if available. When crude mortality percentages are used, the average follow-up time is used.
Multicenter Unsustained Tachycardia Trial (MUSTT) at 5 years from Kaplan-Meier (KM) curve: 55% to 24%, 
NNT = 3 (data from Buxton AE et al53); Multicenter Automatic Defibrillator Implantation Trial (MADIT) average fol-
low-up of 2.4 years, crude mortality rate: 39% to 16%, NNT = 4 (data from Moss AJ et al54); MADIT-II at 3 years
from KM curve: 31% to 22%, NNT = 11 (data from Moss AJ et al55); Antiarrhythmics Versus Implantable Defibril-
lators (AVID) trial at 3 years from the KM curve: 36% to 25%, NNT = 9 (data from the AVID Investigators56); Sur-
vival and Ventricular Enlargement (SAVE) trial (captopril, an angiotensin-converting enzyme inhibitor) crude rate
with average follow-up of 42 months: 25% to 20%, NNT = 20 (data from Pfeffer MA et al12); Metoprolol CR/XL
Randomized Intervention Trial in Congestive Heart Failure (MERIT-HF; metoprolol, a �-blocker in heart failure
patients) at 1 year from KM curve: 11% to 7.2%, NNT = 26 (data from MERIT-HF study50); Scandinavian
Simvastatin Survival Study (4S) at 6 years from KM curve: 12.3% to 8.7%, NNT = 28 (data from 4S study57);
amiodarone meta-analysis of 15 trials at average follow-up of 2 years: 19.2% to 16.5%, NNT = 37 (data from
Sim I et al58). SCD-HeFT, Sudden Cardiac Death in Heart Failure Trial.
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Risk factor reduction, patient and family education

Treat HTN, DM, CAD, dyslipidemia; ACE inhibitor when appropriate

ACE inhibitors, ? ARBs, �-blockers when appropriate 

ACE inhibitors and �-blockers in all patients 

Sodium restriction, diuretics, and digoxin

Aldosterone antagonists

Short-term inotrope, nesiritide

Mitral or CABG surgery

Inotropes, nesiritide

VAD, TX

CRT, ICD if applicable
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Figure 12. Stages of congestive heart failure and steps of treatment. ACE, angiotensin-converting enzyme; ARBs,
angiotensin receptor blockers; CABG, coronary artery bypass graft; CAD, coronary artery disease; CRT, cardiac
resynchronization therapy; DM, diabetes mellitus; HTN, hypertension; ICD, implantable cardioverter-defibrillator;
TX, thromboxane; VAD, ventricular assist device. Courtesy of Mariell Jessup, MD.

or may administer medical therapy in
a more physiologic manner.

Several important questions re-
main: How is heart failure with pre-
served systolic function best treated?
Can clinical trials be done in the
setting of ADHF that will generate
treatment guidelines? How can the
current evidence-based therapies,
both medical and device, be more
fully implemented? Within the sea
of current treatment options, what
are the best practices? These and
other questions must be resolved if
progress is to continue.

Conclusions
It is apparent that the treatment of
heart failure is no longer associated
with poor outcomes and limited
treatment options. Even though
future discoveries are required for
our continued success, a larger prob-
lem has to do with adherence to

substrate utilization agents (eg, ra-
nolazine)47 and erythropoietin ana-
logues—several of which are under
intense investigation.48

Similarly, newer devices are quickly
becoming available, including im-
plantable hemodynamic monitoring,
more easily applied left ventricular
leads to facilitate CRT, and smaller
LVAD platforms. At the 2005 Scien-
tific Sessions of the American College
of Cardiology, Dr. Robert Bourge pre-
sented results of the Chronicle Offers
Management to Patients With Ad-
vanced Signs and Symptoms of Heart
Failure (COMPASS-HF) Trial (Fig-
ure 11). Patients were implanted
with a hemodynamic monitoring
system (Chronicle; Medtronic, Inc.,
Minneapolis, MN). This trial was the
first large scale evaluation of the
impact of continuous ambulatory
intracardiac pressure monitoring on
heart failure morbidity added to max-
imal medical management. The
investigators found a significant 21%
reduction in HF hospitalizations in
the device-monitored group.

The future is quite exciting. It is an-
ticipated that pharmacogenomics
will allow for true tailored therapy so
that patients are treated with person-
alized medical regimens. The promise

of biologic regeneration of myocytes
may eventually obviate the need for
transplantation, and future devices
may rely on real-time data inputs to
modify cardiac performance and
reduce the need for medical therapy
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evidence-based guidelines and pub-
lished data. Startling data now
demonstrate that compliance with
evidence-based strategies is well
below acceptable thresholds, nega-
tively affecting quality of care. The
implementation of well-refereed
guidelines is one opportunity to
improve the quality of care, whereas
the increasing application of dedi-
cated disease management programs
is yet another mechanism to in-
crease compliance with known
effective therapies for heart failure.
How one constructs an effective
treatment regimen and considers
the information on which choices
are made may greatly affect morbid-
ity and mortality in heart failure
(see Figure 12 for a proposed treat-
ment algorithm).

With the correct application of
proven therapies, specifically phar-
maceuticals and device platforms,
the burden of heart failure can be

reduced. This should be the chal-
lenge and the calling of all physi-
cians who treat heart failure.

References
1. American Heart Association. Heart disease and

stroke facts. 2005 update. Accessible at: http://
www.americanheart.org/presenter.jhtml?
identifier=3018163.

2. Hunt SA, Baker DW, Chin MH, et al. ACC/AHA
guidelines for the evaluation and management
of chronic heart failure in the adult: executive
summary. A report of the American College of
Cardiology/American Heart Association Task
Force on Practice Guidelines. J Am Coll Cardiol.
2001;38:2101-2113.

3. Bardy GH, Lee KL, Mark DB, et al; Sudden Car-
diac Death in Heart Failure Trial (SCD-HeFT)
Investigators. Amiodarone or an implantable
cardioverter-defibrillator for congestive heart
failure. N Engl J Med. 2005;352:225-237.

4. Bristow MR, Saxon LA, Boehmer J, et al; Com-
parison of Medical Therapy, Pacing, and
Defibrillation in Heart Failure (COMPANION)
Investigators. Cardiac-resynchronization ther-
apy with or without an implantable defibrilla-
tor in advanced chronic heart failure. N Engl
J Med. 2004;350:2140-2150.

5. Young JB, Abraham WT, Smith AL, et al;
Multicenter InSync ICD Randomized Clinical
Evaluation (MIRACLE ICD) Trial Investigators.
Combined cardiac resynchronization and
implantable cardioversion defibrillation in

advanced chronic heart failure: the MIRACLE
ICD trial. JAMA. 2003;289:2719-2721.

6. Abraham WT, Fisher WG, Smith AL, et al;
MIRACLE Study Group. Multicenter InSync
Randomized Clinical Evaluation. Cardiac
resynchronization in chronic heart failure.
N Engl J Med. 2002;346:1845-1853.

7. Chobanian AV, Bakris GL, Black HR, et al;
National Heart, Lung, and Blood Institute Joint
National Committee on Prevention, Detection,
Evaluation, and Treatment of High Blood
Pressure; National High Blood Pressure Educa-
tion Program Coordinating Committee. The
Seventh Report of the Joint National Commit-
tee on Prevention, Detection, Evaluation, and
Treatment of High Blood Pressure: the JNC 7
report. JAMA. 2003;289:2560-2572.

8. Douglas JG, Bakris GL, Epstein M, et al; Hyper-
tension in African Americans Working Group
of the International Society on Hypertension in
Blacks. Management of high blood pressure in
African Americans: consensus statement of the
Hypertension in African Americans Working
Group of the International Society on Hyper-
tension in Blacks. Arch Intern Med. 2003;163:
525-541.

9. Julius S, Kjeldsen SE, Weber M, et al; VALUE
trial group. Outcomes in hypertensive patients
at high cardiovascular risk treated with regi-
mens based on valsartan or amlodipine: the
VALUE randomised trial. Lancet. 2004;363:
2022-2031.

10. The Heart Outcomes Prevention Evaluation
Study Investigators. Effects of an angiotensin-
converting enzyme inhibitor, ramipril, on

Main Points
• The American College of Cardiology/American Heart Association (ACC/AHA) staging nomenclature for heart failure

was proposed to more adequately address disease severity. Whereas the New York Heart Association classification
system focuses on symptom status, the ACC/AHA staging scheme addresses disease progression, particularly for
hypertension. 

• For patients who have stage A heart failure, aggressive prevention and treatment strategies are advised.

• For patients with stage B heart failure (ie, those with structural heart disease but no symptoms of heart failure) the
recommendation is to proceed with agents that are cardioprotective, especially angiotensin-converting enzyme (ACE)
inhibitors and �-blockers.

• For patients with stage C heart failure (ie, those with structural heart disease and current or past symptoms of heart
failure) nonpharmacologic approaches including dietary sodium restrictions and avoidance of alcohol and tobacco
are further expanded by the implementation of indicated medical and device therapies.

• The Initiation Management Predischarge: Process for Assessment of Carvedilol Therapy in Heart Failure (IMPACT-HF)
trial demonstrated that about 90% of patients discharged with a primary diagnosis of heart failure can be initiated on
�-blocker therapy prior to hospital discharge, whereas the Acute Decompensated Heart Failure Registry (ADHERE)
database now demonstrates that the use of �-blockers in appropriate patients is as low as 40%.

• Patients with stage D heart failure are at high risk for repeat hospitalizations and premature death due to heart failure
despite appropriate medical therapy. Beyond ventricular replacement strategies, which include left ventricular assist
devices and heart transplantation, the portfolio of available treatment options is fairly thin. End-of-life discussions
are appropriate at this stage.

• Correction of ventricular dyssynchrony with a cardiac resynchronization device has been proven to reduce the need
for hospitalizations, and when added to an implantable defibrillator, survival is likewise enhanced.



Comprehensive Heart Failure Treatment continued

S56 VOL. 6 SUPPL. 2  2005   REVIEWS IN CARDIOVASCULAR MEDICINE

cardiovascular events in high risk patients.
N Engl J Med. 2000;342:145-153.

11. The PEACE Investigators. Angiotensin-
converting enzyme inhibition in stable coro-
nary artery disease. N Engl J Med. 2004;351:
2058-2068.

12. Pfeffer MA, Braunwald E, Moye LA, et al. Effect
of captopril on mortality and morbidity in
patients with left ventricular dysfunction after
myocardial infarction. Results of the survival
and ventricular enlargement trial. The SAVE In-
vestigators. N Engl J Med. 1992;327:669-677.

13. Pfeffer MA, McMurray JJV, Velazquez EJ, et al,
for the Valsartan in Acute Myocardial Infarc-
tion Trial Investigators. Valsartan, captopril, or
both in myocardial infarction complicated by
heart failure, left ventricular dysfunction, or
both. N Engl J Med. 2003;349:1893-1906.

14. Dargie HJ. Effect of carvedilol on outcome after
myocardial infarction in patients with left-
ventricular dysfunction: the CAPRICORN ran-
domised trial. Lancet. 2001;357:1385-1390. 

15. The SOLVD Investigators. Effect of enalapril on
survival in patients with reduced left ventricu-
lar ejection fractions and congestive heart fail-
ure. N Engl J Med. 1991;325:293-302.

16. Wenger NK. Women, heart failure, and
heart failure therapies. Circulation. 2002;105:
1526-1528.

17. Shekelle PG, Rich MW, Morton SC, et al.
Efficacy of angiotensin converting enzyme in-
hibitors and beta blockers in the management
of left ventricular systolic dysfunction accord-
ing to race, gender and diabetic status: a meta-
analysis of major clinical trials. J Am Coll
Cardiol. 2003;41:1529-1538.

18. Dries DL, Exner DV, Gerch BJ, et al. Racial dif-
ferences in the outcome of left ventricular dys-
function. N Engl J Med. 1999;340:609-616.

19. Carson P, Ziesche S, Johnson G, Cohn JN.
Racial differences in response to therapy for
heart failure: analysis of the vasodilator-heart
failure trials. J Card Fail. 1999;5:179-187.

20. Exner DV, Dries DL, Domanski MJ, et al. Lesser
response to angiotensin-converting-enzyme
inhibitor therapy in black as compared with
white patients with left ventricular dysfunc-
tion. N Engl J Med. 2001;344:1351-1357.

21. McNamara DM, Holubkov R, Postava L, et al.
Pharmacogenetic interactions between
angiotensin-converting enzyme inhibitor ther-
apy and the angiotensin-converting enzyme
deletion polymorphism in patients with con-
gestive heart failure. J Am Coll Cardiol.
2004;44:2019-2026.

22. Hansen JL, Haunso S, Brann MR, et al. Loss-of-
function polymorphic variants of the human
angiotensin II type 1 receptor. Mol Pharmacol.
2004;65:770-777. 

23. Cohn JN, Tognoni G, for the Valsartan Heart
Failure Trial Investigators. A randomized trial of
the angiotensin receptor blocker valsartan in
chronic heart failure. N Engl J Med. 2001;
345:1667-1675.

24. Pfeffer MA, Swedberg K, Granger CB, et al;
CHARM Investigators and Committees. Effects
of candesartan on mortality and morbidity in
patients with chronic heart failure: the CHARM-
Overall programme. Lancet. 2003;362:759-766.

25. McMurray JJ, Ostergren J, Swedberg K, et al;
CHARM Investigators and Committees. Effects
of candesartan in patients with chronic heart

failure and reduced left-ventricular systolic
function taking angiotensin-converting-
enzyme inhibitors: the CHARM-Added trial.
Lancet. 2003;362:767-771.

26. Granger CB, McMurray JJ, Yusuf S, et al;
CHARM Investigators and Committees. Effects
of candesartan in patients with chronic heart
failure and reduced left-ventricular systolic
function intolerant to angiotensin-converting-
enzyme inhibitors: the CHARM-Alternative
trial. Lancet. 2003;362:772-776.

27. Yusuf S, Pfeffer MA, Swedberg K, et al; CHARM
Investigators and Committees. Effects of can-
desartan in patients with chronic heart failure
and preserved left-ventricular ejection fraction:
the CHARM-Preserved Trial. Lancet. 2003;362:
777-781.

28. Pitt B, Zannad F, Remme WJ, et al. The effect of
spironolactone on morbidity and mortality of
patients with severe heart failure. N Engl J Med.
1999;341:709-717.

29. Pitt B, Remme W, Zannad F, et al. Eplerenone, a
selective aldosterone blocker, in patients with
left ventricular dysfunction after myocardial
infarction. N Engl J Med. 2003;348:1309-1321.

30. Witham MD, Gillespie ND, Struthers AD.
Hyperkalemia after the publication of RALES.
N Engl J Med. 2004;351:2448-2450.

31. Packer M, Coats AJ, Fowler MB, et al.; the
COPERNICUS Trial Study Group. Effect of
carvedilol on survival in severe chronic heart
failure. N Engl J Med. 2001;344:1651-1658 

32. Yancy CW. Special considerations for carvedilol
use in heart failure. Am J Cardiol. 2004;93:64B-
68B. 

33. Mason DA, Moore JD, Green SA, Liggett SB: A
gain of function polymorphism in a G-protein
coupling domain of the human beta-1 adrenergic
receptor. J Biol Chem. 1999; 274:12670-12674.

34. Small KM, Wagoner LE, Levin AM, et al. Syner-
gistic polymorphisms of beta 1 and alpha 2C
adrenergic receptors and the risk of congestive
heart failure. N Engl J Med. 2002;347:1135-
1142.

35. Gattis WA, O’Connor CM, Gallup DS, et al;
IMPACT-HF Investigators and Coordinators.
Predischarge initiation of carvedilol in patients
hospitalized for decompensated heart failure:
results of the Initiation Management Predis-
charge: Process for Assessment of Carvedilol
Therapy in Heart Failure (IMPACT-HF) trial.
J Am Coll Cardiol. 2004;43:1534-1541.

36. Fonarow GC; ADHERE Scientific Advisory
Committee. The Acute Decompensated Heart
Failure National Registry (ADHERE): opportuni-
ties to improve care of patients hospitalized
with acute decompensated heart failure. Rev
Cardiovasc Med. 2003;(suppl 7):S21-S30.

37. Yancy CW. Heart failure in African Americans:
a cardiovascular enigma. J Card Fail. 2000;6:
183-186.

38. Taylor AL, Ziesche S, Yancy C, et al. Combina-
tion of isosorbide dinitrate and hydralazine in
blacks with heart failure. N Engl J Med. 2004;
351:2049-2057.

39. Silver MA, Maisel A, Yancy CW, et al; BNP
Consensus Panel. BNP Consensus Panel 2004:
A clinical approach for the diagnostic, prognos-
tic, screening, treatment monitoring, and
therapeutic roles of natriuretic peptides in
cardiovascular diseases. Congest Heart Fail.
2004;10(suppl 3):1-30. 

40. Publication Committee for the VMAC Investi-
gators (Vasodilatation in the Management of
Acute CHF). Intravenous nesiritide vs nitro-
glycerin for treatment of decompensated con-
gestive heart failure: a randomized controlled
trial. JAMA. 2002;287:1531-1540.

41. Yancy CW, Saltzberg MT, Berkowitz RL, et al.
Safety and feasibility of using serial infusions of
nesiritide for heart failure in an outpatient
setting (from the FUSION I trial). Am J Cardiol.
2004;94:595-601.

42. Rose EA, Gelijns AC, Moskowitz AJ, et al; Ran-
domized Evaluation of Mechanical Assistance
for the Treatment of Congestive Heart Failure
(REMATCH) Study Group. Long-term mechani-
cal left ventricular assistance for end-stage heart
failure. N Engl J Med. 2001;345:1435-1443. 

43. Stevenson LW, Miller LW, Desvigne-Nickens P,
et al; REMATCH Investigators. Left ventricular as-
sist device as destination for patients undergoing
intravenous inotropic therapy: a subset analysis
from REMATCH (Randomized Evaluation of
Mechanical Assistance in Treatment of Chronic
Heart Failure). Circulation. 2004;110:975-981.

44. Centers for Medicaid and Medicare. Medicare
Coverage Database. Decision memo for
implantable defibrillators (CAG-00157R3).
Available at: http://www.cms.hhs.gov/mcd/
viewdecisionmemo.asp?id=148.

45. Gheorghiade M, Gattis WA, O’Connor CM,
et al; Acute and Chronic Therapeutic Impact of
a Vasopressin Antagonist in Congestive Heart
Failure (ACTIV in CHF) Investigators. Effects of
tolvaptan, a vasopressin antagonist, in patients
hospitalized with worsening heart failure: a
randomized controlled trial. JAMA. 2004;291:
1963-1971.

46. Cleland JG, Nikitin N, McGowan J. Levosimen-
dan: first in a new class of inodilator for acute
and chronic severe heart failure. Expert Rev
Cardiovasc Ther. 2004;2:9-19.

47. Shah PK. Ranolazine: a new drug and a new
paradigm for management of myocardial
ischemia and angina. Rev Cardiovasc Med.
2004;5:186-188.

48. Katz SD. Mechanisms and treatment of anemia
in chronic heart failure. Congest Heart Fail.
2004;10:243-247.

49. Packer M, Bristow MR, Cohn JN, et al. The ef-
fect of carvedilol on morbidity and mortality in
patients with chronic heart failure. U.S.
Carvedilol Heart Failure Study Group. N Engl
J Med. 1996;334:1349-1355.

50. Effect of metoprolol CR/XL in chronic heart
failure: Metoprolol CR/XL Randomised Inter-
vention Trial in Congestive Heart Failure
(MERIT-HF). Lancet. 1999;353:2001-2007.

51. The Cardiac Insufficiency Bisoprolol Study II
(CIBIS-II): a randomised trial. Lancet.
1999;353:9-13.

52. Maisel A. B-type natriuretic peptide mea-
surements in diagnosing congestive heart fail-
ure in the dyspneic emergency department
patient. Rev Cardiovasc Med. 2002;3(suppl 4):
S10-S17.

53. Buxton AE, Lee KL, Fisher JD, et al. A random-
ized study of the prevention of sudden death in
patients with coronary artery disease. Multi-
center Unsustained Tachycardia Trial Investiga-
tors. N Engl J Med. 1999;341:1882-1890.

54. Moss AJ, Hall WJ, Cannom DS, et al. Improved
survival with an implanted defibrillator in



Comprehensive Heart Failure Treatment

VOL. 6 SUPPL. 2  2005    REVIEWS IN CARDIOVASCULAR MEDICINE    S57

patients with coronary disease at high risk for
ventricular arrhythmia. Multicenter Automatic
Defibrillator Implantation Trial Investigators.
N Engl J Med. 1996;335:1933-1940.

55. Moss AJ, Zareba W, Hall WJ, et al; Multicenter
Automatic Defibrillator Implantation Trial II
Investigators. Prophylactic implantation of a
defibrillator in patients with myocardial infarc-

tion and reduced ejection fraction. N Engl
J Med. 2002;346:877-883.

56. A comparison of antiarrhythmic-drug therapy
with implantable defibrillators in patients re-
suscitated from near-fatal ventricular arrhyth-
mias. The Antiarrhythmics versus Implantable
Defibrillators (AVID) Investigators. N Engl
J Med. 1997;337:1576-1583.

57. Randomised trial of cholesterol lowering in
4444 patients with coronary heart disease: the
Scandinavian Simvastatin Survival Study (4S).
Lancet. 1994;344:1383-1389.

58. Sim I, McDonald KM, Lavori, PW, et al. Quan-
titative overview of randomized trials of amio-
darone to prevent sudden cardiac death. Circu-
lation. 1997;96:2823-2829.


