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ABSTRACT

Heart failure (HF) is a syndrome characterized by high mortality, frequent hospitalization, reduced quality
of life, and a complex therapeutic regimen. Knowledge about HF is accumulating so rapidly that individ-
ual clinicians may be unable to readily and adequately synthesize new information into effective strategies
of care for patients with this syndrome. Trial data, though valuable, often do not give direction for indi-
vidual patient management. These characteristics make HF an ideal candidate for practice guidelines. The
2006 Heart Failure Society of America comprehensive practice guideline addresses the full range of
evaluation, care, and management of patients with HF.
Key Words: Heart failure, practice guidelines.
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Section 1: Development and Implementation of a
Comprehensive Heart Failure Practice Guideline

Introduction

Heart failure (HF) is a syndrome characterized by high
mortality, frequent hospitalization, poor quality of life,
and a complex therapeutic regimen. Knowledge about HF
is accumulating so rapidly that individual clinicians may
be unable to readily and adequately synthesize new infor-
mation into effective principles of care for patients with
this syndrome. Trial data, though valuable, often do not
give adequate direction for individual patient management.

Given the complex and changing picture of HF and the
accumulation of evidence-based HF therapy, it is not possi-
ble for the clinician to rely solely on personal experience
and observation to guide therapeutic decisions. The situa-
tion is exacerbated because HF is now a chronic condition
in most patients, meaning that the outcome of therapeutic
decisions might not be apparent for several years. The prog-
nosis of individual patients differs considerably, making it
difficult to generalize. Treatments might not dramatically
improve symptoms of the disease process, yet might pro-
vide important reductions or delays in morbid events and
deaths. The assessment of specific therapeutic outcomes
is complicated by the potential differential impact of vari-
ous cotherapies.

The complexity of HF, its high prevalence in society, and
the availability of evidence supporting certain therapeutic
options make it an ideal candidate for practice guidelines.
Additional assumptions driving the development of HF
guidelines are presented in Table 1.1

The first HF guideline developed by the Heart Failure
Society of America (HFSA) had a narrow scope, concen-
trating on the pharmacologic treatment of chronic, symp-
tomatic left ventricular dysfunction.1 It did not consider

Table 1.1. Assumptions Underlying HFSA Practice
Guideline

Clinical decisions must be made.
Lack of action is not an option.
Correct course of action may not be readily apparent.
Reasonably valid methods exist to address knowledge base and evaluate

medical evidence.
Data beyond randomized clinical trials exist that enhance medical

decision making.
Uncertainties remain concerning approaches to treatment after review

of totality of medical evidence.
Expert opinion has a role in management decisions.
Experts with interest and commitment to the clinical problem and

guideline process must be available.
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subsets of the clinical syndrome of HF, such as acute de-
compensated HF and ‘‘diastolic dysfunction,’’ or issues
such as prevention. The current comprehensive guideline
addresses the full range of evaluation, care, and manage-
ment of patients with HF. It represents a continuation of im-
portant contributions already made to the field of HF
guidelines by HFSA members.2–6

HFSA Guideline Approach to Medical Evidence

Two considerations are critical in the development of
practice guidelines: assessing strength of evidence and
determining strength of recommendation. Strength of
evidence is determined both by the type of evidence avail-
able and the assessment of validity, applicability, and cer-
tainty of a specific type of evidence. Following the lead
of previous guidelines, strength of evidence in this guide-
line is heavily dependent on the source or type of evidence
used. The HFSA guideline process has used three grades
(A, B, or C) to characterize the type of evidence available
to support specific recommendations (Table 1.2).

It must be recognized, however, that the evidence
supporting recommendations is based largely on population
responses that may not always apply to individuals within
the population. Therefore, data may support overall benefit
of one treatment over another but cannot exclude that some
individuals within the population may respond better to the
other treatment. Thus guidelines can best serve as evidence-
based recommendations for management, not as mandates
for management in every patient. Furthermore, it must be
recognized that trial data on which recommendations are
based have often been carried out with background therapy
not comparable to therapy in current use. Therefore physi-
cian decisions regarding the management of individual
patients may not always precisely match the recommenda-
tions. A knowledgeable physician who integrates the guide-
lines with pharmacologic and physiologic insight and
knowledge of the individual being treated should provide
the best patient management.

Strength of Evidence A. Randomized controlled clinical
trials provide what is considered the most valid form of
guideline evidence. Some guidelines require at least 2

Table 1.2. Relative Weight of Evidence Used to
Develop HFSA Practice Guideline

Hierarchy of Types of Evidence
Level A Randomized, Controlled, Clinical Trials

May be assigned based on results of a single trial
Level B Cohort and Case-Control Studies

Post hoc, subgroup analysis, and meta-analysis
Prospective observational studies or registries

Level C Expert Opinion
Observational studies–epidemiologic findings
Safety Reporting from large-scale use in practice
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positive randomized clinical trials before the evidence for
a recommendation can be designated level A. The HFSA
guideline committee typically has accepted a single ran-
domized, controlled, outcome-based clinical trial as suffi-
cient for level A evidence. However, randomized clinical
trial data, whether derived from one or multiple trials,
have not been taken simply at face value. They have been
evaluated for: (1) endpoints studied, (2) level of signifi-
cance, (3) reproducibility of findings, (4) generalizability
of study results, and (5) sample size and number of events
on which outcome results are based.7

Strength of Evidence B. The HFSA guideline process
also considers evidence arising from cohort studies or
smaller clinical trials with physiologic or surrogate end-
points. This level B evidence is derived from studies that
are diverse in design and may be prospective or retrospec-
tive in nature. They may involve subgroup analyses of clin-
ical trials or have a case control or propensity design using
a matched subset of trial populations. Dose-response stud-
ies, when available, may involve all or a portion of the
clinical trial population. These types of evidence have
well-recognized, inherent limitations. Nevertheless, their
value may be weighed through attention to factors such
as prespecification of hypotheses in cohort analyses and
replication of findings within different populations.

Strength of Evidence C. The present HFSA guideline
makes extensive use of expert opinion, or C-level evidence.
The need to formulate recommendations based on level C
evidence is driven primarily by a paucity of scientific evi-
dence in many areas critical to a comprehensive guideline.
For example, the diagnostic process and the steps used to
evaluate and monitor patients with established HF have
not been the subject of clinical studies that formally test
the validity of one approach versus another. In areas such
as these, recommendations must be based on expert opinion
or go unaddressed.

The value of expert opinion as a form of evidence re-
mains disputed. Many contend that expert opinion is
a weak form of observational evidence, based on practice
experience and subject to biases and limitations. Advo-
cates believe expert opinion represents a complex synthe-
sis of observational insights into disease pathophysiology
and the benefits of therapy in broad populations of pa-
tients. They stress the value of the interchange of experi-
ence and ideas among colleagues, who collectively treat
thousands of patients. Through contact with numerous in-
dividual health care providers who may discuss patients
with them, experts are exposed to rare safety issues and
gain insight into the perceptions of practitioners concern-
ing the efficacy of particular treatments across a wide
spectrum of HF.

Despite the case that can be made for its value, recom-
mendations based on expert opinion alone have been limit-
ed to those circumstances when a definite consensus could
be reached across the guideline panel and reviewers.
HFSA Guideline Approach to Strength of
Recommendation

Determining Strength. Although level of evidence is
important, the strength given to specific recommendations
is critical. The process used to determine the strength of in-
dividual recommendations is complex. The goal of guide-
line development is to achieve the best recommendations
for evaluation and management, considering not only effi-
cacy, but the cost, convenience, side effect profile, and
safety of various therapeutic approaches. The HFSA guide-
line committee often determined the strength of a recom-
mendation by the ‘‘totality of evidence,’’ which is
a synthesis of all types of available data, pro and con, about
a particular therapeutic option.

Totality of Evidence. Totality of evidence includes not
only results of clinical trials, but also expert opinion and
findings from epidemiologic and basic science studies.
Agreement among various types of evidence, especially
from different methodologies, increases the likelihood
that a particular therapy is valuable. Although many equate
evidence-based medicine with the results of a few individ-
ual clinical trials, the best judgment seems to be derived
from a careful analysis of all available trial data combined
with integration of results from the basic laboratory and the
findings of epidemiologic studies.

Scale of Strength. Most guidelines have several
strengths, ranging from ‘‘recommended,’’ to ‘‘should or
may be considered,’’ to ‘‘not recommended.’’ The HFSA
guideline employs the categorization outlined in Table 1.3.
There are several degrees of favorable recommendations
and a single category for therapies felt to be not effective.
The phrase ‘‘is recommended’’ should be taken to mean
that the recommended therapy or management process
should be followed as often as possible in individual pa-
tients. Exceptions are carefully delineated. ‘‘Should be con-
sidered’’ means that a majority of patients should receive the
intervention, with some discretion involving individual pa-
tients. ‘‘May be considered’’ means that individualization
of therapy is indicated (Table 1.3). When the available evi-
dence is considered to be insufficient or too premature, or
consensus fails, issues are labeled unresolved and included
as appropriate at the end of the relevant section.

Table 1.3. HFSA System for Classifying the Strength of
Recommendations

‘‘Is recommended’’ Part of routine care
Exceptions to therapy

should be minimized
‘‘Should be considered’’ Majority of patients

should receive the intervention
Some discretion

in application to individual
patients should be allowed

‘‘May be considered’’ Individualization of therapy is indicated
‘‘Is not recommended’’ Therapeutic intervention

should not be used
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Process of Guideline Development

Key steps in the development of this guideline are listed
in Table 1.4.8 Having determined the broad scope of the
current guideline, members of the guideline committee
were asked to identify the relevant medical evidence in as-
signed sections. Sources identified were reviewed by the
committee as a whole and then by the Executive Council
of the HFSA. Evidence was then evaluated for relative
value and strength, as described earlier.

The process of moving from ideas of recommendations
to a final document includes many stages of evaluation
and approval. Every section, once written, had a lead re-
viewer and two additional reviewers. After a rewrite, each
section was assigned to another review team, which led
to a version reviewed by the committee as a whole and
then the HFSA Executive Council, representing one more
level of expertise and experience. Out of this process
emerged the final document.

Consensus. The development of a guideline involves the
selection of individuals with expertise and experience to
drive the process of formulating specific recommendations
and producing a written document. The role of these ex-
perts goes well beyond the formulation of recommenda-
tions supported by expert opinion.

Experts involved in the guideline process must function
as a collective, not as isolated individuals. Expert opinion
is not always unanimous. Interpretations of data vary. Dis-
agreements arise over the generalizability and applicability
of trial results to various patient subgroups. Experts are
influenced by their own experiences with particular thera-
pies, but still generally agree on the clinical value of trial
data. Discomfort with the results of trials reported as posi-
tive or negative generally focus on factors that potentially
compromise the evidence. Unfortunately, there are no abso-
lute rules for downgrading or upgrading trial results or for
deciding that the limitations of the trial are sufficient to ne-
gate what has been regarded as a traditionally positive or
negative statistical result.

The HFSA guideline committee sought resolution of dif-
ficult cases through consensus building. An open, dynamic
discussion meant that no single voice was allowed to dom-
inate. Written documents were essential to this process, be-
cause they provided the opportunity for feedback from all
members of the group. On occasion, consensus of opinion

Table 1.4. Steps in the Development of HFSA
Practice Guideline

Determine the scope of the practice guideline
Identify the medical evidence relevant to the guideline
Specify the type of evidence and relative weight of evidence
Formulate the strength of evidence used
Establish therapeutic justification for the recommended therapies
Formulate recommendations of specific strength
Create the initial document
Develop a review process for the document
Disseminate the practice guideline
Determine the life cycle of the document
was sufficient to override positive or negative results of al-
most any form of evidence. The HFSA process had a strong
commitment to recommendations based on objective evi-
dence rigorously reviewed by a panel of experts.

Issues that caused difficulty for the HFSA guideline pro-
cess were some of the more important ones faced by the com-
mittee, because they mirrored those that are often most
challenging to clinicians in day-to-day practice. The founda-
tion of the HFSA guideline process was the belief that the
careful judgment of recognized opinion leaders in these con-
troversial areas is more likely to be correct than ad hoc deci-
sions made ‘‘on the spot’’ by physicians in practice.

The involvement of many groups in the development of
this guideline helped avoid the introduction of bias, which
can be personal, practice-based, or based on financial inter-
est. Committee members and reviewers from the Executive
Council received no direct financial support from the
HFSA or any other source for the development of the guide-
line. Support was provided by the HFSA administrative staff,
but the writing of the document was performed on a volunteer
basis primarily by the committee. Financial relationships that
might represent conflicts of interest were collected annually
from all members of the guideline committee and the Exec-
utive Council. Current relationships are shown in Table 1.5.

Dissemination and Continuity. The value of a practice
guideline is significantly influenced by the scope of its dis-
semination. The first HFSA guideline was available on the
Internet, and thousands of copies were downloaded. The
current document will be implemented on the Internet
both for file transfer and as a hypertext source of detailed
knowledge concerning HF. Development of concise sum-
maries of the recommendations in card format and transla-
tion of the recommendations to portable computing devices
is envisioned.

An important final consideration is the continuity of the
guideline development process. The intent is to create
a ‘‘living document’’ that will be updated and amended
as necessary to ensure continuing relevance. The rapid de-
velopment of new knowledge in HF from basic and clinical
research and the continuing evolution of pharmacologic and
device therapy for this condition provides a strong mandate
for timely updates. The HFSA intends to undertake targeted
reviews and updates in areas where new research has impli-
cations for practice.

Summary

Practice guidelines have become a major part of the clin-
ical landscape and seem likely to become more rather than
less pervasive.9 Some may perceive guidelines as another
mechanism for process management or as another instru-
ment for cost control. But there is a more patient-centered
rationale for their development, especially for a common,
potentially debilitating, and often fatal syndrome such as
HF. Despite advances in clinical trial methodology and
the extensive use of studies to evaluate therapeutics and
the care process, essential elements of the management
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process remain undefined for many clinical problems. HF is
no exception. Traditionally, management guidelines were
determined on an ad hoc basis by physicians and other
health care providers in the field. The development and uti-
lization of practice guidelines has emerged as an alternative
strategy. The methodology of guideline development needs
improvement, but when these documents are properly con-
ceived and formulated, their importance to patient care
seems evident. This HFSA guideline on HF is designed
as a ‘‘living document,’’ which will continue to serve as
a resource for helping patients with heart failure.
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Section 2: Conceptualization and Working
Definition of Heart Failure

Heart failure (HF) remains a major and growing societal
problem despite advances in detection and therapy.1–5 How-
ever, there is no widely accepted characterization and defini-
tion of HF, probably because of the complexity of the
syndrome. The conceptualization and working definition of
HF presented here emerged as these guidelines were devel-
oped. They are critical to understanding HF and approaching
its treatment appropriately.

Conceptual Background. HF is a syndrome rather than
a primary diagnosis. It has many potential etiologies, diverse
clinical features, and numerous clinical subsets. Patients
may have a variety of primary cardiovascular diseases and
never develop cardiac dysfunction, and those in whom cardiac
dysfunction is identified through testing may never develop
clinical HF. In addition to cardiac dysfunction, other factors,
such as vascular stiffness and renal sodium handling, play
major roles in the manifestation of the syndrome of HF.

Patients at risk for many cardiovascular diseases are at risk
for HF. Early identification and treatment of risk factors is
perhaps the most significant step in limiting the public health
impact of HF.2,6 Emphasis on primary and secondary preven-
tion is particularly critical because of the difficulty of success-
fully treating left ventricular (LV) dysfunction, especially
when severe.2,6 Current therapeutic advances in the treatment
of HF do not make prevention any less important.

Although HF is progressive, current therapy may provide
stability and even reversibility. The inexorable progression
of HF from LV remodeling and dysfunction is no longer
inevitable. Prolonged survival with mild to moderate LV
dysfunction is now possible. Therapy with angiotensin-
converting enzyme inhibitors (or angiotensin receptor
blockers) and b-blockers can lead to slowing or to partial
reversal of remodeling.

Because of this prolonged survival, comorbid conditions,
such as coronary artery disease or renal failure, can prog-
ress, complicating treatment. Reducing the risk of sudden
death, predominately from ventricular tachyarrhythmia,
has been a major new focus of clinical research, and the
use of implantable cardiac defibrillators to prevent this out-
come is discussed extensively in this guideline.

Working Definition. Although HF may be caused by
a variety of disorders, the following comprehensive guide-
line and this working definition focus on HF primarily from
the loss or dysfunction of myocardial muscle or interstitium.

HF is a syndrome caused by cardiac dysfunction,
generally resulting from myocardial muscle
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dysfunction or loss and characterized by left ven-
tricular dilation or hypertrophy. Whether the dys-
function is primarily systolic or diastolic or mixed,
it leads to neurohormonal and circulatory abnor-
malities, usually resulting in characteristic symp-
toms such as fluid retention, shortness of breath,
and fatigue, especially on exertion. In the absence
of appropriate therapeutic intervention, HF is
usually progressive at the levels of cardiac func-
tion and clinical symptoms. The severity of clinical
symptoms may vary substantially during the
course of the disease process and may not corre-
late with changes in underlying cardiac function.
Although HF is progressive and often fatal, pa-
tients can be stabilized and myocardial dysfunc-
tion and remodeling may improve, either
spontaneously or as a consequence of therapy.

In physiologic terms, HF is a syndrome charac-
terized by elevated cardiac filling pressure or
inadequate peripheral oxygen delivery, at rest or
during stress, caused by cardiac dysfunction.

Several points must be made about the types of patients
included and excluded based on this definition. Patients
with risk factors alone are excluded, but they require ag-
gressive risk reduction to lessen their likelihood of develop-
ing HF. Patients with evidence of LV dysfunction, whether
or not they have clinical symptoms of HF, are considered to
have HF by this definition.

Additional Definitions
HF is often classified as HF with abnormal systolic func-

tion versus HF with preserved systolic function. Although
not truly equivalent, these classifications often consider
normal systolic function and normal ejection fraction to
be the same. Myocardial remodeling often precedes the
clinical syndrome of HF. Additional definitions are provid-
ed in Table 2.1.

Table 2.1. Additional HF Definitions

‘‘HF With Reduced
LVEF’’

A clinical syndrome characterized by signs
and symptoms of HF and reduced LVEF.
Most commonly associated with LV
chamber dilation.

Sometimes:
‘‘HF With a Dilated

Left Ventricle’’

‘‘HF With a Preserved
LVEF’’

A clinical syndrome characterized by signs
and symptoms of HF with preserved LVEF.
Most commonly associated with a nondilated
LV chamber. May be the result of valvular
disease or other causes (Section 11).

Sometimes:
‘‘HF With a

Nondilated LV’’

‘‘Myocardial
Remodeling’’

Pathologic myocardial hypertrophy or dilation
in response to increased myocardial stress.
These changes are generally accompanied
by pathologic changes in the cardiac
interstitium. Myocardial remodeling is
generally a progressive disorder.
0
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Section 3: Prevention of Ventricular Remodeling,
Cardiac Dysfunction, and Heart Failure

Overview

Heart failure (HF) is an all-too-frequent outcome of
hypertension and arterial vascular disease, making it a major
concern in public heath and preventive medicine.1,2 Epide-
miologic, clinical, and basic research have identified a num-
ber of antecedent conditions that predispose individuals to
HF and its predecessors, left ventricular (LV) remodeling
and dysfunction.3–11 Recognition that many of these risk
factors can be modified and that treating HF is difficult
and costly has focused attention on preventive strategies
for HF.

Development of both systolic and diastolic dysfunction
related to adverse ventricular remodeling may take years
to produce significant ill effects.12–18 Although the precise
mechanisms for the transition to symptomatic HF are not
clear, many modifiable factors have been identified that pre-
dispose or aggravate the remodeling process and the devel-
opment of cardiac dysfunction. Treatment of systemic
hypertension, with or without LV hypertrophy, reduces
the development of HF.19–27 Prevention of myocardial in-
farction (MI) in patients with atherosclerotic cardiovascular
disease is a critical intervention, since occurrence of MI
confers an 8- to 10-fold increased risk for subsequent
HF.24 Other modifiable risk factors include diabetes, hyper-
lipidemia, obesity, valvular abnormalities, alcohol, certain
illicit drugs, and some cardiotoxic medications.28

Patients With Risk Factors for Ventricular
Remodeling, Cardiac Dysfunction, and HF

Recommendations

3.1 A careful and thorough clinical assessment, with
appropriate investigation for known or potential
risk factors, is recommended in an effort to prevent
development of LV remodeling, cardiac dysfunction,
and HF. These risk factors include, but are not lim-
ited to, hypertension, hyperlipidemia, atheroscle-
rosis, diabetes mellitus, valvular disease, obesity,
physical inactivity, excessive alcohol intake, and
smoking. (Strength of Evidence 5 A)

3.2 The recommended goals for the management of
specific risk factors for the development of cardiac
dysfunction and HF are shown in Table 3.1.

These recommendations are based are well-documented
data.13,24,29–38
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Background

Hypertension. Results from numerous randomized con-
trolled clinical trials have proven antihypertensive therapy
can reduce the incidence of symptomatic HF by up to
60% to 80%. The risk reduction (both absolute and relative)
is greatest in severe hypertension (O160/110 mm Hg) and
least in those with mild hypertension (O145/95 mm Hg).
Optimal blood pressure is not known. Data from recent tri-
als suggest that 130/80 mm Hg or lower is the optimal
blood pressure for patients with documented end-organ
disease (diabetes with nephropathy, patients with protein-
uria).38 The World Health Organization has suggested an
optimal blood pressure of 115/75 mm Hg for individuals
with no documented end-organ disease. It is unclear whether
additional therapy to lower blood pressure further will con-
fer additional benefit.

Restriction of dietary sodium intake has been associated
with improved blood pressure similar to single drug
therapy. The Dietary Approaches to Stop Hypertension
(ie, DASH) diet, rich in potassium and calcium, has been
associated with a reduced incidence of hypertension re-
quiring drug therapy.39 See Table 3.2 for sodium equivalents.

Hyperlipidemia. In a large randomized study of a statin
versus placebo in patients with MI and elevated low-density
lipoprotein, treatment with a statin was associated with
a highly significant reduction in all-cause mortality and re-
current MI.8,32 A 20% reduction in the incidence of HF was
noted in patients treated with statin therapy. Recurrent MI
during this study was associated with a large relative in-
crease in mortality and HF.

Obesity. The American Heart Association and the Euro-
pean Society of Cardiology recommend an ideal body mass
index (BMI) of 25–27 kg/m2. (BMI is calculated by dividing
the patient’s weight in kilograms by his or her height in me-
ters squared.) Obesity is defined as a BMI $30, overweight
as a BMI $25. Obesity is associated with the metabolic syn-
drome, increasingly accepted as a major risk factor for the
development of cardiovascular disease. Excessive body fat
results in increased metabolic demand, ventricular hypertro-
phy, and sleep-disordered breathing, all of which promote
the development of HF. The relationship between obesity
and the risk of HF is well established.7 There is an increasing
body of opinion that obesity is associated with a distinct form
of cardiomyopathy.

Weight reduction has been shown to improve most of the
adverse effects of obesity. It is likely that weight reduction
by obese individuals reduces the likelihood of subsequent
HF, although no data exist to confirm this hypothesis.

Physical Inactivity. The benefits of exercise are well
documented and include reduction of recurrent MI in survi-
vors of MI, improved exercise capacity, improved affect
2
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Table 3.1. Goals for the Management of Risk Factors for the Development of HF

Risk Factor Population Treatment Goal Strength of Evidence

Hypertension No diabetes or renal disease ! 140/90 mm Hg A
Diabetes ! 130/80 mm Hg A
Renal insufficiency

O1 g/day of proteinuria
125/75 A

Renal insufficiency
#1 g/day of proteinuria

130/85 A

Diabetes See American Diabetes Association
(ADA) Guideline

Hyperlipidemia See National Cholesterol Education
Program (NCEP) Guideline

Physical inactivity Everyone Sustained aerobic activity 20–30 minutes,
3–5 times weekly

B

Obesity Everyone BMI $30 Weight reduction BMI !30 C
Excessive alcohol intake Men Limit alcohol intake to 1–2 drink

equivalents per day (Table 3.3)
C

Women 1 drink equivalent per day
Those with propensity to abuse alcohol

or with alcoholic cardiomyopathy
Abstention

Smoking Everyone Cessation A
Dietary sodium Everyone Maximum 2–3 g of sodium per day (see Table 3.2) B

Everyone Diet high in K1/calcium B
and quality of life, and better control of hypertension.
These results are achieved with a minimum of 20–30
minutes of sustained submaximal exercise 3–5 times per
week (see Section 6).40

Alcohol Intake. Alcoholic cardiomyopathy is associated
with very substantial intake of alcohol (70 g or greater per
day of chronic ingestion). Avoiding substantial ingestion of
alcohol is clearly advisable, but the safe level of moderate
ingestion has been difficult to define. There are conflicting
reports regarding the effects of alcohol ingestion upon left
ventricular ejection fraction (LVEF) in those with and with-
out HF. At present, 2 drinks per day for men and 1 drink per
day for women is considered acceptable, even in indivi-
duals with other cardiovascular risk factors. See Table 3.3
for drink equivalents. Those with for a propensity to abuse
alcohol should be counseled to abstain.

Smoking Cessation. There is a substantial body of data
concerning the adverse effects of smoking in patients with
vascular disease or reduced LVEF. Smoking cessation is as-
sociated with a 50% reduction in 5-year mortality in survi-
vors of acute MI.41 In the Studies of Left Ventricular
Dysfunction (SOLVD) study of patients with either symp-
tomatic or asymptomatic LV dysfunction, nonsmokers or
former smokers showed improved mortality when com-
pared with current smokers.42,43 These and other observa-
tional data suggest smoking cessation dramatically

Table 3.2. Sodium Equivalents

Salt Sodium Chloride Sodium

1⁄4 teaspoon 1550 mg 600 mg
1⁄2 teaspoon 3100 mg 1200 mg
3⁄4 teaspoon 4650 mg 1800 mg
1 teaspoon 6100 mg 2400 mg
reduces adverse outcomes in patients with established
vascular disease and those with established ventricular
remodeling or dysfunction.

Recommendations

3.3 Angiotensin-converting enzyme (ACE) inhibitors
are recommended for prevention of HF in patients
at high risk of this syndrome, including those with
coronary artery disease, peripheral vascular disease,
or stroke. Patients with diabetes and another major
risk factor or patients with diabetes who smoke
or have microalbuminuria are also at high risk
and should receive ACE inhibitors. (Strength of
Evidence 5 A)

Background

Findings from at least three randomized, controlled trials
support the use of ACE inhibitors in patients at high risk for
the development of HF. In 1 study of patients older than age
55 with documented vascular disease or multiple cardiac
risk factors, including diabetes, treatment with an ACE in-
hibitor reduced the annual risk of developing HF by 23%.24

A study of patients older than age 18 with documented cor-
onary artery disease showed that treatment with an ACE
inhibitor reduced total mortality by 14% over 4.2 years,
even though patients were already receiving aggressive

Table 3.3. Alcohol Equivalents

One drink 12–14 g alcohol 1.5 oz. 80-proof spirits
12 oz. beer
5 oz. wine
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treatment for vascular disease.44 In a third study, patients
with previous stroke and mild hypertension treated with
an ACE inhibitor–based antihypertensive regimen showed
a 26% reduction in subsequent HF.36

Recommendation

3.4 b-blockers are recommended for patients with prior
MI to reduce mortality, recurrent MI, and the devel-
opment of HF. (Strength of Evidence 5 A)

Background

b-blockers are known to reduce cardiac ischemia, rein-
farction, and myocardial remodeling after acute MI. Studies
in patients with recent MI (most published in the prethrom-
bolytic era) have shown that b-blockers are associated with
a large reduction in HF and recurrent all-cause hospitaliza-
tions, HF hospitalizations, and recurrent MI.45–54 More re-
cent observational data confirm this finding, showing risk
reduction for the development of HF in the 25% to 45%
range 1 year after MI.55 Patients most at risk for HF and
death after MIdwomen and patients with advanced age, di-
abetes, renal disease, or previous revascularizationdappear
to derive the most benefit, but unfortunately are less likely
to receive b-blockade post MI.56,57
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Section 4: Evaluation of Patients for Ventricular
Dysfunction and Heart Failure

Overview

Patients undergoing evaluation for ventricular dysfunc-
tion and heart failure (HF) fall into 3 general groups: (1) pa-
tients at risk of developing HF, (2) patients suspected of
having HF based on signs and symptoms or incidental
evidence of abnormal cardiac structure or function, and (3)
patients with established symptomatic HF.

Patients at Risk for HF. Patients identified to be at risk
for HF require aggressive management of modifiable risk
factors as outlined in Section 3 of this guideline. Patients
with risk factors may have undetected abnormalities of car-
diac structure or function. In addition to risk factor reduc-
tion, these patients require careful assessment for the
presence of symptoms of HF and, depending on their under-
lying risk, may warrant noninvasive evaluation of left ven-
tricular (LV) structure and function.

Patients Suspected of Having HF. The evaluation of pa-
tients suspected of having HF focuses on interpretation of
signs and symptoms that have led to the consideration of
this diagnosis. Careful history and physical examination,
combined with evaluation of cardiac structure and function,
should be undertaken to determine the cause of symptoms
and to evaluate the degree of underlying cardiac pathology.

Patients With Established HF. The evaluation of pa-
tients with an established diagnosis of HF is undertaken
to identify the etiology, assess symptom nature and severity,
determine functional impairment, and establish a prognosis.
Follow-up of patients with HF or ventricular dysfunction
involves continuing reassessment of symptoms, functional
capacity, prognosis, and therapeutic effectiveness.

Evaluation of Patients at Risk

Recommendations

4.1 Evaluation with a routine history, physical exami-
nation, chest X-ray, and electrocardiogram (ECG)
is recommended in patients with the medical condi-
tions or test findings listed in Table 4.1.
(Strength of Evidence 5 B)

4.2 Assessment of Cardiac Structure and Function.
Echocardiography with Doppler is recommended
to determine LV size and function in patients
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without signs or symptoms suggestive of HF who
have the risk factors listed in Table 4.2. (Strength
of Evidence 5 B)

Background

Identification of Risk Factors. Identification of risk fac-
tors, predisposing conditions, and markers that confer in-
creased risk for developing HF is an important part of the
routine medical evaluation.1 A number of conditions pre-
dispose to the development of HF, and persuasive evidence
exists that treatment of these risk factors will decrease the
likelihood of subsequent HF. Although risk factors vary
in the degree to which they are modifiable, detection of
any risk factor identifies a patient in whom more aggressive
risk factor modification and more careful follow-up are
warranted.

Method of Evaluation. Patients at risk for developing
cardiac dysfunction should undergo careful history and
physical examination to detect evidence of clinical HF
and to uncover other conditions that predispose to HF. Ap-
propriate therapies should be introduced to reduce the like-
lihood that LV dysfunction will develop. Selected groups of
high-risk patients and patients with signs and symptoms of
HF should undergo echocardiographic examination to as-
sess cardiac structure and function.2 This initial examina-
tion may identify patients with cardiac dysfunction with
or without symptomatic HF. These patients should undergo
evaluation and treatment as defined in this guideline.

Echocardiography. The presence of certain risk factors
makes the likelihood of underlying ventricular remodeling
and dysfunction sufficiently likely to warrant diagnostic
echocardiography (Table 4.2).

Characterization of ventricular structure and function
is critical for proper diagnosis, estimation of prognosis,
and therapeutic decision-making. Echocardiographic and

Table 4.1. Indications for Evaluation of Patients
at Risk for HF

Conditions Hypertension
Diabetes
Obesity
Coronary artery disease (eg, after MI, revascularization)
Peripheral arterial disease or cerebrovascular disease
Valvular heart disease
Family history of cardiomyopathy in a first-degree

relative
History of exposure to cardiac toxins
Sleep-disordered breathing

Test Findings Sustained arrhythmias
Abnormal ECG (eg, LVH, left bundle branch block,

pathologic Q waves)
Cardiomegaly on chest X-ray
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Doppler assessment should include analysis of chamber
size, valve function, LV mass and wall thickness, parame-
ters of LV systolic and diastolic function, the presence of
pulmonary hypertension, and the presence of pericardial
disease. Approximately 50% of patients with symptoms
and signs of HF have a preserved left ventricular ejection
fraction (LVEF).3 In patients whose echocardiographic im-
aging is unsatisfactory, other techniques such as radionu-
clide ventriculography, cardiac magnetic resonance
imaging or computed tomography may be used.

Recommendation

4.3 Determination of plasma B-type natriuretic peptide
(BNP) or N-terminal pro-BNP concentration is not
recommended as a routine part of the evaluation
for structural heart disease in patients at risk but
without signs and symptoms of HF. (Strength of
Evidence 5 B)

Background

Interest is high in developing markers of cardiac dysfunc-
tion that can be used to screen patients at risk for HF. Al-
though initial data suggest that determination of BNP or
NT-proBNP levels may be useful in this regard, data are in-
sufficient to make a specific recommendation concerning
their use for screening. The positive predictive value for these
tests in a low-prevalence population is uncertain, as are the
cost-effectiveness implications of false positive test results.

BNP is released by the heart in response to increased ven-
tricular filling pressures, but may also be increased in the
plasma as a result of myocardial dysfunction or hypertrophy.
A low plasma BNP concentration has a high negative pre-
dictive value for ventricular dysfunction in patients with
dyspnea, and may therefore be used to exclude HF as a cause
of dyspnea with a high degree of certainty.4 BNP concentra-
tion has not been shown to be as effective in identifying
asymptomatic patients with ventricular dysfunction.5

Evaluation of Patients Suspected of Having HF

Recommendation

4.4 Symptoms Consistent with HF. The symptoms
listed in Table 4.3 suggest the diagnosis of HF. It
is recommended that each of these symptoms be

Table 4.2. Risk Factors Indicating the Need to Assess
Cardiac Structure and Function in Patients at Risk for HF

Coronary artery disease (eg, after MI, revascularization)
Valvular heart disease
Family history of cardiomyopathy in a first-degree relative
Atrial fibrillation or flutter
Electrocardiographic evidence of LVH, left bundle branch block, or

pathologic Q waves
Complex ventricular arrhythmia
Cardiomegaly, S3 gallop, or potentially significant heart murmurs by

physical examination
solicited and graded in all patients in whom the
diagnosis of HF is being considered.
(Strength of Evidence 5 B)

Background

Symptoms. Thorough detection and evaluation of symp-
toms is critical in the evaluation of patients suspected of
having HF. The most common symptoms are dyspnea and
fatigue from fluid retention or inability to adequately aug-
ment cardiac output and oxygen delivery during exertion.
These often manifest as exercise intolerance or a reduction
in the intensity of usual activities. Signs of HF relate to
manifestations of fluid retention. Dyspnea is typically noted
during activity but may be severe enough to be present at
rest. Dyspnea may be intermittent even when present at
rest.6 Patients whose cardiac dysfunction evolves chronically
may adapt their activity to minimize symptoms.7 Com-
paring current activity level with exercise tolerance in the
past may be helpful in detecting a decline in functional ca-
pacity. The patient’s functional capacity should be judged
with allowance for his or her age and level of conditioning.
Congestion may take many forms. Orthopnea and paroxys-
mal nocturnal dyspnea are symptoms of elevated left heart
filling pressures, generally with fluid retention. These pa-
tients may or may not have visible edema. Edema occurs
in the presence of elevated right-sided filling pressures, to-
gether with impaired renal handling of sodium and water.
Significant volume overload typically is associated with
substantial functional incapacity, yet patients may present
with fatigue or exercise intolerance and manifest no signs
of fluid retention. Symptoms may occur in isolation or not
be classically related to physical signs. Nocturnal symp-
toms may predominate, whereas daytime symptoms, such
as dyspnea on exertion, may be absent.

Less Common Presenting Symptoms. Patients may re-
port nocturnal wheezing or cough, which can reflect fluid
overload. In patients receiving angiotensin-converting en-
zyme (ACE) inhibitors, worsening cough should not be as-
sumed to be drug-related, because it may be a manifestation
of increasing left heart filling pressures (Section 7). Patients
with severely decompensated cardiac failure may present
with gastrointestinal symptoms, including early satiety,
nausea, vomiting, and right upper quadrant pain.

Table 4.3. Symptoms Suggesting the Diagnosis of HF

Symptoms Dyspnea at rest or on exertion
Reduction in exercise capacity
Orthopnea
Paroxysmal nocturnal dyspnea (PND) or

nocturnal cough
Edema
Ascites or scrotal edema

Less specific presentations
of HF

Early satiety, nausea and vomiting,
abdominal discomfort

Wheezing or cough
Unexplained fatigue
Confusion/delirium
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Recommendation

4.5 Physical Examination. It is recommended that
patients suspected of having HF undergo careful
physical examination with determination of vital
signs and be carefully evaluated for signs and
symptoms shown in Table 4.4. (Strength of
Evidence 5 C)

Background

Elevation of the jugular venous pressure, hepatic enlarge-
ment or tenderness, and lower extremity edema are manifes-
tations of elevated right heart filling pressures, associated
with impaired renal sodium and water clearance.8–10 They
also can be due to hepatic or renal dysfunction, as well as
hypooncotic states associated with microalbuminuria.
When from cardiac disorders, these findings may be accom-
panied by a loud pulmonic closure sound, right ventricular
heave, and a right ventricular S3 (lower left sternal border).
A prominent laterally displaced apical impulse is indicative
of LV enlargement. Increased left heart filling pressure is
suggested by rales, diminished breath sounds, wheezing,
and an apical S3 gallop.11

Recommendation

4.6 It is recommended that BNP or NT-proBNP levels
be assessed in all patients suspected of having HF
when the diagnosis is not certain. (Strength of
Evidence 5 B)

Background

Two forms of natriuretic peptide, BNP and NT-Pro BNP,
have been studied as aids to establish the diagnosis, esti-
mate prognosis, and monitor the response to therapy of pa-
tients with acute HF.12

Measurement of these peptides has been proposed in
cases where the diagnosis of HF is uncertain. A large, mul-
ticenter investigation, The Breathing Not Properly Study
(BNP), provides important evidence supporting the clinical
utility of plasma BNP in the assessment of patients present-
ing with possible HF.4,13 This study evaluated 1586 patients
seen in the emergency department with the complaint of

Table 4.4. Signs to Evaluate in Patients Suspected of
Having HF

Cardiac Abnormality Sign

Elevated cardiac filling pressures
and fluid overload

Elevated jugular venous
pressure

S3 gallop
Rales
Hepatojugular reflux
Ascites
Edema

Cardiac enlargement Laterally displaced or
prominent apical impulse

Murmurs suggesting
valvular dysfunction
acute dyspnea who had prospective determination of BNP
by bedside assay. Patients were assigned a probability of
HF by physicians in the emergency department who were
blinded to the results of the BNP assay. The final determi-
nation of whether or not HF was present was based on a re-
view of the clinical data by 2 cardiologists also blinded to
the BNP assay results. The sensitivity and specificity of
BNP measurements for the diagnosis of HF were compared
with the accuracy of an assessment based on standard clin-
ical examination.

The diagnostic accuracy of BNP, using a cutoff value of
100 pg/mL, was 83% relative to the assessment made by
the independent cardiologists, whereas the negative predic-
tive value of BNP for HF when levels were !50 pg/mL
was 96%. As expected, measurement of BNP appeared to
be most useful in patients with an intermediate probability
of HF. In these patients, a BNP cutoff value of 100 pg/mL
resulted in the correct classification 74% of the time. BNP
was found to be predictive of HF when LV function was de-
pressed or preserved.14 Although BNP levels were lower in
patients with HF associated with preserved LVEF, the cut-
off value of 100 pg/mL still had a sensitivity of 86% and
a negative predictive value of 96%. BNP levels increase
with age, more so in older women, in which case the cutoff
of 100 pg/mL may not provide the same degree of specific-
ity for the diagnosis of HF, especially in elderly women
with dyspnea.15,16

The clinical utility of NT-Pro BNP in the diagnosis of
heart failure was reported in the N-terminal Pro-BNP Inves-
tigation of Dyspnea in the Emergency Department (PRIDE)
study. This study used NT-Pro BNP measurements in the
emergency department to rule out acute congestive HF in
600 patients who presented with dyspnea.17 NT-Pro BNP
results were correlated with a clinical diagnosis of acute
CHF as determined by study physicians blinded to these
measurements. The median NT-Pro BNP level among the
209 patients who had acute CHF (35%) was 4054 versus
131 pg/mL among 390 patients who did not (65%, P !
.001). NT-Pro BNP levels increase with age so that the
study investigators recommend NT-Pro BNP cut points of
O450 pg/mL for patients younger than 50 years of age
and O900 pg/mL for patients age 50 years or older, both
of which were highly sensitive and specific for HF in this
study.

Recommendation

4.7 Differential Diagnosis. The differential diagnoses in
Table 4.5 should be considered as alternative ex-
planations for signs and symptoms consistent with
HF. (Strength of Evidence 5 C)

Background

A number of signs and symptoms of HF are nonspeci-
ficdparticularly shortness of breath, which may reflect un-
derlying pulmonary disease or physical deconditioning.6



Heart Failure Practice Guideline � HFSA e19
Recognizing this lack of specificity is particularly important
in a general practice setting where patients often present
with noncardiac causes of shortness of breath or edema.

In patients with dyspnea, in the absence of clear signs of
HF, pulmonary pathology, including pulmonary embolism,
should be considered and investigated through additional
tests, such as spirometry, chest computed tomography,
ventilation-perfusion lung scan, or pulmonary angiography.
Sleep apnea and HF may coexist. In patients with fatigue,
in the absence of clear signs of HF, physical decondition-
ing, sleep apnea, and depression should be considered. Ede-
ma may be due to calcium channel blockers, other drugs, or
venous stasis.

Initial Evaluation of Patients With HF

Recommendations

4.8 It is recommended that patients with a diagnosis of
HF undergo evaluation as outlined in Table 4.6.
(Strength of Evidence 5 C)

4.9 Symptoms. In addition to symptoms characteristic
of HF, the following symptoms should be consid-
ered in the diagnosis of HF:
� Angina
� Symptoms of possible cerebral hypoperfusion, in-

cluding syncope, presyncope, or lightheadedness
� Symptoms suggestive of embolic events
� Symptoms suggestive of sleep-disordered

breathing

Table 4.5. Differential Diagnosis for HF Symptoms
and Signs

Myocardial ischemia
Pulmonary disease

(pneumonia, asthma, chronic obstructive pulmonary disease, pulmonary
embolus, primary pulmonary hypertension)

Sleep-disordered breathing
Obesity
Deconditioning
Malnutrition
Anemia
Hepatic failure
Renal failure
Hypoalbuminemia
Venous stasis
Depression
Anxiety and hyperventilation syndromes

Table 4.6. Initial Evaluation of Patients With a
Diagnosis of HF

Assess clinical severity of HF by history and physical examination
Assess cardiac structure and function
Determine the etiology of HF
Evaluate for coronary disease and myocardial ischemia
Evaluate the risk of life-threatening arrhythmia
Identify any exacerbating factors for HF
Identify comorbidities which influence therapy
Identify barriers to adherence and compliance
4.10 Functional Capacity/Activity Level. It is recom-
mended that the severity of clinical disease and
functional limitation be evaluated and recorded
and the ability to perform typical daily activities
be determined. This evaluation may be graded
by metrics such as New York Heart Association
(NYHA) functional class (Table 4.7) (Strength of
Evidence 5 A) or by the 6-minute walk test.
(Strength of Evidence 5 C)

4.11 Volume Status. The degree of volume excess is a key
consideration during treatment. It is recommended
that it be routinely assessed by determining:
� Presence of paroxysmal nocturnal dyspnea or

orthopnea
� Daily weights and vital signs with assessment

for orthostatic changes
� Presence and degree of rales, S3 gallop, jugular

venous pressure elevation, positive hepato-
jugular reflux, edema, and ascites (Strength
of Evidence 5 B)

Background

Characteristic Symptoms. The presence or absence and
severity of characteristic symptoms of HF, including those
related to exercise tolerance and fluid overload, should be
documented in all patients undergoing initial evaluation.

Comorbidities. Symptoms of comorbidities commonly
associated with HF should be sought. These include angi-
na,18 symptoms of sleep-disordered breathing, presyncope,
or syncope.

Physical Examination. The physical examination should
focus on the detection and etiology of structural heart dis-
ease, current volume status, and the severity of HF, as a guide
to initiating therapy and a baseline to gauge the effect of that
therapy. Height and weight should be recorded. Supine and
upright vital signs should be taken to assess for orthostasis.
Presence of an S3 gallop and elevation of jugular venous
pressure are invaluable specific markers of elevated cardiac
filling pressures. A positive Kussmaul can be a flag for re-
strictive disease or significant HF.

Table 4.7. Criteria for NYHA Functional Classification
in Patients With HF

Class I No limitation of physical activity. Ordinary physical activity
does not cause undue fatigue, palpitation, or dyspnea.

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

Class III IIIA: Marked limitation of physical activity. Comfortable at
rest, but less than ordinary activity causes fatigue,
palpitation, or dyspnea. IIIB: Marked limitation of
physical activity. Comfortable at rest, but minimal
exertion causes fatigue, palpitation, or dyspnea.

Class IV Unable to carry on any physical activity without discomfort.
Symptoms of cardiac insufficiency present at rest. If any
physical activity is undertaken, discomfort is increased.
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Murmurs such as those of aortic stenosis or mitral regur-
gitation may provide clues to the etiology of LV dysfunc-
tion. Murmurs of tricuspid regurgitation and mitral
regurgitation vary depending on the degree of volume over-
load, ventricular dilatation, and failure of leaflet coaptation
or elevated pulmonary pressures.

The physical examination has limitations. Pulmonary rales
are an insensitive indicator of elevation in pulmonary venous
pressure, unless they occur abruptly.7 Overt pulmonary edema
rarely occurs where left heart filling pressure is chronically
elevated, with adaptation of the pulmonary vasculature. Asci-
tes is common in patients with advanced HF (with contribut-
ing right HF), but may be difficult to appreciate on physical
examination. Although abdominal complaints can be mislead-
ing, history often is a better indicator of excess abdominal
fluid than physical examination. Hepatojugular reflux often
is a sensitive indicator of volume expansion and may be
demonstrated in states of right ventricular dysfunction.10

Functional Assessment. Determination of baseline exer-
cise and functional limitation is important during the initial
evaluation of patients with established HF. Decisions re-
garding hospitalization and response to medications and
other interventions are aided by estimation of the degree
of limitation present at the first evaluation.

A number of strategies can be employed to assist in these
estimates. One common, time-tested, and simple metric is
the NYHA functional classification, which is shown in
Table 4.7.19 Although NYHA class is subjective, numerous
longitudinal studies have shown the prognostic power of
this determination, and serial evaluation is helpful to gauge
response to therapy. Therapeutic recommendations often
are directed toward patients within particular NYHA clas-
ses, based on use of this indicator as an entry criterion
for clinical trials. Success of therapy may be indicated by
improvement of at least 1 functional class.20

Recommendations

4.12 Standard Laboratory Tests. It is recommended that
the following laboratory tests be obtained routinely
in patients being evaluated for HF: serum electro-
lytes, blood urea nitrogen, creatinine, glucose, cal-
cium, magnesium, lipid profile (low-density
lipoprotein cholesterol, high-density lipoprotein
cholesterol, triglycerides), complete blood count,
serum albumin, liver function tests, urinalysis,
and thyroid function. (Strength of Evidence 5 B)

4.13 ECG. It is recommended that all patients with HF
have an ECG performed to:
� assess cardiac rhythm and conduction
� detect LV hypertrophy
� evaluate QRS duration, especially when ejec-

tion fraction !35%
� detect evidence of myocardial infarction or

ischemia (Strength of Evidence 5 B)
4.14 Chest X-Ray. It is recommended that all patients
with HF have a posteroanterior and lateral chest
X-ray examination for determination of heart
size, evidence of fluid overload, and detection of
pulmonary and other diseases. (Strength of Evi-
dence 5 B)

4.15 Additional Laboratory Tests. It is recommended
that patients with no apparent etiology of HF or
no specific clinical features suggesting unusual
etiologies undergo additional directed blood and
laboratory studies to determine the cause of HF.
(Strength of Evidence 5 C)

Background: Initial Diagnostic Testing

Electrocardiogram and Chest X-Ray. The ECG pro-
vides important information on acute ischemia, prior myo-
cardial infarction, conduction abnormalities, arrhythmias,
and ventricular hypertrophy.21 A chest radiograph may
show evidence for cardiac chamber enlargement, increased
pulmonary venous pressure, interstitial or alveolar edema,
pleural effusions, valvular or pericardial calcification, or
coexisting lung disease.

Laboratory Evaluation. The complete blood count may
show anemia.22,23 Hyponatremia, from free water retention,
may reflect elevated serum vasopressin levels and activation
of the renin-angiotensin system.24 Hyponatremia, which has
been associated with poor prognosis, may result from exces-
sive diuresis, but more often indicates severe HF. Elevated
serum creatinine may not only reflect important underlying
renal impairment but also represent a prerenal state from re-
duced cardiac output or excessive diuresis. Renal dysfunc-
tion is associated with worse prognosis. Prerenal azotemia
is usually associated with a disproportionate increase in
blood urea nitrogen. If creatinine is disproportionately ele-
vated, it generally indicates intrinsic renal disease. Hypoal-
buminemia contributes to low plasma oncotic pressure and
edema formation. An abnormal urinary sediment may sug-
gest glomerular disease or infection, and proteinuria may
play a role in low oncotic pressure and edema formation.
Hyper- or hypothyroidism can precipitate or aggravate ven-
tricular dysfunction and clinical HF and may be clinically
occult in the elderly. A lipid profile is valuable in patients
with a documented history of coronary artery disease.

Determination of Etiology. Initial assignment of HF eti-
ology should be as specific as possible. Significant differ-
ences in prognosis are commonly noted among the
various etiologies of HF, and identification of specific eti-
ologies, such as ischemic heart disease, may trigger specific
directions for evaluation and treatment (Section 13). A
number of common etiologies dominate the causes of HF
in most practice settings. Ischemic heart disease remains
a common cause, especially among patients with reduced
LVEF.18
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Background: Common Etiologic Factors

Coronary Artery Disease. Patients with evidence of
a myocardial infarction, coronary artery bypass graft sur-
gery, or percutaneous angioplasty or patients who have cor-
onary artery narrowing of greater than 70% in at least 1
artery are most likely to have an ischemic cardiomyopathy.

Hypertension. Population-based analyses have shown
hypertension to be the most important population-attribut-
able risk for HF. Hypertensive or previously hypertensive
patients with a nondilated left ventricle, preserved LVEF,
and concentric LV hypertrophy are most likely to have
hypertension as the principal etiology for HF. Among all hy-
pertensive patients with HF, elevated blood pressure should
be presumed to contribute to both the cardiovascular pathol-
ogy and ongoing clinical manifestations of the disease.

The assignment of hypertension as an etiology, particu-
larly of LV systolic dysfunction, has been challenged of
late. Clearly, hypertension often is associated with ischemic
heart disease and typically is not considered primary in
these cases. Documentation of the presence of hypertension
may be difficult in many cases of apparently idiopathic
cardiomyopathy unless the medical history is carefully
reviewed. Many patients with a history of hypertension
will not be hypertensive when presenting with systolic dys-
function. Likewise, hypertension may emerge as ventricular
function improves with institution of proper medical therapy.
In any event, close observation for the development of
hypertension is warranted during follow-up.
Alcoholic Cardiomyopathy. Careful history should be
directed to determining the quantity of alcohol consump-
tion. In the absence of a clear alternative, an alcoholic eti-
ology is likely among patients with a dilated left ventricle
and history of consuming excessive amounts of alcohol.

Valvular Disease. In patients with chronic valvular dis-
ease, physical findings may not be characteristic because
of low cardiac output. This is especially true of patients
with ‘‘low gradient aortic stenosis.’’ A history of known
valvular or rheumatic heart disease should be solicited.
Detection of occult valvular disease is one reason for the
importance of routine echocardiography as part of the eval-
uation process.

Idiopathic and Familial Cardiomyopathy. A number
of patients have no apparent cause for their HF despite care-
ful clinical evaluation. The label idiopathic cardiomyopathy
represents a diagnosis of exclusion, and less common
causes should be sought as indicated below. A family history
of cardiomyopathy should be solicited. In many patients
designated as having idiopathic cardiomyopathy (up to
25%), a familial disorder can be identified when cardio-
vascular testing is performed on first- and second-degree
relatives.25,26

Table 4.8 lists physical and laboratory findings that can
point to less common etiologies.

Familial Hypertrophic Cardiomyopathy. Hypertrophic
cardiomyopathy, an autosomal dominant condition with
Table 4.8. Physical Examination Findings Related to Etiology

Physical Examination Findings and Implications

Skin Pigmentation: iron overload
Lipid deposits: hyperlipidemia,
Spider angiomata: liver disease
Easy bruisability: amyloidosis
Cushingoid features: glucocorticoid excess
Skin laxity: pseudoxanthoma elasticum
Rash: pellagra
Malar rash of discoid: lupus
Sclerodactyly or skin tightening: CREST or scleroderma

Lymph nodes Adenopathy: sarcoidosis; lymphoma
Thyroid Nodularity enlargement: hyper- or hypothyroidism
Jugular veins Kussmaul sign: constriction or restriction
Heart rate Resting tachycardia: a very rapid ventricular response to atrial fibrillation or persistent tachyarrhythmia may suggest

a tachycardia-induced cardiomyopathy
Carotids Delayed upstroke: aortic stenosis

Bifid carotid contour: may suggest hypertrophic cardiomyopathy
Carotid bruits may suggest associated atherosclerotic disease

Cardiac palpation Hyperdynamic, laterally displaced apical impulse: LV volume overload (aortic or mitral regurgitation) an adynamic point
of maximal impulse suggests a dilated cardiomyopathy. These displaced PMI findings are usually accompanied
by an S3 gallop

Cardiac auscultation Murmurs: specific valvular pathologies of aortic stenosis, aortic regurgitation, mitral stenosis and mitral regurgitation may
be present indicating the potential etiology. Elevation of diastolic pressures may lessen traditional murmurs of regurgitation
and low cardiac output may lessen traditional murmurs of stenosis

Diastolic knock: pericardial disease
Diastolic plop: thrombus or atrial myxoma

Extremities Cyanosis: may be a manifestation of extreme low output state or right to left shunting through a congenital defect
Bounding peripheral pulse and a Quincke’s sign: suggest wide pulse pressure and may be clues to hyperthyroidism or aortic

regurgitation
Warm extremities and high cardiac output: beriberi
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both genotypic and phenotypic variability, may present
with dyspnea or syncope. Echocardiography is an effective
diagnostic approach.

Peripartum Cardiomyopathy. HF occurring 1 month
before or within 5 months of delivery, with no prior patient
history of heart disease or other etiology of cardiomyopa-
thy, is generally labeled peripartum cardiomyopathy.

Endocrine Abnormalities. Pheochromocytoma should
be considered in patients with hypertension that is particu-
larly difficult to manage or is characterized by severe
fluctuations in blood pressure. Because hypo- or hyper-
thyroidism can exacerbate HF and, on rare occasion, can
represent the principal cause of HF, thyroid-stimulating
hormone should be measured. Acromegaly is a rare, but
well-recognized, finding in cardiomyopathy and may be un-
covered by obtaining a history of increase in jaw, hand, or
foot size, or by comparison of the patient’s current features
with dated photographs.

Medication Exposure. Anthracyclines and occasionally
other chemotherapeutic agents may result in cardiomyopa-
thy, depending on the dose received.27 In rare cases, sulphur
containing drugs and a number of other agents, including
some ACE inhibitors, may initiate an allergic inflammatory
reaction leading to eosinophilic myocarditis and decline in
heart function. Dating the onset of HF to the initiation of
these agents will be helpful.

Drugs With Negative Inotropic Effects. Some pharma-
cologic agents, including selected calcium channel blockers
and antiarrhythmics, may depress cardiac function and in-
crease the likelihood of HF or exacerbation of preexistent
or subclinical heart dysfunction. Some calcium channel
blockers can also be problematic due to reflex hormonal
activation.

Connective Tissue Disorders. Systemic lupus erythe-
matosus, scleroderma, and other connective tissue disorders
may represent a cause of HF. Vasculitis, hypertension, sys-
temic lupus erythematosus, pericardial involvement, and re-
nal impairment all may contribute to the syndrome of HF.
Scleroderma may be associated with myocardial fibrosis
with restrictive physiology. In the presence of characteristic
skin changes, arthritis, or other organ system involvement,
serum antinuclear antibody and rheumatoid factor should
be measured.

Toxin Exposure. Lead, arsenic, and cobalt are three
toxins that may cause progressive myocardial dysfunction.
A history of consumption of lead paint or drinking of well
water may provide clues to this unusual cause.

Myocarditis. Rapidly progressive cardiomyopathy, in-
cluding a rapidly deteriorating clinical condition, should
raise suspicion of active myocarditis, including giant cell
myocarditis, and represents an indication for consideration
of endomyocardial biopsy. Myocarditis may be characterized
with a subclinical onset or gradual deterioration. HIV infec-
tion may be a cause of myocarditis, and there should be a low
threshold for measurement of HIV serology.

Nutritional Deficiencies. Beriberi (thiamine deficiency)
may appear in individuals on fad diets or those hospitalized
in intensive care units receiving inadequate nutrition. Sele-
nium deficiency has been recognized as a potential etiology
in certain geographical areas such as China.

Amyloidosis. HF with preserved LVEF or minimal LV
dilatation, or no LV dilatation, coupled with increased LV
wall thickness by echocardiogram, despite normal or di-
minished QRS voltage on ECG, should raise suspicion of
amyloidosis. Serum and urine immunoelectrophoresis
should be performed.

Hemoglobinopathies. Repeated transfusions from chronic
hemolytic anemia may result in iatrogenic iron overload.

High Output States. Hyperthyroidism, atrioventricular
malformations (rarely), or sepsis may result in severe vol-
ume overload and high output failure, characterized by pre-
served LV and increased ventricular volumes.

Sarcoidosis. Sarcoid can mimic many things; it com-
monly is associated with conduction abnormalities and
ventricular tachyarrhythmias. Hilar lymphadenopathy may
be a clue to the diagnosis of sarcoidosis.

Hemochromatosis. In the setting of dilated cardiomyop-
athy, darkened skin, and diabetes, hemochromatosis should
be considered. Ferritin, iron, iron saturation, and total iron-
binding capacity should be ordered.

Recommendation

4.16 Exercise testing is not recommended as part of
routine evaluation in patients with HF.
Specific circumstances in which maximal exercise
testing with measurement of expired gases should
be considered include:
� Assessing disparity between symptomatic limita-

tion and objective indicators of disease severity
� Distinguishing non HF-related causes of func-

tional limitation, specifically cardiac versus
pulmonary

� Considering candidacy for cardiac transplan-
tation or mechanical intervention

� Determining the prescription for cardiac reha-
bilitation

� Addressing specific employment capabilities

Exercise testing with physiologic testing for induc-
ible abnormality in myocardial perfusion or wall
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motion abnormality should be considered to screen
for the presence of coronary artery disease with
inducible ischemia. (Strength of Evidence 5 C)

Background

Treadmill exercise testing, with or without measure-
ment of oxygen uptake, to assess functional capacity is
not routinely required in the evaluation of patients with
a known diagnosis of HF. Nevertheless, there are a number
of clinical circumstances in which such testing is
beneficial.28 Exertional dyspnea and exercise intolerance
may be due to noncardiac causes, especially pulmonary.
When there is a disparity between symptoms and objec-
tive findings of HF, exercise testing with measurement
of expired gases to determine peak oxygen consumption
may be useful.

Measurement of peak oxygen uptake may be of assis-
tance in determining candidacy for cardiac transplantation
by quantifying functional limitation and adding prognostic
information.29 There is no uniform agreement on a cutoff
in peak oxygen uptake that constitutes an absolute crite-
rion for candidacy for transplantation. A value !10 mL
O2 kg/min denotes severe functional incapacity and poor
prognosis. The test should be performed after optimizing
medical therapy. Several studies suggest that measuring
peak oxygen uptake may be less useful in predicting prog-
nosis in patients on b-blockers.30,31

Common Errors in Initial Assessment

General History. Historical information should be well-
documented wherever possible. For example, electrocardio-
graphic or enzyme evidence of prior myocardial infarction
should be reviewed, rather than relying on the patient’s de-
scription of the event. Early symptoms of HF, such as cough
and rales, often are incorrectly attributed to respiratory in-
fection. Specific evidence should be sought to confirm or
refute the diagnosis.

Physical Examination. There are a number of ways in
which the patient’s volume status may be misjudged. Rales
may be due to pulmonary disease, rather than pulmonary
edema. Conversely, severe chronic volume overload may
occur in the absence of pulmonary rales. Edema is often
due to venous stasis disease, rather than volume overload.
Assessment of jugular venous pressure and its wave form
is invaluable in the accurate assessment of volume status.
However, the absence of evidence of volume overload on
examination does not exclude the possibility of severe func-
tional impairment related to HF. In addition, patients may
have volume expansion and yet not manifest rales on chest
examination. Cardiac murmurs may vary significantly de-
pending upon the patient’s volume status. Decreased mur-
mur intensity may be due to elevated filling pressures or
low cardiac output.
Recommendation

4.17 Routine endomyocardial biopsy is not recommen-
ded in cases of new-onset HF. Endomyocardial bi-
opsy should be considered in patients with rapidly
progressive clinical HF or ventricular dysfunc-
tion, despite appropriate medical therapy. Endo-
myocardial biopsy also should be considered in
patients suspected of having myocardial infiltra-
tive processes, such as sarcoidosis or amyloidosis,
or in patients with malignant arrhythmias out of
proportion to LV dysfunction, where sarcoidosis
and giant cell myocarditis are considerations.
(Strength of Evidence 5 C)

Background

In patients who present with rapidly progressive signs and
symptoms of HF and ventricular dysfunction and are poorly
responsive to appropriate medical therapy, the diagnosis of
giant cell myocarditis should be considered. Retrospective
data suggest that this disease is associated with high mortal-
ity rates and that it may respond to immunosuppression.32

Clinical trials performed in patients with more common
forms of lymphocytic myocarditis have failed to demonstrate
a clinical benefit from immunosuppressive therapy, and these
patients have a high rate of spontaneous recovery.33

Follow-Up Evaluation

Recommendation

4.18 It is recommended that clinical evaluation at
each follow-up visit include determination of
the elements listed in Table 4.9. (Strength of
Evidence 5 B)

These assessments should include the same symp-
toms and signs assessed during the initial evalua-
tion. (Strength of Evidence 5 C)

Background

Volume Assessment. Determination of serial changes in
volume status is a critical part of the follow-up of the pa-
tient with HF. Ongoing efforts to achieve diuresis may be
underway as part of the management plan. Diuretic therapy

Table 4.9. Elements to Determine at Follow-Up Visits
of HF Patients

Functional capacity and activity level
Changes in body weight
Patient understanding of and compliance with dietary sodium restriction
Patient understanding of and compliance with medical regimen
History of arrhythmia, syncope, presyncope, or palpitation
Compliance and response to therapeutic interventions
The presence or absence of exacerbating factors for HF, including

worsening ischemic heart disease, hypertension, and new or worsening
valvular disease
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can be difficult to adjust, and states of persistent fluid over-
load or excessive weight loss are common. Restriction of
dietary sodium intake is a key factor in optimizing fluid bal-
ance. Improved compliance to dietary sodium restriction
may result in significant negative fluid balance, mandating
adjustment of diuretic therapy.

Pharmacologic Therapy. The difficulty associated with
maintaining an appropriate pharmacologic regimen in pa-
tients with HF, even when the patient has experienced clin-
ical benefit from specific medications, is well known.
Economic factors, polypharmacy, side effects, and misper-
ceptions concerning the relationship of medications to spe-
cific somatic feelings all limit compliance with chronic
medical regimens. Careful review of current medications
may uncover lack of compliance and also detect use of
over-the-counter medications that may be detrimental.

Recommendation

4.19 Routine reevaluation of cardiac function by non-
invasive or invasive methods is not recommended.
Repeat measurements of ventricular volume and
EF should be considered under limited circum-
stances:
� After at least 3 months of medical therapy when

a prophylactic ICD placement is being considered
in order to determine that EF criteria for ICD
placement are still met. (Strength of Evidence 5 B)

� In patients who show substantial clinical
improvement (for example, in response to b-
blocker treatment). Such change may denote
improved prognosis, although it does not in it-
self mandate alteration or discontinuation of
specific treatments (see Section 7). (Strength
of Evidence 5 C)

Repeat determination of EF is usually unneces-
sary in patients with previously documented LV
dilatation and low EF who manifest worsening
signs or symptoms of HF. Repeat measurement
should be considered when it is likely to prompt
a change in patient management, such as cardiac
transplantation. (Strength of Evidence 5 C)

Background

Follow-Up Assessment of Ventricular Function. There
generally is no reason for repeat echocardiography unless it
is anticipated that findings will prompt a change in therapy.
There is no evidence that changes in LV volume or EF war-
rant modifications in therapy with drugs such as ACE inhib-
itors or b-blockers. However, the substantial improvement
or normalization in LV volumes and EF often seen with
b-blocker treatment is associated with improved prognosis,
and patients deserve this information. It is reasonable to
consider repeat echocardiography for this purpose at least
3 or more months after initiation of b-blockade, particularly
if the patient has manifested improvement in signs and
symptoms of HF.

In patients with previously documented ventricular dila-
tation and reduced EF, repeat measurement should be con-
sidered if the finding of further reduction in EF is likely to
prompt additional treatment. A good example is the patient
manifesting progressive signs and symptoms of HF who
might be listed for cardiac transplantation if further worsen-
ing of EF is not prevented.

Recommendation

4.20 It is recommended that reevaluation of electro-
lytes and renal function occur at least every 6
months in clinically stable patients and more fre-
quently following changes in therapy or with evi-
dence of change in volume status. More frequent
assessment of electrolytes and renal function is
recommended in patients with severe HF, those
receiving high doses of diuretics, and those who
are clinically unstable. (Strength of Evidence 5 C)
See Section 7 for recommendations for patients on
an angiotensin receptor blocker.

Background

The approach to laboratory assessment during follow-up
must be individualized. Circumstances requiring more
frequent monitoring of renal function and electrolytes in-
clude severe HF, changes in volume status or worsening
signs and symptoms of HF, diabetes, prescription of an al-
dosterone antagonist, and initiation or active adjustment of
ACE inhibitors or diuretics. Moderate to severe renal dys-
function is common in patients with HF because of systolic
dysfunction or associated with preserved EF and may be as-
sociated with hyperkalemia. Diabetics and patients with
chronic renal insufficiency are at particular risk for hyper-
kalemia and require more frequent laboratory monitoring
during follow-up.
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Section 5: Management of Asymptomatic Patients
With Reduced Left Ventricular Ejection Fraction

Overview

Left ventricular (LV) remodeling and reduced ejection
fraction (EF) should be distinguished from the syndrome of
clinical heart failure (HF). When LVEF is reduced (!40%),
but there are no signs and symptoms of HF, the condition fre-
quently is referred to as asymptomatic LV dysfunction
(ALVD). It is now well recognized that there may be a latency
period when the EF is reduced before the development of
symptomatic HF. Although most attention in the HF litera-
ture has centered on patients with symptoms, evidence now
indicates that ALVD is more common than previously as-
sumed. The recent realization that therapies aimed at symp-
tomatic HF may improve outcomes in patients with ALVD
has increased the importance of recognizing and treating
patients with this condition.

Prevalence. Studies indicate that the prevalence of ALVD
ranges from just under 8% to 16% in some populations.1–4

Some studies suggest that patients with ALVD outnumber
those with overt HF. The First National Health and Nutrition
Examination Survey Epidemiologic Follow-up Study
(NHANES I) reported only a 2% prevalence of overt HF in
individuals ages 25 to 74 years, though this value likely is
an underestimate.5 The prevalence of both ALVD and overt
HF dramatically increase with age. The lifetime risk of de-
veloping HF is approximately 20% in octogenarians.6–8

Prognosis. Patients with ALVD have approximately half
the mortality rate (5% annualized) of those with overt
symptoms of HF, but their risk of death is 5 to 8 times high-
er than a normal age-matched population. In the Study of
Left Ventricular Dysfunction (SOLVD) prevention study,
patients with untreated ALVD developed overt HF at
a 10% annual rate, with a further 8% annual risk of death
or hospitalization for HF.9 These data indicate patients with
ALVD are at high risk for developing HF.

Managing Patients With ALVD. The management of
patients with ALVD focuses on controlling cardiovascular
risk factors and on the prevention or reduction of progres-
sive ventricular remodeling.

A number of risk factors have the potential to promote
progression of ventricular remodeling and adverse out-
comes in patients with ALVD. These include systemic hy-
pertension, coronary artery disease, diabetes, and obesity.
Population-attributable risk for hypertension and myocardi-
al infarction (MI) may be as high as 60% to 70%, under-
scoring the importance of preventing and managing these
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two conditions.10–14 The 30% or more of patients with
ALVD who do not have ischemic heart disease may suffer
from hypertension, alcohol overuse, or familial or idiopath-
ic dilated cardiomyopathy. Surveillance studies suggest that
relatives of those with idiopathic dilated cardiomyopathy
often have asymptomatic LV dilatation and may be at in-
creased risk for developing HF.15 In addition, those exposed
to toxins through alcohol overuse or anthracycline activity
may develop ALVD, which may progress to HF in the
absence of intervention.16

Recommendations

5.1 It is recommended that all patients with ALVD exer-
cise regularly according to a physician-directed
prescription to avoid general deconditioning; to im-
prove weight, blood pressure, and diabetes control;
and to reduce cardiovascular risk. (Strength of
Evidence 5 C)

5.2 Smoking cessation is recommended in all patients in-
cluding those with ALVD. (Strength of Evidence 5 B)

5.3 It is recommended that alcohol consumption be dis-
couraged in patients with ALVD. Abstinence is rec-
ommended if there is a current habit or previous
history of excessive alcohol intake. (Strength of
Evidence 5 C)

5.4 It is recommended that all patients with ALVD with
hypertension have aggressive blood pressure con-
trol. (Strength of Evidence 5 B)

Background

Therapeutic Approaches. Cardiovascular risk factor re-
duction is advocated in patients with ALVD to decrease the
risk of developing overt HF. Control of blood pressure and
treatments that slow the progression of ischemic heart dis-
ease may have substantial benefit. (See Section 3 for more
on the control of cardiovascular risk factors.)

Recommendation

5.5 Angiotensin-converting enzyme (ACE) inhibitor ther-
apy is recommended for asymptomatic patients with
reduced LVEF (!40%). (Strength of Evidence 5 A)

Background

Twelve-year follow up in SOLVD demonstrated that the
initial benefit of enalapril was maintained.9 Survival curve
analysis has confirmed an absolute 9.2-month benefit in life
expectancy conferred by 40 months of treatment with an
ACE inhibitor, a benefit conferred despite the fact that nearly
all patients enrolled in SOLVD went on to receive ACE
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inhibitors after termination of the randomized portion of the
trial. The likelihood of death after 12 years in the treatment
group remained fairly constant at approximately 5%
annually.

A substudy of the SOLVD trial found that administration
of enalapril reduced the tendency to progressive LV en-
largement in patients with ALVD.17 This beneficial effect
on LV remodeling, in combination with prevention of MI,
most likely explains the mechanism of reduction of both
cardiovascular mortality and progression to HF observed
in the SOLVD Prevention trial.18–20 Thus ACE inhibitors
are indicated in patients with reduced LVEF, regardless of
symptoms. See more about ACE inhibitors in Section 7.

Recommendation

5.6 Angiotensin receptor blockers (ARBs) are recom-
mended for asymptomatic patients with reduced
LVEF who are intolerant of ACE inhibitors from
cough or angioedema. (Strength of Evidence 5 C)

Routine use of the combination of ACE inhibitors
and ARBs for prevention of heart failure is not rec-
ommended in this population. (Strength of Evidence
5 C)

Background

Randomized clinical trials of ARBs in asymptomatic
patients with LV systolic dysfunction who are intolerant
of ACE inhibitors have not been conducted. Despite
the absence of definitive data, based on the results of
CHARM-Alternative and the Valsartan Heart Failure Trial
(Val-HeFT) and a variety of pathophysiologic and clinical
considerations, it is reasonable to use an ARB in a patient
with ALVD if the patient is intolerant to an ACE inhibitor.21,22

The addition of an ARB to an ACE inhibitor in asymp-
tomatic patients with reduced LVEF has not been investi-
gated. See more about ARBs in Section 7.

Recommendation

5.7 It is recommended that b-blocker therapy be admin-
istered to asymptomatic patients with reduced
LVEF. (After MI, Strength of Evidence 5 B; non
post-MI, Strength of Evidence 5 C)

Background

Ischemic Heart Disease With ALVD. A strong rationale
exists for the use of b-blocker therapy in the management
of patients with ALVD from ischemic heart disease, based
on the benefits seen in patients with cardiac dysfunction
and no overt HF after acute MI. The Carvedilol Post-Infarct
Survival Control in Left Ventricular Dysfunction (CAPRI-
CORN) study examined the effects of carvedilol in asymp-
tomatic patients with reduced EF after MI, with concomitant
use of ACE inhibitors, aspirin, and statins in the majority of
patients. Although there was no difference between the
carvedilol and placebo groups in the number of patients
meeting the primary endpoint of all-cause mortality or hos-
pital admission, carvedilol use was associated with fewer
deaths, as well as a reduction in the combined endpoint
of death or recurrent MI, classical end points in previous
studies of b-blockade after MI.23

Nonischemic Heart Disease With ALVD. No trial has
specifically examined the effect of b-blockers on mortality
in asymptomatic patients with reduced EF but no recent MI.
Given the consistency of benefit observed with b-blockers
across symptomatic populations, with and without ischemic
heart disease, and in patients with prior MI, regardless of
HF symptoms, it seems reasonable to recommend use of
these agents in asymptomatic patients with reduced EF in
the absence of identifiable ischemic heart disease. See more
about b-blockers in Section 7.
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Section 6: Nonpharmacologic Management and
Health Care Maintenance in Patients With

Chronic Heart Failure

Overview

Nonpharmacologic management strategies represent an
important contribution to heart failure (HF) therapy. They
may significantly impact patient stability, functional capac-
ity, mortality, and quality of life. Most of the recommenda-
tions that follow derive from consensus expert opinion or
are based on theory extrapolated from limited trial data in
the elderly or chronic disease populations.

Diet and Nutrition

Recommendations

6.1 Dietary instruction regarding sodium intake is rec-
ommended in all patients with HF. Patients with HF
and diabetes, dyslipidemia, or obesity should be
given specific instructions regarding carbohydrate
or caloric constraints. (Strength of Evidence 5 B)

6.2 Dietary sodium restriction (2–3 g daily) is recom-
mended for patients with the clinical syndrome of
HF and preserved or depressed left ventricular
ejection fraction (LVEF). Further restriction (!2
g daily) may be considered in moderate to severe
HF. (Strength of Evidence 5 C)

Background

The ‘‘average’’ American diet contains between 8000
and 10,000 mg sodium; certain ethnic diets are typically
several-fold higher. (See Table 3.3 in Section 3 for salt-
sodium equivalents.) A ‘‘low-sodium’’ or ‘‘no added salt di-
et’’ as defined by the American Heart Association is 4000
mg sodium. Although there are no clinical trial data demon-
strating improved outcomes with sodium restriction, this in-
tervention is an important and common component of HF
disease management programs. Dietary sodium restriction
typically results in a decrease in the diuretic dose required
for maintenance of a euvolemic state and clinical stability.
This is important, because loop diuretics increase plasma
renin activity and may adversely impact clinical outcomes
through neurohormonal stimulation.1

Additional dietary instruction should be provided to all HF
patients with comorbid conditions, including arteriosclero-
sis, diabetes, renal insufficiency, or obesity. Patients with hy-
perlipidemia or known underlying coronary or peripheral
arteriosclerosis should be given specific instruction regard-
ing dietary fat and cholesterol restriction according to na-
tional guidelines, such as the National Cholesterol Education
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Program. Diabetics exhibiting poor glycemic control or with
significant albuminuria should receive individualized nutri-
tional counseling regarding protein and carbohydrate con-
sumption and caloric constraints as indicated to reduce risk
for morbidity and mortality. Aggressive management of hy-
perglycemia diminishes osmotic forces leading to water
retention and glomerular hyperfiltration, while reducing in-
fection risk and the long-term risk of additional end-organ
damage.2 Patients with significant underlying renal insuffi-
ciency may require individualized instruction regarding pro-
tein, potassium, phosphorus, or other dietary constraints to
preserve electrolyte and acid-base homeostasis.

Obesity is independently associated with HF and contrib-
utes to the development of additional HF risk factors, in-
cluding hypertension, LV hypertrophy and diastolic filling
abnormalities. Obesity is linked to insulin resistance and
glucose intolerance, hyperaldosteronism, salt sensitivity,
and plasma volume expansion, creating both pressure and
volume overload stressors with increased systemic vascular
resistance. The metabolic demand of excessive adipose tis-
sue increases cardiac output requirements, making cardio-
myopathy with HF the leading cause of death in patients
with severe obesity. Arrhythmia risk is increased in associ-
ation with prolongation of the QT interval frequently seen
in the setting of morbid obesity. Sleep-disordered breathing
is linked to pulmonary hypertension, right ventricular fail-
ure, and hypoxemia. For both obesity-cardiomyopathy
and obesity-hypoventilation syndromes, weight loss and so-
dium restriction are effective measures to improve symp-
toms and prognosis.3

There are defined risks of extreme calorie and carbohy-
drate restriction that may be increased in persons with
HF. Electrolyte abnormalities and ketosis are common with
these diets and require frequent monitoring and physician
oversight. For HF patients with a body mass index O35,
gastrointestinal surgery is an option, with operative risk de-
pendent on clinical symptoms, hemodynamic stability, and
stability of coronary artery disease.4 Surgical intervention is
the only weight loss therapy with reasonable long-term re-
sult maintenance, although operative morbidity and mortal-
ity are substantial.5

Recommendation

6.3 Restriction of daily fluid intake to !2 L is re-
commended in patients with severe hyponatremia
(serum sodium !130 mEq/L) and should be con-
sidered for all patients demonstrating fluid reten-
tion that is difficult to control despite high doses
of diuretic and sodium restriction. (Strength of
Evidence 5 C)

Background

Fluid restriction is indicated in the setting of symptomatic
hyponatremia (serum sodium !130 mEq/L), whether or
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not it is precipitated by pharmacologic therapy. Concomitant
dietary sodium restriction facilitates maximal diuresis and
may reduce hospital length of stay. In the outpatient setting,
fluid restriction generally is reserved for advanced HF refrac-
tory to high doses of oral diuretic agents. Fluid restriction in
the outpatient setting has many inherent logistical difficul-
ties, often leading to increased stress, anxiety, and poor com-
pliance with therapy. Most disease management programs
monitor patient volume status reliably and effectively
through the attainment of daily morning weight, rather than
through patient measurement of daily intake and output.6

Apparent diuretic refractoriness is most often a reflec-
tion of noncompliance with dietary sodium restriction or
prescribed pharmacologic therapy, unrecognized drug in-
teractions (eg, nonsteroidal anti-inflammatory agents
[NSAIDs] and glitazones) or the uncommon patient with
excessively high fluid intake (O6 L/day). Physiologic
diuretic refractoriness can be observed with chronic loop
diuretic administration primarily from distal renal tubu-
lar hypertrophy facilitating enhanced sodium reabsorp-
tion. On the other hand, ‘‘true’’ diuretic refractoriness
may reflect underlying disease progression with reduced
cardiac output and effective renal plasma flow, the de-
velopment of significant intrinsic renal insufficiency, or
nephrosis.

Recommendation

6.4 It is recommended that specific attention be paid to
nutritional management of patients with advanced
HF and unintentional weight loss or muscle wasting
(cardiac cachexia). Measurement of nitrogen bal-
ance, caloric intake, and prealbumin may be useful
in determining appropriate nutritional supplemen-
tation. Caloric supplementation is recommended.
Anabolic steroids are not recommended for such
patients. (Strength of Evidence 5 C)

Background

Cardiac cachexia is a well-described phenomenon that is
associated with intense activation of the cytokine, tumor ne-
crosis factor-a, or chronically low cardiac output states.
Similar features are observed in patients with terminal can-
cer, AIDS, and chronic inflammatory diseases. Such pa-
tients are at extremely high risk for serious morbidity,
such as infection, hospitalization and impaired wound
healing.

In HF patients with reduced LVEF, tumor necrosis factor-
a levels are highest in advanced disease and correlate with
the highest risk of mortality. Formal metabolic evaluation
and determination of minimal nutritional requirements
should be strongly considered for patients demonstrating
this muscle-wasting syndrome. Specific recommendations
have been made for these patients, including altering the
size and frequency of meals and ensuring a high-energy
diet.7
There are no data to support the use of anabolic steroids
or human growth hormone supplementation in patients with
cardiac cachexia and skeletal muscle wasting. Initial enthu-
siasm for this approach was based on data suggesting that
small doses of testosterone have a beneficial effect on dys-
functional myocardium.8 However, long-term exposure to
these compounds has been reported to increase ischemia
risk and to promote adverse ventricular remodeling risk.
Fluid retention and electrolyte abnormalities are frequently
observed with the use of this therapy. Additional serious
risks include increased thrombogenicity and erythrocytosis,
as well as benign prostatic hypertrophy and prostate cancer.

Recommendation

6.5 Patients with HF, especially those on diuretic ther-
apy and restricted diets, should be considered for
daily multivitamin-mineral supplementation to
ensure adequate intake of the recommended daily
value of essential nutrients. Evaluation for specific
vitamin or nutrient deficiencies is rarely necessary.
(Strength of Evidence 5 C)

Background

Balanced nutrition with multivitamin/mineral supple-
mentation to fulfill the recommended daily value of essen-
tial nutrients is prudent for persons with any chronic
disease, including HF. Early satiety and altered digestive
efficiency related to decreased absorption, as well as
enhanced water-soluble vitamin and mineral loss from di-
uretic administration, can rapidly produce nutritional im-
balance in HF patients. In general, for most patients with
HF, a prudent diet providing adequate protein, carbohy-
drate, and calories according to age, gender, and activity
level is advisable. Dietary supplementation consisting of
a daily multiple-vitamin should be considered, given that
most American diets are inadequate in providing the rec-
ommended basic nutrient requirements.

Studies estimate that approximately 50% of HF patients
consume herbal, megavitamin, or other dietary supple-
ments.9 The likelihood of an adverse reaction or vitamin
toxicity increases with consumption of multiple supple-
ments, the safety and efficacy of which are not well docu-
mented. It is therefore important to ask HF patients about
supplements they are already taking before recommending
a daily multiple vitamin.

Recommendation

6.6 Documentation of the type and dose of naturoceut-
ical products used by patients with HF is recom-
mended. (Strength of Evidence 5 C)

Naturoceutical use is not recommended for relief of
symptomatic HF or for the secondary prevention of
cardiovascular events. Patients should be instructed
to avoid using natural or synthetic products
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containing ephedra (ma huang), ephedrine, or its
metabolites because of an increase risk of mortality
and morbidity. Products should be avoided that
may have significant drug interactions with digoxin,
vasodilators, b-blockers, antiarrhythmic drugs, and
anticoagulants. (Strength of Evidence 5 B)

Other Therapies

Background

Naturoceutical use cannot be recommended for the relief
of HF symptoms or for the secondary prevention of cardio-
vascular events. Given the paucity of efficacy data about
naturoceutical products, reporting suspected adverse effects
or drug interactions to the Food and Drug Administration is
strongly encouraged.

There are several agents with documented potential to do
harm. Natural or synthetic catecholamine-like products
containing ephedra (ma huang), ephedrine metabolites, or
imported Chinese herbs are specifically contraindicated in
HF. Hawthorne (Cratageus) products appear to have inodi-
lator activity, increasing the risk of orthostatic hypotension
and possibly arrhythmia. Hawthorne potentiates the action
of vasodilator medications and increases serum digoxin lev-
els. Two trials are under way evaluating the effectiveness of
a standardized hawthorne extract in moderate to severe HF.
Many other naturoceutical products, including garlic, ging-
ko biloba, and ginseng, have antiplatelet effects or potential
anticoagulant interactions.10

Recommendation

6.7 Continuous positive airway pressure to improve
daily functional capacity and quality of life is rec-
ommended in patients with HF and obstructive
sleep apnea documented by approved methods of
polysomnography. (Strength of Evidence 5 B)

Background

Sleep-disordered breathing is highly prevalent in HF pa-
tients.11–13 Formal sleep evaluation is therefore recommen-
ded for patients who remain symptomatic despite optimal
HF therapy. Testing should be considered for patients with
a positive screening questionnaire or whose sleep partner
reports signs suggesting apnea or periodic breathing.
Whether clinical outcome is favorably affected by treat-
ment of sleep-disordered breathing is unclear, but patient
quality of life and functional capacity is increased by treat-
ment when the respiratory disturbance index is at least
moderately elevated.14 Concomitant treatment for restless
leg syndrome may be reduced when the patient is treated
for associated sleep-disordered breathing.

Recommendation

6.8 Supplemental oxygen, either at night or during ex-
ertion, is not recommended for patients with HF in
the absence of an indication of underlying
pulmonary disease. Patients with resting hypox-
emia or oxygen desaturation during exercise should
be evaluated for residual fluid overload or concomi-
tant pulmonary disease. (Strength of Evidence 5 B)

Background

Pulmonary vascular congestion creating resting or exer-
tional hypoxemia requires aggressive diuretic therapy, rather
than supplemental oxygen. Oxygen supplementation is a
useful therapeutic adjunct in hospitalized patients during
acute decompensation or with coronary ischemia. Patients
with residual resting hypoxemia or exertional arterial oxy-
gen desaturation after optimization of intravascular volume
should be evaluated for concomitant pulmonary disease,
pleural effusion, pulmonary emboli, pulmonary hyperten-
sion, silent myocardial ischemia, obesity-hypoventilation
syndrome, and sleep-disordered breathing.

Recommendation

6.9 The identification of treatable conditions, such as
sleep-disordered breathing, urologic abnormalities,
restless leg syndrome, and depression should be
considered in patients with HF and chronic insom-
nia. Pharmacologic aids to sleep induction may be
necessary. Agents that do not risk physical depen-
dence are preferred. (Strength of Evidence 5 C)

Background

Chronic insomnia is associated with a risk of psychologic
instability and impaired cognitive function. After metab-
olic, physiologic, pharmacologic, and dietary causes are
excluded, screening should be considered for urologic
abnormality, sleep-disordered breathing, restless leg syn-
drome, depression, and anxiety disorders. Nocturnal anxiety
may be a manifestation of paroxysmal nocturnal dyspnea.
Sedatives can worsen apnea and should be initially elimi-
nated. Paradoxical agitation from the use of antihistamine
products or benzodiazepine preparations is not uncommon.
For these reasons, the use of medication to aid sleep induc-
tion should be undertaken only when necessary, and then
with caution and careful monitoring.

Specific Activity and Lifestyle Issues

HF is a syndrome with an enormous impact on the quality
of life of patients and families. HF can affect employment,
relationships, leisure activities, eating, sleeping, and sexual
activitydto name just a few critical areas. Physicians
have a significant opportunity to improve their patients’
quality of life by initiating discussion regarding these issues
and providing education, feedback, and support.

Recommendation

6.10 It is recommended that screening for endogenous
or prolonged reactive depression in patients with
HF be conducted following diagnosis and at
periodic intervals as clinically indicated. For
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pharmacologic treatment, selective serotonin re-
uptake inhibitors are preferred over tricyclic anti-
depressants, because the latter have the potential
to cause ventricular arrhythmias, but the poten-
tial for drug interactions should be considered.
(Strength of Evidence 5 B)

Background

Depression is common in both elderly and HF popula-
tions and has an enormous impact on quality of life and
functional capacity. It is an independent risk factor for cor-
onary heart disease and is associated with increased mor-
bidity and mortality. In a recent prospective cohort study
in outpatients with HF and EF !40%, living alone, alcohol
abuse, perception of medical care as being a substantial
economic burden, and health status were independent pre-
dictors of developing depressive symptoms.15 Clinicians
should be aware of which patients are at risk for the devel-
opment of depression so that these patients may be targeted
for screening and potentially for psychosocial intervention.
Several screening questionnaires for depression are avail-
able. Selective serotonin reuptake inhibitors are effective
and generally safe in HF patients. Tricyclic antidepressants
have anticholinergic properties that increase heart rate,
promote orthostatic hypotension, and alter ventricular
repolarization.

Recommendation

6.11 Nonpharmacologic techniques for stress reduction
may be considered as a useful adjunct for reduc-
ing anxiety in patients with HF. (Strength of Evi-
dence 5 C)

Background

Anxiety is commonly associated with depression, and of-
ten manifests as the inability to adjust to stressful situations.
An assessment of intrinsic coping skills may be useful. Re-
laxation techniques such as meditation and biofeedback
may improve patient daily functioning.16 The diagnosis of
HF and its prognosis are likely to provoke anxiety. Anxiety,
in turn, may contribute to a patient’s inability to compre-
hend or follow a treatment plan. In discussing recommen-
dations regarding end-of-life issues, including advance
directives, care should be taken to avoid inducing excessive
anxiety.

Recommendation

6.12 It is recommended that treatment options for sex-
ual dysfunction be discussed openly with both
male and female patients with HF.

The use of phosphodiasterase-5 inhibitors such as
sildenafil may be considered for use for sexual dys-
function in patients with chronic stable HF. These
agents are not recommended in patients taking
nitrate preparations. (Strength of Evidence 5 C)
Background

Sexual dysfunction is common in patients with heart dis-
ease and should be discussed openly with all patients, male
and female. Use of phosphodiasterase-5 inhibitors generally
is safe when HF symptoms are compensated and there is no
concomitant use of nitrate medications. Many other non-
pharmacologic aids exist for erectile dysfunction, impo-
tence, and other forms of sexual dysfunction. Patients
reluctant to initiate discussion regarding sexuality or who
are unaware of treatment options may be intentionally non-
compliant with HF medications to determine their influence
on sexual dysfunction. A proactive discussion may there-
fore alleviate some risk of compliance-related clinical
instability.

Health Care Maintenance Issues

Routine health care maintenance is often neglected by
HF patients, who are consumed with cardiovascular issues.
Access to care may be an additional problem among the el-
derly and those with limited socioeconomic means. General
health measures are at least as important in patients with
HF as they are in other populations.

Recommendation

6.13 It is recommended that patients with HF be ad-
vised to stop smoking and to limit alcohol con-
sumption to #2 standard drinks per day in men
or #1 standard drink per day in women. Patients
suspected of having an alcohol-induced cardiomy-
opathy should be advised to abstain from alcohol
consumption. Patients suspected of using illicit
drugs should be counseled to discontinue such
use. (Strength of Evidence 5 B).

Background

All patients with the clinical syndrome of HF who abuse
tobacco, alcohol, or illicit drugs should be counseled to
stop. For such patients, these recommendations carry even
greater potential benefit than they do in the general popula-
tion.17 Nicotine has vasoconstrictor activity, which can
worsen hemodynamics and antagonize vasodilator effect.
Transdermal nicotine preparations do not appear to signifi-
cantly increase cardiovascular risk, even in high-risk pa-
tients, although physician-monitored use is advisable.
Additional pharmacologic aids for tobacco withdrawal,
such as bupropion, have not been associated with exacerba-
tion of HF.

Alcohol-induced dilated cardiomyopathy is generally as-
sociated with chronic daily consumption of at least 70 g of
ethanol. Alcohol alters myocardial metabolism in many
ways, significantly affecting the fatty acid composition of
the sarcolemma. Confounding nutritional and vitamin defi-
ciencies coexist in chronic alcoholism and may adversely
affect ventricular function. Renal magnesium and potassium
wasting are enhanced. In the Studies of Left Ventricular
Dysfunction (SOLVD) trials, a positive relationship was



Heart Failure Practice Guideline � HFSA e33
found between light to moderate alcohol intake and signif-
icant increases in serum markers of inflammation, shown to
correlate with adverse clinical outcome.

The potential for reversal of ventricular remodeling and
normalization of ejection fraction with cessation of alcohol
ingestion are well recognized and correlate with improved
prognosis. For patients who are not suspected of having
an alcohol-induced cardiomyopathy, there is controversy
regarding the impact of small amounts of alcohol. Light
to moderate alcohol consumption (1–2 drinks per day) does
not appear to alter the risk for HF in patients with LV dys-
function after myocardial infarction or to alter outcomes in
patients with HF.18,19

Recommendations

6.14 Pneumococcal vaccine and annual influenza vac-
cination are recommended in all patients with
HF in the absence of known contraindications.
(Strength of Evidence 5 B)

6.15 Endocarditis prophylaxis is not recommended
based on the diagnosis of HF alone. Prophylaxis
for dental and other procedures should be given
according to standard clinical indications.
(Strength of Evidence 5 C)

Background

Pulmonary congestion and pulmonary hypertension in-
crease the risk of lung infection. Therefore, administration
of pneumococcal vaccine and annual influenza vaccines is
highly recommended in HF patients, as is counseling pa-
tients to seek early evaluation for potentially serious infec-
tions. Additional vaccines, such as hepatitis and specific
immunization matching foreign travel standards, should
be given if appropriate. Maintenance of tetanus toxoid vac-
cination is prudent in all patients with HF.

Dental and other procedural prophylaxis for bacterial en-
docarditis should follow American Heart Association/
American College of Cardiology (AHA/ACC) guidelines
in the setting of valvular heart disease when applicable.
Whether functional mitral regurgitation resulting from LV
chamber and valve ring dilation carries the same attribut-
able risk as that of primary valvular disorders is unclear
from available data, although most experts would recom-
mend treatment. When a patient has an implanted intravas-
cular device, such as a pacemaker or automated internal
cardiac defibrillator, most electrophysiologists recommend
antibiotic prophylaxis under the same conditions as valvu-
lar heart disease, at least for the first 3 months after implan-
tation.

Recommendation

6.16 Nonsteroidal anti-inflammatory drugs, including
cyclooxygenase-2 inhibitors, are not recommended
in patients with chronic HF. The risk of renal fail-
ure and fluid retention is markedly increased in the
setting of reduced renal function or angiotensin-
converting enzyme (ACE) inhibitor therapy.
(Strength of Evidence 5 B)

Background

The need for analgesic medication for musculoskeletal
complaints is common in HF patients, partially because
HF is a disease of the elderly.20 Unsuspected use of NSAID
products may explain worsening renal function, hyperkale-
mia, fluid retention, or hypertension among HF patients.
NSAID use has been implicated in the onset of HF symp-
toms in the elderly, perhaps unmasking underlying ventric-
ular dysfunction. All patients should be instructed to avoid
the use of these products, unless all other treatment modal-
ities have been exhausted. When these agents are pre-
scribed, there should be careful clinical monitoring and
laboratory assessment of renal function.

The risk of gout is increased in HF patients. Diuretic use,
obesity, renal impairment, and alcohol consumption are ad-
ditional risk factors. Colchicine and corticosteroids are pre-
ferred to NSAIDs as initial therapy for acute attacks.

Recommendations

6.17 It is recommended that patients with new- or
recent-onset HF be assessed for employability
following a reasonable period of clinical stabiliza-
tion. An objective assessment of functional exer-
cise capacity is useful in this determination.
(Strength of Evidence 5 B)

6.18 It is recommended that patients with chronic HF
who are employed and whose job description is
compatible with their prescribed activity level be
encouraged to remain employed, even if a tempo-
rary reduction in hours worked or task performed
is required. Retraining should be considered and
supported for patients with a job demanding a lev-
el of physical exertion exceeding recommended
levels. (Strength of Evidence 5 B)

Unresolved Issues

Exercise Rehabilitation as Therapy for HF

Introduction. Cardiac rehabilitation offers a potential
therapeutic approach in the management of patients with
HF. Yet caution is necessary concerning this treatment, given
the lack of definitive data from randomized controlled
clinical trials. Physiologic studies and small clinical trials,
although supportive, cannot be regarded as providing suffi-
cient evidence for the routine use of this therapy in patients
with HF. The ongoing HF-ACTION study should provide
critical information regarding the effects of exercise rehabil-
itation, including its impact on important clinical outcomes
like mortality and risk of hospitalization.21

Exercise Intolerance in HF. Exercise intolerance is an
important adverse effect of HF and contributes significantly
to the poor quality of life experienced by patients suffering
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from this syndrome. Impaired exercise capacity is an indepen-
dent predictor of survival, and progressive loss of functional
capacity is characteristic as HF worsens clinically.22–25 In-
tense investigation has focused for the past 2 decades on the
potential mechanisms responsible for exercise intolerance in
patients with HF. Interestingly, the degree of LV systolic dys-
function has been found to be not well correlated with the de-
gree of exercise intolerance.26–28 In contrast, the importance
of reduced blood flow to exercising muscle is apparent from
the closer relationship between exercise capacity and exercise
cardiac output.29–43

Potential Benefits of Exercise Training on Functional
Capacity in HF. Patients who had sustained an acute MI
provided some of the initial data on the effect of cardiac re-
habilitation in patients with LV dysfunction.44 Over the last
decade 13 randomized, controlled studies have evaluated
exercise training in HF patients.45–57 These studies provide
convincing evidence of the short-term benefits of exercise
training on function capacity in patients with HF from LV
dysfunction. In addition, they document a number of poten-
tially beneficial physiologic effects in patients with HF.

Exercise training was found to improve autonomic dys-
function and heart rate variability and was associated with
a fall in resting plasma norepinephrine levels.46,58–61 It
was found to improve exercise cardiac output, decrease pe-
ripheral vascular tolerance, and produce favorable changes
in skeletal muscle metabolism and structure.62,63 Exercise
training has been demonstrated to improve endothelium-de-
pendent vasodilatation and coronary blood flow reserve in
epicardial coronary vessels of patients with coronary artery
disease, which may account for the observation that exer-
cise training improves myocardial perfusion without reduc-
ing coronary obstruction or enhancement of collateral
blood flow.64–68

Despite the favorable mechanistic studies, definitive
studies have not been conducted to test whether exercise
training for patients with HF can improve survival or reduce
risk of hospitalization. The available trial data, from studies
underpowered to provide definitive results, are mixed.68,69

Summary. Clinical studies support the concept that exer-
cise training may be beneficial in patients with HF from LV
systolic dysfunction. Evidence for benefit is derived both
from mechanistic studies and short-term clinical trials which
show physiologic improvement and benefits on exercise ca-
pacity following exercise training.70 The possibility exists
that exercise training could be harmful to patients with HF,
especially if the intervention is applied in a population not
consistent with those participating in completed studies. At
present, a recommendation cannot be made concerning the
routine use of exercise training in patients with HF.

Potential Pathophysiologic Role
of Hemoglobin in HF

Anemia and reduced hemoglobin have been associated
with HF for decades. Until recently the assumption was that
the observed reduction in hemoglobin was consistent with
‘‘anemia of chronic disease,’’ was not of prognostic signif-
icance and did not need to be treated. A number of recent
studies have demonstrated a significant association between
reduced hemoglobin and a number of adverse outcomes, in-
cluding exercise capacity, quality of life, and risk of death
or hospitalization.

Prevalence and Pathogenesis. The prevalence of re-
duced hemoglobin and anemia in HF varies widely. Depend-
ing on the anemia criterion used and patient population
studied, from 10% to 70% of HF patients meet criteria for
anemia.71 Reduced renal function is increasingly common
in patients with HF and is a well-documented cause of
anemia.72 Anemia is common in elderly patients with HF,
especially those with a history of hospitalization for HF,
and patients with advanced clinical class are more likely
to have reduced hemoglobin. A prospective ongoing study
of patients with HF seen in specialty clinics and community
cardiology practices suggests approximately 30 percent of
patients with HF are anemic.73,74

The pathogenesis of anemia in patients with HF is uncer-
tain. Several potential mechanisms have been proposed, in-
cluding impaired renal function, malabsorption, nutritional
deficiency and cytokine activation.72,75–78

Morbidity and Mortality. Preliminary analysis of the
results of prospective quality of life measurements in unse-
lected outpatients with HF seen in specialty clinics or com-
munity cardiology practices suggests that reduced
hemoglobin is associated with poorer quality of life.79 Re-
duced hemoglobin has been shown to be a risk factor for
hospitalization for HF. A retrospective study of Medicare
patients reviewed the association between outcome and he-
moglobin in 665 patients admitted to community hospitals
for HF.80 The risk of hospitalization was significantly in-
creased in patients who also had anemia and was nearly
doubled among those patients with anemia and chronic kid-
ney disease (defined as a serum creatinine O1.4 mg/dL for
women and O1.5 mg/dL for men).

A number of retrospective database studies have dem-
onstrated that reduced hemoglobin is significantly associ-
ated with increased mortality in patients with HF.81–83

Early work in a high-risk subset of patients with HF sug-
gests that dilutional anemia, even more than true anemia,
is associated with a poor prognosis. Hemodilution can
worsen HF by impairing peripheral oxygen delivery,
and the volume overload that occurs with hemodilution
increases pulmonary capillary wedge pressure. As a result,
survival in HF patients with dilutional anemia is
decreased compared with that of HF patients with true
anemia.84

Therapeutic Experience. There are very preliminary da-
ta to suggest that increasing hemoglobin may have benefi-
cial effects in patients with HF. A recent single-center,
small-scale randomized, single-blind, placebo-controlled
study evaluated the effect of 3 months of erythropoietin
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treatment on exercise capacity in 26 patients with anemia
and NYHA class III-IV HF.85 Significant improvement in
peak oxygen consumption (VO2 max) occurred with eryth-
ropoietin treatment versus no significant change in the con-
trol patients.

Possible Adverse Effects. Although the association
studies and the preliminary clinical investigations suggest
potential benefit from augmenting hemoglobin in patients
with HF, there are theoretical concerns about this form of
therapy. Erythropoietin therapy has been associated with
worsening hypertension in 20% to 30% of patients on he-
modialysis.86 Raising the hemoglobin level could adversely
affect viscosity, which could lead to increased risk of
thrombosis. Increased risk of thrombosis also could occur
as a result of increased platelet activation, increased blood
viscosity, or effects on the levels of proteins C and S.87–92

Summary. Retrospective analysis of database and early
interventional studies raises the possibility that augmenting
hemoglobin concentration may benefit patients with HF.
However, given the risk carried by higher hemoglobin lev-
els, more definitive data on the clinical benefits of anemia
therapy in HF are needed. Several important questions re-
main unanswered concerning the ideal implementation of
this therapy, including the optimal hemoglobin level and
the appropriate rate of rise of hemoglobin when therapy
is initiated. Randomized placebo controlled trials in
patients with HF are underway to establish the safety and
efficacy of this treatment strategy.
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Section 7: Heart Failure in Patients With Left
Ventricular Systolic Dysfunction

Overview

There are 3 primary issues that must be considered when
treating heart failure (HF) patients with left ventricular
(LV) systolic dysfunction: (1) improving symptoms and
quality of life, (2) slowing the progression of cardiac and
peripheral dysfunction, and (3) reducing mortality. General
measures, such as salt restriction, weight loss, lipids con-
trol, and other nonpharmacologic measures are addressed
in Section 6. Pharmacologic approaches to symptom con-
trol, including diuretics, vasodilators, intravenous inotropic
drugs, anticoagulants, and antiplatelet agents are discussed
at the end of this section.

Two classes of agents have become the recommended
cornerstone of therapy to delay or halt progression of cardi-
ac dysfunction and improve mortality: angiotensin-convert-
ing enzyme (ACE) inhibitors and b-blockers. Even while
these agents are underused in the treatment of HF, new
classes of agents have been added that show an impact on
mortality, complicating decisions about optimal pharmaco-
logic therapy. These include angiotensin receptor blockers
(ARBs), aldosterone antagonists, and the combination of
hydralazine and an oral nitrate, all of which are considered
in the following recommendations.

ACE Inhibitors

Recommendation

7.1 ACE inhibitors are recommended for routine ad-
ministration to symptomatic and asymptomatic pa-
tients with LVEF #40%. (Strength of Evidence 5 A)
ACE inhibitors should be titrated to doses used in
clinical trials, as tolerated during concomitant up-
titration of b-blockers. (Strength of Evidence 5 C).

Background

There is compelling evidence that ACE inhibitors should
be used to inhibit the renin-angiotensin system (RAS) in all
HF patients with LV systolic dysfunction, whether or not
they are symptomatic. A number of large clinical trials
have demonstrated improvement in morbidity and mortality
in HF patients with LV dysfunction, both chronically and
post-MI.1–3 The mortality benefit is strongest across New
York Heart Association (NYHA) class II-IV HF, but ap-
pears present in patients who are NYHA class I as well.4

The major side effects of ACE inhibitors in patients with
HF are hypotension and azotemia. Both are usually well
tolerated and do not indicate the need to lower the dose
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or discontinue the ACE inhibitor. The azotemia commonly
is related to the relative volume-depleted state caused by
diuretic therapy. The major symptomatic side effect is a
dry cough that usually does not require discontinuation of
the drug. Care should be taken to distinguish between
a cough that is ACE inhibitor–related and one that is due
to worsening pulmonary congestion. If the cough impairs
the patient’s quality of life, alternative therapy, such as an
ARB, may be considered.

Recommendation

7.2 It is recommended that other therapy be substi-
tuted for ACE inhibitors in the following circum-
stances:
� In patients who cannot tolerate ACE inhibitors

from cough, ARBs are recommended. (Strength
of Evidence 5 A)
The combination of hydralazine and an oral ni-
trate may be considered in such patients not tol-
erating ARB therapy. (Strength of Evidence 5 C)

� Patients intolerant to ACE inhibitors from
hyperkalemia or renal insufficiency are likely
to experience the same side effects with ARBs.
In these cases, the combination of hydralazine
and an oral nitrate should be considered.
(Strength of Evidence 5 C)

Background

The Candesartan in Heart Failure: Assessment of Reduc-
tion in Mortality and Morbidity (CHARM) Alternative trial
prospectively tested the effect of an ARB in an ACE inhib-
itor intolerant population of patients with chronic HF and
a LV ejection fraction (LVEF) !40%. The addition of can-
desartan in these patients resulted in a reduction in the com-
posite endpoint of cardiovascular death or hospital
admission for HF from 40% in the control group to 33%
in the candesartan group over a mean follow-up of 34
months with a trend toward decreased all-cause mortality.5

ARBs should be considered instead of ACE inhibitors pri-
marily in patients who are intolerant of ACE inhibitors
from intractable cough. ARBs appear as likely as ACE in-
hibitors to produce hypotension, worsening renal function,
and hyperkalemia

See background to Recommendations 7.19–7.20 for in-
formation about isosorbide dinitrate/hydralazine.

b-Adrenergic Receptor Blockers

b-blocker therapy, advocated for HF by some investiga-
tors since the 1970s,6 remains a major advance in the treat-
ment of patients with LV systolic dysfunction. Several
large-scale clinical trials, involving more than 10,000 pa-
tients, have provided unequivocal evidence of important re-
ductions in both mortality and morbidity.7,8 This class of
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drug is now established as routine therapy in patients with
LV systolic dysfunction. This therapy is well tolerated by
a large majority of patients with HF, even those with co-
morbid conditions like diabetes mellitus, chronic obstruc-
tive lung disease and peripheral vascular disease. A
general summary of the recommendations for beta-blocker
therapy is shown in Table 7.1.

Recommendation

7.3 b-blockers shown to be effective in clinical trials of
patients with HF are recommended for patients
with an LVEF #40%. (Strength of Evidence 5 A)

Background

The marked beneficial effect of b-blockade on many clin-
ical outcomes has been well demonstrated in large-scale
clinical trials of symptomatic patients with NYHA class
II–III HF (Table 4.7) using carvedilol, bisoprolol, or meto-
prolol controlled release/extended release (CR/XL).9–11

These trials added b-blockade to background therapy that
included ACE inhibitors and diuretics in more than 90%
of patients. The trial results support benefit from both B1 se-
lective and nonselective b-blockers, whether ancillary prop-
erties are present or not. b-blocking agents with intrinsic
sympathomimetic activity are likely to worsen survival
and should be avoided in patients with HF.

Recommendation

7.4 The combination of a b-blocker and an ACE inhib-
itor is recommended as routine therapy for asymp-
tomatic patients with a LVEF #40%

Table 7.1. Summary of Recommendations for the
Administration of b-Blocker Therapy*

General Initiate at low doses
Uptitrate gradually, generally no sooner

than at 2-week intervals
Use target doses shown to be

effective in clinical trials
Aim to achieve target dose in

8–12 weeks
Maintain at maximum tolerated dose

Considerations if symptoms
worsen or other side
effects appear

Adjust dose of diuretic or other
concomitant vasoactive medication

Continue titration to target dose
after symptoms return to baseline

Considerations if uptitration
continues to be difficult

Prolong titration interval
Reduce target dose
Consider referral to a HF specialist

If an acute exacerbation of
chronic HF occurs

Maintain therapy if possible
Reduce dosage if necessary
Avoid abrupt discontinuation
If discontinued or reduced, reinstate

gradually before discharge

*See Recommendations 7.3–7.9 for specific recommendations and
conditions.
� Post-MI (Strength of Evidence 5 B)
� Non Post-MI (Strength of Evidence 5 C)

Background

Randomized controlled data support the efficacy of ACE
inhibitors in reducing both the likelihood of developing HF
and the need for treatment or hospitalization in asymptom-
atic patients with an LVEF #35%.12 Similar data are not
available to support the use of b-blocker therapy in asymp-
tomatic patients with systolic dysfunction. Nevertheless, a
number of arguments support the routine use of b-blockade
in these patients. Guidance is provided by studies indicating
the effectiveness of b-blocker therapy in patients following
MI with good symptomatic and functional recovery, yet re-
sidual ventricular systolic dysfunction. These studies en-
rolled a number of patients without clinical HF. Multiple
studies suggest myocardial remodeling following b-blocker
therapy in patients with symptomatic HF as well.

Recommendation

7.5 b-blocker therapy is recommended for patients
with a recent decompensation of HF after optimiza-
tion of volume status and successful discontinuation
of intravenous diuretics and vasoactive agents, in-
cluding inotropic support. Whenever possible, b-
blocker therapy should be initiated in the hospital
setting at a low dose prior to discharge in stable pa-
tients. (Strength of Evidence 5 B)

Background

Ongoing clinical experience and current trial data indi-
cate that beginning b-blockade at low dose in the hospital
is possible in patients with improved congestion and other
symptoms.13,14 Initiation of therapies in hospital is well
known to result in better utilization and the attainment of
more optimal doses of a variety of cardiovascular drugs.

b-blocker therapy should not be initiated in patients
with acute decompensated heart failure (ADHF) with per-
sistent symptoms and congestion. However, many patients
hospitalized for HF are NYHA functional class IV from
volume overload, and will improve sufficiently with stan-
dard therapy to allow introduction of b-blockade. The Car-
vedilol Prospective Randomized Cumulative Survival
Study (COPERNICUS) provides strong evidence in a pro-
spective, randomized trial that patients with advanced HF,
treated aggressively to reduce congestion and improve
symptoms, benefit substantially from the introduction of
b-blockade.15

Recommendations

7.6 b-blocker therapy is recommended in the great ma-
jority of patients with LV systolic dysfunction, even
if there is concomitant diabetes, chronic obstruc-
tive lung disease, or peripheral vascular disease.
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b-blocker therapy should be used with caution in
patients with diabetes with recurrent hypoglyce-
mia, with asthma, or with resting limb ischemia.
Considerable caution should be used if b-blockers
are initiated in patients with marked bradycardia
(!55 beats/min) or marked hypotension (systolic
blood pressure !80 mm Hg). b-blockers are not
recommended in patients with asthma with active
bronchospasm. (Strength of Evidence 5 C)

7.7 It is recommended that b-blockade be initiated at
low doses and uptitrated gradually, typically no
sooner than at 2-week intervals. Doses found to
be effective in HF trials are generally achieved in
8 to 12 weeks. Patients developing worsening HF
symptoms or other side effects during titration
may require a dosage adjustment of diuretic or
concomitant vasoactive medications. If side effects
resolve with medication adjustment, patients can
subsequently be titrated to target or maximally tol-
erated doses. Some patients may require a more
prolonged interval during uptitration, a temporary
reduction in b-blocker dose, or, in rare cases, with-
drawal of therapy. (Strength of Evidence 5 B)

7.8 It is recommended that b-blocker therapy be con-
tinued in most patients experiencing a symptomatic
exacerbation of HF during chronic maintenance
treatment. (Strength of Evidence 5 C)
A temporary reduction of dose in this setting may
be considered. Abrupt discontinuation in patients
with symptomatic exacerbation should be avoided.
(Strength of Evidence 5 C)

If discontinued or reduced, b-blockers should be
reinstated or the dose should be gradually in-
creased before the patient is discharged.

Background

Clinical deterioration during stable maintenance therapy
with b-blockers rarely is related to administration of these
agents. Noncompliance with medications, progression of
underlying LV dysfunction and the adverse influence of
a number of comorbid factors, including the occurrence
of ischemia, hemodynamic instability from arrhythmia,
and pulmonary complications such as pneumonia, are
much more likely to be responsible for clinical deteriora-
tion. The best course is to use standard therapy to relieve
congestion and treat exacerbating factors, rather than re-
duce or discontinue b-blockade. A retrospective review of
patients enrolled in the Outcomes of a Prospective Trial
of Intravenous Milrinone for Exacerbations of Chronic
Heart Failure (OPTIME-CHF) trial of patients hospitalized
with ADHF, found that continuation of b-blockade did not
interfere with symptomatic improvement during admis-
sion,16 supporting the continuation of b-blockade in pa-
tients hospitalized with an episode of decompensation.
This same observation was made in the Evaluation Study
of Congestive Heart Failure and Pulmonary Artery Cathe-
terization Effectiveness (ESCAPE) trial.17

Abrupt withdrawal of b-blockade should be avoided, es-
pecially in patients with coronary artery disease. Studies of
the withdrawal of b-blockade in patients with persistent LV
systolic dysfunction, but improved and stable clinical HF,
have revealed a substantial risk of worsening HF and early
death after b-blocker discontinuation.18,19

Recommendation

7.9 It is recommended that patients in whom difficulty
is encountered in initiating, uptitrating or main-
taining b-blocker therapy be referred to clinicians
with special expertise in HF. (Strength of Evidence
5 B)

Background

In certain patients, frequent return visits for dose titration
may be difficult to accommodate in a busy clinical practice.
Trained personnel, including nurse practitioners, physician
assistants, and pharmacists, with physician supervision,
may more efficiently perform patient education and reeval-
uation during uptitration. HF specialty programs are more
likely to have the resources to provide this follow-up and
education.20 Consultation or referral may be particularly
beneficial when the clinical HF status of the patient is un-
certain or problems arise during initiation of therapy or
dose titration that may cause unwarranted discontinuation
of therapy. Patients for b-blocker therapy should be compli-
ant and have a good understanding of their disease and
overall treatment plan. Patients should be aware that symp-
tomatic deterioration is possible early in therapy and that
symptomatic improvement may be delayed weeks to
months.

Unresolved Issues

Implantation of Cardiac Pacemakers in Patients with
Baseline Bradycardia. Given the strength of evidence sup-
porting b-blocker therapy in patients with symptomatic HF,
some physicians would consider pacemaker implantation
when symptomatic bradycardia or heart block occurs dur-
ing the initiation of this therapy. No data are available to
support this practice. However, ventricular pacing alone
may result in deterioration of ventricular function, negating
any potential benefit from b-blockade.21 Consideration
should be given to the withdrawal of other drugs that may
have bradycardic effects.

Angiotensin Receptor Blockers

Both ACE inhibitors and ARBs inhibit the renin-
angiotensin-aldosterone system (RAAS), but by different
mechanisms. ACE inhibitors block the enzyme responsible
for converting angiotensin I to angiotensin II and for degrad-
ing various kinins. However, during chronic therapy, angio-
tensin II levels are not completely suppressed by ACE
inhibitors for at least 2 reasons. Instituting an ACE inhibitor
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increases renin levels, resulting in higher levels of angioten-
sin I, which will tend by mass action to produce greater an-
giotensin II levels. Production of angiotensin II may also
occur through non-ACE enzyme systems not blocked by in-
hibitors of this enzyme.22,23 Thus, despite treatment with
ACE inhibitors in patients with chronic HF, angiotensin II
levels may remain elevated and increase over time.24,25

ARBs block the effects of angiotensin II on the AT1 re-
ceptor, independent of the source of angiotensin II produc-
tion. Coupled with angiotensin II ‘‘escape,’’ this led to the
hypothesis that ARBs might be superior to ACE inhibitors
in HF and that the addition of ARBs to ACE inhibitors in
patients with chronic HF might provide additional blockade
of the RAAS and greater therapeutic benefit. The role of the
kinin system as a mediator of the beneficial effects of ACE
inhibitors in cardiovascular disease is becoming increas-
ingly clear. ACE inhibitors reduce the degradation of ki-
nins, which may lead to important therapeutic benefits
not provided by ARBs, making the potential combination
of the two agents more attractive.26,27

ACE inhibitors can have some troublesome side effects,
including cough and angioedema, which may limit therapy
with these agents. ARBs have been demonstrated to be well
tolerated in randomized trials of patients judged to be intol-
erant of ACE inhibitors by their clinicians, although these
primarily reflect intolerance from cough, skin rashes, and
angioedema. Both drugs have similar effects on blood pres-
sure, renal function, and potassium.

Recommendation

7.10 ARBs are recommended for routine administra-
tion to symptomatic and asymptomatic patients
with an LVEF #40% who are intolerant to
ACE inhibitors for reasons other than hyperkale-
mia or renal insufficiency. (Strength of Evidence
5 A)

Background

The Candesartan in Heart Failure: Assessment of Reduc-
tion in Mortality and Morbidity (CHARM) Alternative trial
prospectively tested the effect of an ARB in an ACE inhib-
itor intolerant population of patients with chronic HF and
an LVEF !40%. The addition of candesartan in these pa-
tients resulted in a reduction in the composite endpoint of
cardiovascular death or hospital admission for HF from
40% in the control group to 33% in the candesartan group
over a mean follow-up of 34 months with a trend toward de-
creased all-cause mortality.5 Post-hoc subgroup analysis of
a small subgroup of patients in the Valsartan in Heart Fail-
ure Trial (Val-HeFT) also found that patients intolerant to
ACE inhibitors had fewer HF hospitalizations and a trend
toward improved mortality with the addition of valsartan.28

These data suggest that an ARB should be used in ACE in-
hibitor intolerant patients with chronic HF and LVEF
!40%. ARBs should be titrated as tolerated, in conjunction
with b-blocker therapy, to target doses used in clinical
trials. ARBs should be considered instead of ACE inhibi-
tors primarily in patients who are intolerant of ACE inhib-
itors because of intractable cough. ARBs appear as likely as
ACE inhibitors to produce hypotension, worsening renal
function, and hyperkalemia.

Recommendation

7.11 Individual ARBs may be considered as initial
therapy rather than ACE inhibitors for patients
with the following conditions:
� HF Post-MI (Strength of Evidence 5 A)
� Chronic HF and systolic dysfunction (Strength

of Evidence 5 B)

Background

Support for the use of the ARB, valsartan, in patients
post-MI is provided by The Valsartan in Acute Myocardial
Infarction Trial (VALIANT), which randomized 14,703 pa-
tients 0.5 to 10 days post-MI to valsartan, valsartan plus
captopril, or captopril alone. Patients enrolled had clinical
or radiologic signs of HF, evidence of LV systolic dysfunc-
tion, or both.29 The primary end point was all-cause mortal-
ity. There were no statistical differences among the 3
groups at a mean follow-up of 24.7 months. With mono-
therapy, hypotension and renal dysfunction were more
common in the valsartan group, and cough, rash, and taste
disturbance were more common in the captopril group. The
authors concluded that monotherapy with valsartan was
equivalent to monotherapy with captopril. OPTIMAAL
(Optimal Trial in Myocardial Infarction with the Angioten-
sin II Antagonist Losartan) randomized 5477 patient with
heart failure or LV dysfunction post-MI to captopril or los-
artan.30 The primary endpoint was all-cause mortality.
There were 946 deaths during a mean follow-up of 2.7
years: 499 (18%) in the losartan group and 447 (16%) in
the captopril group (relative risk 1.13 [95% CI 0.99–
1.28], P 5 .07). Thus valsartan appears equivalent to cap-
topril in patients with HF or LV dysfunction post-MI. The
data do not clearly support equivalence of losartan to
captopril in these patients.

In patients with chronic HF and LV dysfunction, 2 recent
reviews have addressed the equivalence of ARBs and ACE
inhibitors.31,32 One meta-analysis concluded that ARBs
should be considered ‘‘suitable alternatives’’ to ACE inhib-
itors. CMS (Centers for Medicare and Medicaid Services)
has used this review to consider both ARBs and ACE inhib-
itors as acceptable to satisfy performance standards in pa-
tients with HF.33 A second review suggested that ACE-
inhibitors remain first line therapy, whereas ARBs were
recommended for ACE-intolerant patients.32

Recommendation

7.12 ARBs should be considered in patients experienc-
ing angioedema while on ACE inhibitors based on
their underlying risk and with recognition that
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angioedema has been reported infrequently with
these agents. (Strength of Evidence 5 B)

The combination of hydralazine and oral nitrates
may be considered in this setting in patients who
do not tolerate ARB therapy. (Strength of Evi-
dence 5 C)

Background

Angioedema and ARBs. Nearly three-quarters of
patients in CHARM-Alternative were intolerant to ACE
inhibitors because of hypotension, 13% from hyperkalemia,
11% from renal dysfunction, and 4% from angioedema/
anaphylaxis.5 In that study, 3 patients taking candesartan
and none taking placebo had angioedema. None of the
episodes were life-threatening and only 1 of the 3 patients
discontinued candesartan. The 3 cases of angioedema all
occurred in the 39 patients intolerant to ACE inhibitors be-
cause of angioedema. Thus the risk of recurrent angioede-
ma with ARBs in patients with angioedema from ACE
inhibition appears to be acceptable, assuming careful in-
structions and patient monitoring.

7.13 The routine administration of an ARB is not rec-
ommended in addition to ACE inhibitor and b-
blocker therapy in patients with a recent acute MI
and LV dysfunction. (Strength of Evidence 5 A)

Background

Post-MI Studies. The VALIANT trial evaluated the clin-
ical effectiveness of ACE inhibitors and ARBs in patients
with a recent MI (0.5–14 days), an LVEF #40% and clin-
ical or radiographic signs of HF.30 The addition of valsartan
to captopril did not result in a significant improvement in
total mortality or cardiovascular mortality compared to cap-
topril alone, and there were more drug-related adverse
events in the valsartan-captopril group.

The Optimal Trial in Myocardial Infarction with Angio-
tensin II Antagonist Losartan (OPTIMAAL) was designed
to prove that losartan would be superior or not inferior to
captopril in decreasing all-cause mortality in patients with
MI complicated by LV systolic dysfunction.31 There was
a trend toward decreased all-cause mortality in the captopril
group compared with losartan, and fewer captopril-treated
patients experienced sudden death or a resuscitated cardiac
arrest.31 The addition of losartan to captopril did not result
in a significant improvement in total mortality or cardiovas-
cular mortality compared with captopril alone, and there
were more drug-related adverse events in the losartan-
captopril group.

The results of VALIANT cannot be directly compared
with those of Val-HeFT and CHARM, because VALIANT
was conducted in patients with recent MI and both an
ACE inhibitor and ARB were added, rather than adding
the ARB to a stable patient on chronic ACE inhibitor ther-
apy. These data suggest that an ARB may be beneficial
when added to an ACE inhibitor and b-blocker in patients
with chronic HF, but not in those with HF because of a
recent MI.

Aldosterone Antagonists

Sustained activation of aldosterone appears to play an
important role in the pathophysiology of HF.34,35 Increased
renin and angiotensin II levels contribute to the stimulation
of aldosterone secretion. Elevated circulating levels of this
hormone enhance sodium retention and potassium and
magnesium loss. Aldosterone upsets autonomic balance
by increasing sympathetic activation and parasympathetic
inhibition and promotes cardiac and vascular structural
remodeling through collagen synthesis.36–38

Although ACE inhibition may transiently decrease aldo-
sterone secretion, there are diverse stimuli other than angio-
tensin II for the production of this hormone.39 Studies
suggest a rapid return of aldosterone to levels similar to
those before ACE inhibition.40 ARBs have not been fre-
quently used in patients with HF because of concerns about
side effects and hyperkalemia in the presence of ACE
inhibitors. However, the potential pathophysiologic role
of aldosterone and a pilot study that suggested low doses
of spironolactone seemed to be tolerated in HF, led to addi-
tional investigation of these agents in severe heart failure
and subsequently in post-MI heart failure.41

Recommendations

7.14 Administration of an aldosterone antagonist is rec-
ommended for patients with NYHA class IV (or class
III, previously class IV) HF from LV systolic dys-
function (LVEF #35%) while receiving standard
therapy, including diuretics. (Strength of Evidence
5 A)

7.15 Administration of an aldosterone antagonist
should be considered in patients following an acute
MI, with clinical HF signs and symptoms and an
LVEF !40%. Patients should be on standard
therapy, including an ACE inhibitor (or ARB)
and a beta blocker. (Strength of Evidence 5 A)

7.16 Aldosterone antagonists are not recommended
when creatinine is O2.5 mg/dL (or creatinine
clearance is !30 ml/min) or serum potassium is
O5.0 mmol/L or in conjunction with other potassi-
um-sparing diuretics. (Strength of Evidence 5 A)

7.17 It is recommended that serum potassium concen-
tration be monitored frequently following initia-
tion or change in an aldosterone antagonist.
Monitoring should reflect protocols followed in
clinical trials. (Strength of Evidence 5 A)

7.18 In the absence of persistent hypokalemia (!4.0
mmol/L), supplemental potassium is not recom-
mended in patients taking an aldosterone antago-
nist. (Strength of Evidence 5 A)
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Background

The Randomized Aldactone Evaluation Study (RALES)
was designed to determine the effect of low-dose spirono-
lactone on survival in severely symptomatic (recent or cur-
rent NYHA class IV) HF patients treated with an ACE
inhibitor, loop diuretic, and, in many cases, digoxin.42

The study enrolled a total of 1663 patients with severe
LV systolic dysfunction (LVEF #35%) resulting from is-
chemic and nonischemic etiologies. All-cause mortality
was the prespecified primary endpoint. There were 386
(46%) deaths in the placebo group compared with 284
(35%) in the spironolactone group. The risks of sudden
death or of death from progressive HF were both reduced.
The frequency of hospitalization for HF was 35% lower
in patients treated with spironolactone compared with pla-
cebo. Greater improvement was noted in NYHA functional
class in those receiving spironolactone. Because deaths in
class III patients were designated as a worsening in
NYHA class, this functional improvement likely reflects
the mortality benefit of the drug.

The inclusion and exclusion criteria for the RALES trial
are important to consider when applying the study results to
clinical practice. The yearly mortality rate in the placebo
group was high, reflecting the advanced HF of study partic-
ipants. The potential benefit of aldosterone antagonists in
patients with milder HF and lower risk cannot be deter-
mined from RALES data. Patients with potassium levels
O5.0 mmol/L were excluded, as were patients with abnor-
mal renal function, defined as a creatinine O2.5 mg/dL. Pa-
tients recruited into the trial met the potassium inclusion
criteria despite the frequent concomitant use of potassium
supplementation at baseline (28%). Adhering to these pa-
tient characteristics may be necessary to avoid excessive
hyperkalemia during spironolactone treatment. It should be
noted that only 10% of placebo and 11% of spironolactone
patients in the RALES trial were treated with b-blocker
therapy.

Spironolactone should be used in conjunction with stan-
dard therapy, including ACE inhibitors, digoxin, diuretics,
and b-blockers. It should be initiated at a dose of 12.5 to
25 mg per day. Spironolactone can be titrated to 37.5 mg
or 50 mg with careful monitoring in patients with refractory
heart failure or persistent hypokalemia. Serum potassium
and creatinine should be monitored closely in the first
few weeks of therapy. If the serum potassium exceeds 5.0
mmol/L, then the dose of spironolactone should be de-
creased to 25 mg every other day and medications that
could contribute to hyperkalemia should be adjusted. The
risk of hyperkalemia with aldosterone antagonism is in-
creased in patients with older age, diabetes, higher serum
creatinine levels, and higher ACE inhibitor doses. In com-
munity settings the risk is far higher than documented dur-
ing careful monitoring in trial settings, and may be as high
as 20%.43 This risk should be taken into careful consider-
ation when treating with an aldosterone antagonist, and re-
mains present even after successful initiation of this
therapy. Patients should continue to be monitored carefully
and should be instructed not to take the aldosterone antag-
onist during any circumstances of volume loss such as
gastroenteritis.

In addition to hyperkalemia, gynecomastia or breast pain
may be important side effects. They were reported in 10%
of the men randomized to spironolactone versus 1% of the
males in the placebo group in the RALES trial. These side
effects were more frequent in patients taking digoxin.

Clinical studies with the selective aldosterone antagonist,
eplerenone, have demonstrated favorable results in patients
with HF after acute MI. A multicenter, randomized, double-
blind, placebo-controlled trial, Eplerenone Post-Acute
Myocardial Infarction Heart Failure Efficacy and Survival
Study (EPHESUS), tested the effect of eplerenone versus
placebo in 6642 patients.44 Patients were enrolled after an
acute MI if they had an LVEF #40% and HF documented
by signs and symptoms. HF signs and symptoms were not
required if patients had diabetes. Exclusion criteria for
the study included creatinine O2.5 mg/dL and serum potas-
sium O5.0 mmol/L. Patients were generally receiving
agents shown to be effective in reducing risk in patients af-
ter acute MI, including b-blockers, ACE inhibitors, aspirin
and cholesterol-lowering agents. The hypothesis was that
eplerenone would reduce overall mortality and cardiovascu-
lar mortality or hospitalization.

The results, after an average follow-up 16 months, re-
vealed a statistically significant reduction in cardiovascular
mortality or hospitalization and all-cause mortality and hos-
pitalization in the group receiving eplerenone. There was
also a significant reduction in sudden cardiac death favoring
eplerenone treatment.

Adverse reactions to eplerenone were uncommon. As
with spironolactone, serious hyperkalemia was more prev-
alent with eplerenone treatment. It should be noted that
baseline serum potassium concentration in both the eplere-
none and placebo groups was 4.3 mmol/L. As outlined in
the recommendation for use, it is important to monitor elec-
trolytes, especially potassium. Post-hoc analyses suggested
that patients who were not on ACE inhibitors or ARBS and
b-blockers had less benefit from the addition of eplerenone
than those on these neurohormonal antagonists.

Remodeling Post MI. Another study randomized 134 pa-
tients postanterior MI after revascularization to spironolac-
tone versus placebo.45 All patients were on ACE inhibitors.
After 1 month, EF was improved, end-diastolic dimension
was reduced, and markers of collagen synthesis were re-
duced in the spironolactone group, indicating an improve-
ment in LV remodeling after MI. One of the limitations of
this study was that only 31% of patients were on b-blockers.

Aldosterone Antagonists in Mild to Moderate HF. Pa-
tients enrolled in RALES had chronic severe HF (NYHA
IV at enrollment or in the past). EPHESUS studied patients
who were post-MI. Aldosterone antagonists have not been
proven effective in patients with mild to moderate HF in
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the absence of recent MI or in patients with HF and pre-
served LV systolic function.

Selective Versus Nonselective Aldosterone Antago-
nists. The efficacy of selective and nonselective aldosterone
antagonists is generally considered to be equivalent. The
potential advantage of a selective aldosterone blocker that
blocks the only the mineralocorticoid receptor over is a re-
duction in side effects. A nonselective blocker, such as spi-
ronolactone, blocks the mineralocorticoid, glucocorticoid,
androgen, and progesterone receptors, resulting in potential
gynecomastia and sexual dysfunction.

Hyperkalemia. Hyperkalemia is a life-threatening com-
plication of aldosterone antagonists and is much more likely
to occur in patients with diabetes or renal insufficiency or
in those taking ACE inhibitors or ARBs. When more than
one of these risk factors is present, the likelihood of hyperka-
lemia increases. In RALES and EPHESUS, aldosterone an-
tagonists were not initiated if the creatinine was O2.5 g/dL
or serum potassium was O5.0 mmol/L. In RALES, the potas-
sium was monitored every 4 weeks for 12 weeks, every 3
months up to a year, and every 6 months after the first year.
In the EPHESUS trial, in which patients were taking a larger
number of concomitant medications, potassium was mea-
sured at 48 hours, at 4–5 weeks, and then every 3 months. Po-
tasssium was measured 1 week after a dose increase of an
aldosterone antagonist. Although patients with creatinine
!2.5 mg/dL were enrolled in the clinical trials, very few pa-
tients actually had a creatinine O1.7 mg/dL. Thus additional
monitoring should be considered in these patients.

Few patients will tolerate an aldosterone antagonist in the
absence of concomitant therapy with a potassium-wasting
diuretic. Potassium supplements and potassium-containing
salt supplements should be reduced or, if possible, discon-
tinued. Serum potassium monitoring should be at least as
rigorous as in RALES and EPHESUS and more rigorous
in patients with multiple risk factors. Nonsteroidal antiin-
flammatory agents, including COX-2 inhibitors, should be
avoided because they may worsen renal insufficiency, in-
creasing the risk of hyperkalemia.

Oral Nitrates and Hydralazine

Recommendations

7.19 A combination of hydralazine and isosorbide dini-
trate is recommended as part of standard therapy
in addition to b-blockers and ACE inhibitors for
African Americans with LV systolic dysfunction.
� NYHA III or IV HF (Strength of Evidence 5 A)
� NYHA II HF (Strength of Evidence 5 B) (See

Section 15dSpecial Populations)

7.20 A combination of hydralazine and isosorbide dini-
trate may be considered in non–African-American
patients with LV systolic dysfunction who remain
symptomatic despite optimized standard therapy.
(Strength of Evidence 5 C)
Background

The Vasodilator Heart Failure Trial (V-HeFT) was the
first major randomized heart failure trial and was conducted
in Veterans Administration hospitals throughout the US. Pa-
tients who remained symptomatic with mild to severe
symptoms of HF despite treatment with diuretics and di-
goxin were randomized to a combination of hydralazine
and isosorbide dinitrate or prazosin or placebo. The combi-
nation of hydralazine and isosorbide dinitrate was associated
with a reduction in all-cause mortality compared to both
placebo and prazosin that was of borderline statistical sig-
nificance (P 5 .053).46 In V-HeFT II, the combination of
hydralazine and isosorbide dinitrate was compared with
enalapril in a population similar to V-HeFT I.47 All-cause
mortality was 28% lower with enalapril than with the hy-
dralazine isosorbide dinitrate combination. However, qual-
ity of life and peak exercise capacity as measured by peak
oxygen consumption were better with hydralazine-isosor-
bide dinitrate.

The African-American Heart Failure Trial (A-HeFT) en-
rolled 1050 self-identified African-American patients who
had New York Heart Association class III or IV HF with di-
lated ventricles and systolic dysfunction.48 In this placebo-
controlled, blinded, and randomized trial, subjects were
randomly assigned to receive a fixed combination of isosor-
bide dinitrate plus hydralazine or placebo in addition to
standard therapy for HF. The primary end point was a com-
posite score made up of weighted values for death from any
cause, a first hospitalization for HF, and change in the qual-
ity of life. The study was terminated early because of a sig-
nificantly higher mortality rate in the placebo group than in
the group given the fixed combination of isosorbide dini-
trate plus hydralazine (10.2% vs 6.2%, P 5 .02). The
mean primary composite score was significantly better in
the group given isosorbide dinitrate plus hydralazine than
in the placebo group, as were its individual components:
43% reduction in the rate of death from any cause, 33% rel-
ative reduction in the rate of first hospitalization for HF, and
an improvement in the quality of life. These results taken
together constitute a strong recommendation for the addi-
tion of the fixed combination of isosorbide dinitrate/hydral-
azine to the standard medical regimen for HF in African
Americans. Data cannot exclude a benefit of the isosorbide
dinitrate/hydralazine combination in non–African Ameri-
cans when added to the standard medical regimen for HF.

Polypharmacy

Recommendation

7.21 Additional pharmacologic therapy should be con-
sidered in patients with HF due to systolic dys-
function who have persistent symptoms or
progressive worsening despite optimized therapy
with an ACE inhibitor and b-blocker. The choice
of specific agent will be influenced by clinical con-
siderations, including renal function status,
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chronic serum potassium concentration, blood
pressure, and volume status. The triple combina-
tion of an ACE inhibitor, an ARB, and an aldoste-
rone antagonist is not recommended because
of the high risk of hyperkalemia. (Strength of
Evidence 5 C)
� Addition of an ARB. (Strength of Evidence 5 A)
� Addition of an aldosterone antagonist:

B for severe HF (Strength of Evidence 5A)
B for moderate HF (Strength of Evidence 5 C)

� Addition of the combination of hydralazine/
isosorbide dinitrate:
B for African Americans (Strength of Evi-

dence 5 A)
B for others (Strength of Evidence 5 C)

7.22 Additional pharmacological therapy should be
considered in patients with HF due to systolic dys-
function who are unable to tolerate a b blocker
and have persistent symptoms or progressive
worsening despite optimized therapy with an
ACE inhibitor. The choice of specific agent will
be influenced by clinical considerations, including
renal function status, chronic serum potassium
concentration, blood pressure and volume status.
The triple combination of an ACE inhibitor, an
ARB, and an aldosterone antagonist is not recom-
mended due to the high risk of hyperkalemia.
(Strength of Evidence 5 C)
� Addition of an ARB. (Strength of Evidence 5 C)
� Addition of an aldosterone antagonist:

B for severe HF (Strength of Evidence 5 C)
B for moderate HF (Strength of Evidence 5 C)

� Addition of the combination of hydralazine/
isosorbide dinitrate:
B for African Americans (Strength of Evi-

dence 5 C)
B for others (Strength of Evidence 5 C)

Background

Polypharmacy is required for optimal management to
slow progression and improve outcome in patients with
LV systolic dysfunction. An ACE inhibitor plus a b-blocker
is standard background therapy. An ARB can be substituted
for an ACE inhibitor if indicated or desired. An ARB can be
added to an ACE inhibitor in individuals in whom b-block-
er is contraindicated or not tolerated. The optimal choice of
additional drug therapy to further improve outcome in pa-
tients already treated with 2 of these 3 drugs is not firmly
established. An aldosterone inhibitor, an ARB (if the pa-
tient is already on an ACE inhibitor) and the combination
isosorbide dinitrate of and hydralazine have all been shown
to exert further benefit in controlled trials, but have not
been the subject of comparative trials. The choice among
these agents may be influenced by the patient’s age, renal
function, serum potassium, racial background, and severity
of the clinical syndrome. Certain combinations would re-
quire careful monitoring. For example, if an ARB or aldo-
sterone antagonist were combined with an ACE inhibitor,
with or without b-blocker therapy, elderly patients would
require close monitoring, especially those with diabetes or
renal insufficiency.

The use of 4 or more of these drugs in combination can-
not be recommended on the basis of clinical trial evidence
for additional efficacy, but such combinations have been
used in clinical trials without apparent adverse effects. In
the Candesartan in Heart Failure: Assessment of Reduction
in Mortality and Morbidity (CHARM)-Added trial an ARB
was safely administered to patients receiving an ACE inhib-
itor, b-blocker and aldosterone inhibitor.49 In the A-HeFT
study, black patients were given isosorbide dinitrate-hydral-
azine in addition to an ACE inhibitor, an ARB, and an
aldosterone inhibitor with no apparent adverse effect.48

Nonetheless, the use of combinations of 4 or more of these
drugs would not be based on evidence for further efficacy
and should mandate close monitoring of blood pressure, re-
nal function, and serum potassium.

As discussed previously in this section, ARBs, aldoste-
rone antagonists, and hydralazine/isosorbide dinitrate all
have been shown to be beneficial in patients with chronic
HF with or without beta blocker therapy. However, no study
has specifically evaluated patients who are intolerant to beta
blockers. Those who are intolerant due to hypotension or
worsening HF are likely to have more severe HF and to be
at higher risk of hypotension, worsening renal function, or
hypokalemia with additional medical therapy. Thus closer
clinical and laboratory monitoring is important.

Diuretic Therapy

Loop and distal tubular diuretics are necessary adjuncts
in the medical therapy for HF when symptoms are the result
of sodium and water retention. Diuretics reduce congestive
symptoms and signs and can be titrated as needed to restore
euvolemia and to reach an estimated ‘‘dry’’ weight goal for
the patient.

Relief of signs and symptoms must be achieved without
causing side effects, particularly symptomatic hypotension
or worsening renal function. Underutilization of diuretic
therapy is common, but excessive diuresis is also problem-
atic, limiting ventricular preload and producing excessive
lowering of blood pressure, especially in conjunction with
antihypertensive drugs such as ACE inhibitors, ARBs,
and b-blockers. Diuretic administration should be accom-
panied by a recommendation for dietary sodium restriction
to between 2000 and 3000 mg daily for the typical patient
with HF (see Section 6). Fluid restriction is best reserved
for the patient refractory to diuretics with a high oral fluid
intake or symptomatic hyponatremia.

Although some physicians express concern about the
long-term safety of diuretics, this concern is not supported
by any controlled data. There are few controlled studies of
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diuretics because few symptomatic patients can be man-
aged without them. Still, there are data to support the safety
and efficacy of diuretics.50 A trial in which patients with
stable and relatively mild HF without evidence of signifi-
cant volume overload were randomized to substitution of
an ACE inhibitor or continued diuretic showed that the
large majority of patients required reinstatement of diuretic
therapy.51 Very small trials suggest that in patients with LV
dysfunction with or without HF, ACE inhibitor therapy may
prevent remodeling more than diuretics, but that diuretics
may be superior for symptom improvement.52,53 However,
there are no controlled clinical trial data prospectively eval-
uating the overall impact of diuretic therapy on mortality in
patients with HF. Diuretics may cause activation of the
RAAS, potentiate hypotensive effects of ACE inhibitors,
and may decrease cardiac output, especially in patients
with diastolic LV dysfunction. Diuretics also may induce
hypokalemia and hypomagnesemia.

Recommendation

7.23 Diuretic therapy is recommended to restore and
maintain normal volume status in patients with
clinical evidence of fluid overload, generally man-
ifested by congestive symptoms (orthopnea,
edema, and shortness of breath), or signs of ele-
vated filling pressures (jugular venous distention,
peripheral edema, pulsatile hepatomegaly, and,
less commonly, rales). (Strength of Evidence 5 A)
Loop diuretics rather than thiazide-type diuretics
are typically necessary to restore normal volume
status in patients with HF. (Strength of Evidence
5 B)

Background

Loop Diuretics. Loop diuretics, which act on the ascend-
ing limb of the renal medullary loop of Henle, are consid-
ered the diuretic class of choice for the treatment of HF.
These drugs produce a greater fractional excretion of fil-
tered sodium than is induced by thiazide-type diuretics.
The onset of action with intravenous administration is with-
in minutes, making this route of administration preferable
for the acutely symptomatic or hospitalized patient (see
Section 12).

Thiazide Diuretics. Thiazide diuretics, which inhibit so-
dium reabsorption in the distal renal tubule, may be effec-
tive as monotherapy in HF patients with mild volume
overload and preserved renal function. They are generally
superior to loop diuretics as antihypertensive agents. They
are delivered to their site of action by filtration and are in-
effective when the glomerular filtration rate falls below 30
mL/min.

Potassium-Sparing Diuretics. Potassium-sparing diu-
retics, other than aldosterone antagonists, have no direct di-
uretic activity. Several are formulated in combination with
thiazides for the treatment of hypertension, but are not gen-
erally useful in HF. For patients with excessive potassium
losses on loop diuretics, coincident administration of these
agents can be helpful. However, because of their beneficial
effects on prognosis and ability to facilitate diuresis, aldo-
sterone antagonists are preferred for this purpose. The use
of these agents for purposes other than as a diuretic is dis-
cussed earlier in this section.

Tables 7.2 and 7.3 provide dosage and other information
about loop diuretics, thiazides, and potassium-sparing
diuretics.54–57

Recommendation

7.24 The initial dose of diuretic may be increased as
necessary to relieve congestion. Restoration of
normal volume status may require multiple ad-
justments over many days and occasionally weeks
in patients with severe fluid overload evidenced by
massive edema or ascites. After a diuretic effect is
achieved with short-acting loop diuretics, increas-
ing administration frequency to twice or even 3
times per day will provide more diuresis with
less physiologic perturbation than larger single
doses. (Strength of Evidence 5 B)
Oral torsemide may be considered in patients in
whom poor absorption of oral medication or er-
ratic diuretic effect may be present, particularly
those with right-sided HF and refractory fluid re-
tention despite high doses of other loop diuretics.
(Strength of Evidence 5 C)

Intravenous administration of diuretics may be
necessary to relieve congestion. (Strength of
Evidence 5 A)

Diuretic refractoriness may represent patient non-
compliance, a direct effect of diuretic use on the
kidney, or progression of underlying cardiac dys-
function.

Table 7.2. Loop Diuretics

Agent
Initial Daily
Dose (mg)

Maximum
Total

Daily Dose
(mg) Elimination

Duration
of

Action
(hr)

Furosemide* 20–40 mg
qd or bid

600 mg 65%R 35%M 4–6

Bumetanide* 0.5–1.0 mg
qd or bid

10 mg 62%R 38%M 6–8

Torsemide* 10–20mg qd 200 mg 20%R 80%M 12–16
Ethacrynic

acid*,1

25–50 mg
qd or bid

200 mg 67%R 33%M 6

Adapted from references 56–59.
Equivalent doses: furosemide 40 mg 5 bumetanide 1 mg 5 torsemide

20 mg 5 ethacrynic acid 50 mg.
R 5 renal; M 5 metabolic; B5 excreted into bile; U 5 unknown.
*Available for oral or intravenous administration (no dosage adjust-

ments).
1Non-sulfa containing, may be used in sulfa-allergic patients.



Heart Failure Practice Guideline � HFSA e47
Table 7.3. Other Diuretics

Agent Initial Daily Dose (mg)
Maximum Total
Daily Dose (mg) Elimination

Duration of
Action (hr)

Thiazides
Chlorothiazide* 250–500 qd or bid 1000 mg R 6–12
Chlorthalidone 12.5–25 mg qd 100 mg 65%R 10%B 25%U 24–72
Hydrochlorothiazide 25 mg qd or bid 200 mg R 6–12
Metolazone 2.5 mg qd 20 mg 80%R 10%B 10%U 12–24
Idapamide 2.5 mg qd 5 mg M 36

*May be given IV in doses
of 250–1000 mg.

Potassium-Sparing
Spironolactone* 12.5–25 qd 50 mg* M 48–72
Eplerenone*,1 25–50 qd 100 mg* R, M
Amiloride 5 qd 20 mg R 24
Triamterene 50–75 bid 200 mg M 7–9

R 5 renal; M 5 metabolic; B5 excreted into bile; U 5 unknown.
References, HF in Patients with LV Dysfunction
*Higher doses have been used to control volume retention or hyperkalemia but close monitoring is mandatory.
1Do not use if creatinine clearance is #30 mL/min or with cytochrome 3A4 inhibitors.
Background

HF can adversely affect the pharmacokinetics of diu-
retics in a number of ways. Delayed absorption, resulting
from gut edema from high central venous pressure, can re-
duce peak serum concentration. The volume of distribution
is variable in the setting of chronic HF. Relative hypoten-
sion or reduced cardiac output producing a limitation in re-
nal blood flow reduces the delivery of diuretic to the kidney.
In general, these limitations can be overcome by succes-
sively increasing the dose administered.

Recommendation

7.25 Addition of chlorothiazides or metolazone, once or
twice daily, to loop diuretics should be considered
in patients with persistent fluid retention despite
high-dose loop diuretic therapy. But chronic daily
use, especially of metolazone, should be avoided if
possible because of the potential for electrolyte
shifts and volume depletion. These drugs may be
used periodically (every other day or weekly) to
optimize fluid management. Metolazone will gen-
erally be more potent and much longer-acting in
this setting and in patients with chronic renal in-
sufficiency, so administration should be adjusted
accordingly. Volume status and electrolytes must
be monitored closely when multiple diuretics are
used. (Strength of Evidence 5 C)

Background

Thiazide-type diuretics can be used in combination with
loop diuretics to augment natriuresis when high doses of
loop diuretic are ineffective at restoring euvolemia. Im-
proved natriuresis from the combination of these 2 classes
of diuretics is expected as they act at different sites in the
kidney to produce sodium loss. In addition, resistance to
loop diuretics can occur, partially due to progressive
hypertrophy of distal renal tubular endothelial cells. This
results in greater distal tubular reabsorption of sodium,
which in turn reduces the net natriuretic effect of loop diu-
retics. Combining a thiazide-type diuretic with a loop di-
uretic typically will overcome this compensatory
hypertrophy and result in a significantly greater diuretic ef-
fect.

Recommendation

7.26 Careful observation for the development of side
effects, including electrolyte abnormalities, symp-
tomatic hypotension, and renal dysfunction, is
recommended in patients treated with diuretics,
especially when used at high doses and in combi-
nation. Patients should undergo routine laboratory
studies and clinical examination as dictated by
their clinical response. (Strength of Evidence 5 B)

Background

Hypokalemia from excessive potassium wasting is com-
mon during loop diuretic therapy, especially during the
reversal of significant volume overload. Thiazide-type diu-
retics also produce potassium wasting. Serum potassium
concentration should be monitored when diuretics are
used, particularly during initiation and uptitration of this
therapy, with supplements given as needed.

Excessive diuresis may lead to volume depletion during
treatment. Symptoms may include fatigue and shortness
of breath, rather than the more predictable symptoms of
dizziness. Hyperkalemia may accompany mild volume de-
pletion and is more likely to occur in patients receiving
ACE inhibitors and aldosterone blockers, especially in
patients with diabetes.

Use of loop and distal tubular diuretics in combination
may be necessary to relieve symptoms, but may result in
excessive volume loss and electrolyte disturbance. Distal
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tubular diuretics should be introduced cautiously when they
are combined with loop diuretics, and patients should be
monitored closely for side effects. Initially, only single
low doses (eg, metolazone 2.5 mg) should be administered
to determine the magnitude of response. If necessary, higher
doses may be used subsequently. Twice-daily dosing of dis-
tal agents is generally not helpful because they have a long
duration of action. In most cases, the frequency of use can
be cut back to every other day or as needed based on
a weight threshold.

Worsening renal function is common with excessive di-
uresis, especially when patients are receiving ACE inhibi-
tors or ARBs. Fortunately, reduction in diuretic dose and
restoration of euvolemia will return renal function to base-
line levels in almost all cases unless hypovolemia has been
prolonged. Intensification of diuretic therapy in these pa-
tients may be accompanied by a worsening of renal func-
tion reflected by modest elevations in blood urea nitrogen
and serum creatinine concentration. Some reduction in re-
nal function may be a necessary tradeoff for symptom relief
in this setting.

The occurrence of reduced renal function should prompt
a review of the patient’s current medications to avoid con-
comitant administration of nephrotoxic drugs or drugs that
reversibly affect renal function (eg, nonsteroidal anti-in-
flammatory drugs) and to determine if dose reduction in
medications dependent on renal clearance (eg, digoxin) is
warranted. It is essential to recognize progressive renal in-
sufficiency from decreasing renal perfusion that will require
adjustment of diuretic therapy.

Loop diuretics may be associated with a variety of other
side effects that may require additional treatment to correct.
Rapid intravenous administration of high-dose loop diu-
retics should be avoided whenever possible, because hear-
ing loss to the point of deafness can result from middle
ear toxicity. Skin reactions from photosensitivity to rashes
are not uncommon, and other hypersensitivity reactions in-
cluding interstitial nephritis may occur. High doses of loop
diuretics can worsen glucose tolerance and may result in
hyperuricemia and symptoms of gout, prompted by in-
creased uric acid reabsorption. Thiazide diuretics share
most of the side effects seen with loop diuretics, although
an association with pancreatitis appears be unique to loop
diuretics.

Recommendation

7.27 Patients requiring diuretic therapy to treat fluid
retention associated with HF generally require
chronic treatment, although often at lower doses
than those required initially to achieve diuresis.
Decreasing or even discontinuing diuretics may
be considered in patients experiencing significant
improvement in clinical status and cardiac func-
tion or in those who successfully restrict dietary
sodium intake. These patients may undergo cau-
tious weaning of diuretic dose and frequency
with careful observation for recurrent fluid reten-
tion. (Strength of Evidence 5 C)

Background

Reduced diuretic requirement is not uncommon during
the course of HF treatment. The initiation of more effective
therapies, such as ACE inhibitors and b-blockers, may re-
sult in substantial improvement in underlying LV dysfunc-
tion and in neurohormonal abnormalities that result in
sodium and water retention. Improvement in dietary sodi-
um compliance is not unusual during chronic therapy for
HF and may substantially reduce the need for diuretic ther-
apy. Reevaluation of diuretic dose and frequency should
occur over the course of initiation and titration of therapy.

Recommendation

7.28 It is recommended that patients and caregivers be
given education that will enable them to demon-
strate understanding of the early signs of fluid re-
tention and the plan for initial therapy. (Strength
of Evidence 5 C)

Selected patients may be educated to adjust daily
dose of diuretic in response to weight gain from
fluid overload (typically short-term weight gain
of 2 to 4 lb). (Strength of Evidence 5 C)

Background

Episodic increases in sodium intake over weeks and
months of follow-up are expected, given the natural varia-
tion in diet common in the daily lives of patients with
HF. If untreated, this excessive dietary sodium intake may
result in development or recurrence of congestive symp-
toms. The ability to recognize early signs and symptoms
of volume overload is an important aspect of self-care for
these patients. Intervention early in the development of flu-
id overload may allow restoration of volume status without
hospitalization.

A strategy effective in many patients involves adjustment
of the diuretic dose according to increases in daily weight.
Some patients find it effective to increase diuretic empiri-
cally when dietary sodium indiscretion occurs. In some
patients with advanced HF, monitoring of renal function
and potassium is necessary before or during these periods.

Digoxin

Although little controversy exists as to the benefit of di-
goxin in patients with symptomatic LV systolic dysfunction
and concomitant atrial fibrillation, the debate continues
over its current role in similar patients with normal sinus
rhythm. Information regarding digoxin’s mechanism of ac-
tion and ongoing analyses of clinical data from the Digitalis
Investigation Group (DIG) trial and the combined databases
of several other large trials provide evidence of digoxin’s
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efficacy.58–64 Digoxin, a drug that is inexpensive and can be
given once daily, represents the only oral agent with posi-
tive inotropic effects approved for the management of
HF.65 Used in combination with other standard therapy,
digoxin has an important therapeutic role in symptomatic
patients with HF from reduced LVEF.

The efficacy of digoxin in HF from systolic dysfunction
has traditionally been attributed to its relatively weak pos-
itive inotropic action arising from inhibition of sodium-
potassium ATPase and the resulting increase in cardiac
myocyte intracellular calcium. However, digitalis has addi-
tional actions that may contribute significantly to its bene-
ficial effects in patients with HF. Digoxin has important
neurohormonal modulating effects that cannot be ascribed
to its inotropic action, and it ameliorates autonomic dys-
function as shown by studies of heart rate variability, which
indicate increased parasympathetic and baroreceptor sensi-
tivity during therapy.66–68

Recommendation

7.29 Digoxin should be considered for patients with LV
systolic dysfunction (LVEF #40) who have signs
or symptoms of HF while receiving standard ther-
apy, including ACE inhibitors and b-blockers:
� NYHA class II-III (Strength of Evidence 5 A)
� NYHA class IV (Strength of Evidence 5 B)

Background

The DIG trial provides important data concerning the ef-
ficacy of digoxin in patients with HF from reduced EF.58 In
the main part of this trial, 6800 patients with LVEF #45%
were randomized to digoxin or placebo in addition to diu-
retics and ACE inhibitors. The primary end point of all-
cause mortality was not significantly different between the
placebo and the digoxin groups. The need for hospitaliza-
tion and cointervention (defined as increasing the dose of
diuretics and ACE inhibitors or adding new therapies for
worsening HF) was significantly lower in the digoxin group,
even in those patients who were not previously taking di-
goxin. Twenty-eight percent fewer patients on digoxin com-
pared with placebo were hospitalized for worsening HF.

Results from the DIG study showed a neutral effect on the
primary study endpoint, mortality from any cause, during an
average follow-up of approximately 3 years. This differs
from other oral agents with inotropic properties, which
have been associated with an adverse effect on mortality.
These long-term data are consistent with recent results
obtained from an analysis of the combined PROVED and
RADIANCE databases.61 In this analysis, patients who con-
tinued digoxin as part of triple therapy with diuretics and an
ACE inhibitor were much less likely to develop worsening
HF (4.7%) than those treated with a diuretic alone (39%,
P ! .001), diuretic plus digoxin (19%, P 5 .009), or diuretic
plus an ACE inhibitor (25%, P 5 .001).
Although the number of patients in the DIG trial with
NYHA functional class IV HF was limited, retrospective
analysis of this subgroup found clear evidence of clinical
benefit of digoxin.69 Other results from this trial confirm
that digoxin works across the spectrum of LV systolic dys-
function. A prespecified subgroup analysis of patients with
evidence of severe HF, as manifested by LVEF !25% or
cardiothoracic ratio (CTR) O0.55, showed the benefit of
digoxin.66,70 The following reductions in the combined
endpoint of all-cause mortality or hospitalization were
seen on digoxin compared with placebo: 16% reduction
(95% CI 7–24%) in patients with an LVEF !25%, and
a 15% reduction (95% CI 6–23%) in patients with a CTR
O0.55.70 Reductions in the risk of the combined endpoint
of HF-related mortality or hospitalization were even more
striking: 39% for patients with LVEF !25% and 35% for
patients with a CTR O0.55.

Evidence for the efficacy of digoxin in patients with mild
symptoms of HF has been provided by a second retrospec-
tive cohort analysis of the combined PROVED and RADI-
ANCE databases.71 The outcome of patients in these trials
randomized to digoxin withdrawal or continuation was cat-
egorized using a prospectively obtained HF score based on
clinical signs and symptoms. Patients in the mild HF group
who were randomized to digoxin withdrawal were at in-
creased risk of treatment failure and had deterioration of
exercise capacity and LVEF compared with patients who
continued digoxin (all P ! .01).

Recommendation

7.30 It is recommended that the dose of digoxin, which
should be based on lean body mass, renal func-
tion, and concomitant medications, should be
0.125 mg daily in the majority of patients and
the serum digoxin level should be !1.0 ng/mL.
(Strength of Evidence 5 C)

Background

Recent data suggest that the target dose (and serum
concentration) of digoxin therapy should be lower than
traditionally assumed. Although higher doses may be nec-
essary for maximal hemodynamic effects,64 beneficial neu-
rohormonal and functional effects appear to be achieved
at relatively low serum digoxin concentrations (SDC) typi-
cally associated with daily doses of 0.125 to 0.25 mg.64,72,73

A retrospective analysis of the relationship of serum digox-
in concentration to outcomes in the DIG trial demonstrated
a strong direct relationship between the risk of death and
serum digoxin concentration, with concentrations O1.2
ng/mL being associated with harm, whereas concentrations
!1.0 ng/mL were associated with favorable outcomes.74

These findings supporting the efficacy of low SDC are rein-
forced by a retrospective cohort analysis of the combined
PROVED and RADIANCE databases indicating that pa-
tients with a low SDC (!0.9 ng/mL) were no more likely
to experience worsening symptoms of HF on maintenance
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digoxin than those with a moderate (0.9–1.2 ng/mL) or high
(O1.2 ng/mL) SDC.74,75 All SDC groups were significantly
less likely to deteriorate during follow-up compared with
patients withdrawn from digoxin.

Therefore, patients with LV systolic dysfunction and nor-
mal sinus rhythm should be started on a maintenance dose
of digoxin (no loading dose) of 0.125 or 0.25 mg once daily
based on ideal body weight, age, and renal function For pa-
tients with normal renal function, a dose of 0.25 mg/day
will be typical. Many patients with HF have reduced renal
function and should begin at 0.125 mg daily. Patients with
a baseline conduction abnormality, or who are small in stat-
ure or elderly, should be started at 0.125 mg/day, which can
be up-titrated if necessary. After dosing has continued for
a sufficient period for serum concentration to reach steady
state (typically 2 to 3 weeks), some clinicians consider the
measurement of a SDC, especially in elderly patients or
those with impaired renal function where the digoxin
dose often is not predictive of SDC. SDC measurements
may be considered when (1) a significant change in renal
function occurs; (2) a potentially interacting drug (amiodar-
one, quinidine, verapamil, itraconazole, erythromycin, clar-
ithromycin, ritonavir, propafenone, or cyclosporine, and
others) is added or discontinued; or (3) confirmation of sus-
pected digoxin toxicity is necessary in a patient with signs/
symptoms or ECG changes consistent with this diagnosis.
Samples for trough SDC should be drawn more than 6 hours
after dosing; otherwise, the result is difficult to interpret be-
cause the drug may not be fully distributed into tissues.

Recommendation

7.31 Adequate control of the ventricular response to
atrial fibrillation in patients with HF is recom-
mended. (Level of Evidence 5 B)

7.32 High doses of digoxin (maintenance dose O0.25
mg daily) for the purpose of rate control are not
recommended. (Strength of Evidence 5 C)

Background

Digoxin alone is often inadequate to control ventricular
response in patients with atrial fibrillation. Digoxin slows
ventricular response to atrial fibrillation through enhance-
ment of vagal tone. However, with exertion or other in-
creases in sympathetic activity, vagal tone may diminish
and ventricular rate accelerate. Addition of a b-blocker
complements the pharmacologic action of digoxin and pro-
vides more optimal rate control. For patients with a contra-
indication to b-blockers, amiodarone is a reasonable
alternative, although chronic amiodarone use is associated
with both thyroid disease and lung toxicity. If amiodarone
is added, the dose of digoxin should be reduced and the
SDC should be monitored to maintain the serum concentra-
tion in the desired range. Some clinicians advocate the
short-term, intravenous administration of diltiazem for the
acute treatment of patients with very rapid ventricular re-
sponse, especially those with hemodynamic compromise.
In the acute and chronic treatment of atrial fibrillation
with rapid ventricular response the clinician must consider
the benefits of rate control versus the negative inotropic ef-
fects of the agent.

Although digoxin continues to play a role in some pa-
tients with HF and atrial fibrillation, the traditional practice
of arbitrarily increasing the dose and SDC of digoxin until
ventricular response is controlled should be abandoned, be-
cause the risk of digoxin toxicity increases as well.

AV node ablation is a consideration in patients who re-
main symptomatic with atrial fibrillation despite adequate
rate control or in those who cannot tolerate drug therapy
for rate control. Although there are studies that determine
adequate rate control in atrial fibrillation, the recommenda-
tions followed in the Atrial Fibrillation Follow-up Investi-
gation of Sinus Rhythm Management (AFFIRM) trial are
a reasonable starting point.76 These recommendations in-
clude: a resting heart rate �80 bpm, an average heart rate
by Holter monitor of �100 bpm, and no heart rate
O110% of the age-predicated maximum or a heart rate
�110 bpm in a 6-minute walk test.

Anticoagulation and Antiplatelet Drugs

Patients with HF are recognized to be at increased risk
for arterial or venous thromboembolic events. In addition
to atrial fibrillation and poor ventricular function, which
promote stasis and increase the risk of thrombus formation,
patients with HF have other manifestations of hypercoagu-
lability. Evidence of heightened platelet activation, in-
creased plasma and blood viscosity, and increased plasma
levels of fibrinopeptide A, b-thromboglobulin, D-dimer,
and von Willebrand factor have been found in many pa-
tients.77–79 Despite a predisposition, estimates regarding
the incidence of thromboemboli in patients with HF vary
substantially between 1.4% and 4.2% per 100 patient
years.80–82 Although variability in the reported incidence
likely results from differences in the populations studied
and the methodology used to identify these events, the
consensus is that pulmonary and systemic emboli are not
common in HF patients in sinus rhythm. Traditionally, dis-
cussion of anticoagulation in patients with HF has centered
on warfarin. Antiplatelet agents are often used in patients
with HF from ischemic heart disease.

Previous guidelines have recommended warfarin anti-
coagulation in patients with HF complicated by atrial fibril-
lation or prior thromboembolic events.83,84 Warfarin
anticoagulation was specifically not recommended in pa-
tients with HF in the absence of these indications. There
have been no randomized, controlled trials of warfarin in
patients with HF. Recommendations regarding its use, in
the absence of atrial fibrillation or clinically overt systemic
or pulmonary thromboemboli, must be made on the basis of
cohort data and expert opinion. The likely incidence of
thromboembolic events and the possibility of averting
them with warfarin are important considerations for any
guideline recommendation. In addition, the potential bene-
ficial effects of warfarin on coronary thrombotic events,
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independent of embolic phenomena, must be taken into ac-
count. The substantial clinical trial data reflecting the ben-
eficial effects of antiplatelet therapy in patients with
ischemic heart disease suggest that the role of this therapy
in patients with LV dysfunction should be addressed.

Recommendation

7.33 Treatment with warfarin (goal INR 2.0–3.0) is rec-
ommended for all patients with HF and chronic or
documented paroxysmal atrial fibrillation (Strength
of Evidence 5 A) or a history of systemic or
pulmonary emboli, including stroke or transient
ischemic attack (Strength of Evidence 5 C), unless
contraindicated.

Background

Previous guideline recommendations have been positive
concerning warfarin therapy in patients with HF complicat-
ed by atrial fibrillation, a common clinical presentation.
The benefit of warfarin anticoagulation in this setting is
well established through several randomized trials.85 War-
farin anticoagulation should be implemented in these pa-
tients unless clear contraindications exist.

Recommendation

7.34 It is recommended that patients with symptomatic
or asymptomatic ischemic cardiomyopathy and
documented recent large anterior MI or recent
MI with documented LV thrombus be treated
with warfarin (goal INR 2.0–3.0) for the initial 3
months post-MI (Strength of Evidence B) unless
contraindicated.

Other patients with ischemic or nonischemic car-
diomyopathy and LV thrombus should be consid-
ered for chronic anticoagulation, depending on
the characteristics of the thrombus, such as its
size, mobility, and degree of calcification. (Strength
of Evidence 5 C)

Background

LV thrombus is a frequent finding in patients with dilated
dysfunctional ventricles, especially in patients who have
suffered a large anterior MI, although the incidence appears
to be declining with modern therapies.86–88 LV thrombus is
associated with thromboembolism, especially cerebral em-
bolism.89–91 Two-thirds of these embolic events occur in
the first week after MI.89,90 When LV mural thrombus is
present, anticoagulation does appear to reduce the inci-
dence of subsequent embolic events.91 There are no ran-
domized trials of anticoagulation for LV thrombus, but
the data presented have led to a recommendation for
short-term (3 months) anticoagulation in patients with
a large anterior MI and wall motion abnormality or in pa-
tients with LV thrombus.92
Recommendation

7.35 In the absence of the indications included in Rec-
ommendations 33 and 34, warfarin anticoagula-
tion may be considered in patients with dilated
cardiomyopathy and LVEF #35%. Careful as-
sessment of the potential risks and benefits should
be undertaken in individual patients. (Strength of
Evidence C)

Background

Cohort analyses examining the relationship between war-
farin use and noncoronary thromboembolism in patients
with HF have not yielded consistently positive find-
ings.80,82,93–96 It is possible that the lack of consistent ben-
efit was related to the low incidence of identifiable embolic
events in these populations. Other retrospective evaluations
of the use of anticoagulation in patients with HF have
yielded conflicting results.2,9,97–99 A recent review sug-
gested that anticoagulation with warfarin in patients with
HF reduced death and cardiovascular events but that the
data were insufficient to recommend routine use.100 Two
prospective randomized trials of anticoagulation have
been published since that review but both were underpow-
ered. The Warfarin/Aspirin Study in Heart Failure (WASH)
randomized 279 patients with HF to warfarin (INR target
2.5), 300 mg aspirin, or no treatment.101 There were no dif-
ferences in the combined primary outcomes of death, MI,
or stroke. However, significantly more patients randomized
to aspirin were hospitalized for ADHF or serious adverse
gastrointestinal events. In the larger WATCH (Warfarin
and Antiplatelet Therapy in Heart Failure Trial) 1587 out-
patients with LVEF !35% were randomized to warfarin
(INR target 2.5), 162 mg aspirin, or 75 mg clopidogrel.102

Once again there were no differences in the primary end-
point of death, MI, or stroke. However, as in WASH,
more patients randomized to aspirin were hospitalized for
HF. A recent retrospective analysis of 290 patients with
heart failure and EF !35% and idiopathic dilated cardio-
myopathy reported an odds ratio of 3.4 (P 5 .027) for
stroke in those with LV thrombus but no difference in mor-
tality.103 In the absence of strong data the decision to anti-
coagulate must be an individual one.

A recent cohort analysis of the SOLVD population fo-
cused on the relation between warfarin use and the risk
of all-cause mortality rather than risk for embolic events.104

After adjustment for baseline differences, patients treated
with warfarin at baseline had a 24% lower risk of mortality
during follow-up. Warfarin use also was associated with an
18% reduction in the combined endpoint of death or hospi-
talization for HF. In the SOLVD population, the benefit as-
sociated with warfarin use was not significantly influenced
by (1) presence or absence of symptoms, (2) randomization
to enalapril or placebo, (3) gender, (4) presence or absence
of atrial fibrillation, (5) age, (6) EF, (7) NYHA class, or (8)
etiology.
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The benefit associated with warfarin use in the cohort
analysis of the SOLVD population was related to a reduc-
tion in cardiac mortality. Specifically, there was a significant
reduction among warfarin users in deaths that were identi-
fied as sudden, in deaths associated with HF, and in fatal
MI. There was no significant difference in deaths consid-
ered cardiovascular but non-cardiac, including pulmonary
embolism and fatal stroke. Some caution is needed related
to this finding as the number of cardiovascular deaths that
were non-cardiac was far smaller than the number of car-
diac deaths.

Reduction in ischemic events is 1 potential explanation
for the apparent benefit from warfarin in the SOLVD study.
Warfarin users showed a reduced rate of hospitalization for
unstable angina or nonfatal MI. Prior investigations in pa-
tients following acute MI showed that warfarin anticoagula-
tion, when begun within 4 weeks, reduced the incidence of
fatal and non-fatal coronary events, as well as pulmonary
emboli and strokes.101

As with other post-hoc cohort analyses, it is possible that
the findings from the SOLVD study may result from un-
identified differences between the treatment groups, for
which statistical correction could not adequately adjust.
For this reason, evidence from any cohort study must be
considered less powerful than that derived from random-
ized, controlled trials. Nevertheless, in the absence of ran-
domized data, the SOLVD cohort analysis represents
reasonable evidence to support more aggressive use of war-
farin anticoagulation in patients with reduced LVEF and si-
nus rhythm than has previously been recommended.
Because this analysis does not identify the ideal warfarin
dose in this patient population, dosing should likely con-
form to that derived from prior randomized trials performed
in patients without mechanical prosthetic valves (ie, INR
2.0–3.0).

Recommendations

7.36 Long-term treatment with an antithrombotic
agent is recommended for patients with HF due
to ischemic cardiomyopathy, whether or not they
are receiving ACE inhibitors. (Strength of Evi-
dence 5 B)

Aspirin is recommended in most patients for
whom anticoagulation is not specifically indicated
because of its proven efficacy in non-HF patients
with ischemic heart disease, its convenience, and
lower cost. Lower doses of aspirin (75 or 81 mg)
may be preferable. (Strength of Evidence 5 C)

Warfarin (goal INR 2.0–3.5) and clopidogrel
(75 mg) also have prevented vascular events in
post-MI patients and may be considered as alter-
natives to aspirin. (Strength of Evidence 5 B)

7.37 Routine use of aspirin is not recommended in pa-
tients with HF not from ischemic cardiomyopathy
and without other evidence of atherosclerotic vas-
cular disease. (Strength of Evidence 5 C)

7.38 Aspirin and an ACE inhibitor in combination may
be considered for patients with HF where an indi-
cation for both drugs exists. (Strength of Evidence
5 C)

Generally the lowest effective aspirin dose (75 or
81 mg/day) should be administered in this setting.
(Strength of Evidence 5 C)

Background

Combined Use of Aspirin and an ACE Inhibitor.
Strong evidence supports the clinical benefit of both aspirin
and ACE inhibitors in ischemic heart disease and athero-
sclerosis.105–108 However, post-hoc analyses of large ran-
domized trials involving ACE inhibitors in HF and post-
MI have raised the possibility of an adverse drug interaction
between ASA and ACE inhibitors.109–111

It is critical to understand the possible nature of the ad-
verse interaction raised by these retrospective analyses.
Because both aspirin and ACE inhibitors are beneficial
in ischemic heart disease, patients taking both agents
might be expected to do better than patients on either agent
alone. However, if the 2 drugs have similar mechanisms of
action, then additive benefit would not be expected. Anoth-
er possibility is that one drug might antagonize the effects
of the other, resulting in reduced benefit from the combi-
nation.

Post-MI. Early work concerning the nature of the inter-
action in ischemic heart disease, using data from CONSEN-
SUS II and GUSTO-1 in post-MI patients, suggested not
only lack of additive benefit, but also the possibility of
a negative effect on mortality from the combination of
ASA and ACE inhibition. A large-scale meta-analysis of
patients after acute MI failed to confirm an adverse interac-
tion, with evidence of significant benefit from ACE inhibi-
tion in patients taking and not taking aspirin.112 However,
the point estimate for the reduction in mortality in patients
taking the combination of ASA and ACE inhibition, where-
as not statistically less than for ASA alone, was lower, pro-
viding no support for additive benefit from the 2 drugs.

Heart Failure. A retrospective cohort analysis of the
SOLVD study found that patients on antiplatelet therapy
(assumed to be ASA in the great majority of cases) derived
no additional survival benefit from the addition of enalapril.
On the other hand, there is no clear evidence of harm from
the combination of ASA and ACE inhibitors in patients
with HF.109

Relationship to Dose. There is also some evidence that
the potential interaction between ASA and ACE inhibitor
may be dose-related. A recent meta-analysis of all hyper-
tension and HF patients who have received both ASA and
ACE inhibitors suggests that ASA at doses #100 mg did
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not interact with ACE inhibitors.113 Any interaction, if
observed, occurred at higher doses of aspirin.

A potential mechanism for the hypothesized adverse in-
teraction between ASA and ACE inhibitors in patients with
HF involves prostaglandin synthesis. ACE inhibition is felt
to augment bradykinin, which in turn stimulates the synthe-
sis of various prostaglandins that may contribute vasodila-
tory and other salutary effects. In the presence of ASA,
the bradykinin-induced increase in prostaglandins should
be attenuated or blocked, potentially reducing the benefits
of ACE inhibition. Invasive hemodynamic monitoring has
demonstrated that the acute hemodynamic effect of enalap-
ril is blunted by concomitant administration of aspirin.114

Another possibility is that ASA and ACE inhibitors act in
a similar fashion in HF so that no added benefit is gained
from the combination. ACE inhibitors appear to reduce is-
chemic events in HF patients possibly through antithrom-
botic effects, which could mimic those of antiplatelet
agents. Recent study results suggesting that ASA may
have independent beneficial action on ventricular remodel-
ing support the hypothesis of similar mechanisms of action
for ACE inhibitors and ASA.115

Development of the ADP antagonists, ticlopidine and
clopidogrel, provide alternative therapy for platelet inhibi-
tion that does not appear to influence prostaglandin synthe-
sis.116 In direct comparison with aspirin, large-scale clinical
trial results have established the efficacy of clopidogrel in
the prevention of vascular events in patients with arterio-
sclerotic disease.117 Clinical data are limited with ADP an-
tagonists in HF. However, hemodynamic evaluation found
a similar reduction in systemic vascular resistance in HF
patients treated with the combination of ACE inhibitor
and ticlopidine versus ACE inhibitor alone, suggesting no
adverse hemodynamic interaction between ACE inhibition
and this type of antiplatelet compound.118 Definitive resolu-
tion of the therapeutic implications of the ASA–ACE inhib-
itor interaction and determination of alternative therapy, if
any, in HF awaits the results of additional studies.

Amiodarone Therapy

Ventricular arrhythmias are common in HF patients, and
sudden cardiac death continues to account for a significant
proportion of the mortality in this syndrome. Sudden death
in HF may arise from a variety of causes, including bra-
dyarrhythmias, conduction disturbances, electromechanical
dissociation, acute MI, or pulmonary embolus. However,
the majority of these deaths are thought to be due to ven-
tricular tachyarrhythmias. Therefore, there has been consid-
erable interest in the potential role of antiarrhythmic drug
therapy in patients with HF.119

Despite the obvious clinical need, antiarrhythmic drug
therapy remains ineffective at reducing mortality in patients
with HF. After disappointing findings with d-sotalol and do-
fetilide, interest remained strong in the potential ability of
amiodarone, another class III agent, to reduce sudden death
and improve mortality in patients with HF and LV systolic
dysfunction. However, results from the Sudden Cardiac
Death in Heart Failure Trial (SCD-HeFT) do not support
the use of this drug to reduce mortality in patients with
HF.119

There are justifiable concerns about antiarrhythmic ther-
apy in patients with HF. Patients with HF are at higher risk
for proarrhythmic effects of antiarrhythmic agents. This has
been demonstrated with class Ia (quinidine, procainamide),
class Ic, and class III (dofetilide) agents. Virtually all anti-
arrhythmic agents have been shown to have adverse hemo-
dynamic effects sufficient to have negative consequences in
patients with HF.

Despite the ability of Vaughn Williams class Ia (quini-
dine and procainamide) and Ic (flecainide and encainide)
drugs to suppress ventricular ectopy and nonsustained ven-
tricular tachycardia in patients with HF, these agents have
been shown to substantially increase the risk of serious ar-
rhythmia and premature death in other cardiovascular dis-
eases.85,94 Pure class III agents (d-sotalol, d,l-sotalol, and
dofetilide) also reduce the frequency of serious ventricular
arrhythmia in HF, but randomized trials suggest either in-
creased risk or no benefit from these agents. In the SWORD
Trial, d-sotalol produced a significant increase in total and
cardiac mortality rates in post-MI patients.95 Results of the
DIAMOND-CHF Trial demonstrated that dofetilide, while
reducing the risk of hospitalization for HF, had no effect
on all-cause mortality.96 A significant incidence of torsade
de points was noted, despite the exclusion of patients with
prolongation of the QT interval at baseline.

Recommendation

7.39 Antiarrhythmic agents, including amiodarone,
are not recommended for the primary prevention
of sudden death in patients with HF. (Strength of
Evidence 5 A).

Background

The results of the SCD-HeFT failed to demonstrate a
favorable effect of amiodarone therapy on mortality in
patients with HF from reduced LVEF.This prospective, con-
trolled trial tested the hypothesis that either amiodarone or
an ICD, or both, improve survival compared with placebo
in patients with HF. The study enrolled 2521 patients
with NYHA II or III HF of ischemic or nonischemic etiol-
ogy and an LVEF !35% and randomly assigned them to
implantable cardioverter defibrillator (ICD), amiodarone,
or placebo. The patients were well treated: 87% were on
ACE inhibitors or ARBs and 78% were on b-blockers at
last follow-up. The trial found no evidence for a benefit
of amiodarone compared with placebo on all-cause mortal-
ity, but did demonstrate a favorable effect for ICD place-
ment (Section 9).

Results of 2 smaller trials appear to support the SCD-
HeFT findings.104,120 One double-blind, randomized, place-
bo-controlled trial enrolled 674 patients with a mean age of
66 years. The majority (56%) had NYHA class II
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symptoms, and their mean LVEF 5 26%. No differences
were observed in all-cause or cardiac mortality or sudden
death rates between the amiodarone and placebo groups.
The other study did suggest a beneficial effect of amiodar-
one, but there were significant limitations in the design and
conduct of this trial. Treatment assignment was random-
ized, but not double-blind or placebo-controlled. The trial
was discontinued prematurely when a 28% reduction was
observed in all-cause mortality, the primary endpoint. Al-
though not strictly involving HF patients, 2 post-MI trials
using amiodarone also found no effect of this drug on all-
cause mortality.105,108

Recommendations

7.40 In patients with HF and an ICD, amiodarone may
be considered to reduce the frequency of repeti-
tive discharges. (Strength of Evidence 5 C)

7.41 It is recommended that patients taking amiodar-
one therapy and digoxin or warfarin generally
have their maintenance doses of many commonly
used agents, such as digoxin, warfarin, and sta-
tins, reduced when amiodarone is initiated and
then carefully monitored for the possibility of
adverse drug interactions. Adjustment in doses
of these drugs and laboratory assessment of
drug activity or serum concentration after initia-
tion of amiodarone is recommended. (Strength
of Evidence 5 A)

Background

Amiodarone therapy modifies the pharmacokinetics of
a number of drugs commonly used in patients with HF. In
particular, it may substantially enhance the actions of di-
goxin and warfarin, with the definite potential of adverse
clinical consequences. In general, the digoxin dose should
be reduced by half, but follow-up determination of SDC
is desirable to ensure a concentration of 0.5–0.9 ng/mL.
The warfarin dose should be adjusted to maintain the INR
target for the individual patient.
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Section 8: Disease Management in Heart Failure

Education and Counseling

Overview

The majority of heart failure (HF) care is done at home
by the patient and family or caregiver. If these individuals
do not know what is required or fail to see its importance,
they will not participate effectively in care. For this reason,
comprehensive education and counseling are the foundation
for all HF management. The goals of education and coun-
seling are to help patients, their families and caregivers
acquire the knowledge, skills, strategies, and motivation
necessary for adherence to the treatment plan and effective
participation in self-care. The inclusion of family members
and other caregivers is especially important, because HF
patients often suffer from cognitive impairment, functional
disabilities, multiple comorbidities and other conditions
that limit their ability to fully comprehend, appreciate, or
enact what they learn.1–6

Recommendation

8.1 It is recommended that patients with HF and their
family members or caregivers receive individual-
ized education and counseling that emphasizes
self-care. This education and counseling should be
delivered by providers using a team approach in
which nurses with expertise in HF management
provide the majority of education and counseling,
supplemented by physician input and, when avail-
able and needed, input from dietitians, pharmacists,
and other health care providers. All HF patients
benefit from education and counseling, but patients
in New York Heart Association (NYHA) functional
class III or IV need the most intensive education,
while patients in NYHA I or II need less intensive
education. (Strength of Evidence 5 B)

Teaching is not sufficient without skill building and
specification of critical target behaviors. Essential
elements of patient education to promote self-care
with associated skills are shown in Table 8.1.
(Strength of Evidence 5 B)

Background

Self Care. Self-care describes the process whereby a pa-
tient participates actively in the management of his or her
HF, usually with the help of a family member or caregiver.
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Self-care includes both maintenance and management.7

Self-care maintenance refers to healthy life-style choices
(eg, exercising, maintaining a normal body weight) and
treatment adherence behaviors (eg, monitoring weight
changes, limiting dietary sodium, taking medications, get-
ting routine immunizations). Self-care management is
a cognitive process that includes recognizing signs and
symptoms, evaluating their importance, implementing
a self-care treatment strategy (eg, diuretic administration),
and evaluating its effectiveness. Self-efficacy, or confidence
in ones ability to perform self-care, has been shown to in-
fluence self-care management abilities.8

Lack of knowledge and patient or caregiver misconcep-
tions about how to participate in HF care is common.1,4,9–14

The end result is non-adherence. HF patients, their families,
and caregivers undertake the many behaviors involved in
the care of HF in settings far removed from oversight by
a health care provider. Teaching that emphasizes self-care
is therefore a critical component of HF disease management
programs.15

Knowledge alone is insufficient to promote adherence
and effective self-care. An essential adjunct is skill building
with target behaviors.9 Skills needed include the ability to
read food labels, adapt preferred foods to low-sodium ver-
sions, select low-sodium foods in the grocery store, prepare
palatable food with little or no added sodium, track sodium
intake, and choose a low-sodium meal in a restaurant. Pa-
tients need guidance to develop an individualized system
for medication adherence. Symptom management skills in-
clude the ability to monitor for and recognize a significant
change in signs or symptoms and select an appropriate
treatment strategy. Many HF programs advocate a self-
directed diuretic scheme for managing significant increases
in body weight.16,17

Recommendation

8.2 It is recommended that patients’ literacy, cognitive
status, psychologic state, culture, and access to
social and financial resources be taken into account
for optimal education and counseling. Because cog-
nitive impairment and depression are common in
HF and can seriously interfere with learning,
patients should be screened for these. Appropriate
interventions, such as supportive counseling and
pharmacotherapy, are recommended for those pa-
tients found to be depressed. Patients found to be
cognitively impaired need additional support to
manage their HF. (Strength of Evidence 5 C)

Background

A number of physical, cognitive, social, emotional, and
environmental factors can affect an individual’s learning
ability and should be taken into account when planning
8
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Table 8.1. Essential Elements of Patient Education With Associated Skills and Target Behaviors

Elements of Education Skill Building and Critical Target Behaviors

Definition of HF (linking disease, symptoms, and treatment)
and cause of patient’s HF

Discuss basic HF information, cause of patient’s HF, and how symptoms are related

Recognition of escalating symptoms and selection of
appropriate treatments in response to particular symptoms

Monitor for specific signs and symptoms (eg, increasing fatigue doing usual activities,
increasing shortness of breath with activity, shortness of breath at rest, need to sleep
with increasing number of pillows, waking at night with shortness of breath, edema)

Perform and document daily weights
Develop action plan for how and when to notify the provider
Institute flexible diuretic regimen, if appropriate

Indications and use of each medication Reiterate medication dosing schedule, basic reason for specific medications, and what to
do if a dose is missed

Importance of risk factor modification Smoking cessation
State blood pressure goal and know own blood pressure from recent measurement
Maintain normal HgA1c, if diabetic
Maintain specific body weight

Specific diet recommendations: individualized low-sodium
diet; recommendation for alcohol intake

Reiterate recommended sodium intake
Demonstrate how to read a food label to check sodium amount per serving and sort foods

into high- and low-sodium groups
Reiterate limits for alcohol consumption or need for abstinence if history of alcohol abuse

Specific activity/exercise recommendations Reiterate goals for exercise and plan for achieving
Reiterate ways to increase activity level

Importance of treatment adherence and behavioral
strategies to promote

Plan and use a medication system that promotes routine adherence
Plan for refills
education and counseling.1,4 Patients often are not adept at
communicating potential problems to their health care pro-
viders, who must actively assess for them.

At least 20% of adults in the United States cannot read at
a fourth- or fifth-grade level.18 Low literacy has been shown
to be a major barrier to learning about illness.19 Many pa-
tients in the US do not speak or read English.20 Illiteracy
and language barriers can be improved by including family
members and caregivers in counseling; by using a variety of
teaching methods, such as video and group discussion; by
translating teaching materials; and by carefully construct-
ing teaching materials at an accessible reading level, usually
fifth or sixth grade.

Cognitive impairment is probably more prevalent than rec-
ognized in HF patients21–25 and can seriously affect patients’
ability to learn and retain information. Rates of cognitive im-
pairment between 23% and 53% have been documented in
community-dwelling elders with HF.21–24 Depression is
common in patients with HF, is a significant predictor of mor-
tality26–36 and interferes with learning and successful adjust-
ment to HF.37 HF patients should be routinely screened for
depression. (See Section 6, Nonpharmacologic Therapy,
for screening guide and treatment recommendations.)

Patients with cognitive impairment or depression need
the support and assistance of a family member or caregiver.
Home health nurses are recommended to assess and assist
patients who lack a caregiver. Such patients can benefit
from more intensive physician or nurse monitoring.

The clock-drawing test is recommended to screen for
cognitive impairment and to assess patients serially.38 To
screen for depression, a standardized instrument such as
the Beck Depression Inventory39 or DISH40,41 can be
used. Asking patients to read and interpret the instructions
from a prescription medication bottle or procedure prepara-
tion instructions provides a good literacy assessment.
Recommendation

8.3 It is recommended that educational sessions begin
with an assessment of current HF knowledge, issues
about which the patient wants to learn, and the pa-
tient’s perceived barriers to change. Address specific
issues (eg, medication nonadherence) and their
causes (eg, lack of knowledge vs cost vs forgetting)
and employ strategies that promote behavior change,
including motivational approaches. (Strength of
Evidence 5 B)

Background

Effective education and counseling is individualized to
what the patient needs and wants to learn, builds on prior
knowledge and experience, involves the patient in discus-
sion and skill practice, and provides feedback and rein-
forcement.42,43 A major difference between patient
teaching and formal didactic education is that patient teach-
ing focuses on what patients need to do rather than what
they need to know.14

Barriers to Change. HF patients often face barriers
when they try to implement recommended behaviors. For
example, a lack of social support compromises patient
self-care.44 Barriers to medication adherence include med-
ication cost, cost of transportation to the pharmacy and clin-
ic, confusion caused by prescriptions from multiple
providers, and pharmacies in unsafe neighborhoods.11,45

Other adherence barriers include medication unpleasant-
ness, difficulty remembering, having to take too many
each day, restrictions on travel, forgetting, and night-time
awakening to urinate.46 Barriers to sodium restriction ad-
herence include time, cost, taste, difficulty understanding
the diet, significant others not eating low-sodium food,
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interference with social obligations, confusion with dietary
restrictions from other comorbid conditions, limitations on
eating out, and difficulty modifying diet habits.45–47 A com-
mon misunderstanding among HF patients is that an in-
crease in fluid intake is necessary to compensate for
excess urination.14,47

Readiness to Change. Optimal patient education is more
than imparting information. Counseling emphasizes indi-
vidualized delivery of important information, taking into
account factors that interfere with successful participation
in care, as well as a patient’s readiness to change. Many pa-
tients are not ready to engage in the recommended behav-
iors. According to one model, those in precontemplation
are not considering change, those in contemplation are
thinking about change but have yet to make a commitment,
and those in preparation are planning to change in the fu-
ture and may have already engaged in some early steps of
change.48 Few patients are in the action (change has oc-
curred) or maintenance (change has been maintained for
6 months or more) phases of change, even when the need
for behavioral change was stressed by previous counseling.
Increasing motivation may be very effective in moving
patients from an early stage to an active stage of change.

Internal Motivation. Motivation is an important con-
tributor to successful self-care. Motivational techniques
are extremely effective for individuals in the early stages
of change. Motivation interviewing, a technique that helps
the patient resolve ambivalence regarding change, is effec-
tive even in those facing difficult tasks, such as abstinence
from drinking or weight loss.49,50 Cognitive-behavioral
techniques, which emphasize modifying barriers to change,
are also quite useful with patients in the early stages of
change.51 Specific techniques have been suggested for
moving patients forward in each of the stages of change.52

For example, patients considering change need information.
On the other hand, information is often irritating to individ-
uals in the contemplation stages of change, who might re-
spond to an emphasis on the benefits to be derived from
change. Those in the preparation stage benefit from com-
ments that build confidence in their ability to make the nec-
essary change or by suggestions that decrease perceived
barriers.

Educational Techniques to Avoid. Fear and coercion
are ineffective motivators because people who are pushed
in one direction will resist change, even if the advocated ap-
proach is logical.50,52 Paternalismdcharacterized by mak-
ing decisions for or dictating decisions to patientsdis
rarely effective in the long-term because of lack of owner-
ship by the patient over the decision.

Recommendation

8.4 It is recommended that the frequency and intensity
of patient education and counseling vary according
to the stage of illness. Patients in advanced HF or
with persistent difficulty adhering to the recom-
mended regimen require the most education and
counseling. Patients should be offered a variety of
options for learning about HF according to their
individual preferences:
� videotape
� one-on-one or group discussion
� reading materials, translators, telephone calls,

mailed information
� Internet
� visits
Repeated exposure to material is essential because
a single session is never sufficient. (Strength of Evi-
dence 5 B)

Background

Not all patients with heart failure have the same learning
needs. Although one might argue that every patient could
benefit from intensive education and counseling, current ev-
idence suggests that those patients with few symptoms and
less complicated HF may have worse outcomes in terms of
health care resource use, costs, and quality of life when they
receive intensive counseling.53 Patients with more severe
HF incur substantial benefit from an intensive intervention.
Although most clinicians would argue for the value of face-
to-face education and counseling, studies have shown that
select patients who are motivated to learn and change can
derive significant benefit from interventions delivered by
mail, telephone, or technology.54–56 Regardless of the meth-
od used, it is imperative that information be covered more
than once. Use of different methods may improve efficiency
(eg, supplementing verbal with written materials).

Recommendation

8.5 It is recommended that during the care process pa-
tients be asked to:
� demonstrate knowledge of the name, dose, and

purpose of each medication
� sort foods into high- and low-sodium categories
� demonstrate their preferred method for track-

ing medication dosing
� show provider daily weight log
� reiterate symptoms of worsening HF
� reiterate when to call the provider because of

specific symptoms or weight changes (Strength
of Evidence 5 B)

Background

Successful education is an interactive process in which
patients and caregiver participate by asking questions and
by demonstrating that they have comprehended and re-
tained what they were told. Misperceptions by patients
and family are very common, but can be avoided when
an interactive learning process is used.4 Very few clinicians
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have strategies in place for assessing that patients have un-
derstood and retained the education given to them. Reten-
tion of learned material is poor among the elderly and
any patient with a chronic disease, but is enhanced when
the learner shows mastery of the learned material by recita-
tion of specific details or by demonstration.

Recommendation

8.6 During acute care hospitalization, only essential ed-
ucation is recommended, with the goal of assisting
patients to understand HF, the goals of its treatment,
and posthospitalization medication and follow-up
regimen. Education begun during hospitalization
should be supplemented and reinforced within
1–2 weeks after discharge, continued for 3–6
months, and reassessed periodically. (Strength of
Evidence 5 B)

Background

The hospital is arguably the most difficult setting for pa-
tient and family education because patients are ill, anxious,
and in circumstances that do not promote retention.12,57 By
many estimates, patients retain only a minority of informa-
tion taught to them in the hospital.8 One study showed that
46% of patients were noncompliant with their recently pre-
scribed regimen and most demonstrated inadequate medica-
tion-related knowledge just 1 week after discharge, even
when they received medication teaching.11 In another study,
half of all patients interviewed claimed they received no
medication education before discharge, 70% claimed they
received no written materials, only 43% of patients could
name their discharge medications, and none could name
even one side effect of their prescribed medications, regard-
less of whether or not they reported receiving information
from a clinician.58 Further, there was little agreement be-
tween patients and their physicians as to whether or not
they had or had not received medication education from
the physician.59

Patient and caregiver knowledge about their HF and
medication regimen must be confirmed by responses. Edu-
cation should be reinforced and additional teaching started
within 1 week of discharge.59 Systematic education and
counseling should continue for 3 to 6 months according
to the needs of the patient and family or caregiver.60

The difficult circumstances under which discharge edu-
cation is provided do not diminish its importance. One ran-
domized, controlled study of 223 HF patients using
a structured 1-hour, one-on-one teaching protocol led to
significantly fewer deaths, rehospitalizations, or days hospi-
talized during follow-up.61 In addition to improving self-
care adherence, cost of care in the patients receiving the
intervention was lower than in control subjects.

Disease Management Programs

Practitioners who care for patients with HF are
challenged daily with preventing common, recurrent
rehospitalizations for exacerbations. Most of the staggering
cost associated with the care of HF patients is attributable
to these hospitalizations.62–64 As many as one-half to
two-thirds of hospital readmissions are thought to be pre-
ventable with attention to modifiable factors,65–69 which in-
clude those listed in Table 8.2.1,4,57,69–78

Recognizing the deficiencies in traditional or ‘‘usual
care’’79 has led to the testing of comprehensive, integrated,
interdisciplinary disease management models of care that
demonstrate markedly improved outcomes.

Recommendation

8.7 Patients recently hospitalized for HF and other pa-
tients at high risk should be considered for referral
to a comprehensive HF disease management pro-
gram that delivers individualized care. High-risk
patients include those with renal insufficiency, low
output state, diabetes, chronic obstructive pulmo-
nary disease, persistent NYHA class III or IV
symptoms, frequent hospitalization for any cause,
multiple active comorbidities, or a history of de-
pression, cognitive impairment, or persistent non-
adherence to therapeutic regimens. (Strength of
Evidence 5 A)

Background

Disease management is ‘‘a comprehensive, integrated
system for managing patients.by using best practices,
clinical practice improvement.and other resources and
tools to reduce overall cost and improve measurable out-
comes in the quality of care.’’80 A number of disease man-
agement programs have been studied. They fall into 3 broad
categories: (1) HF clinics,16,81–94 (2) care delivered in the
home or to patients who are at home,15,53,60,74,95–107 and
(3) telemonitoring.108–114 Clinics or services designed
solely for the administration of intravenous infusions, or
which consist of only a single component of HF care, are
not considered HF disease management programs and gen-
erally have not provided evidence of effectiveness.

HF clinics are disease management programs in which
service is provided primarily in an outpatient clinic setting

Table 8.2. Modifiable Factors Leading to Hospital
Readmissions for HF

Inadequate patient and family or caregiver education and counseling
Poor communication and coordination of care among health care providers
Inadequate discharge planning
Failure to organize adequate follow-up care
Clinician failure to emphasize nonpharmacologic aspects of HF care, such

as dietary, activity, and symptom monitoring recommendations
Failure to address the multiple and complex medical, behavioral,

psychosocial, environmental, and financial issues that complicate care,
such as older age, presence of multiple comorbidities, lack of social
support or social isolation, failure of existing social support systems,
functional or cognitive impairments, poverty, presence of anxiety or
depression

Failure of clinicians to use evidence-based practice and follow published
guidelines in the prescription of pharmacologic and nonpharmacologic
therapy
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where patients come to receive care from practitioners with
expertise in HF. HF clinics provide optimization of drug
therapy, patient and family/caregiver education and coun-
seling, emphasis on self-care, vigilant follow-up, early
attention to signs and symptoms of fluid overload, coordi-
nation of care with other providers, and increased access
to the health care provider.

Of 13 studies of HF clinics, 4 are randomized, controlled
trials,82,89,93,94 whereas the rest compare data before and af-
ter program implementation. These studies consistently
show that HF patients receiving care in a HF clinic experi-
ence a reduction in subsequent hospitalizations and hospital
days, higher quality of life, and an improvement in func-
tional status. This model appears to be cost-effective, be-
cause the increased costs of specialty care are offset by
fewer rehospitalizations. Improved survival was seen in
1 of the randomized, controlled trials.93

Another model features HF-specific care delivered in the
home or to patients at home. Many of these programs use
a case management approach. Included in this group are ex-
amples of true multidisciplinary and collaborative HF
care.53,60,98,115 Characteristics shared by these programs in-
clude patient and family/caregiver education and counsel-
ing, emphasis on self-care, vigilant follow-up, early
attention to signs and symptoms of fluid overload, coordi-
nation of care with other providers, increased access to
the health care provider, and attention to social and finan-
cial barriers to adherence.

Studies of patients receiving care in the wide variety of
home-based programs showed significantly fewer total
and HF rehospitalizations, fewer days per hospitalization,
improved quality of life, lower health care costs, and im-
proved survival. The 14 studies in this area included 2157
patients.53, 60,74,98,101–107,115,116 Several were randomized
controlled trials that showed positive results for endpoints
such as time to first hospitalization, days in hospital, un-
planned readmissions, and deaths out of the hospi-
tal.98,102,105,106,116

In the third category of disease management programs,
computer technology and telephone data transmission are
used to monitor patients’ weight, blood pressure, heart rate,
and in some cases other physiologic parameters. These pro-
grams have much less personal contact with a health care pro-
vider than the home-based programs, and many lack an
educational component. Six studies were conducted using
telemonitoring techniques, enrolling 449 patients. With 1 ex-
ception,108 sample sizes were small. Of the 3 randomized,
controlled trials, 2 had sample sizes lower than 40. Because
of these study limitations, findings concerning this category
of disease management programs remain equivocal.

Studies of HF disease management using the clinic and
home-based care models provide convincing evidence that
it is possible to significantly reduce rehospitalization rates
and costs and improve functional status and quality of
life for HF patients. A growing number of adequately pow-
ered studies have demonstrated a positive effect on survival
by HF disease management.93,101,105 This effect appears to
be due to improved patient self-care. Programs focusing on
self-care skills demonstrate gains equal to or greater than
those seen with programs that improve drug therapy.15,93

Recommendations

8.8 It is recommended that HF disease management
programs include the components shown in
Table 8.3 based on patient characteristics and
needs. (Strength of Evidence 5 B)

8.9 It is recommended that HF disease management
include integration and coordination of care be-
tween the primary care physician and HF care
specialists and with other agencies, such as home
health and cardiac rehabilitation. (Strength of
Evidence 5 C)

8.10 It is recommended that patients in a HF disease
management program be followed until they or
their family/caregiver demonstrate independence
in following the prescribed treatment plan, ade-
quate or improved adherence to treatment guide-
lines, improved functional capacity, and symptom
stability. Higher risk patients with more advanced
HF may need to be followed permanently. Patients
who experience increasing episodes of exacerba-
tion or who demonstrate instability after dis-
charge from a program should be referred again
to the service. (Strength of Evidence 5 B)

Background

Essential Elements of Disease Management. Every
successful HF disease management program has a compre-
hensive education and counseling component. Programs
should include intensive guideline-based education and
counseling with emphasis on behavioral strategies to in-
crease adherence. Education should include diet, medica-
tions, weighing, symptoms heralding worsening HF, and
the importance of seeking early treatment for these symp-
toms. Promotion of self-care is a fundamental component
of successful programs and is the foundation upon which
disease management is based. Frequent follow-up in some
form and increased access to health care providers also
appear to be vital components. Optimization of medical
therapy is an important aspect. Because the majority of

Table 8.3. Recommended Components of a HF Disease
Management Program

Comprehensive education and counseling individualized to patient needs
Promotion of self care, including self-adjustment of diuretic therapy in

appropriate patients (or with family member/caregiver assistance)
Emphasis on behavioral strategies to increase adherence
Vigilant follow-up after hospital discharge or after periods of instability
Optimization of medical therapy
Increased access to providers
Early attention to signs and symptoms of fluid overload
Assistance with social and financial concerns
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rehospitalizations for exacerbation are the result of fluid
overload65 some mechanism for addressing early signs of
fluid overload is essential. In many programs, educating pa-
tients about flexible diuretic regimens is successful. When
patients or their family or caregiver are unable or unwilling
to assume significant responsibility, home visits by a nurse
or ‘‘drop-in’’ visits to a HF clinic are options. Assistance
with social and financial concerns and coordination of
care among all agencies involved are additional important
components of HF disease management.

Advance Directives and End-of-Life Care

Premature death from progressive decompensated HF or
sudden cardiac death is frequent in HF, which has a worse
prognosis than many common cancers.117 The high mortality
rate in HF makes advance directives and end-of-life care im-
portant issues in this population. However, recent advances
in HF treatment have resulted in substantial reductions in
mortality when proven therapies are applied. These advances
apply both to the risk of sudden death and death from pro-
gressive heart failure. It is mandatory that discussions about
advance directives occur in this context and utilization of
end-of-life care occur after full and appropriate application
of evidence-based pharmacologic and nonpharmacologic
treatments. These treatments must be allowed time to be ben-
eficial, and issues such as access to care, compliance, and
knowledge about HF must be addressed. Moreover, clini-
cians must recognize that use of end-of-life care does not
mandate abandonment of HF therapies, which may effec-
tively ease symptoms and continue to improve quality of life.

Discussion concerning advance directives is complicated
by the fact that death in HF may occur suddenly and unex-
pectedly in patients who are otherwise well compensated.
As many as 30% to 50% of HF deaths are sudden.118,119

In contrast, death from progressive HF typically is heralded
by a period of severe symptoms, frequent hospitalization,
and obvious, unremitting clinical deterioration. Discussion
of end-of-life care can occur when the patient has pro-
gressed to a state of severe, refractory HF.

In considering these issues, it is important to understand
the distinction between advance directives and end-of-life
care. Advance directives are decisions made by individuals
and shared with loved ones and health care providers about
desired treatments if that individual becomes incapacitated
and incapable of expressing desires about care. End-of-life
care refers to care designed to provide symptom relief,
comfort, and support for patients and their families when
optimal treatments have failed to halt progression of the ill-
ness or relieve symptoms and the likelihood is high that
death is imminent with the coming weeks to months.

Recommendations

8.11 Patient and family or caregiver discussions about
quality of life and prognosis are recommended as
part of the disease management of HF. (Strength
of Evidence 5 C)
8.12 It is recommended that the patient’s status be
optimized medically and psychologically before
discussing the possibility that end-of-life care is in-
dicated. The decision to declare a patient as an ap-
propriate candidate for end-of-life care should be
made by physicians experienced in the care of pa-
tients with HF. End-of-life management should be
coordinated with the patient’s primary care physi-
cian. As often as possible, discussions regarding
end-of-life care should be initiated while the
patient is still capable of participating in decision-
making. (Strength of Evidence 5 C)

8.13 End-of-life care should be considered in patients
who have advanced, persistent HF with symptoms
at rest despite repeated attempts to optimize phar-
macologic and nonpharmacologic therapy, as
evidenced by 1 or more of the following:
� Frequent hospitalization (3 or more per year)
� Chronic poor quality of life with inability to

accomplish activities of daily living
� Need for intermittent or continuous intrave-

nous support
� Consideration of assist devices as destination

therapy (Strength of Evidence 5 C)

Background

Identification of Candidates for End-of-Life Care.
Some patients with HF exhibit episodes of frequent decom-
pensation requiring hospitalization. Although this pattern
may occur in advanced HF despite aggressive therapy, in
many patients these events will be related to reversible
causes, such as dietary indiscretion, medication noncompli-
ance, or inadequate medical therapy. When such causes are
eliminated and proven therapies have been aggressively ap-
plied, but patients still experience a marked decline in func-
tional ability and quality of life, end-of-life care should be
considered. Typically these patients have severe left ven-
tricular systolic dysfunction with evidence of marked cardi-
ac decompensation. They often have significant renal
insufficiency and hypotension that may limit the applica-
tion of effective therapy. This clinical picture persists
despite intensive attempts at pharmacologic management
both in inpatient and outpatient settings.

Recognition of Terminal HF. Patients with HF and their
caregivers often do not appreciate the severity or terminal
nature of their illness. HF is a chronic disease, but can prog-
ress to a terminal condition.120 Despite the legitimate con-
cern that prognosis might be demoralizing and have
a negative impact on psychologic and physical morbi-
dity,121 discussions about severe or terminal outcomes must
occur. Many health care professionals are uncomfortable
with such discussions and as a consequence avoid them.
Nevertheless, clinicians must provide patients and their
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families with information about the nature of their diagno-
sis. When patients develop a persistent pattern of refractory
HF despite aggressive medical therapy, it is important to
acknowledge this development.

Decision-Making at End of Life. Experience from HF
centers caring for patients dying from progressive HF sug-
gests that decisions about termination of supportive therapy
are usually made by the patient and family after frank dis-
cussions with their health care provider. Advance directives
and decisions related to end-of-life care are best made dur-
ing periods of relative compensation. Because many dying
persons have periods of confusion, delirium, somnolence,
or inattention and need someone else to make decisions,
it is useful to designate a surrogate with durable power of
attorney for health care.

Recommendations

8.14 It is recommended that end-of-life care strategies
be individualized, include effective symptom man-
agement and avoid unnecessary testing and inter-
ventions. (Strength of Evidence 5 C)

8.15 It is recommended that, as part of end-of life-care,
patients and their families/caregivers be given
specific directions concerning their response to
clinical events if they decide against resuscitation.
Inactivation of an implantable defibrillation
device should be discussed. (Strength of Evi-
dence 5 C)

8.16 It is recommended that patients with severe and
unresponsive advanced HF have their wishes con-
cerning treatment options and end-of-life care
reassessed often, because decisions about resusci-
tation and palliative care may change over time.
(Strength of Evidence 5 B)

8.17 Patients with HF undergoing end-of-life care may
be considered for hospice services that can be de-
livered in the home, a hospital setting, or a special
hospice unit. (Strength of Evidence 5 C)

Background

Reassessment of Decision-Making. Part of advance
planning is assessing patients’ wishes about resuscitation.
However, it is important to realize that such decisions are
not static and must be reassessed intermittently. The Study
to Understand Prognoses and Preferences for Outcomes and
Risks of Treatment (SUPPORT) study of 936 patients with
severe HF showed a 19% change in resuscitation decisions
over a 2-month period.122 In 24% of the cases, the physi-
cian’s perception of the patient’s preference was inaccurate.

End-of-Life Care. The goal of end-of-life care is to con-
trol debilitating symptoms and manage emotional, social,
and spiritual distress. Support is provided during the pa-
tient’s illness and during the family’s bereavement. End-
of-life care does not mean abandonment of evidence-based
care or even of aggressive treatment. In some cases, time-
limited trials of aggressive treatment can be used to help
providers and patients understand their response to treat-
ment. Hospitalization for congestion is an example of
appropriate end-of-life medical care for HF.

Symptom Management. Inadequate symptom relief is
distressing to patients and their families and negatively af-
fects quality of life, as well as the ability of patients to com-
plete life closure tasks.123 Symptom management is the
foundation of end-of-life care. The first step to appropriate
symptom management is to recognize the full array of
symptom burden seen among patients with end stage
HF.124–126 In The Regional Study of Care for the Dying
the most commonly reported symptoms during the 12
months before death were pain (78%), dyspnea (61%),
low mood (59%), sleeplessness (45%), loss of appetite
(43%), confusion (40%), constipation (37%), nausea and
vomiting (32%), anxiety (30%), and urinary incontinence
(29%).127 Families rated pain, dyspnea, low mood, anxiety,
urinary incontinence, and confusion as being the most dis-
tressing to patients in the last year of their life. In the SUP-
PORT study of patients admitted for acute HF and
considered to be end-stage, the 3 most commonly reported
symptoms in the last 6 months of life were dyspnea, pain,
and confusion.125 The percentage of patients experiencing
increasing rates of severe dyspnea and pain increased sig-
nificantly as death approached. In the last 3 days of life,
63% of all heart failure patients experienced severe dysp-
nea. In the last week of life, 70% of patients rated their
quality of life as poor to fair. Increases in emotional symp-
toms, such as anxiety and depression, were reported during
the 3 days before death. Other studies have confirmed these
findings.128 Analysis of medical records of 80 patients diag-
nosed with HF revealed that the most common symptoms
experienced in the last 6 months of life were breathlessness
(88%), followed by pain (75%) and fatigue (69%). Patients
also suffered from anxiety, sleeplessness, nausea, edema,
and constipation. At least 25% of the patients who reported
pain did not receive treatment for it, regardless of origin.
The investigators concluded that end-stage HF patients ex-
perience similar symptoms to end-stage cancer patients.
However, unlike cancer patients who have access to pallia-
tive care services, HF patients frequently are excluded from
these services and must seek emergency care to receive
treatment.

Many management strategies for these symptoms are rel-
atively simple. One of the most important components of
end-of-life care is good listening and open communication,
with particular attention to patients’ concerns about man-
agement of symptoms and attitudes about dying.120 Pa-
tients’ concerns about pain must be taken seriously. Pain,
usually related to ischemia, is most effectively treated
with nitrates and morphine. Dyspnea can be controlled
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with diuretics, both long- and short-acting morphine, and
oxygen. Short-term mechanical ventilation and sedation
may be used for selected patients while pulmonary edema
is being treated. The decision to use a ventilator should
be reevaluated as the patient’s condition worsens. Mental
disturbances, such as low mood, sleeplessness, anxiety,
and confusion, all too commonly negate the opportunity
for a meaningful end of life. All are treatable or prevent-
able, but often go unrecognized against the background of
disease or are accepted as a matter of course. Antidepres-
sants, sleep aids, sedatives, and complementary therapies
may be very beneficial. Gastrointestinal problems, such as
loss of appetite, constipation, nausea/vomiting, and fecal
incontinence, can be managed with diet modifications,
appetite enhances, or medications. Urinary incontinence is
often related to diuretic use and weakness. It may be alle-
viated with a change in the timing of diuretic doses, admin-
istration of medications to improve bladder function, or
a urinary catheter or external device. Management of fa-
tigue and activity intolerance may require some lifestyle
modifications. Energy conservation techniques, such as
breathing retraining, spacing activities, meditating, or using
assistive devices, may be helpful. A low-level exercise pro-
gram may have both physical and psychologic benefits.
Home health aides and homemakers can be very helpful
in assisting patients to manage activities of daily living
and thus conserve energy.

Use of Intravenous Inotropic or Vasoactive Support
and End-of-Life Care. Many patients undergoing end-of-
life care will respond to intravenous vasodilators or inotro-
pic agents with temporary symptomatic improvement.
Utilization of inotropic agents must be undertaken with
the understanding that they likely will reduce survival.
Health care providers skilled in HF management often
use this class of drug for end-of-life care when all other op-
tions are exhausted. Patients should be informed about the
potential risks of inotropic therapy and given the evidence
that they may reduce life expectancy despite a period of
symptomatic improvement.

Reconsideration of intermittent or continuous intrave-
nous support is mandatory, because the patient’s response
to these treatments may diminish or the patient may decide
that the quality of life gained is offset by the intensity of
therapy required. Again, it should be emphasized that these
therapies must not be considered an acceptable alternative
to proven treatments. They should be applied only after
careful attempts to manage patients with evidence-based
therapies.

Referral to Hospice. Only about 10% of patients with
end-stage HF are enrolled in formal hospice programs.129

Patients with cancer are routinely referred for hospice
care and comprise the majority of hospice patients nation-
ally. On the other hand, those with end-stage HF may be
suffering unnecessarily at the end of life without the benefit
of hospice care services. HF patients may not express
a desire for hospice care, perhaps because of misconcep-
tions about hospice care or their prognosis. For select pa-
tients, referral for hospice services may be an appropriate
method of providing palliation when symptoms are refrac-
tory, quality of life is poor, and there is functional de-
cline.130 The Medicare hospice benefit was developed so
that individuals could choose such supportive care and still
receive Medicare funding. To be eligible for the hospice
benefit, the patient’s physician and the hospice medical di-
rector must believe that the patient has a life expectancy of
6 months or less, and the patient must consent to receive
hospice in lieu of special treatments for his or her terminal
illness. This agreement does not preclude other treatments
for illnesses or injuries not related to HF, nor does it neces-
sitate abandonment of appropriate HF medical therapy. Pa-
tients may withdraw from the hospice program and reenroll
at a later date with no penalty.

The Medicare hospice benefit includes coverage for serv-
ices such as prescription medications for pain relief and
symptom management, homemaker and home health aide
assistance, and bereavement counseling for patients and
families. Physician management and nursing care, medical
supplies and appliances, as well as a wide variety of other
professional support services necessary to provide quality
end-of-life care, are covered. Although a number of these
services are individually available to patients and their fam-
ily, hospice offers holistic and coordinated services focus-
ing on the end of life. It is important to understand that
‘‘hospice’’ is not necessarily a ‘‘place,’’ but is a method
of care delivery in which palliative care is emphasized.
Hospice care can be, and often is, delivered in patients’
homes.17 Hospice care can be provided in extended care fa-
cilities, hospitals, and inpatient hospice units.

Recommendation

8.18 Discussions about the possibility of sudden unex-
pected cardiac death are recommended for pa-
tients with HF. The extent and intensity of the
discussion should vary according to the level of
risk present. Discussions about advance directives
and CPR, including education for family mem-
bers, should be provided on an individualized
basis. (Strength of Evidence 5 C)

Background

Advance Directives and Risk of Sudden Death. Sud-
den cardiac death in the context of relatively compensated
HF is a common cause of death in patients with HF. Most of
these deaths occur outside the hospitald often at home or
in the presence of a family member. Families commonly
express the need to know how to respond in a cardiac emer-
gency and report that this learning need is often unmet by
health care professionals.131 Patients report wanting their
families to know what to do in an emergency.131,132 A dis-
cussion with patients and families about the patient’s



e66 Journal of Cardiac Failure Vol. 12 No. 1 February 2006
wishes regarding resuscitation can include information
about the effectiveness of resuscitation and its sequelae.133

The wishes of patients then need to be clear to all those car-
ing for the patient through an advance directive completed
with assistance from health care providers. Discussions re-
garding patient and family desires should be undertaken be-
fore an acute crisis develops.

Information on Cardiopulmonary Resuscitation
(CPR). When patients and families make the choice for re-
suscitation, family members can be advised how to obtain
CPR training. Many clinicians express concern over the
ability of families of high-risk cardiac patients to learn
CPR and the potential guilt they might feel if resuscitation
fails. In fact, the majority of family members of patients at
risk for sudden death can successfully learn CPR, are not
burdened by responsibility or guilt, and use CPR appropri-
ately when the occasion arises.134,135

Choice to Not Resuscitate. When patients and families
decide against resuscitation, they need to be told what to
do when death occurs outside the hospital. Without prior in-
formation, most people call 911 or a similar emergency
medical system number. They do not realize that such an
action will likely end in unwanted resuscitation and pro-
longed life support efforts. The preferred option is to
have a family member call a health care provider who
knows the patient and has been informed of the patient’s
decision.

As more patients with HF have cardioverter defibrillators
implanted, it is important to consider what actions to take
when these patients near the end of life. These devices
can be inactivated for those end-stage patients who do not
desire resuscitation, and this option should be discussed.
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Section 9: Electrophysiologic Testing and the Use
of Devices in Heart Failure

General Considerations

Recommendation

9.1 It is recommended that the decision to undertake
electrophysiologic intervention be made in light of
functional status and prognosis based on severity
of underlying heart failure (HF) and comorbid
conditions. If left ventricular (LV) dysfunction is
a reason for recommending electrophysiologic in-
tervention, LV function should be reassessed, ideally
after 3-6 months of optimal medical therapy.
(Strength of Evidence 5 C)

Background

Trials supporting the use of electrophysiologic (EP) devi-
ces in heart failure (HF) for prevention of sudden cardiac
death (SCD) typically have excluded patients with persis-
tent New York Heart Association (NYHA) IV HF, patients
in cardiogenic shock, those with irreversible brain damage,
and those with comorbidities and an expected survival of
!1 year. Recent trials have excluded patients with a recent
myocardial infarction (MI), a coronary revascularization
procedure within 3 months or ongoing ischemia.1 This al-
lows adequate time from the index ischemic event for the
appropriate application of pharmacologic therapy and for
the beneficial effects of the primary therapeutic strategy
to be manifest before consideration of device therapy. Pa-
tients are not good candidates for device implantation if
they have significant psychiatric illness that may be aggra-
vated by device implantation or are not expected to be com-
pliant with systematic follow-up.

EP Testing and Evaluation of Syncope

Recommendation

9.2 Immediate evaluation is recommended in patients
with HF who present with syncope. In the absence
of a clear identifiable noncardiac cause, patients
should be referred for EP evaluation. (Strength of
Evidence 5 C)

Background

Typically, implantable cardioverter defibrillator (ICD)
implantation is accepted as first-line therapy in patients
presenting with syncope of unknown origin who have
hemodynamically significant sustained ventricular tachycar-
dia (VT) or ventricular fibrillation (VF) induced at
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electrophysiologic study (EPS). This indication is support-
ed by substantial observational data showing an annual car-
diovascular mortality of approximately 20% in such
patients, much of which appears to result from sudden
death.2–5 A related indication includes patients with recur-
rent syncope of uncertain etiology in the presence of ven-
tricular dysfunction when other causes of syncope are
excluded. Such cases, usually associated with nonischemic
dilated cardiomyopathy, may suffer a risk of sudden death
as high as 45%.

Few studies have been conducted in the setting of noni-
schemic dilated cardiomyopathy and syncope. One evaluat-
ed patients with syncope, inducible ventricular arrhythmias,
and previously documented VT.6 ICDs proved useful in re-
ducing arrhythmic deaths. Another study compared dilated
nonischemic cardiomyopathy patients with unexplained
syncope and an ICD with a group of cardiac arrest survivors
with ICDs.7 It demonstrated that the number of appropriate
ICD discharges in the syncope group were similar to those
of the cardiac arrest group. Such data, although rudimentary,
do provide insight into recommending strategies for clin-
ical ICD implantation until more definitive evidence is
available.

Recommendation

9.3 Routine EP testing is not recommended in patients
with LV systolic dysfunction who have asymptom-
atic nonsustained VT in the absence of prior infarc-
tion. (Strength of Evidence 5 B)

Background

The predictive accuracy of EP testing in nonischemic
cardiomyopathy is limited.8–12 On the one hand, when such
patients present with spontaneous ventricular arrhythmias,
ventricular arrhythmias can be induced in more than two-
thirds.10 On the other hand, EP testing is less likely to
induce VT in patients with nonischemic dilated cardiomy-
opathy and a presentation of aborted sudden cardiac death
or nonsustained VT than in patients with underlying
CAD.8,11,12 Furthermore, EP can induce ventricular ar-
rhythmias in 10% to 40% of these patients, even in the ab-
sence of previous clinical arrhythmias.8 Thus EP testing is
not useful for risk stratification in nonischemic cardiomy-
opathy. Overall, the magnitude of LV dysfunction remains
the best predictor of both sudden cardiac death and total
mortality in this population.12

There is one setting in which EPS-guided ablative treat-
ment may be useful in nonischemic cardiomyopathy. VT
caused by bundle branch reentrant ventricular tachycardia
that uses a macroreentrant circuit involving the His-Pur-
kinje system, usually with antegrade conduction over the
right bundle and retrograde conduction over the left bundle,
has a high cure rate with catheter ablation of the right
bundle.13
0
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In the setting of ischemic cardiomyopathy and prior in-
farction, routine EP risk stratification is no longer needed,
except in the unique situation of patients who do not meet
the MADIT II study criteria. In those patients who have left
ventricular EF (LVEF) 30% to 40% and prior infarction,
EPS may help to guide prophylactic ICD placement.14

Prophylactic ICD Placement

Recommendations

9.4 In patients with or without concomitant coronary
artery disease (including a prior MI O1 month
ago):
a) Prophylactic ICD placement should be consid-

ered (LVEF # 30%) and may be considered
(LVEF 31%-35%) for those with mild to mod-
erate HF symptoms (NYHA II-III). (Strength
of Evidence 5 A)

See Recommendation 9.1 for additional criteria.
b) Concomitant ICD placement should be consid-

ered in NYHA class III or IV patients undergo-
ing implantation of a biventricular pacing
device according to the criteria in Recommen-
dations 9.7–9.8. (Strength of Evidence 5 B)

See Recommendation 9.1 for additional criteria.

9.5 ICD placement is not recommended in chronic,
severe refractory HF when there is no reasonable
expectation for improvement. (Strength of Evi-
dence 5 C)

Background

More than 80 percent of patients who experience a life-
threatening ventricular tachyarrhythmia do not survive to
benefit from an ICD. Thus the concept of the ICD for pri-
mary prevention of SCD has received considerable atten-
tion. Several large trials have been conducted to address
primary prevention.14–18 In 1 trial of patients with a mean
LVEF of 26%, a prior MI, and unsustained VT, those ran-
domized to receive and ICD showed a 54% reduction in to-
tal mortality at 27 months over those who had been given
‘‘conventional’’ antiarrhythmic therapy.14 Another trial ran-
domized patients with an LVEF #40% and an inducible
sustained VT into a group receiving b-blockers and ACE in-
hibitors or a group receiving these agents plus antiarrhyth-
mics or, if they did not respond, an ICD. Over a 5-year
follow-up, those receiving the ICD experienced a 27% low-
er risk of arrhythmic death or cardiac arrest. Total mortality
was reduced by 20%.15 A third study showed a significant
survival benefit in patients with prior MI and LVEF
#30%, but also a trend toward increased HF episodes in pa-
tients receiving an ICD.1 A study of patients undergoing
coronary artery bypass (CABG) surgery who have LV dys-
function and abnormal signal-averaged electrocardiograms,
but no symptomatic ventricular arrhythmias, demonstrated
that this population of patients does not benefit from ICDs.17
In evaluating these trial results, it must be remembered
that numerous factors can impact ICD effectiveness, includ-
ing the population tested, mode of implantation, concurrent
risk of death (eg, concomitant CABG surgery and its inher-
ent risk), background medical therapy, and the influence of
ICDs on nonarrhythmic deaths. For example, only 5% of
the control group in the Multicenter Automatic Defibrillator
Implantation Trial (MADIT) was on b-agonist therapy,
compared with 27% in the treatment arm. It is likely that
this contributed to the decrease in cardiac nonarrhythmic
deaths in the ICD group.14 These trials all exclude patients
with severe NYHA functional class IV HF, although the
Comparison of Medical Therapy, Pacing, and Defibrillation
in Heart Failure (COMPANION) trial, examining biventric-
ular pacing with or without concomitant ICD, included
several NYHA class IV patients.18 In such patients,
ICD implantation is under consideration as a ‘‘bridge’’ to
transplant.19

HF Trials of ICD Therapy. The Sudden Cardiac in
Heart Failure Trial (SCD-HeFT) focused on the role of
the ICD in primary prevention.20 It tested the hypothesis
that amiodarone or an ICD would improve survival com-
pared with placebo in patients with HF. The study enrolled
2521 patients with NYHA II or III HF and an LVEF !35%
of either ischemic or nonischemic etiology. They were ran-
domly allocated to treatment with an ICD, amiodarone, or
placebo. Background therapy was strong: 87% were on
angiotensin-converting enzyme inhibitors or angiotensin re-
ceptor blockers and 78% on b-blockers at last follow-up.
The study showed no benefit for amiodarone, but ICD ther-
apy decreased mortality by 23% compared with control,
a finding consistent across ischemic and nonischemic etiol-
ogies of HF. Subgroup analysis failed to demonstrate bene-
fit from ICDs in patients with NYHA Class III, although
such subgroup findings must be interpreted cautiously,
and a similar subgroup differentiation (between NYHA class
II and III) has not been observed in any other ICD trial.1,21

Unresolved Issues

Timing of ICD Placement. Time on background therapy
is a significant issue. All trials of ICDs have enrolled pa-
tients receiving stable doses of appropriate medical therapy,
including beta-blockers and ACE inhibitors or ARBs. Fur-
thermore, it is well known that treatment with these agents,
particularly beta-blockers, for a period of several months
frequently results in reduction in IV volumes and improve-
ment or normalization of LVEF. For these reasons, it is
appropriate to delay consideration of ICD implant, particu-
larly in the setting of newly diagnosed nonischemic dilated
cardiomyopathy, until after several months of appropriate
medical therapy. Although there is no agreement regarding
the ideal treatment duration prior to reevaluation of LVEF
for consideration of ICD placement, data regarding the time
course of reverse remodeling following institution of beta-
blocker therapy support a period of 3 to 6 months. Although
physicians may choose to place a prophylactic ICD in
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selected patients prior to such a course of therapy, studies to
support such a practice are not available.

Background Therapy. Device effectiveness generally is
studied in patients already on background medical therapy.
Studies establishing the additional benefit of new agents
change the definition of standard or optimal background
medical therapy. For example, a recent study of an aldoste-
rone antagonist showed a 15% reduction in total mortality
and a 17% reduction in cardiovascular mortality on top of
standard medical therapy, mainly because of a 21% reduction
in SCD.22 How might the benefit of an ICD be impacted
by the addition of such an agent to background medical
therapy?

Family History of Sudden Death. There are no system-
atic data to guide therapy when there is a family history of
SCD. This includes patients with familial cardiomyopathy
with a history of sudden death in 1 or more sibling or par-
ent. In such patients routine implantation of an ICD cannot
be routinely recommended, but implantation may be con-
sidered on an individual basis after careful consideration
of the circumstances.

Recommendation

9.6 ICD implantation is recommended for survivors of
cardiac arrest from VF or hemodynamically unsta-
ble sustained VT without evidence of acute MI or if
the event occurs more than 48 hours after the onset
of infarction in the absence of a recurrent ischemic
event. (Strength of Evidence 5 A)

Background

Several studies have shown that ICDs reduce mortality in
SCD survivors to a greater extent than antiarrhythmic drug
therapy.23–25 The largest of these trials enrolled 1016 pa-
tients who survived cardiac arrest, sustained VT with syn-
cope, or sustained VT in the presence of an LVEF !40%
and symptoms suggesting severe hemodynamic compro-
mise. Patients were randomized to receive therapy with
either an ICD or an antiarrhythmic drug, generally amiodar-
one. Survival throughout the trial was superior for patients
randomized to ICD therapy. A second study randomized
survivors of cardiac arrest equally among 4 treatment arms:
ICD, amiodarone, metoprolol, or propafenone. The pro-
pafenone arm was terminated prematurely because of
excessive mortality. The 2-year mortality was similar for
patients randomized to metoprolol and amiodarone
(19.6%) but significantly lower in patients randomized to
ICD therapy (12.1%).

Many patients in these trials had LV systolic dysfunction
and HF. The mean LVEF in one was 39%; in another it was
32%. The survival benefit of ICD was greatest in patients
with an LVEF !35%.

A meta-analysis grouping the results of these three trials
indicates that therapy with ICDs resulted in a 27% reduc-
tion in total mortality.26 This mortality reduction is due
exclusively to a reduction in arrhythmic deaths, particularly
in the presence of LV dysfunction.27

Biventricular Resynchronization Pacing

Recommendations

9.7 Biventricular pacing therapy should be considered
for patients with sinus rhythm, a widened QRS in-
terval ($120 ms) and severe LV systolic dysfunc-
tion (LVEF #35% with LV dilatation O5.5 cm)
who have persistent, moderate to severe HF
(NYHA III) despite optimal medical therapy.
(Strength of Evidence 5 A)

9.8 Selected ambulatory NYHA IV patients may be
considered for biventricular pacing therapy.
(Strength of Evidence 5 B)

9.9 Biventricular pacing therapy is not recommended
in patients who are asymptomatic or have mild
HF symptoms. (Strength of Evidence 5 C)

Background

Large observational studies performed in patients with
advanced HF have demonstrated that right ventricular
(RV) pacing results in worsening symptoms and long-term
outcome.28 This is most likely because of the development
of RV pacing-induced left bundle branch block, resulting
in intra- and interventricular dyssynchrony with resultant
worsening of left and right ventricular systolic and diastolic
function. An analogous phenomenon is seen in patients with
advanced HF and bundle branch block. Indeed, the majority
of patients with HF have interventricular conduction delay,
and up to 30% to 50% have manifest bundle branch block
caused by direct pathologic involvement of specialized
conduction or by scarring of the myocardium.29 Thus pace-
makers with the ability to simultaneously stimulate the
LV and RV could theoretically resynchronize ventricular
contraction in patients with HF and bundle branch block.
Cardiac resynchronization therapy seeks to normalize
depolarization to improve the efficiency of ventricular con-
traction and ventricular septal motion, decrease atrioventric-
ular valve regurgitation, and increase diastolic filling time.30

Isolated Biventricular Pacing. The early promise of bi-
ventricular pacing29,30 was tested in the Multicenter InSync
Clinical Study (MIRACLE),31 which randomized 453 pa-
tients to activation or nonactivation of cardiac resynchroni-
zation, using a double-blind study design. Inclusion criteria
were NYHA III/IV, QRS O130 ms, LVEF !35%, and LV
end-diastolic dimension O55 mm, as determined by echo-
cardiography. Patients were required to be on optimal med-
ical therapy, defined as angiotensin-converting enzyme
inhibitors and b-blockers, for 1 to 3 months before inclu-
sion. Resynchronization improved symptoms, quality of
life, and exercise capacity, while reducing LV dimension
and improving LVEF at 6 months. Hospitalization or intra-
venous medications for HF treatment were both reduced by
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approximately 50%. There was no difference in cardiac or
all-cause mortality. This study was not subjected to an in-
tention-to-treat analysis, because randomization occurred
only after successful device implantation.

Biventricular Pacing With ICD. Initial studies of bi-
ventricular pacing with an ICD32,33 led to the COMPAN-
ION trial,18 which enrolled patients with HF and NYHA
Class III or IV symptoms despite maximized medical ther-
apy. Inclusion criteria included a QRS duration $120 ms
and a PR interval O150 ms. The trial had 3 treatment arms:
optimal pharmacologic therapy (OPT), optimal pharmaco-
logic therapy plus biventricular pacing (CRT), and biven-
tricular pacing plus backup ICD therapy (CRTD). In
contrast to all others, this study was powered to evaluate
a primary endpoint of combined all cause mortality and
hospitalization. Data were analyzed using an ‘‘intention to
treat’’ statistical approach. Of the 1580 patients random-
ized, 1080 were implanted with a cardiac resynchronization
therapy pacer (CRT) or defibrillator (CRTD). As compared
with patients treated with medical therapy only, there was
a statistically significant event rate reduction in the primary
combined endpoint of total hospitalization and total mortal-
ity at 1 year in the CRT and CRTD groups, as well as in the
combined endpoint of death and hospitalization for HF.
There was a trend toward reduced mortality in the CRT-
alone group, although this finding did not reach statistical
significance.

A more recent trial extended the findings of COMPAN-
ION to CRT alone.34 The Cardiac Resynchronization–Heart
Failure (CARE-HF) study enrolled 813 patients with NY-
HA class III-IV HF resulting from LV systolic dysfunction
and cardiac dyssynchrony with an LVEF #35% and a QRS
duration $120 ms despite standard medical therapy. After
a follow up of just under 30 months, the CRT-treated pa-
tients showed a significant benefit in terms of the primary
end point of all-cause mortality and unplanned hospitaliza-
tion (HR 0.63, P ! .001) and the secondary end point of
all-cause mortality (HR 0.64, P ! .002). Those in the
CRT group also showed improved LVEF, NYHA class,
end-systolic volume, mitral valve function, blood pressure,
and quality-of-life indices. It should be noted that for those
patients with a QRS lengthening of 120–149 ms, echocar-
diographic confirmation of mechanical dyssynchrony was
required. This subselection criterion could have favorably
influenced the outcomes by preferential enrollment of those
more likely to respond to CRT. It is not known how many
patients were excluded by this criterion.

Unresolved Issues With Biventricular Pacing

The evidence supporting cardiac resynchronization
therapy in severe HF is compelling. However, device place-
ment exerts a substantial ‘‘placebo’’ response of improved
functional capacity and quality of life parameters in those
randomized to the control group and is hampered by a sig-
nificant nonresponder rate.35,36 Most trials of cardiac resynch-
ronization therapy have excluded patients with atrial
fibrillation. Thus the benefit of biventricular pacing in these
patients remains unknown.

Can resynchronization be done in isolation or must it be ac-
companied by an ICD device? The findings in SCD-HeFTand
COMPANION suggest that CRT therapy ideally should be
accompanied by ICD placement in patients with NYHA III
symptoms. When considering resynchronization in patients
with more severe HF, the appropriateness of ICD implanta-
tion is uncertain, although a recent analysis of ambulatory
NYHA class IV patients in the COMPANION trial demon-
strated a benefit of CRT and CRTD.

Patients With a QRS Duration 120–150 ms. A substan-
tial number of potential candidates for CRTs will have
a QRS duration between 120 and 150 ms. Although such
patients were entered in the clinical trials assessing efficacy
of CRT, the average QRS duration was in the range of 160–
170 ms and there are concerns that patients with moderate
prolongation of the QRS interval may not derive the same
benefit as those with more marked prolongation. Although
CRT reduced the primary endpoint of time to death or all
cause hospitalization compared to patients randomized to
optimal medical treatment by 19% (P 5 .014) in the COM-
PANION Trial, a significant risk reduction was seen only in
patients whose QRS was O168 ms.18 Patients whose QRS
was #147 ms demonstrated essentially no benefit of treat-
ment, whereas CRT had an intermediate effect in the pa-
tients whose QRS duration fell in between these groups.

Although the reason for the differences in risk reduction
according to QRS duration in the COMPANION trial pa-
tients is uncertain, it is likely that varying amounts of dyssy-
nergy at the time of randomization between the groups was
involved. This possibility is supported by the results of the
CARE-HF study in which patients with a QRS duration be-
tween 120 and 150 ms were required to have evidence of
ventricular dyssynergy by echocardiographic examination
in order to be included in the trial.34 The number of patients
who were excluded due to absence of demonstrable dyssy-
nergy was not reported. That the favorable effects of CRT
in CARE-HF seem to show less dependence on QRS dura-
tion than they do in the COMPANION study, which did not
require evidence of mechanical dyssynchrony, is likely
a manifestation of a lower prevalence of dyssynergy in the
COMPANION patients with shorter QRS duration.

Dual Chamber Pacemakers

Recommendation

9.10 The routine use of dual (atrioventricular [AV])
chamber pacemakers for HF in the absence of
symptomatic bradycardia or high-grade AV block
is not recommended. (Strength of Evidence 5 A)

Background

Abnormalities in AV conduction can contribute to a
reduction in atrial contribution to ventricular filling and
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prolong the duration of mitral regurgitation into diastole.
Restoration of these 2 hemodynamic phenomena provided
the rationale for the potential benefits of atrioventricular
synchronized pacing with optimal AV delay. Initial success
showed a beneficial effect of cardiac pacing with a short AV
delay in patients with HF.37 Subsequent acute38–40 and
chronic studies41–46 assessing the effect of shortening the
AV delay in patients with impaired ventricular function
showed mixed results. Three well-designed and randomized
studies failed to show any consistent improvements in HF
with shortening of the programmed AV delay. Another con-
cluded that for patients with standard indications for ICD
therapy, no indication for cardiac pacing, and an LVEF of
40% or less, dual-chamber pacing offers no clinical advan-
tage over ventricular backup pacing and may be detrimental
by increasing the combined end point of death or hospital-
ization for HF.47
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Section 10: Surgical Approaches to the
Treatment of Heart Failure

Overview

Despite advances in medical management of heart failure
(HF), there remain circumstances in which surgical proce-
dures are the only or the best treatment option. Heart trans-
plantation, the longest accepted surgical therapy, and
procedures that (1) repair the heart, (2) reshape it, or (3)
replace all or part of heart function are considered in this
section of the guideline. Myocardial viability and revascu-
larization are addressed in Section 13.

Recommendation

10.1 It is recommended that the decision to undertake
surgical intervention for severe HF be made in
light of functional status and prognosis based on
severity of underlying HF and comorbid condi-
tions. Procedures should be done at centers with
demonstrable expertise and multidisciplinary
medical and surgical teams experienced in the
selection, care, and perioperative and long-term
management of high risk patients with severe
HF. (Strength of Evidence 5 C)

Specific Therapies

Recommendation

10.2 Evaluation for heart transplantation is recom-
mended in selected patients with severe HF,
debilitating refractory angina, or ventricular
arrhythmia that cannot be controlled despite
drug, device, or alternative surgical therapy.
(Strength of Evidence 5 B)

Background

The short- and long-term success of heart transplantation
is limited by shortage of donor organs. Only 2016 human
heart transplants were performed in the US in 2004, far
below the 20,000 to 30,000 patients per year who could
benefit from this therapy. Heart transplantation has
demonstrated 1-year survival exceeding 80% and 5-year
survival of 65%. It thus provides a survival benefit in cer-
tain well-selected patients with an otherwise poor prognosis
of survival at 1 year.1

Consideration of heart transplantation for HF patients
should be based on a comprehensive multidisciplinary eval-
uation of risks. Referral for cardiac transplantation should
be entertained for those patients who demonstrate consider-
able limitation in their activities despite optimal medical
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therapy for persistent cardiac symptoms.2 Such patients
typically are screened with a cardiopulmonary stress test.
If peak aerobic capacity appears to be severely limited as
indicated by a VO2max ! 14 mL$kg$min or #55% of
predicted for age and gender, transplantation may be
considered.3,4

In the presence of obesity, particularly in women, tradi-
tional VO2max measurements may not stratify risk effec-
tively. In such instances, adjusting VO2 max for lean
body mass may allow better risk stratification to plan trans-
plantation. 5 Vo2max may be less predictive of outcomes in
patients taking b-blockers 6 and the cutpoint may be closer
to #12 mL$kg$min. In patients who cannot undergo exer-
cise testing, or if the major indication is refractory debilitat-
ing angina or ventricular arrhythmia, transplantation may
be considered based on quality of life limitations alone. It
should be stressed that no single test should be used as an
absolute to list a patient for transplantation. Evaluators
must be mindful of all clinical characteristics. Widely ac-
cepted contraindications to cardiac transplantation include
any malignancy within 5 years, diabetes mellitus with
widespread microvascular complications, chronic kidney
disease unlikely to reverse, irreversible pulmonary hyper-
tension, or other medical or psychosocial issues that would
impact survival.2

Recommendation

10.3 Isolated mitral valve repair or replacement for se-
vere mitral regurgitation secondary to ventricular
dilatation in the presence of severe left ventricular
(LV) systolic dysfunction is not generally recom-
mended. (Strength of Evidence 5 C)

Background

There is little randomized clinical trial evidence to sup-
port the benefit of mitral valve repair, and the observational
data are limited and conflicting. The proposed pathophysi-
ologic basis for this surgical approach is well known. As the
ventricle dilates, the papillary muscles are displaced, coap-
tation of the mitral valve leaflets is decreased, and a central
jet of mitral regurgitation appears. Previous reports of a pro-
hibitive operative mortality for mitral valve replacement in
patients with end-stage cardiomyopathy led to the denial of
surgical mitral valve correction for patients with severe
ventricular dysfunction and mitral regurgitation. Although
the absence of controlled studies complicates interpretation,
recent data indicate that mitral valve repair, which pre-
serves the subvalvular apparatus and cardiac function better
than mitral valve replacement, can be performed with an
acceptable perioperative mortality and good medium-term
survival at highly experienced centers. Mitral valve repair
via an ‘‘undersized’’ annuloplasty repair effectively cor-
rects mitral regurgitation in HF patients.7 Early results sug-
gested that this technique might improve symptoms and
6
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favorably remodel the left ventricle8,9; however, a subse-
quent small randomized trial indicated no benefit of mitral
valve repair in patients with mitral regurgitation because of
ventricular dysfunction.10 More controlled trials and regis-
try data are needed before recommending this technique as
an effective alternative to transplantation.

Recommendation

10.4 Partial LV resection (‘‘Batista procedure’’) is not
recommended in nonischemic cardiomyopathy.
(Strength of Evidence 5 B)

Background

There is no compelling evidence demonstrating the
benefits of this procedure.11

Recommendations

10.5 Patients awaiting heart transplantation who have
become refractory to all means of medical circula-
tory support should be considered for a mechani-
cal support device as a bridge to transplant.
(Strength of Evidence 5 B)

10.6 Permanent mechanical assistance using an
implantable assist device may be considered in
highly selected patients with severe HF refractory
to conventional therapy who are not candidates
for heart transplantation, particularly those who
cannot be weaned from intravenous inotropic
support at an experienced HF center. (Strength
of Evidence 5 B)

Background

Therapy with implantable LV assist devices (LVADs) can
restore cachectic, end-stage class D patients to a vital life
status.12–14 Pulsatile pumps approved for bridge-to-trans-
plantation include the DeBakey Child LVAD, the Novacor
LVAS (Left Ventricular Assist System), the HeartMate
VE LVAS, and the Cardiowest Temporary Total Artificial
Heart.15 Portable battery-powered devices allow patients
to be discharged from the hospital after they are rehabilitat-
ed, typically while waiting for heart transplant.16 Well-
established as a clinical bridge to cardiac transplantation,
mechanical assist devices are evolving towards smaller
devices with transcutaneous energy sources that reduce
morbidity and avoid the frequent risk of infection.

Continuous flow axial impeller pumps and centrifugal
flow pumps have been introduced to clinical application,
offering new advantages. Several studies have reported on 1
VAD with an 81% probability of patient survival 30 days
after implant,17,18 suggesting the possibility of circulatory
support in patients with severe HF sufficient for them to
recover and return to normal activities while awaiting
heart transplantation. Another study reported on patients
who underwent implantation of an LVAD as a bridge to
transplant, demonstrating that patients previously felt to
be ineligible for transplantation because of elevated pul-
monary vascular resistance were subsequently able to un-
dergo cardiac transplant.19 A study of another LVAD in
22 patients as a bridge to transplant and 4 patients as des-
tination therapy showed high initial mortality, but marked
improvements in hemodynamics for those who survived,
making inotropic therapy unnecessary.20 A totally con-
tained artificial heart has recently been studied as a
bridge-to-transplant device.20

The Randomized Evaluation of Mechanical Assistance
for the Treatment of Congestive Heart Failure (RE-
MATCH) trial randomized 129 patients with end-stage
HF ineligible for cardiac transplantation to implantation
of an LVAD or optimal medical management.21 The prima-
ry end point was all-cause mortality. Patients enrolled had
New York Heart Association class IV HF for at least 90
days despite optimal medical therapy. At 1 year, survival
in the LVAD group was significantly greater than in the
medical therapy group (52% vs 25%, P 5 .001). However,
at 2 years, only 23% in the LVAD group were alive, com-
pared with 8% in the medical group. Serious adverse
events were more frequent in the LVAD group, predomi-
nately caused by infection, bleeding, neurologic dysfunc-
tion, and device malfunction. A subsequent analysis of the
trial data reported that the majority of the benefit in this trial
was restricted to the group receiving or dependent on intra-
venous inotropic therapy at time of enrollment. REMATCH
provides support for the consideration of LVAD therapy as
an alternative to cardiac transplantation in highly selected
patients.

Emerging Surgical Techniques

Infarct Exclusion Surgery. Primary indications for sur-
gical treatment of LV aneurysm consist of LV failure, angi-
na pectoris, thromboembolism, and tachyarrhythmias. It
has been well recognized for decades that, after ventricular
aneurysmectomy, patients can experience improved HF
symptoms.22 This concept recently has been expanded
from dyskinetic (aneurysmal) ventricles to include akinetic
ventricles, which previously were thought to not improve
following ventricular reconstruction. Linear aneurysmec-
tomy has been widely performed as a standard procedure
for postinfarction LV aneurysm. However, this technique re-
mains unsatisfactory because LV distortion occurs postop-
eratively and an akinetic or dyskinetic area persists in the
ventricular septum, resulting in limited improvement of
cardiac function.23 To overcome these problems, Dor and
associates excluded all akinetic or dyskinetic myocardium
from the left ventricle, including the septum, and placed
a tight circumferential suture around the aneurysmal base
to reduce the LV volume and return the LV contour to
near normal (endoventricular circular patch plasty, or
EVCPP). Recently, EVCPP has attracted interest as a treat-
ment for postinfarction large akinetic scars. Dor’s group has
reported on the use of this technique on more than 750
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patients.24 Results were clinically satisfactory and in more
than 90% of cases with ventricular aneurysm, the 1-year
LVEF was superior to the preoperative function. More re-
cently, the same group has reported on 44 patients treated
with EVCPP with previous transmural anterior myocardial
infarction.25 They found that LV shape became more ellip-
tical in systole than it was in diastole (eccentricity index
closer to 1), but new onset mitral regurgitation occurred
in 25% of patients.

A minor modification of the procedure described by Dor
is referred to as the surgical anterior ventricular endocardial
restoration (SAVER) operation. A large, multicenter pro-
spective registry reported on 439 consecutive patients
who received this operation with impressive medium-term
survival. Based on this, the STICH trial, a large, National
Institutes of Health–funded study of both coronary artery
bypass grafting and ventricular reconstruction has been ini-
tiated. Still, the limited experience with this procedure and
the concern that mitral valvular disease could be worsened
leaves insufficient grounds for a recommendation of this
technique at this time.

Passive Restraint. Another technique uses passive con-
tainment of the cardiac ventricles with a surgically placed
epicardial prosthetic wrap constructed of preformed knitted
material.26 A randomized controlled trial has been pre-
sented but not published describing outcomes in 300 pa-
tients in either a mitral surgery stratum or no mitral
surgery stratum randomized to receive a cardiac restraint
device.27 Improvements in LV remodeling indices were
noted, but no improvement in functional class. The primary
endpoint was a combination of patients classified as im-
proved, same, or worsened, based upon the occurrence of
death, a major cardiac procedure indicative of HF progres-
sion and a change in NYHA class. The composite endpoint
was positve, an effect driven principally by the use of addi-
tional procedures within the control group. There were no
differences in mortality.
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Section 11: Evaluation and Management of
Patients With Heart Failure and Preserved Left

Ventricular Ejection Fraction

Overview

A substantial number of patients with heart failure (HF)
have preserved left ventricular ejection fraction (LVEF), var-
iably defined as an LVEF O 40%, O45%, or O50%.1,2 HF
with preserved LVEF is not a distinct condition, but rather
a syndrome with numerous possible causative or comorbid
conditions, including hypertension, diabetes mellitus, vascu-
lar stiffness, renal impairment, and atrial fibrillation. There is
no strong consensus about nomenclature and appropriate
treatment strategies.3–6

Pathophysiology and Prognosis. The ventricle in HF
with preserved LVEF is characterized by hypertrophy,7

increased extracellular matrix,8 and abnormal calcium
handling with delayed relaxation.6,9 Activation of the neu-
rohormonal milieu, including the renin-angiotensin system
(RAS) and the sympathetic nervous system, is common in
HF with and without preserved EF.6 An analysis from the
Framingham Heart Study showed that patients with HF
and preserved LVEF had improved survival compared
with those with reduced LVEF.10 However, in a study
from Olmsted County, survival was similar for patients
with HF and either reduced or preserved LVEF.11 This var-
iability in relative clinical outcomes reflects differences in
criteria for the diagnosis of HF and the etiologic composi-
tion of the populations studied.

With systolic pressure overload, as in hypertension or
aortic stenosis, the left ventricle responds with concentric
hypertrophy. With volume overloading lesions, such as mi-
tral or aortic regurgitation, the left ventricle responds with
dilation and eccentric hypertrophy.12 The mechanism for
concentric hypertrophy, as opposed to eccentric hypertro-
phy, is uncertain at present.

A further analysis of pathophysiology has been based on
adverse ventricular-vascular interaction.13,14 Patients with
HF and preserved LVEF showed a marked increase in arte-
rial stiffness (elastance) compared with hypertensive
patients without HF and other control subjects. Ventricular
systolic stiffening was also greater than normal. The in-
creased arterial stiffness was related to delayed ventricular
relaxation and to elevated diastolic pressure during exer-
cise. These findings were not seen in patients with HF
and reduced LVEF, even though their end-diastolic pressure
was elevated. Thus the excess arterial stiffening in HF with
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preserved EF, coupled to the LV sensitivity to this stiffen-
ing, has been postulated to be the cause of sudden pulmo-
nary edema in this setting. Others have observed
reduced aortic distensibility15 or a marked elevation in pul-
monary capillary wedge pressure with no demonstrable in-
crease in LV end-diastolic volume during ergometer
exercise.16

Diagnosis. The diagnosis of HF with preserved LVEF
can be made by the combination of (1) clinical signs and
symptoms of HF and (2) findings of preserved or relatively
preserved LVEF using an imaging method. Echocardio-
graphic or hemodynamic findings supporting the diagnosis
of diastolic dysfunction may further aid in the diagnosis,17

although most of these indicators lack sensitivity or speci-
ficity. Catheterization-derived hemodynamic abnormalities
do not aid substantially in the diagnosis.18

Prevalence. In prospective studies, approximately 40%
of the population of patients with HF has normal or near
normal resting LVEF.2,3,10,11,19 HF with preserved LVEF
is particularly prevalent among the elderly, females, and pa-
tients with hypertension.2,11,20,21 Among 4 prospective
studies of HF with normal LVEF, the average age range
of patients was 73 to 79 years, and the percentage of
females ranged from 61% to 76%.2,19,22

Mortality and Morbidity. The mortality of patients with
HF and preserved LVEF is considerable, although less than
in patients with LV dilation and reduced LVEF.2,10,19

As has been indicated, results from the Rochester Epide-
miology Project suggested that survival was equally poor in
patients with LVEF above or below 50%.11 The authors
postulated that this may have been due to the advanced
age in their population (77 6 12 years). In their recent re-
view, mortality in HF with preserved EF was similar to that
in patients with HF and reduced EF when patients were old-
er than 65; among patients younger than 65, mortality was
lower in those with preserved LVEF.20

Women make up a large majority of patients with HF and
preserved EF.10,19,23 Most studies have shown no difference
in survival by gender, but in the Digitalis Investigation
Group (DIG) study 24 and 1 other study,10 female gender
was associated with improved survival.

An analysis of the Coronary Artery Surgery Study regis-
try showed that the presence of coronary artery disease was
an adverse factor for survival in patients with HF and LVEF
O45%.25 A review of the available literature in 2002
showed that the prevalence of CAD in patients with HF
and preserved EF ranged widely from 0% to 67%.26

A recent study comparing patients with normal or de-
pressed EF found similar rates of hospital readmissions,
HF readmissions, and functional decline.2 Others have
found a trend to fewer readmissions in patients with
preserved EF.22
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Recommendation

11.1 Careful attention to differential diagnosis is rec-
ommended in patients with HF and preserved
LVEF to distinguish among a variety of cardiac
disorders, because treatments may differ. These
various entities may be distinguished based on
echocardiography, electrocardiography, and
stress imaging (via exercise or pharmacologic
means, using myocardial perfusion or echocardio-
graphic imaging). See algorithm in Figure 11.1 for
a detailed approach to differential diagnosis.
(Strength of Evidence 5 C)

Background

Diagnosis. The clinical diagnosis of HF depends on the
presence of commonly accepted signs and symptoms. Pre-
served LVEF may be shown by quantifying LVEF and LV
volumes or dimensions through imaging techniques such
as echocardiography, radionuclide ventriculography, con-
trast ventriculography, or cardiac magnetic resonance imag-
ing. Among these, echocardiography is the most commonly
used and has several advantages, including availability and
the ability to provide information about LV wall thickness,
filling patterns, cardiac anatomy, and valvular function.

Confirmation of increased LV wall stress by documenting
elevation of B-type natriuretic peptide (BNP or NT-proBNP)
may be useful when dyspnea may be due to noncardiac
causes.27 Increased BNP or NT-proBNP identifies patients
with elevation of the LV end-diastolic pressure, but does
not differentiate patients with preserved versus reduced
LVEF.28 HF with reduced LVEF tends to be associated
with greater elevation of BNP than does HF with preserved
EF, but BNP is above normal in both categories of HF.29

There is some overlap with the normal range.27,28,30

Differential Diagnosis. LV hypertrophy (LVH), diag-
nosed by echocardiography or electrocardiography, is pres-
ent in the most prevalent forms of HF with preserved LVEF.
Doppler echocardiography frequently demonstrates abnor-
malities in LV diastolic filling.

Classification by the presence or absence of LVH has
been based on the most common presentation of the disor-
ders listed in Table 11.1. Restrictive myopathies may also
be divided on the basis of myocardial disorders (noninfiltra-
tive, infiltrative, or storage disorders) and endomyocardial
disorders. In the presence of hypertrophy, the most preva-
lent form of HF with preserved LVEF is hypertensive-
hypertrophic cardiomyopathy. The echocardiogram is
more sensitive than the electrocardiogram for the diagnosis
of LVH.31 In addition to chronic systemic hypertension,
LVH may be due to other causes of LV pressure overload,
such as aortic stenosis or aortic coarctation.

Detecting LVH in the absence of an obvious cause for LV
pressure overload supports the diagnosis of hypertrophic car-
diomyopathy. This condition is usually regional (eg, septal,
apical), but may be global. It is usually familial and
genetically mediated.32,33 Increased wall thickness by
Heart Failure with Preserved LVEF

Dilated LV Non-dilated LV

Valvular disease

AR; MR
No valvular

disease

High output HF

Increased thickness Normal thickness Right Ventricular Dysfunction*

Mitral obstruction

MS; Atrial myxoma
Normal or Increased 

QRS voltage

Hypertrophic disease

No mitral

obstruction

Pulmonary
Hypertension

Hypertensive Hx or PE

Hypertensive-hypertrophic
cardiomyopathy

Isolated or
predominant RVMI

Low QRS voltage

Infiltrative myopathy

No Aortic valve

disease

Inducible ischemia

Intermittent/active
ischemia

No inducible ischemia

Fibrotic; collagen-vascular;
Restrictive CM; carcinoid;

Reconsider diagnosis of HF

No pericardial

disease

Pericardial disease

Tamponade/Constriction
Aortic valve disease

Aortic stenosis

No Hypertensive Hx or

PE

Hypertrophic
cardiomyopathy

LVEF=left ventricular ejection fraction; HF=heart failure;
QRS=electrocardiographic ventricular depolarization; AR=aortic 
regurgitation; MR=mitral regurgitation; MS=mitral stenosis; RVMI=right 
ventricular myocardial infarction; Hx=history;  PE=physical examination. 

*Some patients with right ventricular  
dysfunction have LV dysfunction due to
ventricular interaction.

Fig. 11.1. Diagnostic Categories of HF with Preserved LVEF. (Figure courtesy of Marvin A. Konstam, MD, and Marvin W. Kronenberg, MD.)
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echocardiography, coupled with low voltage on the electro-
cardiogram, strongly supports the diagnosis of an infiltrative
cardiomyopathy. Among the most common infiltrative disor-
ders is amyloidosis,34 a disorder with a very poor progno-
sis.35 In addition to low voltage, pseudo-infarction Q waves
may be present. In the absence of hypertrophy, other infiltra-
tive processes include sarcoidosis and Gaucher’s disease.
Sarcoid nodules in the myocardium rarely cause LV restric-
tive physiology, but pulmonary sarcoidosis may commonly
cause pulmonary hypertension and right HF.36

Less common storage disorders include hemochromato-
sis. Rare disorders include Fabry disease and glycogen stor-
age diseases. Hemochromatosis has several etiologies
(familial, idiopathic, and acquired) and is manifested pri-
marily as a dilated cardiomyopathy with reduced systolic
performance, but occasionally as a non-dilated, restrictive
cardiomyopathy.37 Fabry disease may be associated initially
with normal LV mass, but later with hypertrophy. Restrictive
disorders are rare, and may be associated with either LVH or
normal LV mass.38 Endomyocardial disorders include endo-
myocardial fibrosis (usually in tropical climates); the hyper-
eosinophilic syndrome, which may or may not be related to
endomyocardial fibrosis; and carcinoid.

In the absence of aortic or mitral regurgitation, LV vol-
ume overload denotes a high cardiac output because of ven-
tricular septal defect, patent ductus arteriosus or other
arteriovenous shunt, chronic anemia, thyrotoxicosis, or
chronic liver disease.

It is essential to clarify the diagnosis of pericardial con-
striction versus restrictive disorders. In the absence of sub-
stantial pericardial fluid, the diagnosis of pericardial disease
may require invasive hemodynamics, computerized tomog-
raphy, or magnetic resonance imaging to identify peri-
cardial thickening.39

In contrast to the rarer forms of restrictive and infiltrative
cardiomyopathies and to pericardial disease, ischemic heart
disease with transient LV dysfunction is much more com-
mon. It is considered here and in other sections, particularly
Section 13.

Right ventricular (RV) dysfunction is most commonly
caused by LV dysfunction. In such conditions, there is pul-
monary hypertension. Other causes of pulmonary hyperten-
sion, such as pulmonary thromboembolic disorders and
intrinsic lung disease, may also precipitate RV dysfunction.
Occasionally severe RV dysfunction may follow RV infarc-
tion. This is usually transient, but occasionally chronic RV

Table 11.1. Common Diagnostic Groupings of Patients
With HF and Preserved LVEF

Hypertensive hypertrophic heart disease
Familial hypertrophic cardiomyopathy
Ischemic HF
Valvular heart disease
Infiltrative (restrictive) cardiomyopathy
Pericardial constriction
High cardiac output state
RV dysfunction
dysfunction can cause LV dysfunction resulting from ven-
tricular interaction, a situation in which RV pressure-volume
overload may deform and displace the interventricular sep-
tum toward the LV, increasing LV diastolic pressure even
as LV volume remains constant or decreases. Such condi-
tions reduce LV compliance.

In summary, there is a broad differential diagnosis of HF
with relatively preserved LVEF, and this must be kept in
mind during the initial evaluation of such patients. After
other disorders have been eliminated, hypertensive LVH is
the most common cause of HF with relatively preserved
LVEF. In analyzing HF in such patients, most emphasis
has centered on LV diastolic dysfunction. Nevertheless, at
the present state of knowledge, one must consider that hyper-
tension with abnormal vascular-ventricular interaction may
play a significant, causative role in the pathophysiology of
the HF by severely increasing the LV diastolic pressure.

Recommendation

11.2 Evaluation for the possibility of ischemic heart dis-
ease and inducible myocardial ischemia is recom-
mended in patients with HF and preserved LVEF
(see Section 13). (Strength of Evidence 5 C)

Background

Section 13 provides a detailed approach to the diagnosis
of ischemic heart disease in patients with HF by noninva-
sive stress imaging and by cardiac catheterization. Ischemic
mitral regurgitation, acute or chronic, may aggravate HF
with normal systolic performance.

Recommendations

11.3 Aggressive blood pressure monitoring is recom-
mended in patients with HF and preserved
LVEF (Section 14, Recommendation 14.1).
(Strength of Recommendation 5 C)

11.4 Counseling on the use of a low-sodium diet (Sec-
tion 6) is recommended for all patients with HF,
including those with preserved LVEF. (Strength
of Evidence 5 C)

11.5 Diuretic treatment is recommended in all patients
with HF and clinical evidence of volume overload,
including those with preserved LVEF. Treatment
may begin with either a thiazide or loop diuretic.
In more severe volume overload or if response to
a thiazide is inadequate, treatment with a loop di-
uretic should be implemented. Excessive diuresis,
which may lead to orthostatic changes in blood
pressure and worsening renal function, should
be avoided. (Strength of Evidence 5 C)

Background

In conditions with LVH, restrictive or constrictive physio-
logy, a small decrease in intravascular volume may be
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associated with significant reduction in LV preload, result-
ing in decreased cardiac output. Orthostatic changes and
prerenal azotemia provide evidence for excessive preload
reduction.6 Acutely, in addition to diuretics, nitrates may
have a role in diminishing pulmonary venous pressure
and clinical congestion. Chronically, the effects may be
similar, but one must be alert to the possibility of excess re-
duction in LV preload.

Recommendations

11.6 Angiotensin receptor blockers (ARBs) or ACE
inhibitors should be considered in patients with
HF and preserved LVEF.
� ARBs (Strength of Evidence 5 B)
� ACE inhibitors (Strength of Evidence 5 C)

11.7 ACE inhibitors should be considered in all pa-
tients with HF and preserved LVEF who have
symptomatic atherosclerotic cardiovascular disease
or diabetes and one additional risk factor. (Strength
of Evidence 5 C)

In patients who meet these criteria but are intoler-
ant to ACE inhibitors, ARBs should be consid-
ered. (Strength of Evidence 5 C)

Background

A trial of the ARB, candesartan, in patients with HF and
preserved LVEF showed a trend toward reduction in the pri-
mary endpoint of cardiovascular death or hospitalization
(unadjusted hazard ratio 0.89, CI 0.77–1.03, P 5 .118; ad-
justed hazard ratio 0.86, CI 0.74–1.00, P 5 .051).40 At en-
rollment, approximately 20% of patients were receiving
ACE inhibitors and 55% were receiving b-adrenergic
blocking drugs. There was no subset analysis of the combi-
nation of these drugs in these specific patients, but the can-
desartan group showed a reduction in both hospitalizations
and blood pressure.

Studies supporting the use of ACE inhibitors in patients
with HF and preserved LVEF did not enroll patients with
known HF. A secondary endpoint of the Heart Outcomes
Prevention Evaluation (HOPE) trial was progression to
HF in the following high risk patients: those older than
age 55 years with either documented vascular disease or
multiple cardiac risk factors, one of which was diabetes.41

In this randomized study, 9297 patients received double-
blind placebo or ramipril 10 mg daily and were followed
for 4.5 years. The annual risk for development of HF was
approximately 2.5%, which was reduced by 23% with the
ACE inhibitor. The risk reduction was independent of mul-
tiple covariates. The presence of a subsequent MI during
the study increased the risk of developing HF more than
eightfold. Treatment with ramipril was associated with
a 33% reduction in the development of HF in those with
a baseline systolic pressure above the median of 139 mm
Hg versus only 9% in those whose systolic blood pressure
was below the median (P 5 .024).
The European Trial on Reduction of Cardiac Events with
Perindopril in Stable Coronary Artery Disease (EUROPA)
trial studied high dose ACE inhibitor therapy versus place-
bo in patients older than age 18 with documented coronary
artery disease.42 A mean follow-up of 4.2 years showed that
perindopril reduced total mortality by 14% (from 6.9% to
6.1%), recurrent MI by 22% (6.2% to 4.8%), and hospital
admission for HF by 39%. All findings were statistically
significant, were consistent in all predefined subgroups,
were independent of coexistent b-blocker therapy, and
were seen in the setting of aggressive treatment of vascular
disease, as determined by the high rate of antiplatelet
(92%), antilipid (58%), and b-blocker (62%) usage.

Recommendation

11.8 b-blocker treatment is recommended in patients
with HF and preserved LVEF who have:
� Prior myocardial infarction (Strength of Evi-

dence 5 A)
� Hypertension (see Section 14) (Strength of

Evidence 5 B)
� Atrial fibrillation requiring control of ventric-

ular rate (Strength of Evidence 5 B)

Background

No large-scale studies to date have demonstrated im-
provement in clinical outcomes from b-blockers specifical-
ly in patients with HF and preserved LVEF. However, as
with ACE inhibitors, large subsets of this population fall
into one or another category for which b-blockers have ei-
ther proven beneficial or are highly likely to achieve clini-
cal benefit.

In failing hearts, rapid rates are associated with progres-
sively reduced contractile force and increased resting ten-
sion. The increased resting tension is related to
incomplete relaxation due to incomplete reuptake of calci-
um to storage sites in the sarcoplasmic reticulum.9 In a non-
invasive study of hypertrophic cardiomyopathy, b-
adrenergic blocking drugs prolonged diastolic filling time,
suggesting better LV filling.43 In the presence of coronary
artery disease, tachycardia is associated with a prompt in-
crease in LV diastolic pressure.44 Thus reducing the heart
rate with b-adrenergic blocking drugs should be beneficial
for LV filling and a reduction in the LV end-diastolic pres-
sure. Furthermore, retrospective studies have suggested
substantial benefit of adequate rate control on systolic func-
tion in patients with atrial fibrillation with a rapid ventric-
ular response.45,46 Patients with sinus tachycardia may
benefit from a reduction in heart rate; however, because
the tachycardia may reflect an inability to increase stroke
volume, care must be taken in using b-blockade.

Recommendation

11.9 Calcium channel blockers should be considered in
patients with:
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� Atrial fibrillation requiring control of ventricu-
lar rate in whom b-blockers have proven inad-
equate for this purpose because of intolerance.
In these patients, diltiazem or verapamil
should be considered. (Strength of Evidence
5 C)

� Symptom-limiting angina. (Strength of Evi-
dence 5 A)

� Hypertension. Amlodipine should be consid-
ered. (Strength of Evidence 5 C)

Background

Although controlled clinical trial data are lacking, sever-
al properties of the calcium channel blocking drugs (eg, ve-
rapamil, diltiazem), suggest they may benefit patients with
HF and preserved LVEF. Beyond these circumstances, cal-
cium channel blockers are not routinely recommended, de-
spite small studies showing hemodynamic benefit in select
patients.

An important effect of these drugs is slowing heart rate.
This effect should enhance calcium removal from the myo-
cyte and calcium reuptake in the sarcoplasmic reticu-
lum.6,9,12 This should lower end-diastolic pressure12 and
improve passive ventricular filling.47 Improved passive ven-
tricular filling is associated with long-term improvement in
exercise capacity in patients with hypertrophic obstructive
cardiomyopathy, a clinical condition which, like HF with
preserved LVEF, may be associated with significant abnor-
malities in myocardial relaxation.47 Numerous studies have
shown benefit from verapamil or diltiazem in chronic stable
angina pectoris, although the patients likely did not have
HF with preserved EF.48 Verapamil has been shown to
acutely reduce arterial stiffness in elderly normal subjects.
The improvement is due to improved arterioventricular
interaction, and this reduction in arterial stiffness has
been related to improved exercise performance.49

Recommendation

11.10 Measures to restore and maintain sinus rhythm
should be considered in patients who have symp-
tomatic atrial flutter-fibrillation, but this deci-
sion should be individualized. (Strength of
Evidence 5 C)

Background

In patients with atrial fibrillation or flutter who remain
symptomatic after adequate rate control, it is reasonable
to consider restoration of sinus rhythm. Because studies
comparing rhythm control to rate control in patients with
atrial fibrillation have generally excluded symptomatic pa-
tients, there are no randomized clinical trials for guidance.
Nevertheless, retrospective evaluation of studies of patients
with HF suggest that in the subset of patients with atrial fi-
brillation both amiodarone and dofetilide increased conver-
sion to sinus rhythm and maintenance of sinus rhythm.50–52
These trials also demonstrated the safety of these drugs in
patients with HF. Early experience suggests that catheter
ablation of atrial fibrillation may also be considered in pa-
tients with HF to improve symptoms.53
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Section 12: Evaluation and Management of
Patients With Acute Decompensated Heart Failure

Overview

Acute decompensated heart failure (ADHF) has emerged
as a major public health problem over the past 2 decades.1,2

Heart failure (HF) is the leading cause of hospitalization in
patients older than 65 years of age. In-hospital mortality is
excessive and readmission is disturbingly common, despite
advances in pharmacotherapy and device therapy for HF.3,4

The large direct costs associated with caring for the 5 mil-
lion Americans who have chronic HF are largely attribut-
able to hospitalization.5

Data from several studies have refined our understanding
of the clinical characteristics of patients hospitalized with
worsening HF.2,4–6 These studies demonstrate that the major-
ity of patients hospitalized with HF have evidence of systemic
hypertension on admission and commonly have preserved
left ventricular ejection fraction (LVEF). Most hospital-
ized patients have significant volume overload, and con-
gestive symptoms predominate. Patients with severely
impaired systolic function, reduced blood pressure, and
symptoms from poor end-organ perfusion are in the dis-
tinct minority. Natural history studies have shown that
ADHF represents a period of high risk for patients, during
which their likelihood of death and rehospitalization is
significantly greater than for a comparable period of
chronic, but stable HF.6

The clinical classification of patients with ADHF contin-
ues to evolve and reflects ongoing changes in our under-
standing of the pathophysiology of this syndrome.7

Worsening renal function, persistent neurohormonal activa-
tion, and progressive deterioration in myocardial function
all seem to play a role. Decompensation also commonly oc-
curs without a fundamental worsening of underlying cardi-
ac structure or function. Failure to adhere to prescribed
medications related to inadequate financial resources,
poor compliance, and lack of education or an inadequate
medical regimen may lead to hospitalization without a wors-
ening of underlying circulatory function.

There is a paucity of controlled clinical trial data to de-
fine optimal treatment for patients with acute HF. The
few trials have focused primarily on symptom relief, not
outcomes, and have mainly enrolled patients with reduced
EF who were not hypertensive. Clinical studies to deter-
mine the best care processes to achieve the multiple goals
for patients admitted with ADHF are lacking. The recom-
mendations in this section address the common therapeutic
dilemmas associated with the broad group of patients with
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ADHF using the best available evidence from clinical re-
search and consensus expert opinion.

Recommendation

12.1 The diagnosis of decompensated HF should be
based primarily on signs and symptoms. (Strength
of Evidence 5 C)

When the diagnosis is uncertain, determination of
plasma B-type natriuretic peptide (BNP) or N-
terminal pro-B-type natriuretic peptide (NT-
proBNP) concentration should be considered
in patients being evaluated for dyspnea who
have signs and symptoms compatible with HF.
(Strength of Evidence 5 A)

The natriuretic peptide concentration should not
be interpreted in isolation, but in the context of
all available clinical data bearing on the diagnosis
of HF.

Background

Signs and Symptoms. The major symptoms of
ADHFdshortness of breath, congestion, and fatiguedare
not specific for cardiac and circulatory failure.8 They may
be caused by other conditions which mimic HF, complicat-
ing the identification of patients with this syndrome. Vari-
ous forms of pulmonary disease, including pneumonia,
reactive airway disease and pulmonary embolus, may be es-
pecially difficult to differentiate clinically from HF.

Diagnostic Utility of Natriuretic Peptides. Two forms
of natriuretic peptide, BNP and NT-proBNP, have been stud-
ied as aids to establish the diagnosis, estimate prognosis and
monitor the response to therapy of patients with ADHF.9

Measurement of these peptides has been proposed in
cases where the diagnosis of HF is uncertain. A large, mul-
ticenter investigation, The Breathing Not Properly Study
(BNP), provides important evidence supporting the clinical
utility of plasma BNP in the assessment of patients present-
ing with possible HF.10,11 This study evaluated 1586 pa-
tients seen in the emergency department with the
complaint of acute dyspnea who had prospective determi-
nation of BNP by bedside assay. Patients were assigned
a probability of HF by physicians in the emergency depart-
ment who were blinded to the results of the BNP assay. The
final determination of whether or not HF was present was
based on a review of the clinical data by 2 cardiologists
also blinded to the BNP assay results. The sensitivity and
specificity of BNP measurements for the diagnosis of HF
were compared with the accuracy of an assessment based
on standard clinical examination.

The diagnostic accuracy of BNP, using a cutoff value of
100 pg/mL, was 83% relative to the assessment made by
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the independent cardiologists, whereas the negative predic-
tive value of BNP for HF when levels were !50 pg/mL
was 96%. As expected, measurement of BNP appeared to
be most useful in patients with an intermediate probability
of HF. In these patients, a BNP cutoff value of 100 pg/mL re-
sulted in the correct classification 74% of the time. BNP was
found to be predictive of HF when LV function was depressed
or preserved.12 Although BNP levels were lower in patients
with HF associated with preserved LVEF, the cutoff value
of 100 pg/mL still had a sensitivity of 86% and a negative pre-
dictive value of 96%. BNP levels increase with age, more so
in older women, so that cutoff of 100 pg/mL may not provide
the same degree of specificity for the diagnosis of HF, espe-
cially in elderly women with dyspnea.13,14

The clinical utility of NT-proBNP in the diagnosis of
heart failure was reported in the N-terminal Pro-BNP Inves-
tigation of Dyspnea in the Emergency Department (PRIDE)
study. This study used NT-proBNP measurements in the
emergency department to rule out acute congestive HF in
600 patients who presented with dyspnea.15 NT-proBNP re-
sults were correlated with a clinical diagnosis of acute CHF
as determined by study physicians blinded to these mea-
surements. The median NT-proBNP level among the 209
patients who had acute CHF (35%) was 4054 versus 131
pg/mL among 390 patients who did not (65%, P !
.001). NT-proBNP levels increase with age so that the study
investigators recommend NT-proBNP cut points of O450
pg/mL for patients younger than 50 years of age and
O900 pg/mL for patients age 50 years or older, both of
which were highly sensitive and specific for HF in this
study.

Prognostic Role of BNP. Although baseline BNP levels
may correlate only modestly with pulmonary capillary
wedge pressure (PCWP), changes in PCWP do correlate
directly with change in BNP concentration during hospital-
ization.16,17 The predischarge BNP after treatment for
acute HF appears to predict patients at risk of early read-
mission or death following hospitalization for HF.18,19 Al-
though specific discharge cutoff values are still being
defined, patients whose BNP increases during hospitaliza-
tion are at very high risk, as are patients with levels O700
pg/mL at discharge. Patients with levels !350 pg/mL at
discharge appear to be at relatively low risk of readmission
and death after discharge. Two recent studies have demon-
strated that discharge BNP and change in BNP from ad-
mission to discharge provide independent predictive
value for poor outcomes after an episode of acute heart
failure.19,20

Triage Value of BNP. The value of BNP determination
in the triage of patients seen in the emergency department
has been evaluated in a prospective, randomized, con-
trolled, single-blind study in which 452 patients presenting
with acute dyspnea were randomized to assessment with
routine clinical evaluation or routine clinical evaluation
plus the measurement of BNP. The diagnosis of HF was
considered ruled out when BNP levels were !100 pg/
mL, whereas levels of O 500 pg/mL were considered diag-
nostic of ADHF.

Fewer patients were hospitalized or admitted to intensive
care units in the BNP aided group compared with those
evaluated by standard clinical evaluation alone. The median
time to discharge was 8 days in the group with BNP mea-
sured versus 11 days in the control group (P 5 .001). Al-
though the data on outcomes from this study are not
definitive, they do not suggest that triage using BNP re-
sulted in the undertreatment of patients truly at risk. The re-
admission rate for heart failure was similar in the 2 study
groups and the mortality rate, while not reduced statistically,
was lower in those patients with BNP determined. Addi-
tional, larger randomized trials of this strategy are needed
to assess the impact of this approach on adverse outcomes
associated with admission for ADHF.

Limitations of Natriuretic Peptides. There are limita-
tions concerning the utility of natriuretic peptides in the
diagnosis of HF that need to be considered to gain maxi-
mum benefit from this testing.21 Some patients with obvi-
ous ADHF by clinical criteria may not have BNP levels
typically considered to be diagnostic. In contrast, there
may be patients, especially those with chronic LV systolic
function, who have persistently elevated BNP levels de-
spite clinical compensation and adequate volume status.22

Single measurements of BNP or NT-Pro BNP may not cor-
relate well with measures of PCWP in patients in the in-
tensive care unit, especially in patients with renal
dysfunction.12 In addition, the biologic variability of the
assays for B-type natriuretic peptides is nearly 100%.23

This variability makes interpretation of day-to-day meas-
urements problematic.

Interpretation of natriuretic hormone levels can be prob-
lematic in patients with pulmonary disease. BNP and
NT-Pro BNP may be increased in patients with pulmonary
embolus or cor pulmonale resulting from right HF in the
absence of congestion.24 Some patients with HF without
LV dysfunction may require treatment for peripheral edema
despite having low BNP levels, indicating that BNP deter-
mination cannot always identify patients who need diuretic
therapy. Patients with pulmonary disease may have con-
comitant LV dysfunction which may become more symp-
tomatic during a primary respiratory illness, further
complicating the interpretation of BNP levels.

The ranges of BNP for patients with and without a final
diagnosis of HF overlap, which makes the test potentially
less valuable in an individual patient with intermediate lev-
els of BNP. Because many conditions can increase BNP
levels, low values of BNP are most useful because they
make the diagnosis of decompensated HF very unlikely
as an explanation for dyspnea. Decision analysis indicates
that BNP testing is generally most useful in patients who
have an intermediate probability of HF. BNP levels rarely
alter the diagnosis in patients who are very likely or unlike-
ly to have HF based on usual clinical evaluation. ADHF
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remains a clinical phenomenon of symptoms due to circu-
latory dysfunction whose identification as yet cannot be re-
duced to a single laboratory measurement. Results of BNP
testing must be interpreted in the context of the overall clin-
ical evaluation, and such testing must augment rather than
supersede careful clinical reasoning.25

Recommendation

12.2 Hospital admission is recommended for patients
presenting with ADHF when the clinical circum-
stances listed in Table 12.1(a) are present.
Patients presenting with ADHF should be consid-
ered for hospital admission when the clinical cir-
cumstances listed in Table 12.1(b) are present.
(Strength of Evidence 5 C)

Background

The clinical characteristics detailed in this recommenda-
tion serve as a guide concerning which patients presenting
with worsening HF require hospitalization. These criteria
delineate severe symptoms that necessitate rapid relief; sit-
uations where outpatient therapy, typically with oral medi-
cations, is unlikely to be effective; and instances in which
deterioration in the patient’s clinical condition requires
more intense monitoring than can be accomplished in an
outpatient setting. In addition, some patients with decom-
pensated HF require invasive diagnostic procedures,

Table 12.1. Recommendations for Hospitalizing Patients
Presenting With ADHF

Recommendation Clinical Circumstances

(a) Hospitalization
Recommended

Evidence of severely decompensated HF,
including:
� Hypotension
� Worsening renal function
� Altered mentation

Dyspnea at rest
� Typically reflected by resting

tachypnea
� Less commonly reflected by oxygen

saturation !90%
Hemodynamically significant arrhythmia
� Including new onset of rapid atrial

fibrillation
Acute coronary syndromes

(b) Hospitalization
Should Be Considered

Worsened congestion
� Even without dyspnea
� Typically reflected by a weight

gain of $5 kg
Signs and symptoms of pulmonary or

systemic congestion
� Even in the absence of weight gain

Major electrolyte disturbance
Associated comorbid conditions
� Pneumonia
� Pulmonary embolus
� Diabetic ketoacidosis
� Symptoms suggestive of transient

ischemic accident or stroke
Repeated ICD firings
Previously undiagnosed HF with signs and

symptoms of systemic or pulmonary congestion
coronary intervention or surgical treatments that necessitate
hospitalization. The application of these guidelines for ad-
mission should take into account the level of outpatient sup-
port and services available, the response to therapy in the
emergency department, and the therapeutic goals for each
patient. Most patients with ADHF have evidence of volume
overload manifested by signs and symptoms of either pul-
monary or systemic congestion (Table 12.2).2 Most patients
with signs and symptoms of volume overload will present
with weight gain. However, some will show no weight
gain due to concomitant loss of lean body mass.

Recommendation

12.3 It is recommended that patients admitted
with ADHF be treated to achieve the goals listed
in Table 12.3. (Strength of Evidence 5 C)

Background

Although improving signs and symptoms are the princi-
pal immediate goals, successful inpatient therapy for wors-
ening HF involves a comprehensive care plan. Treatment to
relieve symptoms should be applied in a way that limits
side effects and reduces the risk of cardiac and renal injury.
Precipitating factors must be identified and chronic oral
therapy optimized during the patient’s hospitalization. Pa-
tients who could potentially benefit from revascularization
should be identified. Education must be provided

Table 12.2. Signs and Symptoms of Congestion in HF

Pulmonary Systemic

Symptoms Dyspnea Edema
Orthopnea Abdominal (or hepatic)

swelling and painParoxysmal nocturnal
dyspnea (PND)

Signs Rales Edema
Wheezing Elevated JVP
Pleural effusion Hepatic enlargement

and tenderness
Hypoxemia Ascites
Third heart sound

(left-sided)*
Third heart sound

(right-sided)*
Worsening mitral

regurgitation
Worsening tricuspid

regurgitation
Hepatojugular reflux

*May occur without congestion.

Table 12.3. Treatment Goals for Patients
Admitted for ADHF

Improve symptoms, especially congestion and low-output symptoms
Optimize volume status
Identify etiology (see Table 4.6)
Identify precipitating factors
Optimize chronic oral therapy
Minimize side effects
Identify patients who might benefit from revascularization
Educate patients concerning medications and self assessment of HF
Consider and, where possible, initiate a disease management program



Heart Failure Practice Guideline � HFSA e89
concerning dietary sodium restriction, self-assessment of
volume status and principal cardiac medications. Optimiz-
ing inpatient care is critical to achieve symptom relief
and low readmission rates within an acceptable period of
hospitalization.

Symptom Relief. Symptoms in patients hospitalized for
HF typically arise from 2 distinct causes: pulmonary or sys-
temic congestion and poor end-organ function from inade-
quate cardiac output. Data from several studies demonstrate
that volume expansion and congestion are far more com-
mon than symptoms arising from low cardiac output.26

Dyspnea often improves significantly within the first few
hours from diuretic and vasodilator therapy even though
volume loss may not be substantial. Several additional
days of hospitalization are often necessary to return the pa-
tient to a volume status that makes discharge acceptable.

Adverse Effects of Therapy. High-dose diuretic therapy
is a marker for increased mortality during hospitalization
for HF, as it is in chronic HF.27,28 Whether this is a direct
adverse effect of diuretics or a reflection of the severity
of the HF is unclear. However, complications of diuretic
therapy that could result in poor outcomes include electro-
lyte disturbance, hypotension, and volume depletion. Treat-
ments that effectively relieve symptoms in patients with
ADHF, such as diuretics, vasodilators, and inodilators,
can be associated with significant short- and even long-
term adverse effects on renal function.

Troponin release has been documented during hospitali-
zation for ADHF.29 These findings suggest that myocyte
loss from necrosis and apoptosis may be accelerated in pa-
tients admitted with ADHF. Mechanisms potentially ac-
counting for cell death are still being determined but may
include neurohormonal activation and pharmacologic ther-
apy.30 Medications that increase myocardial oxygen de-
mand have the potential to induce ischemia and may
damage hibernating but viable myocardium, especially in
patients with ischemic heart disease. Experimental data in-
dicate that dobutamine can cause necrosis in hibernating
myocardium.31 One outcome study comparing dobutamine
to levosimendan suggested greater risk in patients random-
ized to dobutamine.32

Precipitating Factors. Many episodes of worsening HF
requiring hospitalization are triggered by comorbid condi-
tions and may not be due to progressive cardiac dysfunc-
tion. Poor medication compliance, inability to maintain
a restricted sodium diet, or unwillingness to follow the
care plan may be the primary cause of many admissions.
Not surprisingly, these factors predispose to high rates of
readmission following hospital discharge.

Optimization of Oral Therapy. Hospitalization for
ADHF presents an excellent opportunity to restructure the
patient’s chronic oral medication regimen. The inpatient pe-
riod is especially useful in adjusting oral therapies in
patients with low blood pressure, reduced heart rate and im-
paired renal function, circumstances which typically make
dose adjustment problematic on an outpatient basis.

Education. Hospitalization provides the opportunity to
enhance patients’ understanding of their HF. Although re-
tention of knowledge imparted during an admission may
be limited, introduction of key concepts, including the seri-
ousness of HF, important aspects of therapy, and monitor-
ing volume status, sets the stage for additional education
in the follow-up period. See Section 8 for additional infor-
mation on patient education.

Disease Management. Referral to a disease manage-
ment program for HF can be facilitated by resources in
the hospital and is often a key to reducing the risk of read-
mission. Patients with frequent hospitalization are readily
identifiable as candidates for this approach. See Section 8
of this guideline for a full discussion of disease manage-
ment approaches in HF.

Recommendation

12.4 Patients admitted with ADHF should be carefully
monitored. It is recommended that the items listed
in Table 12.4 be assessed at the stated frequencies.
(Strength of Evidence 5 C)

Background

The value of specific clinical assessments to monitor the
response of patients admitted with ADHF has not been

Table 12.4. Monitoring Recommendations for
Patients Hospitalized With ADHF

Frequency Value Specifics

At least daily Weight Determine after voiding in the
morning

Account for possible increased
food intake due to improved
appetite

At least daily Fluid intake
and output

More than daily Vital signs Including orthostatic blood
pressure

At least daily Signs Edema
Ascites
Pulmonary rales
Hepatomegaly
Increased JVP
Hepatojugular reflux
Liver tenderness

At least daily Symptoms Orthopnea
Paroxysmal nocturnal

dyspnea (PND)
Nocturnal cough
Dyspnea
Fatigue

At least daily Electrolytes Potassium
Sodium

At least daily Renal function BUN
Serum creatinine*

*See background section for additional recommendations on laboratory
evaluations.
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evaluated in controlled studies. However, there is suffi-
cient consensus of expert opinion to support the utility
of serial evaluation of specific data obtained from the his-
tory, physical examination, and laboratory findings during
hospitalization.

Tracking Volume Status. Evidence that congestion is
resolving should be carefully documented during hospital-
ization by monitoring reduction in symptoms (orthopnea,
dyspnea, PND, and edema) and signs (jugular venous pres-
sure [JVP], rales, peripheral edema, ascites) of volume
overload. Daily weights and determination of intake and
output are not always accurate indicators of volume status,
but still are critical in this assessment, as long as they are
correlated with changes in symptoms and physical signs
of fluid overload.

Blood Pressure. Blood pressure may decline signifi-
cantly during hospitalization from diuretic and vasodilator
therapy, bed rest, and a more limited sodium intake. Al-
though declines in blood pressure are typically well tolerat-
ed, symptomatic hypotension is an important adverse event
in patients admitted with decompensated HF. Excessive or
overly rapid diuresis, or excessive vasodilator therapy, even
when fluid overload is still present, may produce symptom-
atic hypotension. Documentation of orthostatic blood pres-
sure change on admission and after therapy may help
reduce the likelihood of this side effect.

Laboratory Assessment. Serial determinations of elec-
trolytes (especially sodium, potassium, and magnesium)
and renal function (blood urea nitrogen [BUN] and serum
creatinine) are necessary during diuresis. Patients may be-
come hypokalemic and require supplemental potassium.
Measurement of serum potassium and renal function should
be performed more frequently in patients experiencing sub-
stantial diuresis (more than 2 L/day) or in patients with ab-
normalities in serum potassium concentration or renal
function before the initiation of diuretic therapy.

Deterioration of renal function during diuresis is a poor
prognostic sign and may occur even before achieving euvo-
lemic status. Studies indicate that increasing serum creati-
nine is associated with an increase in mortality in
patients with acute heart failure.21,22,24,25,27–35 A major di-
lemma occurs when creatinine rises in the face of contin-
ued signs and symptoms of congestion. Few data are
available to guide clinicians to the best response to a decline
in renal function in this setting. Most physicians continue
diuresis as long as the increase in creatinine is modest,
since failure to relieve ongoing congestion often leaves
the patient symptomatic and at risk for a poor outcome.
If increasing creatinine is thought to reflect intravascular
volume depletion, either relative or absolute, then reduction
or temporary discontinuation of diuretic or vasodilator ther-
apy should be considered, with a reduction in the rate of di-
uresis to prevent a rapid depletion of intravascular volume.
Adjunctive use of inotropic therapy should be considered.
If substantial fluid excess persists and diuresis cannot be
achieved without an unacceptable degree of azotemia,
then dialysis should be considered.

The prognostic significance of worsening renal function in
the setting of drug therapy is more difficult to determine.
Outpatient initiation of ACE inhibitor therapy commonly in-
creases serum creatinine, especially in severe HF, but these
modest increases have been associated with long-term reduc-
tions in mortality and hospital admissions in chronic HF.36,37

Routine and frequent laboratory tests recommended in
ADHF are shown in Table 12.5.

Electrolytes, BUN, and creatinine and troponin have
been discussed. A complete blood count will exclude ane-
mia. An oxygen saturation test will determine the need
for oxygen. Arterial blood gases may detect unsuspected
carbon dioxide retention and suggest a comorbid pulmo-
nary problem. Liver function tests may be elevated when
there is poor hepatic perfusion or may indicate a comorbid
hepatic problem. Urinalysis will exclude urinary tract infec-
tions and will help exclude acute tubular necrosis if there
has been a hypotensive episode and the creatinine is rising.
D-dimer should be used as suggested in guidelines to
exclude pulmonary embolus.

Recommendation

12.5 It is recommended that patients admitted
with ADHF and evidence of fluid overload be trea-
ted initially with loop diureticsdusually given in-
travenously rather than orally. (Strength of
Evidence 5 B)

Background

Diuretic Therapy for Decompensated HF. Although
their safety and efficacy have not been established in ran-
domized, controlled trials, extensive observational experi-
ence has demonstrated that loop diuretics, generally alone
but at times in combination with non-loop diuretics, effec-
tively relieve congestive symptoms in patients admitted
with volume overload. These agents remain first line thera-
py for the management of congested patients with ADHF
(see Section 7 Tables 7.2 and 7.3).

Table 12.5. Laboratory Evaluation for Patients With ADHF

Routinely Electrolytes
BUN and creatinine
Blood glucose
Troponin
Complete clood count
INR if using Coumadin
Oxygen saturation

Frequently BNP or NT-proBNP
Liver function tests
Urinalysis
D-dimer
Arterial blood gases
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Observational experience also suggests that loop diu-
retics should be administered intravenously for best effect
in the setting of worsening HF. Oral furosemide is only
40% biogradable under ideal circumstances. This rate is
highly variable from patient to patient and even from day
to day in the same patient and is often considerably lower
in patients with severe HF. Furosemide, a commonly used
loop diuretic, has a short duration of action, with a peak ef-
fect at 1 to 2 hours, which resolves approximately 6 hours
after dosing. Administration 2 or more times a day may be
necessary and is often the best approach when these agents
are initially ineffective. Increasing the dose also improve
response to diuretics if the current dose is insufficient to
achieve maximal delivery of drug to the tubules.

Intravenous loop diuretics can produce significant acute
reductions in left and right ventricular filling pressures as
rapidly as 15 minutes after administration. This helps ex-
plain why some patients experience improvement in symp-
toms prior to the onset of the diuretic effect of these
drugs.38 In contrast, administration of intravenous furose-
mide has been associated with neurohormonal activation,
which may result in worsening of hemodynamics secondary
to vasoconstriction in the early stages of therapy.39 How-
ever, as sodium excretion increases and diuresis ensues,
volume loss leads to a reduction in PCWP and improve-
ment in symptoms.39

Recommendations

12.6 It is recommended that diuretics be administered
at doses needed to produce a rate of diuresis suf-
ficient to achieve optimal volume status with relief
of signs and symptoms of congestion (edema, ele-
vated JVP, dyspnea), without inducing an exces-
sively rapid reduction in intravascular volume,
which may result in symptomatic hypotension
and/or worsening renal function. (Strength of
Evidence 5 C)

12.7 Careful repeated assessment of signs and symp-
toms of congestion and changes in body weight
is recommended, because clinical experience sug-
gests it is difficult to determine that congestion
has been adequately treated in many patients.
(Strength of Evidence 5 C)

12.8 Monitoring of daily weights, intake, and output is
recommended to assess clinical efficacy of diuretic
therapy. Routine use of a Foley catheter is not rec-
ommended for monitoring volume status. Howev-
er, placement of a catheter is recommended when
close monitoring of urine output is needed.
(Strength of Evidence 5 C)

Background

Relief of congestion is a self-evident goal of diuretic
therapy in congested patients admitted with worsening
HF. Achieving this result, while avoiding hypotension and
worsening renal function, often requires close observation
and careful titration of these agents. Excessively rapid di-
uresis may result in symptomatic declines in blood pressure
and reduced renal function, even while some degree of con-
gestion persists.

Clinical experience suggests it may be difficult to identify
persistent congestion. In contrast, even modest relief of
congestion may be associated with substantial improve-
ment in dyspnea and sense of well being in many patients
despite ongoing volume overload, which may result in
premature discharge. The care of patients admitted with
worsening HF requires careful physical and symptom as-
sessment and monitoring of vital signs, body weight,
and laboratory results to optimize fluid status. Reduction
in body weight during hospitalization should be anticipat-
ed in patients presenting with significant congestion. Care-
ful history will often document a clear weight gain and
suggest a target weight that may be desirable to achieve
before discharge. However, accurate determinations of
body weight and, even more so, intake and output are
not easy to achieve, even in the hospital environment.
These measurements should be correlated with other evi-
dence of resolving congestion to achieve the best assess-
ment of an adequate therapeutic response.

Recommendation

12.9 Careful observation for development of a variety
of side effects, including renal dysfunction, elec-
trolyte abnormalities, and symptomatic hypoten-
sion, is recommended in patients treated with
diuretics, especially when used at high doses and
in combination. Patients should undergo routine
laboratory studies and clinical examination as
dictated by their clinical response. (Strength of
Evidence 5 C)

Serum potassium and magnesium levels should be
monitored at least daily and maintained in the normal
range. More frequent monitoring may be necessary
when diuresis is rapid. (Strength of Evidence 5 C)

Overly rapid diuresis may be associated with se-
vere muscle cramps, which should be treated
with potassium replacement if indicated.
(Strength of Evidence 5 C)

Background

Overview of the Adverse Effects of Diuretics. Despite
beneficial effects in acute HF, diuretics may be associated
with a variety of adverse effects that often require
alterations in their use or the use of concomitant medi-
cations.40 Patients treated with diuretics should be moni-
tored carefully for excessive urine output, development of
hypotension, and reductions in serum potassium, magne-
sium, and renal function. Serial determinations of creatinine
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and BUN are particularly important when these side effects
are present or anticipated. Diuretic therapy must be highly
individualized based on the degree of fluid overload present
and the degree of volume loss produced to minimize these
side effects.

Hypokalemia. Potassium must be monitored closely, es-
pecially during the period when diuresis is most pro-
nounced, with supplementation given as needed. Patients
with reduced serum potassium need immediate replacement
before diuretic therapy for worsening HF.

Hypotension. In patients with reduced LVEF and ven-
tricular dilation, the effect of loop diuretics on cardiac out-
put and blood pressure often seems counterintuitive.
Despite decreasing filling pressures, loop diuretics usually
do not produce clinically significant reductions in cardiac
output or blood pressure in patients with worsening HF
and LV systolic dysfunction. In patients with ventricular
dilation and volume overload, total stroke volume is rela-
tively independent of filling pressures.41 Diuretic-induced
reductions in left and right heart filling pressures are fre-
quently accompanied by augmented forward stroke volume
and cardiac output, related to (1) diminution in functional
mitral regurgitation; (2) diminution in functional tricuspid
regurgitation; and (3) reduction in right ventricular volume,
associated with relief of ventricular-interdependent LV
compression and improved effective LV distensibility.

In contrast, some patients do experience symptomatic hy-
potension with decreasing cardiac output and blood pressure
during therapy. Intravascular volume must be maintained by
reequilibration as interstitial fluid moves into the vascular
bed to maintain blood pressure even as diuresis proceeds.
The time course of this phenomenon varies among patients
and, especially during periods of brisk diuresis, may lag
behind the decline in intravascular volume, resulting in hy-
potension despite persistent total body fluid overload.

Diuresis accompanied by a reduction in filling pressure
may make patients more sensitive to the hypotensive effects
of drugs with vasodilator properties. Diuretics may signifi-
cantly enhance the hypotensive effects of ACE inhibitors,
even when volume overload is still present. Patients with
HF with preserved LVEF or restrictive cardiomyopathy
may be more sensitive to diuresis and may decrease their
blood pressure during diuretic therapy despite continued
volume expansion. All patients receiving diuretic therapy
need careful monitoring to prevent adverse hemodynamic
effects from excessive volume loss.

Neurohormonal Activation. During therapy for ADHF,
diuretics appear to increase activation of neurohormonal
systems considered maladaptive in HF. Enhanced activity
of the RAS and the sympathetic system may occur with di-
uretics, and can result in secondary increases in systemic
vascular resistance.42,43 Whether these changes have long-
term adverse effects in patients with ADHF or limit the ef-
fectiveness of these agents requires further study.
Other Side Effects. Diuretic agents may increase the in-
cidence of digitalis toxicity, either by decreasing glomeru-
lar filtration rate or by inducing hypokalemia and
hypomagnesemia. Electrolyte disturbances induced by diu-
retics may result in arrhythmia. Hyponatremia may occur as
a result of diuretic therapy, in part because of increases in
circulating vasopressin, which can further reduce renal
clearance of free water, in turn impeding restoration of eu-
volemia.43,44

Recommendation

12.10 Careful observation for the development of renal
dysfunction is recommended in patients treated
with diuretics. Patients with moderate to severe
renal dysfunction and evidence of fluid retention
should continue to be treated with diuretics. In
the presence of severe fluid overload, renal dys-
function may improve with diuresis. (Strength
of Evidence 5 C)

Background

Diuretic therapy may further worsen renal function in pa-
tients with baseline renal insufficiency. Loop diuretics may
produce intrarenal regulatory changes, related in part to
neurohormonal activation, which can compromise glomer-
ular filtration rate. Excessive diuresis or overly rapid diure-
sis may lower preload so that systemic blood pressure is
compromised, especially in patients with marked HF with
preserved LVEF and significant LV hypertrophy or restric-
tive physiology.

Despite these physiologic disadvantages, the net effect of
diuretic therapy in individual patients with ADHF is diffi-
cult to predict. In some patients with reduced renal function
at baseline, decongestion may improve serum creatinine
and BUN, even as intravascular volume and filling pres-
sures decline. Improved renal blood flow in response to re-
lief of abdominal fluid overload is postulated as one
physiologic mediator of this beneficial effect. Clearly, con-
gested patients with acute HF with evidence of renal insuf-
ficiency should be treated with diuretics even as they need
careful monitoring of renal function to minimize risk.

Recommendation

12.11 When congestion fails to improve in response to
diuretic therapy, the following options should be
considered:
� Sodium and fluid restriction,
� Increasing doses of loop diuretic,
� Continuous infusion of a loop diuretic, or
� Addition of a second type of diuretic orally

(metolazone or spironolactone) or intrave-
nously (chlorothiazide).

A fifth option, ultrafiltration, may be considered.
(Strength of Evidence 5 C)
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Background

Most patients admitted with worsened HF and conges-
tion will respond adequately to loop diuretics with resolu-
tion of volume overload; however, a minority will
experience some resistance to diuretic therapy. Increasing
the frequency and then the dose of loop diuretic is recom-
mended in these cases to restore volume status. Distal tubu-
lar diuretics augment the natriuretic effect of loop diuretics.
These agents should be considered as adjunctive therapy in
patients with diuretic resistance who do not respond to
more frequent administration or escalating doses of loop
diuretics.

Continuous infusion of a loop diuretic may produce high-
er and more sustained concentrations of furosemide within
the renal tubule than repeated bolus injection. Continuous
infusion may be associated with less prerenal azotemia
and fewer other side effects compared with bolus adminis-
tration, possibly because this method avoids the high peak
concentrations associated with bolus dosing. One random-
ized crossover study compared the efficacy of continuous
infusion of furosemide versus an equivalent dose of the
agent given in a single bolus injection.45 This study en-
rolled patients who were in New York Heart Association
class III or IV HF and on oral doses of at least 250 mg fu-
rosemide per day. Patients on continuous infusion (mean to-
tal daily dosage 690 mg, range 250 to 2000, approximately
10 to 83 mg/hour) had a greater urine output, lower maxi-
mal furosemide plasma concentration and fewer adverse ef-
fects than patients on an equivalent dose of bolus
medication.

Ultrafiltration. Mechanical methods of fluid removal are
being actively investigated as potential alternatives to phar-
macologic diuresis.46 Small uncontrolled studies have long
suggested the utility of this approach using not only tradi-
tional dialysis but hemofiltration methods.47 More recently,
2 studies examined the utility of a peripheral venovenous
system.48,49 Randomized controlled clinical trials are un-
derway to evaluate the potential use of this treatment mo-
dality in patients with acute HF.

Recommendation

12.12 A low sodium diet (2 g daily) is recommended, as
is supplemental oxygen as needed for hypoxemia.
(Strength of Evidence 5 C)

In patients with recurrent or refractory volume
overload, stricter sodium restriction may be con-
sidered. (Strength of Evidence 5 C)

Background

Dietary sodium restriction is important, even short-term
in the hospital setting, to help restore euvolemia. The level
of sodium restriction prescribed during hospitalization may
be greater than typically feasible in the outpatient setting.
Recommendation

12.13 Fluid restriction (!2 L/day) is recommended in
patients with moderate hyponatremia (serum
sodium !130 mEq/L) and should be considered
to assist in treatment of fluid overload in other
patients. (Strength of Evidence 5 C)

In patients with severe (serum sodium !125
mEq/L) or worsening hyponatremia, stricter
fluid restriction may be considered. (Strength of
Evidence 5 C)

Background

Severe hyponatremia is not a common manifestation
of ADHF, but is an ominous sign. However, recent results
suggest that even reductions in serum sodium traditionally
considered mild (!137 mEq/L) are associated with pro-
longed hospitalization and increased in-hospital mortality.50

Patients whose reduction in serum sodium is related to vol-
ume depletion as a result of diuretic therapy or environmen-
tal conditions will respond to administration of sodium and
water. However, the great majority of hyponatremia in HF
patients occurs in the setting of volume overload and cannot
be corrected by the administration of sodium, which will
only compound volume expansion.

Fluid restriction may produce some improvement in se-
rum sodium concentration and may be transiently effective
in mild hyponatremia. Fluid restriction can be difficult to
maintain, because thirst is a common symptom in patients
with HF. Patients may feel a certain amount of fluid ingestion
is necessary for good health and that restriction will be harm-
ful. Education concerning the benefits and lack of adverse
effect of fluid restriction may help promote compliance.

Recommendation

12.14 Routine administration of supplemental oxygen
in the absence of hypoxia is not recommended.
(Strength of Evidence 5 C)

Background

Supplemental oxygen therapy should be individualized.
The congested dyspneic patient who presents with oxygen
desaturation requires oxygen therapy. Patients with system-
ic fluid overload that does not compromise oxygenation do
not require oxygen therapy.

Recommendation

12.15 In the absence of symptomatic hypotension, in-
travenous nitroglycerin, nitroprusside or nesiri-
tide may be considered as an addition to
diuretic therapy for rapid improvement of con-
gestive symptoms in patients admitted with
ADHF. (Strength of Evidence 5 B) Frequent
blood pressure monitoring is recommended
with these agents. (Strength of Evidence 5 B)
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These agents should be decreased in dosage or
discontinued if symptomatic hypotension devel-
ops. (Strength of Evidence = B) Reintroduction
in increasing doses may be considered once
symptomatic hypotension is resolved. (Strength
of Evidence 5 C)

Background

Nitroglycerin. Intravenous nitroglycerin acutely reduces
LV filling pressure, primarily through its venodilator ef-
fects, which reduces pulmonary congestion.51 At higher
doses the drug may lower systemic afterload and increase
stroke volume and cardiac output, but the extent of these ef-
fects is variable. Intravenous nitroglycerin may improve
coronary blood flow, making it potentially more effective
in patients with ADHF from acute ischemia or myocardial
infarction. Nitroglycerin therapy results in neurohormonal
activation; whether this has a detrimental effect in acute
HF is uncertain.51,52 Based on physiologic considerations,
it is not expected that the use of nitroglycerin in patients
with ADHF would have a direct effect on renal function.

Data demonstrating favorable hemodynamic effects of
intravenous nitroglycerin in HF are derived primarily
from small, uncontrolled studies of patients who were not
usually hospitalized for acute decompensation.53 These
studies demonstrate beneficial hemodynamic effects, but
also document a relative resistance to nitroglycerin and sig-
nificant tachyphylaxis to the vascular actions of this drug,
changes that can occur within hours at high doses. The
strategy of a nitrate-free interval, which may be an option
to reduce tolerance during chronic therapy, could result in
adverse hemodynamic effects that would be unacceptable
in patients with acute HF.

Approximately 20% of patients with HF are resistant to
the hemodynamic effects of any dose of nitroglycerin.54,55

Patients who do not have hemodynamic benefit at doses
of intravenous nitroglycerin in the range of 200 mg/kg can
be considered non-responders for whom additional dosing
is unwarranted.

The adverse effects of nitroglycerin therapy include
headache and symptomatic hypotension. Hypotension is
more likely when preload is low, which may occur as filling
pressures decline in response to diuretic therapy. Symptom-
atic hypotension and headache respond to reduction in
dose, but may require discontinuation of therapy.

Nitroprusside. This potent vasodilator has balanced ef-
fects on the venous and arteriolar tone. PCWP is reduced
almost immediately, and there usually is a robust increase
in cardiac output. The drug is used primarily in conjunction
with hemodynamic monitoring. It can be easily titrated to
an appropriate dose while maintaining a systolic blood
pressure O90 mm Hg or mean arterial pressure O65 mm
Hg. The dose range is between 5 and 400 mcg. Thiocyanate
toxicity is rare when nitroprusside is used by an experi-
enced care team.
Nesiritide. A number of cardiovascular, renal, and neuro-
hormonal effects of BNP have been identified.56,57 Nesiri-
tide, a peptide identical to human B-type natriuretic
peptide, represents the form of BNP available for clinical
use. Extensively evaluated in patients with HF from almost
exclusively LV systolic dysfunction, nesiritide administra-
tion produces dose-dependent reductions in filling pressure,
systemic and pulmonary vascular resistance, and an increase
in cardiac output.58–61 At the currently recommended dose
(0.01 mg/kg), nesiritide significantly reduces LV filling pres-
sure but has variable effects on cardiac output.62 A reduction
in circulating aldosterone levels has been observed.63

Studies of nesiritide in patients with HF from LV systolic
dysfunction show no consistent effect on glomerular filtra-
tion rate and renal blood flow. Some studies have demon-
strated enhanced urinary output and increased sodium
excretion, while others have not.63,64 A number of explan-
ations have been proposed for these variable effects, includ-
ing the dose of nesiritide studied, degree of concomitant
diuretic therapy, and hemodynamic effects, which may in-
clude a reduction in blood pressure or an augmentation of
cardiac output.

The VMAC Trial. The Vasodilator in the Management
of Acute Heart Failure (VMAC) study was a complex mul-
ticenter, randomized, double-blinded controlled trial of ne-
siritide, nitroglycerin, and standard therapy in 489 patients
hospitalized for worsening HF.62 Patients had evidence of
elevated cardiac filling pressures, either by clinical exami-
nation or documented by a directly measured PCWP of
$20 mm Hg. The study used a dose of nesiritide (bolus
of 2 mg/kg followed by an infusion of 0.01 mg/kg/min) de-
signed from pharmacokinetic and pharmacodynamic data
to decrease the time to onset of initial hemodynamic effects
and to reduce the blood pressure–lowering action of the
drug over longer periods. Study treatment (either nesiritide
or intravenous nitroglycerin) was to be continued for at
least 24 hours as tolerated. The primary endpoints of the
VMAC trial were change in PCWP from baseline (catheter-
ized stratum only) and change in dyspnea score from base-
line. The primary study comparison of these endpoints was
between nesiritide on top of standard therapy versus stan-
dard therapy alone at 3 hours.

Trial results showed that the combination of nesiritide
plus standard therapy significantly decreased PCWP (P !
.001) and dyspnea score (P 5 .03) at 3 hours compared
with standard therapy alone. Nesiritide did not improve
dyspnea compared to nitroglycerin, but did lower the
PCWP more than nitroglycerin (P 5 .03). Although hemo-
dynamic data was limited after 24 hours because of the na-
ture of the protocol design, an effect of nesiritide on PCWP
(change from baseline) was sustained throughout this peri-
od and appeared to be present up to 48 hours with few dose
increases (ie, no apparent tachyphylaxis).

Adverse Effects. The potential side effects of nesiritide
include hypotension, headache, and worsening renal
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function. The risk of hypotension appears to be dose depen-
dent and was less frequent in the VMAC study than in ear-
lier trials that used higher maintenance doses. The
incidence of symptomatic hypotension in the VMAC trial
was similar in patients treated with nitroglycerin versus ne-
siritide. Because of the longer effective half-life of nesiri-
tide, hypotension may last longer with nesiritide than
with nitroglycerin. The risk of hypotension appears to be
reduced in the absence of volume depletion, so correct as-
sessment of fluid status will help to minimize this side ef-
fect. If rapid onset of hemodynamic effect is not needed,
the bolus dose of nesiritide can be omitted, which may less-
en the risk of symptomatic hypotension, although this strat-
egy has not been tested in controlled trials. Headache is not
a common side effect and only infrequently is severe
enough to warrant discontinuation of the drug.

Worsening Renal Function. Worsening of renal func-
tion has been observed in clinical trials with nesiritide.
The mechanisms for this adverse effect on renal function
are unknown but physiologic considerations suggest inter-
action with diuretic therapy, reductions in blood pressure
and inhibition of the RAS may play a role. Only limited
data are available from clinical trials to assess the fre-
quency and severity of this adverse effect. Analysis of
available data from the VMAC study and other nesiritide
trials demonstrated that nesiritide plus standard therapy
was more likely than standard therapy alone to be associ-
ated with a rise in creatinine of O .5 mg/dL during the
study period.65 This analysis was retrospective and used
data from studies that were not prospectively designed
to assess serial changes in renal function. The cut point
of serum creatinine used to indicate worsening renal func-
tion was dictated by the data available to the investigators
and has been employed in other studies. Whether there is
a general relationship between nesiritide and worsening
renal function or whether other cut points of creatinine in-
crease would show a similar adverse effect is unknown.
Although most of the clinical trials of nesiritide were
not designed to monitor effects on renal function for
a 30-day period, analysis of any additional data available
is needed. The dose of nesiritide may be a significant fac-
tor related to the risk of worsening renal function. In the
VMAC study worsening renal function, as defined by the
0.5 mg/dL endpoint, occurred in 21% of patients random-
ized to standard therapy plus nitroglycerin versus 27% in
the patients randomized to nesiritide.65

Whether the worsening renal function induced by nesiri-
tide is associated with adverse outcomes in patients with
ADHF is uncertain. There is clear evidence from database
studies that worsening renal function during an episode of
ADHF is associated with increased mortality.33–35 Howev-
er, worsening renal function induced by other neurohor-
monal antagonists, such as ACE inhibitors, is not
predictive of worsened survival.37 Additional mechanistic
studies are needed to better understand the effects of nesiri-
tide on renal function, both regarding glomerular filtration
rate and urinary sodium excretion, and how this may vary
with diuretic use and volume status in patients with ADHF.

The current guideline has stressed the importance of
careful monitoring of renal function in patients admitted
with ADHF and this certainly applies to patients treated
with nesiritide. Potential strategies to reduce the risk of re-
nal dysfunction during nesiritide therapy include use of the
drug at the recommended dose with titration dictated by
clinical response as tolerated, adjustment of concomitant
diuretic therapy and avoidance of hypotension.

Outcome Data. The current guideline has specified that
nesiritide may be considered for symptom relief in patients
with symptomatic congestion. A recent meta-analysis has
suggested that use of nesiritide in patients with ADHF is as-
sociated with increased mortality.66 However, the data over-
all do not provide convincing evidence of an adverse effect
of nesiritide on mortality in patients with ADHF. The po-
tential for the drug to produce hypotension and worsening
renal function, as well as lack of outcome data at the cur-
rently recommended dose, points to the need for more
data concerning the effect of nesiritide on renal function
and mortality in ADHF. Additional, well designed and ad-
equately powered prospective studies are warranted to de-
termine the effect of this drug on outcomes in patients
with ADHF.

Recommendation

12.16 Intravenous vasodilators (intravenous nitroglyc-
erin or nitroprusside) and diuretics are recom-
mended for rapid symptom relief in patients
with acute pulmonary edema or severe hyperten-
sion. (Strength of Evidence 5 C)

Background

Diuretics remain an important treatment of acute pulmo-
nary edema, although randomized controlled trial data to
establish the best strategy for the use of these agents (eg,
duration and dose of this therapy) are not available. Data
from contemporary randomized controlled clinical trials
demonstrating the benefit of vasodilator therapy plus stan-
dard therapy compared with standard therapy alone are
also lacking. Support for the use of these agents comes
from extensive clinical experience in patients admitted
with this syndrome, which suggests benefit is common.
In addition, one study has suggested that intravenous iso-
sorbide dinitrate and low-dose diuretics might be more ef-
fective than high-dose diuretics in patients with this
condition. In this trial, 110 patients were randomized to
treatment with (1) repeated high-dose boluses of intrave-
nous isosorbide dinitrate plus a single 40-mg bolus of intra-
venous furosemide or (2) repeated high-dose furosemide.
These regimens were administered until oxygen saturation
was above 96% or mean arterial blood pressure decreased
by 30% or to below 90 mm Hg. Patients randomized to
repeated high doses of isosorbide dinitrate and a low-
dose diuretic had a significantly lower combined risk of
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myocardial infarction, requirement for mechanical ventila-
tion or death than those treated primarily with a more ag-
gressive diuretic regimen.67

Recommendations

12.17 Intravenous vasodilators (nitroprusside, nitro-
glycerin, or nesiritide) may be considered in pa-
tients with ADHF and advanced HF who have
persistent severe HF despite aggressive treat-
ment with diuretics and standard oral therapies.
(Strength of Evidence 5 C)

12.18 Intravenous inotropes (milrinone or dobut-
amine) may be considered to relieve symptoms
and improve and end-organ function in patients
with advanced HF characterized by LV dilation,
reduced LVEF, and diminished peripheral perfu-
sion or end-organ dysfunction (low output syn-
drome), particularly if these patients have
marginal systolic blood pressure (!90 mm Hg),
have symptomatic hypotension despite adequate
filling pressure, or are unresponsive to, or intol-
erant of, intravenous vasodilators. (Strength of
Evidence 5 C)

These agents may be considered in similar pa-
tients with evidence of fluid overload if they re-
spond poorly to intravenous diuretics or
manifest diminished or worsening renal function.
(Strength of Evidence 5 C)

When adjunctive therapy is needed in other pa-
tients with ADHF, administration of vasodilators
should be considered instead of intravenous ino-
tropes (milrinone or dobutamine). (Strength of
Evidence 5 B)

Intravenous inotropes (milrinone or dobutamine)
are not recommended unless left heart filling
pressures are known to be elevated based on di-
rect measurement or clear clinical signs.
(Strength of Evidence 5 B)

Administration of intravenous inotropes (milri-
none or dobutamine) in the setting of ADHF
should be accompanied by continuous or fre-
quent blood pressure monitoring and continuous
monitoring of cardiac rhythm. (Strength of
Evidence 5 C)

If symptomatic hypotension or worsening ta-
chyarrhythmias develop during administration
of these agents, discontinuation or dose reduction
should be considered. (Strength of Evidence 5 C)

Background

Introduction. Although they account for only a small
percentage of ADHF, patients with advanced HF, which
may be defined as severe LV systolic dysfunction with
ventricular dilation and marked chronic clinical symptoms,
represent a major therapeutic challenge.68,69 Treatment
options are limited and there is little evidence from ran-
domized trials to guide management. Marked resting hemo-
dynamic derangements, such as reduced cardiac output and
increased PCWP, are characteristic in these patients. Avail-
able clinical studies have assessed the effect of treatment al-
most exclusively on hemodynamic endpoints. These studies
provide convincing evidence that administration of vasodi-
lators and inotropic agents, alone or in combination, usually
results in significant short-term hemodynamic improvement
in most patients. Although there are no randomized con-
trolled trials comparing vasodilators in lieu of inotropes
in this population. Many patients with advanced HF and
ADHF will have moderate to severe vasoconstriction and
substantially elevated filling pressures, a hemodynamic pat-
tern that may improve with vasodilators alone.

However, intravenous inotropes (milrinone or dobut-
amine) may be considered to relieve symptoms and im-
prove end-organ function in patients with advanced HF
and diminished peripheral perfusion or end-organ dysfunc-
tion (low output syndrome). Inotropic therapy is often used
if these patients have marginal systolic blood pressure
(!90 mm Hg), have symptomatic hypotension despite ad-
equate filling pressure, or are unresponsive to, or intolerant
of, intravenous vasodilators. Patients with advanced HF and
reduced blood pressure and normal or low systemic vascu-
lar resistance often will not tolerate or derive sufficient he-
modynamic benefit from vasodilator therapy. Inotropic
agents may be necessary to maintain circulatory function
in these patients. Even patients with advanced HF may
present with ‘‘low cardiac output’’ syndrome due to volume
depletion. Elevation of left heart filling pressures based on
classical signs and symptoms or direct measurement should
be documented prior to use of vasodilators or inotropic
agents in patients with advanced HF. Vasodilators and ino-
tropic agents may be considered in patients with advanced
HF and ADHF and evidence of fluid overload if they re-
spond poorly to intravenous diuretics or manifest dimin-
ished or worsening renal function.

Administration of intravenous inotropes (milrinone or
dobutamine) in the setting of ADHF and advanced HF
should be accompanied by continuous or frequent blood
pressure monitoring and continuous monitoring of cardiac
rhythm. Discontinuation or dose reduction is often neces-
sary if the use of vasodilators or inotropic agents is accom-
panied by symptomatic hypotension. Inotropic agents may
promote or aggravate tachyarrhythmias and discontinuation
or reduction in dose may be necessary when these side
effects occur.

Data concerning the hemodynamic effects of intravenous
nitroglycerin and nesiritide are reported elsewhere; this
background section will focus on the use of sodium nitro-
prusside and inotropic agents in patients with advanced HF.

Sodium Nitroprusside. Sodium nitroprusside exerts
a significant effect on both ventricular preload and



Heart Failure Practice Guideline � HFSA e97
afterload, resulting in both a decrease in LV filling pres-
sures and typically an increase in LV stroke volume. After-
load reduction may be of particular benefit in patients with
acute HF complicated by significant mitral regurgitation,
making sodium nitroprusside effective in these patients.
This drug can be a potent dilator of the pulmonary circula-
tion and can be used to establish reversibility of pulmonary
hypertension in patients being evaluated for cardiac trans-
plantation. Sodium nitroprusside may prove useful in pa-
tients with ADHF associated with LV dysfunction and
severe aortic stenosis.

Despite these favorable hemodynamic effects, sodium ni-
troprusside has not been widely adopted as a treatment mo-
dality for acute HF. There are a number of aspects related to
the pharmacologic effects of the drug and its practical ap-
plication that have limited its use in ADHF. In most centers,
this drug is not administered without invasive monitoring of
blood pressure and typically central hemodynamics. Sodi-
um nitroprusside has been noted to increase mortality rates
when given to patients within 48 hours of an acute MI who
are not in HF.70 One explanation for this adverse effect cen-
ters on the significant effects the drug may have on coro-
nary blood flow. Coronary artery disease may limit the
vasodilatory response to nitroprusside and thus create a cir-
cumstance of coronary steal with improved perfusion
through normal vessels and reduced blood flow through dis-
eased arteries. However, when pump dysfunction persists
for greater than 48 hours after acute MI, nitroprusside
may improve survival.70

Sodium nitroprusside should be initiated at a rate dose of
5 to 10 mg/min. Doses exceeding 400 mg/min generally do
not produce added benefit and may increase the risk of thio-
cyanate toxicity. The drug may be titrated rapidly (up to ev-
ery 5 minutes) until hemodynamic goals are reached.

Milrinone and Dobutamine. Milrinone, often termed an
inodilator, causes, in the short term, increased myocardial
contractility and decreased systemic and pulmonary vascu-
lar tone.71 Heart rate typically is augmented to a lesser de-
gree with milrinone than dobutamine, but both drugs may
cause unwanted tachycardia. Milrinone typically produces
significant vasodilation of the pulmonary arterial system,
which may be important in supporting patients with marked
pulmonary hypertension and poor cardiac output. Milri-
none administration may demonstrate that increased pul-
monary resistance is reversible, an important observation
in patients being considered for cardiac transplantation.72

Because dobutamine does not act as a pulmonary artery va-
sodilator, it typically has little direct effect on pulmonary
vascular resistance. There is always concern that inotropic
agents may increase myocardial oxygen consumption. In
a small study of 10 patients, the use of milrinone was not
associated with increased myocardial oxygen consumption
from baseline.73

In contrast to dobutamine, the hemodynamic effects of
milrinone are not mediated by stimulation of b-receptors.
Thus the pharmacologic actions of milrinone do not appear
to be diminished to the same extent as those of dobutamine
by concomitant administration of b-blocking drugs. To
avoid discontinuation of b-blockade, some clinicians use
this agent for hemodynamic support of patients who are hos-
pitalized with worsening HF while on b-blocker therapy.

Dosing. Bolus administration of milrinone definitely pro-
duces rapid hemodynamic improvement, but is associated
with increased risk of symptomatic hypotension. Symptom-
atic hypotension occurred in more than 10% of patients in
the milrinone arm of the OPTIME-CHF trial, even though
the initial dose was 0.5 mg$kg$min without a bolus.50 How-
ever, recent work has shown that by 2 hours, the hemody-
namic improvement from this infusion rate is similar with
or without a loading dose.74 An increase of approximately
50% in cardiac index occurs during this brief period. Initial
doses of 0.1 mg$kg$min and final doses of 0.2 to 0.3
mg$kg$min should be considered, as they appear to be asso-
ciated with symptomatic improvement and may be better
tolerated, but the recommended dose range goes up to
0.75 mg$kg$min.

Risks of Inotropic Agents. Data from at least 2 studies
confirm that there is no rationale for the use of inotropic
agents in the great majority of patients admitted with acute
HF with congestion, not a low output state, as the major rea-
son for admission.2,26 No clinical benefits and evidence of
adverse effects were found from the administration of mil-
rinone in the study Outcomes of a Prospective Trial of In-
travenous Milrinone for Exacerbations of Chronic Heart
Failure (OPTIME-CHE). The trial, discussed in more detail
below, enrolled patients presenting with congestion rather
than poor perfusion with end-organ dysfunction (low output
syndrome) who were not felt to need inotropic therapy. In
addition, results from an observational analysis of the pa-
tients enrolled in the ADHERE registry suggest that this
class of drugs is associated with an adverse effect on mor-
tality among patients currently hospitalized with acute HF,
the great majority of whom have elevated or normal blood
pressure and congestion.50,75 It should be remembered that
differences in outcomes across nonrandomized groups,
such as are observed in the ADHERE study, may reflect,
at least in part, a difference in HF severity across these
groups. However these data support the potential for ad-
verse effects of inotropes on outcomesdamong patients
who do not meet the clinical criteria delineated in Recom-
mendation 12.18.

Acute HF appears to represent a period during which the
myocardium is at risk of additional damage, especially in
patients with advanced HF, who are more likely to be trea-
ted with inotropic support. In this setting, there is concern
that inotropic agents may: (1) increase heart rate, (2) ad-
versely affect coronary flow to ischemic segments, (3) aug-
ment myocardial oxygen consumption, and (4) produce
symptom relief with less reduction in filling pressure. These
factors may all contribute to loss of additional cardiomyo-
cytes and promote progressive HF.
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Consideration of the OPTIME-CHF trial may further il-
lustrate the limitations of inotropic therapy in broad popu-
lations of patients with ADHF. This study was
a randomized, controlled, double-blind trial that tested the
potential benefit of inotropic agents in the broad population
of patients admitted with ADHF and systolic dysfunction,
but without ‘‘low-output syndrome’’da population not
usually considered for inotropic therapy. OPTIME-CHF
specifically evaluated the benefits of adding milrinone to
standard therapy in patients hospitalized with ADHF. A to-
tal of 949 patients were randomized to a 48-hour infusion
of milrinone (0.50 mg$kg$min) or placebo within 48 hours
of admission. Patients were excluded if, in the opinion of
the investigator, they had an absolute requirement for ino-
tropic therapy. Also excluded were those with a history of
poor rate control of atrial fibrillation, a history of ventricu-
lar arrhythmia, or myocardial ischemia in the past 3
months. The primary end point of the study was rehospital-
ization for a cardiovascular cause within 60 days.

OPTIME-CHF demonstrated that the median number of
days patients were hospitalized for cardiovascular causes
did not differ significantly between patients given milrinone
and those given placebo. Milrinone therapy showed early
treatment failure and was associated with a non-significant
higher number of deaths in hospital and within 60 days. The
use of milrinone resulted in significantly higher incidence
of new atrial arrhythmias and of sustained systolic BP of
!80 for 30 minutes, requiring intervention. Retrospective
analysis also showed that there was a 30% increase in mor-
tality in patients randomized to milrinone versus placebo
among those patients with ischemic heart disease assigned
as their primary etiology of heart failure.76 The study au-
thors of the OPTIME-CHF study concluded that milrinone
therapy was not indicated for routine use as an adjunct to
standard therapy in patients with an exacerbation of HF.

Potential Role for Inotropic Therapy. Careful patient
selection is required to acheive a favorable risk-benefit ratio
for inotropic therapy. Although ongoing clinical studies
strongly suggest that inotropic therapy is not effective in
broad populations of patients with ADHF, there are instan-
ces in which these drugs are necessary to maintain cardiac
output and may be more effective in the short term for this
purpose than vasodilators. Inotropic drugs may be consid-
ered in the highly selected patients described in recommen-
dation 12.18. These patients often present with hypotension
and may face an increased risk of further hypotension from
vasodilator agents. Clinical experience indicates that pa-
tients with ‘‘low Cardiac Output’’ syndrome and reduced
renal function may respond to inotropic support with diure-
sis and improved renal function. Patients presenting with
cardiogenic shock may need inotropes to maintain the min-
imal cardiac output necessary for survival. In these cases,
inotropes can be a ‘‘bridge’’ to more definitive therapy,
such as revascularization, cardiac transplantation, or place-
ment of an assist device. The use of inotropic agents as pal-
liative care in patients who are not candidates for more
definitive therapy recognizes that improvement in quality
of life and clinical status may be all that is possible in cer-
tain patients and may be achieved at the expense of in-
creased mortality during therapy.

Recommendations

12.19 The routine use of invasive hemodynamic moni-
toring in patients with ADHF is not recommen-
ded. (Strength of Evidence 5 A)

12.20 Invasive hemodynamic monitoring should be
considered in a patient:
� who is refractory to initial therapy,
� whose volume status and cardiac filling pres-

sures are unclear,
� who has clinically significant hypotension

(typically SBP !80mm Hg) or worsening re-
nal function during therapy, or

� in whom documentation of an adequate hemo-
dynamic response to the inotropic agent is nec-
essary when chronic outpatient infusion is
being considered. (Strength of Evidence 5 C)

Background

Treating symptoms and improving the hemodynamic
profile of patients admitted with HF generally can be guided
by skilled clinical assessment and laboratory evaluation.
Direct hemodynamic monitoring by right heart catheteriza-
tion has been advocated in the management of hospitalized
patients with advanced HF to (1) guide therapy by permitting
direct tracking of filling pressures and systemic vascular
resistance until certain specific hemodynamic goals are
reached and (2) assist in understanding volume status and tis-
sue perfusion by direct determination of the extent and type
of hemodynamic abnormalities present.77

The first concept, that treatment to a specific hemodynamic
goal through the use of invasive hemodynamic monitoring
may be of value in patients admitted with advanced HF, has
been evaluated recently in the Evaluation Study of Conges-
tive Heart Failure and Pulmonary Artery Catheterization Ef-
fectiveness (ESCAPE) trial.78 Hemodynamically guided
therapy did not increase the number of days alive and out
of hospital over the course of 6 months compared with stan-
dard management alone.79

Given the neutral results of ESCAPE, it is reasonable to
ask whether or not there are patients admitted with ADHF
who still need invasive hemodynamic monitoring. Patients
with a clear clinical need for right heart catheterization
were excluded from ESCAPE. Examples would include pa-
tients with cardiogenic shock. Uncertainty concerning the
hemodynamic state of individual patients following careful
clinical evaluation and initial therapy remains a reasonable
indication for direct determination of hemodynamics. Inva-
sive monitoring may benefit patients who are hypotensive,
fail to respond to diuretic therapy, or have worsening renal
function but unknown filling pressures and cardiac output.
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The need for invasive hemodynamics often becomes appar-
ent as treatment progresses.

Clinical estimation or measurement of right atrial pres-
sure usually correlates with left-sided filling pressures
both at a single time point and during changes induced
by medications. However, pulmonary disease or dispropor-
tionate right HF may alter this relationship. Right heart
catheterization can assess LV filling pressures as long as ac-
curate PCWP tracings can be obtained and there is no sig-
nificant stenosis of the pulmonary veins or mitral valve.

Recommendation

12.21 It is recommended that patients admitted with
ADHF undergo evaluation for the following pre-
cipitating factors: atrial fibrillation or other ar-
rhythmias (eg, atrial flutter, other SVT or VT),
exacerbation of hypertension, myocardial ische-
mia/infarction, exacerbation of pulmonary con-
gestion, anemia, thyroid disease, significant
drug interactions, and other less common fac-
tors. (Strength of Evidence 5 C)

Background

A number of precipitating factors (see Table 12.6) may
worsen cardiac function and volume status, resulting in
an episode of ADHF. Proper detection and treatment of pre-
cipitating factors is an important part of the management of
ADHF and a key to preventing recurrent episodes.

Table 12.6. Common and Uncommon Precipitating Factors
Associated With Hospitalization for ADHF

Dietary and medication related causes
Dietary indiscretiondexcessive salt or water intake
Nonadherence to medications
Iatrogenic volume expansion

Progressive cardiac dysfunction
Progression of underlying cardiac dysfunction
Physical, emotional, and environmental stress
Cardiac toxins: alcohol, cocaine
Right ventricular pacing

Cardiac causes not primarily myocardial in origin
Cardiac arrhythmias: atrial fibrillation with a rapid ventricular response,

ventricular tachycardia, marked bradycardia, and conduction
abnormalities

Uncontrolled hypertension
Acute myocardial infarction
Myocardial ischemia
Valvular disease: progressive mitral regurgitation

Non-cardiac causes
Pulmonary diseasedpulmonary embolus, COPD
Anemia, from bleeding or relative lack of erythropoietin or bone marrow

suppression
Systemic infection; especially pulmonary infection
Thyroid disorders

Adverse cardiovascular effects of medications
Cardiac depressant medications

Nondihydropyridine calcium antagonists
Type Ia and Ic antiarrhythmic agents;

Sodium retaining medications
steroids;
nonsteroidal anti-inflammatory drugs,

Medications that reduce contractility
anthracyclines and other chemotherapeutic agents
Process of Care and Adherence Issues. A number of
factors not directly related to the circulatory pathophysiology
of HF often contribute in a substantial way to hospitali-
zation for ADHF. These precipitating factors are the tar-
get of disease management programs which are a critical
factor in limiting recurrent admission for HF in many
patients.

Dietary Indiscretion. Excessive sodium intake is a well
recognized precipitating factor for admission for ADHF.
Less well understood is the role of excessive water intake.
A careful review of the patient’s dietary history is a critical
part of the assessment of patients admitted with ADHF.

Medication Noncompliance. Lack of access to medica-
tion for financial reasons or from access to care problems
is a major cause of noncompliance which may be addressed
during hospital admission.

Iatrogenic Volume Overload. ADHF may be precipitated
by inappropriate administration of fluid related to surgical
or other procedures. Volume status may be difficult to as-
sess in certain clinical conditions (eg, pulmonary infection)
and inaccurate assessment of volume status may yield to
unwarranted volume replacement.

Progressive Cardiac Dysfunction. Progression of un-
derlying cardiac dysfunction with worsening of myocardial
muscle function with ventricular remodeling and enlarge-
ment is an important cause of ADHF and if present will ne-
cessitate changes in chronic therapy. Progressive cardiac
dysfunction is not always a consequence of worsening un-
derlying disease, but may reflect adverse concomitant prob-
lems, such as pneumonia, uncontrolled diabetes, alcohol
withdrawal, or cocaine use.

Atrial Fibrillation. The onset of atrial fibrillation is ac-
companied by the loss of coordinated atrial contraction,
which may have detrimental hemodynamic effects. Uncon-
trolled atrial fibrillation with rapid heart rate is particularly
troublesome to patients with HF. Ventricular filling may be
compromised further, myocardial oxygenation adversely
affected and myocardial contractility diminished.

Uncontrolled Hypertension. Uncontrolled hypertension
is a very common finding in patients admitted with ADHF.
Data from the ADHERE registry indicate that approxim-
ately 50% of patients admitted with this syndrome have
blood pressure O140/90 mm Hg.2 Hospitalization for
ADHF provides another opportunity to add medication
aimed at improving long-term control of hypertension.

Myocardial Ischemia/Infarction. The occurrence of
myocardial ischemia and infarction are significant, poten-
tially treatable precipitants of acute exacerbation of HF.
Use of coronary angiography and noninvasive imaging to
determine the presence and extent of myocardial ischemia
is important in the evaluation of patients with acute as
well as chronic HF. Patients with HF complicating acute
coronary syndrome often require rapid coronary
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angiography and intervention in the catheterization labora-
tory. Considerations that determine the diagnostic approach
toward ischemic heart disease are often similar in patients
with acute and chronic HF (see Section 13).

Other Precipitants of Acute HF. A number of other fac-
tors, many of which are preventable or avoidable, may be
primary or secondary causes of admission for HF.

Right Ventricular Pacing. If the underlying heart rate
slows over time in response to b-blockers or for other rea-
sons, patients with right ventricular pacemakers may pace
more frequently. In some patients, the increase in RV pac-
ing may lead to myocardial dysfunction, presumably from
the dyssynchrony produced by the pacing.80

Pulmonary Disease. Even minor congestion may be
poorly tolerated in the presence of chronic obstructive pul-
monary disease (COPD) because volume expansion easily
impairs the already limited pulmonary function in these pa-
tients. Both HF and COPD increase the risk of pulmonary
infections, which can cause ADHF. Obstructive sleep apnea
may exacerbate HF through adverse hemodynamic
changes, hypoxia and fluid retention.

Anemia. The presence of anemia has been associated
with increased risk of admission for ADHF. The reduction
in hemoglobin may be profound in cases where bleeding,
especially gastrointestinal, is a cause, or end-stage renal
disease is the principal mechanism.

Thyroid Diseases. Hypo- or hyperthyroidism may exac-
erbate the signs and symptoms of HF. Up to 20% of patients
hospitalized for ADHF are already being treated for thyroid
disease. Therefore, evaluation of patients’ thyroid therapy
is recommended.

Noncardiac Medications. A number of medications, both
cardiac and noncardiac, can precipitate or contribute to an
episode of worsening HF. Medications for diabetes, includ-
ing pioglitazone or rosiglitazone, may lead to peripheral
edema, which can be associated with adverse clinical and
hemodynamic effects. Nonsteroidal anti-inflammatory
drugs can promote sodium and fluid retention, interfere
with the pharmacologic mechanism of ACE inhibitors,
worsen renal function, and decrease the effectiveness of
loop diuretics. Tricyclic antidepressants, whether used to
treat depression or neuropathy, may cause cardiac conduc-
tion delays and increase the risk for ventricular arrhythmia.
Theophylline and b-agonist bronchodilators may exacer-
bate HF by inducing tachyarrhythmias, including atrial fi-
brillation and flutter and ventricular arrhythmia. Over-the-
counter drugs containing pseudoephedrine can aggravate
hypertension, worsen HF by enhancing the activation of
the sympathetic nervous system, and predispose to arrhyth-
mias. Certain calcium antagonists and anti-arrhythmics
may impair cardiac function and result in worsening HF.

Recommendation

12.22 It is recommended that every effort be made to
use the hospital stay for assessment and
improvement of patient compliance via patient
and family education and social support services
(see Section 8). (Strength of Evidence 5 C)

Background

Hospital admission provides the opportunity to educate
patients concerning their HF and to reinforce both pharma-
cologic and nonpharmacologic approaches to management.
Education in the hospital should be focused, because reten-
tion may be limited. Particular attention should be paid to
the basic facts of HF, monitoring of fluid status, and med-
ications. Identifying patients with limited social and family
support before discharge may promote the development of
a support system. Establishing support systems for patients
with financial constraints is critical to their ability to obtain
prescribed medications and access follow-up care.

Recommendation

12.23 It is recommended that criteria in Table 12.7 be
met before a patient with HF is discharged from
the hospital. (Strength of Evidence 5 C)

In patients with advanced HF or recurrent ad-
missions for HF, additional criteria listed in
Table 12.7 should be considered. (Strength of
Evidence 5 C)

Background

Criteria for determining the optimal length of stay for in-
dividual patients admitted with ADHF remains to be estab-
lished by rigorous clinical studies. Care must be taken to
avoid premature discharge of patients with decompensated
HF. The discharge criteria recommended here balance the
need for adequate symptom relief and acceptable readmis-
sion rates against the need for economical care.

Timing of discharge is further complicated by the fact
that assessment of volume status can be difficult. As a result,
patients with persistent volume overload are sometimes

Table 12.7. Discharge Criteria for Patients With HF

Recommended for
all HF patients

� Exacerbating factors addressed.
� At least near optimal volume status

achieved.
� Transition from intravenous to oral

diuretic successfully completed.
� Patient and family education completed.
� At least near optimal pharmacologic

therapy achieved (Sections 7 and 11)
� Follow-up clinic visit scheduled, usually

for 7–10 days
Should be considered for

patients with advanced
HF or recurrent
admissions for HF

� Oral medication regimen stable
for 24 hours
� No intravenous vasodilator or inotropic

agent for 24 hours
� Ambulation before discharge to

assess functional capacity after therapy
� Plans for postdischarge management

(scale present in home, visiting nurse or
telephone follow up generally no longer
than 3 days after discharge)
� Referral for disease management



Heart Failure Practice Guideline � HFSA e101
released prematurely. Patients who require several days of
intravenous medications need a period of observation free
of such support before discharge. In most cases, stability
for 24 hours after discontinuation of intravenous therapy
is sufficient to assess the likelihood that the patient will
continue symptomatic improvement on oral medications
alone. Meeting all criteria for discharge should be more
stringently enforced in patients with advanced HF, because
they are at highest risk for readmission. Observation for
a period of 24 hours after discontinuation of vasoactive or
inotropic support is ideal, but shorter periods may suffice
for patients whose symptoms have significantly improved
and who tolerate weaning of intravenous support well.

Patients likely to need home care should have these
plans developed and implemented before discharge. The
hospital setting generally provides more resources for es-
tablishing this type of care plan than are available in outpa-
tient settings.

Recommendation

12.24 Discharge planning is recommended as part of
the management of patients with ADHF. Dis-
charge planning should address the following is-
sues:
� Details regarding medication, dietary sodium

restriction, and recommended activity level
� Follow-up by phone or clinic visit early after

discharge to reassess volume status
� Medication and dietary compliance
� Monitoring of body weight, electrolytes and

renal function
� Consideration of referral for formal disease

management (Strength of Evidence 5 C)

Background

The risk of readmission is highest just after hospitaliza-
tion. Careful monitoring of patients soon after discharge
may be useful in limiting the likelihood of readmission.
Some patients have a tendency to become rapidly congested
following discharge. Follow-up soon after discharge, either
by phone or clinic visit, presents the opportunity to rapidly
reevaluate the patient’s volume status and to modify thera-
py to maintain control of congestion. It may be difficult to
discharge patients on the dose of diuretic they probably
need to maintain a euvolemic state after discharge when
they have experienced a significant loss of fluid and have
been maintained on a low sodium diet while in the hospital.
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Section 13: Evaluation and Therapy for Heart
Failure in the Setting of Ischemic Heart Disease

Overview

In the US it is estimated that 12,900,000 people have
a history of myocardial infarction (MI), angina pectoris,
or both.1 The most common cause of chronic heart failure
(HF) is no longer hypertension or valvular heart disease;
it is coronary artery disease (CAD).2 The changing pattern
in the risk factors for HF is evidenced in the Framingham
Heart Study, which documents a decrease in valvular dis-
ease and LV hypertrophy and an increase in MI from
1950 to 1998.3

In 21 multicenter HF treatment trials reported in the New
England Journal of Medicine over the past 15 years, involv-
ing more than 35,000 patients, CAD was present in nearly
65%.4–23 This figure probably underestimates the true preva-
lence of CAD among unselected HF patients, because the
presence of CAD was not explored systematically in many
trials.

Prognostic Significance of Underlying CAD
Etiology in Patients With HF

Several studies have shown that CAD independently in-
creases mortality rates in patients with HF.24–26 One assess-
ing angiographic data in patients with HF demonstrated that
the extent of CAD in patients with HF from left ventricular
(LV) systolic dysfunction provides important prognostic in-
formation about their HF.27 Recent data also suggest that
the mechanism of sudden death may differ between ische-
mic and nonischemic HF patients, with acute coronary
events representing the major cause of sudden death in
patients with CAD.28 These findings further emphasize
the importance of accurate differentiation between ische-
mic and nonischemic causes of HF.

Managing HF in patients with CAD or a history of CAD
is significantly different than managing HF from primary
cardiomyopathy. Antiplatelet agents, smoking cessation,
and lipid-lowering therapy are particularly important inter-
ventions in patients with HF due to CAD.29 Trials of milri-
none,30 amiodarone,12 amlodipine,14 and digoxin31 suggest
that patients with HF in the setting of CAD may have a less
favorable outcome than patients with HF from primary car-
diomyopathy. Revascularization in highly selected patients
with low LV ejection fraction (LVEF) and significant CAD,
particularly angina, may be associated with improved sur-
vival and may be considered in addition to risk modifica-
tion.32–38 However, no prospective randomized trials have
been completed in patients with clinical HF.

1071-9164/$ - see front matter
� 2006 Elsevier Inc. All rights reserved.
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Pathophysiology of HF in the Setting of CAD. HF in
the setting of CAD is a heterogeneous condition with several
factors contributing to LV systolic dysfunction and HF symp-
toms. After an MI, there is loss of functioning myocytes, de-
velopment of myocardial fibrosis, and subsequent LV
remodeling, resulting in chamber dilatation and neurohor-
monal activationdall leading to progressive dysfunction
of the remaining viable myocardium.39 This well-recognized
process may be ameliorated after an acute MI by myocardial
revascularization32,40,41 and by medical therapy with angio-
tensin-converting enzyme (ACE) inhibitors or angiotensin
receptor antagonists (ARBs),42,43 b-blockers,44 and aldoste-
rone antagonists.45

The majority of patients surviving a MI have significant
atherosclerotic disease in coronary arteries other than the
infarct-related vessel.46 Under basal conditions, episodes
of reversible myocardial ischemia caused by a severe coro-
nary artery stenosis superimposed on the left ventricle with
depressed systolic function may produce transient worsen-
ing of LV function. In many patients, these HF symptoms,
such as dyspnea or fatigue induced by exercise, may repre-
sent an anginal equivalent that may occur in the absence of
chest pain.

Episodes of transient myocardial ischemia may cause pro-
longed systolic dysfunction that persists after the ischemic
insult itself has resolved. This process, called stunning, is
similar to the more severe and protracted myocardial stun-
ning that results from coronary occlusion and reperfusion.47

Another important mechanism for systolic dysfunction
with additive effects on LV performance is myocardial hi-
bernation,48 a process in which myocardial contraction is
downregulated in response to chronic reduction in myocar-
dial blood supply.49,50 More than 50% of patients with HF
and CAD have evidence of viable but dysfunctional (hiber-
nating) myocardium.51,52 Hibernation may develop as an
adaptive response to sustained reduction of myocardial
blood flow. Thus the level of tissue perfusion is sufficient
to maintain cellular viability but insufficient for normal
contractile function.53 Recent evidence supports the long-
held concept that hibernation represents a precarious bal-
ance between perfusion and tissue viability that cannot be
maintained indefinitely, and that myocardial necrosis will
occur eventually if blood flow is not increased.48

In addition to ischemia, hibernating myocardium should
be considered in all patients with CAD and chronic LV
systolic dysfunction of any degree.54 Hibernating myocar-
dium can be identified using low-dose dobutamine stress
echocardiography to assess contractile reserve, single pho-
ton emission tomography with thallium-201 or technetium-
99m perfusion tracers to assess membrane integrity, and
positron emission tomography to assess residual metabolic
activity.55,56 More recently, magnetic resonance imaging
(MRI) has been used to identify potentially viable but dys-
functional myocardium.57
4
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Identification of hibernating myocardium is important, as
the restoration of blood flow by revascularization or with
agents that improve endothelial function and blood flow
(eg, statins) may improve contractility in hibernating
areas.58–61

Evaluation for CAD

Recommendations

13.1 Assessment for risk factors for CAD is recommen-
ded in all patients with chronic HF regardless of
EF. (Strength of Evidence 5 A)
The diagnostic approach for CAD should be indi-
vidualized based on patient preference and comor-
bidities, eligibility, and willingness to perform
revascularization. (Strength of Evidence 5 C)

13.2 It is recommended that patients with HF and
angina undergo cardiac catheterization with coro-
nary angiography to assess for potential revascu-
larization. (Strength of Evidence 5 B)

13.3 It is recommended that patients with HF, no angina,
and known CAD should undergo noninvasive stress
imaging and/or coronary angiography to assess
severity of coronary disease and the presence of
ischemia. (Strength of Evidence 5 C)

13.4 It is recommended that patients with HF, no angina,
and unknown CAD status who are at high risk for
CAD should undergo noninvasive stress imaging
and/or coronary angiography to assess severity of
coronary disease and the presence of ischemia.
(Strength of Evidence 5 C)

13.5 In patients with HF, no angina, and unknown
CAD status who are at low risk for CAD noninva-
sive evaluation should be considered and coronary
angiography may be considered. (Strength of
Evidence 5 C)

13.6 Any of the following imaging tests may be used to
identify inducible ischemia or viable but noncon-
tractile myocardium:
� Exercise or pharmacologic stress myocardial

perfusion imaging
� Exercise or pharmacologic stress echocardiog-

raphy
� Cardiac MRI
� Positron emission tomography scanning

(Strength of Evidence 5 B)

Background

Evaluation for CAD in Patents with HF. A thorough
Medline search identified only 14 studies62–75 that evaluated
the impact of nuclear viability imaging on intermediate to
long-term survival in patients with CAD and LV systolic
dysfunction. However, none of these studies met the crite-
ria published by the Evidence-Based Medicine Group on
therapeutic interventions and prognosis.76,77 In these stud-
ies treatment allocation to revascularization or medical
therapy was often made by physicians who requested
and, in some cases, interpreted the viability tests. Viability
was never blindly evaluated without impacting subsequent
treatment allocation. A randomized clinical trial is neces-
sary to properly evaluate the utility of viability imaging to
determine treatment allocation between revascularization
and medical therapy and subsequent prognosis.

Recommendation

13.7 It is recommended that the following risk factors
be managed according to the indicated guidelines:
� Lipids (see National Cholesterol Education

Program Adult Treatment Panel III)*
� Smoking (see Section 3)
� Physical activity (see Section 6)
� Weight (see Section 3)
� Blood pressure (see Section 14 and JNC VII

Guidelines)1

Background

For more information on lipid management, smoking
cessation, weight management, and physical activity see
Sections 3 and 6 in this guideline.

Therapy for Patients With HF and CAD

Recommendation

13.8 Antiplatelet therapy is recommended in patients
with HF and CAD unless contraindicated. (aspi-
rin, Strength of Evidence 5 B; clopidogrel,
Strength of Evidence 5 C)

Background

Aspirin. In patients with stable CAD, unstable angina or
acute MI, treatment with aspirin 81–325 mg daily provides
a 25% to 30% reduction in all-cause mortality, MI, and
stroke.81 In a retrospective review of the Studies of Left
Ventricular Dysfunction (SOLVD) trial, antiplatelet use
(mostly aspirin) was associated with 28% reduction in
all-cause mortality and HF death or hospitalizations.82

Despite conflicting data about aspirin reducing the benefits
of ACE inhibitors,82,83 all patients with CAD and HF
should receive 81–325 mg aspirin daily in absence of con-
traindications. Recent studies suggest that higher doses may
be associated with increases in drug interactions and bleed-
ing, so 81 mg is recommended. (See Section 7, Recommen-
dations 7.33–7.38.)

* http://www.nhlbi.nih.gov/guidelines/cholesterol/78

1 http://www.nhlbi.nih.gov/guidelines/hypertension/79,80

http://www.nhlbi.nih.gov/guidelines/cholesterol/
http://www.nhlbi.nih.gov/guidelines/hypertension/
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Clopidogrel. In patients admitted for unstable angina/
non ST-elevation MI, treatment with clopidogrel in addition
to aspirin was associated with an 18% reduction in the in-
cidence of HF.84 All patients admitted with acute coronary
syndromes and non-ST elevation should be given clopidog-
rel 300 mg, followed by 75 mg daily for at least 9 months in
addition to aspirin.

Warfarin. Although the anticoagulant, warfarin, is an
acceptable alternative to antiplatelet agents when necessary,
its effectiveness may be due to the large number of HF
patients with atrial fibrillation. See Section 7 for more
information.

Recommendation

13.9 ACE inhibitors are recommended in all patients
with systolic dysfunction or preserved systolic
function after an MI. (Strength of Evidence 5 A)

Background

In a study of patients with stable CAD and few other risk
factors, treatment with the ACE inhibitor perindopril was
associated with a 20% reduction in cardiovascular mortali-
ty, new MI, or sudden death.85 HF hospitalizations were re-
duced by 39%. In a population at high risk for CAD, but
without overt HF, treatment with ramipril was associated
with a 22% reduction in cardiovascular mortality, new
MI, or stroke.86 The incidence of HF was reduced by
23% and HF hospitalizations by 12%. ACE inhibitors
should be routine therapy in patients at high-risk for
CAD and in patients with established CAD.

Four major trials proved the favorable effects of prophy-
lactic ACE inhibition in reducing HF, HF hospitalizations
and mortality after an acute MI.87–90 In patients with a re-
cent MI, with or without symptoms of HF, ACE inhibitors
should be started early (within 24 hours) and continued
indefinitely.91

The first trial to show a survival benefit for ACE inhibi-
tors in patients with chronic HF, of whom the majority had
underlying CAD, was the Cooperative North Scandinavian
Enalapril Survival Study (CONSENSUS). This trial was
conducted in patients with NYHA class IV who were ran-
domized to receive enalapril or placebo.5 At the end of
the study (20 months), patients treated with enalapril had
a significant 27% reduction in total mortality, the primary
end point. It appeared that enalapril had no effect on sudden
death, but decreased mortality from progressive HF by
50%. After CONSENSUS, the SOLVD Treatment trial ex-
amined the effect of enalapril in patients with mild to mod-
erate HF.92 Enalapril decreased all-cause mortality by 16%,
mortality caused by progressive HF by 22%, and the com-
bined point of death or hospitalizations for worsening HF
by 26% compared with placebo. In the SOLVD Prevention
trial of patients with asymptomatic LV dysfunction, enalap-
ril reduced the total number of deaths and cases of HF by
29%.7 Taken together, these studies provide for the
recommendation that ACE inhibitors should be adminis-
tered to all patients with asymptomatic LV systolic dys-
function or with signs and symptoms of HF.

Recommendations

13.10 b-blockers are recommended for the manage-
ment of all patients with reduced LVEF or
post-MI (Strength of Evidence 5 B)

13.11 It is recommended that ACE-inhibitor and b-
blocker therapy be initiated early (!48 hours)
during hospitalization in hemodynamically
stable post-MI patients with LV dysfunction or
HF (Strength of Evidence 5 A)

Background

In patients with stable CAD, treatment with b-blockers is
associated with a reduction in the number and duration of
ischemic episodes, mortality or hospitalization.92 Retro-
spective analyses of two large b-blocker trials demonstrated
reduced mortality with b-blockers, especially in high-risk
subsets.93,94 In the Carvedilol Post-Infarct Survival Control
in Left Ventricular Dysfunction (CAPRICORN) trial of
1959 patients with a proven acute MI and LVEF #40%,
with or without symptoms of HF, carvedilol reduced the
number of deaths by 23%, a benefit attained on top of treat-
ment with ACE inhibitors, antiplatelet agents, and statins.44

There was no difference between carvedilol and placebo in
the number of patients meeting the primary endpoint of all-
cause mortality or hospital admissions. In all patients with
a history of MI, regardless of EF, b-blockers should be used
acutely and continued indefinitely. In studies of patients
with chronic HF, more than 65% of whom had underlying
CAD, use of bisoprolol, carvedilol, or metoprolol succinate
was associated with a uniform 34% reduction in all-cause
mortality and 20% to 25% reduction in hospitaliza-
tions.20,95,96 In the Australia-New Zealand study of patients
with ischemic cardiomyopathy and LVEF !45%, carvedi-
lol reduced the risk of all-cause mortality or any hospitali-
zation by 26%.97 Based on the results from available
studies, b-blockers should be routinely prescribed to all
patients with asymptomatic LV dysfunction and stable
HF caused by LV systolic dysfunction, unless they have
a contraindication or have been shown to be intolerant to
treatment with these drugs.

Recommendation

13.12 Nitrate preparations should be considered in
patients with HF when additional medication
is needed for relief of angina. (Strength of
Evidence 5 B)

Background

In patients with stable CAD, nitrates improve exercise
tolerance and time to onset of angina.98 An overview of
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small studies of nitrates in acute MI from the pre-thrombo-
lytic era suggested a 35% reduction in mortality rates,99 al-
though 2 trials formally tested this hypothesis in patients
with suspected acute MI and failed to confirm this magni-
tude of benefit.100,101 There was no difference in survival
in the 14% of patients with HF at baseline in the Fourth In-
ternational Study of Infarct Survival (ISIS-4) trial, nor was
there a difference in the new cases of HF in Gruppo Italiano
per lo Studio della Sopravvivenza nell-infarto Miocardio
(GISSI-3) study. Nitrates did not decrease the rate of re-
infarction, but they decreased the rate of post-infarct angina
in GISSI-3, in which nitrates in combination with lisinopril
also decreased all-cause mortality by 17%. The difference
was mainly attributable to the lower numbers of deaths
and cases with LVEF #35%. Nitrates are well tolerated
in acute MI and appear safe to use early in acute MI for
symptomatic relief of angina or for LV systolic dysfunction.
All patients with CAD, HF and anginal symptoms should
be prescribed nitrates in addition to b-blockers.

Recommendation

13.13 Calcium channel blockers should be considered in
patients with HF who have angina despite the op-
timal use of b-blockers and nitrates. Amlodipine
and felodipine are the preferred calcium channel
blockers in patients with angina and decreased
systolic function. (Strength of Evidence 5 C)

Background

Although all calcium antagonists have anti-ischemic
properties, a meta-analysis of 16 trials that used immedi-
ate-release and short-acting nifedipine in patients with MI
and unstable angina reported a dose-related excess mortal-
ity.102 First-generation calcium antagonists, such as diltia-
zem and nifedipine, were found to exacerbate HF or
increase mortality in patients after MI with pulmonary con-
gestion or an EF !40%.103 An alternative consideration re-
garding the worsening of heart failure in early calcium
channel blocker trials is reflex neurohormonal activation.
It is possible that the earlier-generation calcium channel
blockers would not have proved deleterious if they had
been investigated on a background of ACE inhibitors and
beta blockers. Amlodipine, a newer agent, appears to
have fewer negative inotropic effects and does not have
the deleterious effects seen with earlier drugs in this class.
Although 1 trial of amlodipine in patients with advanced
HF produced a 9% reduction in the combined risk of fatal
and nonfatal events and decreased the risk of all-cause mor-
tality by 16%, these reductions were not statistically signif-
icant overall or for patients with ischemic heart disease.14

Amlodipine had no effect on the frequency of worsening
HF associated with hospitalizations or the rate of MI, but
the amlodipine group had a higher incidence of pulmonary
and leg edema, as well as renal failure.14 Based on available
data, first-generation calcium channel blockers should not
be used in patients with CAD, HF and EF !40%. Amlodi-
pine or felodipine could be used in these patients to manage
angina or hypertension if b-blockers or nitrates are not
tolerated.104,105

Recommendations

13.14 It is recommended that coronary revasculariza-
tion be performed in patients with HF and suit-
able coronary anatomy for relief of refractory
angina or acute coronary syndrome. (Strength
of Evidence 5 B)

13.15 Coronary revascularization with coronary ar-
tery bypass surgery or percutaneous coronary
intervention as appropriate should be considered
in patients with HF and suitable coronary anato-
my who have demonstrable evidence of myocar-
dial viability in areas of significant obstructive
coronary disease or the presence of inducible is-
chemia. (Strength of Evidence 5 C)

Background

Patients with severe CAD and symptomatic LV systolic
dysfunction have poor outcomes when treated medically25,75

despite advances in medical therapy.5,7,13,17,20,44,45,85–91,

95,96,106,107 Although revascularization for patients with
CAD and HF seems the logical approach because restoration
of blood flow may improve LV function and possibly sur-
vival,58,59 there are no randomized controlled trials compar-
ing revascularization with medical therapy to improve
outcomes in patients with HF, demonstrated myocardial via-
bility, and an EF !35%. Revascularization of viable myo-
cardial segments could provide benefit by improving
contractility or by preventing additional myocardial remod-
eling.108,109 Myocardial viability has been assessed by posi-
tron emission tomography (PET), single-photon emission
computed tomography (SPECT), dobutamine echocardiogra-
phy, and magnetic resonance imaging (MRI). Registry and
cohort studies provide some data for this group of patients.
These data suggest that exercise capacity and HF symptoms
improve after revascularization and that the improvement
is related to the amount of abnormal but viable myo-
cardium.108,110,111 Improvement in LVEF also is directly
related to the amount of viable myocardium.111,112 Finally,
revascularization does appear to predict improved survival
compared to medical therapy in patients with myocardial
viability and an EF !35%.55,111

The results of medical therapy for both HF and CAD
have improved markedly. It is impossible to estimate
whether revascularization in well-treated HF patients will
improve survival or clinical course. As a result, prospective
randomized trials of CABG in addition to optimal medical
therapy compared to optimal medical therapy alone in pa-
tients with CAD, depressed LV systolic function, and
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symptoms of HF are necessary. At present, two such studies
are underway.113
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Section 14: Managing Patients With
Hypertension and Heart Failure

Overview

Blood pressure is a simple measurement that assesses the
interaction of heart function with vascular impedance.
When heart function is normal the impedance is the main
determinant of blood pressure and therefore pressure (sys-
tolic and mean) becomes a powerful risk factor for develop-
ment of left ventricular (LV) hypertrophy, increased
myocardial oxygen consumption, coronary atherosclerosis,
and subsequent heart failure (HF).1,2 Control of blood pres-
sure in this setting is critical to prevent the development and
progression of LV dysfunction.3

When LV function is impaired, however, the relationship
between impedance and cardiac function becomes more
complex. Increases of impedance may impair LV emptying
and thus not be reflected in a higher pressure. Under those
circumstances therapy is aimed at the impedance, not at the
blood pressure. Indeed, blood pressure may rise in response
to effective therapy that improves LV emptying or reverses
remodeling even if the impedance is reduced.

Asymptomatic or Symptomatic LV Hypertrophy
or LV Dysfunction Without LV Dilation

(Preserved Ejection Fraction)

Recommendations

14.1 It is recommended that blood pressure be aggres-
sively treated to lower systolic and usually diastol-
ic levels. Target resting levels should be !130/!80
mm Hg, if tolerated. (Strength of Evidence 5 C)

14.2 Treatment with several drugs should be consid-
ered, usually including an angiotensin-converting
enzyme (ACE) inhibitor or an angiotensin recep-
tor blocker (ARB), a diuretic and often a b-
blocker or calcium antagonist. (Strength of
Evidence 5 A)

Asymptomatic LV Dysfunction With LV Dilation
and a Low EF

Recommendations

14.3 Prescription of an ACE inhibitor (dose equivalent
to 20 mg daily enalapril) is recommended
(Strength of Evidence 5 A)
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14.4 Addition of a b-blocker (dose equivalent to HF
trials) is recommended even if BP is controlled.
(Strength of Evidence 5 C)

14.5 If BP remains O130/80 mm Hg then the addition
of a diuretic is recommended, followed by a calci-
um antagonist or other antihypertensive drugs.
(Strength of Evidence 5 C)

Symptomatic LV Dysfunction With LV Dilation
and Low EF

Recommendations

14.6 Prescription of target doses of ACE inhibitors,
ARBs, b-blockers, aldosterone inhibitors, and iso-
sorbide dinitrate/hydralazine in various combina-
tions (with a diuretic if needed) is recommended,
based on doses used in large-scale outcome trials.
(Strength of Evidence 5 A)

14.7 If blood pressure remains O130/80 mm Hg, a
noncardiac depressing calcium antagonist (eg,
amlodipine) may be considered or other antihy-
pertensive medication doses increased. (Strength
of Evidence 5 C)

Background

Target Blood Pressure in HF. In hypertensive patients
with evidence for LV dysfunction, particularly when the
LV dysfunction is associated with signs and symptoms of
HF and preserved LV chamber dimension and EF, therapy
should be aimed at blood pressure reduction to the lowest
levels that can be achieved without side effects. Most
guidelines agree that a systolic pressure !130 or even
lower may be optimal.4–7 All effective antihypertensive
drugs can reverse LV hypertrophy, but clinical trial data
suggest that inhibition of the renin-angiotensin-aldosterone
system with ACE inhibitors or ARBs may be most effec-
tive.8,9 Adequate pressure reduction usually requires two
or more drugs with different and complementary mecha-
nisms of action.6

In hypertensive patients with HF and a dilated ventricle,
therapy is aimed not predominantly at the pressure but at
the vascular impedance and the cardiac structural remodel-
ing.10,11 Even if the blood pressure is normal or low, drugs
to reduce impedance and slow remodeling are indicated.
Previously hypertensive patients respond similarly to drugs
such as ACE inhibitors or ARBs, whether their pretreat-
ment pressure is elevated, normal, or low.12,13

J-Shaped Curve. In addition to concerns about lower-
ing blood pressure too quickly, several investigations sug-
gest a link between excessive lowering and increased
risk. In modeling the relationship between the level of
2
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blood pressure achieved and clinical risk, the Hypertension
Optimal Treatment (HOT) trial described the J-shaped
curve.12 However, this possible increase in risk at the low-
est achieved blood pressures was not caused by increased
risk of myocardial infarction or stroke, and the authors
conclude that the relatively larger risk of noncardiovascular
death at lower blood pressure may reflect the blood pres-
sure lowering effect of poor health rather than the pharma-
cologic lowering of pressure. Therefore, the suggestion
of higher risks with lower blood pressure is of lesser clin-
ical concern than the benefits on ventricular structure and
function.

Blood Pressure Change and Outcome in HF. Review-
ing the data concerning the relationship of blood pressure
change to outcome in HF reveals a complex relationship.
On the positive side, large ACE inhibitor trials demonstrate
a reduction in cardiovascular events and an improvement
in ventricular structure associated with modest reductions
in blood pressure.14–16 In the Studies of Left Ventricular
Dysfunction (SOLVD) trial, patients who received enalap-
ril had final measured blood pressures averaging 120/78
mm Hg, 5/3 mm Hg lower than the placebo arm. An
echocardiographic substudy demonstrated improved ven-
tricular structure and reduction in LV hypertrophy in
symptomatic or asymptomatic patients with LV systolic
dysfunction.17

However, agents demonstrated to lower blood pressure
have not always conferred a mortality benefit, and the
degree of blood pressure reduction has not necessarily
correlated with the degree of clinical benefit. Strong mech-
anistic arguments can be made that in some cases these
drugs were associated with other adverse effects that
would be very likely to limit any benefit from blood pres-
sure reduction.18–22

On the whole it appears that benefits of lowering blood
pressure in patients with asymptomatic and symptomatic
LV dysfunction are dependent on the resting blood pressure
and the type of agents used. Drugs that lower blood pres-
sure and produce neurohormonal blockade in the absence
of significant positive inotropic effects have produced the
best results. When such agents can be used with additional
drugs that lower blood pressure further without neurohor-
monal activation, achievement of aggressive blood pressure
goals seems likely to confer additional risk reduction in
patients with HF.
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Section 15: Management of Heart Failure
in Special Populations

Overview

Heart failure (HF) is a major problem in women, African
Americans, and the elderly of both sexes and any race. The
clinical conclusions based on trial data derived from pre-
dominately younger white male study populations generally
apply equally to these groups. However, there are etiologic
or pathophysiologic considerations specific to some of
these groups that warrant attention if care is to be opti-
mized. Discussion in this section is based primarily on
available data from subgroup analyses of randomized HF
trials and the results of cohort studies. A substantial amount
of the data on drug efficacy comes from studies of patients
treated after a recent acute myocardial infarction (MI).

Elderly Patients With HF

Clinical Characteristics and Prognosis. HF represents
a significant and growing public health problem for the el-
derly. The progressive aging of the US population is well
established1 and has profound implications for the preva-
lence of cardiovascular diseasedparticularly HF. A number
of studies have documented the substantial increase in the
prevalence of this syndrome as age increases.2 As with
most illnesses in the elderly, HF is associated with higher
rates of morbidity and mortality than in younger patients.3,4

Pathophysiology of HF in the Elderly. There are a num-
ber of well described changes in cardiovascular physiology
which occur with aging. Resting systolic left ventricular
(LV) function appears to be preserved, but perhaps at the ex-
pense of some LV enlargement.5 A diminution of diastolic
function has been documented in otherwise normal elderly
individuals.6 Exercise capacity declines with age, most likely
from a combination of cardiac and peripheral vascular factors
and ventricular-vascular coupling.7 Though these diverse
cardiovascular changes tend to reduce exercise capacity, their
impact on health and quality of life remains modest in most
individuals compared to the detrimental effects of HF.

Recommendations

15.1 As with younger patients, it is recommended that
elderly patients, particularly those age >80 years,
be evaluated for HF when presenting with symp-
toms of dyspnea and fatigue. (Strength of Evi-
dence 5 C)

15.2 b-blocker and angiotensin-converting enzyme (ACE)
inhibitor therapy is recommended as standard
therapy in all elderly patients with HF due to LV
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systolic dysfunction. (Strength of Evidence 5 B)
In the absence of contraindications, these agents
are also recommended in the very elderly (age >
80 years). (Strength of Evidence 5 C)

15.3 As in all patients, but especially in the elderly,
careful attention to volume status, the possibility
of symptomatic cerebrovascular disease, and the
presence of postural hypotension is recommended
during therapy with ACE inhibitors and b-block-
ers. (Strength of Evidence 5 C)

Background

b-Blockers. Diminished response to catecholamine stim-
ulation in elderly individuals has been shown by several in-
vestigators8 and appears related to diminished number and
activity of both b-1 and b-2 receptors.9 However, the
changes in response to the sympathetic nervous system do
not mitigate the need for b-receptor antagonism in the
elderly. The striking risk in the elderly of major morbidity
and early mortality, combined with the substantial benefit
derived from b-blockade, strongly supports the use of these
agents as tolerated in elderly patients with symptomatic LV
systolic dysfunction.

Conclusions from randomized placebo controlled trials
are limited concerning the efficacy of b-blockade in the el-
derly. However, a retrospective analysis of a study of meto-
prolol CR/XL, which enrolled patients up to age 80 and
included a substantial subgroup of elderly patients, found
a similar degree of morbidity and mortality reduction in pa-
tients 69 or older versus those younger than 69.10,11 Observa-
tional studies of the outcome of elderly patients after
myocardial infarction have consistently shown substantial
reductions in mortality when b-blockers are prescribed at
discharge.12–14 These studies have included octogenarians.
The one randomized trial of b-blockers in an elderly popula-
tion with HF (mean age 76) demonstrated a reduction of 14%
in the combined endpoint of all-cause mortality or primary
cardiovascular admission for the group on nebivolol.15

ACE Inhibitors. No randomized controlled trial has
been conducted specifically to investigate the benefit of
ACE inhibition in elderly patients. However, convincing ev-
idence of the effectiveness of ACE inhibition in elderly pa-
tients is provided by the results of a trial in which the mean
age was 70 and the reduction in mortality was 31% at 2
year and 27% at the end of the study for patients treated
with ACE inhibition.16 Observational studies and a meta-
analysis of post-MI patients with HF reinforce these find-
ings,17–19 though caution is necessary in extrapolating the
results of post-MI studies to chronic HF.

Other Medications. In the absence of data to the con-
trary, other HF medications, including angiotensin-receptor
5
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blockers (ARBs), aldosterone antagonists, and the combi-
nation of hydralazine/isosorbide dinitrate, should be con-
sidered as options for elderly patients with HF, keeping in
mind the complications of polypharmacy in a population
characterized by multiple comorbidities.

HF in Women

Clinical Characteristics and Prognosis. HF is common
in women, and among the elderly the prevalence of HF is
even greater in women than in men.20 A growing body of
evidence has demonstrated significant differences in the
clinical characteristics and prognosis of HF in women
and men. Early results from the Framingham Heart Study
pointed to a difference in prognosis between men and wom-
en with HF, with men having worse survival than wom-
en.21–23 Subsequent findings from some HF databases
have confirmed this observation in both a broad population
of patients with HF and those at a very advanced stage.24–27

These studies have suggested that women’s survival advan-
tage is etiology-dependent, with better outcomes noted
when the primary cause is non-ischemic.

Gender and Cardiovascular Pathophysiology. A num-
ber of experimental studies point to fundamental, gender-
related differences in the nature and extent of myocardial
hypertrophy and adaptation, which might account for the
survival advantage for females.28,29 Early studies of sponta-
neously hypertensive rats suggested that the adverse influ-
ence of hypertrophy on cardiac function was greater in
male than in female rats.30 A number of animal studies sug-
gest gender-related differences in myocardial remodeling in
response to a pressure load and after MI.30–35

Treatment Response. Recognition of the pathophysio-
logic and clinical differences between men and women with
HF has raised concern that treatment response might differ
as well. Results of individual controlled clinical trials, even
of standard therapeutic agents for HF from systolic dys-
function, generally are inconclusive, because of the small
number of women enrolled. Data from pooled analyses
are equally sparse. Recommendations are made in the
context of this limited database.

Recommendation

15.4 b-blocker therapy is recommended for women
with HF from:
� symptomatic LV systolic dysfunction (Strength

of Evidence 5 B)
� asymptomatic LV systolic dysfunction

(Strength of Evidence 5 C)

Background

Women are underrepresented in HF clinical trials, as
they are in clinical studies of other cardiovascular dis-
eases.36 However, a recent review of the experience of
women in several of the large-scale prospective mortality
trials of b-blockade in patients with symptomatic LV dys-
function does suggest that women and men benefit to a sim-
ilar degree.37 Similarly, a pooling of the mortality results
from several other large trials showed strong evidence of
a similar beneficial effect in women and men.37,38 Given
the absence of contrary data, the most prudent course is
to recommend the routine use of b-blockade for HF in both
women and men.

Recommendation

15.5 ACE inhibitor therapy is recommended as stan-
dard therapy in all women with symptomatic or
asymptomatic LV systolic dysfunction. (Strength
of Evidence 5 B)

Background

As with b-blockers, the available data on ACE inhibition
suggest comparable effects in women and men with HF. A
meta-analysis of large-scale HF and post-MI randomized
trials demonstrated evidence of a mortality benefit of
ACE inhibition in women. A more convincing effect was
seen on the composite end point of death, reinfarction, or
admission for HF. Comparable findings related to gender
were also noted in the meta-analysis of mostly small-scale,
short-term studies of ACE inhibition, which found similar
favorable point estimates for reduction in mortality and
for mortality plus hospitalization in women.17

Other Medications. In the absence of data to the contrary,
other HF medications, including ARBs, aldosterone antago-
nists, and the combination of hydralazine/isosorbide dini-
trate, should be considered as options for women with HF.

HF in African Americans

Clinical Characteristics and Prognosis. Cardiovascular
disease is a major health issue for African Americans.24,25

Traditionally, concern has focused on hypertension and
stroke as key components of the burden of cardiovascular
disease in this population. However, HF represents a major
source of cardiovascular morbidity and mortality for Afri-
can Americans. Epidemiologic data suggests that they are
at greater risk for HF than Caucasians, with approximately
3% of all African-American adults affected.

A number of clinical studies have documented substan-
tial differences between the baseline clinical characteristics
of African Americans and Caucasians with HF.26,27,38 Age
of onset is significantly younger in blacks than in whites,
and HF is less likely to be due to ischemic heart disease.
Hypertension remains a major etiologic factor for HF in
African Americans.

Analysis of outcome data from the Studies of Left Ven-
tricular Dysfunction (SOLVD) trials has shown higher mor-
tality and morbidity rates in blacks compared to whites with
HF.39 Whether these differences reflect differences in base-
line characteristics, delivery of care or socioeconomic fac-
tors has not been resolved. Other studies point to problems
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with access to care and unfavorable clinical characteristics
independent of HF as factors increasing the risk of African
Americans for poor outcomes.40–42

Aggressive, early treatment of hypertension has been pro-
posed as a major strategy for the prevention of HF in this
racial group. Persistent hypertension is not uncommon in
African-American patients with HF and systolic dysfunction.

Treatment Response. Although a number of clinical
characteristics have been shown to differ significantly be-
tween African Americans and other races afflicted with
HF, the implications of these differences for therapy remain
to be determined.

Recommendation

15.6 b-blockers are recommended as part of standard
therapy for African Americans with HF due to:
� symptomatic LV systolic dysfunction (Strength

of Evidence 5 B)
� asymptomatic LV systolic dysfunction (Strength

of Evidence 5 C)

Background

Although 1 trial with bucindolol did not find a beneficial
effect of b-blockade in African Americans with HF,43 sub-
group analysis of data from the US Carvedilol Trials suggests
that the beneficial effect of b-blockers on outcomes in Afri-
can Americans with HF from systolic dysfunction is similar
to the effects in the larger population.44 Other studies demon-
strate similar findings.12,45,46 The totality of the data supports
substantial benefit from these agents, regardless of race.

Recommendations

15.7 ACE inhibitors are recommended as part of stan-
dard therapy for African-American patients with
HF from symptomatic or asymptomatic LV systolic
dysfunction. (Strength of Evidence 5 C)

15.8 ARBs are recommended as substitute therapy
for HF in African Americans intolerant of ACE
inhibitors. (Strength of Evidence 5 B)

Background

ACE Inhibition. Long-standing clinical experience sug-
gests that African Americans with hypertension respond
less well than Caucasians to ACE inhibitors.47 Concern
has persisted that differences in the effectiveness of block-
ade of the renin-angiotensin system in HF might be present
between the 2 races as well. Recently, retrospective sub-
group analysis of data from 2 randomized clinical trials
has added support to the concept that the response of blacks
and whites with HF and LV systolic dysfunction to ACE in-
hibition may differ. A reanalysis of the SOLVD Prevention
and Treatment trials investigated the influence of race on
the response to enalapril.48 Unadjusted analysis in the
matched-cohort indicated that enalapril reduced the risk
of hospitalization for HF in white patients by 44%, whereas
no significant benefit was seen in black patients. Adjusted
analysis confirmed a beneficial effect on hospitalization risk
for Caucasians, but not for African Americans. At 1 year,
enalapril therapy was associated with a significant reduc-
tion in both systolic blood pressure and diastolic blood
pressure in Caucasian patients, whereas no significant re-
duction was observed in African-American patients.

It must be remembered that this study was a post-hoc
subgroup analyses of randomized studies that were not
stratified based on race. The SOLVD data raise the possibil-
ity that treatment response to ACE inhibition may vary be-
tween the races. However, they do not provide sufficient
data to support a strategy other than routine use of ACE
inhibitors in African Americans with HF.

Angiotensin-Receptor Blockade. The use of ARBs in
African Americans with HF has not been well characterized
in clinical trials. It would thus be reasonable in this popu-
lation to follow the general recommendations for the use
of ARBs (see Section 7).

Recommendation

15.9 A combination of hydralazine and isosorbide dini-
trate is recommended as part of standard therapy
in addition to b-blockers and ACE-inhibitors for
African Americans with LV systolic dysfunction
and:
� New York Heart Association class III or IV HF

(Strength of Evidence 5 A)
� New York Heart Association class II HF

(Strength of Evidence 5 B)

Background

A strong recommendation now exists for the addition of
the fixed combination of isosorbide dinitrate and hydral-
azine to the standard medical regimen for African Ameri-
cans with HF. Data from the Vasodilator-Heart Failure
Trial (VHeFT) I and II suggested that a racial difference
in treatment response existed between white and black
patients with symptomatic LV dysfunction treated with
hydralazine-isosorbide dinitrate versus placebo.49 The
African-American Heart Failure Trial (A-HeFT) enrolled
1050 black patients who had New York Heart Association
class III or IV HF with dilated ventricles and systolic dys-
function.50 In this placebo-controlled, blinded, and random-
ized trial, subjects were randomly assigned to receive
a fixed combination of isosorbide dinitrate plus hydralazine
or placebo in addition to standard therapy for HF. The pri-
mary end point was a composite score made up of weighted
values for death from any cause, a first hospitalization for
HF, and change in the quality of life. The study was termi-
nated early owing to a significantly higher mortality rate in
the placebo group than in the group given the fixed combi-
nation of isosorbide dinitrate plus hydralazine. The mean
primary composite score was significantly better in the
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group given isosorbide dinitrate plus hydralazine than in the
placebo group, as were its individual components: 43% re-
duction in the rate of death from any cause, 33% relative re-
duction in the rate of first hospitalization for HF, and an
improvement in the quality of life.

References

1. Batchelor WB, Jollis JG, Friesinger GC. The challenge of health care

delivery to the elderly patient with cardiovascular disease. Demo-

graphic, epidemiologic, fiscal, and health policy implications. Cardiol

Clin 1999;17:1–15, vii.

2. Kannel WB, Belanger AJ. Epidemiology of heart failure. Am Heart J

1991;121(3 Pt 1):951–7.

3. Rich MW. Epidemiology, pathophysiology, and etiology of congestive

heart failure in older adults. J Am Geriatr Soc 1997;45:968–74.

4. Alexander M, Grumbach K, Remy L, Rowell R, Massie BM. Conges-

tive heart failure hospitalizations and survival in California: patterns

according to race/ethnicity. Am Heart J 1999;137:919–27.

5. Schulman SP. Cardiovascular consequences of the aging process.

Cardiol Clin 1999;17:35–49, viii.

6. Schulman SP, Lakatta EG, Fleg JL, Lakatta L, Becker LC,

Gerstenblith G. Age-related decline in left ventricular filling at rest

and exercise. Am J Physiol 1992;263:H1932–8.

7. Najjar SS, Schulman SP, Gerstenblith G, Fleg JL, Kass DA,

O’Connor F, et al. Age and gender affect ventricular-vascular coupling

during aerobic exercise. J Am Coll Cardiol 2004;44:611–7.

8. Guarnieri T, Filburn CR, Zitnik G, Roth GS, Lakatta EG. Contractile

and biochemical correlates of beta-adrenergic stimulation of the aged

heart. Am J Physiol 1980;239:H501–8.

9. Xiao RP, Tomhave ED, Wang DJ, Ji X, Boluyt MO, Cheng H, et al.

Age-associated reductions in cardiac beta1- and beta2-adrenergic re-

sponses without changes in inhibitory G proteins or receptor kinases.

J Clin Invest 1998;101:1273–82.

10. Effect of metoprolol CR/XL in chronic heart failure: Metoprolol

CR/XL Randomised Intervention Trial in Congestive Heart Failure

(MERIT-HF). Lancet 1999;353:2001–7.

11. Hjalmarson A, Goldstein S, Fagerberg B, Wedel H, Waagstein F,

Kjekshus J, et al. Effects of controlled-release metoprolol on total

mortality, hospitalizations, and well-being in patients with heart fail-

ure: the Metoprolol CR/XL Randomized Intervention Trial in conges-

tive heart failure (MERIT-HF). MERIT-HF Study Group. JAMA 2000;

283:1295–302.

12. Gottlieb SS, McCarter RJ, Vogel RA. Effect of beta-blockade on mor-

tality among high-risk and low-risk patients after myocardial infarc-

tion. N Engl J Med 1998;339:489–97.

13. Rochon PA, Tu JV, Anderson GM, Gurwitz JH, Clark JP, Lau P, et al.

Rate of heart failure and 1-year survival for older people receiving

low-dose beta-blocker therapy after myocardial infarction. Lancet

2000;356:639–44.

14. Shlipak MG, Browner WS, Noguchi H, Massie B, Frances CD,

McClellan M. Comparison of the effects of angiotensin converting-

enzyme inhibitors and beta blockers on survival in elderly patients

with reduced left ventricular function after myocardial infarction.

Am J Med 2001;110:425–33.

15. Flather MD, Shibata MC, Coats AJ, Van Veldhuisen DJ,

Parkhomenko A, Borbola J, et al. Randomized trial to determine the

effect of nebivolol on mortality and cardiovascular hospital admission

in elderly patients with heart failure (SENIORS). Eur Heart J 2005;26:

215–25.

16. Effects of enalapril on mortality in severe congestive heart failure. Re-

sults of the Cooperative North Scandinavian Enalapril Survival Study

(CONSENSUS). The CONSENSUS Trial Study Group. N Engl J Med

1987;316:1429–35.

17. Flather MD, Yusuf S, Kober L, Pfeffer M, Hall A, Murray G, et al.

Long-term ACE-inhibitor therapy in patients with heart failure or
left-ventricular dysfunction: a systematic overview of data from indi-

vidual patients. ACE-Inhibitor Myocardial Infarction Collaborative

Group. Lancet 2000;355:1575–81.

18. Garg R, Yusuf S. Overview of randomized trials of angiotensin-

converting enzyme inhibitors on mortality and morbidity in patients

with heart failure. Collaborative Group on ACE Inhibitor Trials.

JAMA 1995;273:1450–6.

19. Gambassi G, Lapane KL, Sgadari A, Carbonin P, Gatsonis C,

Lipsitz LA, et al. Effects of angiotensin-converting enzyme inhibitors

and digoxin on health outcomes of very old patients with heart failure.

SAGE Study Group. Systematic Assessment of Geriatric drug use via

Epidemiology. Arch Intern Med 2000;160:53–60.

20. Kimmelstiel CD, Konstam MA. Heart failure in women. Cardiology

1995;86:304–9.

21. McKee PA, Castelli WP, McNamara PM, Kannel WB. The natural his-

tory of congestive heart failure: the Framingham study. N Engl J Med

1971;285:1441–6.

22. Adams KF Jr, Dunlap SH, Sueta CA, Clarke SW, Patterson JH,

Blauwet MB, et al. Relation between gender, etiology and survival

in patients with symptomatic heart failure. J Am Coll Cardiol 1996;

28:1781–8.

23. Adams KF Jr, Sueta CA, Gheorghiade M, O’Connor CM,

Schwartz TA, Koch GG, et al. Gender differences in survival in

advanced heart failure. Insights from the FIRST study. Circulation

1999;99:1816–21.

24. American Heart Association. 2001 heart and stroke statistical update.

Dallas: American Heart Association; 2000.

25. Gillum RF. Heart failure in the United States 1970–1985. Am Heart J

1987;113:1043–5.

26. Bourassa MG, Gurne O, Bangdiwala SI, Ghali JK, Young JB,

Rousseau M, et al. Natural history and patterns of current practice

in heart failure. The Studies of Left Ventricular Dysfunction (SOLVD)

Investigators. J Am Coll Cardiol 1993;22(Suppl A):14A–9A.

27. Afzal A, Ananthasubramaniam K, Sharma N, al-Malki Q, Ali AS,

Jacobsen G, et al. Racial differences in patients with heart failure. Clin

Cardiol 1999;22:791–4.

28. Buttrick P, Scheuer J. Sex-associated differences in left ventricular

function in aortic stenosis of the elderly. Circulation 1992;86:1336–8.

29. Schaible TF, Malhotra A, Ciambrone G, Scheuer J. The effects of go-

nadectomy on left ventricular function and cardiac contractile proteins

in male and female rats. Circ Res 1984;54:38–49.

30. Pfeffer JM, Pfeffer MA, Fletcher P, Fishbein MC, Braunwald E.

Favorable effects of therapy on cardiac performance in spontaneously

hypertensive rats. Am J Physiol 1982;242:H776–84.

31. Weinberg EO, Thienelt CD, Katz SE, Bartunek J, Tajima M,

Rohrbach S, et al. Gender differences in molecular remodeling in

pressure overload hypertrophy. J Am Coll Cardiol 1999;34:264–73.

32. van Eickels M, Grohe C, Cleutjens JP, Janssen BJ, Wellens HJ,

Doevendans PA. 17beta-estradiol attenuates the development of pres-

sure-overload hypertrophy. Circulation 2001;104:1419–23.

33. Cavasin MA, Sankey SS, Yu AL, Menon S, Yang XP. Estrogen and

testosterone have opposing effects on chronic cardiac remodeling

and function in mice with myocardial infarction. Am J Physiol Heart

Circ Physiol 2003;284:H1560–9.

34. Tamura T, Said S, Gerdes AM. Gender-related differences in myocyte

remodeling in progression to heart failure. Hypertension 1999;33:

676–80.

35. Carroll JD, Carroll EP, Feldman T, Ward DM, Lang RM,

McGaughey D, et al. Sex-associated differences in left ventricular

function in aortic stenosis of the elderly. Circulation 1992;86:1099–

107.

36. Lindenfeld J, Krause-Steinrauf H, Salerno J. Where are all the women

with heart failure? J Am Coll Cardiol 1997;30:1417–9.

37. Ghali JK, Pina IL, Gottlieb SS, Deedwania PC, Wikstrand JC. Me-

toprolol CR/XL in female patients with heart failure: analysis of the

experience in Metoprolol Extended-Release Randomized Interven-

tion Trial in Heart Failure (MERIT-HF). Circulation 2002;105:

1585–91.



Heart Failure Practice Guideline � HFSA e119
38. Dunlap SH, Sueta CA, Tomasko L, Adams KF Jr. Association of body

mass, gender and race with heart failure primarily due to hypertension.

J Am Coll Cardiol 1999;34:1602–8.

39. Dries DL, Exner DV, Gersh BJ, Cooper HA, Carson PE,

Domanski MJ. Racial differences in the outcome of left ventricular

dysfunction. N Engl J Med 1999;340:609–16.

40. Alexander M, Grumbach K, Selby J, Brown AF, Washington E. Hos-

pitalization for congestive heart failure. Explaining racial differences.

JAMA 1995;274:1037–42.

41. Ghali JK, Kadakia S, Cooper R, Ferlinz J. Precipitating factors leading

to decompensation of heart failure. Traits among urban blacks. Arch

Intern Med 1988;148:2013–6.

42. Ofili EO, Mayberry R, Alema-Mensah E, Saleem S, Hamirani K,

Jones C, et al. Gender differences and practice implications of risk fac-

tors for frequent hospitalization for heart failure in an urban center

serving predominantly African-American patients. Am J Cardiol

1999;83:1350–5.

43. A trial of the beta-blocker bucindolol in patients with advanced chron-

ic heart failure. N Engl J Med 2001;344:1659–67.

44. Yancy CW, Fowler MB, Colucci WS, Gilbert EM, Bristow MR,

Cohn JN, et al. Race and the response to adrenergic blockade with

carvedilol in patients with chronic heart failure. N Engl J Med

2001;344:1358–65.
45. Goldstein S, Deedwania P, Gottlieb S, Wikstrand J. Metoprolol

CR/XL in black patients with heart failure (from the Metoprolol

CR/XL randomized intervention trial in chronic heart failure). Am J

Cardiol 2003;92:478–80.

46. Shekelle PG, Rich MW, Morton SC, Atkinson CS, Tu W,

Maglione M, et al. Efficacy of angiotensin-converting enzyme in-

hibitors and beta-blockers in the management of left ventricular

systolic dysfunction according to race, gender, and diabetic status:

a meta-analysis of major clinical trials. J Am Coll Cardiol 2003;

41:1529–38.

47. Saunders E. Hypertension in minorities: blacks. Am J Hypertens 1995;

8:115s–9s.

48. Exner DV, Dries DL, Domanski MJ, Cohn JN. Lesser response to an-

giotensin-converting-enzyme inhibitor therapy in black as compared

with white patients with left ventricular dysfunction. N Engl J Med

2001;344:1351–7.

49. Carson P, Ziesche S, Johnson G, Cohn JN. Racial differences in response

to therapy for heart failure: analysis of the vasodilator-heart failure trials.

Vasodilator-Heart Failure Trial Study Group. J Card Fail 1999;5:178–87.

50. Taylor AL, Ziesche S, Yancy C, Carson P, D’Agostino R Jr,

Ferdinand K, et al. Combination of isosorbide dinitrate and hydral-

azine in blacks with heart failure. N Engl J Med 2004;351:

2049–57.



Journal of Cardiac Failure Vol. 12 No. 1 2006
Section 16: Myocarditis: Current Treatment

Overview

Myocarditis is a distinct clinical entity with a wide vari-
ety of cardiac manifestations including HF. Potential etiol-
ogies may include toxins, medications, physical agents and,
most importantly, infections. The most common forms ap-
pear to be postviral in origin. The pathophysiology of myo-
carditis has been well established in animal models with
myocardial damage due not only to direct infection, but
also consequent to postinfectious, autoimmune-mediated
myocardial inflammatory damage. In humans, ongoing
myocardial inflammation may result in dilated cardiomyop-
athy, restrictive cardiomyopathy, or acute left ventricular
(LV) failure without dilatation (fulminant myocarditis).

Myocarditis is histologically characterized by both an ac-
tive inflammatory cellular infiltrate within the myocardium
and associated myocyte necrosis (the Dallas pathologic cri-
teria).1 Although many clinicians and pathologists consider
the Dallas criteria too restrictive, this classification has es-
tablished uniform histologic criteria for diagnosis and has
substantially reduced the wide variation in reported rates
of this disease. Although the inflammatory infiltrate is lym-
phocytic in more than 90% of cases, eosinophilic infiltration
or giant cell formation may occasionally be seen. The clin-
ical features of myocarditis are extremely varied, ranging
from asymptomatic electrocardiographic abnormalities ob-
served during viral Coxsackie B outbreaks in the community
to severe dilated cardiomyopathy with fulminant heart fail-
ure (HF) leading to transplantation or death.2 Myocarditis
may also cause ventricular arrhythmias or heart block or
mimic acute myocardial infarction.3,4 Both acute and chron-
ic dilated cardiomyopathies may result from inflammatory
heart disease. The histologic differentiation of myocarditis
from idiopathic dilated cardiomyopathy remains problemat-
ic, because several published series suggest no difference in
long-term prognosis, regardless of the presence or absence
of myocardial inflammation.5 Nonetheless, many clinicians
believe that myocarditis is a potentially reversible form of
cardiomyopathy and continue to perform endomyocardial
biopsy searching for its presence.

Controversy continues to surround the best approach to
the management of patients considered to have myocarditis.
The following recommendation is based on a review of avail-
able data from uncontrolled and controlled evaluation of im-
munomodulatory therapy for the treatment of myocarditis.

Recommendation

16.1 Routine use of immunosuppressive therapies is
not recommended for patients with myocarditis.
(Strength of Evidence 5 A)

1071-9164/$ - see front matter
� 2006 Elsevier Inc. All rights reserved.
doi:10.1016/j.cardfail.2005.11.021
e12
Background

Uncontrolled Studies. More than 20 uncontrolled trials
have been reported during the past 15 years on the use of
immunosuppressive agents in the treatment of biopsy-prov-
en lymphocytic myocarditis.1 Therapies have included
prednisone alone, prednisone and azathioprine, prednisone
and cyclosporine, and short courses of OKT3. Virtually
all immunosuppressive protocols can result in rapid histo-
logic improvement or resolution of the inflammatory com-
ponent of the disease. Unfortunately, little or no correlation
exists between histologic improvement and ventriculo-
graphic improvement. Improvement in ventricular function
has been reported to range from 0% to 100%.1,6,7 Further-
more, spontaneous variation in LV ejection fraction (LVEF)
and improvement in acute dilated cardiomyopathy are now
well-recognized features of all forms of new onset cardio-
myopathy. Thus uncontrolled series cannot answer the
question as to whether the improvement in ventricular
function exhibited by some patients was actually from
treatment rather than spontaneous improvement in the
disease itself.

Controlled Trials. Three randomized, placebo-
controlled trials have been performed which examined the
role of immunosuppressive therapy in the treatment of
acute dilated cardiomyopathy or myocarditis. One study
randomly assigned 102 patients with dilated cardiomyopa-
thy to treatment with either prednisone (60 mg/day) or pla-
cebo for 3 months.8 The trial concluded that prednisone had
marginal clinical benefit and should not be administered as
standard therapy for dilated cardiomyopathy patients. A
major criticism of this trial was that only a small number
of patients had histologically verified myocarditis. A sec-
ond trial of 52 patients with recently diagnosed idiopathic
dilated cardiomyopathy treated with either conventional
therapy alone or in combination with prednisone reported
an inflammatory response on endomyocardial biopsy in
23% of the overall population, 13% of whom had Dallas
criteria myocarditis.9 Immunosuppressed patients received
50 mg of prednisone daily for 2 weeks followed by a taper
by 10 mg every 2 weeks until the drug was discontinued.
Biopsy-documented myocarditis resolved in all patients
within 3 months regardless of treatment modality. Survival
at 24 months, the primary endpoint of the study, was 64 6

12% for the prednisone-treated patients compared to 83 6

8% for the untreated patients (P 5 .57). The presence of
myocardial inflammation did not influence survival. Thus
prednisone was determined to be ineffective in improving
the primary end point in the study.

The Myocarditis Treatment Trial (MTT) examined im-
munosuppressive therapy consisting of prednisone and
cyclosporine in 111 patients with histologically verified
myocarditis and an LVEF !45% who were randomized
to receive conventional therapy alone or combined with
0
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immunosuppression for 6 months.10 The primary outcome
measure was prespecified as change in LVEF at 28 weeks.
The majority of patients received prednisone and cyclo-
sporine immunosuppressive treatment, because the azathio-
prine treatment limb was prematurely terminated from slow
study enrollment. For the group as a whole, LVEF im-
proved from 25% at baseline to 34% at 28 weeks. The
mean change in EF did not differ between treatment groups.
A higher LVEF at baseline, shorter duration of symptoms,
but not the randomized treatment assigned, were positive
independent predictors of improvement in EF at 28 weeks.
There was no difference in survival between treatment
groups; the mortality rate for the entire group was 20% at
1 year and 56% at 4.8 years. This study is the only sizable
randomized trial specifically focused on treatment of
patients with myocarditis. Unfortunately, prednisone and
cyclosporine-based immunosuppressive therapy produced
no clinical benefit.

High-dose gamma-globulin has been shown to be effec-
tive treatment for a variety of immunologically mediated
diseases such as Kawasaki’s disease. The use of intravenous
immunoglobulin (2 g/kg) in 21 consecutive children treated
for presumed acute myocarditis demonstrated a trend for
improved survival in the immunoglobulin group compared
to historical controls.11 Small studies using intravenous im-
munoglobulin in adult patients have been negative.12,13 All
patients had New York Heart Association class class III or
IV heart failure symptoms and an LVEF !40%. One pa-
tient died, whereas the remaining 9 patients were dis-
charged; EF in the survivors increased from 24% to 41%.

A prospective randomized multicenter trial of the use of
immunoglobulin in patients with cardiomyopathy of less
than 6 months duration and symptomatic HF submitted
all patients to endomyocardial biopsy; however, only 16%
of the 62 patients randomized had Dallas criteria myocardi-
tis.14 The immunoglobulin and placebo control population
had identical survivals at one year (92% and 88% respec-
tively), and increases in EF from 25% at baseline to 42%
at the 12 month follow-up. Therefore, despite encouraging
data from uncontrolled observations, immunoglobulin ther-
apy does not provide benefit to patients with new-onset car-
diomyopathy and myocarditis.

Increasing concerns have been raised concerning the
ability to diagnose myocarditis by endomyocardial biopsy
using the Dallas criteria exclusively. Of the 2233 patients
considered candidates for inclusion in the MTT 2, only
214 were thought to have myocarditis as defined by the
Dallas criteria. Of the 111 patients enrolled in the trial,
only 64% were ‘‘confirmed’’ as having myocarditis after re-
view by an expert panel of pathologists. Chow and Hauck
performed serial myocardial biopsies on postmortem hearts
of patients who had died of myocarditis.15,16 Even with 5
biopsy samples, only two-thirds of patients studied would
have had the diagnosis of myocarditis using the Dallas cri-
teria. Others have demonstrated that even in the presence of
viral RNA or DNA by polymerase chain reaction techni-
ques, histologic myocarditis often is not confirmed.17
Two recent European investigators have added signifi-
cantly to our understanding of histologic versus immuno-
logic ‘‘myocarditis.’’ Wojnicz defined myocarditis by
upregulation of human leukocyte antigen by endomyocar-
dial biopsy in 84 patients of a cohort of 202 with new onset
cardiomyopathy.18 Patients were randomized prospectively
to immunosuppression or placebo. Although the rates of
death, transplantation, or hospitalization were virtually
identical in the immunosuppressed and placebo-treated pa-
tients, those with immunosuppression increased their EF
from 24% to 36%, whereas the control group showed virtu-
ally no increase. Based on the Dallas criteria alone, only
8.3% of the patients studied had active myocarditis and
19% had borderline myocarditis. Frustaci demonstrated his-
tologic myocarditis in 112 of 652 patients with new-onset
cardiomyopathy submitted to myocardial biopsy.17 Of the
112 patients with myocarditis, 41 displayed progressive de-
terioration despite usual medical therapy and were treated
with immunosuppression (azathioprine and prednisone).
Approximately half of the patients responded to immuno-
suppressive therapy. Responders increased their EF from
26% to 47% and demonstrated healed myocarditis on fol-
low-up biopsies. The 20 nonresponders had progressive de-
terioration to dilated cardiomyopathy, with 5 deaths and 3
cardiac transplantations. Cardiac antibodies were demon-
strated in 90% of those who responded, compared with ab-
sence of antibodies in non-responders. The patients who
failed to respond displayed viral persistence (85%).

Clearly, patients with subacute myocarditis and new on-
set dilated cardiomyopathy and HF often improve sponta-
neously with standard HF management. It is becoming
increasingly clear that the Dallas criteria, which rely exclu-
sively on histologic inflammatory infiltrate and myocyte ne-
crosis, may be underestimating the presence of immune-
related myocardial dysfunction. Recent evidence suggests
that we may be on the verge of identifying patients for
whom immunosuppressive therapy would be beneficial by
using other markers of immune upregulation, anticardiac
antibodies, or the absence of viral persistence. These data
are not yet strong enough to alter our current recommenda-
tions, but should be revisited as new data become available.

Recommendation

16.2 Endomyocardial biopsy should be considered in
patients with an acute deterioration of cardiac
function of unknown etiology who are unrespon-
sive to medical therapy.
(Strength of Evidence 5 B)

Background

There are distinct clinical pathologic forms of myocardi-
tis in which endomyocardial biopsy establishes not only the
diagnosis but prognosis and treatment options. These in-
clude fulminant myocarditis, giant cell myocarditis, chronic
active myocarditis, and eosinophilic myocarditis, all of
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which typically develop within 6 months of the onset of
cardiomyopathy.

Fulminant myocarditis is characterized by an abrupt onset of
profound HF within 1 month of a preceding clearly recognized
viral illness.19 Patients present with nondilated, thickened left
ventricles with severe hypofunction on echocardiography.
Endomyocardial biopsy reveals unquestionable histologic
Dallas criteria myocarditis. These patients usually recover
spontaneously within 2 weeks with complete resolution of
histologic myocarditis and normalization of ventricular func-
tion. Their long-term prognosis is excellent. These patients
should not be treated with immunosuppressive therapy.

Patients with giant cell myocarditis present with rapidly
progressive HF, complete heart block, or malignant ventric-
ular arrhythmias.20 Many patients have an associated auto-
immune process. Biopsy reveals widespread serpiginous
necrosis and multifocal inflammation with eosinophiles,
histiocytes, lymphocytes, and multinucleated giant cells.
Patients with untreated giant cell myocarditis usually die
within 3 months of presentation. There are preliminary
data to suggest that high-dose immunosuppressive therapy
may improve survival in this population.21

Patients with chronic active myocarditis have an indis-
tinct onset.22 They present with HF and mild LV dilation
and systolic dysfunction. Endomyocardial biopsies reveal
both ongoing active inflammation and fibrosis. Both pro-
cesses progress over the course of the illness. Ultimately
patients develop a restrictive cardiomyopathy with refracto-
ry HF, usually over 2 to 3 years.

Hypersensitivity to a number of standard drugs may re-
sult in an allergic myocarditis. This inflammation is charac-
terized by peripheral eosinophilia and infiltration of the
myocardium with lymphocytes, histocytes, and eosino-
philes. This form of myocarditis is rarely recognized pre-
mortem and should be suspected in patients with stable
LV dysfunction who deteriorate inexplicably, particularly
after the initiation of a new medication.23
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