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Heart Failure
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HE CLINICAL SYNDROME OF HEART FAILURE IS THE FINAL PATHWAY

for myriad diseases that affect the heart. Since the mid-1990s, when the last

review of heart failure appeared in the Journal,* discoveries from basic research
and findings from key clinical trials have resulted in considerable change in the scope
of therapies available and the continuing advancement of our understanding of the
pathophysiological mechanisms of heart failure. In this article, we highlight these new
developments.

A COSTLY AND DEADLY DISORDER

Nearly 5 million Americans have heart failure today, with an incidence approaching 10
per 1000 population among persons older than 65 years of age. Heart failure is the reason
for atleast 20 percent of all hospital admissions among persons older than 65. Over the
pastdecade, the rate of hospitalizations for heart failure has increased by 159 percent.2
In 1997, an estimated $5,501 was spent for every hospital-discharge diagnosis of heart
failure, and another $1,742 per month was required to care for each patient after dis-
charge. Accordingly, substantial efforts have been made to identify and treat the factors
that predict recurrent hospitalization. End points of large randomized trials now include
the effect of the studied intervention on the rate of hospital admissions. For example,
angiotensin-converting—enzyme (ACE) inhibitors, angiotensin-receptor antagonists,
beta-blockers, spironolactone, biventricular pacing, coronary bypass surgery, and the
use of multidisciplinary teams to treat heart failure have all been shown to reduce the
rate of hospitalizations substantially, as well as to reduce mortality or improve functional
status.3-5> Considerable debate has focused on the mechanisms that reduce the rate of
admissions and on the type of physician who should care for patients with heart failure.
In the United States, more than two thirds of patients with heart failure are cared for ex-
clusively by primary care practitioners.

Multiple clinical trials completed during the past 15 years have unequivocally shown
a substantial reduction in mortality for patients with systolic heart failure. Simultane-
ously, however, large epidemiologic surveys, such as the ongoing Framingham Study,
have notdocumented any meaningful change in overall death rates. (Death seems to have
been delayed, however, and occurs a longer time after major cardiac events such as a my-
ocardial infarction.) Symptomatic heart failure continues to confer a worse prognosis
than the majority of cancers in this country, with one-year mortality of approximately
45 percent.%”

Why have the newer and successful therapies failed to result in a meaningful reduc-
tion in mortality due to heart failure? It is important to recognize that heart failure is a
clinical syndrome arising from diverse causes. Not all patients with the condition have
poorly contracting ventricles and a low ejection fraction. Many have uncorrected valvular
disease, such as aortic stenosis or mitral regurgitation, or abnormal filling, resulting in
diastolic heart failure. A large majority of patients with heart failure are elderly, and 75
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percent of patients have a history of hypertension.
Many patients have at least one serious coexisting
condition, in addition to advanced age. Such pa-
tients have not usually been subjects in investiga-
tional trials. Moreover, until recently, the majority of
patients entered into trials of investigational drugs
were middle-aged white men with heart failure due
to ischemic cardiomyopathy. Fewer women and
members of racial minorities have taken part in tri-
als, and very few trials have included persons older
than 75 years of age. Thus, despite the acknowl-
edged successes of the therapies outlined below,
there is much to be done in the prevention and man-
agement of heart failure in the large subgroups of
patients who are not well represented in trials. Cer-
tainly, successful treatments have not been system-
atically applied to the majority of patients with heart
failure, and for the reasons stated above, those that
have been applied may not be efficacious.

Although heart failure is a major public health
problem, there are no national screening efforts to
detect the disease at its earlier stages, as there are
for breast and prostate cancer or even osteoporo-
sis. Heart failure is largely preventable, primarily
through the control of blood pressure and other vas-
cular risk factors. Yet, until recently, the factors that
render a patient at high risk for heart failure had
not been clearly defined or publicized. The guide-
lines for the evaluation and management of chron-
ic heart failure that were published recently by the
American College of Cardiology and the American
Heart Association have corrected this deficit.8 The
writing committee developed a new approach to the
classification of heart failure that emphasizes its
evolution and progression and defined four stages
of heart failure. Patients with stage A heart failure
are at high risk for the development of heart failure
but have no apparent structural abnormality of the
heart. Patients with stage B heart failure have a struc-
tural abnormality of the heart but have never had
symptoms of heart failure. Patients with stage C
heart failure have a structural abnormality of the
heart and current or previous symptoms of heart
failure. Patients with stage D heart failure have end-
stage symptoms of heart failure that are refractory
to standard treatment.

This staged classification underscores the fact
that established risk factors and structural abnor-
malities are necessary for the development of heart
failure, recognizes its progressive nature, and super-
imposes treatment strategies on the fundamentals
of preventive efforts. The classification is a departure

from the traditional New York Heart Association
(NYHA) classification, which has primarily been
used as shorthand to describe functional limita-
tions.® Heart failure may progress from stage A to
stage D in a given patient but cannot follow the path
in reverse. In contrast, a patient with NYHA class IV
symptoms might have quick improvement to class
III with diuretic therapy alone. This staged heart-
failure classification promotes a way of thinking
about heart failure that is similar to our way of think-
ing about cancer — that is, the identification and
screening of patients who are at risk, patients with
in situ disease, and patients with established or
widespread disease. The ensuing discussion about
the treatment of heart failure is keyed toward this
new staging classification.

THE SYNDROME OF HEART FAILURE

The traditional view that heart failure is a constella-
tion of signs and symptoms caused by inadequate
performance of the heart focuses on only one aspect
of the pathophysiology involved in the syndrome.
Currently, a complex blend of structural, functional,
and biologic alterations are evoked to account for
the progressive nature of heart failure and to explain
the efficacy or failure of therapies used in clinical tri-
als.10 For example, the rationale for the use of beta-
blockers in a patient with a poorly contracting heart
is based on a conceptual framework broader than
that which suggests the treatment of congestion
with diuretics or digoxin. The rationale for using
beta-blockers is predicated on an understanding of
the role of the sympathetic nervous system in pro-
moting the release of renin and other vasoactive sub-
stances that trigger vasoconstriction, tachycardia,
and changes in myocytes that lead to disadvanta-
geous ventricular dilatation.

Indeed, recent reviews have combined several
models that had been used previously to under-
stand heart failure in order to illustrate more fully
the cascade of mechanisms, as well as the opportu-
nities for intervention.! Thus, the hemodynamic
model of heart failure emphasized the effect of an
altered load on the failing ventricle and ushered in
the era of vasodilators and inotropic agents. The
neurohumoral model recognized the importance of
activation of the renin—angiotensin—aldosterone
axis and the sympathetic nervous system in the pro-
gression of cardiac dysfunction. More recently, ef-
forts to antagonize the effects of circulating norep-
inephrine and angiotensin II have shifted with the
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recognition that these and other vasoactive sub-
stances are also synthesized within the myocardium
and therefore actin an autocrine and paracrine man-
ner, in addition to their actions in the circulation.
For example, brain natriuretic peptide is produced
by the ventricular myocardium in response to
stretch; its vasodilatory and natriuretic effects coun-
teract the opposing actions of angiotensin II and
aldosterone. Other studies have scrutinized myo-
cytes from failing hearts in an attempt to detect ab-
normal signaling, gene expression, or contractile
protein structure. Table 1 details many of the factors
that contribute to the heart-failure syndrome as it is
currently understood. Because no single pathophys-
iological model can account for the host of clinical
expressions of heart failure, current therapy often
targets more than one organ system, as outlined in
Figure 1. Additional pathophysiological concepts
that have become clinically meaningful areas for in-
vestigation or treatment are described below.

REMODELING

Increased levels of circulating neurohormones are
only part of the response seen after an initial insult
to the myocardium. Left ventricular remodeling is
the process by which mechanical, neurohormonal,
and possibly genetic factors alter ventricular size,
shape, and function. Remodeling occurs in several
clinical conditions, including myocardial infarction,
cardiomyopathy, hypertension, and valvular heart
disease; its hallmarks include hypertrophy, loss of
myocytes, and increased interstitial fibrosis.12:13

For example, after a myocardial infarction, the
acute loss of myocardial cells results in abnormal
loading conditions that involve not only the border
zone of the infarction, but also remote myocardium.
These abnormal loading conditions induce dilata-
tion and change the shape of the ventricle, rendering
it more spherical, as well as causing hypertrophy.
Remodeling continues for months after the initial
insult, and the eventual change in the shape of the
ventricle becomes deleterious to the overall function
of the heart as a pump (Fig. 2A).14 In cardiomyopa-
thy, the process of progressive ventricular dilatation
or hypertrophy occurs without the initial apparent
myocardial injury observed after myocardial infarc-
tion (Fig. 2B).

Several trials involving patients who were stud-
ied after a myocardial infarction or who had dilated
cardiomyopathy found a benefit from ACE inhibi-
tors, beta-adrenergic antagonists, or cardiac resyn-
chronization.15-18 Such beneficial effects were asso-

Table 1. Pathophysiological Mechanisms Important
in the Syndrome of Heart Failure.

Cardiac abnormalities

Structural abnormalities
Myocardium or myocyte
Abnormal excitation—contraction coupling
B-Adrenergic desensitization
Hypertrophy
Necrosis
Fibrosis
Apoptosis
Left ventricular chamber
Remodeling
Dilatation
Increased sphericity
Aneurysmal dilatation or wall thinning
Coronary arteries
Obstruction
Inflammation
Functional abnormalities
Mitral regurgitation
Intermittent ischemia or hibernating myocardium
Induced atrial and ventricular arrhythmias
Altered ventricular interaction
Biologically active tissue and circulating substances
Renin—angiotensin—aldosterone system
Sympathetic nervous system (norepinephrine)
Vasodilators (bradykinin, nitric oxide,
and prostaglandins)
Natriuretic peptides
Cytokines (endothelin, tumor necrosis factor,
and interleukins)
Vasopressin
Matrix metalloproteinases
Other factors
Genetic background, including effects of sex
Age
Environmental factors, including use of alcohol,
tobacco, and toxic drugs
Coexisting conditions
Diabetes mellitus
Hypertension
Renal disease
Coronary artery disease
Anemia
Obesity
Sleep apnea
Depression

ciated with so-called reverse remodeling, in which
the therapy promoted a return to a more normal ven-
tricular size and shape.15-18 The reverse-remodeling
process is a mechanism through which a variety of
treatments palliate the heart-failure syndrome.

MITRAL REGURGITATION
Another potential deleterious outcome of remodel-
ing is the development of mitral regurgitation. As
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Figure 1. Primary Targets of Treatment in Heart Failure.

Treatment options for patients with heart failure affect the pathophysiological
mechanisms that are stimulated in heart failure. Angiotensin-converting—
enzyme (ACE) inhibitors and angiotensin-receptor blockers decrease after-
load by interfering with the renin-angiotensin—aldosterone system, resulting
in peripheral vasodilatation. They also affect left ventricular hypertrophy, re-
modeling, and renal blood flow. Aldosterone production by the adrenal
glands is increased in heart failure. It stimulates renal sodium retention and
potassium excretion and promotes ventricular and vascular hypertrophy.
Aldosterone antagonists counteract the many effects of aldosterone. Diuret-
ics decrease preload by stimulating natriuresis in the kidneys. Digoxin affects
the Nat/K+—ATPase pump in the myocardial cell, increasing contractility. Ino-
tropes such as dobutamine and milrinone increase myocardial contractility.
Beta-blockers inhibit the sympathetic nervous system and adrenergic recep-
tors. They slow the heart rate, decrease blood pressure, and have a direct ben-
eficial effect on the myocardium, enhancing reverse remodeling. Selected
agents that also block the alpha-adrenergic receptors can cause vasodilata-
tion. Vasodilator therapy such as combination therapy with hydralazine and
isosorbide dinitrate decreases afterload by counteracting peripheral vasocon-
striction. Cardiac resynchronization therapy with biventricular pacing im-
proves left ventricular function and favors reverse remodeling. Nesiritide
(brain natriuretic peptide) decreases preload by stimulating diuresis and de-
creases afterload by vasodilatation. Exercise improves peripheral blood flow
by eventually counteracting peripheral vasoconstriction. It also improves
skeletal-muscle physiology.

the left ventricle dilates and the heart assumes a
more globular shape, the geometric relation be-
tween the papillary muscles and the mitral leaflets
changes, causing restricted opening and increased
tethering of the leaflets and distortion of the mitral
apparatus. Dilatation of the annulus occurs as a re-
sult of increasing left ventricular or atrial size or as
aresult of regional abnormalities caused by myocar-
dial infarction.19-21 The presence of mitral regurgi-
tation results in an increasing volume overload on
the overburdened left ventricle that further contrib-
utes to remodeling, the progression of disease, and
symptoms. Correction of mitral regurgitation has
been an appropriate focus of therapy.

ARRHYTHMIAS AND BUNDLE-BRANCH BLOCK
The myocardial conduction system is vulnerable to
the same pathophysiological processes that occur in
the myocytes and interstitium, with altered conduc-
tion properties observed in response to ischemia,
inflammation, fibrosis, and aging. Supraventricular
arrhythmias, particularly atrial fibrillation, are often
the precipitating events that herald the onset of ei-
ther systolic or diastolic heart failure.22 Elevated ven-
tricular end-diastolic pressure in a patient with hy-
pertension or abnormal myocardial function leads
to atrial stretch, which in turn incites electrical insta-
bility. Recognition of the presence of atrial fibrilla-
tion in a patient is critical, since several studies have
now demonstrated the effectiveness of oral antico-
agulant therapy for the prevention of stroke.23

Abnormal myocardial conduction can also lead
to delays in ventricular conduction and bundle-
branch block. Left bundle-branch block is a signif-
icant predictor of sudden death and a common
finding in patients with myocardial failure.24-26 Its
presence also affects the mechanical events of the
cardiac cycle by causing abnormal ventricular acti-
vation and contraction, ventricular dyssynchrony,
delayed opening and closure of the mitral and aortic
valves, and abnormal diastolic function. Hemody-
namic sequelae include a reduced ejection fraction,
decreased cardiac output and arterial pressure, par-
adoxical septal motion, increased left ventricular
volume, and mitral regurgitation.27-30 Ventricular
arrhythmias are thought to be secondary to a disper-
sion of normal conduction through nonhomoge-
neous myocardial tissue, which promotes repetitive
ventricular arrhythmias.

The rate of sudden cardiac death among persons
with heart failure is six to nine times that seen in the
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A Ventricular remodeling after acute infarction

Initial infarct

Normal heart

Expansion of infarct
(hours to days)

B Ventricular remodeling in diastolic and systolic heart failure

Hypertrophied heart

(diastolic heart failure)

Global remodeling
(days to months)

Dilated heart
(systolic heart failure)

Figure 2. Ventricular Remodeling after Infarction (Panel A) and in Diastolic and Systolic Heart Failure (Panel B).
At the time of an acute myocardial infarction — in this case, an apical infarction — there is no clinically significant

change in overall ventricular geometry (Panel A). Within hours to days, the area of myocardium affected by the infarction
begins to expand and become thinner. Within days to months, global remodeling can occur, resulting in overall ventricular
dilatation, decreased systolic function, mitral-valve dysfunction, and the formation of an aneurysm. The classic ventric-
ular remodeling that occurs with hypertensive heart disease (middle of Panel B) results in a normal-sized left ventricular
cavity with thickened ventricular walls (concentric left ventricular hypertrophy) and preserved systolic function. There
may be some thickening of the mitral-valve apparatus. In contrast, the classic remodeling that occurs with dilated car-

diomyopathy (right side of Panel B) results in a globular shape of the heart, a thinning of the left ventricular walls, an
overall decrease in systolic function, and distortion of the mitral-valve apparatus, leading to mitral regurgitation.

general population.31 Major innovations in medical
and device-based therapy for the primary and sec-
ondary prevention of lethal ventricular arrhythmias
have occurred during the past decade but are beyond
the scope of this article. Increasing use of implant-
able cardioverter—defibrillators has unequivocally
reduced mortality in a subgroup of patients with
heart failure.

DIASTOLIC HEART FAILURE
Itis estimated that 20 to 50 percent of patients with
heart failure have preserved systolic function or a
normal left ventricular ejection fraction. Although
such hearts contract normally, relaxation (diastole)
is abnormal. Cardiac output, especially during exer-
cise, is limited by the abnormal filling characteris-
tics of the ventricles. For a given ventricular volume,
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ventricular pressures are elevated, leading to pulmo-
nary congestion, dyspnea, and edema identical to
those seen in patients with a dilated, poorly con-
tracting heart.32-35 Characteristics of patients with
systolic heart failure and those with diastolic heart
failure are compared in Table 2. Patients with dia-
stolic heart failure are typically elderly, often female,
and usually obese and frequently have hypertension
and diabetes. Mortality among these patients may
be as high as thatamong patients with systolic heart
failure, and the rates of hospitalization in the two
groups are equal.3° The diagnosis of diastolic heart
failure is usually made by a clinician who recogniz-
es the typical signs and symptoms of heart failure

Table 2. Characteristics of Patients with Diastolic Heart Failure
and Patients with Systolic Heart Failure.*

Characteristic

Age

Sex

Left ventricular ejection fraction

Left ventricular cavity size

Left ventricular hypertrophy on
electrocardiography

Chest radiography

Gallop rhythm present
Coexisting conditions
Hypertension
Diabetes mellitus
Previous myocardial infarction
Obesity
Chronic lung disease
Sleep apnea
Long-term dialysis

Atrial fibrillation

Diastolic
Heart Failure

Frequently elderly

Frequently female

Preserved or normal,

approximately 40%
or higher

Usually normal, ofte
with concentric left
ventricular hyper-
trophy

Usually present

Congestion with or

without cardiomegaly

Fourth heart sound

+++

+++

+++
++
++
++

+
(usually paroxysmal

Systolic
Heart Failure

All ages, typically
50-70yr

More often male

Depressed,
approximately 40%
or lower

n  Usually dilated

Sometimes
present

Congestion and
cardiomegaly

Third heart sound

++
++

+++

+
) (usually persistent)

* A single plus sign denotes “occasionally associated with,” two plus signs
“often associated with,” three plus signs “usually associated with,” and a zero

“not associated with.”
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and who is not deterred by the finding of normal
systolic function (i.e., a normal ejection fraction) on
echocardiography. Echocardiography may be useful
in the detection of diastolic filling abnormalities.

Unfortunately, unlike heart failure due to systolic
dysfunction, diastolic heart failure has been studied
in few clinical trials, so there is little evidence to
guide the care of patients with this condition. Phys-
iological principles used in the treatment of such
patients include the control of blood pressure, heart
rate, myocardial ischemia, and blood volume.

MANAGEMENT OF HEART FAILURE

CLINICAL ASSESSMENT

Breathlessness, fatigue, and even edema may be due
to a host of noncardiac conditions and do not neces-
sarily indicate the presence of heart failure. Never-
theless, the clinician must have a high index of sus-
picion that the source of a patient’s problems may be
cardiac and must become adept at assessing pa-
tients for fluid overload and cardiac abnormalities.
Measurement of serum brain natriuretic peptide
may aid in the diagnosis of heart failure.37 Serial
measurements of weight at office visits, combined
with instructions for daily weighing at home, help to
alert the clinician and the patient to the possibility of
fluid retention. The patient should be evaluated reg-
ularly in an appropriate position (45-degree eleva-
tion), with notation of the jugular venous pressure.
Hepatojugular reflux, presence of a gallop rhythm,
and peripheral edema are key findings on physical
examination that may indicate a need for addition-
al diuretic therapy and may be prognostically im-
portant.3®

TREATMENT OF PATIENTS WITH STAGE A HEART
FAILURE

Control of risk factors in stage A (e.g., hypertension,
coronary artery disease, and diabetes mellitus) has
a favorable effect on the incidence of later cardiovas-
cular events (Fig. 3). Results from trials have shown
that the effective treatment of hypertension decreas-
es the occurrence of leftventricular hypertrophy and
cardiovascular mortality, as well as reducing the in-
cidence of heart failure by 30 to 50 percent.39-4°
Guidelines have recommended that the target for
diastolic blood pressure in patients considered to
be at high risk, particularly those with diabetes, be
below 80 mm Hg, with the goal of further reducing
morbidity and mortality.4* Patients with diabetes
have a high incidence of heart disease, with multiple
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Stage A Stage B Stage C Stage D
High risk Structural Structural Refractory
with no heart disease, symptoms
symptoms disease, no | previous or requiring
symptoms current special
symptoms intervention

Hospice
VAD, transplantation
Inotropes
Aldosteron;;niaé;n;sg r;e;ir?ti:i; -
Consider multidisciplinary team
Revascularization, mitral-valve surgery

Cardiac resynchronization if bundle-branch block present

Dietary sodium restriction, diuretics, and digoxin

ACE inhibitors and beta-blockers in all patients

Treat hypertension, diabetes, dyslipidemia; ACE inhibitors or ARBs in some patients

Risk-factor reduction, patient and family education

Figure 3. Stages of Heart Failure and Treatment Options for Systolic Heart Failure.

Patients with stage A heart failure are at high risk for heart failure but do not have structural heart disease or symptoms
of heart failure. This group includes patients with hypertension, diabetes, coronary artery disease, previous exposure to
cardiotoxic drugs, or a family history of cardiomyopathy. Patients with stage B heart failure have structural heart disease
but have no symptoms of heart failure. This group includes patients with left ventricular hypertrophy, previous myocar-
dial infarction, left ventricular systolic dysfunction, or valvular heart disease, all of whom would be considered to have
New York Heart Association (NYHA) class | symptoms. Patients with stage C heart failure have known structural heart
disease and current or previous symptoms of heart failure. Their symptoms may be classified as NYHA class I, I1, 11, or
IV. Patients with stage D heart failure have refractory symptoms of heart failure at rest despite maximal medical therapy,
are hospitalized, and require specialized interventions or hospice care. All such patients would be considered to have
NYHA class IV symptoms. ACE denotes angiotensin-converting enzyme, ARB angiotensin-receptor blocker, and VAD
ventricular assist device.

adaptive and maladaptive biochemical and func- can be helpful in controlling the symptoms of heart
tional cardiac abnormalities.42 ACE-inhibitor treat- failure. For example, basic habits of moderate sodi-

ment of asymptomatic high-risk patients with dia-
betes or vascular disease and no history of heart
failure has yielded significant reductions in the rates
of death, myocardial infarction, and stroke.43-45 The
use of the angiotensin-receptor blocker losartan has
been shown to delay the first hospitalization for
heart failure in patients with diabetes mellitus and
nephropathy.#¢ In short, the goal of treatment in
stage A is to prevent remodeling.

TREATMENT OF STAGE B, C, OR D HEART FAILURE
WITH OR WITHOUT SYMPTOMS

The goals of therapy for patients with heart failure
and a low ejection fraction are to improve survival,
slow the progression of disease, alleviate symptoms,
and minimize risk factors. Modifications of lifestyle

um restriction, weight monitoring, and adherence
to medication schedules may aid in avoiding fluid
retention or alerting the patient to its presence.
Moderation of alcohol intake is advised; avoidance
of nonsteroidal antiinflammatory drugs (NSAIDs) is
also important.4?” NSAIDs have been associated with
an increase in the incidence of new heart failure,
decompensated chronic heart failure, and hospital-
izations for heart failure. For selected patients, a
regularly scheduled exercise program may have
beneficial effects on symptoms.+8:49 ACE inhibitors
decrease the conversion of angiotensin I to angio-
tensin II, thereby minimizing the multiple patho-
physiological effects of angiotensin II, and decrease
the degradation of bradykinin. Bradykinin promotes
vasodilatation in the vascular endothelium and
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causes natriuresis in the kidney. The beneficial ef-
fects of ACE inhibitors in heart failure and after a
myocardial infarction include improvements in sur-
vival, the rate of hospitalization, symptoms, cardiac
performance, neurohormonal levels, and reverse re-
modeling.50-52

ACE inhibitors have not been unequivocally
shown to reduce the incidence of sudden death.
They are recommended for many patients with stage
Aheart failure and all patients with stage B, stage C,
or stage D heart failure. But unresolved issues per-
sist. First, underuse of ACE inhibitors by physicians
for fear of potential side effects has been a concern.
Yet side effects are fairly predictable and reversible

and can usually be successfully managed. Second,
the optimal dose of an ACE inhibitor is uncertain.
Most randomized trials have shown no difference in
mortality between patients receiving high-dose ACE
inhibitors and those receiving low-dose ACE inhib-
itors.>3-5¢ Finally, it is uncertain whether there are
any meaningful differences among the many ACE
inhibitors available today. Table 3 details some
common clinical problems with recommended ap-
proaches.

Beta-blockers have long been used for the treat-
ment of hypertension, angina, and arrhythmias and
for prophylaxis in patients who have had a myocar-
dial infarction. This class of medication has had a

Table 3. Common Clinical Problems in Patients with Heart Failure and Recommended Solutions.*

Clinical Problem

The patient has classic symptoms of heart failure
with a normal left ventricular ejection fraction.

The patient has hypotension: when is the systolic
blood pressure too low?

The patient has hyperkalemia.

The patient has increasing azotemia while taking
ACE inhibitors.

The patient has a cough while taking ACE inhibitors.

Should the dose of the ACE inhibitor be increased or
should beta-blocker therapy be initiated in a
symptomatic patient?

Should an ARB be added to ACE-inhibitor therapy or
should a beta-blocker be added in a symptomatic
patient?

The patient has worsening symptoms of congestive
heart failure after starting beta-blocker therapy.

The patient has worsening bronchospasm after
starting beta-blocker therapy.

Persistent paroxysmal nocturnal dyspnea or orthop-
nea or daytime fatigue despite absence of fluid
retention on physical examination.

The patient requires repeated hospitalizations.

Recommended Solutions

Consider diastolic heart failure, valvular heart disease, hypertensive heart disease,
and ischemia.

Asymptomatic patients with dilated cardiomyopathy often tolerate a systolic blood
pressure of 90 mm Hg. If the patient has no lightheadedness or undue fatigue,
peripheral perfusion is adequate, and blood urea nitrogen and creatinine are
unchanged, continue the same doses of medications.

In symptomatic patients, decrease the dose of diuretic. If symptoms persist, adjust-
ment of the timing of concomitant medications may be helpful. Decreasing the
dose of the ACE inhibitor, beta-blocker, ARB, or vasodilator is indicated.

Ensure that the patient is taking no exogenous potassium supplement or potassium-
containing salt substitute. Avoid hypovolemia. Consider decreasing the dose of a
potassium-sparing diuretic. Concomitant use of an ACE inhibitor or ARB and
spironolactone may increase the risk of hyperkalemia. Avoid high doses of ACE
inhibitors and ARBs in patients receiving spironolactone. Avoid use of spironolac-
tone in patients with renal failure, and use low doses of ACE inhibitors and ARBs.

Decrease the dose of diuretic. Consider renal-artery stenosis if azotemia persists.
Rule out worsening congestive heart failure. Change to ARB if severe cough persists.
Start beta-blocker therapy if there are no contraindications.

Start beta-blocker therapy if there are no contraindications.

Increase the dose of diuretic and slow the titration of the beta-blocker.

Decrease the dose of the beta-blocker. Consider a beta-selective agent. Discontinue
treatment with the drug if the problem persists.

Evaluate the patient for central or obstructive sleep apnea.

A multidisciplinary approach should be initiated, with a visiting nurse in the home.
Referral for heart failure is indicated.

* ACE denotes angiotensin-converting enzyme, and ARB angiotensin-receptor blocker.
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remarkable effect on chronic heart failure. The pri-
mary action of beta-blockers is to counteract the
harmful effects of the sympathetic nervous system
that are activated during heart failure. The beneficial
effects of these drugs have been demonstrated in
trials involving patients with heart failure from var-
ious causes and of all stages. These effects include
improvements in survival, morbidity, ejection frac-
tion, remodeling, quality of life, the rate of hospital-
ization, and the incidence of sudden death.3,57 Beta-
blockers should be used in all patients in stable
condition without substantial fluid retention and
without recent exacerbations of heart failure requir-
ing inotropic therapy. There are a few populations
of patients in whom beta-blockers should not be
used or should be used only with extreme caution.
Such patients include those with reactive airway dis-
ease, those with diabetes in association with fre-
quent episodes of hypoglycemia, and those with
bradyarrhythmias or heart block who do not have a
pacemaker.

Although the short-term effects of beta-blockers
may result in a temporary exacerbation of symp-
toms, their long-term effects are uniformly benefi-
cial. Placebo-controlled trials involving long-term
treatment have shown improved systolic function
after three months of treatment and reverse remod-
eling after four months.18,58:59 In the United States,
two beta-blockers are specifically approved for the
treatment of heart failure: carvedilol and long-acting
metoprolol. Currently, neither drug has proved to be
consistently superior; both have shown significant
clinical efficacy. Carvedilol is a nonselective 3-adre-
nergic antagonist with alpha-blocking effects; met-
oprolol is a selective 3;-adrenergic antagonist with
no alpha-blocking effects. A large trial comparing
these drugs is nearing completion. However, the
most frequently prescribed beta-blocker in the Unit-
ed States is atenolol; there have been no studies to
date on the use of atenolol in patients with heart
failure. Drugs that antagonize the sympathetic nerv-
ous system through alternative pathways, such as
clonidine or moxonidine, have been less clinically
useful in patients with heart failure.

Available angiotensin-receptor antagonists block
the effects of angiotensin II at the angiotensin II
subtype 1 receptor. The recently published guide-
lines recommend that these drugs should not be
used as first-line therapy for heart failure of any
stage but should be used only in patients who can-
not tolerate ACE inhibitors because of severe cough
or angioedema.8 Several trials involving patients

with heart failure have shown that angiotensin-
receptor antagonists have efficacy similar to that of
ACE inhibitors but are not superior.®°-62 On the
other hand, in a randomized trial of patients with
symptomatic left ventricular systolic dysfunction,
the addition of valsartan to ACE-inhibitor treatment
reduced the rate of the combined end point of death
or cardiovascular events and improved clinical signs
and symptoms of heart failure.®3 However, patients
who were receiving beta-blockers, an ACE inhibi-
tor, and the angiotensin-receptor blocker valsartan
had more adverse events and increased mortality.
More recently, the Losartan Intervention for End-
point Reduction in Hypertension (LIFE) trial was
completed in patients with stage B heart failure —
specifically, asymptomatic patients with hyperten-
sion and left ventricular hypertrophy on electrocar-
diography. Treatment with the angiotensin-receptor
blocker losartan yielded improvements in cardio-
vascular morbidity and survival, as well as a decrease
in the incidence of new-onset diabetes, as compared
with treatment with the beta-blocker atenolol.o4
Thus, accumulating data lend support to the con-
tention that angiotensin-receptor antagonists are a
reasonable alternative to ACE inhibitors.

ADDITIONAL THERAPY FOR SYMPTOMATIC
PATIENTS WITH STAGE C OR STAGE D

HEART FAILURE

There is evidence to support the use of spironolac-
tone, an aldosterone antagonist, in patients with
advanced symptoms of heart failure — specifically,
NYHA class III or IV symptoms.©> In patients with
advanced heart failure, circulating levels of aldoste-
rone become elevated in response to stimulation by
angiotensin II, and there is a decrease in the hepatic
clearance of aldosterone due to hepatic conges-
tion. Aldosterone stimulates the retention of salt,
myocardial hypertrophy, and potassium excretion;
spironolactone counteracts these responses.°® The
beneficial effects of spironolactone in heart failure
may also include a decrease in collagen synthesis
that promotes organ fibrosis.

Since heart failure is a salt-avid syndrome result-
ing in intravascular volume overload, diuretics are a
mainstay for controlling symptoms of congestion.
Thiazide or loop diuretics are often prescribed, and
combination therapy may be used to promote ef-
fective diuresis in advanced cases.67:68

It is only within the past five years that a large,
randomized, placebo-controlled study of digoxin
for symptomatic patients with a low ejection frac-
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tion has been completed. There was no difference in
mortality between patients receiving digoxin and pa-
tients receiving placebo, but there were decreases
in the digoxin group in the rates of worsening heart
failure and hospitalization.®® Recent data suggest
that the maintenance of a low serum digoxin con-
centration (<0.09 ng per milliliter) is as effective in
reducing the rate of cardiovascular events as the
maintenance of a higher concentration and is asso-
ciated with a lower rate of toxic effects.?0 Elderly pa-
tients and those with renal insufficiency are more
prone to toxic effects. There is a commonly observed
and clinically important interaction between dig-
oxin and amiodarone: digoxin levels can become
markedly elevated after the introduction of amio-
darone.

There are some patients who cannot tolerate ei-
ther ACE inhibitors or angiotensin-receptor block-
ers, usually because of hyperkalemia or renal insuf-
ficiency. In such patients who remain symptomatic
despite diuretic and beta-blocker therapy, treatment
with the vasodilator combination of hydralazine and
isosorbide dinitrate may be an option.7*

NONPHARMACOLOGIC THERAPY

Cardiac resynchronization therapy is an innovative,
pacemaker-based approach to the treatment of pa-
tients with heart failure who have a wide QRS com-
plexon 12-lead electrocardiography. The purpose of
resynchronization is to provide electromechanical
coordination and improved ventricular synchrony in
symptomatic patients who have severe systolic dys-
function and clinically significant intraventricular
conduction defects, particularly left bundle-branch
block.

A percutaneous, three-lead, biventricular pace-
maker system is used; one lead is placed in the right
atrium, one is placed in the right ventricle, and a
third is passed through the right atrium, through
the coronary sinus, and into a cardiac vein on the
lateral wall of the left ventricle. This left ventricular
lead constitutes the key difference between resyn-
chronization therapy and standard dual-chamber
pacing. Beneficial effects include reverse remodel-
ing, resulting in decreased heart size and ventricular
volumes, improved ejection fraction, and decreased
mitral regurgitation. Clinical improvements in exer-
cise tolerance, quality of life, and the rate of hospi-
talization have been documented.?2-78 To date, how-
ever, resynchronization therapy has not been shown
to enhance survival.

N ENGL J MED 348,20 WWW.NEJM.ORG

REVASCULARIZATION AND SURGICAL THERAPY
Patients with heart failure of any stage who are at
risk for coronary artery disease should be screened
for myocardial ischemia. Revascularization, through
either a catheter-based or a surgical approach, of-
ten improves ischemic symptoms, improves car-
diac performance, and reduces the risk of sudden
death.79:80 Patients with stage C or stage D heart
failure, who have heretofore been considered un-
acceptable candidates for surgery, may in fact derive
substantial benefit from bypass surgery and addi-
tional techniques designed to reduce myocardial
wall stress. Procedures to eliminate or exclude areas
of infarction, repair mitral regurgitation, or support
the failing myocardium are undergoing clinical tri-
als.81-83 Similarly, the role of mechanical devices
that serve to support patients who are awaiting heart
transplantation or are definitive therapy for end-
stage (stage D) heart failure continues to evolve, and
such devices offer great hope to many patients who
are not eligible for cardiac transplantation.84

THE FUTURE

Many common clinical problems encountered in
patients with heart failure remain unresolved. The
role of anticoagulant therapy in patients with systol-
ic dysfunction and sinus rhythm is unclear; neither
the type of therapy needed nor the appropriate dura-
tion of treatment is known. There may be an impor-
tant adverse interaction between aspirin and ACE
inhibitors thatwill be clarified in upcoming trials.8>
The optimal care for patients with heart failure and
preserved systolic function (diastolic heart failure)
awaits further research. The value of revasculariza-
tion in patients with symptoms of heart failure but
without angina will be explored in an important trial
that is slated to begin soon.8¢ How will we identify
patients with familial cardiomyopathy at an earlier
stage?87-89 How do we identify patients with the
greatest risk of sudden death? What is the best way
to prevent sudden death in a cost-effective manner?
Who will be best served by mechanical cardiac-sup-
port devices? Can we afford optimal care for the
growing number of patients with heart failure?
These questions and many others will undoubtedly
be answered in the years to come. Perhaps our
most intensive investigations, however, should be
reserved for efforts that have been shown to pre-
vent this cardiac plague — the control of hyperten-
sion and vascular risk factors.
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