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PurpOsE: To review the pharmacologic management of chronic systolic heart failure (HF).

ErDEMIOLOGY: Approximately 550 000 new cases of HF are diagnosed each year with
a mortality rate of 20.1 per 100 000 population.

REVIEW SUMMARY: Early clinical trials in HF focused on the use of inotropic and antiar-
rhythmic agents for the most common modes of mortality in chronic systolic HF: progressive
pump failure and sudden cardiac death. The fact that these agents not only failed to improve
survival but actually increased mortality led to an improved understanding of the neurchor-
monal compensatory mechanisms operative in HF. This, in turn, led to the current concept that
interrupting these compensatory mechanisms improves outcomes in chronic HF.

TYPE OF AVAILABLE EVIDENCE: Unstructured review, randomized-controlled clinical trials,
cohort studies, case series.

GRADE OF AVAILABLE EVIDENCE: Good.

ConcuusioN: Early clinical HF trials aimed at reducing direct modes of mortality in HF.
Presently, HF trials are chiefly focused on antagonizing the neurohormonal compensato-
ry mechanisms activated in this disorder. Future therapeutic interventions may be direct-
ed at strategies to avoid activation of the neurohormonal system altogether.

(Adv Stud Med. 2005;5(2):81-89)

eart failure (HF) is the final,
common pathway in most heart
diseases. Approximately 550 000
new cases of HF are diagnosed
each year with a mortality rate

function. Although such hearts contract normal-
ly, their ability to accept blood and relax during
diastole is impaired. The prevalence of both
types of HF increases with age and is particular-
ly high among African Americans, in whom the

of 20.1 per 100 000 individuals. Despite sig-
nificant advances in the diagnosis and treat-
ment of HEF the overall mortality rate
associated with this disorder has not changed.

Traditionally, HF has been thought of as fail-
ure of the systolic, or pumping, function of the
heart. Recently, it has been recognized that HF
also may occur in the presence of preserved sys-
tolic function, occasionally called diastolic dys-

disease appears to have an accelerated course.?
The proportion of patients with diastolic HF
ranges from 40% to 70%? and these patients are
more often female, obese, older (mean age, 60 to
78 years), more likely to have hypertension, and
less likely to have coronary artery disease than
patients with systolic HE? Patients with diastolic
HF also tend to be less symptomatic and have
lower morbidity and mortality rates than those
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Table |. Effect of Inotropic Agents on Mortality in Heart Failure

with systolic failure.> Few clinical trials have addressed
the pharmacologic treatment of diastolic HF and results
from trials of systolic HF cannot be extrapolated to
patients with preserved systolic function. Thus, the
remainder of this review focuses on the pharmacologic
treatment of chronic systolic HE

Current treatment of systolic HF includes pharma-
cologic, dietary, electrical (via cardiac resynchroniza-
tion and defibrillators), and surgical intervention, as
well as cardiac rehabilitacion. The pharmacologic
approach to treatment of systolic HF has changed dur-
ing the past several decades as our understanding of the
mechanisms responsible for the disorder has evolved.

NATURAL HISTORY OF HEART FAILURE

Epidemiologic studies indicate that the high mor-
tality rate in systolic HF patients® occurs not only
through progressive pump failure, but also sudden car-
diac death.’ In fact, 30% to 50% of HF patients die of
sudden cardiac death,’ presumably due to ventricular
arrhythmias. Accordingly, pharmacologic interven-
tions in the late 1980s and throughout the 1990s were
directed at the 2 most common modes of mortality in
chronic systolic HF: progressive pump failure and sud-
den cardiac death.

PAST: TREATMENT INTERVENTIONS
FOR HEART FAILURE

It was assumed that since patients with HF die of
progressive pump failure, inotropic medications
should improve survival. Numerous inotropic agents
were known to be effective at improving cardiac func-

tion in acute HE however, the efficacy of these did not
translate to a similar degree of success in chronic HE
Table 1 summarizes the results of some of these trials,
which clearly demonstrated that all inotropic agents,
regardless of mechanism of action, increased mortali-
ty*" with the exception of digoxin, which neither
increased nor decreased mortality.

The fact that patients with chronic HF often died of
sudden cardiac death led to the assumption that antiar-
rthythmics also should improve survival in HE The effi-
cacy and tolerability of the Vaughan-Williams class IC
antiarthythmic medications (encainide, flecainide, and
moricizine) were demonstrated in the Cardiac
Arrhythmia Pilot Study (CAPS)." Based on the results of
the CAPS study, the Cardiac Arrhythmia Suppression
Trial (CAST) was undertaken to evaluate the effects of
encainide, flecainide, and moricizine in patients who had
suffered acute myocardial infarction (MI), and had an
ejection fraction of less than 40% and asymptomatic
ventricular arrhythmias. In April 1989, the CAST study
was prematurely terminated due to a 2- to 3-fold increase
in mortality in the encainide and flecainide arms, com-
pared with placebo.' The moricizine arm was later ter-
minated, as well.” The findings of the CAST study were
consistently repeated in studies of other antiarrhythmics.
The Survival With Oral D-sotalol study (SWORD)
showed that d-sotalol increased mortality in patients
with left ventricular dysfunction.' Trials of amiodarone
in patients with HF after ML, "7'* as well as a subsequent
meta-analysis,” suggest that amiodarone is either neutral
or has a modest survival benefit.

INSIGHTS INTO THE
PATHOPHYSIOLOGY OF HEART FAILURE

Figure 1 illustrates some of the neurohor-
monal compensatory mechanisms activated in
chronic HE These include increased sympathet-
ic nervous system activity, increased renin-
angiotensin-aldosterone system (RAAS) activity,
and increased production of arginine-vasopressin
(AVP), endothelin, and natriuretic peptides.

In the heart, increased sympathetic activity
may lead to desensitization of postsynaptic 8-
receptors, heterogeneous depletion of norepi-
nephrine stores and destruction of sympathetic
nerve terminals, arthythmias, and impairment
of diastolic function. Enhanced sympathetic
stimulation also may directly injure the
myocyte, causing hypertrophy, necrosis, apop-
tosis, and fibrosis.* In the kidneys, increased

Drug Mechanism of Action Study Mortality

Dobutamine [B-adrenergic receptor agonist FIRST® Increased

lbopamine (oral  Adrenergic receptor agonist PRIME II” Increased

dopamine analog)

Xamoterol B -selective partial adrenergic agonist Xamoterol®  Increased

Milrinone Phosphodiesterase Il inhibitor PROMISE”  Increased

Vesnarinone Phosphodiesterase Il inhibitor + VEST™ Increased
potassium channel antagonism

Pimobendan Phosphodiesterase Il inhibitor + PICO" Increased
calcium sensitizer

Digoxin NaT-KT-ATPase inhibitor DIG"” No effect

FIRST = Flolan International Randomized Survival Trial; PRIME Il = second Prospective

Randomised Study of Ibopamine on Mortality and Efficacy; PROMISE = Prospective

Randomized Milrinone Survival Evaluation Trial, VEST = Vesnarinone Trial, PICO =

Pimobendan in Congestive Heart Failure trial; DIG = The Digitalis Investigation Group.
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sympathetic activation causes vasoconstriction,
activation of the RAAS, and diminished response
to natriuretic factors. In peripheral vessels,
increased sympathetic activation may cause vaso-

constriction and vascular hypertrophy.*
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Activation of the RAAS in HF results in local and
systemic elevations of angiotensin II. The effects of
angiotensin II on the heart include increased inotropy,
impaired diastolic function, left ventricular remodel-
ing, and coronary vasoconstriction. Effects on blood
vessels include decreased compliance, increased resis-
tance, and structural remodeling.?!

The serum level of AVP, a peptide synthesized by
the hypothalamus, is elevated in HE* Vasopressin
elicits vasoconstriction via vasopressin-1 receptors,
and induces renal reabsorption of water and secre-
tion of renin. The natriuretic peptide (NP) family
includes atrial-NP, brain-NP, C-type NP, and urodi-
latin. Atrial-NP and brain-NP increase urine volume
and sodium excretion, decrease vascular resistance,
and inhibit renin release and secretion of aldosterone
and vasopressin.”

Endothelin is a potent endogenous vasoconstrictor
peptide produced by endothelial cells. Angiotensin II,
vasopressin, and epinephrine stimulate release of
endothelin. Endothelin in turn increases circulating
atrial natriuretic factor, vasopressin, and aldosterone.
Endothelin has a positive inotropic effect and produces
coronary and systemic vasoconstriction.*

EFFECTS OF INOTROPIC AGENTS AND ANTIARRHYTHMICS
ON THE PATHOPHYSIOLOGY OF HEART FAILURE

Neurohormonal stimulation contributes to pro-
gressive left ventricular remodeling, progressive pump
failure, and lethal arrhythmias. The remodeling process
includes dilatation, altered left ventricular geometry
(rendering it more spherical), hypertrophy, loss of
myocytes, and increased interstitial fibrosis.?>*

Inotropic therapy may cause increased mortality
in HF via a number of mechanisms. Catecholamines
may exacerbate underlying ischemia or induce malig-
nant ventricular arrthythmias.” Long-term adrenergic
stimulation may have a direct toxic effect on the
myocardium.” Inotropic agents that inhibit phospho-
diesterase I1I also appear to precipitate arrhythmias
and lead to progression of HF when taken frequently.
Stimulation of contractility in the hibernating
myocardium, without restoration of blood flow,
appears to increase short-term contractility at the
expense of accelerating apoptosis and further degen-
eration of myocardial function.”

There also is significant heterogenicity in the elec-
trical properties of myocytes in HF in response to
ischemia, inflammation, fibrosis, and apoptosis, as
shown in Figure 1. This heterogenicity enhances the
susceptibility of the myocardium to arrhythmias.
Moreover, the myocardial conduction system is vulner-
able to these same pathophysiologic processes.
Ventricular arrhythmias are thought to be secondary to
a dispersion of normal conduction through nonho-
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mogenous myocardial tissue, which promotes repeti-
tive ventricular and supraventricular arrhythmias.”
Antiarrhythmics may increase the electrical hetero-
genicity of myocytes and the conduction system, there-
by aggravating arrhythmias.

PRESENT: STANDARD PHARMACOLOGIC
TREATMENT OF HEART FAILURE

Currently, the pharmacologic treatment of HF is
directed at blocking the neurohormonal compensatory
mechanisms outlined above. Figure 2 shows that med-
ications that block the RAAS or sympathetic nervous
system activation improve survival in HE These
include angiotensin-converting enzyme inhibitors
(ACE inhibitors), B-adrenergic receptor blocking
agents (B-blockers), angiotensin receptor blockers
(ARBs), aldosterone antagonists, and selective blockers

(Table 2).

ANGIOTENSIN-CONVERTING ENZYME INHIBITORS
ACE inhibitors decrease the conversion of
angiotensin I to angiotensin II and decrease the degra-
dation of bradykinins. The ability of ACE inhibitors to
modify the natural history of HF has been demon-
strated by studies that showed ACE inhibitors to
improve survival, decrease rate of hospitalization,
improve symptoms, inhibit neurohormonal activation,
and reverse cardiac remodeling in HE»##4 ACE
inhibitors should be prescribed to all patients with sys-
tolic HF unless there is a specific contraindication to
their use.” Although ACE inhibitors are devoid of
intrinsic antarrhythmic properties, they have been

Figure |. Neurohormonal Compensatory Mechanisms in

Heart Failure
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Figure 2. Pharmacologic Blockade of the Renin-Angiotensin-
Aldosterone System

shown in some studies to decrease the incidence of
sudden death in HF patients,” confirming the effec-
tiveness of neurohormonal blockade in decreasing the
endpoints of both progressive pump failure and sud-
den arrhythmic death. ACE inhibitors are generally
well tolerated; side effects, including hypotension,
hyperkalemia, renal insufficiency, cough, angioneurot-
ic edema, and anaphylactoid reactions, are few.

-ADRENERGIC RECEPTOR BLOCKERS

Historically, B-blockers were contraindicated in
HE? Currently, B-blockers have been evaluated in
more than 10 000 patients with various grades of HF
in more than 20 placebo-controlled clinical trials. The
effects of B-blockers include improved survival, ejec-
tion fraction, remodeling, quality of life, and rate of
hospitalization, and reduced incidence of sudden
death.**®* B-blockers act principally by inhibiting the
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ACE = angiotensin-converting enzyme.
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adverse effects of the sympathetic nervous system in
patients with HE Whereas cardiac adrenergic drive
supports the performance of the failing heart, long-
term activation of the sympathetic nervous system
exerts deleterious effects that can be antagonized by the
use of B-blockers. B-blockers also block sympathetic-
nervous-system—elicited renin secretion, thereby
diminishing RAAS activation.” B-blockers are thus
first-line therapy for stable HF patients who can toler-
ate them.”

ANGIOTENSIN RECEPTOR BLOCKERS

Several clinical trials have shown that ARBs have
efficacy similar to that of ACE inhibitors regarding
morbidity and mortality in HE*** The American
College of Cardiology (ACC) and American Heart
Association (AHA) guidelines for management of
chronic HF in 2001 recommended the use of ARBs as
an alternative in patients who do not tolerate ACE
inhibitors.”” The use of ARBs as first-line treatment
with ACE inhibitors also has been the subject of recent
clinical trials. In the subgroup analysis of the Valsartan
in Heart Failure Trial (VAL-HeFT), addition of valsar-
tan (an ARB) in patients taking both an ACE inhibitor
and B-blocker was associated with increased mortali-
ty.* In the Valsartan In Acute Myocardial Infarction
Trial (VALLIANT), combining valsartan and the ACE
inhibitor captopril in patients with MI complicated by
low ejection fraction increased the rate of adverse
events without improving survival.” However, the
Candesartan in Heart Failure—Assessment of
Reduction in Mortality and Morbidity (CHARM)
study recently evaluated the addition of the ARB can-
desartan in HF patients taking both an ACE inhibitor
and a B-blocker. Adding candesartan resulted in a sig-
nificant reduction in HF morbidity and mortality.*

COMPETITIVE ALDOSTERONE ANTAGONISTS
Aldosterone stimulates renal sodium retention,
potassium excretion, and myocardial hypertrophy.
Spironolactone, a competitive aldosterone antagonist,
has been shown to reduce morbidity and mortality in

patients diagnosed with New York Heart Association
(NYHA) class III and IV HE®

SELECTIVE ALDOSTERONE BLOCKERS

The effects of eplerenone, a selective aldosterone
blocker, were evaluated in the Eplerenone Post Acute
Myocardial Infarction Heart Failure Efficacy and
Survival Study (EPHESUS). The addition of
eplerenone to optimal medical therapy, including ACE
inhibitors and B-blockers but excluding spironolac-
tone, reduced morbidity and mortality in patients with
acute MI complicated by left ventricular dysfunction
and HE®
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HYDRALAZINE AND
ISOSORBIDE DINITRATE

In a large-scale placebo-controlled trial,
combined treatment with hydralazine and
isosorbide dinitrate reduced mortality but
not hospitalization rates in HF patdents
treated with digoxin and diuretics but not
with ACE inhibitors or B-blockers.*
Different theoretical and experimental
explanations were suggested for their effect
and are beyond the scope of this article.”
Currently, this combination may be consid-
ered for patients who cannot tolerate ACE
inhibitors or ARBs.”

Although results of clinical trials of
medications that interfere with neurohor-
monal activation in HF have been promis-
ing, not all trials with these agents have
consistently resulted in improved survival.
Table 3 shows various neurohormonal
blockers that failed to improve or worsened
survival.®»* Some investigators believe there
is a limit to what can be achieved through
interference with the neurohormonal cas-
cade.®" Although persistent activation of the
RAAS and the sympathetic nervous system
results in adverse hemodynamic abnormal-
ities and progressive HE neurohormonal
compensatory mechanisms are activated to
maintain homeostasis in the face of dimin-
ished cardiac output and may be life saving
in acute HE®® Thus, it is not surprising
that abolishing neurohormonal activation
completely may be  detrimental.
Alternatively, it is possible that the HF
patient who requires multiple blocking
drugs is more severely ill and consequently
more likely to have a worse outcome than
patients who respond to a single agent.

RECLASSIFICATION OF HEART FAILURE
The ACC/AHA introduced a new
classification for HF in 2001 that empha-
sized the evolution and progression of HF
through 4 stages (Table 4).® Stage A
includes patients at high risk for HF but
without apparent structural abnormality,
whereas stage D includes patients with
end-stage symptoms of HF refractory to
standard treatment. Previous HF classifi-
cations, including the NYHA classifica-
tion, depended on the functional status of
patients. This scheme delayed classifying
HF patients until neurohormonal com-
pensations and myocardial damage were
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Table 2. Current Pharmacologic Therapy for Chronic Systolic Heart
Failure

Class of Medication Trial Name Effect

ACE-inhibitors (enalapril, CONSENSUS” SOLVD,* Reduced morbidity and
ramipril, captopril, trandolapril) SAVE?" AIRE* TRACE*”  mortality

B-blockers (carvedilol, meto-  MERIT-HF,** Carvedilol Reduced morbidity and

prolol CR/XL, bisoprolol) Us* mortality

Angiotensin receptor blocker  VAL-HeFT,* VALLIANT,” Reduced morbidity and
(valsartan, candesartan) CHARM?®* mortality

Aldosterone antagonist RALES” Reduced morbidity and
(spironolactone) mortality

Selective aldosterone EPHESUS® Reduced morbidity and
blockers (eplerenone) mortality

Hydralazine + isosorbide V-HeFT*" Reduced mortality
(dinitrate)

Diuretics Cody RJ* Improved symptoms
Digoxin DIG"™ Improved morbidity but

not mortality

ACE = angiotensin-converting enzyme; CONSENSUS = Cooperative North Scandinavian Enalapril
Survival Study; SOLVD = Studies of Left Ventricular Dysfunction; SAVE = Survival and Ventricular
Enlargement trial; AIRE = Acute Infarction Ramipril Efficacy; TRACE = Trandolapril Cardiac
Evaluation; MERIT-HF = Metoprolol CR/XL Randomized Intervention Trial in Congestive Heart
Failure; VAL-HeFT = Valsartan in Heart Failure Trial; VALLIANT = Valsartan In Acute Myocardial
Infarction; CHARM = Candesartan in Heart Failure—Assessment of Reduction in Mortality and
Morbidity; RALES = Randomized Aldactone Evaluation Study; EPHESUS = Eplerenone Post Acute
Myocardial Infarction Heart Failure Efficacy and Survival Study; V-HeFT = Veteran's Administration
Heart Failure Trial; DIG = The Digitalis Investigation Group.

Table 3. Neurohormonal Blocking Trials That Failed to Show
Improved Survival

Mechanism of Action Drug Study Effect

Excessive sympatholysis:  Moxonidine  MOXSE** MOXCON,*” Increased mortality*
— Central acting BEST™
sympatholytic

— “Strong” B-blocker  Bucindolol No benefit on mortalityt

ENABLE>* No benefit on all-cause
mortality or

hospitalization

Endothelin antagonist Bosentan

Vasopeptide inhibitor Omapatrilat  OVERTURE®

TNF-o Etanercept RENNAISSANCE*
RENEWAL®®

No survival benefit

Premature termination
Trend toward
worsening

MOXSE = Moxonidine Safety and Efficacy; MOXCON = Moxonidine Congestive Heart Failure;
BEST = Beta-blocker Evaluation of Survival Trial;, ENABLE = Endothelin Antagonist Bosentan for
Lowering Cardiac Events in Heart Failure; OVERTURE = Omapatrilat Versus Enalapril Randomized
Trial of Utility in Reducing Events; RENNAISSANCE = Randomized Etanercept North American
Strategy to Study Antagonism of Cytokines; RENEWAL = combined analysis of the RENAISSANCE
and RECOVER trials; TNF = tumor necrosis factor.

*Plasma norepinephrine was markedly reduced, with evidence of reverse remodeling, but with
increased adverse events.

TProfound sympatholysis was linked to excess mortality.®
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Table 4. New Classification of Heart Failure Based on
American College of Cardiology/American Heart

evident. By contrast, defining a stage of HF in which
no structural, functional, or symptomatic abnormality
exists (eg, ACC/AHA guidelines) has important impli-
cations in that it underscores the need to recognize and
treat patients at high risk for HF before progressive
myocardial damage occurs. As of this writing, updated
guidelines for the classification of HF from the
ACC/AHA are anticipated.

FUTURE: NEW INSIGHTS INTO
THE TREATMENT OF HEART FAILURE

The future treatment of HF may be directed at pre-
venting neurohormonal compensatory mechanisms
before hemodynamic alterations and cardiac and vas-
cular remodeling occur.®*!

IMPROVED IMAGING TECHNIQUES

According to the current ACC/AHA classification
of HE, stage A HF includes patients with hypertension,
ischemic heart disease, diabetes mellitus, history of car-
diotoxic drug therapy or alcohol abuse, or family his-
tory of cardiomyopathy. Stage A patients represent a
heterogeneous population with variable natural histo-
ries. The absence of structural or functional abnormal-
ities on current imaging techniques may reflect the
insensitivity of these techniques. New imaging tech-
nology may be more sensitive to subtle structural or
functional changes and may be used to define patients
whose HF is likely to progress. Recent studies using tis-
sue Doppler imaging have suggested that decreased
flow velocities are predictive of the development of
hypertrophic cardiomyopathy before hypertrophy
actually develops. Reduced myocardial function by
tissue Doppler imaging also has been demonstrated
prior to development of hypertrophy in Fabry’s disease,
among patients with normal ejection fraction.”

Association Guidelines®
Stage  Definition
A Patients are at high risk for the development of heart failure (eg, sys-

temic hypertension; coronary artery disease; diabetes mellitus) but no
apparent structural abnormality of the heart, and never had symp-
toms of heart failure

B Patients have structural abnormality but never had symptoms of
heart failure
C Patients have structural abnormality and current or previous symp-

toms of heart failure

D Patients

treatment
|
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have end-stage symptoms that are refractory to standard

Ultrasonic tissue characterization has been used
successfully to assess alterations in tissue edema, fibro-
sis, and calcification.®® Ultrasonic tissue characteriza-
tion is based on quantitation of signals arising within
the myocardium and is closely correlated with tissue
collagen content. Moreover, cyclic variation of these
signals correlates with left ventricular mass in patients
with essential hypertension, and predicts changes in
function before changes in fractional shortening are
evident.®® Magnetic resonance spectroscopy also has
been used to detect creatine depletion associated with
the progression of HF in cardiomyopathy.”

Such advances in imaging may allow subclassifica-
tion of early stages of HE which in turn may inform
specific treatment recommendations for this diverse
group of patients.

PHARMACOGENETICS

Advances in genetics and genomics may allow for
better characterization of HF and facilitate gene-
informed therapy.®*® Such an approach would allow
physicians to determine the genetic risk of patients and
to determine effective intervention based on genetic pro-
filing. Several examples illustrate this possibility. Psaty et
al reported that in two thirds of hypertensive patients
with the o-adducin gene, diuretic treatment does not
reduce the risk of MI or stroke.” Similarly, Small et al
described 2 synergetic variants for adrenergic receptors.”
African Americans with both of these gene variants have
a greater than 10-fold risk of developing hypertension,
making these patients candidates for very early therapy
with an 0-agonist or B-blockers.

Recently, myocyte enhancer factor 2, a develop-
mental gene, was found to be critical to coronary
artery development, and is strongly linked to MI™ or
nonischemic HE” The presence of specific variants of

genes for connexin 37 (resulting in changes in

endothelial gap junctions) in men and in genes for
plasminogen activator inhibitor-1 and stormelysin-

1 (associated with altered matrix metabolism) in

women are associated with increased risk of MI.

Genetic polymorphism in the RAAS has been

linked to response to ACE inhibitors® or spirono-

lactone,” and to progression and prognosis of HE®

Genetic polymorphisms of the adrenergic system

and aldosterone synthase also have been reported to

affect the progression of HE response to medica-
tions, or propensity to side effects.”

TARGETING APOPTOSIS

Apoptosis is programmed cell death and can be
initiated by signals originating outside or inside the
cell. Apoptosis is thought to play a significant role in
the development of HF” and interference with apop-
tosis as a mechanism to prevent HF would appear to
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merit investigation. The effectors of apoptosis are a fam-
ily of cysteine proteases termed caspases that exist as inac-
tive precursors and require proteolytic cleavage for
activation. Activated caspases cleave proteins following
aspartic acid residues to bring about the cellular process-
es of programmed cell death.” Caspase activation is reg-
ulated by signals from cell surface death receptors, which
belong to the tumor necrosis factor (TNF) receptor gene
super-family, and intracellular apoptotic activators, such
as cytochrome c, released from mitochondria.”

Apoptosis is associated with postinfarction ventric-
ular remodeling in animal and human MI”* and is
thought to contribute to the transition from compen-
satory concentric left ventricular hypertrophy to
decompensated eccentric failure.” Apoptosis is present
in both the infarcted and noninfarcted myocardium
and correlates with unfavorable left ventricular remod-
eling and the development of postischemic HE”

The association between apoptosis and HF suggests
that it could represent a valuable therapeutic target in the
disorder. Experimental antiapoptotic therapies have been
tested to modulate apoptosis in myocardial ischemia.®?

Although conceptually logical, therapeutic modu-
lation of apoptosis is still in its infancy. The methods
to detect apoptosis need to be improved. Further, the
spectrum, duration, and temporal changes of apopto-
sis in myocardial ischemia remain undefined.

MYOCARDIAL REPLACEMENT THERAPY

Although myocardial replacement therapy is a bio-
logic rather than a pharmacologic treatment, it is a
promising intervention on the horizon for treatment of
postinfarction HE* Stem cell implants exhibit regen-
erative properties in damaged tissues, including dam-
aged myocardium.* Only autologous bone marrow
cells and tissue stem cells, such as skeletal myoblasts,
are currently being investigated as candidates for
myocardial regeneration®; the use of embryonic stem
cells has been restricted due to ethical concerns.

Experimental and clinical trials have demonstrated
viability and contractility of engrafted cells and improve-
ments in myocardial perfusion and left ventricular func-
tion following transplantation of skeletal myoblasts and
bone marrow cells.*** The route of cell delivery includes
direct intramyocardial injection,** catheter-based trans-
myocardial injection,” and intracoronary infusion.”"”
However, a major concern has been the occurrence of
ventricular  arrhythmias, occasionally  requiring
implantable cardioverter-defibrillator placement.”

Cell transplantation appears to be a technically and
clinically feasible approach for myocardial repair.
However, further studies are needed to define the most
effective cell type for transplantation, an efficient
method for in vitro cell expansion, the optimal timing
of postinfarction implantation, and the most effica-
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cious mode of cell delivery, as well as methods to min-
imize adverse effects following transplantation.

CONCLUSION

Previous pharmacologic therapy of HF aimed at
reducing the direct modes of HF mortality, progressive
cardiac failure, and sudden cardiac death. This approach
failed but facilitated an enhanced understanding of the
compensatory neurohormonal mechanisms operative in
HE Antagonizing this neurohormonal cascade has been
the focus of recent clinical trials. Future directions in HF
therapy are likely to focus on limiting or preventing acti-
vation of the neurohormonal cascade through earlier
recognition and treatment of patients at risk for HE
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