PHARMACOMECHANICAL APPROACH TO CHF TREATMENT
]

Limitations of Current
Medical Therapies for the
Treatment of Heart Failure

Leslie W. Miller, MD

Division of Cardiology, University of Minnesota, Minneapolis, MN

The medical treatment of heart failure has evolved over the past 40 years, from the
primary use of diuretics and digitalis in the 1960s to the use of inotropic agents and
vasodilators in the 1970s. More recently, the focus has been on the neurohormonal
system, specifically the renin-angiotensin-aldosterone system and the sympathetic
nervous system. Drugs that inhibit or block these systems (eg, angiotensin-converting
enzyme inhibitors and [3-blocking drugs) are the primary agents recommended in
recent heart failure guidelines. However, the actual percent reduction in mortality
associated with the use of these agents has been relatively modest. This article will
review the results and limitations of medical therapy for heart failure. Our under-
standing of the pathogenesis of heart failure may be incomplete, and alternative
strategies, including mechanical devices, may play an increasing role in the treatment
of heart failure in the future.
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and prevalence of heart failure has increased significantly.! The medical
treatment of this syndrome has evolved over the past 40 years, from the
primary use of diuretics and digitalis—used largely in an attempt to ameliorate
signs and symptoms of volume overload in the 1950s and 1960s—to the use of
inotropic agents and vasodilators in the 1970s. More recently, the focus has been
on the neurohormonal system, specifically the renin-angiotensin-aldosterone

g s the postwar generation of Americans continues to age, the incidence
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Limitations of Current Medical Therapies continued

Table 1

Landmark ACE Inhibitor Mortality Trials

Study Drug Dosing Survival Benefit Study Duration
SAVE® Captopril 12.5-50 mg tid P<.019 2-5 years

AIRE* Ramipril 2.5-5 mg bid P <.002 Up to 4.5 years
CONSENSUS I1** Enalaprilat IV 5-20 mg bid P <.260 14 months
SOLVD* Enalapril 2.5-10 mg bid P <.001 37 months
TRACE* Trandolapril 1-4 mg qd P <.001 2-4 years

ACE, angiotensin-converting enzyme.

system (RAAS) and the sympathetic
nervous system.>* A number of ran-
domized, prospective, placebo-con-
trolled trials have demonstrated the
unequivocal benefit of drugs that
inhibit or block these systems
(eg, angiotensin-converting enzyme
[ACE] inhibitors and B-blocking
drugs) in the treatment of heart fail-
ure of all levels of severity. These
two classes of drugs are the primary
agents recommended in recent heart

impact on survival in patients with
heart failure. This review will exam-
ine the results and limitations of
medical therapy for heart failure.
There are a number of intrinsic
problems with any form of drug
therapy, not just that for heart fail-
ure, including patient compliance,
drug absorption, side effects, drug-
drug interactions, and cost. In addi-
tion, many patients may be receiv-
ing agents that have demonstrated

There is some evidence that suggests that patients in the general population
do not fare as well as those enrolled in clinical trials.

failure guidelines.® However, the
actual percent reduction in mortality
associated with the use of these
agents has been relatively modest
(see below). Recently, data from
animal models of heart failure and
from clinical studies have identified
several substances (eg, tumor necrosis
factor [TNF], endothelin-1, neutral
endopeptidase) that are strongly
correlated with severity of heart
failure. This has generated new
hypotheses and potential targets for
drug therapy, leading to a number of
new drugs to be tested in random-
ized, clinical trials (see below).
Unfortunately, none of these new
agents has demonstrated a favorable
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efficacy for the treatment of heart
failure (eg, ACE inhibitors, -block-
ers) but in doses well below those
demonstrated to be effective in clin-
ical trials.

The prevalence of heart failure is
clearly increasing, as is the number
of deaths associated with the dis-
ease.! The practice of medicine has
also evolved to focus on evidence-
based practice (ie, guided by the
results of large, prospective, ran-
domized trials). Some evidence sug-
gests that patients in the general
population do not fare as well as
those enrolled in clinical trials.®
Because of their typically large sam-
ple size, most clinical trials offer the

REVIEWS IN CARDIOVASCULAR MEDICINE

feature of minimizing the chances
of random error in their findings.
However, relatively modest absolute
differences in outcomes can result
in robust statistical differences.
Other factors, such as race,’”” sex,'
age' and, potentially, disease etiolo-
gy'?> may also significantly influence
the responsiveness of a given popu-
lation to heart failure drug therapy.

ACE Inhibitors

The ability of ACE inhibitors to
improve survival in patients with
heart failure has been demonstrated
in numerous randomized, prospec-
tive, placebo-controlled trials, includ-
ing thousands of patients. These trials
have included patients with Stage A
to Stage D heart failure, such as the
Cooperative North Scandinavian
Enalapril Survival Study (CON-
SENSUS),”* the Valsartan Heart
Failure Trial (Val-HeFT),'* Val-HeFT
II," the Studies of Left Ventricular
Dysfunction Treatment and Pre-
vention (SOLVD),' and the Heart
Outcomes Prevention Evaluation
(HOPE) trial, as well as post-
myocardial infarction patients with
decreased ejection fraction, such as
the Acute Infarction Ramipril
Efficacy (AIRE) trial, Survival and
Ventricular Enlargement (SAVE) trial,
and Trandolapril Cardiac Evaluation
(TRACE) trial."”**# Although the per-



Limitations of Current Medical Therapies

cent reduction in mortality has been
highly significant, the actual reduc-
tion in mortality with ACE inhibitors
has averaged only 3%—-4%.

Francis and colleagues' confirmed
the importance of the RAAS in the
pathogenesis of heart failure. In this
study, examination of blood sam-
ples from patients enrolled in the
SOLVD Study' demonstrated a sig-
nificant correlation between eleva-
tions of neurohormones (including
norepinephrine, atrial natriuretic fac-
tor, renin, and arginine vasopressin)
and worsening severity of heart fail-
ure, compared with control patients.

The overwhelming body of evi-
dence demonstrating a survival
advantage with ACE inhibition
in patients with heart failure
(Table 1)**** led the U.S. Food and
Drug Administration to mandate the
use of an ACE inhibitor, digitalis,
and a diuretic as maintenance ther-
apy in any trial testing a new drug
for the treatment of heart failure.

Several investigators have exam-
ined the role of the dose of ACE
inhibitors and were somewhat sur-
prised to find that doses as high as
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Figure 1. Angiotensin-converting enzyme (ACE)-independent angiotensin Il production. Approximately 70%-80% of
all angiotensin Il in the normal human heart (from autopsy) is made by cardiac chymase (from mast cells). In diseased
human heart and coronary arteries (from heart transplant), approximately 70%—80% of angiotensin | to angiotensin

Il'is converted by cardiac chymase. See references 25-34.

and propagation of the heart failure
syndrome (Figure 1).”-* This under-
standing led to the design of drugs
that selectively block the angiotensin
receptor, typically the AT; subtype
(which leads to vasoconstriction

Patients unable to take an ACE inhibitor who were randomized to the
ARB arm of the Val-HFT study showed a reduction in mortality similar

to that seen in ACE inhibitor trials.

40 mg/d or 60 mg/d of enalapril
were associated with persisting ele-
vations of neurohormone levels
prior to next dose.*? This observa-
tion led to a body of research
demonstrating that there are indige-
nous substances, including caspase
and cathepsin, that are able to con-
vert angiotensin I to angiotensin II
by an alternate pathway when the
primary pathway is blocked by the
use of ACE inhibitors, thereby lead-
ing to increased levels of angiotensin
II (and subsequently aldosterone)

and, thereby, enhances the effect on
the AT, receptor, which leads to
vasodilation). These are known as
angiotensin receptor blockers (ARBs).

Angiotensin Receptor Blockers
The initial clinical trial of ARBs in
heart failure patients was designed
to compare the nephrotoxicity of
the ARB losartan with the ACE
inhibitor captopril (Evaluation of
Losartan in the Elderly [ELITE]).”
Unexpectedly, this trial demonstrat-
ed a significant survival advantage

in favor of the ARB. This surprising
finding led to the larger ELITE II
trial,*®* which also compared an ACE
inhibitor with an ARB but, unlike
ELITE I, was adequately powered to
assess survival as the primary end
point. ELITE II demonstrated an
almost identical all-cause mortality
between the two agents, but a small
trend in favor of the ACE inhibitor
over the ARB in all end points
examined. More recently, the strate-
gy of adding an ARB to an ACE
inhibitor was examined in the Val-
HeFT study'. This trial demonstrat-
ed no difference in mortality for
patients taking an ACE inhibitor,
digitalis, and diuretics who were
randomized to the ARB valsartan or
placebo. There was, however, a sig-
nificant reduction in hospitalization
associated with the addition of val-
sartan compared with placebo, lead-
ing to a positive (statistically signif-
icant) outcome for the combined
end point. Patients unable to take an
ACE inhibitor who were randomized
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Limitations of Current Medical Therapies continued

Table 2

Major Trials of Beta-Blockade in Heart Failure

Patients Follow-Up, Target Dosage, Mean Dosage Achieved,

Study N) y mg/d mg/d Effects on Outcomes

CIBIS* 641 1.9 5 3.8 All-cause mortality: NS

CIBIS-II* 2647 1.3 10 7.5 All-cause mortality: 34%
reduction (P < .0001)

MDC* 383 1 100-150 108 Death or need for transplant
(primary end point): NS

MERIT-HF* 3991 1 200 159 All-cause mortality: 34%
reduction (P = .0062)

U.S. 1094 7.5 months 50-100 45 All-cause mortality':

Carvedilol 65% reduction (P = .0001)

Trials*>**

ANZ® 415 1.5 50 41 Death or all-cause hospitaliza-

tion: 26% reduction (P = .02)

NS, not significant; ANZ, Australia-New Zealand Study. See text for other expanded trial names.

*Carvedilol is the only agent with B-blockade approved by the U.S. Food and Drug Administration for the treatment of mild-to-moderate

heart failure.
TNot a planned end point.

to the ARB arm showed a reduction
in mortality similar to that seen in
ACE inhibitor trials, in an actual
reduction of 4.5%, reconfirming the
importance of the RAAS in heart
failure. One unexpected finding
was that patients who were taking
a B-blocker plus an ACE inhibitor
had a significantly increased risk of
mortality when randomized to also
receive the ARB.

Diuretics

Diuretics have been shown to have
a number of adverse effects, includ-
ing volume depletion, electrolyte
disturbance, and increased risk of
arrhythmia. One positive trial of
a diuretic for the treatment of
heart failure was the Randomized
Aldactone Evaluation Study (RALES),*
which examined the use of spirono-
lactone. This trial, which included
Class III and IV heart failure patients
receiving an ACE inhibitor and dig-
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italis, was stopped early due to a
demonstrated survival benefit. The
mechanism of benefit in this trial
using only 25 mg of spironolactone
may have been in maintaining a
higher average, less arthythmogenic,
serum potassium level. However,
hyperkalemia can be a serious prob-
lem in some patients taking an ACE
inhibitor and spironolactone.

f3-Blockers

The concept of using a B-blocker
drug in the management of patients
with heart failure was long thought
to be counterintuitive, given the
demonstrated negative inotropic
and chronotropic effects of this
class of drugs in physiologic testing
in animal models of heart failure.
However, Cohn and colleagues*
demonstrated the adverse impact of
increased stimulation of the sympa-
thetic nervous system in patients
with heart failure, showing a high
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inverse correlation between the
level of circulating plasma norepi-
nephrine and survival. The initial
B-blocker trial in heart failure
patients was the Metoprolol Dilated
Cardiomyopathy (MDC) trial,* which
examined only younger patients
with non-ischemic cardiomyopathy.
Although it just missed demonstrat-
ing statistical significance in being
associated with reduced mortality
(P = .07), use of metoprolol was
associated with significant improve-
ment in exercise capacity, functional
capacity, and ability to have patients
removed from a heart transplant
list. More recently, a body of evi-
dence has accumulated regarding
newer B-blockers, including the
combination a- and B-blocker drug
carvedilol.**** The U.S. Carvedilol
Trial® examined more than 1000
patients with Class II-IV heart fail-
ure symptoms and ejection fractions
less than 35% who were receiving
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ACE inhibitors, digitalis, and diuret-
ics. All patients underwent exercise
testing, were stratified based on
their exertional capacity, and were
then randomized to additionally
receive either placebo or carvedilol.
Patients randomized to carvedilol
had a 65% relative reduction in
mortality and a 7.4% absolute

renin state and not particularly
responsive to 3-blockers) showed no
benefit from the use of bucin-
dolol.”” Conversely, the Caucasian
population in this trial had a rela-
tively favorable outcome. These
data caution against the extrapola-
tion of trial data to all patients with
heart failure. More recently, the use

Numerous studies examining the role of calcium channel blockers in
the treatment of heart failure have uniformly failed to demonstrate any

survival advantage.

reduction in all-cause mortality.
This survival advantage was in addi-
tion to that expected to be derived
from the use of ACE inhibitors. The
Metoprolol CR/XL Randomised
Intervention Trial in Congestive
Heart Failure (MERIT-HF) trial,*
which examined the use of long-act-
ing metoprolol in a similar cohort of
patients, demonstrated a 35% rela-
tive reduction in mortality and an
actual reduction of 4.5%. A similar
benefit of B-blockers was demon-
strated in the Cardiac Insufficiency
Bisoprolol Study (CIBIS)* and CIBIS
I1* trials (Table 2).

The first trial that failed to
demonstrate a benefit of 3-blockers
in heart failure patients was the
Beta-Blocker Evaluation of Survival
Trial (BEST),” which examined the
B-blocker bucindolol. This trial was
somewhat different from the two
previous B-blocker trials in that it
examined more Class III and IV
heart failure patients and, impor-
tantly, enrolled a two-to-three-fold
greater percentage of African
Americans. Examination of reasons
for the failure to demonstrate a ben-
efit in this trial led to the observa-
tion that African American patients,
who have a much higher incidence
of hypertension as the cause of
heart failure (which is often a low

of carvedilol in patients with Class
III or IV heart failure was further
explored in the Carvedilol Prospective
Randomized Cumulative Survival
(COPERNICUS) trial,***° which
showed an absolute reduction in
mortality of approximately 5%.
B-blockers do not alter the circulat-
ing levels of catecholamines; they
only block their physiologic effect at
the receptor. It is noteworthy that
the SR Moxonidine for Congestive
Heart Failure (MOXCON) trial,*
which examined the use of moxoni-
dine, a central acting agent that
reduces circulating norepinephrine
levels rather than just blocking
[ receptors, was stopped early due
to increased mortality in the patients
receiving moxonidine.

Digitalis

Digitalis is the drug of longest clinical
use in the management of patients
with heart failure. The Prospective
Randomized Study of Ventricular
Failure and the Efficacy of Digoxin
(PROVED)* and Randomized Assess-
ment of Digoxin on Inhibitors of
the Angiotensin-Converting Enzyme
(RADIANCE)® trials demonstrated
that withdrawal of digitalis in
patients with reduced ejection frac-
tion and symptomatic heart failure
led to a significantly increased risk
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of recurrent heart failure compared
with placebo. This led to the multi-
center, multinational, National
Institutes of Health-sponsored
Digitalis Investigation Group (DIG)
trial.** Patients who were receiving
an ACE inhibitor and diuretic were
randomized to digitalis or placebo.
This trial demonstrated absolutely
no difference in survival associated
with the use of digitalis compared
with placebo in patients with Class
II-III heart failure. Examination of
cause of death showed that digitalis
was associated with reduced hospital-
ization and death from heart failure
but an almost identical increase in
the risk of sudden death.

Calcium Channel Blockers

The concept of using vasodilators to
lower systemic vascular resistance and
decrease myocardial work in patients
with heart failure seemed a reason-
able hypothesis. However, numerous
studies examining the role of calcium
channel blockers in the treatment of
heart failure have uniformly failed to
demonstrate any survival advantage.
Most recently, the V-HeFT III trial*
which examined felodipine, and the
Prospective Randomized Amlodipine
Survival Evaluation (PRAISE) trial™
which examined amlodipine, simi-
larly showed no beneficial effect on
survival. However, subgroup analy-
sis of the PRAISE trial"> demonstrat-
ed a significant benefit in response
to amlodipine in patients with
non-ischemic etiology, compared
with an adverse effect in patients
with ischemic etiology. This was
not a post hoc analysis but a prede-
fined subset analysis, and it demon-
strates the potential variability in
response to some drugs for treat-
ment of heart failure.

Investigational Agents/Trials
Tumor Necrosis Factor
The role of inflammation in the
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Limitations of Current Medical Therapies continued

pathogenesis of heart failure has
been suggested by a number of
investigators, based on several ani-
mal models.>***” Torre-Amione and
colleagues® examined the levels of
TNF-a in patients enrolled in the
SOLVD treatment trial and showed a
linear correlation between increasing
levels of TNF-a and progressively
severe heart failure. Similarly, by cut-
point analysis, there was a highly
significant increase in mortality in
heart failure patients with moderate
or greater elevations of TNF-a levels.
A pilot trial demonstrated a signif-
icant benefit of a humanized mono-
clonal antibody directed against the
soluble TNF-a receptor.® This led to
the Randomized Etanercept North
American Strategy to Study Antag-
onism of Cytokines (RENAISSANCE)
trial in North America and the
Research into Etanercept Antag-
onism in Ventricular Dysfunction
(RECOVER) trial in Europe, examin-
ing the use of a subcutaneous injec-
tion of the antibody three times a
week in patients with Class II-IV
heart failure.®** Despite all of the
encouraging preliminary evidence,
both trials were stopped prior to com-
pletion for failure to show efficacy.

Endothelin Receptor Antagonists

Another molecule that has been
shown to be elevated in direct cor-
relation with the severity of heart
failure is the wvasoconstrictor sub-
stance endothelin. Several random-
ized, clinical trials of selective and
nonselective endothelin receptor
antagonists have been completed
(Resource  Utilization = Among
Congestive Heart Failure [REACH],*
Enrasentan Cooperative Randomized
Evaluation [ENCOR], Heart Failure
ET(A) Receptor Blockade Trial
[HEAT],* and Randomized Intra-
venous Tezosentan for the Treatment
of Pulmonary Edema [RITZ]®).
Unfortunately, none of these trials
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was able to demonstrate a survival
benefit with this class of drugs in
patients with heart failure.

Vesnarinone

Patients with heart failure die large-
ly of either congestive failure or
arrhythmic death. Vesnarinone is
a drug with combined type C
anti-arrhythmic properties as well
as phosphodiesterase inhibitor-type
inotropic properties. Preliminary tri-
als in patients with heart failure
demonstrated a significant reduc-
tion in mortality at the lower of two
doses (60 mg/d vs 120 mg/d) that
were examined. The higher dose was

Versus Enalapril Randomized Trial
of Utility in Reducing Events
(OVERTURE) trial.*® Unfortunately,
like all of the above agents, this trial
was stopped prematurely owing to
lack of efficacy.

Several other agents have failed
to show benefit in patients
with heart failure, including enoxi-
mone, ibopamine, and flosequinan.
However, a number of new therapies
are currently under investigation,
including vasopressin antagonists,
calcium-sensitizing inotropic agents,
immune-modulating therapy, as well
as indirect therapy, such as treat-
ment of anemia (common in heart

Despite all of the encouraging preliminary evidence, the RENAISSANCE
and RECOVER trials were stopped prior to completion for failure to

show efficacy.

associated with increased mortality.
This led to the large-scale, random-
ized, double-blind, placebo-con-
trolled Vesnarinone Trial (VEST),*
which compared the original low
dose (60 mg) and an even lower dose
(30 mg) with placebo. The study was
stopped prematurely due to increased
mortality in both of the vesnari-
none active-treatment arms.

Omapatrilat

Another drug with an attractive
profile is omapatrilat. This drug
inhibits the renin-angiotensin sys-
tem and is also a neutral endopepti-
dase inhibitor that inhibits the
breakdown of circulating natriuretic
peptides. The pilot trial of omapatri-
lat, Inhibition of Metallo Protease
by Omapatrilat in a Randomized
Exercise and Symptoms Study of
Heart Failure (IMPRESS),*® showed
a benefit in patients with chronic
heart failure. However, this agent
was recently examined in the large,
prospective, randomized, Omapatrilat
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failure patients) with erythropoietin
stimulants or analogs. It remains to
be demonstrated whether these
promising agents and strategies will
offer any proven benefit or will join
the list of other promising strategies
that have failed to show a survival
benefit in patients with heart failure.

Conclusion

Perhaps mortality is not the only
end point that should be examined
in trials of agents for the treatment
of heart failure. Many trials have
used the combined end point of
hospitalization or worsening heart
failure. However, using the “gold
standard” of survival, only ACE
inhibitors and B-blockers have been
able to demonstrate consistent sur-
vival advantage over time, and they
remain the cornerstone of current
guidelines for the treatment of heart
failure.* Addition of an ARB may
not have added benefit in terms of
survival advantage over an ACE
inhibitor and B-blocker, but it serves
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Main Points

e Devices such as biventricular pacemakers eliminate the problems of drug compliance and drug interaction and may
offer some advantage by improving ventricular function and leading to reverse remodeling.

e Although the percent reduction in mortality with angiotensin-converting enzyme (ACE) inhibitors in heart failure has
been highly significant, the actual reduction in mortality with these agents has averaged only 3%-4%.

¢ Addition of an angiotensin receptor blocker for treatment of heart failure may not have added benefit in terms of
survival advantage over an ACE inhibitor and B-blocker, but it serves as an effective alternative for patients unable to
receive ACE inhibitors.

e Diuretics have been shown to have a number of adverse effects, including volume depletion, electrolyte disturbance,
and increased risk of arrhythmia.

e Evidence has accumulated regarding newer B-blockers: patients in the U.S. Carvedilol Trial randomized to carvedilol
had a 7.4% absolute reduction in all-cause mortality; patients randomized to metoprolol in MERIT-HF demonstrated
an actual reduction in mortality of 4.5%; similar benefit of B-blockers was demonstrated in the CIBIS and CIBIS II tri-
als. However, in BEST, patients with Class III or IV heart failure who were randomized to the B-blocker bucindolol did
not show a survival advantage.

e The DIG trial demonstrated absolutely no difference in survival associated with the use of digitalis compared with place-
bo in patients with Class II or III heart failure, and examination of cause of death showed that digitalis was associated
with reduced hospitalization and death from heart failure but an almost identical increase in risk of sudden death.

e Numerous studies examining the role of calcium channel blockers in the treatment of heart failure have uniformly
failed to demonstrate any survival advantage.

® Recently, data from animal models of heart failure and from clinical studies have identified several substances
(eg, tumor necrosis factor, endothelin-1, neutral endopeptidase) that are strongly correlated with severity of heart
failure. This has generated new hypotheses and potential targets for drug therapy, leading to a number of new drugs
to be tested in randomized, clinical trials. Unfortunately, none of these new agents have demonstrated a favorable
impact on survival in patients with heart failure.

VOL. 4 SUPPL. 2 2003

REVIEWS IN CARDIOVASCULAR MEDICINE  S27



Limitations of Current Medical Therapies continued

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

S28 VOL. 4 SUPPL. 2 2003

Effect of enalapril on survival in patients with
reduced left ventricular ejection fractions and
congestive  heart failure. The SOLVD
Investigators. N Engl ] Med. 1991;325:293-302.
Francis GS. ACE inhibition in cardiovascular
disease. N Engl ] Med. 2000;342:201-202.
Francis GS, Benedict C, Johnstone DE, et al.
Comparison of neuroendocrine activation in
patients with left ventricular dysfunction with
and without congestive heart failure. A substudy
of the Studies of Left Ventricular Dysfunction
(SOLVD). Circulation. 1990;82:1724-1729.
Domanski MJ, Exner DV, Borkowf CB, et al.
Effect of angiotensin converting enzyme inhibi-
tion on sudden cardiac death in patients fol-
lowing acute myocardial infarction. A meta-
analysis of randomized clinical trials. ] Am Coll
Cardiol. 1999;33:598-604.

Pfeffer MA, Braunwald E, Moye LA, et al. Effect
of captopril on mortality and morbidity in
patients with left ventricular dysfunction after
myocardial infarction. Results of the survival
and ventricular enlargement trial. The SAVE
Investigators. N Engl ] Med. 1992;327:669-677.
The Acute Infarction Ramipril Efficacy (AIRE)
Study Investigators. Effect of ramipril on mor-
tality and morbidity of survivors of acute
myocardial infarction with clinical evidence of
heart failure. Lancet. 1993;342:821-828.
Swedberg K, Held P, Kjekshus J, et al. Effects of
the early administration of enalapril on mortal-
ity in patients with acute myocardial infarction.
Results of the Cooperative New Scandinavian
Enalapril Survival Study II (CONSENSUS II).
N Engl ] Med. 1992;327:678-684.

The SOLVD Investigators. Effect of enalapril on
mortality and the development of heart failure
in asymptomatic patients with reduced left ven-
tricular ejection fractions. N Engl ] Med.
1992;327:685-691.

Kober L, Torp-Pedersen C, Carlsen JE, et al. A
clinical trial of the angiotensin-converting-
enzyme inhibitor trandolapril in patients with
left ventricular dysfunction after myocardial
infarction. N Engl ] Med. 1995;333:1670-1676.
Gullestad L, Aukrust P, Ueland T, et al. Effect
of high-versus low-dose angiotensin convert-
ing enzyme inhibition on cytokine levels
in chronic heart failure. J Am Coll Cardiol.
1999;34:2061-2067.

Tang WH, Vagelos RH, Yee YG, Benedict CR,
Willson K, Liss CL et al. Neurohormonal and
clinical responses to high- versus low-dose
enalapril therapy in chronic heart failure. ] Am
Coll Cardiol. 2002;39:70-78.

Wolny A, Clozel JP, Rein J, et al. Functional and
biochemical analysis of angiotensin II-forming
pathways in the human heart. Circ Res.
1997;80:219-227.

Balcells E, Meng QC, Johnson WH Jr, et al.
Angiotensin II formation from ACE and chy-
mase in human and animal hearts: methods
and species considerations. Am ] Physiol.
1997;273(4 pt 2):H1769-H1774.

Takai S, Shiota N, Kobayashi S, et al. Induction
of chymase that forms angiotensin II in the
monkey atherosclerotic aorta. FEBS Lett.
1997;412:86-90.

Urata H, Healy B, Stewart RW, et al. Angiotensin
II-forming pathways in normal and failing
human hearts. Circ Res. 1990;66:883-890.

Urata H, Kinoshita A, Misono KS, et al.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Identification of a highly specific chymase
as the major angiotensin II-forming enzyme
in the human heart. | Biol Chem.
1990;265:22348-22357.

Urata H, Kinoshita A, Perez DM, et al. Cloning
of the gene and cDNA for human heart chy-
mase. J Biol Chem. 1991;266:17173-17179.

Linz W, Henning R, Scholkens BA. Role of
angiotensin II receptor antagonism and con-
verting enzyme inhibition in the progression
and regression of cardiac hypertrophy in rats.
] Hypertens Suppl. 1991;9:5400-S401.

Urata H, Boehm KD, Philip A, et al. Cellular
localization and regional distribution of an
angiotensin II-forming chymase in the heart.
J Clin Invest. 1993;91:1269-1281.

Husain A. Editorial review. The chymase-
angiotensin system in humans. ] Hypertens.
1993;11:1155-1159.

Shiota N, Fukamizu A, Takai S, et al. Activation
of angiotensin II-forming chymase in the car-
diomyopathic hamster heart. ] Hypertens.
1997;15:431-440.

Pitt B, Segal R, Martinez FA, et al. Randomised trial
of losartan versus captopril in patients over 65
with heart failure (Evaluation of Losartan in the
Elderly Study, ELITE). Lancet. 1997;349:747-752.
Pitt B, Poole-Wilson PA, Segal R, et al. Effect of
losartan compared with captopril on mortality in
patients with symptomatic heart failure: ran-
domised trial—the Losartan Heart Failure Survival
Study ELITE II. Lancet. 2000;355:1582-1587.
The RALES Investigators. Effectiveness of
spironolactone added to an angiotensin-con-
verting enzyme inhibitor and a loop diuretic for
severe chronic congestive heart failure (the
Randomized Aldactone Evaluation Study
[RALES]). Am ] Cardiol. 1996;78:902-907.

Cohn )N, Levine TB, Olivari MT, et al. Plasma
norepinephrine as a guide to prognosis in
patients with chronic congestive heart failure.
N Engl ] Med. 1984;311:819-823.

Waagstein F, Bristow MR, Swedberg K, et al.
Beneficial effects of metoprolol in idiopathic dilat-
ed cardiomyopathy. Lancet. 1993;342:1441-1446.
Packer M, Coats AJ, Fowler MB, et al. Effect of
carvedilol on survival in severe chronic heart
failure. N Engl ] Med. 2001;344:1651-1658.
Packer M, Bristow MR, Cohn JN, et al. The effect
of carvedilol on morbidity and mortality in
patients with chronic heart failure. U.S.
Carvedilol Heart Failure Study Group. N Engl |
Med. 1996;334:1349-1355.

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

A randomized trial of beta-blockade in heart
failure. The Cardiac Insufficiency Bisoprolol
Study (CIBIS). CIBIS Investigators and
Committees. Circulation. 1994;90:1765-1773.
The Cardiac Insufficiency Bisoprolol Study II
(CIBIS-II): a randomised trial. Lancet.
1999;353:9-13.

The Beta-Blocker Evaluation of Survival Trial
Investigators. A trial of the beta-blocker bucin-
dolol in patients with advanced chronic heart
failure. N Engl ] Med. 2001;344:1659-1667.
Kindermann M, Bohm M. [Severe heart failure—
effects of carvedilol therapy. The COPERNICUS
Study]. Internist (Berl). 2002;43:284-286.

REVIEWS IN CARDIOVASCULAR MEDICINE

49.

50.

S1.

52.

53.

54.

SS.

56.

57.

58.

59.

60.

61.

62.

63.

Packer M, Fowler MB, Roecker EB, et al. Effect of
carvedilol on the morbidity of patients with
severe chronic heart failure: results of the
carvedilol prospective randomized cumulative
survival (COPERNICUS) study. Circulation.
2002;106:2194-2199.

Wollert KC, Drexler H. Carvedilol prospective ran-
domized cumulative survival (COPERNICUS)
trial: carvedilol as the sun and center of the beta-
blocker world? Circulation. 2002;106:2164-2166.
Swedberg K, Bergh CH, Dickstein K, et al. The
effects of moxonidine, a novel imidazoline, on
plasma norepinephrine in patients with conges-
tive heart failure. Moxonidine Investigators.
J Am Coll Cardiol. 2000;35:398-404.

Uretsky BF, Young JB, Shahidi FE, et al.
Randomized study assessing the effect of digox-
in withdrawal in patients with mild to moderate
chronic congestive heart failure: results of the
PROVED trial. PROVED Investigative Group.
J Am Coll Cardiol. 1993;22:955-962.

Packer M, Gheorhiade M, Young JB, et al
Withdrawal of digoxin from patients with
chronic heart failure treated with angiotensin-
converting-enzyme inhibitors. RADIANCE
Study. N Engl ] Med. 1993;329:1-7.

The effect of digoxin on mortality and mor-
bidity in patients with heart failure. The
Digitalis Investigation Group. N Engl | Med.
1997;336:525-533.

Cohn JN, Ziesche S, Smith R, et al. Effect of the
calcium antagonist felodipine as supplementary
vasodilator therapy in patients with chronic
heart failure treated with enalapril: V-HeFT III.
Vasodilator-Heart Failure Trial (V-HeFT) Study
Group. Circulation. 1997;96:856-863.

Mann DL. Stress activated cytokines and the
heart. Cytokine Growth Factor Rev. 1996;7:341-354.
Mann DL. Stress-activated cytokines and the
heart: from adaptation to maladaptation. Annu
Rev Physiol. 2003;65:81-101.

Torre-Amione G, Kapadia S, Benedict C, et al.
Proinflammatory cytokine levels in patients
with depressed left ventricular ejection fraction:
a report from the Studies of Left Ventricular
Dysfunction (SOLVD). ] Am Coll Cardiol.
1996;27:1201-1206.

Bozkurt B, Torre-Amione G, Soran OZ, et al.
Results of multidose phase I trial with tumor
necrosis factor receptor (P75) fusion protein
(etanercept) in patients with heart failure
[abstract]. ] Am Coll Cardiol. 1999;33:184A.
Krum H. Tumor necrosis factor-alpha blockade
as a therapeutic strategy in heart failure
(RENEWAL and ATTACH): unsuccessful, to be
specific. ] Card Fail. 2002;8:365-368.

Anker SD, Coats AJ]. How to RECOVER from
RENAISSANCE? The significance of the results
of RECOVER, RENAISSANCE, RENEWAL and
ATTACH. Int ] Cardiol. 2002;86:123-130.
McCullough PA, Philbin EF, Spertus JA, et al.
Confirmation of a heart failure epidemic: find-
ings from the Resource Utilization Among
Congestive Heart Failure (REACH) study. ] Am
Coll Cardiol. 2002;39:60-69.

Luscher TF, Enseleit F, Pacher R, et al.
Hemodynamic and neurohumoral effects of
selective endothelin A (ET(A)) receptor blockade
in chronic heart failure: the Heart Failure ET(A)
Receptor Blockade Trial (HEAT). Circulation.
2002;106:2666-2672.



Limitations of Current Medical Therapies

64.

65.

66.

Kaluski E, Kobrin I, Zimlichman R, et al. RITZ-5:
randomized intravenous tezosentan (an
endothelin-A/B antagonist) for the treatment of
pulmonary edema. A prospective, multicenter,
double-blind, placebo-controlled study. | Am
Coll Cardiol. 2003;41:204-210.

Feldman AM, Bristow MR, Parmley WW, et al.
Effects of vesnarinone on morbidity and mortal-
ity in patients with heart failure. Vesnarinone
Study Group. N Engl ] Med. 1993;329:149-155.
Eisenstein EL, Nelson CL, Simon TA, et al.

67.

Vasopeptidase inhibitor reduces inhospital costs
for patients with congestive heart failure: results
from the IMPRESS trial. Inhibition of Metallo
Protease by BMS-186716 in a Randomized
Exercise and Symptoms Study in Subjects With
Heart Failure. Am Heart ]. 2002;143:1112-1117.
Ruschitzka FT. Comparison of omapatrilat and
enalapril in patients with chronic heart failure:
the Omapatrilat Versus Enalapril Randomized
Trial of Utility in Reducing Events (OVERTURE).
Curr Hypertens Rep. 2003;5:57-58.

68.

69.

Packer M, Califf RM, Konstam MA, et al.
Comparison of omapatrilat and enalapril in
patients with chronic heart failure: the
Omapatrilat Versus Enalapril Randomized Trial
of Utility in Reducing Events (OVERTURE).
Circulation. 2002;106:920-926.

Australia-New Zealand Heart Failure Research
Collaborative Group. Effects of carvedilol, a
vasodilator-beta-blocker in patients with con-
gestive heart failure due to ischemic heart dis-
ease. Circulation. 1995;92:212-218.

VOL. 4 SUPPL. 2 2003 REVIEWS IN CARDIOVASCULAR MEDICINE  S29



