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Acute myocardial infarction (AMI) is ex-
tremely prevalent worldwide, with an estimated
700,000 new cases this year and a total mortality

of 221,000 in 2002 in the United States alone [1].
Left ventricular systolic dysfunction (LVSD), as
evidenced by the presence of new heart failure

(HF) symptoms at the time of AMI or by docu-
mented reduction in left ventricular ejection frac-
tion (LVEF), is common, with reported
incidences of approximately 30% post-AMI [2–6].

Patients with LVSD following AMI are at high
risk of in-hospital and long-term morbidity and
mortality. Analysis of the Second National

Registry of Myocardial Infarction (NRMI-2)
demonstrated a 3-fold increase of in-hospital
death (21% versus 7%) in patients hospitalized

for AMI with clinical evidence of LVSD com-
pared with those without LVSD [4]. In the Global
Registry of Acute Coronary Events (GRACE),

patients with clinical evidence of LVSD on admis-
sion for acute coronary syndromes (ACS) had
a threefold increase in 6-month mortality (9% ver-
sus 3%) and a higher rehospitalization rate (24%

versus 16%) than other patients with ACS [3].
Patients with LVSD after AMI are at a critical

point in time when two different disease processes,

coronary artery disease (CAD) and LVSD, are at
work. The presence of underlying CAD with
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recent thrombosis places these patients at high
risk for reinfarction, ischemia, and progression of
their CAD. In addition, LVSD may progress to

the development of HF, worsening pump func-
tion, ventricular arrhythmias, and sudden cardiac
death (SCD). Targeting the ischemia associated

with AMI, the underlying CAD, and the ventric-
ular remodeling associated with LVSD can min-
imize the deleterious consequences of CAD and
LVSD. Failure to attack these targets and to

initiate life-saving therapies results in future
morbidity and mortality.

Significant progress has been made in the

development of acute reperfusion strategies, plate-
let inhibition, and ischemia reduction that are of
critical importance in the acute phase of AMI.

Secondary prevention measures for CAD, such as
aspirin, clopidogrel, beta blockers, angiotensin
converting enzyme (ACE) inhibitors and the use

of hydroxymethylglutaryl coenzyme A reductase
inhibitors (stains), play a role in reducing ischemic
events and mortality after AMI in general. In
addition, pharmacological strategies to prevent

adverse ventricular remodeling, such as ACE
inhibitors and beta blockers, have proven benefi-
cial in patients with post-AMI LVSD in particu-

lar. Due to these interventions, there has been
a gradual decline in hospital mortality rates
among this patient group. However, long-term

mortality did not change over the two decades
between 1975 and 1995 in one large, community-
wide study [7].
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The high mortality rates despite optimal re-
perfusion and medical therapy observed in pa-
tients with post-AMI LVSD may be related to an

increased risk for postdischarge SCD. Although
there is evidence that ACE inhibitors, beta
blockers, and perhaps statins reduce its incidence,
SCD remains an important cause of death in

patients with post-AMI LVSD. The placement of
a prophylactic implantable cardioverter defibril-
lator (ICD), a proven therapy for primary pre-

vention of SCD in select populations, has not
shown benefit if placed too soon after an AMI.
Blockade of aldosterone receptors, however, has

demonstrated efficacy in this particular patient
population, especially in the immediate post-AMI
period. This article discusses the epidemiology
behind SCD in patients with post-AMI LVSD,

the pathophysiology of aldosterone blockade in
relation to SCD, the evidence behind aldosterone
receptor blockade, safety concerns with the treat-

ment, and, finally, a summary of available thera-
pies for patients with post-AMI LVSD.
Sudden cardiac death

Much of what is known about the timing and
risk of SCD after AMI in the presence of contem-
porary therapy comes from the Valsartan in

Acute Myocardial Infarction Trial (VALIANT),
published in 2003. This trial randomized 14,703
patients with AMI complicated by clinical or
radiological HF, LVSD (LVEF %35% by echo-

cardiography, contrast angiography, or %40% by
radionuclide ventriculography), or both, to treat-
ment with valsartan, captopril, or both within 0.5

to 10 days of AMI. Patients were required to have
a systolic blood pressure O100 mm Hg and
a serum creatinine (Cr) !2.5 mg/dL. There was

15% use of primary percutaneous coronary in-
tervention (PCI) and 35% use of thrombolytic
therapy. Adjunctive medical therapy for AMI

included 91% aspirin, 70% beta blockers, but
only 34% statins and 9% potassium-sparing
diuretics. Mortality at 24 months was 20% and
did not differ between groups compared [8]. In

a subsequent analysis, the cause of death was
reviewed by a central adjudication committee.
SCD was defined as death that occurred ‘‘suddenly

and unexpectedly’’ in a patient in otherwise stable
condition who had not had premonitory HF,
AMI, or other clear cause of death. SCD was

combined with cardiac arrest with resuscitation
to define the event rate in this analysis. A total of
7% of patients in this trial had such an event,
19% of whom had the event in the first 30 days
post-AMI. The event rate was 1.4% per month
during the first 30 days, and dropped to 0.5%

per month during months 1 through 6, and to
0.14% 2 years post-AMI. During the critical first
30 days post-AMI, each reduction in LVEF by
5% was associated with a 21% increase in event

rate. VALIANT established that the first 30 days
post-AMI is a vulnerable period with the
highest SCD and cardiac arrest-with-resuscitation

rates, and that low LVEF can increase this risk
dramatically [9].

In an attempt to reduce SCD during this

vulnerable post-AMI period, the Defibrillator in
Acute Myocardial Infarction Trial (DINAMIT)
was published in 2004 [10]. In this trial, 674 post-
AMI patients with LVEF %35% (assessed by

angiography, radionuclide scanning, or echocardi-
ography) and depressed heart-rate variability or
elevated heart rate on 24-hour Holter monitoring

were randomized to either an ICD or no ICD 6 to
40 days post-AMI. DINAMIT’s adjunctive medi-
cation use was more aggressive than that of VAL-

IANT, with 92% on antiplatelet agents, 87% on
beta blockers, 95% on ACE inhibitors, and 78%
on statin. In addition, there were slightly more

primary PCIs at 36%, with similar use of throm-
bolytic therapy at 37%. After a mean follow-up
of 30 months, overall mortality was 18% with
no significant difference between treatment

groups. Prespecified cause-of-death analysis was
ascertained by the investigators at each site and
derived from witnesses, family members, death

certificates, hospital records, and autopsy reports,
but not from ICD telemetry. Although there was
a significant reduction in death from arrhythmia

(hazard ratio [HR] 0.42, 95% CI, 0.22–0.83, P ¼
.009), this was offset by an increase in death
from nonarrhythmic causes (HR 1.75, 95% CI,
1.11–2.76, P ¼ .02), primarily driven by cardiac

nonarrhythmic causes (HR 1.72, 95% CI, 0.99–
2.99, P ¼ .05). There were no deaths related to
device implantation; however, in-hospital, device-

related complications such as lead dislodgment,
pneumothorax, and inappropriate shocks were
documented in 25 patients.

In contrast with the findings in DINAMIT, the
Multicenter Automatic Defibrillator Implantation
Trial II (MADIT II) evaluated prophylactic ICD

therapy in patients with prior AMI and LVEF
%30%, and demonstrated that the rate of death
due to arrhythmia was markedly reduced and the
rate of nonarrhythmic death was not increased at

a mean follow-up of 20 months [11]. These
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patients differed from DINAMIT patients in that
they had a lower LVEF, did not have assessment
of autonomic dysfunction, and, most importantly,
were randomized a mean of 6.5 years after their

most recent AMI. It is unclear why patients in DI-
NAMIT who were assigned to ICD therapy had
an increase in nonarrhythmic mortality. The

presence of impaired autonomic dysfunction
distinguishes DINAMIT patients from other post-
AMI LVSD populations and may be a marker of

risk for advanced HF. ICD therapy in these pa-
tients may therefore convert SCD into eventual
death from pump failure. Additionally, inappro-

priate shocks and placement of an ICD itself
may lead to negative remodeling and worsened
HF. Whatever the mechanism, placement of an
ICD for primary prevention of SCD within the

first 40 days of AMI is recommended against by
the ACC/AHA guidelines for the management
of patients with ST-segment-elevation MI and

the ACC/AHA/ESC guidelines for the prevention
of SCD [12,13]. With failure of proven therapies
to prevent SCD in patients with post-AMI

LVSD, there has been a need for newer therapies.
Aldosterone receptor blockade has proved to be
an effective experimental and clinical strategy in

this patient group.
The role of aldosterone in myocardial infarction

Aldosterone is implicated not only in fluid and

potassium balance, but also in post-AMI left
ventricular (LV) remodeling. Depressed cardiac
function after AMI leads to a series of
Table 1

Potential deleterious mechanisms, anatomical effects, and possi

cular system, beyond fluid and potassium balance

Mechanisms

Anatomical

effects

Y Endothelial-derived nitric oxide [26] Vasoconstric

[ Oxidative stress [31] Inflammation

Collagen deposition [32–34] Fibrosis, stiff

myocardia

Vascular inflammation [39] Myocardial fi

Myocardial apoptosis [46] Myocytes los

Y Baroreceptor sensitivity and Reflex

function [40,41]

[ Heart rate

Y Myocardial uptake of norepinephrine

[42]

Arrhythmias

[ Action potential duration [44] Arrhythmias

Y Fibrinolysis [45] Thrombophi

[ Platelet activation [45] Thrombophi

Abbreviations: LV, left ventricular; [, increased; Y, decrea
neurohormonal reflexes that activate the sympa-
thetic nervous system and the renin-angiotensin-
aldosterone systems. These reflexes are initially
adaptive to preserve mean arterial pressure, but

prolonged neurohormonal activation eventually
becomes maladaptive and leads to increased
myocardial oxygen demand, progressive myocar-

dial injury, ventricular dysfunction and ultimately
HF [14,15]. Alterations in ventricular architecture
result, involving infarcted and noninfarcted areas

of the left ventricle, and these alterations lead to
contractile dysfunction, fibrosis, progressive dila-
tion, hypertrophy and distortion of the ventricular

cavity, known as LV remodeling [16]. LV remod-
eling and neurohormonal activation are associ-
ated with increased risk for ventricular
arrhythmias and SCD. Aldosterone has been

found to be elevated in patients with LVSD and
associated with poor outcomes in the chronic
[17] and acute MI settings [18].

Aldosterone blockade, alone or in combination
withACE inhibitors, hasbeen associatedwithmany
potentially favorable effects on post-AMI LV

remodeling in a wide range of animal models. These
include reduced collagen deposition, norepineph-
rine levels, interstitial fibrosis, hypertrophy, LV

dimensions and increased LVEF [19–25]. Table 1
outlines the mechanisms of the deleterious effects
of aldosterone in the AMI setting and the efficacy
of aldosterone blockade in reversing these effects.

Endothelial dysfunction

In experimental models, aldosterone has been
found to inhibit the production of nitrite oxide
ble clinical consequences of aldosterone on the cardiovas-

Possible clinical

consequences

tion Ischemia

and fibrosis LV remodeling, HF

ness, and distortion of the

l structure

LV remodeling, HF

brosis and necrosis LV remodeling, HF

s LV remodeling, HF

variability, arrhythmias SCD

SCD

SCD

lic state Ischemia, necrosis

lic state Ischemia, necrosis

sed.
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(NO) in peripheral vessels [26,27]. This reduction
in NO causes vasoconstriction and increased vas-
cular tone that, in turn, leads to reduced myocar-

dial perfusion and, eventually, myocardial injury
[28,29]. The nonselective aldosterone blocker spi-
ronolactone seems to improve endothelial dys-
function and normalize these deleterious effects

in animal and human studies [30].
Aldosterone, in combination with a high-salt

environment, seems to promote oxidative stress

by increasing the activity of reduced-form nico-
tinamide adenine dinucleotide phosphate oxidase.
This increase leads to the production of superox-

ide radicals, endothelial damage and vasoconstric-
tion, and, eventually, inflammation and fibrosis in
animal modelsdeffects that are attenuated by
spironolactone [31].

Collagen synthesis

There is increasing evidence that aldosterone
may exert adverse affects on the vascular and

myocardial matrix by increasing collagen synthe-
sis. Although collagen has important structural
properties, its overproduction (particularly types I
and III) is associated with stiffness and distortion

of the tissue structure [32–34]. This mechanism ex-
plains, at least in part, the role of aldosterone in
LV remodeling post-AMI [35–37]. Still, after 8

weeks of spironolactone treatment in patients
with chronic HF, reversal of collagen synthesis
was demonstrated by a 20% reduction of pro-col-

lagen type III N-terminal amino peptide (PIIINP,
a biomarker of vascular collagen turnover) [38].

Inflammation

Vascular inflammation is another potential

effect of aldosterone-induced myocardial injury
and fibrosis. There is evidence that aldosterone
infusion in salt-loaded rats induced severe coro-

nary inflammatory lesions, resulting in fibrosis,
focal ischemia, and necrosis [39]. These structural
alterations may also be responsible for the de-

creased arterial compliance in patients with hyper-
tension [32]. These phenomena can be altered
after 8 weeks of treatment with eplerenone, a selec-
tive aldosterone receptor blocker [39].

Autonomic nervous system

Aldosterone has been shown in animal [40] and
human [41] models to decrease baroreceptor sensi-

tivity and reflex function. Furthermore, aldoste-
rone has been shown to block myocardial
uptake of norepinephrine in rats by 24%, which
may reduce heart-rate variability and, potentially,
catecholamine-induced arrhythmias [42]. These
findings are consistent with data from patients

with chronic, stable HF in whom spironolactone,
in addition to standard medical therapy, increased
myocardial norepinephrine uptake, reduced ven-
tricular arrhythmias on 24-hour ambulatory elec-

trocardiography, and improved heart-rate
variability compared with similar patients given
placebo [38,43]. Although its potential pro-

arrhythmic effects are not completely understood,
growing literature shows that aldosterone may
influence electrical properties of cardiac myocytes

by increasing action potential duration by altering
calcium channel current density [44].

Other mechanisms

Other potentially deleterious effects of aldoste-
rone have been shown in human and animal
models, including inhibition of fibrinolysis and

platelet activation, which promotes the hyperco-
agulable state observed in the post-AMI setting
[45], and myocardial apoptosis as an adjunctive
mechanism of LV remodeling [46]. Once again,

aldosterone receptor blockade attenuated these
processes [47].

Experimental evidence in humans

Modena and colleagues [48] studied the effects
of aldosterone suppression with potassium canre-
noate (50 mg/d) on collagen synthesis and LV

dimensions. This small, randomized, placebo-
controlled study enrolled 46 patients after recent
thrombolysis for anterior AMI who were also

given ACE inhibitors at the time of discharge.
Serum PIIINP, a marker of collagen synthesis,
and LV diameter were significantly lower in the

canrenoate group compared with placebo at 3,
6, and 12 months.

The reduction in collagen synthesis and attenu-

ation of remodeling may slow progression of di-
astolic dysfunction after AMI. Echocardiographic
studies demonstrated that in AMI patients not
receiving, or unsuitable for, reperfusion therapy,

canreoate (25 mg/d) in addition to captopril re-
sulted in lower LV end-systolic volumes (LVESV),
higher LVEF, higher E-wave-to-A-wave (E/A)

ratios, and lower isovolumetric relaxation (IVRT)
times compared with placebo after 6 months in
a larger randomized pilot study [49].

In a study by Hayashi and colleagues [50], 134
patients with anterior AMI were assigned to ena-
lapril and spironolactone (25 mg/d) versus
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enalapril alone immediately after revasculariza-
tion. At 30 days, the combination therapy arm
had a significantly greater increase in LVEF
(þ7.2% versus þ4.46%, P!.05), and decreases

in LV end-diastolic (LVEDVI) and end-systolic
(LVESDI) volume indices, transcardiac extraction
of aldosterone, and PIIINP levels compared with

the enalapril-only group, suggesting a greater pro-
tective effect of combination therapy against post-
AMI LV remodeling. These small clinical trials

with promising results for the improvement of
LV remodeling and reduction in electrical instabil-
ity, summarized in Table 2 led to a large, random-

ized, controlled trial evaluating hard endpoints
for aldosterone receptor blockade in high-risk,
post-AMI LVSD patients.
Aldosterone blockade with eplerenone

The Eplerenone Post-Acute Myocardial In-
farction Heart Failure Efficacy and Survival Study
(EPHESUS) trial, published in 2003, was a multi-

center, double-blind, placebo-controlled, interna-
tional trial of 6,632 patients with AMI
complicated by LVSD (LVEF %40% by echo-

cardiography, radionuclide angiography, or con-
trast angiography), with symptoms of HF
(pulmonary rales, pulmonary edema, or presence

of a third heart sound) or diabetes who were
randomized to eplerenone, a selective aldosterone
receptor blocker, or placebo within 3 to 14 days of
AMI [51]. Eplerenone was started at 25 mg/d and

increased to a maximum of 50 mg/d after 4 weeks.
In patients with diabetes and post-AMI LVSD,
symptoms of HF were not required, because out-

comes in such patients compared with those in
nondiabetic patients with post-AMI LVSD with
symptoms of HF were similar [52]. Patients with

a serum Cr O2.5 mg/dL and those with evidence
of serum potassium O5.0 mEq/L were excluded.
Standard therapy included reperfusion (45%),

ACE inhibitors or ARBs (86%), beta blockers
(75%), aspirin (88%), statins (47%), and diuretics
(60%). After a mean follow-up of 16 months,
eplerenone significantly reduced the risk of

all-cause mortality by 15% (14% versus 17%,
P ¼ .008) and cardiovascular (CV) mortality/CV
hospitalizationby13%(27%versus30%,P¼ .002),

both primary end points in the study. Death
from CV causes was reduced by 17% (12% ver-
sus 15%, P ¼ .005), driven by a 21% reduction

in SCD (4.8% versus 6.1%, P ¼ .03). There was
a nonsignificant reduction in hospitalization for
CV events of 9% (18% versus 20%, P ¼ .09),
driven by a 15% reduction in HF admissions
(10% versus 12%, P ¼ .03) (Fig. 1).

The critical period of 30 days after AMI, when
the risk of SCD is greatest, was studied in

a prespecified analysis of EPHESUS [53]. Analysis
of primary endpoints demonstrated that, com-
pared with placebo, eplerenone reduced all-cause

mortality by 31% (3.2% versus 4.6%, P ¼ .004),
and nonsignificantly reduced death from CV
causes/CV hospitalization. Using Kaplan-Meyer

analysis, a significant treatment effect was seen
starting at 10 days into treatment. Death from
CV causes was reduced by 32% (3.0% versus

4.4%, P ¼ .003), again driven by a 37% reduction
in SCD (0.9% versus 1.4%, P ¼ .03) (Fig. 2). This
1.4% risk of SCD within 30 days post-AMI in
the placebo arm is the same as that in the treat-

ment arms of VALIANT, making the reduction
to 0.9% by eplerenone of significant clinical
relevance.

In the post-AMI patients with LVEF %30%,
further reductions in the primary and secondary
endpoints were observed with eplerenone in a post

hoc analysis of EPHESUS [54]. Of the 6,632 pa-
tients in EPHESUS, 2,106 (32%) had an LVEF
of %30%, and similar baseline characteristics be-

tween treatment groups, but more diabetes, HF,
and prior AMI history than the overall EPHE-
SUS population. Compared with the overall
placebo-treated EPHESUS population, placebo-

treated patients with LVEF %30% had a higher
incidence of all-cause death (24.0% versus
16.7%), CV mortality/CV hospitalization (40.9%

versus 30.0%), and SCD (9.7% versus 6.1%). In
this high-risk group, compared with placebo,
eplerenone administration was associated with

a 21% reduction in all-cause mortality (20% ver-
sus 24%, P ¼ .12) and a 21% reduction of CV
mortality/CV hospitalization (34% versus 41%,
P ¼ .001). At the conclusion of the study, CV

mortality was reduced by 23% (17% versus
21%, P ¼ .008) and SCD was reduced by 33%
(6.8% versus 9.7%, P ¼ .01). Nonfatal hospitali-

zation for HF was reduced by 20% (15% versus
17%, P ¼ .75) but death due to progressive HF
was reduced nonsignificantly (4.7% versus 5.6%,

P ¼ .28) (Fig. 3). Compared to the overall EPHE-
SUS population, the patients with LVEF %30%
had a higher event rate but derived the greatest

benefit with eplerenone (Fig. 4).
EPHESUS established the mortality benefit of

aldosterone receptor blockade with eplerenone in
patients with post-AMI LVSD and either symp-

toms of HF or the presence of diabetes. The CV



Table 2

Overview of clinical trials on aldosterone blockade in patients with left ventricular systolic dysfunction after an acute myocardial infarction

Study Inclusion criteria

Number of

patients studied Randomized groups Follow-up Primary end point(s) Main finding

Modena et al [48] Anterior AMI, r-tPA

within 6 hours of

chest pain, ACE I

after randomization

46 Potassium canrenoate

(50 mg/d) versus

placebo on discharge

following AMI

Months 3, 6, 12 Measurement of PIIINP

and LV volume

Significant reduction in

PIIINP in canrenoate-

treated group at 3, 6, and

12 months, significant

reduction in LV volume

in canrenoate-treated

group at 6 and 12 months

Di Pasquale

et al [49]

Anterior AMI, without

reperfusion

187 Potassium canreonate

(25 mg/d) plus captopril

versus placebo plus

captopril immediately

following AMI

Days 10, 90, 180 Measurement of LVESV,

LVEF, LVEDD, E/A

ratio, E decal time, IVRT

Improvement in LVESV,

LVEF, E/A ratio, and

IVRT

Hayashi et al [50] Anterior AMI, successful

reperfusion within

24 hours

134 Spironolactone (25 mg/d)

plus enalapril versus

placebo plus enalapril

immediately after

revascularization for

AMI

1 month Measurement of PIIINP,

LVEF, LVEDVI,

LVESVI

Transcardiac aldosterone

extraction reduced,

PIIINP levels suppressed

in treatment group,

LVEF increase greater,

LVEDVI increase

suppressed, LVESVI

decrease greater in

treatment groups

compared with placebo

EPHESUS [51] AMI, LVEF %40%

and either HF

symptoms or DM

6,632 Eplerenone (25-50 mg/d)

versus placebo plus

optimal medical therapy

3–14 days following

AMI

16 months Time to death from any

cause and time to death

from any CV cause or

hospitalization for

CV event

15% all-cause mortality risk

reduction (P ¼ .008),

13% CV mortality or CV

hospitalization risk

reduction (P ¼ .002)

Abbreviations: ACE I, angiotensin-converting enzyme inhibitor; DM, diabetes mellitus; EPHESUS, Eplerenone Post-Acute Myocardial Infarction Heart Failure Efficacy

and Survival Study; IVRT, isovolemic relaxation time; LVEDD, left ventricular end diastolic dimension; LVEDVI, left ventricular end diastolic volume index; LVESV, left

ventricular end systolic volume; LVESVI, left ventricular end systolic volume index; r-tPA, recombinant tissue plasminogen activator.
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0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8

Eplerenone Better Placebo Better

All-cause mortality

CV mortality/CV hospitalization

Risk ratio ± 95% CI

Sudden cardiac death

HF mortality

CV hospitalization

HF hospitalization

All-cause mortality/any hospitalization

CV  mortality

P=0.008

P=0.002

P=0.02

P=0.005

P=0.03

P=0.10

P=0.09

P=0.03

Fig. 1. Relative risks of primary and secondary end points in EPHESUS. (Adapted from Pitt B, Remme W, Zannad F,

et al. Eplerenone, a selective aldosterone blocker, in patients with left ventricular dysfunction after myocardial infarc-

tion. N Engl J Med 2003;348:1309–21.)
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mortality reduction is predominantly driven by

reductions in SCD, and this SCD reduction is seen
as early as 10 days after therapy. The benefit of
eplerenone is greatest in those patients with the

worst LVSD. EPHESUS patients were on stan-
dard medical therapy, with ACE inhibitors or
ARBs (85%), beta blockers (75%), and statins
0.2 0.4 0

Eplerenon

CV mortality 

All-cause mortality

HF mortality/HF hospitalization 

Sudden cardiac death

CV mortality/CV hospitalization 

Fig. 2. Relative risks of mortality and morbidity at 30 days in

Nicolau J, et al. Eplerenone reduces mortality 30 days after ran

tients with left ventricular systolic dysfunction and heart failu
(47%). In addition, 45% of patients had reperfu-

sion therapy to limit the infarct size, and 89%
were receiving antiplatelet therapy with aspirin.
Accordingly, eplerenone was effective in patients

who were already receiving evidence-based ther-
apy for CAD and LVSD, including ACE in-
hibitors and beta blockers.
.6 0.8 1.0 1.2 1.4 1.6 1.8

e Better Placebo Better

P=0.004

P=0.074

P=0.003

P=0.051

P=0.106

Risk ratio ± 95% CI

all EPHESUS patients. (Adapted from Pitt B, White H,

domization following acute myocardial infarction in pa-

re. J Am Coll Cardiol 2005;46:425–31.)
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Eplerenone Better Placebo Better

Sudden cardiac death

All-cause mortality

HF mortality/HF hospitalization 

CV mortality/CV hospitalization

Risk ratio ±95% CI

P=0.012

P=0.001

P=0.01

P=0.005

Fig. 3. Relative risks of mortality and morbidity in EPHESUS patients with left ventricular ejection fraction of 30%

or less. (Adapted from Pitt B, Gheorghiade M, Zannad F, et al. Evaluation of eplerenone in the subgroup of EPHESUS

patients with baseline left ventricular ejection fraction ! or = 30%. Eur J Heart Fail 2006;8:295–301.)
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Safety concerns with eplerenone

Hemodynamics

At the time EPHESUS was planned, there was
little experience with the use of aldosterone re-

ceptor blockade during the early hours after AMI
and hypotension seemed to be one of the major
Fig. 4. Relative risk (RR) of sudden cardiac death in the eple

trial compared with the subgroup analysis of patients with left v

RemmeW, Zannad F, et al. Eplerenone, a selective aldosterone

myocardial infarction. N Engl J Med 2003;348:1309–21 and P

eplerenone in the subgroup of EPHESUS patients with basel

J Heart Fail 2006;8:295–301.)
concerns, given the high-risk post-AMI popula-
tion. Thus, it was decided to delay the admini-
stration of eplerenone until patients were

hemodynamically stable between 3 to 14 days af-
ter myocardial infarction. At 30 days after ran-
domization, placebo-treated patients experienced

significantly greater systolic and diastolic blood
renone and in the placebo group in the main EPHESUS

entricular ejection fraction %30%. (Adapted from Pitt B,

blocker, in patients with left ventricular dysfunction after

itt B, Gheorghiade M, Zannad F, et al. Evaluation of

ine left ventricular ejection fraction ! or = 30%. Eur
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pressure elevation than patients treated with
eplerenone (4.0/2.9 versus 2.4/1.7 mm Hg,
P!.01), a magnitude that may not be clinically
significant. This effect was sustained at 1 year

(8/4 versus 5/3 mm Hg, P!.01). No significant
change in body weight was observed at 1 year.
These data, summarized in Fig. 5, suggest that

the antihypertensive effect of eplerenone is mini-
mal even with background therapy of ACE inhib-
itors and beta blockers and may be used early

post-AMI. Now that it is known that administra-
tion within 3 to 14 days of AMI does not ad-
versely lower blood pressure, it is unclear if

earlier administration of eplerenone will give
greater benefit, by preventing SCD and worsening
pump failure. Although Hayashi and colleagues
[50] demonstrated benefits in LV function and re-

modeling with aldosterone receptor blockade as
early as 1 hour after revascularization, the transla-
tion to clinical endpoints requires prospective

evaluation in larger trials.

Renal function

In EPHESUS, serum Cr increased by 0.02
mg/dL in the placebo group and 0.06 mg/dL in
the eplerenone group (P!.001) at 1 year. EPHE-

SUS excluded patients with serum Cr O2.5
mg/dL. With a mean age of enrollment of 64, a se-
rum Cr O 2.5 mg/dL translates to an estimated

glomerular filtration rate (eGFR) of %29 mL/
min/1.73 m2 for men and %22 mL/min/1.73 m2

for women, using the modification of diet in renal
Fig. 5. Effects of eplerenone on blood pressure, serum potassiu

year. (Adapted from Pitt B, Remme W, Zannad F, et al. Eplere

ventricular dysfunction after myocardial infarction. N Engl J
disease (MDRD) formula. Calculation and close
monitoring of the eGFR rather than serum Cr
may be a more reliable way of predicting CV out-
come, especially in the elderly and in women:

eGFR is significantly worse with age and female
gender for any given Cr level [55]. In fact, analysis
of VALIANT demonstrated that, for eGFR !81

mL/min/1.73 m2, there was a hazard ratio for
death or nonfatal CV outcomes of 1.1 for every
10-unit reduction in eGFR, independent of treat-

ment assignment [56]. Eplerenone should be
discontinued when the eGFR approaches
30 mL/min/1.73 m2, and use of other nephrotox-

ins such as nonsteroidal anti-inflammatory drugs
should be avoided.

Hyperkalemia

The incidence of serious hyperkalemia (serium
potassium R6.0 mEq/dL) in EPHESUS was

greater in patients treated with eplerenone than
with placebo (5.5 versus 3.9%, P ¼ .002) at 1 year.
Among patients with a baseline eGFR !50
mL/min, calculated using the Cockcroft-Gault

formula, incidence of serious hyperkalemia was
10.1% in the eplerenone group and 5.9% in the
placebo group (P ¼ .006). Corresponding rates

for eGFR R50 mL/min were 4.6% and 3.5%, re-
spectively (P ¼ .04). Within the first 30 days of
treatment, serum potassium increased by 0.24

mmol/L in the eplerenone group and 0.17 mmol/L
in the placebo group (P!.001). However, in this
trial after adjudication, no deaths were attributed
m, serum Cr, and body weight in EPHESUS patients at 1

none, a selective aldosterone blocker, in patients with left

Med 2003;348:1309–21.)
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to hyperkalemia. Hypokalemia (serum potassium
%3.5 mEq/L) may be as great if not a greater
risk than hyperkalemia in patients with HF [57]

and occurred less frequently in eplerenone-treated
patients than in placebo-treated patients (8.4%
versus 13.1%, P!.001).

In real-world practice, care must be taken with

aldosterone receptor blockade in patients with
post-AMI LVSD. The Randomized Aldactone
Evaluation Study (RALES) trial was a pivotal

study published in 1999 that showed a mortality
benefit of spironalactone in patients with an
LVEF %35%, with severe (NYHA Class III-IV),

chronic HF being treated with ACE inhibitors, if
tolerated, and a loop diuretic [58]. Publication of
this trial led to a more widespread use of aldoste-
rone receptor blockade in patients with LVSD.

A population-based, time-series analysis was per-
formed using health care databases and hospitali-
zation records obtained from the Canadian

Institute of Health Information Discharge
Abstract Database and the Ontario Drug Benefits
Program of all patients 65 years of age or older in

Ontario, Canada. The accuracy of the hospitaliza-
tion records had not been previously established
for hyperkalemia. This study analyzed the rates

of spironolactone use and hyperkalemia in pa-
tients with HF treated with ACE inhibitors before
and after publication of RALES [59]. There was
an increase in prescription of spironolactone by

a factor of about 5 from 1999 compared with
late 2001. The rate of hospital admissions involv-
ing a diagnosis of hyperkalemia increased from

4.0/1000 patients to 11.0/1000 patients from
1999 to late 2001. During the same period, the
mortality in patients admitted with hyperkalemia

increased from 0.7/1000 patients to 2.0/1000
patients.

Since the authors had no knowledge of the
serum potassium during hospitalization and did

not adjust for comorbidities, it is far from clear
whether this substantial increase in mortality was
related to hyperkalemia caused by spironolactone

use. In fact, hyperkalemia has been reported as
a major marker for severity of HF, independent of
spironolactone use [60]. RALES excluded patients

with a serum Cr of O2.5 mg/dL or a serum potas-
sium of O5.0 mEq/L. RALES followed labora-
tory measurements, including serum potassium

every 4 weeks for the first 12 weeks, then every
3 months for up to 1 year, and every 6 months
thereafter. EPHESUS had the same serum Cr
and potassium exclusion criteria, and monitored

potassium and Cr levels 48 hours after initiation,
at 1, 4, and 5 weeks, at all scheduled study visits,
and within 1 week after any change in dose. Ac-
cordingly, when simple monitoring criteria are

followed, the rate of hyperkalemia in patients
already receiving ACE inhibitors and beta
blockers, as was the case in EPHESUS, is low.
The rates of serious hyperkalemia in the treatment

arms compared with placebo in RALES and
EPHESUS were 2% versus 1%, and 5.5% versus
3.9%, respectively.
Recommendations for prevention of SCD

in patients with post-AMI LVSD

Patients with post-AMI LVSD present at

a critical juncture between acute coronary event
and HF. The failure to recognize this syndrome as
a distinct entity that needs therapeutic interven-
tions tailored accordingly may, at least in part,

explain the questionable results of the recent
DINAMIT trial that, as previously discussed,
failed to demonstrate any benefit with early ICD

implantation in patients with post-AMI LVSD.
The available data and ACC/AHA guidelines
suggest that several treatment strategies should

be implemented in an effort to improve outcomes
in this patient population. These treatment strat-
egies are briefly discussed below. The guidelines

for ST-segment-elevation MI (STEMI) [12], un-
stable angina, non-ST-segment-elevation MI
(UA/NSTEMI) [61], and prevention of SCD [13]
are cited and summarized in Table 3.

With LVSD being such a poor prognostic
factor in post-AMI patients, assessment of
LVEF is critical in all patients with AMI. This

can be done using many modalities, including
contrast angiography if coronary angiography is
performed, radionuclide angiography, or echocar-

diography. The ACC/AHA guidelines for the
management of STEMI give LVEF assessment
a class I indication for all post-AMI patients. A

similar recommendation is given in the guidelines
for the management of UA/NSTEMI.

Aldosterone receptor blockade is beneficial in
patients with post-MI LVSD who are receiving

other therapies such as reperfusion therapy, anti-
platelet therapy, beta blockers [62,63], ACE inhib-
itors [64–66], and ARBs [8,67]. The importance of

adrenergic blockade, including beta blockers,
ACE inhibitors, and ARBs, in this setting is re-
viewed elsewhere in this issue of the Cardiology

Clinics.
There is increasing evidence that statins,

through the improvement they effect in endothelial



Table 3

Class I indications for assessment and treatment of myocardial infarction and concomitant left ventricular dysfunction

(adapted from [12,13,60])

Intervention Class I indication

LVEF assessment

STEMI LVEF should be measured in all STEMI patients (Level of Evidence: B)

UA/NSTEMI A noninvasive test (echocardiogram or radionuclide angiogram) is

recommended to evaluate LV function in patients with definite ACS who

are not scheduled for coronary angiography and left ventriculography

(Level of Evidence: B)

Beta blockers

STEMI Patients with moderate or severe LV failure should receive beta-blocker

therapy with a gradual titration scheme (Level of Evidence: B)

UA/NSTEMI Patients recovering from UA/NSTEMI with moderate or severe LV failure

should receive beta-blocker therapy with a gradual titration scheme (Level

of Evidence: B)

ACE inhibitors

STEMI An ACE inhibitor should be prescribed at discharge for all patients without

contraindications after STEMI (Level of Evidence: A)

UA/NSTEMI ACE inhibitors should be given and continued indefinitely for patients

recovering from UA/NSTEMI with HF, LV dysfunction (LVEF !0.40),

hypertension, or diabetes mellitus, unless contraindicated (Level of

Evidence: A)

ARBs

STEMI An ARB should be administered or prescribed at discharge to STEMI

patients who are intolerant of an ACE inhibitor and have either clinical or

radiological signs of HF and LVEF !0.40. Valsartan and candesartan

have established efficacy for this recommendation (Level of Evidence: B)

UA/NSTEMI An ARB should be administered or prescribed at discharge to UA/NSTEMI

patients who are intolerant to ACE inhibitors and have either clinical or

radiological signs of HF and LVEF !0.40 (Level of Evidence: A)

Aldosterone receptor blockers

STEMI Long-term aldosterone blockade should be prescribed for post-STEMI

patients without significant renal dysfunction (Cr should be %2.5 mg/dL in

men and %2.0 mg/dL in women) or hyperkalemia (potassium should be

%5.0 mEq/L) who are already receiving therapeutic doses of an ACE

inhibitor, have an LVEF of %0.40, and have either symptomatic HF or

diabetes (Level of Evidence: A)

UA/NSTEMI Long-term aldosterone receptor blockade should be prescribed for UA/

NSTEMI patients without significant renal dysfunction (estimated Cr

clearance should be O 30 mL/min) or hyperkalemia (potassium should be

%5 mEq/L) who are already receiving therapeutic doses of an ACE

inhibitor, have an LVEF %0.40, and have either symptomatic HF or

diabetes mellitus (Level of Evidence: A)

ICDs ICD therapy is recommended for primary prevention to reduce total mortality

by a reduction in SCD in patients with LV dysfunction because of prior MI

who are at least 40 days post-MI, have an LVEF %30%–40%, are

NYHA-functional class II or III receiving chronic optimal medical therapy,

and who have reasonable expectation of survival with a good functional

status for more than 1 year (Level of Evidence: A)
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function, plaque stabilization, and lipid profile,
may contribute to the reduction in SCD in patients

with CAD [68,69]. Although most of the data are
retrospective in nature, it appears that, irrespective
of their exact mechanism of action, statins have
shown a significant reduction in ventricular ar-
rhythmias [70–73]. Although no specific ACC/

AHA recommendation exists regarding statins in
post-AMI LVSD, statins are recommended in all
post-MI patients irrespective of their LV function.
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Table 3 summarizes the ACC/AHA recommenda-
tions for care of patients with post-AMI LVSD.

ICD implantation, although found to improve

mortality long-term, does not seem to be benefi-
cial in the early phase post-AMI, as suggested by
the MADIT-II and DINAMIT trials. Accord-
ingly, the ACC/AHA/ESC gives a class I recom-

mendation for the prophylactic implantation of
an ICD in these patients, but only beyond 40 days
post-AMI [13].

The ACC/AHA guidelines for the manage-
ment of STEMI and UA/NSTEMI give aldoste-
rone receptor blockers, such as eplerenone, a class

I indication for hospital management and second-
ary prevention in patients with post-AMI LVSD.
Despite this recommendation, the use of aldoste-
rone receptor blockade is sparse in post-AMI

LVSD in clinical practice. Recent analysis of the
48,612 patients in the Organized Program to
Initiate Life-Saving Treatment in Hospitalized

Patients with Heart Failure (OPTIMIZE-HF)
registry of patients hospitalized for acute heart
failure demonstrated that, in patients with LVSD,

defined as LVEF %40% and CAD with prior
revascularization procedures, only 11% were
taking an aldosterone receptor blocker of some

kind, while 65% were taking a beta blocker, 59%
an ACE inhibitor or ARB, and 49% a statin
(unpublished data). Efforts need to be placed to
initiate this life-saving medication during the

critical period after AMI and before discharge.
Summary

AMI is commonly associated with LVSD and
HF, and confers substantial mortality and mor-
bidity. Several adjunctive therapies have proved
to reduce mortality and morbidity, including

antiplatelet agents, statins, beta blockers, ACE
inhibitors, ARBs for patients intolerant of ACE
inhibitors, and ICD implantation at least 40 days

after AMI. Aldosterone has many deleterious ef-
fects and is elevated in patients with post-AMI
LVSD. Eplerenone, by blocking the aldosterone

receptor, is a new therapy for these high-risk pa-
tients that has proved to reduce mortality and
morbidity when used in conjunction with beta-
blocker and ACE-inhibitor therapy. Eplerenone

reduces SCD in the early post-AMI period (!30
days), particularly in patients with a LVEF
%30%. These patients with severe LVSD are at

very high risk of SCD despite receiving beta-
blocker and ACE-inhibitor/ARB therapy.
Although ICD therapy is known to reduce the
rate of SCD in patients with HF and post-AMI
LVSD, it does not seem to be effective within

the first 40 days post-AMI. Aldosterone recep-
tor-blocking agents are beneficial with proper pa-
tient selection (serum Cr !2.5 mg/dL, potassium
!5.0 mEq/L) and close monitoring of renal func-

tion and serum potassium concentration, particu-
larly in patients who are receiving ACE inhibitors
or ARBs and have diabetes.
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