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Background:Sudden cardiacdeath (SCD) from cardiacarrest, oneof themost common types of cardiac-related

death, ismost often triggeredby ventricular arrhythmia (VA). It has been reported that aldosterone antagonists

(AAs) have the benefit of reducing SCD in patientswith heart failure (HF). It also has been indicated in animal

experiments and clinical trials that AAs may have an antiarrhythmic effect.

Hypothesis: AAs have an effect on VA in patientswith HF or coronary artery disease.

Methods:We searched the Cochrane Central Register of Controlled Trials, PubMed, Current Controlled Trials,

and the National Research Register, and identified randomized controlled trials on the effect of AAs on VA.

Results: All together, 7 trials with a total of 8635 patients were identified and extracted. AAs reduced the

risk of SCD in patients with HF by 21% (relative risk [RR]: 0.79, 95% confidence interval [CI]: 0.67–0.93). AAs

significantly reduced the episodes of ventricular premature complexes (mean difference705 ± 646 episodes

per 24 hours). Risk of ventricular tachycardia was reduced by 72% (RR: 0.28, 95% CI: 0.10–0.77).

Conclusions: The additional administration of AAs in patients with HF or coronary artery disease shows a

benefit in reducing the risk of SCD and may also be effective for reducing episodes of ventricular premature

complexes and ventricular tachycardia.

Introduction

Sudden cardiac death (SCD), defined as sudden natural
death from cardiac causes, generally occurs within 1 hour
of the onset of prodromal symptoms and accounts for more
than 50% of cardiac-related deaths. Coronary artery disease
(CAD) causes the majority of SCD, and cardiomyopathies
are responsible for most of the remaining cases. Although
trigger factors can vary, ventricular arrhythmia (VA)
progressionfrom ventricular tachycardia(VT) to ventricular
fibrillation and then to asystole constitutes the terminal
pathophysiological process of SCD. In a pooled analysis,
arrhythmic mortality was higher than nonarrhythmic
mortality in high-risk post–myocardial infarction (MI)
patients.1 Another registry research showed that ventricu-
lar premature complexes (VPCs) plus nonsustained
ventricular tachycardia (NSVT) was associated with high
long-term mortality after acute MI.2

As a component of the renin-angiotensin-aldosterone
system (RAAS), aldosterone plays an important role in
the underlying pathophysiology of atrial and ventricu-
lar arrhythmias, although the exact proarrhythmic effects
have not been clearly documented.3 – 6 Patients with pri-
mary aldosteronism are reported to have a higher risk of
sustained arrhythmia and atrial fibrillation.7,8 Therefore,
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aldosterone antagonists (AAs), with their effect on RAAS,
appear to have an antiarrhythmic effect to some extent,
which has been indicated in several recent experiments.9 – 12

Stambler et al found that eplerenone attenuated ventricular
electrical remodeling and tachyarrhythmia vulnerability,12

whereas Shroff et al found a similar effect for suppress-
ing atrial tachyarrhythmias in a ventricular tachypac-
ing–induced heart failure (HF) model.13 Another animal
experiment showed that canrenone-reduced left ventricu-
lar (LV) remodeling and increased ventricular fibrillation
threshold.14

The effect of AAs as an important component of
RAAS has not been analyzed systematically on VA, which
has been evaluated in several recent clinical trials. The
objective of this review was to evaluate the effect of AAs
on VA.

Methods

Criteria for Study Consideration

Types of Studies:We included randomized controlled trials;
however, because the number of such trials could be low,
prospective cohort studies were also included.
Types of Participants: The included studies enrolled
patients at high risk of VA, such as those with ischemic
heart disease or HF induced by cardiomyopathy, hyperten-
sion, or MI.

Types of Interventions

We reviewed studies assessing the preventiveand therapeu-
tic effects of AAs including spironolactone and eplerenone,
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in addition to others ongoing treatment for arrhythmia.
Baseline conditions were included.

Types of Outcome Measures

The outcome measures were: 1) new-onset VA, 2) SCD,
3) hospitalization for VA, 4) frequency of VPCs, 5) episodes
of NSVT, and 6) episodes of sustained ventricular tachycar-
dia (SVT).

SearchMethods for Identification of Studies

We conducted online searches of the Cochrane Central
Register of Controlled Trials (CENTRAL) and PubMed
through September 20, 2009. We also searched 2
databases of ongoing trials: Current Controlled Trials
(www.controlled-trials.com) and the National Research
Register (https://portal.nihr.ac.uk/Pages/Portfolio.aspx).
We attempted to identify additional studies by searching
the reference lists of relevant studies, reviews, and confer-
ence proceedings. In particular, with respect to journals, we
searched those not indexed in the electronic databases.
The following search-term strategy was used for all
databases: 1) spironolactone, 2) eplerenone, 3) canrenoate,
4) aldactone, 5) arrhythmia, and 6) 1 or 2 or 3 or 4
with 5.

Data Collection and Analysis

Selection of Studies

Titles and abstracts were reviewed to identify trials which
met criteria of inclusion. Full texts were identified, as any
trial appeared eligible.The selectionprocess was conducted
by 2 authors independently. Disagreements were resolved
through discussion among authors of our group to achieve
consensus.

Data Extraction and Management

The characteristics of trials were extracted into a table
including design, blinding, sample size, participants,
interventions, outcome measures, and results.

Data Analysis

Data analysis was performed with Review Manager version
5.0.21 (The Nordic Cochrane Centre, The Cochrane
Collaboration, Copenhagen, Denmark). Data of sufficient
quality and sufficient similarity were included in a meta-
analysis. Results from dichotomous data were presented
as relative risks. Results from continuous data were
presented as weighted mean differences. Overall results
were calculated based on the random-effects model as
heterogeneitywas observed. A fixed-effectsmodel was used
if no heterogeneity existed. Heterogeneity was tested using
the z score and the χ2 test, with statistical significance
considered as P < 0.1. Possible sources of heterogeneity
were assessed by sensitivity and subgroup analyses as
needed.

Results

Description of Studies

Seven trials with a total of 8635 patients were included
and the relevant data extracted. The characteristics of
included trials are described in the Table 1. Six trials in
English were retrieved with full text of journal articles,
and 1 trial in Russian was retrieved with abstract only.
Five trials were randomized placebo-controlled trials, and
the other 2 randomized controlled trials were blank-
controlled. One of these studies was of crossover design
and enrolled patients with CAD but without HF, while
the others enrolled patients with HF secondary to CAD,
dilated cardiomyopathy, or decompensated hypertension.
Patients with HF secondary to primary valvular heart
disease were excluded in the above trials. Spironolactone,
a nonselective AA, was assessed in 6 trials, and eplerenone,
a selective AA, in 1 trial. No trials evaluated the prophylactic
effect of AAs for new-onset arrhythmia. Two large trials
compared AAs with placebo on SCD. Five trials evaluated
the effect on VPCs during 24-hour electrocardiographic
(ECG) monitoring.

Effects of Interventions

Two trials evaluated the risk of SCD and the risk of
readmission for VA.15,16 AAs reduced the risk of SCD in
patients with heart failure by 21% (relative risk [RR]: 0.79,
95% confidence interval [CI]: 0.67–0.93). However, there
was no significant difference in the risk of readmission
for VA (RR: 0.97, 95% CI: 0.71–1.32).

Episodes of VPC in 24-hour ECG monitoring were
analyzed in 4 trials.17 – 20 Data from 3 of these trials were
available for meta-analysis. Heterogeneity was observed
when analyzing these trials. Overall, AAs reduced episodes
of VPCs (mean difference 705 episodes/24 h, 95% CI:
59–1350; Figure 1). Data from the fourth trial showed that
spironolactone reduced episodes of VPCs in patients with
ischemic heart disease but without HF (P = 0.003).

Episodes of NSVT during a 24-hour period were analyzed
in 1 trial, which indicated that NSVT was significantly
reduced in the spironolactone group (mean difference 1.4
episodes/24 h, 95% CI: 0.26–2.54).19

Risk of NSVT was evaluated in 1 trial, and no significant
difference was observed between patients with and without
spironolactone.17 The risk of VT was also assessed in
another trial, in which the benefit of spironolactone was
observed; however, the types of VT were not reported.21

When the 2 above studies were pooled for analysis, the risk
of VT was reduced in the spironolactone group by 72% (RR:
0.28, 95% CI: 0.10–0.77; Figure 2).17,21

Discussion

This meta-analysis based on 2 large randomized con-
trolled trials, Eplerenone Post–Acute Myocardial Infarction
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Clinical Investigations continued

Table 1. Characteristics of Included Studies

Study ID Double-Blind? Patient Criteria Total (Male) Interventions Follow-Up Results

Barr et al, 199518 Yes HF (CAD); NYHA

class II– III

42 (32) Spironolactone

50–100mg/d; placebo

2 mo VPCs/24 h: Exp

(2974 ± 823) vs Con

(4026 ± 1222),

P = 0.002

Gao et al, 200717 Yes HF, NYHA class II or

IV; LVEF <45%

116 (75) Spironolactone 20 mg/d;

placebo

6 mo VPCs/24 h: Exp

(375 ± 296) vs Con

(650 ± 592),

P = 0.002; NSVT: Exp

(0/58) vs Con (3/58),

P = 0.19

Pitt et al, 199915 Yes NYHA class III or

IV; LVEF ≤35%

1663 (1217) Spironolactone 25mg/d;

placebo

24 mo SCD: Exp (82/822) vs Con

(110/841),P = 0.02;

hospitalization for VA:

Exp (23/822) vs Con

(24/841),P = 0.95

Pitt et al, 200316 Yes HF (post-AMI);

LVEF≤40%

6632 (4714) Eplerenone 50 mg/d;

placebo

16 mo SCD: Exp (162/3319) vs

Con (201/3313),

P = 0.03;

hospitalization for VA:

Exp (52/3319) vs Con

(54/3313), P = 0.79

Ramires et al,

200019
No HF, NYHA class III;

mean LVEF 33%

35 (32) Spironolactone 25mg/d;

blank

4 mo VPCs/24 h: Exp

(408 ± 1569) vs Con

(1536 ± 1440),

P = 0.04; NSVT/24 h:

Exp (0.6 ± 1.3) vs Con

(2 ± 2), P = 0.02

Shah et al,

200720,a
Yes CAD (without HF),

LVEF≥50%)

98 (65) Spironolactone

12.5–50 mg/d; placebo

3 mo VPCs/24 h: Exp (48,

19.2–288)vs Con (192,

48–744),P = 0.003;

QTc: Exp

(425 ± 24.9) vs Con

(440 ± 27.5),

P < 0.001

Skvortsov 200821 No HF, NYHA class II or

IV, LVEF ≤35%

49 (44) Spironolactone

25–75mg/d; blank

12 mo VPCs/24 h: Exp (12,

0–15) vs Con (75,

39–477),P = 0.043;

VT: Exp (3/19) vs Con

(15/30), P = 0.02

Abbreviations: AMI, acute myocardial infarction; CAD, coronary artery disease; Con, control group; DCM, dilated cardiomyopathy; Exp, experimental

group; HF, heart failure;HTN, hypertension; LVEF, left ventricular ejection fraction; NSVT, nonsustained ventricular tachycardia;QTc, correctedQT interval;

SCD, sudden cardiac death; VA, ventricular arrhythmia; VPCs, ventricular premature complexes; VT, ventricular tachycardia.
a This study had a crossover design.

Heart Failure Efficacy and Survival Study (EPHESUS) and
Randomized Aldactone Evaluation Study (RALES), indi-
cated that AAs reduced the risk of SCD. This benefit of
AAs has also been reported in another meta-analysis.22

Yet the mechanism by which AAs reduce SCD in patients
with HF was not completely clear. Based on the lim-
ited data included in the analysis, we could not draw

further conclusions on the relation between benefits of
AAs on reduction of SCD and benefits of AAs on reduction
of VA.

Readmission for VA was not decreased by use of AAs;
however, this outcome measure might not be related to the
effect on VA. VA in patients with advanced HF was common
and could be asymptomatic. The readmission for VA could
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Figure 1. The episodes of ventricular premature complexes in 24-hour ECG monitoring.

be unrelated to the prevalence of VA. Unfortunately, trials
evaluating new-onset VA were not found and analysis of
the effect of AAs for primary prevention could not be
conducted.

Overall, ventricular extrasystoles were reduced by use
of AAs in patients with HF. In addition, the risk of VT
was also reduced in 1 trial, but without detailed evidence on
NSVT and SVT, respectively.In patientswith ischemic heart
disease but without HF, spironolactone was also observed
to have the effect of reducing risk of VA in 1 trial.

There are several possible mechanisms by which
AAs might reduce episodes of cardiac VA. RAAS is
considered to play an important role in the development
of VA. It has been indicated that angiotensin-converting
enzyme inhibitors or angiotensin receptor blockers might
have a prophylactic effect on atrial fibrillation in a
meta-analysis based on a number of large randomized
controlled trials.23 AAs, as the other main agents blocking
RAAS, might have a similar antiarrhythmia effect, which
was indicated in this meta-analysis. It was reported
that aldosterone and overexpression of mineralocorticoid
receptor could influence gene expression and ion-channel
remodeling, which might be a potential proarrhythmic
mechanism.6,24

Another possible explanation for the reduction of
arrhythmia could be related to electrolyte regulation
promoted by AAs. The use of AAs could maintain
stable levels of potassium and magnesium, which is
known to be of benefit in controlling arrhythmias.25

In this meta-analysis, levels of serum potassium and
magnesium were higher in patients in the AA group
than in the placebo group (Figures 3, 4). Two other
trials also indicated that patients not receiving AAs

had a higher rate of hypokalemia. In patients with
severe HF, digoxin was commonly used, which was a
risk factor for arrhythmia, especially in patients with
hypokalemia. One trial showed that the QT interval was
shortened in patients with ischemic heart disease receiving
spironolactone,20 which also indicated the antiarrhythmic
effect.

In this review, the antiarrhythmiceffect of spironolactone
was evaluated and mainly based on 5 trials of small size.
The strength of the evidence could be limited to the small
sample size. In addition, 2 trials were open-label design
and placebo was not used in the control group, which
could create high risk of performance and detection bias.
However, the outcome measures,such as VPCs during ECG
monitoring, were objective parameters.

Conclusion

Implications for Practice

The additional administration of AAs showed a benefit for
reducing the risk of SCD. AAs also may be effective in
reducing episodes of VPCs and VT in patients with HF
or CAD; however, it could be difficult to draw profound
implications based on the modest evidence.

Implications for Research

More prospective studies of large size are required to
determine the antiarrhythmic effect of AAs. It is not clear
whether the reduction of SCD could be attributed to the
reduction of VA, to improvement of heart function by
AAs, or to both. The relation among arrhythmia, risk
of SCD, and AAs still needs to be further elucidated.
Because the beneficial mechanism of AAs might involve
blockade of RAAS, the double inhibition offered through
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Figure 2. Risk of ventricular tachycardia.
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Clinical Investigations continued
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Figure 3. Effect of aldosterone antagonists on serum potassium.
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Figure 4. Effect of aldosterone antagonists on serum magnesium.

addition of an angiotensin-converting enzyme inhibitor or
angiotensinreceptor blocker could exhibit a larger effect on
arrhythmia.

References

1. Yap YG, Duong T, Bland M, et al. Temporal trends on the risk of
arrhythmic vs. non-arrhythmic deaths in high-risk patients after
myocardial infarction: a combined analysis from multicentre trials.
Eur Heart J. 2005;26:1385–1393.
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