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Abstract
Introduction—Multiple pharmacological therapies currently in prevalent clinical use for cardiac
diseases have antifibrotic properties. Spironolactone, a potent antifibrotic agent, is currently used
for advanced heart failure. Therapies such as HMG-CoA reductase inhibitors (statins) and
angiotensin-converting enzyme inhibitors (ACEi) also have antifibrotic properties. However, the
effect of these medications on the ventricular arrhythmia phenotype is currently unknown.
Therefore, we set out to define the ventricular arrhythmia rates in patients actively treated with
such therapies.

Methods and Results—We retrospectively evaluated the ventricular tachycardia (VT) rates in
patients with structural heart disease actively treated with therapies with antifibrotic properties.
VT rates were significantly diminished in patients treated with spironolactone (158 ± 26 beats per
minute [bpm], n = 21) compared to patients on no medications (205 ± 22 bpm, n = 13) or those
who were on similar heart-failure therapies but not on spironolactone (186 ± 32 bpm, n = 82). In
addition, we observed that VT rates showed a significant trend toward lower rates in patients
receiving either statins or ACEi, compared to patients on no medical therapy. In multivariate
analysis, spironolactone therapy was identified as the single most significant variable for reduced
VT rate.

Conclusion—Use of spironolactone in patients with heart failure is associated with reduced VT
rate. Similar but less-significant reductions in VT rates were observed with use of other
pharmacological agents with antifibrotic properties, such as statins and ACEi. Our findings, at
least in part, could account for reduction in sudden cardiac death rates documented with use of
these therapies.
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Introduction
In response to a variety of stressors, such as myocardial infarction and hypertension, the
heart undergoes a remodeling process.1 This remodeling process includes alteration in
cardiac-gene expression, cardiomyocyte hypertrophy, cell death, and transformation of
fibroblasts to myofibroblasts, leading to excessive extracellular matrix (ECM) deposition
and interstitial fibrosis. These remodeling events are associated with adverse outcomes,
including a markedly increased risk of heart failure, ventricular arrhythmias, and sudden
cardiac death.1,2

Excessive cardiac fibrosis contributes to cardiac dysfunction and plays an important role in
ventricular arrhythmogenesis.3,4 Myocardial fibrosis promotes ventricular arrhythmogenesis
through multiple mechanisms.5–8 Recent work suggests that cardiac fibrosis, long held to be
irreversible, may regress under certain conditions.9 Current standard of care for patients with
heart failure includes pharmacological therapies known to modulate fibrosis in the
structurally remodeled myocardium, including HMG-CoA reductase inhibitors (statins) and
angiotensin-converting enzyme inhibitors (ACEi), as well as aldosterone antagonists
(spironolactone).10,11 Spironolactone inhibits profibrotic activity,12 reduces cardiac
fibrosis,13 and has been shown to reduce the incidence of sudden cardiac death in patients
with heart failure.14,15 The mineralocorticoid hormone, aldosterone, contributes to
cardiovascular remodeling and morbidity and mortality through multiple mechanisms
including cardiac fibrosis,13 which is attenuated by spironolactone.12,13,16 Spironolactone
reduces mortality and the risk of sudden cardiac death in patients with dilated
cardiomyopathy.14

Several pharmacological agents with antifibrotic properties, including spironolactone,
statins, and ACEi are currently in widespread clinical use. The effects of these agents on
ventricular arrhythmia burden, rate, and duration have not been investigated. Utilizing an
animal model of dilated cardiomyopathy with diminished fibrosis, we recently showed that
reduction in fibrosis in the setting of structural heart disease significantly changed the
ventricular tachycardia (VT) phenotype. In addition to a diminished burden of VT, animals
with reduced fibrosis in the setting of dilated cardiomyopathy had slower rates of inducible
VT.17 Although surprising, this is a potentially clinically relevant finding, since slow VT is
better tolerated in patients with already diminished cardiac reserve.18 Furthermore, slow VT
is more responsive to antitachycardia pacing (ATP) in patients with implantable cardioverter
defibrillators (ICD) reducing the number of ICD shocks.19,20 Recent evidence also suggests
that patients with VT who are responsive to ATP therapy have less overall mortality
compared to patients in whom VT requires shock therapy.21 These data would suggest that
therapies that alter the VT phenotype, by reducing the VT rate, might provide significant
clinical benefit in patients with heart failure, with a potential reduction in mortality. With
this as background, we set out to characterize VT in patients with structural heart disease
who were actively treated with the aforementioned therapies that target fibrosis.

Materials and Methods
VT Rate Assessment

Institutional review board (IRB) approval was obtained. We then reviewed data on 103
patients who had a diagnosis of VT in the clinical database at the Veterans Affairs Medical
Center in Dallas, Texas, over a 2-year period (April 2006 to November 2008). This included
patients who were diagnosed in the emergency room, telemetry units, coronary care unit,
ICD clinic, and during electrophysiological studies. In patients with devices or those
undergoing electrophysiological study, diagnosis of VT was made using standard
electrocardiographic criteria and confirmed either by device interrogations or
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electrophysiological studies. For others, all patients were seen by cardiac electrophysiology
services and diagnosis was based on telemetry strip and electrocardiographic evaluation.
More than one physician confirmed this diagnosis on all patients and our review did not
indicate that any of these patients were subsequently reported to have a different diagnosis
on prospective follow-up. A total of 202 charts were reviewed on the basis of the diagnosis
given at the time of initial evaluation. Among this group, 103 patients were selected for
analysis of the VT cycle length (CL) after the rest were excluded for the following reasons:
VT runs less than 10 beats, inappropriate diagnosis in ICD patients (shocks for
supraventricular arrhythmias or ventricular fibrillation), and patients who were treated with
antiremodeling medications for less than 6 months. Seventy percent of patients had
sustained VT requiring pharmacological or electrical, internal, or external cardioversion. In
patients found to have more than one episode of VT during a single encounter, either the last
episode of VT was used, or two episodes with similar rates were averaged for this analysis.
All patients received pharmacological therapy for at least 6 months.

Statistical Analysis
Summary statistics for VT rate are reported as mean ± standard deviation, with the unpaired
Student’s t-test utilized in assessing VT-rate differences among various strata defined by
medication use. Box-and-Whisker plots were constructed to visually examine the
distribution of VT rate among these groups, with median ± interquartile ranges reported and
significance determined via the Wilcoxon-rank-sum test. Univariate linear regression was
performed for each of the baseline variables to assess unadjusted associations between VT
rate and the particular covariate. A backward selection technique was used to determine
significant predictors of VT rate, in which all variables were included in a single model,
with the least significant variable at the alpha = 0.15 level removed. This process was
repeated until no more variables were removed. Additionally, a prespecified multivariable
linear regression model was also fit, controlling for age, ejection fraction, ischemia status,
and angiotensin-converting enzyme (ACE) inhibitor, angiotensin receptor blocker (ARB),
statin, β-blocker, aldosterone, and amiodarone usage. Significance was defined by two-
tailed tests, alpha = 0.05. All statistical analyses were performed using SAS Version 9.1.3
(SAS Institute, Cary, NC, USA).

Results
Patient Characteristics

A total of 103 patients (males n = 102) were included in this analysis. The mean age was 65
± 12 years and mean left ventricular ejection fraction was 35 ± 13%. Sixty eight (66%)
patients had ischemic cardiomyopathy and 35 patients (34%) had nonischemic
cardiomyopathy. Baseline patient characteristics are shown in Table I.

VT Characteristics
There was no difference in VT rates between patients with ischemic (180 ± 34 beats per
minute [bpm], n = 68) and nonischemic (180 ± 33 bpm, n = 35) cardiomyopathy (Fig. 1,
panel A). In comparison, VT rate was significantly lower in patients who were actively
treated with spironolactone (158 ± 26 bpm, n = 21) when compared to patients on no
medical therapy (205 ± 22 bpm, n = 13) (Fig. 1, panel B), and when compared to patients
who were medically treated for heart failure with other antifibrotic drugs with the exception
of spironolactone (186 ± 32 bpm, n = 82) (Fig. 1, panel C). In univariate analysis,
spironolactone was the only significant predictor of VT rate (Table II). Furthermore, in
multivariate analysis, spironolactone was the only pharmacological agent that was an
independent predictor of slow VT (Table III). In the backward selection technique,
spironolactone had the highest absolute t-value with a P-value of <0.0001 (Table IV). Left
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ventricular function, β-blocker, or antiarrhythmic therapies were not identified as significant
independent variables. Both ACEi (175 ± 33 bpm, n = 63) and statin (176 ± 32 bpm, n = 68)
therapy were each associated with a reduction in VT rate (Fig. 2); however, these therapies
were not found to be independent predictors of slow VT in multivariate analysis (Table III).

Discussion
Cardiac fibrosis is a hallmark of structural remodeling in response to a variety of stressors,
and it is central to arrhythmogenesis in the pathologically remodeled heart. The major
finding we describe here is that VT rate (bpm) is altered in patients on pharmacological
therapies with antifibrotic properties. Specifically, VT rates are significantly slower in
patients on spironolactone therapy, and a similar but less-significant reduction was observed
in patients on therapies such as statins and ACEi. Together, these results suggest a
previously unknown, and clinically beneficial, electrophysiological effect of therapies that
modulate cardiac fibrosis.

Fibrosis in the heart contributes to both diastolic and systolic contractile dysfunction as well
as arrhythmogenesis.5,10 It is well established that increased amounts of fibrotic tissue in the
heart strongly correlate with an increased incidence of atrial and ventricular
tachyarrhythmias and sudden cardiac death.11,22 The collagenous septa and ventricular
myofibroblasts have both been shown conclusively to facilitate the arrhythmic phenotype of
the remodeled myocardium.6–8 Therefore, it is not surprising that recent investigations have
targeted the fibrotic scar of the heart to manipulate the structure and arrhythmic phenotype
of the remodeled heart.23–25 Current therapies that reduce the amount of fibrosis as a
component of their mechanism, such as spironolactone, have already been shown to reduce
sudden cardiac death rates.14,26 This reduction in sudden cardiac death correlates with
reduction in serum markers of ECM.15 In fact, both specific and nonspecific inhibitors of
aldosterone have been shown to reduce markers of ECM and mortality.15,27 The exact
mechanism in the reduction of observed arrhythmic events and sudden cardiac deaths are not
yet known.

In addition to the findings presented here, we have recently demonstrated that arrhythmias in
a fibrosis-deficient model of cardiomyopathy propagate for longer durations and have
slower rates as compared to those in a pressure-overload model of cardiomyopathy.17 More
importantly, we report in this study that ventricular arrhythmias manifest longer CLs
(reduced rate in bpm) in humans who are actively treated with a therapy with significant
antifibrotic activity, namely, spironolactone. This is an important finding as new antifibrotic
therapies are developed, and further evidence of the significant impact fibrosis has on
induction and propagation of conduction emerges.28 Since slower rates of VT are better
tolerated clinically,18 this finding may in part explain the significant reduction in mortality
and sudden cardiac death observed in patients taking antifibrotic therapies such as
spironolactone. In the RALES trial, the maximum benefit in sudden cardiac death was
observed in patients with reductions in markers of fibrosis,15 which may be related to
decreased or better tolerated arrhythmic events.

Besides the potential role in reduction in sudden cardiac death from antifibrotic therapies,
our findings have other important clinical implications. In this era of prevalent ICD use,
along with adjunctive use of pharmacological therapy, recurrent ventricular arrhythmias
requiring ICD shocks remain a major source of morbidity in patients with cardiovascular
disease. Most VTs in failing hearts have fast rates (short CLs) and are nonsustained, self-
terminating events; however, when sustained they require defibrillation for termination,
which is painful and can lead to induction of sustained life-threatening arrhythmias. Slower
VT is not only better clinically tolerated, but is more easily terminated with painless
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therapies, such as ATP therapy.29 Altering the VT phenotype from fast VT to slow is a
novel approach to treating this particular subset of patients and provides important
adjunctive therapy in the management of patients with VT due to cardiac remodeling,
including fibrosis. Recent evidence also suggests that VT that can be terminated with ATP
therapies is associated with less mortality as compared to VT treated with ICD shock.21 On
the basis of our previous work17 and our findings in this study, we propose that altering the
VT phenotype utilizing antifibrotic agents, in particular spironolactone, provides significant
clinical benefit. These therapies should be considered in patients in whom such effects are
desired. Further validation of our findings should be confirmed in a prospective randomized
fashion.

Conclusion
From this retrospective study, spironolactone therapy is associated with a slower rate, in
bpm (longer CL), of spontaneous VT episodes. Use of pharmacological agents with
antifibrotic properties, in patients with or at risk of VT, may result in clinically better
tolerated VTs and potentially fewer ICD shocks.

Limitations
The major limitation of this study is its retrospective nature. Although our findings are
substantiated by powerful statistical methods, a causal relationship cannot be established.
Additionally, while statin and ACEi therapies show slower VT rates, these two therapies
were not identified as statistically significant factors in our multivariate analysis. In this
retrospective analysis, only three patients with VT were actively taking amiodarone;
therefore, a lack of relationship with this therapy and the VT phenotype is not adequately
addressed, given the patient population. Furthermore, we have not evaluated the VT burden
in these patients, or other characteristics of VT.
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Figure 1.
Analysis of ventricular tachycardia rates in ischemic and nonischemic cardiomyopathy
showed no significant differences between the two groups in mean rate of ventricular
tachycardia (Panel A). However, the average ventricular tachycardia rate was significantly
slower in patients who were actively treated with spironolactone as compared to patients on
no medical therapy (P < 0.0001) (Panel B) and patients not treated with spironolactone
therapy (P < 0.002) (Panel C).
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Figure 2.
Ventricular tachycardia rates were significantly slower in patients who were actively treated
with either ACEi (P < 0.005) (Panel A) or statins (P < 0.005) (Panel B), compared to
patients on medical therapy.
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Table II

Univariate Models; Each Line is a Model with VT Rate as Outcome, Variable as Only Predictor

Variable β t-Value P-Value

Age −0.390 −1.370 0.172

EF 0.291 1.200 0.235

ACEi −11.238 −1.690 0.094

ARB 10.307 1.080 0.281

Statin −9.465 −1.380 0.171

β-blocker −0.223 −0.030 0.977

Spironolactone −27.513 −3.590 0.001

Amiodarone 3.958 0.430 0.671

Ischemic 0.056 0.010 0.994

Male sex 23.275 0.700 0.487

Black −0.914 −0.120 0.902

Hypertension −19.839 −1.640 0.104

Diabetes −1.164 −0.170 0.866

Ischemic 0.056 0.010 0.994

BMI 0.545 1.270 0.208

EF = ejection fraction; ACEi = angiotensin-converting enzyme inhibitor; ARB = angiotensin-receptor blocker; BMI = body mass index.
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Table III

Multivariable Linear Regression

Parameter

R2 = 0.22

β t-Value P-Value

Intercept 228.36 10.17 <.0001

EF −0.62 −2.24 0.028

Age 0.14 0.58 0.562

ACEi −4.56 −0.6 0.548

ARB 20.95 1.94 0.056

Statin −10.57 −1.5 0.138

β-blocker −0.93 −0.13 0.898

Spironolactone −31.13 −3.88 0.0002

Amiodarone −3.47 −0.38 0.703

Ischemic 2.72 0.39 0.701

Multivariate linear regression model with β coefficients for the variables explaining average VT rate.

All β coefficients represent the change in average VT rate for a 1 unit increase in the particular variable of interest, holding other model parameters
fixed.

For categorical variables, the β estimate is used for those on medication or who were ischemic.

The R2 of 0.22 means that 22% of the variance of VT rate is explained by the variables included in the model.

All P-values derived from two-tailed t-distributions of β coefficients, with significance determined using alpha = 0.05.

EF = ejection fraction; ACEi = angiotensin-converting enzyme inhibitor; ARB = angiotensin-receptor blocker.
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Table IV

Backward Selection Technique

Candidate variables: Age, EF, ACEi, ARB, statin, BB, spironolactone, amiodarone, ischemic, BMI, black race, sex, hypertension,
diabetes

n = 101 Variable
R2 = 0.209

β t-Value P-Value

Intercept 228.45 12.36 <.0001

Age −0.56 −2.12 0.036

ARB 23.64 2.50 0.014

Statin −11.36 −1.76 0.082

Spironolactone −32.89 −4.27 <.0001

EF = ejection fraction, ACEi = angiotensin-converting enzyme inhibitor, BB = β-blockers, ARB = angiotensin receptor blocker; BMI = body mass
index.
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