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Sudden death is responsible for 20% of all
deaths in the industrialized world [1]. Most sud-
den deaths are caused by sustained ventricular
tachycardia (VT) or ventricular fibrillation (VF)
[2]. Thus, prevention of VI/VF and sudden death
has attracted significant attention. Despite the use
of implantable cardioverter defibrillators (ICDs),
antiarrhythmic drugs still play a dominant role.
These therapies, in their broadest sense, include
both acute/direct antiarrhythmic drugs (including
standard antiarrhythmic agents) and delayed/indi-
rect antiarrhythmic drugs (including agents that
modify cardiovascular remodeling processes,
thereby reducing the likelihood of future VT/VF
and sudden death in patients who have coronary
artery disease [CAD], prior myocardial infarction
[MI], or congestive heart failure [CHF]). This arti-
cle examines the current role of pharmacologic
therapy for the prevention of VT/VF and sudden
death.

Drug therapy for ventricular tachycardia/
ventricular fibrillation and sudden death

Randomized, controlled clinical trials (RCTs)
show that ICDs are more effective than drugs in
preventing sudden death and all-cause mortality.
Thus, most patients who have a demonstrated
or presumed propensity for VI/VF receive an
ICD. Meta-analysis of RCTs of patients who
had prior VT/VF (the secondary prevention
ICD trials) showed that the use of ICDs reduced
all-cause mortality from 27.4% in the control
group (most of whom were treated empirically
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with amiodarone) to 21.4% (hazard ratio [HR],
0.72; 95% confidence interval [CI], 0.60-0.87)
over 2.3 years [3]. Meta-analysis of RCTs of pa-
tients who did not have VT/VF (the primary pre-
vention ICD trials) showed that the use of ICDs
reduced all-cause mortality from 26.4% in the
control group (most of whom received usual
care) to 18.5% (HR, 0.75; 95% CI, 0.63-0.91)
over the course of 1 year [4]. Nevertheless, most
patients use drugs to prevent VT/VF and sudden
death, either instead of an ICD when the use of
an ICD is inadvisable or, more often, in addition
to an ICD to decrease further the risk of sudden
death, to decrease VT/VF, to render VT more
receptive to ICD treatments, and to treat supra-
ventricular tachyarrhythmias that confuse the
ICD.

Class I antiarrhythmic drugs

Class I drugs (sodium-channel blockers) are
subdivided further into class Ia drugs that have
intermediate onset/offset kinetics and delayed
rectifier potassium-channel (Ig,) blockade (quini-
dine, procainamide, disopyramide), class Ib drugs
that have fast kinetics (lidocaine, tocainide, phe-
nytoin, mexiletine), and class Ic drugs that have
slow kinetics (propafenone, encainide, flecainide,
moricizine).

Effects on ventricular arrhythmias

Class I drugs are the prototypical antiarrhyth-
mic agents. Each has been well demonstrated to
suppress spontaneous ventricular premature beats
(VPBs) and spontaneous and inducible VT/VF in
humans by a large data set that is not reviewed
further in this article.
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Effects on sudden death/all-cause mortality

In the Cardiac Arrhythmia Suppression Trials,
CAST 1 [5] and CAST II [6], patients who had
prior MI and frequent VPBs participated in a pla-
cebo-controlled RCT of encainide, flecainide, or
moricizine. Encainide or flecainide increased
death/cardiac arrest from 3.5% patients in the
placebo group to 8.3% in patients in the treatment
group (relative risk [RR], 2.38; 95% CI, 1.59-
3.57) over 10 months [5]; moricizine increased
death/cardiac arrest from 0.5% in patients in the
placebo group to 2.6% in patients in the treatment
group (RR, 5.6; 95% CI, 1.7-19.1) within 2 weeks
[6]. A meta-analysis of 61 RCTs involving 23,486
patients also showed that class I drugs increased
all-cause mortality (odds ratio [OR], 1.13; 95%
CI, 1.01-1.27) [7].

Safety

The mortality associated with class I drugs is
related in part to ventricular proarrhythmia seen
in 1% to 5% of patients [8] and in part to wors-
ening CHF. CAST 1 [5] showed a statistical
trend, and CAST II [6] showed a statistical
increase in new/worsened CHF with therapy us-
ing class I drugs. Finally, each class I agent
also has adverse effects specific to that drug; these
effects are especially common with class Ia and Ib
drugs.

Inferences

Class I drugs treat and prevent VI/VF but
increase sudden death and all-cause mortality.
Accordingly, this therapy is reserved for its
imperative need when other treatments have failed
and the advantages of suppressing VT/VF out-
weigh the increased risk. In practice, the use of
class I agents is limited to short-term therapy
of an episode of VT/VF, short-term therapy of an
electrical storm of VT/VF, or long-term therapy
in patients who have not responded to or are not
candidates for any other therapies (including an
ICD).

Class II antiarrhythmic drugs

Class II antiarrhythmic drugs have, as their
dominant effect, blockade of one or more of the
beta subtypes of adrenergic receptors (beta-
blockers).

Effects on ventricular arrhythmias

The arrhythmogenic effects of sympathetic
stimulation and the antiarrhythmic effects of
beta-blockers were reviewed recently [9]. Beta-
blockers prevent VT/VF with efficacies compara-
ble to those of class I drugs when used empirically
[10] or when their effectiveness is predicted by sup-
pression of either frequent/complex VPBs [11] or
inducible VT/VF [12,13]. Ethical concerns, how-
ever, precluded the use of placebo controls.
Recently, patients who have an ICD have been
used to test antiarrhythmic drugs using appropri-
ate ICD therapy as a surrogate for sustained VT/
VF. One crossover trial in 11 patients who had
sustained VT/VF found the rate of appropriate
ICD shocks to be lower with a beta-blocker
than without a beta-blocker (0.12 £+ 0.24 versus
1.09 + 1.41 shocks per month; P = .03) [13].
The combined results of three RCTs of intrave-
nous beta-blockers in acute MI showed a decrease
in sustained VT/VF from 3.1% in the control
group to 0.8% in the treatment group (RR,
0.42; 95% CI, 0.32-0.55) [14-16].

Beta-blockers are particularly effective for
right ventricular outflow tract VT [17], for rapid
polymorphic VT/VF precipitated by sympathetic
discharge states [18], and as an adjunct to prevent
adrenergic stimulation from reversing the benefits
of other antiarrhythmic drugs [19].

Effects on sudden death/all-cause mortality

A meta-analysis of 16 RCTs involving
15,819 patients who had prior MI reported that
sudden death was reduced from 5.2% in the
control group to 3.6% in the treatment group
(OR, 0.68; 95% CI, 0.60-0.80), and a meta-
analysis of 24 RCTs involving 20,312 patients
who had prior MI reported that all-cause mor-
tality was reduced from 10.0% in the control
group to 7.9% in the treatment group (OR, 0.77;
95% CI, 0.70-0.85) after 20 months [20]. Meta-
analysis of 17 RCTs involving 3039 patients
who had CHF reported that all-cause mortality
was reduced from 12.1% in the control group to
7.8% in the treatment group (OR, 0.69; 95%
CI, 0.54-0.88) after 9 months, that beta-blockers
reduced all-cause mortality in patients who
had ischemic cardiomyopathy (OR, 0.69; 95%
CI, 0.49-0.98) or nonischemic cardiomyopathy
(OR, 0.69; 95% CI, 0.47-0.99), and that the re-
duction in all-cause mortality with carvedilol
(OR, 0.44; 95% CI, 0.28-0.69) was greater than
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with other beta-blockers (OR, 0.79; 95% CI,
0.56-1.10) [21].

That carvedilol may reduce all-cause mortality
more than other beta-blockers was supported by
a meta-analysis of 32 RCTs involving 26,580
patients who had prior MI and 28 RCTs involving
15,905 patients who had CHF [22]. Beta-blockers
with additional beta, and/or alpha,; blockade (car-
vedilol, timolol, propranolol) reduced all-cause
mortality (post-MI: OR, 0.69; 95% CI, 0.61-
0.79; CHF: OR, 0.58; 95% CI, 0.48-0.71) more
than selective beta;-blockers (metoprolol, biso-
prolol, atenolol); (post-MI: OR, 0.79; 95% CI,
0.66-0.95); (HF: OR, 0.67; 95% CI, 0.58-0.77)
which in turn reduced all-cause mortality, more
than beta-blockers with intrinsic sympathomi-
metic activity (oxprenolol, bucindolol, xamoterol,
practolol, alprenolol, acebutolol, pindolol) (post-
MI: OR, 0.85; 95% CI, 0.74-0.99; CHF: OR,
0.90; 95% CI, 0.77-1.06). In the Carvedilol or
Metoprolol European Trial, 3029 patients who
had CHF were assigned randomly to carvedilol
or metoprolol [23]. Carvedilol reduced the rate
of sudden death from 17% in patients treated
with metoprolol to 14% (OR, 0.81; 95% CI,
0.68-0.97) and reduced all-cause mortality from
40% in patients treated with metoprolol to 34%
(OR, 0.83; 95% CI, 0.74-0.93) over 58 months
[24].

Carvedilolis a beta,-, beta,-, and alpha;-blocker;
does not cause beta-receptor up-regulation; blocks
the rapidly activating component of the Ik,; and, at
higher dosages, blocks L-type calcium channels
(Icap), the transient outward potassium current
(In), and the slowly activating component of the
delayed rectifier (Ix) [22,25]. Thus, there is biologic
rationale for the contention that carvedilol has
greater antiarrhythmic activity than other beta-
blockers.

The Carvedilol Prospective Randomized
Cumulative Survival (COPERNICUS) and Car-
vedilol Post-infarct Survival Control in Left
Ventricular Dysfunction (CAPRICORN) trials
tested carvedilol against VT/VF [26,27]. In
COPERNICUS, in 2289 patients who had class
III-IV CHF and a left ventricular ejection fraction
(LVEF) below 0.25, VT decreased from 2.3% in
the placebo group to 1.0% in the carvedilol group
(RR, 0.62; 95% CI, 0.15-0.55), and VF decreased
from 2.0% in the placebo group to 1.0% in the
carvedilol group (RR, 0.68; 95% CI, 0.48-0.94;
P < .05) over 10.4 months. In the CAPRICORN
trial in 1959 patients who had a prior MI and an
LVEF of 0.40 or lower, VT/VF decreased from

3.9% in the placebo group to 0.9% in the carvedi-
lol group (HR, 0.24; 95% CI, 0.11-0.49) over
1.3 years.

Safety

The antiarrhythmic benefits of beta-blockers
are achieved at very low risk. The only expressions
of proarrhythmia with beta-blockers are sinus
bradycardia and atrioventricular (AV) block.
The latter has been estimated to occur in less
than 1% of patients [20].

Inferences

Beta-blockers treat and prevent VT/VF and
reduce sudden death and all-cause mortality.
Given the safety of beta-blockers, nearly all
patients who have a propensity to VI/VF should
receive this therapy. Exceptions include patients
unable to tolerate beta-blockers and patients who
do not have structural heart disease who have an
idiopathic VT that responds to other therapy. In
this regard, it is possible that carvedilol has
advantages over other beta-blockers.

Class III antiarrhythmic drugs

Class III drugs (potassium-channel blockers)
include d,l-sotalol, d-sotalol, dofetilide, azimilide,
and amiodarone.

Effects on ventricular arrhythmias

Reviews documenting the antiarrhythmic effi-
cacy of d,l-sotalol [28], d-sotalol [29], dofetilide
[30], azimilide [31], and amiodarone [32] have
been published.

D,l-sotalol was superior to placebo [33] and
beta-blockers [34] for suppression of VPBs, was
comparable to class Ia drugs for suppression of
VPBs [35], and was effective for prevention of
VT/VF [36]. The Electrophysiologic Study Versus
Electrocardiographic Monitoring trial tested
seven randomized antiarrhythmic drugs in 486 pa-
tients who had VT/VF [37]. D,l-sotalol, compared
with imipramine, mexiletine, pirmenol, procaina-
mide, propafenone, and quinidine, suppressed
inducible VT/VF more than class I drugs (25%
versus 16%; P < .001), had fewer adverse events
than class I drugs (23% versus 47%; P < .001),
and had a lower l-year probability of VT/VF
recurrence on predicted effective therapy (0.20 +
0.04) than class I drugs (range, 0.38-0.60) [36].

Empiric d,l-sotalol was evaluated in a placebo-
controlled RCT involving 302 patients who had
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prior VT/VF and an ICD [38]. D,l-sotalol reduced
the probability of death or appropriate ICD ther-
apy from 0.42 in the placebo group (most of
whom were not treated with beta-blockers) to
0.27 in the d,l-sotalol group (RR, 0.56; 95% ClI,
0.36-0.85) after 1 year. D,l-sotalol was compared
with standard beta-blockers in three RCTs. In one
trial, d,l-sotalol increased the 1-year probability of
both VT and fast VT/VF (0.43 and 0.46, respec-
tively) compared with metoprolol (0.17 and 0.12,
respectively; P = .02) [39]; in the other two trials
there was no difference in VT/VF between the
patients treated with d,I-sotalol and those treated
with standard beta-blockers [40,41].

D-sotalol, a relatively pure Ix, blocker, was
superior to placebo for suppression of VPBs
[42], was superior to class Ia drugs for suppression
of inducible sustained VT/VF [43], and was effec-
tive for long-term prevention of VT/VF [44].

Dofetilide, another relatively pure Ik, blocker,
was superior to placebo for suppression of induc-
ible VT/VF [45] and for time to first appropriate
ICD therapy in patients who had prior sustained
VT/VF [46]. Dofetilide was equivalent to d.,l-
sotalol for suppression of inducible VT [47,48].

Azimilide blocks both components of delayed
rectifier (Ix, and Ikg), is a weak blocker of the
Icar, and has weak alpha- and beta-blocking
effects [31,49]. These actions should increase anti-
arrhythmic potency by lessening reverse use
dependence and should reduce the probability of
torsade de pointes. In an animal model of torsade
de pointes, azimilide was less proarrhythmic than
dofetilide or d,l-sotalol [50]. Azimilide is effective
for suppression of both VPBs and inducible
VT/VF [49]. Two RCTs tested azimilide for pre-
vention of VT/VF in patients who had spontane-
ous or inducible VT/VF and who had an ICD.
In a dose-ranging study in 172 patients, Singer
and colleagues [51] reported the annual incidence
of appropriate ICD therapy was reduced from
36% in patients who received placebo to 10%,
12%, and 9%, respectively, in patients who re-
ceived 35 mg, 75 mg, and 125 mg azimilide daily
(all comparisons, P < .0001). In the Shock Inhibi-
tion Evaluation with Azimilide trial, 633 patients
who had prior VT/VF and an ICD were assigned
randomly to placebo, to azimilide, 75 mg/d, or to
azimilide, 125 mg/d [52]. The annual number of
appropriate ICD therapies decreased from 25.1
in the placebo group to 17.1 in patients who
received azimilide, 75 mg/d (P = .02) and to 9.6
in patients who received azimilide, 125 mg/d (all
comparisons, P < .05).

Amiodarone expresses class I, II, III, and IV
antiarrhythmic effects, is the most potent antiar-
rhythmic drug, has a low risk of torsade de
pointes (<1%), has very slow pharmacokinetics,
and has frequent and unusual long-term adverse
effects [32]. In the Cardiac Arrest in Seattle: Con-
ventional Versus Amiodarone Drug Evaluation
trial, 228 patients resuscitated from VT/VF were
assigned randomly to empiric amiodarone or to
a class I drug predicted to be effective by its sup-
pression of frequent and complex VPBs or induc-
ible VT/VF [53]. Amiodarone reduced the 2-year
probability of cardiac death or sustained VT/VF
from approximately 0.48 in patients taking the
class I drug to approximately 0.23 (P < .001).
In the Optimal Pharmacologic Therapy in
Cardioverter Defibrillator Patients trial, standard
beta-blockers, d,l-sotalol, and amiodarone plus
a standard beta-blocker were compared for the
prevention of appropriate ICD therapy in patients
who had spontaneous or inducible VT/VF [41].
The use of amiodarone plus a standard beta-
blocker reduced the annual VT/VF rate from
0.45 in patients receiving standard beta-blockers
and from 0.39 in patients receiving d,l-sotalol to
0.19 (P < .001).

Effects on sudden death/all-cause mortality

Julian and colleagues [54] randomly assigned
1456 patients who had prior MI to d,l-sotalol or
placebo. They found no difference in sudden
death between the patients receiving placebo and
patients receiving d,l-sotalol (2.4% versus 2.9%;
RR, 1.07; 95% CI, 0.82-1.39). They similarly
found no difference in all-cause mortality between
patients receiving placebo and patients receiving
d,l-sotalol (8.9% versus 7.3%; RR, 0.81; 95%
CI, 0.55-1.19) after 1 year.

The Survival with Oral D-sotalol (SWORD)
investigators randomly assigned 3121 patients
who had prior MI and who had an LVEF of
0.40 or lower to d-sotalol or placebo [55]. After
5 months, d-sotalol increased the rate of death
from presumed arrhythmic causes from 2.0% in
patients receiving placebo to 3.6% (RR, 1.77;
95% CI, 1.15-2.74) and increased all-cause mor-
tality from 3.1% in patients receiving placebo to
5.1% (RR, 01.65; 95% CI, 1.15-2.36).

The Danish Investigations of Arrhythmia and
Mortality on Dofetilide (DIAMOND) group
randomly assigned 1518 patients who had CHF
to dofetilide or placebo with mandated drug
initiation in hospital (DIAMOND-CHF) [56].
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After 18 months, there were no differences
between the patients receiving dofetilide or
placebo in death ascribed to arrhythmia (20%
and 20%, respectively) or in all-cause mortality
(41% and 42%, respectively). These investigators
also randomly assigned 1510 patients who had
prior MI with an LVEF of 0.35 or lower to dofe-
tilide or placebo with mandated drug initiation in
hospital (DIAMOND-MI) [57]. After 15 months,
there were no differences between patients treated
with dofetilide or placebo in death assumed to be
caused by arrhythmia (17% and 18%, respec-
tively) or in all-cause mortality (31% and 32%,
respectively).

In the Azimilide Post-infarct Survival Evalua-
tion (ALIVE) trial, 3381 patients who had prior
MI and an LVEF of 0.15 to 0.35 were assigned
randomly to azimilide or placebo [58]. After 1
year, there were no significant differences between
the patients treated with azimilide and patients
who received placebo in death attributed to
arrhythmia (6.7% and 5.4%, respectively) or in
all-cause mortality (12% and 12%, respectively).

Meta-analysis of eight RCTs involving 5101
patients who had prior MI and of five RCTs
involving 1452 patients who had CHF reported
that amiodarone reduced the rate of sudden death
from 5.7% in patients in the control group to
4.0% (HR, 0.71; 95% CI, 0.59-0.85) and reduced
all-cause mortality from 12.3% in patients in the
control group to 10.9% (HR, 0.87; 95% CI, 0.78—
0.99) without affecting New York Heart Associ-
ation (NYHA) status [59]. In the Sudden Cardiac
Death in Heart Failure Trial, 2521 patients who
had CHF with an LVEF of 0.35 (stratified by
NYHA class) were assigned randomly to placebo,
amiodarone, or an ICD [60]. There was no differ-
ence in all-cause mortality between patients
treated with amiodarone and patients receiving
placebo (HR, 1.06; 97.5% CI, 0.86-1.30),
although there was an increase in all-cause
mortality in patients who had NYHA class III
disease taking amiodarone (HR, 1.44; 95% CI,
1.05-1.97).

Safety

The use of a class III drug carries a risk of
torsade de pointes: 1% to 5% with d,l-sotalol, 1%
to 2% with d-sotalol, 1%to 3% with dofetilide,
less than 1% with azimilide, and less than 1%
with amiodarone [29,61].

In RCTs, adverse events (particularly dizziness,
depression, and nausea [54]) caused d,l-sotalol to

be discontinued more often than placebo (27%
versus 12%; RR, 1.54; 95% CI, 1.15-2.04)
[38]. In the SWORD trial, there were no differ-
ences in serious adverse effects, including recog-
nized torsade de pointes, between d-sotalol and
placebo [55]. In the DIAMOND-CHF and DIA-
MOND-MI trials the dofetilide dosage initially
was fixed [56,57]. Later, the dofetilide dosage
was individualized based on creatinine clearance
and QT interval. In the patients treated with
dofetilide, torsade de pointes occurred in 4.8%
of patients who had CHF before the dosing
change and in 2.9% of these patients after the
dosing change and in 3.0% of patients who
had prior MI before the dosing change and in
0.6% of these patients after the dosing change.
Seventy-six percent of the torsade de points ep-
isodes in the DIAMOND-CHF trial and 71% of
the torsade de pointes episodes in DIAMOND-MI
occurred during the 3-day drug-initiation
hospitalization. Other adverse events occurred
equally in patients treated with dofetilide and
patients receiving placebo. One comparison of
dofetilide and d,-sotalol reported that with-
drawals for adverse events were equal (19% and
26%, respectively) and that the risks of ventricular
proarrhythmia were equal during acute titration
(4.5% and 3.1%, respectively) and during
follow-up (4.9% and 7.7%, respectively) [51].
Three RCTs found adverse events to occur
equally with azimilide and placebo [51,52,58] ex-
cept for severe neutropenia (0.9% versus 0.2%,
respectively; P = .01) [58]. In the ALIVE trial,
torsade de pointes occurred in 0.3% of patients
treated with azimilide and in 0.1% of patients
receiving placebo [58]. The Amiodarone Trials
Meta-Analysis investigators found amiodarone
to have more adverse events than placebo: hypo-
thyroidism (7.0% and 1.1%, respectively),
hyperthyroidism (1.4% and 0.5%, respectively),
peripheral neuropathy (0.5% and 0.2%, respec-
tively), lung infiltrates (1.6% and 0.5%, respec-
tively),  bradycardia  (24% and  0.8%,
respectively), and liver abnormalities (1.0% and
0.4%, respectively) [59].

Inferences

Class III drugs treat and prevent VT/VF. D,I-
sotalol, d-sotalol, and dofetilide have a significant
risk of torsade de pointes. Azimilide has a smaller
risk of torsade de pointes. In patients who have
structural heart disease, d,l-sotalol, dofetilide,
and azimilide have no effect on sudden death or
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all-cause mortality; d-sotalol increases sudden
death and all-cause mortality. Amiodarone has
a lesser risk of torsade de pointes, has a greater
adverse effect profile, and decreases sudden death
and all-cause mortality in patients who have
structural heart disease. In general, class III drugs
are more effective and better tolerated than class I
drugs. Accordingly, class IIT drugs are used only
when other treatments have failed and the advan-
tages of suppressing VT/VF outweigh the risk of
torsade de pointes and, with some drugs, the
increase in all-cause mortality. In practice, class
IIT agents are used for short-term therapy of an
episode of VT/VF, for short-term therapy of an
electrical storm of VT/VF, or for long-term
therapy in patients who have not responded to
or are not candidates for other therapies (exclud-
ing class I drugs). In these settings, amiodarone is
preferred. Nevertheless, if time permits, amiodar-
one may be preceded by a trial of other class 111
agents (traditionally d,l-sotalol, but dofetilide or
azimilide also are appropriate).

Class IV antiarrhythmic drugs

Class IV drugs (the nondihydropyridine cal-
cium-channel blockers verapamil and diltiazem)
have as their dominant electrophysiologic effect
inhibition the I¢, 1.

Effects on ventricular arrhythmias

Class IV drugs have minimal effects on re-
entrant ventricular arrhythmias [62] but are
effective for ventricular arrhythmias based on trig-
gered activity. Thus, class IV drugs are useful for
Belhassen VT (left septal or verapamil-sensitive
VT) [63], for right ventricular outflow tract VT
[64], for catecholaminergic polymorphic VT [65],
and for some VTs related to acute myocardial is-
chemia, particularly those associated with coro-
nary artery spasm [66].

Effects on sudden death/all-cause mortality

A meta-analysis of RCTs of class IV drugs
included 26 trials of 21,644 patients who had prior
MI and reported that class IV drugs had no effect
on all-cause mortality (OR, 1.03; 95% CI, 0.94—

1.13) [7].
Safety

Class IV drugs have an excellent safety profile
in patients without structural heart disease. With-
drawal for adverse effects is uncommon and is

comparable to placebo (4%—-8%). Serious adverse
effects, such AV block or rash, occur in less than
2% of patients [67]. Nevertheless, in patients who
have depressed left ventricular function, class IV
drugs may hasten the progression of CHF [68].

Inferences

The use of class IV drugs for VT/VF is limited
to niche indications. They are first-line therapies
for Belhassen VT and for VT/VF related to
coronary artery spasm. They also are used for
right ventricular outflow tract VT or catechol-
aminergic polymorphic VT for patients who
cannot take or who have not responded to beta-
blocker therapy. Most such patients are not at risk
for progression of CHF.

Statins

Hydroxymethylglutaryl coenzyme-A reductase
inhibitors (statins) have many effects other than
cholesterol lowering. These pleiotropic effects
include those on signaling pathways for inflam-
mation, endothelial nitric oxide synthesis,
plasminogen, endothelin-1, platelet activation,
angiotensin II receptor regulation, sympathetic
nerve activity, oxidative stress, left ventricular
mass regression, left ventricular reverse remodel-
ing, and antiarrhythmic effects [69]. The last
includes changes in properties of the sarcolemmal
membrane with resultant alterations in ion-
channel function.

Effects on ventricular arrhythmias

A meta-analysis of three nonrandomized stud-
ies in patients who had CAD with prior VT/VF
and an ICD reported that lipid-lowering drugs
reduced appropriate ICD therapy from 58% in
457 patients not taking taking lipid-lowering
drugs to 38% in 264 patients taking lipid-lowering
drugs (89% of which were statins) (RR, 0.60; 95%
ClI, 0.49-0.73) after 16 months [70-72]. The Cho-
lesterol Lowering and Arrhythmia Recurrences
after Internal Defibrillator Implantation trial ran-
domly assigned 106 patients who had CAD and
prior VT/VF and an ICD to atorvastatin or pla-
cebo [73]. By intention-to-treat, atorvastatin had
a nonsignificant effect, reducing appropriate ICD
therapy from 36% in the placebo group to 21%
in the atorvastatin group (HR, 0.58; P = .07).
By treatment received, atorvastatin significantly
reduced appropriate ICD therapy from 40% in
the placebo group to 16% in the atorvastatin
group (HR, 0.39; P = .02).
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A nonrandomized substudy of the Multicenter
Automatic Defibrillator Implantation II Trial
reported that patients who had CAD, depressed
LVEF, and a primary-prevention ICD who took
a statin had a lower 2-year probability of first
appropriate ICD therapy than patients who did
not take a statin (0.26 versus 0.35; HR, 0.72; 95%
CI, 0.52-0.99) after 17 months [74]. The Defibril-
lators in Non-Ischemic Cardiomyopathy Treat-
ment Evaluation reported that patients who had
nonischemic cardiomyopathy who had a pri-
mary-prevention ICD and who took a statin had
a nonsignificant reduction in first appropriate
ICD shock compared with patients who did not
take a statin (12.5% versus 15.6%; HR, 0.80;
95% CI, 0.35-1.84) after 29 months [75].

Effects on sudden death/all-cause mortality

Meta-analysis of 10 RCTs involving 22,275
patients who had CAD reported that statins
reduced the rate of sudden death from 3.8% in
the control group to 3.0% in patients treated with
statin (HR, 0.81; 95% CI, 0.71-0.93) after
4.4 years [76]. Another meta-analysis of
14 RCTs involving 90,056 patients who had
CAD reported that statins reduced all-cause
mortality from 9.7% in the control group to
8.5% in patients treated with statin (HR, 0.87;
95% CI, 0.84-0.91) after 5 years [77]. Patients
who had CHF were excluded from most statin
RCTs because of safety concerns [78]. Recently,
the Controlled Rosuvastatin Multinational heart
failure trial randomly assigned 5011 patients
aged 60 years and older who had CHF and a de-
pressed LVEF to rosuvastatin or placebo and
reported equivalent risks of all-cause mortality
(29.0% and 30.4%, respectively; HR, 0.95; 95%
CI, 0.86-1.05) after 33 months [79].

Safety

The Cholesterol Treatment Trialists’ collabo-
rators meta-analysis of statin trials reported a non-
significant 5-year excess risk of rhabdomyolysis
with statins of 0.01% (P = .4) [77].

Inferences

Statins prevent VT/VF, sudden cardiac death,
and all-cause mortality in patients who have CAD
(and perhaps in patients who have idiopathic
dilated cardiomyopathy or advanced CHF) with
a very low risk of therapy. Statins should be used
in patients who have CAD and may be considered
in patients who have idiopathic congestive

cardiomyopathy or advanced CHF if VT/VF
management is problematic.

Renin-angiotensin-aldosterone system inhibitors

Activation of  the renin-angiotensin-
aldosterone system (RAAS) results in dysregula-
tion of many cardiovascular processes causing
vascular and myocardial inflammation, vascular
smooth muscle proliferation, myocyte hypertro-
phy, endothelial dysfunction, myocardial fibrosis,
thrombotic cascade activation, platelet activation,
oxidative pathway activation, interstitial matrix
remodeling, coronary plaque destabilization,
hypokalemia, and hypomagnesemia [80,81]. The
RAAS may be suppressed by inhibiting angioten-
sin-converting enzyme (ACE) hydrolysis of inac-
tive angiotensin I to active angiotensin II with
an ACE inhibitor, by blocking the AT, receptor
through which many deleterious effects of
angiotensin II are mediated with an angiotensin
receptor blocker (ARB), or by blocking the effects
of aldosterone with an aldosterone blocker.

Effects on ventricular arrhythmias

Other than by correction of hypokalemia or
hypomagnesemia, suppression of the RAAS
would not be expected to be acutely antiarrhyth-
mic. Some studies report that ACE inhibitors
decrease VPB frequency and complexity; others
do not. In general, the positive studies were
longer-term trials in patients who had CHF asso-
ciated with increases in serum potassium or
decreases in autonomic sympathetic tone [82—84].
In one trial in patients who had inducible VT, cap-
topril treatment had no significant effect on the
inducibility of VT [85]. Few studies have exam-
ined the antiarrhythmic effects of ARBs in
humans. One study found that losartan had no
significant effects on the frequency or complexity
of spontaneous VPBs in hypertensive men who
had preserved left ventricular systolic function
[86]. Three RCTs of spironolactone in patients
who had CHF reported a decrease in the fre-
quency and complexity of VPBs [8§7-89]. Again,
these were longer-term trials, and efficacy was
correlated inversely with plasma or erythrocyte
magnesium levels.

Effects on sudden death/all-cause mortality

Meta-analyses of ACE inhibitor RCTs con-
sider patients in three groups: patients who have
CHF of any cause (mostly CAD), patients who
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have had a recent MI (often with CHF or
depressed LVEF), and patients who have demon-
strated or possible CAD without CHF or left
ventricular dysfunction. In patients who have
CHF, a meta-analysis of 32 RCTs involving
7105 patients reported that treatment with an
ACE inhibitor reduced the rate of sudden death
nonsignificantly from 5.6% in the control group
to 4.7% (OR, 0.91; 95% CI, 0.73-1.12) while
reducing all-cause mortality from 21.9% in the
control group to 15.8% (OR, 0.77; 95% CI, 0.67—
0.88) [90]. A meta-analysis of 15 RCTs involving
15,104 patients who had a recent MI reported
that treatment with ACE inhibitors reduced the
rate of sudden death from 6.6% in the control
group to 5.3% (OR, 0.80; 95% CI, 0.70-0.92)
and reduced all-cause mortality from 16.8% in
the control group to 14.4% (OR, 0.83; 95% CI,
0.71-0.97) [91]. In patients who had documented
or possible CAD and preserved left ventricular
function, meta-analysis of six RCTs involving
33,500 patients reported that treatment with
ACE inhibitors reduced all-cause mortality from
8.3% in the control group to 7.2% (OR, 0.87;
95% CI, 0.81-0.94) over 4.4 years [92]. A sub-
study in the Heart Outcome Prevention Evalua-
tion trial in patients who had or were at high
risk of developing CAD without overt CHF
reported that treatment with ramipril reduced
the rate of sudden death/documented arrhythmic
death/resuscitated cardiac arrest from 4.2% in
the control group to 3.3% (OR, 0.79; 95% CI,
0.64-0.98) over 4.5 years [93].

A meta-analysis of nine RCTs involving
4623 patients who had CHF who were not
receiving ACE inhibitors reported that treatment
with ARBs decreased all-cause mortality from
17.7% in the control group to 10.6% (OR, 0.83;
95% ClI, 0.60-1.00) after 18 months [94]. In eight
RCTs evaluating ARBs against ACE inhibitors in
5201 patients who had CHF, all-cause mortality
in patients receiving ARBs was no different from
that in patients receiving an ACE inhibitor
(11.5% versus 12.8%; OR, 1.06; 95% CI, 0.90—
1.13) over 14 months. In seven RCTs evaluating
ARBs added to ACE inhibitors in 8260 patients
who had CHF, all-cause mortality in patients
receiving an ARB plus an ACE inhibitor was no
different from that in patients receiving only an
ACE inhibitor (21.2% versus 22.6%; OR, 0.97;
95% CI, 0.87-1.08) over 27 months. Two RCTs
found no difference in all-cause mortality between
patients who had high-risk acute MI and
depressed LVEF treated with an ARB and an

ACE inhibitor and those treated with an ACE in-
hibitor alone [95,96].

The Randomized Aldactone Evaluation Study
(RALES) randomly assigned 1663 patients who
had class III-1V CHF treated with ACE inhibitors
to receive spironolactone or placebo [97]. Treat-
ment with spironolactone reduced the rate of
sudden death from 13.1% in the control group
to 10.0% (RR, 0.71; 95% CI, 0.54-0.95) and re-
duced all-cause mortality from 46% in the control
group to 35% (RR, 0.70; 95% CI, 0.60-0.82) after
24 months. Similarly, the Eplerenone Post-acute
Myocardial Infarction Heart Failure Efficacy
and Survival Study (EPHESUS) randomly
assigned 6642 patients who had recent MI and
an LVEF of 0.40 or less and (except for patients
who had diabetes) symptomatic CHF on optimal
CHEF therapy to eplerenone or placebo [98]. Treat-
ment with eplerenone reduced the rate of sudden
death from 6.1% in the control group to 4.9%
(RR, 0.79; 95% CI, 0.64-0.97) and reduced all-
cause mortality from 16.7% in the control group
to 14.4% (RR, 0.85; 95% CI, 0.75-0.96) after
16 months.

Safety

A meta-analysis of 36 RCTs involving 18,234
patients reported that therapy was withdrawn
more often from patients receiving an ACE
inhibitor than from control patients because of
cough (2.0% versus 1.1%; RR, 3.19; 95% CI,
2.22-4.57), hypotension (1.6% versus 0.8%; RR,
1.95; 95% CI, 1.39-2.74), renal dysfunction (0.9%
versus 0.5%; RR, 1.84; 95% CI, 1.20-2.81), and
hyperkalemia (0.4% versus 0.03%; RR, 7.11; 95%
CI, 2.11-3.94) [99].

In the Candesartan in Heart Failure: Assess-
ment of Reduction in Mortality and Morbidity—
Alternative study, the ARB was withdrawn more
frequently than placebo for hypotension (3.7%
versus 0.9%; RR, 1.63; 95% CI, 1.22-2.19), renal
dysfunction (6.1% versus 2.7%; RR, 1.42; 95%
CI, 1.15-1.76), and hyperkalemia (1.9% versus
0.3%; RR, 1.74; 95% CI, 1.14-2.66) [100]. Meta-
analysis of RCTs involving 17,337 patients who
had CHF or high-risk patients who had prior
MI reported that the combination of ARB and
ACE inhibitor was withdrawn more often than
the ACE inhibitor alone because of adverse effects
(11.5% versus 9.0%; RR, 1.28; 95% CI, 1.17-
1.40) [101]. The most common reasons for with-
drawal were hypotension (11.1% versus 7.5%;
RR, 1.48; 95% CI, 1.34-1.62), renal dysfunction
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(4.1% versus 2.4%; RR, 1.76; 95% CI, 1.49-2.09),
and hyperkalemia (1.6% versus 0.8%; RR, 2.46;
95% CI, 0.68-8.87) [101].

In the RALES trial, therapy was discontinued
for adverse events more often in patients receiving
spironolactone (8%) than in patients receiving
placebo (5%) [97]. The most common adverse
effect was gynecomastia or breast pain in men
(10% versus 1%). In EPHESUS, this adverse
effect was rare. The major adverse effect was seri-
ous hyperkalemia in 5.5% of patients taking
eplerenone, compared with 3.9% of patients tak-
ing placebo (P = .002) [98]. This finding was offset
by serious hypokalemia in 8.4% of patients taking
eplerenone compared with 13.1% of patients
taking placebo (P < .001).

Inferences

ACE inhibitors, ARBs, and aldosterone
blockers have antiarrhythmic effects by increasing
potassium and magnesium concentrations and by
decreasing sympathetic tone in patients who have
CHEF. In long-term use they also prevent the
development of VT/VF and sudden death in
patients who have significant structural heart
disease. Thus, an ACE inhibitor or, when an
ACE inhibitor is poorly tolerated, an ARB should
be used in patients who have structural heart
disease. Aldosterone blockers should be used in
patients who have class III-IV CHF and for other
patients with demonstrated or presumed VT/VF
propensity when potassium and/or magnesium
conservation is desired.

Digoxin

The dominant actions of digoxin are an in-
hibition of sodium-potassium ATPase, thereby
augmenting transmembrane  sodium-—calcium
exchange resulting in increased intracellular cal-
cium, a reduction of sympathetic tone, and an
augmentation of parasympathetic tone [102].
Digoxin also may inhibit the RAAS. In therapeu-
tic concentrations, digoxin has no direct ventricu-
lar electrophysiologic effects [103]. In toxic
concentrations, myocyte calcium loading causes
delayed afterdepolarizations and VT [104]. Unfor-
tunately, the window between therapeutic and
toxic dosages of digoxin is small.

Effects on ventricular arrhythmias

Two placebo-controlled RCTs in patients who
had CHF found digoxin to have no effect on the

frequency or complexity of VPBs [105,106]. A
crossover trial suggested that 0.375 mg/d of
digoxin reduced the frequency but not the com-
plexity of VPB, perhaps through its sympathio-
lytic effects [107].

Effects on sudden death/all-cause mortality

The Digitalis Investigator Group (DIG) trial
randomly assigned 6800 patients who had class
II-IV CHF in sinus rhythm with an LVEF of
0.45 or less to digoxin or placebo [108]. After a fol-
low-up of 37 months, there was no significant dif-
ference between the digoxin and the placebo
groups in all-cause mortality (34.8% and 35.1%,
respectively; RR, 0.99; 95% CI, 0.91-1.07) or in
cardiac mortality (29.9% and 29.5%, respectively;
RR, 1.01; 95% CI, 0.93-1.10). Treatment with di-
goxin, however, trended to reduce CHF deaths,
from 13.2% in the placebo group to 11.6% (RR,
0.88; 95% CI, 0.77-1.01; P = .06). Although the
incidence of sudden death was not reported, if car-
diac mortality was unaffected and CHF mortality
was reduced, sudden death must have increased.
In this regard, the incidence of VT/VF was higher
in the digoxin group than in the placebo group
(1.1% versus 0.8%; RR, 1.40; 95% CI, 0.84-2.3;
P = .20).

A post hoc analysis of DIG trial data examined
the effects of digoxin on CHF death and all-cause
mortality in male participants who survived
1 month as a function of trough serum digoxin
concentration at 1 month [109]. Compared with
1171 men in the placebo group who survived
1 month, patients who had digoxin concentrations
of 0.5 to 0.8 ng/mL (n = 572) had an absolute
6.3% lower rate of all-cause mortality (95% CI,
2.1%-10.5%), a 3.7% lower rate of cardiovascu-
lar mortality (95% CI, 0.4%-7.7%), and a 4.7%
lower rate of CHF mortality (95% CI, 2.1%—
7.3%). Comparable reductions in cardiac and
CHF mortality suggest a similar reduction in
sudden death. In men who had digoxin concentra-
tions of 0.9 to 1.1 ng/mL (n = 322), the rates of
all-cause mortality, cardiovascular mortality, and
heart failure mortality were similar to those in
the placebo group. Those who had digoxin con-
centrations of 1.2 ng/mL or higher (n = 277)
had an absolute higher rate of all-cause mortality
(11.8%; 95% CI, 5.7%—18.0%) and a higher rate
of cardiovascular mortality (11.5%; 95% CI,
5.4%-17.5%) but an equivalent rate of CHF
mortality (1.9%; 95% CI, —2.6%—6.3%). The in-
crease in cardiac mortality but not in CHF
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mortality suggests an increase in the rate of sud-
den death.

Safety

In addition to the possible increase in sudden
death, other safety issues with digoxin are fre-
quent drug—drug interactions [102] and digoxin
intoxication [102,108]. In the DIG trial suspected
digoxin intoxication was more common in pa-
tients receiving active treatment (11.9%) than in
patients receiving placebo (7.9%) and included
supraventricular tachyarrhythmias in 2.5% of
patients receiving digoxin and 1.2% of patients re-
ceiving placebo (RR, 2.10; 95% CI, 1.45-3.07)
and second- or third-degree AV block in 1.2%
of patients receiving digoxin and 0.4% of patients
receiving placebo (RR, 2.87; 95% CI, 1.56-5.28)
[108].

Inferences

Digoxin has no role in the treatment of VT/VF
and may increase the rate of sudden death.
Patients who have difficult-to-control VT/VF
who are receiving digoxin therapy may be helped
by ensuring that the serum digoxin concentration
is less than 0.9 ng/mL.

Summary

Class I, III, and IV drugs have immediate/
direct antiarrhythmic effects. Class I drugs treat
and prevent VT/VF at the expense of an increase
in sudden death and all-cause mortality. Class III
drugs treat and prevent VT/VF with a variable
effect on sudden death and all-cause mortality.
Class IV drugs treat and prevent certain forms of
VT with no effect on sudden death or all-cause
mortality. Accordingly, class I and III agents are
used for short-term therapy of an episode or
storm of VT/VF or for long-term therapy in
patients who have not responded to or are not
candidates for all other therapies (including the
ICD). In these settings, class III agents that do not
have a detrimental effect on sudden death (d,I-
sotalol, amiodarone) are preferred. Class IV drugs
are used in niche applications: as first-line treat-
ment for Belhassen VT or coronary artery spasm
VT/VF and after beta-blockers for right ventric-
ular outflow tract VT or catecholaminergic poly-
morphic VT.

Beta-blockers have both immediate/direct and
delayed/indirect antiarrhythmic effects. They treat
and prevent VI/VF and decrease sudden death

and all-cause mortality in patients who have
structural heart disease. Most patients who have
a propensity to VT/VF should receive a beta-
blocker. Carvedilol may have advantages over
other beta-blockers in this setting.

Statins, ACE inhibitors, ARBs, and aldoste-
rone blockers have delayed/indirect antiarrhyth-
mic effects that are expressed dominantly by
a decrease in the rate of sudden death and all-
cause mortality in patients who have structural
heart disease. Statins should be used in patients
who have CAD and may be considered in patients
who have idiopathic congestive cardiomyopathy
or advanced CHF if VT/VF management is
problematic. An ACE inhibitor or, when an
ACE-inhibitor is poorly tolerated, an ARB should
be used in patients who have structural heart
disease. Aldosterone blockers should be used in
patients who have class III-IV CHF and for other
patients who have a propensity to VI/VF when
potassium and/or magnesium conservation is
desired.

Digoxin has no role in the treatment or pre-
vention of VT/VF and may increase the rate of
sudden death. Patients who have difficult-to-
control VT/VF who are receiving digoxin therapy
may be helped by ensuring that the serum digoxin
concentration is less than 0.9 ng/mL.
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