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Non−arrhythmic therapy of ventricular 
tachyarrhythmias and sudden cardiac death
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Summary: The management of ventricular tachyarrhythmias and prevention of sudden cardiac death after acute myocardial
infarction (AMI) underwent important evolution. In the CAST study, encanaide and other antiarrhythmic drugs were not only
ineffective but also increased mortality after myocardial infarction. Amiodarone had some beneficial effect on arrhythmic events
without improving survival, and ICDs failed to improve outcome early after AMI. In comparison, short and long term survival
benefits of beta blockers, angiotensine converting enzyme inhibitors and aldosterone antagonists after AMI is well established.
This review discusses the role of non-arrhythmic therapy in the prevention of ventricular tachyarrhythmia’s and sudden cardiac
death after AMI.
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Nearytmická terapie komorových tachyarytmií a náhlá srdeční smrt po akutním infarktu myokardu
Souhrn: Ve vývoji managementu komorových tachyarytmií a prevenci náhlé srdeční smrti po akutním infarktu myokardu
(AIM) došlo k významu posunu. Encainid a další antiarytmické léky použité v studii CAST byly nejenom neúčinné, ale zvyšo-
valy mortalitu po infarktu myokardu. Amiodaron měl některé pozitivní účinky na arytmické příhody, aniž by zvyšoval míru
přežívání,  a přínos ICD ke zlepšení výsledků krátce po AIM se neprokázal. Na druhé straně přínos beta-blokátorů, angiotenzin
konvertujících inhibitorů a antagonistů aldosteronu z hlediska krátkodobého a dlouhodobého přežívání po AIM je prokázán.
Referát pojednává o roli nearytmické terapie v prevenci komorové tachyarytmie a náhlé srdeční smrti po AIM. 
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all improved outcome after AMI.
The purpose of this review is to dis-
cuss the role of these therapies in the
prevention of sudden cardiac death
(SCD) and ventricular tachyarrhyth-
mias early post-AMI.

Among important risk factors
post-AMI are age and left ventricular
dysfunction, with or without heart
failure. Elderly patients have higher
total and cardiovascular mortality
after AMI, while the incidence of
SCD moves in opposite direction.

and cardiovascular mortality. The
beneficial effect of ICDs in patients
after myocardial infarction and left
ventricular dysfunction was con-
firmed in several studies [4,5]. Howe-
ver, as shown by Hohnloser et al [6],
ICD therapy failed to improve survi-
val early after AMI [6] when the inci-
dence of SCD is the highest [7]. In
comparison, revascularization [8–10],
beta blockers [11–14], angiotensine
converting enzyme inhibitors (ACEI)
[15], and aldosterone antagonist [16]

The management of ventricular ta-
chyarrhythmias after acute myocar-
dial infarction (AMI) remains an
important clinical problem. One of
the first randomized studies (CAST)
with encanaide and flecainide [1]
not only failed to improve survival
after AMI but also increased its
mortality. These results were follo-
wed by two studies with amiodarone
(EMIAT and CAMIAT) [2,3], both
showing beneficial effect on arrhyth-
mic events without improving total
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wed that beta blockers were less fre-
quently used in patients with impai-
red left ventricular fraction, diabetes
mellitus, elderly and non–ST seg-
ment elevation myocardial infarc-
tion. The potentiation of the benefi-
cial effect of ACEI with beta blockers
was demonstrated by Spargias et al
[24] in the AIRE sub-study. Adding
beta blockers to Ramipril further
improved survival of patients after
AMI, prevented the development of
heart failure and decreased the use
of diuretics. Beta blockers also had
beneficial effect on the outcome
after percutaneous revascularization
[25,26] and decreased the mortality
in patients after myocardial infarc-
tion with impaired left ventricular
function and non–sustained ventri-
cular tachycardia [27]. In the MA-
DIT II study, beta blockade decrea-
sed the incidence of appropriate
shock and reduced mortality [28].

As reviewed, in addition to the be-
neficial effect of beta blockers on to-
tal and cardiovascular mortality the-
se agents could also prevent SCD,
particular with timolol, propranolol
and metoprolol [11,12,21]. However,
in more recent studies, metoprolol
and carvedilol failed to decrease the
incidence of SCD [13,14]. Among
the possible explanations for this
finding are the following. First, the
number of patients in the CAPRI-
CORN study was too small to show
significant effect of carvedilol on
SCD [22]. Second, more patients we-
re revascularized and treated with
ACEI both of which are known to lo-
wer the risk of SCD. Third, in the
COMMIT study higher incidence of
cardiogenic shock outweigh the be-
neficial effect of metoprolol on SCD
[13].

The role of angiotensine−converting
enzyme inhibitors on SCD
The beneficial effect of ACEI on out-
come of patients after AMI, particu-
larly those with impaired left ventri-
cular function is well established

Abildstrom et al [17] using the data
from the TRACE study, compared
the incidence of SCD and non–SCD
in patients at different age group
and found that the ratio of SCD to
non-SCD gradually decreased with
age. The incidence of SCD in patients
over 75 years of age was 40 % of tho-
se 55 years of age or younger. Another
important risk factor after AMI is
left ventricular function and conges-
tive heart failure. According to the se-
cond national registry of myocardial
infarction [18], in-hospital mortality
was higher in patients in Killip's
class II or III than in class I. In addi-
tion, these patients were older, had
higher incidence of anterior myocar-
dial infarction and were less likely
managed with beta-blockers or revas-
cularization. Similarly, in the GRA-
CE study [18], the mortality after
AMI was almost 3 times higher in
patients presenting with heart failu-
re on admission. Other risk factors
for SCD and cardiovascular mortali-
ty are post-infarction myocardial is-
chemia, ventricular tachyarrhyth-
mias, re-infarction, diabetes mellitus
and renal insufficiency [20].

The role of beta blockers 
in prevention of SCD
Beta blockers were the first drugs
showing survival benefit after AMI
[11,12]. The majority of early studies
were done before thrombolysis or
other forms of revascularization
mostly in patients with preserve left
ventricular function. In general tom-
fool, metoprolol and propranolol re-
duced the incidence of SCD between
21–51 % [11,12]. Chadda et al [21]
first reported beneficial effect of
propranolol in patients with history
of heart failure.

The two recent reports dealing
with this subject were the COM-
MITT [13] and CAPRICORN [14]
studies. In the first one, metoprolol
was administered intravenously follo-
wed by oral therapy for one month
in 45,852 patients with suspected

AMI. Thrombolysis, ACEI and diffe-
rent antiarrhythmic drugs were used
in 54 %, 67 % and 22 % of patients
respectively. Metoprolol prevented
ventricular fibrillation and re-infarc-
tion, while increased the incidence
of cardiogenic shock. The end result
of the COMMITT study was no
survival benefit of metoprolol, becau-
se prevention of ventricular fibrilla-
tion was outweigh by higher inciden-
ce of cardiogenic shock. The second
randomized study [14] evaluated the
effect carvedilol after AMI and im-
paired left ventricular function. This
study included almost 2000 post-AMI
patients with left ventricular ejection
fraction < 40 %. Randomization
started between 3–21 days after AMI
and background therapy included
97 and 98 % ACEI, 86 % aspirin and
45 % of patients underwent throm-
bolysis. Amiodarone and other anti-
arrhythmic drugs were used in 5 % of
patients. The original endpoint was
all-cause mortality which was exten-
ded to hospitalization of cardio-
vascular causes, SCD, and non-fatal
myocardial infarction. The main re-
sults of the CAPRICORN study were
significant decrease of total and car-
diovascular mortality and non-fatal
myocardial infarction.

In a follow up study, McMurray et
al [22] reported the effect of carvedi-
lol on the incidence of atrial and
ventricular tachyarrhythmias, confir-
ming its beneficial effect on all types
of ventricular arrhythmias including
the so called „malignant ones“ with-
out preventing SCD. The relatively
small number of patients dying sud-
denly and some non-arrhythmic
causes of SCD could explain this
finding [22].

The beneficial effect of beta bloc-
kers after AMI is also supported by
additional observations. Gottlieb et
al [23] reviewing the Cooperative
Cardiovascular Project study, repor-
ted 40 % lower mortality of patients
taking beta blockers. In addition,
this study of 201,752 patients, sho-



[29–33]. The SAVE study [29] was one
of the first, demonstrating survival
benefit of captopril in patients after
myocardial infarction and left
ventricular dysfunction. Subsequent
studies confirmed these results on
total and cardiovascular mortality
[30–33] and some but not all also
showed lower incidence of SCD
[30,31].

ACEI could prevent SCD by the
following mechanisms. In addition
to stabilization of the arterioscle-
rotic lesions and their effect on
smooth muscle, ACEI inactivate pla-
telets, increase nitric oxide pro-
duction and block the sympathetic
nervous system. ACEI further pre-
vent ventricular hypertrophy and
fibrosis which are important struc-
tural abnormalities in the pathoge-
nesis of tachyarrhythmias.

There are two studies showing, be-
neficial effect of ACEI on SCD [30,31].
In the TRACE study [30] 1,749 pa-
tients were dividend into two groups
receiving either oral trandolapril or
placebo. Trandolapril, in addition to
significant survival benefit, also lo-
wered the incidence of SCD by 25 %.
In the second study (AIRE) [31] ra-
mipril was compared with placebo
in 2,006 patients with heart failure.
The primary endpoint was total
mortality. In a follow up report, ra-
mipril decreased the incidence of
SCD by 30 % [34]. The TRACE and
AIRE studies were followed by a me-
ta–analysis of 15 studies [15], which
included patients within 14 days
after AMI and ACEI therapy for mo-
re than 6 weeks. In studies with
500 patients or more there was
either a significant or a trend in the
reduction of SCD risk [15].

The survival benefit of ACEI in pa-
tients after AMI ranges between 16 to
26 %. One possible explanation for
this modest effect of ACEI in AMI
could be an incomplete blockade of
angiotensine II. This assumption
was tested in subsequent studies
[35,36] using angiotensine receptor
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blockade alone or in combination
with ACEI. Dickstein et al [35] com-
pared losartan with captopril, sho-
wing slightly better results with the
latter. In a much larger study of VA-
LIANT, Pfeffer et al [36] compared
valsartan with captopril. An unexpec-
ted finding of the VALIANT study
was similar efficacy of valsartan and
captopril or their combination on
total and cardiovascular mortality.
In the VALIANT study, SCD was not
an endpoint.

The role of aldosterone blockade
in SCD after AMI
Aldosterone has multiple adverse
cardiovascular effects some of which
could play a role in the pathogenesis
of ventricular tachyarrhythmias after
AMI [37]. First, aldosterone contri-
butes to left ventricular remodeling
which includes left ventricular archi-
tectural changes, expansion and tin-
ning of the necrotic area and, en-
largement of the left ventricular cavi-
ty. Left ventricular remodeling is an
important cause of left ventricular
dysfunction. Second, aldosterone cau-
ses endothelial dysfunction, vasocon-
striction and platelet activation.
Third, aldosterone increases sympa-
thetic tone, myocardial fibrosis and
ventricular hypertrophy. In other
words, all these structural and func-
tional changes of aldosterone could
contribute to its arrhythmogenic
effects.

In 2003 Pitt et al [16] reported the
effects of eplerenone, a new aldoste-
rone antagonist, in patients after AMI.
This study randomized 6,632 pa-
tients after AMI with heart failure or
low left ventricular ejection fraction
(< 40 %) to eplerenone or placebo.
Background therapy included ACEI
in 87 %, beta-blockers in 75 %, statins
in 47 %, diuretics in 60 % and aspirin
in 88 % of patients. Eplerenone redu-
ced the relative risk for all causes and
cardiovascular mortality by15 % and
17 % respectively with similar effect
on hospitalization for heart failure

The main adverse effects of eplere-
none were 5.5 % hyperkalemia and
gynecomastia. Impotence, breast
pain and menstrual irregularities,
were similar in both groups.

In a subsequent study, Pitt et al
[38] showed that in the first month
after randomization, eplerenone lo-
wered the relative risk of SCD by
58 %. This observation is important
and justifies early therapy with eple-
renone in patients with impaired left
ventricular function and or congesti-
ve heart failure after AMI. The me-
chanism of the early protective effect
of eplerenone is not completely clear.
Some experimental studies suggest
that aldosterone blockade [39], nor-
malizes calcium and potassium cur-
rent and shortens the action po-
tential duration after AMI. These
electrophysiological changes, which
occur before structural remodeling,
might prevent life threatening tachy-
arrhythmias.

Conclusions
Beta-blockers, ACEI and aldosterone
antagonists play an important role
in the management of patients after
AMI. In addition to their beneficial
effect on total and cardiovascular
mortality, these drugs could also
prevent SCD. Because the highest in-
cidence of SCD is in the first month
after AMI, these drugs should be
used as early as possible. Another
important intervention in patients
after AMI with left ventricular dys-
function, not discussed in this re-
view, is myocardial revascularization.
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