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SUDDEN DEATH AND
VENTRICULAR ARRHYTHMIAS



Non-sustained Ventricular Tachycardia: Is It Possible to Identify
the High-Risk Patients and How to Treat Them?

G. Turitto

Cardiac Electrophysiology Section, State University of New York,
Health Science Center at Brooklyn
Brooklyn, USA

Introduction

Identification of patients at high risk for sudden car-
diac death, among those presenting with complex ven-
tricular arrhythmias and spontaneous nonsustained
ventricular tachycardia (NS-VT), is of paramount im-
portance. This chapter reviews the role of risk stratifi-
cation techniques, with particular emphasis on the sig-
nal-averaged electrocardiogram (ECG) and pro-
grammed ventricular stimulation (PVS), in the man-
agement of patients with NS-VT.

Complex ventricular arrhythmias are infrequent in
the absence of organic heart disease and, in this setting,
they are probably not associated with an adverse out-
come. The prognostic role of frequent ventricular pre-
mature complexes (VPCs) and NS-VT in the
presence of organic heart disease and left ventricular
dysfunction is still under debate. The relationship be-
tween reduced ventricular function, complex ventricu-
lar arrhythmias, and sudden death has been analyzed
mainly in two groups of patients: (1) survivors of my-
ocardial infarction, and (2) patients with congestive
heart failure secondary to ischemic or idiopathic dilated
cardiomyopathy. In the 1980s, several studies suggested
that frequent VPCs and NS-VT represent an indepen-
dent risk factor for serious arrhythmic events, in postin-
farction patients (1-4). On the other hand, the corollary
demonstration that abolition of these arrhythmias pre-
vents sudden death has not been achieved (5). The re-
sults of a large multicenter study sponsored by the Na-
tional Institutes of Health, the Cardiac Arrhythmia
Suppression Trial (CAST), exemplify this problem (6-
8). CAST showed that the use of encainide, flecainide,
or moricizine to treat asymptomatic or mildly sympto-
matic ventricular ectopy in patients with mild to mod-
erate left ventricular dysfunction after myocardial in-
farction carries an excessive mortality risk. Thus, VPC
suppression alone in this population is not an adequate
indication that a drug can prolong survival. While the
use of type I antiarrhythmic drugs has not been linked
to increased survival in the CAST studies, preliminary
data on the effect of amiodarone in postinfarction pa-
tients appeared to be more encouraging (9,10).

The prognostic value of complex ventricular ar-
rhythmias in patients with dilated cardiomyopathy is
controversial. Two recent reviews reached opposite
conclusions regarding the predictive accuracy of fre-
quent VPCs and NS-VT in this setting (11,12). Larsen
et al. (11) stated that the identification of patients with
dilated cardiomyopathy at risk for sudden death based
on the presence of ventricular arrhythmias on the am-
bulatory ECG is difficult and unreliable. This may be
partly related to the possibility that bradyarrhythmias
are responsible for a significant number of sudden
deaths in these patients. In contrast, Tamburro and
Wilber (12) concluded that most evidence available in
the literature confirms the prognostic significance of
ambulatory arrhythmias in patients with dilated car-
diomyopathy. However, data seemed insufficient to es-
tablish which criterion of spontaneous arrhythmia fre-
quency or severity may provide the optimum indicator
of risk.

Even if the CAST or subsequent studies could
show that arrhythmia suppression significantly im-
proves survival in postinfarction patients, a risk strati-
fication strategy entailing other than the mere docu-
mentation of frequent VPCs or NS-VT on ambulatory
ECG would be needed. In fact, these arrhythmias are
low in sensitivity and specificity. Because of the low
sensitivity, treatment may not be started in some pa-
tients at risk for sudden death, while, due to the low
specificity, a large percentage of patients could be sub-
jected to unnecessary long-term therapy. Based on
these premises, the usefulness of PVS and the signal-
averaged ECG for risk stratification of patients with
NS-VT has received considerable interest.

Several studies and reviews have investigated the
role of PVS in identifying subgroups of patients with
NS-VT at high or low risk for serious arrhythmic
events (13). The induction of sustained monomorphic
VT in patients with spontaneous nonsustained runs
may be interpreted as the demonstration of the ability
of PVS to expose a fixed electrophysiologic substrate.
Such abnormality may be implicated in the high risk of
sudden death in this subgroup. Patients without sus-
tained monomorphic VT induced by PVS may be at



low risk for sudden death and may not warrant antiar-
rhythmic therapy. On the other hand, patients with in-
duced VT may be at increased risk of sudden death. It
is possible that, in these patients, antiarrhythmic thera-
py guided by the results of PVS may decrease the inci-
dence of sudden death.

Only a fraction of patients with spontaneous NS-
VT have induced sustained monomorphic VT during
PVS; thus, several clinical, electrocardiographic and
other noninvasive determinants of VT inducibility
have been investigated as a means to screen patients
for the invasive electrophysiologic procedure. The
presence and type of heart disease, the extent of left
ventricular dysfunction, as well as a history of syncope
have been found to be significantly related to VT in-
duction (13). The first prospective study of the value of
the signal-averaged ECG as a predictor of the results
of PVS in patients with NS-VT was published by Turit-
to et al. (14). This study used a stepwise discriminant
function analysis which showed that the signal-aver-
aged ECG was the single most accurate screening test
for VT induction in a population of 105 patients with
NS-VT (60 with coronary artery disease, 26 with idio-
pathic dilated cardiomyopathy, and 19 with apparently

normal heart). The predictive accuracy of the signal-

averaged ECG was 84% and was comparable in pa-
tients with coronary artery disease (85%) and dilated
cardiomyopathy (81%). No combination between the
signal-averaged ECG and other significant variables
(left ventricular ejection fraction and history of syn-
cope/presyncope) provided an improvement in pre-
dicting VT induction in comparison with the signal-av-
eraged ECG alone.

The hypothesis that VT induction by PVS indi-
cates patients at high risk for arrhythmic events has
been tested by a number of investigators (13), dis-
cussed in a series of editorials (15-18), and is the basis
for several ongoing multicenter trials enrolling patients
with coronary artery disease and spontancous NS-VT
(18,19). Available reports on the prognostic signifi-
cance carried by ventricular tachyarrhythmias during
PVS in patients with NS-VT are characterized by one
or more of the following shortcomings: (a) small sam-
ple size; (b) retrospective data collection; (c) lack of
standardization of the stimulation protocol and its end-
points; or (d) lack of uniform therapeutic approach.
The indications for antiarrhythmic therapy varied in
different studies. Some authors only treated patients
with induced sustained monomorphic VT, while others
treated patients with induced ventricular fibrillation or
induced NS-VT. Therapy was evaluated by means of
repeat PVS in a small number of studies, while in oth-
ers this was not the case. Guidelines for management
of patients without induced tachyarrhythmias were al-
so disparate; in some instances, these subjects did not
receive any antiarrhythmic treatment, whereas in other
studies there were subgroups followed on or off antiar-
rhythmic drugs. In none of the published studies was
treatment randomized.

Most studies reported a low rate of serious ar-
rhythmic events in patients with spontaneous NS-VT
and no induced VT. The risk of sudden death was
equally low in patients with induced NS-VT in at least
two relatively large studies (20,21). In the series from

Organic heart disease
and NS-VT

[ ]

Ejection fraction Ejection fraction < 40%
> 40% and/or abnormal SA-ECG

Normal Abnormal PVS
SA-ECG SA-ECG
No treatment PVS d No d
ined VT ined VT
induced No ind: d ? PVS-guided No Py
ined VT ined VT Py
? PVS.guided No therapy

therapy

Fig. 1. Management algorythm for patients with organic heart dis-
ease and spontaneous non-sustained ventricular tachycardia. NS-
VT, nonsustained ventricular tachycardia; PVS, programmed ven-
tricular stimulation; SA-ECG, signal-averaged electrocardiogram

Turitto et al. (20), the 3-year sudden death rate was
9% in 56 patients with no induced sustained
monomorphic VT followed off antiarrhythmic therapy.
It seems reasonable to conclude that patients with
spontaneous NS-VT and no induced sustained VT may
be managed safely without the use of antiarrhythmic
drugs. Conversely, VT induction seems to carry a poor
prognosis, even if few studies failed to find a correla-
tion between arrhythmia inducibility and increased
risk of sudden cardiac death. In one study from Bux-
ton et al. (22), sudden death occurred in 27% of pa-
tients with induced sustained VT, 5% of those with in-
duced NS-VT, and 13% of those without induced VT,
during a follow-up of 33 months. Sudden death oc-
curred only in patients with left ventricular ejection
fraction under 40%. Using multivariate analysis, pa-
tients with one poor prognostic marker (induced sus-
tained VT or low ejection fraction) had a threefold in-
creased risk of sudden death, whereas patients with
both markers had a sevenfold increased risk.

The literature on the effects of antiarrhythmic
therapy in patients with spontaneous NS-VT and in-
duced VT is inconclusive. Some of the reported studies
failed to document that therapy guided by PVS im-
proved survival or was superior to empiric therapy.
One caveat is that most of the early studies used large
doses of type I antiarrhythmic drugs for VT therapy.
On the other hand, a study by Buxton et al. that only
used historical controls suggested that therapy guided
by PVS was associated with a lower rate of sudden
death compared to empiric therapy (23). A similar
conclusion was reached by Wilber et al. (21) and
Kadish et al. (17). The ability of drugs and devices to
improve survival in patients with coronary artery dis-
ease, spontaneous NS-VT, and induced sustained VT
is being evaluated in several prospective, randomized
multicenter studies (18,19); most of them will include a
control group of inducible patients who will not re-
ceive any antiarrhythmic intervention, in order to defi-
nitely prove the adverse prognostic significance of ar-
rhythmias induced by PVS, as well as groups assigned
to drug or device treatment.

An optimal protocol for risk stratification and



management of patients with organic heart disease and
spontaneous NS-VT should be based on the results of
the signal-averaged ECG, left ventricular function
studies, and PVS, as follows (Fig. 1) (13, 20):

1.Patients with normal signal-averaged ECG and
left ventricular ejection fraction >40% do not require
PVS or long-term antiarrhythmic therapy, since the in-
cidence of induced sustained monomorphic VT and
sudden death are low in this subgroup.

2.Patients with normal signal-averaged ECG but
ejection fraction <40%, as well as patients with abnor-
mal signal-averaged ECG should be recommended for
electrophysiologic evaluation, since the incidence of
induced sustained monomorphic VT is high in these
subgroups. Based on the results of PVS, patients with
no induced sustained monomorphic VT may be fol-
lowed off antiarrhythmic therapy. If VT is induced,
however, these patients should be enrolled in one of
the ongoing randomized studies to assess the value of
antiarrhythmic therapy in preventing sudden death. If
this is not feasible, inducible patients should probably
receive antiarrhythmic therapy (possibly with type III
drugs), with the understanding that the value of an-
tiarrhythmic therapy has yet to be definitely estab-
lished.
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QT Prolongation in Postinfarction Patients and Sudden Death:
Which Relationship?

X. Viiolas Prat and A. Bayés de Luna

Cardiology Department, Hospital de Sant Pau,
Barcelona, Spain

Prognosis of Postinfarction Patients: A Multifactorial
Problem

The prognosis of postmyocardial infarction (post-MI)
patients depends in particular upon the interaction be-
tween ischemia, left ventricular dysfunction, and elec-
trical instability. The risk can be found in the center of
an imaginary triangle formed by these three factors.
These factors interact bidirectionally (Fig. 1), so that
any of the apices affects the next directly or indirectly,
and the modification of any one of these factors conse-
quently alters the other two. Ischemia, therefore, af-
fects left ventricular dysfunction either directly or indi-
rectly through the electrical instability pathway and
the sames happens with other two factors. We should
also emphasize that the three angles of the triangle,
electrical instability, left ventricular dysfunction, and
ischemia, include different parameters as we can see in
Fig 2. In Tables 1-3 we summarize the most important
relationships between these three parameters.

First, we will briefly discuss the interaction be-

Ventricular arrhythmia

1

Electrical
instability

Risk
LV Dysf. Sm— —|schaemia

v v

Heart Failure New coronary event

Fig. 1. Prognosis of postinfarction patients is related to three main
factors: left ventricular dysfunction, ischemia and electrical instabil-
ity, leading respectively to progressive heart failure, a new coro-
nary event, or a malignant ventricular arrhytmia. But each of them
interacts with the other two bidirectionally, so the modification of
one of them always alters the others

tween these three factors and then address the role of
specific parameters such as QT prolongation in the
risk stratification of postinfarction patients.

As we can see all parameters are interrelated, so

Table 1. Interactions between electrical instability and ischemia

Ischemia - electrical instability
Slowing of conduction,
prolonged recovery of excitability
Changes in refractoriness (shorter than in normal my-
ocytes)
Refractoriness dispersion allowing reentry
Automatic and triggered activity

Electrical Instability - Ischemia
Decreased blood flow in rapid heart rates

Table 2. Interactions between left ventricular dysfunction and elec-
trical instability

Left ventricular dysfunction — electrical instability
Neurohumoral factors
Electrolytic disturbances
Proarrhythmic effects of drugs
Morphofunctional factors
Anatomical block allowing reentry
Functional block
Triggered activity

Electrical instability - left ventricular dysfunction
Hemodynamic disturbances in rapid heart rates
Loss of atrial activity

Table 3. Interaction between left ventricular dysfunction and is-
chemia

Left ventricular dysfunction — ischemia
Increased diastolic ventricular pressure produces
reduced subendocardial coronary blood flow
Low cardiac output
Increased ischemia during exercise
Increased wall tension (Laplace law) leads to an
increase oxygen demand

Ischemia - left ventricular dysfunction
Hibernating myocardium
Stunned myocardium




Anatomic Substrate

Clinical and ECG
markers

Trigger
/ ! \
MVA

Autonomic
Nervous system

Neurojumoral factors

Triggers
1
Heart failure
Morphological Clinical
factors factors

Decreased Coronary Flow

Triggers
1
New Isch. event
Coronary Prethrombotic
stenosis State

Fig. 2. Electrical instability (E.L) also depends on other interrelated factors. The analysis of QT interval is one of the parameters used to ana-
lyze the status of autonomic nervous system. As is shown, other factors are important in the evaluation of electrical instability that can be as-
sessed with other techniques. MV A, malignant ventricular arrhythmias; LVD, left ventricular dysfunction; ISCH., ischemia

the best approach for post-MI risk stratification is
probably also a multifactorial approach using several
parameters. The most important parameters for risk
stratification of post-MI patients are related to the

three factors previously discussed (see Table 4).

Table 4. Parameters and techniques used to stratify risk in postmy-
ocardial infarction patients (see Fig. 2)

Parameters Techniques
Electrical Ventricular arrhythmias ~ Holter
instability PES
Autonomic
nervous system Holter
Heart rate variability
QT interval
Anatomic substrate Late potentials
(conventional or
Holter techniques)
Ischemia Coronary flow Exercise testing

Coronary stenosis

Prethrombotic state

Left ventricular Diastolic function

dysfunction

Systolic function

State of RAA axis

Holter
Imaging techniques

Coronary angiography
MRI

Blood test
Echo-Doppler
Echocardiography,
angiography,

and isotopic

techniques

Blood test

PES, Programmed electrical stimulation; MRI, magnetic resonance
imaging; RAA, renin-angiotensin

There seems to be no doubt that exercise testing is
the best technique to study residual ischemia, Holter
technology to detect different abnormalities in the pa-
rameters related to electrical instability, and imaging
techniques the most useful to detect left ventricular
dysfunction and morphological alterations. As we can
see in Table 4, electrical instability can be evaluated by
Holter recordings, programmed ventricular stimula-
tion and ventricular late potentials analysis. Signal-
averaged electrocardiogram (ECG) allows us to nonin-
vasively analyze the presence of ventricular late poten-
tials indicating an arrhythmogenic substrate. It is a
simple, cheap, noninvasive technique and which is
available in all hospitals, and for these reasons its val-
ue for risk assessment in postinfarction patients has
been extensively analyzed. It is not the aim of this pa-
per to review this subject extensively.

QT analysis is another noninvasive parameter of
electrical instability. Furthermore, as we will see in this
chapter QT also allows the evaluation of the autonom-
ic nervous system, thus complementing other variables
such as heart rate variability.

QT Prolongation and Sudden Death in Post-MI
Patients

From a practical point of view, electrical instability de-
pends upon various factors which are also interrelated,
as we show in Fig. 2, and can be evaluated accordingly.
But QT analysis is only one method of evaluating the
autonomic nervous system. We must keep these limita-
tions in mind: QT mainly evaluates arrhythmic death
after myocardial infarction and mainly analyzes auto-
nomic nervous system function.

The relationship between the duration of the QT
interval and the presence of malignant ventricular ar-
rhythmias and its maximum expression in the presence
of congenital long QT syndrome are known. Interest in
the QT interval also derives from observations that ex-
cessive prolongation of the QT interval with group I



drugs is associated in some cases with proarrhythmia.
But, in contrast, prolongation of the QT interval by
amiodarone, within limits that have not been well es-
tablished, is considered a good parameter of the drug’s
effectiveness. All these findings have awakened inter-
est in the relation ship between QT and ventricular ar-
rhythmias or sudden cardiac death in post-MI patients.

The QT interval is a simple measurement on the
surface ECG so the possibility of finding a relation be-
tween this measurement and the presence of malignant
ventricular arrhythmias could be very important. How-
ever, measurement of the QT interval always has limi-
tations. It is a simple measurement of cardiac repolar-
ization, which is an extremely complex process that is
influenced by many factors: presence or absence of un-
derlying organic heart disease, the autonomic nervous
system, circulating catecholamines, electrolytes, drugs
(cardiac and noncardiac), and others. Moreover, the
QT interval varies with heart rate, being shorter in
shorter cycles, an effect that usually is corrected by the
Bazett formula (1), which somewhat distorts the re-
sults. This distortion of results occurs primarily at the
upper and lower limits of heart rate.

QT Interval in Surface ECG and Prognosis

As we have already mentioned, it would be very inter-
esting to find a relation between the value of QT
(and/or QTc) on the surface ECG and the risk of sud-
den death or ventricular arrhythmias. Some studies
have been conducted (2-9) but the results are discor-
dant. Some of them found that a QT prolongation is an
independent factor of prognosis and others did not
find this relation.

For instance, in some cases these discordant re-
sults can be due to the important limitations of a sin-
gle 12-lead surface ECG in evaluating QT interval.
First of all a single measure of QTc simply reflects the
state of the autonomic nervous system at a precise
moment, and, as we will see later, QT and QTc show a
dynamic behavior with changes over 24 h. Thus a pa-
tient with a borderline QT at a moment during the
day can show prolongation some hours later. Another
factor to be kept in mind is that QT varies with heart
rate, and for this reason we must make some kind of
correction using different formulas, none of which are
exact.

Furthermore, heart rate is not the only factor that
changes QT; for instance, at the same heart rate iso-
proterenol infusion shortens the QT interval. Like-
wise, in patients with VVI pacemakers with a fixed
heart rate, the QT interval becomes shorter with exer-
cise. This indicates that the QT interval is influenced
by a number of factors, many of them dependent on
the autonomic nervous system. Therefore, the study of
the dynamic behavior and circadian rhythm of the QT
interval seems to be more important than a single mea-
surement of QT because it reflects this multiple inter-
action. Another important aspect of the study of the
dynamics of QT prolongation is that the circadian vari-
ations in the QT interval examined in relation to the
circadian rhythm of malignant ventricular arrhythmias
or sudden death may clarify some of the triggering
mechanisms of sudden death.

QT Variations in Postinfarction Patients With and
Without Ventricular Arrhytmias

In order to test the possible value of dynamic QT be-
havior in post-MI patients, we first analyzed the value
of QT variations in the Holter tapes of postinfarction
patients with and without malignant ventricular ar-
rhythmias. A manual measurement was made (10) of
the QT intervals on the Holter tape and then an algo-
rithm developed for automatic measurement of the
QT interval. Manual measurement of the QTc inter-
vals was done by selecting several beats per hour.
These measurements do not provide information on
subtle and transitory changes in the QT-QTc interval.
We found no differences in mean QTc value between
postinfarction patents with and without malignant ven-
tricular arrhythmias. However, patients with malignant
ventricular arrhythmias during follow-up had QTc
peaks >500 ms more frequently than patients without
these arrhythmic complications. Manual measurement
is very time consuming and therefore not applicable to
large series of patients. Another limitation is that man-
ual measurement, as we have already mentioned, does
not provide information about the transient changes of
QT because it only analyzes some beats per hour.

Automatic Measurement of the QT Interval

Using the automatic algorithm we studied two groups
of postinfarction patients (10). Group I consisted of 14
consecutive postinfarction patients admitted to the
coronary unit of our hospital for ventricular tachycar-
dia (eight patients) or after an aborted sudden death
episode (six patients). Arrhythmia secondary to an
acute ischemic episode was excluded in all patients. In
seven patients, ventricular arrhythmias occurred be-
tween the subacute phase and the second month
postinfarction and in the rest of the patients it oc-
curred after 2 months. The clinical characteristics are
summarized in Table 5. The second group included 28
postinfarction patients matched by clinical data, ejec-
tion fraction, and infarction site who did not have ma-
lignant ventricular arrhythmias in a similar period of
time. There were no significant differences in the clini-
cal characteristics of the two groups of patients. Holter

Table 5. Clinical characteristics of postmyocardial infarction pa-
tients with and without life-threatening arrhythmias

Group I Group II p value
(n=14) (n=28)
Sex (M/F) 1212 25/3 NS
Age (years) 59+13 5710 NS
Anterior MI 9 (64%) 16 (57%) NS
LV ejection 40+6 44+8 NS
fraction (%)
LV ejection 6 (42%) 13 (46%) NS
fraction <40%
Angina 3(21%) 7(25%) NS
Diabetes mellitus 3(21%) 8(28%) NS
Hypertension 8 (57%) 15 (53%) NS

Group I, Postmyocardial infarction patients with secondary life-
threatening arrhythmia; group II, postmyocardial infarction pa-
tients without life-threatening arrhythmias. MI, myocardial infarc-
tion; NS, not significant.



Table 6. Automatic QTC analysis in the three studied groups

Group 1
(n=14)
Total beats automatically analyzed 682,960
Global QTc 425+15
Total number of peaks of QTc 11,114
>500 ms (1.62%)
Patients with 7 (50%)
peaks of QTc >500 ms
Patients with clusters of 4 (28%)
peaks of QTc >500 ms

Group 11 Group IIT p value p value
(n=28) (n=10) Ivsll Tvs III
1,276,498 563,910 - -
408+19 402+20 <0.005 <0.001
823 (0.06%) 0(0%) <0.005 <0.005
2(7%) None <0.005 <0.03
None None <0.02 <0.02

Group I, Postmyocardial infarction patients who presented with a secondary life-threatening arrhythmia; group II, postmyocardial infarction
patients who did not present with life-threatening arrhythmias; group III, healthy subjects.

recordings were made routinely in all patients as a con-
trol before hospital release after MI or as a routine
“screening” method during follow-up. At most, the
Holter recording preceded the arrhythmic episode by 1
year. A 3-channel Holter recorder was used in every
case. The QT interval was analyzed on the channel
that had the best signal-to-noise ratio.

The mathematical algorithm for automatic mea-
surement of the QT interval has been described in de-
tail elsewhere (11). It is important to emphasize that
we analyzed the results based on a QT interval reach-
ing the end of the T wave. Other authors use a QT in-
terval ending at the peak of the T wave (peak QT) be-
cause it is considered simpler and more stable. Howev-
er, with use of peak QT values part of the information
gets lost because QT may be prolonged exclusively at
the expense of the terminal parts of the T wave. Later,
the QT interval was corrected using the Bazett formu-
la (1), which is simple and widely used in spite of its
limitations. Other formulas could have been used but
none of these is accepted universally and all have limi-
tations so we used the most widely accepted correction
method. Data from the various QTc intervals could be
represented as a trend that allowed exact assessment
of the behavior of the QTc interval throughout the day
in a practical form.

The next step was to validate the algorithm. This
was done by comparing the results obtained from man-
ual measurements by two cardiologists on recordings
printed at 25 mm/s with the results obtained by auto-
matic analysis (11). An analysis was made of 650 beats
on 18 different tapes. The mean error between the
manual and automatic measurements was 2.4+17 ms
and 2+14 ms and the difference between the manual
measurements by the two experts was 1.9+10 ms.
Therefore, the differences between automatic and
manual measurements were similar to those of manual
measurements by two experts. This validated the use
of this method for analysis of larger patient groups
and, above all, the analysis of all QT values, which can-
not be done manually. Automatic measurement is the
only valid means of evaluating transitory changes in
the value of QT intervals, and thus analyzing “peaks”
of QT.

We analyzed mean QTc value, “peaks” of QTc
(QTc values above a certain value), and clusters
(groups of peak QT values lasting more that 1 min).
The mean QTc interval was longer in patients with ma-
lignant ventricular arrhythmias than in patients with-

out these arrhythmias: 425+20 ms versus 408+19 ms
(Table 6).

The behavior of the QT interval in relation to time
of day is shown in Fig. 3. The data in Fig. 3 confirm the
tendency toward longer QTc values from 11 p.m. to 11
a.m. than from 11 a.m. to 11 p.m. (430+18 ms versus
425+19 ms). These differences were not statistically
significant, perhaps because of the small sample size,
but they suggested a trend and concurred with findings
in healthy subjects.

QT Peaks. QT peaks were analyzed for different cut-
off points: >440, >460, >480, and >500 ms. Statistically
significant differences were found only when the group
of patients with QT interval values above 500 ms were
analyzed (Table 7). Fifty percent of the postinfarction
patients who had malignant ventricular arrhythmias
had QT values over 500 ms as compared with only 7%
(2 of 28) of postinfarction patients who did not have
malignant ventricular arrhythmias. None of the
healthy subjects analyzed had peak QTc over 500 ms.
When we examined the presence of clusters, we found
that none of the postinfarction patients without malig-
nant ventricular arrhythmias had clusters but 28% of
the postinfarction patients with malignant ventricular
arrhythmias did (Table 6). When the number of beats
with QTc >500 ms was analyzed, postinfarction pa-
tients with malignant ventricular arrhythmias had long
QTc in 1.62% of beats compared with only 0.06% of
beats in postinfarction patients without malignant
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Fig. 3. Plot of the mean hourly QTc interval of the postmyocardial
infarction patients with (Group I, A) and without (Group 11, ¥)
life-threatening ventricular arrhythmias and healthy subjects
(Group 111, W). Note that patients who developed life-threatening
ventricular arrhythmias presented a longer QTc over 24 h than
postmyocardial infarction patients who did not present with life-
threatening arrhythmias



Table 7. Patients with peaks of QTC lengthening measured auto-
matically in Holter recordings according to a determinated cut-off
of QTc value

Peaks of QTc  Group I Group II p value
interval (ms)  (n=14) (n=28)

n % n %
>440 14 100 20 71 NS
>460 10 71 14 50 NS
>480 7 50 8 28 NS
>500 7 50 2 7 <0.005

Group I, Postmyocardial infarction patients who presented with a
secondary life-threatening arrhythmia; group II, postmyocardial in-
farction patient who did not present with life-threatening arrhyth-
mias.

ventricular arrhythmia. Figure 4 shows the graphic
representation of postinfarction patients who had peak
QTc >500 ms. It is important to note that these peaks
sometimes occurred in groups and did not correspond
to artifacts of automatic analysis. The trend in QTc in-
tervals can also be seen in Fig. 4.

Circadian Rhythm of Peaks. QTc peaks >500 ms exhib-
ited a circadian rhythm, the percentage of QT peaks
per hour being higher between 11 p.m. and 11 a.m.
than during the rest of the day. The most relevant re-
sults are summarized in Table 8. This finding coincides
with hourly mean QTc values, which were longer dur-
ing the same hours of the day. The QTc clusters also
demonstrated circadian behavior, with a higher inci-
dence between 11 p.m. and 11 a.m. If we analyze the
total duration of QTc clusters, which also occurred at a
period that coincided with the periods in which pa-
tients are at “higher risk," QTc duration was longer in
the same hours. The mean duration of clusters from 11
p-m. to 11 a.m. was 10.60+9.64 min and from 11 a.m. to
11 p.m. it was 2.85+1.95 (Table 8). However, this be-
havior does not indicate whether the QT interval was a
triggering factor in malignant ventricular arrhythmias
or only an accompanying event.

The behavior of the QT/QTc interval varied
throughout the day in postinfarction patients with ma-
lignant ventricular arrhythmias: there was a longer
mean QTc/h, a larger number of QTc values >500 ms
in absolute terms and as a percentage of beats, and
more frequent and prolonged QTec clusters in the peri-
od between 11 p.m. and 11 a.m.

Algra et al. (12) recently published the report of a
study in which QTc interval was analyzed automatical-
ly on Holter tapes. Here, prolongation of the QTc in-
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Fig. 4. Trend of QT in a patient showing transient prolongation of
QT > 500 ms

terval to more than 440 ms doubled the patients’ risk
of sudden death. Moreover, the presence of a short
QTc interval (<400 ms) was also predictive of arrhyth-
mic complications during follow-up. However, Algra’s
study is not entirely comparable to ours because only
50% of their very heterogeneous group of patients
were postinfarction patients and many of them were
taking drugs that can modify QT interval.

As already mentioned, the rate of occurrence of
sudden death and malignant ventricular arrhythmias is
greater between 6 a.m. and noon. Although this fact
may show a link between these two factors, it does not
demonstrate a cause-effect relationship. Prolongation
of the QT interval may only be a marker of malignant
ventricular arrhythmias but not a trigger. Although
some isolated cases have been described, we have been
unable to confirm in our review, that a sudden prolon-
gation of QTc is the triggering mechanism of sudden
death and not only a manifestation of an underlying
mechanism.

As noted, the QT interval is influenced by sympa-
thetic/parasympathetic tone. The QT and the RR inter-
val also varies with sympathetic or parasympathetic
stimulation. Variations in the QT interval may coincide
with disturbances in the autonomic nervous system that
may trigger malignant ventricular arrhythmias.

Conclusions

As we have seen, the presence of malignant ventricular
arrhythmias and sudden cardiac death demonstrates a

Table 8. Circadian rhythm of the peaks and clusters of QTC lengthening over 500 ms in postmyocardial infarction patients wih malignant ven-

tricular arrhythmias (group I)

24 h of Holter
Number of peaks of QTc > 500 ms/h 463+315
Percentage of peaks of QTc > 500 ms/h 4.17+2.83
Number of grouped peaks (clusters) 1.29+1.1.27
with QTc lengthening > 500 ms/h
Mean duration (min) of the 7.41+8.31

grouped peaks per hour

11 am.-11 p.m. 11 p.m.-11 am. p value
336+176 590+375 <0.05
3.02+1.58 5.31+3.37 <0.05
0.84+0.83 1.75+1.48 NS
2.85+1.95 10.60+9.64 <0.04

Results represent the mean+tstandard deviation taken from hourly Holter monitoring within the period of time indicated. The p value expresses
the differences between time from 11 a.m. to 11 p.m. versus from 11 p.m. to 11 a.m.



circadian rhythm. Most of the actually known possible
“triggers” such as ischemia, ventricular premature
beats, etc. also show this circadian patttern. In the past
years a good deal of attention has been focused on the
important role of the autonomic nervous system as a
triggering mechanism of malignant arrhythmias. Al-
though we have not reviewed all the repolarization pa-
rameters of the sympathetic-parasympathetic balance,
some of them, such as the heart rate variability, also
show this circadian rhythm. QT and QTc interval is an-
other important parameter for autonomic nervous sys-
tem analysis, although it is also influenced by other
factors (such as circulating catecolamines, drugs, etc.).
In our study as in Algra’s study (12), a QT prolonga-
tion during Holter recording is more frequently pres-
ent in patients with arrhythmic events after MI. In
postinfarction patients with malignant ventricular ar-
rhythmias during follow-up this circadian pattern re-
mains but sudden prolongation of QTc values
(“peaks”) appears, usually grouped in cluster form.
The circadian rhythm of these peaks is quite similar to
the circadian pattern of sudden death, although this is
not a demonstration or evidence that QTc prolonga-
tion is the triggering factor of sudden death. This QTc
prolongation may only be the manifestation of an un-
derlying process such as a sudden imbalance of the au-
tonomic nervous system. Circadian pattern factors of-
fer a new avenue in the study of the mechanisms of
sudden death. Many mechanisms, triggers, modulators,
etc. are still unknown and why an arrhythmia develops
at a given moment in the follow-up sometimes remains
a mystery. There are still many questions that are
open: does the circadian pattern of these parameters
have any clinical relevance; is it only an external mani-
festation of an underlying mechanism or is it the actual
triggering mechanism; does the lack of the circadian
pattern represent a worse prognosis factor in postin-
farction patients? Without any doubt the technological
improvements in Holter equipment in the future, with
the possibility of studying not only circadian variations
of heart rate variability but also other repolarization
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parameters such as QT interval, T wave alternans, etc.,
and its modification before an arrhythmic episode (us-
ing Holter recordings of AICD devices) will increase
our knowledge of sudden death mechanisms.
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Introduction

Alternation of the configuration and/or duration of
the repolarization wave of the electrocardiogram
(ECG) - usually referred to as T wave alternans, and
occasionally as ST alternans, U wave, or TU wave al-
ternans - is seen under diverse experimental and clini-
cal conditions (1,2). Interest in repolarization alter-
nans is attributed to the hypothesis that it may reflect
underlying dispersion of repolarization in the ventri-
cle, a well-recognized electrophysiolgic substrate for
reentrant ventricular tachyarrhythmias (3-6). Al-
though overt T wave alternans in the ECG are not
common, in recent years digital signal-processing
techniques capable of detecting subtle degrees of T
wave alternans have suggested that the phenomonem
may be more prevalent than recognized and could
represent an important marker of vulnerability to ven-
tricular tachyarrhythmias (7-9). This report provides a
brief review of the experimental and clinical condi-
tions associated with T wave alternans and the elec-
trophysiologic basis that links the phenomenon to
ventricular vulnerability. Preliminary observations on
a recently developed noninvasive technique to detect
subtle T wave alternans will also be discussed (10).

Experimental T Wave Alternans

Tachycardia-Dependent Alternans of Normal Cardiac
Fibers

Alternans of the action potential duration (APD) of
normal Purkinje and ventricular muscle fibers under
physiologic conditions can consistently be induced by a
critical short cycle length. In Purkinje fibers, alternans
induced by a decrease in cycle length always declined
progressively and disappeared before the APD
reached the new steady state. In ventricular muscle
fibers, the magnitude of alternans induced by a de-
crease in cycle length also tended to decrease progres-
sively because of declining memory effect. However, at
very rapid rates, alternans of action potential shape in
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ventricular muscle fibers could continue indefinitely
without a change in diastolic interval (11).

Alternation of APD of Purkinje fibers is explained
by the differences in the recovery of membrane cur-
rents generated by the preceding action potential
(12,13). The two recovery processes that could be cur-
tailed by a reduction of the interval between successive
action potentials are the recovery of the slow inward
calcium current (I,) from inactivation and the differ-
ence in magnitude of the decaying time dependent
outward current(l,) (12,13). Although the same factors
may also influence the alternation of APD of muscle
fibers, the latter seem to have an independent mecha-
nism for action potential alternans associated with ten-
sion alternans. The alternans in muscle fibers may be
related to differences in the concentration and/or han-
dling of intracellular calcium (11). Action potential al-
ternans of muscle fibers can be limited to alternation
of the configuration of the plateau without changes in
APD or diastolic intervals (11). It is important to
emphasize the differences between the mechanisms of
alternans in Purkinje and muscle fibers because the
relative contribution of both type of fibers to the con-
figuration of the endocardial monophasic action po-
tential (MAP) is still largely unknown.

Mpyocardial Ischemia and Alternans

Myocardial ischemia may create electrical alternans
resulting from electrophysiologic nonhomogeneities
within the ischemic myocardium as well as between
the ischemic and nonischemic myocardium. The mech-
anism of electrical alternans at the cellular level during
experimental myocardial ischemia has been studied in
intact and isolated hearts (1,5,14,15). Acute ischemia
shortened the APD and decreased action potential
amplitude, velocity of depolarization, and resting
membrane potential. Alternans of action potential am-
plitude was associated with alternation of baseline and
ST segment level, and alternans of upstroke velocity of
action potential was associated with alternating depo-
larization morphology in the extracellular signals (14).
At a later stage of ischemia, postrepolarization refrac-
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Fig. 1. Transmembrane action potential and local electrogram be-
fore (top) and 5 min after (bottom) coronary occlusion (occl.) in a
pig heart. Two complexes occur during alternans. Note that de-
layed repolarization in the ischemic area results in a negative T
wave in the electrogram. From Kleber et al. (14)

toriness resulted in progressive delay of recovery that
eventually caused encroachment of the stimulated
complex on the next stimulus, thus producing alter-
nans of APD and refractoriness (Fig. 1). It has been
suggested that the differences in action potential am-
plitude and resting membrane potential during alter-
nans create the substrate for spontaneous reexcitation,
contributing to ventricular tachyarrhythmias during is-
chemia (5,14,16).

Alternans caused by asynchrony of depolarization
is not the only mechanism of ST segment alter-
nans during acute ischemia because ST and T wave
alternans have been recorded in association with
alternating amplitude and duration of MAP without
activation delay (16). The risk of ventricular fibrillation
increases with increasing magnitude of ST alternans,
particularly when the ST segment alternans is discor-
dant (that is, the ST changes in the adjacent leads are
out of phase) (17).

In addition to manifest alternans in the ECG, sub-
tle forms of T wave alternans that could be detected by
spectral analytical methods have been shown to be
temporarily associated with occurrence of ventricular
fibrillation in dogs following ligation of the left anterior
coronary artery (8).

The ionic basis of repolarization alternans during
acute ischemia is not well defined. It has been suggest-
ed that changes in electrical restitution that coincide
with repolarization alternans may reflect a disturbance
in ionic conductances related to either accumulation of
extracellular potassium or impaired intracellular cy-
cling of calcium (13). Antzelevitch and colleagues (18)
have proposed that alternans of the ST segment and T
wave may be due to loss of action potential dome on
alternate beats during ischemia. They recorded action
potentials from endocardial and epicardial myocytes
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dissociated from canine left ventricle. When the tissue
was superfused for 30 min with ischemic solution,
there was a suppression of dome on alternate beats in
the epicardial tissue but no effect on endocardial tis-
sue. The simulated ECG obtained by differential
recording of the endocardial and epicardial traces re-
vealed an alternation pattern. It was postulated that
these morphology changes leading to alternans could
set the stage for dispersion of refractoriness and vul-
nerability to ventricular arrhythmias.

TU Alternans in Experimental Models of Long QTU
Syndrome

El-Sherif et al. (19) suggested that TU alternans in the
long QTU syndrome may be due to alternate propaga-
tion of early afterdepolarization (EAD). This was
shown in an experimental model of bradycardia-de-
pendent long QTU and torsade de pointes (TDP) ven-
tricular tachyarrhythmia in the dog induced by antho-
pleurin-A. The drug results in marked lengthening of
APD by delaying inactivation of the sodium current
and produces EADs preferentially in Purkinje fibers.
El-Sherif et al. (19) studied the propagation of EAD
in a Purkinje-muscle preparation exposed to antho-
pleurin-A and showed that conduction of EAD from
Purkinje to muscle fibers was relatively slow and
suggested that the conduction delay occurred
predominantly at the Purkinje muscle junction. Tachy-
cardia-dependent alternation of a deflection on the en-
docardial MAP in the same experimental model was
interpreted to represent alternate conduction block of
an EAD (Fig. 2).

However, the hypothesis that 2:1 propagation of
EAD can explain TU alternans in the long QTU syn-
drome is based only on analysis of MAP repolarization
recordings. The validity of the hypothesis depends on
whether these deflections on the endocardial MAP ac-
tually represent EAD. The nature of the endocardial
MAP in the in vivo heart is not well defined. The MAP
recording may reflect activity generated in Purkinje
fibers and in subendocardial muscle fibers. In a prelim-
inary study from our laboratory, we have shown that,
in vitro, mere differences in repolarization between
Purkinje and adjacent muscle can produce MAP de-
flections similar to phase 3 EAD in normal endocar-
dial preparations (20). The late phase 3 repolarization
of the Purkinje fiber appeared as a late phase 3 EAD
in the MAP. Thus it is possible that what has been in-
terpreted as 2:1 occurrence of EAD on phase 3 of the
endocardial MAP may have represented a greater de-
gree of alternation of APD of Purkinje fibers com-
pared to adjacent muscle fibers.

Clinical T Wave Alternans
Acute Ischemia and T Wave Alternans

Manifest T wave or ST alternans in the ECG have
been frequently reported in clinical situations associat-
ed with acute myocardial ischemia such as Prinzmetal’s
angina (21,22), angioplasty (23), bypass graft occlusion
(24), the postexercise period (25), and myocardial in-



Fig. 2. Recordings from a canine experiment of epicardial (EPI)
transmembrane action potential (TAP), endocardial (END)
monophasic action potential (MAP), and surface ECG showing
QTU alternans. A Control recordings. B Recordings obtained 14
min after the administration of anthopleurin-A (AP-A) (4 pg/kg)
showing QTU alternans due to 2:1 alternation of an early after de-
polarization EAD (marked by arrows) that was more prominent in
the endocardial MAP. Cardiac cycle during the alternans was 450
ms. C Cardiac cycle length was increased to 700-750 ms by vagal
stimulation. Epicardial TAP could not be maintained. There was
further prolongation of the endocardial MAP and QTU segment
with disappearance of the QTU alternans. Every action potential
was followed by an EAD with an increased amplitude. A short run
of ventricular tachycardia occurred and the first ectopic action po-
tential arose from the peak of the EAD. Arrhythmia terminated by
full repolarization of the last action potential, which did not show
an EAD. From El-Sherif et al. (19)

farction (26,27). In patients with acute ischemia, ST al-
ternans usually consists of alternating levels of ST ele-
vation in the standard or anterior precordial leads, or
both, displaying an acute injury pattern with an anteri-
orly or inferiorly directed ST vector. ST alternans dur-
ing acute ischemia have been associated with the ap-
pearance or aggravation of ventricular tachyarrhyth-
mia. For example, in a study by Turitto and El-Sherif
(22) the incidence of ventricular arrhythmias was sig-
nificantly higher in patients with Prinzmetal’s angina
and visible ST segment alternans (78%) than those
without ST alternans (32% - p<0.05) (Fig. 3). The sta-
tistical correlation between alternans and arrhythmo-
genesis pertained only to the occlusion and not the
reperfusion phase. The frequency of ischemic attacks
accompanied by angina, the magnitude of ST segment
elevation at the peak of the ischemic attack, and the
duration of the attack, were all significantly greater in
patients with visible ST alternans. However, it has
been noted that the frequent occurrence of ventricular
tachyarrhythmias and sudden cardiac death during
coronary artery spasm in the absence of ST alternans
makes it difficult to assess the specificity of this associ-
ation (1).
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Fig. 3A,B. ECG recording of lead II from a patient during

Prinzmetal’s angina showing ST alternans and runs of ventricular
tachycardia

T or TU Wave Alternans in Patients with Congenital or
Acquired Long QTU and TDP

T or TU alternans are relatively common in patients
with congenital or idiopathic long QTU and TDP as
well as in those patients in whom the syndrome is re-
lated to electrolyte abnormality, including hy-
pokalemia, hypomagnesemia, and hypocalcemia (28-
31). In contrast, T or TU alternans are rare in patients
with the acquired long QTU and TDP (31).

The acquired drug-induced long QTU and TDP is
characteristically bradycardia dependent. On the other
hand, bradycardia is not a requirement for the devel-
opment of long QTU and TDP in patients with con-
genital or idiopathic long QTU syndrome as well as
when the syndrome is associated with electrolyte ab-
normality.

On the contrary, patients with congenital or idio-
pathic long QTU syndrome characteristically develop
TDP during periods of increased adrenergic activity
(29) usually associated with relative increase of the
heart rate, i.e., tachycardia dependent. It is in this
group of patients that tachycardia dependent TU al-
ternans is commonly observed and is associated with
the onset of TDP (Fig. 4). It has been suggested that
an abnormal adjustment of APD to shortening of the
cardiac cycle length may play an important role in the
mechanism of TDP in those patients (32). This can al-
so easily explain the common occurrence of TU alter-
nans on sudden increase of the heart rate. These ob-
servations raise the role of dispersion of repolariza-
tion versus EAD in the initiation and perpetuation of
TDP in general and in this group of patients in partic-
ular (31).

There is strong experimental and clinical evidence
that the initiating beat of TDP represents an action po-
tential triggered by EAD arising from the Purkinje
network. However, the electrophysiologic mecha-
nism(s) of subsequent beats is less certain. These beats
could result from a succession of triggered action po-
tentials arising from EAD, from circus movement
reentry due to dispersion of repolarization, or from a
combination of more than one mechanism (33).

However, it is possible that the congenital/idio-
pathic and the acquired long QTU syndromes have
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Fig. 4A-E. Representative ECG recordings from a newborn baby
boy with congenital long QTU syndrome showing tachycardia-de-
pendent TU alternans and torsade de pointes tachyarrhythmia. R-
R cycle lengths are in milliseconds. From Habbab and El-Sherif

(31

similar electrophysiologic mechanisms but differ in the
degree of the abnormality and/or the relative contribu-
tion of each mechanism. A recent report showing
subtle T wave alternans in the ECG associated with
alternans of the endocardial MAP recordings from a
patient with procainamide-related long QTU and TDP
(Figs. 5, 6) raises the possibility that subtle degrees of
T wave alternans may be detected in patients with ac-
quired long QTU and TDP if recent digital signal pro-
cessing techniques are utilized.

Subtle T Wave Alternans and Vulnerability to Ventricu-
lar Tachyarrhythmias

T wave alternans in vivo may be so subtle as to pre-
clude visual detection, yet be statistically significant
and easily measurable with digital signal-processing
techniques (7). In a recent study signal-processing tech-
niques to measure electrical alternans at a microvolt
level were utilized to establish the prognostic impor-
tance of electrical alternans in a group of 83 patients
referred for diagnostic electrophysiologic testing (9). Ir-
respective of left ventricular mechanical function, sub-
tle alternation of the ST segment or T wave was an in-
dependent marker of vulnerability to inducible ventric-
ular arrhythmias and clinical arrhythmic events. The
maximum level of T wave alternans recorded in this
study was only 116 mV, indicating the need for sensi-
tive signal-processing techniques and explaining why
alternans is not commonly recognized on standard
ECG tracings. In this study, however, alternans was
measured during atrial pacing in order to eliminate
any possible influence of heart rate or beat-to-beat
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Fig. 5. Recordings from a patient with procainamide-related ac-
quired long QTU and torsade de pointes tachyarrhythmia. Electro-
cardiographic leads L,, aVF, and V, are shown. The endocardial
monophasic action potential (MAP) recording from the right ven-
tricle (RV) shows alternation of the configuration and duration of
MAP associated with subtle but definite alternation of the TU
wave at a constant cycle length of 1140 ms. The right panel illus-
trates a superimposed recording of two consecutive beats. The ar-
rows point to deflections consistent with early afterdepolarization.
From Habbab and El-Sherif (31)
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Fig. 6A,B. Recordings from the same patient in Fig. 5 showing the
occurrence of torsade de pointes tachyarrhythmia. The arrows
point to detlections on the endocardial monophasic action poten-
tial (MAP) recording from the right ventricle (RV) that are consis-
tent with early afterdepolarizations (EAD). Electrocardiographic
leads L,, aVF, and V, are shown. Note that the first ectopic action
potential seems to arise from the descending limb of the EAD and
before complete repolarization of the sinus beat action potential.
From Habbab and El-Sherif (31)

variability in heart rate on measured T wave alternans.

To make the measurement of repolarization alter-
nans a suitable test for ambulatory patients, improve-
ments in the algorithm are required to compensate for
the fluctuations in heart rate associated with sinus
rhythm. Recent technical improvements allow the de-
tection of microvolt T wave alternans during sinus
rhythm with the heart rate moderately elevated to >90
beats/min using bicycle exercise (Fig. 7). In a prelimi-
nary multicenter study (10) alternans voltage > 1.0 mV
at rest or >1.9 mV during exercise and alternans ratio
>3 were required for a positive alternans test. Arrhyth-
mia vulnerability was defined by clinical or induced
sustained ventricular tachycardia or fibrillation. The
positive and negative predictive values of T wave alter-
nans in this group of patients were 85% and 100%, re-
spectively. Further studies will be required to evaluate
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Fig. 7. Surface ECG lead and T wave power spectrum from a pa-
tient with resuscitated cardiac arrest and inducible fast ventricular
tachyarrhythmia who later received an implantable cardioverter
defibrillator. The ECG and T wave spectrum were obtained during
bicycle exercise that increased the heart rate to approximately 100
beats/min. The spectrum shows a large noise peak at 0.33 cycle per
beat reflecting the noise artifact associated with bicycling. A sec-
ond peak at 0.5 cycle per beat illustrates the presence of T wave al-
ternans. Note the absence of any visible beat-to-beat alternation of
T wave in the surface ECG lead

the test as a noninvasive index of vulnerability to ven-
tricular tachyarrhythmias and to compare the sensitivi-
ty and specificity to other indices of sudden cardiac
electrical death.
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Introduction

Ventricular fibrillation (VF) in the presence of is-
chemic heart disease is the leading cause of sudden
cardiac death (1). Other less common cardiac diseases
are also associated to VF, among them the cardiomy-
opathies, myocarditis, the long QT syndrome, infiltra-
tive diseases such as amiloidosis, and valvular defects.
However, in a small subset of patients who develop
VF, no structural heart disease can be identified de-
spite intensive examination. These patients are defined
as having “idiopathic ventricular fibrillation” (IVF; 2-
6). '

Knowledge about IVF is very limited and this
complicates the management of these patients. It is
not known whether they are in an early stage of an
undetectable structural heart disease, yet which is ca-
pable of reducing cardiac electrical stability. The fre-
quency of recurrence of lethal ventricular tach-
yarrhythmias is also unknown and whether therapy is
necessary or useful in modifying prognosis. The lack
of conclusive answers to these very basic questions
makes IVF a very difficult clinical condition to man-
age and relegates clinical decision to an empirical
process rather than a logical procedure soundly based
on medical knowledge.

Historical Perspective

In 1992 we reviewed (5) the data published in the inter-
national literature on IVF during the last 35 years. We
identified only case reports or small cohorts of patients,
with a total of 125 cases of IVF. Sixty-eight percent of
patients were males, their age ranged from 9 to 79
years, and the follow-up period varied from 2 months
to 14 years. Electrophysiologic studies were performed
in 95 patients: nonsustained ventricular tachycardia
(VT) was induced in 9% of patients, sustained VT in
26%, and VF in 12%. The therapies used in this group
of patients were extremely varied and included class 1
antiarrhythmic drugs, amiodarone, B-blockers, a combi-
nation of the above, and implantable cardioverter de-
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fibrillators (ICDs). The need for therapy in patients
with ventricular arrhythmias has to be weighed against
the risk of proarrhythmic events, and the assessment of
the risk-benefit ratio obviously depends on the risk of
recurrence. Unfortunately, at this time, this risk cannot
be quantified in patients with IVF.

Viskin and Belhassen (2) reported in their cohort
of 45 patients a recurrence rate of 11%. In our own
analysis, out of 100 patients, 12 died suddenly or were
defibrillated by ICD and another nine experienced re-
currence of nonsustained VT or syncopal episodes:
the overall number of recurrence of arrhythmic events
was therefore 21%. If this figure were confirmed in a
clinical study one would conclude that IVF patients
are at high risk of recurrence. Recently, Wever and
coworkers (3) reported the first large series of IVF pa-
tients studied prospectively at the same institution
with an extensive evaluation of cardiac function and a
relatively long follow-up (43 months, range 5-85
months). The results of this study are particularly im-
portant for estimating the risk of recurrence. Major
arrhythmic events occurred in 7/19 (37%) patients.
Two patients were treated with antiarrhythmic drugs
and experienced a recurrence of cardiac arrest: one
died suddenly, and the other was successfully resusci-
tated. In the remaining five patients termination of
syncopal episodes occurred by ICD shock. None of
the 19 patients included in the study developed signs
of cardiac disease at follow-up. The authors concluded
that IVF is a truly idiopathic disease which carries a
high risk of recurrence of cardiac arrest and therefore
suggested that implantation of ICD is recommended
in survivors from IVF.

Mechanisms for Arrhythmias in IVF

The mechanisms for arrhythmogenesis in IVF can
only be speculated upon. The presence of an
anatomical substrate to initiate reentry is unlikely as
no structural abnormality is, by definition, present
in these patients. Indeed, the low rate of inducibility
of monomorphic VT in IVF patients supports the



concept of the absence of a structural abnormality.
However, even if an anatomical pathway for reentry
does not exist, reentry may still be the mechanism for
arrhythmias when functional reentry (7) is initiated by
a premature beat. As an alternative hypothesis focal
arrhythmias originating from different foci may be the
mechanism for polymorphic VT which may degenerate
into VF (8). The two hypotheses may even coexist, as
triggered or automatic beats may initiate the arrhyth-
mias and a functional reentry may allow perpetuation
of the VT and degeneration into VF.

Finally, recent knowledge about genetic abnormal-
ities in ionic channels obtained in long QT syndrome
(LQTS; 9,10) have raised the possibility that primary
electrical disorders (of which LQTS may be considered
one form characterized by prolongation of repolariza-
tion) may indeed be the consequence of congenital
“channelopathies”, i.e., primary abnormalities of ionic
channels function that result in an increased suscepti-
bility to ventricular arrhythmias.

A Prospective Registry for IVF

The implementation of an extensive international IVF
data base has been advocated by several investigators
(2,4) as the only approach that could lead to the collec-
tion of a large patient population. Such an internation-
al registry could provide not only epidemiological data
on the gross incidence and outcome of IVF, but would
also make it possible to evaluate the effectiveness of
therapy.

It is very important that in such a study patients
are monitored for at least 10-15 years in order to es-
tablish whether any structural heart disease might de-
velop over time, thus suggesting that the cardiac arrest
might have been the first and only symptom of the pre-
clinical phase of an organic disease.

Previous experience with an international registry
has proven successful in the understanding of another
rare and lethal disease: the idiopathic LQTS (11,12).
The international LQTS registry was initiated by A.J.
Moss, R.S. Crampton, and P.J. Schwartz. As of today,
after 16 years of activity, data are available for 7900
patients and family members and have provided a ma-
jor contribution to the understanding of the disease.

In 1992 the Working Group on Cardiac Arrhyth-
mias of the European Society of Cardiology officially
endorsed the international IVF registry UCARE (Un-
explained Cardiac Arrest Registry of Europe). Given
the need for international collaboration for the success
of this project the European Economic Community
and the European Society of Cardiology have provid-
ed a research grant that will help to support UCARE
and to increase awareness of IVF among clinicians.

The primary objective of UCARE is to collect in-
formation about individuals who survived a document-
ed episode of IVF (Fig. 1) and to follow them for at
least 10 years with yearly visits to acquire information
on (1) recurrence of malignant arrhythmias or cardiac
arrest, (2) development of a previously nonobvious or-
ganic heart disease, and (3) the difference in outcome
in patients treated with different drugs or devices.

UCARE is a registry open to any physician world-
wide willing to collaborate by providing cases of IVF
for enrollment. UCARE is not a clinical trial, there-
fore there are no protocols to be followed and physi-
cians are free to decide whether any treatment is re-
quired and, if so, which medication or device is the
most appropriate in their judgment.

Since IVF is mainly a diagnosis of exclusion, it is
difficult to define how and when it is possible to ex-
clude, with a high degree of accuracy, the presence of
structural heart disease. In fact, it may happen that an
abnormality responsible for arrhythmic development is
missed because a test is not performed, is incorrectly in-
terpreted, or is simply not sensitive enough to detect
disease at an early stage. The use of endomyocardial
biopsy has been advocated by several investigators (13-
16) as a procedure that may identify occult heart disease
in patients with unexplained ventricular tachyarrhyth-
mias. In our experience, myocardial biopsy in patients
with IVF is likely to reveal normal specimens or “aspe-
cific alterations” that might also be present in normal
individuals. The interpretation of these findings remains
difficult until a control group constituted by individuals
with normal hearts and no arrhythmia is available in
which the prevalence of the so-called aspecific alter-
ations in the normal population is estimated. In the
UCARE registry endomyocardial biopsy was per-
formed in 49/127 patients (39%). In 39/49 (80%) no al-
terations were identified, while in the remaining ten

Fig. 1. Self-terminating ventricular fibrillation in a patient (L.E., female, 52 years old) without structural heart disease. (Courtesy of Dr. C.

Menozzi and Dr. N. Bottoni)
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patients mild fibrosis was observed in six, mild cellular
hypertrophy in two, and mild disarray of fibers in other
two: all these observations were defined as “nonspecif-
ic” for a diagnosis of structural heart disease.

We believe that the long follow-up planned for the
UCARE patients will allow us to put these data into
perspective since if they really represent an early mark-
er of a structural disease in the preclinical stage, a full-
blown disease will eventually develop and will be identi-
fied at follow-up.

Criteria and guidelines to exclude the presence of a
structural heart disease have been prepared by the
Steering Committee of the UCARE registry (Table 1)
by taking into consideration the major diagnoses that
need to be excluded (Table 2). However, no matter how
carefully a patient is studied, a few clinical conditions po-
tentially responsible for ventricular tachyarrhythmias
such as coronary artery spasm or malformations, subclin-
ical or focal myocarditis, sporadic LQTS, or LOTS with
normal QT interval remain particularly difficult to iden-
tify: a follow-up over a prolonged period of time may in
these cases be the only way to secure a correct diagnosis.

Table 1. Members of the Steering Committee of UCARE

Silvia G. Priori
Peter J. Schwartz
Paul Touboul
Hein J.J. Wellens

Martin Borggrefe
A.John Camm
Richard N.W. Hauer
Helmut Klein
Karl-Heinz Kuck

Table 2. Clinical conditions to be excluded in the diagnosis of idio-
pathic ventricular fibrillation

Coronary artery disease
Congenital malformation
Atherosclerosis
Spasm

Cardiomyopathies
Hypertrophic
Dilated
Right ventricular dysplasia

Long QT syndrome
Ventricular pre-excitation

Iatrogenic arrhythmias
Cocaine
Digitalis
Agents known to induce torsade de pointes (antiarrhythmic
agents that prolong repolarization, antidepressants, macrolide
antibiotics, antifungals of the “onazoles” group, antihistaminic
drugs)

Electrolyte abnormalities
Hypomagnesemia
Hypokalemia

Infiltrative and inflammatory disorders
Sarcoidosis
Amyloidosis
Postinflammatory fibrosis
Myocarditis

Before enrolling a patient in UCARE it is recom-
mended that a careful history is taken in order to identi-
fy a family history of sudden death, and that noninva-
sive as well as invasive procedures be performed (Table
3) such as standard ECG, signal-averaged ECG for the
detection of late potentials, echocardiogram, Holter
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Table 3. Diagnostic procedures performed in idiopathic ventricular
fibrillation in patients

Test Patients Percentage
Echocardiogram 126 99
Holter 108 85
Exercise stress test 114 90
Coronary angiography 115 91
Electrophysiologic study 121 95

recording, exercise stress test, electrophysiologic study
for the exclusion of pre-excitation and for the evalua-
tion of inducibility of ventricular tachyarrhythmias, an-
giography, myocardial biopsy, heart rate variability,
baroreflex sensitivity, and magnetic resonance imaging.
Every year at the follow-up visit it is important to obtain
information on recurrences of ventricular tachyarrhyth-
mias and to repeat the noninvasive tests to exclude the
presence of signs or symptoms suggestive of organic
heart disease development.

As of 30 April 1995, 127 patients have been en-
rolled in UCARE: 92 males and 35 females. The mean
age at the time of the first episode of cardiac arrest was
38+16 years. The analysis of factors associated to de-
velopment of VF such as type of activity or the loca-
tion in the minutes preceding the arrest has not offered
relevant information that could help in identifying risk
predictors for these individuals (Fig. 2). In 26 patients
(20%) cardiac arrest occurred during physical exer-
tion and in 11 (9%) it occurred after intense stress or
emotion (Fig. 3). Overall, adrenergic activation was
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Fig. 2. Location of critical event

Fig. 3. Factors associated with the critical event



Fig. 4. Intact coronary arteries in a female patient 69 years old. (Courtesy of Dr. A. Saino)

present at the time of arrest in 29% of patients: these
subjects may belong to a subgroup of individuals with
catecholamine-dependent arrhythmias and otherwise
normal heart (17). Forty patients (31.5%) had a histo-
ry of syncopal episodes before the index event and
none of these events required resuscitation.

Only 46% of patients (56/121) were inducible at
baseline electrophysiologic study. Overall, sustained
monomorphic VT occurred in a minority of inducible
subjects (n = 3) while polymorphic VT and ventricu-
lar flutter/fibrillation occurred in 17 and 30 subjects,
respectively; nonsustained VT occurred in the re-
maining six patients. Since monomorphic VT is
largely attributed to the presence of an anatomical
substrate that perpetuates a reentrant pattern of ex-
citation, it appears logical that in IVF patients, in
whom a lack of organic substrate is postulated,
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monomorphic VT should be difficult to induce.

Coronary artery anatomy was evaluated by means
of angiography in 115 (91%) patients and in no case
stenoses >50% were identified. The use of the er-
gonovine test has been recently advocated (18) to as-
sess the propensity of coronary arteries to develop va-
sospasms. This test was performed in 34 subjects and
only in two cases it was positive; these patients have
been excluded from the analysis (Fig. 4).

Recently, Brugada and Brugada (19) reported the
existence of a new syndrome characterized by episodes
of VF in subjects with no structural heart disease with
a typical ECG pattern consisting of right bundle block
and persistent ST segment elevation in V1-V3. This
syndrome is described as a variant of IVF. Three pa-
tients in the population enrolled in UCARE presented
with the electrocardiographic features described by

Fig. 5. ECG tracing showing the pattern described
by Brugada and Brugada (19). (Courtesy of Dr.
M. Fromer)



Brugada and Brugada (Fig. 5). In the series reported
by Brugada and Brugada these patients experienced a
high rate of recurrences, since out of the eight patients
included in the study one experienced several episodes
of polymorphic VT associated with circulatory arrest,
one died suddenly, and one was successfully defibril-
lated by the ICD, while the remaining five subjects re-
mained asymptomatic. No criteria were identified to
differentiate patients who experienced recurrences
from those who remained asymptomatic.

Therapy

The subgroup of patients with IVF has been previously
considered at low risk of recurrence of cardiac arrest be-
cause they have often been grouped with patients with
idiopathic ventricular tachycardia (IVT). However, there
are no data to support the concept that the patients
showing greater electrical instability of the heart which
allows the development of VF share the same risk of re-
currence as the subgroup of patients that only develops
VT. Since it is well established that patients with IVT
have a benign prognosis (20-24), it is rather obvious that
in grouping the smaller population with IVF together
with the larger group with IVT one will end up with an
overall lower risk of recurrence to be attributed to both
subgroups. Similarly, when a risk/benefit ratio is calculat-
ed to assess the need for therapy in IVT patients one
might challenge the idea of life-long therapy versus the
low risk of experiencing recurrence of VT. On the other
hand, the evaluation of the need of treatment should be
entirely different in a young and otherwise healthy pa-
tient resuscitated from a documented episode of VF in
whom a recurrence may be fatal.

In the UCARE patient population pharmacologi-
cal therapy was started in 58 patients (Table 4). Most
patients (22/58) received B-blockers on the assumption
that adrenergic activation may be the most important
trigger for the development of tachyarrhythmias in nor-
mal individuals. It is interesting to note that 13 subjects
received therapy with sodium channnel blockers; how-
ever, they were all treated before 1990. This is likely to
reflect a “post-CAST” attitude based more on emo-
tional than on rational evidence. The CAST study (25)
enrolled postmyocardial infarction subjects with fre-
quent arrhythmias, and data obtained in this popula-
tion cannot be directly extrapolated to the group of pa-
tients with IVF. Viskin and Belhassen (2) in their
analysis of previously published reports of IVF suggest-
ed that sodium channel blockers prevent arrhythmia in-
ducibility in several patients and are therefore likely to
represent an effective therapy for IVF patients.

Table 4. Therapy at hospital discharge

‘Therapy Patients Percentage
Single AA agent 46 36
Two or more AA agents 12 10
ICD 57 45
ICD + AA agent 8 6
No therapy 4 3

AA, antiarrythmic agent; ICD, implantable cardioverter defibrillator
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In the group of patients enrolled in UCARE,
pharmacological therapy did not show any benefit in
preventing arrhythmia recurrence. As a matter of fact
five of seven patients (71%) treated with amiodarone,
four of eight (50%) treated with class I agents, one of
two (50%) treated with calcium antagonists, and three
of 20 (15%) receiving B-blockers experienced recur-
rence of arrhythmia.

It should be noted that these data refer to empiri-
cal therapy and not to pharmacological therapy guided
by results of programmed electrical stimulation (PES).
This is due to the fact that during PES only about half
of the subjects who experienced IVF developed sus-
tained arrhythmias and most of them VT, i.e., not the
arrhythmia responsible for their cardiac arrest. There-
fore it cannot be excluded that the drug proven to be
effective at PES may offer better protection from ar-
rhythmic recurrences.

It is remarkable to observe that in eight patients
no therapy or devices were considered appropriate; in
other words, the physicians of these subjects felt that
chances of recurrences were so low that the risk/bene-
fit ratio of any therapy was in favor of leaving the pa-
tients untreated. As a matter of fact, after a mean fol-
low-up of 29 months none of these subjects experi-
enced recurrence of major arrhythmic events.

The role of the ICD needs to be carefully evaluat-
ed in IVF. These patients, in fact, represent a subgroup
of the survivors of out-of-hospital cardiac arrest at
high risk of dying of an arrhythmic episode but with an
otherwise long life expectancy. These characteristics
reflect the profile of the ideal candidate for ICD im-
plantation as outlined by the Working Group on Ar-
rhythmias of the European Society of Cardiology (26).

As of today, 74 patients (57%) were implanted
with the ICD; follow-up data are available for 49 pa-
tients implanted with a defibrillator and in this group
14 (29%) subjects experienced recurrence of VF,
while four (8%) patients had inappropriate discharges
of the defibrillator. Therefore if we wish to evaluate
the cost/effectiveness of the ICD in IVF we should
certainly acknowledge that while approximately 30%
of patients are likely to be saved by the device, still
70% of subjects may have no benefit from the ICD. If
we take into consideration the high cost of an ICD
and how it affects the quality of life of the patients, it
appears straightforward that the identification of risk
factors predictive for recurrence may help in identify-
ing those individuals that would benefit most from the
device. Unfortunately, multivariate analysis of the po-
tential prognostic parameters is not helpful in identi-
fying patients at higher risk of recurrence (Table 5).

Table 5. Risk stratification

Relative risk 95% C.1.
Age <40 years 1.95 0.91-4.10
History of syncope 1.80 0.90 - 3.60
Positive LP 1.05 0.30-3.30
EPS inducibility 0.97 0.52-1.80
Arrhythmias at exercise 0.82 0.32-2.12
Arrhythmias at Holter 0.58 0.26-1.32

LP, late potentials; EPS, electrophysiologic study; C.I., confidence
interval



Ninety patients out of the total of 127 (71%) have
been clinically evaluated to define whether, after a
mean period of 4+2.8 years, evidence of a structural
heart disease has developed. Only three patients
(3%) presented with evidence or were suspected of
having structural heart disease (in two cases with pos-
itive results of the ergonovine test and in one case for
thoracic chest pain during physical activity). These
data support the hypothesis that IVF truly represents
an electrical disorder unrelated to a structural heart
disease.

Conclusions

Based on the current evidence it appears that IVF car-
ries a high risk of recurrence of cardiac arrest and syn-
copal episodes (24%); empirical pharmacological ther-
apy is associated with a high risk of recurrence of ven-
tricular tachyarrhythmias (12 patients of 37 receiving
drugs, i.e., 33% had a recurrence) and of death (four
of 37 patients receiving pharmacological therapy i.e.,
9%, died suddenly).

For these reasons the implantation of an ICD ap-
pears to be an appropriate therapeutic approach to
IVF. However, in order to improve the quality of life
of patients and to limit the number of shocks deliv-
ered, all efforts should be made to identify a pharma-
cological agent that could reduce the number of ar-
rhythmic events; more specifically the role of pro-
grammed electrical stimulation-guided therapy should
be defined in IVF patients with arrhythmias inducible
in the electrophysiology laboratory.
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Beta Blockers, Sotalol, or Amiodarone for the Treatment of Malignant
Ventricular Arrhythmias?

A. Proclemer, D. Facchin, D. Miani, D. Vanuzzo, and G.A. Feruglio

Divisione di Cardiologia, Ospedale S. Maria della Misericordia, Udine, Italy

In patients with malignant ventricular tachyarrhyth-
mias the impact of drug therapy on total mortality has
been difficult to evaluate with certainty because place-
bo-controlled studies could not be performed for ethi-
cal reasons. However, current clinical data indicate a
need for a greater use of drugs that prolong repolariza-
tion, such as amiodarone and sotalol (class III of an-
tiarrhythmics), than agents that delay conduction, such
as sodium channel blockers (class I) (1-5). There is al-
so increasing evidence that sympathetic inhibition rep-
resents a fundamental feature in the treatment of pa-
tients with ventricular tachycardia (VT) and ventricu-
lar fibrillation (VF) (4).

Beta Blockers

In patients who have survived acute myocardial infarc-
tion, beta blockers have short and long-term beneficial
effects. A meta-analysis by Teo et al. (6) showed a sig-
nificantly decreased mortality in patients who were
treated with different B-adrenergic blockers compared
with placebo-treated controls (1464 deaths out of
26973 patients in the first group versus 1727 out of
26294 in the control group, p < 0.0001, relative risk,
0.81). Several factors, such as antiarrhythmic activity,
low incidence of proarrhythmic effects, increase of fib-
rillation threshold, anti-ischemic properties, and inter-
action with the autonomic nervous system may ac-
count for the prophylactic efficacy of these drugs.
More specifically, the treatment with lipophilic beta
blockers such as propranolol (7) and metoprolol (8, 9)
was associated with a lower rate of VF, of sudden
death, and of electrically treated VT compared to
placebo. Lipophilicity allows a high penetration of
these drugs into the brain, and the combining effect
with B,-adrenergic receptors causes an increase of va-
gal activity and of fibrillation threshold (10)

In patients with sustained ventricular arrhythmias,
beta blockers are considered the first-choice treatment
only in exercise-induced VT, catecholamine-sensitive
VT, idiopathic VT, and. “torsades de pointes” VT in
the long QT syndrome. However, the role of these
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drugs is still controversial in patients with underlying
heart disease who have suffered from sustained
episodes of VT or VF. The rationale for using beta
blockers in this category of patients is the low inci-
dence of proarrhythmic phenomena and the relevant
increase in the cardiac sympathetic activity. Recently,
Meredith et al. (11) demonstrated a significant in-
crease in the production of total and cardiac norepi-
nephrine in patients with sustained VT or VF as a con-
sequence of the left ventricular function reduction.

Clinical Studies in Patients with Sustained Ventricular
Tachycardia or Ventricular Fibrillation

By using electrophysiologic studies, Duff et al. (12)
evaluated the efficacy of propranolol in 28 patients
with inducible sustained VT and observed a positive
response to the parenteral administration of this drug
in 21% of the cases. No significant differences have
been noticed between the response to low doses (beta
blocking effect) and high doses, and no relevant

. changes in ventricular refractoriness were demonstrat-

ed. In the follow-up, oral administration of propra-
nolol was effective in four out of five of those patients
who were considered responders in the acute phase.
This study demonstrated that propranolol can suppress
inducible VT in very few cases and that the efficacy of
this drug is mainly due to its beta-blocking effect,
rather than to traditional electrophysiologic effects.
Brodsky et al. (13) assessed the effectiveness of
solitary beta blocker treatment in 30 nonconsecutive
patients with sustained ventricular arrhythmias. Meto-
prolol, propranolol, atenolol, pindolol, acebutolol and
nadolol were used. Episodes of VT were demonstrated
in 57% of the patients during basic Holter monitoring;
they were also provoked with exercise testing in 50%
of the patients and induced by programmed electrical
stimulation in 69% of the cases (86% with isopro-
terenol). The use of beta blockers determined arrhyth-
mia suppression in 54% of cases on electrocardiogram
(ECG) monitoring, in 83% during exercise, and pre-
vented inducible VT in 37% during programmed elec-
trical stimulation. A total of 24 patients underwent



long-term treatment with beta blockers: six suffered
from VT recurrence (25%), and in two the treatment,
was interrupted because of side effects. No deaths
were reported. Factors such as an ejection fraction
greater than 45%, absence of coronary disease, and
age below 60 years were predictive of effectiveness of
the beta blocking therapy, whereas noninvasive inves-
tigations and electrophysiologic study were not. This
study showed favorable effects of beta blockers, but
has the obvious limitations of lack of randomization
and of selection bias.

In an observational and noncontrolled study, Hall-
strom et al. (14) evaluated the efficacy of empirical ad-
ministration of beta blockers and class I antiarrhyth-
mic drugs in 941 consecutive patients who had been re-
suscitated from an out-of-hospital cardiac arrest be-
tween 1970 and 1985. Beta blockers were administered
in 28% of the cases, quinidine in 18.7%, and pro-
cainamide in 17.5%. No antiarrhythmic therapy was
administered in 39.4% of the patients. During an aver-
age 9-year follow-up, the use of beta blockers has been
associated with a better survival, whereas the use of
quinidine and of procainamide has been associated
with a worse prognosis (survival after 2 years, 75%,
55%, and 30%, respectively, p < 0.0001). The differ-
ence between groups was not significant after adjust-
ment for baseline risk factors (p = 0.08). The authors
concluded that the use of beta blockers should be con-
sidered in survivors of out-of-hospital VF, in spite of
the limitations of a retrospective analysis.

The efficacy of empirical metoprolol treatment in
patients with malignant ventricular arrhythmias was
compared with conventional antiarrhythmic therapy
guided by electrophysiologic testing in a prospective,
randomized trial (15). This series included 85 patients
with VT, 41 with cardiac arrest due to documented VF,
and 36 with syncope and ventricular arrhythmias. A to-
tal of 55 patients whose arrhythmia was not initially in-
ducible (mean ejection fraction, 53%) were empirically
treated with metoprolol. Patients whose arrhythmia
was inducible were randomized to guided treatment
(61 patients; mean ejection fraction, 42%) or to meto-
prolol (54 patients; mean ejection fraction, 43%). Seri-
al testing was performed at random with propafenone,
flecainide, disopyramide, sotalol, and amiodarone.
During a mean follow-up period of 23 months, the in-
cidence of sudden death and arrhythmia recurrence
was the same in the two randomized groups (guided
therapy, 46%, metoprolol therapy, 48%). In patients
treated with metoprolol, baseline noninducibility iden-
tifies a group with an incidence of fatal and nonfatal
arrhythmia recurrence lower than that of inducible pa-
tients (29% versus 52%, respectively, p = 0.009). In
conclusion, the empirical use of metoprolol was associ-
ated with a favorable prognosis in patients at low risk
(baseline noninducibility, preserved left ventricular
function) and a rather high rate of arrhythmia recur-
rence in inducible patients. Moreover, the recurrence
rate was similar to that observed in patients who re-
ceived electropharmacologically guided treatment.

Additional information on the use of beta blockers
in malignant ventricular arrhythmias will be obtained
from the CASH trial (Cardiac Arrest Study Ham-
burg), involving 400 patients who survived cardiac ar-
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rest and who were randomized to treatment with
metoprolol, amiodarone, propafenone, or implantable
cardioverter defibrillators (ICD). Preliminary results
of this study (16) have shown no significant differences
in the incidence of sudden death and total mortality
between patients treated with metoprolol and amio-
darone and patients treated with the ICD. A signifi-
cantly higher incidence of events was observed in pa-
tients treated with propafenone, which led to an early
interruption of this treatment.

Several studies reported a high efficacy of the as-
sociation of beta blockers with antiarrhythmics in pa-
tients with recurrent episodes of VT and impaired left
ventricular function (17-19). Recently, Leclercq et al.
(20) retrospectively evaluated the role of nonrandom-
ized association of nadolol or acebutolol to conven-
tional antiarrhythmic therapy in 240 patients with is-
chemic heart disease or dilated cardiomyopathy. Mul-
tivariate analysis showed that low ejection fraction, ad-
vanced age, and absence of beta blocker therapy were
independent predictors of cardiac and sudden deaths.
The 5-year cardiac mortality was 48% in patients with-
out beta blockers versus 20% in those receiving this
treatment.

In conclusion, beta blockers should be considered
as a first-line therapy for patients with idiopathic VT,
especially if induced by physical activity or a hypera-
drenergic state. These indications can be extended to
patients with underlying heart disease and preserved
or slightly depressed left ventricular function, especial-
ly in the absence of baseline inducibility. In patients
with a more compromised ventricular function, empiri-
cal therapy with beta blockers is associated with a sig-
nificant incidence of sudden death and arrhythmic re-
currences (15). Retrospective studies showed more fa-
vorable results when beta blockers were combined
with other antiarrhythmic drugs, mainly amiodarone
(20). Electrophysiologic studies appear to be of limited
clinical value for evaluating the efficacy of beta block-
ers. Finally, in survivors of cardiac arrest beta blockers
appeared to be more effective than class I drugs. On-
going studies are comparing these drugs with amio-
darone and ICD (16).

Sotalol

Sotalol is an antagonist of B-adrenergic receptors de-
void of membrane-stabilizing effects, local anesthetic
activities, intrinsic sympathomimetic actions, or car-
dioselectivity (21). In addition to its beta blocking ef-
fect (class II), sotalol increases the action potential du-
ration and prolongs the repolarization phase both in
the atrium and in the ventricle, properties belonging to
class III agents. Due to its pharmacologic actions, this
drug has been widely used in the recent years.

Several studies reported the use of sotalol in pa-
tients with sustained VT or VF (Table 1). Most pa-
tients were refractory to class I drugs and were treated
with sotalol on the basis of electrophysiologic testing.
In these nonrandomized trials (22-34), noninducibility
after sotalol was found in 20%-89% of the patients.
This wide range can be explained by many factors such
as patient selection, different daily dosage, nonstan-



Table 1. Studies including patients with ventricular tachycardia or ventricular fibrillation treated with sotalol

Reference  Patients Daily Noinducibility Average Patients under Arrhythmia Deaths

dose (mg) after follow-up long-term recurrence

sotalol (months) sotalol alone
() (n) (%) (m) (%) (n) (%) () (%)

(22) 18 320-480 12 67 16 9 50 1 11 0 0
(23) 37 160-480 15 42 9 16 43 0 0
(24) 39 160-480 17 45 13 22 56 6 27 0 0
(25) 9 480-900 8 89 23 8 88 2 25 1 12
(26) 16 320-960 7 50 19 14 88 3 21 1 7
2n 50 — 10 22 20 24 88 4 17 2 8
(28) 65 80-480 8 20 10 22 34 1 5 1 5
(29) 26 160-320 13 62 13 15 58 2 13 0 0
(30) 42 160-320 10 24 8 12 29 2 17 0 0
(31) 64 480-720 59 92 20 53 82 5 12 0 0
(32) 68 320 34 50 41 68 100 10 15 1 1
(33) 22 160-560 10 45 23 8 36 0 0 0 0
(34) 28 320-640 15 53 10 15 53 0 0 0 0

dardized stimulation protocols, and variable defini-
tions of success or failure. During the follow-up period
noninducible patients showed a very low death rate
and a favorable reduction in arrhythmia recurrence
(Table 1). However, patients at high risk due to persis-
tent inducibility were excluded in most trials from the
long term administration of sotalol. Similar results
were obtained from a single centre in a nonrandom-
ized prospective study of 171 patients with VT or VF
(35). At a mean daily dosage ranging from 240 to 640
mg, the incidence of sudden death and VT recurrence
was 4% in responders (52% of the patients), but 44%
in patients whose arrhythmia was still inducible after
sotalol (48%). Significant side effects were noted in
5% of the patients.

In a recent study, Young et al. (34) evaluated the
efficacy of sotalol by programmed electrical stimula-
tion in sustained VT or VF secondary to coronary
heart disease. Sotalol revealed greater success in sup-
pressing sustained arrhythmias in patients with VF
(eight of nine, 89%) than in those with VT (seven of
19, 37%, p < 0.01). Patients without a history of my-
ocardial infarction showed a high rate of suppression
compared with patients with previous infarction (88%
versus 40%, p<0.05). The baseline VT cycle length of
the suppressed group was also significantly shorter
than that of the nonsuppressed group (218 ms versus
270 ms, p < 0.05). Patients with fast VT or VF have a
shorter reentry circuit and a shorter excitable gap; in
these patients sotalol may have more effectively de-
creased the excitable window by prolonging refractori-
ness.

Sotalol was compared with amiodarone in an
open-label, randomized multicenter study which in-
cluded 59 patients with sustained VT or VF refractory
or intolerant to class I drugs (36). Patients received ei-
ther a maintenance dose of amiodarone of 400 mg/day
or increasing doses of sotalol up to 640 mg/day. Over a
12-month period, therapy was discontinued in half of
the patients in each group due to arrhythmia recur-
rence, adverse drug reactions, or protocol violation. By
intention to treat analysis, there was no significant dif-
ference in either antiarrhythmic efficacy or the inci-
dence of severe side effects. An increase in the left
ventricular ejection fraction was also observed during
the follow-up period in the group of patients treated
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with sotalol: 37.9% versus a mean baseline value of
32.8%. Based on these data, sotalol appears to be an
attractive alternative to amiodarone in patients with
VT or VF who can tolerate B-adrenergic blockade.
However, the impact of this study is limited by the the
small number of patients and the brief follow-up peri-
od.

The ESVEM trial (37) compared the effectiveness
of sotalol with that of imipramine, mexiletine, pir-
menol, procainamide, and quinidine in patients with
sustained VT or VF. This study was initiated in 1985,
more than 2000 patients were screened, and ultimately
only 486 patients enrolled. They received long-term
treatment with the first antiarrhythmic drug that was
predicted to be effective on the basis of the drug test-
ing assigned (electrophysiologic study or electrocardio-
graphic monitoring). Patients with a very low ejection
fraction, congestive heart failure, and hypotension
were not considered eligible to receive sotalol. In the
electrophysiologic study group, the percentage of pa-
tients with drug efficacy was higher after sotalol than
after therapy with antiarrhythmics of class I (35% ver-
sus 16%, p < 0.001), while there was no significant dif-
ference among the seven drugs in the Holter monitor-
ing group. During a mean follow-up period of 6.2
years, the probability of arrhythmia recurrence after a
prediction of drug efficacy by either drug testing was
lower with sotalol than with other drugs (risk ratio
0.43; p < 0.001). The risk of death from any cause (risk
ratio, 0.50; p = 0.004), of death from cardiac causes
(0.50, p = 0.02), and of arrhythmic death (risk ratio,
0.50; p < 0.04) were also lower on sotalol than on other
drugs. More specifically, in patients on sotalol, the 1-
and 3-year actuarial incidence of arrhythmia recur-
rence, cardiac death, and arrhythmic death were 20%
and 25%, 7% and 18%, and 6% and 15%, respectively.
After 1 year sotalol is predicted to show complete effi-
cacy in 33% of patients in the Holter group, but only
in 23% in the electropharmacologic arm. The rate of
adverse effects among patients receiving sotalol was
16% during titration and 7% during the follow-up pe-
riod. These values were significantly better than in pa-
tients treated with class I drugs (p < 0.001). Torsades
de pointes were recorded in 1.7% of patients treated
with sotalol during titration and in 3.5% during long-
term therapy, but no patients died as a consequence of



this proarrhythmia. Although sotalol gave more favor-
able results, several limitations were observed in the
ESVEM trial that reduce its clinical impact (38): (a)
the entry requirement of the study restricted the con-
clusions to a specific group of patients with VT or VF;
(b) the stimulation protocol used during drug evalua-
tion was limited to the same protocol that induced the
baseline arrhythmias, possibly resulting in a greater
number of subsequent drug failures; (c) the exercise
test was included in the drug-assesment only in the
Holter monitoring arm, favoring a greater prediction
of drug efficacy by this method; (d) the definition of
arrhythmia recurrence was very wide, including non-
sustained VT and syncope of unknown origin; (e)
amiodarone was not used, most likely because its long
half-time would have prevented other drugs from be-
ing tested and because of its frequent inability to
demonstrate suppression of VT/VF induction.

In a double-blind parallel design multicenter
study, the electrophysiologic and antiarrhythmic ef-
fects of intravenous and oral sotalol and procainamide
were compared in 110 patients with a history of sus-
tained and inducible VT (39). Sotalol produced a
greater effect on lenghtening the ventricular effective
refractory period and prevented the inducibility of VT
in 30% of patients compared to 20% for procainamide
(p = not significant, NS). Patients with a baseline VT
cycle of less than 270 ms were more likely to effective-
ly respond to sotalol than the other patients. A ventric-
ular refractory period of more than 300 ms after so-
talol was also determinant for the prevention of VT in-
ducibility. After a 12-month period of follow-up, life-
table analysis showed a trend in favor of sotalol. Ac-
cording to ESVEM results, this study confirmed that
sotalol is more effective than class I agents in prevent-
ing VT and VF when beta blockade is not contraindi-
cated.

Some conflicting data about the prognostic value
of programmed ventricular stimulation in patients
treated with sotalol were obtained in two recent stud-
ies. In the trial by Haverkamp et al. (40), including 210
patients treated with a mean daily dose of 435 mg, per-
sistent inducibility of VT predicted VT recurrence, but
not sudden death. In contrast, in the series investigated
by Kiihlkamp et al. (41), 37 responders to sotalol
(mean daily dose of 330 mg) had a VI/VF recurrence
rate similar to 23 nonresponders treated with ICD who
continued to receive sotalol (16% versus 22%, mean
follow-up 16 months).

Sotalol was also effective at a daily dose of 320 —
640 mg/day in a group of patients with arrhythmogenic
right ventricular disease (42). The overall efficacy in
terms of arrhythmia prevention was 68.4% in patients
with baseline inducible VT and 82.8% in patients eval-
uated by Holter monitoring and exercise testing for
baseline noninducibility. Side effects severe enough to
discontinue therapy were rare (5%) and occurred
mainly within the first few days of treatment.

To evaluate whether the benefical effects of so-
talol are due to a beta-blocking action, to a class III
antiarrhythmic activity, or to a combination of both,
Antz et al. (43) prospectively compared the use of
metoprolol and sotalol in 34 patients with sustained
VT, mainly associated with coronary heart disease.
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Compared with metoprolol, sotalol significantly re-
duced the inducibility of sustained VT by ventricular
stimulation (56% versus 14%). During an average 2-
year follow-up the incidence of arrhythmia recurrence
was not significantly different in the two groups (6%
with metoprolol versus 27% with sotalol, p=NS),
whereas the appearance of side effects was higher in
the metoprolol group than in the sotalol group (31%
versus 11%). Persistent inducibility of sustained VT
did not predict arrhythmia recurrence in either group.
The conclusion of this pilot study is that pure beta
blocker metoprolol is as efficacious as sotalol in the
treatment of patients with sustained VT. Moreover,
these data emphasize the beta-blocking properties of
sotalol, which can reduce the possible proarrhythmic
effects of class III activity.

The safety of sotalol was evaluated in 3257 pa-
tients treated for cardiac arrhythmias in clinical trials
that supported the drug approval in the United States
(44). The overall incidence of adverse events was 73%,
but therapy was discontinued in only 18% of patients.
The main reasons for discontinuing the drug were fa-
tigue (4%), dyspnea (3%), and bradycardia (3%). No
evidence of extracardiac organ toxicity was found.
New appearance or worsening of heart failure oc-
curred in 4.6% of patients with VT or VF, but treat-
ment was continued in more than half of the patients.
There was no change in the ejection fraction even in
patients with baseline values of < 40%. The negative
inotropic effect of beta blockade may be attenuated by
the positive effect of prolonged repolarization on con-
tractility. The overall rate of proarrhythmia in patients
with sustained VT or VF was 6.5%, and the rate of tor-
sades de pointes was 4.1%. This arrhythmia occurred
early during treatment and more frequently in patients
with congestive heart failure and a low ejection frac-
tion. Its occurrence was also related to a daily dose
greater than 320 mg. With the exception of torsades de
pointes, the adverse effects of sotalol are consistent
with the beta-blocking action.

Amiodarone

Important data on amiodarone in the treatment of pa-
tients with ventricular tachyarrhythmias refractory to
class I drugs come from studies done in the 1970s and
in the 1980s (45-54). From these noncontrolled and
nonrandomized studies the following conclusions can
be drawn:

¢ When amiodarone was empirically administered, a
cardiac death rate of 25%-30%, a sudden death rate of
8%-10% and an incidence of nonfatal arrhythmic re-
currence of 15%-20%could be expected after 1 year.

e When amiodarone treatment was based on electro-
physiologic studies, there was a further reduction of
the incidence of sudden death and arrhythmic recur-
rence rates after 1 year: 2.5% and 2.0% in responders
(20-30% of the cases) versus 11% and 27% in nonre-
sponders, respectively. A feature peculiar to amio-
darone is the high percentage of patients who re-
mained asymptomatic in spite of persistent inducibili-
ty. Moreover, induction of slower and well-tolerated
VT during amiodarone treatment in comparison to



baseline study identifies a group of patients with an in-
termediate risk of arrhythmia recurrence, but with low
mortality (48). The induction of fast VT or VF on
amiodarone seems to be related to a high incidence of
sudden death.

e When amiodarone therapy was based on Holter
monitoring, the suppression of ventricular premature
complexes (VPC) was 70%-80% in 90% of patients
and close to 100% in the case of nonsustained VT. In
the majority of studies (55-57), the incidence of nonfa-
tal arrhythmic recurrences after 1 year was about 20%
in responders and 48% in nonresponders. In other
studies (58, 59), a significant reduction in ventricular
ectopic activity by amiodarone was of limited prognos-
tic value in patients with inducible VT.

¢ During a follow-up period of 8-24 months, the over-
all rate of side effects was between 30% and 93%. A
total of 9%-26% of patients were withdrawn from
amiodarone treatment. Drug-related adverse events
were associated with both dosage and length of the
treatment.

Additional information on the effectiveness and
tolerability of amiodarone therapy in patients refracto-
ry to class I agents comes from two large retrospective
trials (60-61).

Herre et al. (60) followed 427 patients affected by
different underlying heart disease (coronary heart dis-
ease in 77% of cases), who were empirically treated
with amiodarone after an average of 2.6 class I antiar-
rhythmic drugs proved to be ineffective. The mean left
ventricular ejection fraction was 36%. The sudden car-
diac death rate after 1, 3, and 5 years of follow-up was
9%, 15%, and 21%, respectively, while the total death
rate was 24%, 43% and 62% (Tables 2, 3). By multi-
variate analysis, survival time to sudden death was sig-
nificantly decreased in elderly patients, in patients with
an ejection fraction of less than 40% and with a history
of cardiac arrest. Withdrawal from therapy due to side
effects was necessary in 14%, 26%, and 37% after 1, 3,
and 5 years, respectively. More specifically, the drug
was discontinued due to lung toxicity in 11% of the pa-
tients, to neurologic toxicity in 5%, to gastrointestinal
and hepatic toxicity in 2.6%, to ocular toxicity in 2.5%,
and to hypothyroidism and hyperthyroidism in 0.5%.
These data are in agreement with the results obtained
by Weinberg et al. (61), who evaluated 469 patients
with ventricular tachyarrhythmia during an average fol-
low-up of almost 3 years. In 36% of the cases, amio-
darone was initially combined with other antiarrhyth-
mic drugs. The sudden death rate at 1 year was 9% and
increased thereafter by 3% every year. The combined
incidence of sudden death and sustained VT or VF re-
currence was 19% at 1 year and 38% at 5 years (Table
2, 3). An insufficient dosage of amiodarone did not
seem to justify such events. By years 2 and 5, the total
death rate was 13% and 46% and the incidence of side
effects necessitating discontinuation of amiodarone was
10% and 18 %, respectively. Pulmonary toxicity was ob-
served in 3.5% of patients at 1 year and in 9.1% at 5
years. A higher functional class appeared to be the best
predictor of sudden death and treatment failure.

We evaluated the benefits of amiodarone as a
first-choice antiarrhythmic drug in a nonrandomized
study which included 128 consecutive patients with
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Table 2. Clinical results of empirical amiodarone treatment: sudden
death (SD), and nonfatal arrhythmia recurrences (AR) rates (%)

Reference  Patients 1-year 3-year S-year
(n) SD AR SD AR SD AR
(60) 427 9 19 15 33 21 43
(61) 469 9 19 16 30 22 38
(62) 128 9 5 16 15 20 25
(54) 52 9 15 22 24 2 43

Table 3. Clinical results of empirical amiodarone treatment: cardiac
(CM) and total mortality (TM) rates (%)

Reference  Patients 1-year 3-year S-year
(n) CM T™M CM T™ CM T™
(60) 427 0 24 0 43 0 62
(61) 469 11 13 26 33 37 46
(62) 128 18 21 28 34 37 42
(54) 52 11 0 31 0 31 0

sustained VT or VF (62). The average age was 62
years, and the mean ejection fraction 36%. A total of
81% of patients had coronary artery disease. After 1,3
and 5 years, the sudden death rate was 9%, 16% and
20%, the total cardiac death rate was 18%, 28% and
37%, and the nonfatal VT recurrence rate was 5%,
15%, and 25% respectively. These results are similar
to those observed in studies in which amiodarone was
considered to be a second- or third-choice drug (Ta-
bles 2, 3). Side effects occurred in 22.6% of patients
and 8.6% of patients were withdrawn from therapy.
Functional class III or IV and an ejection fraction of
less than 35% proved to be risk factors for sudden and
total cardiac deaths, whereas a history of cardiac arrest
appeared to be predictive only of cardiac death. The
conclusions of these retrospective and nonrandomized
studies (60-62) are that amiodarone can be used safely
and successfully after 5 years in approximately half of
the patients with VT or VF and that the incidence of
sudden death is relatively low after the first year (3%
per year). Finally, few clinical and laboratory parame-
ters can identify patients at high risk.

The superiority of amiodarone treatment in com-
parison to class I agents was demonstrated by CAS-
CADE (Cardiac Arrest in Seattle: Conventional ver-
sus Amiodarone drug evaluation), a prospective study
which included 228 survivors of cardiac arrest: 113
were randomized to empirical administration of amio-
darone, and 115 to an electrophysiologically guided
conventional treatment (quinidine and procainamide
in most cases) (63, 64). The two groups did not differ
in their basic clinical and laboratory characteristics or
in the percentage of the patients simultaneously treat-
ed with ICD (46% and 47%, respectively). By years 2,
4, and 6, survival was significantly higher for patients
on amiodarone treatment than for those receiving
conventional treatment: 82%, 66%, and 53% versus
69%, 52%, and 40%, respectively (p = 0.07). Consid-
ering only the patients with ICD, 2-year survival free
of all shocks and of syncopal shocks was also lower for
amiodarone therapy: 77% versus 42% (p = 0.014), and
98% versus 81% (p = 0.01). Drug-related adverse
events did not differ between the two groups at 6
months, although after 1 year more patients random-



ized to amiodarone had to discontinue their therapy.

In a retrospective case control investigation, New-
mann et al. (65) compared the empirical use of amio-
darone (120 patients) and ICD (60 patients). There
was no difference between the groups in terms of age,
ejection fraction, underlying heart disease, arrhythmia
at presentation, and follow-up length. During a mean
follow-up of 18 and 23 months, sudden death rate was
lower in ICD recipients than in controls (5% versus
10%, p < 0.01). Actuarial survival after 1 and 3 years
was also better in patients treated with ICD than with
amiodarone (89% and 65% versus 72% and 49%, re-
spectively p < 0.05), but after the fourth year the sur-
vival curves of the two groups overlapped. However,
in patients treated with ICD, nonsudden cardiac death
was less frequent (17% versus 39%), possibly because
ICD patients were less sick. Therefore, clinical differ-
ences between groups may at least in part explain the
favorable results observed in ICD group. Finally, an-
other important confounding factor is the high per-
centage of ICD recipients maintained on amiodarone.

Three large trials are now in progress in order to
evaluate prospectively the effectiveness of amiodarone
treatment in comparison to sotalol, beta blockers, and
ICD: the Cardiac Arrest Study of Hamburg (CASH)
(16), the Canadian Implantable Defibrillator Study
(CIDS) (66), and the Antiarrhythmics Versus Im-
plantable Defibrillators investigation (AVID) (67).
About 2000 patients will be enrolled in these three tri-
als and preliminary data are now available. The CASH
study (16) randomized the patients in four groups of
nonguided treatment: propafenone, metoprolol, amio-
darone, and ICD. The propafenone arm was stopped
due to high mortality, but there were no significant dif-
ferences in total mortality among the other groups.
CIDS randomized patients between amiodarone and
ICD and has extended the completion date to 1 Janu-
ary, 1997 (66). A preliminary report shows that addi-
tion of amiodarone to ICD occurred in 18% of cases,
while crossover from amiodarone to ICD is to date on-
ly 9% (68). The AVID study randomized more than
350 patients to empirical treatment with amiodarone
or ICD, while only a small number of cases received
electrophysiologically guided therapy with sotalol (67).
To date, the number of crossover between the two
main treatments have been equal. With regard to total
mortality reduction, preliminary data from these three
prospective trials seem to confirm that amiodarone
and ICD are equally effective.

Conclusions

Beta blockers. These should be considered the drugs of
choice in patients with idiopathic VT. Their usefulness
in patients with aborted sudden death or with sus-
tained VT and relevant underlying heart disease is still
debatable. Prospective trials on patients with a back up
ICD may shed some light on the appropriateness of
this treatment. Guided therapy with beta blockers
seems to be of limited value, while an empirical admin-
istration may be an acceptable approach. Finally, these
drugs are very useful in combination with other antiar-
rhythmic agents, especially with amiodarone.

Sotalol. This drug yields favorable short- and long-
term results when therapy is guided by Holter moni-
toring or programmed ventricular stimulation. Ran-
domized studies showed that guided treatment with so-
talol is more effective than with class I agents. Howev-
er, responders account for less than 50% of tested cas-
es. The effectiveness of sotalol is explained by a com-
bination of beta-blocking activity and of class III prop-
erties. There is also a low rate of long-term side effects
but in patients with sustained VT or VF the treatment
should be started under monitoring due to the possibil-
ity of early proarrhythmia, mainly torsades de pointes.
There are no conclusive data on comparative effects of
sotalol, amiodarone, and ICD.

Amiodarone. This drug has proven effective both in
patients with VT or VF refractory to conventional
treatment and when compared with other antiarrhyth-
mic agents. The outcome is less favorable in high-risk
patients, such as those with a history of cardiac arrest,
a very low ejection fraction, and persistent inducibility
of ill-tolerated sustained ventricular arrhythmias. Ran-
domized prospective trials are needed to assess the
role of amiodarone compared to ICD in this high-risk
population. Available evidence indicates that the over-
all long-term prognosis is no different between pa-
tients treated with amiodarone and those treated with
ICD. However, ICD-treated patients seem to have a
lower sudden death rate in the first few years of fol-
low-up, but many patients continue to take amio-
darone as well. Finally, the high incidence of side ef-
fects mandates close monitoring and careful tailoring
of treatment.
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In the early 1960s, at the time Coronary Care Units
(CCUs) were conceived and being set up as a way to
reduce arrhythmia mortality by detecting, treating, and
preventing ventricular arrhythmias, there were very
few antiarrhythmic drugs available to the clinician —
quinidine, procainamide, and lidocaine (1). Disopyra-
mide was being developed and had not attained estab-
lished usage. Digoxin was regarded as being an antiar-
rhythmic compound but its use in controlling ventricu-
lar tachyarrhythmias was never established. Thus, the
field of antiarrhythmic drugs was dominated by drugs
that acted fundamentally by delaying conduction via
inhibition of sodium-channel activity. This was consid-
ered as having several major consequences. First, the
delay in conduction and often complete block in cer-
tain tissues was thought to convert unidirectional to
bidirectional block, thereby terminating and prevent-
ing reentrant tachycardia. Second, the block in conduc-
tion might be expected to markedly suppress prema-
ture ventricular contractions (PVCs) by preventing
their propagation. It was consistent with the observa-
tion that the greater the propensity of a compound
(e.g., class I agent) to block conduction, the higher its
suppressant effect on PVCs. Third, it was realized that
the refractory period of the ventricular myocardium
may be prolonged by the blocking of sodium-channel
activity by delaying its reactivation. Thus, the change
in refractory period was time dependent when affected
by drugs that selectively blocked sodium channels. It
so happened that in the case of quinidine, the arche-
type of antiarrhythmic drugs, as well as in the case of
procainamide and disopyramide, there was the addi-
tional property of lengthening repolarization, which in
itself could prolong the refractory period and they con-
stitute a discrete antifibrillatory mechanism. On the
other hand, there has always been the theoretical pos-
sibility that excessive delay in conduction induced by
sodium-channel blockers may create the substrate for
reentrant ventricular tachycardia/ventricular fibrilla-
tion (VT/VF) as a proarrhythmic reaction (2, 3).

Later in the 1960s and during the decades that fol-
lowed newer antiarrhythmic drugs with selective elec-
tropharmacological properties were synthesized (4-6).
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The first were beta-blockers which neither slowed
sodium-channel mediated conduction nor did they, as
a class, prolong refractoriness in the ventricular my-
ocardium to a significant degree. Yet, in numerous
controlled clinical trials and in other less systematic
obsevations, they have been shown to reduce sudden
death (attributed to VI/VF), cardiac mortality and to-
tal mortality, in survivors of myocardial infarction
(MI). They have been found to prolong survival in pa-
tients resuscitated from cardiac arrests (7) and in those
with the long QT interval syndrome of the congenital
type. All these beneficial effects are undoubtedly a
class action (5). Clearly, these drugs work in reducing
total mortality, possibly by preventing VF. Then fol-
lowed the synthesis and characterization of class I
agents which did not exhibit additional properties on
repolarization nor on refractoriness — lidocaine con-
geners such as mexiletine and tocainide and aprindine
or the so-called class Ic agents such as flecainide, en-
cainide, and propafenone, among others. All such
agents blocked sodium-channel activity to varying de-
grees and had somewhat different offset and onset ki-
netics of sodium-channel block. In general these are
powerful suppressants of PVCs but given the context
of serious cardiac disease, they all may increase mor-
tality, presumably by inducing serious life-threatening
ventricular arrhythmias (3, 6, 7). They may increase
sudden . death and may produce incessant VT/VF
which may be difficult to cardiovert or defibrillate. As
a class these agents have not been shown to reduce
mortality in any subset of patients with cardiac disease.
Therefore, as far as mortality is concerned, it is clear
that they do not work or work adversely.

A major recent focus has been on drugs that have
appeared to work by prolonging cardiac repolarization
(5, 6, 8). The prototypes have been sotalol and amio-
darone; these are not new drugs, both having been syn-
thesized about 1962, the first as a beta blocker and the
second as a coronary vasodilator. The perceived effec-
tiveness of these compounds to suppress ventricular
tachyarrhythmias, their superiority in preventing re-
currences of VI/VF in patients with symptomatic sus-
tained VI/VF and in survivors of cardiac arrest (5, 6,



8) had led to the development of so-called pure class
III agents. This has stemmed from the belief that the
dominant action of these two compounds results from
the lengthening of the action potential duration and
refractoriness. They were developed in the belief that
such newer compounds synthesized on the basis of se-
lective targeting against myocardial membrane cur-
rents may be preferable antifibrillatory agents in terms
of side effect profile while retaining much of the effec-
tiveness of the complex prototypical molecules such as
sotalol and amiodarone.

Against this background, a number of questions
have arisen. Clearly, the most significant and certainly
the most practical is the issue of whether the newer
agents work, i.e., are they effective in relieving symp-
toms and/or prolonging survival? Both goals of thera-
py need to be addressed in stringently controlled clini-
cal trials and not merely by the use of surrogate end
points which have been used a great deal in the past to
infer impact on mortality. In the case of asymptomatic
ventricular arrhythmias, clearly the only goal of thera-
py is reduction in total mortality and the prolongation
of survival. In considering old versus newer antiar-
rhythmic drugs with respect to the issue of whether
they work, the separation boundary has become in-
creasingly blurred as some of the beneficial actions of
the older compounds on mortality have been found to
be unrelated to arrhythmia suppression. Thus, one
may logically suppress arrhythmias for relief of symp-
toms but such an approach may have little or no validi-
ty for the prolongation of survival. The salient aspects
of these considerations form the basis of this paper, in
which conclusions will be drawn on the strength of the
newer data which bear on the often-asked question of
whether antiarrhythmic drugs work in ventricular ar-
rhythmias.

Sodium-Channel Blockers: Do They Work in
Ventricular Arrhythmias?

There is now a substantive body of data which suggest
that class I agents, as a class, do not prolong survival in
patients with life-threatening ventricular arrhythmias
and in patients with serious heart disease they are like-
ly to increase mortality (3, 5-7). The “newer” agents
(e.g., flecainide, encainide, propafeone), which tend to
delay conduction and have relatively little effect on re-
fractoriness, are powerful for suppressing sponta-
neously occurring ventricular arrhythmias documented
on Holter recordings. The PVC suppressant effect ap-
pears to parallel increases in their ability to inhibit
sodium-channel activity with a corresponding decrease
in conduction velocity (9). The results of the Cardiac
Arrhythmia Suppression Trials (CAST I & II) (10, 11)
revealed an unexpected dichotomy between mortality
and arrhythmia suppression, i.e., marked and pre-
dictable suppression of PVCs in the survivors of MI
was accompained by an increase in total and arrhyth-
mia mortality. The data cast a serious doubt on PVC
suppression as a valid or tenable surrogate end point
for mortality. The dichotomy between the effect on
mortality and arrhythmia suppression was entirely un-
expected. In the event, the phenomenon has come to
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be of much relevance to the general field of arrhyth-
mia control. ’

The results of the meta-analysis of randomized
controlled studies have lent further support to the no-
tion that class I agents have the potential to increase
mortality in post-MI survivors (3, 9). The clinical data
are also in accord with the experimental findings. For
example, in an ischemic sudden death model (12), fle-
cainide, quinidine, or lidocaine either had no protec-
tive effect or they facilitated the development of VF
(12-15). In humans, these agents may stabilize the
reentrant circuit, thereby facilitating the continued in-
ducibility of VT by programmed electrical stimulation
(16, 17). Thus, it appears that slowed conduction is
conductive to the development of clinical VT (18). In
humans, lidocaine and mexiletine (19, 20) may pro-
duce an excess of mortality in infarct survivors possibly
by their proarrhythmic effects (3). Of note also are the
findings of Rapaport and Remedios (21), who, in a
post-MI patient follow-up study, found that mortality
on antiarrhythmic agents (mostly procainamide and
quinidine) was higher in the treated group than in pa-
tients not taking antiarrhythmic agents. Again, these
data are in line with the meta-analytic data from pa-
tients with PVCs without recent MI in whom (22)
quinidine produced a 2.5 - fold increase in mortality
compared to placebo. Compared to beta-blockers or
no treatment in survivors of cardiac arrest, class I
agents have been found to be associated with a higher
mortality rate (7). Higher mortality rate has also been
found in patients given quinidine in atrial fibrillation
when compared to placebo (23, 24).

Thus, overall, given the appropriate clinical set-
ting, slowing of myocardial conduction by class I
agents may lead to significant proarrhythmic effects
which may have an adverse effect on mortality, espe-
cially in patients with diseased myocardial substrate.
The data are compelling against the routine use of
class I antiarrhythmic agents in patients at risk for sud-
den death. Their use in performing further randomized
clinical trials to settle the issue more definitively is be-
coming increasingly controversial. It is improbable that
such trials will be done in the future. Most clinicians
are now finding it increasingly difficult to justify the
continued use of class I agents in the suppression of
ventricular arrhythmias in most, if not all, subsets of
patients with significant structural heart disease.

It should also be emphasized that the largest num-
ber of patients presenting with VI/VF have significant
structural heart disease. The question has therefore
arisen as to whether class I agents can confer mortality
benefit to this category of patients. There are no ade-
quately controlled studies that suggest that they do. It
is an intriguing therapeutic dilemma that class I agents,
including the relatively newer agents such as fle-
cainide, propafenone, and moricizine, have continued
to remain approved indications for the treatment of
VT/VF based on the data on efficacy demonstrated by
serial drug testing using the criteria of noninducibility
on drugs during programmed electrical stimulation
(PES). It should be emphasized that the approval of
these agents in VT/VF in the USA stemmed from ob-
servations of drug effects in responders versus nonre-
sponders defined by PES and has not been validated



against independent controls analogous to placebo.
Thus, it is not clear whether these drugs are indeed su-
perior to placebo and at least one of these compounds,
propafenone, has been reported to produce a higher
mortality than amiodarone, metroprol, or ICDs in pa-
tients resuscitated from cardiac arrest (25). Paradoxi-
cally, the newer class I agents such as flecainide and
propafenone are no longer approved for the suppres-
sion of symptomatic PVCs in patients without structur-
al heart disease where these agents in a similar setting
but having supraventricular tachyarrhythmias have not
been shown to increase total mortality (4-6). It may be
concluded that the development of newer class I
agents for the control of ventricular arrhythmias in pa-
tients with cardiac disease may be difficult to justify.
While these agents clearly work in suppressing
supraventricular tachyarrhythmias and maintain sinus
rhythm in patients with atrial fibrillation and flutter,
the use of these agents in patients with heart disease is
likely to result in a net increase in mortality.

Suppression of VI/VF by Antiarrhythmic Drugs: Does
It Result in Prolongation of Survival?

Suppression of manifest arrhythmias has been the cor-
nerstone of the approaches to the reduction in ar-
rhythmia mortality for many years. Such a notion has
never been well validated. Now it is being challenged
in light of increasing data to the contrary from con-
trolled clinical trials. These trials have produced little
evidence that suppression by antiarrhythmic drugs of
manifest VI/VF or that induced by programmed elec-
trical stimulation is predictive of a successful clinical
outcome in terms of a favorable impact on mortality.
Nor has a defined degree of suppression of ambient
arrhythmias provided an index to predict a favorable
impact on mortality due to ventricular arrhythmias. As
indicated above, the results of the Cardiac Arrhythmic
Suppression Trials (CAST I and IT) revealed a striking
dichotomy between suppression or elimination of pre-
mature ventricular contractions (PVCs) and mortality,
i.e., increases in mortality despite marked suppression
of PVCs (10, 11). If arrhythmia suppression and im-
pact on mortality in the case of class I agents were dis-
sociated in the case of one subset of patients at high
risk of sudden death (e.g., postinfarct survivors), it is
inherently improbable that such a relationship might
be substantially different in another subset of patients
if Holter-guided therapy were used as, for example in
patients with VI/VF. The proarrhythmic reactions of
class I drugs (discussed above) is likely to be greater in
patients with manifest VI/VF than in the survivors of
acute infarction. The issue is now further clouded by
the outcome of the Electrophysiologic Versus Electro-
cardiographic Monitoring (ESVEM) trial (26, 27).
There were several major findings. First, there was no
significant difference between the two techniques in
predicting the long-term outcome in terms of arrhyth-
mia recurrence, sudden death, or total cardiovascular
mortality. Second, comparisons of sotalol (the proto-
type class III agent with beta-blocking property) and
six class I agents, collectively or individually, with re-
spect to arrhythmia recurrence, sudden death, cardio-
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vascular and total mortality, provided a significant dif-
ference in favor of sotalol. The arrhythmia recurrence
rate of 21% on sotalol compared to 44% for class 1
agents (p < 0.0007) at 1 year is consistent with the no-
tion that the effects of class I drugs on the suppression
of inducible or spontaneous VI/VF are poorly predic-
tive of the long-term outcome of drug treatment by
the acute responses using so-called guided therapy.
Furthermore, the fact that sotalol was not as effective
as class I drugs (such as mexiletine) in suppressing
nonsustained VT on Holter recordings but reduced
mortality to a greater extent than did class I agents
emphasizes again the dichotomy between arrhythmia
suppression and total mortality. The fact that the tech-
niques did not differ in predicting the outcome of drug
therapy based on acute responses but the two classes
of drugs did differ in this regard emphasizes drug-spe-
cific rather than technique-specific responses as the
crucial determinants of the outcomes of pharmacolog-
ic therapy of VT/VF (2, 4-6). This is further supported
by the results of the CASCADE Trial (28) in which
survivors of cardiac arrest were randomized to Holter
or PES-guided therapy involving class I agents versus
amiodarone. Empirically given amiodarone was found
to be superior to guided class I antiarrhythmic agents
in terms of arrhythmia-free survival and cardiac and
total mortality. Thus, sotalol was superior to class I
agents in ESVEM and amiodarone superior to class I
agents in CASCADE not because their effects could
be predicted better with Holter monitoring or PES,
but more likely that its electrophysiologic and phar-
macodynamic effects “matched” better with the vul-
nerable substrate, in contrast to the possibility of a
“mismatch” in the case of class I agents as clearly ex-
emplified in CAST. However, the fact that both so-
talol and amiodarone have been found to be superior
to class I agents in terms of arrhythmia-free survival
and possibly total mortality, the proof that they may
be superior to placebo in terms of absolute mortality,
is still lacking. Based on data from other subsets of pa-
tients, it is, however, likely that sotalol and amio-
darone do in fact prolong survival by reducing ar-
rhythmia mortality. It is becoming increasingly- clear
that to be able to demonstrate a favorable impact on
arrhythmia mortality, controlled trials will need to fo-
cus on protocols in which the effects of drugs are com-
pared to those of placebo in subsets of patients at high
risk in whom no therapy has convincingly demonstrat-
ed a benefit by arrhythmia suppression; patients with
manifest VI/VF protected by an ICD in both treat-
ment limbs may need to be randomized to active drug
and placebo. That arrhythmia suppression per se is un-
related to the issue of preventing symptoms, which
clearly is an important therapeutic objective in many
cases of ventricular arrhythmias, may have little or no
role in the prolongation of survival by reducing total
mortality in patients who already have manifest
VT/VF or in those in whom there is a high probability
of the arrhythmia developing. Recent data from heart
failure studies, in particular the CHF STAT (29), has
provided strong support for such an hypothesis. The
data may indicate a general principle in antiarrhyth-
mic therapy and be applicable to other subsets of pa-
tients in whom the presence of high density PVCs and



nonsustained and sustained VT constitute important
markers of increased mortality.

Amiodarone, Sotalol, Beta-Bockers: Do They Reduce
Mortality in Patients at High Risk for Sudden
Arrhythmic Death?

While the impact of amiodarone, sotalol, and beta-
blockers in patients with manifest VI/VF and in sur-
vivors of cardiac arrest cannot be interpreted in terms
of changes in absolute mortality because of the lack of
placebo controls, there have been clinical trials in
which the effects of these drugs in the so-called high-
risk patients prone to arrhythmic deaths have been
compared to those of patients on placebo. As indicated
the best data are for beta-blockers in the survivors of
MI (3, 9). The effects of sotalol, a beta-blocker with
the additional property of lengthening repolarization,
have been less decisive and may have stemmed from
flaws in study design. Nevertheless, the drug did re-
duce reinfarction rate, as do most beta-blockers, and it
did reduce total mortality by 18 % (which did not reach
statistical significance). The important issue here is
that unlike class I agents, it did not increase mortality
and mortality trends on the drug were in the direction
of those seen with most beta-blockers. In the case of
amiodarone, there have been a number of trials in the
survivors of acute infarction, none reported that have
been appropriately blinded. Most such trials (30) have
indicated benefit in terms of total mortality as well as
cardiac mortality. Two blinded studies (EMIAT and
CAMIAT) (30) are ongoing. No such studies are on-
going or planned with d/-sotalol.

Perhaps the best model to test the hypothesis that
antifibrillatory drugs have the potential to reduce ar-
rhythmia mortality is the subset of cardiac patients
with heart failure. It has long been recognized that pa-
tients with congestive cardiac failure and asympto-
matic ventricular arrhythmias are at a particular risk
for fatal cardiovascular events (31-33). This risk is fur-
ther augmented by the presence of complex ventricu-
lar arrhythmias, and over 60% of patients with conges-
tive heart failure have nonsustained ventricular tachy-
cardia on Holter monitoring. The annual mortality is
about 15% or higher, half the deaths being sudden and
presumed to be arrhythmic in origin (31-33). No sup-
pression trials testing the PVC hypothesis has been
performed in heart failure. In light of the CAST trials,
it is unlikely that conventional suppression trials are
likely to be performed in patients with heart failure.
However, controlled clinical trials in which drugs such
as amiodarone, which are extremely potent in sup-
pressing PVCs or nonsustained ventricular tachycardia
(34), are of major interest.

The hypothesis that amiodarone will reduce total
mortality in patients with moderate to severe conges-
tive heart failure with asymptomatic ventricular ar-
rhythmias (29) was therefore tested in a study that uti-
lized a double-blind placebo-controlled protocol in
which 674 patients with congestive heart failure with >
10 PVC’s/h and left ventricular ejection fraction < 40%
were radomized to placebo (r = 338) and to amio-
darone (n = 336). This study (CHF STAT) was per-
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formed under the sponsorship of the Veterans Affairs
Co-operative Studies Division, Washington DC, USA.
The median follow up was 45 (0 to 54) months. There
was no significant difference (p = 0.60) in all-cause
mortality between placebo and amiodarone. Among
the placebo group, the actuarial 2-year survival was
70.8% (95% CI = 65.7 — 75.9); among the amiodarone
patients the rate was 69.4% (95% CI = 64.2 — 74.6).
There was also no significant difference between amio-
darone and placebo on sudden death (p = 0.43), the
corresponding 2-year survival figures being 81% for
placebo and 85% for amiodarone. There was a trend
in favor of amiodarone for reducing total mortality in
patients with nonischemic cardiomyopathy (p = 0.07)
but not in those with ischemic cardiomyopathy. Lower
ejection fraction and the presence of ventricular tachy-
cardia runs identified subjects with a higher mortality
on placebo. Amiodarone was highly effective in sup-
pressing premature ventricular contractions (with >
80% suppression in 70% of patients) and in eliminat-
ing runs of ventricular tachycardia (67% free of VT
runs at 2 weeks compared to 23% at baseline). The to-
tal mortality between the group in which the arrhyth-
mias were suppressed versus those in which they were
not was not significantly different. Amiodarone pro-
duced a sustained increase (over 40%) in left ventricu-
lar ejection fraction compared to baseline (p = 0.001)
as well as to placebo (p = 0.0001); it reduced heart rate
compared to baseline (p < 0.001) and to placebo (70 +
12 bpm versus 79 + 13 bpm; p < 0.0001).

In contrast, the study (35) from Argentina (Grupo
de Estudio de la Sobrevida en la Insuficiencia Cardia-
ca en Argentina or GESICA) in which 516 patients
with New York Heart Association Class III and 1V
heart failure were randomized to amiodarone (300
mg/day) and to standardized medical therapy revealed
somewhat different findings. There was a 28% reduc-
tion in all-cause mortality, from 41.4% to 33.5% (95%
CI = 4-45%; p = 0.024). Sudden death and death due
to progressive heart failure appeared to be reduced to
a similar extent (27% and 23%, respectively, p = 0.16)
but did not reach statistical significance.

The reasons for the apparently marked difference
between the mortality outcomes in CHF STAT and
those in GESICA remain unclear. However, besides
the blinded nature of CHF STAT, the most striking
difference is the smaller proportion (39%) of the pa-
tients in GESICA who had coronary artery disease
compared to that (70%) in the CHF STAT. Of note, in
CHF STAT there was a favorable trend in total mor-
tality in patients who had cardiac failure of nonis-
chemic origin (p = 0.07). Whether this is the sole ex-
planation for the differences in mortality between the
two studies is uncertain. In this regard, the CHF STAT
data on amiodarone, a powerful antiadrenergic agent
with long-lasting effects (36), are similar to those of
chronic beta-blockade with bisopropol in cardiac fail-
ure in 641 patients revealing no significant effect on to-
tal mortality (37). However, as in our trial with amio-
darone, in the patients without previous MI (n = 338),
there were 42 deaths out of 187 patients on placebo
compared to 18 deaths on bisoprolol (22.5% versus
11.9% total mortality; p < 0.01).

CHF STAT was not an arrhythmia suppression



trial. Nevertheless, the powerful suppressant effect of
amiodarone both on PVCs and on VT runs permitted
an analysis of the relationship between suppression
and mortality endpoints. Again, no difference in total
mortality was found between the group in which ven-
tricular arrhythmias were suppressed [“responders”]
(i.e., 80% or greater suppression of PVCs and 100%
suppression of VT runs) compared to those in which
the arrhythmias were not suppressed [“nonrespon-
ders”]. The dichotomy between arrhythmia suppres-
sion and mortality (neutral in the case of amiodarone)
casts further doubt on the validity of using Holter-
guided therapy in predicting an effect on mortality in
patients with reduced left ventricular ejection fraction
and ventricular arrhythmias.

Antiarrhythmics of the Future: Simple Versus
Complex Molecules

Considerable changes have occurred in the approaches
to control VT and VF in the last 5 years. An important
issue is the recognition that, as far as drug therapy is
concerned, it is difficult to demonstrate that the time-
honored antiarrhythmic agents have the potential to
prolong survival by controlling VI/VF and, in fact,
have the potential to increase mortality by their proar-
rhythmic reactions. This has led to a shift to agents
with somewhat different properties characterized by
the prolongation of repolarization and refractoriness
of cardiac muscle in association with sympathetic inhi-
bition (3-6). Some tentative conclusions can be drawn
from the current state of knowledge. The data suggest
that both sotalol and amiodarone are superior to class
I agents and the continued use of class I agents in the
control of VT/VF in patients with structural heart dis-
ease is questionable. If such a premise were to be ac-
cepted, the role of beta-blockers as monotherapy in
patients with VI/VF remains to be determined (38)
but the available data emphasize the significance of
blunting sympathetic stimulation as an integral compo-
nent of most, if not all, antiarrhythmics for controlling
VT/VF. The data also suggest that while amiodarone
and sotalol along with beta-blockers may now be con-
sidered as constituting the “best” medical therapy of
VT/VF, they do fall considerably short of being the
ideal agents. In the case of sotalol, the variable inci-
dence of torsades de pointes and beta-blocker side ef-
fects continue to pose concerns; amiodarone has nei-
ther the beta-blocker side effects nor does it produce
an appreciable incidence of torsades de pointes (39).
The major deficiency of the drug is the complex array
of side effects that develop during the course of thera-
py as a function of time especially in high doses.

To circumvent the perceived shortcomings of so-
talol and amiodarone, there has been an intensive ex-
perimental and clinical research focus on simpler mol-
ecules which have the propensity to lengthen repolar-
ization without any other major electrophysiologic ef-
fects. Such agents have been targeted against single or
multiple repolarizing membrane currents (40). Most
are specific blockers of the delayed rectifier potassium
current, especially its rapid component (i), E4031,
dofetilide, sematilide, MK499, and the dextro-isomer
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of di-sotalol (d-sotalol) being examples of the so-called
“pure” class III agents. These agents selectively pro-
long repolarization and cardiac refractoriness without
affecting myocardial excitability. They elevate the VF
threshold and reduce the ventricular defibrillation
threshold. They exert a weakly suppressant effect on
premature ventricular contractions but are relatively
potent in preventing the inducibility of VT and VF in-
duced by programmed electrical stimulation. They are
thought to exert their antifibrillatory activity by slow-
ing VT, thereby preventing VF. In contrast to sodium-
channel blockers, as a class, potassium-channel block-
ers do not exhibit negative inotropic actions but do
produce a variable incidence of torsades de pointes.
Clearly, in evaluating their effectiveness as antifib-
rillatory agents, it is imperative to determine their net
effect not only on sudden death but especially on total
mortality, which cannot be inferred reliably from their
influence on inducible VI/VF. At least in the case of
one of the pure class III agents — d-sotalol — this has
been determined in a double-blind, placebo-controlled
study — Survival with Oral D-Sotalol (SWORD) in-
volving high-risk patients after MI (41). This study was
designed to enroll 6400 patients to test the hypothesis
that d-sotalol would reduce total mortality in patients
over 18 years of age with a left ventricular ejection
fraction less than 40%; two subsets of patients were
enrolled into the study. In the first were patients who
had sustained MI within 42 days of the acute event and
in the second subset were those who had incurred MI
after 42 days at the time of entry into the study. The
latter group were required to have had a documented
history of cardiac failure (New York Heart Class II or
III). Patients satisfying the entry criteria were random-
ized to placebo or to d-sotalol 100 mg bid which was
increased to 200 mg bid if tolerated. The trial was
stopped prematurely (because the boundary for harm
was crossed) when 3119 patients had been enrolled
(mean follow-up about 156 days). It was noteworthy
that 42 (2.7%) died in the placebo group and 71
(4.6%) died in the group given d-sotalol (p = 0.005).
There were no significant differences between the two
groups, being about 30%; 29.2% of the patients en-
rolled into the study had recent MI and 70.8% had re-
mote infarcts. It was also of note that the trend for
mortality for both groups was similar for the remote as
well as those with recent infarcts, with an increasing di-
vergence of the survival curves as a function of time.
These data on the effects of d-sotalol are the first
from the mortality trials in survivors of acute infarc-
tion involving pure class III compounds. It clearly
shows a deleterious effect akin to those of the class I
agents flecainide and encainide; the adverse effect on
mortality was interpreted as being due to proarrhyth-
mic reaction. A similar conclusion in the case of d-so-
talol in SWORD is inescapable. It leads to the ques-
tion of whether it might be a common property of
most, if not all, pure class III agents, a possibility that
remains to be confirmed or denied on the basis of data
from similar studies in post-MI patients. In this regard,
the outcome of an ongoing trial involving dofetilide
being carried out in Denmark will be of major impor-
tance. For the present, it must be emphasized that the
trial with d/-sotalol performed by Julian et al (42) was



not adverse although there were some excess deaths
on dl-sotalol compared to placebo during the early
months of the study. At the end of the 12 months, so-
talol had reduced total mortality by 18%, which did
not, however, reach statistical significance. The fact
that dl-sotalol, a potent beta-blocker (compared to d-
sotalol), differs from the dextro-isomer in terms of the
divergent effect on mortality emphasizes the impor-
tance of beta-blocking or antiadrenergic effect of an-
tiarrhythmic drugs in mediating a salutary effect in sur-
vivors of acute MI. This has also been noted in the
case of amiodarone which also is a potent sympathetic
antagonist (30). Some tentative conclusions may be
drawn from these observations. The outcome of the
SWORD trial in which d-sotalol was used as a test
agent against placebo, when considered in light of the
beta-blocker data in the case of beta-blockers di-so-
talol and amiodarone suggest that attenuating sympa-
thetic stimulation in survivors of acute infarction may
be critical to arrhythmia mortality reduction. Further-
more, in this context, as indicated elsewhere (43), it
would seem that complex molecules such as sotalol
and amiodarone which encompass sympathetic antago-
nism as an integral component of their overall pharma-
codynamic actions might be preferable to similar mole-
cules developed to produce selective block of individ-
ual myocardial channels, receptors, or pumps. For the
purposes of mortality reduction by preventing VF, it
appears desirable that all newer antiarrhythmic mole-
cules should be potent adrenergic antagonists. Such
molecules are more likely to be effective in reducing
mortality than those that appear to act principally by
blocking a single ion channel or a component of a
channel.

Conclusions

How ventricular arrhythmias should be treated is cur-
rently a rapidly changing scene that is and should be
under continuous and close scrutiny. The goals and
end points of therapy should be clearly defined. These
are best done on the basis of data acquired from strin-
gently controlled clinical trials. The results from such
trials need to be incorporated into our thought
processes and clinical decision making in the selection
of regimens, pharmacologic and nonpharmacologic,
for therapeutic use in the expectation of reducing mor-
tality due to ventricular arrhythmias. While suppres-
sion of manifest arrhythmias is a desirable goal for re-
ducting symptoms when they are related to the ar-
rhythmias, efforts to suppress them for the purposes of
prolonging survival remains an unproven hypothesis.
The requirements for demonstrating efficacy of
newer agents are also becoming more stringent. The
impact on mortality can only be demonstrated by ade-
quately designed controlled trials. Newer trials need to
take cognizance of the changing natural history of car-
diovascular disease, especially the substrate for ven-
tricular arrhythmias, the need for placebo-controlled
trials, and the appropriate trial end points. In the case
of asymptomatic arrhythmias the sole end point is
clearly an improvement in mortality. The presence of
arrhythmias in a particular setting in this instance
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merely selected a subset of patients at high risk for ar-
rhythmic deaths — patients with recent or remote my-
ocardial infarction, heart failure, and -cardiomy-
opathies, among others. In such subsets of patients the
effects on total mortality have been determined with
respect to beta-blockers, calcium-channel blockers, as-
pirin, angiotensin-converting enzyme (ACE) in-
hibitors, amiodarone, and certain antiarrhythmic
drugs. Most such trials have utilized placebo controls.
The availability of ICDs has provided an opportunity
to use placebo controls even in patients with manifest
VT/VF. 1t is clear that there are pharmacologic regi-
mens which may not act directly on arrhythmias but
which may have a substantial effect in either continu-
ously modulating the arrhythmogenic influences on
the substrate (e.g., beta-blockers) or which fundamen-
tally alter the myocardium (ACE inhibitors or throm-
bolytics), thereby indirectly preventing the develop-
ment of VF. An understanding of the mechanisms of
the salutary effects of these classes of cardioactive
compounds is critical since the use of such agents in
patients at high risk for developing VF provides the
largest scope for mortality reduction in patients with
significant cardiac disease.

For controlling VT/VF a shift from class I agents to
beta-blockers and to complex class III agents such as
sotalol and amiodarone in recent years is occurring si-
multaneously as a shift from surrogate end points of ar-
rhythmia suppression either on Holter or of arrhyth-
mias induced by PES. An important realization from
clinical trial end points has been that total mortality
and indices of arrhythmia suppression have been diver-
gent. This was dramatically illustrated by the findings in
CAST with class I agents. This being the case, if one
were to apply the data to VI/VF, it engenders consid-
erable doubt whether antiarrhythmic drugs have been
shown to prolong survival in patients with VI/VF in
absolute terms. No longer does it appear reasonable to
assume that in responders on the basis of PES studies
mortality will be reduced. As far as guided drug thera-
py for VI/VF is concerned, it appears inherently un-
likely that a drug might produce an increase in mortali-
ty in one subset of patients and a reduction in another,
especially if the level of the left ventricular ejection
fraction were comparable. For example, d-sotalol clear-
ly increased mortality in high-risk post-MI survivors
with low ejection fraction. Is it logical to believe that
the drug might reduce mortality in patients with VI/VF
if it is administered on the basis of PES-guided thera-
py? Such is the magnitude of the persisting dilemma of
drug therapy in the case of VI/VF, a dilemma that has
undoubtedly led to an increasing focus on the use of
implantable devices in this setting. The advent of ICDs
now permits controlled clinical trials which may indi-
cate the true benefit (if any) of drug therapy in patients
with symptomatic VI/VF.In these trials, ICDs may
serve as the placebo arm of a randomized drug study.
Controlled studies of these designs are not only desir-
able but are imperative for establishing the role of vari-
ous treatment modalities in the control of VI/VF in pa-
tients with cardiac disease. The challenge is not only to
synthesize ideal antifibrillatory agents but also to de-
fine precisely their net therapeutic effects on clinically
relevant end points compared to no drug treatment



(i.e., placebo) in patients with changing myocardial
substrates. The availability of ICDs now permits such
studies to be carried out without violating ethical prin-
ciples of conducting controlled clinical trials.
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What Have We Learned from the SWORD Trial? Can Potassium Channel
Blockers Reduce Sudden Cardiac Death?
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Introduction

On November 1, 1994, the SWORD (Survival With
Oral D-sotalol) trial was terminated by the Steering
Committee because of an excess mortality among the
patients randomized to d-sotalol. Five years after the
early termination of the Cardiac Arrhythmia Suppres-
sion Trial (CAST) for similar reasons, this event has
caused further concern in the field of cardiac arrhyth-
mias and electrophysiology and is raising questions
about the availability of drugs that may reduce sudden
cardiac death and also about the rationale and events
that precede the initiation of large-scale clinical trials.

This article reviews the background of the
SWORD trial and considers some of the reasons for its
outcome. This analysis is limited by the impossibility of
disclosing, at the moment of writing, very relevant in-
formation because the primary paper on SWORD has
not yet been published.

Background

In the aftermath of CAST (1, 2), most drug companies
abandoned the development of Na' channel blockers
and concentrated their efforts on K* channel blockers.
Let us examine what the reasoning was behind this
move, because there is an important lesson to be
learned by those interested in the pharmacologic pre-
vention of sudden cardiac death and in the develop-
ment and evaluation of antiarrhythmic drugs.

In addition to the well-established, but incomplete,
protection offered by B-adrenergic blocking agents the
only antiarrhythmic drug that in the late 1980s still ap-
peared to be promising was amiodarone. A few small-
size studies (3, 4) had indeed reported a reduction in
mortality with amiodarone, and two large-size studies,
EMIAT (5) and CAMIAT (6), will report their final
results on a total of 2700 postmyocardial infarction
(MI) patients in 1996. Amiodarone is the prototype of
class III antiarrhythmic drugs in the traditional Vaugh-
an-Williams classification; this simplistic view has led
many investigators and drug companies to incorrectly
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assume that all other class III antiarrhythmic agents
share the same favorable characteristics of amiodarone
but hopefully without its peculiar toxicity. As a conse-
quence, the development of a large number of K*
channel blockers was accelerated, and many of them
(almokalant, ambasilide, azimilide, dofetilide, d-so-
talol, risotilide, sematilide, E4031, MS-551, RP S8866,
WAY-123-398) became either available for clinical in-
vestigation or are almost ready now. In the early 1990s,
it was considered that for two of these compounds, d-
sotalol and dofetilide, a sufficient amount of experi-
mental and clinical data had been accumulated to justi-
fy their evaluation in a randomized clinical trial. Thus,
Bristol-Myers-Squibb and Pfizer set in motion two ma-
jor trials, SWORD and DIAMOND (Danish Investi-
gation of Arrythmias and Mortality on Dofetilide).

As suggested above, the reasoning behind this deci-
sion was based, at least in part, on a series of oversim-
plifications that had already been challenged in the doc-
ument produced in 1991 by a Task Force of the Work-
ing Group on Arrhythmias of the European Society of
Cardiology called the “Sicilian Gambit” (7). The Sicil-
ian Gambit, and its subsequent evolution (8, 9), pointed
out that most antiarrhythmic drugs have a wide range
of actions and that to consider them as belonging to a
single class is a dangerous and misleading oversimplifi-
cation. This was not the original intention of Vaughan-
Williams, but this is the way his classification is being
used, as indicated by the common reference to “class 1
antiarrhythmic drugs” or to “class III antiarrhythmic
drugs.” The Sicilian Gambit called attention to the fact
that amiodarone does much more than to block the K*
channels; as a matter of fact, it also blocks the Na* and
the Ca* channels, albeit with a lower potency, and it
has both o- and B-adrenergic blocking effects in addi-
tion to an interesting coronary vasodilating effect. To
assume that a drug that blocks solely the K* channel
would produce the same effects as amiodarone is naive.
On the other hand, there is scientific merit in attempt-
ing to assess the potential beneficial effect of a pure K"
channel blocker. All too often concepts based on theo-
ry are proven wrong, and only a carefully conducted
clinical trial can answer certain questions about drug



efficacy and safety. The effect of prolonging ventricular
refractoriness, which is the primary electrophysiologic
effect of K' channel blockers, is of major importance in
preventing reentrant arrhythmias, and ischemic ar-
rhythmias are usually reentrant in nature. Thus, a solid
background for the assessment of K' channel blockers
was established. To carefully design a clinical trial
which would assess the precise entity of the potential
protective effect of K* channel blockers was a necessary
and important contribution to cardiology and to the un-
derstanding of the complex relation between manipula-
tion of a single ionic channel and arrhythmogenicity in
patients with ischemic heart disease. In this sense, the
outcome of these trials was relatively unimportant be-
cause considerable progress in knowledge would be
achieved by both a positive and a negative result.

This background is important because it explains
two facts: (1) why leading drug companies have em-
barked on large clinical trials with K* channel blockers
and (2) why scientists who were, or who might have
been, skeptical about the probability of success of
these trials cooperated in their design and in carrying
them out.

As of June 1995, DIAMOND is still ongoing,
whereas SWORD was terminated in November 1994
because of excess mortality in the group receiving d-
sotalol. In this brief article I will review data relevant
to SWORD. I have to point out that, at the time of
writing, the first presentation of the complete results of
SWORD has not yet been published and therefore,
like all the other members of the Steering Committee,
I am bound to confidentiality and am not allowed to
divulge the complete results. This is likely to be possi-
ble at the International Workshop on Cardiac Ar-
rhythmias in October 1995.

SWORD Protocol

SWORD was designed as a multicenter study to assess
the hypothesis that d-sotalol would reduce total mor-
tality in two groups of patients who survived a myocar-
dial infarction.

SWORD had planned to enroll 6400 patients at
approximately 500 centers in 30 countries, including
Europe, North and South America, South Africa, Aus-
tralia, and New Zealand. These patients, all with left
ventricular dysfunction (left ventricular ejection frac-
tion less than 40%) and with a myocardial infarction,
were included in two groups. Group 1 consisted of pa-
tients with an acute myocardial infarction 6-42 days
prior to randomization with or without overt heart fail-
ure. Group 2 consisted of patients with a remote my-
ocardial infarction occurring more than 42 days prior
to randomization who also had a history of overt heart
failure (New York Heart Association class II or III).
The primary efficacy endpoint was total mortality; car-
diac mortality was a secondary endpoint.

Among the exclusion criteria there was a QTc of
more than 460 ms. The initial dosage was 100 mg twice
daily for 1 week, to be increased to 200 mg twice daily
if QTc had not exceeded 520 ms. The drug had to be
discontinued whenever a QTc exceeding 560 ms was
observed.
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In estimating the sample size the following as-
sumptions were made:

1. A trial duration of 3 years with a minimum patient
follow-up of 18 months.

2. The acute and remote myocardial infarction patients
will enter the study in a ratio of 2:1.

3. A cumulative average mortality of 17.7% in the
placebo treated patients.

4. A 20% reduction in total mortality associated with
d-sotalol.

5. A two-sided significance level of 0.05.

6. A power of 90%.

The sample estimate was based on one intent-to-
treat analysis at the conclusion of the trial; however,
the Data and Safety Monitoring Board was supposed
to make periodic assessment with well-defined stop-
ping rules, including differential boundaries for effica-
cy and harm, in order to allow termination of the trial
before its completion if appropriate (10).

SWORD Outcome

As of November 1, 1994, a total of 3121 patients had
been randomized in the SWORD trial with a mean fol-
low-up of 146 days. The Data and Safety Monitoring
Board recommended early termination of SWORD
because the boundary for harm had been crossed
(Z=2.8) and statistical significance had been reached
(p=0.0060). There was an increased mortality among
the 1549 patients receiving d-sotalol (78 deaths, 5.0%)
compared to the 1571 receiving placebo (48 deaths,
3.0%). This difference was present across all sub-
groups, even though it was markedly more present in
some compared to others.

The unavoidable, and definite, conclusion of
SWORD is that d-sotalol causes harm in patients with
a prior myocardial infarction.

Is d-Seotalol Antifibrillatory?

A drug that aims at reducing mortality, and primarily
sudden arrhythmic death, in patients with ischemic
heart disease has to possess a marked antifibrillatory
activity. Prior to initiation of a clinical trial, attention
should be paid to experimental studies performed in
preparations relevant to the clinical reality.

d-Sotalol had indeed been studied in two well ac-
cepted and established canine models of sudden car-
diac death in conscious dogs with a healed myocardial
infarction. Interestingly, the two studies provided op-
posite results.

Lucchesi and associates used a preparation based
on the production of an occluding thrombus in the cir-
cumflex coronary artery of dogs 4-7 days after an ante-
rior myocardial infarction (11,12). The study is per-
formed while the dogs are at rest and, as the thrombus
occlusion is irreversible, the only possible analysis is
that based on group comparison. They reported a
striking protective effect of d-sotalol. In two consecu-
tive studies the incidence of ventricular fibrillation
within the first 60 min after the appearance of electro-
cardiographic signs of acute myocardial ischemia was



20% (two out of ten) and 12.5% (one out of eight)
among the dogs treated with d-sotalol, whereas it was
80% (eight out of ten) and 87% (seven out of eight)
among the dogs treated with saline. These data were
regarded as very encouraging for the initiation of a
clinical trial with d-sotalol.

We studied d-sotalol in our own preparation for
sudden death (13). This involves a brief ischemic
episode, secondary to a 2-min occlusion of the cir-
cumflex coronary artery, in dogs with a 1 month old
anterior myocardial infarction; this ischemic episode
is produced toward the end of an exercise stress test.
Thus, this model involves transient ischemia at the
time of physiologic sympathetic activation. Whenever
ventricular fibrillation occurs, the dogs are promptly
defibrillated and can be tested again either in control
conditions or after administration of several drugs.
Another important feature of this preparation is the
very high reproducibility of the outcome; this allows
an internal control analysis.

Using this model, Vanoli et al (14) compared the
protective effect of d-sotalol (n=10), of d,/-sotalol
(n=9), and of propranolol (n=9) in the same dogs with
a healed myocardial infarction. All these animals had
developed ventricular fibrillation in the exercise and
ischemia test performed in control conditions; based
on our experience on several hundred postmyocardial
infarction dogs, recurrence of fibrillation is expected in
92% of animals which repeat the test in control condi-
tions. Propranolol and d,/-sotalol were effective in pre-
venting ventricular fibrillation, as demonstrated by its
recurrence in 44% and 33% of the animals, respective-
ly. By contrast, ventricular fibrillation recurred in 90%
of the dogs treated with d-sotalol (Fig. 1). Our conclu-
sion was that d-sotalol does not reduce the risk for
ventricular fibrillation during acute myocardial is-
chemia associated with sympathetic hyperactivity.

These results do not contradict the evidence that
d-sotalol can effectively prevent the recurrence of life-
threatening arrhythmias dependent on an anatomical
substrate (11,12,15). However, they should alert us to
the possibility that d-sotalol may not be able to reduce
the risk for sudden death after myocardial infarction in
those patients more likely to die because of the ar-
rhythmogenic interaction between ischemic episodes
and sympathetic activation. Most of these patients
could probably be identified by the presence of mark-
ers of low vagal and high sympathetic activity, such as
depressed baroreflex sensitivity (16-18) and reduced
heart rate variability (19-21).

Why Does d-Sotalol Fail To Prevent Ventricular
Fibrillation During Myocardial Ischemia and
Symphathetic Activation?

The striking difference in results obtained with d-so-
talol in the experiments conducted by Lynch et al
(11,12) and by Vanoli et al (14) must be based on a
sound pathophysiologic explanation. Searching for this
explanation, we developed and tested the hypothesis
that sympathetic excitation may interfere with the
mechanism of action of K* channel blockers. This con-
cept has far-reaching theoretic and clinical implica-
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Fig. 1. Antiarrhythmic drug efficacy in preventing ventricular
fibrillation during submaximal exercise and acute myocardial
ischemia in ten dogs. All animals developed ventricular fibrillation
during the control study. Survival (%) is defined as the absence of
ventricular fibrillation during myocardial ischemia. Antiarrhythmic
drug administration is described in the text. * p < 0.05

tions and certainly warrants adequate investigation.

Our hypothesis was based on the fact that the K*
current with the largest effect on ventricular repolar-
ization, the delayed rectifier I,, comprises two compo-
nents: one rapidly activated (I,,) and one slowly acti-
vated (I,,) (22). I,, is blocked by most of the traditional
K* channel blockers, such as d-sotalol, whereas I, is
not blocked by d-sotalol and is activated by isopro-
terenol. Whenever sympathetic activity increases, I
becomes the predominant component of I, (23). Thus,
it might be postulated that in the presence of increased
sympathetic activity, the sheer blockade of I, may
have only a limited effect on action potential duration.
We tested this hypothesis in two series of experiments
performed in vivo and in vitro (24).

The in vivo experiments were conducted in anes-
thetized dogs in which the effect of left stellate gan-
glion stimulation on the monophasic action potential
prolongation induced by d-sotalol was tested at con-
stant heart rate. The in vitro experiments were con-
ducted in isolated guinea pig ventricular myocytes: the
effect of isoproterenol was tested on the action poten-
tial duration in the absence and in the presence of d-
sotalol.

In control conditions, both in vivo and in vitro,
adrenergic stimulation did not significantly change ac-
tion potential duration. d-sotalol prolonged by 19% -
24% the action potential duration in the two experi-
mental settings. Importantly, adrenergic activation re-
duced by 40% — 60% the prolongation of action poten-
tial duration produced by d-sotalol.

The inescapable conclusion of these experiments is
that sympathetic activation counteracts the effect of K*
channel blockers on the duration of ventricular repo-
larization and may thus impair their primary antifibril-
latory mechanism. The intriguing clinical implication
was that K* channel blockers might not be effective in
protecting patients from malignant ischemic arrhyth-



mias occurring in conditions of elevated sympathetic
activity.

The relevance of these two studies to the outcome
.of the SWORD trial is obvious. It is reasonable to sur-
mise that the results of SWORD may depend on the
combination of a proarrhythmic effect (well known for
all these compounds), more evident in the subgroup at
lower risk, with a lack of protection in the subgroup at
higher risk. Our experimental data, which have shown
the inability of d-sotalol to prevent ischemia-induced
ventricular fibrillation, contribute to explain the clini-
cal result. They also demonstrate the validity of this
specific animal preparation in providing information
useful for the selection of the antiarrhythmic drugs
most appropriate for being tested in a clinical trial.

References

1. The Cardiac Arrhythmia Suppression Trial (CAST) Investiga-
tors (1989) Preliminary report: effect of encainide and fle-
cainide on mortality in a randomized trial of arrhythmia sup-
pression after myocardial infarction. N Engl J] Med 321:406-412

2. Task Force of the Working Group on Arrhythmias of the Eu-
ropean Society of Cardiology (Akhtar M, Breithardt G, Camm

AJ, Coumel P, Janse MJ, Lazzara R, Myerburg RJ, Schwartz

PJ, Waldo AL, Wellens HJJ, Zipes DP) (1990) CAST and be-
yond. Implications of the Cardiac Arrhythmia Suppression Tri-
al. Eur Heart J 11:194-199; Circulation 81: 1123-1127

3. Burkart F, Pfisterer M, Kiowski W, Follath F, Burckhardt D
(1990) Effect of antiarrhythmic therapy on mortality in sur-
vivors of myocardial infarction with asymptomatic complex
ventricular arrhythmias: Basel Antiarrhythmic Study of Infarct
Survival (BASIS). J Am Coll Cardiol 16: 1711-1718

4. Ceremuzynski Y, Kleczar E, Krzeminska-Pakula M, Kuch J,
Nartowicz E, Smielak-Korombel J, Dyduszynski A, Maciejew-
icz J, Zaleska T, Lazarczyk-Kedzia E, Motyka J, Paczkowska B,
Sczaniecka O, Yusuf S (1992) Effect of amiodarone on mortali-
ty after myocardial infarction: a double-blind, placebo-con-
trolled, pilot study. J Am Coll Cardiol 20:1056-1062

5. Schwartz PJ, Camm AJ, Frangin G, Janse MJ, Julian DG, Si-
mon P, on behalf of the EMIAT Investigators (1994) Does
amiodarone reduce sudden death and cardiac mortality after
myocardial infarction? The European Myocardial Infarct
Amiodarone Trial (EMIAT). Eur Heart J 15: 620-624

6. Cairns JA, Connolly SJ, Gent M, Roberts R (1991) Post-my-
ocardial infarction mortality in patients with ventricular prema-
ture depolarizations. Canadian Amiodarone Myocardial Infarc-
tion Arrhythmia Trial Pilot Study. Circulation 84: 550-557

7. Task Force of the Working Group on Arrhythmias of the Eu-
ropean Society of Cardiology (Bigger JT Jr, Breithardt G,
Brown AM, Camm AlJ, Carmeliet E, Fozzard HA, Hoffman
BF, Janse MJ, Lazzara R, Mugelli A, Myerburg RJ, Roden
DM, Rosen MR, Schwartz PJ, Strauss HC, Woosley RL, Zaza
A) (1991) The Sicilian Gambit. A new approach to the classifi-
cation of antiarrhythmic drugs based on their actions on ar-
rhythmogenic mechanisms. Eur Heart J 12: 1112-1131 and Cir-
culation 84: 1831-1851

8. Schwartz PJ, Zaza A (1992) The “Sicilian Gambit” revisited.
Theory and practice. Eur Heart J 13 [Suppl F]: 23-29

9. Members of the Sicilian Gambit (Breithardt G, Camm AlJ,
Campbell RWF, Fozzard HA, Hoffman BF, Janse MJ, Lazzara
R, Levy S, Myerburg RJ, Roden DM, Rosen MR, Schwartz PJ,
Strauss HC, Waldo AL, Wit AL, Woosley RL, Zaza A, Zipes

42

10.

12.

13.

14.

15.

16.

18.

19.

21.

23.

24.

DP eds) (1994) Antiarrhythmic therapy: a pathophysiologic ap-
proach. Futura Armonk, p 337

Task Force of the Working Group on Arrhythmias of the Eu-
ropean Society of Cardiology (Bigger JT Jr, Breithardt G,
Camm AJ, DeMets DL, Furberg CD, Hallstrom A, Janse MJ,
Julian DG, Lan KKG, Lazzara R, Marcus FI, Moss AlJ,
Schwartz PJ, Tijssen JGP, Waldo AL) (1994) The early termi-
nation of clinical trials: causes, consequences, and control. With
special reference to trials in the field of arrhythmias and sudden
death. Eur Heart J 15: 721-738 and Circulation 89: 2892-2907

. Lynch JJ, Wilber DJ, Montgomery DG, Hsiech TM, Patterson

E, Lucchesi BR (1984) Antiarrhythmic and antifibrillatory ac-
tions of the levo- and dextrorotatory isomers of sotalol. J Car-
diovasc Pharmacol 6: 1132-1141

Lynch JJ, Coskey LA, Montgomery DG, Lucchesi BR (1985)
Prevention of ventricular fibrillation by dextrorotatory sotalol
in a conscious canine model of sudden coronary death. Am
Heart J 109: 949-958

Schwartz PJ, Billman GE, Stone HL (1984) Autonomic mecha-
nisms in ventricular fibrillation induced by myocardial ischemia
during exercise in dogs with healed myocardial infarction. An
experimental preparation for sudden cardiac death. Circulation
69: 790-800

Vanoli E, Hull SS Jr, Adamson PB, Foreman RD, Schwartz PJ
(1995) K* channel blockade in the prevention of ventricular fib-
rillation due to acute ischemia and enhanced sympathetic activ-
ity. J Cardiovasc Pharmacol (in press)

Cobbe SM, Hoffman E, Ritzenhoff A, Brachmann J, Kubler W,
Senges J (1983) Action of sotalol on potential reentrant path-
ways and ventricular tachyarrhythmias in conscious dogs in the
late postmyocardial infarction phase. Circulation 68: 865-871

La Rovere MT, Specchia G, Mortara A, Schwartz PJ (1988)
Baroreflex sensitivity, clinical correlates and cardiovascular
mortality among patients with a first myocardial infarction. Cir-
culation 78: 816-824

. Farrell TG, Odemuyiwa O, Bashir Y, Cripps TR, Malik M,

Ward DE, Camm AJ (1992) Prognostic value of baroreflex sen-
sitivity testing after acute myocardial infarction. Br Heart J 67:
129-137

Schwartz PJ, La Rovere MT, Vanoli E (1992) Autonomic ner-
vous system and sudden cardiac death. Circulation 85 [Suppl I]:
177-191

Kleiger RE, Miller JP, Bigger JT Jr, Moss AJ, and the Multi-
center Post-Infarction Research Group (1987) Decreased heart
rate variability and its association with increased mortality after
acute myocardial infarction. Am J Cardiol 59: 256-262

. Farrell TJ, Bashir Y, Cripps T, Malik M, Poloniecki J, Bennett

ED, Ward DE, Camm AJ (1991) Risk stratification for ar-
rhythmic events in postinfarction patients based on heart rate
variability, ambulatory electrocardiographic variables and the
signal-average electrocardiogram. J Am Coll Cardiol 18: 687-
697

Bigger JT Jr, Schwartz PJ (1994) Markers of vagal activity and
the prediction of cardiac death after myocardial infarction. In:
Levy MN, Schwartz PJ (eds) Vagal control of the heart: experi-
mental basis and clinical implications. Futura, Armonk, pp 419-
432

. Sanguinetti MC, Jurkiewicz NK (1990) Two components of car-

diac delayed rectifier K+ current. J Gen Physiol 96: 195-215
Sanguinetti MC, Jurkiewicz NK, Siegl PKS (1991) Isopro-
terenol antagonizes prolongation of refractory period by the
class III antiarrhythmic agent E-4031 in guinea pig myocytes.
Circ Res 68: 77-84

Vanoli E, Priori SG, Nakagawa H, Hirao K, Napolitano C,
Diehl L, Lazzara R, Schwartz PJ (1995) Sympathetic activation,
ventricular repolarization and I, blockade: implications for the
antifibrillatory efficacy of K* channel blockers. J Am Coll Car-
diol 25:1609-1614



To Treat or Not To Treat Ventricular Arrhythmias
in Dilated Cardiomyopathy?
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Introduction

The management of patients (pts) with dilated car-
diomyopathy (DC) and malignant ventricular arrhyth-
mias (MVA), with particular attention to their treatment
indication, should include a comprehensive clinical eval-
uation focusing on the potential role of triggering factors
of rhythm disturbances. The clinical evaluation of the
various interrelated adverse events that can precipitate
MVA, as shown in Fig.1, is mandatory for the full under-
standing of the clinical problems of these pts. DC is char-
acterized by a progressive dilatation of cardiac cham-
bers, but principally of the left ventricle, together with
poor and inadequate wall hypertrophy and severe reduc-
tion of myocardial contractility and overall ventricular
function. Ischemic cardiomyopathy (ICM) and idiopath-
ic cardiomyopathy (DCM) are the most common forms,
but the etiology is often multifactorial. Death is caused

Fig. 1. Triggering factors of malignant ventricular arrhythmias
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by progressive heart failure, with mortality rates ranging
from 30% to 50% at 1 year from symptom onset, or sud-
den cardiac death (SCD) presumably resulting from ar-
rhythmias, accounting for 28%-45% of fatal events (1,
2). SCD could be ascribed in most cases to ventricular
tachycardia (VT) degenerating into ventricular fibrilla-
tion (VF; 3). Previous observations warrant addressing
the issue of treatment of pts with DC and MVA.

Etiology and Pathogenesis

In DCM microscopic study reveals extensive areas of
interstitial and perivascular fibrosis with small areas of
necrosis and cellular infiltrate; in ICM discrete areas of
scar tissue related to old myocardial infarction are
prevalent. In addition, the dilatation of heart chambers
causes an increase in wall stress and myocardial fiber



stretching. These histological and morphological
changes could predispose to the development of
rhythm disturbances such as bradyarrhythmias or tach-
yarrhythmias. Several mechanisms could be involved
in the genesis of MVA in pts with DC:

— A reentrant circuit formed by the inhomogeneity of
myocardial depolarization and conduction velocity
within surrounding areas of active inflammation, fibro-
sis, or ischemia

— Enhanced automaticity secondary to myocardial
stretching and increased transmural pressure

— Intracellular electrolyte fluxes consequent to diuretic
therapy

Several triggering factors acting on this anatomical
substrate can facilitate the emergence of MVA.

In pts with DC a direct arrhythmogenic effect could
be ascribed to the enhanced sympathetic nervous tone
and to circulating catecholamines, both inducing in-
crease of myocardial oxygen consumption (potentially
aggravating ischemia-related arrhythmias) and acute hy-
pokalemia determined by a beta adrenergic mediated
intracellular entry of potassium ions (4, 5). Moreover,
activation of the renin-angiotensin-aldosterone system
(6) in conditions of circulatory failure together with di-
uretic therapy raise the urinary excretion of magnesium
and potassium ions. Drug therapy plays an important
role as a triggering factor: digitalis and diuretics, for a
long time considered the cornerstone in the manage-
ment of heart failure, can both increase the prevalence
of MVA (7). The proarrhythmic and negative inotropic
effects of class 1A antiarrhythmic drugs are well estab-
lished. The prognosis in pts with symptomatic DC is re-
markably poor and appears related to the severity of the
underlying myocardial disease; while there are many
clinical and hemodynamic parameters that might predict
a poor prognosis due to impending circulatory failure, it
has been more difficult to predict which pts with DC
might be at risk for arrhythmic SCD (8). Ventricular ec-
topic beats (VEB) and nonsustained ventricular tachy-
cardia (NSVT) are detected at Holter monitoring (HM)
in 70% and 20%-80% of pts with DC, respectively. The
sensitivity of HM in detecting VEB and NSTV is high
and appears to correlate to total cardiac deaths, but the
specificity and predictive value with respect to arrhyth-
mic SCD in DC pts appear to be low (9). It is difficult to
make a uniform statement with regards to the prognos-
tic significance of ventricular arrhythmias found on rou-
tine HM in predicting SCD. Antiarrhythmic therapy
may be suitable for pts with aborted SCD or recurrent
sustained VT but not in cases of asymptomatic MVA.
Only in pts with VF or sustained VT, associated with a
high incidence of VEB, the antiarrhythmic drug efficacy
could be potentially predicted by a significant lowering
of VEB at HM. The electrophysiologic mechanism of
arrhythmia could be partially related to etiology. In
ICM rather than DCM the presence of areas of scar tis-
sue can facilitate the induction and maintainance of
MVA on the basis of a reentrant circuit: nearly 70%-
80% of pts with a history of clinical VT and VF had in-
ducible MV A at baseline programmed electrical stimu-
lation (PES) study (10). This group of pts has an im-
proved prognosis if arrhythmia induced at baseline PES
is subsequently suppressed by antiarrhythmic therapy
(11). In pts with cardiomyopathy and a history of clinical
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VT or VF, a standard PES protocol has a significantly
lower yield, with sustained VT being inducible only in
50% of cases; in this group the inability to induce MVA
by antiarrhythmic therapy at control PES is a marker of
good prognosis (12). However, these pts represent only
a small subset of all the pts with DCM (13). Prognostic
significance of noninducibility of MVA at baseline PES
in pts with symptomatic NSVT or clinical VT and VF is
unknown and does not imply freedom from the risk of
arrhythmia recurrence or SCD; in pts with asympto-
matic MVA PES testing does not reliably stratify pts at
risk for SCD (14). These pts could be treated either with
antiarrhythmic drugs on an empirical basis or consid-
ered candidates for implantation of a cardioverter defib-
rillator (ICD). A complete PES evaluation is always
strongly reccomended in pts with VF or sustained VT
and DC, also for diagnostic purposes. Pts with DC and
intraventricular conduction disturbances present with a
relatively high incidence (6%-10%) of bundle branch
reentry tachycardia (15). In this form of tachycardia the
His-Purkinje system and a portion of the interventricu-
lar septum are involved in the reentry circuit; this tachy-
cardia is usually very fast and the arrhythmia can degen-
erate into VF. In such cases, the diagnosis is by electro-
physiologic study and catheter ablation treatment (16)
of the right bundle branch is effective in 100% of cases.

Drug Therapy

In pts with DC the identification and treatment of all re-
versible factors playing a role in the genesis of arrhyth-
mias is mandatory. Several questions have been raised
in the last decade regarding the clinical efficacy and
troublesome potential proarrhythmic effect of digoxin
in particular. Encouraging data regarding digoxin thera-
py emerged from the recent RADIANCE and
PROVED trials (17), carried out on in large patient
populations; digoxin has an interesting balancing effect
on the autonomic nervous system tone and a resulting
reduction in renin secretion (18). Lown and Podrid (19)
hypothesized a presumed direct antiarrhythmic effect of
digoxin (well known for atrial fibrillation) in pts with
heart failure that, however, has not been confirmed in
recent controlled trials from which a trend toward high-
er mortality emerged. In our opinion the proarrhythmic
effects of digoxin are more commonly observed in the
presence of low potassium concentrations or could be
ascribed to an increase in serum digoxin levels related
to a reduction in the glomerular filtration rate in pts
with transient impairment of ventricular function.

Antiarrhythmic Drugs

Caution should be exercised in the administration of an-
tiarrhythmic drugs with their variable degree of negative
inotropic effect to pts with heart failure and ventricular
arrhythmias, since it may cause a hemodynamic impair-
ment with further compromise of absorption, metabo-
lism, and secretion rates. Furthermore, proarrhythmic
effects are not only drug related (more often demon-
strated for propafenone than for amiodarone) but also
patient related, being more common in subjects with re-
duced ejection fraction (EF%) and complex ventricular



Table 1. Hemodynamic effects of antiarrythmic agents [modified
from (30)]

Drug/group Myocardial ~ Peripheral Cardiac Blood
contractility vascular output  pressure
resistence
1A
Quinidine = =] = =]
Procainamide
hydrochloride
iv. = I =1 !
0.s. = = =
Disopyramide Ll 1 Ll =
1B
Lidocaine = = = =
Mexiletine = = = =
1C
Flecainide Ll = il =]
Propafenone Ll = ! =
2
B-Blockers Ll 1 ! !
3
Amiodarone
L. | il il |
0.. = = = =
Sotalol
hydrochloride = = = =1
4
Verapamil 1l 1l =} l
Diltiazem
hydrochloride ! Vol = =]

1, decrease; |, increase; =, little or no definite effect; number of
arrows represent relative intensity of effect.

arrhythmias. Considering the pharmacodynamic proper-
ties of antiarrhythmic drugs listed in Table 1, especially
their negative inotropic action, cautious use is warranted

in pts with heart failure and ventricular arrhythmias.
From a practical point of view pharmacodynamic effects
following acute intravenous administration are remark-
ably different from those related to long-standing oral
treatment. In particular, the mild negative inotropic ef-
fect induced by intravenously administered amiodarone
is not observed during chronic oral therapy, which is
generally well tolerated in pts with heart failure, too.

The antiarrhythmic drugs of group I have more
(disopyramide) or less (lidocaine and mexiletine) the
same powerful negative inotropic effect. Group IC an-
tiarrhythmic agents share a well-documented proar-
rhythmic and negative inotropic-effect (more evident
for flecainide). The significant reduction of myocardial
contractility induced by antiarrhythmic agents should
also limit their use in the treatment of pts with DC and
sustained VT, in these cases overdrive pacing (OP)
and DC shock are preferred.

Amiodarone. Teo and Yusuf, in a recent meta-analy-
sis, compared the efficacy of antiarrhythmic drugs
from analysis of data from 98 000 pts with ischemic
cardiomyopathy enrolled in 138 trials (20): only amio-
darone and B-blockers proved to be effective drugs in
reducing cardiac mortality. These data are of particu-
lar interest in pts with DC and heart failure with re-
spect to the efficacy of orally administered amio-
darone in reducing MV A and cardiac death with neg-
ligible negative inotropic effect. A later study by Neri
et al. (21) found that amiodarone was effective in
suppressing complex VEB on HM of pts with IDC.
Herre et al. (22) in 1989 analyzed data fron 462 pts
with heart disease of various etiology and ventricular
arrhythmias and reported SCD reduction in pts treated

Fig. 2A, B. Survival rate curves over 24-month follow-up in the GESICA study, showing a trend toward reduction of death from progressive

heart failure (A) and from sudden cardiac death (B). [From (25)]
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with amiodarone. These positive results were confirmed
by Ceremuzynski (23) and by the BASIS STUDY (24)
with data obtained from pts with ischemic cardiomyopa-
thy and previous myocardial infarction; in the latter
amiodarone efficacy was demonstrated in pts with EF%
greater than 40%, but not in the group with heart fail-
ure. Efficacy of 2-year low-dose amiodarone therapy in
pts with heart failure, irrespective of the presence of
ventricular arrhythmias, emerged from recent GESICA
study data (25). Doval reported a reduction of SCD and
of deaths related to progressive heart failure; only 12 pts
withdrew from the study because the drug was poorly
tolerated (Fig.2A, B). These results raise questions re-
garding the appropriate amiodarone administration as
well as concerning the standard treatment regimen for
pts with heart failure and ventricular arrhythmias. Data
from the EMIAT study in postinfarction pts with EF%
less than 30% (study ended in 1995) might possibly cor-
roborate this orientation.

Angiotensin-Converting Enzyme Inhibitors. The an-
giotensin-converting enzyme (ACE) inhibitors capto-
pril and enalapril have been shown to reduce mortali-
ty in pts with congestive heart failure (26). Several
large scale trials in this decade evaluated the poten-
tial antiarrhythmic effect of ACE signaled in the pre-
vious report of Webster (27). In VHeFT II (28)
enalapril significantly reduced the incidence of NSVT
compared to pts treated with hydralazine and ni-
trosorbide; this study demonstrated a trend toward
SCD reduction as supported by other trials. It could
be concluded that there is an unquestionable reduc-
tion in the incidence of heart failure in the treated
group and a trend toward the reduction of cardiac
death, but there is not a clear demonstration of any
antiarrhythmic action. Nevertheless, ACE inhibitors

TOTAL EPISODES

EFFECTIVE [

do not induce the proarrhythmic effects observed for
antiarrhythmic agents and inotropic drugs, reconfirm-
ing their safety in pts with congestive heart failure
and ventricular arrhythmias.

f-Blockers. B-blockers can counteract the increase of
sympathetic tone and of circulating catecholamine,
representing a compensatory mechanism in patients
with congestive heart failure; however, it is not often
easy to titrate their dosage to the maximal clinical ben-
efit without left ventricular function worsening. In an
MDC study (29) performed in patients with DCM,
metoprolol did not significantly reduce mortality when
compared to placebo. In pts with ischemic -car-
diomiopathy and previous myocardial infarction, pro-
pranolol, metoprolol, and timolol were effective in re-
ducing cardiac mortality even in the subset with low
EF%. To date there is no argument for the routine use
of B-blockers in pts with DCM and MVA.

Personal Experience

We report our experience beginning in 1989 concern-
ing the treatment of ventricular arrhythmia in patients
with DC and heart failure. We evaluated the results
obtained in the treatment of sustained VT and the pro-
phylactic treatment of recurrences of VT and VF.

Our patient population consisted of pts with DC,
mainly of ischemic etiology, with EF% < 35%, and left
ventricular end-diastolic dimension > 65 mm.

Acute Treatment

Emergency treatment of acute sustained VT with
restoration of sinus rhythm is mandatory because it

NIL a2 PROARRHYTHMIC

Fig. 3. Relative efficacy and safety of overdrive pacing and antiarrhythmic drug therapy in terminating acute sustained ventricular tachycardia

with signs of hemodynamic decompensation
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reduces the hemodynamic imbalance and prevents de-
generation into VF. We evaluated the number of acute
VT episodes, the incidence of heart failure during the ar-
rhythmia, and the results in pts with DC and heart failure
(group A: 35 pts) as compared with pts with normal ven-
tricular function (group B: 19 pts). We observed 114 and
31 episodes of sustained monomorphic VT, respectively,
in groups A and B with a mean number of episodes for
pt of 325 and 1.6 (p<0.05), respectively, in the two
groups. Signs of hemodynamic deterioration were detect-
ed in 95/145 (65.5%) VT episodes with a significant
prevalence in pts with EF% < 35% over pts with EF% >
35%, or 75/95 (78.9%) and 20/95 (21.1%), respectively.
For the termination of sustained VT OP, antiarrhythmic
drugs (procainamide in 21 episodes, lidocaine in 12, and
amiodarone in seven) and DC shock were chosen in 48,
40, and seven episodes, respectively (Fig. 3). OP was
more effective than antiarrhythmic drugs in restoring si-
nus rhythm, even if no statistical correlation was found:
VT was terminated in 34/48 (70.8%) and 24/40 (60%)
pts, respectively. Procainamide (effective in 16/21
episodes) and amiodarone (adequate in four of seven
episodes) were significantly superior to lidocaine, which
interrupted arrhythmia in four of 12 VT episodes. OP
caused a lower incidence of proarrhythmic effects and
hemodynamic deterioration than infusion of antiarrhyth-
mic drugs (in three of 48 and six of 40 episodes, respec-
tively), even if this was not statistically significant.

Chronic Treatment
Treatment with antiarrhythmic agents or implantation

of an ICD should be considered as prophylaxis against
arrhythmia recurrence and prevention of SCD in pts

with DC and sustained VT or VF. The study popula-
tion included 65 pts with structural heart disease and
sustained VT or VF not related to acute myocardial in-
farction, electrolyte imbalance, or drug administration.
After a complete clinical evaluation, pts underwent
coronary arteriography with left ventriculography and
PES study. ICM or DCM with severe left ventricular
dysfunction (EF<35%) and a left ventricular end-dias-
tolic dimension >65 was observed in 38 pts (58.4%).
Pts were carefully followed clinically and admission to
the cardiac care unit was immediately available in case
of arrhythmia recurrence. The results of clinical evalu-
ation and diagnostic testing show that 19 pts received
empiric pharmacological therapy and 19 pts PES drug-
guided therapy. ICD was implanted in nine pts; amio-
darone and sotalol were prescribed in 19 (50%) and
four (10.5%) pts, respectively; six pts were managed
with combined antiarrhythmic agent therapy. During a
mean 24+ 20 months (Fig. 4) follow-up, two (5.2%) pts
treated with antiarrhythmic agents died because of
SCD while 12 pts (31.5%) died due to progressive
heart failure (Fig. 4). Our data reveal that antiarrhyth-
mic drug therapy (mainly amiodarone and sotalol) still
plays an important role in the management of pts with
left ventricular dysfunction at risk for arrhythmic SCD
with an unclear indication for ICD implantation.

Therapeutic Indication and Conclusion

The management of pts with DC is complex and thera-
py should be principally aimed at preventing heart fail-
ure. The detection of MVA raises the following addi-
tional issues:

Fig. 4. Survival rate in patients with malignant ventricular arrhythmias and dilated cardiomyopathy with ejection fraction less than 35%
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1. Careful evaluation of triggering factors

2. Contemporary use of drugs with indirect antiar-
rhythmic properties

3. Treatment of sustained VT or VF with restoration
of sinus rhythm

4. Prophylaxis with antiarrhythmic agents (still a mat-
ter of debate)

Triggering Factors

As reported in the introduction, the control of trigger-
ing factors represents an important therapeutic step in
the management of pts with DC, regardless of the
presence and the type of ventricular arrhythmias de-
tected by HM.

The proarrhythmic effect of hypokalemia is well
accepted: in pts with heart failure, reduction of serum
potassium level (specifically extracellular and intracel-
lular potassium ratio) can be induced by diuretic thera-
py or by the enhancement of sympathetic tone. Thus
hypokalemia potentially induced by diuretic therapy
can trigger MVA in pts taking digoxin. Several drugs
used to improve ventricular pump function can cause
proarrhythmic effects. Reduction of glomerular filtra-
tion rate, consistent with transient impairment of ven-
tricular function, can lead to an increase in digoxin
serum levels.

Indirect Antiarrhythmic Effect

ACE inhibitors and probably -blockers play a role in
the treatment of pts with DC and ventricular arrhyth-
mias since they counteract the harmful effects of in-
creased sympathetic tone and circulating cate-
cholamines. While there are no doubts regarding the
efficacy of ACE inhibitors in pts with DC and heart
failure, there are no definite data supporting the ad-
ministration of B-blockers. The specific role of antiar-
rhythmic therapy is still to be considered.

Acute Treatment

Sustained VT in pts with DC should preferably be ter-
minated with OP or DC shock, with some preference
for OP since it avoids the negative inotropic effect of
anesthetic drugs generally used for the countershock.
The negative effect on myocardial contractility of an-
tiarrhythmic agents greatly limits their use in the ter-
mination of sustained VT. In our experience, intra-
venous administration of amiodarone is effective and
hemodynamically well tolerated. Lidocaine, tradition-
ally considered the drug of choice for termination of
sustained VT, rarely causes adverse hemodynamic ef-
fects, but is significantly less effective than pro-
cainamide or amiodarone in the restoration of sinus
rhythm.

Chronic Treatment

According to the literature, the treatment of pts with
DC and MVA should include ACE inhibitors (indirect
antiarrhythmic effect). Among the antiarrhythmic
agents only amiodarone appears to be effective in this
patient population and data from GESICA supports
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large-scale treatment with this drug. Nevertheless, if
we consider inefficacy of antiarrhythmic drugs, the in-
dications for ICD implantation should be evaluated for
each individual pt; in fact, data from the literature
show the high efficacy of this device in preventing
SCD. In answer to the preliminary question, we can
conclude that ventricular arrhythmias in pts sympto-
matic for hemodynamic impairment or at high risk for
SCD should be treated with antiarrhythmic drugs
(amiodarone) in addition to the standard heart failure
therapy (ACE, etc.). In selected cases, ICD implanta-
tion must be considered.
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Introduction

Sudden unexpected cardiac death is a common feature
in the natural history of hypertrophic cardiomyopathy
(HCM) and in some patients is the first clinical mani-
festation of the disease (1-4).

It has been reported that the incidence of sudden
death in HCM is 2%-4% per year in adults and even
higher, approximately 6% per year, in children and
adolescents (5). These figures are exaggerated since
they come from some selected referral centers; a more
benign natural history is reported by nonspecialist in-
stitutions and in an identifiable subset of patients (6-9).
Despite the controversial figures on the incidence of
sudden death (mainly due to the broad clinical spec-
trum) there is no question that some patients are at in-
creased risk.

Issues related to the nature and etiology of sudden
death in HCM, and to the identification and treatment
of patients at higher risk, have been the subject of nu-
merous studies and debates. Although knowledge in
these fields has increased over the past few years,
many questions remain largely unresolved (10,11).

In this review, the objective of which is the defini-
tion of the best drug treatment for ventricular arrhyth-
mias, attention will be focused on ventricular electrical
instability, its role in the genesis of sudden cardiac
death, and the usefulness of antiarrhythmic treatment.

Mechanisms Underlying Sudden Cardiac Death
in HCM

Hemodynamic Mechanisms

An increased ventricular rate secondary to sinus tachy-
cardia or atrial arrhythmias (fibrillation, flutter, or
tachycardia) may be associated with hypotension, is-
chemia, symptoms of angina, and impaired conscious-
ness; this may be due to the coexistence of enhanced
atrioventricular (AV) nodal conduction (12,13), acces-
sory bypass tracts (14), or increased sympathetic tone.
Reduced diastolic filling, the reduced size of left ven-
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tricular cavity, and abnormal vascular response report-
ed in these patients (15), lead to cardiac arrest.

Electrical Mechanisms

1. Transformation of a supraventricular arrhythmia in
ventricular fibrillation. In the simultaneous presence of
an atrial arrhythmia and an accessory pathway, impulses
could reach the ventricle during incomplete recovery,
create areas of slow conduction, and block and induce
ventricular tachycardia or fibrillation (12,16).

2. Induction of Ventricular Tachycardia or Fibrillation
by Timed Ventricular Premature Beats. The occurrence
of premature ventricular beats and susceptibility to
ventricular fibrillation could be enhanced by transient
myocardial ischemia and increased sympathetic tone.

Bradyarrhythmias

Bradyarrhythmias are mainly represented by a com-
plete AV block or a sinus arrest.

Other mechanisms

The dynamic obstruction of the left ventricular outflow
tract during effort and severe hypotension, due to ven-
tricular baroreflex or induced by exercise and mediated
by an abnormal vascular response, have also been sug-
gested as underlying mechanisms of sudden cardiac
death.

Prevalence of Ventricular Arrhythmias

Ventricular arrhythmias have been observed by 24-h
Holter monitoring in about two thirds of patients, and
nonsustained ventricular tachycardia (VT) has been re-
ported in between 19% and 27% of adult patients (11,
17). Short runs of nonsustained VT are recorded in
about half of the patients after 5 days of in hospital am-
bulatory telemetry electrocardiographic monitoring (18).

Nonsustained VT is frequently asymptomatic. Its
rate is slow (about 140 beats/min), and it frequently



follows a period of relative bradycardia, is not associat-
ed with ST changes or QT alterations, and there is con-
siderable variation in QRS morphology.

To date, the mechanisms underlying ventricular
arrhythmias in patients with HCM are not completely
understood; moreover, the sequence by which these
generally nonsustained arrhythmias lead to sudden
death has not been defined.

The cellular electrophysiological modifications in-
duced by hypertrophy, such as the increase in the du-
ration of action potential, or the occurrence of delayed
afterdepolarizations and triggered activity, may be re-
sponsible for ventricular arrhythmias as a result of the
conduction alterations sometimes observed during the
development of hypertrophy, particularly those depen-
dent on sympathetic nervous system activity (19,20).

Disarray may cause dispersion of ventricular activa-
tion due to changes in fiber caliber, tortuosity and fibro-
sis, and so create the substrate for reentrant tachycardias
(21). Since the incidence of arrhythmias increases with
age, it has been suggested that their presence is not simply
secondary to myocyte disarray but also due to myocyte
replacement fibrosis as well as interstitial fibrosis (22).

Prognostic Significance of Ventricular Arrhythmias

In 1981 two independent studies (11,17) reported a
strong association between nonsustained VT and sud-
den cardiac death in patients with HCM. In particular,
adult patients had a sevenfold increased risk of sudden
death within 3 years with high negative (97%) and low
predictive accuracy (22%). These data from tertiary
referred centers, probably enrolling most of the worst
extremes of the disease spectrum, suggested that pa-
tients with nonsustained VT at Holter monitoring
should be treated with antiarrhythmic therapy.

More recently, doubts have been raised regarding
the possibility that these data can be applied to a pop-
ulation that more closely reflects the characteristics of
the overall group of HCM patients (6-9).

Spirito et al. in 1994 (9) reported on 151 asympto-
matic or mildly symptomatic patients with HCM. Forty-
two had nonsustained VT at Holter monitoring and
their sudden death rate was 1.4% per year; the figure
was 0.6% in patients without nonsustained VT. On the
basis of these data, the authors suggested that the sole
presence of nonsustained VT should not in itself be con-
sidered an indication for antiarrhythmic treatment.

Kofflard et al. (8) reported an annual mortality
rate of 1% in a large clinical population.

Although it can be presumed that nonsustained VT
is a marker of arrhythmic potential, this finding requires
more detailed characterization to identify the high risk
cohort of patients who should receive antiarrhythmic
therapy or, failing that, other therapies, such as the im-
plant of cardioverter defibrillator (ICD) or myectomy.

Methods Allowing Identification of High-Risk Patients
Electrophysiologic Study

Fananapazir et al. performed electrophysiologic stud-
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ies in a series of patients with HCM (23). Using a pro-
tocol which utilizes up to three extra stimuli, stimula-
tion in the right and left ventricle and three differently
paced ventricular cycle lengths, these authors pro-
duced nonsustained VT in 14% and sustained VT in
43% of patients; monomorphic VT was induced in
10%, and polymorphic VT or ventricular fibrillation in
33%. Because of the aggressive protocol (which lowers
specificity), the induction of polymorphic VT, which
frequently degenerated into ventricular fibrillation,
and the fact that only a minority of the inducible pa-
tients will die suddenly in subsequent years, it can be
suggested that the positive predictive accuracy of this
method is low. Notwithstanding the highly significant
association between the inducibility of sustained VT
and a history of cardiac arrest or syncope (24), this
method is not suitable for extensive and routine use
and is not indicated for a large general HCM popula-
tion.

A new method, which assesses the inhomogeneity
of intramyocardial conduction, has more recently
shown that the early onset of electrogram fractionation
is associated with sudden death (25) but the data from
this study need confirmation in a large series of pa-
tients.

Since the currently used electrophysiologic meth-
ods do not allow definitive conclusions to be drawn,
the electrophysiologic approach should be limited to
those HCM patients with nonsustained VT at Holter
monitoring and should give more information regard-
ing the substrate and intramyocardial conduction dis-
turbances than the poorly specific inducibility of ven-
tricular arrhythmias.

Electrophysiologic study alone should also be used
to evaluate the presence of sinus node dysfunction or
AV conduction abnormalities (in the AV node, His
bundle, and His-Purkinje system), enhanced AV node
conduction and accessory bypass tracts.

Signal-Averaged Electrocardiogram

Cripp et al. (26) utilized signal-averaged electrocardiog-
raphy to define the prognosis of patients with HCM. In
this study there was a significant association between
the prevalence of nonsustained VT on 48-h Holter
monitoring and abnormal signal-averaged ECG. Of
four patients with a history of cardiac arrest, three had
an abnormal signal-averaged ECG. In the same study
there was no association between an abnormal signal-
averaged ECG and a family history of premature sud-
den cardiac death or history of syncope or sympto-
matic status.

Since this lack of correlation is troublesome, it can
be concluded that the abnormal signal-averaged ECG
may be a useful adjunct to the noninvasive assessment
of patients with HCM and nonsustained VT at Holter
monitoring but it does not help to select a cohort of
patients at higher risk of sudden cardiac death.

Electrophysiologic Testing and Other Variables
In a recent study of Fananazapir et al. (27), it was

demonstrated that there was a highly significant corre-
lation between induction of sustained ventricular ar-



rhythmias and symptoms of impaired consciousness
(cardiac arrest, syncope or presyncope). An adverse
cardiac event was observed in 18% of these individu-
als, whereas the figure was 3% when ventricular ar-
rhythmias were not induced.

In the same study, the value of 31 clinical, hemo-
dynamic, electrophysiologic, and electrocardiographic
variables was tested: only the induction of sustained
ventricular arrhythmias at baseline and a history of
cardiac arrest or syncope were identified as significant
predictors of subsequent cardiac events by logistic re-
gression analysis. This study supports the evidence that
risk stratification in patients with HCM should be
done by means of the close evaluation of electrophysi-
ologic and clinical parameters.

Patients Surviving Cardiac Arrest

In the study by Cecchi et al. (28), which involved 33
patients with HCM who survived cardiac arrest during
a follow-up period of between 17 months and 22 years
(mean 7 years), 22 were alive and 16 had remained
asymptomatic or mildly symptomatic.

No data were collected regarding the presence of
ventricular arrhythmias in the surviving patients or in
those who died.

In Fananapazir and Epstein’s study (24) of 30 sur-
vivors of cardiac arrest, the incidence of nonsustained
VT at Holter monitoring was low (39%). There was no
statistically significant difference in age between the
two groups, while the inducibility of sustained ventric-
ular arrhythmias was 77% in patients with and 65% in
patients without sustained ventricular arrhythmias.
From these data it can be concluded that there is no evi-
dence that the incidence of nonsustained VT is higher in
patients who have experienced a cardiac arrest.

Antiarrhythmic Drugs for Patients with HCM

As various electrophysiologic mechanisms may be in-
volved in the genesis of ventricular arrhythmias, and
the risk of sudden death being different in sympto-
matic and asymptomatic patients, the therapeutic ap-
proach towards ventricular arrhythmias needs to be
personalized. Drug therapy, surgical therapy, electrical
device therapy and even ablative therapy may be the
best option in an individual patient.

f3-Adrenergic Blockers. B-Adrenergic blockers (propanolol
in particular) have been the mainstay of treatment for
over 25 year. However, no adequate, controlled studies
have shown that B-adrenergic blocker therapy has a
beneficial effect on survival. Most studies have shown
that, when treated with B-adrenergic blockers, there is
a mortality rate of 15%-20% in patients with New
York Heart Association (NYHA) class III and IV dis-
ease; those with NYHA class I and II disease have a
mortality rate of 5%-10% (29). Considering the current
literature, McKenna et al. (30) concluded that B-adren-
ergic blocker therapy may improve symptoms but does
not prevent sudden cardiac death.

Calcium Channel Antagonists. Calcium channel antag-
onists have been advocated to improve symptoms, in-
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crease exercise tolerance, reverse myocardial hyper-
trophy and improve diastolic relaxation and filling.

The in vitro effects of verapamil on muscle thick-
ness and arrhythmias provide an attractive theoretical
basis for its clinical use in patients with HCM. Howev-
er, these desirable antiarrhythmic effects were not
seen clinically (30). Serious ventricular arrhythmias are
positively correlated with impaired septal motion, but
not with ventricular wall thickness (31). Pelliccia et al.
(32) have recently reported the favorable effect of ver-
apamil in reducing the incidence of sudden cardiac
death in HCM. Of the 101 patients included in this
study, three who were taking oral verapamil died sud-
denly over a 5-year follow-up period, as against eight
patients treated with oral propanolol. These results
were not statistically significant.

Class I Antiarrhythmic Drugs. Class I agents, disopyra-
mide and propafenone in particular, have been used
with success to control heart rate in atrial fibrillation
and obtain “chemical cardioversion” back to sinus
rhythm in HCM patients. Moreover, a number of in-
vestigators have shown that intravenous disopyramide
causes a significant drop in the left ventricular outflow
tract gradient and an increase in cardiac output (33).
However, no studies have yet shown either a clear
benefit on survival or a reduction in ventricular ar-
rhythmias.

Amiodarone. Amiodarone is the most widely used
drug in patients with HCM. It has been used for its an-
tiarrhythmic and hemodynamic effects, and has also
been shown to be able to reduce the symptoms caused
by left ventricular outflow tract obstruction, to in-
crease exercise tolerance, and improve left ventricular
compliance and diastolic filling (34).

Dritsas et al. (35) have reported that amiodarone
prolongs corrected QT(QTc) while reducing QTc dis-
persion in patients with HCM.

In 1985, McKenna et al. (36) demonstrated that
low doses of amiodarone could prevent sudden death
in patients with nonsustained VT at Holter monitor-
ing. Treatment with amiodarone in 21 asymptomatic
or mild to moderately symptomatic patients with HCM
suppressed VT during repeat 24-h Holter monitoring
periods and prevented sudden death during a 3-year
follow-up. The mortality in this group of patients was
similar to that in patients without nonsustained VT. In
the group of patients with sustained VT treated with
conventional therapy, mortality was about 20%.

These findings suggested that all patients with
HCM and nonsustained VT detected at Holter moni-
toring should be treated indefinitely and empirically
with oral amiodarone to prevent sudden cardiac death.
This approach implies that there is no need for electro-
physiologic study to evaluate whether, during treat-
ment, individual patients have an arrhythmogenic left
ventricular substrate capable of sustaining a more ma-
lignant ventricular arrhythmia, or whether there is a
conduction abnormality that may be exacerbated by
amiodarone.

This empirical approach to the treatment of sub-
jects with HCM and nonsustained VT has not been
shared by other investigators.



In a retrospective study of 50 patients with HCM,
who had received 2-month empiric treatment with high
doses of amiodarone (400 mg/day), Fananapazir et al.
(37) observed a statistically significant reduction in the
number of patients with nonsustained VT (4% versus
42%); however, during the 6-month follow-up, the
mortality in patients with nonsustained VT was much
higher (38%) than that in patients without nonsus-
tained VT (3%).

This study demonstrated that high doses of amio-
darone do not prevent sudden death in patients with
symptoms refractory to B-blockers and nonsustained
VT. These conflicting results could be explained by an
effect of amiodarone on refractoriness and conduction
which leads to abnormal AV nodal conduction and an
increased inducibility of ventricular arrhythmias dur-
ing electrophysiologic study.

Despite the good prognosis of mildly asympto-
matic patients with nonsustained VT, the lack of
prospective studies demonstrating the favorable or ad-
verse effects of this drug in selected cohorts of patients
with nonsustained VT, as well as its side effects on
young people or adolescents, suggest the conclusion
that the efficacy of amiodarone in preventing sudden
cardiac death in HCM has not been established. Treat-
ment with amiodarone can be recommended only for
young patients with nonsustained VT, with a familiar a
history of sudden death and with syncope who are at
highest risk.

Although sustained ventricular tachycardias are
rare in HCM, and frequently associated with ventricu-
lar aneurysm, amiodarone could be used for the treat-
ment of these arrhythmias (38). Electrophysiologic test-
ing is needed in order to evaluate efficacy of the drug.

Amiodarone could be used in patients with an im-
planted defibrillator to reduce the daily number of
nonsustained VT, slow their rate, and reduce the de-
vice shocks. Amiodarone could also be used in patients
submitted to surgical treatment and recurrent episodes
of nonsustained VT.

Sotalol. Sotalol is a unique antiarrhythmic drug that
has a B-blocking effect and prolongs action potentials.
Its usefulness in treating patients with HCM and ven-
tricular arrhythmias is unclear.

Tendera et al. (39) evaluated the effect of sotalol
on exercise tolerance and the incidence of arrhythmias
in 30 patients with HCM; in the short-term, the drug
was able to improve exercise tolerance significantly
and reduce the incidence of both supraventricular and
ventricular tachyarrhythmias.

Long-term controlled investigations should be per-
formed in order to obtain further insights into its safe-
ty and efficacy.

Conclusion

In order to briefly answer the question as to which
therapeutic approach should be used in patients with
HCM and ventricular arrhythmias, analysis of the data
allows the following conclusions to be drawn:

1. Adult patients with nonsustained VT and no or
minor/mild symptoms have a good prognosis (1.4%
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annual mortality) and probably do not need chronic
treatment because:

— Amiodarone has side effects and there are con-
flicting results concerning its ability to prevent sudden
death. The available data come from tertiary referring
centers who used different dosages of the drug.

— There is still no sufficient information on the ef-
fects of other types of drugs.

2. Adult patients with severe symptoms and non-
sustained VT should receive low doses of amiodarone
since the incidence of sudden death in this group of pa-
tients is high (2.4% per year) and the results of one
study showed a reduction in the sudden death rate
with this type of treatment.

3. Adult patients with previous cardiac arrest
should receive low doses of amiodarone. In the case of
the persistent inducibility of sustained ventricular ar-
rhythmias during treatment, they should undergo de-
fibrillator implantation.

4. Young patients and adolescents should receive
low doses of amiodarone if there is a familial history of
sudden death and syncope.

5. Sotalol and amiodarone could be administered
to patients with an implanted defibrillator or submit-
ted to surgical treatment in order to reduce the recur-
rences of ventricular arrhythmias.

6. Patients with accessory bypass tracts and atrial
arrhythmias should be treated with amiodarone, so-
talol, or class I antiarrhythmic agents in order to pre-
vent the transformation of a supraventricular arrhyth-
mia into a ventricular fibrillation.

In the future patients with HCM should be more
appropriately stratified in order to assess the role of
noninvasive and invasive investigations in identifying
patients at higher risk of sudden cardiac death, the
need for treatment, and the most appropriate one (40).
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Introduction

Atrionodal reentrant tachycardias and tachyarrhyth-
mias related to accessory atrioventricular pathways can
be successfully treated with radiofrequency catheter
ablation (RFCA) techniques with a low incidence of
complications (1-4). In patients with ventricular tachy-
cardia (VT), RFCA faces clinical, electrophysiologic,
anatomic, and methodologic difficulties not found in
the above two situations (Table 1). To be amenable to
RFCA, the clinically occurring VT has to be repro-
ducibly inducible in the electrophysiology laboratory,
well tolerated, and sustained enough to be mappable.

Table 1. Difficulties in RFCA in patients with VT

1. Clinical VT has to be hemodynamically well tolerated
2. Electrophysiologic VT has to be
Due to a mechanism enabling its repro-
ducible induction in the laboratory (with
electrical stimulation techniques or isopre-
naline)
Prolonged enough to permit catheter

mapping

Site of origin or an essential component of
the VT pathway must be

Subendocardial

Relatively narrow isthmus of tissue
The number of VT with different sites of
origin or reentry pathway mechanisms
should be relatively low

3. Anatomical

Identification of markers for RFCA that
are both sensitive and predictive for success
Suggested guides for VT RFCA
Earliest endocardial activation
Pace mapping
Isolated mid-diastolic potentials
Concealed entrainment
Analysis of resetting and postpacing pause
during VT
Analysis of the stimulus-QRS during con-
cealed entrainment as compared with the
interval mid-diastolic potential QRS onset
of VT

4. Methodologic

RFCA, radiofrequency catheter ablation; VT, ventricular tachycardia.
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In addition, due to the limited depth of the lesion pro-
duced with current RFCA techniques, the site of origin
of the VT, if the latter is due to a focal mechanism, or
an essential link of its reentry pathway have to be rela-
tively subendocardial. Finally, the patient ideally
should not have too many morphologically distinct VT,
particularly if they come from very distant ventricular
sites or if catheter manipulation during mapping of one
morphology frequently leads to a different VT and, on
approaching the latter, the former VT or a different
one is elicited. To these difficulties we must add
methodologic problems to identify with certainty the
site of successful application of RF current. RFCA of
VT has been based so far on the results of several map-
ping and pacing techniques such as (a) endocardial
catheter electrode mapping to determine the site of
earliest activation (5,6), (b) reproduction with endocar-
dial pacing techniques of the VT morphology (pace
mapping; 7-9), (c) demonstration of the phenomenon
of concealed entrainment or as termed by Stevenson et
al. “entrainment with concealed fusion” (10-17), and
(d) identification of mid-diastolic potentials whose par-
ticipation in the VT pathway is validated analyzing the
phenomenon of resetting, concealed entrainment, and
the duration of the postpacing interval (14-18).

The major problems in relation to RFCA of VT
are (a) that our understanding of the underlying
pathophysiologic mechanisms of the arrhythmia is in-
complete, (b) that the methodology customarily used
to identify the site of successful ablation is time con-
suming and demands prolonged catheter stability (10-
18), (c) that we lack visual markers similar to those
used to ablate the so-called slow atrionodal pathway or
accessory atrioventricular pathways (1-3, 19-23), and
(d) last but not least, that some forms of VT may have
intramural and/or epicardial origins or pathways not
reachable with current RFCA technology (24-32).
Stevenson et al. have recently studied the value of sev-
eral criteria to predict VT interruption during RF cur-
rent application (16). As shown in Table 2, the most
commonly used criteria to localize the site of success-
ful application in postmyocardial infarction VT had a
very poor predictive value. This indicates the need of



Table 2. Predictors of VT termination by RF current application

(16)

Criteria PPV
ECF 17%
PPI-VT cycle < 30 ms 20%
Isolated cycle DP or CEA 32%
ECF and PPI-VT cycle < 30 ms 25%
ECF and DP/CEA 45%

VT, ventricular tachycardia; RF, radiofrequency; ECF, entrain-
ment with concealed fusion; PPI, postpacing interval; DP, diastolic
potential; CEA, continuous electric activity.

improving our current methodology in order to be able
to simplify RFCA in patients with VT and structural
heart disease. Apart from these improvements in the
methodology of the electrophysiologic selection of the
ablation targets, it is possible that new technologic de-
velopments in the field of RF current application or
catheter design will further enhance the role of
catheter ablation techniques in the treatment of map-
pable VT.

Pathophysiological Considerations in Patients with a
Healed Myocardial Infarction

VT in patients with underlying organic heart disease,
particularly a postmyocardial infarction scar, is
thought to be due to reentry. Although initial views on
postmyocardial infarction VT suggested that they were
based on a reentry mechanism mainly involving suben-
docardial regions in the border of the scar tissue (5, 7,
24-26), subsequent studies have questioned the univer-
sal value of this assumption (27-34). Svenson et al.
demonstrated that 15% of the 85 VTs terminated by
laser photocoagulation required an epicardial applica-
tion of the energy (27). These investigators found that
predictors for an epicardial substrate were the absence
of a ventricular aneurysm and infarctions in the pos-
teroinferior regions. Littmann et al. have shown that
some VT in postmyocardial infarction patients can be
due to subepicardial reentrant circuits incorporating
surviving myocardial fibers in the epicardial border
zone (28). Kaltenbrunner et al.,, using intraoperative
epicardial and endocardial mapping techniques, sug-
gested that VT in patients with myocardial infarction
could be due to substrates involving subepicardial and
deep septal layers in up to 32% of the 47 VTs induced
in 28 patients (29). This type of VT would not be
amenable to current RFCA techniques.

De Bakker et al. have made important observa-
tions in VT related to a chronic myocardial infarction
(30-32). In their initial report on 72 patients with post-
myocardial infarction VT in whom they recorded intra-
operatively the endocardial electrical activity from 64
electrodes covering the surface of a balloon, they found
an endocardial site of origin in 136 of the 139 mapped
VTs (98%) from which the activation wavefront spread
centrifugally (30). This focal pattern of endocardial ac-
tivation contrasts with that observed in very few in-
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stances (three VTs in this report) in which endocardial
activation seems to circulate around the anatomical ob-
stacle of the scar tissue. We agree with their interpreta-
tion that this site of origin represented the endocardial
breakthrough since (a) in 12 cases a second site of ori-
gin was found and (b) on reviewing their recordings
(not mentioned by the authors) (Fig. 4 in reference 30)
the near DC unipolar electrogram at the site of origin
shows a QS morphology whose onset starts some 60-70
ms before the fastest intrinsic deflection, taken as acti-
vation time 0; therefore, the earliest breakthrough in
this example and in some other instances should be at
another unexplored site, either endocardially, intramu-
rally, or epicardially. They also found a silent gap be-
tween the latest endocardial activity and the activation
of the site of origin of the next beat, thus indicating that
an unexplored route (intramural or endocardial but un-
detected) existed to fill this electric silence (30). In-
deed, in 24 of the 136 maps with one or two endocar-
dial sites of origin, the onset of the main deflection at
the endocardial breakthrough point was preceded by
the recording in one or more balloon leads of small de-
flections that the authors termed “presystolic activity”;
in three VTs these deflections were detected at several
sites and an endocardial route of propagation could be
tentatively reconstructed; sometimes Purkinje spikes
were recorded at the same sites during sinus rhythm
and it was suggested that Purkinje fibers might have
participated in the maintenance of VT in these in-
stances. In addition, they also performed extensive
mapping in two isolated, Langerdorff-perfused hearts,
from patients with VT who underwent cardiac trans-
plant. An intrascar route consisting of surviving my-
ocardial fibers and electrically connecting areas of re-
maining myocardium was also demonstrated in these
two isolated Langerdorff-perfused hearts in which the
activation wavefront, represented by small sharp de-
flections, seemed to spread through a tract of surviving
myocardial fibers over the infarcted zone; histologic
studies in these hearts showed a continuous zone of vi-
able myocardial fibers within the infarcted area con-
necting remaining tissue (30).

De Bakker et al. subsequently reported on their
observations in 15 hearts from patients with chronic
myocardial infarctions who underwent cardiac trans-
plantation and were studied in a Langerdorff-perfused
set up (31). Fifteen monomorphic sustained VTs were
induced in nine hearts and endocardial and epicardial
recordings were obtained in 10 VTs. In three VTs the
earliest epicardial and endocardial activation was al-
most simultaneous whereas in the remaining seven VTs
the epicardial breakthrough was recorded 220 ms after
the earliest endocardial activation. This earliest site was
located within 2 cm of the border of the infarct. The
earliest and latest endocardial sites were connected
through the scar tissue by bands of surviving myocar-
dial fibers that at certain points in their course could be
more than 5-7 mm deep in relation to the endocardial
surface (see Fig. 4 in reference 31). These connecting
tracts may run subendocardially, intramurally, and
even subepicardially. In one heart the connecting tract
seemed to be used orthodromically and antidromically
in two morphologically distinct VTs. More than one
tract of surviving tissue may transverse an infarct zone



and connect the remaining healthy myocardium at ei-
ther side of the scar. In hearts where the silent gap be-
tween the earliest and latest endocardial activations
lasted for more than 150 ms the orientation of the
fibers of the connecting intrascar surviving bundles was
perpendicular to the line between the two gap points,
in contrast with a parallel fiber orientation found in
hearts where the silent gap was in the range of 30 ms
(31). In hearts in which the silent gap lasted between 60
and 150 ms the orientation of the surviving fibers var-
ied along the area of delay (31).

In a third study, De Bakker et al. reported on their
intraoperative endocardial mapping observations in 20
patients with postmyocardial infarction VT in whom di-
astolic potentials were recorded at three or more sites
during at least one episode of sustained tachycardia
(32). A total of 46 different sustained uniform VT were
mapped and in all of them the endocardial activation
spread centrifugally from a rather circumscribed area
(< 6 cm’; so called focal pattern). In 27 morphologically
distinct VTs, diastolic potentials were recorded in three
to 12 different endocardial sites (Table 3). The rest of
their findings during endocardial mapping are also sum-
marized in Table 3. The diastolic potentials started from
sites of late activation of one VT beat and moved to-
wards the area of earliest endocardial activation of the
next cycle, further supporting the concept of a macro-
reentry using isolated tracts of surviving tissue within
the area of infarction and the remaining healthy my-
ocardium (32). In several cases in this study the area
with diastolic potentials during VT was very extensive,
suggesting that the intrascar limb of the reentrant path-
way can be wide or composed of several tracts or, at
least in our opinion, that part of these diastolic poten-
tials reflect deadend pathways also activated ortho-
dromically but not contributing to the completion of the
circus movement. Our latter argument might be sup-
ported by the analysis of data shown by De Bakker et
al. (Fig. 3 in reference 32) which suggests that, close to
the site of entry of the activation wavefront into the
compromised tissue, the area with diastolic potentials is
wider than that at the border of the exit site (32).

The group of Cain in Saint Louis provided further
evidence of the complexity of VT in patients with an old
myocardial infarction, suggesting that they can be due to

Table 3. Findings during intraoperative endocardial mapping in
postmyocardial infarction VT with a focal pattern of endocardial
activation (32)

Min Max Mean

VT sites with DP 3 12 4.7
Timing (ms) of earliest DP

relative to endocardial ES 36 188 91
Distance (cm) between the earliest

DP and endocardial ES 0 8.5 4.2
Time interval (ms) between latest

endocardial activation and earliest DP 10 175 52
Distance (cm) between sites of latest

activation and ES 0 4.8 2.1

VT, ventricular tachycardia; DP, diastolic potentials; ES, exit site.
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intramural reentry as well as to a focal mechanism that,
on occasions, is subendocardially located (33). Their
conclusions regarding the potential focal mechanism
were based on the lack of continuous electric activity be-
tween the end of one VT beat and the onset of the sub-
sequent one during intramural three-dimensional high-
density intraoperative mapping studies (39 needles with
four pairs of electrodes each). This very impressive map-
ping density is possibly not sufficient to exclude either
microscopic bands (especially if they are subendocardial
and tortuous since true endocardial mapping was not
performed in this study) connecting the terminal por-
tions of the QRS complex of the VT with the next beat
or a reentry mechanism among structures contained
within 1 cm’. These so-called focal VTs were also in-
duced by programmed electrical stimulation; since
chronic recurrent sustained VT rarely responds to vera-
pamil (35), it is very unlikely that the focal tachycardias
described by Pogwizd et al. (33) are due to triggered ac-
tivity rather than to a form of reentry. Better document-
ed, in our opinion, is the existence in the patients report-
ed by Pogwizd et al. of intramural circuits that can incor-
porate as a limb of the reentry pathway a subendocar-
dial bond of surviving myocardium localized over the
scar tissue while others lack this endocardial element
(33). In some of their patients with multiple morphologi-
cally distinct VT, both a macro-reentrant and a focal
mechanism were identified (33). Pathologic examina-
tions of the resected areas suggested that the structural
factors leading to intramural reentry were: (a) a trans-
verse fiber orientation relative to the spread of activa-
tion resulting in slow conduction, (b) the presence of in-
terstitial fibrosis also resulting in slowing of conduction
velocity most likely due to myocyte uncoupling, (c) the
interface of peri-infarct region and adjacent, hyper-
trophic, noninfarcted myocardium that was the plane of
functional block and the site of exit of the VT, and (d)
the scar tissue that was the site of fixed conduction
block. In some cases the macro-reentrant intramural
pathway could have a length of 14 cm. Also of interest
are their pathologic findings in the two patients in whom
the site of origin of the apparently focal VT was includ-
ed in the resected tissue. In both instances the VT focus
consisted of an extensively thickened and fibrotic suben-
docardial tissue with strands of residual surviving suben-
docardial muscular bundles and Purkinje fibers (33).

Theoretical Considerations To Improve RFCA of VT

The above studies suggest that in patients with an old
myocardial infarction the development of VT is based
on complex pathophysiologic mechanisms. Initial
catheter mapping studies identified as the site of origin
of VT the area where the earliest diastolic (presystolic)
activity was recorded (5-7, 26, 36, 37). This concept has
to be abandoned; if the mechanism of VT is macro-
reentry, the site of earliest presystolic activity (a) may
or may not belong to the reentry pathway, or (b) if it is
part of the area of slow conduction, its relation to the
VT is the same as that of other elements of this tract
that are activated subsequently in the tachycardia cycle.

The traditional approach to perform catheter abla-
tion of VT in patients with underlying structural heart



disease was to identify the so-called area of slow con-
duction (6, 11, 12-18). Application of RF current at
sites with diastolic potentials has been shown to have a
low predictive value for success (Table 2; 16). Many of
these diastolic potentials can be related to deadend
pathways or bystanders not contributing to the mecha-
nism of VT. In this section we offer some preliminary
views on our approach to VT ablation in patients with
organic heart disease (42-44).

Significance of the Earliest Diastolic Potential

From the discussion of the aforementioned intraopera-
tive mapping studies it is evident that it is incorrect to
consider as site of origin the endocardial zone at which
the earliest diastolic potential is recorded. The earliest
diastolic potential in patients with VT and structural
heart disease, if it belongs to the tachycardia pathway,
represents the activation of one of the most proximal

Fig. 1. Example of exit site in a patient with an incessant ventricular tachycardia (VT) in relation to a chronic anterior wall myocardial infarction
with an anteroapical aneurysm. The vertical line was traced to signal the onset of the QRS complex in the surface 12-lead ECG during tachycar-
dia. Note that the near DC unipolar recordings from the three distal probing electrodes (PE3, PE2, and PE1, respectively) show a QS-like nega-
tive deflection whose onset preceded that of the QRS complex in V5 by 16 ms. The distal bipolar filtered (30-500 Hz) electrogram from the prob-
ing electrode (PE 2-1) also shows presystolic activity. Application of radiofrequency (RF) current at this site resulted in interruption of VT that
was noninducible for a few minutes. The location of the ablation catheter is shown in Fig. 2 (upper two panels). Note that the downslope of the
QS unipolar waveform in lead PE1 was relatively slow, thus indicating that the real exit site was at a certain distance (most likely intramurally in
the septum). Successive applications at this site always resulted in termination of VT that could be reinduced after a few minutes. Extensive map-
ping near this site did not disclose the presence of single or multiple sharp deflections preceding the QS in the unipolar recording



elements of the slow conducting limb of the circuit. Al-
though this has not been studied systematically, some
of the examples provided by De Bakker et al. (32) as
well as theoretical considerations suggest that the ear-
liest diastolic potentials have higher statistical chances
of representing bystanders than presystolic sharp de-
flections close to the exist site (see below). That this
assumption is probably true is further suggested by the
fact that application of DC current shock at these ear-
liest sites was frequently ineffective (36-39). In the
study by Stevenson et al. (16) sites resulting in VT ter-
mination by RF current showed electrograms that
were located close to the onset of the tachycardia QRS
complex most of the time (either within the one third
of the cycle preceding the QRS onset, at the onset, or
immediately after the beginning of the QRS).

Exit Site

We define the exit site as the point at which the earli-
est unipolar QS-like endocardial electrogram is
recorded during catheter electrode mapping (Figs. 1-
4). When its initial downslope is fast, the earliest site is
probably subendocardial; if the negative initial down-

slope is slow and we are in good contact with the endo-
cardial surface, all the electric forces go away from the
probing electrode, thus suggesting that we are over the
scar tissue and that the earliest activation of the re-
maining normal myocardium (the real exit site) is at a
certain distance, either endocardially, intramurally, or
epicardially (Figs. 1, 3, panel B). If after extensive
catheter electrode mapping no unipolar QS-like elec-
trogram with initial fast intrinsic deflections are found,
the real exit point is most likely intramural or epicar-
dial.

Theoretically speaking, this exit site should be co-
incidental with the onset of the QRS complex of the
VT in the surface ECG. The QRS onset of VT is an es-
sential reference for catheter electrode mapping to
perform RFCA. The onset of the QRS during VT is
not simultaneous in all 12 ECG leads so that the first
task should be to look for the lead or leads showing
the earliest QRS onset (Figs. 1, 3); these leads, rather
than a standard group of ECG leads, should be used as
a reference (V3, V4, and VS5 in the example of Fig. 3).
Stevenson et al. demonstrated that during pacing at
left ventricular sites with normal electrograms, the ear-
liest QRS could be detected as late as 40 ms after the

Fig. 2. Same patient as in Fig. 1. Digital cine-fluorograms obtained in left anterior oblique (/eft panels) and right anterior oblique projections
(right panels). The upper two panels illustrate the position of the ablation catheter at the site shown in Fig. 1. The catheter was placed at the mi-
danteroseptal border of the aneurysm. As mentioned before, several applications of radiofrequency (RF) current at this site interrupted the
ventricular tachycardia (VT) and made it noninducible for a variable number of minutes (depending on the duration of the RF pulse). In the
lower two panels we present the position of the ablation catheter at the site of permanent success (see also Figs. 3, 4). As it can be observed,
particularly comparing both left anterior oblique projections (left panels) the permanently successful site was several centimeters away from the

exit site, at the posterolateral border of the aneurysm
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Fig. 3 A, B. Same patient as in Figs. 1, 2. A con-
cealed entrainment or entrainment with concealed
fusion at the site of successful ablation. Note that
the QRS complexes during concealed entrainment
are identical to those of the ventricular tachycar-
dia (VT) in all 12 surface ECG leads. B Catheter
electrode mapping at this site. Also note that a
bipolar deflection was recorded from the distal
pair of electrodes of the probing catheter (PE 2-1,
see arrow). We present in B not only the unfil-
tered (near DC, 0.1-500 Hz) unipolar recordings
from PE3, PE2, and PE1 but also the filtered (30-
500 Hz) unipolar recordings from electrodes 1 and
2 (PE 1F and PE 2F, respectively). The following
observations are worth noting: (1) although the
near-DC unipolar recordings also show a QS-like
negative configuration, (a) the onset of this QS
waveform does not precede the onset of the QRS
complex in the surface ECG, (b) the initial nega-
tivity of these QS unipolar waves is even slower
than the one recorded at the site shown in Fig. 1,
thus suggesting that we are even further from the
exit point of this VT; (2) the sharpest spike
recorded in lead PE 2-1 is mainly obtained from
the distal ablating electrode (1) as pointed by the
arrows in leads PE 1F and PE 1 (3) the distance
from this sharp spike to the onset of the QRS
complex in the surface ECG was 190 ms (B), the
same as the distance from the stimulus artifact to
the onset of the QRS complex during concealed
entrainment (A)

Fig. 4. Same patient as in Figs. 1-3. Application of
radiofrequency (RF) current at the site shown in
Fig. 3 resulted in the interruption of ventricular
tachycardia (VT) in less that 4 s. VT that clinically
was incessant and after the initial ablation at-
tempts over the septal exit site very easily in-
ducible with straight ventricular pacing became
noninducible with programmed ventricular stimu-
lation from the right and left ventricles using up to
four consecutive extrastimuli and has not recurred
during a period of more than 4 months of follow-
up with repeated Holter and exercise tests



stimulus artifact (40). This indicates that the real exit
site (according to our definition) should precede the
onset of the QRS complex in the ECG (Fig. 1).

Targets for RFCA: Subendocardial Surviving Isthmus
Essential for the Maintenance of VT

The exit site has to be connected to a narrow isthmus
of tissue within the compromised myocardium; this
isthmus can be endocardial, intramural, or epicar-
dial. For the aforementioned reasons, the closer to
the exit site the lower the chances that this isthmus
will represent a bystander. The second step, there-
fore, is to look for fast, sharp deflections close to the
area where the unipolar electrograms show QS-like,
pre-QRS electrograms (Fig. 5). Absence of fast de-
flections immediately preceding or coincidental with
these QS-like unipolar electrograms can indicate an
inappropriate mapping technique or that the distal
connecting limb is not subendocardial (41) (Fig. 1).
When these sharp potentials are found (usually some
40-90 ms preceding the onset of the QRS in the sur-
face ECG) and the VT morphology is reproduced in
the 12 surface ECG leads (particularly if concealed
entrainment is demonstrated) (Figs. 5, 6) application
of RF current usually results in the immediate termi-
nation of VT (Fig. 7). Some of these potentials are so
sharp that they resemble Purkinje fiber depolariza-
tions. It is well known that Purkinje fibers survive
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the myocardial infarction; should some of these sur-
viving Purkinje fibers participate as connecting
bonds between the slow intrascar pathway and the
healthy remaining myocardium, they will be the ideal
targets for RFCA since nothing is more subendocar-
dial and of a diameter susceptible to the lesions pro-
duced by RF energy than a Purkinje bundle. Only
occasionally have we been able to register at the site
of successful VT ablation sharp potentials also pre-
ceding the QRS onset during sinus rhythm, thus sug-
gesting that they indeed represent activation of
Purkinje fibers.

As shown by Pogwizd et al. some macro-reentrant
circuits responsible for VT can have only a subendo-
cardial reflection and the rest of the reentry pathway
an intramural course (33). This type of VT enables
RFCA to be performed at points that are very distant
from the so-called exit site. At the exit site no fast
spikes are identified preceding the QRS onset, and,
under these circumstances, isolated mid-diastolic sharp
potentials representing surviving tissue that might be a
link in the tachycardia pathway should be searched for
(Fig. 3). The chances of damaging the normal my-
ocardium by applying RF current at these sites are
scanty since the underlying tissue (apart from the one
generating the sharp deflections) is a noncontractile
scar. RF current could be applied or pacing can be per-
formed to demonstrate concealed entrainment (en-
trainment with concealed fusion), a distance between

Fig. 5. Sharp bipolar deflections recorded preced-
ing the onset of the QRS complex during ventricu-
lar tachycardia (V'T; this patient, who had an an-
terolateral postinfarction aneurysm, had two addi-
tional VTs ablated in the same session). Note that
the unipolar electrograms of the distal two elec-
trodes of the probing catheter (PE 2 and PE 1, re-
spectively) present a QS-like configuration al-
though the initial negativity that precedes the on-
set of the QRS in the surface ECG shows a rather
slow downslope, thus suggesting that the exit site
was most likely intramural. Preceding this negativ-
ity multiple sharp spikes were recorded



Fig. 6. Same patient as in Fig. 5. Pace mapping at the ablation site reproduced the QRS complex of the ventricular tachycardia in the 12

ECG leads

the stimulus artifact, and the onset of the QRS com-
plex similar (<20 ms) to the time interval between the
discrete mid-diastolic potential and the beginning of
the next QRS of the VT, or a postpacing interval dur-
ing entrainment with concealed fusion that is approxi-
mately equal to the VT cycle length (Fig. 3; 16, 17, 45).
Pacing should not be performed between electrodes 1
and 2 but preferably between electrodes 1 and 4 or
even better between the distal electrode (1) and an in-
different electrode in the inferior vena cava (45).

Additional Value of Unipolar Recordings

The recording of these fast bipolar deflections does
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not inform us about at which of the two exploring
electrodes the deflection originates. Given the limit-
ed extension of the RF lesion it is important that the
fast deflection is present in the distal ablating elec-
trode (Fig. 3). With conventional techniques for
recording unipolar leads (either against the Wilson
terminal or a reference electrode in the inferior vena
cava or the patient's skin) the gain that can be used
is relatively low due to a poor common mode rejec-
tion. In this way it is difficult to identify low voltage
deflections (Fig. 5). With bipolar recordings common
mode rejection is improved and we can use higher
gains so that low voltage deflections can be identified
(Fig. 5).



Fig. 7. Same patient as in Figs. 5, 6. Application of radiofrequency current during ventricular tachycardia (VT) at the site shown in Fig. 5 result-
ed in the immediate interruption of the VT that could not be reinduced subsequently
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Introduction: Why the Controversy?

The fact that the implantable cardioverter defibrillator
(ICD) has reduced arrhythmic sudden death to about
1% per year is no longer contested. Irrefutable dra-
matic evidence of this phenomenon comes from the
stored electrograms, which have visually captured the
interruptions of countless episodes of malignant sus-
tained arrhythmias in thousands of patients. But these
patients have sick hearts, and the question asked by
some — and which we will address here — is whether
this reduction in sudden death translates to an overall,
meaningful benefit in overall survival.

Implicit in questioning whether the ICD improves
overall survival is the contention that the patient’s
mode of death is merely being converted from sudden
to nonsudden death (1,2). This argument implies that
the timing of the patient’s actual demise, following the
occurrence of life-saving ICD therapy, is essentially si-
multaneous — or at the best a few days or weeks later.
It is certainly true that patients with heart failure or
cardiomyopathy often present with inconvertible ar-
rhythmias as an end stage (Fig. 1). The major fallacy in
the “converts mode of death” theory is that it pre-
cludes the possibility of life-threatening ventricular
tachycardia (VT) / ventricular fibrillation (VF) months
and years prior to the terminal event, as illustrated in
this example. This question is closely tied to patient se-
lection for ICD therapy. Levine et al. demonstrated
that NYHA Class IV patients survived barely a month
following appropriate ICD shocks; whereas the “pro-
longation” in life for the class I patients averaged 32.8
months (3). Another problem with the “conversion”
premise is that it overlooks the fact that most ICD re-
cipients have their VT efficaciously interrupted by an-
titachycardia pacing (ATP) before these stable VTs de-
generate to the ultimate lethal arrhythmias.

Evidence That the ICD Improves Survival

The evidence that the ICD improves survival, as we
will show, is ample from multiple investigations and
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covering various patients populations; it has remained
consistent from the earliest reports over a decade ago
through more recent studies. In the early days of ICD
therapy, Fogoros et al. examined the total survival of
fifty patients with VT or VF who were syncopal during
their arrhythmias and found nonresponsive to electro-
physiologically (EP) guided antiarrhythmic drugs (4).
Twenty-nine were treated with amiodarone and an
ICD; but due to manufacturing problems during ap-
proximately 1 year, 21 patients were discharged on
amiodarone alone. The two cohorts were similar in
terms of all the critical risk factors (age, left ventricular
ejection fraction - LVEF, etc.). Actuarial analysis at 2
years revealed 37% total mortality in the patients on

Fig. 1. Holter recording of terminal arrhythmia for a patient im-
planted 2 years earlier with an automatic implantable cardioverter
defibrillator. The top of the tracing shows that ventricular flutter/
fibrillation subsisted despite four shocks from the device. During
the preceding 2 years, the patient had received eight appropriate
shocks, terminating similar rhythms. (Courtesy of Dr. R. Luceri, Ft.
Lauderdale, FL, USA)



AICD Survival Benefit

Fig. 2. Actuarial curves for freedom from overall mortality (top
tracing) and from fast (presumably life-threatening) ventricular
tachyarrhythmias (lower tracing) for 183 patients implanted with
ICDs. Fast VI/VF, ventricular tachycardia/fibrillation at rates ex-
ceeding 240 bpm, and confirmed by device electrograms and/or R-
R interval counters to be of ventricular origin and sustained.
(Courtesy of D. M. Block, Miinster, Germany)

amiodarone alone compared to 5% in the apparently
matched ICD cohort. Importantly, the actuarial rate of
appropriate shocks in the ICD group was nearly coin-
cident with the actual rate of deaths in the amiodarone
group! In the mid-1980s Newman et al. initiated a
“matched case control” study in which the survival of
60 patients receiving ICDs was compared to 120 equal-
ly matched patients who received amiodarone (5). The
3-year actuarial analysis revealed 31% lower mortality
(p < .01) in the ICD cohort. Bocker and coworkers (6)
carried out one of the most scientifically rigorous stud-
ies: they restricted their analysis to consecutive pa-
tients receiving exclusively third-generation ICDs hav-
ing stored electrograms and/or R-R interval counters,
and they defined their endpoint for probable death as
sustained VT/VF at rates > 240 BPM. In an update of
that report (M. Block, personal communication), now
through 2 years and covering 183 patients, their actuar-
ial analysis found 8% total mortality at 24 months, ver-
sus 27% projected on the basis of these rapid sus-
tained episodes of VI/VF (Fig. 2). In response to the
converts mode of death argument, these investiga-
tors explicitly pointed out that their patients were
not dying within a short time following the conver-
sion by the ICD of these life-threatening rhythms.
Schlepper et al., using an almost identical study de-
sign (VT > 230 BPM + electrogram verification),
reached similar conclusions in their series of 167 pa-
tients, followed up over 5 years (7).

In yet another major study, CASCADE (Cardiac
Arrest in Seattle: Conventional versus Amiodarone
Drug Evaluation), analysis of the early results versus
those published later is very revealing (8,9). In the
initial report, the patient generally did not get im-
plantable defibrillators, and the authors reported
17% cardiac arrest at 1 year and 35% at 3 years. Due
to this unacceptably high mortality, the investigators
changed the study design so that most subsequent pa-
tients received ICDs. They conluded, “Future studies
should concentrate on the success of amiodarone
treatment compared with placebo in patients who
have an implanted cardioverter/defibrillator in whom
it would be ethical to withhold drug treatment” (9).
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Powell et al. retrospectively analyzed the long-term
outcome of 331 cardiac arrest survivors treated at two
U.S. institutions, one on the east coast and the other
on the west coast (10). One hundred eighty-one re-
ceived EP-guided drug therapy, the remaining 150 re-
ceived ICDs — usually as a result of no effective drug
being found. Not unexpectedly, the drug cohort
seemed to represent a significantly lower risk profile,
with a mean EF of .45 versus .35 for the ICD group (p
<.0001); pulmonary wedge pressure was 12.7 mmH in
the ICD patients versus 9.4 in the antiarrhythmic
drug group (p < .0002), and 22% of patients were
revascularized in the ICD group versus 37% in the
patients on drug therapy (p < .0001). Nevertheless,
the overall survival was 74% in the ICD patients ver-
sus 63% in the drug cohort. The authors declared,
“Despite this bias and the anticipated increase in non
sudden cardiac deaths due to pump dysfunction in de-
fibrillator recipients, a reduction in total mortality was
observed in the defibrillator group”. This same study
is very enlightening for the question of patient selec-
tion: in patients with EF > 40%, drugs did just as well
as the ICD through 3 years (actuarial), and it was on-
ly at 5 years that the ICD showed significantly better
survival, 96% versus 82%. (The authors speculated
that this higher mortality in the drug cohort was due
to late drug failure or change of substrate.) On the
other hand, in the poor EF group (EF < 40%), the
better survival for the ICD group was manifest early
and throughout the follow-up: 94% versus 86% at 1
year, 64% versus 43% at 5 years.

Hypothesis: The ICD Does Not Prolong Life

Let us examine this contrary hypothesis, on the basis
of available data.

Evidence from Electrograms

Looking at electrograms of a sustained, extremely
rapid VT in a patient with compromised left ventricu-
lar function (LVF), this would mean that this patient
would have survived that (and possibly many similar)
episodes without the ICD, or that the ICD truly mo-
mentarily saved the patient from sudden cardiac death,
but he would go on to die with no meaningful exten-
sion of his life.

Clinical experience does not support either of
these conclusions.

Comparing Survival of Patients With and Without
Shocks

Multiple series [Myerburg (11), Mehta (12), Levine
(13), and others] show 50%+ of their patients receiving
appropriate shocks, and that these shocked patients
have the same survival as the remaining nonshocked
patients. There were no significant differences in the
risk profiles (LVEF, etc.) between those who received
shocks compared to those who did not. Those who
died in the latter group succumbed of “natural” causes,
i.e., the ICD played no role. So did the shocked pa-
tients, but in their case later, due to the ICD prevent-



ing premature arrhythmic deaths. Are we to believe
that the shocks responding to and quickly terminating
(often multiple) episodes of VT/VF contributed noth-
ing to allowing these patients to live out their life until
congestive heart failure (CHF) took over? Is it not
much more plausible to accept that the shocks ended
these electrical cardiac accidents, for many patients on
numerous occasions, and prolonged their lives from
date of shock to death?

Patients with Extremely Rapid, Sustained V1s/VFs

Looking at Bocker’s study (6; documented sustained
VT > 240 BPM = death), would these patients have
achieved 92% survival through 2 years in the absence
of these shocks? This is highly unlikely. Furthermore,
their survival aftershock was not hours or days, but
rather months or years; nearly all were still alive at 24
months! These results are further supported by Schlep-
per et al.’s similar study, which showed 85% of their
patients still alive at 5 years (7).

Retrospective Studies

Powell et al. (10) reported for patients with EF > 40%
that the survival of ICD-treated patients was 96% at 5
years, compared to 82% for drug-treated patients. For
the EF < 40%, survival for ICD compared to drug-
treated patients was 94% versus 86% at 1 year and
64% versus 43% at 5 years. Why this difference? If the
ICD was not the reason, was the higher mortality due
to the drugs? (But these were precisely the drugs
which had rendered these patients’ previously in-
ducible VTs non-inducible!)

Prospective Randomized Study

A very recently published study by Wever et al. dra-
matically reinforces all the above findings (13). Sixty
patients resuscitated from cardiac arrest were random-
ized to ICD versus “conventional” therapy. The results
showed ICD patients with 13% overall mortality at 2
year follow-up, compared to 35% for the drug cohort.
The authors emphasized that, while amiodarone was
only used in two patients, it is highly improbable —
based on their own and others’ experience with that
drug - that this factor would have significantly
changed the final outcome.

Table 1. Hypothetical mortality rates* (%, for actuarial 2 years)
(Potential scenario for enrollment in the AVID study)

Discussion

There are many other studies with similar results. Im-
portantly, there are no studies showing the contrary
though some (usually from early series with high rates
of perioperative mortality) show less relative benefit
for the patient receiving an ICD (1,14). Skeptics point
to the lack of a controlled randomized study as lack of
substantial evidence that the ICD prolongs survival
(2,15). (The same could be said, by the way, about car-
diac pacemakers, penicillin, radiofrequency ablation
for Wolff-Parkinson-White syndrome, and a multitude
of well-established medical therapies...) The problems
with a randomized study of the ICD in patients with
previous cardiac arrest or syncopal VT have been well
elucidated in recent editorials by Fogoros (16) and
Sweeney and Ruskin (17). The latter article pointed
out that a study designed to prove that ICDs improve
survival (e.g., versus amiodarone) would — in patients
with well-preserved LVF - likely require 1000 or so
patients and up to 5 years of follow-up! At the other
extreme, the indiscriminate (for that is exactly what a
randomized trial requires) implantation of ICDs in pa-
tients with very poor LVF would give the ICD very lit-
tle chance to show benefit, since such patients’ com-
peting risk of dying from heart failure predominates.
ICD implantation would be contraindicated in such
patients at most institutions.

There is ample opportunity for both these types of
selection bias to enter any such trial (including, of
course AVID (antiarrythmic drugs versus implantable
defibrillator) (18). Imagine that one third of the 1200
patients to be enrolled in AVID belong to the low-
risk category, a second third to the category charac-
terized by high risk of CHF death, and the remaining
third representative of a typical ICD cohort. Table 1
projects our estimates of 2-year actuarial mortality
rates for these three groups. (The nonsudden death
rate, especially for group B, is projected as higher for
ICD patients, a phenomenon observed in many se-
ries, and one which reflects the fact that, as these pa-
tients are “saved” from sudden death, their risk for
CHF death augments over time.) For all 1200 pa-
tients, the ICD’s superiority is “only” 17.6%, well un-
der the objective set by AVID to demonstrate statis-
tical significance. Furthermore, if some patients
“cross over” to ICD therapy following VT recur-
rences on amiodarone or sotalol, their subsequent

A (n =400) B (n = 400) C (n = 400) All (n =1200)
Causes of death Drugs ICD Drugs ICD Drugs I1CD Drugs ICD
SCD 5 1 13 4 12 2 10 2.3
Cardiac + other
non-SCD 9 10 27 33 19 20 18.3 21.0
Total mortality 14 11 40 37 31 22 28.3 233
ICD better by (%) 214 29 17.6

A, low-risk; e.g., noninducible (baseline) and good left ventricular function;

B, enrolled patients with high comorbidity, e.g., high risk of déath from heart failure;
C, typical, current ICD population;

1CD, implantable cardioverter defibrillator; SCD, sudden cardiac death

* Influence of crossovers not reflected in these projections.
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protection (by the ICD) will continue to be attributed
to the drugs, on the “intention-to-treat” analysis. This
would in effect lower the sudden cardiac death rate,
hence the overall mortality rate, of the drug cohort,
thus further diminishing the ICD advantage. Group
C, which we have designated as typical ICD patients
today, shows a good improvement, 29%, but the sam-
ple size would probably be insufficient to make this
statistically significant.

Concern about patient selection bias is precisely
the reason why the investigators have instituted a “reg-
istry”. Unfortunately, there are multiple ways for eligi-
ble patients to bypass the registry; furthermore, once
the study results come out, even if the registry should
show that the patients entered are not necessarily rep-
resentative of most current ICD candidates, it will be
very difficult to change people’s initial perceptions,
particularly administration and third-party payers, who
will be less interested in the fine print.

Conclusions

As the near elimination of sudden death by the ICD is
undisputed, the question “does ICD prolong life?” re-
ally implies that ICD therapy simply converts pa-
tients’ mode of death from sudden to nonsudden (e.g.,
CHF), with little or no extension of life. This conver-
sion theory is refuted by multiple reports, showing
that death imminently following successful ICD thera-
py is rare and by the fact that patients who do receive
shocks live just as long as those free of VT/VF, imply-
ing (strongly) that the ICD simply eradicated these
premature causes of death, allowing the patient to live
out his or her life.

Furthermore, this theory overlooks the role of
ATP therapy in preventing the degeneration of stable
VT into polymorphic VT or VF. The AVID study
runs a considerable possibility of patient selection
bias, by enrolling low-risk patients often well protect-
ed by drugs and, at the other extreme, those with sig-
nificant competing CHF risk. This bias, combined
with patients crossing over from drugs to ICDs,
makes it unlikely for ICD therapy to show benefit.
Unfortunately, the study is not sufficiently powered
to demonstrate which, if any, specific subgroups do
benefit from the ICD. In summary, there is over-
whelming clinical evidence, from multiple sources,
demonstrating that the ICD prolongs life in appropri-
ately selected patients. It does so by preventing sud-
den death and often by terminating arrhythmias
which would lead to cardiac arrest. The degree of the
ICD’s contribution to survival depends largely on pa-
tient selection. Questions concerning quality of life,
cost-effectiveness, role of concomitant drug or abla-
tive therapy, the ICD’s role in prophylaxis, and many
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others are legitimate questions which warrant ongo-
ing and future research efforts.
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What Are the Acute and Long-Term Results of Transvenous
Implantable Cardioverter Defibrillators?

G. Gasparini, A. Raviele, and S. Themistoclakis
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The clinical experience with implantable cardioverter
defibrillators (ICD) has been limited for many years
almost exclusively to devices requiring thoracotomy
for placement of one or more epicardial electrodes.
This has generated a significant perioperative mortal-
ity and morbidity (1,2) and has reduced the wide-
spread clinical application of such a therapy. In the last
few years, different transvenous systems have been de-
veloped and introduced into clinical practice (3-12).
One of these systems (Endotak, CPI, St Paul, MN,
USA) has been extensively evaluated in Italy since
1990 by means of a multicenter trial (37 centers). In
this paper the results of this trial are reported.

Methods

Between October 1990 and July 1994 a total of 307 pa-
tients were enrolled by the 37 participating centers in
the Italian Endotak multicenter trial. The indications
for ICD implantation were: (a) documented cardiac
arrest due to ventricular tachyarrhythmia unrelated to
transient or reversible clinical events; (b) sustained
ventricular tachycardia either spontaneously recurring
or still inducible despite drug therapy.

The CPI Endotak lead system, which has been de-
scribed in previous reports (3-7, 10, 12), consists of an
endocardial electrode catheter (Endotak C), a subcu-
taneous/submuscolar patch electrode (Endotak SQ),
or a subcutaneous lead array (SQ array) and a connec-
tor (Endotak Y). The pulse generators used in this tri-
al were the CPI Ventak models (P, P2, PRX, PRX2).
The implantation procedure has been extensively de-
scribed in previous papers (3-5, 13).

The defibrillation threshold (DFT; defined as the
lowest converting energy) was established provided
that the clinical condition of the patient was sufficient-
ly stable to allow it. Otherwise, only the capability of
the implanting system to defibrillate with a safety mar-
gin (at least 10 J less than the maximum power of the

* The list of investigators is reported in the Appendix of the original
work published in PACE (1995) 18:599-608.
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ICD) was assessed. Initial defibrillation attempts were
with 20 J. If ventricular fibrillation was successfully
interrupted with this energy, termination was then at-
tempted at progressively lower energies with 5-J reduc-
tions until the first failure occurred. Successful conver-
sion at 5 J was generally accepted without further at-
tempts. If the first shock at 20 J failed, the endocardial
electrode was repositioned and/or the SQ patch or SQ
array was inserted to test different lead configurations
and to lower the DFT. A lead configuration was consid-
ered to be appropriate for permanent implantation if at
least one successful conversion occurred at 20 J with a
30-J pulse generator (Ventak P) or if at least one suc-
cessful conversion occurred at 25 J with a 35-J pulse
generator (Ventak P2, PRX, PRX2). In the case of DFT
with an inadequate safety margin (less than 10 J) the de-
cision to definitively implant the system with an endo-
cardial approach was left to the implanting physician.

In most patients prior to hospital discharge and/or
8-12 weeks after implantation, the ability of the im-
planted system to correctly sense and to convert ven-
tricular fibrillation was tested in the electrophysiology
laboratory. Subsequently, follow-up outpatient visits
were scheduled every 2 — 3 months.

Definition of Terms

The terms involved were defined as followed: periop-
erative mortality, death from any cause within 30 days
after ICD implantation; sudden cardiac death mortali-
ty, instantaneous (within 5 min from the onset of
symptoms) or unwitnessed death, usually during
sleep; non-sudden cardiac death mortality, witnessed
death determined to be cardiac in nature and occur-
ring not instantaneously; cardiac death mortality, sud-
den and non sudden cardiac deaths; total mortality,
deaths from all causes; appropriate ICD shocks,
shocks associated with documented ventricular tachy-
arrhythmia or those that were preceded by symptoms
of severe dizziness, presyncope or Syncope; inappro-
priate shocks, shocks associated with documented
supraventricular tachyarrhythmias or sinus tachycardia
or those that were not preceded by specific symptoms.



Statistics

The data are presented as mean values + SD unless
otherwise specified. Life table analysis and actuarial
analysis were performed using the Kaplan-Meier
method. Differences in continuous variables were
computed by means of the Wilcoxon test, and groups
were compared by means of the chi-square test. Mul-
tivariate analysis was performed using logistic regres-
sion analysis with the method of backward regres-
sion.

Differences were considered statistically signifi-
cant at p < 0.05.

Results

The clinical characteristics of the patient population
are summarized in Table 1. Chronic ischemic heart
disease was present in 205 patients (66.5%). The
mean left ventricular ejection fraction was 33.3 +
12.7% (range, 10% — 81%). The presenting arrhyth-
mia was ventricular tachycardia in 172 cases (56%),
ventricular fibrillation in 130 (42.5%), and unknown
in five (1.5%). Each patient underwent a mean of
2.0+1.2 (range, 0 — 6) unsuccessful drug trials before
ICD implantation. At least one pharmacologic agent
was tested in 251 of 278 (90%) patients in whom data
on drug therapy were available. Amiodarone was
tested in the majority of these cases (237 of 278,
85%).

A total of 112 patients (36.5%) received a pulse
generator capable of delivering monophasic shocks
(models Ventak P and PRX) and 195 (63.5%) a pulse
generator capable of delivering biphasic shocks (mod-
els Ventak P2 and PRX2). In 216 patients (73%) the
implanted device did not have antitachycardia pacing
capability (models Ventak P and P2) and in 91 (27%)
it did (models Ventak PRX and PRX2).

Table 1. Clinical characteristics of patients (n = 307)

Characteristics Patients
(m) (%)
Men 267 87.0
Women 40 13.0
Organic heart disease 305 99.3
Coronary artery disease 205 66.5
Dilated cardiomyopathy 64 21.0
Hypertrophic cardiomyopathy 5 1.6
Arrhythmogenic RVD 14 4.6
Other heart disease 17 5.6
Presenting arrhythmia
Sustained ventricular tachycardia 172 56.0
Syncopal 120 39.0
Not syncopal 52 17.0
Ventricular fibrillation 130 42.5
Not reported 5 1.5
Inducibility at baseline EPS 2451279 88.0
Refractory to drugs 2517278 90.0
Amiodarone therapy 2371278 85.0

The mean age was 57.5 years, the mean left ventricular ejection
fraction (LVEF) was 33.3%, and the mean number of drug trials
was two.

EPS, electrophysiologic study; RVD: right ventricular dysplasia.
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Transvenous lead system implantation was done
in 306 of the 307 patients (99.7%). The mean DFT for
all 307 patients was 16.9 + 5.7 J. The DFT (stepwise
reduction until failure) was determined in 133 pa-
tients (43%). The mean value of DFT was significant-
ly lower in patients that received biphasic shocks than
in patients that received monophasic shocks (15.3 +
5.2 J versus 19.6 + 5.4 J; p < 0.0001). The remaining
173 patients (57%) were implanted with the Endotak
system without assessing the DFT. All of them had
ventricular fibrillation induced and successfully inter-
rupted at least once at 20-25 J. The DFT showed a
safety margin of at least 10 J vis-a-vis the maximum
power of the ICD in 287 of the 307 patients (93.5%).
The percentage of subjects that had a safety margin
of ten or more was significantly higher among pa-
tients tested with biphasic than with monophasic
shocks (192 of 195, 98% versus 95 of 112, 85%; p <
0.0001). Nineteen patients (6.2%) had an inadequate
safety margin (i.e., less than 10 J). All of these 19 pa-
tients were definitively implanted with the Endotak
system. In one patient (0.3%) the DFT exceeded the
maximum power of the ICD; in this patient a mixed
approach was utilized, consisting in the implantation
of an epicardial patch in conjunction with the endo-
cardial catheter.

Apart from a monophasic morphology of wave-
form shock, other variables were associated with a low
safety margin, as reported in Table 2.

Among the 306 patients that finally received the
Endotak system, lead configuration 3 was implanted in
164 (53%), lead configuration 2 in 134 (44 %), and lead
configuration 1 in four (1.3%). In four patients (1.3%)
the type of configuration used was not reported. The
percentage of subjects in whom an endocardial lead
without the need for an SQ patch or SQ array (config-
uration 3) was 81% (158 of 195) in patients whose
pulse generator was capable of delivering biphasic
shocks.

The implanted defibrillation system was retested
before hospital discharge and after 2-3 months of fol-
low-up in 141 (46%) and 51 (17%) patients, respec-
tively. In all patients the induced ventricular fibrilla-
tion was correctly sensed and terminated by the ICD.

No perioperative deaths occurred. Thirty patients
(9.9%) developed early complications within a 30-day

Table 2. Factors associated with a high defibrillation threshold
(DFT) at implantation

Patients Patients
with DFT with DFT
<20-257] >20-257J
(n=287) (n=20)
Monophasic shock (%)* 33 85
NYHA class higher than 2 (%)** 22 47
Mean LVEF (%)*** 34+13 29+ 14
Mean number of drugs tested*** 22+12 14+1.0
VF as presenting Arrhythmia (% )** 40 63

DFT, defibrillation threshold; LVEF, left ventricular ejection frac-
tion; NYHA, New York Heart Association; VF, ventricular fibrilla-
tion.

* p < 0.0001 (univariate and multivariate)

** p < 0.05 (univariate); p < 0.01 (multivariate)

*% p < (.05 (univariate); p, not significant (multivariate)



interval after ICD implantation (Table 3). Eight of
these patients (2.7%) required surgical intervention.

Complete follow-up data are available for 271 pa-
tients. A total of 146 of these patients (54%) were dis-
charged from the hospital on antiarrhythmic drug ther-
apy.

The mean duration of follow-up was 14.5 + 10.2
months (range, 1 — 38 months). During this period
(Table 4), 30 patients (11%) died, six (2.2%) from sud-
den cardiac death, 21 (7.7%) from non-sudden cardiac
death, and three (1.1%) from a noncardiac death. As
shown in Table 5, the cumulative probability of sur-
vival at 12 and 36 months of follow-up was 98% and
96% for sudden death, 91.2% and 82% for cardiac
death, and 90% and 80% for total death, respectively.
Patients who died from a cardiac cause were signifi-
cantly older than the remaining patients (mean age,
64.2 + 9.0 years versus 56.8 + 13.4 years, respectively; p
< 0.0001). Moreover, they had a lower left ventricular
ejection fraction (29.8 + 12% versus 34.1 + 13%; p <
0.05) and higher NYHA functional class (p < 0.01).

During the follow-up period, 157 patients (58 %) re-
ceived at least one spontaneous shock (range, one to
290 shocks; mean, 13.3 shocks per patient). The shocks
were considered appropriate in 74% of the episodes and
inappropriate in 26%. A total of 94 patients (60%) re-
ceived only appropriate shocks, 17 (11%) only inappro-
priate shocks and 46 (29%) both appropriate and inap-
propriate shocks. The mean time to the first appropriate
shock was 4.4 + 5.1 months (range, 0 — 30 months). By
life-table analysis (Table 5), the cumulative incidence of
first appropriate shock occurrence was 57% and 72% at
12 and 36 months of follow-up and that of first inappro-
priate shock occurrence, 31% and 38% at the same time
intervals, respectively. A left ventricular ejection frac-
tion greater than 30% and a higher NYHA functional
class were both predictive of an high recurrence rate of
appropriate shocks (p < 0.05 and p < 0.001, respective-

Table 3. Early complications after implantable cardioverter defib-
rillator (ICD) implant (within 30-day interval)

Patients
(n) (%)
Cerebrovascular accident 2 0.7
Pulmonary embolism 1 0.3
Pneumothorax 3 1.0
Paralytic ileum 2 0.7
Pocket infection® 4 1.3
Pocket hematoma” 9 2.9
Lead dislodgment® 9 29

*Requiring ICD explantation in two patients (0.7%).
"Requiring surgical revision in one patient (0.3%).
‘Requiring lead repositioning in five patients (1.7%).

Table 4. Patient mortality (271 patients with complete follow-up
data)

Patients
(n) (%)
Perioperative mortality 0 0
Sudden death 6 2.2
Cardiac death 21 7.7
Noncardiac death 3 1.1
Total death 30 11
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ly). Patients with inappropriate shocks were taking an-
tiarrhythmic drugs more frequently than the remaining
patients (70% versus 49%, p < 0.05).

Late complications occurred in 14 patients (5.1%)
(Table 6). Twelve of these patients (4.4%) required
surgical intervention. Interestingly, the lead insulation
break, always responsible for oversensing problems
and inappropriate shocks, occurred at the level of the
abdominal pocket, where the yoke joins with the con-
nectors, in five patients (2.0%) and at the level of sub-
clavicular area where the clavicle crosses the first rib in
one patient (0.3%). The mean time between ICD im-
plant and lead insulation break was 17.8 + 6.0 months
(range, 11 — 30 months).

The 19 patients that were definitively implanted
with the Endotak system, despite the DFT showing an
inadequate safety margin at implantation, had a signif-
icantly higher incidence of cardiac death during the
follow-up compared to the remaining patients (25%
versus 8.7%, p < 0.05). In contrast, sudden death mor-
tality and appropriate and inappropriate shock occur-
rence rates were similar in the two groups of patients.

Conclusion

In summary the main findings of the present study are
the following:

1. The Endotak lead system is permanently im-
plantable with an adequate safety margin in 93.5% of
cases; implantation is possible with an endocardial lead
alone without the need for an additional SQ patch or
SQ array in 53% of cases. These values increase to
98% and 81%, respectively, when a device capable of
delivering a biphasic shock is used.

Table 5. Kaplan-Meier actuarial event-free rates (%)

6 12 24 36

month month month month
Sudden death 98 98 96 96
Cardiac death 95.6 91.2 82 82
Total death 94.6 90 80 80
Appropriate shock 47 43 34 28
Inappropriate shock 73 69 62 62
Any shock 43 37 28 23

Table 6. Late complications®

Patients
(n) (%)
Superior vena cava thrombosis 2 0.7
Pocket infection® 2 0.7
Lead dislodgment® 2 0.7
Sensing pin disconnection’ 2 0.7
Lead insulation break* 6 2.3

* One month or more after implantable cardioverter defibrillator

(ICD) implantation.

Requiring ICD explantation in both.

¢ Requiring lead repositioning in both.

Requiring ICD replacement in both.

¢ Requiring Endotak lead repair in one patient (0.3%), insertion
of a second endocardial lead for sensing in four patients (1.4%),
and Endotak lead removal and epicardial leads and patches
placement in one patient (0.3%).



2. The implantation is not associated with periop-
erative mortality, and the incidence of early complica-
tions is small (about 10%).

3. The clinical outcome of the implanted patients
is satisfactory. The 1- and 3-year actuarial incidences
of sudden death are 2% and 4%, respectively, and that
of total death 10% and 20%, respectively.

4. The long-term efficacy and reliability of the sys-
tem is good, with a high cumulative recurrence rate of
appropriate shocks (57% and 72% at 1 and 3 years, re-
spectively) and a relatively low incidence of ICD relat-
ed problems.

In conclusion, the results of this study show that
the CPI Endotak lead system may be implanted with a
good safety margin and utilizing only the endocardial
lead in almost all patients, provided that a device capa-
ble of delivering a biphasic shock is used. Implantation
is safe, easy, and not complicated by major problems.
The long-term performance, efficacy, and reliability of
the system is good, with a relatively low incidence of
sudden death, cardiac death, and total mortality. Late
complications are rare, and the integrity of the system
seems to remain unchanged during a relatively long
period of time in the vast majority of patients.
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Multiple reports from different institutions around the
world have definitively demonstrated the efficacy of
implantable cardioverter defibrillator (ICD) in the
treatment of malignant ventricular tachyarrhythmias
and in the prevention of sudden cardiac death. Despite
efforts to reduce defibrillator size and defibrillation
threshold while continuing to provide more sophisti-
cated tiered therapy, inappropriate ICD discharges re-
main a relatively frequent clinical problem; in fact, it
has been reported that about one-third of all shocks
are delivered for reasons other than ventricular tach-
yarrhythmias. Frequent ICD shocks can cause pain
and may impair ventricular function and quality-of-life
of patients with an ICD. Repetitive activations may al-
so determine early battery depeletion or finally be
proarrhythmic (1) and even fatal (2).

Diagnosis of inappropriate ICD disharge is based
on (a) the documentation of a delivered shock and on
(b) the demonstration of the cardiac rthythm, which by
definition should not be a sustained episode of ventric-
ular tachycardia (VT) or fibrillation (VF) before or
during the ICD discharge. Until recently, the diagnosis
of inappropriate shocks has mainly been made on the
basis of clinical symptoms; however, several reports
have demonstrated that symptoms are not reliable ei-
ther for identifying the type of arrhythmia or for quali-
fying the appropriateness of ICD discharge (3, 4).
Thus, there have been cases of ICD patients imagining
or dreaming of shocks that never took place (5). A dif-
ficult clinical question is the significance of an ICD dis-
charge in an asymptomatic patient — which by no
means is proof that the shock was inappropriate, since
it is well known that up to 30% of “inappropriately”
delivered shocks are subsequently validated as appro-
priate by means of stored intracardiac electrograms
(IEGM) (6, 7). The clinical history — whether the pa-
tient received single discharges or repetitive shocks
over a few hours — can often lead to a correct diagno-
sis. The occurrence of single shocks is typical of ICD
discharges for VT, whereas repetitive shocks often in-
dicate inappropriate shocks. However, exceptions to
this rule exist; incessant VT, or recurrent VT, due to
electrolyte imbalance, ischemia, proarrhythmic effects
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of an antiarrhythmic drug, or worsening of congestive
heart failure could continuously trigger the device, ap-
pearing as repetitive firing, thus simulating an episode
of supraventricular arrhythmias.

It is largely accepted that symptoms such as palpi-
tation, dizziness, or even presyncope are less specific
and less sensitive for ventricular tachyarrhythmias, oc-
curring with similar frequency during supraventricular
as well as ventricular arrhythmias (6, 7). Unlike these
“classical” symptoms of arrhythmias (i.e., palpitation,
dizziness, etc.), we recently reported that the sudden
onset of a warm feeling arising from the epigastrum
and/or a generalized “hot flush” is more frequently as-
sociated with ventricular tachyarrhythmias (6). Be-
cause of the lack of correlation between symptoms and
sustained VT or VF, the implication is that for the di-
agnosis of inappropriate shocks an electrocardiogram
(ECG) documentation at the time of ICD discharges is
absolutely necessary.

Until the recent introduction of stored IEGM, in-
appropriate ICD therapy was occasionally documented
by fortuitous ECG recordings at the time of ICD dis-
charge. The telemetry for most current ICD, provides
detailed therapy information as well as IEGM preceding
and leading up to the shock (Fig. 1). Once it is clear
that shocks have occurred, it is necessary to deter-
mine their etiology. The use of IEGM has considerably

Sinus Rhythm (98 bpm) Rate (240 bpm) > Cutoff (195 bpm)

MWMWWWWW >

Reconfirmation

‘ DC Shock 15 Joules Sinus Rhythm (120 bpm)

Fig. 1. Intracardiac stored electrogram recorded in a patient affect-
ed by a dilatative cardiomyopathy, resuscitated from a cardiac ar-
rest and implanted with a two-zone device (Ventak P2, CPI). The
device was triggered by a spontaneous episode of sustained ventric-
ular monomorphic tachycardia (240 bpm) which was terminated by
a single shock at 15J



enhanced the diagnostic process and helped in trou-
bleshooting.

Two different modalities of IEGM recordings
have been implemented in the most recent generation
of devices: the “far-field” IEGM recorded from endo-
cardial shock lead (Fig. 1) and the short rate-sensing
bipolar IEGM (Fig. 2). The far-field IEGM, provide
clearer recordings of the atrial and ventricular rela-
tionship than the short rate-sensing bipolar IEGM;, and
are more sensitive and specific, thus more helpful, for
determining the appropriateness of ICD therapy (8).
Additional differences and advantages of each system
have been extensively discussed elsewhere and are be-
yond the scope of this chapter (9).

Possible causes of inappropriate ICD discharge
are listed in Table 1; they can be categorized by (a)
problems of the discrimination algorithm, (b) prob-
lems of detection algorithm, or (c) hardware problems.
Among the three, discrimination algorithm has been
most frequently reported as the cause of inappropriate
ICD discharge.

Discrimination Algorithm

Inappropriate detection of atrial fibrillation and sinus
tachycardia is still a significant problem even in the
third-generation devices with antitachycardia pacing
(ATP). With slower VT, the probability of rate over-
lap between the target rate of VT and supraventricular
arrhythmias is quite common. Cardioversion may in-
duce atrial fibrillation, which may in turn be detected
as VT and then treated by pacing or direct current
(DC) shock, with the risk of reinitiating VT or even
VF. Such repetitive cycles have been reported and may
have a fatal outcome. Among the causes of inappropri-
ate shocks, sinus tachycardia occurs in about 9% of pa-
tients (10); it occurs most commonly in patients with
slow VT due to overlap between the lowest pro-
grammed zone of therapy and the maximum sinus
heart rate. Since ATP schemes are frequently used in
the lowest zone, sinus tachycardia could trigger ATP
leading to VT or VF. Inappropriate shocks for sinus
tachycardia have also been described with the one-
zone device, especially in young patients who are capa-
ble of a high sinus rate during physical activity. Anoth-
er discrimination criterion is therefore necessary, i.e.,
the sudden onset criterion. This is an optional detec-
tion feature available in most of the most recent gener-
ation of ICD. The “sudden onset” criterion attempts to
discriminate sinus tachycardia, which accelerates slow-
ly, from VT, which in contrast begins abruptly (11, 12).

. Spontaneous
Sinus 550V RTS

O O e e e e e

Fig. 2. Spontaneous episode of ventricular fibrillation (VF) in a pa-
tient implanted with a Cadence V100 (Ventritex). The device cor-
rectly identified the arrhythmia, which was promptly terminated by
single DC shock. RTS, return to sinus.
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Table 1. Possible etiology of inappropriate implantable cardiovert-
er defibrillator (ICD) therapy

Discrimination algorithm
Sinus tachycardia
Sustained or paroxysmal atrial flutter or fibrillation, with rapid
ventricular conduction
Nonsustained ventricular tachycardia

Detection algorithm
T wave or P wave oversensing
Pacemaker “spike” or evoked potentials

Hardware problems
Lead fracture, insulation break, loose set screws, dislodgment
Detection algorithms
Outside source (EMI, MRI, electrocautery)

EMI, electromagnetic interference; MRI, magnetic resonance
imaging.

When the sudden onset criterion is “on,” VT detection
will not occur unless the onset algorithm is satisfied,;
some ICD use a percentage of rate change calculated
either as an average of the four most recent events
(PCD Jewel, Medtronic) or as the difference between
adjacent intervals for the five intervals on each side of
the lowest rate boundary (Ventak Prx, CPI); others re-
quire a sudden onset delta in milliseconds (Cadence,
Ventritex). Regardless of the ICD programming, the
use of sudden onset as a criterion appears to be able to
reduce significantly the incidence of ICD activation (13,
14). In fact, Swerdlow et al. (12), analyzing the value of
sudden onset in rejecting sinus acceleration, found a
most appropriate mean value of 84% for the PCD onset
ratio algorithm. By programming an onset ratio of 87%,
they prevented inappropriate detection of sinus acceler-
ation during follow-up and provided a substantial safety
margin above the values that permitted detection of all
episodes of VF. Similarly, Pitschner et al. (13), using the
Ventak Prx2 algorithm programmed at a value of 10%,
avoided device intervention in sinus tachycardia without
affecting the sensitivity of VT detection.

More frequently inappropriate shocks are due to
recurrent paroxysmal episodes of sustained supraven-
tricular tachyarrhythmias, i.e., atrial flutter or fibrilla-
tion with rapid conduction to the ventricles exceeding
the programmed cutoff rates.In fact, using stored
IEGM to verify the cause of inappropriate shocks,
Neuzner et al. (3) recently reported that atrial fibrilla-
tion accounts for 86% of all inappropriate ICD dis-
charged. Data supporting the diagnosis of inappropriate
discharge comes first and foremost from knowledge or
investigation of the patients’ susceptibility to such
rhythm and whether their atrial fibrillation could result
in ventricular rates that could trigger the ICD. Since all
ICD detection algorithms are based on “rate,” correct
counting of the number or the R-R intervals is most im-
portant. Thus any arrhythmia that has a heart rate
higher than the programmed cutoff rate, regardless of
its origin, will trigger the ICD to an alert position;
then, when the programmed duration delay is satisfied,
the ICD will start capacitor charging and finally, after
fulfilling the reconfirmation algorithm, will deliver the
therapy. Since heart rate at the beginning of an
episode of paroxysmal atrial fibrillation or flutter is
generally high (150-170 bpm), this leads to early activa-
tion of the device.



From a clinical point of view, it is possible to re-
duce the number of inappropriate shocks by using an-
tiarrhythmic drugs, selecting additional criteria, such
as stability rate, or even by interruption or modulation
of the atrioventricular conduction. Although both an-
tiarrhythmic drugs and selection of the rate stability
criterion are valid options, each can potentially have a
negative impact on ICD efficacy. In fact, the use of an-
tiarrhythmic drugs can slow down the VT rate, thus
potentially affecting ATP, or can modify the
pacing/defibrillation threshold. We also have to bear in
mind that antiarrhythmic drugs may become proar-
rhythmic. Selection of rate stability could potentially
lead to VT being missed (15, 16).

Digitalis is one of the most commonly used drugs
for controlling heart rate during atrial fibrillation at
rest, but it often fails to adequately control the ventric-
ular response during exercise. Beta blockers and calci-
um antagonists may be very useful antiarrhythmic
drugs for reducing heart rate both at rest and during
exercise as well as for preventing the recurrence of
atrial tachyarrhythmias. Since a large proportion of pa-
tients with an ICD have poor ventricular function and
are in NYHA (New York Heart Association) class II-
III (17), and therefore in need of inotropic and
lusitropic support, our preference is the use of these
drugs as the first option with subsequent addition of
amiodarone.

Radiofrequency ablation of the atrioventricular
node in order to create complete atrio-ventricular
block has been proposed as an alternative therapy to
antiarrhythmic drug use, but has rarely been per-
formed in patients with an ICD. This is probably relat-
ed to the lack of either dual-chamber pacing and/or ac-
tivity-controlled pacing even in the modern ICD gen-
eration. Recently, modulation of the atrioventricular
node has been proposed as a more effective therapy
instead of complete interruption of the atrioventricular
conduction during atrial fibrillation (18). Although
modulation of the atrioventricular node could be a
useful technique, no data are available, at the present
time, in patients with cardioverter-defibrillators.

Stability is an optional detection feature available
in many commercially available ICD. The main objec-
tive of this algorithm is to reject atrial fibrillation that
conducts rapidly to the ventricle with a rather wide R-
R variability. Other rhythms, such as polymorphic
nonsustained VT and complex ventricular ectopy,
which usually do not respond well to APT therapy may
also be rejected. Studies on VT rate variability re-
vealed a mean cycle length difference of about 7%
(19) at its onset, decreasing over time (20); in addition,
slower VT had more variability in the R-R cycle
length, and 45% of all VT stabilized within the first 15
beats (21). Although algorithms for stability criterion
of different devices have similar endpoints, we should
be aware of some possibly significant differences in the
algorithms present in various devices. The difference
in device algorithms may translate into fairly impor-
tant clinical differences and thus comparison among
published studies may be difficult (12, 22). Since the
rate stability algorithm influences device sensitivity, se-
lection of an appropriate parameter is crucial; at the
present time, it is selected empirically and therefore
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represents an enormous source of error. Some recent
ICD (Ventak Prx2 and Prx3, CPI) automatically gen-
erate sudden onset and stability rate valued (even if
they are not selected) when the device is activated by a
spontaneously occurring arrhythmia. The use of these
values in combination with IEGM facilitates consider-
ably the selection of the most appropriate values (13).

An unresolved problem for supraventricular ar-
rhythmia discrimination is the occurrence of atrial flut-
ter with rapid stable conduction to the ventricle. This
type of supraventricular arrhythmia is very difficult to
distinguish from VT using current algorithms because
it fulfills similar criteria for sudden onset and rate sta-
bility as VT. Therefore, at the present time, no reliable
method exists other than pharmacologic control of
ventricular rate or of the flutter circuit ablation or
modulation of the atrioventricular node.

Another, fortunately rare, source of inappropriate
ICD discharge is nonsustained VT, i.e., a VT that ter-
minates spontaneously prior to ICD discharge. Due to
the possibility of retrieving stored IEGM, it has been
identified as a seldom, but existing cause of inappro-
priate discharge. According to a recently published se-
ries (23), these events could account for 10% of all
ICD shocks detected by first- and second-generation
device. The main reason for inappropriate shocks is
the lack of programmability of a detection delay as
well as a reconfirmation algorithm during and after the
capacitor charging. Although significantly diminished
by the introduction of programmable detection delays
and of device commitment, inappropriate discharges
still occur. Severe symptoms and possibly a rise in the
ventricular cardioversion defibrillation threshold can
occur by significantly prolonging the detection delay;
careful evaluation of the hemodynamics during in-
duced ventricular tachyarrhythmias is needed before
altering the detection delay. In particular, a noncom-
mitted therapy has a great advantage over the prolon-
gation of detection delay. The reconfirmation algo-
rithm requires confirmation of the detected arrhyth-
mia prior to shock delivery and will abort the therapy
if the rate criterion is no longer fulfilled. Almost all de-
vices are now able to reconfirm the actual arrhythmia
prior to discharge (Fig. 3). The detection delay and the
device commitment feature, however, should not be
considered as alternatives, but as complementary fea-
tures.

Detection Algorithm

One particular problem for inappropriate ICD shocks
are pacemaker—defibrillator interactions. The first gen-
eration of ICD had no antibradycardia pacing features,
which not rarely become necessary. Since the conven-
tional pacemaker has a fixed sensing gain, VT or VF
could not be recognized appropriately; therefore, the
pacemaker paced during the ongoing ventricular tach-
yarrhythmias and thus prevented the pacing spike be-
ing taken as an R wave. In contrast, oversensing of
atrial and ventricular pacemaker spikes by ICD could
alert the device and again generate inappropriate dis-
charges. The pacemaker—defibrillator interaction has
mostly been overcome by the third-generation ICD
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Fig. 3. Spontaneous episode of rapid ventricular tachycardia (203 bpm) which was detected by the device. The reconfirmation algorithm of the
implantable cardioverter-defibrillator (Ventak Prx2) was activated and continuously monitored the rate of the ongoing tachycardia. Since the
tachycardia spontaneously terminated during the charging phase, the reconfirmation algorithm stopped it, and after the restoration of sinus

rhythm (82 bpm), the shock was internally diverted

systems, which have the capability for bradycardia pac-
ing as well as ATP and cardioversion/defibrillation (24,
25). However, pacemaker-defibrillator interactions
still occur in third-generation devices (26), most specif-
ically in the Ventritex Cadence tiered therapy defibril-
lator system (Ventritex, Inc). Analysis of real time and
stored IEGM not rarely revealed intermittent high-fre-
quency, large-amplitude noise as well as oversensing of
maximally gained R and T waves as a result of a fea-
ture of the Cadence device itself (26). The Cadence
models use an automatic gain circuit to sense incoming
signals. During pacing for bradycardia, the sensitivity
is maximally increased to prevent undersensing of an
arrhythmia with small-amplitude signals (Fig. 4). Sig-
nals of a different nature, such as muscular noise and P
or T waves can be sensed as VT or VF, thus activating
the device (Fig. 4) and eventually leading to inappro-
priate DC shock. Reprogramming of the device by
prolonging the postpacing refractory period, implanta-
tion of a separate permanent pacemaker, or using a
different device are possible solutions to avoid further
inappropriate ICD activations.

Hardware Failure

Hardware failure can lead to inappropriate ICD dis-
charges, inadequate discharges, or missing of the ar-
rhythmia. Several different failure modalities have
been described, including lead fracture or dislodgment
(27, 28), connector insulation or fracture, sensing of
electrical or magnet interference (29), or, on rare occa-
sions, device malfunction (30, 31).

Most commonly, a lead fracture or dislodgment is
responsible for repetitive inappropriate ICD dis-
charges. Chest X-rays are most important to access the
integrity of a lead system; stored and real-time IEGM
also provide important information and the correct
“failure” diagnosis. Finally, telemetric analysis of
shock and/or pacing impedance and sensing provide
detailed clues for a definitive diagnosis; infinite lead
impedance — quite often intermittently — is indicative
of a lead fracture, whereas insulation breaks will be as-
sociated with an abnormally low impedance. It is ex-
tremely important in cases of frequent inappropriate
discharges as well as after a missed arrhythmia episode
to analyze sensing and impedance of the pacing and
shock lead. In the case of an isolated pacing problem,
the implantation of a separate conventional pacing
lead might become necessary instead of implanting ex
novo defibrillation and pacing leads.

One example of combined sensing and pacing fail-
ure is presented in Fig. 5. The patient was implanted
with a Ventak P2 and Endotak lead (CPI). One year
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Fig. 4a,b. Stored intracardiac electrograms recorded in a patient
implanted with a Cadence V100 V (Ventritex) receiving several
documented inappropriate shocks. In sinus rhythm a large-ampli-
tude R signal is evident, followed by two low-amplitude signals,
corresponding to the T and P wave. During pacing (90 bpm), the
automatic gain control of the Cadence maximally increases its sen-
sitivity in order to prevent undersensing of any ventricular tachy-
cardia (VT) or ventricular fibrillation (VF). By doing so, the small-
amplitude signals (noted in sinus rhythm) were amplified with the
result of a double count (QRS complex and T wave) which was still
below the programmed cutoff rate (a). However, when the pacing
rate was programmed to a value (55 bpm) similar to that of the si-
nus rhythm (56-58 bpm), soon after a ventricular pacing beat the
device maximally increased the gain leading the triple count (QRS
complex, P and T wave) which reached the cutoff rate of the device
and activated it. Due to the slow decrease of the implantable car-
dioverter defibrillator (ICD) automatic gain control and the recur-
rence of pacing spike, the device reconfirmed the presence of the
ventricular arrhythmia (but in reality the ICD continued to have a
triple count) and could theoretically deliver a shock

after the first ICD implantation, the patient reported
frequent device activations preceded by a dizzy spell
or presyncope. Some of those device activations, which
have been documented, were judged to be appropriate
because of VT and VF. The analysis of counters, how-
ever, also demonstrated frequent, non-reconfirmed VT
episodes. The clinical history prevented suspicion of
inappropriate ICD interventions. The analysis of the
shock impedance, however, demonstrated a sudden re-
duction of shock impedance while the pacing imped-
ance was unchanged. The analysis of stored IEGM re-
vealed sensing noise and pacing inhibition, due to a
lead breakage of the distal shock coil. Because CPI de-
vices use integrated bipolar endocardial sensing, the
isolated rupture of the connection to the distal coil
caused modification of pacing and shock impedance.
Replacement of the shock lead and pacing lead com-
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Fig. 5a,b. Stored intracardiac electrograms (IEGM) documenting
lead defect. The patient with a chronic atrial fibrillation and low
ventricular response (40 bpm) was pacemaker dependent (VVI at
70 bpm). Because of the insulation defect of the electrical connec-
tion to the distal coil of the Endotak, noise was detected by the de-
vice; this noise was recognized as ventricular fibrillation (VF),
which inhibited pacing and triggered the device (a, b). Because the
insulation breaks were intermittent and most likely related to body
movements, the disappearance of the noise led to pacing resump-
tion, while the reconfirmation algorithm detected the restoration of
a regular rhythm and terminated the capacitor charging (a). In con-
trast, in b, the pacing was once again inhibited because of the reap-
pearance of electrical noise while the reconfirmation algorithm re-
detected the persistence of ventricular fibrillation (noise) with the
result of implantable cardioverter defibrillator (ICD) discharge.
DC, direct current

pletely abolished inadequate ICD function. Lead dis-
lodgment is a fairly common source of hardware fail-
ure; it can cause double counting of P or T waves (Fig.
6). On rare occasions, the lead dislodgment within the
atrium can lead to mechanical induction of atrial fibril-
lation or flutter. Lead repositioning is most often an
effective and sufficient maneuver to overcome this
problem.

Detection Algorithm Failure

The detection algorithms themselves and their applica-
tion through programming steps can lead to inappro-
priate shocks or inadequate interference of ATP. The
occurrence of these shortcomings can usually be estab-
lished from the device itself. Diagnosis of this failure
remains important, since frequent aborted shocks can
reduce the battery life considerably. This particular
type of failure occurs mainly in an attempt to achieve
100% sensitivity for the detection of potentially dan-
gerous arrhythmias, thus possibly inadvertently over-
sensitizing the device’s detection parameters. Repro-
gramming the device is most often sufficient to elimi-
nate this device failure.

Conclusion

We believe that inappropriate shocks continue to be a
major problem in patients implanted with a cardiovert-
er defibrillator for various types of ventricular tach-
yarrhythmias. Extensive programmability, misuse of
ATP, and poor understanding of the underlying ar-
rhythmia mechanism increases the likelihood of inap-
propriate discharges. Systematic troubleshooting in-
volves categorizing the observed (or suspected) prob-
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Fig. 6. Intracardiac electrogram (EGM, bottom) and surface electro-
cardiogram (ECG, top) in a patient experiencing recurrent im-
plantable cardioverter defibrillator (ICD) discharges. Double sens-
ing, P and QRS, due to macroscopic lead dislodgement was evident.

lems, and leads to appropriate measures being taken to
avoid further failures. Paroxysmal supraventricular ar-
rhythmias represent the most common source of inap-
propriate discharges, and a variety of helpful measures
are available. Improvement of discriminating algo-
rithms, the introduction of separate atrial and ventric-
ular sensing leads, or better morphologic analysis of
far-field IEGM might provide an acceptable solution
in the near future. Furthermore, alternative options
such as modulation of the atrioventricular node either
pharmacologically or electrically are often useful
methods. Finally, intensive cooperation between ICD
engineers and manufacturers and implanting physi-
cians will maximize the benefits from the use of all the
available programmable modalities, which are often
difficult to understand or to apply.
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