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Abstract

The control of life-threatening ventricular arrhythmias in the prevention of sudden cardiac death has been a long-stand-
ing challenge to clinicians. Large-scale, randomized, controlled trials have contributed immensely to our understanding
of the management of life-threatening arrhythmias. There are many causes of these arrhythmias, which occur mostly in
the setting of healed myocardial infarction. Available treatments for the management of ventricular arrhythmias include
antiarrhythmic drugs, implantable cardioverter defibrillators and catheter ablation. Each therapy provides unique
advantages for selected patients with life-threatening arrhythmias. Because the goal of arrthythmia management is not
only to provide the single best therapy but to provide the greatest assurance of symptomatic arrhythmia control, the use
of combined therapy has become a standard treatment strategy for patients with sustained ventricular arrhythmias. This
review will discuss the different modes of treatment available for the treatment of life-threatening ventricular arrhyth-
mias, and their potential risks and benefits. The rationale for using hybrid or combination therapy will be presented.
Finally, some of the better-known primary and secondary prevention trials for treatment of ventricular tachycardias will
be reviewed.
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I ntroduction

SUDDEN CARDIAC DEATH is defined as unexpected
natural death, from a cardiac cause, occurring less
than 1 hour after the onset of symptoms. Sudden
cardiac death accounts for 300,000-400,000
deaths annually in the U.S. (1). It is the most com-
mon life-threatening manifestation of coronary
artery disease and accounts for nearly 50% of the
deaths attributable to cardiovascular diseases (2).
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The prevention of sudden cardiac death due to life-
threatening arrhythmias has been a long-standing
challenge to clinicians. Given the high rate of re-
currence following such life-threatening manifes-
tations, treatment is mandatory. Large-scale, ran-
domized controlled trials have contributed im-
mensely to our understanding of the nature and
management of this condition. There are many
causes of life-threatening arrhythmias, which occur
in the setting of healed myocardial infarction in a
region of ventricular scar (1). Other causes include
arrhythmogenic right ventricular dysplasia, cardiac
sarcoidosis, nonischemic cardiomyopathies, and
ventricular surgery for congenital anomalies. The
choice of treatment modalities for ventricular ar-
rhythmias depends on features such as clinical pre-
sentation, left ventricular function and associated
underlying etiology of the arrhythmia, and co-mor-
bid medical conditions (Table 1).

Available treatments for the management of
ventricular tachycardia (VT) include antiarrhythmic
drugs, implantable cardioverter defibrillators and
surgical or catheter ablation. Each therapy provides
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TABLE 1
Factors to Be Considered in Selection of Therapy for Patients
with Sustained Ventricular Tachycardia

1. Type of ventricular tachycardia, documented during the
arrhythmic episode

. Symptoms during the arrhythmic episode

. Type and severity of underlying heart disease

. Evidence based on controlled clinical trials

. Suitability of the patient for the theoretically optimal
therapy

6. Available resources

D AW

unique advantages for selected patients with life-
threatening arrhythmias. The use of antiarrhyth-
mic agents, while noninvasive, may prevent symp-
tomatic arrhythmia recurrences but cannot be con-
sidered curative. Implantable cardioverter defibril-
lators cannot prevent arrhythmia, but they are ef-
fective in reducing the risk of sudden cardiac
death. The only potential cure for VT is ablative
therapy. Since the goal of arrhythmia management
is to provide the greatest assurance of symptomatic
arrhythmia control, the use of combined therapy
has become a standard treatment strategy for pa-
tients with sustained ventricular arrhythmias (3).

Antiarrhythmic Therapy

All drugs currently marketed for the treatment
of arrhythmias were developed without knowledge
of the specific molecular mechanisms by which
their therapeutic and possible adverse effects were
achieved. Understanding the chemistry of these
antiarrhythmic agents and their physiological
properties in animals has made it possible to de-
velop new and more effective agents (4). Antiar-
rhythmic drugs have been grouped according to
their common mechanism of action. This ap-
proach makes it easier for the clinician to antici-
pate a patient’s response to a given drug. A con-
temporary view is that all antiarrhythmics exert
their desirable effects by interacting with specific
molecular targets (4). A common target is the ion
channel, the pore-forming protein structure that
underlies ionic currents flowing during the action
potential. Drug specificity is achieved by target-
ing a single population of ion channels. Targeting
specific cardiac ion channels, however, may result
in significant proarrhythmia.

A classification system proposed by Vaughan
Williams and widely used among clinical cardiolo-
gists subdivides drugs into four broad classes (5).
These are: Class I — Na* channel blockers; Class 1T —
B blockers; Class III — K* channel blockers; and
Class IV — CaZ+ channel blockers (Table 2).
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TABLE 2
Antiarrhythmic Drugs
Class Mechanism Drug
I Sodium channel blocker
A Moderate phase-0 procainamide,
depression; | | retards equinidine,
conduction; | slows quinidine!,
repolarization disopyramide,
moricizine
B Less phase-0 depression; lidocaine,
| retards tocainide
conduction and shortens
repolarization
C Markedly depresses phase-0; encainide,
| | | retards conduction; + flecainide,
effect on repolarization propafenone
11 B-adrenergic blocker propanolol, others
111 Potassium channel blockers amiodarone?,
prolongs repolarization bretylium,
d-sotalol
v Calcium channel blocker verapamil,
diltiazem

I Has some Class III effects
2 Has some effects of all classes

This classification has been criticized, because
many drugs have been found to have more than one
effect. For example, quinidine has both class I and
III effects, while amiodarone affects all classes. In
addition to these actions, these antiarrhythmic
drugs may precipitate hemodynamic changes and
alter neurohumoral relationships and metabolic
pathways. However, a virtue of this classification
system is that drugs of a common class frequently
exhibit similar toxicities, most notably proarrhyth-
mia, the cause of which may be similar for all
drugs in that class (4). Studies evaluating drugs
that target predominantly sodium channels (class I
agents) indicate that these drugs may have unfa-
vorable proarrhythmic effects and can lead to in-
creased mortality (6, 7). For this reason, Class III
agents, which prolong the action potential and re-
fractoriness of cardiac tissues, have emerged as the
antiarrhythmic agents of choice for managing life-
threatening ventricular arrhythmias (8).

Nonetheless, the outcomes of placebo-con-
trolled clinical trials have now unequivocally con-
firmed that suppression of arrhythmia, sympto-
matic or asymptomatic, may not necessarily de-
crease mortality (6, 7). Consequently, implantable
cardioverter defibrillators (ICD) and radiofre-
quency ablation techniques have been developed to
supplement the options offered by drugs alone.
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Implantable Cardioverter Defibrillator (ICD)
Therapy

One of the most striking therapeutic achieve-
ments has been the development of the implantable
cardioverter defibrillator, which was first used suc-
cessfully in 1980 (9). Implantable defibrillators
are designed to deliver an electrical shock when
ventricular tachyarrhythmias are detected. They
can accurately and effectively terminate ventricu-
lar tachyarrhythmias in laboratory and clinical set-
tings (9, 10). With regard to ventricular tach-
yarrhythmias, no other modality of treatment has
had as much therapeutic impact as the ICD. Ob-
servational studies document low rates of sudden
death among patients treated with implanted defib-
rillators, and a decreased overall mortality has
been demonstrated. ICD therapy currently is
clearly the most appropriate approach to mortality
reduction in patients at risk for sudden death of ar-
rhythmic origin (8).

At present, ICD therapy is the initial treatment
of choice for patients resuscitated from docu-
mented ventricular fibrillation from a non-re-
versible cause (e.g., myocardial infarction), pa-
tients with poorly tolerated VT, and patients with
impaired left ventricular function and unexplained
syncope, in whom sustained ventricular arrhythmia
is induced at electrophysiologic testing (1). The
American College of Cardiology/American Heart
Association (ACC/AHA) guidelines for ICD ther-
apy are listed in Table 3 (11).

The use of recently improved leads enables
ICD devices to act not only as cardioverter defib-
rillators, but as pacemakers as well, allowing
backup Dual-chamber pacing, Dual-chamber sens-
ing, Dual-chamber inhibiting (DDD) pacing on de-
mand. This feature is useful for patients with in-
termittent heart block or bradyarrhythmias. Dual-
chamber devices are now standard. In addition to
terminating tachycardias with shocks, ICDs can
terminate arrhythmias through anti-tachycardia
pacing (ATP), which is painless. ICDs are multi-
programmable and can be customized for each pa-
tient and each tachycardia. The ICD can be set to
detect slower VTs and allow for ATP prior to the
treatment of rhythm with shocks. Even the se-
quence of shocks can be programmed, with lower
energy shocks being delivered prior to higher en-
ergy shocks.

Although implantable cardioverter defibrilla-
tors are effective in terminating ventricular tachy-
arrhythmias and preventing sudden cardiac death,
patients with defibrillators often receive appropri-
ate shocks triggered by ventricular tachyarrhyth-
mias as well as inappropriate shocks triggered by
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TABLE 3
Indications for Implantable Cardioverter Defibrillator
Therapy (ACC/AHA Guidelines) (11)

Class| (General agreement that treatment is beneficial,

useful and effective)

Cardiac arrest due to VF or VT, not due to a transient or
reversible cause

Spontaneous sustained VT

Syncope of undetermined origin with clinically relevant,
hemodynamically significant sustained VT or VF induced
at EPS when drug therapy is ineffective, not tolerated or
not preferred

Nonsustained VT with CAD, prior MI, LV dysfunction and
inducible VF or sustained VT at EPS not suppressible by a
class Ia drug

Class |l (Conflicting evidence about efficacy/usefulness)

Cardiac arrest presumed to be due to ventricular fibrillation
when electrophysiologic studies are precluded by other
medical conditions

Severe symptoms attributable to sustained ventricular tachy—
arrhythmias while awaiting cardiac transplantation

Familial or inherited condition with a high risk for life-threat-
ening ventricular tachyarrhythmias such as long QT syn-
drome

Nonsustained VT with CAD, prior MI, LV dysfunction and in-
ducible sustained VT or VF at EPS

Recurrent syncope of undetermined etiology in the presence
of ventricular dysfunction and inducible arrhythmias at
EPS when other causes of syncope have been excluded

Class |11 (Evidence that treatment isineffective and in

some cases may be har mful)

Syncope of undetermined cause in a patient without inducible
ventricular tachyarrhythmia

Incessant VT or VF

VF or VT resulting from arrhythmias amenable to surgical or
catheter ablation (e.g., atrial arrhythmias associated with
Wolff-Parkinson-White syndrome, RVOT VT, idiopathic
LV VT, or fascicular VT)

VT due to a transient reversible disorder (e.g., MI, drugs,
trauma, electrolyte disturbance)

Significant psychiatric illness that may be aggravated by ICD
implantation or may preclude systemic follow-up

Terminal illness with life expectancy < 6 months

Patients with CAD and LV dysfunction with prolonged QRS
duration in the absence of spontaneous or inducible sus-
tained or nonsustained VT who are undergoing coronary
bypass surgery

NYHA class IV drug-refractory CHF in patients who are not
candidates for cardiac transplantation

CHF = congestive heart failure

VF = ventricular fibrillation

VT = ventricular tachycardia

EPS = electrophysiological study
CAD = coronary artery disease

MI = myocardial infarction

RVOT = right ventricular outflow tract

supraventricular tachyarrhythmias. Moreover,
ICDs do not provide absolute protection against
death from arrhythmia, since about 2% of episodes
of ventricular tachyarrhythmias are refractory to
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appropriate defibrillator therapy (12). Administra-
tion of antiarrhythmic therapy as an adjunct to ICD
may reduce the number of recurrent episodes and
the defibrillation threshold, and improve respon-
siveness to shocks (13).

Recent studies suggest that episodes of ventric-
ular fibrillation, even ones that are successfully
terminated by implantable cardioverter defibrilla-
tors, may increase the risk of myocardial (14, 15)
and cerebral ischemic (16, 17) injury. The avoid-
ance of frequent shocks is crucial for the safety and
quality of life of patients with ICDs. An important
complication of shocks delivered by implantable
defibrillators is that they may evoke serious psy-
chological reactions in as many as one third of
these patients (18, 19).

VT Mapping and Ablative Therapy

Studies suggest that ventricular tachyarrhyth-
mias occurring in the setting of structural heart dis-
ease are due to a reentrant mechanism (20). The
ability to reproducibly initiate and terminate VT
with programmed ventricular extrastimuli is con-
sidered the sine qua non of reentry (21). Sustained
monomorphic VTs can be due to reentry involving
an area of scar, macro-reentry through the bundle
branches, and focal automaticity. Scar-related
reentry is the most common cause of VT in patients
with heart disease. Reentrant VT typically exists
as a “figure eight” with clockwise and counter-
clockwise rotation of wavefronts that share a cen-
tral isthmus or diastolic pathway. During tachy-
cardia these pathways are protected by lines of
block, the integrity of which is crucial for sustain-
ing the VT. There is evidence that even small
changes in the conduction characteristics of these
pathways or their morphology can terminate the
VT (22). Most VT circuits have a subendocardial
location, so that a percutaneous approach can be
performed without general anesthesia. However,
catheter mapping and ablation of VT remain rela-
tively high-risk procedures, with a 10% overall
complication rate (23, 24), including a 1-2% rate
of procedural mortality (25). An overall approach
to VT ablation is illustrated in Fig. 1. Indications
for catheter ablation of ventricular tachyarrhyth-
mias can be seen in Table 4. Mapping can be per-
formed during VT and during sinus rhythm, with
identification of regions of scar based on mid-dias-
tolic, low-amplitude and low-voltage electrograms
(Fig. 2). Conventional mapping techniques in-
volve pacemapping during sinus rhythm to repro-
duce an electrogram identical to that of the VT (26)
(Fig. 3) and entrainment! techniques during VT to
confirm the presence of a site located within the di-
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Initiate VT
VT induced
yes no
Map: Look for site of Isoproterenol
earliest ventricular infusion
activation and/or
entrainment fi reentry site
A 4
Reinitiate
RF during VT
VT induced
VT terminates VT fails to + no
terminate Pacemapping and/or
detect areas with

Enlarge lesion abnormal electrograms

1l
b

Try new site in sinus rhythm
Reinitiate
VT induced
}0“ Done

Fig. 1. An algorithm showing how to approach considering VT
ablation.

TABLE 4
Indications for Radiofrequency Catheter Ablation in Patients
with Ventricular Tachycardia

Catheter Ablation Isthe Suggested First-Line Therapy:
Idiopathic VT: right ventricular outflow tract tachycardia,
fascicular tachycardias
Bundle branch reentry in patients with cardiomyopathy
(VT has LBBB-like morphology)

Catheter Ablation Should Be Considered:
VT in the setting of CAD with multiple ICD shocks
Slow, incessant VT resistant to multiple medications

No Consistent Data to Suggest Its Efficacy: Ablation
Should Not Be Performed

Arrhythmogenic RV dysplasia

Dilated Nonischemic Cardiomyopathy

LBBB = left bundle branch block
RV = right ventricle

astolic pathway (22). However, segments that do
not participate in the reentrant circuit often may
exhibit diastolic activity, leading to low sensitivity
and specificity of pacemapping in the presence of
infarct scar (26, 27). Concealed entrainment? is
demonstrated in only 54-60% of VTs (27, 28)

I Entrainment is the capture of a reentrant circuit through pacing.
The response rate of the circuit, when entrained, is equal to the rate
of pacing when pacing at a rate faster than that of the intrinsic tachy-
cardia. The arrhythmia terminates with abrupt cessation of pacing
or with pacing at a rate slower than that of the intrinsic tachycardia.
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Fig. 2. From top to bottom: limb leads I, II, aVF; precordial
leads V1,V6; intracardiac electrograms from distal (ABL ds)
and proximal (ABL px) ablation catheter, high Right Atrium
(hRA), HIS proximal (HIS px), mid (HIS mid) and distal (HIS
ds) and Right Ventricle (RVa). Bold arrows show fractionated
electrograms in mid-diastole (endocardial recording) at the site
of slow conduction. The horizontal bar shown in Lead I repre-
sents an interval of 200 milliseconds.
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Fig. 3. 12-lead ECG of clinical VT can be seen in the left
panel. In the right panel, the first 4 beats are paced (note pac-
ing artifact *), with a QRS morphology identical to the clinical
VT (last 3 beats) (no pacing artifact present).

even with the most successful mapping technique
for identifying critical regions for ablation. More-
over, when acute ablation is successful, long-term
recurrence rates range from 15-50% (23, 24, 29).

The morbidity and mortality of cardiac disease
are due, in large measure, to its underlying sever-
ity. Patients with scar-related VTs have an average

2 Concealed entrainment is confirmed by pacing at a rate faster
than the intrinsic tachycardia, resulting in an ECG and intracardiac
activation identical to the intrinsic tachycardia (see Fig. 3). It
occurs as a result of pacing from a site that is orthodromically dis-
tal to the area of slow conduction in a reentry circuit, from a site
that is distant from the reentry circuit, or from an area of slow con-
duction in the reentrant circuit.
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of three different morphologies of inducible VT at
electrophysiologic testing (23, 29). Multiple VT
morphologies can be due to multiple reentry cir-
cuits that originate from a single region such that
ablation of one area may abolish more than one VT.
Difficulty in mapping the complex morphology
and location of the diastolic pathway is reflected
by the frequent failure to eradicate VT in patients
with multiple morphologies and the high rates of
recurrence of acutely ablated VT. Conventional
mapping techniques lack spatial resolution due to
the limited number of contact electrodes available,
and considerable time is required for mapping at
sequential endocardial points.

To overcome these limitations, rapid, high-res-
olution systems have been developed which map
an entire cardiac chamber to identify spatial and
temporal relationships critical for maintaining VT
(22). Complex ventricular arrhythmias can now be
treated even if multiple VT morphologies are pre-
sent, with high success rates and some of the low-
est recurrence rates of targeted VT to date (22, 25).
Continued improvements in the computational
process of electrogram reconstruction, accuracy of
geometry formation, 3-D modeling, and navigation
may further improve the results of VT ablation and
make the technique more generally available.

Hybrid Therapy

Optimum arrhythmia management has evolved
so that the best available management strategies
can be combined to reduce or eliminate the risks
associated with arrhythmia. Using the combina-
tion of catheter ablation and ICDs, or antiarrhyth-
mics and ICDs, may result in greater reduction in
the recurrence rate of significant ventricular tachy-
arrhythmias. This approach has now been accepted
as the standard of care (3).

Ablation and ICD

The rationale for combining these modalities
stems from several important considerations. Fol-
lowing ablation, the response to programmed stim-
ulation is used to judge its efficacy. However,
studies that have assessed the reproducibility of the
response to programmed stimulation, or its value in
predicting arrhythmia-free survival in patients
treated with antiarrhythmic agents, raise consider-
able doubt about the predictability of the clinical
outcome after catheter ablation (30-32). Addi-
tionally, the endpoints defining success of catheter
ablation for VT in the setting of structural heart
disease vary, and the long-term outcomes related to
these endpoints have not been determined. The
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evolution of ICD and lead technology has resulted
in a dramatic reduction in the risk related to im-
plantation of these devices (3). Moreover, study-
ing the efficacy of ablative therapy for VT through
the stored diagnostic information in the ICD has
great potential for providing important diagnostic
information. Indeed, the efficacy of any new an-
tiarrhythmic therapy used for the treatment of ven-
tricular arrhythmias can only be determined in pa-
tients with an ICD. Finally, for those patients in
whom frequently recurrent VT is not suppressed by
antiarrhythmic agents, ablation may serve as an ad-
juvant therapy to the ICD (3) (Fig. 4).

The disadvantages of combining these modali-
ties include altered pacing thresholds in areas adja-
cent to endocardial leads and the potential need for
additional ICD testing and resetting of antitachy-
cardia pacing features due to changes in VT char-
acteristics as a result of ablative therapy (3).

ICD and Antiarrhythmics

Antiarrhythmic agents remain an important ad-
juvant to ICD therapy, despite a trend toward less
use in patients with ICDs, particularly in those pa-
tients presenting with cardiac arrest (33). Antiar-
rhythmic agents are used to prevent recurrences of
arrhythmia and potentially reduce other supraven-
tricular tachycardias that may induce inappropriate
shocks from the ICD. Additionally, the use of an-
tiarrhythmics may make the tachycardia amenable
to ablative therapy and may reduce the defibrillation
threshold. Over the last several years the use of
amiodarone and sotalol has increased, while the use
of class I agents has decreased. Class III agents,
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Fig. 4. From top to bottom: limb leads I, II, aVF; precordial
leads V1,V6; intracardiac electrograms from distal (ABL ds)
and proximal (ABL px) ablation catheter, high Right Atrium
(hRA), HIS proximal (HIS px), mid (HIS mid) and distal (HIS
ds) and Right Ventricle (RVa). Radiofrequency lesions led to
termination of VT after the onset of radiofrequency ablation.
The horizontal bar shown in Lead I represents an interval of
2000 milliseconds.
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with the exception of amiodarone, have been shown
to decrease the defibrillation threshold (34, 35).

One should be aware of potential adverse reac-
tions when using antiarrhythmics. Class I agents and
amiodarone have been associated with an increase in
the defibrillation threshold (36). Class I agents also
may produce a cycle-length-dependent increase in
pacing threshold (37). Slowing the rate of the VT, as
occurs with many antiarrhythmic agents, may result
in a tachycardia below the rate cut-off for the device.
Slowing the sinus rate may result in increased device
use via bradycardia pacing.

The well-known proarrhythmic effects of an-
tiarrhythmic drugs may be important. Occasion-
ally, a predictable QT prolongation is noted. How-
ever, potentiation of spontaneous arrhythmias, in
the absence of surface ECG characteristics such as
QT prolongation, may result from alterations in re-
fractoriness due to antiarrhythmic drugs.

Trials

The role of antiarrhythmics and implantable
defibrillators for the treatment of ventricular tachy-
arrhythmias has been studied extensively over the
past decade. Some of these trials have had a major
impact on the way VT is currently treated. The fol-
lowing is a brief review of some of the primary and
secondary prevention trials.

Primary Prevention Trials

CAST: The Cardiac Arrhythmia Suppression Trial (6)
The rationale for CAST was based on the as-
sumption that suppression of asymptomatic ven-
tricular premature depolarizations, a risk factor for
sudden death after MI, by chronic antiarrhythmic
therapy, would reduce arrhythmic death. Eligible
patients had reduced ejection fractions and more
than 6 ventricular premature depolarizations/hour.
The drugs tested were encainide, flecainide and
moricizine. Patients were given “the best drug”
based on suppression of ventricular ectopy in an
open-label phase. The CAST Data and Safety
Monitoring Board recommended that encainide
and flecainide be discontinued because of in-
creased mortality from arrhythmia. The study con-
tinued with moricizine (CAST II). CAST II was
also stopped prematurely due to increased arrhyth-
mic death in the drug treatment population (38).

GESICA: Grupo de Estudio de la Sobrevida en la
Insuficiencia Cardiaca en Argentina (39)

This study looked at the use of low-dose amio-
darone as primary prevention against sudden death
in patients with severe congestive heart failure
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(CHF — ejection fraction less than 35%, NYHA
classes II, III, and IV). In this population of pa-
tients, sudden cardiac death accounts for more than
40% of all deaths. Patients were not being treated
with B-blockers and were randomized to receive
amiodarone or no therapy. The primary endpoint
was total mortality rate, with secondary endpoints
of sudden death, progressive heart failure and hos-
pitalization for heart failure. There was a relative-
risk reduction in total mortality of 28% in the
amiodarone- treated group, which appeared to stem
from an early (30-day) reduction in sudden death
followed by a later decrease in deaths from pro-
gressive heart failure. Interestingly, in this study,
amiodarone reduced the total mortality rate with-
out significantly reducing deaths from arrhythmias.

STAT-CHF: Survival Trial of Antiarrhythmic
Therapy in Congestive Heart Failure (40)

Like GESICA, this study examined the effects
of amiodarone in patients with CHF (ejection frac-
tion less than 40%). Unlike GESICA, in which
only 39% of the patients had coronary artery dis-
ease with a prior myocardial infarction, this study
enrolled a greater number of patients with ischemic
heart disease (72%). The primary endpoint was
total mortality rate. The rate of sudden death was
not decreased by amiodarone in this study, and
there was no significant survival benefit for patients
in receiving amiodarone versus placebo. However,
in nonischemic heart disease patients (like those in
GESICA), a trend favoring amiodarone was noted.

SWORD: Survival with Oral D-Sotalol Study (41)

SWORD attempted to prevent death by using an
antiarrhythmic agent in patients at high risk for sud-
den cardiac death. At the time of this study, the
detrimental effects of class I agents in these patients
were well known from the CAST trial. Amiodarone,
a class III agent, was thought to have a neutral or
positive effect in preventing sudden cardiac death.
It was hoped that other class III drugs, without the
potentially serious adverse effects of amiodarone,
would be effective in preventing sudden death. d-
sotalol is a pure class III antiarrhythmic agent and
lacks the PB-blocking effects of d, I-sotalol. This
property of d-sotalol may increase its tolerability in
patients with left-ventricular dysfunction.

SWORD was a placebo-controlled, randomized
study assessing the effects of d-sotalol on the total
mortality of patients with a previous myocardial in-
farction (MI) and reduced left ventricular function.
Patients were eligible if they had a previous MI and
an ejection fraction less than 40%. QT interval was
monitored closely and the study drug was discontin-
ued if the QT interval exceeded prespecified limits.
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The primary endpoint was all-cause mortality; the
secondary endpoint was cardiac mortality.

The trial was stopped prematurely when it be-
came evident that there were excess deaths in the
d-sotalol group. However, there was no excess in
serious arrhythmic events or torsades de pointes in
the d-sotalol group and few objective data to im-
plicate torsades de pointes or proarrhythmic effects
as causes of the increased mortality (42). Interest-
ingly, the adverse effects of the drug were more
pronounced in female patients and in patients with
an ejection fraction of 30% or greater.

MADIT: Multicenter Automatic Defibrillator
Implantation Trial (43)

This was the first trial to study the prophylac-
tic use of implantable cardioverter defibrillators to
prevent sudden death from ventricular tachy-
arrhythmias. The patients were a high-risk group
with prior M1, low left ventricular ejection fraction
(LVEF) and inducible ventricular arrhythmias. El-
igibility criteria included having a myocardial in-
farction more than 3 weeks prior to enrollment,
asymptomatic nonsustained VT and an LVEF less
than 35%. There was no placebo arm, but a “con-
ventional therapy” arm was used. The primary
endpoint was death from any cause.

After more than 5 years of enrollment, the
study was stopped prematurely because superiority
of the ICD had been demonstrated. There was no
evidence that the use of antiarrhythmic medica-
tions or any of the baseline variables of the patients
had any influence on the risk of death. In addition,
shock discharge occurred in 60% of defibrillator
patients within 2 years after implantation.

This study has been criticized for several rea-
sons. After 63 months of enrollment at 32 centers,
only 196 patients were enrolled. Additionally, the
“conventional therapy” was actually unconven-
tional, with barely half of the patients receiving an
angiotensin-converting enzyme (ACE) inhibitor, a
B-blocker, or amiodarone.

EMIAT: European Myocardial Infarct Amiodarone
Trial (44)

This study examined the use of amiodarone as
primary prophylaxis in patients at high risk for
death after an acute myocardial infarction. Pa-
tients with a documented MI and an ejection frac-
tion less than 40% were randomly assigned to
placebo or amiodarone. The primary endpoint was
death from any cause, with secondary endpoints of
cardiac death, arrhythmic death and arrhythmic
death plus resuscitated cardiac arrest. Once again,
amiodarone failed to improve survival of patients
at high risk of sudden cardiac death.
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There was no difference in the all-cause mor-
tality between the treatment groups. However,
there was a trend toward reduction in arrhythmic
death in the amiodarone group and a significant re-
duction in the combined endpoint of arrhythmic
death and resuscitated cardiac death in the amio-
darone group. The reduction in arrhythmic death
in the amiodarone group was offset by increases in
nonarrhythmic and noncardiac mortality rates.
This emphasizes the importance of total mortality
rate as an outcome measure in cardiac arrhythmia
trials.

CAMIAT: Canadian Myocardial Infarct
Amiodarone Trial (45)

The inclusion criteria for this trial were more
restrictive than those of EMIAT because of the re-
quirement for spontaneous ventricular ectopy. Pa-
tients in this study needed to have at least 10 pre-
mature ventricular contractions (PVCs) or at least
one run of VT. Unlike EMIAT, the primary end-
point was the composite of resuscitated ventricular
fibrillation (VF) or arrhythmic death. Secondary
outcomes included arrhythmic death, cardiac
death and death from any cause. A high propor-
tion of patients (60%) were taking B-blockers at
enrollment, with an even higher proportion at later
phases of the trial. By an intention-to-treat analy-
sis, the primary endpoint of resuscitated VF or ar-
rhythmic death was reduced by amiodarone, but
the event rate in both groups was low. This study,
however, did not use total mortality rate as an end-
point, and the study used a one-sided test of sig-
nificance which assumes that the use of amio-
darone can only be beneficial or neutral if used in
this group of patients.

CABG Patch: The Coronary Artery Bypass Graft
Patch Trial (46)

This trial tested the hypothesis that prophylac-
tic implantation of a defibrillator at the time of by-
pass surgery would improve long-term survival of
patients at high risk for sudden death. This study
included patients with a reduced left-ventricular
ejection fraction and an abnormal signal-average-
ECG (SAECQG), a predictor of increased mortality.
Of the patients enrolled, 55% had three-vessel
coronary artery disease, 83% had a prior MI, 60%
were taking an ACE inhibitor and almost 20% were
taking a B-blocker.

Prophylactic implantation of an ICD did not
improve survival in this study. An explanation for
this may be the potential reduction in ischemia and
therefore sudden death, as well as the improvement
in LV function in these patients, as a result of
revascularization.
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MUSTT: Multicenter Unsustained Tachycardia
Trial (47)

The ability to guide antiarrhythmic therapy as
the result of electrophysiologic (EP) testing in pa-
tients at high risk for sudden death was evaluated
in this study. Patients included in the study were
similar to those in MADIT in that they had coro-
nary artery disease, left-ventricular dysfunction
and nonsustained VT. However, more data regard-
ing the inducibility at electrophysiologic testing
and responsiveness to antiarrhythmics were ob-
tained in patients enrolled in this study. Patients
enrolled had coronary artery disease, and LVEF
less than 40%. They underwent electrophysiologic
testing with the following endpoints: reproducible
induction of sustained VT, reproducible induction
of more than 15 complexes of polymorphic VT or
ventricular flutter, or noninducibility. Patients who
were inducible then were randomized to antiar-
rhythmic therapy guided by EP testing or no an-
tiarrhythmic therapy. Drugs were assigned ran-
domly, except that amiodarone could only be con-
sidered after two failed drug trials. If no drug
could be found to prevent inducibility, then a drug
that resulted in hemodynamic stability during VT
induction could be utilized. ICD therapy could be
used after one failed drug trial. The primary end-
point was arrhythmic death or resuscitated cardiac
arrest. Secondary endpoints included death from
all causes, cardiac death and spontaneous, sus-
tained VT.

In this study, the total mortality in the EP-
guided arm was 24% in the ICD-treated patients
versus 55% for drug-treated patients and 48% for
patients receiving no therapy. The investigators
determined that the reduction in total mortality
was attributable almost entirely to the use of an
ICD in the EP-guided arm. An important lesson
from this study is that patients with coronary
artery disease, decreased LV function and in-
ducible sustained VT at EP testing, comprise a
group of patients at high risk for sudden death
and that this risk is reduced substantially by ICD
implantation.

Several Trialsthat Are Still Ongoing

SCD-HeFT: Sudden Cardiac Death in Heart
Failure Trial

This trial is enrolling patients with LVEF less
than 35%, class II, III, IV, and congestive heart
failure for more than 3 months from either is-
chemic or nonischemic causes. There are no ar-
rhythmia markers included in the eligibility crite-
ria. All patients will be treated with optimized
heart failure regimens including afterload reduc-
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tion, B-blockers and diuretics. Patients will be ran-
domized for adjunctive therapy with placebo,
amiodarone or an ICD. The primary endpoint is
death from any cause.

DEFINITE: Defibrillators in Nonischemic
Cardiomyopathy Treatment Evaluation Trial

This study focuses on patients with a dilated
cardiomyopathy of nonischemic causes. Eligibility
criteria include a nonischemic cardiomyopathy
with a left ventricular ejection fraction of less than
35%, and either nonsustained VT on Holter moni-
toring or telemetry monitoring or more than 10
PVCs/hour on Holter monitoring. Patients will be
assigned to conventional heart-failure treatment
with or without an ICD to determine whether de-
fibrillator implantation will improve survival in
this group of patients.

DINAMIT: Defibrillators in Acute Myocardial
Infarction Trial

Because arrhythmic death is common in high-
risk survivors of myocardial infarction, this study
was devised to examine the effects of defibrillator
implantation in patients with a recent myocardial
infarction. Patients have to have suffered a my-
ocardial infarction less than 30 days prior to en-
rollment, an LVEF less than 35% and abnormal
heart-rate variability. In addition to receiving med-
ical therapy with aspirin, ACE inhibitors, p-block-
ers and lipid-lowering agents (statins), patients
will be randomized to therapy with or without an
ICD.

BEST + ICD Trial: Beta Blocker Strategy Plus ICD

This European trial being conducted at 50 cen-
ters is enrolling 1,500 patients who have had myo-
cardial infarctions, in order to determine if there is
any difference in survival following EP-guided
therapy and defibrillator therapy in contrast to con-
ventional therapy. Criteria for inclusion in the trial
are acute myocardial infarction within 5 to 21 days
prior to enrollment, treatment with B-blockers, an
LVEF less than 35% and a marker of future ar-
rhythmic events such as decreased heart-rate vari-
ability, more than 10 PVC/hour, or prolonged QRS
duration on filtered and averaged electrocardio-
grams (late potentials).

MADIT II: Multicenter Automatic Defibrillator
Implantation Trial

To address the concerns from MADIT regard-
ing the arm of “conventional therapy,” more atten-
tion will be given in this trial to avoiding the use of
antiarrhythmics and to optimizing the use of ACE
inhibitors and fB-blockers. Patient eligibility in-
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cludes surviving a myocardial infarction, LVEF less
than 30% and more than 10 PVCs or couplets on
Holter monitoring. The aim of this study is to assess
whether defibrillator therapy will increase overall
survival of patients with coronary artery disease,
and at great risk for sudden arrhythmic death.

Secondary Prevention Trials

CASCADE: Cardiac Arrest in Seattle:
Conventional versus Amiodarone Study (48)

CASCADE evaluated two different approaches
to the management of patients who survived out-
of-hospital cardiac arrest and who were at high risk
for recurrent cardiac arrest. The empiric use of
amiodarone without extensive EP testing or Holter
monitoring was compared with standard (Class Ia)
antiarrhythmic agents (equinidine, procainamide,
disopyramide) guided by EP testing or Holter mon-
itoring. The primary endpoint of the study was
total cardiac mortality rate, including sudden ar-
rhythmic death, documented resuscitated out-of-
hospital VF, and nonarrhythmic cardiac death. In
addition, for patients with an ICD, syncope fol-
lowed by a shock was designated as the equivalent
of a cardiac arrest. In this study, ICD therapy was
not randomized and no attempt was made to com-
pare outcomes relating ICDs.

The use of amiodarone in this study signifi-
cantly reduced the primary endpoints of total car-
diac mortality, resuscitated cardiac arrest and syn-
copal ICD shock. If the endpoints of sustained VT
requiring cardioversion and near-syncopal ICD
shock were added to the primary endpoints, amio-
darone again was associated with a significant re-
duction. The results of this study indicated that em-
piric use of amiodarone was more effective in pre-
venting recurrent arrhythmias than conventional an-
tiarrhythmics guided by EP testing. A placebo
group was not included in this study, a fact that is
clearly important, as learned from the CAST study.

AVID: Antiarrhythmics versus Implantable
Defibrillators (49)

With the growing availability of ICDs and the un-
satisfactory prevention of death by antiarrhythmics, a
study comparing the two modes of therapy was de-
signed. The AVID trial was the first large, random-
ized, controlled study of the effectiveness of the ICD
in the secondary prevention of sudden cardiac death.
Patients were eligible for AVID if they had been re-
suscitated from VF, had sustained VT with syncope,
or sustained VT with an LVEF less than 40% and he-
modynamic compromise including near-syncope,
CHF or angina. Patients were randomized to ICD
therapy or antiarrhythmic drugs. Patients receiving
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drug therapy were given amiodarone or sotalol
guided by EP testing or Holter monitoring.

The trial was stopped prematurely when ICD
therapy was shown to result in a significant sur-
vival advantage compared to antiarrhythmic drug
therapy. Based on the results of this study, it has
been concluded that a patient who has survived an
episode of VF or unstable VT should receive an
ICD as first-line therapy. However, even prior to
the completion of this study, multiple single-center
studies had shown ICD therapy to be superior to
antiarrhythmic therapy for life-threatening ventric-
ular arrhythmias. It was pointed out that the AVID
trial was too late and to some extent not necessary,
given the already established role of the ICD in the
secondary prevention of sudden cardiac death (50).

CIDS: Canadian Implantable Defibrillator Study
(51)

CIDS was similar to AVID in its design. It com-
pared amiodarone to ICD therapy in patients at high
risk for recurrent ventricular tachyarrhythmias.
This study was started virtually simultaneously with
AVID, but had a longer enrollment and longer fol-
low-up. Inclusion criteria were documented VF,
out-of-hospital cardiac arrest requiring defibrilla-
tion, documented sustained VT-causing syncope, or
documented VT at a rate of at least 150 bpm causing
near-syncope or angina, in patients with LVEF of
less than 35%. An additional inclusion criterion not
included in AVID was unmonitored syncope with
subsequent documentation of either spontaneous VT
of at least 10 seconds, or sustained (greater than 30
seconds) monomorphic VT induced at EP testing.

The results of this trial showed an overall trend
toward a lower mortality and arrhythmic death as-
sociated with use of the ICD. The difference, how-
ever, was not statistically significant. Several pos-
sibilities exist that may help explain the discrep-
ancy between the results of this study and those of
AVID: the lack of the use of sotalol, the greater use
of B-blockers in the amiodarone arm, and the fact
that 5.5% of patients randomized to receive an ICD
never actually had the implantation.

Conclusions

Treatment and prevention of sudden arrhythmic
death have been a long-standing challenge to clini-
cians. An immense amount of information has been
obtained from studies of antiarrhythmic agents and
implantable cardioverter defibrillators. As we bet-
ter understand the mechanisms underlying arrhyth-
mias and as technology improves, definitive treat-
ment with ablation will become more widely avail-
able. Currently, optimum ventricular tachycardia
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management has evolved to combine ICDs with
catheter ablative and drug therapy in an attempt to
eliminate or reduce arrhythmia risk. Therapy
should not be based on the use of a single strategy;
rather, it should be based on the use of combined or
hybrid therapy that will provide superior control of
arrhythmia and relief of symptoms. The presence
of underlying heart disease and left ventricular dys-
function remain important variables that will influ-
ence the choice of therapy and its effectiveness.
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