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ABSTRACT

Background Unsustained ventricular tachycardia
in patients with previous myocardial infarction and
left ventricular dysfunction is associated with a two-
year mortality rate of about 30 percent. We studied
whether prophylactic therapy with an implanted car-
dioverter—defibrillator, as compared with convention-
al medical therapy, would improve survival in this
high-risk group of patients.

Methods Over the course of five years, 196 pa-
tients in New York Heart Association functional class
I, I, or lll with prior myocardial infarction; a left ven-
tricular ejection fraction <0.35; a documented epi-
sode of asymptomatic unsustained ventricular tach-
ycardia; and inducible, nonsuppressible ventricular
tachyarrhythmia on electrophysiologic study were
randomly assigned to receive an implanted defibril-
lator (n=95) or conventional medical therapy (n=101).
We used a two-sided sequential design with death
from any cause as the end point.

Results The base-line characteristics of the two
treatment groups were similar. During an average
follow-up of 27 months, there were 15 deaths in the
defibrillator group (11 from cardiac causes) and 39
deaths in the conventional-therapy group (27 from
cardiac causes) (hazard ratio for overall mortality,
0.46; 95 percent confidence interval, 0.26 to 0.82;
P=0.009). There was no evidence that amiodarone,
beta-blockers, or any other antiarrhythmic therapy
had a significant influence on the observed hazard
ratio.

Conclusions In patients with a prior myocardial in-
farction who are at high risk for ventricular tachyar-
rhythmia, prophylactic therapy with an implanted de-
fibrillator leads to improved survival as compared
with conventional medical therapy. (N Engl J Med
1996;335:1933-40.)
©1996, Massachusetts Medical Society.

NSUSTAINED ventricular tachycardia in
patients who have had a previous myo-
cardial infarction and have left ventricular
dysfunction has been associated with a
two-year mortality rate in the range of 30 percent.!3
Antiarrhythmic therapy has been widely used for un-
sustained ventricular tachycardia, but there has been
no evidence of improved survival with this treat-
ment.*¢ In December 1990, we initiated a prophy-
lactic trial in which high-risk patients with coronary
heart disease and asymptomatic unsustained ventric-
ular tachycardia were randomly assigned to receive an
implantable cardioverter—defibrillator or convention-
al medical therapy. To ensure a population at high risk
for malignant ventricular arrhythmias,”® eligible pa-
tients had to have an inducible, sustained, nonsup-
pressible ventricular tachyarrhythmia on electrophys-
iologic testing. The end point of the trial was overall
mortality during a five-year follow-up period.

METHODS

Organization of the Trial

The Multicenter Automatic Defibrillator Implantation Trial en-
rolled patients from 32 hospital centers (30 in the United States
and 2 in Europe). The protocol was approved by the institutional
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review boards of the participating centers. A data and safety mon-
itoring committee independently reviewed the results at regular
intervals throughout the trial. The study was totally supported by
a research grant from CPI/Guidant. All investigators agreed in
writing in advance of their participation in this study not to hold
stock in CPI/Guidant or any other defibrillator-manufacturing
company and to abide by the conflict-of-interest standards de-
scribed by Healy et al.?

Recruitment of Patients

Enrollment in the trial began on December 27, 1990. Patients
of either sex who were 25 to 80 years of age were eligible for the
study if they had had a Q-wave or enzyme-positive myocardial in-
farction three weeks or more before entry; had had an episode of
asymptomatic, unsustained ventricular tachycardia (a run of 3 to
30 ventricular ectopic beats at a rate >120 beats per minute) un-
related to an acute myocardial infarction that was documented by
12-lead, ambulatory, or exercise electrocardiography; had an ejec-
tion fraction <0.35, as assessed by angiography, radionuclide scan-
ning, or echocardiography; were in New York Heart Association
functional class I, II, or III; and had no indications for coronary-
artery bypass grafting or coronary angioplasty on the basis of a
cardiac evaluation within the past three months.

Patients were excluded from consideration for enrollment if
one or more of the following conditions were present: previous
cardiac arrest or ventricular tachycardia causing syncope that was
not associated with an acute myocardial infarction; symptomatic
hypotension while in a stable rhythm; and myocardial infarction
within the past three weeks. Patients who had undergone coro-
nary-artery bypass grafting within the past two months or coro-
nary angioplasty within the past three months were excluded from
the study, as were women of childbearing age who were not using
medically prescribed contraceptives, patients with advanced cere-
brovascular disease, patients with any condition other than cardi-
ac disease that was associated with a reduced likelihood of survival
for the duration of the trial, and patients who were participating
in other clinical trials.

Eligible patients were referred for electrophysiologic study!®
at the discretion of the patients’ attending physicians. Patients
qualified for enrollment if sustained ventricular tachycardia or
fibrillation was reproducibly induced and not suppressed after the
intravenous administration of procainamide (or an equivalent in-
travenous antiarrhythmic agent if the patient had had a previous
reaction to procainamide) according to a prespecified protocol, as
previously described.!! The enrolling centers did not keep consis-
tent logs of the eligible patients who had no inducible ventricular
tachyarrhythmia or in whom the inducible tachycardia was sup-
pressed by procainamide. A total of 253 patients qualified in terms
of clinical eligibility and electrophysiologic testing, and 196 of the
qualified patients gave informed consent for enrollment. The clin-
ical characteristics of the enrolled patients and the 57 eligible, qual-
ified patients who did not consent to enrollment were similar.

Within 30 days after completing the qualitying electrophysio-
logic study, the patients were randomly assigned to receive either
an implanted defibrillator or conventional medical therapy. The
choice of conventional medical therapy, including the decision
whether to use antiarrhythmic medications, was left to the pa-
tient’s attending physician. Antiarrhythmic drugs approved and
released by the Food and Drug Administration could be admin-
istered to patients in either group. The randomization scheme in-
cluded stratification according to the interval between the most
recent myocardial infarction and enrollment (<6 months or
=6 months) and according to center.

Defibrillator Devices and Implantation

Only defibrillators and lead systems approved and released by the
Food and Drug Administration were used in the trial. Investiga-
tional devices were specifically excluded. CPI/Guidant (St. Paul,
Minn.) provided the pulse generators and lead systems. Monopha-
sic (n=79) and biphasic (n=11) pulse generators were used.

1934 - December 26, 1996

When the trial began in December 1990, only transthoracic im-
plants were approved for use. Nonthoracotomy transvenous leads
were incorporated into the trial after full-market approval of the
transvenous lead on August 27, 1993. Once transvenous devices
were approved at a given center, a new stratum consisting of pa-
tients assigned to transvenous implantable cardioverter—defibrilla-
tors or conventional therapy was initiated. Standard techniques
were used to implant the defibrillators. Defibrillation testing was
carried out during the implantation procedure; every effort was
made to achieve defibrillation with a 10-] safety margin.

Data Acquisition and Follow-up

Definitions for all variables were prespecified in a manual of op-
crations. The qualifying episode of unsustained ventricular tachycar-
dia required electrocardiographic documentation. Base-line electro-
cardiograms were coded according to the Manhattan criteria.!2

Patients were seen in the follow-up clinic one month after ran-
domization and every three months thereafter until the trial was
stopped. At each follow-up visit, an appropriate clinical evaluation
was carried out, medication use was recorded, and the defibrillator
was tested. The patients underwent a final evaluation within one
month after the completion of the study. The first patient enrolled
was followed for 61 months, and the last patient enrolled was fol-
lowed for less than 1 month. The average duration of follow-up
for the 196 enrolled patients was 27 months, with an average of
37 months for the earlier transthoracic stratum (n=98 patients)
and 16 months for the later transvenous stratum (n=98).

End Points

The primary end point was death from all causes. A two-mem-
ber end-point subcommittee reviewed information on the causes
and circumstances of deaths occurring on or before March 24,
1996. Each death was categorized as due to either a cardiac or a
noncardiac cause, and the classification of Hinkle and Thaler!3
was used to evaluate the suspected mechanism of death from car-
diac causes (arrhythmic or nonarrhythmic).

Statistical Analysis

When planned in 1990, the trial was designed to have an 85
percent power to detect a 46 percent reduction in the mortality
rate among the defibrillator-treated patients as compared with a
postulated two-year mortality rate of 30 percent among the pa-
tients randomly assigned to conventional therapy, with a two-sid-
ed significance level of 0.05. A triangular sequential design mod-
ified for two-sided alternatives'* (Fig. 1) was used, with preset
boundaries to permit termination of the trial if the efficacy or in-
efficacy of implantable cardioverter—defibrillators was established
or if there was evidence that there was no difference in outcome
between the two treatment groups. The data were analyzed week-
ly, beginning at the point at which 10 deaths had been reported.
The trial was designed to be terminated when the path of the log-
rank statistic, measuring imbalance between the survival curves
for the two randomized groups, crossed one of the preset termi-
nation boundaries (efficacy, inefficacy, or no difference in out-
come) of the sequential design.

The executive committee was unaware of the results of the
study throughout the trial. During the course of the trial, the se-
quential design was revised by the executive committee on two
occasions. On September 1, 1993, transvenous leads were intro-
duced into the trial. Since this change could alter the type of pa-
tient referred for entry into the trial, the power requirement of
the trial was increased from 85 to 90 percent so as not to com-
promise the credibility of the study. Because of the slow rate of
enrollment and before the first patient enrolled had reached the
fifth year of the study, it was decided on November 12, 1995,
that data on patients would be censored for analytic purposes at
five years, with subsequent follow-up information on such pa-
tients censored from the ongoing sequential analysis.

Analyses were stratified according to the type of device (trans-
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thoracic or transvenous) and followed the intention-to-treat prin-
ciple. All analyses and potential covariates were specified in ad-
vance of the trial’s completion. After termination of the trial,
sequential-analysis methods were used to calculate a P value and
hazard ratio (median unbiased), along with a 95 percent confi-
dence interval based on the P-value function.!4!5 Secondary anal-
yses were performed with the Cox proportional-hazards regres-
sion model,'® with adjustment for relevant covariates. Separate
Cox regression analyses were carried out in the transthoracic and
transvenous strata to determine whether the efficacy of defibril-
lators was similar in these two groups. Preselected base-line co-
variates and prescribed cardiac medications recorded at the one-
month clinic visit were evaluated in the Cox model to determine
their effect on the risk of death per unit of time in the defibrilla-
tor group as compared with that in the conventional-therapy
group (the hazard ratio). Survival curves for patients assigned to
defibrillator treatment and conventional treatment were deter-
mined according to the method of Kaplan and Meier.!”

RESULTS
Study Population and Similarity of Treatment Groups

Of the 196 patients enrolled, 98 were in the trans-
thoracic stratum (45 in the defibrillator group and 53
in the conventional-therapy group) and 98 in the
transvenous stratum (50 in the defibrillator group
and 48 in the conventional-therapy group). The base-
line characteristics of the defibrillator group (n=95)
and the conventional-therapy group (n=101) are
shown in Table 1. The two groups were clinically sim-
ilar. The distribution of the qualifying Q-wave myo-
cardial infarctions in terms of anterior, inferior, and
posterior locations was similar in the two treatment
groups. The prevalence of the use of cardiac medica-
tions one month after enrollment and at the last con-
tact with the patient is shown in Table 2.

Sixteen crossovers occurred. Eleven patients in the
conventional-therapy group received a defibrillator
during the course of the trial because of an adverse
drug reaction (n=2), unexplained syncope (n=2),
episodes of ventricular tachyarrhythmia that were of
concern to the investigator (n=0), and aborted car-
diac arrest (ventricular fibrillation) (n=1). Five pa-
tients assigned to the defibrillator group never had
a defibrillator implanted (one because of a high de-
fibrillation threshold and four because of the pa-
tient’s preference). Two patients had their defibrilla-
tors deactivated during the course of the trial.

The therapy-related adverse events in the two
treatment groups are shown in Table 3. There were
no operative deaths (death in the first 30 days).
There were 1838 scheduled follow-up clinic visits
during the course of the trial. The defibrillator-
treated patients attended 92 percent of the sched-
uled visits, and the conventionally treated patients
had an attendance record of 86 percent. Three pa-
tients were lost to follow-up, two in the convention-
al-therapy group and one in the defibrillator group.

Termination of the Trial

The efficacy boundary of the sequential design
was crossed when 51 deaths were reported, and the
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Figure 1. Sequential Monitoring in the Triangular Design.

The vertical axis is a measure of the accumulated differences in
survival between the two treatments (log-rank statistic). The hor-
izontal axis is the variance of the log-rank statistic and is closely
related to the number of deaths. A positive value of the log-rank
statistic indicates superiority of the defibrillator relative to con-
ventional medical treatment, values close to zero indicate no dif-
ference between treatments, and negative values indicate inferi-
ority of the defibrillator. The upper stopping boundary indicates
defibrillator efficacy, whereas the lower boundary indicates de-
fibrillator inefficacy or no difference between treatments. The
solid circles reflect weekly analyses, which were initiated after
10 deaths had been recorded (September 13, 1993). The trial
was stopped shortly after the path crossed the upper boundary
(March 18, 1996), indicating the superiority of the defibrillator
over conventional medical therapy in reducing mortality. The
trajectory of the path provides evidence of the rejection of the
null hypothesis at P=0.009 (two-sided), with a hazard ratio of
0.46 (95 percent confidence interval, 0.26 to 0.82) in favor of the
defibrillator. The path continues upward after the termination of
the trial as a result of a lag in reporting three additional deaths
that occurred before the stopping date but were uncovered dur-
ing the close-out procedure (April 19, 1996).

study was officially stopped at that time. The final
sample path of the sequential trial, which included
three additional deaths that occurred before the
stopping date but were identified during the close-
out procedure, is presented in Figure 1. The trajec-
tory of the sample path indicates the superiority of
the defibrillator over conventional medical treat-
ment, with a P value of 0.009 (two-sided).

End-Point Analyses

The five-year overall mortality, the distribution of
deaths from cardiac and noncardiac causes, and the
cardiac causes of death are presented in Table 4. The
hazard ratio comparing the risk of death per unit of
time in the defibrillator group with that in the con-
ventional-therapy group was 0.46 (95 percent con-
fidence interval, 0.26 to 0.82). The Kaplan—Meier
life-table cumulative-survival curves for the two treat-
ment groups are shown in Figure 2. The two survival
curves separate early and remain well separated
throughout the five-year study.

The hazard ratio and confidence intervals derived
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