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BSTRACT

 

Background

 

Patients with coronary heart disease,
left ventricular dysfunction, and abnormalities on sig-
nal-averaged electrocardiograms have an increased
risk of sudden death. We evaluated the effect on sur-
vival of the prophylactic implantation of cardioverter–
defibrillators in such patients at the time of coronary-
artery bypass surgery.

 

Methods

 

Over the course of five years, 37 clinical
centers screened all patients who were scheduled
for elective coronary bypass surgery. Patients were
eligible for the trial if they were less than 80 years
old, had a left ventricular ejection fraction of less
than 0.36, and had abnormalities on signal-averaged
electrocardiograms. We identified 1422 eligible pa-
tients, enrolled 1055, and randomly assigned 900 to
therapy with an implantable cardioverter–defibrilla-
tor (446 patients) or to the control group (454 pa-
tients). The primary end point of the study was over-
all mortality, and the two groups were compared in
an intention-to-treat analysis.

 

Results

 

The base-line characteristics of the two
groups were similar. During an average (

 

�

 

SD) fol-
low-up of 32

 

�

 

16 months, there were 101 deaths in
the defibrillator group (71 from cardiac causes) and
95 in the control group (72 from cardiac causes). The
hazard ratio for death from any cause was 1.07 (95
percent confidence interval, 0.81 to 1.42; P

 

�

 

0.64).
There was no statistically significant interaction be-
tween defibrillator therapy and any of 10 preselected
base-line covariates.

 

Conclusions

 

We found no evidence of improved
survival among patients with coronary heart dis-
ease, a depressed left ventricular ejection fraction,
and an abnormal signal-averaged electrocardiogram
in whom a defibrillator was implanted prophylacti-
cally at the time of elective coronary bypass surgery.
(N Engl J Med 1997;337:1569-75.)

 

©1997, Massachusetts Medical Society.
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*The institutions and investigators participating in the trial are listed in
the Appendix.

 

ANY cases of sudden death are caused
by sustained ventricular tachyarrhyth-
mias. Implantable cardioverter–defibril-
lators accurately detect and effectively

terminate ventricular tachycardia or ventricular fibril-
lation in laboratory and clinical settings.

 

1,2

 

 Observa-
tional studies document low rates of sudden death
among patients treated with implanted defibrillators,

 

3

 

but only recently has a benefit in terms of overall
mortality been demonstrated. The Antiarrhythmics
versus Implantable Defibrillators (AVID) Investiga-
tors report elsewhere in this issue of the 

 

Journal

 

4

 

 that
patients with previous cardiac arrest or sustained ven-
tricular tachycardia have lower mortality rates when
treated with implanted cardioverter–defibrillators than
when treated with either amiodarone or sotalol.

Patients who have out-of-hospital cardiac arrest
have a very low probability of survival.

 

5,6

 

 Prevention
or effective treatment of a first episode of cardiac ar-
rest therefore remains an important goal. The pro-
phylactic use of class I antiarrhythmic drugs in pa-
tients at high risk for sudden death after myocardial
infarction increased mortality rates.

 

7

 

 The Multicenter
Automatic Defibrillator Implantation Trial (MADIT)
compared prophylaxis with an implanted defibrilla-
tor with conventional therapy (mostly amiodarone)
in patients with coronary heart disease, left ventric-
ular ejection fractions below 0.36, spontaneous un-
sustained ventricular tachycardia, and sustained ven-
tricular tachycardia that could be induced during
electrophysiologic study; overall mortality was strik-
ingly reduced in the group randomly assigned to de-
fibrillator therapy.

 

8

 

 Coronary bypass surgery also
decreases the rate of sudden death and overall mor-

M
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tality among patients with left ventricular dysfunc-
tion.

 

9,10

 

 In the Coronary Artery Bypass Graft (CABG)
Patch Trial, we tested the hypothesis that the pro-
phylactic implantation of a cardiac defibrillator at
the time of bypass surgery would further improve
long-term survival in patients at high risk for sudden
death who were identified on the basis of a left ven-
tricular ejection fraction below 0.36 and abnormal-
ities on a signal-averaged electrocardiogram. We
evaluated the effect on survival of the prophylactic
implantation of a cardioverter–defibrillator in a group
of patients among whom there were no significant
differences in the frequency of therapy with antiar-
rhythmic drugs, beta-blocking drugs, thoracotomy,
and cardiac revascularization.

 

11

 

METHODS

 

The trial was conducted at 37 clinical centers, 35 in the United
States and 2 in Germany. The protocol was approved by the insti-
tutional review board at each clinical center.

 

Recruitment and Randomization

 

Enrollment in the trial began on August 14, 1990, with a pilot
study.

 

11

 

 In 1993, a full-scale study was launched in which the
same inclusion and exclusion criteria were used. Patients of either
sex who were scheduled for coronary bypass surgery were eligible
if they were less than 80 years of age, had a left ventricular ejec-
tion fraction of less than 0.36, and had abnormalities on a signal-
averaged electrocardiogram (duration of the filtered QRS com-
plex, 

 

�

 

114 msec; root-mean-square voltage in the terminal 40
msec of the QRS complex, 

 

�

 

20 

 

m

 

V; or duration of the terminal
filtered QRS complex at 

 

�

 

40 

 

m

 

V, 

 

�

 

38 msec). A pilot study
showed that patients with an abnormal signal-averaged electrocar-
diogram had a mortality rate in the two years after coronary by-
pass surgery that was twice as high as that among patients with a
normal signal-averaged electrocardiogram.

 

11,12

 

 The signal-aver-
aged electrocardiogram was the most feasible marker of arrhyth-
mia for use in identifying patients for enrollment, given the short
time between hospital admission and surgery.

 

11

 

Patients were excluded if they had a history of sustained ventric-
ular tachycardia or fibrillation, diabetes mellitus with poor blood
glucose control or recurrent infections, previous or concomitant
aortic- or mitral-valve surgery, concomitant cerebrovascular sur-
gery, a serum creatinine concentration greater than 3 mg per dec-
iliter (265 mmol per liter), emergency coronary bypass surgery, a
noncardiovascular condition with expected survival of less than
two years, or an inability to attend follow-up visits.

 

11

 

 Patients were
enrolled in the trial after giving written informed consent.

Two independent randomization schedules were set up for
each hospital, one for patients with left ventricular ejection frac-
tions of 0.20 or less and another for patients with left ventricular
ejection fractions from 0.21 to 0.35. Patients were randomly as-
signed to the defibrillator or control group within randomly per-
muted blocks. Randomization took place in the operating room
after bypass grafting had been completed and patients were on
partial cardiopulmonary bypass. The attending surgeon had the
option not to have a patient randomly assigned to a treatment
group if he or she thought that implanting and testing a defibril-
lator system in that patient was too risky.

 

11

 

Patients who were assigned to implanted-defibrillator therapy
had an epicardial defibrillator system implanted and tested twice
at 20 joules of energy. Guidant/CPI (St. Paul, Minn.) provided
leads and pulse generators for the trial that were approved by the
Food and Drug Administration. Most of the pulse generators im-
planted in the trial were committed devices (i.e., devices that de-
liver a shock even if the arrhythmia stops before the end of charg-
ing) that were not capable of storing electrograms.

 

13

 

 The trial

protocol prohibited the use of antiarrhythmic drugs for asympto-
matic ventricular arrhythmia and specified that patients without
contraindications should be treated with aspirin.

 

Follow-up

 

All variables listed on study forms were defined in a manual
of operations. All qualifying signal-averaged electrocardiograms
were interpreted a second time at the core study laboratory. Qual-
ity-control procedures for the measurement of the left ventricular
ejection fraction have been described elsewhere.

 

13

 

 Patients were
scheduled for follow-up visits every three months. Those who
were eligible but not enrolled or enrolled but not randomly as-
signed to a study group were followed for 12 months to deter-
mine their vital status and rate of rehospitalization. For this re-
port, we obtained each patient’s vital status as of April 30, 1997.

 

Study Design and Statistical Analysis

 

The trial had a two-group parallel design with 900 patients ran-
domly assigned with equal probability to prophylaxis with an im-
plantable cardioverter–defibrillator or to no defibrillator therapy
(the control group). The design ensured that the study had a pow-
er of more than 80 percent to detect a difference of 26 percent in
mortality between the groups, a difference that corresponded to a
40 percent reduction in the hazard rate for death from all causes
in the defibrillator group as compared with the control group, al-
lowing for anticipated crossovers.

 

11

 

 Details of the randomization
scheme and adjustments that were made to sample size and fol-
low-up have been published elsewhere.

 

11,14

 

 The nature of the in-
tervention precluded the blinding of investigators or patients.

Accumulating data were reviewed by an independent Data and
Safety Monitoring Board. Four interim analyses were scheduled
and performed; they were based on sequential-monitoring proce-
dures for the groups, with prospective stopping rules defined by a
Lan–DeMets boundary with an O’Brien–Fleming spending func-
tion.

 

15,16

 

 Cumulative survival curves for each group were estimated
by the Kaplan–Meier method.

 

17

 

 Cox proportional-hazards regres-
sion models were used to estimate hazard ratios (instantaneous
relative risks).

 

18

 

 Log-rank tests, stratified according to ejection
fraction and clinical center, were used to test hypotheses about dif-
ferences between the groups. The secondary analyses reported
here were also based on Cox models and examined survival after
surgery and treatment interactions for prespecified subgroups. We
selected 10 covariates prospectively and evaluated their interaction
with the effect of implanted-defibrillator treatment on the risk of
death: they were age, sex, presence or absence of heart failure, New
York Heart Association (NYHA) functional class, left ventricular
ejection fraction, presence or absence of diabetes mellitus, dura-
tion of the QRS complex (

 

�

 

100 msec or 

 

�

 

100 msec), use of an-
giotensin-converting–enzyme inhibitors, use of class I or class III
antiarrhythmic drugs, and use of beta-adrenergic–blocking drugs.
All analyses adhered to the intention-to-treat principle.

 

RESULTS

 

Study Sample and Comparison of the Treatment Groups

 

Five percent of the patients screened were exclud-
ed because they were 80 years of age or older and 74
percent because their left ventricular ejection fraction
was 0.36 or greater.

 

13

 

 During screening, we identi-
fied 1422 eligible patients, of whom 1055 (74 per-
cent) signed a consent form. Of the 1055 patients
who were enrolled in the study, 900 were randomly
assigned to the implanted-defibrillator group (446
patients) or to the control group (454 patients). The
remaining 155 enrolled patients did not undergo
randomization; 67 of them were found to meet one
or more of the criteria for exclusion between enroll-
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ment and the time of randomization; the remaining
88 were not randomly assigned to a group because
intraoperative events made the implantation of a de-
fibrillator too risky.

 

13

 

 The base-line characteristics of
the two study groups were similar (Table 1).

 

Adherence to Protocol

 

During follow-up, there were 70 crossovers: 18 pa-
tients in the control group had a defibrillator im-
planted during the course of the trial; 12 patients
assigned to implanted-defibrillator therapy never re-
ceived a defibrillator because of death or hemody-
namic instability in the operating room; and 40 pa-
tients in the defibrillator group had their implanted
defibrillators removed, primarily because of infec-
tion (19 patients), because the implanted defibrilla-
tor reached the end of its service period and was not
replaced (5), or because the patient requested re-
moval (5). At 42 months, the cumulative rate of
crossover to the control group was 10 percent, and
the cumulative rate of crossover to the defibrillator
group was less than 5 percent.

The use of cardiac drugs was similar in the two
groups at the time of discharge after coronary bypass
surgery, at three months, and one year after dis-
charge from the hospital (Table 2). The rates of use
of class I or III antiarrhythmic drugs and beta-block-
ers were similar in the two groups throughout the tri-
al. Nearly all (93 percent) of 8854 scheduled follow-
up visits occurred on schedule.

 

Decision to Report the Primary-End-Point Results

 

On April 2, 1997, the Data and Safety Monitor-
ing Board took the last of four interim looks at the
data on mortality, with 76 percent of the anticipat-
ed information on mortality available. The fourth
interim analysis showed no difference between the
defibrillator and control groups and a negligible
chance that a difference would ever be found. Ac-
cordingly, the board recommended that data on the
primary end point be reported as of April 30, 1997,
while the trial continued to pursue its secondary
objectives. On April 10, 1997, the director of the
National Heart, Lung, and Blood Institute accept-
ed the board’s recommendation.

 

Effect of Implanted-Defibrillator Therapy on Mortality

 

There were 44 deaths in the first 30 days after ran-
domization: 24 in the defibrillator group and 20
in the control group (P

 

�

 

0.60). The Kaplan–Meier
cumulative-mortality curves for the two treatment
groups show no long-term benefit of defibrillator
therapy (Fig. 1). During an average (

 

�

 

SD) follow-
up of 32

 

�

 

16 months, there were 101 deaths in the
defibrillator group (71 from cardiac causes) and 95
in the control group (72 from cardiac causes). The
hazard ratio from a Cox regression analysis that
compared the risk of death per unit of time in the

defibrillator group with that in the control group was
1.07 (95 percent confidence interval, 0.81 to 1.42).
A Cox regression model stratified according to clin-
ical center and left ventricular ejection fraction yield-
ed almost identical results (hazard ratio, 1.02; 95
percent confidence interval, 0.76 to 1.35). The haz-
ard ratio (and 95 percent confidence interval) de-
rived from a Cox model after adjustment for the 10
prespecified covariates was similar to the value ob-
tained without adjustment, as was that for the period
beginning 30 days after randomization (hazard ratio,
1.03; 95 percent confidence interval, 0.75 to 1.41).

 

Secondary Analyses

 

Separate Cox regression analyses were performed
for each of the 10 prespecified covariates, and no
significant interaction with implanted-defibrillator
therapy was found — that is, the hazard ratios for

 

*Plus–minus values are means 

 

�

 

SD. NYHA denotes New York Heart
Association, PTCA percutaneous transluminal coronary angioplasty, CABG
coronary-artery bypass graft, and ECG electrocardiogram. There was no
significant difference between the two groups for any of the variables listed
in this table.
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G

 

ROUP

 

(N

 

�

 

446)

C

 

ONTROL

 

G

 

ROUP

 

(N

 

�

 

454)

 

Age (yr) 64

 

�

 

9 63

 

�

 

9

Sex (M/F) 386/60 373/81

Cardiovascular history (%)
Cigarette smoking at any time
Angina pectoris
Myocardial infarction

 

�

 

2 Prior myocardial infarctions
Heart failure
Treatment for heart failure
NYHA functional class II or III
Treatment for hypertension
Diabetes mellitus
Diabetes treated with insulin
Treatment for ventricular arrhythmias
PTCA or atherectomy
CABG surgery
Electronic cardiac pacemaker

79
76
83
30
51
49
71
54
36
17
7

11
12
2

76
76
82
33
49
47
74
52
40
20
7

11
10
2

Heart rate (beats/min) 79

 

�

 

15 79

 

�

 

14

Systolic blood pressure (mm Hg) 126

 

�

 

19 123

 

�

 

19

Pulmonary rales (%) 20 25

S

 

3

 

 gallop (%) 14 11

Findings on 12-lead ECG (%)
Duration of QRS complex 

 

�

 

100 msec
Left bundle-branch block
Q-wave myocardial infarction

71
10
52

74
12
53

Left ventricular ejection fraction 0.27

 

�

 

0.06 0.27

 

�

 

0.06

Left ventricular end-diastolic pressure
(mm Hg)

21

 

�

 

10 22

 

�

 

10

Findings on coronary angiography (%)
One-vessel disease
Two-vessel disease
Three-vessel disease

8
36
55

9
36
55
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the patients assigned to implanted-defibrillator ther-
apy as compared with those in the control group
were similar among subgroups defined according to
the covariates.

Additional analyses were performed to examine
the proportional-hazards assumption of the Cox mod-
el according to clinical center and left ventricular ejec-
tion fraction. The assumptions in the model re-
mained valid in this stratified analysis.

The cumulative probability of a first implanted-
defibrillator discharge in the group assigned to re-
ceive defibrillators is shown in Figure 2. Fifty-seven
percent of the patients with an implanted defibrilla-
tor received a shock within the first two years after
implantation.

 

Adverse Events

 

Significantly more postoperative infections were re-
ported in the defibrillator group (Table 3), and sig-
nificantly more myocardial infarctions were reported
during long-term follow-up in the control group.

 

DISCUSSION

 

In this trial, we found that survival was not im-
proved by the prophylactic implantation of a defib-
rillator at the time of elective coronary bypass surgery
in patients at high risk for death from ventricular ar-
rhythmia. We enrolled a high proportion of eligible
patients sampled from a well-characterized popula-
tion. The study had a simple design that compared
implanted-defibrillator therapy with no preventive
antiarrhythmic therapy after coronary bypass sur-
gery. The study groups were well balanced with re-

 

Figure 1.

 

 Kaplan–Meier Analysis of the Probability of Death Ac-
cording to Study Group.
By April 30, 1997, 95 deaths had occurred in the control group
and 101 in the defibrillator group. By four years of follow-up,
the actuarial mortality was 24 percent in the control group and
27 percent in the group assigned to implanted-defibrillator ther-
apy (P

 

�

 

0.64). The numbers below the figure show the numbers
of patients at risk.
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*Data were not available for all patients.
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ISCHARGE

 

, AT THREE MONTHS, AND ONE YEAR 
AFTER CORONARY-ARTERY BYPASS SURGERY.*

DRUG AT HOSPITAL DISCHARGE AT 3 MO AT 1 YR

DEFIBRILLATOR

GROUP

(N�430)

CONTROL

GROUP

(N�442)

DEFIBRILLATOR

GROUP

(N�403)

CONTROL

GROUP

(N�411)

DEFIBRILLATOR

GROUP

(N�374)

CONTROL

GROUP

(N�373)

percentage of patients

Oral antiarrhythmic drugs
None
Class I drugs
Amiodarone
Sotalol
Beta-blockers (not sotalol)

63.3
16.7
3.7
0.5

17.9

65.2
12.0
3.2
0.2

24.0

70.7
8.2
4.2
1.0

16.4

70.1
5.8
3.6
0.5

21.7

70.3
7.5
6.1
0.8

16.0

72.9
4.8
2.9
0.5

19.8

Angiotensin-converting–enzyme
inhibitors

54.7 53.8 60.3 63.7 64.2 67.8

Diuretics 57.2 47.1 61.3 57.2 64.7 55.2

Digitalis 68.6 64.5 70.7 62.5 70.6 60.1

Nitrates 8.1 8.1 10.9 12.2 15.8 16.9

Calcium-channel blockers 10.5 7.0 9.2 7.1 12.0 9.7

Antiplatelet drugs 82.8 85.1 78.2 83.7 79.1 82.6

Oral anticoagulants 15.3 14.7 20.6 16.8 20.1 16.6

Lipid-lowering drugs 9.5 8.4 12.9 13.4 23.0 23.3
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spect to their base-line clinical characteristics, initial
treatment of ischemia, and use of beta-adrenergic–
blocking agents and antiarrhythmic drugs during fol-
low-up. There was minimal crossover from one treat-
ment group to the other.

Since ventricular tachyarrhythmias are the most
common cause of sudden death,19,20 it was reason-
able to postulate that the implanted defibrillator
would improve survival among patients at high risk
for sudden death. Previous studies have demonstrat-
ed that several factors predispose patients to sudden
death, including a reduced left ventricular ejection
fraction,21-23 heart failure,24-27 and abnormalities on
a signal-averaged electrocardiogram.28-30 Patients re-
cruited into the trial constituted a high-risk sample
with a 42-month mortality of 24 percent, about
four times the mortality among all patients who un-
dergo coronary bypass surgery. However, overall
mortality was even higher in the AVID Trial and
MADIT. The actuarial 24-month mortality was 32
percent in MADIT,8 24 percent in the AVID Trial,4

and 18 percent in our trial.
It is unlikely that the almost identical mortality

rates in the defibrillator and control groups in our
trial represent a false negative result. The trial was
designed with statistical power of more than 80 per-
cent to detect a 26 percent treatment effect. The
probability of observing a hazard-ratio point esti-
mate of 1.0 or greater is about 3 percent if the risk
of death was truly 26 percent lower in the defibril-
lator group than in the control group. At the mor-
tality rates we observed, this trial had statistical pow-
er of more than 99 percent to detect an effect as
large as that found in MADIT (a 54 percent reduc-
tion in the mortality rate).

The central questions raised by this trial, the AVID
Trial, and MADIT are why mortality differed among
the trials and why the group assigned to implanted-
defibrillator therapy did not have lower mortality
than the non-defibrillator group in our trial, as it did
in the AVID Trial and MADIT. These differences
must be due to differences in the patients at enroll-
ment or differences in treatment during follow-up.
The patients were similar in terms of age, sex, prev-
alence of heart failure, and average left ventricular
ejection fraction in the three trials. One critical
difference was the indicator of arrhythmia used to
qualify patients for the study. The AVID Trial (a sec-
ondary-prevention trial) required spontaneous sus-
tained ventricular tachyarrhythmias to enroll pa-
tients4; MADIT used inducible sustained ventricular
tachyarrhythmias that were not suppressed by intra-
venous procainamide8; and we used abnormalities
on a signal-averaged electrocardiogram (MADIT
and our trial were primary-prevention trials). Com-
parison of the results of these trials suggests that the
occurrence of sustained ventricular arrhythmias, ei-
ther natural or induced, is a better marker than ab-

*CABG denotes coronary-artery bypass graft, and PTCA percutaneous
transluminal coronary angioplasty.

†0.01�P�0.05, with no adjustment for multiple comparisons.

TABLE 3. POSTOPERATIVE COMPLICATIONS AND ADVERSE EVENTS 
DURING LONG-TERM FOLLOW-UP.*

COMPLICATION OR ADVERSE EVENT

DEFIBRILLATOR

GROUP

(N�446)

CONTROL

GROUP

(N�454)

percent

Postoperative complications

Myocardial infarction
Sustained ventricular tachycardia
Ventricular fibrillation
Bradycardia
Atrial fibrillation
Shock
New or more severe heart failure
Conduction defect
Residual central nervous system deficit
Bleeding treated with surgery
Postpericardiotomy syndrome
Deep sternal-wound infection
Infection at wound or catheter site
Pneumonia
Other infection
Renal failure

4.0
5.8
3.4
2.9

22.9
9.2

15.7
14.1
3.6
4.9
0.9
2.7

12.3
8.5
6.3
6.7

3.5
6.8
5.3
4.4

20.7
7.5

12.6
14.5

2.0
3.1
0.7
0.4†
5.9†
4.0†
3.3
4.8

Events during long-term follow-up

Angina pectoris
Myocardial infarction
New or worsening heart failure
Ventricular arrhythmias
Atrial fibrillation
Hospitalization
Repeat CABG surgery
PTCA or atherectomy
Permanent cardiac pacemaker

27.0
0.5

42.5
19.4
14.7
61.4
0.0
2.9
2.9

27.5
4.2†

42.5
14.3
10.1
55.2

0.7
2.1
4.9

Figure 2. Kaplan–Meier Analysis of the Probability of the Dis-
charge of a First Shock from the Implanted Cardiac Defibrillator
in the Defibrillator Group.
At one year, the actuarial incidence of first discharges was 50
percent; at two years, it was 57 percent.
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