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BSTRACT

 

Background

 

Patients who survive life-threaten-
ing ventricular arrhythmias are at risk for recurrent
arrhythmias. They can be treated with either an
implantable cardioverter–defibrillator or antiarrhyth-
mic drugs, but the relative efficacy of these two treat-
ment strategies is unknown.

 

Methods

 

To address this issue, we conducted a
randomized comparison of these two treatment strat-
egies in patients who had been resuscitated from
near-fatal ventricular fibrillation or who had under-
gone cardioversion from sustained ventricular tach-
ycardia. Patients with ventricular tachycardia also had
either syncope or other serious cardiac symptoms,
along with a left ventricular ejection fraction of 0.40 or
less. One group of patients was treated with implan-
tation of a cardioverter–defibrillator; the other re-
ceived class III antiarrhythmic drugs, primarily amio-
darone at empirically determined doses. Fifty-six
clinical centers screened all patients who presented
with ventricular tachycardia or ventricular fibrillation
during a period of nearly four years. Of 1016 patients
(45 percent of whom had ventricular fibrillation, and
55 percent ventricular tachycardia), 507 were ran-
domly assigned to treatment with implantable car-
dioverter–defibrillators and 509 to antiarrhythmic-
drug therapy. The primary end point was overall
mortality.

 

Results

 

Follow-up was complete for 1013 patients
(99.7 percent). Overall survival was greater with the
implantable defibrillator, with unadjusted estimates
of 89.3 percent, as compared with 82.3 percent in
the antiarrhythmic-drug group at one year, 81.6 per-
cent versus 74.7 percent at two years, and 75.4 per-
cent versus 64.1 percent at three years (P

 

�

 

0.02). The
corresponding reductions in mortality (with 95 per-
cent confidence limits) with the implantable defibril-
lator were 39

 

�

 

20 percent, 27

 

�

 

21 percent, and 31

 

�

 

21
percent.

 

Conclusions

 

Among survivors of ventricular fi-
brillation or sustained ventricular tachycardia caus-
ing severe symptoms, the implantable cardioverter–
defibrillator is superior to antiarrhythmic drugs for
increasing overall survival. (N Engl J Med 1997;337:
1576-83.)
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URVIVORS of ventricular fibrillation or symp-
tomatic, sustained ventricular tachycardia have
a high risk of recurrence of arrhythmia, which
is often fatal.

 

1,2

 

 Commonly prescribed treat-
ments for the prevention of fatal recurrences are the
implantable cardioverter–defibrillator and a variety of
antiarrhythmic drugs. Whether the implantable car-
dioverter–defibrillator or antiarrhythmic-drug thera-
py is more effective in reducing mortality has not
been shown.

 

3-6

 

The results of the use of most antiarrhythmic drugs
in the prevention of life-threatening ventricular
tachyarrhythmias have been disappointing — even in
the case of drugs that effectively reduce spontaneous
ventricular arrhythmias.

 

5-10

 

 The implantable defibril-
lator effectively terminates sustained ventricular tach-
yarrhythmias,

 

11,12

 

 but its effectiveness as compared
with antiarrhythmic drugs in prolonging survival has
been demonstrated only in a small subgroup of pa-
tients at high risk for sudden death who had persist-
ently inducible ventricular arrhythmias in the elec-
trophysiology laboratory

 

13

 

 — a feature not required
of our patients.

Randomized clinical trials comparing defibrillators
with antiarrhythmic drugs in patients resuscitated
after near-fatal ventricular fibrillation or sustained
ventricular tachycardia are being performed in the
United States, Canada, and Europe,

 

14-16

 

 and the
study populations in these three trials are virtually
identical. Our study, the Antiarrhythmics versus Im-
plantable Defibrillators (AVID) Trial, examined the
effect on overall survival of initial therapy with an
implantable defibrillator as compared with initial
therapy with amiodarone (Cordarone, Wyeth–Ayerst
Laboratories, Philadelphia) or sotalol (Betapace, Ber-
lex Laboratories, Wayne, N.J.) in patients resuscitated

S
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from near-fatal ventricular fibrillation or those with
symptomatic, sustained ventricular tachycardia with
hemodynamic compromise.

 

METHODS

 

Study Design

 

The AVID Trial was a multicenter, randomized comparison of
two treatment strategies for patients who were resuscitated from
near-fatal ventricular fibrillation; sustained ventricular tachycardia
with syncope; or sustained ventricular tachycardia with an ejec-
tion fraction of 0.40 or less and symptoms suggesting severe he-
modynamic compromise due to the arrhythmia (near-syncope,
congestive heart failure, and angina).

 

14 

 

If patients underwent re-
vascularization, the ejection fraction had to be 

 

�

 

0.40 for them
to be eligible for the study.

 

Therapy

 

The therapies used in the two randomly assigned groups of pa-
tients were the best contemporary antiarrhythmic drugs and state-
of-the-art implantable cardioverter–defibrillators. Patients had to
be eligible for treatment with amiodarone to be enrolled. Consid-
eration of the use of sotalol was left to the judgment of the physi-
cian, with common reasons for exclusion being a history of asthma,
a low left ventricular ejection fraction, or a history of congestive
heart failure. If patients randomly assigned to receive antiarrhyth-
mic drugs were also eligible for treatment with sotalol, a second
randomization procedure assigned them to either amiodarone at
doses determined empirically or sotalol guided by electrophysio-
logic testing, Holter monitoring, or both.

Any advanced, state-of-the-art implantable cardioverter–defib-
rillator that met prespecified criteria

 

14

 

 could be used. Almost all
were transvenous systems that could be implanted without thora-
cotomy and provided tiered therapy, including antitachycardia
pacing functions, bradycardia pacing, diagnostic memory, and in
many, a capability for pectoral implantation. The defibrillators
used were either approved for general use by the Food and Drug
Administration or implanted under an Investigational Device Ex-
emption to permit the use of the newest devices before market ap-
proval. The devices implanted in this study were manufactured by
Guidant/CPI (St. Paul, Minn.), Sulzer Intermedics (Angleton,
Tex.), Medtronic (Minneapolis), and Ventritex (Sunnyvale, Calif.).

A registry was maintained of all patients who qualified for the
study but did not undergo randomization in order to compare
the randomized and nonrandomized patients. In addition, the
registry followed patients with ventricular fibrillation or ventricu-
lar tachycardia who were not eligible for randomization. Data on
long-term mortality among the nonrandomized patients will be
obtained from the National Death Index.

 

Recruitment and Follow-up

 

The investigational review board of each institution approved
the study. All patients gave written informed consent. Recruit-
ment of patients began on June 1, 1993; patients were evaluated
every three months and at the time of events. Randomization
concluded on April 7, 1997. The primary end point was overall
mortality. Secondary end points were cost and quality of life.

 

Statistical Analysis

 

We tested the null hypothesis that there was no difference in
overall mortality between therapy with an implantable defibrillator
and antiarrhythmic-drug therapy.

 

14

 

 Analysis was performed ac-
cording to the intention-to-treat principle. Significance was based
on a two-sided alpha level of 0.05 for comparisons of survival dis-
tributions. A sample size of 1200 patients was estimated to be suf-
ficient, assuming an average follow-up of 2.6 years and an event
rate of 40 percent in the control group (antiarrhythmic-drug
group) at 4 years to detect a 30 percent decrease in mortality.

 

14

 

At the end of the pilot phase, sequential data monitoring was
performed every six months.

 

17

 

 Criteria for termination of the
study were based on an O’Brien–Fleming spending function,
which requires a substantial difference between treatment groups
to stop the study early.

 

18

 

Early Termination of the Study

 

The original goal was to enroll 1200 patients by March 1997.
At its meeting on October 3, 1996, the Data and Safety Moni-
toring Board recommended that enrollment be extended to allow
this goal to be reached. The board subsequently recommended
stopping the AVID Trial on April 7, 1997, when analysis revealed
that the difference in the primary outcome variable between the
two groups had crossed the statistical boundary for early termi-
nation of the study. By that time, 1016 patients had been ran-
domly assigned to treatment groups.

 

RESULTS

 

Base-Line Characteristics

 

Of 6035 patients screened, 4621 entered the reg-
istry; 1885 were found to be eligible for randomiza-
tion. Of these, 1016 were randomly assigned to
treatment with an implanted defibrillator or antiar-
rhythmic drugs. The base-line characteristics of these
1016 patients (Table 1) were similar in the two
treatment groups, except for a history of atrial fibril-
lation or flutter and New York Heart Association
class III heart failure. The mean age was 65 years;
79 percent of the patients were male, and 86 percent
were white. A total of 455 patients had ventricular
fibrillation, and 561 had ventricular tachycardia
(216 with syncope, and 345 with other symptoms of
serious hemodynamic compromise and with an ejec-
tion fraction 

 

�

 

0.40).
The mean (

 

�

 

SD) left ventricular ejection fraction
was 0.32

 

�

 

0.13 in the defibrillator group and
0.31

 

�

 

0.13 in the antiarrhythmic-drug group. The
minor difference in ejection fraction was confined to
the patients with ventricular fibrillation (0.36

 

�

 

0.15
in the implanted-defibrillator group vs. 0.33

 

�

 

0.15 in
the antiarrhythmic-drug group). The left ventricular
ejection fraction was virtually identical (0.29

 

�

 

0.10
vs. 0.29

 

�

 

0.11) among the patients with ventricular
tachycardia in the two groups.

During hospitalization for the index arrhythmia,
10 percent of the patients in the defibrillator group
and 12 percent in the antiarrhythmic-drug group
underwent coronary revascularization.

 

Therapy

 

The implantable cardioverter–defibrillator was the
assigned therapy for 507 patients. A non-thoracoto-
my lead system was used in 93 percent; 5 percent
received an epicardial system; and no device was
implanted in 2 percent. Antiarrhythmic-drug treat-
ment was the assigned therapy for 509 patients, of
whom 356 immediately began empirical therapy
with amiodarone, usually because they were not
considered candidates for sotalol because of concern
on the part of the investigators about heart failure,
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a low ejection fraction, or both. Antiarrhythmic-
drug therapy was further randomly assigned in the
remaining 153 drug patients: 79 to amiodarone and
74 to sotalol. In 53 of the 74 patients assigned
to sotalol, electrophysiologic testing or ambulatory
monitoring revealed sufficient arrhythmia to guide
sotalol therapy. However, only 13 patients given
sotalol (2.6 percent of those assigned to antiarrhyth-
mic-drug therapy) had adequate suppression of ar-
rhythmia and were receiving sotalol at discharge.
The remaining patients assigned to be evaluated for
sotalol therapy received amiodarone (58 patients) or
another antiarrhythmic drug (1) or were treated
with an implantable cardioverter–defibrillator (2).

The daily maintenance dose of amiodarone was
progressively decreased throughout the course of
follow-up (mean, 389

 

�

 

112 mg at three months;
331

 

�

 

99 mg at one year; 294

 

�

 

94 mg at two years;
and 256

 

�

 

95 mg at three years). Most patients who
were receiving amiodarone at discharge continued
to take the drug (87 percent at one year and 85 per-
cent at two years). The mean daily maintenance dose
of sotalol during follow-up was stable over the
course of the study (258

 

�

 

81 mg at three months,
248

 

�

 

88 mg at one year, 280

 

�

 

121 mg at two years,
and 240

 

�

 

113 mg at three years).
Table 2 lists the concurrent therapies at hospital

discharge and during follow-up. Investigators were
encouraged to treat patients with aspirin, beta-block-
ers, and angiotensin-converting–enzyme inhibitors
when clinically appropriate. More patients were tak-
ing beta-blockers (P

 

�

 

0.001) and slightly more pa-
tients were taking digitalis (P

 

�

 

0.04) in the defibril-
lator group than in the antiarrhythmic-drug group.

 

Outcome

 

Fewer deaths occurred among the patients as-
signed to receive an implantable defibrillator (80
deaths) than in the antiarrhythmic-drug group (122).
Over a mean follow-up of 18.2

 

�

 

12.2 months, the
crude death rates (with 95 percent confidence lim-
its) were 15.8

 

�

 

3.2 percent in the defibrillator group
and 24.0

 

�

 

3.7 percent in the antiarrhythmic-drug
group. Figure 1 shows survival (life-table) distribu-
tions (not adjusted for any base-line differences be-
tween the groups). Patients treated with defibrilla-
tors had better survival throughout the course of the
study (Wilcoxon statistic, 3.32; P

 

�

 

0.02, adjusted
for sequential monitoring). These survival figures
represent a decrease in death rates (with 95 percent
confidence limits) of 39

 

�

 

20 percent, 27

 

�

 

21 per-
cent, and 31

 

�

 

21 percent, at one, two, and three
years, respectively, though the accuracy of long-term
data is limited because few patients had been fol-
lowed beyond two years at the time the study ended.
The average unadjusted length of additional life as-
sociated with cardioverter–defibrillator therapy was
2.7 months at 3 years.

Automatic pacing or shocks from the implantable
cardioverter–defibrillator were more common among
patients who entered the study with ventricular
tachycardia than among those who had ventricular
fibrillation as the index arrhythmia. The cumulative
percentage of patients with any activation of the de-
fibrillator, either antitachycardia pacing or shock, was
as follows: for the patients with ventricular tachycar-
dia, 36 percent at three months, 68 percent at one
year, 81 percent at two years, and 85 percent at three
years; for the patients with ventricular fibrillation, 15
percent, 39 percent, 53 percent, and 69 percent, re-
spectively (P

 

�

 

0.001 for patients with ventricular
tachycardia vs. those with ventricular fibrillation).

 

*Plus–minus values are means 

 

�

 

SD. CCS denotes Canadian Cardiovas-
cular Society, and NYHA New York Heart Association.

†Patients with class IV congestive heart failure were excluded from the
study.

‡The base-line electrocardiogram was recorded when patients were tak-
ing no antiarrhythmic drugs and without cardiac pacing.
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509)

 

Age (yr) 65

 

�

 

11 65

 

�

 

10

Male sex (%) 78 81

White race (%) 87 86

Index arrhythmia (no.)
Ventricular fibrillation
Sustained ventricular tachycardia

226
281

229
280

Clinical history before index arrhythmia (%)
Atrial fibrillation or flutter
Ventricular fibrillation
Ventricular tachycardia
Unexplained syncope
Coronary artery disease
Myocardial infarction
Congestive heart failure
Hypertension
Diabetes
Angina
Peripheral vascular disease
Antiarrhythmic-drug therapy

21
5

14
11
81
67
46
55
25
48
16
16

26
5

15
15
81
67
47
56
24
50
15
15

Left ventricular ejection fraction
Median time from index event to 

measurement (days)

0.32

 

�

 

0.13
3

0.31

 

�

 

0.13
3

Angina at enrollment (%)
No angina
CCS class I or II
CCS class III

64
34
2

65
33
2

Congestive heart failure at enrollment (%)†
No congestive heart failure
NYHA class I or II
NYHA class III

45
48
7

40
48
12

Findings on base-line electrocardiogram‡
Heart rate (beats/min)
PR interval (msec)
QRS complex (msec)
Corrected QT interval (msec)
Paced (% of patients)
Bundle-branch block (% of patients)

77

 

�

 

18
178

 

�

 

37
116

 

�

 

26
441

 

�

 

40
3

23

78

 

�

 

17
183

 

�

 

37
117

 

�

 

26
445

 

�

 

39
4

25
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Figure 2 illustrates the length of time to crossover
in the study groups. Overall, approximately 20 per-
cent of patients had crossed over to or added the
other therapy by 24 months. The crossover rate was
higher among those initially assigned to therapy
with a defibrillator (P

 

�

 

0.001).
Figure 3 shows the times to first rehospitalization

in each group. Patients with an implanted defibrillator
were rehospitalized somewhat sooner, on average,
than patients treated with drugs, most often for
evaluation of recurrent arrhythmias and defibrillator
shocks. By one year, 60 percent of the patients in the
defibrillator group had been rehospitalized, as had 56
percent in the antiarrhythmic-drug group (P

 

�

 

0.04).
Figure 4 shows the hazard ratios for death from any

cause in subgroups defined according to variables
prespecified in the study design: age, left ventricular
ejection fraction, cardiac diagnosis, and qualifying ar-
rhythmia. The hazard ratios were not significantly dif-
ferent for any of these subgroups, but the early termi-
nation of the study diminished its power to detect
differences between the subgroups. Multivariate anal-
ysis showed that the beneficial effect of the implanta-
tion of a defibrillator persisted after adjustment for
other factors, such as age, use of beta-blockers during
follow-up, presence or absence of congestive heart
failure, and ejection fraction at base line. Further-
more, revascularization after the index arrhythmia did

 

Figure 1.

 

 Overall Survival, Unadjusted for Base-Line Character-
istics.
Survival was better among patients treated with the implant-
able cardioverter–defibrillator (P

 

�

 

0.02, adjusted for repeated
analyses [n

 

�

 

6]).
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*Patients who died while in the hospital after the index event (n

 

�

 

19) are excluded, as are patients still in the hospital at the termination
of the study (n

 

�

 

4).
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DURING FOLLOW-UP.*

TREATMENT AT DISCHARGE AT 12 MO AT 24 MO

DEFIBRILLATOR

GROUP

(N�497)

ANTIARRHYTHMIC-
DRUG GROUP

(N�496)

DEFIBRILLATOR

GROUP

(N�338)

ANTIARRHYTHMIC-
DRUG GROUP

(N�306)

DEFIBRILLATOR

GROUP

(N�171)

ANTIARRHYTHMIC-
DRUG GROUP

(N�162)

percent

Implantable cardioverter–defibrillator 98.6 1.4 97.9 9.5 95.7 9.8

Amiodarone 1.8 95.8 8.3 84.7 9.3 82.4

Sotalol 0.2 2.8 1.8 5.8 3.1 8.5

Beta-blocker 42.3 16.5 38.1 11.0 39.4 10.1

Calcium-channel blocker 18.4 12.1 22.9 16.6 19.4 14.1

Both beta-blocker and calcium-
channel blocker

5.3 2.4 6.8 2.1 5.6 0.7

Digitalis 46.8 40.6 45.8 37.9 44.4 32.3

Diuretic agent 48.2 50.7 56.0 59.3 56.9 56.4

Other antiarrhythmic drug 4.2 1.2 7.1 3.8 10.0 4.0

Angiotensin-converting–enzyme 
inhibitor

68.8 68.2 68.4 65.5 68.1 63.1

Nitrate 36.4 37.0 29.1 27.9 28.1 29.5

Other antihypertensive agent 7.6 8.8 9.0 9.4 10.0 6.1

Lipid-lowering agent 13.2 11.5 19.5 17.2 23.1 19.5

Aspirin 60.7 59.2 55.4 55.4 62.5 56.4

Warfarin 21.9 34.8 24.8 35.4 22.5 30.2
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not alter survival. Estimates in which the Cox model
was used to adjust for base-line differences in the
presence or absence of heart failure, the ejection frac-
tion, and history with respect to atrial fibrillation in-
dicated that the reductions in mortality (with 95 per-
cent confidence limits) that were attributable to the
implantable defibrillator were 37�22 percent at one
year, 24�22 percent at two years, and 29�23 percent
at three years. Estimates adjusted for the use of beta-
blockers were unchanged from the unadjusted values.

Complications of Therapy

Nonfatal torsade-de-pointes ventricular tachycar-
dia was observed only once throughout the course
of the study, in a patient given amiodarone. Pulmo-
nary toxicity, though difficult to diagnose,19 was sus-
pected in 3 percent of the patients treated with
amiodarone at one year and 5 percent at two years.
One patient died from pulmonary toxicity. Thyroid-
replacement medication was prescribed for 10 per-
cent of the patients treated with amiodarone by one
year and 16 percent by two years, as compared with
1 percent and 1 percent, respectively, for the patients
treated with a defibrillator. No other serious compli-
cations of amiodarone were noted.

Serious complications of defibrillator therapy were
infrequent. Twelve patients in the defibrillator group
(2.4 percent) died within 30 days of the initiation of
therapy (or by the time of hospital discharge, if dis-
charge occurred later than 30 days after therapy be-
gan), as compared with 18 patients (3.5 percent) in
the antiarrhythmic-drug group (P�0.27). Bleeding
requiring reoperation or transfusion occurred in 6 pa-
tients in the defibrillator group, and serious hemato-
mas in 13. Other complications included infection
(in 10 patients), pneumothorax (8), and cardiac per-
foration (1). Early dislodgment or migration of leads
occurred in three patients. The first attempt at im-
plantation of the cardioverter–defibrillator without
thoracotomy was unsuccessful in five patients — in
four because of an excessively high defibrillation
threshold and in one because of cardiac perforation.
Three of these five patients subsequently underwent
successful implantation procedures.

DISCUSSION

In patients who were resuscitated from ventricular
fibrillation or who had sustained ventricular tachy-
cardia causing symptoms and hemodynamic com-
promise, the implantable cardioverter–defibrillator
improved survival in the AVID Trial as compared
with antiarrhythmic-drug therapy.

The effectiveness of defibrillator therapy in reduc-
ing overall mortality, as compared with the rates
with other therapies, has been uncertain since its
original clinical application in 1980.20,21 Although
contemporary models are quite successful in recog-
nizing serious ventricular arrhythmias and initiating

Figure 2. Time to Crossover in the Two Groups.
Antiarrhythmic-drug therapy was added to defibrillator therapy
more commonly than vice versa (P�0.001).
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Figure 3. Time to First Rehospitalization.
Data on patients who died were censored. Patients with im-
planted defibrillators were rehospitalized sooner than patients
treated with antiarrhythmic drugs (P�0.04). The number of pa-
tients at risk at base line is 1011 because 5 patients were still
hospitalized for the index arrhythmia at the time the study was
stopped.
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cardioversion or defibrillation,11 the effect of these
devices on overall mortality, particularly in compar-
ison with the best available antiarrhythmic-drug
therapy, has remained unknown. Many studies of the
defibrillator have emphasized only death due to ar-
rhythmia.22,23 However, assigning a cause of death
can be difficult, particularly if a patient has conges-
tive heart failure, and assignment may be biased
when therapy has not been blinded.24,25 Previous
reports comparing treatment with the implantable
cardioverter–defibrillator and antiarrhythmic-drug
therapy have been complicated by the fact that the
groups of patients given these two therapies have
not been equivalent.26,27 It is impossible to compare
the defibrillator with antiarrhythmic drugs accurate-
ly with the use of historical controls, concurrent non-
randomized controls, or matched case–control stud-
ies. Furthermore, any comparison of defibrillator with
drug therapy reveals only the relative effect of these
two therapies, not the difference between treatment
and no treatment.

In the AVID Trial, the base-line clinical character-
istics of the defibrillator and antiarrhythmic-drug
groups were similar. The mean left ventricular ejec-
tion fraction was nonsignificantly lower in the anti-
arrhythmic-drug group; the entire difference oc-
curred in those who had ventricular fibrillation as
the index arrhythmia. In addition, the incidence of
heart failure was slightly greater in the antiarrhyth-
mic-drug group. However, stratified regression anal-
ysis suggests that these minor imbalances in base-
line characteristics explained only about 8 percent of
the observed difference in survival.

Beta-blockers were used less often in the antiar-
rhythmic-drug group than in the defibrillator group,
as was also the case in the Multicenter Automatic
Defibrillator Implantation Trial (MADIT).13 Amio-
darone has mild antiadrenergic properties, and so-
talol is a more potent beta-blocker. Many physicians
may have felt that the addition of a beta-blocker to
amiodarone or sotalol was not necessary or might
aggravate bradyarrhythmias. Furthermore, beta-block-
ers are often given to control the ventricular rate in
atrial fibrillation, thus preventing inappropriate de-
fibrillator shocks. Finally, beta-blockers may have
been used less often in the antiarrhythmic-drug
group because of an attempt by physicians to simplify
drug regimens. Adjustment for this imbalance in the
Cox regression analysis slightly reduced the estimat-
ed beneficial effect of defibrillator therapy on surviv-
al (unadjusted hazard ratio for the defibrillator group
as compared with the antiarrhythmic-drug group,
0.62; adjusted hazard ratio, 0.67).

Amiodarone was administered empirically, where-
as the dose of sotalol was based on the results of
Holter monitoring or electrophysiologic testing for
evidence of suppression of arrhythmias. Many pa-
tients did not have findings on these studies that

allowed the guided use of sotalol, or they had con-
traindications to its use. The investigators decided at
the beginning of the study that no comparison of
mortality would be made between patients given
amiodarone and those given sotalol, nor would the
various models and manufacturers of the implant-
able cardioverter–defibrillator be compared.

Most patients randomly assigned to therapy with an
implantable cardioverter–defibrillator received trans-
venous devices whose implantation did not require
thoracotomy. The rate of nonfatal complications of
implantation (5.7 percent) was lower than that pre-
viously reported for epicardial implantation.11,28 Vir-
tually all patients assigned to receive a defibrillator
achieved an adequate defibrillation threshold; 30-
day mortality in the defibrillator group was 2.4 per-
cent, as compared with 3.5 percent in the antiar-
rhythmic-drug group.

Figure 4. Hazard Ratios (and 95 Percent Confidence Limits) for
Death from Any Cause in the Defibrillator Group as Compared
with the Antiarrhythmic-Drug Group in Prespecified Subgroup
Analyses in the Univariate Model.
No subgroup differed significantly from the entire population.
The solid vertical line represents equal effectiveness of the two
treatments; points to the left indicate better survival in the defib-
rillator group, and points to the right better survival in the antiar-
rhythmic-drug group. The dotted vertical line represents the re-
sults for the entire study (hazard ratio�0.62). LVEF denotes left
ventricular ejection fraction, and CAD coronary artery disease.
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Rates of crossover from the defibrillator group to
drug therapy (25.7 percent) or from drug therapy
to defibrillator therapy (18.9 percent) at two years
were relatively low and did not compromise the
power of the study. Most crossovers occurred be-
cause arrhythmia recurred, rather than because of
intolerance of the drugs or devices. As expected, the
addition of antiarrhythmic drugs to the treatment of
patients who were initially assigned to defibrillator
therapy was common because of the perceived need
to reduce the frequency of shocks.

Data in the AVID registry demonstrate that the
clinical characteristics of the patients who under-
went randomization were similar to those of nonran-
domized patients29; therefore, the population studied
in this trial is representative of the general popula-
tion of patients who are resuscitated from ventricular
fibrillation or who have symptomatic, sustained ven-
tricular tachycardia.

Limitations of the Study

The differences in base-line characteristics (nota-
bly the proportions with heart failure and atrial
fibrillation) and concomitant drug therapy (with
respect to beta-blockers) do not explain the differ-
ences in survival in our study group. Although many
patients had to be screened to identify the 1016 sur-
vivors of ventricular fibrillation or sustained ventric-
ular tachycardia who ultimately underwent random-
ization, the proportion of eligible patients randomly
assigned to treatment groups (54 percent) was con-
sistent with the rates in other, similar studies. Most
patients who were not enrolled met prespecified cri-
teria for exclusion, such as neurologic impairment,
severe coexisting illness, or a decision by the patient
or physician not to participate. However, data from
the AVID registry confirm that the patients random-
ly assigned to groups were generally representative
of the entire population at risk.29

The dose of amiodarone was determined empiri-
cally, not on the basis of electrophysiologic testing.
The value of electrophysiologic testing in patients
given amiodarone is controversial,30,31 but the em-
pirical use of amiodarone in survivors of ventricular
fibrillation is more effective than guided therapy
with conventional antiarrhythmic drugs.5 The AVID
Trial was purposely a comparison of defibrillator treat-
ment with the antiarrhythmic-drug therapy that could
be administered simply by most physicians to a large
percentage of the target population.

No control group was included in the study de-
sign. We believed it would have been unethical to
withhold all treatment from patients with the types
of arrhythmias being studied. This study therefore
addresses only the relative benefit of two treatments,
rather than of a treatment and a control group.

Many different types of implantable cardioverter–
defibrillator were used, and there was no standard pro-

gramming of devices for antitachycardia pacing. How-
ever, there is no evidence that one device is better
than another in preventing death, and antitachycar-
dia pacing protocols selected by physicians in the
AVID Trial were similar among devices and institu-
tions.

Although some might consider our use of overall
mortality, rather than mortality due to arrhythmia,
as the primary end point to be a limitation of the
study, in fact it is a major strength. Particularly in an
unblinded study, classification of death according to
cause may be subject to bias.24,25,32 Furthermore, we
evaluated whether the prevention of death due to
cardiac arrhythmia by the implantation of a cardio-
verter–defibrillator would translate into a benefit in
terms of overall survival or would be offset by com-
peting causes of death in this high-risk population.

Conclusions

Although the absolute magnitude of the benefit
associated with the implantable-defibrillator therapy
remains unknown, the greater efficacy of this device,
relative to antiarrhythmic-drug therapy, is strongly
supported by this study. The defibrillator was superi-
or to antiarrhythmic-drug therapy in prolonging sur-
vival among patients resuscitated after symptomatic,
sustained ventricular tachycardia or ventricular fibril-
lation causing hemodynamic compromise. It should
be offered as first-line therapy to such patients.

Supported by a contract (N01-HC-25117) with the National Heart,
Lung, and Blood Institute, Bethesda, Md.

APPENDIX

The Investigators of the Antiarrhythmics versus Implantable Defibrilla-
tors (AVID) Trial (listed in order of number of patients randomized —
highest number enrolled listed first):

Oregon Health Sciences University and Collaborating Medical Centers,
Portland, OR: J. McAnulty, B. Halperin, J. Kron, G. Larsen, M. Raitt, R.
Swenson, R. Florek, C. Marchant, M. Hamlin, G. Heywood; Brigham and
Women’s Hospital, Boston, MA: P. Friedman, W. Stevenson, M. Swat, L.
Ganz, M. Sweeney, J. Shea; St Luke’s-Roosevelt Hospital Center and Collab-
orating Institutions, New York, NY: J. Steinberg, F. Ehlert, S. Zelenkofske,
E. Menchavez-Tan, M. De Stefano, G. Brown; University of Utah Medical
School, LDS Hospital, Salt Lake City, UT: J. Anderson, L. Karagounis, B.
Crandall, J. Osborn, D. Rawling, K. Summers, M. Jacobsen; Sentara Nor-
folk General Hospital, Norfolk, VA: J. Herre, R. Bernstein, L. Klevan; Good
Samaritan Hospital, Los Angeles, CA: D. Cannom, A. Bhandari, R. Ler-
man, B. Firth; University of Utah/VA Medical Center, Salt Lake City, UT:
R. Klein, R. Freedman, M. Marks, M. Delahunty, C. Spratt; Lankenau
Hospital and Medical Research Center, Wynnewood, PA: R. Marinchak, S.
Rials, P. Kowey, R. Filart, M. Hernandez, D. Scher, L. Zukerman, S. Farrell,
D. Kolk, H. Criner, B. Tait; Cleveland Clinic Foundation, Cleveland, OH:
B. Wilkoff, S. Pinski, J. Cross, J. Shewchik; University of Alabama at Bir-
mingham, Birmingham, AL: A. Epstein, R. Cooper, S. Dailey, G. Kay, V.
Plumb, R. Bubien, S. Knotts-Dolson, P. McKenna, C. Tidwell; Montefiore
Medical Center, Bronx, New York, NY: S. Kim, J. Fisher, K. Ferrick, J. Gross,
U. Ben-Zur, J. Durkin, A. Ferrick; University of Oklahoma Health Sciences
Center, Oklahoma City, OK: K. Beckman, J. McClelland, M. Gonzalez, L.
Widman, R. Lane, T. Deaton, J. Foster, G. Straughn, L. Wade; University
of California, Irvine Medical Center, Orange, CA: M. Brodsky, B. Allen, S.
Ehrlich, L. Wolff, M. Macari-Hinson; Columbia-Presbyterian Medical Cen-
ter, New York, NY: J. Coromilas, T. Bigger, Jr., F. Livelli, Jr., J. Reiffel, K.
Hickey; University of Rochester and Collaborating Hospitals, Rochester, NY:
T. Akiyama, J. Daubert, C. Kim, D. Switzer, P. Pande, D. Flynn, M. Keller,
C. Ocampo, K. Wahl, J. Vogt; Likoff Cardiovascular Institute, Hahnemann
University, Philadelphia, PA: S. Kutalek, S. Hessen, C. Movsowitz, F. Sam-
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uels, S. Wilber, C. Baessler, D. Soto, M. Schuster, G. Scott, R. Covelasky-
Robinson, S. Fletcher, K. Siegl, L. Finn, C. Saari; Minneapolis Heart Insti-
tute, Minneapolis, MN: A. Almquist, P. Baldwin, R. Hauser, S. Milstein, M.
Pritzker, V. Schreiber; Loma Linda University Medical Center, Loma Linda,
CA: V. Torres, S. Pai, M. Platt, P. Timothy, V. Bishop; Indiana University
Medical Center, Indianapolis, IN: D. Zipes, E. Engelstein, W. Miles, L.
Foreman; Maine Medical Center, Portland, ME: J. Love, J. Cutler, S. Bos-
worth-Farrell; Baylor College of Medicine, Houston, TX: C. Rizo-Patron, K.
Belco, J. Payne, D. Arnold, W. Zhu, C. Pratt; University of Iowa Hospitals,
Iowa City, IA: J. Martins, H. Lee, J. Hopson, R. Hopson; St. Joseph’s Hos-
pital and Medical Center, Paterson, NJ: N. Tullo, C. Irmiere, A. Henry;
Vanderbilt University Medical Center, Nashville, TN: M. Wathen, D. Echt,
D. Roden, J. Lee, K. Murray, J. Rottman, D. Crawford, N. Connors; Uni-
versity of Connecticut Health Center, Farmington, CT: E. Berns, N. Lipp-
man, M. Barry, H. Dalamagas; Baystate Medical Center, Springfield, MA: J.
Cook, G. Kabell, J. Kirchhoffer, D. Warwick, B. Burkott, D. Tomaszewski;
Temple University School of Medicine, Philadelphia, PA: A. Buxton, H. Hsia,
J. Miller, S. Rothman, N. Adelizzi, M. Gastineau, L. Thome, D. Whitley;
Arkansas Cardiology Clinic, Little Rock, AR: G. Greer, I. Santoro, J. Swaim,
S. Whittle; Tacoma General Hospital, St. Joseph’s Hospital, Tacoma, WA: M.
Rome, K. Kresge, C. Tregoning, C. Howard; University Hospitals of Cleve-
land, Cleveland, OH: M. Carlson, D. Rosenbaum, W. Lewis, L. Biblo, J.
Mackall, A. Waldo, J. Kandrac; Methodist Hospital of Indiana, Indianapolis,
IN: P. Foster, B. Crevey, H. Genovely, J. Schutzman, K. Viater, C. Coyle;
Methodist Hospital — Houston, TX: A. Pacifico, N. Nasir, Jr., K. Trainor;
Stanford University Medical Center and Collaborating Medical Center,
Stanford, CA: R. Sung, B. Liem, C. Young, M. Lauer, J. Peterson, L. Ot-
toboni, P. Goold; University of Florida, Gainesville, FL: A. Curtis, J. Conti,
C. Nelson; University of Virginia Medical Center, Charlottesville, VA: P.
Mounsey, S. Nath, D. Haines, S. Ackerman, L. Bowman; Midwest Heart
Research Foundation, Lombard, IL: M. Nora, M. O’Toole, R. Collura, E.
Enger; Cooper Hospital/University Medical Center, UMDNJ, Camden, NJ:
A. Russo, H. Waxman, C. Stubin, J. Morrissey, D. Raspa; North Shore Uni-
versity Hospital, Manhasset, NY: R. Jadonath, B. Goldner, K. Merkatz, L.
Chepurko; Eastern Heart Institute, Passaic, NJ: S. Saksena, R. Krol, A.
Munsif, C. Lewis; Florida Arrhythmia Consultants, Ft. Lauderdale, FL: R.
Luceri, P. Zilo, D. Weiss, A. Jonas, L. Vardeman; Wilson Regional Medical
Center, Johnston City, NY: N. Stamato, D. Whiting; Deaconess and Sacred
Heart Medical Centers, Spokane, WA: D. Chilson, T. Lessmeier, W. Pochis,
J. Baxter; Denver General Hospital/University of Colorado, Denver, CO: K.
Nademanee, J. Weinberger, W. Bailey, M. Reiter, M. Blankenship; The Uni-
versity of Texas Southwestern Medical Center, Dallas, TX: R. Page, M. Jessen,
R. Canby, R. Horton, P. Welch, D. Kessler, J. Joglar, M. Hamdan, L. Nel-
son, G. Erwin; Valley Heart Associates, Modesto, CA: W. Chien, R. Stevenot,
J. Merillat, M. McPherson; University of Maryland Medical Center, Balti-
more, MD: M. Gold, S. Shorofsky, R. Peters, N. Kavesh, D. Froman, H.
Scott; University of Texas Medical School-Houston/Baylor College of Medi-
cine, Houston, TX: H.-T. Shih, A. Dougherty, S. Jalal, G. Naccarrelli, D.
Wolbrette, D. Wilson; Medical College of Wisconsin, Milwaukee, WI: J.
Roth, A. Gadhoke, S. Mauermann; Florida Heart Group, PA, Orlando, FL:
K. Schwartz, C. Asbell; University of California, San Francisco, CA: M.
Scheinman, S. Eisenberg, L. Epstein, A. Fitzpatrick, G. Griffin, R. Lee, M.
Lesh, M. Wong, M. Wong; Mount Sinai Medical Center, Miami Beach, FL:
J. Zebede, P. Samet, A. Tolentino, S. Rubin; Boston University Medical Cen-
ter Hospital, Boston, MA: P. Podrid, T. Fuchs, M. Mazur; The University of
Calgary/Calgary Regional Health Authority Hospitals, Calgary, Alberta,
Canada: G. Wyse, H. Duff, A. Gillis, B. Mitchell, J. Rothschild, R. Shel-
don, P. Cassidy; Presbyterian Hospital and Collaborating Medical Centers,
Albuquerque, New Mexico: C. Karaian; St. Michael’s Hospital, Toronto, On-
tario, Canada: P. Dorian, D. Newman, J. Mitchell, M. Greene; Montreal
Heart Institute, Montreal, Quebec, Canada: D. Roy, M. Dubuc, M. Talajic,
B. Thibault, D. Morrissette; Other Steering Committee Members: L. Jenkins,
University of Maryland, Baltimore, MD; S. Connolly, McMaster Clinic,
Hamilton, Ontario; Clinical Trial Center, University of Washington, Seattle,
WA: A. Hallstrom, L. Greene, M. Scholz, J. Powell, E. Renfroe, R. Led-
ingham, M. Morris, S. Lancaster, R. Moore, A. Olarte, Q. Yao, M. Mori
Brooks, B. Hofer, S. Sullivan; National Heart, Lung, and Blood Institute,
Bethesda, MD: E. Schron, M. Domanski, D. Follmann, Y. Rosenberg, C.
Jennings; Events Committee: D. Richardson, Chairman, L. Cobb, C. Pratt;
Data and Safety Monitoring Board; S. Furman, Chairman, J. DiMarco, G.
Knatterud, R. Levine, H. Strauss, R. Woosley; Planning Committee: D.
Zipes, S. Connolly, A. Epstein, L. Jenkins, S. Saksena, B. Singh, J. Mason,
J. Griffin, G. Wyse, J. Ruskin, S. Yusuf, S. Furman, E. Schron, M. Doman-
ski, D. Follmann, C. Jennings, J. Watson, D. Dahms, M. Shein, A. Hall-
strom, L. Greene.
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