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We tested the hypothesis that prophylactic cardiac-resynchronization therapy in the
form of biventricular stimulation with a pacemaker with or without a defibrillator would
reduce the risk of death and hospitalization among patients with advanced chronic heart
failure and intraventricular conduction delays.
methods

A total of 1520 patients who had advanced heart failure (New York Heart Association
class III or IV) due to ischemic or nonischemic cardiomyopathies and a QRS interval of
at least 120 msec were randomly assigned in a 1:2:2 ratio to receive optimal pharmacologic therapy (diuretics, angiotensin-converting–enzyme inhibitors, beta-blockers,
and spironolactone) alone or in combination with cardiac-resynchronization therapy
with either a pacemaker or a pacemaker–defibrillator. The primary composite end
point was the time to death from or hospitalization for any cause.
results

As compared with optimal pharmacologic therapy alone, cardiac-resynchronization
therapy with a pacemaker decreased the risk of the primary end point (hazard ratio,
0.81; P=0.014), as did cardiac-resynchronization therapy with a pacemaker–defibrillator (hazard ratio, 0.80; P=0.01). The risk of the combined end point of death from or
hospitalization for heart failure was reduced by 34 percent in the pacemaker group
(P<0.002) and by 40 percent in the pacemaker–defibrillator group (P<0.001 for the
comparison with the pharmacologic-therapy group). A pacemaker reduced the risk of
the secondary end point of death from any cause by 24 percent (P=0.059), and a pacemaker–defibrillator reduced the risk by 36 percent (P=0.003).
conclusions

In patients with advanced heart failure and a prolonged QRS interval, cardiac-resynchronization therapy decreases the combined risk of death from any cause or first hospitalization and, when combined with an implantable defibrillator, significantly reduces
mortality.
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i

ntraventricular conduction delays
are associated with dyssynchronous left ventricular contraction caused by regional delays
in the electrical activation of the chamber.1,2 This
phenomenon, which occurs in 15 to 30 percent3-5 of
patients with heart failure due to dilated cardiomyopathy, reduces systolic function and increases systolic volume.6-8 In patients with primary or secondary dilated cardiomyopathies characterized by
intraventricular conduction delays, biventricular
stimulation synchronizes the activation of the intraventricular septum and left ventricular free wall and
thus improves left ventricular systolic function.6-8
In short-term studies, cardiac-resynchronization
therapy in the form of biventricular stimulation improved symptoms,9-12 improved the quality of life,9
and increased exercise tolerance and partially reversed maladaptive remodeling.9,13-15 These salutary effects support the hypothesis that long-term
cardiac-resynchronization therapy decreases the
risk of death and complications related to heart failure in patients with intraventricular conduction
delays.
Implantable cardioverter–defibrillators (referred
to hereafter as defibrillators) can reduce the risk of
death among patients who have ischemic cardiomyopathy and no history of sustained ventricular arrhythmia,16 but it is not clear whether such prophylactic therapy would be beneficial in patients who
have advanced heart failure with severe left ventricular dysfunction or in those with nonischemic cardiomyopathies. Nor is it clear that in these settings,
any benefit would be additive to those of cardiacresynchronization therapy. To address these questions, we conducted a large-scale, multicenter,
controlled clinical trial comparing optimal pharmacologic therapy plus cardiac-resynchronization therapy with a pacemaker, optimal pharmacologic therapy plus cardiac-resynchronization therapy with a
pacemaker–defibrillator, and optimal pharmacologic therapy alone in a population with advanced
heart failure and intraventricular conduction delays.

methods
The Comparison of Medical Therapy, Pacing, and
Defibrillation in Heart Failure (COMPANION) trial
was conducted at 128 U.S. centers. The complete
protocol has been described elsewhere.17 Enrollment criteria included New York Heart Association
(NYHA) class III or IV heart failure resulting from
either ischemic or nonischemic cardiomyopathy, a
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left ventricular ejection fraction of 0.35 or less, an
electrocardiographically measured QRS interval of
at least 120 msec and a PR interval of more than
150 msec, sinus rhythm, no clinical indication for a
pacemaker or implantable defibrillator, and a hospitalization for the treatment of heart failure or the
equivalent in the preceding 12 months.17 Patients,
physicians, independent statisticians, and members
of the data-management group and the data safety
and monitoring board were not blinded to the treatment assignments, whereas the steering committee,
the end-points committee, and the sponsor were
unaware of the treatment assignments.
Eligible patients who provided written informed
consent were randomly assigned in a 1:2:2 ratio to
treatment with protocol-mandated optimal pharmacologic therapy alone, optimal pharmacologic therapy plus cardiac-resynchronization therapy with a
pacemaker, or optimal pharmacologic therapy plus
cardiac-resynchronization therapy with a pacemaker–defibrillator. The pharmacologic therapy
used in all groups consisted of diuretics (unless they
were not needed), angiotensin-converting–enzyme
inhibitors (unless they were not tolerated, whereupon angiotensin-receptor blockers could be substituted), beta-blockers (unless they were not tolerated or were contraindicated), and spironolactone
(unless it was not tolerated). Digoxin and other
medications used to treat heart failure could be given at the investigator’s discretion. The research protocol was approved by the institutional review board
of each center.
Patients who were randomly assigned to receive
cardiac-resynchronization therapy underwent implantation of a pacemaker (Contak TR model 1241,
Guidant) or a pacemaker–defibrillator (Contak CD
model 1823, Guidant), with the use of commercially available leads for right atrial pacing and right
ventricular pacing or for pacing with defibrillation
(Endotak models 0125, 0154, and 0155, Guidant).
An over-the-wire lead (Easytrak models 4510
through 4513, Guidant) was placed with the aid of
a guiding sheath into a distal branch of the coronary
sinus vein chosen by the physician for left ventricular stimulation. Correct placement of the coronary
venous or left ventricular lead was subsequently verified radiographically. The programmed atrioventricular delay was calculated from a proprietary algorithm based on measures of the intrinsic PR
interval, the QRS interval, and the intracardiac atrioventricular interval at the time of implantation.18
The final pacing setting for both devices was VDD
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with a lower rate well below the patient’s lowest intrinsic heart rate, in order to maintain atrial tracking under resting conditions.
The primary end point was a composite of death
from any cause or hospitalization for any cause,
analyzed from the time of randomization to the
time of the first event. Unscheduled intravenous administration of inotropic or vasoactive drugs for
more than four hours in the emergency department
or on an outpatient basis was considered an instance of the primary end point with respect to hospitalization. Hospitalizations for the initial implantation of the device in the groups assigned to
cardiac-resynchronization therapy were not con-

Table 1. Clinical Characteristics of the 1520 Patients.*
Optimal
Pharmacologic
Therapy
(N=308)

Characteristic

CardiacResynchronization
Therapy
Pacemaker–
Pacemaker Defibrillator
(N=595)
(N=617)

Age (yr)

68

67

66

Male sex (%)

69

67

67

NYHA class III (%)

82

87

86

Duration of heart failure (yr)

3.6

3.7

Left ventricular ejection fraction

0.22

0.20

3.5
0.22

Left ventricular end-diastolic
dimension (mm)

67

68

67

Heart rate (beats/min)

72

72

72

Blood pressure (mm Hg)
Systolic
Diastolic

112
64

110
68

112
68

Distance walked in 6 min (m)

244

274

258

QRS interval (msec)

158

160

160

Ischemic cardiomyopathy (%)

59

54

55

Diabetes (%)

45

39

41

Bundle-branch block (%)
Left
Right

70
9

69
12

73
10

69

70

69

89
66
94
55

89
68
94
53

90
68
97
55

Pharmacologic therapy (%)
ACE inhibitor†
ACE inhibitor or angiotensinreceptor blocker†
Beta-blocker
Loop diuretic
Spironolactone

* Median values are given for continuous measures. There were no significant
differences among the groups.
† Patients who could not tolerate an angiotensin-converting–enzyme (ACE)
inhibitor received an angiotensin-receptor blocker.
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sidered to be primary end points, nor were hospitalizations for elective implantation of a device (in
the absence of an electrophysiological indication or
an ongoing hospitalization for heart failure requiring intravenous therapy). Death from any cause was
a secondary end point. We also analyzed the outcomes of death from or hospitalization for cardiovascular causes and death from or hospitalization
for heart failure, which were not specified in the protocol but are commonly reported in heart-failure trials. Adverse events were defined as any undesirable
clinical outcome and included device-related events
as well as events related to the patients’ general condition.
During the course of the study, an unanticipated
and substantial number of patients withdrew from
the pharmacologic-therapy group to receive commercially available implants because of arrhythmia
or heart failure. To mitigate the withdrawal rate, the
independent statistical group recommended and
the steering committee implemented a policy of
asking patients who had withdrawn before December 1, 2002, to consent to the collection of data on
vital status and hospitalizations for the duration of
the study. For mortality and hospitalization endpoint analyses, data on patients who withdrew before reaching an end point who were not known to
have died and for whom complete post-withdrawal
information on hospitalization could not be obtained by this means were censored at the time of
elective hospitalization for device implantation or
on the date of the last contact. For the mortality endpoint analysis, data on patients whose vital status
was not known at the end of the study were censored
on the date of the last known contact. All analyses
were censored at the time of cardiac transplantation.
First events for hospitalization related to cardiovascular causes or heart failure, the use of outpatient intravenous-medication therapy, and the cause
of death were adjudicated by an end-points committee. All analyses were conducted according to the
intention to treat. Efficacy analyses were based on
the time to a first event (unless otherwise stated),
with differences between groups determined by the
log-rank statistic and the time to an event plotted
according to the Kaplan–Meier method. Both nominal P values and P values adjusted for sequential
monitoring were reported for the primary end point
and mortality. All hazard ratios were unadjusted for
covariates, and the Wald chi-square statistic was
used for determining P values for the hazard ratios
in subgroups. Differences in baseline characteristics
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have been described previously.17 The trial was designed to detect a reduction of 25 percent both in
the primary end point and in the rate of death from
any cause at an alpha value of 0.02 in the pacemaker
group and an alpha value of 0.03 in the pacemaker–
defibrillator group, each as compared with the phar-

between groups were evaluated with the use of the
Wilcoxon rank-sum test for continuous and ordered
categorical data and Pearson’s chi-square test for all
other categorical data. All P values are two-sided and
nominal unless otherwise specified.
Assumptions with respect to the sample size

A Primary End Point

B Secondary End Point
100

Pacemaker
(414 events,
P=0.014)

80

Event-free Survival (%)

Event-free Survival (%)

100

Pacemaker–
defibrillator
(390 events,
P=0.010)

60
40
Pharmacologic
therapy
(216 events)

20
0

Pacemaker–defibrillator
(105 events, P=0.003)

90
80
Pharmacologic
therapy
(77 events)

70
60

Pacemaker
(131 events, P=0.059)

50
0

120

240

360

480

600

720

840

960 1080

0

90 180 270 360 450 540 630 720 810 900 990 1080

Days after Randomization

Days after Randomization

No. at Risk

No. at Risk

Pharmacologic 308
therapy
Pacemaker
617
Pacemaker–
595
defibrillator

176

115

72

46

24

16

6

1

384
385

294
283

228
217

146
128

73
61

36
25

14
8

3
0

Pharmacologic 308 284 255 217 186 141 94 57 45 25 4
therapy
Pacemaker
617 579 520 488 439 355 251 164 104 60 25
Pacemaker–
595 555 517 470 420 331 219 148 95 47 21
defibrillator

5
1

D Death from or Hospitalization for Heart Failure

C Death from or Hospitalization for Cardiovascular Causes

100

80
Pacemaker–defibrillator
(312 events, P<0.001)

60
40
Pharmacologic
therapy
(188 events)

20

Pacemaker
(338 events, P=0.002 )

Event-free Survival (%)

100

Event-free Survival (%)

2

0

Pacemaker–defibrillator
(212 events, P<0.001)

80
60
Pharmacologic
therapy
(145 events)

40

Pacemaker
(237 events, P=0.002)

20
0

0

120

240

360

480

600

720

840

960 1080

0

120

Days after Randomization

240

360

480

600

720

840

960 1080

Days after Randomization

No. at Risk

No. at Risk

Pharmacologic 308
therapy
Pacemaker
617
Pacemaker–
595
defibrillator

199

134

91

431
425

349
341

282
274

56

29

20

8

2

194 102
167 89

51
45

22
20

5
3

Pharmacologic 308
therapy
Pacemaker
617
Pacemaker–
595
defibrillator

216

161

118

498
497

422
411

355
343

76

39

28

11

2

258 142
228 131

75
71

35
27

9
5

Figure 1. Kaplan–Meier Estimates of the Time to the Primary End Point of Death from or Hospitalization for Any Cause (Panel A), the Time
to the Secondary End Point of Death from Any Cause (Panel B), the Time to Death from or Hospitalization for Cardiovascular Causes (Panel C),
and the Time to Death from or Hospitalization for Heart Failure (Panel D).
In Panel A, the 12-month rates of death from or hospitalization for any cause — the primary end point — were 68 percent in the pharmacologic-therapy group, 56 percent in the group that received a pacemaker as part of cardiac-resynchronization therapy, and 56 percent in the
group that received a pacemaker–defibrillator as part of cardiac-resynchronization therapy. In Panel B, the 12-month rates of death from any
cause — the secondary end point — were 19 percent in the pharmacologic-therapy group, 15 percent in the pacemaker group, and 12 percent
in the pacemaker–defibrillator group. In Panel C, the 12-month rates of death from or hospitalization for cardiovascular causes were 60 percent in the pharmacologic-therapy group, 45 percent in the pacemaker group, and 44 percent in the pacemaker–defibrillator group. In Panel
D, the 12-month rates of death from or hospitalization for heart failure were 45 percent in the pharmacologic-therapy group, 31 percent in the
pacemaker group, and 29 percent in the pacemaker–defibrillator group. In the pharmacologic-therapy group, death from heart failure made
up 24 percent of the events, hospitalization for heart failure 72 percent of events, and the intravenous administration of inotropes or vasoactive drugs for more than four hours 4 percent of events. P values are for the comparison with optimal pharmacologic therapy.
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macologic-therapy group.17 Under the design assumptions17 and given a target of 1000 primary
events, the study had a statistical power of more
than 90 percent for each of the comparisons of the
primary end point and 80 percent for the secondary
end point of death from any cause. Stopping guidelines for the trial were based on O’Brien–Fleming
monitoring boundaries19 as implemented by Lan
and DeMets,20 with the final critical boundaries for
end points adjusted on the basis of the interim
analyses.
Enrollment began on January 20, 2000. On November 18, 2002, the data safety and monitoring
board reported to the steering committee that 941
potential end point events had been identified and
that the trial had most likely already met or would
soon reach the target of 1000 events. In addition, at
this time preestablished boundaries for the termination of the trial had been crossed in the pacemaker–defibrillator group for both the primary end
point and the secondary end point of death from
any cause and in the pacemaker group for the primary end point. As recommended by the data safety and monitoring board, the steering committee
stopped enrollment and directed that all efficacy follow-up end on December 1, 2002. At the time enrollment was stopped, 1520 patients had undergone
randomization.
The study was managed by Clinical Cardiovascular Research, Gaithersburg, Maryland, and the independent statistical data-analysis center was the
Department of Biostatistics and Medical Informatics, University of Wisconsin, Madison. The data
were held at the University of Wisconsin, where they
were analyzed by Dr. DeMets and colleagues. The
sponsor had no role in data analysis.

results
study population

There were no clinically significant differences in
baseline variables or mandated background therapy among the three groups (Table 1).
success of implantation in the groups
assigned to cardiac-resynchronization
therapy

In the groups assigned to cardiac-resynchronization
therapy, implantation was successful in 87 percent
of the patients in the pacemaker group (539 of 617)
and 91 percent of patients in the pacemaker–defi-
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Figure 2 (facing page). Hazard Ratios and 95 Percent
Confidence Intervals for the Primary End Point of Death
from or Hospitalization for Any Cause and the Secondary
End Point of Death from Any Cause, According to the
Baseline Characteristics of the Patients.
Not all patients had echocardiographically determined
values for left ventricular end-diastolic dimension
(LVEDD). NYHA denotes New York Heart Association,
LVEF left ventricular ejection fraction, BP blood pressure,
and ACE angiotensin-converting enzyme.

brillator group (541 of 595). For patients who underwent randomization on or after July 1, 2001,
when collection of data regarding this outcome was
begun, the median duration of the procedure (including lead revisions) was 164 minutes for the
pacemaker and 176 minutes for the pacemaker–
defibrillator.
Five deaths (0.8 percent of enrolled patients) in
the pacemaker group and three (0.5 percent) in the
pacemaker–defibrillator group were adjudicated as
related to procedural complications. The mortality
rates 30 days after randomization were similar
among the three groups: 1.0 percent in the pacemaker group and 1.8 percent in the pacemaker–
defibrillator group, as compared with 1.2 percent
in the pharmacologic-therapy group (P=0.34 and
P=0.79, respectively).
withdrawal from the study and length
of follow-up

The withdrawal rate differed among the groups: 26
percent of patients in the pharmacologic-therapy
group withdrew, as compared with 6 percent of
those in the pacemaker group and 7 percent of those
in the pacemaker–defibrillator group. For patients
who had not reached a primary end point at the time
of withdrawal, the rate was 13 percent, 2 percent,
and 2 percent, respectively. In the pharmacologictherapy group, there were no significant differences in baseline characteristics between patients who
withdrew from the study and those who did not,
with the exception of the prevalence of ischemic cardiomyopathy (68 percent vs. 55 percent).
After consent was again obtained (“reconsent”),
the status for the primary end point through the end
of the study was known for 91 percent of the patients
in the pharmacologic-therapy group and 99 percent
of the patients in each of the other groups; data on
mortality were complete for 96 percent of the patients in the pharmacologic-therapy group and 99
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272
345
415
202
331
285
537
80
324
293
257
266
209
203
205
426
190
318
299
347
270
328
289
186
431
196
421
36
581
288
329

123
185

211
97

181
127

253
55

143
165

133
122

115
111
82

215
93

161
147

164
144

178
130

96
212

104
204

17
291

139
169

Pacemaker
(n=617)

No. of Patients

Pharmacologic
therapy (n=308)

Age
≤65 yr
>65 yr
Sex
Male
Female
Cardiomyopathy
Ischemic
Nonischemic
NYHA class
III
IV
LVEF
≤20%
>20%
LVEDD
≤67 mm
>67 mm
QRS interval
width
≤147 msec
148–168 msec
>168 msec
Bundle branch
block
Left
Other
Heart ratio
≤72 beats/min
>72 beats/min
Systolic BP
≤112 mm Hg
>112 mm Hg
Diastolic BP
≤68 mm Hg
>68 mm Hg
ACE inhibitor use
No
Yes
Beta-blocker use
No
Yes
Loop diuretic use
No
Yes
Spironolactone use
No
Yes

Variable

n engl j med 350;21

www.nejm.org

may 20, 2004

The New England Journal of Medicine
Downloaded from nejm.org on March 8, 2014. For personal use only. No other uses without permission.
Copyright © 2004 Massachusetts Medical Society. All rights reserved.
267
328

20
575

193
402

183
412

316
279

307
288

315
280

434
161

178
232
185

248
237

282
313

512
83

325
270

401
194

272
323

Pacemaker–
defibrillator
(n=595)

0.0

Pacemaker
Better

0.5

1.5

Pharmacologic
Therapy Better

1.0

Hazard Ratio for Death from or
Hospitalization for Any Cause

0.0

Pacemaker–
Defibrillator
Better

0.5

1.5

Pharmacologic
Therapy Better

1.0

Hazard Ratio for Death from or
Hospitalization for Any Cause

0.0

Pacemaker–
Defibrillator
Better

0.5

1.0

2.0

Pharmacologic
Therapy Better

1.5

Hazard Ratio for Death
from Any Cause

2.5
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percent of the patients in each of the other groups.
Including the data gathered after reconsent, the
median duration of follow-up for the primary end
point was 11.9 months in the pharmacologic-therapy group, 16.2 months in the pacemaker group
(P<0.001 for the comparison with the pharmacologic-therapy group), and 15.7 months in the pacemaker–defibrillator group (P<0.001 for the comparison with the pharmacologic-therapy group).
For mortality, the median duration of follow-up
was 14.8 months, 16.5 months (P=0.028), and 16.0
months (P=0.129), respectively.
primary end point

Eighteen first hospitalizations in the pharmacologic-therapy group and one in the pacemaker group
were considered by the end-points committee to be
elective for the purpose of device implantation or
upgrade and were excluded from the end-point
analysis. A total of 1020 primary end points were
analyzed. The 12-month rate of the primary composite end point of death from any cause or hospitalization for any cause was 68 percent in the pharmacologic-therapy group as compared with 56
percent in the pacemaker group (hazard ratio for
the primary end point, 0.81; 95 percent confidence
interval, 0.69 to 0.96; P=0.014; adjusted P=0.015
by the log-rank test) and 56 percent in the pacemaker–defibrillator group (hazard ratio, 0.80; 95
percent confidence interval, 0.68 to 0.95; P=0.010;
adjusted P=0.011) (Fig. 1A). Thus, either type of
cardiac-resynchronization therapy reduced the risk
of the primary end point by approximately 20 percent (Fig. 1A).
secondary end point

In the pharmacologic-therapy group, 77 of 308 patients died (25 percent) during the entire study period; 58 (75 percent) of these deaths were classified
as due to cardiac causes. The one-year mortality rate
in the pharmacologic-therapy group was 19 percent. The effect of cardiac-resynchronization therapy on the secondary end point of death from any
cause is shown in Figure 1B. The implantation of a
pacemaker was associated with a marginally significant reduction in the risk of death from any cause
(hazard ratio, 0.76; 95 percent confidence interval,
0.58 to 1.01; P=0.059; adjusted P=0.06), whereas
the implantation of a pacemaker–defibrillator was
associated with a significant, 36 percent reduction
in risk (hazard ratio, 0.64; 95 percent confidence
interval, 0.48 to 0.86; P=0.003; adjusted P=0.004).
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death from or hospitalization for
cardiovascular causes or heart failure

Data on the outcome measure of death from or hospitalization for cardiovascular causes are shown in
Figure 1C. The 12-month event rate was 60 percent
in the pharmacologic-therapy group. As compared
with optimal pharmacologic therapy, cardiac-resynchronization therapy with a pacemaker reduced the
risk by 25 percent (hazard ratio, 0.75; 95 percent
confidence interval, 0.63 to 0.90; P=0.002), whereas cardiac-resynchronization therapy with a pacemaker–defibrillator reduced the risk by 28 percent
(hazard ratio, 0.72; 95 percent confidence interval,
0.60 to 0.86; P<0.001).
Data for the rates of death from or hospitalization for heart failure are shown in Figure 1D. The
12-month event rate was 45 percent in the pharmacologic-therapy group. As compared with optimal
pharmacologic therapy, cardiac-resynchronization
therapy with a pacemaker reduced the risk by 34
percent (hazard ratio, 0.66; 95 percent confidence
interval, 0.53 to 0.87; P=0.002), whereas cardiacresynchronization therapy with a pacemaker–defibrillator reduced the risk by 40 percent (hazard ratio,
0.60; 95 percent confidence interval, 0.49 to 0.75;
P<0.001).
subgroup analyses

As compared with optimal pharmacologic therapy alone, the addition of cardiac-resynchronization
therapy with either a pacemaker or a pacemaker–
defibrillator (Fig. 2) resulted in hazard ratios for
the primary end point according to baseline characteristics that were consistently below 1.0, indicating
consistent efficacy for each device. Both devices resulted in a progressive lowering of the hazard ratio
with an increasing QRS interval. Cardiac-resynchronization therapy reduced the risk of the primary end
point among both patients with and those without
ischemic cardiomyopathy, and cardiac-resynchronization therapy in combination with beta-blockers
or spironolactone reduced the risk further than did
cardiac-resynchronization therapy in combination
with other agents.
Hazard ratios for the secondary end point of
death from any cause, according to baseline characteristics for the pacemaker–defibrillator group as
compared with the pharmacologic-therapy group,
are shown in Figure 2. An increasing QRS interval
had less of an effect on the mortality secondary end
point in the pacemaker–defibrillator group than it
did on the primary end point for either device, and
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again, patients who received a pacemaker–defibrillator and beta-blockers or spironolactone tended to
have a lower risk of death from any cause than their
counterparts who received other agents. Among
patients with nonischemic cardiomyopathy, pacemaker–defibrillator therapy was associated with a
significantly lower risk of death from any cause, as
compared with pharmacologic therapy (hazard ratio, 0.50; 95 percent confidence interval, 0.29 to
0.88; P=0.015). Among patients with ischemic cardiomyopathy, the reduction in the risk of death from
any cause was not statistically significant in the
pacemaker–defibrillator group, as compared with
the pharmacologic-therapy group (hazard ratio,
0.73; 95 percent confidence interval, 0.52 to 1.04;
P=0.082). A test for interaction between the treatment effects in the subgroup with nonischemic cardiomyopathy and the subgroup with ischemic cardiomyopathy was not statistically significant. In the
pacemaker group (data not shown), as compared
with the pharmacologic-therapy group, the implantation of a device reduced the risk of death from any
cause by 9 percent in the subgroup with nonischemic cardiomyopathy (hazard ratio, 0.91; 95 percent
confidence interval, 0.55 to 1.49; P=0.70), as compared with 28 percent in the subgroup with ischemic cardiomyopathy (hazard ratio, 0.72; 95 percent
confidence interval, 0.51 to 1.01; P=0.058).

other outcome variables

As shown in Table 2, the NYHA class, the distance
walked in six minutes, and the quality of life, as assessed by the Minnesota Living with Heart Failure
questionnaire, were significantly better in both cardiac-resynchronization therapy groups than in the
pharmacologic-therapy group at three and six
months. Median changes in systolic blood pressure
from baseline to 3, 6, and 12 months in the two cardiac-resynchronization therapy groups were also
significantly better than those in the pharmacologic-therapy group (Fig. 3A). There were no significant changes in diastolic pressure in any of the
groups (Fig. 3B).
adverse events

A total of 61 percent of patients in the pharmacologic-therapy group had a moderate or severe adverse event from any cause, as compared with 66
percent of patients in the pacemaker group (P=0.15)
and 69 percent of patients in the pacemaker–defibrillator group (P=0.03). There was no significant
difference between cardiac-resynchronization therapy groups in the proportion of patients with moderate or severe device-related adverse events (P=0.42).
Moderate or severe adverse events related to the
implantation procedure occurred in 10 percent of
patients in the pacemaker group and 8 percent of

Table 2. Changes in Distance Walked in Six Minutes, Quality of Life, and New York Heart Association (NYHA) Class.
Variable

3 Months

6 Months

No. of Mean ±SD
Change
P Value*
Patients

No. of Mean ±SD
Patients
Change
P Value*

Increase in distance walked in 6 min (m)
Optimal pharmacologic therapy
Cardiac-resynchronization therapy
Pacemaker
Pacemaker–defibrillator
Increase in quality of life (%)†
Optimal pharmacologic therapy
Cardiac-resynchronization therapy
Pacemaker
Pacemaker–defibrillator
Improvement in NYHA class symptoms (%)
Optimal pharmacologic therapy
Cardiac-resynchronization therapy
Pacemaker
Pacemaker–defibrillator

170

9±84

—

142

1±93

—

422
420

33±99
44±109

<0.001
<0.001

373
378

40±96
46±98

<0.001
<0.001

243

¡9±21

—

207

¡12±23

—

510
514

¡24±27
¡24±28

<0.001
<0.001

460
478

¡25±26
¡26±28

<0.001
<0.001

242

24

—

199

38

—

551
543

58
55

<0.001
<0.001

489
497

61
57

<0.001
<0.001

* P values are for the comparison with the group given optimal pharmacologic therapy.
† The quality of life was measured with the Minnesota Living with Heart Failure questionnaire. This questionnaire contains
21 questions regarding patients’ perceptions of the effects of heart failure on their daily lives. Questions are rated on a
6-point scale (total score, 105), with higher scores indicating a poor quality of life.
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A
Change in Systolic Blood Pressure
from Baseline (mm Hg)

4
3
2
1
0
¡1
¡2

Pharmacologic therapy
Pacemaker
Pacemaker–defibrillator

¡3
¡4
0

3

6

9

12

Months after Randomization
P Value
Pacemaker
Pacemaker–defibrillator

0.008
0.002

0.002
0.006

0.007
0.016

0.002
0.006

3

6

9

12

0.31
0.74

0.37
0.46

Change in Diastolic
Blood Pressure from
Baseline (mm Hg)

B
2
3
0
¡1
¡2
0

Months after Randomization
P Value
Pacemaker
Pacemaker–defibrillator

0.78
0.25

0.81
0.55

Figure 3. Median Change from Baseline in Systolic and Diastolic Blood Pressures at 3, 6, 9, and 12 Months.
P values are for the comparison with optimal pharmacologic therapy.

those in the pacemaker–defibrillator group. Included in these events were coronary venous dissection
(0.3 percent in the pacemaker group and 0.5 percent in the pacemaker–defibrillator group), coronary venous perforation (1.1 percent and 0.8 percent, respectively), and coronary venous tamponade
(0.5 percent and 0.3 percent, respectively).

discussion
Our results indicate that the use of biventricular
stimulation to resynchronize left ventricular contraction can improve major clinical outcomes in patients with a prolonged QRS interval and advanced,
symptomatic heart failure as a result of moderateto-severe left ventricular systolic dysfunction. The
primary composite end point of the COMPANION
trial — the rate of death from any cause or hospi-
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talization for any cause — was reduced by approximately 20 percent in both groups that received
cardiac-resynchronization therapy in addition to
optimal pharmacologic therapy, as compared with
the group that received optimal pharmacologic therapy alone. The even larger reduction in the outcome
of death from or hospitalization for heart failure
suggests that much of the reduction was related to
the favorable effects of the devices on the clinical
syndrome of heart failure. This is further supported
by the augmentation of systolic blood pressure in
these two groups, which was consistent with a favorable effect of cardiac-resynchronization therapy
on systolic function.6 The addition of a defibrillator
to cardiac-resynchronization therapy did not appreciably affect the combined outcomes of death from
or hospitalization for any cause, which are heavily
influenced by the hospitalization components.
However, the addition of a defibrillator to cardiacresynchronization therapy incrementally increased
the survival benefit, resulting in a substantial, 36
percent reduction in the risk of death (P=0.003), as
compared with optimal pharmacologic therapy.
Each of the devices used in the study became
commercially available during the trial. Since neither investigators nor patients were blinded in this
trial, the subsequent effect was a disproportionately high rate of withdrawal from the pharmacologictherapy group so that patients could receive cardiac-resynchronization therapy with one of these
devices. This change was particularly common
among patients with ischemic cardiomyopathy, for
whom such treatment had become an option with
the publication of the second Multicenter Automatic Defibrillator Implantation Trial (MADIT II).16 We
addressed the disproportionate withdrawal rate by
excluding elective implantation of devices from
analyses of the primary end point and other hospitalization end points and, when possible, again
obtaining consent from patients who withdrew
(“reconsent”) so that we could complete the intention-to-treat analysis. The latter approach substantially increased the completeness of the data and
greatly reduced the potential effect of the withdrawal rate on end-point analyses.
Our results extend those of earlier, short-term
studies that evaluated the effects of cardiac-resynchronization therapy on exercise tolerance,9-12
symptoms of heart failure,9-12 and the quality of
life.9 Taken together, these data indicate that, in a
population with advanced heart failure and an increased QRS interval, cardiac-resynchronization
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therapy improves most major factors that affect the
quality of life. Moreover, our data demonstrate that
adding a defibrillator to cardiac-resynchronization
therapy significantly reduces the risk of death. The
clinical efficacy of cardiac-resynchronization therapy with a pacemaker–defibrillator is especially
noteworthy, since the therapy was delivered in conjunction with the best evidence-based pharmacologic therapy for heart failure.
Before our study, the case for defibrillator therapy in patients with left ventricular dysfunction had
been based on MADIT II,16 which was conducted
exclusively in a population with ischemic cardiomyopathy. We demonstrated a 36 percent reduction in
the risk of death from any cause in the patients who
received a pacemaker–defibrillator. When the patients were stratified according to the cause of heart
failure, cardiac-resynchronization therapy with a
pacemaker–defibrillator, as compared with optimal
pharmacologic therapy, was associated with a 27
percent reduction in the risk of death from any cause
in the subgroup with ischemic cardiomyopathy
(hazard ratio for death, 0.73; 95 percent confidence
interval, 0.52 to 1.04) and a 50 percent reduction in
risk in the subgroup with nonischemic cardiomyop-

athy (hazard ratio, 0.50; 95 percent confidence interval, 0.29 to 0.88). The 27 percent reduction in
risk is similar to the 31 percent reduction reported
in MADIT II, whereas the 50 percent reduction provides evidence of the efficacy of adjunctive defibrillator therapy in patients with nonischemic cardiomyopathy.
In summary, in selected patients, cardiac-resynchronization therapy with a pacemaker or a pacemaker–defibrillator can improve the clinical course
of chronic heart failure due to a dilated cardiomyopathy. The pacemaker is associated with a reduction in hospitalizations and symptoms and improved exercise tolerance and quality of life, and
the addition of a defibrillator to cardiac-resynchronization therapy further reduces mortality. The decision of which of these two therapeutic options is
appropriate for a particular setting is best determined on an individual basis by patients and their
physicians.
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