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THE IMPLANTABLE CARDIO-
verter-defibrillator (ICD) is a
highly effective therapy for pre-
venting sudden cardiac death

in patients with heart failure.1-4 How-
ever, the outcomes of this therapy in
routine clinical practice are largely un-
certain. Because randomized clinical
trials generally enroll patients with
fewer comorbidities and are usually
conducted in highly controlled and
monitored settings, the results of the
primary prevention ICD trials may not
be generalizable to routine clinical prac-
tice. Some studies have demonstrated
the lack of generalizability of random-
ized clinical trials’ findings to clinical
practice in acute coronary syndromes,
heart failure, hypertension, and depres-
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Importance Randomized clinical trials have shown that implantable cardioverter-
defibrillator (ICD) therapy saves lives. Whether the survival of patients who received
an ICD in primary prevention clinical trials differs from that of trial-eligible patients
receiving a primary prevention ICD in clinical practice is unknown.

Objective To determine whether trial-eligible patients who received a primary pre-
vention ICD as documented in a large national registry have a survival rate that differs
from the survival rate of similar patients who received an ICD in the 2 largest primary
prevention clinical trials, MADIT-II (n=742) and SCD-HeFT (n=829).

Design, Setting, and Patients Retrospective analysis of data for patients enrolled
in the National Cardiovascular Data Registry ICD Registry between January 1, 2006,
and December 31, 2007, meeting the MADIT-II criteria (2464 propensity score–
matched patients) or the SCD-HeFT criteria (3352 propensity score–matched pa-
tients). Mortality data for the registry patients were collected through December 31,
2009.

Main Outcome Measures Cox proportional hazards models were used to com-
pare mortality from any cause.

Results The median follow-up time in MADIT-II, SCD-HeFT, and the ICD Registry
was 19.5, 46.1, and 35.2 months, respectively. Compared with patients enrolled in
the clinical trials, patients in the ICD Registry were significantly older and had a higher
burden of comorbidities. In the matched cohorts, there was no significant difference
in survival between MADIT-II–like patients in the registry and MADIT-II patients ran-
domized to receive an ICD (2-year mortality rates: 13.9% and 15.6%, respectively;
adjusted ICD Registry vs trial hazard ratio, 1.06; 95% CI, 0.85-1.31; P=.62). Like-
wise, the survival among SCD-HeFT–like patients in the registry was not significantly
different from survival among patients randomized to receive ICD therapy in SCD-
HeFT (3-year mortality rates: 17.3% and 17.4%, respectively; adjusted registry vs trial
hazard ratio, 1.16; 95% CI, 0.97-1.38; P=.11).

Conclusions and Relevance There was no significant difference in survival be-
tween clinical trial patients randomized to receive an ICD and a similar group of clini-
cal registry patients who received a primary prevention ICD. Our findings support the
continued use of primary prevention ICDs in similar patients seen in clinical practice.

Trial Registration clinicaltrials.gov Identifier: NCT00000609
JAMA. 2013;309(1):55-62 www.jama.com
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sion.5-11 Whether the findings of ran-
domized clinical trials of primary pre-
vention ICD therapy are generalizable
to clinical practice needs to be inves-
tigated, especially given the cost and po-
tential complications associated with
this device, such as infection and lead
and device failure.

We conducted this study to deter-
mine whether a difference in survival
exists between trial-eligible patients
who receive a primary prevention ICD
as documented in a large national reg-
istry and similar patients randomized
to receive ICD therapy in primary pre-
vention clinical trials.

METHODS
Data Sources

MADIT-II and SCD-HeFT. The Mul-
ticenter Automatic Defibrillator Im-
plantation Trial II (MADIT-II) was a ran-
domized clinical trial of patients with
a history of myocardial infarction and
a left ventricular ejection fraction
(LVEF) of 30% or less. After a mean fol-
low-up of 20 months, ICD therapy re-
duced mortality compared with medi-
cal therapy (14.2% vs 19.8%; hazard
ratio [HR], 0.69; 95% CI, 0.51-0.93;
P=.02).3

The Sudden Cardiac Death in Heart
Failure Trial (SCD-HeFT) was a mul-
ticenter, randomized clinical trial of pa-
tients with heart failure due to ische-
mic or nonischemic cardiomyopathy
and LVEF 35% or less despite optimal
medical therapy.4 After a median fol-
low-up of 45.5 months, ICD therapy re-
duced mortality compared with pla-
cebo and amiodarone (22% vs 29%; HR,
0.77; 95% CI, 0.62-0.96; P=.007).4

The original patient-level data from
MADIT-II and SCD-HeFT were used for
this analysis.

National Cardiovascular Data Reg-
istry ICD Registry. In 2005, the Cen-
ters for Medicare & Medicaid Services
announced its decision to expand cov-
erage for ICD implantation for the pri-
mary prevention of sudden cardiac
death and mandated entering data on
all primary prevention ICD implants in
Medicare beneficiaries into a national
ICD registry. In response to this man-

date, the National Cardiovascular Data
Registry (NCDR) ICD Registry was
launched in June 2005. Of the 1448 par-
ticipating hospitals, 78% submit data on
all ICD implants. Because these hospi-
tals are generally the larger participat-
ing hospitals, they account for 90% of
all ICD implants entered into the
registry.12-14

Details of the ICD Registry have been
published previously.14 After formal
training on data collection and entry by
the NCDR, participating hospitals sub-
mit data directly to the NCDR via a se-
cure website. To ensure quality, sub-
mitted data undergo rigorous electronic
quality checks. Annually, up to 10% of
participating sites are randomly se-
lected for an on-site audit.14

Death Master File Data. The NCDR
contracted with Yale University to in-
dependently conduct deterministic
matching between the ICD Registry and
the Death Master File from the Social
Security Administration. Yale created a
limited data set by determining the vi-
tal status of patients in the ICD Regis-
try through December 31, 2009. To ac-
complish the deterministic matching,
patient Social Security numbers, names,
and dates of birth were used. The search
was limited to patients with a valid So-
cial Security number, and then vital sta-
tus was determined in a stepwise fash-
ion. First, records with an exact match
of Social Security number were identi-
fied. Second, additional matches were
identified in which there was an im-
perfect match by Social Security num-
ber (at least 7 matching digits) and an
exact match by name and date of birth.
The created data set was deidentified
and submitted to the NCDR, which
then sent the database to the investi-
gators to conduct this research.

Patient Population and Outcomes

In this analysis, we included all pa-
tients enrolled in MADIT-II (n=1232)
and patients randomized to receive pla-
cebo or ICD therapy in SCD-HeFT
(n=1676). The ICD Registry was que-
ried to identify adult patients who were
enrolled in the registry from January 1,
2006, through December 31, 2007, and

who had a history of a myocardial in-
farction and an LVEF 30% or less. As
in MADIT-II, we excluded patients with
New York Heart Association (NYHA)
class IV symptoms, patients who re-
ceived an ICD within 40 days after a
myocardial infarction, and patients who
received an ICD within 3 months after
coronary revascularization.

The ICD Registry was also queried
to identify adult patients who were en-
rolled in the registry from January 1,
2006, through December 31, 2007, and
who had NYHA class II or III heart fail-
ure symptoms and an LVEF 35% or less.
As in SCD-HeFT, patients were ex-
cluded if they had class I or IV heart fail-
ure symptoms or if they received an ICD
within 40 days after a myocardial in-
farction or within 30 days after coro-
nary revascularization.

At the time of trial or registry enroll-
ment, data collected for each patient in-
cluded demographics, medical his-
tory, presenting physical examination
and laboratory test findings, and medi-
cations. Individual sites established the
race and ethnicity of patients and sub-
mitted these data to the ICD Registry
and to the MADIT-II and SCD-HeFT
data coordinating centers. Because it
was a National Institutes of Health–
funded study, collecting data on race
in SCD-HeFT was mandatory. Instruc-
tions in the ICD Registry clarified that
data on race should be collected as de-
termined by the patient or family. No
additional specifications were given.

Because one of the main purposes of
the ICD Registry was to define how the
outcomes of Medicare beneficiaries re-
ceiving a primary prevention ICD com-
pare with those of patients enrolled in
the primary prevention ICD random-
ized clinical trials, we prespecified pa-
tients 65 years and older as a sub-
group of interest.

The end point for this study was mor-
tality from any cause.

Statistical Methods

Baseline characteristics were com-
pared between patients in each trial vs
trial-eligible patients in the registry
using the Wilcoxon rank sum test for

SURVIVAL AMONG PATIENTS WITH ICDS IN CLINICAL PRACTICE VS CLINICAL TRIALS

56 JAMA, January 2, 2013—Vol 309, No. 1 ©2013 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023



continuous variables and the likeli-
hood ratio �2 test for categorical vari-
ables and by examining the standard-
ized difference (defined as the absolute
value of the difference in group means
or proportions, divided by the average
standard deviation, and expressed as a
percentage) between groups for each
variable. Initially, for each trial, com-
parisons were made between trial pa-
tients and all ICD Registry patients
who met the trial entry criteria. These
initial comparisons showed appre-
ciable imbalances for most baseline
variables for both MADIT-II and
SCD-HeFT.

Therefore, to ensure a valid compari-
son of similar patients, we proceeded
with propensity score matching. For
each trial, we selected a subset of ICD
Registry patients, in a 2:1 registry-trial
ratio, who most closely matched the
trial patients in terms of baseline vari-
ables. Baseline characteristics were com-
pared again to confirm the effective-
ness of the matching (eFigure, available
at http://www.jama.com). These
matched subsets were used for all out-
come analyses.

Matching was carried out using the
propensity score–based method of
Rosenbaum and Rubin.15 For each trial,
the process was as follows. First, the
ICD Registry data were trimmed of ex-
treme values (ie, any ICD Registry pa-
tients whose age or LVEF was below the
minimum or above the maximum for
the trial patients were excluded from
the process).

Second, a propensity model was
developed using logistic multiple
regression in which the dependent
(outcome) variable was an indicator of
whether each patient was a registry or
a trial patient, and the independent
(predictor) variables were baseline
characteristics available in both the
registry and the clinical trials. These
variables included age, sex, race
(white vs other), QRS duration, LVEF,
NYHA class, ischemic heart disease
(SCD-HeFT model only), prior coro-
nary artery bypass graft procedure,
prior percutaneous coronary interven-
tion, prior atrial arrhythmias, prior

ventricular arrhythmias (nonsus-
tained), systolic blood pressure, blood
urea nitrogen, creatinine, diabetes,
hypertension, and medications includ-
ing �-blockers. All trial patients and
ICD Registry patients who met the
trial entry criteria (except those
excluded in the first step) were
included. From the logistic regression
model, an estimated propensity score
(the probability p of being a trial
patient) and a corresponding logit for
the propensity score (loge[p/(1�p)])
were calculated for each patient.

Third, for the first match (1:1), a cali-
per width of 0.25 (standard deviation
of the logit) was used. For a given trial
patient, all ICD Registry patients were
considered whose logit differed from the
trial patient’s logit by less than the cali-
per width; among these patients, the
ICD Registry patient with the shortest
(Mahalanobis) distance from the trial
patient was selected as the match.
Fourth, trial patients for whom no ICD
Registry patients were within the cali-
per width were matched with the ICD
Registry patient who had the closest
logit. Fifth, and finally, for the second
match (2:1), the caliper width was set
to 0.40 (standard deviation of the logit);
the process was otherwise the same.
Each trial patient was matched with 2
ICD Registry patients, and each ICD
Registry patient could be matched only
once for each trial.

The primary analyses compared trial
patients randomized to receive an ICD
to all of the matched ICD Registry pa-
tients for that trial. The secondary
analyses compared trial patients ran-
domized to medical therapy to all of the
matched ICD Registry patients for that
trial. Cox proportional hazards mod-
els were used to examine mortality in
ICD Registry patients compared with
trial patients, after controlling for base-
line clinical variables. Although the
matching process was expected to pro-
duce similar groups, covariate adjust-
ment was used to control for any re-
maining imbalances. All of the baseline
variables listed above for the propen-
sity analysis were included as covari-
ates in each model. Risk relationships

are shown as HRs and 95% CIs from the
Cox models. We tested the proportion-
ality assumption for the variable iden-
tifying whether each patient was a trial
participant or a registry patient for the
4 main models, and it was met in all
cases. As a prespecified subgroup analy-
sis, these comparisons were repeated in
the subset of patients 65 years and older.

Based on the 2-year mortality rate ob-
served in MADIT-II for patients ran-
domized to medical therapy (22.0%)
and the number of patients included in
our analyses, we would expect to have
greater than 80% power to detect dif-
ferences larger than 5.0 percentage
points. Similarly, based on the 2-year
mortality rate observed in SCD-HeFT
for patients randomized to placebo
(22.4%), we would expect to have
greater than 80% power to detect dif-
ferences larger than 4.8 percentage
points. These post hoc power calcula-
tions assume that the ratio of clinical
trial patients to propensity-matched
ICD Registry patients is 1:4 and a
2-sided type I error rate of 0.05.

Differences were declared to be sta-
tistically significant at P� .05, and all
statistical tests were 2-sided. For all
analyses, SAS version 9.2 (SAS Insti-
tute) was used. This study was ap-
proved by the institutional review board
of the Duke University Health System,
which determined that informed con-
sent was not applicable to data col-
lected by the ICD Registry.

RESULTS
Baseline Characteristics

After excluding patients with an ICD for
inducible sustained ventricular tachy-
cardia on electrophysiological testing
(n=7061), patients who received an ICD
with cardiac resynchronization therapy
(n=50 740), and patients who received
device replacements (n=4357), 56 985
ICD Registry patients met the criteria for
1 or both clinical trials. In the ICD Reg-
istry, there were 28 608 MADIT-II–like
patients and 53 351 SCD-HeFT–like pa-
tients. MADIT-II and SCD-HeFT in-
cluded 742 and 829 patients, respec-
tively, who were randomized to receive
an ICD. The number of patients ran-

SURVIVAL AMONG PATIENTS WITH ICDS IN CLINICAL PRACTICE VS CLINICAL TRIALS

©2013 American Medical Association. All rights reserved. JAMA, January 2, 2013—Vol 309, No. 1 57

Downloaded From: https://jamanetwork.com/ on 05/22/2023



domized to medical therapy in MADIT-II
and to placebo in SCD-HeFT was 490
and 847, respectively.

The baseline characteristics of these
groups are presented in TABLE 1 and
TABLE 2, respectively. Patients 65 years
and older accounted for 62% of
MADIT-II–like patients and 57% of SCD-
HeFT–like patients. Compared with pa-
tients in the MADIT-II trial ,
MADIT-II–like patients in the ICD Reg-
istry were significantly older and had a
higher burden of comorbidities. Like-
wise, compared with patients in SCD-
HeFT, SCD-HeFT–like patients in the
ICD Registry were significantly older and
had a higher burden of comorbidities.

As shown in Table 1 and Table 2,
propensity score matching provided
well-matched samples with only a few
remaining differences. Except for

�-blocker use, the few differences that
were statistically significant did not ap-
pear to be clinically meaningful.

Mortality From Any Cause

The median follow-up in MADIT-II and
the matched registry patients was 19.5
months (interquartile range [IQR],
10.3-31.9) and 35.8 months (IQR, 30.4-
41.2), respectively. The median fol-
low-up in SCD-HeFT and the matched
registry patients was 46.1 months (IQR,
35.0-55.1) and 35.0 months (IQR, 29.7-
40.6), respectively. During these time
periods, across all study cohorts, there
were a total of 1614 deaths.

MADIT-II Analyses. In the ad-
justed Cox proportional hazards mod-
els, there was no significant difference
in survival between MADIT-II–like pa-
tients in the ICD Registry and MADIT-II

patients randomized to receive an ICD
(2-year mortality rates: 13.9% vs 15.6%;
adjusted registry vs MADIT-II HR, 1.06;
95% CI, 0.85-1.31; P=.62). As shown
in TABLE 3 and FIGURE 1, the survival
of MADIT-II–like patients in the ICD
Registry was significantly better than
the survival of MADIT-II patients ran-
domized to medical therapy (2-year
mortality rates: 13.9% vs 22%; ad-
justed registry vs MADIT-II HR, 0.73;
95% CI, 0.59-0.92; P=.007).

SCD-HeFT Analyses. In the ad-
justed Cox proportional hazards mod-
els, there was no significant survival dif-
ferencebetweenSCD-HeFT–likepatients
in the ICD Registry and patients ran-
domized to receive ICD therapy in SCD-
HeFT (3-year mortality rates: 17.3% vs
17.4%; adjusted registry vs SCD-HeFT
HR, 1.16; 95% CI, 0.97-1.38; P=.11)

Table 1. Baseline Characteristics of Patients in MADIT-II vs MADIT-II–like Patients in the ICD Registry

Characteristic
MADIT-II
(n = 1232)

ICD Registry
(n = 28 608)a

P Value
for Difference
From MADIT-II

Patients

Matched ICD
Registry Patients,

No. (%)
(n = 2464)a

P Value
for Difference
From MADIT-II

Patients

Age, median (IQR), y 66 (58-72) 68 (60-76) �.001 65 (58-71) .36

Male sex, No. (%) 1040 (84) 22 883 (80) �.001 2088 (85) .80

White race, No. (%) 1073 (87) 24 427 (85) .11 2145 (87) .98

QRS duration, median (IQR), ms 120 (100-140) 106 (94-122) �.001 112 (98-138) .20

Left ventricular ejection fraction, median (IQR), % 25 (20-28) 25 (20-30) �.001 25 (20-28) .16

Mean (SD) 23.2 (5.4) 24.5 (5.2) 23.4 (5.4)

NYHA class, No. (%)
I 442 (36) 3634 (13) 854 (35)

II 425 (35) 15 500 (54) �.001 955 (39) .07

III or IV 350 (29) 9474 (33) 655 (27)

Prior CABG, No. (%) 707 (57) 14 325 (50) �.001 1397 (57) .69

Prior PCI, No. (%) 536 (44) 14 343 (50) �.001 1092 (44) .84

Prior atrial arrhythmias, No. (%) 324 (27) 7243 (25) .23 591 (24) .06

Prior ventricular arrhythmias, No. (%) 138 (12) 5844 (20) �.001 268 (11) .57

Systolic blood pressure, median (IQR), mm Hg 120 (110-133) 129 (115-144) �.001 121 (110-134) .10

Blood urea nitrogen, median (IQR), mg/dL 20 (16-28) 20 (15-28) .85 20 (16-26) .29

Creatinine, median (IQR), mg/dL 1.1 (1.0-1.4) 1.2 (1.0-1.4) .008 1.1 (1.0-1.3) .02

Diabetes, No. (%) 433 (35) 11 376 (40) .001 902 (37) .39

Hypertension, No. (%) 655 (53) 22 255 (78) �.001 1377 (56) .14

Medications at baseline, No. (%)
ACE inhibitor or ARB 1092 (89) 22 517 (79) �.001 2152 (87) .29

�-Blocker 769 (62) 24 970 (87) �.001 1691 (69) �.001

Calcium-channel blocker 158 (13) 2140 (7) �.001 299 (12) .56

Digoxin 721 (59) 6648 (23) �.001 1406 (57) .40

Diuretic 921 (75) 17 330 (61) �.001 1840 (75) .97

Statin 776 (63) 21 732 (76) �.001 1627 (66) .06
Abbreviations: ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; CABG, coronary-artery bypass graft procedure; ICD, implantable cardioverter-defibrillator; IQR,

interquartile range; MADIT-II, Multicenter Automatic Defibrillator Implantation Trial II; NYHA, New York Heart Association; PCI, percutaneous coronary intervention.
SI conversion factors: To convert blood urea nitrogen to mmol/L, multiply by 0.357; creatinine to �mol/L, multiply by 88.4.
aMADIT-II–like patients.
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(Table 3 and FIGURE 2). The survival of
SCD-HeFT–like patients in the ICD
Registry was significantly better than
the survival of SCD-HeFT patients ran-
domized to placebo (3-year mortality
rates: 17.3% vs 22.4%; adjusted regis-
try vs SCD-HeFT HR, 0.82; 95% CI,
0.70-0.96; P=.01).

MADIT-II Patients 65 Years and
Older. Limiting the analysis to pa-
tients within the matched data sets who
were 65 years and older, there was no
significant difference in survival be-
tween MADIT-II–like patients in the
ICD Registry and MADIT-II patients
randomized to receive an ICD (2-year
mortality rates: 16.5% vs 19.8%; ad-
justed registry vs MADIT-II HR, 1.02;
95% CI, 0.78-1.33; P=.88).Compared
with older patients who received medi-

cal therapy in MADIT-II , older
MADIT-II–like patients in the ICD Reg-
istry had significantly better survival (2-
year mortality rates: 16.5% vs 31.5%;
adjusted registry vs MADIT-II HR, 0.65;
95% CI, 0.49-0.85; P=.002).

SCD-HeFT Patients 65 Years and
Older. No significant difference in sur-
vival was observed between SCD-
HeFT–like patients in the ICD Regis-
try and patients randomized to receive
ICD therapy in SCD-HeFT (3-year mor-
tality rates: 21.8% vs 24.8%; adjusted
registry vs SCD-HeFT HR, 1.05; 95%
CI, 0.81-1.36; P=.73) (Table 3). Older
SCD-HeFT–like patients in the regis-
try had significantly better survival than
older patients who received placebo in
SCD-HeFT (3-year mortality rates:
21.8% vs 30.2%; adjusted registry vs

SCD-HeFT HR, 0.76; 95% CI, 0.60-
0.96; P=.02) (Table 3).

COMMENT
Comparing the largest registry of ICD
implants in the United States with 2 piv-
otal primary prevention randomized
clinical trials, we demonstrated that the
adjusted survival of MADIT-II–like and
SCD-HeFT–like patients who re-
ceived a primary prevention ICD in
clinical practice was not significantly
different from the survival of patients
who received an ICD in the clinical
trials but was significantly greater than
the survival of trial patients random-
ized to receive medical therapy only.
Importantly, the generalizability of
these results held even after limiting the
analyses to patients 65 years and older.

Table 2. Baseline Characteristics of Patients in SCD-HeFT vs SCD-HeFT–like Patients in the ICD Registry

Characteristic

Patients in
SCD-HeFT
(n = 1676)

ICD Registry
(n = 53 351)a

P Value
for Difference

From SCD-HeFT
Patients

Matched ICD
Registry Patients,

No. (%)
(n = 3352)a

P Value
for Difference

From SCD-HeFT
Patients

Age, median (IQR) range, y 60 (51-68) 67 (57-75) �.001 59 (51-67) .41

Male sex, No. (%) 1294 (77) 39 599 (74) .005 2611 (78) .58

White race, No. (%) 1283 (77) 41 662 (78) .11 2530 (76) .43

QRS duration, median (IQR), ms 112 (96-140) 106 (94-123) �.001 110 (96-130) .004

Left ventricular ejection fraction, median (IQR), % 25 (20-30) 25 (20-30) �.001 25 (20-30) .50

Mean (SD) 23.7 (6.9) 24.9 (6.4) 23.9 (6.7)

NYHA class, No. (%) �.001 .26

II 1160 (69) 31 975 (60) 2372 (71)

III 516 (31) 21 376 (40) 980 (29)

Ischemic heart disease, No. (%) 884 (53) 36 856 (69) �.001 1760 (53) .87

Prior myocardial infarction, No. (%) 760 (45) 29 507 (55) �.001 1520 (45) .99

Prior CABG, No. (%) 449 (27) 18 896 (35) �.001 895 (27) .94

Prior PCI, No. (%) 344 (21) 18 099 (34) �.001 685 (20) .93

Prior atrial arrhythmias, No. (%) 258 (15) 14 904 (28) �.001 468 (14) .18

Prior ventricular arrhythmias, No. (%) 390 (23) 12 291 (23) .82 801 (24) .63

Systolic blood pressure, median (IQR), mm Hg 118 (106-132) 129 (114-144) �.001 118 (107-131) .55

Blood urea nitrogen, median (IQR), mg/dL 19 (15-26) 20 (15-28) �.001 19 (15-25) .54

Creatinine, median (IQR), mg/dL 1.1 (0.9-1.4) 1.2 (1.0-1.4) �.001 1.1 (0.9-1.3) .55

Diabetes, No. (%) 524 (31) 20 095 (38) �.001 1023 (31) .59

Hypertension, No. (%) 931 (56) 40 413 (76) �.001 1922 (57) .23

Medications at baseline, No. (%)
ACE inhibitor or ARB 1610 (96) 42 189 (79) �.001 3178 (95) .06

�-Blocker 1157 (69) 46 336 (87) �.001 2533 (76) �.001

Calcium-channel blocker 189 (11) 4276 (8) �.001 294 (9) .005

Digoxin 1141 (68) 14 480 (27) �.001 2212 (66) .14

Diuretic 1445 (86) 34 969 (66) �.001 2925 (87) .29

Statin 631 (38) 33 715 (63) �.001 1346 (40) .08
Abbreviations: ACE, angiotensin-converting enzyme; ARB angiotensin receptor blocker; CABG, coronary-artery bypass graft procedure; ICD, implantable cardioverter-defibrillator; IQR,

interquartile range; NYHA, New York Heart Association; PCI, percutaneous coronary intervention; SCD-HeFT, Sudden Cardiac Death in Heart Failure Trial.
SI conversion factors: To convert blood urea nitrogen to mmol/L, multiply by 0.357; creatinine to �mol/L, multiply by 88.4.
aSCD-HeFT–like patients.
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Prior work in other fields has dem-
onstrated that it is often challenging to
generalize the findings from random-
ized clinical trials to clinical prac-

tice.5-11 Our study found that patients
receiving ICDs in clinical practice were
significantly older and had more co-
morbidities than those enrolled in the

randomized clinical trials. The rates of
use of cardiac medications were also sig-
nificantly different between the groups.
After adjusting for these differences
with propensity score matching and
Cox proportional hazards models, we
found no significant difference in sur-
vival between MADIT-II–like patients
in the ICD Registry and patients ran-
domized to ICD therapy in MADIT-II
and significantly better survival than pa-
tients randomized to medical therapy
in MADIT-II.

However, there was an appreciable dif-
ference in survival between MADIT-II
patients who received medical therapy
and MADIT-II–like patients in the ICD
Registry that appeared early and contin-
ued during follow-up (Figure 2). Al-
though the improved survival among the
MADIT-II–like patients in the registry is
likely due to the ICD, other additional
factors may have played a role. Such fac-
tors include the (slightly) lower blood

Figure 1. Unadjusted Kaplan-Meier Curves for Survival Among MADIT-II Patients and
MADIT-II–like Patients in the ICD Registry
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Patients compared were MADIT-II–like patients in the ICD Registry, MADIT-II patients randomized to ICD
therapy, and MADIT-II patients randomized to medical therapy (for matched patients only). MADIT-II indi-
cates Multicenter Automatic Defibrillator Implantation Trial-II; ICD, implantable cardioverter-defibrillator.

Table 3. All-Cause Mortality in the Matched Groups

Kaplan-Meier Mortality Rate, % (95% CI)
ICD Registry vs Trial
Patients With ICDs

ICD Registry vs Trial
Patients Receiving
Medical Therapy

Trial-like
Registry
Patients

ICD-Randomized
Trial Patients

Medical
Therapy–Randomized

Trial Patients
Adjusted HR

(95% CI)
P

Value
Adjusted HR

(95% CI)
P

Value

All Patients
MADIT-II

Year 1 7.3 (6.2-8.3) 8.9 (6.7-11.1) 10.2 (7.4-13.1) 1.06 (0.85-1.31) .62 0.73 (0.59-0.92) .007

Year 2 13.9 (12.6-15.3) 15.6 (12.4-18.7) 22.0 (17.6-26.4)

Total deaths, No. 507 105 97

Patients, No. 2464 742 490

SCD-HeFT
Year 1 5.6 (4.8-6.4) 6.2 (4.5-7.8) 5.9 (4.3-7.5) 1.16 (0.97-1.38) .11 0.82 (0.70-0.96) .01

Year 2 11.3 (10.3-12.4) 11.7 (9.5-13.9) 14.5 (12.1-16.9)

Year 3 17.3 (16.0-18.7) 17.4 (14.7-20.0) 22.4 (19.5-25.2)

Total deaths, No. 588 182 244

Patients, No. 3352 829 847

Patients �65 y
MADIT-II

Year 1 9.2 (7.6-10.8) 10.8 (7.5-14.1) 14.1 (9.6-18.7) 1.02 (0.78-1.33) .88 0.65 (0.49-0.85) .002

Year 2 16.5 (14.5-18.5) 19.8 (14.9-24.7) 31.5 (24.6-38.5)

Total deaths, No. 333 70 70

Patients, No. 1306 397 262

SCD-HeFT
Year 1 7.1 (5.6-8.6) 8.8 (5.6-12.1) 7.7 (4.6-10.9) 1.05 (0.81-1.36) .73 0.76 (0.60-0.96) .02

Year 2 14.8 (12.7-16.8) 16.0 (11.8-20.2) 18.7 (14.1-23.2)

Year 3 21.8 (19.2-24.4) 24.8 (19.7-29.9) 30.2 (24.8-35.7)

Total deaths, No. 255 94 107

Patients, No. 1132 294 284
Abbreviations: HR, hazard ratio; ICD, implantable cardioverter-defibrillator; MADIT-II, Multicenter Automatic Defibrillator Implantation Trial II; SCD-HeFT, Sudden Cardiac Death in Heart

Failure Trial.
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urea nitrogen and higher rates of
�-blocker and statin use at baseline in the
registry patients after matching. Al-
though blood urea nitrogen was not sig-
nificantly different between the 2 groups,
it was the strongest (by �2 statistic) fac-
tor in the mortality model, which is why
it likely had an appreciable effect on the
results.

Similarly, we observed no signifi-
cant difference in survival between
SCD-HeFT–like patients in the ICD
Registry and patients randomized to re-
ceive ICD therapy in SCD-HeFT and
significantly better survival than pa-
tients randomized to placebo in SCD-
HeFT. Similar results were found when
the analysis was limited to patients 65
years and older. This is important be-
cause of the potential for a higher risk
of complications from implanting this
device in older patients and the pres-
ence of other competing risks for mor-
tality. These findings underscore the ef-
fectiveness of primary prevention ICD
therapy in clinical practice.

In this analysis, we focused on the fol-
lowing question: when we restrict the
real-world analysis to patients who are
similar to trial patients, is their survival
different? Although this is a narrower
definition of external validity, it is an im-
portant one. Patients enrolled in ran-
domized clinical trials of primary pre-
vention ICD therapy were monitored
carefully over the course of the trials, and
physicians who implanted and fol-
lowed those devices were highly expe-
rienced. This level of care may not oc-
cur in real-world practice. A previous
report using Medicare Claims data found
that only 43% of patients who received
an ICD had an initial follow-up visit
within the recommended 2- to 12-
week window after device implanta-
tion, and approximately 20% of surviv-
ing patients had no follow-up within a
year.16 In another analysis of Medicare
Claims data, there was an association be-
tween a higher risk of procedural com-
plications and a lower volume of ICD im-
plants.17

Therefore, it is reasonable to ques-
tion whether the results of the trials can
be expected in clinical practice.

Through propensity score matching and
adjustment for differences between reg-
istry patients and patients enrolled in
the clinical trials, our matched sample
became similar to patients enrolled in
the clinical trials. This enabled us to ad-
dress the concern that the care of pa-
tients in the highly controlled and
monitored setting of clinical trials com-
promises the external validity of the re-
sults.

One prior retrospective study com-
pared clinical practice patients with an
ICD with clinical practice ICD-
eligible patients with no ICD, using data
from the Organized Program to Initi-
ate Lifesaving Treatment in Hospital-
ized Patients With Heart Failure (OP-
TIMIZE-HF) registry and the Get With
The Guidelines–Heart Failure (GWTG-
HF) registry, as well as long-term out-
come data from Medicare claims files.18

In the 4685 identified patients (mean
age, 75 years), mortality was signifi-
cantly lower among patients who re-
ceived an ICD compared with those
who did not (adjusted hazard ratio,
0.71; 95% CI, 0.56-0.91).18 Our find-
ings support the results of this study and
extend them beyond the Medicare
population.

One of the main purposes of the ICD
Registry, as specified by the Centers for
Medicare & Medicaid Services, was to
define how the characteristics and out-

comes of Medicare beneficiaries receiv-
ing a primary prevention ICD com-
pare with those of patients enrolled in
the primary prevention ICD random-
ized clinical trials. Our analysis pro-
vides important data on the survival of
trial-eligible patients who receive a pri-
mary prevention ICD in routine clini-
cal practice, including patients 65 years
and older.

Our study has several limitations. Be-
cause of appreciable differences in base-
line characteristics between registry and
randomized clinical trial patients, we
were unable to address the question of
how the outcomes of patients receiv-
ing an ICD in randomized clinical trials
compare with the outcomes of all pa-
tients seen in clinical practice. Thus, our
results may not apply to registry pa-
tients who are significantly different
from patients in the clinical trials. The
most valid approach for examining the
effectiveness of ICDs in clinical prac-
tice would be through a clinical trial that
randomizes patients of similar age and
comorbidities to patients seen in clini-
cal practice to an ICD vs no ICD. Pro-
pensity score matching was used to cre-
ate comparable populations. Because of
the exclusion of many patients, our co-
hort may not resemble a true cohort of
patients in real-world practice. We
could not adjust for clinical factors not
captured by the registry nor for un-

Figure 2. Unadjusted Kaplan-Meier Curves for Survival Among SCD-HeFT Patients and
SCD-HeFT–like Patients in the ICD Registry
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Patients compared were SCD-HeFT–like patients in the ICD Registry, SCD-HeFT patients randomized to ICD
therapy, and SCD-HeFT patients randomized to medical therapy only (for matched patients only). SCD-HeFT
indicates Sudden Cardiac Death in Heart Failure Trial; ICD, implantable cardioverter-defibrillator.
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known confounders. Data were col-
lected by medical record review that was
dependent on the accuracy and com-
pleteness of documentation and ab-
straction. Given the limited follow-up
in the clinical trials and the merged ICD
Registry with the Death Master File, we
were unable to examine longer-term
survival.

In addition, excluding recipients of
cardiac resynchronization therapy may
raise concerns about potential funda-
mental differences between our pa-
tient population and patients enrolled
in the trials, as some patients with
NYHA class III symptoms who would
now be eligible for a cardiac resynchro-
nization therapy device were not ex-
cluded from MADIT-II and SCD-
HeFT; however, patients with NYHA
class III symptoms made up only 23%
of the MADIT-II population and 30%
of the SCD-HeFT population, and a
smaller percentage would have quali-
fied for cardiac resynchronization
therapy based on a wide QRS.

CONCLUSIONS
Using the largest registry of ICD
implants in the United States, we
demonstrated that survival among
MADIT-II–like and SCD-HeFT–like
patients who received a primary pre-
vention ICD in clinical practice was
not significantly different from sur-
vival among patients who received an
ICD in those major primary preven-
tion ICD trials but was significantly
greater than trial patients randomized
to receive medical therapy. These find-
ings were observed in the overall stud-
ied population as well as in patients
aged 65 years and older.
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