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ABSTRACT
OBJECTIVES The aim of this study was to determine if the beneﬁt of implantable cardioverter-deﬁbrillators (ICDs)
is modulated by medical comorbidity.
BACKGROUND Primary prevention ICDs improve survival in patients at risk for sudden cardiac death. Their beneﬁt
in patients with signiﬁcant comorbid illness has not been demonstrated.
METHODS Original, patient-level datasets from MADIT I (Multicenter Automatic Deﬁbrillator Implantation Trial I),
MADIT II, DEFINITE (Deﬁbrillators in Non-Ischemic Cardiomyopathy Treatment Evaluation), and SCD-HeFT (Sudden
Cardiac Death in Heart Failure Trial) were combined. Patients in the combined population (N ¼ 3,348) were assessed with
respect to the following comorbidities: smoking, pulmonary disease, diabetes, peripheral vascular disease, atrial ﬁbrillation, ischemic heart disease, and chronic kidney disease. The primary outcome was overall mortality, using the hazard
ratio (HR) of time to death for patients receiving an ICD versus no ICD by extent of medical comorbidity, and adjusted for
age, sex, race, left ventricular ejection fraction, use of antiarrhythmic drugs, beta-blockers, and angiotensin-converting
enzyme inhibitors.
RESULTS Overall, 25% of patients (n ¼ 830) had <2 comorbid conditions versus 75% (n ¼ 2,518) with signiﬁcant
comorbidity ($2). The unadjusted hazard of death for patients with an ICD versus no ICD was signiﬁcantly lower, but
this effect was less for patients with $2 comorbidities (unadjusted HR: 0.71; 95% conﬁdence interval: 0.61 to 0.84)
compared with those with <2 comorbidities (unadjusted HR: 0.59; 95% conﬁdence interval: 0.40 to 0.87). After
adjustment, the beneﬁt of an ICD decreased with increasing number of comorbidities (p ¼ 0.004).
CONCLUSIONS Patients with extensive comorbid medical illnesses may experience less beneﬁt from primary prevention ICDs than those with less comorbidity; implantation should be carefully considered in sick patients. Further study
of ICDs in medically complex patients is warranted. (J Am Coll Cardiol HF 2014;2:623–9) © 2014 by the American College
of Cardiology Foundation.
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S

ABBREVIATIONS
AND ACRONYMS
AF = atrial ﬁbrillation

in

CI = conﬁdence interval
HR = hazard ratio
ICD = implantable
cardioverter-deﬁbrillator

LVEF = left ventricular
ejection fraction

SCD = sudden cardiac death

udden cardiac death (SCD) is a leading
cause

of

death

worldwide,

rates of SCD are substantially higher

patients

with

pre-existing

METHODS

and
Only prospective randomized controlled trials of pri-

structural

mary prevention ICDs compared with no ICDs

heart disease. The implantable cardioverter-

were considered for this analysis. Furthermore,

deﬁbrillator (ICD) has been a major advance-

because we sought to identify if overall treatment

ment in the prevention of SCD. Several

beneﬁt extended to patients with additional comor-

randomized controlled trials have shown a

bidities, trials in which there was no signiﬁcant

signiﬁcantly reduced rate of all-cause mor-

overall treatment beneﬁt were excluded, as were tri-

tality in patients with ICDs (compared with

als without comorbidity data. As such, the CABG

control) across several populations with low

(Coronary Artery Bypass Graft)-Patch Trial and

left ventricular

These

DINAMIT (Deﬁbrillator in Acute Myocardial Infarction

include patients with low LVEF attributable to coro-

Trial) were excluded because they did not show

nary artery disease or nonischemic causes accompa-

signiﬁcant beneﬁt of ICD implantation. The Multi-

nied by symptomatic heart failure as well as

center Unsustained Tachycardia Trial was excluded

patients with clinical sustained or inducible ventricu-

because it did not record many comorbidities (13).

lar tachyarrhythmias (1–5).

Subsequently, patient-level data from 4 major pro-

Subsequent

ejection

analyses

fraction

have

(LVEF).

shown

the

cost-

spective randomized trials of ICDs were combined:

effectiveness of such devices (6,7), and several ana-

MADIT I (Multicenter Automatic Deﬁbrillator Implan-

lyses have attempted to characterize the beneﬁt of

tation Trial I) (1), MADIT II (3), DEFINITE (Deﬁbrillators

ICDs in subpopulations, although without adequate

in Non-Ischemic Cardiomyopathy Treatment Evalua-

power

have

tion) (4), and SCD-HeFT (Sudden Cardiac Death in

assessed comorbidities in isolation and, as such, did

Heart Failure Trial) (5). The amiodarone arm of SCD-

not address the question of the beneﬁt of ICDs in

HeFT was excluded to isolate the treatment effect

patients with several comorbidities, which may exert

of ICDs.

(8–11).

Additionally,

these

studies

competing risks of mortality from alternative causes.

Each of the included studies was a prospective

To date, analyses of such medically complex patients

randomized controlled trial of ICDs versus control,

with ICDs for the prevention of SCD have been limited

including optimal medical therapy. Additionally,

and largely observational (12). Furthermore, sub-

MADIT I required that patients exhibit prior, non-

group analyses of individual randomized trials of

sustained ventricular tachycardia or have inducible

ICDs are inadequately powered to assess beneﬁt in

arrhythmias during electrophysiological testing (1).

these types of patients.

No data on shocks during follow-up, whether appro-

Therefore, we conducted the present study to

priate or inappropriate, were available. Trial details,

assess the treatment effect of ICDs in medically

strength of evidence, and patient population charac-

complex patients in a large combined analysis of 4

teristics of each of the trials are shown in the Online

randomized controlled trials. Our aims were: 1) to

Appendix.

deﬁne the burden of speciﬁc comorbidities in ran-

Patient inclusion criteria were LVEF #35%, either

domized controlled trial populations; 2) to deter-

no prior myocardial infarction or time from myo-

mine whether the mortality beneﬁt of ICDs observed

cardial infarction to randomization >40 days, and

in

sicker

availability of data on important covariates. Patients

patients; and 3) to assess if complications of ICDs

with New York Heart Association functional class IV

were higher in patients with extensive medical

heart failure were excluded. The derivation of the

comorbidities.

study population is shown in Figure 1 and resulted in
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trial

populations

extended
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a ﬁnal cohort of 3,348 patients from 4 clinical trials:
179 from MADIT I, 1,089 from MADIT II, 458 from
DEFINITE, and 1,622 from SCD-HeFT.
Seven comorbidities were selected for assessment
on the basis that they are common, contribute substantially to morbidity and mortality, can be objectively measured, and have readily available data in
clinical trial populations: smoking, ischemic heart
disease, chronic kidney disease, diabetes, pulmonary
disease,

atrial

ﬁbrillation

(AF),

and

peripheral

vascular disease. All patients had left ventricular
systolic dysfunction; however, many did not have
concomitant ischemic heart disease, which poses
a major risk of adverse events. Therefore, it was
included as a medical comorbid condition (i.e., coronary artery disease). Comorbidities were categorized
on the basis of criteria from the primary trial, with the
exception of chronic kidney disease. For consistency
with previous studies, chronic kidney disease was
deﬁned as an estimated glomerular ﬁltration rate
of <60 ml/min/1.73 m 2, as calculated by the Chronic

F I G U R E 1 Derivation of Study Population With Exclusions by Trial

The subgroups do not add up because some patients were excluded for >1 reason.
*Excluding patients randomized to drug treatment. DEFINITE ¼ Deﬁbrillators in NonIschemic Cardiomyopathy Treatment Evaluation; EF ¼ ejection fraction; ICD ¼ implantable
cardioverter-deﬁbrillator; LVEF ¼ left ventricular ejection fraction; MADIT I ¼ Multicenter

Kidney Disease Epidemiology Collaboration equation

Automatic Deﬁbrillator Implantation Trial I; MADIT II ¼ Multicenter Automatic Deﬁbrillator

(14). All conditions were assessed at baseline only.

Implantation Trial II; MI ¼ myocardial infarction; NYHA ¼ New York Heart Association;

The primary endpoint was all-cause mortality at

SCD-HeFT ¼ Sudden Cardiac Death in Heart Failure Trial.

last follow-up. Secondary endpoints included allcause rehospitalization and cause-speciﬁc mortality.
Cause of hospitalization was not available.
STATISTICAL METHODS. The total number of observed

comorbidities for each patient was assessed, and the
study population was subsequently stratiﬁed into
low or high comorbidity groups on the basis of the
median comorbidity count for descriptive purposes.
Baseline characteristics and the distribution of each
comorbid disease were compared between the 2
groups and across treatment assignment (ICD vs.
control). Unadjusted all-cause mortality event rates
were summarized with Kaplan-Meier survival curves,
and differences in survival between ICD recipients
and nonrecipients were assessed with log-rank tests
for each comorbidity group. The use of the observed
count of comorbidities is limited in that it can
implicitly penalize subjects in trials that recorded
more comorbid conditions. To mitigate this limitation, our models for inferential analysis allowed
for imputation of missing comorbid condition values
using empirical frequencies from trials with similar
patient populations. Patients in trials that included
nonischemic cardiomyopathy (DEFINITE, the non-

each other. To combine trial data, we used BayesianWeibull survival regression modeling. Assuming random effects for trial-speciﬁc treatment effects and
for parameters deﬁning trial-speciﬁc baseline hazard
functions, a model including the main effects of
the ICD and the imputed comorbidity count as well
as the multiplicative interaction was ﬁtted. Moreover, our model adjusted for age, sex, race, LVEF,
and use of antiarrhythmic drugs, beta-blockers, and
angiotensin-converting enzyme inhibitors. Statistical
signiﬁcance for the interaction between ICD and
comorbidity was determined when the 2-sided posterior probability of null interaction was <0.05.
Similarly, we examined the secondary endpoint of
rehospitalization with Bayesian logistic regression
modeling. The DEFINITE study was excluded from
the latter analyses because it did not record data
for hospitalizations. All statistical analyses of the
de-identiﬁed data were performed using R version
3.0.1 and WinBUGS version 1.4.3 (15). Detailed descriptions of the statistical and imputation methods
are provided in the Online Appendix.

ischemic subgroup of SCD-HeFT) were used to impute data for each other; in contrast, the remaining

RESULTS

trials (MADIT I, MADIT II, and the ischemic subgroup
of SCD-HeFT) enrolled similar patients and were

STUDY POPULATION. The study population included

used to impute missing data on comorbidities for

3,348 patients: 1,771 treated with an ICD and 1,577

625
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improvement in survival in patients with low co-

T A B L E 1 Comorbidities Included in the Analysis

morbidity (unadjusted hazard ratio [HR]: 0.59; 95%

<2 Comorbidities
(n ¼ 830)

$2 Comorbidities
(n ¼ 2,518)

conﬁdence interval [CI]: 0.40 to 0.87) and to a lesser
extent in patients with extensive comorbid illness

Control
(n ¼ 388)

ICD
(n ¼ 442)

Control
(n ¼ 1,189)

ICD
(n ¼ 1,329)

221 (58)

211 (48)

1,047 (89)

1,165 (88)

proportion of deaths due to arrhythmia were higher

Ischemic heart disease

55 (14)

77 (17)

877 (74)

1,041 (79)

for patients in the control group (40% and 37% of

Chronic kidney disease

15 (6)

17 (6)

484 (46)

524 (43)

deaths with <2 and $2 comorbidities, respectively)

Diabetes

20 (5)

33 (8)

462 (39)

476 (36)

compared with patients in the ICD group (12% and

Pulmonary disease

2 (1)

12 (3)

180 (26)

183 (28)

Atrial ﬁbrillation

6 (2)

8 (2)

97 (14)

103 (16)

22% of deaths with <2 and $2 comorbidities, respec-

Peripheral vascular disease

0 (0)

0 (0)

20 (10)

18 (10)

Smoking

(unadjusted HR: 0.71; 95% CI: 0.61 to 0.84). The

tively). However, hospitalization rates were lowest
in patients with <2 comorbidities who did not receive an ICD (54%) and highest for patients with $2

Values are n (%).
ICD ¼ implantable cardioverter-deﬁbrillator.

comorbidities who received an ICD (74%). Similarly,
adverse event rates were lowest in patients with low
comorbidity not receiving an ICD (0%) and highest

controls. The median follow-up time was 2.6 years.
The median number of observed comorbidities was
2, and for descriptive analyses the population was
subsequently dichotomized into 2 groups: patients
with <2 observed comorbidities (low comorbidity)
and those with $2 observed comorbidities (high
comorbidity). Overall, 830 patients had <2 observed
comorbidities (442 treated with an ICD) and 2,518
had $2 comorbidities (1,329 treated with an ICD).
Rates and distribution of the selected comorbidities
in the present analysis are shown in Table 1. Smoking
was the most common comorbidity, followed by
ischemic heart disease. Rates of AF and peripheral
vascular disease were low overall in this population. Patient-level baseline characteristics, stratiﬁed by extent of comorbidity, are shown in Online
Tables 1 to 4.
OUTCOMES. Without adjusting for additional con-

founders, use of an ICD resulted in signiﬁcant

in patients with high comorbidity receiving an ICD
(21%). Complete unadjusted outcomes are shown in
Online Tables 1 to 4.
Unadjusted and adjusted absolute differences in
mortality are shown in Table 2. The Bayesian posterior probability suggested signiﬁcant interaction
between use of an ICD and level of comorbid disease on all-cause mortality (pinteraction ¼ 0.004),
but no such effect was detected for hospitalization
(p interaction¼ 0.23). Kaplan-Meier curves for each comorbidity group, stratiﬁed by ICD use, are shown
in Figure 2. When measured on a discrete scale,
after adjustment, increasing comorbidity was associated with decreasing treatment beneﬁt from an ICD
(p ¼ 0.004) (Figure 3).
SENSITIVITY ANALYSES. To further test the robust-

ness of our ﬁndings, sensitivity analyses were performed. These include extreme imputation cases for
missing comorbidities (all patients had comorbidity,
no patients had comorbidity), which resulted in
ﬁndings consistent with the primary analysis (Online
Tables 5 and 6).

T A B L E 2 Unadjusted and Adjusted Survival Differences Between ICD and

DISCUSSION

Control Groups at 5 Years by Number of Comorbidities
Unadjusted

No. of
Comorbidities

Median
Survival Difference
(ICD – Control)

0

Adjusted

Our analysis highlights the importance of medical

95% CI

Median
Survival Difference
(ICD – Control)

95% CI

at high risk for SCD; the burden of concomitant illness

0.11

(0.05 to 0.17)

0.13

(0.06 to 0.19)

in this population of patients is not low. In addition

1

0.12

(0.07 to 0.18)

0.13

(0.07 to 0.19)

to their severe cardiovascular pathology, many pa-

2

0.13

(0.08 to 0.18)

0.13

(0.08 to 0.18)

tients have competing risks of morbidity and mor-

3

0.11

(0.06 to 0.16)

0.11

(0.06 to 0.15)

4

0.06

(0.01 to 0.14)

0.06

(0.00 to 0.14)

5

0.00

(0.13 to 0.12)

0.00

(0.10 to 0.12)

6

0.06

(0.19 to 0.07)

0.05

(0.18 to 0.09)

comorbidities in patients with cardiovascular disease

tality from diseases of other organ systems. These
patients with relatively higher comorbidity may not
derive the same beneﬁt from an ICD. Additionally,
there is a numeric excess of hospitalization in

No patient had all 7 comorbidities. Posterior probability of interaction between treatment and comorbidity,
p < 0.01 (unadjusted and adjusted).
CI ¼ conﬁdence interval; ICD ¼ implantable cardioverter-deﬁbrillator.

patients with additional comorbidity.
These data have important implications for the
application of clinical trial data to daily practice.
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Nontrial patients may have a higher burden of
illness than the patients with higher comorbidity in
the present analysis (16). These differences were
highlighted in a recent analysis from the National
Cardiovascular Data Registry for ICD implantation,
which compared those patients with 2 unrestricted
trial populations (17). They showed that older patients with more comorbid illnesses were receiving
ICDs in clinical practice as compared with those enrolled in the clinical trials (SCD-HeFT and MADIT II).
Although the patients in the registry who were
matched to ICD recipients in the trials had equivalent outcomes, it remains unclear if patients with
a higher burden of disease in clinical practice
derive the same beneﬁt. Our analysis suggests that
the beneﬁt of an ICD in such patients may be
F I G U R E 2 Kaplan-Meier Curves for All-Cause Mortality by Treatment Group

attenuated.
Prior data have shown the substantial risk of mortality in patients with an ICD who have concomitant

(Stratiﬁed by Comorbidity Group) and Unadjusted HRs

CI ¼ conﬁdence interval; HR ¼ hazard ratio; other abbreviations as in Figure 1.

noncardiac disease. In an observational study of 2,467
patients undergoing ICD implantation in Ontario,
Canada, Lee et al. (18) followed up patients for up to
2 years. They found signiﬁcantly increased rates of
all-cause mortality in patients with congestive heart
failure,

peripheral

vascular

disease,

pulmonary

disease, and/or kidney disease. Similarly, a U.S.
population–based study found a 1-year mortality rate
of 21% in patients undergoing ICD implantation with 2
or more high-risk features (age older than 80 years,

treatment effect was attenuated in the high comorbidity group and the HR for beneﬁt of ICD implantation decreased as the number of comorbidities
increased (Table 2, Figure 3).
Our data on cause-speciﬁc mortality suggest that
in patients with high comorbidity, the competing

history of AF, creatinine level >1.8 mg/dl, or New
York Heart Association functional class III or IV) (19).
However, these cohorts did not provide insight into
the incremental beneﬁt, if any, of ICD use in these
sicker patients.
Such an analysis was performed by Chan et al.
(12) in an observational study matching 494 ICD recipients to similar patients who did not receive ICDs.
Using multivariable Cox regression techniques, they
concluded that ICD implantation should not be
withheld from patients with increased comorbidities
(counting those similar to the ones in the present
analysis). However, this analysis had some limitations, most importantly that ICD use was not randomized and there was likely residual unmeasured
confounding. Furthermore, their analysis showed an
attenuation of ICD beneﬁt as the number of comorbidities increased (adjusted HR: 0.89; 95% CI: 0.55
to 1.45 for ICD beneﬁt in patients with a comorbidity

F I G U R E 3 Results Assessing Beneﬁt of an ICD (vs. Control)

score $3; n ¼ 195). Our study provides stronger

in Patients With Increasing Number of Comorbidities

data from a population randomly assigned to ICDs,
showing that survival beneﬁt is questionable in

Models were adjusted for age, sex, race, left ventricular ejection
fraction, and use of antiarrhythmic drugs, beta-blockers,

patients with extensive comorbidity. Additionally,

and angiotensin-converting enzyme inhibitors. Abbreviation

these results are independent of assessment of

as in Figure 1.

comorbidity level; in dichotomization (<2 vs. $2),
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risk of nonsudden death may outweigh the beneﬁt

the trials; therefore, there may be other illnesses

of ICD protection from sudden death. At the very

conferring competing risk of nonsudden death that

least, the incremental beneﬁt of the ICD is diminished

we have not captured. Moreover, among the set of

in this population, because these data also suggest

comorbid conditions used in our analysis, a number

higher rates of hospitalization and adverse events

were not available in all trials. In our analysis, we

in medically complex patients. Although limited

imputed the missing comorbid condition assuming

in power, the results of these secondary endpoints

that frequencies are similar between trials with

are consistent with the primary analysis; patients

similar patient populations. Similarly, patient-level

with additional comorbidities are likely at particular

data on shocks or other tachyarrhythmia therapies

risk for adverse outcomes other than sudden death,

were not available. Lastly, these data are derived

and additional data on safety and effectiveness are

from randomized trials in a primary prevention

needed to optimally deﬁne the beneﬁt (if any) of

setting; as such, this may limit generalizability

ICD use in these patients.

to clinical practice, and they cannot be extended to

STUDY LIMITATIONS. The analysis in this study was

patients considered for secondary prevention ICDs

performed on the basis of a combined population

(although preliminary data suggest the effect may be

from several randomized controlled trials. Although

consistent) (20).

this presents advantages, there are some limitations.
We did not assign different weights to each comorbid

CONCLUSIONS

illness. There are several reasons for this. First, there
are subtle differences in the deﬁnitions among the

Many patients eligible for a primary prevention ICD

different trials, complicating comparisons across tri-

have extensive concomitant morbidities that may

als. Second, variability in severity likely exists within

attenuate the survival beneﬁt of primary prevention

each diagnosis, such that assigning different values to

ICDs. The decision to implant an ICD for primary

different diseases would exacerbate such heteroge-

prevention in patients with high comorbid illness

neity. For example, prior data have suggested vari-

should be weighed against the risk of the patient’s

able beneﬁt from an ICD across the spectrum of

other diseases. Further data are needed on the

chronic kidney disease (11). The use of a single HR

real-world outcomes of medically complex patients

overall may not be accurate for all patients with an

receiving ICDs.

ICD. However, we believe that weighting such diagnoses would make it difﬁcult to derive meaningful
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