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ABSTRACT
OBJECTIVES The purpose of this study was to assess the beneﬁt of primary prevention implantable cardioverter
deﬁbrillators (ICDs) in women.
BACKGROUND Clinical trials of primary prevention ICDs enrolled a limited number of women.
METHODS Using a propensity score method, we matched 490 women $65 years of age who received an ICD during a
hospitalization for heart failure in the National Cardiovascular Data Registry ICD Registry from January 1, 2006, through
December 31, 2007, to 490 ICD-eligible women without an ICD hospitalized for heart failure in the Get With The
Guidelines for Heart Failure database from January 1, 2006, through December 31, 2009. The primary endpoint was
all-cause mortality obtained from the Medicare Claims Database. An identical analysis was conducted in men.
RESULTS Median follow-up for patients with an ICD was 4.6 years versus 3.2 years for patients with no ICD. Compared
with women with no ICD, those with an ICD were younger and less frequently white. In the matched cohorts, the survival
of women with an ICD was signiﬁcantly longer than that of women without an ICD (adjusted hazard ratio: 0.79, 95%
conﬁdence interval: 0.66 to 0.95; p ¼ 0.013). Similarly, men with an ICD had longer survival than men without an ICD
(adjusted hazard ratio: 0.73, 95% conﬁdence interval: 0.65 to 0.83; p < 0.0001). There was no interaction between sex
and the presence of an ICD with respect to survival (p ¼ 0.44).
CONCLUSIONS Among older women with left ventricular dysfunction, a primary prevention ICD was associated with a
signiﬁcant survival beneﬁt that was nearly identical to that seen in men. These ﬁndings support the use of primary
prevention ICDs in eligible patients regardless of sex. (J Am Coll Cardiol HF 2015;3:159–67) © 2015 by the American
College of Cardiology Foundation.
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ABBREVIATIONS
AND ACRONYMS

andomized clinical trials demonstra-

METHODS

ting a beneﬁt of primary prevention
implantable cardioverter-deﬁbrillators

DATA SOURCES. Data for this investigation were ac-

(ICDs) comprised only 10% to 30% women

quired from 3 sources: the NCDR ICD Registry, the

(1–4). This lack of trial information, in part,

GWTG-HF database, and the Centers for Medicare &

led some to question whether primary

Medicaid Services (CMS). The NCDR ICD Registry and

prevention ICDs are beneﬁcial in women;

the GWTG-HF database have been described previ-

however, ICD recommendations in practice

ously (7,20,21). The ICD Registry was launched in

resynchronization therapy

guidelines make no distinction between

2005 by the American College of Cardiology and the

GWTG = Get With The

women and men (5,6). Studies have subse-

Heart Rhythm Society to meet a CMS mandate that

Guidelines

quently demonstrated substantially lower

requires submission of data on all Medicare beneﬁ-

HF = heart failure

use of primary prevention ICDs in women

ciaries receiving a primary prevention ICD, but a large

HR = hazard ratio

seen in clinical practice (7,8). This disparity

majority of participating hospitals submit data on all

HRS = Heart Rhythm Society

is likely multifactorial and may be in part

ICD implants. Data are submitted to the ICD Registry

ICD = implantable

caused by the lack of deﬁnitive data on the

via a secure website and then undergo rigorous

cardioverter-deﬁbrillator

survival beneﬁt of ICDs in women. Indeed,

electronic quality checks. Formal auditing demon-

LVEF = left ventricular ejection

various retrospective and post-hoc analyses

strates that data within the NCDR accurately repre-

fraction

of existing trial data have produced conﬂict-

sent data from medical charts (22). In the most

NCDR = National

ing results (9–14).

recently available audit data, the raw accuracy of data

AHA = American Heart
Association

CI = conﬁdence interval
CMS = Centers for Medicare
and Medicaid Services

CRT = cardiac

Cardiovascular Data Registry

A Canadian registry–based study of a

abstraction for the ICD Registry was 91.2%.

combined primary and secondary prevention ICD

The GWTG program began in 2000 as a voluntary

population demonstrated a wide sex differential in

data collection and hospital-based quality improve-

referrals for ICD but similar survival rates among men

ment initiative. The HF module originated in March

and women with an ICD (15). In addition, a recent

2005 (23). Data quality is monitored via automated

single-center study matched men and women with

checks and site visits to ensure completeness and

ICDs by propensity score and found that mortality

accuracy; only fully participating hospital sites are

beneﬁt was similar (16). Other comparisons of the

used in the analyses. Formal auditing of sample re-

mortality beneﬁt associated with ICDs between men

cords showed a very high data quality against med-

and women have reached similar conclusions (17,18).

ical record sources (24). Quintiles Inc. (Durham,

However, to date, there has been no large multicenter

North Carolina) serves as the data collection (through

analysis comparing survival in eligible women with

their Patient Management Tool [PMT]) and coordi-

and without a primary prevention ICD. Although

nation center for the AHA/American Stroke Associa-

ideally one would conduct an adequately powered

tion GWTG programs. The Duke Clinical Research

randomized clinical trial to address this speciﬁc

Institute (Durham, NC) serves as the data analysis

question, such a trial is highly unlikely because of the

center and has an agreement to analyze the aggre-

associated cost and ethical challenges.

gate deidentiﬁed data for research purposes. Data

Therefore, this analysis of women in the National

include demographic and clinical characteristics,

Cardiovascular Data Registry (NCDR) and American

comorbidities, previous therapies and interventions,

Heart Association (AHA) Get With The Guidelines–

contraindications to evidence-based therapies, and

Heart Failure (GWTG-HF) database was conducted to

in-hospital outcomes. Data on ICD therapy include

examine the survival difference between women with

whether an ICD was present on admission, was

a primary prevention ICD and eligible women with no

implanted during the index hospitalization, or was

ICD. Indeed, one of the primary goals of the NCDR is

planned after hospital discharge; contraindications

to determine whether the randomized controlled trial

to ICD therapy; and any reason documented by a

ﬁndings can be applied to subpopulations of interest,

physician for not implanting an ICD during the index

including women (19).

hospitalization. Patients enrolled in the GWTG-HF
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After the above exclusions, qualifying records were
then matched with enrollment ﬁles and inpatient

Medicare data include inpatient and outpatient

claims from the CMS data to identify unique patients

claims and the corresponding denominator ﬁles for

as described above. These ﬁles included information

2005 through 2011. We linked the registry data to

on all fee-for-service Medicare beneﬁciaries 65 years

Medicare claims data using a validated method that

of age or older who were hospitalized for a diagnosis of

uses combinations of indirect identiﬁers (26).

HF (International Classiﬁcation of Diseases-Ninth
Revision-Clinical Modiﬁcation 428.x, 402.x1, 404.x1,

STUDY POPULATION. The ICD group (from the Reg-

and 404.x3). Patient data in the registries were merged

istry) consisted of all women who received a primary

with Medicare Part A inpatient claims, with matching

prevention ICD during a hospitalization for HF from

by admission and discharge dates, date of birth,

January 1, 2006, through December 31, 2007, who

sex, and hospital. Of the 3,567 hospitalizations of

were $65 years of age and whose primary insurance

patients $65 years of age, we matched 3,386 to fee-for-

was Medicare (n ¼ 3,195). We excluded records of pa-

service Medicare claims. Only the ﬁrst hospitaliza-

tients with no documented left ventricular ejection

tion for each patient among matching records was

fraction (LVEF) (n ¼ 23) and patients with a contrain-

selected; for patients who appeared in both registries,

dication to an ICD (n ¼ 1,245), including recent onset of

the ICD Registry record was retained. As a result, our

HF, recent myocardial infarction or coronary artery

analysis included 3,171 unique Medicare patients, 496

bypass grafting, or class IV HF symptoms. We further

in the ICD Registry, and 2,675 in GWTG-HF.

excluded patients with an LVEF >35% (n ¼ 50) and

The same process was used to obtain a study

patients who received a secondary prevention ICD

sample of men. The initial group of men from the

(i.e., implanted for ventricular ﬁbrillation, sponta-

Registry included all men who received a primary

neous sustained ventricular tachycardia, or inducible

prevention ICD during a hospitalization for HF from

sustained ventricular tachycardia on electrophysio-

January 1, 2006, through December 31, 2007, who

logical testing; n ¼ 79), an ICD with cardiac resyn-

were at least 65 years of age and whose primary in-

chronization therapy (CRT) (n ¼ 1,129), or device

surance was Medicare (n ¼ 7,129). Exclusions were

replacements (n ¼ 22). After these exclusions, 647 re-

applied in the same manner as for women (n ¼ 1,373).

cords remained from the ICD Registry group.

The initial group of men from GWTG-HF included

The initial group without ICDs (from GWTG-HF)

men hospitalized for HF from January 2, 2005,

included women in the GWTG-HF database hospital-

through December 31, 2009, who did not receive an

ized for HF from January 1, 2005 through December

ICD and were at least 65 years of age and whose

31, 2009, who did not receive an ICD and were $65

primary insurance was Medicare (n ¼ 18,976). After

years of age and whose primary insurance was

exclusions as above, 3,856 records remained for men.

Medicare (n ¼ 26,273). Patients who received an ICD

After matching, 4,527 unique male patients remained,

at any point during the time period containing the

including 1,064 from the Registry and 3,463 from

ICD implants used in this analysis (2006 to 2007) and

GWTG-HF.

who were recorded in the Registry were counted in
the group with ICDs rather than GWTG-HF (n ¼ 6). We
excluded from the analysis records of patients who
had new-onset HF (n ¼ 2,450); patients with no
documented LVEF (n ¼ 4,603) or whose LVEF was
>35% (n ¼ 14,484); patients who left against medical
advice (n ¼ 17); patients transferred to another acute
care facility (n ¼ 119); and patients discharged to
hospice, a skilled nursing facility, or a rehabilitation

OUTCOMES. All-cause mortality was the primary

outcome. Medicare claims data through December 31,
2011, were used to determine vital status. Patients
with no record of death in the claims data were
considered alive as of December 31, 2011, or the date
on which the patient was no longer enrolled in Part A
and Part B fee-for-service Medicare, whichever came
ﬁrst.

center (n ¼ 1,611). We also excluded records of pa-

STATISTICAL

tients with a contraindication or other reason docu-

characteristics of women with and without ICDs using

mented by a physician for not receiving an ICD,

the chi-square test for categorical variables and the

including recent onset of HF, recent myocardial

Wilcoxon rank sum test for continuous variables.

infarction or coronary artery bypass grafting, class IV

Summary statistics are reported as percentages for

HF symptoms, and no reasonable expectation of

categorical variables and as medians and 25th and

survival for at least 1 year (n ¼ 519). After these ex-

75th percentiles for continuous variables. Any vari-

clusions, 2,920 records remained for analysis from the

ables with missing values in $15% of patients in either

GWTG-HF group.

group were excluded from further consideration in

ANALYSIS. We

compared

baseline
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T A B L E 1 Baseline Characteristics for Women in the ICD Registry and GWTG-HF Registry

All Women Qualifying for Analysis
Baseline
Characteristic

Age, yrs
White race
LVEF, %

GWTG-HF
(n ¼ 2,675)

80 (73, 85)
76% (2,010)
28 (20, 32)

1:1 Matched Women

Registry
(n ¼ 496)

% Standardized
Difference

p Value

75 (71, 80)

55

<0.0001

15

0.0020

49

<0.0001

70% (346)
25 (20, 30)

Ischemic heart disease

64% (1,721)

61% (303)

7

Prior atrial arrhythmia

31% (823)

39% (192)

17

0.17

GWTG-HF
(n ¼ 490)

75 (71, 80)
72% (346)
25 (20, 30)

Registry
(n ¼ 490)

% Standardized
Difference
p Value

75 (71, 80)
70% (342)
25 (20, 30)

0

0.93

5

0.46

4

0.52

64% (312)

61% (301)

5

0.47

0.0006 38% (185)

38% (187)

1

0.90

3

0.54

32

<0.0001

Diabetes

40% (1,082)

48% (239)

16

0.0014

46% (227)

48% (236)

4

0.56

Hypertension

74% (1,982)

85% (422)

28

<0.0001

85% (418)

85% (416)

1

0.86

Systolic BP, mm Hg

138 (120, 156)

130 (112, 147)

131 (116, 148)

130 (113, 147)

ACE inhibitor or ARB

73% (1,947)

72% (355)

1

0.83

74% (361)

73% (353)

2

0.75

Beta blocker

84% (2,245)

87% (427)

9

0.082

87% (426)

87% (421)

0

0.95

<0.0001

Calcium channel blocker

18% (417)

8% (38)

31

7% (31)

8% (38)

1

0.85

Digoxin

32% (752)

33% (162)

2

0.73

32% (136)

33% (160)

2

0.77

Diuretic

84% (2,031)

83% (406)

3

0.58

84% (371)

83% (401)

4

0.50

Statin

33% (864)

54% (267)

44

<0.0001

54% (258)

54% (261)

0

0.99

Values are median (25th, 75th percentiles) and are compared with Wilcoxon rank sum tests or % (n) and are compared with Pearson chi-square tests. The standardized difference is the absolute difference in means (or proportions) divided by the average standard deviation.
ACE ¼ angiotensin-converting enzyme inhibitor; ARB ¼ angiotensin II receptor blocker; BP ¼ blood pressure; GWTG-HF ¼ Get With The Guidelines for Heart Failure;
ICD ¼ implantable cardioverter-deﬁbrillator; LVEF ¼ left ventricular ejection fraction.

the analysis. The standardized difference between

been met. Risk relationships are expressed as hazard

groups for each variable was deﬁned as the absolute

ratios (HRs) with 95% conﬁdence intervals (CIs)

value of the difference in group means or proportions,

within the subgroups of women and men, derived

divided by the average standard deviation and ex-

from the Cox model. The interaction term tests

pressed as a percentage.

whether these 2 HRs are different. Mortality rates at

Baseline characteristics of patients with and with-

1 and 3 years are presented both as unadjusted

out ICDs were expected to be quite different; this was

Kaplan-Meier estimates and as adjusted rates derived

conﬁrmed with preliminary examination of the data.

from the Cox model. Differences were declared to be

Therefore, a matching process was planned and

statistically signiﬁcant at p < 0.05, and all statistical

employed using the Rosenbaum and Rubin method to

tests were 2-sided. For all analyses, SAS version 9.2

derive a set of patients without ICDs similar to the

(SAS Institute) was used.

sample of patients with ICDs (the smaller group)
(27). After accounting for missing values, propensity

RESULTS

models were built for men and women using baseline
characteristics deemed to be potentially clinically

BASELINE CHARACTERISTICS. The baseline charac-

signiﬁcant, then patients with ICDs were matched 1:1

teristics of patients from the ICD Registry and GWTG-

to patients without ICDs (Online Appendix).

HF

database

(patients

without

an

ICD)

before

A Cox proportional hazards model was used to

matching are shown in Table 1. Compared with

evaluate the association of the presence of an ICD

women in the group with ICDs, women in the group

with the risk of all-cause mortality among the

without ICDs were older and more frequently white.

matched patients. The model included all women

Diabetes, hypertension, and atrial arrhythmias were

and men, a term for sex, and a term for the inter-

less common in the group without ICDs before

action between sex and presence of an ICD. The

matching. The patients with ICDs had a lower LVEF

model also contained as covariates all baseline

and a lower systolic blood pressure. Rates of medical

variables used in the matching model, to control for

therapy with calcium channel blockers and statins

any residual confounding, and was stratiﬁed by

also differed between groups.

quartile of propensity score. A robust sandwich

Baseline characteristics in men for a similar analysis

variance estimator was used in the Cox models to

were different before matching (Online Table). Men

account for correlation among patients at the same

without ICDs were older and more frequently white;

hospital. The proportional hazards assumption for

they had different prevalences of diabetes and hy-

the ICD term was assessed and determined to have

pertension. Rates of medical therapy with calcium
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channel blockers, diuretic agents, and statins also

F I G U R E 1 Standardized Differences in Baseline Characteristics of Women

differed between the 2 groups.

Before and After Matching

After matching, the group characteristics became
similar for women and men. Baseline characteristics
in the matched groups are shown in Table 1 and Online
Table, respectively. The <10% absolute standardized
difference in all included variables indicates that our
matching was similarly effective for men and women
(Figure 1, Online Table). On average, matched women
were 75 years of age, and most were white. Mean
LVEF was 25%, and the cause of HF was ischemic in
two-thirds of the patients. Most patients were undergoing guideline-recommended medical therapy
for HF, including beta-blockers (87% vs. 87%) and
angiotensin-converting enzyme inhibitors or angiotensin II receptor blockers (74% vs. 73%). The proportions of patients in each group with diabetes,
hypertension, and/or history of atrial arrhythmia
were not different. A similar analysis of baseline
characteristics in men before and after matching was
performed (Online Table). At a signiﬁcance level of
Before propensity score matching, the groups of women with and without an implantable

0.05, no measured variable was signiﬁcantly different

cardioverter-deﬁbrillator differed by more than 10% on 9 variables. After matching, these

between groups for men or women. The c-index was

groups became more similar, with less than a 10% standardized difference on all included

0.78 for the propensity model in both men and

variables. (Only variables used in propensity model and matching are included. Values

women.

imputed for the purpose of the matching process are omitted.) ACE-i/ARB ¼ angiotensinconverting enzyme inhibitor/angiotensin II receptor blocker; BP ¼ blood pressure;
Ca blocker ¼ calcium channel blocker; EF ¼ ejection fraction; Hx AF ¼ history of

MORTALITY. During a median follow-up of 4.6 years,

atrial ﬁbrillation.

286 matched women with ICDs died, and during a
median follow-up of 3.1 years, 273 matched women
without ICDs died (Table 2). For men with ICDs, during a median follow-up of 4.4 years, 582 matched
men died, and 601 matched men without ICDs died
during a median follow-up of 3 years (Table 2). As
Table 2 and Figures 2 and 3 demonstrate, the mortality
difference between the 2 groups of women was
evident early, with adjusted mortality at 1 year of

patients in their late 60s to patients in their 70s. We
further tested for a 3-way interaction between sex,
age (by tertile), and the presence of an ICD in relation
to

mortality

risk.

This

showed

no

interaction

(p ¼ 0.55).

DISCUSSION

21.7% in the patients with ICDs and 28.3% in the patients without ICDs, and this difference was main-

In this analysis, we found that among older women

tained throughout the course of follow-up, with

with depressed LVEF hospitalized for HF, implanta-

adjusted mortality at 3 years of 44.3% in the group

tion of a guideline-supported primary prevention ICD

with ICDs and 54.5% in the group without ICDs

was associated with a signiﬁcant survival advantage,

(Figures 2 and 3). Overall, the hazard of mortality in

similar in magnitude to that seen in men. The

women with an ICD was signiﬁcantly lower than that

adjusted HR for mortality in the group with ICDs

of matched patients without an ICD (HR: 0.79, 95% CI:

compared with the group without ICDs in our study

0.66 to 0.95; p ¼ 0.013). Likewise, men with an ICD (in

was 0.79 for women and 0.73 for men. These adjusted

the ICD Registry) had a signiﬁcantly lower risk of

HRs are consistent with results observed in random-

death than matched men with no ICD (in the GWTG

ized clinical trials that support the use of primary

database; HR: 0.73, 95% CI: 0.65 to 0.83; p < 0.0001)

prevention ICDs in HF patients (1,4). Unlike what was

(Table 2). A test for interaction suggested no interac-

observed in those clinical trials, in our study, the

tion of sex with the presence of an ICD in relation to

survival curves for women with an ICD versus women

mortality risk (p ¼ 0.44).

with no ICD separated early, likely because of the

Outcomes were examined by age tertile (Table 3).

higher event rates in our population (1,2). Indeed,

Tertile cutoffs were slightly different for men and

the mortality rates in follow-up of both groups

women, reﬂecting a small shift in women from

in this analysis were higher than those seen in
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T A B L E 2 Results of Mortality Analyses of ICD Use in Eligible Women and Men

Women

Men

ICD (Registry)

No ICD (GWTG-HF)

ICD (Registry)

No ICD (GWTG-HF)

490

490

983

983

N
Follow-up duration among survivors, yrs
Median

4.6

3.1

4.4

3.0

4.0, 5.1

2.0, 4.3

2.5, 5.0

2.1, 4.1

0.027, 5.8

0.014, 6.9

0.014, 6.0

0.030, 6.6

286

273

582

601

Mortality rate (95% CI) at 1 yr

23.7% (20.1–27.8)

27.4% (23.6–31.6)

22.8% (20.3–25.6)

30.1% (27.3–33.1)

25th, 75th percentiles
Minimum, maximum
Total deaths
Mortality rate (95% CI) at 3 yrs

46.0% (41.5–50.7)

53.8% (49.1–58.6)

47.0% (43.8–50.3)

56.9% (53.6–60.2)

Mortality rate (95% CI) at 3 yrs among 1-yr survivors

29.2% (24.7–34.4)

36.4% (31.1–42.3)

31.3% (28.0–35.0)

38.3% (34.5–42.5)

Adjusted mortality rate at 1 yr

21.7% (21.2–22.2)

28.3% (27.7–28.8)

23.5% (23.2–23.9)

30.5% (30.1–31.0)

Adjusted mortality rate at 3 yrs

44.3% (43.5–45.1)

54.5% (53.7–55.3)

47.3% (46.7–47.9)

57.7% (57.1–58.3)

Adjusted HR (95% CI) for ICD vs. no ICD

0.79 (0.66–0.95)

p Value for HR
p Value for interaction of sex with ICD

0.73 (0.65–0.83)
<0.0001

0.013
0.44

CI ¼ conﬁdence interval; GWTG-HF ¼ Get With The Guidelines for Heart Failure; HR ¼ hazard ratio; ICD ¼ implantable cardioverter-deﬁbrillator.

randomized clinical trials. There are several potential

analysis were, on average, more than 10 years older

explanations for this ﬁnding. All patients in this

than those studied in randomized clinical trials. This

analysis were necessarily identiﬁed on the basis of an

is why we looked for an interaction between age, sex,

HF hospitalization, a well-established marker of poor

and ICD, which was not signiﬁcant. This high p value

health with a related increase in mortality in Medi-

supports the conclusion that if an interaction exists

care beneﬁciaries (28). In addition, the cohorts in our

between age and the presence of an ICD in relation to
mortality risk, it is consistent across sexes.
The age distribution in our analysis accurately re-

F I G U R E 2 Unadjusted Kaplan-Meier Estimates of Mortality for Women

With and Without an ICD

ﬂects clinical practice. A report of the NCDR ICD
Registry from 2010 and 2011 revealed that the average
age of ICD recipients was 67.3  13 years (including
adult and pediatric patients). When examined by age
decile, the largest group was those 70 to 79 years of
age, who constituted 30.2% of all those who received
implants (29). Moreover, patients undergoing primary
prevention ICD implantation in clinical practice are
known to have a higher burden of comorbidities than
their counterparts in randomized controlled trials,
especially when performed in the setting of an unplanned hospitalization (30,31). Therefore, the baseline mortality risk in our analysis was relatively high
compared with that observed in randomized clinical
trials, and the appropriateness of ICD implantation
must be carefully considered on an individual basis.
Retrospective examination of the subgroup of
women enrolled in randomized clinical trials of primary prevention ICDs has not shown a mortality
beneﬁt. A 2009 meta-analysis that pooled data from 5
studies with a total of 934 women concluded that

The unadjusted cumulative risk of death in women with an implantable cardioverter-

women derived no mortality beneﬁt from primary

deﬁbrillator (ICD) was less than that of women without an ICD. This difference was evident

prevention ICDs (10). A second meta-analysis of pri-

at 1 year and persisted throughout the course of follow-up.

mary prevention ICD trials came to a similar conclusion; although the hazard of death was lower in

Zeitler et al.
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women with ICDs, the result was not statistically
signiﬁcant (13). However, subsequent retrospective

ICDs in Women

F I G U R E 3 Adjusted Mortality Rates for Women With and Without an ICD

studies and subgroup analyses have contradicted this
ﬁnding (17,18). Although this controversy may have
contributed to lower rates of ICD implantation in
women relative to men in clinical practice (32), higher
LVEF and older age in women than men with HF are
more likely reasons for this difference. Indeed, the
beneﬁt of primary prevention ICDs in women has
generally been assumed, and there has been insufﬁcient equipoise to justify a clinical trial that randomizes women to an ICD versus no ICD. In the
absence of such a trial, comparative effectiveness
research such as ours could help inform clinical decision making.
Clinical trials are frequently underpowered to
establish an effect in women. Ideally, the use of ICDs
in women for primary prevention in HF would be
supported by rigorously collected data from randomized clinical trials. However, randomized clinical
trials establishing the beneﬁt of primary prevention

After multivariable adjustment for baseline characteristics listed in Table 1, the cumulative

ICDs have enrolled insufﬁcient women to establish

risk of death in women with an implantable cardioverter-deﬁbrillator (ICD) was less than

beneﬁt for this subgroup. Reasons for this insufﬁ-

that of women without an ICD. At 1 year, mortality was 21.7% in the women with an ICD

ciency are likely multifactorial, including the fact that

and 28.3% in the women without an ICD. At 3 years, adjusted mortality was 44.3% in the

women are more likely to decline enrollment in

women with an ICD and 54.5% in the women without an ICD.

clinical trials, and in the case of HF, women are less
likely than their male counterparts to have reduced
LVEF.
STUDY LIMITATIONS. One potential limitation of our

selection bias for healthier patients with fewer
competing mortality risks. Additionally, we relied on
a propensity score approach to match groups, which

analysis is residual confounding by variables not

resulted in the exclusion of variables with excessive

captured in our analysis. For example, we could not

missing values (e.g., blood urea nitrogen and creati-

adjust for hospital setting because of the small over-

nine) and patients who were too dissimilar to match,

lap between GWTG-HF and NCDR-ICD participating

which may have excluded certain patients with

hospitals. Additionally, New York Heart Association

higher burden of disease (e.g., persons who did not

functional class was not available for this analysis.

survive to receive an ICD). Because this analysis was

Despite the dynamic and subjective nature of this

limited to a Medicare population hospitalized for HF,

variable, it may be a potential confounder. All vari-

there is reduced generalizability of our ﬁndings,

ables that were available in both datasets that may be

especially to younger patients and those in different

surrogates for HF severity were included: LVEF, sys-

care settings. Thus, our ﬁndings may not apply to all

tolic blood pressure, and prior atrial arrhythmias

women seen in clinical practice. Our analysis was

(Table 1). The source of data for the non-ICD popula-

based on data collection from the ICD Registry and

tion was hospitals that participated voluntarily in the

the GWTG-HF database, as well as Medicare coding

GWTG-HF for quality improvement. As such, patients

data. Inaccuracies in data entry or Medicare coding

who qualiﬁed for a primary prevention ICD but did

could inﬂuence our results. Finally, this study could

not receive one may have had a comorbid condition
not captured in our analysis that made them both at
higher risk for mortality and less appropriate for

T A B L E 3 Age Tertiles by Sex

ICD implantation. Also, we excluded patients who
Women

received a CRT device. Primary prevention ICD trials
were conducted at a time before CRT was widely
implemented, so some patients who would now be
eligible for CRT were included in those trials.
Their exclusion from our analysis may result in some

Tertile Range (yrs)

Men
N

Tertile Range (yrs)

N

65-72

344

65-71

679

73-78

306

72-78

657

79-92

330

79-99

630

165

166
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not analyze nonfatal complications of ICD device

throughout follow-up. The survival of women with

implantation, inappropriate shocks, quality of life,

an ICD closely matched that of men who received

health status, and other outcomes that may be

this device. Ideally, the beneﬁts of primary preven-

important in the evaluation of the use of ICD therapy.

tion ICDs in women would be conﬁrmed with a randomized clinical trial, but until such time, these data
support the existing ACC/AHA/HRS guideline re-

CONCLUSIONS

commendation for ICD use among all eligible paIn this propensity-score matched analysis of eligible

tients regardless of sex.

older women, those who underwent implantation of
a primary prevention ICD during hospitalization
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