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Trends in Use of Implantable Cardioverter-Defibrillator
Therapy Among Patients Hospitalized for Heart Failure

Have the Previously Observed Sex and Racial Disparities Changed
Over Time?

Sana M. Al-Khatib, MD, MHS; Anne S. Hellkamp, MS; Adrian F. Hernandez, MD, MHS;
Gregg C. Fonarow, MD; Kevin L. Thomas, MD; Hussein R. Al-Khalidi, PhD;

Paul A. Heidenreich, MD, MS; Stephen Hammill, MD; Clyde Yancy, MD;
Eric D. Peterson, MD, MPH; for the Get With the Guidelines Steering Committee and Hospitals

Background—Prior studies have demonstrated low use of implantable cardioverter defibrillators (ICDs) as primary
prevention, particularly among women and blacks. The degree to which the overall use of ICD therapy and disparities
in use have changed is unclear.

Methods and Results—We examined 11 880 unique patients with a history of heart failure and left ventricular ejection
fraction !35% who were "65 years old and enrolled in the Get With the Guidelines–Heart Failure (GWTG-HF)
program from January 2005 through December 2009. We determined the rate of ICD use by year for the overall
population and for sex and race groups. From 2005 to 2007, overall ICD use increased from 30.2% to 42.4% and then
remained unchanged in 2008 to 2009. After adjustment for potential confounders, ICD use increased significantly in the
overall study population during 2005 to 2007 (odds ratio, 1.28; 95% confidence interval, 1.11–1.48 per year; P!0.0008)
and in black women (odds ratio, 1.82; 95% confidence interval, 1.28–2.58 per year; P!0.0008), white women (odds
ratio, 1.30; 95% confidence interval, 1.06–1.59 per year; P!0.010), black men (odds ratio, 1.54; 95% confidence
interval, 1.19–1.99 per year; P!0.0009), and white men (odds ratio, 1.25; 95% confidence interval, 1.06–1.48 per year;
P!0.0072). The increase in ICD use was greatest among blacks.

Conclusions—In the GWTG-HF quality improvement program, a significant increase in ICD therapy use was observed
over time in all sex and race groups. The previously described racial disparities in ICD use were no longer present by
the end of the study period; however, sex differences persisted. (Circulation. 2012;125:1094-1101.)
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Several randomized clinical trials have established the
survival benefit of the implantable cardioverter-

defibrillator (ICD) in patients with systolic heart failure
(HF).1–4 As of 2005, practice guidelines designated ICD
therapy as a Class I indication in many patients with HF.5–7

Despite the evidence from randomized clinical trials and
practice guidelines, ICDs are underused in many potentially
eligible patients.8,9 This problem is further compounded by
the well-described race- and sex-based disparities in the use
of this therapy.8–10 In a national clinical registry of HF, ICD
use in patients with prior myocardial infarction and a left
ventricular ejection fraction (LVEF) !35% was low overall
and significantly lower in black patients.8 In an analysis of the
Medicare Claims database, women were 3 times less likely

than men to receive an ICD for a primary prevention
indication and "2.5 times less likely than men to receive an
ICD for a secondary prevention indication.10

Clinical Perspective on p 1101
In a 2007 investigation of ICD use among patients with HF

and an LVEF !30% in the American Heart Association’s Get
With the Guidelines–Heart Failure (GWTG-HF) program,
only a third of these eligible patients had an ICD in place or
planned after discharge. Importantly, major race- and sex-
based disparities were demonstrated.9 The rate of ICD use in
black men, white women, and black women was lower than
that in white men by 27%, 38%, and 44%, respectively.
Whether the use of ICD therapy and the observed racial and
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sex disparities have changed over time in the context of this
quality improvement initiative is uncertain.9

We conducted this analysis of the GWTG-HF program to
examine temporal trends in the use of ICDs in potentially
eligible patients; to determine, if an increase occurred,
whether it was of similar magnitude in each race and sex
group; and to investigate whether previously observed sex-
and race-based gaps in the use of ICD therapy have narrowed.

Methods
Data Source
The GWTG program has been described previously.9 Briefly, this
program is an ongoing voluntary data collection and continuous
hospital-based quality improvement initiative that began in 2000. It
enables healthcare providers to consistently treat patients hospital-
ized for HF, coronary artery disease, or stroke according to the most
up-to-date guidelines. Using the point-of-service, interactive,
Internet-based Patient Management Tool, participating hospitals
submit clinical information on patients’ in-hospital care and out-
comes. The HF module that originated from the Organized Program
to Initiate Lifesaving Treatment of Patients Hospitalized With Heart
Failure (OPTIMIZE-HF) in March 2005 and continued to the present
is the main data source for this analysis. Trained personnel at
participating sites abstract data on consecutive eligible patients using
standardized definitions and submit these data to the GWTG data-
base. All participating institutions are required to comply with local
regulatory and privacy guidelines and to obtain approval from their
institutional review board before participating in this initiative.
Because data are used mainly at the local site for quality improve-
ment, all sites were granted a waiver of informed consent under the
common rule. Computerized edit checks are performed, and data
quality is monitored to ensure the completeness and accuracy of
reported data. Outcome Sciences, Inc (Cambridge, MA) serves as the
data collection (through their Patient Management Tool) and coor-
dination center for GWTG. The Duke Clinical Research Institute
(Durham, NC) serves as the data analysis center and has an
agreement to analyze the aggregate deidentified data for research
purposes.

Data included in GWTG-HF were demographic and clinical
characteristics, comorbidities, previous therapies and interventions,
contraindications to evidence-based therapies, and in-hospital out-
comes. Data on ICD therapy include whether an ICD was implanted
during the index hospitalization or was planned after hospital
discharge, contraindications to ICD therapy, and any reason docu-
mented by a physician for not implanting an ICD during the index
hospitalization.

Notably, processes for finding patients and collecting data in
GWTG-HF did not change significantly during the study period, and
monitoring has not revealed any significant changes in data quality
over time.

Study Population
We queried the GWTG-HF database for records of patients with an
LVEF !35% who were hospitalized for HF and discharged alive
from January 2005 through December 2009. We excluded from the
analysis records of patients who had new-onset HF (n!13 182); of
patients with no documented LVEF (n!12 421); of patients who left
against medical advice (n!2396); of patients transferred to another
acute care facility (n!6105); and of patients discharged to hospice
(n!6270), a skilled nursing facility (n!44 201), or a rehabilitation
center (n!3891). We also excluded records of patients with a
contraindication or other reason documented by a physician for not
receiving ICD therapy (n!4690), which included acute myocardial
infarction in the previous 40 days, recent onset of HF, recent
revascularization, or no reasonable expectation for survival with an
acceptable functional status for at least 1 year. In addition, we
excluded records of patients with an LVEF #35% (n!41 078). To
have complete data on race and sex for statistical modeling, we

excluded 2153 records with no race and/or sex data. After these
exclusions, 36 048 records remained for consideration.

GWTG-HF records were matched with enrollment files and
inpatient claims from the Centers for Medicare & Medicaid Services
data to identify unique patients. These files included information on
all fee-for-service Medicare beneficiaries "65 years of age who
were hospitalized for a diagnosis of HF (International Classification
of Diseases, ninth revision, clinical modification codes 428.x,
402.x1, 404.x1, and 404.x3). Patient data in the registries were
merged with Medicare Part A inpatient claims, matching by admis-
sion and discharge dates, date of birth, sex, and hospital. Of the
21 320 hospitalizations of patients #65 years of age, we matched
14 943 (70%) to fee-for-service Medicare claims. Only the first
hospitalization for each patient among matching records was se-
lected. As a result, our analysis includes 11 880 unique patients from
267 hospitals.

Of all patients whose records were excluded, 45.2% were men,
49.2% were women, 5.6% had no data on sex, 63.3% were white
patients, 19.2% were black, 11.0% were of another race, and 6.6%
had no data on race. The proportion of records with specific
exclusions did not vary by year.

Outcomes
The main outcome of this analysis is the number of patients with an
ICD with or without cardiac resynchronization therapy, including
patients who already had an ICD when they were admitted to the
hospital, patients who received an ICD during the index hospitaliza-
tion, and patients who were prescribed an ICD before discharge. We
examined temporal changes in ICD use for the overall population
and by sex and race. In this analysis, “use” refers to prior ICD
placement, new ICD placement, and documented plan for ICD
placement after discharge.

Statistical Analysis
We compared the baseline characteristics of patients who have an
ICD (or planned ICD) with those of patients who have no ICD using
the #2 test for categorical variables and the Wilcoxon rank-sum test
for continuous variables. Summary statistics are reported as medians
and 25th and 75th percentiles for continuous variables (except for
LVEF, which is reported as mean with SD because of its semicon-
tinuous distribution) and percentages for categorical variables.

The primary groups of interest were similar to those in the prior
GWTG-HF investigation, ie, white men, black men, white women,
and black women.9 For comparisons, we used white men as the
reference group. We determined the rate of ICD use by year for the
overall study population and for each of the sex and race groups.
Individual sites established the race of patients enrolled in the
GWTG-HF and submitted these data to the GWTG database.

All statistical tests for time trends were conducted by use of
logistic regression models with the implementation of generalized
estimating equations to account for the clustering effect within
hospitals.11 Time was considered a continuous variable (yearly
increments since December 31, 2004). To account for a change point
in the ICD rates over time, 2-part piecewise linear splines were used
to determine the point at which the plateau began. Models with a
single time variable (ie, containing only the lower, sloped part of the
spline and forcing all values in the top part of the spline to have the
same risk) were assessed to determine whether they offered a fit as
good as, but more parsimonious than, the 2-part spline. The 4
sex-race groups were compared to determine whether the slope of the
line and the plateau points were different or whether a single
parameterization was sufficient to describe all 4 groups. The logistic
regression models used in all patients (as opposed to individual sex
and race group models) included sex, race, and sex-by-race interac-
tion terms. All logistic regression models included as covariates the
factors identified in the 2007 GWTG-HF investigation as being
predictive of ICD use: age, region, insurance status, systolic blood
pressure on admission, cigarette smoking within the past year,
anemia, atrial fibrillation, ischemic origin of HF, and history of
dialysis, diabetes mellitus, hypercholesterolemia, and hypertension.9
(Insurance status was also identified in the 2007 GWTG-HF inves-
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tigation as a predictor, but is not included because our sample
consists entirely of Medicare patients.) Missing values for covariates
were imputed by use of the most frequent value for categorical
variables and the median for continuous variables.

The purpose of the overall trend model, which included all
patients, was to determine whether there is an increase in ICD use
over time when all patient and hospital factors are accounted for.
Individual group models were used to estimate time trend within
each of the 4 sex and race groups. Estimates of the time effect were
compared between each group and white men by use of the Z statistic
to determine whether the rates of ICD use had changed at a different
rate among any group compared with white men. Additional models
were developed to examine sex and race effects separately by
comparing men with women, adjusted for race, and by comparing
whites with blacks, adjusted for sex.

To further illustrate whether there were any changes in disparities
over time, we considered admissions that occurred in the past
(January 2005 through June 2007, the time period of the previous
GWTG-HF investigation) and the present (January through Decem-
ber 2009, the most recent year of available data). Comparisons
between sex and race groups were made by use of a separate model
for each time period, ie, the past and the present.

We conducted a sensitivity analysis to examine only new or
planned ICD use (excluding upfront patients who had a prior ICD on
admission). We used a logistic regression model with generalized
estimating equations to account for clustering within hospitals that
included all covariates identified in the prior GWTG-HF investiga-
tion.9 These covariates were the same variables listed above except
for atrial fibrillation and ischemic origin of HF; in addition, this
model included pulmonary disease and renal insufficiency.

All analyses were performed with SAS software version 9.2 (SAS
Institute, Inc, Cary, NC). All tests were 2 sided, and a value of
P$0.05 was considered statistically significant.

This study was approved by the institutional review board of the
Duke University Health System. The authors had full access to and
take full responsibility for the integrity of the data. All authors have
read and agree to the manuscript as written.

Results
Of the 11 880 patients enrolled in GWTG-HF between January
2005 and December 2009 who met our inclusion criteria, 4739
(39.9%) received an ICD (1644 patients with a new ICD, 553
with a planned ICD, and 2542 with a prior ICD).

The baseline characteristics of the study population are
shown in Table 1. The majority of patients were male
(63.9%), were white (77.4%), and had hypertension (70.1%)
and ischemic heart disease (69.8%). The mean LVEF was
25.2% (SD!7.0%). Compared with patients who had an ICD
or were planned for an ICD, patients who did not have an ICD
or were not planned for one were significantly older and were
more likely to be female and nonwhite. Patients with no ICD
(or planned ICD) were more likely to have a higher LVEF
and less likely to have atrial fibrillation, ischemic heart
disease, and hyperlipidemia. Patients without an ICD were
more likely to have anemia, cerebrovascular disease, and
hypertension and to be admitted to smaller hospitals (defined
by number of beds) and nonacademic sites.

The overall logistic regression model showed that the
sex-by-race interaction term was not significant (P!0.19),
indicating that the relationship of sex to ICD use is consistent
across racial groups and vice versa.

Temporal changes in ICD use in all patients and in groups are
shown in Figure 1. The use of ICD therapy in the overall study
population increased from 30.2% in 2005 to 42.4% in 2007
(P!0.0009) and then remained unchanged in 2008 and 2009. As

shown in Table 2, a significant increase in the use of ICD
therapy was observed in all race and sex groups. Specifically, the
use of ICDs increased from 13.5% to 36.8% (P!0.0008) in
black women, from 23.1% to 31.1% (P!0.010) in white
women, from 24.5% to 47.2% (P!0.0009) in black men, and
from 36.1% to 50.6% (P!0.0072) in white men.

After adjustment for patient and hospital factors, a signif-
icant increase in ICD use over time was observed in the
overall study population from the beginning of the study
period (January 2005) until mid-2007 (odds ratio [OR] 1.28;
95% confidence interval [CI], 1.11–1.48 per year; OR, 1.88;
95% CI, 1.30–2.73 for a 2.5-year change; P!0.0008) and in
all sex and race groups: black women (OR, 1.82; 95% CI,
1.28–2.58 per year; OR, 4.69; 95% CI, 1.90–11.53 for a
2.5-year change; P!0.0008), white women (OR, 1.30; 95%
CI, 1.06–1.59 per year; OR, 1.97; 95% CI, 1.18–3.32 for a
2.5-year change; P!0.010), black men (OR, 1.54; 95% CI,
1.19–1.99 per year; OR, 3.04; 95% CI, 1.58–5.87 for a
2.5-year change; P!0.0009), and white men (OR, 1.25; 95%
CI, 1.06–1.48 per year; OR, 1.79; 95% CI, 1.17–2.74 for a
2.5-year change; P!0.0072). These results are displayed in
Table 2 and Figure 2. The differences in time trends between
black men and white women compared with white men were
not statistically significant (P!0.18 and P!0.78, respec-
tively). There was a trend toward a significant difference in
time trend between black women and white men (P!0.059).

Compared with white men, white and black women had a
lower probability of ICD use in both past and present time
periods (Figure 3). For black women compared with white
men, the OR was 0.48 (95% CI, 0.33–0.71; P!0.0002) in the
past and 0.60 (95% CI, 0.42–0.85; P!0.0048) in the present.
For white women, the OR was 0.57 (95% CI, 0.50–0.65;
P$0.0001) in the past and 0.61 (95% CI, 0.50–0.71;
P$0.0001) in the present. Black men were not different from
white men in either time period; the OR was 0.73 (95% CI,
0.53–1.02; P!0.062) in the past and 0.91 (95% CI, 0.67–
1.25; P!0.57) in the present. In the additional models that
examined sex and race effects separately (shown in Table 3),
there was no significant difference in time trend by sex
(P!0.510); however, there was a trend toward a significant
difference in time trend by race (P!0.06).

In the sensitivity analysis of new or planned ICDs, results
were similar to those of the main analysis. There was an
overall increase in ICD implantation from the beginning of
the study period (January 2005) until mid-2007 (OR, 1.35;
95% CI, 1.06–1.71 per year; P!0.015). The group time
effects were as follows: black women (OR, 1.72; 95% CI,
0.97–3.04; P!0.064), white women (OR, 1.39; 95% CI,
1.04–1.86; P!0.028), black men (OR, 1.24; 95% CI, 0.86–
1.77 P!0.25), and white men (OR, 1.32; 95% CI, 1.00–1.73;
P!0.049). The odds of receiving a new ICD implant did not
change between 2007 and 2009.

Discussion
Our study has 3 important findings. First, although ICD
therapy remains underused in potentially eligible patients, in
the context of the GWTG-HF program, we observed a
significant increase in the use of this guideline-recommended
therapy. This increase was most prominent from 2005 to 2007
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and then appears to plateau in 2008 to 2009. Second, all 4
race and sex groups had a significant increase in ICD uptake,
ranging from 8% in white women to 23.3% in black women.
Third, the increase in ICD use was greatest among blacks.
Although the increase in ICD use in blacks versus whites did
not reach statistical significance, the previously reported
racial disparities in ICD use were no longer present in 2009.
In contrast, sex differences in ICD use persisted.

In a 2007 analysis of the GWTG-HF database that ex-
cluded patients with contraindications to ICD therapy, only
35% of patients with HF and an LVEF !30% received an
ICD, and black men, white women, and black women were
significantly less likely than white men to receive an ICD.9

Using the same entry criteria of that analysis except for
expanding LVEF to !35% and allowing only 1 hospitaliza-
tion per patient in this analysis (versus multiple hospitaliza-
tions in the 2007 analysis), the present study showed a
significant increase from 30.2% in 2005 to 42.4% in 2007 in
the use of ICDs in the overall study population and in all the
sex and race groups examined. Although quality improve-
ment programs have been demonstrated to increase adherence
to guideline-recommended medical therapies and to enhance
patient outcomes,12–15 only 1 prior intervention has been
shown to increase the use of device therapies, and that was in
an outpatient cardiology practice setting.16 Therefore, our
study is the first to show improved adherence to guidelines on

Table 1. Baseline Patient and Hospital Characteristics*

Characteristic Total (n!11 880) ICD (n!4739) No ICD (n!7141) P

Patient

Age, median (25th–75th percentile), y 77 (71–83) 75 (70–80) 79 (72–84) $0.0001

Male sex, % 63.9 73.5 57.6 $0.0001

Race, % $0.0001

Black 13.6 12.3 14.5

White 77.4 79.5 76.0

Systolic blood pressure, median (25th–75th percentile), mm Hg 131 (114–150) 126 (110–144) 134 (117–154) $0.0001

Diastolic blood pressure, median (25th–75th
percentile), mm Hg

73 (63–84) 70 (62–81) 75 (65–87) $0.0001

Heart rate, median (25th–75th percentile), bpm 80 (70– 94) 76 (68–88) 84 (72–98) $0.0001

Body mass index, median (25th–75th percentile), kg/m2 26.4 (23.1–30.5) 26.7 (23.6–30.7) 26.0 (22.7–30.1) 0.0018

History, %

Anemia 13.8 12.3 15.0 $0.0001

Atrial fibrillation 33.8 36.5 31.9 0.0096

Cerebrovascular disease or transient ischemic attack 13.5 12.9 13.9 0.0050

Depression 6.7 6.6 6.8 0.50

Diabetes mellitus 39.4 39.4 39.3 0.86

Hyperlipidemia 46.9 53.4 42.1 $0.0001

Hypertension 70.1 68.4 71.5 $0.0001

Ischemic heart disease 69.8 75.5 65.5 $0.0001

Peripheral vascular disease 13.6 14.0 13.4 0.61

Pulmonary disease 26.4 25.8 26.9 0.12

Renal insufficiency (creatinine #2.0 mg/dL) 19.3 20.4 18.4 0.23

Smoking 12.0 11.8 12.1 0.86

Left ventricular ejection fraction, median (25th–75th
percentile), %

25 (20–30) 25 (20–30) 25 (20–30) $0.0001

Hospital

Beds, median (25th–75th percentile), n 382 (243–581) 470 (324–676) 330 (217–571) $0.0001

Region, % $0.0001

Northeast 29.5 30.0 29.4

Midwest 25.8 30.0 23.2

South 34.6 31.5 36.7

West 9.6 8.5 10.3

Academic site, % 55.1 61.6 50.8 $0.0001

ICD indicates implantable cardioverter-defibrillator. P values were calculated by comparing only nonmissing row values. P values are based on stratum-adjusted
Pearson #2 tests for all categorical row variables. P values are based on stratum-adjusted #2 rank–based group means score statistics for all continuous/ordinal row
variables. This is equivalent to stratum-adjusted Wilcoxon tests. All tests treat the column variable as nominal. All tests are adjusted for confounding by hospitals
except for hospital characteristics.

*Data are presented as percentages unless otherwise indicated. Data are based on patients with available data for each characteristic.
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ICD therapy in the hospital setting. This may not be surpris-
ing because participation in the GWTG program has previ-
ously been shown to improve implementation of guidelines in
the treatment of acute myocardial infarction and ischemic
stroke and to significantly reduce racial and ethnic disparities
in acute myocardial infarction care.17,18

One previous study, the Improve the Use of Evidence-
Based Heart Failure Therapies in the Outpatient Setting
(IMPROVE-HF) program, examined the effect of participa-
tion in a quality improvement initiative on 7 HF-related
quality measures, including the use of an ICD in potentially
eligible women and men. A total of 15 177 patients (4383
women) were analyzed. After 24 months of participation in
IMPROVE-HF, the rate of ICD use increased significantly
for both men (increased from 52.2% to 80.4%) and women
(increased from 40.7% to 75.6%). Notably, the absolute
magnitude of increase in ICD use was significantly better in
women than in men (P$0.01).19

An important question is whether ICD therapy is associ-
ated with survival benefit in this patient population. This was
the focus of a previous study that examined all-cause mor-
tality over 3 years in 4685 HF patients who were "65 years

of age, were eligible for an ICD, and were enrolled in the
OPTIMIZE-HF and the GWTG-HF programs between Janu-
ary 1, 2003, and December 31, 2006. Matching the patients to
Medicare claims showed that mortality was significantly
lower among patients with an ICD compared with patients
who did not have one (19.8% versus 27.6% at 1 year, 30.9%
versus 41.9% at 2 years, and 38.1% versus 52.3% at 3 years;
P$0.001 for all comparisons). The inverse probability-
weighted adjusted hazard of mortality at 3 years for patients
with an ICD was 0.71 (95% CI, 0.56–0.91).20 These findings
were consistent across all groups (age, 65–74 and 75–84
years; male and female; and patients with ischemic and those
with nonischemic cardiomyopathy).20

Although in our study ICD use did not appear to change
appreciably in 2008 and 2009, in the absence of data from
subsequent years, it is hard to discern whether this represents
a true plateau rather than simple variation. However, there are

Figure 2. Adjusted odds ratio (OR) and 95% confidence interval
(CI) for change in implantable cardioverter-defibrillator (ICD) use
over time in the overall study population and in sex and race
groups from the beginning of the study (January 2005) to the time
ICD use rates plateaued (July 2007). P values are also provided for
time trends and for differences in time trends with white men used
as the reference group. Variables in the model included age,
region, insurance status, systolic blood pressure on admission,
cigarette smoking within the past year, anemia, atrial fibrillation,
ischemic origin of heart failure, and history of dialysis, diabetes
mellitus, hypercholesterolemia, and hypertension.

Figure 1. Temporal changes in implant-
able cardioverter-defibrillator (ICD) use in
the overall study population and in sex
and race groups. Temporal trend P values
$0.0001 overall and for each of the 4 sex
and race groups.

Table 2. Implantable Cardioverter-Defibrillator Use in 2005
and 2009 for Each Sex and Race Group

ICD Use in 2005,
% (n/N)

ICD Use in
2009, % (n/N)

Adjusted
OR (95% CI) for
2.5-y Change*

Black women 13.5 (12/89) 36.8 (57/155) 4.69 (1.90–11.53)

White women 23.1 (111/480) 31.1 (201/647) 1.97 (1.18–3.32)

Black men 24.5 (26/106) 47.2 (92/195) 3.04 (1.58–5.87)

White men 36.1 (309/856) 50.6 (641/1268) 1.79 (1.17–2.74)

ICD indicates implantable cardioverter-defibrillator; OR, odds ratio; and CI,
confidence interval.

*Period of July 2007 through December 2009 versus 2005. The first 2.5
years of the study period was the only time during which there was a change
in the probability of receiving an ICD.
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some reasons why ICD use rates may have leveled off in
recent years. The occurrence of many device and lead recalls
in the past several years may have fueled concerns about the
safety of ICDs. Emerging data on the potential negative effect
that shocks have on survival may have discouraged some
physicians from recommending an ICD.21 Other potential
explanations are the dissatisfaction with the high rate of
inappropriate ICD shocks, the perceived need for better tools
to risk stratify patients for sudden death that extend beyond
the LVEF, the increasing appreciation of the gravity of some
of the complications associated with ICD implantation, con-
cerns about ICD cost and cost-effectiveness, and skepticism
about the applicability of the results of clinical trials to
routine clinical practice.

Some of these reasons may explain the persistent low use
of ICD therapy in our overall population and in women and
racial minority groups. Other factors that may account for
lower use of ICDs in women are the relatively small number
of women enrolled in randomized clinical trials of primary
prevention ICD therapy and the published studies on the
potential lack of benefit of ICD therapy in women.1–4,22 One
such study is a meta-analysis that pooled data from 5
randomized clinical trials.22 Although this analysis suggested
lack of benefit from primary prevention ICDs in women, it
included only 934 women. Given the lower risk of sudden
death in women than in men, to show a significant difference
in survival with an ICD, substantially more than 3810 women

were needed.22 Indeed, in our previous study that examined
all-cause mortality in the GWTG patient population, im-
provement in survival associated with an ICD was consistent
across all subgroups, including women.20 Nevertheless, fur-
ther studies may be necessary to strengthen the evidence base
and to address concerns regarding the comparative effective-
ness of ICD therapy in women.

To improve quality of care, government agencies and
healthcare payers have proposed public reporting and pay-
for-performance programs. Central to these programs is the
development and implementation of guideline-based perfor-
mance measures. Currently, no performance measures are
related to the implantation of an ICD in eligible patients. In
the 2010 draft of HF performance measures, however, the
writing group has proposed ICD counseling in eligible
patients as a HF performance measure. If launched, this
performance measure, along with other future ICD-related
performance measures, may help to improve adherence to
guidelines and to reduce disparities. To that end, these
performance measures should be reported by race, ethnicity,
sex, and age.

Limitations
Our study has some limitations. Although an increase in ICD
use is likely due to participation in a quality improvement
program, it may have resulted partly from the more recent
ability to offer a cardiac resynchronization therapy–defibril-
lation device. We used data from the GWTG-HF program.
Given that this program captures only patients hospitalized
for HF, assessment of ICD use in this setting may be
disputable. However, we confined the analysis to patients
who would have qualified for ICD therapy before hospital-
ization on the basis of having chronic HF, and we excluded
patients with new-onset HF. Data were collected by medical
chart review, which depends on accuracy and completeness
of documentation and abstraction. Determination of patient
eligibility for an ICD was based on this documentation, and
changes over time in treatment rates may reflect, in part,
changes in documentation. A proportion of patients reported
to be eligible for ICD therapy but not treated may have had
contraindications that were present but not documented. In
addition, we may have been unable to fully ascertain patient
wishes because some patients who may have been offered an
ICD may have refused it but this information was not
documented in the medical record. In addition some patients
in whom an ICD implantation was planned may not have

Figure 3. Adjusted odds ratio (OR) and 95% confidence interval
(CI) for implantable cardioverter-defibrillator (ICD) use in the past
and present for the different sex and race groups. Past refers to
the time period from January 2005 through June 2007 (the time
period of the prior GWTG-HF investigation), and present refers to
the time period from January through December 2009 (the most
recent year of available data). Variables in the model included age,
region, insurance status, systolic blood pressure on admission,
cigarette smoking within the past year, anemia, atrial fibrillation,
ischemic origin of heart failure, and history of dialysis, diabetes
mellitus, hypercholesterolemia, and hypertension.

Table 3. Results of Multivariable Analyses Examining Sex
and Race Effects Separately by Comparing Men With Women,
Adjusted for Race, and by Comparing Whites With Blacks,
Adjusted for Sex

Adjusted OR
(95% CI) Per Year

P for
Time Trend

P for Difference
in Time Trend

Whites 1.24 (1.07–1.45) 0.005 0.06

Blacks 1.61 (1.30–2.00) $0.001

Men 1.26 (1.08–1.47) 0.003 0.510

Women 1.37 (1.14–1.64) 0.001

OR indicates odds ratio; CI, confidence interval.
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actually had an ICD placed. We were also not able to assess
ICD use in patients who subsequently became eligible for an
ICD after hospital discharge.

Another limitation is that, because of its voluntary nature,
the GWTG program likely attracts hospitals committed to
quality improvement by following evidence-based recom-
mendations. Thus, the results of this study may not be
generalizable to other clinical practices. Furthermore, there
may be residual measured and unmeasured variables that
affect some or all of our findings. There was limited infor-
mation about the availability of electrophysiologists, who
have been demonstrated to adhere to guidelines better than
nonelectrophysiologists,23 and resources at each site for ICD
implantation. In addition, the race and sex distributions in this
study may not be entirely representative of those for outpa-
tients with HF in the overall US population. Finally, we did
not directly assess the effects of underuse of ICD therapy and
persistence in disparities in its use over time on patient
outcomes. This requires further study.

Conclusions
In the context of the GWTG-HF program, the use of ICD
therapy increased appreciably in the overall population and in
all the studied sex and racial groups. The increase in ICD use
was most prominent from 2005 to 2007 and then appears to
plateau in 2008 to 2009. The increase in ICD use was greatest
among blacks so that in 2009 the previously described racial
disparities were no longer present. However, sex differences
in ICD use persisted. It is important to better understand
factors contributing to the remaining disparities.
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CLINICAL PERSPECTIVE
Prior studies have demonstrated low use of implantable cardioverter-defibrillators (ICDs) as primary prevention,
particularly among women and blacks relative to their counterparts. The degree to which the overall use of ICD therapy
and disparities in use have changed is unclear. We examined 11 880 unique patients with a history of heart failure and left
ventricular ejection fraction !35% who were "65 years of age and enrolled in the Get With the Guidelines–Heart Failure
(GWTG-HF) program from January 2005 through December 2009. From 2005 to 2007, overall ICD use increased from
30.2% to 42.4% and then remained unchanged in 2008 to 2009. After adjustment for potential confounders, ICD use
increased significantly in the overall study population and in black women, white women, black men, and white men. The
increase in ICD use was greatest among blacks. In the GWTG-HF quality improvement program, a significant increase in
ICD therapy use was observed over time in all 4 sex and race groups. The previously described racial disparities in ICD
use were no longer present by the end of the study period; however, sex differences persisted.
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