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Abstract

Introduction—Practice guidelines recommend the use of ICDs in patients with heart failure
(HF) and a left ventricular ejection fraction (LVEF) of < 35% in the absence of contraindications.

Methods and Results—We performed an analysis of ICD use among patients admitted with
HF with LVEF of < 35% and discharged alive from 251 hospitals participating in the American
Heart Association’s Get With The Guidelines-HF Program between January 2005 and September
2011. Among 35,772 guideline-eligible patients, 17,639 received an ICD prior to hospitalization
(10,886), during hospitalization (4,876), or were discharged with plans to undergo ICD placement
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after hospitalization (1,877). After adjustment, increasing age was associated with lower ICD use
(odds ratio [OR] 0.89, 95% confidence interval [CI] 0.87-0.91 per 5-year increase in age,
p<0.0001). Compared with patients age < 55 years, older age groups = 65 years were less likely to
receive an ICD (p<0.003). Compared with men in the same age group, women were significantly
less likely to receive an ICD; this difference was more marked with increasing age (p-value for
interaction=0.006). There was a temporal increase in ICD use (adjusted OR 1.23, 95% CI 1.15-
1.31 of ICD use per year) that was similar in each age group (p-value for interaction =0.665).

Conclusions—Eligible older HF patients age > 65 years were significantly less likely to receive
an ICD. With increasing age, women were less likely to receive an ICD than men. ICD use
significantly increased over time in all age groups; however, age-related differences in ICD use
persisted.

Keywords
defibrillator; implantable; heart failure; healthcare disparities; age; sex

Introduction

Sudden cardiac death is a major public health concern with an annual incidence of more than
300,000 deaths in the United States.! Based on demonstrated efficacy in several randomized
clinical trials,2-® implantable cardioverter-defibrillator (ICD) use is a class | indication in
practice guidelines for many patients with a reduced left ventricular ejection fraction.6-8
Prior studies have suggested that many potentially eligible patients do not receive an
ICD.%11 In hospitals participating in the American Heart Association’s (AHA) Get With
The Guidelines- Heart Failure (GWTG-HF) program between January 2005 and June 2007,
less than 40% of eligible patients received an ICD. Compared with white men, rates of ICD
use were lower in black patients and women.?

Whereas race- and sex-based differences in ICD use have been described, little is known
about the influence of age on ICD use among eligible patients.12 13 In light of the increasing
number of US individuals who are > 65 years old, estimated to be 35 million in 2000 and 72
million in 2030,14 and the corresponding rise in the number of individuals eligible for ICD
implantation, ICD use in older patients merits scrutiny. The goals of this analysis were (1) to
determine whether ICD use among eligible HF patients differs among age groups, (2) to
ascertain whether sex influences any age-related differences, and (3) to examine temporal
trends of ICD use among age groups.

Methods

Data Source

The GWTG program is a national, voluntary, observational, hospital-based, and ongoing
quality improvement initiative that began in the year 2000 under the auspices of the AHA.
The GWTG program has been described previously.® 10 With a point-of-care, interactive,
internet-based Patient Management Tool to submit information on patients’ in-hospital care
and outcomes, healthcare providers at participating hospitals are encouraged to apply the
most current guidelines to patients admitted with HF, coronary artery disease, and stroke.
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Begun in January/March 2005 and continued to the present, the HF module originating from
the Organized Program to Initiate Life-Saving Treatment in Hospitalized Patients with Heart
Failure serves as the primary dataset for this analysis. Using case-ascertainment methods,
trained personnel at participating institutions abstract data on consecutive eligible HF
patients and submit them to the GWTG registry.

Prior to participating in this initiative, all participating institutions are required to comply
with local regulatory and privacy guidelines and to obtain their institutional review board’s
approval. Since these data are used primarily at the local level for quality improvement,
waiver of informed consent was granted under the common rule. Outcomes Sciences
(Cambridge, MA) serves as the data collection and coordination center for the GWTG
program. The Duke Clinical Research Institute (Durham, NC) serves as the data analysis
center and has an agreement to analyze the aggregate, de-identified data for research
purposes.

Using standardized definitions, data include race/ethnicity, demographic and clinical
characteristics, medical history and prior treatments, and in-hospital outcomes. Data
collected in reference to ICDs include whether an ICD was implanted during the index
hospitalization or was planned upon hospital discharge and any explanation documented by
a physician regarding why an ICD was not implanted during the index hospitalization as
well as contraindications to ICD use. Contraindications to ICD placement include an acute
myocardial infarction in the 40 days prior to admission, new-onset HF, revascularization
within 3 months, or life-expectancy with an acceptable functional status of less than 1 year.
Data quality is monitored with computerized edit checks to ensure accuracy and
completeness, and no significant changes have been detected over time. Further, patient
identification and data collection processes did not change appreciably during the study
period.

Study Population

We queried the GWTG-HF database to identify the records of patients with chronic heart
failure and an LVEF < 35% hospitalized between January 1, 2005, and October 31, 2011,
and discharged alive. Records were excluded if discharge information was missing or in-
hospital death occurred (n=9,348), HF was newly-diagnosed (n=12,636), or patients were
discharged to a facility other than home (n=29,839). Records were also excluded if LVEF
was missing (n=9,702) or was >35% (n=42,820) or a contraindication to ICD placement was
documented (n=6,507). A total of 35,772 HF hospitalizations from 251 sites comprised our
final study sample.

Outcome measures

The principal outcome measure was ICD use with or without cardiac resynchronization
therapy among eligible patients without documented contraindications. The term “use”
includes ICD placement prior to admission, ICD placement during the index hospitalization,
and a documented plan to place an ICD upon discharge. We also examined whether sex has
an impact on ICD use in relation to age and the temporal change in ICD use.
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Statistical analysis

Results

Using the chi-square test for categorical variables and Wilcoxon rank-sum test for
continuous variables, we compared the baseline characteristics of patients who have an ICD
with those who have no ICD. Summary statistics are reported as percentages for categorical
variables and medians with 25t and 75! percentiles for continuous variables.

The primary age groups of interest were < 55, 55-64, 65-74, 75-84, and = 85 years. We
used the age group “<55 years” as the reference group for comparisons. Although patients
aged = 65 years were considered “older,” a group of patients aged 55-64 was included to
better understand trends by age. We examined contraindications to ICD use overall and by
age group. To construct a risk model for ICD use by age group, we used multivariable
logistic regression with generalized estimating equations to account for hospital clustering of
patients. Selection of covariates was based on clinical experience and prior GWTG analyses.
Variables included in the model are detailed in Supplementary Table 1. Patients with
missing data for age or hospital variables were excluded, while imputation was performed
for the remaining covariates using the most frequent age-specific value for categorical
variables and the age-specific median for continuous variables.

To determine whether the association of sex with ICD use varies by age, we assessed the
significance of the multiplicative interaction of sex by age groups adjusting for the same
variables enumerated above. In a sensitivity analysis, ICD use was analyzed according to
age group stratified by sex. We determined the percentage of patients with an ICD over time
for the overall population and by age groups. Temporal ICD use was further delineated
according to whether it was present on admission, placed during the index hospitalization, or
prescribed on discharge for the overall population and by age group. Formal testing for the
presence of a trend across years was performed using the row means score. We further
explored the change in ICD use over time overall and by age groups using both a main
effects model as well as models with multiplicative age group by time interaction terms. In
sensitivity analyses, we developed models stratified by age groups.

A P value <0.05 was considered statistically significant, and all tests were 2-sided. Analyses
were performed using SAS software version 9.2 (SAS Institute, Cary, NC). The institutional
review board of the Duke University Health System approved this study. The authors had
full access to the data, take responsibility for its integrity, and have read and agree to the
manuscript as written.

Of 35,772 guideline-eligible patients, 17,639 received an ICD prior to hospitalization
(10,886), during hospitalization (4,876), or were discharged with plans to undergo ICD
placement after hospitalization (1,877).

Table 1 shows the baseline characteristics of the study population. The median age was 68
(interquartile range (IQR) 57-78) years and 35.4% were female. The majority of patients
were white, had hypertension, and had coronary artery disease. In comparison to patients
who received an ICD, patients who did not receive an ICD were older (70 (interquartile
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range (IQR) 57-80) years v. 67 (IQR 58-76) years) and more often female and non-white.
They had a lower prevalence of atrial fibrillation, atrial flutter, COPD, hyperlipidemia,
cerebrovascular disease, heart failure, and renal insufficiency. Further, the hospitals to which
patients without an 1ICD were admitted were more likely to be small (with fewer beds),
located in the West and South, and non-academic.

Among 6,507 patients with a documented reason that an ICD was not placed, 76.1% had a
medical reason and 23.1% had a non-medical reason (Table 2). The minority of patients had
a medical contraindication (11.5%), which included a myocardial infarction in the preceding
40 days, revascularization within 3 months, new-onset heart failure, or an expected survival
of <1 year. Non-medical factors taken into consideration included economic (1.1%), social
(1.5%), religious (0.1%), and anticipated non-compliance (9.5%). In comparison to patients
< 55 years of age, a medical contraindication was more frequently cited and non-compliance
was less commonly cited among older patients (p<0.0001).

Table 3 shows ICD use among eligible HF patients according to age group in multivariable
logistic regression models. In comparison to patients < 55 years of age, patients between 55
and 64 years were equally likely to receive an ICD. By contrast, patients in age groups 65—
74, 75-85, and > 85 were less likely to receive an ICD. Further, a multiplicative interaction
of age group by sex was detected (Table 4). Compared with men in the same age group,
women were significantly less likely to receive an ICD, and this difference was more
marked with increasing age (p-value for interaction = 0.0059). A sensitivity analysis of ICD
use according to age group stratified by sex yielded similar results.

Figure 1, Panel A shows temporal changes in ICD use overall and each age group. Overall
ICD use increased from 31.7% in 2005 to 56.6% in 2011. During the same time period, ICD
use increased from 27.8% in 2005 to 50.5% in 2011 among patients age <55 years and from
16.6% to 41.7% among patients age > 85 years. Total ICD use increased over time (adjusted
OR 1.23, 95% CI 1.15-1.31 of ICD use per year), and all age groups experienced a similar
increase in ICD use (p-value for interaction = 0.67). Nonetheless, age differences persisted.
Figure 1, Panel B shows the increase in ICD use in all age groups was driven mainly by a
rise in the proportion of ICDs present on admission rather than new or planned ICDs (P for
trend < 0.0001).

Discussion

There are four principal findings from this study. First, after accounting for patient
demographics, comorbid conditions, laboratory values, diagnostic studies, and hospital
characteristics, guideline-eligible older HF patients were significantly less likely to receive
an ICD. Second, the impact of age on ICD use varied by sex, with a larger impact in women.
Third, there was a significant, clinically relevant temporal increase in ICD use among
eligible patients in all age groups mainly driven by a rise in the proportion of ICDs present
on admission. Finally, even in 2011, age-related differences in ICD use persisted.

In 2005, ICD use was a class I indication in the ACC/AHA heart failure guidelines for many
patients with heart failure and reduced LVEF irrespective of age.® In 2006 and 2008,
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guidelines emphasized that older age alone is not a contraindication to ICD use. Rather,
implanting physicians should take into account the burden of comorbidities in addition to
procedural risk and patient preferences.”: & Counter to this recommendation, guideline-
eligible ICD non-recipients in our unadjusted analysis had a lower burden of comorbidities.
After adjustment for patient comorbidities among other factors, older HF patients in our
study sample were significantly less likely to receive an ICD in comparison to their younger
counterparts. Lower ICD use among older patients may in part reflect skepticism regarding
device efficacy and effectiveness.

Skepticism regarding device efficacy in older patients is not unfounded, as older patients
were underrepresented in the major clinical trials. Patients in the Multicenter Automatic
Defibrillator Implantation Trial I had a median age of 64 years,3 and patients in the Sudden
Cardiac Death in Heart Failure Trial had a median age of 60 years.? A total of 204 patients
in the former trial and 236 patients in latter trial were > 75 years of age.® The results of
these trials may not be generalizable to older individuals, who may have more advanced
heart disease and more comorbid illnesses. These factors may explain why some
stakeholders have expressed doubt about the benefit of an ICD in older patients.16 However,
emerging observational data suggest clinical effectiveness is sustained in older patients.1%: 16
In a prior analysis of the GWTG-HF database linked with Medicare claims, ICD recipients
had an inverse probability-weighted adjust hazard ratio (HR) of mortality of 0.71 (95% CI
0.56-0.91) compared with non-recipients three years post-implantation. This effect was
observed regardless of age (HR 0.65, 95% CI 0.47-0.89 among patients 65 to 74 years
(n=188 ICD recipients); HR 0.80, 95% CI 0.62-1.03 among patients 75 to 84 years (n=188
ICD recipients); p=0.31 for interaction between ICD effectiveness and age).1” These results
suggest the mortality benefit of ICDs may be maintained in patients up to 84 years of age.

Older patients may be disinclined to undergo surgical procedures such as ICD placement in
view of their elevated risk of complications.18 In an analysis of primary prevention ICD
recipients in the National Cardiovascular Data’s ICD registry, older patients had a higher
risk of periprocedural complications and in-hospital mortality compared to patients aged <65
years: OR 1.14, 95% CI 1.03-1.25 among patients 65 to 74 years; OR 1.22, 95% CI 1.10-
1.36 among patients 75 to 84 years; and OR 1.15, 95% CI 1.01-1.32 among patients = 85
years.19 This modestly higher risk may be unacceptable to some patients.

Cost-effectiveness analyses of ICDs that used data from clinical trials have been
inconclusive.20 Analyses based on observational data suggest that cost-effectiveness is
preserved in older patients.2l: 22 However, the lack of definitive data on ICD effectiveness
and cost-effectiveness likely does not entirely account for lower ICD use among older
patients. Older patients may place a higher premium on therapies that improve quality of
life,23 24 functional capacity, independence, and reduced hospitalizations rather than
longevity and thus be more likely to decline ICD placement. Frailty, an increasingly
recognized and highly prevalent geriatric syndrome related to but distinct from
comorbidities and disabilities, may influence patient decisions and preferences.2>
Components of frailty, including unintentional weight loss, exhaustion, weakness, slow gait,
and low physical activity,26 may lead patients to defer ICD placement. Non-cardiac
conditions including progressive cognitive decline and reduced vision and hearing, and
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social concerns such as placing undue burden on family members, may also play a role.2”
Indeed, patients may view life-prolonging ICDs as burdensome in the setting of chronic
debilitation and comorbid illnesses, and as such patients may prefer an arrhythmic death to
alternative modes of death.28 Alternatively, patients who prioritize longevity may have
limited access to care or economic means.

Physician- and healthcare system-related factors may also influence ICD use among older
patients. Heterogeneity in physician training and familiarity with guideline
recommendations regarding the role of age in ICD use may pose as barriers to guideline
implementation. The wide array of practice settings and corresponding range of support for
ICD decision-making, implantation, and follow-up may similarly limit consistent guideline
application.

Our study is among the first to show the interplay between age- and sex- differences in ICD
use.13 Age-related ICD use was lower in women compared with men. This finding is
striking but perhaps not surprising, as not only older patients but also women were
underrepresented in the major trials examining ICD efficacy. Previous studies suggest
women may not derive as much benefit as men.2=> The largest meta-analysis on this subject
was hampered by a small sample size (n=934),2° a critical limitation in light of the reduced
risk of sudden death in women compared to men. By contrast, in the aforementioned GWTG
analysis on ICD effectiveness, ICD recipients had a reduced mortality rate regardless of sex
(HR 0.58, 95% CI 0.41 to 0.83 among women (n=99 with ICD); HR 0.80, 95% CI 0.63-
1.01 among men (n=277 with ICD); p-value for interaction between ICD effectiveness 3
years post-implantation and sex =0.15) 17. Further studies on the efficacy of ICDs in women
as well as older patients may be required.

The rise in proportion of ICDs present on admission in comparison to those placed during
the index hospitalization or prescribed upon discharge likely reflects the maturation and
dissemination of ICD technology, increasing acceptance as a standard of care among patient
subgroups by the medical community, and greater patient familiarity with ICDs. The longer
lifespan it affords many patients may also contribute to its greater footprint on HF admission
over time. The persistence of age-related differences in ICD use in 2011 underscores the
importance of future studies to define ICD efficacy and potential reasons for low ICD use
among older patients.

Participation in the GWTG program is voluntary, and it likely attracts hospitals interested in
quality improvement. Hence, the findings of our study may not be generalizable to other
clinical practices. Further, the GWTG program only captures patients hospitalized for HF,
and ICD placement in this setting is debatable. Class IV HF symptoms were not identified as
a contraindication to ICD placement unless specifically documented as such in the medical
record. We excluded patients with new-onset HF and included only those with chronic HF
who qualified for an ICD prior to hospitalization. GWTG data are acquired by chart review
and thus dependent on completeness and accuracy of both initial documentation and
subsequent abstraction.3 Information in medical records may have suggested that patients
were eligible for ICD treatment. However, decisions to place ICDs often require multiple,
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in-depth discussions that resulted in appropriate decision to withhold them. These
discussions or documentation of current HF symptoms or contraindications or intolerances
may not have been fully documented in patients’ medical records. Potential risk factors for
sudden cardiac death outside of traditional indications for ICD placement such as a widened
QRS complex or non-sustained ventricular tachycardia were not available for analysis. In
the absence of QRS duration, eligibility for cardiac reynchronization therapy with ICD could
not be determined. Patients discharged to a facility other than home were excluded were
excluded from analysis since many are at high risk of 1-year mortality.3 This convention is
in keeping with prior GWTG-HF analyses.10: 17 However, some may have been eligible for
an ICD. Patient-related factors, such as access to care and a measure of frailty; physician-
related factors, such as heterogeneity in training and familiarity with guidelines; and
healthcare system related- factors, such as the broad array of practice settings with
corresponding degrees of support for ICD use, were not fully captured. The units of analysis
were individual hospitalizations rather than patients, and thus patients who were hospitalized
frequently were proportionally represented in our findings. However, each hospitalization
was a unique opportunity to either provide an ICD or not. Further, whether confined to
individual hospitalizations or patients, prior GWTG analyses have yielded similar results.10
Age and sex distributions in our study likely do not mirror the overall United States
population and therefore our study sample may not be generalizable. Whether patients with
a planned ICD on discharge actually received one after the index hospitalization was not
verified. Finally, residual measured and unmeasured confounders may exist and affect some
or all of our results.

Conclusions

In the GWTG-HF program, older HF patients eligible for an ICD in the absence of
documented contraindications were significantly less likely to receive an ICD. With
increasing age, women were less likely to receive an ICD than men. Although there was an
appreciable increase in ICD use over time across all age groups driven mainly by a rise in
ICDs placed prior to admission, age-related differences persisted. Further study is required
to define the efficacy of ICDs in older patients and identify the full complement of reasons
for the age-related differences in guideline-directed use of ICDs.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Temporal Trends in ICD Use
All age groups experienced a similar increase in ICD use (p-value for interaction = 0.67).

The increase in ICD use was driven mainly by a rise in the proportion of ICDs present on
admission rather than the proportion placed during the index hospitalization or prescribed

upon discharge.
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