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Implantable Cardioverter-Defibrillator Use
Among Medicare Patients With Low Ejection Fraction
After Acute Myocardial Infarction
Sean D. Pokorney, MD, MBA; Amy L. Miller, MD, PhD; Anita Y. Chen, MS; Laine Thomas, PhD;
Gregg C. Fonarow, MD; James A. de Lemos, MD; Sana M. Al-Khatib, MD, MHS;
Eric D. Peterson, MD, MPH; Tracy Y. Wang, MD, MHS, MSc

IMPORTANCE Implantable cardioverter-defibrillators (ICDs) are not recommended within 40
days of myocardial infarction (MI); thus, ICD implantation might not be considered during the
post-MI care transition.

OBJECTIVE To examine ICD implantation rates and associated mortality among older MI
patients with low ejection fraction (EF).

DESIGN, SETTING, AND PARTICIPANTS Retrospective observational study of Medicare
beneficiaries with an EF of 35% or less after MI, treated at 441 US hospitals between 2007
and 2010, excluding patients with prior ICD implantation. Follow-up data were available
through December 2010.

EXPOSURES ICD implantation within 1 year of MI vs no ICD implantation within 1 year of MI.

MAIN OUTCOMES AND MEASURES Patient characteristics associated with receiving an ICD
within 1 year after discharge and 2-year mortality associated with ICD implantation.

RESULTS Among 10 318 MI patients with EF of 35% or lower, the cumulative 1-year ICD
implantation rate was 8.1% (95% CI, 7.6%-8.7%). Patients with ICD implantation were more
likely to have prior coronary artery bypass graft procedures, higher peak troponin levels,
in-hospital cardiogenic shock, and cardiology follow-up within 2 weeks after discharge
relative to patients who did not receive an ICD within 1 year. Implantation of ICD was
associated with lower 2-year mortality (15.3 events per 100 patient-years [128 deaths in 838
patient-years] vs 26.4 events per 100 patient-years [3033 deaths in 11 479 patient-years];
adjusted HR, 0.64; 95% CI, 0.53-0.78).

ICD Implanted
Within 1 Year After MI
(n = 785)

No ICD Implanted
Within 1 Year After MI
(n = 9533) Adjusted HR (95% CI)

Prior CABG 31% 20% 1.49 (1.26-1.78)

Peak troponin levels, median,
times the upper limit of normal

85 51 1.02 per 10-fold
increase (1.01-1.03)

In-hospital cardiogenic shock 13% 8% 1.57 (1.25-1.97)

Cardiology follow-up
within 2 weeks after discharge

30% 20% 1.64 (1.37-1.95)

CONCLUSIONS AND RELEVANCE In this large registry study of older patients who experienced
MI from 2007-2010, fewer than 1 in 10 eligible patients with low EF received an ICD within 1
year after MI, although ICD implantation was associated with lower risk-adjusted mortality at
2 years. Additional research is needed to determine evidence-based approaches to increase
ICD implantation among eligible patients.
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M ore than 350 000 people experience sudden car-
diac death in the United States annually.1 Random-
ized clinical trials established the benefit of pri-

mary prevention implantable cardioverter-defibrillators
(ICDs) among patients with low ejection fraction (EF).2,3

Timing of ICD implantation is critical as studies have not
found a benefit to ICD implantation early after myocardial
infarction (MI).4,5 Guidelines recommend primary preven-
tion ICD implantation in patients with an EF of 35% or lower
despite being treated with optimal medical therapy for at
least 40 days after an MI.6

Existing evidence suggests underutilization of ICDs in rou-
tine clinical practice,7 especially after an MI.8 Given the need
to wait for at least 40 days, ICD consideration is susceptible
to errors of omission during the transition of post-MI care be-
tween inpatient and outpatient care teams.9,10 Although the
incidence of MI and resultant ischemic cardiomyopathy in-
creases with age,11,12 the benefit of primary prevention ICDs
remains controversial among older patients, as these patients
were underrepresented in clinical trials.2,3,13 Uncertainties re-
garding ICD effectiveness, along with other considerations of
treatment goals and procedural risk, may discourage ICD im-
plantation among older adults.14

Therefore, we examined a large, community-based
sample of patients older than 65 years with acute MI and EF
of 35% or less to (1) evaluate the incidence and hospital
variation of 1-year ICD implantation after MI among poten-
tially eligible patients, (2) describe factors associated with
1-year ICD implantation, and (3) compare 2-year mortality
between patients with and without ICD implantation. We
hypothesized that ICDs were significantly underused
among older post-MI patients, but ICD use was associated
with lower long-term mortality. The intent of this study was
to identify opportunities to optimize ICD consideration and
use in routine post-MI practice.

Methods
Study Population
The National Cardiovascular Data Registry Acute Coronary
Treatment and Intervention Outcomes Network Registry–
Get With the Guidelines (ACTION Registry-GWTG) is a qual-
ity improvement program in the United States that includes
consecutive patients with ST-segment elevation MI (STEMI)
or non–ST-segment elevation MI (NSTEMI).15,16 Because
patient information was collected without unique patient
identifiers in ACTION Registry-GWTG, we used 5 indirect
identifiers in combination (date of birth, sex, hospital iden-
tifier, date of admission, date of discharge) to link patients
older than 65 years to Centers for Medicare & Medicaid Ser-
vices claims data; linkage rates were consistent with prior
studies using this methodology.17 Included patients did not
have an ICD in situ and had an EF of 35% or lower at the
time of their MI. Because ICD implantation could be an
inpatient or outpatient procedure, we focused on patients
eligible for Medicare Part A and Part B fee-for-service plans:
the linked dataset included patients who were eligible for

these plans during the index admission and received acute
MI care at 484 hospitals between January 2, 2007, and Sep-
tember 30, 2010.

We excluded patients who were not eligible for Medi-
care benefits for at least 12 consecutive months prior to the
index admission; these data allowed us to determine
whether an ICD was previously implanted and to assess
comorbid conditions not captured in ACTION Registry-
GWTG for risk adjustment. Patients were excluded if they
died, they did not have a left ventricular EF measurement,
or their EF was greater than 35% during the index admis-
sion. Patients who had a same-day discharge, transferred to
another hospital, were discharged to hospice, or left against
medical advice were excluded.

We then excluded patients with prior ICD implantation
or ICD implantation during the index admission using a
combination of Current Procedural Terminology and Interna-
tional Classification of Diseases, Ninth Revision, codes
indicative of ICD implantation or device monitoring in
Medicare claims data (eAppendix 1 in the Supplement). In
addition, for patients with multiple MI admissions during
the study period, only the first ACTION Registry-GWTG
admission was analyzed.

The Duke University Medical Center institutional review
board granted a waiver of informed consent and study autho-
rization.

Statistical Analyses
Patients with billing codes for ICD insertion (eAppendix 1 in
the Supplement) after index discharge were classified as
having received an ICD. We assessed the cumulative inci-
dence of 1-year ICD implantation after accounting for the
competing risk of death. Descriptive baseline statistics were
reported with categorical variables as frequencies with per-
centages and continuous variables as medians with inter-
quartile ranges (IQRs). χ2 and Wilcoxon rank-sum tests com-
pared categorical and continuous variables, respectively,
between patients with and without 1-year ICD implantation.
We examined rates of ICD implantation among patients with
very low EF (≤25%) and those with very high peak troponin
levels (top tertile), as these patients were felt to have low
likelihood of EF recovery. A multivariable Cox model, strati-
fied by discharging hospital, was fit to determine factors
associated with 1-year ICD implantation, censoring at time
of death or at end of Medicare Part A and Part B fee-for-
service eligibility. The list of covariates entered into the
model was selected by clinical judgment (eAppendix 2 in
the Supplement).

A Cox model, with adjustment for patient characteristics
and a random effect for discharging hospital, tested for inter-
hospital differences in 1-year ICD implantation rates. This analy-
sis of hospital variation was limited to hospitals with more than
10 patients enrolled in the registry. Because interhospital varia-
tion was present, a multivariable hierarchical logistic regres-
sion model (eAppendix 3 in the Supplement) generated an es-
timated distribution of ICD implantation rates across hospitals
among patients who were alive and eligible for fee-for-
service at 1 year after discharge.
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We compared 2-year postdischarge mortality risk be-

tween patients with and without ICD implantation during the
year after MI by fitting a time-to-death Cox model with ICD
implantation as a time-dependent covariate, stratified by dis-
charging hospital. Model covariates were adapted from a vali-
dated long-term post-MI mortality risk model18 and supple-
mented with statistically significant variables from the
univariable comparisons described here (eAppendix 4 in the
Supplement). Prespecified subgroup analyses determined
whether a differential relationship was observed between
1-year ICD implantation and mortality among patients 80 years
and younger vs older than 80 years and among male vs fe-
male patients. For each subgroup, we tested the interaction be-
tween the subgroup and 1-year ICD implantation, using the co-
variates in eAppendix 4.

Several sensitivity analyses addressed the possibility that
patients with certain comorbidities could be unlikely to re-
ceive ICDs. We repeated the multivariable mortality model af-
ter excluding patients with end-stage renal disease, prior stroke,
and prior cancer, as clinicians may consider these potential con-
traindications to ICD use. In addition, we fit a propensity model
for the probability of receiving an ICD vs not within 1 year af-
ter MI, using the covariates in eAppendix 2 in the Supple-
ment. This identified patients with extreme propensity scores
(below the 5th and above the 95th percentiles) who were very
likely or very unlikely to receive an ICD. We repeated the mul-
tivariable model for mortality after excluding these patients.
Then we conducted a landmark analysis, excluding patients
who died within 40 days after MI.

Missing data were less than 1% for all variables, except body
mass index (1.9%) and peak troponin (6.3%). Missing values
in continuous covariates were imputed to MI type (STEMI vs
NSTEMI) and sex-specific medians of the nonmissing values.
Missing values for categorical variables were imputed to the
most frequent group. All statistical analyses were performed
using SAS software (version 9.3, SAS Institute). The Duke Clini-
cal Research Institute conducted all analyses.

Results
Study Population
The linked data set included 72 439 patients eligible for Medi-
care Part A and Part B fee-for-service plans during the index
MI admission at 484 hospitals between January 2, 2007, and
September 30, 2010. We excluded patients who were not eli-
gible for Medicare benefits for at least 12 consecutive months
prior to the index admission (n = 4427); patients who died
(n = 5065); those who did not have an EF measurement
(n = 7748); patients whose EF was greater than 35% (n = 41 579)
during the index admission; patients who had a same-day dis-
charge, were transferred to another hospital, were dis-
charged to hospice, or left against medical advice (n = 1476);
patients who had prior ICD implantation or ICD implantation
during the index admission (n = 1575); and those who had mul-
tiple MI admissions (n = 251).

The final study population included 10 318 post-MI pa-
tients older than 65 years with an EF of 35% or less who were

potentially eligible for primary prevention ICD implantation
(Table). Last follow-up was December 31, 2010, and median fol-
low-up was 718 days (IQR, 372-730 days).

Rates of ICD Implantation
Median patient age was 78 years (IQR, 72-84 years). The ma-
jority of patients had an NSTEMI (n = 6675, 65%) and under-
went in-hospital revascularization (n = 7749, 75%). Cumula-
tive 1-year ICD implantation was 8.1% (95% CI, 7.6%-8.7%).
Median time from index admission to ICD implantation was
137 days (IQR, 71-279 days) and 115 days (IQR, 52-261 days)
among patients who had undergone revascularization. Cumu-
lative incidence rates of 1-year ICD implantation for patients
with baseline EF of 25% or less (n = 3560) and for patients in
the highest tertile of peak troponin (≥130 times upper limit of
normal, n = 3292) were 11.4% (95% CI, 10.3%-12.5%) and 10.4%
(95% CI, 9.4%-11.6%), respectively.

After adjusting for differences in patient case mix across
hospitals, there was significant hospital variation (n = 242
hospitals) in ICD implantation rates (P = .02) with a median
estimated 1-year ICD implantation rate of 7.4% (IQR, 5.9%-
9.4%) (Figure 1). Patients at hospitals in the 90th percentile
of 1-year ICD implantation (11.5%) were 2.4-fold more likely
to receive an ICD than patients at hospitals in the 10th per-
centile (4.8%).

Factors Associated With ICD Implantation
In univariable comparisons, patients who received an ICD
within 1 year after MI were younger and were more likely to
be male; to present with a STEMI; and to have larger infarcts
(median peak troponin, 85 vs 51 times the upper limit of nor-
mal), prior coronary artery bypass graft procedures (31% vs
20%), and evidence of cardiogenic shock during index hospi-
talization (13% vs 8%), relative to patients who did not re-
ceive an ICD within 1 year (Table). The rate of early cardiology
follow-up within 2 weeks after discharge was higher among pa-
tients who did vs did not receive an ICD within 1 year (30% vs
20%, P < .001).

Factors associated with 1-year ICD implantation within the
multivariable model are shown in Figure 2. Among patient char-
acteristics, older age, female sex, and end-stage renal disease
were most strongly associated with lower likelihood of 1-year
ICD implantation. Patients with ICD implantation were more
likely to have prior coronary artery bypass graft procedures (ad-
justed hazard ratio [HR], 1.49; 95% CI, 1.26-1.78), higher peak
troponin levels (adjusted HR, 1.02 per 10-fold increase; 95% CI,
1.01-1.03), in-hospital cardiogenic shock (adjusted HR, 1.57; 95%
CI, 1.25-1.97), and cardiology follow-up within 2 weeks after
discharge (adjusted HR, 1.64; 95% CI, 1.37-1.95), relative to pa-
tients who did not receive an ICD within 1 year. Readmission
for heart failure or MI was also associated with higher likeli-
hood of ICD implantation.

Association Between 1-Year ICD Use and Mortality
In unadjusted analysis examining ICD implantation as a time-
dependent variable, 1-year ICD implantation was associated
with a lower risk of 2-year mortality (128 events in 838 patient-
years, 15.3 events per 100 patient-years) relative to no ICD

ICD Use Among Medicare Patients After Acute MI Original Investigation Research

jama.com (Reprinted) JAMA June 23/30, 2015 Volume 313, Number 24 2435



Confidential. Do not distribute. Pre-embargo material.
Table. Patient Characteristicsa

Variable

ICD Implanted
Within 1 Year After MI
(n = 785)

No ICD Implanted
Within 1 Year After MI
(n = 9533) P Value

Demographic characteristics

Age, median (IQR), y 74 (69-79) 78 (72-84) <.001

Female sex 237 (30) 4497 (47) <.001

Nonwhite race 95 (12) 1000 (10) .16

Clinical variables

Body mass index, median (IQR)b 29 (25-31) 26 (23-30) <.001

Current/recent smoker 161 (21) 1463 (15) <.001

Diabetes mellitus 299 (38) 3481 (37) .38

Hypertension 621 (79) 7535 (79) .97

Hyperlipidemia 522 (67) 5665 (59) <.001

Prior MI 316 (40) 2979 (31) <.001

Prior PCI 243 (31) 2147 (23) <.001

Prior CABG 240 (31) 1889 (20) <.001

Prior heart failure 218 (28) 2356 (25) .05

Prior stroke 74 (9) 1236 (13) .005

Prior atrial fibrillation/flutterc 197 (25) 2251 (24) .35

Peripheral arterial disease 122 (16) 1525 (16) .73

Prior valvular diseasec 136 (17) 1841 (19) .17

Prior cancer historyc 16 (2) 427 (4) .001

End-stage renal diseased 68 (9) 1870 (20) <.001

Charlson comorbidity index (>3) 203 (26) 2535 (27) .66

In-hospital characteristics

Transferred from another hospital 275 (35) 3126 (33) .20

Treated at teaching hospitale 243 (31) 2682 (28) .09

STEMI presentation 336 (43) 3307 (35) <.001

Heart rate on presentation,
median (IQR), beats/min

88 (74-104) 89 (75-105) .73

Systolic BP on presentation,
median (IQR), mm Hg

136 (117-155) 140 (120-160) .01

Signs of heart failure on presentation 323 (41) 3688 (39) .18

Creatinine level on presentation,
median (IQR), mg/dL

1.2 (1.0-1.5) 1.2 (1.0-1.5) .62

Hemoglobin level on presentation,
median (IQR), g/dL

13 (12-15) 13 (12-14) <.001

Peak troponin, median (IQR)f 85 (16-423) 51 (11-224) <.001

Cardiogenic shock during index
admission

104 (13) 898 (9) <.001

VT/VF during index admissionc 109 (14) 819 (9) <.001

In-hospital treatment

During index admission

PCI 446 (57) 4439 (47) <.001

CABG 96 (12) 930 (10) .03

Discharge

Aspirin use 734 (98) 8785 (97) .55

Thienopyridine use 576 (74) 6455 (68) <.001

β-Blocker use 712 (96) 8714 (97) .33

ACE inhibitor/ARB use 607 (86) 6955 (83) .04

Aldosterone antagonist use 99 (13) 879 (10) .001

Statin use 669 (88) 7770 (85) .04

Postdischarge events

Cardiology follow-up within 2 wk
of dischargec

235 (30) 1896 (20) <.001

MI readmission within 1 yg 80 (10) 732 (8) .01

Heart failure readmission within 1 yg 337 (43) 1597 (17) <.001

Abbreviations: ACE,
angiotensin-converting enzyme;
ARB, angiotensin receptor
blocker; BP, blood pressure;
CABG, coronary artery bypass graft
procedure; ICD, implantable
cardioverter-defibrillator;
IQR, interquartile range;
MI, myocardial infarction;
PCI, percutaneous coronary
intervention; STEMI, ST-segment
elevation myocardial infarction;
VF, ventricular fibrillation;
VT, ventricular tachycardia.
a Data are No. (%) unless otherwise

indicated.
b Calculated as weight in kilograms

divided by height in meters
squared.

c Data from Medicare.
d Dialysis or creatinine clearance

<30 mL/min.
e Defined as membership in the

Council of Teaching Hospitals and
Health Systems.

f Troponin described as the ratio over
institutional upper limit of normal.

g Presented as No. (rate per 100
patient-years).
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implantation (3033 events in 11 479 patient-years, 26.4 events
per 100 patient-years; unadjusted HR, 0.82; 95% CI, 0.68-
0.98). After adjusting for patient characteristics and postdis-
charge time-dependent heart failure or MI readmissions, ICDs
remained associated with significantly lower mortality (HR,
0.64; 95% CI, 0.53-0.78).

We conducted prespecified subgroup analyses by age and
sex; 44% of our study population were 80 years or older
(n = 4530), and 46% (n = 4734) were female. The relationship
between ICD implantation and mortality was similar among
patients 80 years or older (adjusted HR, 0.55; 95% CI, 0.39-
0.76) and younger than 80 years (adjusted HR, 0.64; 95% CI,
0.51-0.80, P = .44 for interaction), as well as among male
(adjusted HR, 0.64; 95% CI, 0.51-0.80) and female patients
(adjusted HR, 0.65; 95% CI, 0.46-0.92, P = .92 for interaction).

Sensitivity Analyses
Several sensitivity analyses addressed the possibility that pa-
tients with certain comorbidities could be unlikely to receive
ICDs. We first excluded patients with end-stage renal dis-
ease, prior stroke, or history of cancer within the last year
(n = 3246), because clinicians may consider these to be poten-
tial contraindications to ICD use. The incidence of ICD implan-
tation was 9.7% (95% CI, 9.0%-10.4%), and ICD use remained
associated with lower mortality (adjusted HR, 0.62; 95% CI,
0.48-0.79).

The propensity scores for the patients who received and
did not receive an ICD within 1 year largely overlapped (eAp-
pendix 5 in the Supplement). When we excluded patients
with propensity scores below the 5th percentile or above the
95th percentile, ICD use remained significantly associated

Figure 2. Forest Plot of the Association Between Patient Factors and ICD Implantation Within 1 Year
After Myocardial Infarction

χ²
ICD Implantation

Less Likely
ICD Implantation
More Likely

101.00.1

Variable
HR
(95% CI)

425Heart failure readmission 6.06 (5.11-7.19)
107Age (per 5-year increase) 0.73 (0.69-0.78)

31Female sex (vs male sex) 0.62 (0.52-0.73)
30Early cardiology follow-up 1.64 (1.37-1.95)
21Prior CABG 1.49 (1.26-1.78)
18Readmission for MI 1.97 (1.43-2.71)
16End-stage renal disease 0.57 (0.43-0.75)
16Peak troponin (per 10× ULN increase) 1.02 (1.01-1.03)
15In-hospital cardiogenic shock 1.57 (1.25-1.97)
14BMI <30, per 5-unit increase 1.25 (1.10-1.43)
14BMI ≥30, per 5-unit increase 0.80 (0.68-0.93)
14Prior stroke 0.61 (0.47-0.80)
13Prior heart failure 1.41 (1.17-1.70)
10Prior MI 1.31 (1.11-1.55)

7Prior cancer 0.50 (0.30-0.84)
5Prior atrial fibrillation or atrial flutter 1.22 (1.03-1.45)
5Diabetes 0.83 (0.70-0.97)
5Aldosterone antagonist use at discharge 1.31 (1.03-1.66)

Cardiology follow-up was considered
early if it occurred within 2 weeks of
hospital discharge. HR indicates
hazard ratio; ICD, implantable
cardioverter-defibrillator;
CABG, coronary artery bypass graft
procedure; MI, myocardial infarction;
ULN, upper limit of normal;
BMI, body mass index.

Figure 1. Estimated Distribution of ICD Rates Across Hospitals Based on a Hierarchical Logistic
Regression Model

25

20

10

15

5

2 3 5 74 6 8 109 11 12 13 14 15 16
0

Pe
rc

en
ta

ge
 o

f H
os

pi
ta

ls

Rate of ICD Insertion Within 1 Year of MI, %

10

This figure represents the 242
hospitals with at least 10 patients
who underwent implantable
cardioverter-defibrillator (ICD)
implantation within 1 year of
myocardial infarction (MI).

ICD Use Among Medicare Patients After Acute MI Original Investigation Research

jama.com (Reprinted) JAMA June 23/30, 2015 Volume 313, Number 24 2437



Confidential. Do not distribute. Pre-embargo material.
with lower mortality (114 events, 15.1 events per 100 patient-
years) compared with patients with no ICD (1915 events, 21.2
events per 100 patient-years; adjusted HR, 0.61; 95% CI,
0.49-0.76). In a sensitivity analysis limited to patients who
survived 40 days after MI, ICD use again remained signifi-
cantly associated with lower mortality (91 events, 12.5
events per 100 patient-years) relative to no ICD use (2263
events, 21.3 events per 100 patient-years; adjusted HR, 0.65;
95% CI, 0.53-0.79).

Discussion
Fewer than 1 in 10 Medicare patients with low EF after acute
MI received an ICD within 1 year after hospital discharge. In
this older population, 1-year ICD implantation was associ-
ated with significantly lower 2-year mortality after adjust-
ment for differences in baseline characteristics, in-hospital
revascularization status, and postdischarge MI or heart fail-
ure readmissions. Increased patient contact with the health
care system, via early cardiology follow-up or readmission
for MI or heart failure, was associated with higher likelihood
of ICD implantation.

Prior studies highlighted potential underuse of ICDs
among eligible patients in routine clinical practice. Among
patients who had sudden cardiac death, only 13% of those
previously eligible for a primary prevention ICD had a device
implanted prior to their arrest.7 Medicare data from 2002
found that only 8% of hospitalized patients with ischemic
cardiomyopathy underwent ICD implantation.19 In a study
of 533 acute MI patients with low EF, only 2% underwent ICD
implantation in the next year.8 By linking a large, national
acute MI registry with Medicare data, our study is unique in
its ability to evaluate the use and timing of ICD implantation
in the post-MI setting, particularly in an understudied older-
aged population who are at high risk of cardiac adverse out-
comes yet are often undertreated. The detailed clinical data
in ACTION Registry-GWTG permitted rigorous risk adjust-
ment when examining outcomes and exclusion of patients
who may not be eligible for ICD therapy (eg, patients dis-
charged to end-of-life care).

In our study, less than 9% of eligible, older MI patients
with an EF of 35% or less underwent ICD implantation
within 1 year. Although there was site-level variation, rates
of ICD implantation were low across all discharging hospi-
tals. Older patients have been shown to have lower rates of
ICD use relative to younger patients.14 This may be due to a
perception that older patients derive less benefit from ICDs.
Our study population was significantly older (median age,
78 years) than the study populations in Multicenter Auto-
matic Defibrillator Implantation Trial II (MADIT II) (median
age, 64 years)2 and Sudden Cardiac Death in Heart Failure
Trial (SCD-HeFT) (median age, 60 years).3 The unadjusted
analysis found that patients who did not receive vs those
who did receive an ICD within 1 year of MI had a 1.7-fold
higher proportion of death (26.4 per 100 patient-years vs
15.3 per 100 patient-years). After multivariable adjustment,
we found that ICD implantation within 1 year after discharge

remained associated with significantly lower 2-year mortal-
ity. This association persisted in sensitivity analyses aimed
at ensuring good overlap in the propensity to receive ICD
and after excluding a subset of patients at high risk of non-
arrhythmic death. The magnitude of this association (36%
lower risk of 2-year all-cause mortality) is consistent with
the 31% relative risk reduction seen among prior MI patients
in MADIT II.2

The clinical benefit of ICD implantation in patients of
very advanced age is debated.20 Older patients have similar
rates of appropriate ICD shocks relative to younger patients,
and these shocks are similarly successful in aborting sudden
cardiac death.21 However, the prevention of sudden cardiac
death may have limited effect on overall mortality in
patients older than 80 years. In our study, 4530 patients
(44%) were 80 years or older, and we found a similar rela-
tionship between ICD implantation and mortality among
patients aged 80 years or older and those younger than 80
years. These results are consistent with previous smaller
observational studies.13,22,23 Individualized shared decision
making, taking into context the patient’s quality of life,
treatment goals, and preferences, is critical, because ICD
therapy may shift death from a sudden event to a more
gradual and comorbid process. Age alone should not be an
exclusion for ICDs, and better risk prediction tools validated
among older patients are needed.

Post-MI recovery of ventricular function may be a rea-
son ICD implantation was not pursued, but postdischarge
EF measurements were not available in our data. A previous
study showed low EF recovery rates, so this is unlikely to
fully explain the very low ICD implantation rate observed in
our study.24 High peak cardiac biomarkers and EF of 25% or
less at the time of MI have both been associated with low
rates of EF recovery,24,25 but rates of ICD use after MI were
similar among the overall study population (8.1%), the top
tertile of peak troponin (10.4%), and patients with EF of 25%
or less (11.4%). These findings support the theory that EF
recovery may not be the major driver of the low observed
rates of ICD use.

Patients at higher likelihood of ICD implantation within
1 year after MI appear to be those with more frequent post-
discharge interactions with the cardiology care system due
to early cardiology follow-up or readmissions for heart fail-
ure or MI. This message is familiar, as prior literature has
shown lower ICD implantation rates in patients hospitalized
on noncardiology services.26 The inpatient-to-outpatient
transition of care is important for ICD consideration after
MI, because there is an obligate 40-day waiting period
between the inpatient MI and when the patient is eligible
for the therapy. Close clinical follow-up is necessary to opti-
mize medical therapy prior to ICD implantation.27 The
post-MI care transition is a point of vulnerability amenable
to potential quality improvement interventions. Health sys-
tem interventions that encourage close outpatient follow-
up, improve communication and implementation of longi-
tudinal care plans, and educate patients should be studied
to assess whether they can effectively optimize ICD consid-
eration and use.
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Although this analysis represents the largest study of

post-MI ICD implantation patterns and outcomes in an older
patient population, several limitations need to be acknowl-
edged. In the observational setting, we cannot infer a causal
relationship between ICD use and mortality. Despite rigorous
risk adjustment, the possibility of confounding by unmea-
sured covariates remains. However, the consistency of the as-
sociation between ICD and mortality in sensitivity analyses is
reassuring. Medicare claims data do not capture reasons for
non-ICD implantation or EF levels if remeasured after MI. Re-
covery of EF may account for a small proportion of patients
who did not undergo ICD implantation, as discussed earlier in
this section. Some patients may have declined ICD implanta-
tion based on goals of care or preferences, but historical data
would suggest this is the minority of patients.26 Analyses of
cardiovascular vs noncardiovascular death were not possible
because cause of death could not be adjudicated in claims data.

We could not verify that ICD recipients met guideline criteria
for implantation, although all patients had an EF of 35% or less
at the time of MI and nearly 90% of patients were treated with
optimal heart failure therapies at discharge. The findings in this
older population may not be generalizable to a younger pa-
tient population.

Conclusions
In this large registry study of older patients who experienced
MI from 2007 to 2010, fewer than 1 in 10 eligible patients with
low EF received an ICD within 1 year after MI, although ICD
implantation was associated with lower risk-adjusted mortal-
ity at 2 years. Additional research is needed to determine evi-
dence-based approaches to increase ICD implantation among
eligible patients.
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