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Cardiac resynchronization therapy with defibrillator (CRT-
D) can improve functional status, morbidity, and survival 

in select populations of patients with heart failure, reduced 
left ventricular ejection fraction (EF), and QRS prolonga-
tion.1–12 Accordingly, clinical guidelines recommend CRT-D 
in patients with symptomatic heart failure, left ventricular 
EF ≤35%, and a wide QRS complex.13 However, the extent 

to which the efficacy of CRT-D in randomized clinical trials 
translates into effectiveness in clinical practice is unknown.14,15

Clinical Perspective on p 934

Clinical trials in heart failure enroll selected participants 
with idealized care compared with what is seen in real-
world practice.16 This is particularly true for CRT-D, for 
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Background—Cardiac resynchronization therapy with defibrillator (CRT-D) reduces morbidity and mortality among 
selected patients with heart failure in clinical trials. The effectiveness of this therapy in clinical practice has not been well 
studied.

Methods and Results—We compared a cohort of 4471 patients from the National Cardiovascular Data Registry’s Implantable 
Cardioverter-Defibrillator (ICD) Registry hospitalized primarily for heart failure and who received CRT-D between April 
1, 2006, and December 31, 2009, to a historical control cohort of 4888 patients with heart failure without CRT-D from the 
Acute Decompensated Heart Failure National Registry (ADHERE) hospitalized between January 1, 2002, and March 31, 
2006. Both registries were linked with Medicare claims to evaluate longitudinal outcomes. We included patients from the ICD 
Registry with left ventricular ejection fraction ≤35% and QRS duration ≥120 ms who were admitted for heart failure. We used 
Cox proportional hazards models to compare outcomes with and without CRT-D after adjustment for important covariates. 
After multivariable adjustment, CRT-D was associated with lower 3-year risks of death (hazard ratio, 0.52; 95% confidence 
interval, 0.48–0.56; P<0.001), all-cause readmission (hazard ratio, 0.69; 95% confidence interval, 0.65–0.73; P<0.001), and 
cardiovascular readmission (hazard ratio, 0.60; 95% confidence interval, 0.56–0.64; P<0.001). The association of CRT-D with 
mortality did not vary significantly among subgroups defined by age, sex, race, QRS duration, and optimal medical therapy.

Conclusions—CRT-D was associated with lower risks of mortality, all-cause readmission, and cardiovascular readmission 
than medical therapy alone among patients with heart failure in community practice.  (Circ Heart Fail. 2014;7:926-934.)

Key Words: cardiac resynchronization therapy ■ comparative effectiveness research  
■ defibrillators, implantable ■ heart failure

Received July 20, 2013; accepted June 27, 2014.
From the Duke Clinical Research Institute (P.K., B.G.H., L.G.Q., S.M.A.-K., J.P.P., A.F.H., L.H.C.) and Department of Medicine (P.K., S.M.A.-K., 

J.P.P., A.F.H., L.H.C.), Duke University School of Medicine, Durham, NC; Ahmanson-UCLA Cardiomyopathy Center, University of California, Los 
Angeles (G.C.F.); Department of Medicine, University of Colorado, Aurora (F.A.M., P.N.P.); Department of Medicine, Denver Health Medical Center, CO 
(P.N.P.); Department of Medicine, Mayo Clinic, Rochester, MN (S.C.H.); Department of Medicine, VA Palo Alto Healthcare System, CA (P.A.H., J.P.C.); 
Department of Medicine, Yale University School of Medicine, New Haven, CT (J.P.C.).

The authors of this report are responsible for its content. Statements in the report should not be construed as endorsement by the Agency for Healthcare 
Research and Quality, the US Department of Health and Human Services, or the National Cardiovascular Data Registry or its associated professional 
societies identified at www.ncdr.com, or to represent the official views of the National Heart, Lung, and Blood Institute or the National Institutes of Health.

The Data Supplement is available at http://circheartfailure.ahajournals.org/lookup/suppl/doi:10.1161/CIRCHEARTFAILURE.113.000838/-/DC1. 
Correspondence to Lesley H. Curtis, PhD, Duke Clinical Research Institute, PO Box 17969, Durham, NC 27715. E-mail lesley.curtis@duke.edu

Clinical Effectiveness of Cardiac Resynchronization  
Therapy Versus Medical Therapy Alone Among  

Patients With Heart Failure
Analysis of the ICD Registry and ADHERE

Prateeti Khazanie, MD, MPH; Bradley G. Hammill, MS; Laura G. Qualls, MS;  
Gregg C. Fonarow, MD; Stephen C. Hammill, MD; Paul A. Heidenreich, MD;  

Sana M. Al-Khatib, MD, MHS; Jonathan P. Piccini, MD, MHS; Frederick A. Masoudi, MD, MSPH; 
Pamela N. Peterson, MD, MSPH; Jeptha P. Curtis, MD; Adrian F. Hernandez, MD, MHS;  

Lesley H. Curtis, PhD

www.ncdr.com,
http://circheartfailure.ahajournals.org/lookup/suppl/doi:10.1161/CIRCHEARTFAILURE.113.000838/-/DC1
mailto:lesley.curtis@duke.edu


Khazanie et al  CRT-D and Heart Failure  927

which the landmark randomized trials included relatively 
young, predominantly male populations with few comorbid 
conditions. In the Comparison of Medical Therapy, Pacing, 
and Defibrillation in Heart Failure (COMPANION),6 the 
first randomized trial to demonstrate the efficacy of CRT-D, 
median age was 66 years and 67% of participants were men.

Given the differences in demographic characteristics and 
coexisting illnesses often seen in patients with heart failure in 
clinical practice, it is unclear whether the benefits and safety 
of CRT-D demonstrated in clinical trials reflect outcomes in 
a broader population of older patients, women, patients in 
minority racial or ethnic groups, and patients with moder-
ate prolongation of QRS duration. We examined associations 
between CRT-D and mortality and readmission among patients 
with heart failure who received CRT-D in clinical practice 
compared with potentially eligible patients who received medi-
cal therapy alone.

Methods

Data Sources
We obtained clinical data from 2 registries, the Acute Decompensated 
Heart Failure National Registry (ADHERE) and the National 
Cardiovascular Data Registry’s Implantable Cardioverter-
Defibrillator (ICD) Registry. ADHERE was established to study the 
characteristics, treatments, and inpatient outcomes of patients hospi-
talized with acute decompensated heart failure. More than 185 000 
patients from ≥300 community and academic centers were enrolled 
between January 2001 and March 2006.17 The ICD Registry, an initia-
tive of the American College of Cardiology Foundation and the Heart 
Rhythm Society, became the official repository of ICD implantation 
data for Medicare beneficiaries in April 2006 and is used in >1400 
hospitals in the United States.18 Both registries include demographic 
characteristics, medical history, and discharge medications, as well as 
clinical and procedural information.

To analyze long-term follow-up data, we obtained research-iden-
tifiable files for all fee-for-service Medicare inpatient claims and the 
corresponding denominator files for 2000 through 2010 from the US 
Centers for Medicare & Medicaid Services. These files contain en-
crypted identifiers that allow for longitudinal follow-up of Medicare 
beneficiaries. The inpatient files contain hospital claims covered under 
Medicare Part A and include service dates and diagnosis and proce-
dure codes. The denominator files include patient demographic char-
acteristics, information about Medicare eligibility and enrollment, and 
death dates if applicable. We linked records from both registries to the 
Medicare inpatient files using methods described previously.19 After 
linking the data, we used Medicare beneficiary identifiers to obtain 
subsequent events for beneficiaries with eligible hospitalizations.

Study Cohort
We used the ICD Registry to identify patients who received CRT-D, 
and we used ADHERE to identify a comparison group of patients who 
did not receive CRT-D during the hospital stay. We included patients 
from the ICD Registry who were admitted between April 1, 2006, and 
December 31, 2009, and underwent CRT-D implantation during the 
hospital stay. To ensure comparability with the ADHERE population, 
we only included patients from the ICD Registry who were admitted pri-
marily for heart failure and not specifically for the device implantation. 
We excluded patients who received CRT-D for secondary prevention or 
had an epicardial lead placement. We included patients from ADHERE 
who were admitted between January 1, 2002, and March 31, 2006, and 
did not receive an ICD during the hospital stay. We excluded patients 
from ADHERE who underwent defibrillation during the admission.

From both registries, we included patients who were ≥65 years, 
were enrolled in fee-for-service Medicare for ≥12 months before the 
index admission, were discharged alive but not to a skilled nursing 

facility or hospice, and did not leave against medical advice. We 
also required that the patients have QRS duration ≥120 ms and EF 
≤35%, consistent with guideline recommendations.13,20–22 We also 
required that patients not have a previous implantation of a cardiac 
device, previous cardiac arrest, myocardial infarction in the previous 
40 days, or revascularization during the admission. For patients with 
multiple eligible hospitalizations, we selected the earliest as the index 
hospitalization.

Treatment
The treatment of interest was CRT-D as recorded in the ICD Registry.

Outcomes
The outcomes of interest were death, all-cause readmission, and 
cardiovascular readmission after the index hospitalization. We ana-
lyzed noncardiovascular readmission in a post hoc analysis. We 
determined all-cause mortality on the basis of death dates in the 
Medicare denominator files. We determined all-cause readmission 
on the basis of new nonelective Medicare inpatient claims, excluding 
the index hospitalization claim, transfers to or from another hospi-
tal, and admissions for rehabilitation (International Classification of 
Diseases, Ninth Revision, Clinical Modification diagnosis code V57.
xx). Cardiovascular readmissions were the subset of these all-cause 
readmissions having one of the following diagnosis-related group 
codes: 104 to 112, 115 to 118, 121 to 145, 479, 514 to 518, 525 to 
527, 535, 536, or 547 to 558 before October 1, 2007, and 215 to 238, 
242 to 254, 258 to 262, or 280 to 316 on or after October 1, 2007. 
We defined the remaining readmissions as noncardiovascular. The 
follow-up period for all outcomes was 3 years after discharge from 
the index hospitalization.

Covariates
We used the registries to identify patient demographic characteristics 
(age, sex, and race), medical history (atrial fibrillation/flutter, cere-
brovascular disease, chronic lung disease, diabetes mellitus, hyper-
tension, ischemic heart disease, previous myocardial infarction, and 
renal failure dialysis), laboratory test results and vital signs (blood 
urea nitrogen, EF, left bundle-branch block, QRS duration, serum 
creatinine, serum sodium, and systolic blood pressure), and discharge 
medications (angiotensin-converting enzyme inhibitor or angiotensin 
II receptor blocker, β-blocker, digoxin, and diuretic). We used inpa-
tient claims to identify the urgency of the index admission and hospi-
tal admissions for a primary diagnosis of heart failure (International 
Classification of Diseases, Ninth Revision, Clinical Modification di-
agnosis code 428.x, 402.x1, 404.x1, or 404.x3) in the 6 months before 
the index hospitalization. We used Hierarchical Condition Category 
(HCC) codes derived from inpatient claims in the 12 months before 
the index hospitalization to identify protein-calorie malnutrition 
(HCC 21), dementia (HCC 49, 50), disability (HCC 100–102, 68, 69, 
177, and 178), major psychiatric disorders (HCC 54–56), and chronic 
liver disease (HCC 25–27). These variables have independent prog-
nostic value for modeling mortality and readmission after a heart fail-
ure hospitalization.23,24

Statistical Analysis
We describe the baseline characteristics of the study population using 
proportions for categorical variables and means with SDs for con-
tinuous variables. We tested for differences between treatment groups 
using χ2 tests for categorical variables and Wilcoxon rank-sum tests 
for continuous variables. We report observed event rates by treatment 
group. For mortality, we used Kaplan–Meier methods to calculate 
event rates and log-rank tests to assess differences between groups. 
For readmission end points, we used the cumulative incidence func-
tion to calculate event rates and Gray tests to assess differences be-
tween groups. The cumulative incidence function accounts for the 
competing risk of mortality, which is high in this population.25 We 
censored data for patients who did not experience an event at the 
earliest of 3 years after discharge, the end of the period for which 
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data were available (December 31, 2010), or the date on which the 
patient’s data were no longer available because the patient enrolled in 
a Medicare managed care plan. We treated death as a competing risk 
for readmission.

We used Cox proportional hazards models to estimate the risk-
adjusted association between CRT-D and each outcome. In addition 
to an indicator for receipt of CRT-D, the model included all of the co-
variates described above, except left bundle-branch block, which was 
only available for the CRT-D group. We report hazard ratios (HRs) 
and 95% confidence intervals (CIs) based on robust SEs to account 
for clustering of patients by hospital. For the main analysis, we used 
α≤0.05 to determine statistical significance.

We also estimated the risk-adjusted association between CRT-D and 
each outcome in prespecified subgroups based on age, sex, race, QRS 
duration, presence of atrial fibrillation, and receipt of optimal medical 
therapy. We defined optimal medical therapy as receipt of a β-blocker 
and either an angiotensin-converting enzyme inhibitor or an angioten-
sin II receptor blocker in the absence of contraindications, as defined 
by guidelines for ICD and CRT during the study period.21,26,27 We es-
timated risk-adjusted associations for each subgroup by adding a sub-
group variable and an interaction term between this variable and the 
CRT-D indicator to the models. We assessed differences in the strength 
of the treatment–outcome association between subgroups by testing 
the significance of the interaction term. We calculated estimates of the 
association within each subgroup using model contrasts. Because of 
the multiple comparisons in the subgroup analysis, we used α≤0.01 to 
establish statistical significance and we report 99% CIs.

In a secondary analysis, we applied the methods used in the pri-
mary analysis to a propensity-matched cohort.28 The propensity score 
treatment model was fit as a logistic regression model with receipt 
of CRT-D as the dependent variable and demographic (age, sex, and 
race) and clinical characteristics (atrial fibrillation/flutter, cerebrovas-
cular disease, chronic lung disease, diabetes mellitus, hypertension, 
ischemic heart disease, previous myocardial infarction, renal failure 
dialysis, protein-calorie malnutrition, dementia, disability, major 
psychiatric disorders, chronic liver disease, blood urea nitrogen, EF, 
QRS duration, serum creatinine, serum sodium, systolic blood pres-
sure, and admission urgency) as covariates. Using greedy matching 
techniques, we matched comparison patients 1:1 to treated patients 
on the linear predictor from the treatment model with calipers equal 
to 0.2 SD of the linear predictor distribution. We used standardized 
differences to check the distribution of patient characteristics for bal-
ance. To estimate the association of CRT-D with each outcome, we 

used Cox proportional hazards models with an indicator for receipt of 
CRT-D as the only covariate.

We used SAS version 9.2 (SAS Institute Inc, Cary, NC) for all 
analyses. The Institutional Review Board of the Duke University 
Health System approved the study.

Results
The final study population included 4471 patients from the 
ICD Registry and 4888 patients from ADHERE (Figure 1). 
When compared with historical controls, the CRT-D group was 
slightly younger and had more men and white patients (Table 1). 
CRT-D recipients were more likely to have atrial fibrillation, 
hypertension, previous hospitalization for heart failure, or pre-
vious myocardial infarction, and they had a longer mean QRS 
duration and a lower mean EF. Discharge medications also dif-
fered between groups: patients who received CRT-D were more 
likely to receive β-blockers, less likely to receive digoxin, and 
more likely to be on an angiotensin-converting enzyme inhibi-
tor or angiotensin II receptor blocker and a β-blocker.

Table 2 shows the unadjusted outcomes within 1, 2, and 
3 years after the index hospitalization. Patients who received 
CRT-D had a lower cumulative incidence of mortality, all-cause 
readmission, and cardiovascular readmission than historical 
controls. Slightly <40% of patients who received CRT-D died 
within 3 years of the index hospitalization when compared with 
59% of those who did not (P<0.001). Differences were similar 
but less pronounced for all-cause and cardiovascular readmis-
sion. Within 3 years, 81% of patients who received CRT-D had 
a readmission from any cause when compared with 84% of 
those who did not (P<0.001). Similarly, 59% of patients who 
received CRT-D had a cardiovascular readmission when com-
pared with 67% of those who did not (P<0.001). There were 
no significant differences in noncardiovascular readmission 
rates. After adjustment for demographic and clinical char-
acteristics, the risks of 3-year mortality, all-cause readmis-
sion, and cardiovascular readmission were significantly lower 

Figure 1. Derivation of the 
study population. *Patients 
may have more than one of 
these. †Includes implantable 
cardioverter-defibrillator (ICD), 
CRT-D, CRT-P, or other pace-
maker. ADHERE indicates Acute 
Decompensated Heart Failure 
Registry; CRT-D, cardiac resyn-
chronization therapy with defi-
brillator; and NCDR, National 
Cardiovascular Data Registry.
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among patients who received CRT-D (Figure 2). Patients who 
received CRT-D were at lower risk for mortality (HR, 0.52; 
95% CI, 0.48–0.56; P<0.001), all-cause readmission (HR, 
0.69; 95% CI, 0.65–0.73; P<0.001), cardiovascular readmis-
sion (HR, 0.60; 95% CI, 0.56–0.64; P<0.001), and noncardio-
vascular readmission (HR, 0.87; 95% CI, 0.81–0.93).

Figure 3 shows adjusted associations between CRT-D and 
3-year clinical outcomes by subgroup. Apart from the subgroup 
defined by QRS duration for all-cause and cardiovascular read-
mission, the strength of the CRT-D association with mortal-
ity, all-cause readmission, or cardiovascular readmission was 
similar between subgroups after adjustment for demographic 

Table 1. Characteristics of the Study Population

Characteristic
No CRT-D 
(n=4888)

CRT-D 
(n=4471) P Value

Standardized 
Difference, %*

Age, mean (SD), y 78.7 (7.3) 75.9 (6.0) <0.001 41.1

Men, n (%) 2733 (55.9) 3042 (68.0) <0.001 25.2

Race, n (%) ... ... <0.001 9.5

 Black 612 (12.5) 467 (10.4) ... ...

 White 3984 (81.5) 3800 (85.0) ... ...

 Other/unknown 292 (6.0) 204 (4.6) ... ...

Medical history at admission, n (%)

    Atrial fibrillation or flutter 1473 (30.1) 1884 (42.1) <0.001 25.2

    Cerebrovascular disease 807 (16.5) 756 (16.9) 0.61 1.1

    Chronic lung disease 1400 (28.6) 1428 (31.9) <0.001 7.2

    Diabetes mellitus 1920 (39.3) 2002 (44.8) <0.001 11.2

    Hypertension 3506 (71.7) 3662 (81.9) <0.001 24.3

    Ischemic heart disease 3229 (66.1) 2955 (66.1) 0.97 0.1

    Previous myocardial infarction 1835 (37.5) 2061 (46.1) <0.001 17.4

    Renal failure dialysis 124 (2.5) 197 (4.4) <0.001 10.2

Claims-based medical history at admission, n (%)

    Chronic liver disease 48 (1.0) 54 (1.2) 0.29 2.2

    Dementia 329 (6.7) 121 (2.7) <0.001 19.1

    Disability 204 (4.2) 106 (2.4) <0.001 10.1

    Major psychiatric disorders 108 (2.2) 53 (1.2) <0.001 7.9

    Previous heart failure hospitalization 998 (20.4) 1420 (31.8) <0.001 26.0

    Protein-calorie malnutrition 139 (2.8) 129 (2.9) 0.90 0.2

Laboratory test results at admission

    Blood urea nitrogen, mean (SD), mg/dL 32.2 (19.4) 32.2 (17.5) <0.001 0.0

    Ejection fraction, mean (SD), % 24.3 (7.0) 22.5 (6.6) <0.001 26.0

    Left bundle-branch block, n (%) ... 2913 (65.2) ... ...

    QRS duration, mean (SD), ms 146.3 (19.2) 151.7 (20.4) <0.001 27.3

    Serum creatinine, mean (SD), mg/dL 1.6 (1.0) 1.5 (0.9) <0.001 11.9

    Serum sodium, mean (SD), mEq/L 138.1 (4.7) 137.7 (3.8) <0.001 8.6

    Systolic blood pressure, mean (SD), mm Hg 139.4 (29.1) 126.7 (22.1) <0.001 49.1

Discharge medications

    ACE inhibitor or ARB 3478 (71.2) 3227 (72.2) 0.27 2.3

    β-Blocker 3240 (66.3) 3871 (86.6) <0.001 49.2

    Digoxin 2076 (42.5) 1419 (31.7) <0.001 22.4

    Diuretic 3960 (81.0) 3678 (82.3) 0.12 3.2

    Optimal medical therapy† 2697 (55.2) 2862 (64.0) <0.001 18.1

Index admission

    Elective admission 307 (6.3) 965 (21.6) <0.001 45.3

    Length of stay, mean (SD), d 5.0 (4.0) 7.2 (5.2) <0.001 46.7

ACE indicates angiotensin-converting enzyme; ARB, angiotensin II receptor blocker; and CRT-D, cardiac 
resynchronization therapy with defibrillator.

*Calculated as the difference in means or proportions divided by a pooled estimate of the SD. A standardized 
difference >10% is typically considered meaningful.

†β-Blocker and either an ACE inhibitor or an ARB in the absence of contraindications.
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and clinical characteristics. The hazard of all-cause readmis-
sion associated with CRT-D, compared with medical therapy 
alone, was higher among patients with QRS duration of 120 
to 149 ms (HR, 0.77; 99% CI, 0.69–0.85) than among those 
with QRS duration ≥150 ms (HR, 0.61; 99% CI, 0.56–0.67; 
P<0.001 for the interaction). Similarly, the hazard of cardio-
vascular readmission associated with CRT-D, compared with 
medical therapy alone, was higher among patients with QRS 
duration of 120 to 149 ms (HR, 0.70; 99% CI, 0.63–0.78) than 
among those with QRS duration ≥150 ms (HR, 0.50; 99% CI, 
0.45–0.56; P<0.001 for the interaction). In contrast, CRT-D 
was associated with similar mortality benefit in patients with 
QRS duration of 120 to 149 ms and those with QRS duration 
≥150 ms. Results in a propensity-matched sample of treated 
and comparison patients were similar to the results of the main 
analysis (Table I in the Data Supplement).

Discussion
In the largest registry of patients with heart failure in the 
United States who received CRT-D and a control group of 
patients who were potentially eligible for CRT-D but did not 
receive it, CRT-D was associated with lower rates of mortal-
ity, all-cause readmission, and cardiovascular readmission. 
Although the study population was older and had greater 
comorbidity than participants in the landmark clinical trials, 
the magnitude of risk reduction associated with CRT-D was 
similar. CRT-D was also associated with lower mortality in 
prespecified clinical subgroups.

There is little evidence of the effectiveness of CRT-D in 
clinical practice in the literature. To our knowledge, ours is the 
first study to estimate the clinical effectiveness of CRT-D com-
pared with medical therapy among Medicare beneficiaries. 

Real-world evidence is important for CRT-D because almost 
one third of patients in the landmark trials were randomized 
only after successful device implantation, potentially inflating 
the benefits and underestimating the risks of the therapy.29

Real-world evidence can be difficult to generate for thera-
pies, such as CRT-D, for which eligibility criteria include 
information not routinely collected in relevant clinical regis-
tries. QRS duration is critical for identifying patients eligible 
for CRT, and ADHERE was the only heart failure registry we 
found with high-quality data on QRS duration on all patients, 
not just those who received a device. However, ADHERE 
completed data collection months before the ICD Registry 
was initiated, and the use of a historical control group can be 
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Figure 2. Cumulative incidence of (A) mortality, (B) all-cause 
readmission, and (C) cardiovascular readmission. Hazard ratios 
(HRs) reflect adjusted associations between cardiac resynchro-
nization therapy with defibrillator (CRT-D) and mortality and car-
diovascular readmission compared with medical therapy alone. 
Regression models controlled for demographic characteristics, 
medical history, test results, discharge medications, and admis-
sion urgency. CI indicates confidence interval.

Table 2. Cumulative Incidence of Mortality, All-Cause 
Readmission, and Cardiovascular Readmission

Event and Time Period No CRT-D (n=4888) CRT-D (n=4471) P Value

Mortality, n (%) <0.001

    1 y 1565 (32.2) 760 (17.3)

    2 y 2310 (48.1) 1181 (28.7)

    3 y 2780 (58.6) 1438 (38.9)

All-cause readmission, 
n (%)

<0.001

    1 y 3184 (67.9) 2609 (59.4)

    2 y 3691 (79.0) 3121 (73.2)

    3 y 3900 (83.8) 3305 (80.5)

Cardiovascular 
readmission, n (%)

<0.001

    1 y 2455 (52.4) 1810 (41.2)

    2 y 2912 (62.4) 2217 (52.2)

    3 y 3118 (67.2) 2397 (59.4)

Noncardiovascular 
readmission, n (%)

0.75

    1 y 1843 (39.4) 1664 (38.0)

    2 y 2447 (52.7) 2192 (52.3)

    3 y 2738 (59.4) 2434 (61.8)

CRT-D indicates cardiac resynchronization therapy with defibrillator.
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problematic. General improvements in health and outcomes 
over time tend to favor contemporary patients over historical 
controls and inflate effectiveness estimates for a contemporary 

therapy. However, 1-year mortality among Medicare ben-
eficiaries hospitalized for heart failure has been stable,30 and 
available therapeutic options for chronic heart failure did 

Figure 3. Associations between cardiac 
resynchronization therapy with defibrilla-
tor and 3-year outcomes by subgroup. CI 
indicates confidence interval.
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not change during the study period. Similar to other studies, 
which have demonstrated improvements over time in the use 
of and adherence to medical therapy, such as β-blockers,31–33 
patients in ADHERE had lower rates of β-blocker use and 
optimal medical therapy than patients in the ICD Registry. 
Similarly, differential use of aldosterone antagonist therapy 
might be expected, but data for this class of medications were 
unavailable in the ICD Registry.

COMPANION, the first major trial to compare CRT alone 
and CRT-D to medical therapy, found that both CRT and CRT-D 
reduced the primary outcome of death or cardiovascular hos-
pitalization but only CRT-D provided a survival advantage (ie, 
36% relative risk reduction in death).6 After COMPANION, 
the US Food and Drug Administration approved the use of 
CRT-D. Subsequent studies reported relative risk reductions in 
death from 22% to 36%.7–12 The consistency of findings across 
trials and in our analysis supports current guideline recommen-
dations for CRT-D in patients with symptomatic heart failure, 
left ventricular EF ≤35%, and prolonged QRS duration.13

We also found that CRT-D was associated with lower risks 
of all-cause and cardiovascular readmission, consistent with 
previous research.6,11 Because the risk reductions was dra-
matic, we performed a post hoc analysis of noncardiovascular 
readmission to account for factors that were different in the 
2 populations. The adjusted risk of noncardiovascular read-
mission for CRT-D versus no CRT-D was 0.87. Although this 
reduction is modest and less than the cardiovascular readmis-
sion risk, it was not surprising. Heart failure may contribute to 
noncardiovascular readmission but may not be the main factor, 
so effectiveness is less. For example, a patient with chronic 
lower-extremity edema may be admitted for noncardiovascu-
lar causes, such as cellulitis. Also, CRT would not be expected 
to modify some causes of readmission, such as cancer.

In post hoc analyses of trial data, subgroup results by 
QRS duration have led to mixed conclusions. In the Cardiac 
Resynchronization in Heart Failure (CARE-HF) trial, which 
compared CRT plus pacemaker with medical therapy, there 
was no heterogeneity in the effect of CRT by QRS duration 
(120–159 versus ≥160 ms) on outcomes.7–9 In contrast, newer 
trials that broadened the indication of CRT-D to patients with 
mild heart failure suggested a significantly more beneficial 
effect of CRT for death or heart failure events among patients 
with QRS duration ≥150 ms when compared with patients 
with QRS duration of 120 to 149 ms.10–12,34 In our study, the 
effect of CRT versus medical therapy differed significantly 
by QRS duration for all-cause and cardiovascular readmis-
sion but not for mortality. For readmissions, patients with 
QRS duration ≥150 ms exhibited greater benefit of CRT when 
compared with patients with QRS duration of 120 to 149 ms.

Our findings suggest that black patients benefit as much as 
patients of other races, further emphasizing the importance of 
reducing racial disparities in the use of CRT-D.35,36 Moreover, 
we observed similar benefits between men and women. In 
contrast, recent clinical trial findings suggest that women may 
benefit more than men37 although differences in patient char-
acteristics may have contributed to outcome differences by 
sex. Finally, patients aged 65 to 80 years and those aged ≥80 
years seemed to benefit from CRT-D compared with medical 
therapy alone.

Our study has limitations. We used historical comparators 
from ADHERE, selecting patients who met eligibility require-
ments for CRT-D. We maximized the comparability of the 
groups through careful sample restriction and adjustment for 
measured confounders, but residual confounding is possible. 
The use of 2 registries with slightly different data definitions 
may have further increased the likelihood of confounding. 
Finally, the data were derived from clinical registries linked 
with fee-for-service Medicare claims. Registry data were col-
lected by medical chart review and depended on the accuracy 
of documentation and abstraction, and the results may not be 
generalizable to Medicare beneficiaries in managed care or 
younger patients. Generalizability is further limited by our 
exclusion of 90% of patients in the ICD Registry and 50% of 
patients ADHERE to create comparable groups and improve 
internal validity.

In conclusion, CRT-D was associated with lower rates of 
mortality, all-cause readmission, and cardiovascular readmis-
sion among patients with heart failure in clinical practice, 
including patients with QRS duration ≥120 ms and in sub-
groups defined by race and sex.
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CLINICAL PERSPECTIVE
Although clinical guidelines recommend cardiac resynchronization therapy with defibrillator (CRT-D) to reduce morbidity 
and mortality among eligible patients with reduced ejection fraction and QRS prolongation, the comparative effectiveness 
of CRT-D compared with medical therapy is unknown. Patients receiving CRT-D in clinical practice are typically older and 
have greater comorbidity than patients in the landmark clinical trials. We examined associations between CRT-D and mortal-
ity and readmission rates among patients with heart failure who received CRT-D compared with potentially eligible patients 
who received medical therapy alone using clinical data from 2 registries linked with Medicare claims. We used Cox propor-
tional hazards models to compare outcomes with and without CRT-D after adjustment for important covariates. CRT-D was 
associated with lower rates of mortality, all-cause readmission, and cardiovascular readmission among patients with heart 
failure in clinical practice, including patients with QRS duration ≥120 ms and in subgroups defined by race and sex. The 
magnitudes of risk reduction associated with CRT-D were similar to clinical trials. Data such as these are helpful to the clini-
cian because they demonstrate that, despite an older and sicker population, the efficacy of CRT-D as shown in clinical trials 
translates into effectiveness in clinical practice when compared with medical therapy alone.




