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Background: When used in appropriately selected heart failure (HF) patients, cardiac resynchro-

nization therapy (CRT) reduces mortality and hospitalization. It is not understood whether CRT

implantation during hospitalization for HF is associated with similar benefits.

Hypothesis: Timing of CRT implantation relative to hospitalization for HF is associated with clin-

ical outcomes.

Methods: This analysis included patients eligible for CRT and discharged alive between January

2005 and December 2012 from 388 hospitals in Get With The Guidelines-HF. Participants were

linked with Centers for Medicare and Medicaid Services data to evaluate outcomes of all-cause

mortality and HF re-hospitalization based on CRT status (present on admission, placed during

hospitalization, and prescribed at discharge; reference = no CRT).

Results: Of 15 619 CRT-eligible HF patients, 2408 (15%) had CRT on admission, 1269 (8%)

underwent CRT implantation during hospitalization and 643 (4%) had CRT prescribed at dis-

charge. Compared with patients without CRT, mortality was lower in those who received CRT

implantation during HF hospitalization (adjusted hazard ratio [HR] 0.63; P < 0.0001) and those

prescribed CRT at discharge (adjusted HR 0.78; P = 0.048). A reduction in HF re-hospitalization

was observed in patients with CRT implanted during hospitalization (adjusted HR 0.64;

P < 0.0001), but not in those who were prescribed CRT at discharge (adjusted HR

1.02; P = 0.77).

Conclusion: CRT implantation during HF hospitalization was associated with lower rates of mor-

tality and HF re-hospitalization. These data suggest that a CRT utilization strategy that does not

delay implantation to the post-discharge period may be appropriate. Randomized data are

needed to definitively identify optimal timing of CRT implantation.
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1 | INTRODUCTION

Heart failure (HF) currently affects an estimated 6.5 million adults

in the United States, with prevalence continuing to rise.1,2 When

used in appropriately selected HF patients, cardiac resynchroniza-

tion therapy (CRT) is associated with improved left ventricular

Abbreviations: CI, confidence interval; CMS, Centers for Medicare and Medic-

aid Services; CRT, cardiac resynchronization therapy; GWTG, get with the

guidelines; HF, heart failure; HR, hazard ratio; LVEF, left ventricular ejection

fraction; ms, milliseconds.
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function, lower mortality and HF hospitalizations, and improved

quality of life.3–6 CRT implantation is recommended in current

national guidelines (Class I) for patients with symptomatic HF, left

ventricular ejection fraction (LVEF) ≤ 35%, sinus rhythm, and left

bundle branch block with QRS duration ≥150 ms with Class IIA rec-

ommendations for those with left bundle branch block and QRS

duration 120 to 149 ms or with non-left bundle branch block and

QRS ≥ 150 ms.7–9 Landmark trials showing the benefit of CRT do

not specify timing of implantation relative to hospitalization for

HF. 4,10 It is therefore not well understood whether CRT implanta-

tion during hospitalization for HF is associated with similar

improvements in clinical outcomes compared with CRT implanta-

tion in an elective setting. CRT implantation during an HR hospitali-

zation could provide benefit by targeting patients at highest risk for

adverse outcomes after discharge.11 Alternatively, patients hospi-

talized for HF are subject to appreciable clinical instability and med-

ication adjustment, which could attenuate the potential benefit of

immediate CRT implantation. This analysis examines whether

the timing of CRT implantation relative to admission for HF is

associated with differences in all-cause mortality and HF

re-hospitalization.

2 | METHODS

2.1 | Data sources

Data for this analysis were obtained from the get with the

guidelines-heart failure (GWTG-HF) database as well as the Cen-

ters for Medicare and Medicaid Services (CMS) fee-for-service

inpatient claims. The GWTG-HF database has previously been

described.12–14 Briefly, GWTG is a quality improvement program

that collects clinical information from participating hospitals

regarding the in-hospital care and outcomes of consecutive

patients hospitalized for coronary artery disease, stroke or

HF. Data quality is monitored through frequent reports that

review the completeness and accuracy of submitted data. Only

sites with a high degree of completeness, defined as having med-

ical history data for at least 75% of their patients, were included

in this analysis. Individual patients with missing data for a key

variable (age, sex, race, ejection fraction, and medical history)

were also excluded. Prior reports have demonstrated that patient

characteristics and health outcomes of Medicare beneficiaries

with HF who are enrolled in the GWTG-HF registry are similar

to Medicare beneficiaries in the United States who are hospital-

ized for HF but are not enrolled.15,16 All participating institutions

are required to comply with local regulatory and privacy guide-

lines and to submit the GWTG-HF protocol for review and

approval by their institutional review board. Data are primarily

used at the local site for quality improvement initiatives, and

were therefore granted a waiver of informed consent under the

common rule.

At each participating site, personnel are trained to collect data

using standard definitions for demographical and clinical characteris-

tics, previous treatments, contra-indications to evidence-based

therapies and in-hospital clinical outcomes. Data collection regarding

CRT includes prior implantation, new implantation during hospitaliza-

tion for HF, implantation prescribed at HF hospitalization discharge,

and contraindications to CRT defibrillator or pacemaker. Reporting on

QRS morphology and duration became required in 2011. The Duke

Clinical Research Institute is the primary analytic center for the com-

bined data. This study was approved by the Duke University Institu-

tional Review Board.

2.2 | Study population

We identified 47 357 GWTG-HF patients with an LVEF ≤35% who

required hospitalization for a primary diagnosis of HF, discharged

alive between January 2005 and December 2012, and could be

linked to Medicare data. Patients with a physician-documented con-

traindication to CRT (including a narrow QRS duration, lack of opti-

mal medical therapy for treatment of HF, acute myocardial

infarction in the preceding 40 days, recent coronary revasculariza-

tion, not NYHA functional class III or ambulatory class IV, and new

onset HF) were excluded. Patients who were not discharged home,

were discharged to comfort care or had missing documentation

were also excluded. Finally, for patients with multiple admissions,

only the first was analyzed. A final cohort of 15 619 patients was

identified.

2.3 | Outcomes

Outcomes of interest were all-cause mortality and HF re-hospitaliza-

tion, defined as a hospital admission with any of the following primary

ICD-9-CM diagnosis codes: 428.x, 402.x1, 404.x1, and 404.x3.

Patients who were not reported to have died were censored on

December 31, 2012 or the date at which they were no longer enrolled

in Part A Fee-for-Service Medicare, whichever occurred first.

2.4 | Statistical analysis

For all analyses, patients were grouped by timing of CRT implanta-

tion: prior to HF admission and during hospitalization and as CRT

prescribed at discharge, or no CRT. Baseline characteristics of the

4 CRT groups are summarized as medians (25th and 75th percen-

tiles) for continuous variables and as percentages (frequencies) for

categorical variables. Mortality rates are summarized using Kaplan-

Meier rates.

To compare mortality risk between groups, Cox proportional haz-

ard models were used. Cumulative incidence rates and Fine and Gray

models, which consider death as a competing risk, were used to com-

pare hospital re-hospitalization rates between groups.

The interaction between time and CRT group was tested in each

model, and all models were adjusted; covariates are listed at Table 2.

Covariates were chosen prior to analysis to best account for differ-

ences between groups that may have affected the outcomes of inter-

est and represent those used in other GWTG analyses. Multiple

imputations (25 iterations) was used to account for missing covariate

values in Cox models. Because QRS duration reporting was not

required prior to 2011 leading to missing QRS data, a sensitivity
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analysis was performed that included only admissions in 2010 to

2012 and confined the no-CRT comparator group to those with docu-

mented QRS ≥ 120 ms.

A P-value of <0.05 was considered statistically significant for all

tests. Analyses were performed using SAS version 9.4 or higher (SAS

Institute, Cary, North Carolina).

TABLE 1 Baseline characteristics for patients by CRT implant groupa

Baseline characteristic CRT in place at admission CRT implanted in hospital CRT prescribed at discharge No CRT

Total patients 2408 1269 643 11 299

Age (years) 77 (72, 83) 76 (71, 81) 77 (71, 82) 78 (71, 84)

Female 28% (682) 28% (357) 33% (215) 40% (4520)

Race

White 83% (2007) 88% (1115) 81% (520) 78% (8816)

Black 11% (260) 7% (90) 10% (65) 14% (1566)

Other 6% (141) 5% (64) 9% (58) 8% (917)

Presentation

Systolic blood pressure 125 (110, 144) 129 (114, 144) 133 (117, 149) 134 (117, 153)

Heart rate 77 (70, 88) 74 (64, 84) 80 (70, 92) 84 (72, 98)

LVEF, % 25 (20, 30) 25 (20, 30) 25 (20, 30) 25 (20, 30)

Body mass index 25.9 (22.8, 29.7) 26.6 (23.5, 30.5) 26.5 (22.8, 30.9) 25.7 (22.2, 29.7)

Medical history

Anemia 16% (387) 10% (129) 14% (89) 14% (1574)

Prior atrial arrhythmia 48% (1166) 40% (503) 44% (280) 33% (3698)

Prior CVA or TIA 15% (372) 12% (155) 12% (78) 14% (1556)

Dialysis 2% (56) 1% (15) 3% (16) 3% (323)

Chronic renal insufficiency 24% (580) 13% (162) 21% (137) 19% (2182)

Depression 9% (215) 6% (76) 5% (30) 7% (807)

Diabetes 42% (1010) 35% (448) 40% (257) 39% (4422)

Insulin treated 18% (442) 15% (194) 16% (101) 15% (1729)

Non-insulin treated 24% (577) 20% (258) 25% (160) 24% (2724)

Hyperlipidemia 53% (1277) 58% (738) 54% (347) 47% (5349)

Hypertension 69% (1666) 69% (869) 69% (441) 73% (8190)

Ischemic heart disease 78% (1885) 71% (905) 73% (469) 66% (7491)

Prior PCI or CABG 54% (1301) 49% (627) 48% (310) 39% (4440)

Peripheral arterial disease 15% (363) 14% (172) 12% (77) 13% (1501)

COPD # or asthma 28% (663) 23% (294) 25% (159) 27% (3008)

Smoking in past 12 months 9% (214) 11% (136) 11% (70) 13% (1447)

Medications

ACE-inhibitor # or ARB 90% (1585) 94% (999) 95% (458) 90% (8001)

Beta blocker 95% (2102) 96% (1150) 97% (571) 93% (9739)

Aldosterone antagonist 34% (691) 32% (373) 38% (207) 24% (2444)

Anticoagulant therapy 56% (1119) 45% (500) 56% (269) 40% (3644)

Hospital characteristics

Geographic region

Northeast 29% (707) 28% (360) 31% (197) 30% (3347)

Midwest 27% (642) 30% (383) 22% (143) 24% (2652)

South 34% (809) 30% (378) 35% (227) 35% (3902)

West 10% (250) 12% (148) 12% (76) 12% (1398)

Teaching hospital 65% (1566) 74% (941) 62% (396) 63% (7055)

Rural site 5% (113) 1% (10) 3% (18) 6% (727)

Number of beds 431 (283, 601) 475 (368, 616) 396 (269, 556) 396 (244, 559)

Able to perform heart transplants 19% (407) 23% (286) 15% (81) 12% (1252)

Abbreviations: ACE, angiotensin converting enzyme; ARB, angiotensin II receptor blocker; CABG, coronary artery bypass graft; CRT, cardiac resynchroniza-
tion therapy; CVA, cerebrovascular accident; LVEF, left ventricular ejection fraction; PCI, percutaneous coronary intervention; TIA, transient ischemic
attack.
a As this table is intended to describe the analysis cohort, rather than to test any hypotheses about the underlying population, significance tests were not
performed.
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3 | RESULTS

3.1 | Study population

Around half of all participating sites were excluded due to a low

degree of data completeness. Fully participating sites were similar

to omitted sites in geographic region, urban vs rural location, teach-

ing status, and size. There were no patients excluded for key miss-

ing data. Overall, the rate of missing data for individual variables

was low, with a missing rate of <15% for all variables except

BMI (26%).

3.2 | Baseline characteristics

Among the 15 619 patients from 388 sites who met the inclu-

sion criteria, 4320 (28%) received CRT; 2408 (15%) had CRT in

place at the time of admission, 1269 (8%) underwent CRT place-

ment during index hospitalization, and 643 (4%) had CRT pre-

scribed at the time of discharge (Table 1). Most patients received

or were prescribed CRT-D, with only 7% receiving CRT-P. Base-

line characteristics of the study population are shown in Table 1.

Across all groups, most patients were men, white, and had ische-

mic heart disease. Compared with other groups, patients with

CRT in place at admission had higher rates of prior atrial

arrhythmia and ischemic heart disease. The same group also had

higher rates of non-cardiovascular comorbidities including

anemia, chronic renal insufficiency, diabetes, depression, and his-

tory of cerebrovascular accident or transient ischemic attack.

Rates of guideline-recommended medical therapy were high in all

groups.

TABLE 2 Mortality by CRT implant group and time perioda

All-cause mortality stratified by time period of heart failure hospitalization

All time periods 2005-07 2008-10 2011-12

CRT in place at admission

Total patients 2408 826 844 738

Total events 1519 687 593 239

Event rate at 1 year (95% CI) 35.0% (33.0, 37.0) 34.5% (31.3, 37.8) 33.2% (30.2, 36.6) 38.8% (34.6, 43.3)

Event rate at 3 years (95% CI) 65.2% (63.0, 67.4) 64.8% (61.5, 68.1) 64.5% (61.1, 67.8) NA

P for CRT × time interaction 0.84 — — —

HR (95% CI) CRT vs no CRT 1.08 (1.01, 1.15) 1.08 (0.98, 1.19) 1.07 (1.00, 1.15) 1.06 (0.96, 1.18)

P 0.034 0.12 0.043 0.26

CRT implanted during admission

Total patients 1269 321 624 324

Total events 522 208 244 70

Event rate at 1 year 15.7% (13.7, 17.8) 13.0% (9.7, 17.2) 15.5% (12.9, 18.6) 18.9% (14.7, 24.2)

Event rate at 3 years 38.5% (35.5, 41.7) 36.2% (31.1, 41.9) 37.6% (33.7, 41.8) NA

P for CRT × time interaction 0.025 — — —

HR (95% CI) CRT vs no CRT 0.63 (0.57, 0.70) 0.71 (0.62, 0.81) 0.60 (0.54, 0.67) 0.52 (0.43, 0.64)

P <0.0001 <0.0001 <0.0001 <0.0001

CRT prescribed at discharge

Total patients 643 — 266 377

Total events 221 — 139 82

Event rate at 1 year 26.3% (22.7, 30.3) — 26.9% (21.9, 32.6) 26.3% (21.2, 32.4)

Event rate at 3 years 49.7% (44.4, 55.3) — 49.8% (43.8, 56.1) NA

P for CRT × time interaction 0.94 — — —

HR (95% CI) CRT vs no CRT 0.78 (0.65, 0.93) — 0.77 (0.62, 0.96) 0.76 (0.59, 0.99)

P 0.0048 — 0.021 0.041

No CRT

Total patients 11 299 4382 3836 3081

Total events 6682 3442 2373 867

Event rate at 1 year 30.3% (29.5, 31.2) 28.5% (27.2, 29.9) 31.1% (29.7, 32.6) 32.8% (30.8, 34.9)

Event rate at 3 years 57.6% (56.6, 58.7) 55.4% (53.9, 56.9) 59.6% (58.0, 61.3) NA

Abbreviations: CI, confidence interval; CRT, cardiac resynchronization therapy; HR, hazard ratio.
a Event rates are Kaplan-Meier rates. All P-values and hazard ratios are from adjusted Cox models. Follow-up duration shown as median (IQR). Models con-
tain the following covariates: age, gender, race, left ventricular ejection fraction, systolic blood pressure, heart rate, body mass index, medical history (ane-
mia, prior atrial arrhythmia, prior cerebrovascular accident or transient ischemic attack, ischemic heart disease, pulmonary disease, depression, diabetes,
hypertension, hyperlipidemia, peripheral artery disease, renal insufficiency, chronic dialysis, smoking, prior revascularization), medications at discharge
(angiotensin converting enzyme-inhibitor or angiotensin II receptor blocker, beta blocker, aldosterone antagonist, anticoagulant), and hospital characteris-
tics (geographic region, rural location, teaching hospital, number of beds, and whether the hospital performs heart transplants). Missing values for covari-
ates were imputed using multiple imputations (25 iterations).
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3.3 | Mortality and CRT use

Table 2 demonstrates mortality by CRT implantation group expressed

as Kaplan-Meier event rates, both for the overall study period and by

time period. Patients who received CRT during the index admission

had a lower risk of death compared with patients who had no CRT

(adjusted HR 0.63, 95% confidence interval [CI] 0.57, 0.70;

P < 0.0001). This associated benefit increased over time (adjusted HR

0.7-0.52; P = 0.025). Patients with CRT in place at the time of HF

admission had a higher risk of mortality compared with patients who

had no CRT (adjusted HR 1.08, 95% CI 1.01, 1.15; P = 0.034). This

finding remained consistent over time (P = 0.84). Patients who were

prescribed CRT at discharge also had lower risk of death compared

with those who did not receive CRT (HR 0.78, 95% CI 0.65, 0.93;

P = 0.0048). This associated risk reduction remained consistent over

time (P = 0.094) and was not as large as that seen in those with CRT

implanted during admission. These relationships are demonstrated

graphically in Figure 1. A sensitivity analysis confining the no-CRT

comparator group to only those with documented prolonged QRS

complexes revealed similar hazard ratios (Supporting Information

Table S1).

3.4 | HF re-hospitalization and CRT use

Table 3 shows HF re-hospitalization by CRT implantation group

expressed as cumulative incidence rates, both for the overall study

period and by time period. Patients who received CRT during admis-

sion had a lower associated risk of HF re-hospitalization compared

with patients who had no CRT (adjusted HR 0.64, 95% CI 0.58, 0.71;

P < 0.0001). This association became more pronounced over time

(adjusted HR of 0.81-0.50; P < 0.0001). Patients who had CRT at the

time of HF admission had a higher associated risk of HF re-

hospitalization compared with patients who had no CRT (adjusted HR

1.22, 95% CI 1.14, 1.30; P < 0.0001). This finding was consistent over

time (P = 0.67). Patients with CRT prescribed at discharge had a risk

of HF re-hospitalization that was similar to those without CRT

(HR 1.02, 95% CI 0.89, 1.16; P = 0.77), a finding that was consistent

over time (P = 0.50). A graphical representation of these relationships

is shown in Figure 2. A sensitivity analysis confining the no-CRT com-

parator group to only those with documented prolonged QRS com-

plexes revealed similar hazard ratios (Table S2).

4 | DISCUSSION

This analysis utilizing the GWTG-HF registry has several notable find-

ings: (a) CRT implantation during HF hospitalization is associated with

improvements in risk-adjusted mortality and HF re-hospitalization

compared with no CRT, (b) CRT prescribed at discharge is associated

with improved risk-adjusted mortality compared with no CRT, but this

effect is not as large as that seen in CRT implanted during HF hospi-

talization, (c) CRT prescribed at discharge is not associated with

improved HF re-hospitalization rates compared with no CRT, and

(iv) pre-existing CRT at the time of HF hospitalization is associated

with worse clinical outcomes compared with no CRT.

Current guidelines do not address timing of CRT implantation rel-

ative to admission for HF. Our analysis shows that in eligible patients

admitted with a primary diagnosis of HF, CRT implantation prior to

discharge is associated with improved mortality and HF hospitalization

rates compared to those who do not receive CRT. In current practice,

it is uncommon for CRT to be implanted during HF hospitalization, a

fact that is supported in our patient cohort, as only 8% of patients

without CRT already in place received the therapy prior to discharge.

These results suggest that it is appropriate to consider CRT implanta-

tion in patients admitted for HF prior to discharge.

The present study also shows that patients who are prescribed

CRT at discharge with a plan for subsequent placement is associated

with only modest clinical benefit compared to those who receive CRT

during HF hospitalization. Although it is unknown whether patients in

this group received post-discharge CRT as prescribed, this represents

real-world practice making the results clinically applicable. Given the

known clinical benefit of CRT, long-term follow-up to further investi-

gate rates of CRT implantation when prescribed at discharge could

highlight important areas for improvement in discharge transitions

and planning. Additionally, prospective, randomized trials aimed at

comparison of clinical outcomes between patients who receive CRT

during admission vs after discharge could further our understanding

of appropriate timing of device implantation.

In our analysis, patients who require hospitalization for HF with

pre-existing CRT have higher mortality and HF re-hospitalization rates

than other groups studied. Based on differences in baseline character-

istics highlighted in Table 1, this group represents a patient cohort

with more cardiovascular and non-cardiovascular comorbidities.

Despite adjusting for the majority of these differences, worsened clin-

ical outcomes persisted. This suggests the presence of unmeasured

clinical attributes, likely including markers of HF severity or duration

of disease, which may account for the recurrent hospitalizations and

worsened mortality. Prior studies and subsequent guidelines have

focused on indications for CRT implantation, but have not identified

FIGURE 1 Relationships between time of CRT implantation and

mortality—the risk of death is lower for CRT implantation during
hospitalization for HF vs CRT in place at admission or CRT
prescription at discharge. These relationships remain consistent over
time.CRT, cardiac resynchronizatio therapy; HF, heart failure; HR,
hazard ratio; CI, confidence interval
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markers of HF disease severity that may be associated with lack of

clinical benefit or worsened outcomes with CRT use. Our results sug-

gest that a better understanding of specific factors that may affect

certain patients' ability to receive the intended clinical benefits of CRT

is needed.

4.1 | Strengths and limitations

The major strength of our analysis is that it utilized data collected as

part of a large, national registry. Because of the large number of sub-

jects included, the results are statistically robust with enhanced data

consistency. In addition, registry analysis provides a diverse patient

population not typically included in clinical trials.

A major limitation of our study is that patients were not ran-

domized and thus our results are associations as opposed to causal

relationships. As an observational study, measured or unmeasured

confounding may have affected the findings of this analysis. To

address this weakness, identified differences were adjusted for

using robust statistical modeling. Physicians' perception of clinical

stability or instability, a factor that likely affected the decision

regarding timing of ICD implantation, was unknown and therefore

could be accounted for. Another limitation inherent to a registry

analysis is that some important data elements may not be cap-

tured. Because reporting on QRS morphology and duration were

not required prior to 2011, QRS data were missing on many

patients included in our analysis. We do not believe that lack of

QRS data significantly impacted our analysis as we excluded

patients determined not to qualify for CRT by the treating physi-

cian on the basis of a narrow QRS among other reasons. Further-

more, our results did not significantly differ in a sensitivity analysis

that confined the no-CRT comparator group to only those with

documented prolonged QRS duration. Because only sites that sub-

mitted medical history data for at least 75% of their patients were

included, about half of the sites that participate in the GWTG-HF

registry were excluded. Fully participating sites, however, were

similar to omitted sites in geographic region, urban vs rural loca-

tion, teaching status and size. Therefore, it is reasonable to assume

TABLE 3 Heart failure hospitalization by CRT implant group and time perioda

Heart failure re-hospitalization stratified by time period of heart failure hospitalization

All time periods 2005-07 2008-10 2011-12

CRT in place at admission

Total events 1282 488 501 293

Event rate at 1 year (95% CI) 45.3% (43.3,47.4) 43.8% (40.5,47.3) 46.1% (42.8,49.6) 46.0% (42.0,50.4)

Event rate at 3 years (95% CI) 57.0% (54.9,59.2) 55.1% (51.7,58.6) 58.6% (55.3,62.1) NA

P for CRT × time interaction 0.67 — — —

HR (95% CI) CRT vs no CRT 1.22 (1.14, 1.30) 1.22 (1.09, 1.35) 1.18 (1.06, 1.30) 1.27 (1.10, 1.46)

P <0.0001 0.0003 0.0021 0.0012

CRT implanted during admission

Total events 419 149 207 63

Event rate at 1 year 21.9% (19.7,24.4) 24.4% (20.1,29.6) 22.1% (19.0,25.6) 18.6% (14.6,23.8)

Event rate at 3 years 34.0% (31.2,37.0) 38.2% (33.2,44.0) 32.8% (29.2,36.8) NA

P for CRT × time interaction <0.0001 — — —

HR (95% CI) CRT vs no CRT 0.64 (0.58, 0.71) 0.81 (0.69, 0.95) 0.59 (0.51, 0.69) 0.50 (0.39, 0.65)

P <0.0001 0.0092 <0.0001 <0.0001

CRT prescribed at discharge

Total events 251 — 133 116

Event rate at 1 year 37.6% (33.7,41.9) — 38.5% (33.0,44.8) 36.9% (31.5,43.2)

Event rate at 3 years 48.9% (44.2,54.0) — 49.6% (43.9,56.1) NA

P for CRT × time interaction 0.50 — — —

HR (95% CI) CRT vs no CRT 1.02 (0.89, 1.16) — 0.98 (0.82, 1.18) 1.03 (0.85, 1.26)

P 0.77 — 0.86 0.75

No CRT

Total events 5201 2310 1906 987

Event rate at 1 year 37.1% (36.2,38.1) 36.0% (34.6,37.4) 38.8% (37.3,40.4) 36.5% (34.6,38.5)

Event rate at 3 years 48.8% (47.8,49.8) 48.2% (46.7,49.7) 49.8% (48.2,51.5) NA

Abbreviations: CI, confidence interval; CRT, cardiac resynchronization therapy; HR, hazard ratio.
a Event rates are cumulative incidence rates. All P-values and hazard ratios are from adjusted Fine and Gray models. Models contain the following covari-
ates: age, gender, race, left ventricular ejection fraction, systolic blood pressure, heart rate, body mass index, medical history (anemia, prior atrial arrhyth-
mia, prior cerebrovascular accident or transient ischemic attack, ischemic heart disease, pulmonary disease, depression, diabetes, hypertension,
hyperlipidemia, peripheral artery disease, renal insufficiency, chronic dialysis, smoking, prior revascularization), medications at discharge (angiotensin con-
verting enzyme-inhibitor or angiotensin II receptor blocker, beta blocker, aldosterone antagonist, anticoagulant), and hospital characteristics (geographic
region, rural location, teaching hospital, number of beds, and whether the hospital performs heart transplants). Missing values for covariates were
imputed using multiple imputations (25 iterations).
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that the patients included represent an unbiased sample from the

larger population.

5 | CONCLUSION

Landmark trials and current clinical practice guidelines do not address

optimal timing of CRT implantation relative to hospitalization for

HF. The primary finding of this analysis is that CRT implantation dur-

ing HF hospitalization is associated with lower all-cause mortality and

reduced HF re-hospitalization rates compared with patients who do

not receive CRT. Clinical benefit is greater when CRT is implanted

during HF hospitalization compared with when it is prescribed at dis-

charge. These data suggest that CRT utilization strategy that does not

delay implantation to the post-discharge period following HF hospital-

ization may be appropriate. Patients who require hospitalization for

HF despite having CRT already in place had worse outcomes com-

pared with patients with no CRT. This observation is likely explained

by these patients representing a particularly high-risk subgroup. Ran-

domized trials should be aimed at identifying the appropriate timing

of CRT implantation relative to hospitalization for HF, as well as iden-

tification of specific characteristics that may affect patients' ability to

derive the intended benefits of CRT.
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