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Aims Randomized data on the efficacy/safety of cardiac resynchronization therapy with vs. without defibrillator (CRT-D,-
P) in heart failure with reduced ejection fraction (HFrEF) are scarce. We aimed to evaluate survival associated with
use of CRT-D vs. CRT-P in a contemporary cohort with HFrEF.

Methods Patients from Swedish HF Registry treated with CRT-D/CRT-P and fulfilling criteria for primary prevention defibril-

and results lator use were included. Logistic regression was used to evaluate predictors of CRT-D non-use. All-cause mortality
was compared in CRT-D vs. CRT-P by Cox regression in a 1:1 propensity-score-matched cohort. Of 1988
patients with CRT, 1108 (56%) had CRT-D and 880 (44%) CRT-P. Older age, higher ejection fraction (EF), female
sex, and the lack of referral to HF nurse-led outpatient clinic were major determinants of CRT-D non-use. After
matching, 645 CRT-D patients were compared with 645 with CRT-P. The CRT-D use was associated with lower
1- and 3-year all-cause mortality [hazard ratio (HR):0.76, 95% confidence interval (Cl):0.58-0.98; HR: 0.82, 95% Cl:
0.68-0.99, respectively]. Results were consistent in all pre-specified subgroups except for CRT-D use being associ-
ated with lower 3-year mortality in patients with an EF <30% but not in those with an EF > 30% (HR: 0.73, 95% CI:
0.59-0.89 and HR: 1.24, 95% Cl: 0.83-1.85, respectively; P-interaction = 0.02).

Conclusion In a contemporary HFrEF cohort, CRT-D was associated with lower mortality compared with CRT-P. The CRT-D
use was less likely in older patients, females, and in patients not referred to HF nurse-led outpatient clinic. Our
findings support the use of CRT-D vs. CRT-P in HFrEF, in particular with severely reduced EF.

Keywords Heart failure e Heart failure with reduced ejection fraction e Implantable cardioverter-defibrillator e Cardiac
resynchronization therapy e Primary prevention e Swedish Heart Failure Registry

Introduction ventricular conduction/contraction and fostering favourable re-

verse remodelling'™ CRT is therefore recommended by current
Cardiac resynchronization therapy (CRT) improves quality of life guidelines in HFrEF patients who are symptomatic, have pro-
and survival in selected patients with heart failure (HF) with re- longed QRS, and ejection fraction (EF)<35% despite optimal
duced ejection fraction (HFrEF) by resynchronizing intra- medical treatment.®
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What’s new?

® In a contemporary heart failure with reduced ejection fraction
cohort, cardiac resynchronization therapy-defibrillator (CRT-
D) was associated with lower mortality as compared with
CRT-pacemaker.

® This association was observed in those with an ejection
fraction (EF) <30%, but not in those with an EF >30%.

® CRT-D use was less likely in older patients, females, and in
patients not referred for specific heart failure follow-up care.

Improvements in HF pharmacotherapy over the past 20years
have impacted the risk profile of patients with HFrEF, decreasing the
risk of sudden cardiac death (SCD) by 44%.” It has also been hypoth-
esized that reverse remodelling linked with CRT use might reduce
the risk of ventricular arrhythmias and thus contribute to the ob-
served reduction in risk of SCD.? Therefore, the need of an implant-
able cardioverter-defibrillator (ICD) in HFrEF patients meeting the
criteria for primary prevention of SCD but also eligible for CRT is of-
ten questioned. Notably, ICD is currently recommended in patients
with HF, EF <35%, and symptoms despite optimal medical therapy,
and thus many patients have simultaneous indication for CRT and
ICD.

Contemporary, randomized data directly assessing the efficacy of
ICD in patients with CRT, i.e. head-to-head comparison of CRT-
defibrillator (CRT-D) vs. CRT-pacemaker (CRT-P), are scarce.®
Subgroup analysis from a previous study from the Swedish HF
Registry (SwedeHF) suggested that primary prevention ICD use
might be associated with lower mortality irrespective of CRT use,
but was not designed to address this specific question.’

Therefore, we aimed to compare survival in patients treated with
CRT-D vs. CRT-P in a large and contemporary cohort of patients
with HFrEF, focusing also on relevant pre-specified subgroups who
may report particularly large or perhaps no benefit associated with
the use of these devices.

Methods

Study protocol and setting
The SwedeHF registry (www.SwedeHFse) has been previously de-
scribed.® Briefly, it is a nationwide, prospective registry enrolling patient
with clinician-judged HF since May 2000. It records approximately 80 vari-
ables at discharge from hospital (for inpatients) or after an outpatient visit.
Enrolment in SwedeHF does not require individual patient consent, but
patients are informed about the enrolment and may decide to opt out.™
To obtain data on additional baseline comorbidities, SwedeHF was
linked to the National Patient Registry. Furthermore, the Cause of Death
registry provided date and cause of death; Statistics Sweden provided
data on education level and income. Both the National Patient Registry
and the Cause of Death registry are administered by the Swedish Board
of Health and Welfare.

Patients

The study population consisted of in and outpatients treated with CRT-D
or CRT-P and registered in SwedeHF between 11 May 2000 and 31

December 2016. Inclusion criteria were defined according to the recom-
mendations from the 2016 European Society of Cardiology HF guidelines
on |ICD use for primary prevention of SCD, which were adapted accord-
ing to SwedeHF data as follows: EF <40% (EF is categorized in SwedeHF
as <30%, 30-39%, 40-49%, and >50%), HF duration >3 months, and
New York Heart Association (NYHA) class >I1.° Patients who died dur-
ing the hospitalization/visit linked to the registration in SwedeHF were
excluded. In case of multiple eligible registrations for the same patient,
the first one was selected. The index date was defined as the day of hospi-
tal discharge or outpatient visit when patients were registered in
SwedeHF. The end of follow-up was 31 December 2016.

Statistical analyses

Missing data for variables of interest were handled by chained equations
multiple imputation (R-package mice; 10 imputed datasets generated).
Table 1 reports the variables which were used for the multiple imputation
models and the proportion of missing data for each variable.

To evaluate patient characteristics which were independently associ-
ated with CRT-D non-use/CRT-P use, a multivariable logistic regression
model was fitted, with CRT-D non-use/CRT-P use as dependent variable
and the baseline characteristics reported in Figure 1 as covariates. Odds
ratios (ORs) and 95% confidence intervals (Cls) were calculated for each
potential predictor.

Propensity scores (PS) for CRT-D use were calculated in each imputed
dataset for each patient by a logistic regression model including 35 poten-
tial confounders (marked with superscript a in Table 1), and then aver-
aged across the 10 imputed datasets."" Based on their PS, CRT-D
recipients were matched 1:1 to CRT-P recipients by the nearest neigh-
bour method with a calliper of 0.15 and no replacement. The balance in
potential confounders between the CRT-D and the CRT-P group was
considered achieved whether the absolute standard difference was below
0.10.

Primary outcomes in this analysis were 1-year and 3-year all-cause
mortality. Secondary outcomes were 1-year and 3-year cardiovascular
(CV) mortality (with censoring for non-CV death). The Kaplan—Meier
method was used to estimate survival functions in patients treated with
CRT-D vs. CRT-P in the PS-matched cohort (i.e. adjusting for confound-
ers). Finally, as a negative control outcome analysis, Cox regression mod-
els with 1-year and 3-year risk of non-CV hospitalization as endpoints
were fitted in the PS-matched cohort to investigate the presence of resid-
ual confounding, since neither CRT-D nor CRT-P (i.e. the exposures) are
expected to affect this outcome. The proportional-hazards assumption
was assessed based on Schoenfeld residuals.

As for subgroup analysis, Cox proportional hazard models including
the interaction between CRT-D/CRT-P use and the variables represent-
ing the pre-specified subgroups of interest were fitted in the matched co-
hort. The following subgroups were investigated: females vs. males, age
>70 vs. <70years, NYHA class Il vs. lll/IV, EF 30-39% vs. <30%, history
vs. no history of ischaemic heart disease, date of enrolment 2000—12 vs.
2013-16, follow-up referral to specialty vs. primary care, referral vs. no
referral to follow-up in nurse-led HF clinic.

Supplementary material online, Table S1 reports the definition of the
variables used in this study. All statistical analyses were performed by R
3.5.3. A P-value <0.05 (two-tailed) was considered statistically significant.

Ethical considerations

This study was conducted in accordance with the declaration of Helsinki.
The establishment of SwedeHF and this analysis with linkage to other
governmental registries was approved by a national ethics committee.
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Table I Baseline characteristics of the unmatched and the propensity score-matched cohort

Unmatched cohort PS-matched cohort
Variable CRT-P CRT-D P-value % missing CRT-P CRT-D ASD
(N =880,44%) (N=1108,56%) (N =645,50%) (N =645,50%)

Demographics

Age (years), mean (SD) 743 (9.3) 67.6 (9.8) <0.01 0 72.9 (10.0) 70.3 (94) 0.27
Age >70years® (%) 639 (72.6) 479 (43.2) <0.01 410 (63.6) 399 (61.9) 0.04
Sex, female® (%) 188 (21.4) 175 (15.8) <0.01 0 124 (19.2) 118 (18.3) 0.02
Outpatient® (%) 511 (58.1) 688 (62.1) 0.08 0 379 (58.9) 374 (58.1) 0.02
Year of registration® <0.01 0 0.02
2000-12 (%) 549 (62.4) 473 (42.7) 340 (52.7) 345 (53.5)
2013-16 (%) 331 (37.6) 635 (57.3) 305 (47.3) 300 (46.5)
Clinical
HF duration >6 months® (%) 842 (95.7) 1048 (94.6) 0.31 0 616 (95.5) 616 (95.5) <0.01
Ejection fraction® <0.01 0 0.02
30-39 (%) 293 (33.3) 289 (26.1) 190 (29.5) 184 (28.5)
<30 (%) 587 (66.7) 819 (73.9) 455 (70.5) 461 (71.5)
NYHA class® 0.09 0 0.07
Il (%) 310 (35.2) 438 (39.5) 243 (37.7) 235 (36.4)
Il (%) 515 (58.5) 594 (53.6) 361 (56.0) 358 (55.5)
IV (%) 55 (6.2) 76 (6.9) 41 (6.4) 52 (8.1)
Heart rate (b.p.m.), mean (SD) 72.1 (11.0) 71.6 (11.7) 0.39 0.5 719 (11.2) 71.6 (12.0) 0.03
>70 b.p.m.? (%) 511 (62.2) 647 (60.1) 0.38 365 (60.5) 373 (59.7) 0.02
MAP (mmHg), mean (SD) 85.5 (12.3) 85.1 (12.1) 0.58 0.2 85.5 (12.4) 84.7 (11.5) 0.06
>90 mmHg® (%) 311 (36.0) 382 (35.3) 0.78 219 (34.6) 209 (33.1) 0.03
NT-proBNP (pg/L), median (IQR) 3190 (1528, 7124) 2543 (1050, 5205) <0.01 48.8 3245 (1433, 6906) 3070 (1310,5986) 0.11
>Median® (%) 234 (55.7) 274 (45.9) <0.01 178 (54.6) 177 (53.8) 0.02
BMI (kg/m?), mean (SD) 26.60 (4.9) 27.8 (4.9) <0.01 337 26.8 (5.0) 273 (4.7) 0.10
>30 kg/m?* (%) 136 (23.7) 213 (28.6) 0.06 106 (24.4) 112 (26.2) 0.04
eGFR (mL/min/1.73 m?), mean (SD)  53.1 (21.5) 59.6 (21.9) <0.01 0.3 55.2 (22.1) 55.5(21.2) 0.02
<60 mL/min/1.73m* (%) 563 (65.2) 563 (52.6) <0.01 386 (61.1) 388 (62.2) 0.02
Treatments
Beta-blocker® (%) 819 (93.3) 1072 (96.9) <0.01 0.02 615 (95.6) 615 (95.6) <0.01
RASI® (%) 801 (91.2) 1039 (94.0) 0.02 0.03 596 (92.7) 598 (93.1) 0.02
MRA? (%) 450 (51.3) 660 (60.1) <0.01 0.06 350 (54.5) 352 (55.3) 0.02
Diuretics® (%) 766 (87.0) 936 (84.5) 0.12 0 557 (86.4) 552 (85.6) 0.02
Digoxin® (%) 197 (22.5) 198 (17.9) 0.01 0.03 136 (21.2) 130 (20.2) 0.02
Oral anticoagulant® (%) 517 (59.0) 706 (63.9) 0.03 0.04 405 (63.0) 410 (64.0) 0.02
Platelet inhibitor® (%) 317 (36.5) 407 (37.3) 0.74 0.1 222 (35.0) 235 (36.8) 0.04
Nitrate® (%) 168 (19.2) 158 (14.3) <0.01 0.03 110 (17.1) 121 (18.8) 0.04
Statin® (%) 504 (57.4) 711 (64.5) <0.01 0.04 390 (60.6) 411 (64.0) 0.07
Follow-up referral specialty® <0.01 34 0.07
Specialty care (%) 717 (85.8) 995 (91.7) 539 (88.1) 566 (90.1)
Primary care (%) 119 (13.5) 90 (8.1) 73 (11.3) 62 (9.6)
Follow-up in nurse-led HF clinic* <0.01 5.0 <0.01
Yes (%) 411 (49.7) 682 (64.2) 339 (55.9) 342 (55.6)
No (%) 416 (47.3) 380 (34.3) 267 (41.4) 273 (42.3)
Comorbidities
Ischaemic heart disease® (%) 644 (73.2) 813 (734) 0.96 0 474 (73.5) 482 (74.7) 0.03
Prior coronary revascularization® (%) 409 (46.5) 577 (52.1) 0.02 0 323 (50.1) 337 (52.2) 0.04
Current smoking® (%) 60 (8.3) 82(94) 0.54 19.8 44 (8.5) 35 (6.9) 0.06
Atrial Fibrillation® (%) 596 (67.7) 681 (61.5) <0.01 0 425 (65.9) 428 (66.4) 0.01
Anaemia® (%) 336 (39.2) 368 (35.0) 0.06 04 238 (38.0) 222 (36.3) 0.04

Continued
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Table | Continued

Unmatched cohort

Variable CRT-P CRT-D

Diabetes mellitus® (%) 316 (35.9) 406 (36.6)
Avrterial hypertension® (%) 539 (61.3) 684 (61.7)
Valvular heart disease® (%) 324 (36.8) 341 (30.8)
Peripheral vascular disease® (%) 135 (15.3) 126 (11.4)
COPD? (%) 134 (15.2) 157 (14.2)
Cancer within the last 3 years® (%) 92 (10.5) 90 (8.1)

Stroke/transient ischaemic attack® (%) 162 (18.4) 166 (15.0)

PS-matched cohort

P-value % missing CRT-P CRT-D ASD
(N=645,50%) (N=645,50%)

077 0 231 (35.8) 236 (36.6) 0.02
08 0 401 (62.2) 402 (62.3) <0.01
<0.01 0 227 (35.2) 226 (35.0) <0.01
001 0 90 (14.0) 94 (14.6) 0.02
055 0 97 (15.0) 98 (15.2) <0.01
0.09 0 64 (9.9) 57 (8.8) 0.04
0.05 0 114 (17.7) 117 (18.1) 0.01

Continuous variables are presented as mean (SD) if normally distributed and median (IQR) if non-normally distributed, categorical variables as frequency (percentage). The t-
test was used to compare patients treated with CRT-D vs. CRT-P for normally distributed and Man—Whitney U test for non-normally distributed continuous variables, Fisher’s
exact test for categorical variables. Absolute standardized differences (ASD) are defined as the difference in means, proportions, or ranks divided by the mutual standard devia-

tion; values below 0.1 were considered as not significant.

Variables marked with () were included in the multiple imputation model (together with the outcome 3-year all-cause death and CRT-D use) and were also used for the calcu-
lation of propensity scores. In these models, NYHA class was categorized as NYHA Il vs. NYHA [lI-IV.

BMI, body mass index; COPD, chronic obstructive pulmonary disease; CRT-D/-P, cardiac resynchronization therapy with defibrillator/pacemaker; eGFR, estimated glomerular
filtration rate (calculated by Chronic Kidney Disease Epidemiology Collaboration formula); IQR, inter-quartile range; MAP, mean arterial pressure; MRA, mineralocorticoid re-
ceptor antagonist; NT-proBNP, N-terminal pro-B-type natriuretic peptide; NYHA, New York Heart Association; RASI, renin—angiotensin-system inhibitor; SD, standard

deviation.

Results

Study cohort

Between 11 May 2000 and 31 December 2016, SwedeHF included
130420 registrations from 76 506 unique patients. After applying the
inclusion criteria for this study, 1988 patients were analysed. Of
these, 1108 (56%) patients were treated with CRT-D and 880
patients (44%) with CRT-P. After PS-matching, the study cohort con-
sisted of 1290 patients, 645 (50%) treated with CRT-D vs. 645 (50%)
treated with CRT-P (see Supplementary material online, Figure S1).

Baseline characteristics
In the unmatched cohort, mean age was 71 = 10 years and 18% of the
patients were female. Most of the baseline characteristics were differ-
ently distributed in patients treated with CRT-D vs. CRT-P. The
CRT-D recipients were younger, more likely male, had lower N-ter-
minal pro-B-type natriuretic peptide levels, lower EF, and fewer
comorbidities. Use of beta-blockers and mineralocorticoid receptor
antagonists was overall high but more likely in patients with CRT-D
vs. CRT-P (Table 1).

In the PS-matched cohort, CRT-D vs. CRT-P patients were com-
parable for all the potential confounders considered in our analysis.

Independent predictors of cardiac
resynchronization therapy-defibrillator
non-use/cardiac resynchronization
therapy-pacemaker use

Differences in baseline characteristics shown in Table 1 are unad-
justed. Therefore, in the overall (i.e. unmatched) cohort, a multivari-
able logistic regression model was fitted to identify patient
characteristics independently associated with CRT-D non-use/CRT-

P use. The CRT-D use was less likely in older patients, in females, and
in patients with a history of stroke or transient ischaemic attack,
whereas it was more likely in patients registered in 2013 or later, in
those with prior coronary revascularization, receiving beta-blockers,
or anticoagulants, and with planned referral to HF nurse-led outpa-
tient clinic. Variables reflecting HF severity, such as N-terminal pro-B-
type natriuretic peptide and NYHA class, but also most of the
comorbidities did not explain the use of CRT-D vs. CRT-P. Finally,
CRT-D was more likely used in patients with lower EF, which reflects
the current guideline recommendations where an EF <35% is re-
quired (Figure 1).

Outcome analysis

Primary outcome: all-cause mortality

In the overall cohort, over a median follow-up of 2.35 [inter-quar-
tile range (IQR) 0.92-3.00] years, 677 deaths (51.6%) occurred.
Crude 1-year risk of all-cause death in patients treated with CRT-
D vs. CRT-P was 14.7% (95% Cl: 12.5-16.9%) vs. 20.5% (95% ClI:
17.7-23.2%; P<0.01), whereas 3-year risk was 35.7% (95% Cl:
32.4-38.8%) vs. 44.8% (95% Cl: 41.2.48.2%; P <0.01), respectively.
Corresponding unadjusted hazard ratios (HR) and 95% CI were
0.68 (0.55-0.85) at 1year and 0.73 (0.63-0.85) at 3years (Figure
2).

In the matched cohort, 460 deaths (35.7%) occurred over a me-
dian follow-up of 2.24 (IQR: 0.87-3.00) years. One-year mortality
risk was 16.9% (95% Cl: 13.9-19.9%) vs. 21.6% (95% Cl: 18.3-24.8%;
P=0.03) in patients treated with CRT-D vs. CRT-P, with a 4.7% abso-
lute risk reduction (ARR) and HR=0.76 (95% Cl: 0.58-0.98; Figure
3). Three-year all-cause mortality risk was 38.4% (95% Cl: 34.1—
42.4%) vs. 43.9% (95% Cl: 39.9-47.9%; P=0.04) in patients treated
with CRT-D vs. CRT-P, with a 5.5% ARR and HR=0.82 (95% ClI:
0.68-0.99; Figure 3).
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Variables P-value
Age >70 years HEH <0.01
LVEF 30-39% vs. <30% e <0.01
Female sex B <0.01
Stroke/TIA HEH 0.03
Current smoking H— 0.16
NTproBNP > median — 0.08
Digoxin m = 0.08
Out- vs. in—patient HIH 0.06
Atrial fibrillation HilH 0.12
Valvular heart disease - H 0.07
Peripheral vascular disease B 0.21
Diuretics 0.52
Cancer diagnosis within the past 3 years 0.64
BMI >30 kg/m'’ 0.58
Nitrates 0.60
COPD 0.61
HF duration >6 months 0.89
NYHA 1I/1V vs. |l 0.88
Diabetes mellitus 0.95
MAP > 90 mmHg 0.84
Arterial hypertension 0.75
eGFR <60 ml/min/1.73m’ 0.70
HR =70 bpm 0.66
Anemia 0.59
Ischemic heart disease 0.59
Statin 0.37
MRA 0.19
Specialty care follow-up - 0.19
Antiplatelet = 0.08
RASI i+ 0.15
Coronary revascularization = = 0.05
Follow—up in nurse-led HF clinic i <0.01
Betablocker —l— 0.05
Anticoagulant |l <0.01
Registration 2013-16 vs. earlier HllH <0.01
 — | — 1
0.30 0.50 1.0 20 3.0 5.0

CRT-D more likely 4=mp CRT-D less likely
== Demographics ™= Clinical factors

== Comorbidities

m= Treatments

Figure | Patient characteristics independently associated with defibrillator use among patients with heart failure and cardiac resynchronization
therapy. BMI, body mass index; CRT-D/-P, cardiac resynchronization therapy with defibrillator/pacemaker; eGFR, estimated glomerular filtration
rate; HF, heart failure; HR, heart rate; MAP, mean arterial pressure; MRA, mineralocorticoid receptor antagonist; NTproBNP, N-terminal pro-B-type
natriuretic peptide; NYHA, New York Heart Association; RASI, renin—angiotensin-system inhibitor; TIA, transient ischaemic attack.

Secondary outcome: cardiovascular mortality
In the overall cohort, 529 (26.6%) CV deaths occurred. Crude 1-year
risk of CV death was 11.8% (95% ClI: 9.8-13.8%) in CRT-D vs. 17.6%
(95% Cl: 15.0-20.2%; P<0.01) in CRT-P patients, whereas 3-year
risk was 28.4% (95% Cl: 25.3-31.4%) vs. 37.3% (95% Cl: 33.7-40.8%;
P<0.01), respectively. Corresponding unadjusted HRs and 95% ClI
were 0.64 (0.50-0.81) at 1 year and 0.70 (0.59-0.83) at 3 years (Figure
2).

In the matched cohort, 365 CV deaths (28.3%) occurred. One-
year CV mortality risk was 13.8% (95% Cl: 11.0-16.5%) in CRT-D vs.

18.7% (95% Cl: 15.5-21.8%; P=0.02) in CRT-P patients, with a 4.9%
ARR and HR =0.72 (95% Cl: 0.54-0.95; Figure 3). Three-year risk was
31.7% (95% Cl: 27.5-35.6%) vs. 36.3% (95% Cl: 32.0-40.4%;
P=0.06), respectively, leading to a HR=0.82 (95% ClI: 0.67-1.01;
Figure 3).

Negative control analysis

In the matched cohort, 1 and 3-year risk of non-CV hospitalization
was 40.2% (95% Cl: 36.0-44.1%) vs. 37.9% (95% Cl: 33.8-41.8%;
P=0.39) and 67.2% (95% Cl: 62.6-71.3%) vs. 65.0% (95% CI: 60.1—
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Figure 2 Kaplan—Meier curves for all-cause and cardiovascular mortality in patients treated with cardiac resynchronization therapy with defibrilla-
tor vs. cardiac resynchronization therapy with pacemaker in the overall cohort. Vertical-dashed line marks the 1-year endpoint. Cl, confidence inter-
val; CRT-D/-P, cardiac resynchronization therapy with defibrillator/pacemaker; HR, hazard ratio.
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Figure 3 Kaplan—Meier curves for all-cause and cardiovascular mortality in patients treated with cardiac resynchronization therapy with defibrilla-
tor vs. cardiac resynchronization therapy with pacemaker in the propensity score-matched cohort. Vertical-dashed line marks the 1-year endpoint.
Cl, confidence interval; CRT-D/-P, cardiac resynchronization therapy with defibrillator/pacemaker; HR, hazard ratio.

69.3%; P=0.31), respectively, in CRT-D vs. CRT-P receivers. There
was no statistically significant difference in risk of the negative control
outcome between the study arms [1-year HR=1.08 (95% Cl: 0.90—
1.30); 3-year HR = 1.08 (95% Cl: 0.93—1.26; Figure 4)].

Subgroup analysis

Figure 5 shows the association between CRT-D vs. CRT-P use and 1-
and 3-year risk of all-cause death in pre-specified subgroups. There
was no significant interaction between CRT-D/CRT-P use and each
of the variables defining the subgroups of interest for 1-year all-cause

mortality. Similar results were reported for 3-year mortality, except
for the EF subgroup analysis, where CRT-D vs. CRT-P use was signifi-
cantly associated with lower risk of outcome in patients with EF
<30%, but not in those with EF 30-39%.

Discussion

In this PS-matched analysis of SwedeHF including a contemporary
HFrEF population treated with CRT and with an indication for ICD
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use for primary prevention of SCD, CRT-D use was associated with
a 24% lower 1-year and an 18% lower 3-year risk of all-cause mortal-
ity compared with CRT-P. One-year but not 3-year risk of CV death
was significantly lower in CRT-D vs. CRT-P arm. Notably, the finding
of a lower risk of any death associated with the use of CRT-D was
consistent across all the explored subgroups at 1year, but not at
3years where a higher survival was observed in patients with EF
<30% but not in those with EF = 30-39%.

Cardiac resynchronization therapy-
defibrillator vs. cardiac resynchroniza-
tion therapy-pacemaker use in contem-
porary patients with heart failure with
reduced ejection fraction

Following the publication of the DANISH trial, showing no effect of
primary prevention ICD use on all-cause mortality in non-ischaemic
HF,"* the role of ICD in primary prevention of SCD in HFrEF has
been debated. Further concerns have been linked with the observa-
tion of a declining incidence of SCD in HF patients over the past two
decades,” which might be explained by the use of new pharmaco-
therapies and of CRT-P decreasing not only the risk of HF-related
death but also risk of SCD.” Additionally, recent studies have shown
that the excess mortality in HFrEF patients treated with CRT-P
mainly stems from non-sudden deaths, which cannot be prevented
by an ICD."*"* Therefore, it has been speculated that the combina-
tion of contemporary HF pharmacotherapy and CRT use might obvi-
ate the need for primary prevention ICD use in patients with
HFrEF treated by CRT-P, and thus CRT-P use might be preferred to
CRT-D.

In a real-world HF cohort receiving contemporary care including
CRT, we showed that use of ICD, i.e. CRT-D vs. CRT-P, was associ-
ated with a lower risk of all-cause and CV mortality. This finding
strengthens the evidence from a previous SwedeHF analysis showing
a lower short-term/long-term risk of all-cause mortality and lower
short-term risk of CV mortality associated with primary prevention
use of ICD use regardless of concomitant CRT use.” In the subgroup
analysis of the same study, CRT-D was associated with higher survival
compared with CRT-P.” However, based on the exploratory charac-
teristics of subgroup analyses, there was no matching of CRT-D vs.
CRT-P patients and therefore the control for confounders was
limited.”

Consistent  findings were previously observed in the
COMPANION trial, which enrolled HFrEF patients in sinus rhythm
with NYHA class I1I/IV.* When compared with optimal medical ther-
apy alone, CRT-D use led to a statistically significant survival benefit,
whereas the 24% relative risk reduction in mortality associated with
CRT-P only approximated statistical significance.” However, there
was no pre-specified analysis for an head-to-head comparison be-
tween CRT-D and CRT-P, which precluded any direct comparison
for efficacy between the two CRT strategies.”* Finally, the
COMPANION trial enrolled patients almost 20 years ago and, there-
fore, the patient characteristics (e.g. younger age) and medical ther-
apy (less use of renin—angiotensin-system inhibitors and beta-
blockers) of this trial cohort might not reflect those of contemporary
HFrEF populations which have reported a reduced risk of SCD com-
pared with previous studies.” Furthermore, a post hoc analysis of the

5 100% : s CRT-D
g ‘ E === CRT-P
g 75% E 3-year HR 1.08 (95% Cl 0.93-1.26)
2 1 P=031
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Time (years)

Number at risk

CRT-D | 645 306 176 17
CRT-P | 645 302 176 110

Figure 4 Kaplan—Meier curves for non-cardiovascular hospitali-
zation in patients treated with cardiac resynchronization therapy
with defibrillator vs. cardiac resynchronization therapy with pace-
maker in the propensity score-matched cohort. Vertical-dashed line
marks the 1-year endpoint. Cl, confidence interval; CRT-D/-P, car-
diac resynchronization therapy with defibrillator/pacemaker; HR,
hazard ratio.

REVERSE study, which randomized mildly symptomatic HF patients
to CRT on vs. CRT off on top of standard medical therapy, reported
a 65% reduction in 5-year mortality with CRT-D vs. CRT-P."® Finally,
our findings are also consistent with an individual patient data net-
work meta-analysis showing a 19% reduction in mortality with CRT-
D vs. CRT-P,"® and with reports from other registries."” Overall, our
analysis supports previous studies suggesting survival benefits in
CRT-D vs. CRT-P, but in a contemporary HFrEF population charac-
terized by higher use HF drug therapy, older age, and high comorbid-
ity burden (such as atrial fibrillation).

Cardiac resynchronization therapy-
defibrillator vs. cardiac resynchroniza-
tion therapy-pacemaker in ejection
fraction <30% vs. 30-39%

In our subgroup analysis, CRT-D use was associated with a lower
long-term mortality (i.e. at 3 years) risk in patients with an EF <30%
but not in those with an EF of 30-39%, whereas there was no interac-
tion between exposure and EF regarding short-term mortality (i.e. at
1year). This might be driven by the inverse relationship between risk
of SCD and EF in HF, i.e. higher incidence of SCD with lower EF,"®
and, therefore, time-dependent improvement in EF could slightly re-
duce the need for an ICD in patients with EF 30-39%. This hypothesis
might be further supported by a previous study where EF <35% pre-
dicted appropriate ICD therapy but, at the same time, the risk of ap-
propriate ICD therapy was still significant in patients with EF>35%
(5% vs. 12% per year, respectively).'” Additionally, programming and
device capabilities have also improved over the last years, which
might have led to benefit even with a slightly higher EF at baseline.??’
Finally, in our analysis we did not consider that CRT-P could have
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1-year all-cause mortality

3-year all-cause mortality
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Figure 5 Association between use of cardiac resynchronization therapy with defibrillator, 1 and 3-year all-cause mortality risk in pre-specified sub-
groups. Cl, confidence interval; CRT-D/-P, cardiac resynchronization therapy with defibrillator/pacemaker; HR, hazard ratio; NYHA, New York

Heart Association.

been upgraded to CRT-D in some patients who experienced a re-
duction in EF over the 3-year follow-up, which might further explain
why we did observe a lower mortality risk linked with CRT-D use for
the EF =30-39% group in the shorter (i.e. at 1year) but not in the
longer term (i.e. at 3 years).

Cardiac resynchronization therapy-
defibrillator vs. cardiac resynchroniza-
tion therapy-pacemaker in patients with
vs. without ischaemic heart disease
Differences in disease modification by the use of CRT in patients with
ischaemic vs. non-ischaemic HFrEF might alter the risk of SCD and
therefore limit the efficacy/usefulness of the defibrillator on top of
the CRT. Current evidence on this topic is conflicting. A large
European cohort study could only identify an association between
CRT-D use and lower mortality in patients with ischaemic cardiomy-
opathy, but not in those with dilated cardiomyopathy.?? Additionally,
although the COMPANION trial suggested that CRT-D use might
reduce mortality only in non-ischaemic HFrEF, which might be also
somehow supported by the more recent DANISH trial, registry stud-
ies have shown the opposite.*'*** Our analysis, including an HFrEF
population characterized by a more implemented use of HF treat-
ments as compared with previous studies, suggest CRT-D being ben-
eficial in terms of lower mortality compared with CRT-P in HFrEF
patients with and without history of ischaemic heart disease. Notably,
we could only stratify our population based on presence or absence

of history of ischaemic heart disease rather than on the underlying
ischaemic/non-ischaemic aetiology, which was not fully available in
our cohort. This might contribute to explain the differences between
our findings on those of a large European cohort study.”” However,
whether our subgroup of patients with history of ischaemic heart dis-
ease might also include patients who developed ischaemic heart dis-
ease on top of a primary-dilated cardiomyopathy, the diagnosis of
non-ischaemic-dilated cardiomyopathy is very likely in those HFrEF
patients without history of ischaemic heart disease. As there was no
significant interaction in the respective subgroup analyses, the main
findings of our analysis might be particularly generalizable to patients
with non-ischaemic HFrEF, and presumably also to those with ischae-
mic HFrEF. Although history of ischaemic heart disease might be a
good surrogate for ischaemic cardiomyopathy HF aetiology, further
research on the role of CRT-D in patients with ischaemic vs. non-
ischaemic HFrEF is still needed.

Cardiac resynchronization therapy-
defibrillator vs. cardiac resynchroniza-
tion therapy-pacemaker in females vs.
males and younger vs. older patients

Lower short- and long-term mortality risk with CRT-D vs. CRT-P
was consistent in females vs. males and older vs. younger patients.
However, females and older patients were less likely to be treated
with CRT-D vs. CRT-P. This finding might be at least partially
explained by concerns regarding the efficacy of primary prevention
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ICD use in these subgroups, with older patients expected to benefit
less of ICD due to the high risk of competing non-arrhythmic events.
However, in the COMPANION trial, there was no interaction be-
tween sex or age and treatment effect of CRT-P or CRT-D vs. phar-
macotherapy, which might somehow support our finding.* More,
although contrasting, evidence is available for sex- and age-related dif-
ferences in outcome associated with ICD use for primary preven-
tion.”122*2> The limited female participation in trials, as well as the
different cut-off for age used for defining the older subgroup, might
contribute to these inconsistencies.

Limitations

The main limitation of this study is linked with its observational de-
sign. Although we matched CRT-D vs. CRT-P by PS which was calcu-
lated by considering an extensive number of potential confounders,
residual and unmeasured confounding cannot be ruled out. We had
limited data on QRS length and morphology which was not missing at
random and thus could not be used for multiple imputation models.
Therefore, these variables were not considered in the study to avoid
further reductions in sample size. However, this limitation is not
expected to impact our findings as all patients implanted with a CRT
are expected to have a QRS length and morphology meeting the
guideline recommendations. Due to the design of SwedeHF where
EF was collected as a categorical variable, <40% was used as EF cut-
off for assessing the presence of an indication for CRT rather than
<35% as recommended by the guidelines. As EF measurements have
a high variability and as EF may change over time, this is unlikely to
have a substantial impact on our findings, although this cannot ulti-
mately be completely ruled out. Data on HF aetiology were limited
and therefore we considered history of ischaemic heart disease as a
surrogate. Data on the use of antiarrhythmic drugs, delivery of ICD
therapy, as well as SCD which would have been a key outcome, were
not available. Therefore, we can only speculate that the observed
lower risk in all-cause/CV mortality in the CRT-D vs. CRT-P group
was explained by a lower occurrence of SCD. Furthermore, some
patients in this analysis might have received CRT-D for secondary
prevention purposes. Lastly, cross-over, i.e. CRT-P might be
upgraded to CRT-D later due to a reduction in EF, as well as the lim-
ited sample size in the matched cohort, might have prevented to ob-
serve statistically significant differences in outcomes in particular in
the subgroup analyses.

Conclusions

In a contemporary real-world cohort of patients with HFrEF
treated with CRT and with an indication for primary prevention
ICD, CRT-D was associated with significantly lower short-term
and long-term all-cause mortality compared with CRT-P. Lower
long-term mortality risk (i.e. at 3years but not at 1year) linked
with CRT-D vs. CRT-P use was observed in patients with
EF <30% but not in those with EF =30-39%. The association be-
tween CRT-D use and lower mortality risk was consistent regard-
less of sex, age, and follow-up referral, although older age, female
sex, and the lack of referral to HF nurse-led outpatient clinic were
major determinants of CRT-D non-use. Overall, these findings

support the use of CRT-D in contemporary HFrEF patients, in
particular in those with more severely reduced EF.
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