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Abstract

Z=—3.043 (P=0.002).

Background Recent studies have questioned the role of implanted cardiac defibrillators (ICDs) in nonischemic
cardiomyopathy (NICM). Cardiac resynchronization therapy (CRT) can be delivered by a pacemaker (CRT-P) or an ICD
(CRT-D). This meta-analysis assessed the effect of CRT-P versus CRT-D on mortality in patients with NICM.

Methods Databases were searched for studies reporting the effect of CRT on all-cause mortality in patients with
nonischemic cardiomyopathy (Ovid MEDLINE, EMBASE, Scopus, Web of Science, Google Scholar, and EBSCO CINAHL).
The primary endpoint was all-cause mortality. The minimum duration of follow-up required for inclusion was one
year. The search was not restricted to time or publication status.

Results The literature search identified 955 candidate studies, 15 studies and 22,763 patients were included. Mean
follow-up was 53 months (17-100 months). CRT-D in NICM was associated with lower all-cause mortality (log

HR —0.169, SE 0.055; p=10.002) compared to CRT-P. Heterogeneity: df=15 (P 0.03), 12 =43; test for overall effect:

Conclusion CRT-D in NICM was associated with lower all-cause mortality than CRT-P.
Keywords CRT-D, CRT-P, Nonischemic cardiomyopathy, Outcomes, Mortality

Introduction

Heart failure remains a highly prevalent disease world-
wide with significant implications on morbidity and mor-
tality as well as healthcare spending. In the USA alone,
the incidence of heart failure is estimated to be around
400,000 per year with a prevalence of over 5 million
patients and growing [1]. Patients with heart failure with
reduced ejection fraction and wide QRS complex qual-
ify for a cardiac resynchronization therapy-defibrillator
(CRT-D) [2]. While the role of implantable cardioverter-
defibrillator (ICD) implantation has been well established
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in ischemic cardiomyopathy (ICM), similar studies in
nonischemic cardiomyopathy (NICM) have demon-
strated conflicting results [3, 4]. There was a trend toward
decreased mortality in the ICD arm of the DEFINITE
trial which did not reach statistical significance [5]. The
SCD-HeFT trial demonstrated a survival benefit with
ICD implantation in patients with HFrEF irrespective
of etiology compared to standard medical management
including amiodarone [6]. In contrast, the DANISH trial
did not show an improvement in long-term mortality in
patients with NICM and therefore called into question
the American Heart Association and American College
of Cardiology’s guidelines for prophylactic ICD implanta-
tion in this patient subset [2, 3].

Another area of ongoing ambiguity is whether CRT-D
is superior to cardiac resynchronization therapy-pace-
maker (CRT-P) in patients with NICM. Several stud-
ies attempting to address this question have yielded
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inconsistent results [3, 7-10]. However, many of these
studies were single-center retrospective studies and may
have been underpowered. This meta-analysis was con-
ducted to evaluate the effect of CRT-D as compared to
CRT-P on mortality in patients with NICM.

Methods

Data search

The systematic review was conducted with a protocol
in accordance with the Preferred Reporting of Items for
Systematic reviews and Meta-Analyses (PRISMA) state-
ment [11]. An experienced librarian fashioned a search
strategy utilized to systematically locate relevant articles.
Searches were conducted in October 2021 using the fol-
lowing databases: EMBASE, Ovid Medline, CINAHL,
Cochrane Central Register of Controlled Trials, Web of
Science: Science Citation Index Expanded, Latin Ameri-
can and Caribbean Health Sciences Literature (LILACS),
and Google Scholar.

We used the following Mesh words:

((“Cardiac Resynchronization Therapy”’[Mesh]
OR “cardiac resynchronization therapy”’[All Fields])
AND (“Defibrillators, Implantable”[Mesh] OR
“defibrilator”[All Fields] OR “defibrillate”[All Fields] OR
“defibrillated”[All Fields] OR “defibrillates”[All Fields] OR
“defibrillating”[All Fields] OR “defibrillations”[All Fields]
OR “defibrillator s”[All Fields] OR “defibrillators”[MeSH
Terms] OR “defibrillators”[All Fields] OR
“defibrillator”[All Fields] OR “defibrillation”[All Fields]
OR “Electric Countershock”[Mesh] OR ("electric”’[All
Fields] AND “countershock”[All Fields]) OR “electric
countershock”[All Fields])) AND ("nonischaemic”[All
Fields] OR “nonischemic”[All Fields] OR
“nonischemics”[All Fields]) AND ("cardiomyopathie”[All
Fields] OR “cardiomyopathies”’[MeSH Terms] OR
“cardiomyopathies”[All Fields] OR “cardiomyopathy”[All
Fields]).

Citations were uploaded to Rayyan (Rayyan QCR],
Qatar) [12] for combining the citations and removal of
duplicates.

Study selection

Two investigators (MA and SS) independently screened
the studies at the level of titles and abstracts. Afterward,
the references were evaluated for inclusion based on a
pre-set inclusion criterion. The pre-specified inclusion
criteria were reporting the effect of CRT with or without
ICD on all-cause mortality in patients with NICM with
EF <35%. Exclusion criteria were data reporting mor-
tality without comparison between CRT-D and CRT-P,
follow-up less than 1 year, review articles, case reports,
or publication in languages other than English. Any dis-
crepancy was resolved by a third investigator (FA). The
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numbers of participants, year of publication, and haz-
ard ratio was collected for included studies. The primary
endpoint was all cause mortality.

Statistical analysis

Meta-analysis was performed using Comprehensive
Meta-analysis software, version 3 (Biostat, Inc). We
used a random-effects model to examine the association
between CRT-D and CRT-P and outcomes, which were
presented a log hazard ratio (HR) with standard error
and Z-value. The extent of heterogeneity was determined
by 12 (ranging from O to 100%). Statistical significance
was considered with a P-value<0.05, and all tests were
2-sided. Funnel plot of standard error by log HR was cre-
ated to qualitatively assess publication bias.

Results

Literature search and study selection

The first stage of literature search identified 955 eligible
studies. The process of study inclusion is delineated in
detail in Fig. 1. By screening the titles and abstracts, 932
studies were excluded. The remaining 23 articles were
reviewed in full text for relevance, and 15 studies were
eligible for meta-analysis for the outcomes of CRT-D ver-
sus CRT-P in NICM. Abstracts published with detailed
information were included for two reasons: Analysis with
and without including such data is recommended by the
Agency for Healthcare Research and Quality (AHRQ),
the Joanna Briggs Institute Reviewer’s Manual, and
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(n=32)

|

|
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i |
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Fig. 1 PRISMA flowchart. Flow diagram depicts study selection for
inclusion in the meta-analysis according to the PRISMA statement for
reporting systematic reviews and meta-analyses
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PRISMA for systematic review protocols (PRISMA-P)
[13].

Study, Patient, and Procedural Characteristics

The study population included 22,763 patients for a mean
follow-up of 53 months (17-100 months). They were
76% men with a mean age of 73.61+4 years and a mean
left ventricular ejection fraction of 27% (range 21-35%).
Table 1 summarizes the characteristics of the included
studies. The studies included patients that had a CRT
device as primary therapy or as an upgrade from a pace-
maker. Most of the included studies did not stratify the
results based on age, sex, race, or presence of left bundle
branch block.

Association between CRT-D versus CRT-P and mortality

in patients with NICM

CRT-D was associated with lower all-cause mortality (log
HR —0.169, SE 0.055; p=0.002) as compared to CRT-
P. There was significant heterogeneity: df=15 (P 0.03),
12=43; test for overall effect: Z=—3.043 (P=0.002)
(Figs. 2, 3).

Discussion

The major finding of our study is that CRT-D was asso-
ciated with lower all-cause mortality than CRT-P in
subjects with NICM and EF <35%. To our knowledge,
this meta-analysis is the most comprehensive review

Table 1 Demographic data of the included studies
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of this question to date. The results are consistent with
several other recent meta-analyses that also incorpo-
rated the data from the DANISH trial, where 58% of
patients received CRT [14—16]. Our results contradict
the most recent meta-analysis, which reported no addi-
tional survival benefit with CRT-D in NICM [17]. The
included studies did not stratify according to QRS mor-
phology or NYHA class.

We hypothesize that the results differ because our
work included the most recent studies on this topic
including an updated analysis from the COMPAN-
ION trial [17], which reported a survival benefit with
CRT-D. Additionally, there may be differences in the
benefit of CRT-D over CRT-P based on age. In the
DANISH trial, subgroup analysis demonstrated that
younger patients (<68 years old) derived the greatest
benefit from prophylactic ICD implantation independ-
ent of CRT status [3]. Similar findings were reported by
Gras et al. [18], who found that CRT-D only reduced
mortality in younger patients (<75 years old). These
observations could be explained by the natural pro-
gression of heart failure, as the predominant mode of
death may switch from life-threatening arrhythmias to
pump failure [18]. Thus, CRT-D may be more benefi-
cial when implanted earlier in the disease course. This
is further substantiated by the results of the REVERSE
trial, where CRT-D was associated with a reduction in
all-cause mortality compared to CRT-P in patients with

Study name Study type CRT-D group CRT-P group Mean age Male (%) Follow-up Mean EF (%)
(years) (months)
D P D P D P
Morani et al. [20] R 101 64 67 74 85 68 54 27 27
Looietal. [7] R 186 50 67 70 91 72 29 24 25
Kutyifa et al. [8] R 209 458 63 66 84 71 28 28 27
Reitan et al. [9] R 186 125 65 72 84 83 59 25 25
Witt et al. [10] R 428 489 63 67 80 68 48 25 25
Danish [3] RCT 322 323 64 63 73 72 67 25 25
Drozd et al. [23] Pr 251 544 69 75 93 74 36 30 30
Barra et al. [24] R 1943 682 65 73 84 57 41 25 27
Leyva et al. [25] R 551 999 70 73 79 70 56 23 24
Wang et al. [26] R 93 42 80 81 46 24 28
Sabaetal. [1] R 4359 1236 72 77 64 60 60
Liang et al. [27] R 219 126 59 62 75 64 100 30 31
Gras etal. (>75)[18] R 1481 1481 73 74 72
Gras etal. [18] (<75) R 2275 2275 73 74 72
COMPANION [4] RCT 270 285 63 63 51 51 17 20 20
Vares et al. [28] R 293 417 67 70 81 67 43 28 30

CRT-D cardiac resynchronization therapy-defibrillation, CRT-P cardiac resynchronization therapy-pacing, D defibrillation group, P pacing group, Pr prospective, R

retrospective, RCT randomized controlled trial
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Study name Statistics for each study
Log Standard Lower Upper
hazard ratio error Variance limit limit
Vares (2021) -0.799 0.241 0.0s8 -1.2M -0.326
COMPANION (2021) -0.616 0.237 0.056 -1.080 -0.182
Gras (<75yo) (2020) -0.199 0.087 0.008 -0.370 -0.028
Gras (>75y0) (2020) 0.073 0.079 0.006 -0.082 0.227
Liang (2020) -0.139 0.218 0.048 -0.567 0.288
Saba (2019) -0.117 0.075 0.006 -0.263 0.030
Wang (2019) 0.051 0.355 0.126 -0.644 0.747
Leyva (2018) -0.044 0.250 0.063 -0.524 0446
Barra (2017) -0.083 0.118 0.014 -0.315 0.148
Drozd (2017) -0.249 0.623 0.388 -1.470 0.973
Kober (2016) -0.139 0.127 0.016 -0.389 0.110
Wit (2015) -0.041 0.223 0.050 -0.478 0.3%
Reitan (2015) -0.654 0.447 0.200 -1.530 0.22
Kutyifa (2014) -0.020 0.150 0.023 -0.315 0.274
Looi (2014) -0.231 0.299 0.089 -0.817 0.35
Morani (2013) -0.579 0.209 0.044 -0.989 -0.169
-0.169 0.0s5 0.003 -0.277 -0.060
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Fig. 2 Forest plot demonstrating impact of CRT-D on long-term (> 1 year) mortality in patients with NICM compared to CRT-P. In patients with
NICM and indication for CRT and ICD: CRT-D was associated with lower all-cause mortality (log HR — 0.169, SE 0.055; p=0.002) compared to CRT-P.
Heterogeneity: df=15 (P 0.03), 12 =43; Test for overall effect: 7= —3.043 (P=0.002)
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Fig. 3 Funnel plot standard error by log hazard ratio: heterogeneity: df=15 (P 0.03), I2=43 which indicates mild heterogeneity. A risk of bias

summary added as a Additional file 1: Table S1

mild, predominantly NYHA class II heart failure [18,
19].

Several studies have suggested that the mortality ben-
efit of CRT-D is present in the short term but subse-
quently attenuates over time [7, 8]. In the COMPANION

trial, the survival curves for CRT-D and CRT-P merged
by 9 months [20]. However, this was not a primary end-
point for the study and the study was underpowered to
assess temporal changes in the mortality benefit. The
DANISH trial reported similar findings with longer
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follow-up (67 months vs. 17 months for COMPANION),
but was also underpowered for this secondary analysis.

Since NICM is a heterogeneous disease with many
different etiologies, it is possible that the inconsistent
results of previous studies are also due to differences in
the disease subsets, and the geographic location of the
study populations could affect the proportion of disease
subsets represented. These data could not be extracted
from the studies included in this meta-analysis. In addi-
tion, the time frame of the studies may affect outcomes.
Many guideline directed medical therapies (GDMT) were
not approved by regulatory authorities or implemented
until recently, and there is wide variability in GDMT
adherence and compliance [21]. This information is not
reported in the studies that we included in our meta-
analysis and may contribute to the heterogeneity that we
observed. Re-evaluation of Optimal Re-synchronization
Therapy in Patients with Chronic Heart Failure (RESET-
CRT) (NCTO03494933) is an ongoing multicenter ran-
domized controlled trial that will determine whether
CRT-P is non-inferior to CRT-D with respect to all-cause
mortality on a background of contemporary GDMT.

The presence of scar on cardiac magnetic resonance
imaging (CMR) has emerged as a potent predictor of
cardiovascular mortality in NICM. Multiple studies
reported an association between the presence of late gad-
olinium enhancement (LGE) and all-cause mortality,
cardiovascular mortality, ventricular tachyarrhythmia,
and sudden cardiac death [22]. This information is also
not reported in the studies that we included in our meta-
analysis, which could contribute to heterogeneity. There
are two ongoing prophylactic ICD trials that use LGE
as an inclusion criterion: cardiac magnetic resonance
GUIDEd management of mild-moderate left ventricu-
lar systolic dysfunction (CMR-GUIDE) (NCT01918215)
and cardiac magnetic resonance guidance of implantable
cardioverter-defibrillator implantation in nonischemic
dilated cardiomyopathy (CMR-ICD) (NCT04558723).
These studies will also assess CRT response in patients
with LGE, since scar burden and location can affect the
efficacy of CRT [22].

This meta-analysis is subject to several limitations. The
mortality benefit of CRT-D could diminish with longer-
term follow-up as a result of favorable LV reverse remod-
eling with CRT [20] and changes in the predominant
mode of death [3]. The landscape of GDMT for NICM has
vastly changed over the past decade. As novel therapeutic
agents including angiotensin receptor neprilysin inhibi-
tors and sodium-glucose co-transporter 2 inhibitors are
introduced with further reduction in all-cause mortality,
the risk reduction associated with CRT-D over CRT-P may
diminish. In most contemporary studies, medical therapy
was limited to angiotensin-converting enzyme inhibitors,
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angiotensin receptor blockers, beta-blockers, and miner-
alocorticoid receptor antagonists [4]. Additional adequately
powered randomized studies with long-term follow-up and
contemporary GDMT are needed to substantiate the clini-
cal benefit of CRT-D over CRT-P in NICM patients.

Conclusion

CRT-D was associated with lower all-cause mortality than
CRT-P in subjects with NICM.
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ICD Implantable cardioverter-defibrillator
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