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Abstract

Abstract Background: Current guidelines did not provide recommendations on indications of an additional implantable cardioverter-

defibrillator (ICD) to patients receiving cardiac resynchronization therapy (CRT), and it still remains controversial due to lack

of evidence from randomized controlled trials (RCTs). Method: PubMed, Embase and Cochrane CENTRAL from the in-

ception to May 2020 were systematically screened for studies reporting on the comparison of CRT-defibrillator (CRT-D) and

CRT-pacemaker (CRT-P), focusing on the adjusted hazard ratio (aHR) of all-cause mortality. We pooled the effects using a

random-effect model. Results: Twenty-one studies encompassing 69919 patients were included in this meta-analysis. With

no restriction to characteristics of including population, CRT-D was associated with a lower all-cause mortality compared

with CRT-P significantly (aHR: 0.79, 95%CI: 0.72-0.88, I2=40.5%, P<0.0001). This mortality benefit was also observed in

patients with ischemic cardiomyopathy (ICM) (HR: 0.74, 95%CI: 0.64-0.86, I2=0%, P¡0.0001). However, there is no significant

difference in patients with non-ischemic cardiomyopathy (NICM) (HR: 0.91, 95%CI: 0.82-1.01, I2=0%, P=0.087), older age

(age [?]75 years, aHR: 0.96, 95%CI: 0.83-1.12, I2=0%, P=0.610). Subgroup analysis was performed and indicated that there

is no mortality benefit of CRT-D for primary prevention (aHR: 0.92, 95%CI: 0.74-1.14, I2=0%, P=0.444). Conclusion: After

adjusted the differences in clinical characteristics, additional ICD therapy was associated with a reduced all-cause mortality in

patients receiving CRT, especially in patients with ICM. However, our work suggested that additional ICD may not be applied

to elderly, NICM patients or for primary prevention. Keyword: heart failure; cardiac resynchronization therapy; defibrillator;

all-cause mortality; meta-analysis

Introduction

Heart failure (HF), a major public health issue, is becoming more prevalent due to the aging and longer
survival of cardiovascular patients [1]. As HF progressing, pump failure and life-threatening ventricular
arrhythmias are major causes of death [2]. Implantable cardioverter defibrillator (ICD) and cardiac resyn-
chronization therapy (CRT) are widely applied to mild or severe HF patients with reduced ejection fraction
and a wide QRS duration to reduce all-cause mortality [3].

The COMPANION trial has demonstrated that CRT with or without ICD (CRT-D or CRT-P) can decrease
the risk of all-cause mortality and CRT-D was associated with a lower mortality, but there is no definitive
comparison between CRT-D and CRT-P [4]. Then, plenty of observational studies reported the various
outcome of CRT-D comparing to CRT-P, and a meta-analysis including nineteen studies presented that the
addition of an ICD is associated with a reduction in the risk of all-cause mortality [5]. However, we cannot
deny significant differences in clinical characteristics between two groups in these studies. Patients in CRT-P
group were generally older age, more comorbidities and more frailty, which may introduce selection bias and
resulting the consequence to be incorrect [6].
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Due to lack of strong randomized evidence, it still remains controversial whether CRT-D can bring benefits
compared with CRT-P. Current guideline of the European Society of Cardiology recommend that the clinician
should choose CRT-P or CRT-D whichever they consider appropriate [7]. However, this choice in practice
may put clinicians in a dilemma. So far, several studies focusing on the comparison of CRT-D and CRT-P
in all-cause mortality has been reported, which used Cox multivariate analysis or propensity score matching
to minimize the influence of clinical differences between groups[6,8-19].Therefore, we aim to review those
studies to clarify the association of all-cause mortality and additional ICD in patients receiving CRT, and
optimize the management of patients based on characteristics.

Method

Search strategy

This meta-analysis was conducted in compliance with the Preferred Reporting Items for Systematic reviews
and Meta-analysis (PRISMA), and we have registered this work online at its inception on PROSPERO to
minimize duplicate efforts.

We searched the Embase, PubMed and Cochrane CENTRAL from the inception dates to May 2020, using
the key words: (((heart failure) or (Cardiac Failure) or (Heart Decompensation)) and ((Cardiac resyn-
chronization therapy) or (CRT)) AND ((Defibrillator) OR (Defibrillation) OR (CRT-D))). There was no
language restrictions and the literatures were searched by one researcher. We also checked the bibliographies
of potentially relevant studies and reviews for additional studies.

Study selection

Two independent reviewers (Y.L and D.C) screened the citations through the title and abstract, and we
make mutual agreement procedural to reach a consensus if divergences exist. Studies met the following
explicit selection criteria as follow were evaluated as complete reports: 1) English language publication; 2)
randomized controlled trials or observational trials; 3) the subjects of interest was heart failure patients
undergoing CRT with or without defibrillator; 4) the outcome was all-cause mortality; 5) a hazard ratio
(HR) adjusted by Cox multivariate analysis was available.

The standard of exclusion criteria includes: case reports, case series, editorials, literature review, conference
abstract, non-English articles and duplicate reports (we selected the study reporting the largest sample of
patients in these cases).

Data extraction and quality assessment

Two independent reviewers (Y.L and D.C) extracted the data on prespecified forms: authors, year of pub-
lication, study design, sample size, research center, follow-up time, time of CRT implantation, indication,
adjusted covariates, endpoints and aHR value with its 95% confidence interval (CI). When different adjusted
models existed in one study, we extracted the HR value with the greatest number of adjusted confound-
ing variables. In instances when incomplete data were obtained, the authors were contacted in writing for
permission to obtain further data.

The quality of each study was assessed independently by the same two investigators using the Newcastle-
Ottawa scale (NOS), a nine-star scale for nonrandomized study quality assessment in meta-analyses. Briefly,
this scale has three broad perspectives as follows: selection, comparability and outcome of studies. Studies
awarded more than six stars were considered high-quality studies.

Statistical analysis

Continuous variables are presented using mean and standard deviation or median and interquartile range.
Categorical data are presented as numbers and percentages. Random-effect meta-analysis was performed
because of the observational design of the included studies. HRs and 95%CI adjusted by Cox multivariate
analysis was considered the effect size, which evaluate the risk of all-cause mortality between CRT-D and
CRT-P. Heterogeneity among studies was assessed by the Cochran’s Q test and was considered significant

2
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when P < 0.10. The I2 statistic was used to evaluate the proportion of variance caused by heterogeneity in
observed variance. Subgroup analyses were performed in accordance to the differences of follow-up duration,
indication of CRT-D, region of research center and year of publication between studies. Sensitivity analysis
was performed by removing one study at a time. Publication bias was estimated using funnel plots and the
regression test of Egger or Begg. Statistical analyses were all performed with STATA 14 (Stata Corp LP,
College Station, Texas).

Result

Description of included studies

The flow diagram of study selection is shown in Figure 1. Through an electronic search of three databases
(PUBMED, EMBASE and CENTRAL) by keywords, 4317 citations were screened after 505 duplicates
removed. Full-text review was performed in 47 studies, of which 26 studies did not meet the inclusion
criteria and leaving 21 studies in the final qualitative and quantitative analysis.

The baseline characteristic of individual studies and patients are presented in Table 1 and Supplementary
Table 1, respectively. In consideration of different studies from the same research team or database reporting
various endpoints, we selected one with largest sample size and calculated that a total of 69919 patients were
included in this meta-analysis, and the mean follow-up duration varied from 1.8 to 5 years. All studies
included were observational design, in which 5 studies were prospective and the others were retrospective.
The majority of included studies are from centers in European and the USA, and all patients have received
CRT-P or CRT-D between 1999-2017. Trials were quite variable in association with sample size. The smallest
of the studies included only 135 subjects, and the largest trial enrolled 50084 subjects.

Of those included studies, 17 of them reported adjusted HR of all-cause mortality [6,8-10,12-14,16,17,19-27],
and 4 studies reported HRs after propensity score matching [8,14,17,19]. Adjusted covariates of each studies
are listed in Supplementary Table 2. CRT-D implantation as a primary prevention therapy for sudden-
cardiac death was clearly stated in 5 studies [6,12,14,19,25]. We assessed the quality of studies by using
NOS, and only four studies had a score of [?]7 (Supplementary Table 3). Meanwhile, we pooled adjusted
HR of all-cause mortality in patients with NICM, ICM and older age ([?]75 years) to explore the optimal
selection of individual device.

Primary outcome: all-cause mortality in all patients

The pooled aHR of studies suggested a lower all-cause mortality risk in patients receiving CRT-D compared
with those receiving CRT-P (HR: 0.79, 95%CI: 0.72-0.88, I2=40.5%, P<0.0001) (Figure 2). Funnel plots
for primary outcome was a little bit of asymmetric but both Egger’s test and Begg’s test did not indicate
a significant bias (P=0.084). However, repeated analysis using HR of propensity matching cohort revealed
that there was no significant difference in all-cause mortality between CRT-D and CRT-P (HR: 0.90, 95%CI:
0.68-1.18, I2=43.4%, P=0.438) (Figure 3). Further, we conducted a sensitivity analysis to demonstrate the
robustness of our conclusion by removing one study at a time.

Secondary outcome: all-cause mortality in specific population

In patients with ICM, CRT-D was associated with a lower all-cause mortality risk compared with CRT-
P (HR: 0.74, 95%CI: 0.64-0.86, I2=0%, P¡0.0001) (Figure 4A). However, this benefit of CRT-D was not
confirmed in patients with non-ischemic cardiomyopathy (HR: 0.91, 95%CI: 0.82-1.01, I2=0%, P=0.087)
(Figure 4B). In the elderly (age[?]75 years), CRT-D recipients had similar all-cause mortality compared to
CRT-P recipients (HR: 0.96, 95%CI: 0.83-1.12, I2=0%, P=0.61) (Figure 4C).Moreover, for patients receiving
CRT-D, there was no significant benefits in all-cause mortality compared to CRT-P group regardless of male
(HR: 0.83, 95%CI: 0.65-1.07, I2=77.8%, P=0.151) (Supplementary Figure 1) and female (HR: 0.87, 95%CI:
0.54-1.39, I2=76.5%, P=0.560) (Supplementary Figure 2). Due to high heterogeneity and unstable of results
by sensitivity analysis, we cannot draw a conclusion easily in association of gender and device type.

Subgroup analyses
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We performed several subgroup analyses as mentioned below. When restricted the research center to non-
European country, we found that CRT-D showed a trend of mortality benefits in all-cause mortality, which
did not reach the statistically significant (HR: 0.90, 95%CI: 0.80-1.01, I2=0%, P=0.085) (Supplementary
Figure 3). For CRT-D in primary prevention, the pooled HR suggested that additional ICD therapy did
not reduce all-cause mortality (HR: 0.92, 95%CI: 0.74-1.14, I2=0%, P=0.444) (Supplementary Figure 4).
With long-term follow-up ([?]5 years), CRT-D also did not show advantages in reducing all-cause mortality
compared to CRT-P (HR: 0.78, 95%CI: 0.46-1.34, I2=76.4%, P=0.373) (Supplementary Figure 5).

Discussion

In this meta-analysis, firstly, we have demonstrated that additional ICD therapy shows a mortality benefit in
patients undergoing CRT even though using HR adjusted by variables. For patients undergoing CRT-D for
primary prevention or from non-European countries, there is no mortality benefit of CRT-D compared with
CRT-P. Then, in consideration of the significant difference in clinical characteristic between CRT-P and CRT-
D recipients, propensity score matching (PSM) was used in several studies to controls the variables more
strictly, which eliminated this advantage of CRT-D in all-cause mortality. Finally, in the subpopulation,
CRT-D reduced all-cause mortality in ischemic cardiomyopathy patients compared with CRT-P, but this
effect is insignificant in non-ischemic cardiomyopathy or older age patients.

CRT-D versus CRT-P

CRT, as a treatment of HF, has been demonstrated the efficacy and safety in patients with impaired LV
function and a wide QRS duration [4,28]. In clinical practice, a high proportion of death among HF patients
are due to electrical disturbances, which occur suddenly and unexpectedly. ICD therapy is also recommended
in those HF patients for primary prevention to reduce the risk of sudden cardiac death and all-cause mortality
[7]. Due to the overlapped indication between two therapies, combined treatment (CRT-D) are going to
mainstream gradually. Although no specific recommendation was given to clinicians in choice of CRT-D or
CRT-P, the majority patients of US underwent implantation of CRT-D [29]. However, the only randomized
trial (COMPANION) did not show a significant difference in mortality between CRT-D and CRT-P directly
[4]. A recent meta-analysis, which pooled unadjusted relative risk, revealed an association of additional
ICD and lower risk of all-cause mortality in CRT patients [5]. Nevertheless, it is not confident to draw this
conclusion unless significant differences in clinical characteristics have been fully considered. Moreover, rate
of SCD declined substantially among HF patient with reduced ejection fraction due to increasing use of
evidence-based pharmacotherapies [30]. It remains conflicting whether additional ICD can still benefit HF
patient receiving CRT.

Due to the absence of strong randomized evidences and recent controversial results, we performed this
meta-analysis using adjusted HR to minimize the influence of patient selection bias. In included studies,
patients undergoing CRT-P are generally older, less often male gender and less ICM, and these differences
are all be corrected by Cox multivariate analysis. Our work indicated a similar result which approve the
advantage of additional ICD on CRT patients, but the extent of benefit is decreased compared with previous
meta-analysis. Due to the lack of guidance on device selection, clinical practice varies widely around the
countries and centers. A cause-of-death analysis of patients with CRT by Marijon et al reported that no
statistically difference in SCD incidence between CRT-P and CRT-D, where only 13% patients implanted
CRT-D in secondary prevention. In our subgroup analyses, no benefit was observed when we restricted
CRT-D indication to primary prevention [20]. A large observational study by Barra et al suggested a
low absolute risk of SCD among CRT patients [11], and Ruwald et al reported a lower risk of ventricular
arrhythmias in responders to CRT [31]. Hence, as the cost add-on and inappropriate shock therapy of ICD
was brought to consideration [32,33], it may suggest the unnecessity of ICD for CRT patients who did not
experience a ventricular arrhythmia causing haemodynamic instability, especially in super-responders. In all
included studies with less than 5 years follow-up duration, CRT-D keeps benefits in mortality and there is
small amount of heterogeneity across the studies. Limited by few studies reported long-term outcome and
nonnegligible heterogeneity, it is still unclear about the performance of CRT-D on long-term ([?]5 years).
More studies are needed to illustrate it, which can provide clinical implications to patients with long life
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expectancy. Although CRT-D did not present an advantage in all-cause mortality in non-European countries,
we are more inclined to attribute this difference to inconsistence of indication worldwide rather than racial
difference [34].

In recent studies, propensity score matching technique has been used in observational studies to adjust
for the influence of differences in the clinical characteristics. With more consistent baseline characteristics
between CRT-D and CRT-P group, the pooled effect from four included studies did not indicate a lower
mortality in patients with CRT-D. However, only part of studies reported HR after propensity matching,
and those studies also concluded insignificant results by using adjusted HR. There may be a certain degree
of publication bias at all. In addition, another study including 11 925 CRT-P recipients and 59 534 CRT-D
recipients suggested no difference in survival between CRT-P and CRT-D recipients, which used instrumental
variable analysis to eliminate the influences of confounders [35]. Different results from different statistic
methods offered us an assumption that additional ICD therapy may not benefit CRT patients. As those
methods can only eliminate confounders we have known, strong evidence from randomized controlled trials
are urgently needed. We are anticipating the result of RESET-CRT clinical trial (ClinicalTrials.gov number
NCT03494933), which randomized heart failure patients with LVEF[?]35% and a CRT indication to either
CRT-D or CRT-P implantation.

ICM and NICM

Supported by strong evidences from RCTs, prophylactic implantation of an ICD, a class I recommendation
in HF patient with ICM and reduced left ventricular systolic function, can reduce mortality compared
with conventional drug therapy [36,37]. Contrarily, DANISH trials demonstrated that ICD for primary
prevention in patients with heart failure caused by non-ischemic etiology did not improve survival benefits
[38]. This meta-analysis presented a similar result that ICM patients with CRT indication can benefit from
an additional ICD therapy rather than NICM patients. It may be explained by a higher risk of death from
fatal arrhythmia in patients with ICM. Moreover, several studies reported that patients with NICM have a
better improvement in LV systolic function and LV reverse remodeling compared with patients with ICM
[39,40], which resulted in a further reduction of the risk of SCD and ventricular tachyarrhythmias [41]. Above
all, it may suggest a less needed of an additional ICD for primary prevention in NICM patients due to a
sufficiently reduction of fatal tachyarrhythmias by CRT-P alone.

CRT-D in the Elderly:

Although current guidelines rarely provide recommendations on the selection of patients for CRT-D and
CRT-P, an older age, multiple comorbidity and frail patient is inclined to receive a CRT-P across the centers
generally. Our work supported this clinical practice by verifying the non-significant difference of all-cause
mortality in the elderly ([?]75 years) between CRT-D and CRT-P. With the progression of HF, pump-failure
represents the most frequent cause of death [13,42]. In addition, the risk of death caused by non-cardiac
diseases in older patients will increase due to more comorbidities and frailty. Assuming pump-failure and non-
cardiac death as a competing risk of SCD, the benefits of additional ICD therapy would be attenuated in the
elderly. Furthermore, a multicenter observational study by Barra et al including 3008 subjects reported an
association of CRT-D and increased occurrence of late complications (a complication occurring or diagnosed
following hospital discharge and which had not been seen to occur during the index hospitalization), especially
the complication of device-related infection [43]. It may result in a potential increase in admissions and long-
term mortality. Meanwhile, Liang et al reported a 5.9% incidence of inappropriate shock in CRT-D patients,
which may affect quality of life and increase the risk of death [33]. As our work indicated that an additional
ICD seems to have no advantage in mortality in aged patients, we should not only take clinical index (LVEF,
QRS duration) into consideration in aspect of individual device selection, but also patient’s age, comorbidities
and life expectancy.

Conclusion:

By pooling the adjusted HR for minimize the influence of clinical differences between CRT-P and CRT-D
recipients, our work demonstrates an association of additional ICD and a lower all-cause mortality, especially
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in patients with ICM. CRT-D did not manifest a survival benefits in patients with older age ([?]75 years),
NICM, or using for primary prevention, which provides an implication in risk stratification of patients. RCTs
are still needed to explore the real effect of additional ICD in mortality.

Limitation:

The main limitations of this study are as following. Firstly, all the included studies are observational design
and significant differences in clinical characteristics between CRT-D and CRT-P were observed. Even though
we extracted adjusted HR to minimize the influence of those confounders and made results more reliable,
the influence of unknown confounders still cannot be eliminated. Secondly, the majority of including studies
are from European; therefore, the effect of additional ICD on all-cause mortality may not be generalizable to
population from other areas. Thirdly, sample size varied greatly across the included studies, which means a
different statistical power of included studies. However, sensitivity analysis of primary outcome suggested a
stable result. Fourthly, limited by high heterogeneity and little data, this work cannot illustrate the benefits
of CRT-D in long-term follow-up. Meanwhile, the impact of gender on benefits of CRT-D remains unclear.
Finally, patient’s quality of life and re-hospitalization rate after implantation are vital clinical index to guide
the device selection, but this meta-analysis did not focus on them.

Acknowledgments: Not applicable.

Funding: Not applicable.

Conflicts of interest/Competing interests: Not applicable

Availability of data and material: Not applicable

Code availability: STATA 14 (Stata Corp LP, College Station, Texas)

Reference:

1. Global, regional, and national incidence, prevalence, and years lived with disability for 301 acute and
chronic diseases and injuries in 188 countries, 1990-2013: a systematic analysis for the Global Burden of
Disease Study 2013 (2015). Lancet 386 (9995):743-800. doi: 710.1016/S0140-6736(1015)60692-60694.

2. Vaduganathan M, Patel RB, Michel A, Shah SJ, Senni M, Gheorghiade M, et al (2017) Mode of
Death in Heart Failure With Preserved Ejection Fraction. J Am Coll Cardiol 69 (5):556-569. doi:
510.1016/j.jacc.2016.1010.1078.

3. van der Meer P, Gaggin HK, Dec GW (2019) ACC/AHA Versus ESC Guidelines on Heart Failure: JACC
Guideline Comparison. J Am Coll Cardiol 73 (21):2756-2768. doi: 2710.1016/j.jacc.2019.2703.2478.

4. Bristow MR, Saxon LA, Boehmer J, Krueger S, Kass DA, De Marco T, et al (2004) Cardiac-
resynchronization therapy with or without an implantable defibrillator in advanced chronic heart failure.
N Engl J Med 350 (21):2140-2150. doi: 2110.1056/NEJMoa032423.

5. Barra S, Providência R, Tang A, Heck P, Virdee M, Agarwal S (2015) Importance of Implantable
Cardioverter-Defibrillator Back-Up in Cardiac Resynchronization Therapy Recipients: A Systematic Review
and Meta-Analysis. J Am Heart Assoc 4 (11):e002539. doi: 002510.001161/JAHA.002115.002539.
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