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Abstract Previous studies of implantable cardiac resyn-
chronization therapy plus defibrillator (CRT-D) therapy
used for primary prevention of sudden cardiac death have
suggested that CRT-D therapy is less effective in patients
with mild heart failure and a wide QRS complex. However,
the long-term benefits are variable. We performed a meta-
analysis of randomized trials identified in systematic
searches of MEDLINE, EMBASE, and the Cochrane
Database. Three studies (3858 patients) with a mean fol-
low-up of 66 months were included. Overall, CRT-D
therapy was associated with significantly lower all-cause
mortality than was implantable cardioverter defibrillator
(ICD) therapy (OR, 0.78; 95 % CI, 0.63-0.96; P = 0.02;
I’ = 19 %). However, the risk of cardiac mortality was
comparable between two groups (OR, 0.74; 95 % (I,
0.53-1.01; P = 0.06). CRT-D treatment was associated
with a significantly lower risk of hospitalization for heart
failure (OR, 0.67; 95 % CI, 0.50-0.89; P = 0.005;
I? = 55 %). The composite outcome of all-cause mortality
and hospitalization for heart failure was also markedly
lower with CRT-D therapy than with ICD treatment alone
(OR, 0.67; 95 % CI, 0.57-0.77; P < 0.0001; I* = 0 %).
CRT-D therapy decreased the long-term risk of mortality
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and heart failure events in patients with mild heart failure
with a wide QRS complex. However, long-term risk of
cardiac mortality was similar between two groups. More
randomized studies are needed to confirm these findings,
especially in patients with NYHA class I heart failure or
patients without LBBB.
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Introduction

Patients with heart failure (HF) are subject to arrhythmia-
related sudden cardiac death (SCD) and HF events [1].
Previous studies have shown that implantable cardioverter
defibrillator (ICD) treatment represents an effective treat-
ment strategy for lowering mortality and improving sur-
vival in selected patients [2]. However, several smaller
randomized trials and meta-analyses have reported that ICD
treatment is associated with an increased risk of HF events.
Meanwhile, recent studies have demonstrated that cardiac
resynchronization therapy plus defibrillator (CRT-D) ther-
apy can improve the cardiac structure and function through
reverse left ventricular remodeling for patients with mod-
erate to severe HF (New York Heart Association [NYHA]
class III-IV) and a prolonged QRS interval [3]. For patients
with mildly symptomatic HF and a wide QRS complex, the
CONTAK CD trial [4] showed a reduction in left ventric-
ular diameter but failed to demonstrate improvement in the
composite outcome end point with CRT-D therapy. Another
two large randomized controlled trials, the REVERSE and
MADIT-CRT, showed that CRT-D therapy reduces the risk
of HF events [5, 6]. However, the long-term effectiveness of
CRT-D treatment is still variable.
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Because of this recent increase in evidence, we per-
formed a meta-analysis to evaluate the long-term effec-
tiveness of CRT-D therapy on mortality and HF events for
patients with mild, symptomatic HF (NYHA functional
class I-II) and a prolonged QRS duration.

Methods
Data sources and search strategies

We searched MEDLINE (source, PubMed from January
2005 to June 2015), EMBASE (January 2005-June 2015),
the Cochrane Library (to June 2015), and the ClinicalTri-
als.gov Web site (to June 2015) using the terms “heart
failure,” “cardiac resynchronization therapy,” “im-
plantable cardioverter defibrillator,” “mortality,” and
“sudden cardiac death.” We manually checked the refer-
ences of all relevant articles. No restrictions were applied.

Study selection

We initially screened all titles and abstracts and then per-
formed a full-text review. Trials were considered eligible if
they met the following criteria: (1) The study was a
prospective randomized controlled trial conducted in
patients with mildly symptomatic HF (NYHA functional
class I-1I), (2) the intervention was CRT-D therapy, (3) the
follow-up was >12 months, and (4) the outcomes of
interest were mortality and HF events. The primary out-
come was the risk of cardiac mortality.

Data extraction

Two reviewers independently extracted data on patient
characteristics, the CRT-D therapy used, study quality, and
clinical outcomes using a standard data collection form.
Disagreements were resolved by discussion.

Quality assessment

Two reviewers assessed the quality of the selected trials.
Components used for quality assessment were means of
random sequence generation, allocation concealment,
blinding of outcome assessment, and selective outcome
reporting. The Preferred Reporting Items for Systemic
Reviews and Meta-Analyses (PRISMA) statement [7] was
followed.

Data synthesis and analysis

Results were analyzed quantitatively with Review Manager
5.1 (Nordic Cochrane Center, Copenhagen, Denmark). We
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calculated the pooled odds ratio (OR) for dichotomous
outcomes with 95 % confidence intervals (CIs) [8].
Heterogeneity was examined by the J* statistic and the
Chi-squared test. An I* value of >50 % was considered a
substantial level of heterogeneity [9]. A fixed-effect model
was applied to evaluate the pooled effect when the
heterogeneity was not significantly different; otherwise, a
random-effect model was used. Sensitivity analyses and
meta-regression were performed only when significant
heterogeneity appeared. All analyses were performed
according to the intention-to-treat principle. Statistical
significance was set at 0.05 for the I* test for heterogeneity.

Results
Search results

We initially identified 348 potentially relevant articles. Of
these, 331 articles were excluded based on their titles and
abstracts, and 17 articles were considered to be of interest
and were retrieved for full-text review. Thirteen articles
were excluded because they were reviews (n = 4), pre-
sented incorrect comparisons (n = 3), had a short follow-up
(n = 4), or described no clinical outcomes (n = 3). Ulti-
mately, three studies were included in the analysis. Figure 1
is a flowchart showing the process of study selection.

Study characteristics

Three published randomized controlled trials [10-12] inclu-
ded a total of 3858 patients. The total number of patients in
each study ranged from 600 to 1820. The participants’ ages
ranged from 18 to 85 years (mean age, 61 years). Most
patients (78 %) were men, 72 % had a left bundle branch
block (LBBB), and the mean QRS duration was 157 ms. The
baseline systolic and diastolic blood pressures were compa-
rable between two groups. Two studies reported the long-
term (>5 years) outcomes of CRT-D treatment. The mean
duration of CRT-D therapy was 66 months (Table 1).

Methodological quality assessment

All three trials [10-12] randomized the participants and
used satisfactory methods of concealed treatment alloca-
tion. Blinding of participants and personnel was reported in
three studies. There was low risk of attrition bias and
reporting bias in most of the studies (Fig. 2).

Primary outcome

The long-term risk of all-cause mortality was reported in
four studies. There were 2216 patients in the CRT-D group,
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of whom 447 died (20.1 %). There were 1652 patients in
the ICD alone group, of whom 479 died (28.9 %). CRT-D
therapy was associated with a significantly lower all-cause
mortality rate than was the control group (OR, 0.78; 95 %
CI, 0.63-0.96; P = 0.02; P =19 %) (Fig. 3). However,
because of the limited data, the cardiac mortality rate was
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Fig. 1 Flowchart showing the study selection process

Table 1 Characteristics of patients with statins therapy from 3 RCTs

comparable between the CRT-D and ICD groups (OR,
0.74; 95 % CI, 0.53-1.01; P = 0.06).

HF events

The risk of hospitalization for HF was reported in three
studies with a mean follow-up of 50 months. There were
2216 patients in the CRT-D group, of whom 306 were
diagnosed with HF events (13.8 %). There were 1652
patients in the ICD group, of whom 344 had HF events
(20.8 %). The risk of hospitalization for HF events was
significantly lower in the CRT-D group (OR, 0.67; 95 %
CI, 0.50-0.89; P = 0.005; I = 55 %) (Fig. 4). Further-
more, compared with ICD treatment alone, the composite
outcome of mortality and hospitalization for HF was also
markedly lower in the CRT-D therapy group (OR, 0.67;
95 % CI, 0.57-0.77; P < 0.0001; I* = 0 %) (Fig. 5).

Discussion

In this study, we have shown that CRT-D therapy can
significantly decrease the risk of mortality. Furthermore,
compared with ICD alone, the incidence of adverse HF
events was markedly lower with CRT-D therapy. Overall,
given the clinical benefit, CRT-D therapy appears to be a
safe and effective treatment for patients with mildly
symptomatic HF with a wide QRS complex.

HF probably leads to arrhythmia-related SCD, and ICD
can detect and terminate potentially life-threatening tach-
yarrhythmias via defibrillation. Many randomized trials
and meta-analyses have demonstrated the efficacy of ICDs
for primary prevention of SCD. However, in most patients
with chronic HF, dyssynchrony manifests with a QRS
duration of >120 ms, commonly presenting as an LBBB.
This leads to a shortened filling time and abnormal septal
motion with an increase in left ventricular end-systolic/
end-diastolic diameter and decreased left ventricular

Trial Year Follow, Patient Age, Male, LBBB, LVEF, QRS width, Treatment. Comparator
Mon. No. Yrs. % % % ms.

REVERSE [5, 12] 2008 12,60 600 63/62 78/80 N/A 27126 153/154 CRT-D ICD

MADIT-CRT [6] 2009 30 1820 65/64 75176 70/71 24/24 64/65# CRT-D ICD

RAFT [10] 2010 40 1438 66/66 85/81 73/71 23/23 157/158 CRT-D ICD

MADICT-CRT 2014 98 854 50/50% 76/77 75173 61/64&  31/31%* CRT-D ICD

(11]

CRT-D cardiac resynchronization therapy plus implantable cardioverter defibrillator; /CD implantable cardioverter defibrillator; LBBB, left
bundle branch block; RCT randomized controlled trial; mon, month; No number; yrs years old; #, percent of patients with QRS duration
>150 ms; $, percent of patients >65 year old; &, percent of patients with left ejection fraction <25 %; *, percent of patients with QRS duration
<150 ms; REVERSE Resynchronization reVErses Remodeling in Systolic left vEntricular dysfunction study; MADIT-CRT the Multicenter
Automatic Defibrillator Implantation Trial with Cardiac Resynchronization Therapy study; RAFT the Resynchronization—Defibrillation for
Ambulatory Heart Failure Trial; NA not available
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Fig. 2 Methodological assessment based on the Preferred Reporting Items for Systemic Reviews and Meta-Analyses (PRISMA) statement

CRT-D ICD Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% ClI
RAFT 2010 110 708 154 730 67.0% 0.69[0.53, 0.90] 2010 !l
MADIT-CRT 2014 74 1089 53 731 30.9% 0.93 [0.65, 1.34] 2014
REVERSE 2015 9 419 3 191 2.1% 1.38[0.37, 5.14] 2015 —
Total (95% CI) 2216 1652 100.0% 0.78 [0.63, 0.96] ¢
Total events 193 210

[P, 2 _ _ _ 12 0, | } } |
Heterogeneity: Chi® = 2.46, df = 2 (P = 0.29); I° = 19% 01 o1 10 100

Test for overall effect: Z = 2.31 (P = 0.02)

Favours CRT-D Favours ICD

Fig. 3 Risk of all-cause mortality identified in the meta-analysis of 3 trials. Fixed-effect model (> = 19 %; P = 0.29). OR odds ratio, CI

confidence interval

CRT-D ICD Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
RAFT 2010 115 708 159 730 40.3% 0.70[0.53, 0.91] 2010 =
MADIT-CRT 2014 151 1089 167 731 42.7% 0.54[0.43, 0.69] 2014 | 3
REVERSE 2015 40 419 18 191 17.0% 1.01[0.57, 1.82] 2015 -
Total (95% CI) 2216 1652 100.0% 0.67 [0.50, 0.89] ¢
Total events 306 344

[T 2 _ . 2 _ _ _ .12 — £Ko, [ } } |
Heterogeneity: Tau® = 0.03; Chi* = 4.49, df = 2 (P = 0.11); I* = 55% 01 o1 ] 0 100

Test for overall effect: Z = 2.79 (P = 0.005)

Favours CRT-D Favours ICD

Fig. 4 Risk of heart failure hospitalization identified in the meta-analysis of 3 trials. Random-effect model (I* = 55 %; P = 0.11). OR odds

ratio, CI confidence interval

function [13]. Over time, this dyssynchrony has further
deleterious effects on heart structure and function. CRT-D
therapy not only improves survival, but also improves the
functional status and symptoms of HF [14]. Among
patients with advanced HF (NYHA functional class III-
1V), a left ventricular ejection fraction (LVEF) of <35 %,
and a QRS duration of >130 ms, the Multicenter InSync
Randomized Clinical Evaluation (MIRACLE) study
showed that CRT-D treatment resulted in a significant
decrease in the 6-min walk, NYHA functional class, peak
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VO,, and LVEF [15]. Furthermore, there was also a
decrease in hospitalization for HF. Meanwhile, the Cardiac
Resynchronization-Heart ~ Failure (CARE-HF) study
demonstrated that patients who underwent CRT with
pacemaker (CRT-P) therapy showed a reduction in all-
cause mortality and unplanned hospitalizations for cardio-
vascular events [16]. Additionally, patients had improve-
ments in LVEF and reverse remodeling. The
COMPANION trial [17] and the CARE-HF study estab-
lished CRT as a treatment for HF (NYHA functional class
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CRT-D ICD Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI
RAFT 2010 193 708 253 730 44.0% 0.71[0.56, 0.88] 2010 ||
MADIT-CRT 2014 187 1089 185 731 44.5% 0.61[0.49, 0.77] 2014 | |
REVERSE 2015 67 419 41 191 11.5% 0.70 [0.45, 1.07] 2015 ™
Total (95% Cl) 2216 1652 100.0% 0.66 [0.57, 0.77] ¢
Total events 447 479

e 2 _ _ - 12 — 09 t t } |
Heterogeneity: Chi‘ = 0.83, df = 2 (P = 0.66); I° = 0% 0.0l 01 10 100

Test for overall effect: Z = 5.34 (P < 0.00001)

Favours CRT-D Favours ICD]

Fig. 5 Risk of mortality and heart failure events identified in the meta-analysis of three studies. Fixed-effect model (I* = 0.0 %; P = 0.66). OR

odds ratio, CI confidence interval

III-IV). Thus, CRT is recommended for patients with an
LVEF of <35 %; sinus rthythm; LBBB with a QRS dura-
tion of >150 ms or 120-149 ms; and NYHA class 11, III, or
ambulatory IV symptoms on medical therapy in the 2013
ESC guidelines (class 1) [18].

Many studies have confirmed the short-term effective-
ness of decreasing HF events associated with CRT-D
therapy in patients with mild HF and a prolonged QRS
interval. The efficacy of CRT-D therapy in patients with
mild HF was suggested by the CONTAK CD study, which
demonstrated left ventricular reverse remodeling across
NYHA functional classes II-IV [4]. However, the benefits
of CRT-D therapy in these populations were closely
examined in the MIRACLE ICD II, which demonstrated
left ventricular reverse remodeling in patients with HF of
NYHA class II characterized by a prolonged QRS duration
(=130 ms) and LVEF of <35 % [19]. The REVERSE trial
and MADIT-CRT study validated the benefits of CRT in
this group [5, 6]. The MADIT-CRT is the largest trial of
patients with mild HF. Enrolled patients had NYHA class
I/11, QRS duration of >130 ms, and LVEF of <30 %. This
study showed the benefits of CRT-D therapy over ICD
therapy with a significant reduction in HF events in the
CRT-D group [11]. However, the short-term results of both
the MADIT-CRT and REVERSE study failed to demon-
strate an independent effect on the risk of all-cause mor-
tality. Combing these studies, Al-Majed et al. [20]
confirmed the short-term benefit of CRT-D therapy in
reduced mortality and hospitalizations in patients with
mildly symptomatic HF and a wide QRS complex.

The long-term results of the REVERSE and MADIT-
CRT showed remarkably low mortality in patients who
underwent CRT-D treatment. At 5 years of follow-up,
CRT-D showed a significant improvement in survival over
CRT-P (P = 0.02) [12]. Together with the RAFT study,
these results provide compelling evidence in support of
CRT in patients with mild HF. Combining 3858 patients
with mean follow-up of 66 months, we found that CRT-D
therapy was associated with a significantly lower risk of
mortality than was ICD therapy. However, the majority of

patients in MIRACLE ICD II, REVERSE, MADIT-CRT,
and RAFT studies had NYHA class II heart disease
(>90 %) [5, 6, 10, 19]. Whether CRT-D therapy improved
the outcomes of patients with NYHA functional class I
heart disease is still variable. Future studies designed
specifically to answer this question may change current
recommendations. Additionally, at 7 years of follow-up,
the MADIT-CRT study found that CRT-D therapy was not
associated with any clinical benefit and possibly with harm
in patients without LBBB [11]. Future studies are needed to
identify the long-term effect of CRT-D treatment for
patients without LBBB.

Compared with previous meta-analyses [21-24], our
study had several advantages (Table 2). First, our meta-
analysis included 3858 patients with mild heart failure
(NYHA I-II). However, the other four studies enrolled
participants with mild to advanced heart failure (NYHA II-
IV). Second, the short-term efficacy of CRT therapy in
patients with advanced heart failure was confirmed by
many studies. Therefore, we aim to evaluate the long-term
efficacy of CRT-D therapy. However, most of the other
four meta-analyses did not report the long-term follow-up
result [21-23]. Finally, most previous meta-analyses were
compared between CRT and medical therapy. Only the
study by Wells was in consistent with our meta-analysis,
which showed the result between CRT-D therapy and
implantable defibrillator alone.

Study limitations

Several limitations deserve consideration. First, although
the inclusion criteria were broad across the study popula-
tion, all three studies exhibited slight differences in the
characteristics of the patients enrolled. Second, although
the present study comprised a large-scale comparison of
CRT-D vs. ICD, the sample size of several studies was
relatively small and the overall sample size was inadequate
to exclude small differences in outcomes between two
groups. Therefore, more studies with larger numbers of
patients, carefully matched key clinical and technical
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Table 2 Comparison of our study with previous meta-analyses of CRT therapy

Study Year RCT Patient Follow LVEF, % NYHA Primary Result

num. num. month endpoint

David 2003 4 1634 3-6 21 II-IV  All-cause = CRT reduced all-cause mortality from progressive heart
[21] mortality  failure (OR, 0.71, 95 % CI 0.53-0.96)

Editorial 2004 5 2559 3-6 N/R II-IV  All-cause = CRT with biventricular pacing reduced all-cause mortality in
[22] mortality patients with chronic heart failure (OR, 0.74, 95 % CI

0.66-0.97)

Rivero- 2006 5 2371 3-294 22 III-IV  All-cause ~ CRT compared with optimal medical therapy reduced all-
Ayerza mortality ~ cause mortality in patients with advanced heart failure
[23] (OR, 0.62, 95 % CI 0.57-0.88)

Wells 2011 12 7538 3-40 21.7-27  I-IV All-cause ~ CRT-D reduced all-cause mortality compared with an
[24] mortality implantable defibrillator alone (RR, 0.83, 95 % CI

0.72-0.96)

Our 3 3858 66 33.7 - Cardiac CRT-D therapy decreased the risk of all-cause mortality
study mortality (OR, 0.78; 95 % CI 0.63-0.96) in patients with mild heart

failure. However, risk of cardiac mortality was similar
between two groups.

num. number, LVEF left ventricular ejection fraction, NYHA New York Heart Association, CRT cardiac resynchronization therapy,

D defibrillator

variables, and longer follow-up periods are needed to
definitively quantify the potential clinical benefits of CRT-
D therapy, especially for patients with NYHA class I heart
disease or without LBBB.

Conclusions

Overall, CRT-D therapy significantly decreases the long-
term risk of mortality. However, larger studies are needed
to evaluate whether patients with NYHA class 1 heart
disease or without LBBB can benefit from CRT-D
treatment.
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