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Abstract
Right ventricular pacing (RVP) exerts a detrimental effect on left ventricular (LV) remodeling. In patients with atrioventricular
block (AVB) that require ventricular pacing, the effect of biventricular pacing (BiVP) versus RVP on LVremodeling and function
has not been comprehensively assessed in a meta-analysis. Electric databases MEDLINE and Cochrane Library were retrieved
for randomized controlled trials (RCT) comparing RVP and BiVP in patients with AVB. Data on left ventricular ejection fraction
(LVEF) and LV volumes were analyzed, stratified by different time points. Eleven RCTs were included in the final analysis.
There was a significant reduction of LVend-systolic volume in BiVP compared with RVP, at 3, 6, 12, and 24 months follow-up
(P < 0.05 for all). BiVP was associated with a decreased LVend-diastolic volume in comparison to RVP at 3, 6, and 12 months.
Compared with RVP, BiVP had a higher LVEF at all follow-up visits, with mean difference of 5.91, 3.29, 3.9, 6.66, and 8.69% at
3, 6, 12, 24, and beyond 24months follow-up, respectively. The results were not significantly changed in sensitivity analysis after
removal of studies with mean baseline LVEF < 50% or excluding studies with ablation-induced AVB. In patients with AVB and
bradycardia that require ventricular pacing, BiVP is superior to RVP in improving LV remodeling and function.
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Introduction

In patients with standard pacing indications, right ventric-
ular pacing (RVP) is commonly chosen for its relatively
good stability. However, emerging trials have revealed

that RVP exerts a detrimental effect on left ventricular
(LV) function and remodeling [1, 2]. As a result, RVP
has been linked to increased risks of heart failure (HF)
[3, 4]. The non-physiological asynchronous contraction
following RVP accounts for its adverse cardiovascular
effects. One potential solution is to minimize the frequen-
cy of RVP, but this does not work in heart block [5].
Another approach is the use of biventricular pacing
(BiVP) to attenuate ventricular dyssynchrony. Cardiac
resynchronization therapy (CRT) is mainly investigated
and recommended in patients with severely reduced left
ventricular ejection fraction (LVEF) and complete left
bundle branch block [6]. Previous studies have demon-
strated that CRT was better than RVP in patients under-
going atrialventricular junction ablation for atrial fibrilla-
tion [7–9]. Whether BiVP is superior to RVP in intrinsic
atrioventricular block (AVB) has also been proposed and
tested in several individual randomized trials [10–13]. We
conducted this study to comprehensively appraise the ef-
fect of BiVP versus RVP on LV remodeling and function,
in patients with ablation-induced or intrinsic AVB that
require ventricular pacing.
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Methods

This study is performed in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement [14].

Literature search

We searched electric databases MEDLINE and Cochrane
Library for relevant randomized controlled trials (RCTs), from
inception through February 2, 2017. The following keywords
were applied: (i) Batrioventricular block^ or BAV block^ or

BAVB^ and (ii) Bcardiac resynchronization therapy^ or
Bbiventricular pacing^ or Bbiventricular .̂ BCatheter ablation^
and Batrial fibrillation^ were also used to identify studies with
atrioventricular nodal ablation-induced AVB. Relevant refer-
ences were scanned for possible eligibility. No language re-
striction was used. The search was conducted by two indepen-
dent investigators (D.S.L. and H.Z.).

The titles and abstracts of retrieved articles were scanned.
Only RCTs comparing BiVP and RVP in patients with AVB
were considered eligible. The exclusion criteria include (1) no
RCTs, (2) no data on primary or secondary endpoints or re-
ported data cannot be analyzed, and (3) follow-up visit less

Table 1 Baseline characteristics of included studies

Study (first author) Year Arms FU
(months)

NO. Age
(yrs)

Female
(%)

Mean baseline
LVEF < 50%

JADAD quality

Randomization Blinding Drop-outs

Cross-over RCTs
HOBIPACE
(Kindermann)

2006 RVP→BiVP 3 30 69.6 23 Yes Yes Single-blinded Yes

OPSITE
(Brignole)*

2005 RVP→BiVP 3 56 70 39 Yes Yes Single-blinded Yes

COMBAT
(Martinelli)

2010 RVP 3 31 57.4 32.3 Yes Yes Double-blinded Yes
BiVP 3 29 59.3 37.9 Yes

Parallel RCTs
PAVE (Doshi)* 2005 RVP 6 106 67 36 Yes Yes Single-blinded Yes

BiVP 6 146 70 37 Yes
(Albertsen) 2008 RVP Multiple 25 76 32 No Yes Single-blinded Yes

BiVP Multiple 25 76 32 No
PACE (Yu, C) 2009 RVP Multiple 88 68 44 No Yes Double-blinded Yes

BiVP Multiple 89 69 47 No
APAF(Brignole)* 2011 RVP 24 89 72 27 Yes Yes Yes Yes

BiVP 24 97 72 33 Yes
AVAIL (Orlov)* 2010 RVP 12 20 70.1 35 No Yes Single-blinded Yes

BiVP 12 88 73.0 60 No
PREVENT-HF
(Stockburger)

2011 RVP 12 58 69.5 24 No Yes Double-blinded Yes
BiVP 12 50 71.6 32 No

BLOCK HF
(Curtis)

2013 RVP Multiple 342 73 27.2 Yes Yes Double-blinded Yes
BiVP Multiple 349 73.7 23.2 Yes

BIVPACE-AVB
(Zhang)

2016 RVP 12 57 66 29.8 No Yes Double-blinded Yes
BiVP 12 57 67.1 28.1 No

Data were mean ± SD or median (25th, 75th). RCTs, randomized controlled trials; RVP, right ventricular pacing; BivP, biventricular pacing; FU, follow-
up; NO., number of patients; yrs, years; LVEF, left ventricular ejection fraction;NA, not available. Asterisk indicates studies in which patients underwent
atrioventricular junction or his bundle ablation

Fig. 1 Flow chart of literature
search and selection
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than 3 months. Conference abstracts were also excluded.
Then, the full texts of remaining articles were further checked
for eligibility. Extra attention was focused on various articles
regarding one trial, with the aims to gather data at different
follow-up visits.

Data extraction and endpoints

Data were extracted by two independent reviewers (D.S.L.
and K.W.). The primary endpoint was LVEF. The secondary
endpoints were LV volumes. Continuous data were collected
and analyzed, stratified by follow-up durations. With respect
to cross-over RCTs, data of the first phase were collected and
analyzed if available. The quality of included RCTs was
assessed by means of JADAD criteria (randomization,
blinding, and description of withdrawals or dropouts).

Statistics

Continuous data were expressed as mean ± standard deviance
(SD). We primarily extracted and pooled data on final value

outcomes. As a complementarity, the differences in change
from baseline were also calculated. If the SD of change was
not available, imputed correlation coefficients were adopted
and tested in necessary sensitivity analyses. Skewed data
(expressed as median) were not included in the pooled analyses
but were described in the text. We applied weighted mean
difference (WMD) and its 95% confidence interval (CI) to
reflect the effect size. I2 was adopted to evaluate the between-
study heterogeneity. A random-effects model was employed
when I2 > 50%. We also conducted sensitivity analyses by ex-
cluding studies with mean baseline LVEF < 50% or removing
studies with ablation-induced AVB. We used Review Manager
(version 5.2), Comprehensive Meta-Analysis (Version 2.0),
and STATA (version 12.0) to perform pooled analysis. A P
value less than 0.5 was considered of statistical significance.

Results

In total, 14 articles involving 11 RCTs were included in
this systematic review [7, 9–11, 13, 15–23], according to

Fig. 2 Forest plot of final value of left ventricular ejection fraction (LVEF) associated with biventricular versus right ventricular pacing, stratified by
follow-up time points
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Fig. 3 Forest plot of change from baseline of (A) left ventricular ejection fraction, (B) left ventricular end-systolic volume and (C) left ventricular end-
diastolic volume, associated with biventricular versus right ventricular pacing, stratified by follow-up time points
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our pre-defined inclusion criteria (Fig. 1). Baseline charac-
teristics of included studies were shown in Table 1.
Generally, all the studies were of good quality. There were
three studies featuring a cross-over design [7, 10, 17].
Study population of four trials were those who underwent
atrioventricular nodal ablation for atrial fibrillation [7, 9,
15, 18]. The remaining seven trials involved patients with
intrinsic AVB that require ventricular pacing. Six studies
featured a mean baseline LVEF less than 50% [7, 9, 10, 15,
17, 22]. Patient mean age varied 57.4 to 76 years. Follow-
up durations varied from 3 months to more than 36 months.
We pooled outcomes of interest at different time points,
including 3, 12, 24, and beyond 24 months.

Left ventricular ejection fraction

Compared with RVP, BiVP had a higher LVEF at all follow-
up visits, with WMD of 5.91% (95% CI 2.14 to 9.18%),
3.29% (95% CI 2.09 to 4.49%), 3.90% (95% CI 1.15 to
6.65%), 6.66% (95% CI 0.49 to 12.83%), and 8.69% (95%

CI 3.35 to 14.03%) at 3, 6, 12, 24, and beyond 24 months,
respectively (Fig. 2). With respect to difference in change
from baseline, BiVP treatment was also superior to RVP, with
WMD of 5.31% (95% CI 1.91 to 8.71%), 3.15% (95% CI
2.07 to 4.22%), 4.12% (95% CI 1.69 to 6.56%), 6.60%
(95% CI 0.72 to 12.48%), and 9.39% (95% CI 6.50 to
12.28) at 3, 6, 12, 24, and beyond 24 months, respectively
(Fig. 3a).

Left ventricular volumes

Pooled analysis suggested that BiVP was associated
with a significant reduction of LV end-systolic volume
(LVESV) compared with RVP, with WMD of − 47.22,
− 7.57, and − 13.00 ml at 3, 6, 12, and 24 months,
respectively (P < 0.05 for all) (Fig. 4). Similarly, LV
end-diastolic volume (LVEDV) was also significantly
decreased in BiVP in comparison to RVP at 3 months
(WMD= − 27.46 ml, 95% CI − 0.53 to − 54.38 ml), 6 months
(WMD = − 19.97 ml, 95% CI − 35.85 to − 4.1 ml), and

Fig. 4 Forest plot of final value of left ventricular end-systolic volume associated with biventricular versus right ventricular pacing, stratified by follow-
up time points
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12 months (WMD = − 5.57 ml, 95% CI − 0.29 to −
10.84 ml), respectively (Fig. 5). Pooled data on change from
baseline showed similar results (Fig. 3b, c).

Other LV remodeling-related indices

LV volumes indexed to body surface (LVEDVi and LVESVi)
were reported in the BLOCK-HF trial [22]. Consistently, BiVP
led to more evident reduction in LVEDVi and LVESVi, com-
pared with RVP. N-terminal pro brain natriuretic peptide (NT-
ProBNP) was also measured in several trials. In the study by
Albertsen et al. [16], NT-ProBNP significantly decreased follow-
ingBiVP,whereas unchanged inRVP at 12months. Similarly, in
the study of Zhang [23], NT-ProBNP significantly increased in
RVP but not in BiVP (P > 0.05), compared with baseline.

Sensitivity analysis

The results were not significantly changed in sensitivity anal-
ysis excluding studies with ablation-induced AVB
(Supplementary Table 1). After removal of studies with mean
baseline LVEF < 50%, however, we found that the difference
in LVEF became non-significant at 6 and 12 months
(Supplementary Table 1).

Discussion

The electrocardiogram pattern following RVP is similar to that
in intrinsic LBBB, which indicates the presence of LV
dyssynchrony. RVP could lead to LV structural and functional
abnormalities as well as clinical HF events [4, 24, 25].
Reducing unnecessary RV pacing is adopted to prevent ad-
verse outcomes [26]. However, this strategy may be feasible
only in intact atrioventricular conduction but not in AVB.
Especially in patients with complete or high-grade AVB, ven-
tricular pacing may be needed most of the time. BiVP could
minimize the LV asynchrony and thus improve HF manifes-
tation as well as survival rate in patients with reduced LVEF
and prolonged QRS complex [27, 28]. Therefore, BiVP has
the potential to substitute RVP in patients with AVB.
Previous meta-analyses have revealed that BiVP is superi-
or to RVP in patients who underwent atrioventricular nodal
ablation for atrial arrhythmias [8, 29]. However, these pre-
vious meta-analyses did not include intrinsic AVB, a much
more common condition that had similar electrophysiolog-
ical characteristic to ablation-induced AVB. Differing from
prevenient meta-analyses, the present study was based on
patients with intrinsic AVB as well as ablation-induced
AVB. Using sensitivity analysis, we found that the results
were not significantly changed even if those with ablation-
induced AVB were excluded.

Fig. 5 Forest plot of final value of left ventricular end-diastolic volume associated with biventricular versus right ventricular pacing, stratified by follow-
up time points
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In consideration of the presence of time-dependent effect,
we reported data stratified by different follow-up times. Our
analysis showed that BiVP was linked to reduced LV volumes
and improved LVEF at both short- (3 months) and long-term
(up to 24 months) follow-up. As indicated by the DAVID trial
[25] and MOST trial [4], patients with poor baseline LVEF
may suffer more from RV pacing. Sensitivity analysis found
that the difference in LVEF became non-significant at 6 and
12 months after removal of studies with mean baseline LVEF
< 50%, indicating that the superiority of BiVP might be more
evident in patients with reduced LVEF than in those with
normal LVEF.

Patients in all included studies had underwent randomiza-
tion, so there was no significant between-group difference in
LVEF or LV volumes at baseline. Hence, it is reasonable to
compare final values of outcomes of interest. Pooled analyses
of data on change from baseline also showed the superiority of
BiVP over RVP, suggesting the results are robust.

Limitations

Several limitations should be discussed. Firstly, the relatively
small number of included studies might lead to underpowered
analyses, in particular, when we divided them into different
subgroup analyses. Publication bias cannot be excluded due to
the small sample size. Secondly, although we have performed
some subgroup analyses (stratified by follow-up duration), the
heterogeneity remained significant in several analyses. This
may be generated from the variety in study population, base-
line characteristics, and study quality.

Conclusion

In patients with AVB that require ventricular pacing, BiVP is
associated with improvements in LV remodeling and function,
compared with RVP.
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