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Abstract
Background: Right ventricular pacing (RVP) has been widely accepted as a traditional pacing strategy, but long-term RVP has
detrimental impact on ventricular synchrony. However, left bundle branch pacing (LBBP) that evolved from His-bundle pacing could
maintain ventricular synchrony and overcome its clinical deficiencies such as difficulty of lead implantation, His bundle damage, and
high and unstable thresholds. This analysis aimed to appraise the clinical safety and efficacy of LBBP.

Methods: The Medline, PubMed, Embase, and the Cochrane Library databases from inception to November 2020 were searched
for studies comparing LBBP and RVP.

Results: Seven trials with 451 patients (221 patients underwent LBBP and 230 patients underwent RVP) were included in the
analysis. Pooled analyses verified that the paced QRS duration (QRSd) and left ventricular mechanical synchronization parameters of
the LBBP capture were similar with the native-conduction mode (P> .7),but LBBP showed shorter QRS duration (weighted mean
difference [WMD]: �33.32; 95% confidence interval [CI], �40.44 to �26.19, P< .001), better left ventricular mechanical synchrony
(standard mean differences: �1.5; 95% CI: �1.85 to �1.14, P< .001) compared with RVP. No significant differences in Pacing
threshold (WMD: 0.01; 95%CI:�0.08 to 0.09, P< .001), R wave amplitude (WMD: 0.04; 95%CI:�1.12 to 1.19, P= .95) were noted
between LBBP and RVP. Ventricular impedance of LBBP was higher than that of RVP originally (WMD: 19.34; 95% CI: 3.13–35.56,
P= .02), and there was no difference between the 2 groups after follow-up (WMD: 11.78; 95% CI: �24.48 to 48.04, P= .52). And
follow-up pacing threshold of LBBP kept stability (WMD: 0.08; 95% CI: �0.09 to 0.25, P= .36). However, no statistical difference
existed in ejection fraction between the 2 groups (WMD: 1.41; 95% CI: �1.72 to 4.54, P= .38).

Conclusions: The safety and efficacy of LBBP was firstly verified by meta-analysis to date. LBBP markedly preserve ventricular
electrical and mechanical synchrony compared with RVP. Meanwhile, LBBP had stable and excellent pacing parameters. However,
LBBP could not be significant difference in ejection fraction between RVP during short- term follow-up.

Abbreviations: BBB = bundle branch block, CI = confidence interval, CRT = cardiac resynchronization therapy, HBP = His-
bundle pacing, LBBB = left bundle branch block, LBBP = left bundle branch pacing, LV = left ventricular, LVEF = left ventricular
ejection fraction, QRSd = QRS duration, RVAP = right ventricular apical pacing, RVP = right ventricular pacing, RVSP = right
ventricular septal pacing, SMD = standard mean differences, Stim-LVAT = stimulus to peak left ventricular activation time, WMD =
weighted mean difference.
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1. Introduction

Pacemaker therapy has been used for more than half a century as
a treatment for patients with bradycardia arrhythmias. Conven-
tional right ventricular pacing (RVP) including right ventricular
apical pacing (RVAP), right ventricular septal pacing (RVSP), or
right ventricular outflow tract pacing are widely accepted, which
have the advantages of convenient installation, good pacing
parameters, and less lead dislodgement. However, RVP causes
cardiac electromechanical asynchrony, which is relate to an
increased risk for hospitalization due to heart failure and atrial
fibrillation.[1–3] Cardiac resynchronization therapy (CRT) can
shorten the left and right ventricular delays and improve
ventricular systolic function, which is especially suitable for
patients with heart failure reduced ejection fraction combined
with complete left bundle branch block.[4] But, 30% and 40% of
patients implanted with biventricular pacing have no clinical
benefit or no response to CRT[5]; moreover, there was no
significant improvement in cardiac function in patients with right
bundle branch block,[6] even leading to deterioration of cardiac
function in patients with narrow QRS duration.[7]

His bundle pacing (HBP) ensures rapid activation in left and
right ventricles and synchronized contraction via pacing His-
Purkinje system directly, emerging as a viable alternative for CRT
with physiological restoration of electrical synchrony.[8] Howev-
er, there are still some limitations of HBP, including difficult
implantation, high capture thresholds and lower success rates
particularly in patients with bundle branch block (BBB) or
infranodal block.[9,10] Thus, alternative pacing sites have been
sought. Left bundle branch pacing (LBBP) is defined as capture of
the left bundle trunk or its proximal fascicles, usually with septal
myocardium capture,[11] which overcomes clinical deficiencies
mentioned above of HBP. Previous studies reported that the
surgery time was significantly increased for the LBBP compared
with RVP.[12,13] But recent study revealed that the surgery
method via the ventricular RAO fluoroscopic image was divided
into 9 parts (“nine partition method”) and without the guidance
of intracardiac electrograms could save the operation time.[14]

Recently, it still lacked study to systemically summarize and
comprehensively evaluate the effects of LBBP. Therefore, this
study represented the first systematic review andmeta-analysis on
safety and efficacy of LBBP in comparison with RVP.
2. Methods

2.1. Search strategy

An all-round search was searched in the Medline, PubMed,
Embase, and the Cochrane Library databases from inception up
to November 2020 by 2 reviewers independently. Only articles in
English were included. The search strategy used the following
relevant keywords, including the following: ([left bundle branch]
OR [LBBP]) and ([right ventricular apical] OR [right ventricular
septal] OR [right ventricular] OR [RVP]). And reviews and
reference lists of retrieved articles were hand searched for
potentially relevant publications not being identified previously.
All analyses were based on previous published studies, thus no

ethical approval and patient consent are required in this study.
2.2. Inclusion and exclusion criteria

Two investigators filtrated and identified researches that fulfilled
the following inclusion criteria: full-text studies of controlled
2

experiments about LBBP versus RVP; RVP group included RVSP,
RVAP, or right ventricular outflow tract pacing; randomized
control trials, case-control, cohort, and observational studies;
studies wanted to provide some dependable information with
QRS duration (QRSd), mechanical synchronization parameters,
pacing parameters, left ventricular ejection fraction (LVEF) and
complications in both groups. The exclusion criteria were as
follows: studies that did not offer plentiful data to analyze the
procedural efficacy and safety; animal studies, conference
abstracts, case reports, review articles, editorials, or non-English
language articles.
2.3. Data extraction

Data were extracted using standardized protocol and reporting
forms, including name of the first author, year of publication,
country of origin, sample size, baseline characteristics (age, sex,
LVEF, QRSd), selection of patients and pacing parameters, and
so on. Estimating the sample mean and standard deviation from
commonly reported quantiles.[15] This data extraction process
was independently performed by 2 investigators. Discrepancies
between them were resolved by a third reviewer.
2.4. Quality assessment

The study quality was evaluated by two investigators using the
Newcastle–Ottawa Scale (NOS) for nonrandomized studies. The
NOS uses a star system (0–9) to evaluate studies. A research with
NOS ≥7 was judged to be a study of good quality.[16]
2.5. Statistical analysis

Dichotomous variables and outcome endpoints were reported as a
risk ratio (RR) with 95% confidence intervals (CIs). The continuous
variables were analyzed using weighted mean differences (WMD) or
standard mean differences (SMD). The between-study heterogeneity
was reflected by I2 >50%, with a P<0.05 deemed statistically
significant. In cases of heterogeneity (defined as I2 >50%), random-
effects models were used; otherwise (I2 �50%), fixed-effects models
were used. In cases of statistical heterogeneity, subgroup analysis or
sensitivity analyses was used. Sensitivity analysis was performed to
check the consistency of the overall effect estimate. When the pooled
analysis still yielded significant heterogeneity, descriptive analysis was
used.All statistical testingwas2-tailedwitha statistical significance set
atP< .05.Thepresenceofpublicationbiaswasevaluatedby theuseof
funnel plots. The statistical analysis was performed using the
Revman5.4 soft-ware.
3. Results

3.1. Study and data selection

Our search strategy yielded 177 potentially relevant articles (21
articles from PubMed, 25 articles from EMBASE, 91 articles
from Cochrane Library, 40 articles fromMedline). The results of
the search and selection process are illustrated in Figure 1.
Initially, the exclusion of 50 duplicated articles, 92 articles
underwent title and abstract review. Of the remaining 5 studies
were excluded as topics were conducted in animals and
conference, leaving a total of 30 articles for reading the full
text. Next, 23 studies were excluded for the following reasons: 6
were uncontrolled studies, 8 lacked study endpoints, and 7



Figure 1. Flow diagram of study selection process.
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reported duplicate data. And then, 1 trail by Hou et al[17] was
excluded because RVSP justly acted as backup pacing in HBP
group. Another trail by Li et al[18] was excluded because patients
of LBBP implantation failure received RVSP. No additional
articles were added through manual search. Thus, 7 articles were
finally selected in this meta-analysis.[12,13,19–23]

3.2. Study characteristics and quality assessment of
included studies

Baseline and procedural characteristics of included studies are
shown in Table 1. A total of 451 patients were enrolled in these
Table 1

Baseline and procedural characteristics of included studies.

Study Country
Study
type

Treatment
group

Patients
(n)

Follow,
mo Age, y

Male,
n (%)

Chen et al, 2019[20] China Prospective
cohort trial

LBBP 20 3 66.90±7.49 7 (35.0)

RVP 20 3 71.65±7.80 9 (45.0)
Cai et al, 2020[19] China Observational

trial
LBBP 40 0 65.93± 9.99 13 (32.5)

RVP 38 0 68.61±9.83 14 (36.8)
Das et al, 2020[21] India Prospective

cohort trial
LBBP 22 6 63.36±7.82 12 (54.5)

RVP 28 6 61.64±5.40 16 (57.1)
Liu et al, 2020[22] China Prospective

cohort trial
LBBP 42 1/4 65.36±13.08 20 (47.6)

RVP 42 1/4 68.19±9.52 10 (23.8)
Wang et al, 2019[12] China Prospective

cohort trial
LBBP 66 6 71.12±13.14 38 (57.6)

RVP 65 6 72.03±12.11 41 (63.1)
Zhang et al, 2019[13] China Prospective

cohort trial
LBBP 23 0 64.61±12.65 17 (73.9)

RVP 21 0 65.76±13.53 10 (47.6)
Sun et al, 2020[23] China Prospective

cohort trial
LBBP 16 1/4 71.4±14.4 7 (43.8)

RVP 16 1/4 73.6±8.9 5 (31.3)

BBB=bundle branch block, CAD=coronary artery disease, Hy=hypertension, LBBP= left bundle branch
QRS duration, RVP= right ventricular pacing.
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trials (221 in the LBBP group and 230 in the RVP group). The
mean ages of the study participants ranged from 61.64±5.40 to
73.6±8.9years, and the mean follow-up duration was from 0 to
6months. In this meta-analysis, 2 studies[12,19] included RVSP in
RVP group, only 1 study[21] included RVAP, the remaining
studies[12,20,22,23] included RVAP or RVSP. Only 1 study[19]

selected patients who were sick sinus syndrome with narrow
QRSd; the rest[12,13,20–23] included sick sinus syndrome or
atrioventricular block. The mean success rate of LBBP in the
included study was 94.0%, and the average probability of
recording LBB potential is 64.7%. Six of seven were prospective
Hy,
n (%)

CAD,
n (%)

LVEF
(%) QRSd

Bundle
branch
block,
n (%)

Surgical
success
rate (%)

LBB
potential

(%)

Correction
of BBB
(%)

13 (65.0) 6 (30) 60.00±10.60 110.00 ±33.38 3 (15.0) 100 55 100

14 (70.0) 14 (70) 60.70±6.08 106.25 ±21.53 3 (15.0) 100
14 (35.0) 5 (13) 65.44±7.84 91.06±14.17 NR 90.4 80 NR

23 (60.5) 10 (26) 68.84±8.15 83.75±14.82 NR 100
NR NR 61.15±4.04 131.64±17.80 13 (59.1) 88 40.9 84.6

NR NR 62.50±4.00 132.73±16.71 18 (64.3) 100
28 (66.7) NR NR 109.48±25.58 NR 100 NR NR

29 (69.1) NR NR 97.36±22.20 NR 100
34 (51.5) 10 (15.2) 61.3±5.7 99.24±13.60 NR 92.4 75.4 NR

37 (56.9) 12 (18.5) 62.1±6.3 101.88±11.72 NR 100
11 (47.8) 4 (17.4) 45.75±18.47 131.83±41.68 7 (35.0) 87 NR 100

9 (42.9) 6 (28.6) 65.93±4.16 93.62±8.28 NR 100
4 (25.0) 1 (6.3) 68.69±3.14 106.25±25.00 3 (18.8) 100 50 NR

4 (25.0) 2 (12.5) 66.13±4.50 107.50±28.17 5 (31.3) 100

pacing, LBB= left bundle branch, LVEF= left ventricular ejection fraction, NR=not recorded, QRSd=

http://www.md-journal.com


Table 2

Quality assessment of the included studies according to the Newcastle-Ottawa Scale.

Study

Representativeness
of the

exposed cohort

Selection of
the nonexposed

cohort
Ascertainment
of exposure

Demonstration
that outcome
of interest was
not present at
start of study

Comparability
of cohorts on
the basis of
the design
or analysis

Assessment
of outcome

Was
follow-up

long enough
for outcomes
to occur

Adequacy
of follow
up of
cohorts

Total
stars

Chen et al, 2019[20]
∗ ∗ ∗ ∗ ∗∗ ∗ ∗

8
Cai et al, 2020[19]

∗ ∗ ∗ ∗ ∗∗ ∗
7

Das et al, 2020[21]
∗ ∗ ∗ ∗ ∗∗ ∗ ∗ ∗

9
Liu et al, 2020[22]

∗ ∗ ∗ ∗ ∗∗ ∗
7

Wang et al, 2018[12]
∗ ∗ ∗ ∗∗ ∗ ∗ ∗

8
Zhang et al, 2019[13]

∗ ∗ ∗ ∗ ∗∗ ∗
7

Sun et al, 2020[23]
∗ ∗ ∗ ∗ ∗∗ ∗

7
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studies,[12,13,20–23] and 1 was observational study.[19] It is worth
noting that left ventricular (LV) mechanical synchrony was
measured in different ways. In Cai et al study,[19] it was measured
by SD-Tmsv-16; In Das et al’s study,[21] it was measured by
standard pulsed wave Doppler echocardiography as the interval
between the onset of the QRS and the onset of the aortic and
pulmonary ejection; In Sun et al study,[23] it was measured by
standard deviation of 18-segment systolic times to peak 2-D
strain.
The Newcastle–Ottawa scales (NOS) of the included studies

are described in Table 2.
3.3. Ventricular electrical synchrony

All studies[12,13,19–23] recorded the baseline of QRSd. In the LBBP
group, the paced QRSd in LBBP capture was no significant
difference with the native-conduction mode (WMD:�1.69; 95%
Figure 2. Forest plots of QRSd. (A) for native vs LBBP capture; (B) for LBBP v
ventricular pacing.

4

confidence interval [CI]: �14.25 to 10.86, I2=94%, P= .79;
Fig. 2A). However, compared with RVP, LBBP showed shorter
QRSd ([WMD]: �33.32; 95% [CI], �40.44 to �26.19, I2=
90%, P< .001; Fig. 2B), which represented a better electrical
synchrony resulting from LBBP. Considering the high heteroge-
neity, random-effects model was used for analyses. According to
existence of LBB potentials, the LBBP group was divided into two
different subgroups as follows: LBB potential (potential +) and
without LBB potential (potential �). Three studies[19–21] were
included in this analysis and 2 studies[19,20] compared the
stimulus to peak left ventricular activation time (Stim-LVAT) in
lead V5. And there were no statistically significant differences in
paced QRSd (WMD: �2.93; 95% CI: �7.40 to 1.55, I2=0%,
P= .20; Fig. 3A) and Stim-LVAT (WMD:�3.45; 95% CI:�8.89
to 1.99, I2=0%, P= .21; Fig. 3B) by a fixed-effect model in 2
subgroups. The sensitivity analysis showed the all results were
not driven by any single study.
s RVP. LBBP= left bundle branch pacing, QRSd=QRS duration, RVP= right



Figure 3. Forest plots of LV electrical synchrony in LBBP+ compared with LBBP�. (A) QRSd; (B) Stim-LVAT. LBB= left bundle branch, LBBP= left bundle branch
pacing, LBBP+=with LBB potential, LBBP-=without LBB potential, QRSd=QRS duration, Stim-LVAT= the stimulus to peak left ventricular activation time.
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3.4. LV mechanical synchrony

The baseline of LV mechanical synchrony measured by different
ways was summarized from 3 studies[19,21,23] and the heteroge-
neity was low (I2=45%), taking a fixed-effect model and the
continuous variables were analyzed using SMD. In
the LBBP group, LV mechanical synchronization parameter of
the LBBP capture was similar with the native-conduction mode
(WMD:�0.01; 95%CI,�0.33 to 0.31,P= .95; Fig. 4A). But, the
LV mechanical synchronization parameter in LBBP capture
mode was superior to that of the RVP group (SMD: �1.5; 95%
CI: �1.85 to �1.14, P< .001; Fig. 4B). And low statistical
heterogeneity was observed (I2=41%), taking a fixed-
effect model. Meanwhile, the results of the sensitivity analysis
were not changed by removing any individual study from the
analysis.
Figure 4. Forest plots of LV synchrony. (A) For native vs LBBP capture; (B) for LB
ventricular pacing.

5

3.5. LVEF assessment

The baseline LVEF assessment was reported among most of the
included studies. Postoperative LVEF was assessed in only three
studies.[19,21,23] In the LBBP group, LVEF of the LBBP were
similar with RVP mode during short-term follow-up by a
random-effect model (WMD: 1.41; 95% CI: �1.72 to 4.54, I2=
77%, P= .38; Fig. 5).

3.6. Pacing parameters
3.6.1. Pacing threshold. The pacing threshold was assessed in
all studies[12,13,19–23] and the heterogeneity was high (I2=85%),
taking a random-effect model. Pacing threshold in LBBP group
was low and similar with RVP group (WMD: 0.01; 95% CI:
�0.08 to 0.09, P= .9; Fig. 6A). Upon sensitivity analysis by
removing any individual study, the point estimate or CI in the
BP vs RVP. LBBP= left bundle branch pacing, LV= left ventricular, RVP= right

http://www.md-journal.com


Figure 5. Forest plots of LVEF, for LBBP vs RVP. LBBP= left bundle branch pacing, LVEF= left ventricular ejection fraction, RVP= right ventricular pacing.

Liu et al. Medicine (2021) 100:27 Medicine
result was not appreciably altered. And pacing threshold was
assessed at short-term follow-up (from 7days to 6months) in 4
studies[12,20–22] by a random-effect model, pacing threshold
maintain stability in the LBBP group (WMD: 0.08; 95% CI:
�0.09 to 0.25, I2=92%, P= .36; Fig. 6B).

3.6.2. Ventricular impedance. Ventricular impedance was
reported in 5 studies[12,13,21–23] and the heterogeneity was low
(I2=0%), taking a fixed-effect model. Patients receiving LBBP
showed a higher ventricular impedance at implantation com-
pared with the RVP group (WMD, 19.34; 95% CI 3.13–35.56;
P= .02; Fig. 7A). However, ventricular impedance of the LBBP
group in 3 studies,[12,21,22] at short-term follow-up was
significantly lower than at implantation (WMD, 122.09; 95%
CI 12.06–232.12, I2=95%, P= .03; Fig. 7B), that was not
different from RVP group (WMD, 11.78; 95% CI �24.48 to
48.04, I2=58%, P= .52; Fig. 7C). Considering the high
heterogeneity, random-effects model was used for these analyses.
By sensitivity analysis by removing any individual study, the
results did not change, indicating that the results were stable.
Figure 6. Forest plots of pacing threshold. (A) For LBBP vs RVP; (B) for at implanta
ventricular pacing.

6

3.6.3. R-wave amplitude. Five studies[12,13,19,21,23] compared
R-wave amplitude by a random-effect model. Compared with
RVP patients, R-wave amplitude in LBBP patients had no
different at implantation (WMD 0.04; 95% CI �1.12 to 1.19,
I2=59%, P= .95; Fig. 8), but no follow-up was recorded. The
sensitivity analysis showed the results were stable by any single
study.

3.7. Complications

Complications mainly referred to pocket infection and
hematoma, lead perforation and lead dislodgement were
reported in 5 studies.[12,13,21–23] There were no complications
in 4 studies.[13,21–23] In Wang et al research[12], the LBBP
group had 3 cases of the mild pocket hematoma, 1 septal lead
perforation (1.6% vs 0%; P= .30), and 2 cases of the mild
pocket hematoma was observed in the RVSP group within
1month after procedure (4.9% vs 3.1%; P> .59). One case of
lead dislodgement occurred 2months and 4months after
implantation in the LBBP group, while one lead dislodgement
tion vs follow-up in LBBP group. LBBP= left bundle branch pacing, RVP= right



Figure 7. Forest plots of ventricular impedance. A) for LBBP vs RVP at implantation; B) for at implantation vs follow-up in LBBP group; C) for LBBP vs RVP at short
follow-up. LBBP= left bundle branch pacing, RVP= right ventricular pacing.
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occurred 2months post-implant in RVSP group (1.5% vs
3.3%; P> .52).

3.8. Publication bias

We intended to investigate potential publication bias via the
funnel plot. However, as we only had up to 7 studies in our
analysis, the number was insufficient to reject the assumption of
no funnel plot asymmetry. Thus, we did not perform a funnel
plot.[24,25]

4. Discussion

This study represented the first systematic review and meta-
analysis on the comparison between LBBP and RVP. The main
findings were as follows: the pacedQRSd in LBBP capture was no
Figure 8. Forest plots of R wave amplitude, for LBBP vs RVP. LB

7

significant difference with the native-conduction mode, whereas
it was obviously shorter than the QRSd induced by RVP;
regarding of QRSd and Stim-LVAT, there were no statistically
significant differences between the potential + and potential-
subgroups; LV mechanical synchronization parameter of the
LBBP capture was similar with the native-conduction mode,
however was superior to that of the RVP group; neither LBBP
capture mode nor RVP capture mode had significant change in
ejection fraction during short term follow-up; LBBP showed
stable low pacing threshold, high R wave amplitude and there
was no significant difference compared to RVP. LBBP showed a
higher ventricular impedance at implantation compared with
the RVP group, but it was not different from RVP group at
short-term follow-up; Complications of LBBP was low and
similar with RVP.
BP= left bundle branch pacing, RVP= right ventricular pacing.

http://www.md-journal.com
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HBP as a physiological pacing utilizes the intrinsic His
bundle-Purkinje conduction system that results in ventricular
synchronized contraction, whereas LBBP can produce true
conduction system pacing by bypassing pathological or disease-
vulnerable region in the conduction system.[26] LV synchrony
caused by HBP has been demonstrated, and some studies have
even suggested that HBP may serve as the first-line treatment
for patients with heart failure combined with LV asynchro-
ny.[8,27,28] Meanwhile, recent researches showed that LV
synchrony in the LBBP group was similar to that in HBP
group,[17,29,30] and LBBP has also been shown to be effective in
the treatment of heart failure combined with bundle branch
block.[31] However, LBBP is easier to operate thanHBP because
of wide spread of fascicules of LBB in the subendocardiumof the
left side and limitation of His bundle.[32] Moreover, LBBP
exhibited stable parameters of higher R-wave amplitudes and
lower capture thresholds than those of HBP.[17] Importantly,
LBBP can correct left bundle branch block (LBBB) and right
bundle branch block at a low capture threshold.[20] But HBP
required a high pacing output to correct LBBB,[10] which means
the electrical current must penetrate the pathological region to
reach normal left bundle branch for LBBB correction. And
LBBP can theoretically perform cardiac resynchronization in
patients blocked in His bundle.[26] Therefore, LBBP can
effectively produce a better ventricular synchronization and
may be superior to CRT based on biventricular pacing.
Nonetheless, it is necessary to further verify safety and efficacy
of LBBP by randomized clinical studies directly comparingHBP
and LBBP with CRT in patients.
On the contrary, a good LV electrical and mechanical

synchrony that is similar to that of native conduction. It is well
known that the QRSd has been accepted as an indicator for the
evaluation of electrical synchrony. Our analysis showed the
paced QRSd and LV mechanical synchronization parameter
measured by echocardiography in LBBP capture were similar
with the native-conduction mode, which indicates LBBP can
bring about synchronization of ventricular contraction. Inverse-
ly, compared with RVP group, LV electrical and mechanical
synchronization was significantly better in LBBP group, for
pacing from the RV causes an abnormal late activation of the LV
free and lateral wall and consequent electromechanical dyssyn-
chrony.[3] This also explains the clinical adverse events associated
with RVP, such as heart failure, atrial fibrillation, and pace-
maker cardiomyopathy. Interestingly, LBB potential can be
recorded during the implantation procedure, an indication of
direct LBBP, but not all LBBP can observe LBB potential. Studies
showed that approximately 50% to 80% of implants can record
LBB potential,[18,33] which was similar with our result of 64.7%.
In Hou et al’s study,[17] patients with LBBP with LBB potentials
had shorter Stim-LVAT and better LV mechanical synchrony
than those without potentials. However, our analysis found Stim-
LVAT and paced QRSd in LBBP capture were irrelevant with
whether the existence of LBB potentials. The mechanism may be
that stimulation initially activates the LV septal sub-endocardium
and then propagates to nearby conductive tissue or directly to the
conduction system, so large sample size and randomized
multicenter study with longer-term follow-up is needed for
conclusive evidence. However, since pacing is intended to correct
conduction disease or stimulate the bundle branch to produce
rapid conduction with normal or near-normal electrocardio-
gram, it may not be necessary to record LBB potential.
Consequently, surgical method of LBBP reported by Zhang
8

et al[14] without the guidance of intracardiac electrograms proved
to be effective.
Theoretically, LV function in patients with LBBP should be

superior to RVP because of LV synchrony in LBBP group was
significantly better than RVP group. However, no statistical
difference existed in ejection fraction between the 2 groups during
short-term follow-up in our meta-analysis. The result of one of
our included studies showed that LBBP is associated with better
LV function (higher LVEF 64.00±3.03 vs 59.73±6.73, P=0.01)
during 6months’ follow-up in comparison to RVP.[21] A major
difference from other included studies was that up to 64% of
patients combined with BBB, and the BBB was corrected in 84%
of these patients in LBBP group. And the paced QRSd in LBBP
capture was significant shorter than the baseline (112.27±8.57
vs 131.64±17.8),[21] indicating significant improvement in
postoperative LV synchronization, so LVEF of LBBP group
was increased compared with RVP. Moreover, more and more
studies reported that patients with HF and BBB can benefit
significantly from LBBP.[26,31,33] So there are 2 possible reasons
for the result: one reason may be the small sample size and short
follow-up time; LBBPmainly may improve LVEF of patients with
HF combined with BBB, while LBBP and RVP have little effect on
LVEF in patients with normal cardiac function and narrowQRSd
during short-term follow-up.
The cathode ring of LBBP is also embedded in the myocardium

as same as RVP. So, LBBP showed stable low pacing threshold
and high R wave amplitude in our analysis, and a higher
ventricular impedance at implantation compared with the RVP
group, but it was not different from RVP group at short term
follow-up. It may be that electrode tip of LBBP causes more
myocardial injuries, then excessive myocardial edema in the early
stage made the electrode impedance high at implantation. When
the edema was reduced, the impedance gradually decreased and
tended to be stable. Other studies also confirmed good pacing
parameters for LBBP.[17,18,33] The complications of LBBP were
low and no difference with RVP in our analysis. In one[12] of the
studies we included, one lead perforation was observed in LBBP
group mainly because of the rapid decline of impedance during
the operation. So, it is necessary for us to timely monitor the
change of electrode impedance to avoid acute or delayed
ventricular septal perforation and ensure capture of the LBB.
Except for this method, recent documents proposed several
methods to monitor lead depth: fulcrum sign, sheath angiogra-
phy, changes in the QRS notch in V1 lead, pacing from the ring
electrode and observing fixation beats (the ectopic beats of qR/
rsR’morphology in V1 lead).[34] In addition, myocardial damage
deserves our attention in LBBP. The recent study[35] showed the
number of attempts at lead position was an independent risk
factor related to the myocardial damage, so excessive number of
attempts should be avoided. It is worth noting that patients with
intraventricular block, hypertrophic cardiomyopathy and ven-
tricular septal infarction should not be treated with LBBP.
4.1. Limitation

This meta-analysis has some limitations. First, there were several
indicators with high heterogeneity, but the sensitivity analysis
indicated that it did not affect the reliability of the results. This
may be attributed to different diagnosis of patients, multiple right
ventricular pacing sites, and different operator experiences and
methodological quality. The inconsistency of RVP location in the
included studies may have caused some heterogeneity in the
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results. Second, the small sample size of the included study may
affect the stability of the result indicators, reduce the detection
efficiency, and possibly lead to the bias of the study results. Third,
the included studies were followed for a short period of time, with
only 2 studies being followed for 6 months. Four, only 7 studies
were included in our meta-analysis, and no randomized
controlled trial were included. Thus, more well-designed and
large-scale RCTs with longer-term follow-up are demanded to
validate the results.

5. Conclusions

Our systematic review and meta-analysis confirmed that LBBP
was a safe and effective method for bradycardia arrhythmias.
Compared with RVP, LBBP markedly preserve ventricular
electrical and mechanical synchrony. In addition, LBBP showed
stable low pacing threshold, high R wave amplitude, and there
was no significant difference compared to RVP. However, LBBP
and RVP have little effect on LVEF in patients during short-term
follow-up.
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