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ABSTRACT

Background: Left bundle branch area pacing (LBBAP) is a new technique for patients with atrioventricular block (AVB) and
preserved left ventricular ejection fraction (LVEF), potentially offering better cardiac function than right ventricular pac-
ing (RVP).

Methods: We searched databases and registries for studies that compared LBBAP with RVP in patients with AVB and
preserved LVEF. We extracted data on various outcomes and pooled the effect estimates using random-effects models.
Results: Our meta-analysis included 14 studies (10 observational and 4 RCTs) involving 3062 patients with AVB. The analysis
revealed that the QRS duration was significantly shorter in the LBBAP group compared to the RVP group [MD = —35.56 ms;
95% CI: (—39.27, —31.85), p < 0.00001]. Patients in the LBBAP group also exhibited a significant increase in left ventricular
ejection fraction (LVEF) [MD = 5.48%; 95% CI: (4.07%, 6.89%), p < 0.00001], and a significant reduction in left ventricular end-
diastolic diameter (LVEDD) compared to RVP [MD = —3.98 mm; 95% CI: (—5.88, —2.09 mm), p < 0.0001]. In terms of clinical
outcomes, LBBAP was associated with a significantly lower risk of heart failure hospitalizations (HFHs) compared to RVP
[OR =0.26; 95% CI: (0.16, 0.44), p < 0.0001]. However, no significant differences were observed between the two groups in the
implant success rate, pacing impedance, or pacing threshold. The RVP group demonstrated a significantly higher R-wave
amplitude increase than the LBBAP group [MD = 0.85mV; 95% CI: (0.23, 1.46), p =.007]. Lastly, there was no significant
difference in the incidence of complications between the two groups [OR = 2.12; 95% CI: (0.29, 15.52), p = 0.46].
Conclusion: LBBAP outperforms RVP in several cardiac function indicators, suggesting it may be a superior pacing method for
AVB patients with preserved LVEF. However, the small sample size in studies and the result in heterogeneity call for more
research to validate these findings and assess LBBAP's long-term effects.

Abbreviations: AV, atrioventricular; AVB, atrioventricular block; CI, confidence intervals; CRT, cardiac resynchronization therapy; ESC, European Society of Cardiology; EU, European Union; HFH,
heart failure hospitalization; LBBAP, left bundle branch area pacing; LVEDD, left ventricular end-diastolic diameter; LVEF, left ventricular ejection fraction; MD, mean difference; MeSH, medical
subject headings; OR, odds ratios; PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses; RCT, randomized controlled trial; RVP, right ventricular pacing; WHO, World

Health Organization.
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1 | Introduction

Cardiac pacing therapy for atrioventricular heart block, which
began in the late 1950s, has evolved with various pacing tech-
niques introduced over the years [1, 2]. Recently, left bundle
branch area pacing (LBBAP) has emerged as a promising
alternative for cardiac resynchronization therapy (CRT) [3].
Studies have demonstrated that LBBAP offers improvements in
cardiac function, including reductions in left ventricular end-
systolic volume, QRS duration, and pacing threshold, alongside
a decrease in adverse outcomes [3-5].

Chronic right ventricular pacing (RVP), on the other hand, has
been associated with detrimental effects on the heart, including
heart failure, disruption of normal electrical and mechanical
function, increased risk of atrial fibrillation, and higher mor-
tality rates [6, 7]. Despite these risks, the European Society of
Cardiology (ESC) guidelines continue to recommend RVP over
LBBAP for certain patients due to insufficient large-scale evi-
dence proving LBBAP's superiority [8]. While LBBAP has
shown promise in smaller studies, more robust data are needed
to support a shift in clinical practice.

2 | Methods

2.1 | Data Sources and Search Strategy

This meta-analysis was conducted in accordance with the
PRISMA (Preferred Reporting Items for Systematic Review and
Meta-Analyses) guidelines to ensure transparency and rigor in
reporting [9]. A comprehensive literature search was executed
to identify relevant observational studies and controlled trials.
The search was systematically performed on electronic data-
bases, including PubMed, Cochrane CENTRAL, and Scopus.
The inclusion criteria were limited to articles published in
English from the inception of each database to November 2023.

The search strategy employed a combination of keywords and
their corresponding MeSH (Medical Subject Headings) terms:
“(left bundle branch area pacing OR LBBAP OR right ventric-
ular pacing OR RVP OR cardiac resynchronization therapy OR
CRT) AND (atrioventricular heart block OR bradycardia OR
heart block).” The Supporting Information provides a detailed
breakdown of the search strategy.

The WHO International Clinical Trials Register, the EU Clinical
Trials Register, and clinicaltrials.gov were diligently queried to en-
sure thoroughness and minimize the risk of overlooking relevant
data. This approach aimed to prevent redundancy in data collection
and identify any potentially missed completed clinical trials.

2.2 | Study Selection
The inclusion criteria for article selection were carefully defined
as follows:

1. Retrospective and prospective observational studies and
randomized controlled trials (RCTs) were considered for
inclusion in this meta-analysis. These studies specifically

compared two pacing methods: RVP as the control group
and LBBAP as the experimental group.

2. The selected studies focused on patients with heart blocks
and sick node sinus, specifically those with preserved
ejection fraction (pEF).

Following was described as the exclusion criteria:

1. All the editorials, case reports, case series, and short
communications were considered ineligible for the study.

2. Studies that did not report quality outcomes were
excluded.

3. Studies that did not report the decided outcomes were
excluded.

2.3 | Data Extraction and Assessment of Study

Quality

Upon retrieval, the collected articles underwent a meticulous
deduplication process using RefWorks to eliminate redundant
data. The subsequent screening involved thoroughly evaluating
the articles based on their relevance to the topic, focusing on the
abstracts. Following this initial screening, a detailed analysis
was conducted for article selection, guided by predefined elig-
ibility criteria.

To enhance the robustness and objectivity of the selection
process, two independent reviewers, I.A. and M.K.K., were
assigned to assess each article meticulously. The predefined
eligibility criteria guided the reviewers in determining the
suitability of the studies for inclusion in the meta-analysis.

The primary outcomes of interest encompassed key parameters,
including QRS duration, left ventricular end-diastolic diameter
(LVEDD), pacing impedance, heart failure hospitalization
(HFH), improvement in R-wave amplitudes, left ventricular
ejection fraction (LVEF), and pacing threshold. To ensure a
comprehensive evaluation of study quality, we employed the
Cochrane risk of bias assessment for RCTs and the Newcastle-
Ottawa Scale assessment for cross-sectional studies.

2.4 | Statistical Analysis

The statistical analysis was performed utilizing RevMan soft-
ware [10], ensuring a robust and standardized approach.
Results were presented as odds ratios (ORs) accompanied by
95% confidence intervals (CIs), employing a random-effects
model to account for potential variability across studies. Forest
plots were instrumental in providing a visual representation of
the outcomes. To gauge the degree of heterogeneity among the
included studies, the Higgins P test was employed, with a
threshold exceeding 50% indicative of substantial heterogeneity.
This assessment contributed to a nuanced interpretation of the
overall consistency or variability in the study results.

In addition, to assess potential publication bias, we conducted
Begg's test and visually inspected the results using funnel plots.
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These analyses served as necessary supplementary measures to
ensure the robustness and reliability of our findings. Statistical
significance was established at p values below 0.05, reinforcing
the rigor of our analytical approach.

3 | Results

A comprehensive analysis was conducted, synthesizing data
from a total of 14 studies (10 non-randomized studies and four
RCTs) to scrutinize the comparative outcomes between RVP
and LBBAP [11-24]. The pacing burden was reported in four
studies [11, 13, 17, 18], and it averaged around 90%. Both pacing
modalities are frequently employed for addressing heart blocks,
and this meta-analysis aims to discern their respective benefits
in specific clinical domains.

The study selection process involved thoroughly exploring
various databases and registers to extract pertinent data. Strin-
gent inclusion criteria were applied to ensure that selected
studies were conducive to the objectives of this analysis.

Initially screening through 5380 studies, a meticulous screening
through title, abstract, full text, and reference screening ulti-
mately identified 10 observational studies and four RCTs
meeting the inclusion criteria. The evaluation of these studies
adhered to the PRISMA guidelines [9], as depicted in the
PRISMA flowchart (Figure 1).

The total sample comprised 3062 patients, with a mean
age of 69.85+10.74 years, a mean left ventricular ejection
fraction (LVEF) of 60.08%, and an average follow-up
duration of 12 months. Further details regarding the popu-
lations for each intervention and study are elucidated in
Table 1.

3.1 | Pacing QRS Duration

Data from 11 studies were analyzed to assess the average QRS
duration at the conclusion of the study for both LBBAP and
RVP. This analysis included a total of 2877 patients. The results
indicated that QRS duration was significantly lower in the

Identification of studies via databases and registers

v

Records removed before
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Records identified from® Et;lilﬁete records removed (n
,3:‘;"*‘*‘ ° (2:22'252) T 7|  Records marked ss ineligible
= isf) by automation tools (n= 0)
! Records removed for other
reasons (n= 127)
v
Records screened Records excluded™
(l"l = 5012) (l'l - 4.724)
v
Reports sought for retrieval Reports not retrieved
g (n - 288) (n = 0)
8 ]
ports < Reports excluded:
Re- SAE kg . Incomplete data (n =158)
(n=289) Dsta unciesr (n = 42)
Population did not meet
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Interventions were not
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Studies included in review
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FIGURE 1 | PRISMA flowchart.
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Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Caietal 2020 12117 8.45 40 148.92 13.42 38 87% -27.75(-32.76,-22.74) -
ChenKetal. 2019 111.85 10.77 20 1593 13.83 20 7.2% -47.45[-55.13,-39.77) ——
Chen Xetal 2020 12202 793 237 15768 1558 317 10.0% -3566[-37.65,6-33.67) >
Lietal. 2021 1142 138 246 1585 255 120 8.8% -4430[-49.18,-39.42) -
Miyajima et al. 2022 118 10 39 146 14 42 86% -28.00[-33.27,-22.73) =
Niu HX et al 2021 1202 1086 20 1535 6.8 30 86% -33.30[-38.54,-28.06) ==
Ondiviela et al. 2021 99 2 60 1396 11.7 60 9.7% -40.60[-43.60,-37.60) -
Sharma et al. 2021 12111 2344 321 15548 2654 382 9.4% -34.37[-38.07,-30.67) -
Wang etal. 2019 121.49 987 61 14562 8.89 65 96% -24.13[-27.42,-20.84) -
Zhang et al. 2021 110.756 B6.77 33 15429 6.96 37 96% -43.54 [[46.76,-40.32) -
Zhu et al 2021 114 107 376 148 18 313 10.0% -34.00[-36.27,-31.73] -
Total (95% CI) 1453 1424 100.0% -35.56[-39.27,-31.85] ¢
Heterogeneity: Tau®= 34.58; Chi*= 122.45, df= 10 (P < 0.00001); F=92% =_1 00 -f:iO 3 5?0 100:
Test for overall effect: Z=18.80 (P < 0.00001) Favours [LBBP] Favours [RVP)
FIGURE 2 | Forest plot representing pacing QRS duration.
Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Lietal 2021 na 28 235 -37 5 120 266% 4.60 [3.64, 5.56] u
liuxetal 2022 016 548 33 -313 066 21 196% 3.281[1.40,5.18] =
Miu Hx et al 2021 3 18 20 -34 02 o 2TT% 6.40[5.61,7.19) L]
Zhang etal. 2021 0481 002 33 -615 326 a7 26.0% T.06[6.01,8.11] =
Total (95% CI) 321 208 100.0% 5.48 [4.07, 6.89] L
Heterageneity: Tau®=1.70; Chi*= 2042, df= 3 (P = 0.0001}); F= 85% 5_50 _255 b 255 505
Test for overall effect: Z=7.62 (P = 0.00001) Favours [RVP] Favours [LBBP]
FIGURE 3 | Forest plot for LVEF at follow-up.
Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Lietal. 2021 466 52 246 517 75 120 327% -510[6.59,-3.61) ——
liuXetal 2022 47.09 4.47 33 51.28 758 21 166% -419[-7.77,-0.61)] =
Niu HX et al 2021 487 56 20 55 7.7 30 161% -5.30[-8.99,-1.61] —_—
Zhang et al. 2021 4758 3.29 33 4979 185 37 346% -2.21[-3.48,-0.94] ——
Total (95% Cl) 332 208 100.0% -3.98[-5.88, -2.09] i
Heterogeneity: Tau®= 2.28; Chi*=9.40, df= 3 (P = 0.02), F= 68% ?_1 0 55 ) é 10:
Test for overall effect. Z=4.12 (P < 0.0001) Favours [LBBP] Favours [RVP)]
FIGURE 4 | Forest plot representing LVEDD.
LBBAP group compared to the RVP group [MD = —35.56 ms; 3.3 | LVEDD

95% CI: (—39.27, —31.85), p < 0.00001] (Figure 2). Heterogeneity
analysis showed no specific study as a major source of
heterogeneity.

3.2 | Left Ventricular Ejection Fraction (LVEF)
The analysis of LVEF included a cohort of 529 patients from
four studies comparing pacing therapies. A significant differ-
ence was observed, with patients in the LBBAP group showing
higher ejection fraction values compared to those in the RVP
group [MD =548%; 95% CI. (4.07%, 6.89%), p < 0.00001]
(Figure 3). The heterogeneity among the studies was substan-
tial, suggesting considerable variability in the results. Sensitivity
analysis revealed that the study by Liu et al. [20] primarily
contributed to this heterogeneity.

The evaluation of LVEDD included four studies involving 540
patients receiving pacing therapies. The analysis showed a signif-
icant difference between groups, with patients in the LBBAP
group demonstrating a lower LVEDD compared to those in the
RVP group [MD=-398mm; 95% CIL (—5.88, —2.09 mm),
P <0.0001] (Figure 4). There was substantial heterogeneity, likely
due to the smaller number of studies included in this analysis.

3.4 | HFHs

The evaluation of HFHs, conducted across five studies involving
1,239 patients, revealed that LBBAP was associated with a sig-
nificantly lower risk of hospitalizations due to heart failure
compared to RVP [OR =0.26; 95% CI: (0.16, 0.44), p < 0.0001]
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Experimental Control Odds Ratio Odds Ratio

Study or Subgroup BEvents Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

Lietal 2021 5] 246 13 120 27.4% 0.21 [0.08, 0.56] —

liux etal 2022 1 3z 5 18 5.4% 0.08[0.01,0.79]

Miu Hx et al 2021 1] 20 3 30 3.0% 0.19[0.01, 3.92)

Sharma etal. 2021 12 N 40 382 61.4% 0.33[017, 0.64] g =

Zhang et al. 2021 i 33 2 a7 2.9% 0.21 [0.01, 4.58]

Total (95% CI) 652 587 100.0% 0.26 [0.16, 0.44] &

Total events 14 63

Heterogeneity: Tau®=0.00; Chi*=1.77, df=4 (P = 0.78); F= 0% IU 001 051 150 1IZIIZIIZI=

Test for overall effect: Z=5.04 (P = 0.00001) Favours [LBBP] Favours [RVF]

FIGURE 5 | Forest plot representing heart failure hospitalization.

Experimental Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Lietal. 2021 235 248 120 120 209% 0.07 [0.00,1.23] —
Miu HX et al 2021 20 21 30 0 167% 0.22[0.01,5.77]
Ondiviela etal. 2021 a7 60 a7 60 429% 1.00[0.19, 5.16] —a—
Zhang etal. 2021 29 33 ar aFr 19.4% 0.09[0.00, 1.69] -
Total (95% Cl) 362 247 100.0% 0.28 [0.06, 1.22] B e
Total events KEY| 244
Heterogeneity: Tau®= 0.61; Chi*= 4.06, df= 3 (P = 0.25); F= 26% 50.001 0?1 150 1UDD=

Testfor overall effect Z=1.70 (P = 0.09) Favours [LBBP] Favours [RVP]

FIGURE 6 | Forest plot representing Implant success rate.

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.3.1 At the time of implantation
ChenXetal 2020 53261 9511 237 52087 8843 N7 T.A4% 11.74 [-3.80, 27.29] ~
Das etal 2020 70327 3154 22 B81.82 42.2 28 T.2% 21.45[1.00, 41.90] [
Lietal 2021 818.83 16573 33 84429 18285 ar 3.5% -25.46 [107.14, 56.22] —
liux etal 2022 83061 1206 33 81714 10488 21 4.6% 13.47 [[47.43,74.37] S —
Miyajima et al. 2022 644 114 39 614 128 42 5.2% 30,00 [F22.71,82.71] —_——
Miu H¥ et al 2021 6962 1247 20 B863 1108 30 4.3% 9.90 [-57.62, 77.42] S R
Wang etal. 2019 676.07 12229 61 66415 103.73 65 6.0% 11.92 [27.80, 51.64] T
Zhang et al. 2021 757.2 164 246 8536 25845 120 5.3% -96.40 [146.99,-45.81] —
Zhu et al 2021 783 154 376 7az 217 N3 6.8% 1.00 [-27.64, 29.64] 1
Subtotal (95% CI) 1067 973 50.4% 211 [17.27, 21.49] S

Heterogeneity: Tau®= 428.36; Chi*=19.85, df=8 (P=0.01); F= 60%
Test for overall effect Z=0.21 (P=0.83)

1.3.2 At Follow-up
Chen Ketal 2019 B70.75 146.69 20 9506 168.78 20 2.8% -79.85 [[177.85,18.15]
Chen¥etal 2020 45528 6465 237 49518 625 315 T7E% -39.90 [-50.64, -29.16]

Das etal 2020 71455 137.09 22 7104 69.4 28 45% 4.14 [-58.65, 66.93] Y —
Lietal 2021 621.3 149 246 7712 1844 120 6.2% -14990[187.78,-11202] ———

liuxetal 2022 583.59 69.87 33 54817 B89.27 21 5.7% 35.42 [-9.59, 80.43] T
Miyajima et al. 2022 536 71 39 534 92 42 B.3% 2.00 [-33.65, 37.65] 1
Miu Hx etal 2021 507.6 723 20 521 78.2 a0 59% -13.40 [-55.67, 28.87] B
Wang etal. 2019 478.23  71.66 58 48812 8369 64 6.8% -9.89 [[37.47,17.69] T
Zhang etal. 2021 B26.27 164.45 33 8467 16073 a7 3.8% -30.43 [[106.79, 45.93] — 1
Subtotal (95% CI) 708 677 49.6% -29.92 [-61.88, 2.05] B

Heterogeneity: Tau®= 1785.02; Chi®= 56.16, df= 8 (P = 0.00001}; F=86%
Test for overall effect: Z=1.83 (P =0.07)

Total (95% CI) 1775 1650 100.0% -15.03 [-35.74, 5.67] -
Heterogeneity: Tau®= 1436.47, Chi*= 117 .86, df=17 (P = 0.00001); "= 86% F — t |
Testfor overall effect: Z=1.42 (P =0.15) 200 Fa‘:(?L?I'S [LBEP] UFavours [}1?3?:.] e

Testfor subgroup differences: Chi®= 2.82, df=1 (P=0.09), F=64.5%

FIGURE 7 | Forest plot representing pacing impedance.
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Experimental

Control

Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.5.1 At the time of implantation

ChenkKetal 2019 073 02 20 061 0.3 20 2.9% 0.12 [-0.04, 0.28] T
ChenXetal 2020 nag 021 237 071 024 317 59% -013[0.17,-0.09] -

Das etal 2020 094 02 22 081 018 28 4.2% 0.13[0.02,0.24] —_—
Lietal 2021 067 023 246 066 024 120 5.6% 0.01 [-0.04, 0.06] ==
liuxetal 2022 e 0.2 33 071 03 21 33%  -0.11[0.26, 0.04] ——
Mivajima et al. 2022 054 016 34 06 013 42 5.3%  -0.06[0.12 0.00] 7

Miu Hx et al 2021 na 02 20 06 02 30 4.0% 0.20[0.09, 0.31] —
Ondiviela etal. 2021 067 0.3 B0 058 024 60 4.4% 0.09 [-0.01,0.19] -
Sharma etal. 2021 063 031 321 061 029 382 5.8% 0.02 [-0.02, 0.06] T
Wang etal. 2019 0494 021 61 082 015 65 5.3% 0.02 [F0.04, 0.08] T
Zhang et al. 2021 068 022 33 073 023 v 42%  -0.05[0.16, 0.06] T
Zhuetal 2021 064 022 376 064 02 313 6.0% 0.00 [-0.03, 0.03] T
Subtotal (95% CI) 1468 1435 57.0% 0.01 [-0.04, 0.06] L 2
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FIGURE 8 | Forest plot representing pacing threshold.

(Figure 5). Notably, the analysis exhibited no heterogeneity
among the included studies.

3.5 | Implant Success Rate

An evaluation of four studies aimed to discern the comparative
success rates of implanting either LBBAP or RVP into the
myocardium, involving a cohort of 609 patients. The results
indicated that the success rates exhibited no significant prefer-
ence for either intervention [RR =0.28; 95% CI: (0.06, 1.22),
p =0.09]. Notably, Li et al. [11] contributed significantly to this
finding, accounting for two-thirds of the overall weight in the
analysis, as illustrated in Figure 6. Overall, heterogeneity
observed was below 50%, rendering it insignificant.

3.6 | Pacing Impedance

For the assessment of pacing impedance, nine studies were
incorporated to examine impedance at the time of implantation,
involving 2040 patients, and nine studies were included for
impedance evaluation at follow-up, encompassing 1,385 pa-
tients. At the time of implantation, no significant difference

Favours [LBBP] Favours [RVFP]

emerged between LBBAP and RVP groups [MD =2.11 Q; 95%
CIL: (—=17.27, 21.49), p = 0.83]. Similarly, no significant disparity
was noted at follow-up [MD=-29.29Q; 95% CI: (—61.88,
2.05), p=0.07].

The overall analysis revealed a similar trend, as no significant
decrease in impedance was encountered in LBBAP patients
[MD=-15.03ms; 95% CI: (—35.74, 5.67), p=0.15]
(Figure 7). A heterogeneity analysis was conducted to en-
hance the precision of our findings. No reduction in hetero-
geneity was achieved.

3.7 | Pacing Threshold

The examination of pacing thresholds involved 12 studies, en-
compassing 2903 patients at the time of implantation, and 10
studies with 2088 patients during follow-up. The analysis
revealed no significant correlation between either pacing
intervention, with no discernible advantage for any patient
group at either time point [MD = 0.02 V; 95% CIL: (—0.02, 0.06),
p =0.36] (Figure 8). The analysis revealed significant hetero-
geneity among studies. Sensitivity analysis was performed, but
no fruitful results were seen.
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data from 11 studies (2863 patients), while follow-up data came
from nine studies (2048 patients). A significant difference in
R-wave amplitudes was found between the LBBAP and RVP
groups, with the RVP group showing higher values [MD = 0.85;
95% CL: (0.23, 1.46), p =0.007] (Figure 9). Substantial hetero-
geneity was noted across the studies, potentially due to differ-
ences in study design or patient characteristics.
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FIGURE 9 | Forest plot representing R-wave amplitude.
Experimental Control Odds Ratio Odds Ratio
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FIGURE 10 | Forest plot representing risk of complications.
3.8 | R-Wave Amplitude 3.9 | Complications
The assessment of R-wave amplitudes at implantation included The analysis of complications included data from

four studies, encompassing a total of 1245 patients. The
results showed no significant difference in the incidence
of complications between the LBBAP and RVP groups
[OR=2.12; 95% CI: (0.29, 15.52), p=0.46] (Figure 10).
However, considerable heterogeneity was detected, with the
study by Zhu et al. contributing substantially to this varia-
tion [24].
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310 | Quality Assessment

A quality assessment was conducted for the observational
studies and RCTs employing the Newcastle-Ottawa Scale and
the Cochrane Risk of Bias 2.0 tool, respectively.

All included studies demonstrated a high level of methodo-
logical rigor and quality. The evaluation results are summarized
in Supporting Information S1: Table 1, providing a snapshot of
each study's strengths and potential limitations. Additionally,
Supporting Information S1: Figure 2 visually represents the key
findings of the quality assessment of RCTs, offering a clear and
concise overview of the methodological integrity and potential
biases identified across the included studies. The visual
inspection of funnel plot (Supporting Information S1: Figure 3)
showed no risk of publication bias.

4 | Discussion

Our meta-analysis included 14 studies (10 observational and
four RCTs) involving 3062 patients with atrioventricular block
(AVB). Over an average follow-up of 12 months, LBBAP dem-
onstrated significant advantages over RVP in key outcomes,
such as reduced QRS duration, smaller LVEDD, and improved
left ventricular ejection fraction (LVEF).

AVB, affecting around 0.5% of the population, is a common
indication for cardiac pacing [25]. RVP has been the conven-
tional approach, but concerns about its adverse effects, such as
ventricular dyssynchrony, impaired ventricular function, heart
failure, atrial fibrillation, and increased mortality, have emerged
[26, 27]. These issues have driven interest in alternative pacing
strategies that better preserve ventricular function.

His bundle pacing (HBP), which uses the heart's native conduc-
tion system, can prevent dyssynchrony and improve outcomes but
is technically challenging and not suitable for all patients. Further
research is needed to compare HBP with other pacing methods
and to identify the ideal candidates for HBP [28].

LBBAP, a newer technique targeting the left bundle branch
area, aims to replicate natural conduction and avoid dyssyn-
chrony [29]. Studies suggest that LBBAP reduces QRS duration,
improves ventricular function, and enhances clinical outcomes,
particularly in heart failure patients with reduced ejection
fraction [30]. However, data on LBBAP's efficacy in AVB pa-
tients with pEF are limited. Our meta-analysis is the first to
systematically assess LBBAP in this population.

Our findings support the superiority of LBBAP over RVP in
reducing QRS duration and LVEDD, increasing LVEF, and
improving R-wave amplitude. These improvements suggest that
LBBAP promotes better ventricular synchronization and may
prevent or reverse ventricular remodeling in patients with AVB
and pEF. Heterogeneity in QRS duration and LVEDD may be
due to varying follow-up periods across studies.

Previous studies align with our results. Li et al. showed that
LBBAP reduced HFHs and the need for biventricular pacing
upgrades in patients with AVB and pEF. Ye et al. demonstrated

that LBBAP improved left ventricular function and reversed
pacing-induced cardiomyopathy in patients with infranodal
AVB and reduced ejection fraction [31]. Zhang et al.'s network
meta-analysis found that both LBBAP and HBP outperformed
RVP in reducing QRS duration and preserving LVEF in AVB
patients [32].

However, outcomes such as implantation success rates, com-
plication risks, pacing impedance, and thresholds did not sig-
nificantly differ between LBBAP and RVP. The limitations of
this analysis include the small number of randomized trials and
small study populations, particularly regarding adverse events.
Future large-scale, well-designed trials are needed to validate
these findings. Additionally, the included studies had moderate
to low quality, with potential risks of bias and confounding,
warranting cautious interpretation of the results.

5 | Conclusion

Our analysis shows that LBBAP is superior to RVP in reducing
QRS duration, LVEDD, and increasing left ventricular ejection
fraction. These findings suggest that LBBAP offers better ven-
tricular synchronization and may prevent ventricular re-
modeling. Additionally, we observed a significant increase in
R-wave amplitude in the RVP group. However, no significant
differences were found in implant success rates, complication
risks, pacing impedance, or pacing threshold between LBBAP
and RVP. The study's limitations, including heterogeneity in the
results, highlight the need for more rigorous, well-designed
trials to confirm our findings and assess the long-term effects of
LBBAP in patients with AVB and pEF.

Author Contributions

Irfan Ahsan: conceptualization, project administration, resources. Hus-
sam Al Hennawi: conceptualization, investigation, methodology, project
administration. Angad Bedi: conceptualization, methodology, project
administration. Muhammad Khuzzaim Khan: conceptualization, proj-
ect administration, resources, writing- original draft. Nikhil Duseja:
methodology, resources, writing-original draft. Reginald T. Ho: concep-
tualization, investigation, methodology, project administration.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

Publicly available data was used.

References

1. O. Aquilina, “A Brief History of Cardiac Pacing,” Images in Paediatric
Cardiology 8, no. 2 (2006): 17-81.

2. M. Glikson, J. C. Nielsen, M. B. Kronborg, et al., “2021 ESC Guide-
lines on Cardiac Pacing and Cardiac Resynchronization Therapy,”
European Heart Journal 42, no. 35 (2021): 3427-3520, https://doi.org/10.
1093/eurheartj/ehab364.

3.Y. Wang, H. Zhu, X. Hou, et al., “Randomized Trial of Left Bundle
Branch vs Biventricular Pacing for Cardiac Resynchronization Ther-
apy,” Journal of the American College of Cardiology 80, no. 13 (2022):
1205-1216, https://doi.org/10.1016/j.jacc.2022.07.019.

509 of 552


https://doi.org/10.1093/eurheartj/ehab364
https://doi.org/10.1093/eurheartj/ehab364
https://doi.org/10.1016/j.jacc.2022.07.019

4.X. Chen, Y. Ye, Z. Wang, et al., “Cardiac Resynchronization Therapy
via Left Bundle Branch Pacing vs. Optimized Biventricular Pacing With
Adaptive Algorithm in Heart Failure With Left Bundle Branch Block: A
Prospective, Multi-Centre, Observational Study,” EP Europace 24, no. 5
(2022): 807-816, https://doi.org/10.1093/europace/euab249.

5. A. Abdin, S. Aktaa, D. Vukadinovi¢, et al., “Outcomes of Conduction
System Pacing Compared to Right Ventricular Pacing as a Primary
Strategy for Treating Bradyarrhythmia: Systematic Review and Meta-
Analysis,” Clinical Research in Cardiology 111, no. 11 (2022): 1198-1209,
https://doi.org/10.1007/500392-021-01927-7.

6.C. M. Yu, F. Fang, X. X. Luo, Q. Zhang, H. Azlan, and O. Razali,
“Long-Term Follow-up Results of the Pacing to Avoid Cardiac En-
largement (PACE) Trial,” European Journal of Heart Failure 16, no. 9
(2014): 1016-1025, https://doi.org/10.1002/ejhf.157.

7. A. Osiecki, W. Kochman, K. K. Witte, M. Manczak, R. Olszewski, and
D. Michalkiewicz, “Cardiomyopathy Associated With Right Ventricular
Apical Pacing-Systematic Review and Meta-Analysis,” Journal of
Clinical Medicine 11, no. 23 (2022): 6889, https://doi.org/10.3390/
jem11236889.

8. European Society of Cardiology (ESC), European Heart Rhythm
Association (EHRA), M. Brignole, et al., “2013 ESC Guidelines on
Cardiac Pacing and Cardiac Resynchronization Therapy: The Task
Force on Cardiac Pacing and Resynchronization Therapy of the Eur-
opean Society of Cardiology (ESC). Developed in Collaboration With
the European Heart Rhythm Association (EHRA),” Europace 15, no. 8
(2013): 1070-1118, https://doi.org/10.1093/europace/eut206.

9. A. Liberati, D. G. Altman, J. Tetzlaff, et al., “The PRISMA Statement
for Reporting Systematic Reviews and Meta-Analyses of Studies That
Evaluate Healthcare Interventions: Explanation and Elaboration,” BMJ
339 (2009): b2700, https://doi.org/10.1136/bmj.b2700.

10. The Cochrane Collaboration, Review Manager (Revman) [Computer
Program], Version 5.3 [Computer Software] (Copenhagen, Denmark:
The Nordic Cochrane Centre, 2014).

11. X. Li, J. Zhang, C. Qiu, et al., “Clinical Outcomes in Patients With
Left Bundle Branch Area Pacing vs. Right Ventricular Pacing for Atri-
oventricular Block,” Frontiers in Cardiovascular Medicine 8 (2021):
685253, https://doi.org/10.3389/fcvm.2021.685253.

12. A. Riano Ondiviela, M. Cabrera Ramos, J. Ruiz Arroyo, and
J. Ramos Maqueda, “Left Bundle Branch Pacing: Efficacy and Safety
Compared to Right Ventricular Outflow Tract Pacing,” EP Europace 23,
no. Suppl 3 (2021): euabl16.388, https://doi.org/10.1093/europace/
euab116.388.

13. S. Zhang, J. Guo, A. Tao, B. Zhang, Z. Bao, and G. Zhang, “Clinical
Outcomes of Left Bundle Branch Pacing Compared to Right Ventricular
Apical Pacing in Patients With Atrioventricular Block,” Clinical
Cardiology 44, no. 4 (2021): 481-487, https://doi.org/10.1002/clc.23513.

14. B. Cai, X. Huang, L. Li, et al., “Evaluation of Cardiac Synchrony in
Left Bundle Branch Pacing: Insights From Echocardiographic
Research,” Journal of Cardiovascular Electrophysiology 31, no. 2 (2020):
560-569, https://doi.org/10.1111/jce.14342.

15. K. Chen, Y. Li, Y. Dai, et al., “Comparison of Electrocardiogram
Characteristics and Pacing Parameters between Left Bundle Branch
Pacing and Right Ventricular Pacing in Patients Receiving Pacemaker
Therapy,” EP Europace 21, no. 4 (2019): 673-680, https://doi.org/10.
1093/europace/euy252.

16.J. Wang, Y. Liang, W. Wang, et al.,, “Left Bundle Branch Area
Pacing Is Superior to Right Ventricular Septum Pacing Concerning
Depolarization-Repolarization Reserve,” Journal of Cardiovascular
Electrophysiology 31, no. 1 (2020): 313-322, https://doi.org/10.1111/jce.
14295.

17. P. S. Sharma, N. R. Patel, V. Ravi, et al., “Clinical Outcomes of Left
Bundle Branch Area Pacing Compared to Right Ventricular Pacing:
Results From the Geisinger-Rush Conduction System Pacing Registry,”

Heart Rhythm 19, no. 1 (2022): 3-11, https://doi.org/10.1016/j.hrthm.
2021.08.033.

18. X. Chen, Q. Jin, J. Bai, et al., “The Feasibility and Safety of Left
Bundle Branch Pacing vs. Right Ventricular Pacing After Mid-Long-
Term Follow-up: A Single-Centre Experience,” EP Europace 22, no.
Suppl_2 (2020): ii36-ii44, https://doi.org/10.1093/europace/euaa294.

19. A. Das, S. S. Islam, S. K. Pathak, et al., “Left Bundle Branch Area. A
New Site for Physiological Pacing: A Pilot Study,” Heart and Vessels 35,
no. 11 (2020): 1563-1572, https://doi.org/10.1007/s00380-020-01623-y.

20. X. Liu, W. Li, X. Zhou, H. Huang, L. Wang, and M. Wu, “Clinical
Outcomes of Left Bundle Branch Area Pacing in Comparison With
Right Ventricular Septal Pacing in Patients With High Ventricular
Pacing Ratio > 40,” International Journal of General Medicine 15 (2022):
4175-4185, https://doi.org/10.2147/1JGM.S360522.

21. K. Miyajima, T. Urushida, T. Tamura, et al., “Assessing Cardiac
Mechanical Dyssynchrony in Left Bundle Branch Area Pacing and
Right Ventricular Septal Pacing Using Myocardial Perfusion Scintigra-
phy in the Acute Phase of Pacemaker Implantation,” Journal of
Cardiovascular Electrophysiology 33, no. 8 (2022): 1826-1836, https://
doi.org/10.1111/jce.15609.

22. H. X. Niu, X. Liu, M. Gu, et al., “Conduction System Pacing for Post
Transcatheter Aortic Valve Replacement Patients: Comparison With
Right Ventricular Pacing,” Frontiers in Cardiovascular Medicine 8
(2021): 772548, https://doi.org/10.3389/fcvm.2021.772548.

23.L. Yao, Y. Qi, S. Xiao, R. Liu, and J. Wo, “Effect of Left Bundle
Branch Pacing on Left Ventricular Systolic Function and Synchroni-
zation in Patients With Third-Degree Atrioventricular Block, Assess-
ment by 3-Dimensional Speckle Tracking Echocardiography,” Journal
of Electrocardiology 72 (2022): 61-65, https://doi.org/10.1016/j.
jelectrocard.2022.02.013.

24. H. Zhu, Z. Wang, X. Li, Y. Yao, Z. Liu, and X. Fan, “Medium- and
Long-Term Lead Stability and Echocardiographic Outcomes of Left
Bundle Branch Area Pacing Compared to Right Ventricular Pacing,”
Journal of Cardiovascular Development and Disease 8, no. 12 (2021): 168,
https://doi.org/10.3390/jcdd8120168.

25.J. L. Tan, J. Z. Lee, V. Terrigno, et al., “Outcomes of Left Bundle
Branch Area Pacing for Cardiac Resynchronization Therapy: An Up-
dated Systematic Review and Meta-Analysis,” CJC Open 3, no. 10
(2021): 1282-1293, https://doi.org/10.1016/j.cjc0.2021.05.019.

26. C. Travlos, G. Leventopoulos, V. Anagnostopoulou, et al., “Left
Bundle Brunch Pacing Versus Conventional Right Ventricular Pacing in
Patients With Bradycardia and Conduction System Disorders: A Sys-
tematic Review and Meta-Analysis,” Europace 25, no. Suppl 1 (2023):
euad122.355, https://doi.org/10.1093/europace/euad122.355.

27. M. A. Pfeffer, A. M. Shah, and B. A. Borlaug, “Heart Failure With
Preserved Ejection Fraction In Perspective,” Circulation Research 124,
no. 11 (2019): 1598-1617, https://doi.org/10.1161/CIRCRESAHA.119.
313572.

28. P. S. Sharma, G. Dandamudi, A. Naperkowski, et al., “Permanent
His-Bundle Pacing Is Feasible, Safe, and Superior to Right Ventricular
Pacing in Routine Clinical Practice,” Heart Rhythm 12, no. 2 (2015):
305-312.

29. M. V. T. Tantengco, R. L. Thomas, and P. P. Karpawich, “Left
Ventricular Dysfunction After Long-Term Right Ventricular Apical
Pacing in the Young,” Journal of the American College of Cardiology 37,
no. 8 (2001): 2093-2100, https://doi.org/10.1016/s0735-1097(01)01302-x.

30. H. F. Tse, C. Yu, K. K. Wong, et al., “Functional Abnormalities in
Patients With Permanent Right Ventricular Pacing,” Journal of the
American College of Cardiology 40, no. 8 (2002): 1451-1458, https://doi.
0rg/10.1016/s0735-1097(02)02169-1.

31.Y. Ye, S. Wu, L. Su, et al., “Feasibility and Outcomes of Upgrading
to Left Bundle Branch Pacing in Patients With Pacing-Induced
Cardiomyopathy and Infranodal Atrioventricular Block,” Frontiers in

510 of 552

Journal of Cardiovascular Electrophysiology, 2025


https://doi.org/10.1093/europace/euab249
https://doi.org/10.1007/s00392-021-01927-7
https://doi.org/10.1002/ejhf.157
https://doi.org/10.3390/jcm11236889
https://doi.org/10.3390/jcm11236889
https://doi.org/10.1093/europace/eut206
https://doi.org/10.1136/bmj.b2700
https://doi.org/10.3389/fcvm.2021.685253
https://doi.org/10.1093/europace/euab116.388
https://doi.org/10.1093/europace/euab116.388
https://doi.org/10.1002/clc.23513
https://doi.org/10.1111/jce.14342
https://doi.org/10.1093/europace/euy252
https://doi.org/10.1093/europace/euy252
https://doi.org/10.1111/jce.14295
https://doi.org/10.1111/jce.14295
https://doi.org/10.1016/j.hrthm.2021.08.033
https://doi.org/10.1016/j.hrthm.2021.08.033
https://doi.org/10.1093/europace/euaa294
https://doi.org/10.1007/s00380-020-01623-y
https://doi.org/10.2147/IJGM.S360522
https://doi.org/10.1111/jce.15609
https://doi.org/10.1111/jce.15609
https://doi.org/10.3389/fcvm.2021.772548
https://doi.org/10.1016/j.jelectrocard.2022.02.013
https://doi.org/10.1016/j.jelectrocard.2022.02.013
https://doi.org/10.3390/jcdd8120168
https://doi.org/10.1016/j.cjco.2021.05.019
https://doi.org/10.1093/europace/euad122.355
https://doi.org/10.1161/CIRCRESAHA.119.313572
https://doi.org/10.1161/CIRCRESAHA.119.313572
https://doi.org/10.1016/s0735-1097(01)01302-x
https://doi.org/10.1016/s0735-1097(02)02169-1
https://doi.org/10.1016/s0735-1097(02)02169-1

Cardiovascular Medicine 8 (2021): 674452, https://doi.org/10.3389/fcvm.
2021.674452.

32.Y. Zhang, Y. Jia, J. Liu, R. Du, “A Systematic Review and Bayesian
Network Meta-Analysis Comparing Left Bundle Branch Pacing, His
Bundle Branch Pacing, and Right Ventricular Pacing for Atrio-
ventricular Block,” Frontiers in Cardiovascular Medicine 9 (2022):
939850, https://doi.org/10.3389/fcvm.2022.939850.

Supporting Information

Additional supporting information can be found online in the
Supporting Information section.

511 of 552


https://doi.org/10.3389/fcvm.2021.674452
https://doi.org/10.3389/fcvm.2021.674452
https://doi.org/10.3389/fcvm.2022.939850

	Left Bundle Branch Area Pacing Versus Right Ventricular Pacing in Patients With Atrioventricular Block: A Systematic Review and Meta-Analysis
	1 Introduction
	2 Methods
	2.1 Data Sources and Search Strategy
	2.2 Study Selection
	2.3 Data Extraction and Assessment of Study Quality
	2.4 Statistical Analysis

	3 Results
	3.1 Pacing QRS Duration
	3.2 Left Ventricular Ejection Fraction (LVEF)
	3.3 LVEDD
	3.4 HFHs
	3.5 Implant Success Rate
	3.6 Pacing Impedance
	3.7 Pacing Threshold
	3.8 R-Wave Amplitude
	3.9 Complications
	3.10 Quality Assessment

	4 Discussion
	5 Conclusion
	Author Contributions
	Conflicts of Interest
	Data Availability Statement
	References
	Supporting Information




