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Abstract

Background:Novel pacing technologies, such as His bundle pacing (HBP) and left bun-

dle branch area pacing (LBBaP), have emerged to maintain physiological ventricular

activation. We investigated the outcomes of LBBP with HBP for patients requiring a

de novo permanent pacing.

Methods and Results: Systematic review of randomized clinical trials and observa-

tional studies comparing LBBaP with HBP until March 01, 2023 was performed.

Random and fixed effects meta-analyses of the effect of pacing technology on out-

comes were performed. Study outcomes included pacing metrics, QRS duration, lead

revision, procedure parameters, all-cause mortality and heart failure hospitalization

(HFH). Overall, 10 studies with 1596 patients were included. Implant success rate was

higher in LBBaP compared with HBP (RR 1.24, 95% CI: 1.08 to 1.42, p = .002). LBBaP

was associated with lower capture threshold at implantation (mean difference (MD)

−0.62 V, 95% CI: −0.74 to −0.51 V, p < .0001) and at follow-up (MD −0.74 V, 95%

CI: −0.96 to −0.53, p < .0001), shorter procedure duration (MD −14.66 min, 95% CI:

−23.54 to −5.78, p = .001) and shorter fluoroscopy time (MD −4.2 min, 95% CI: −8.4

to −0.0, p = .05). Compared with HBP, LBBaP was associated with a decreased risk of

all-causemortality (RR: 0.50, 95%CI: 0.33 to0.77, p= .002) andHFH (RR: 0.57, 95%CI:

0.33 to 1.00, p = .05). No statistical differences were found in lead revisions and QRS

duration before and after pacing.

Conclusion: This meta-analysis found that LBBaP was superior to HBP regarding pac-

ing metrics and implant success rate as an initial pacing strategy, although absence

Abbreviations: AF, atrial fibrillation; AV, atrioventricular; CI, confidence interval; HBP, His bundle pacing; HF, heart failure; HFH, heart failure hospitalization; HFmrEF, heart failure withmildly

reduced ejection fraction; LBBaP, left bundle brunch area pacing; LV, left ventricle ejection fraction; RCT, randomized controlled trials; RR, risk ratio; RVP, right ventricular pacing; SD, standard

deviation.
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of head-to-head randomized comparison warrants caution in interpretation of the

results.

KEYWORDS

cardiac pacing, clinical outcomes, His-bundle pacing, left bundle branch pacing, meta-analysis,
systematic review

1 INTRODUCTION

Permanent right ventricular pacing (RVP) is recommended by current

international guidelines to treat bradyarrhythmia as it is associated

with improved clinical outcomes.1,2 However, chronic RVP may cause

electrical and mechanical dyssynchrony leading to left ventricular (LV)

dysfunction, tricuspid valve regurgitation and an increased risk of atrial

fibrillation (AF).3–6

Novel pacing technologies, such as His bundle pacing (HBP) and left

bundle branch area pacing (LBBaP), have emerged to maintain phys-

iological ventricular activation via the native His-Purkinje system.1,4

Recent studies and meta-analyses have shown that HBP is superior

in preserving electrical synchrony and LV ejection function (LVEF)

comparedwith RVP.4,6,7 However, it was associatedwith a higher com-

plication rate, including lead revision, increase in pacing threshold over

time, and longer procedure duration.4,7 Recently, LBBaP was devel-

oped as an alternative to HBP to preserve LV function and correct left

bundle branch block (LBBB) with a lower complication rate.8,9

Still, there is limited information concerning the comparative effec-

tiveness of these novel pacing strategies1,2 and thus the optimal pacing

method for this group of patients remains uncertain. Notably, the 2021

guidelines of the European Society of Cardiology for pacing recom-

mend HBP (class IIb recommendation) as an initial pacing strategy in

patients with atrioventricular block (AVB) and heart failure (HF) with

mildly reduced ejection fraction (HFmrEF) in whom a high proportion

of ventricular pacing is expected.1 Recommendations for the use of

LBBaP could not be given in the current guidelines due to scarce data.

Therefore, we aimed to compare HBP with LBBaP as an initial pac-

ing strategy for unselected groups of requiring de novo permanent

pacemaker implantation.

2 METHODS

2.1 Systematic review

2.1.1 Search strategy

We conducted a systematic review of the published randomized con-

trolled trials (RCTs) and controlled observational studies in accordance

with the Preferred Reporting Items for Systematic Review and Meta-

Analyses (PRISMA) statement (10), using MEDLINE and Embase via

OVID®
. The initial search strategy was developed in MEDLINE using

keywords and Medical Subject Headings (MeSH) terms (Table S1), and

the final strategies were then developed using an iterative process

incorporating findings from citations and grey literature search. We

included the main publications of major studies fromwhich our search

obtained only sub-studies. The search was restricted to full-text arti-

cles published in English between January 01, 2013 and February 25,

2023.

2.2 Study selection

We included studies that: (1) compared directly the effects of HBP ver-

sus LBBaP, (2) evaluated adults (≥18 years of age) with an indication

for permanent pacing, (3) reported at least one outcome of interest

for comparison at implantation and at any point during the follow-up

period, and (4) provided data that allowed the comparison between

the study arms (i.e., means and standard deviations [SD] or medians

and interquartile ranges [IQR]). When data by the same authors or

the same institution in an overlapping period were identified, only the

most recent results were considered. Only English-language studies

were included. A reference manager software (Zotero) was used for

duplicates removal and data management. Two reviewers (AA and NS)

independently reviewed the abstracts of the identified articles against

the predefined inclusion criteria. Disagreements were solved with dis-

cussion. Due to the small number of included trials (<10) for each

comparisongroup, explorationof anypotential publicationbiaswasnot

performed’’

2.3 Data extraction

For the selected studies, two investigators (AA and NS) reviewed the

full texts and used the same template to extract data relevant to the

analysis on an Excel spreadsheet. The study design, as well as the sam-

ple size, duration of follow-up andprimary endpointswere extracted as

shown in Table 1.

2.4 Statistical analysis

The primary outcomes for the study were pacing metrics. The

secondary outcomes were QRS duration, lead revision, procedure

parameters, all-cause mortality and HF hospitalization (HFH). To

compare outcomes between studies investigating HBP versus LBBaP,

we pooled the available data (number of events for dichotomous
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variables, and average value, standard deviation and sample size for

continuous variables) for each outcome of interest from the included

studies. Differences in events rates and average values for specific

outcome among groups were determined and presented using Forest

plots with corresponding 95% confidence intervals (CI) for each study.

The effect measure for dichotomous variables was quantified as risk

ratios (RR), and for continuous variables was the mean difference

(MD). Meta-analysis was conducted and the data from each study

were pooled using fixed (Mantel-Haenszel, Rothman-Boice) or random

effects (DerSimonian-Laird) model, as appropriate. Statistical hetero-

geneity between the trials was assessed using Cochran’s Q test and

Higgins I2 statistic. Relevant statistical heterogeneity was present in

cases where Cochran’s Q test p< .05 and I2 > 50%, for which cases we

used random-effects models. All statistical analyses were conducted

by using RevMan 5.3 software. All p-values were two-sided, with

p< .05 considered as significant.

3 RESULTS

In total, 952 studies were identified from the systematic review

and additional 8 were found by references review of the included

articles. After removal of duplicates, 641 studies remained

and were evaluated against the predefined inclusion criteria.

Of those, 53 studies were included for full-text review, and a

further 44 studies were excluded leaving 10 studies for the sys-

tematic review and meta-analysis (Figure 1). Of the 10 studies,

727 patients undergoing HBP were compared to 869 patients

undergoing LBBaP with follow-up durations between 3 and 26

months.11–20 The characteristics of the studies are summarized in

Table 1.

Result of the comparisons analyzed as a single entity are detailed

below:

3.1 Implant success rate

Implant success rate was reported in seven studies and was signifi-

cantly higher in LBBaP compared with HBP (93 % vs. 70 %) (RR 1.24,

95%CI: 1.08 to 1.42, p= .002) (Figure 2).

3.2 Capture threshold at implantation and
follow-up

Pacing capture threshold at implantation and during follow-up was

reported in 10 studies. Capture thresholds in the LBBaP group were

significantly lower compared with HBP at the time of implantation

(0.62 vs. 1.27 V) (mean difference [MD] of −0.62 V, 95% CI: −0.74 to

−0.51, p < .0001), and at follow-up up to 26 months after implanta-

tion (0.7 vs. 1.48 V) (MDof−0.74V, 95%CI:−0.96 to−0.53, p< .0001)

(Figure 3).

3.3 R wave amplitude at implantation

R wave amplitude in the LBBaP group was significantly higher com-

pared with HBP at the time of implantation (12.7 vs. 4.1 mV) (MD

8.56mV, 95%CI: 6.78 to 10.35, p=< .0001) (Figure 4).

3.4 QRS duration

The paced QRS duration was slightly decreased compared with the

native QRS in the HBP (MD of −1.88 ms, 95% CI: -.17.52 to 13.76 ms,

p = .81) and LBBaP group (−3.27 ms, 95% CI: −16.36 to 9.81 ms,

p = .62) respectively (Figure 4). However, there was no significant dif-

ference between LBBaP and HBP in the test for subgroup difference

(p= .89).

3.5 Procedure and fluoroscopy duration

HPBwas associated with significantly longer procedure duration com-

pared with LBBaP (86.8 vs. 73.8 min) (MD of 14.66 min, 95% CI: 5.78

to 23.54, p = .001). Fluoroscopy duration was significantly shorter in

LBBaP comparedwith HBP (9.1 vs. 13.3min) (MD of−4.2min, 95%CI:

−8.4 to 0.0, p= .05) (Figure 5).

3.6 Lead revisions

During followup, therewas no significant difference of ventricular lead

revision rate in theHBPgroup comparedwith LBBaPgroup (2.8 vs. 2%)

(RR: 0.74, 95%CI: 0.33 to 1.62, p= .45) (Figure 6).

3.7 Mortality and HFH

Compared with HBP, LBBaP was associated with a decreased risk of

all-causemortality (RR: 0.50, 95%CI: 0.33 to 0.77, p= .002) and no sta-

tistically significant decrease in HFH (RR: 0.57, 95% CI: 0.33 to 1.00,

p= .05) (Figure 7).

4 DISCUSSION

This systematic review and meta-analysis aimed to evaluate the exist-

ing evidence comparing HBP with LBBaP as a primary pacing strategy.

We found that compared with HBP, LBBaP was associated with higher

implant success rate and better pacing metrics including lower cap-

ture threshold at implantation and at follow-up and shorter procedure

duration. Compared with HBP, LBBaP was associated with a slightly

decreased risk of all-cause mortality and HFH. We are not aware of

other studies that have synthesized comparative evidence for these

techniques with such a number of patients.
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ABDIN ET AL. 1319

F IGURE 1 PRISMA flowchart for the studies included and reasons for studies excluded from the systematic review. ICD, implantable
cardioverter defibrillator. [Color figure can be viewed at wileyonlinelibrary.com]

F IGURE 2 Forest plot of implant success rate with LBBaP versus HBP for patients requiring permanent transvenous pacing. CI, confidence
interval; HBP, His-bundle pacing; LBBaP: left bundle brunch area pacing, RR, risk reduction. [Color figure can be viewed at wileyonlinelibrary.com]
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1320 ABDIN ET AL.

F IGURE 3 Forest plot of change in pacing threshold at implantation and at follow-up among LBBaP andHBP groups. CI, confidence interval;
HBP, His-bundle pacing, LBBaP, left bundle branch area pacing; RR, risk reduction. [Color figure can be viewed at wileyonlinelibrary.com]

The risk of pacemaker-induced cardiomyopathy is associated with

a high burden of pacing of the RV and can occur in up to 25 % of

patients during follow-up.3–5 Many previous studies indicated poten-

tial advantages of conduction system pacing over conventional RVP

as a first-line approach for patients requiring permanent pacing.4,6,7

In a recent meta-analysis, HBP compared to RVP as an initial pacing

strategy for patients requiring a permanent pacemaker was associated

with a decrease in HFH rate, a decrease in the duration of the paced

QRS complex and a preservation of the LVEF, though this was at the

expense of higher rates of lead revision and prolonged procedure and

fluoroscopy duration.4 This study also found that LBBaP was associ-

ated with a shorter paced QRS complex duration compared with RVP,

with no differences in pacing metrics. Of note, the difference in mor-

tality and HFH must be interpreted with caution, until the point that

robust evidence is provided.

Ventricular activation via HBP is the most physiological stimulation

modality, but its widespread applicability is limited due to difficul-

ties in electrode fixation since the His region varies among patients

and lead screwing depends on locating the His bundle, which is not

always visible.6,8 Additionally, HBP may fail in some patients due to

anatomical variation, enlarged right atrium, inability to locate the

His bundle, or unacceptably high thresholds.12,13 On the other hand,

LBBaPmaybe simplerwithhigh implantation success and stable pacing

parameters.12,14 LBBaP mainly depends on the widespread distribu-

tion of conduction tissue in the left-sided intraventricular septum. In

addition, due to the surrounding myocardium of the LBBaP lead, R-

wave sensing amplitude is high and the myocardial capture threshold

is low.12–16 However, therewas a paucity of information about efficacy

and safety for these pacing-modalities compared to each other. More-

over, LBBaP involves a high variation in lead targets– from the stem

of LBB to to fascicles and even the deep septal myocardium (without

direct capture of conduction tissue), as defined in a recent EHRA CSP

consensus document.21 There is a substantial difference in QRS mor-

phology between these entities, but there are no data if this has any

clinical impact.

A recent meta-analysis compared pacing parameters and clinical

results between HBP and LBBaP.22 It showed that pacing characteris-

tics are better in LBBaP compared with HBP. No statistical differences

were found in LVEF improvement and native QRS duration versus

paced QRS duration at implantation. However, the studies included in

this analysis reported small number of patients. Our analysis included

a significantly larger cohort of patients and newer studies with longer
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F IGURE 4 Forest plot of Rwave amplitude at implantation among LBBaP andHBP groups. Forest plot of change in QRS duration before and
after implantation amongHBP and LBBaP groups. CI, confidence interval; HBP, His-bundle pacing; LBBaP, left bundle branch area pacing; RR, risk
reduction. [Color figure can be viewed at wileyonlinelibrary.com]

follow-up period.17–20 In addition, our study reports data on lead

revision that has not been previously reported.

Our results indicate the potential advantages of LBBaP over HBP

for patients requiring permanent pacing. From observational data, we

found that LBBaP is potentially superior toHBPas a first-line approach

in terms of pacing performance and reliability with potentially reduced

adverse events compared to HBP, and advocates that LBBaP is the

preferred conduction system pacing modality. Moreover, the shorter

learning curve, greater success in infranodal AV block, and superior

electrical characteristics have led to wider adoption of LBBaP in clini-

cal practice compared toHBP.12–16,23 Aswell, the pacing threshold and

R-wave amplitudewere significantly better with LBBaP thanwithHBP,

reducing the risk of loss of capture and sensory problems during long-

term follow-up. This can additionally impact battery longevity during

long-term follow-up.

4.1 Limitations

First, the studies included in the meta-analysis had small num-

bers of patients, different follow-up periods and importantly, were

non-randomized. Therefore, it is difficult to draw a clear and solid
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1322 ABDIN ET AL.

F IGURE 5 Forest plot of procedure and fluoroscopy amongHBP and LBBaP groups. CI, confidence interval; HBP, His-bundle pacing; LBBaP,
left bundle branch area pacing; RR, risk reduction. [Color figure can be viewed at wileyonlinelibrary.com]

F IGURE 6 Forest plot of lead revisions rate amongHBP and LBBaP groups. CI, confidence interval; HBP, His-bundle pacing; LBBaP, left bundle
branch area pacing; RR, risk reduction. [Color figure can be viewed at wileyonlinelibrary.com]

conclusion about the superiority of one strategy over another. Second,

the variation in the definitions and pacing indications between studies,

particularly in relation to exposure or outcome measures, might have

caused misclassification bias. As such, investigations were performed

in patients with various pacemaker indications. Moreover, many of

the studies included in this meta-analysis included patients with

different pacing indications and, unfortunately, almost all studies lack

separate data for outcomes stratified by indication and data on pacing

burden. Unfortunately, it was not possible to provide complete data

on the consistency of the duration of the procedure (skin-to-skin vs.

associated with ventricular electrode placement) as there is no clear

data on this point in all included papers. A sub-analysis according to

pacing indications, LVEF and pacing burden would therefore not be

possible. Due to the lack of separate data on QRS morphology and the

 15408159, 2023, 11, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/pace.14836 by U

niversitaet D
es Saarlandes, W

iley O
nline L

ibrary on [11/06/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



ABDIN ET AL. 1323

F IGURE 7 Forest plot of all-causemortality andHFHwith HBP versus LBBaP for patients requiring permanent transvenous pacing after 22
months follow-up. CI, confidence interval; HBP, His-bundle pacing; HFH, heart failure hospitalization; LBBaP, left bundle branch area pacing, RR,
risk reduction. [Color figure can be viewed at wileyonlinelibrary.com]

very small number of patients based on all included studies, it was not

possible to stratify the patients byQRSmorphology and duration.

5 CONCLUSION

Among patients undergoing de novo transvenous pacemaker implan-

tation for bradyarrhythmia, an initial strategy of LBBaP comparedwith

HBP was associated with higher implant success rate and better pac-

ing metrics in different but rather short follow-up duration periods.

Randomized studies with robust data are needed to compare clinical

outcome benefits for both strategies.
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