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Abstract

Background Right ventricular pacing (RVP) may cause electrical and mechanical desynchrony leading to impaired left
ventricular ejection fraction (LVEF). We investigated the outcomes of RVP with His bundle pacing (HBP) and left bundle
branch pacing (LBBP) for patients requiring a de novo permanent pacemaker (PPM) for bradyarrhythmia.

Methods and results Systematic review of randomized clinical trials and observational studies comparing HBP or LBP with
RVP for de novo PPM implantation between 01 January 2013 and 17 November 2020 was performed. Random and fixed
effects meta-analyses of the effect of pacing technology on outcomes were performed. Study outcomes included all-cause
mortality, heart failure hospitalization (HFH), LVEF, QRS duration, lead revision, atrial fibrillation, procedure parameters,
and pacing metrics. Overall, 9 studies were included (6 observational, 3 randomised). HBP compared with RVP was associ-
ated with decreased HFH (risk ratio [RR] 0.68, 95% confidence interval [CI] 0.49-0.94), preservation of LVEF (mean differ-
ence [MD] 0.81, 95% CI — 1.23 to 2.85 vs. — 5.72,95% CI — 7.64 to -3.79), increased procedure duration (MD 15.17 min,
95% CI 11.30-19.04), and increased lead revisions (RR 5.83, 95% CI 2.17-15.70, p=0.0005). LBBP compared with RVP
was associated with shorter paced QRS durations (MD 5.6 ms, 95% CI — 6.4 to 17.6) vs. (51.0 ms, 95% CI 39.2-62.9) and
increased procedure duration (MD 37.78 min, 95% CI 20.04-55.51).

Conclusion Of the limited studies published, this meta-analysis found that HBP and LBBP were superior to RVP in main-
taining physiological ventricular activation as an initial pacing strategy.

Keywords Cardiac pacing - His-bundle pacing - Left bundle branch pacing - Clinical outcomes - Meta-analysis - Systematic
review

Introduction

Permanent pacing with right ventricular stimulation is fre-
quently used in patients with bradyarrhythmia, and recom-
mended by current international guidelines because it is
associated with improved clinical outcomes [1]. The extent
of right ventricular pacing (RVP) varies between patients
and many individuals tolerate a high proportion of RVP
without complications [2-6]. However, chronic RVP may
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cause electrical and mechanical desynchrony leading to
impaired left ventricular ejection fraction (LVEF), mitral
and tricuspid valve regurgitation and an increased risk of
atrial fibrillation (AF) [2-7]. While the benefits of biven-
tricular pacing (BiVP) over RVP in patients with reduced
LVEEF and atrioventricular (AV) block, who require ventricu-
lar pacing, is established [8], the optimal pacing strategy
for those with normal or mildly reduced LVEF is less well
understood.

Novel pacing technologies, such as His bundle pacing
(HBP) and left bundle branch pacing (LBBP), have emerged
to maintain physiological ventricular activation via the
native His-Purkinje system [9-12]. However, there is lim-
ited information concerning the comparative effectiveness
of those novel pacing strategies against RVP in patients with
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normal or mildly reduced LVEF [10, 11] and thus the opti-
mal pacing method for this group of patients remains uncer-
tain. Notably, both American and European guidelines rec-
ommend RVP as an initial pacing strategy for patients with
normal or mildly reduced LVEF [1, 7]. Therefore, we aimed
to compare HBP and LBBP with RVP as an initial pacing
strategy for patients requiring de novo permanent pacemaker
implantation for bradyarrhythmia. This work was initiated
after questions emerging during the development of the car-
diac pacing quality indicators (QIs) for the 2021 European
Society of Cardiology (ESC) Clinical Practice Guidelines
on cardiac pacing and cardiac resynchronization therapy [1].

Methods
Systematic review
Search strategy

We conducted a systematic review of the published rand-
omized controlled trials (RCTs) and controlled observational
studies in accordance with the Preferred Reporting Items for
Systematic Review and Meta-Analyses (PRISMA) statement
[14], using MEDLINE and Embase via OVID, The initial
search strategy was developed in MEDLINE using keywords
and Medical Subject Headings (MeSH) terms (Supplemen-
tary material, 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 from which our search
obtained only sub-studies. The search was restricted to full-
text articles published in English between 01 January 2013
and 17 November 2020. The year 2013 was selected because
it corresponds to the publication of the last ESC Clinical
Practice Guidelines on cardiac pacing and cardiac resyn-
chronisation therapy [1].

Study selection

We included studies that: [1] compared directly the effects of
HBP or LBBP versus RVP, [2] evaluated adults (> 18 years
of age) with bradyarrhythmia and an indication for de novo
permanent pacing, [3] reported at least one outcome of inter-
est 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 stand-
ard deviations [SD] or medians and interquartile ranges
[IQR]). When data by the same authors or the same insti-
tution in an overlapping period were identified, only the
most recent results were considered. A reference manager
software (Zotero) was used for duplicates removal and data
management. Two reviewers (AA and SA) independently
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reviewed the abstracts of the identified articles against the
predefined inclusion criteria. Disagreements were solved
with discussion.

Data extraction

For the selected studies, two investigators (AA and SA)
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 sample size, pacing character-
istics, duration of follow-up and primary endpoints were
extracted as shown in Tablel.

Appraising the quality of the review studies

Cochrane Risk of Bias Assessment was used to evaluate
the quality of RCT (Supplementary material, Table S2),
and Newcastle—Ottawa Scale Assessment for cohort stud-
ies (Supplementary material, Table S3). Due to the small
number of included trials (< 5) for each comparison group,
exploration of any potential publication bias was not
performed.

Statistical analysis

The primary outcomes for the study were mortality and heart
failure hospitalization (HFH). The secondary outcomes were
changes in LVEF, AF occurrence, paced QRS (pQRS) com-
plex duration, procedure duration, lead revision rates and
pacing threshold. To compare outcomes between studies
investigating RVP (control group) with studies investigat-
ing HBP and LBBP, we pooled the available data (num-
ber of events for dichotomous variables, and average value,
standard deviation and sample size for continuous variables)
for each outcome of interest from the included studies. Dif-
ferences in events rates and average values for specific out-
come among groups were determined and presented using
Forest plots with corresponding 95% confidence intervals
(CD) for each study. The effect measure for dichotomous vari-
ables 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 het-
erogeneity between the trials was assessed using Cochran’s
Q test and Higgins I statistic. Relevant statistical heteroge-
neity was present in cases where Cochran’s Q test p <0.05
and 1> > 50%, for which cases we used random-effects mod-
els. All statistical analyses were conducted using RevMan
5.3 software. All p values were two-sided, with p <0.05
considered as significant.
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Table 1 Baseline characteristics of studies comparing, HBP, LBBP, and RVP as a primary pacing strategy

Study Study design ~ FU (months) Pacing mode Number of Indication for Primary end- Baseline EF  Pacing burden
participants pacing point (%) %
Catanzariti Observtional ~ 34.6 HPB vs. RVP 26 vs. 26 AV conduc- LV dyssyn- 572474 NA
etal. 2013 crossover tion disease chrony and
[15] or SND function
Kronborg RCT crosso- 12 HPB vs. RVP 19 vs. 19 AV block LVEF 56+10 vs. >99
et al. 2014 ver 55+7
[16]
Pastore et al.  retrospective 58 HPB vs. RVP 148 vs. 329 AV block AF occur- 62+7 vs NA
2016 [18] rence 60+38
Vijayaraman  retrospective 60 HPB vs. RVP 94 vs. 98 AV conduc- Safety and 55+8vs 59+43
et al. 2017 tion disease success rate 57+7 vs 57+45
[17] or SND of HBP
Abdelrahman  Prospective 24 HPB vs. RVP 332 vs.433 AV conduc- death, HFH or 54.9+8.5vs  54-58 for both
etal. 2018 non-rand- tion disease upgrade to 54.2+10.2 groups
[12] omized or SND BiVP
Wang et al. Prospective- 6 LBBP vs. 66 vs. 65 AV conduc- Depolariza- 613+57vs NA
2019 [20] randomized RVP tion disease tion-repo- 62.1+6.3
or SND larization
indices
Zhang et al. Prospective- 0 LBBP vs. 20 vs. 21 AV conduc- Immediate 45.7+184vs NA
2019 [19] randomized RVP tion disease clinical 65.9+4.1
or SND outcomes
Chen et al. Prospective 3 LBBP vs. 20 vs. 20 AV conduc-  ECG and 60+10.6 vs NA
2019 [22] non-rand- RVP tion disease pacing char-  60.7+6
omized or SND acteristics
Cai et al. 2019 Prospective 0 LBBP vs. 40 vs. 38 SND Electrical and >53inboth NA
[21] non-rand- RVP mechanical groups
omized synchrony

Baseline characteristics of studies comparing, HBP, LBBP, and RVP as a primary pacing strategy for patients required permanent pacemaker

AF atrial fibrillation, AV atrioventricular, BiVP biventricular pacing, ECG electrocardiogram, EF ejection fraction, FU follow-up, HBP his bun-
dle pacing, HFH heart failure hospitalization, LBBP left bundle branch pacing, LVEF left ventricular ejection fraction, LVESV left ventricular
end-systolic volume, NA not available, RCT randomized control trial, RVP right ventricular pacing, SND sick node disease

Results

In total, 848 studies were identified from the systematic
review and an additional 7 were found by references review
of the included articles. After the 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 46 studies were excluded leav-
ing 9 studies (7 from the databases search) for the systematic
review and meta-analysis (Fig. 1). Of the 9 studies, 5 com-
pared HBP with RVP (n=619 vs. n=905 patients) with fol-
low-up durations between 12 and 60 months [12, 15—-18] and
4 compared LBBP with RVP (n=149 vs. n= 144 patients)
with follow-up durations between 3 and 6 months [19-22].
The pacing indication was sinus node disease (SND) in 1
study, AV conduction disease in 2 study and SND and AV
conduction disease in 6 studies. The characteristics of the
studies are summarized in Table 1.

Result of the pairwise comparisons against RVP analysed
as a single entity are detailed below:

HBP compared with RVP
Mortality and HFH

Compared with RVP, HBP was associated with a decreased
risk of HFH (RR: 0.68, 95% CI 0.49-0.94, p=0.02) and
no statistically significant difference in all-cause mortality
compared with RVP (RR: 0.80, 95% CI1 0.63-1.02, p=0.07)
(Fig. 2).

LVEF

In studies that reported the change in LVEF [15-17], a
decrease in LVEF was associated with RVP (mean differ-
ence (MD) — 5.72, 95% CI — 7.64 to — 3.79, p=<0.001)
but not for HBP (MD 0.81,95% CI — 1.23 to 2.85, p=0.44)
(Fig. 3), and there was a statistically significant interaction
between RVP and HBP concerning their effects on LVEF (p
for interaction < 0.001).

@ Springer



Clinical Research in Cardiology

L Identification of studies via other methods W

Reports not retrieved
(n=0)

A4

Reports excluded:
Sub-studies (n =5)
Other (n =2)

( Identification of studies via datab and regi:
— )
Records removed before
§ scm;: "I’ig:ate records removed (n Records identified from:
3 Records identified from: - 6%4) Websites (n =2)
£ Databases (n =848) — Records marked as ineligible Organisations (n =0)
5 Registers (n =0) by automation tools (n =0) g(t:atlon searching (n =7)
= Records removed for other .
reasons (n =0)
—
_ :
Records screened Records excluded*
—>
(n =634) (n =582)
| !
Reports sought for retrieval »| Reports not retrieved Reports sought for retrieval
= (n=52) (n=0) (n=9)
£
o
; : '
3
(7}
Reports assessed for eligibility Reports excluded: Reports assessed for eligibility
(n =52) ’ Sub-studies (n =10) (n=9)
TAVI population (n = 6
ICD indication (n =5)
Pacing for HF (n=9)
Other (n=15)
-
' A4
° Studies included in review
8| | (n=9) A
S Reports of included studies N
£ (n=9)
—

Fig.1 PRISMA flowchart for the studies included and reasons for studies excluded from the systematic review. HF heart failure, /CD implant-

able cardioverter defibrillator, TAVI transcatheter aortic valve implantation

Incident AF

Compared with RVP, HBP was associated with a decreased
risk of new-onset AF (RR 0.61, 95% CI 0.42-0.89,
p=0.01) (Fig. 3).

PQRS duration

The pQRS duration was longer in the RVP group com-
pared with the HBP group (MD of 61.06 ms, 95% CI
53.98-68.14 ms) vs. 18.37 ms (95% CI 11.26-25.47 ms),
respectively (Fig. 4). This was also reflected as a signifi-
cant difference in the test for subgroup difference between
HBP and RVP (»p <0.001).

Procedure and fluoroscopy duration

HPB was associated with significantly longer procedure
and fluoroscopy duration compared with RVP (MD of
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15.17 min, 95% CI 11.30-19.04) vs. 2.86 min (95% CI
2.04-3.68) (p <0.001), respectively (Fig. 5).

Lead revisions

During follow-up, ventricular lead revision was more fre-
quently required in the HBP group compared with RVP
group (RR: 5.83, 95% CI 2.17-15.70, p=0.0005). The
most common lead complication in HBP group was a pro-
gressive increase in the His capture threshold (14/426)
followed by loss of capture (8/426) (Fig. 3).

LBBP vs RVP
PQRS duration

Following implantation, the pQRS duration was shorter
in the LBBP group (MD 5.6 ms, 95% CI —6.4 to 17.6 ms,
p =0.36) compared with the RVP group (51.0 ms, 95% CI
39.2-62.9 ms, p <0.001) (Fig. 4). There was a significant
interaction between LBBP and HBP concerning the effect
on QRS duration (p for interaction < 0.001).
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All-cause mortality
His RV Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Abdelrahman et al 2018 57 332 93 433 6956% 0.80 [0.59, 1.08]
Vijayaraman et al 2017 238 94 36 98 30.4% 0.81[054,122]
Total (95% ClI) 426 531 100.0% 0.80 [0.63, 1.02)
Total events 85 129

Heterogeneity: Chi? = 0.00, df = 1 (P = 0.96); 1= 0%
Test for overall effect: Z = 1.79 (P = 0.07)

=

0.01 0.1 1 10 100
Favours [His] Favours [RV]

HFH

His RV Risk Ratio Risk Ratlo

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Abdelrahman et al 2018 41 332 76 433 84.9% 0.70 [C.49, 1.0C)
Vijayaraman et al 2017 6 o4 12 98 15.1% 0.52 [C.20, 1.33) —T
Total (95% ClI) 426 531 100.0% 0.68 [0.49, 0.94) @
Total events 47 83

ity i = - = <12 = 0% F t + u
Heterogeneity: Chi* = 034, df = 1 (P = 0.5€); I* = 0% 0.01 01 ; 10 100

Test for overall effect: Z = 2.33 (P = 0.02)

Favours [His] Favours [RV]

Fig.2 Forest plot of all-cause mortality and HFH with HBP vs RVP for patients requiring permanent transvenous pacing after a 24-60 months
follow-up. CI confidence interval, HBP His-bundle pacing, HFH heart failure hospitalization, RR risk reduction, RVP right ventricular pacing

Capture threshold

There was no difference in pacing capture thresholds in the
LBBP group compared with RVP at the time of implanta-
tion (MD of 0.02 V,95% CI — 0.13 t0 0.17, p=0.79), and
at 3 months after implantation (MD of 0.03 V, 95% CI
—0.08 to 0.15, p=0.57) (Fig. 6).

Ventricularimpedance and R wave amplitude
at implantation

There was no difference in ventricular impedance and R
wave amplitude in the LBBP group compared with RVP at
the time of implantation (MD 4.65 Ohms, 95% CI — 20.91
to 30.20, p=0.72) and (MD 0.47 mV, 95% CI — 0.89 to
1.82, p=0.50), respectively (Fig. 6).

Procedure and fluoroscopy duration

LBBP was associated with longer procedure and fluor-
oscopy durations compared to RVP (MD of 37.8 min,

95% CI20.0-55.5) vs. (MD 11.9 min, 95% CI 10.4-13.4)
(p=<0.001) respectively (Fig. 5).

Discussion

This systematic review and meta-analysis aimed to evaluate
the existing evidence comparing HBP or LBBP with RVP
as a primary pacing strategy. We found that compared with
RVP, HBP was associated with a decrease in HFH rate, a
decrease in the duration of the pQRS complex and a pres-
ervation of the LVEF, though this was at the expense of
higher rates of lead revision and prolonged procedure and
fluoroscopy duration. This study also found that LBBP was
associated with a shorter pQRS complex duration compared
with RVP, with no differences in pacing capture threshold
at implantation and at 3 months, ventricular impedance and
R wave amplitude at implantation, but an increase in pro-
cedure and fluoroscopy duration. We are not aware of other
studies that have synthesized the comparative evidence for
new pacing modalities including LBBP compared with RVP.

The risk of pacemaker-induced cardiomyopathy (PICM)
is associated with a high burden of the pacing of the right
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LVEF change

After pacing Before pacing Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.41RV
Catanzariti et al 2013 50.1 8.8 26 578 88 26 145% -7.70[-12.48,-292] =
Kronborg et al 2014 49 9 38 55 7 38 16.9% -6.00(-9.63,-237] — "
Vijayaraman et al 2017 52 11 98 57 7 98 19.0% -5.00 [-7.58, -2.42) _—-
Subtotal (95% Cl) 162 162 50.5% -5.72[-7.64,-3.79] B =

Heterogeneity: Tau* = 0.00; Chi* = 0.98, df =2 (P = 0.61); I = 0%
Test for overall effect: Z = 5.82 (P < 0.00001)

1.4.2 His
Catanzariti et al 2013 573 85 26 578 74 26 156%  -0.50 [-4.76, 3.76] B E—
Kronborg et al 2014 55 10 38 56 10 38 151%  -1.00[-5.50, 3.50] e
Vijayaraman et al 2017 57 6 94 55 12 94 188%  2.00[-0.71,4.71) T
Subtotal (95% CI) 158 158  49.5%  0.81[1.23, 2.85] B

Heterogeneity: Tau? = 0.00; Chi? = 1.73,df = 2 (P = 0.42); I? = 0%
Test for overall effect: Z = 0.78 (P = 0.44)

Total (95% CI) 320 320 100.0% -2.94 [-6.10, 0.22] el
Heterogeneity: Tau? = 11.93; Chi* = 23.53, df = 5 (P = 0.0003); I* = 79% :_10 _:5 0 é 10’
Test for overall effect: Z = 1.82 (P = 0.07) Decrease of EF  Increase of EF

Test for subgroup differences: Chi* = 20.83, df = 1 (P < 0.00001). I* = 95.2%

Incident AF
His RV Risk Ratio Risk Ratio

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

Kronborg et al 2014 0 19 3 19 5.5% 0.14 [0.01, 2.59] ¢

Pastore et al 2015 25 148 89 329 868%  0.62[0.42,0.93] . 3

Vijayaraman et al 2017 4 94 5 98 7.7% 0.83[0.23, 3.01] | E—

Total (95% Cl) 261 446 100.0% 0.61 [0.42, 0.89] @

Total events 29 97

Heterogeneity: Chi2 = 1.20, df = 2 (P = 0.55); 12 = 0% t t t i

Test for overall effect: Z = 2.54 (P = 0.01) A lg)élours [His] 1 Eavours [.-\]3] e

Lead revisions
His RV Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Abdelrahman et al 2018 14 332 2 433 414%  9.13[2.09, 39.89] — &
Kronborg et al 2014 3 19 0 19 11.9% 7.00[0.39, 126.92) = >
Vijayaraman et al 2017 5 94 2 98 46.7%  2.61[0.52, 13.11] —T
Total (95% ClI) 445 550 100.0% 5.83[2.17,15.70] e
Total events 22 4
Heterogeneity: Chi? = 1.32, df = 2 (P = 0.52); I = 0% b t t y
Test for overall effect: Z = 3.49 (P = 0.0005) 0.0 Igéjlours [His] L Favours [’-;,]3] 10

Fig.3 Secondary outcomes for HBP vs. RVP after 12-60 months pacing, LVEF left ventricular ejection fraction, RR risk reduction,
follow-up. LVEF change from baseline, new-onset AF and lead revi- RVP right ventricular pacing
sions. AF atrial fibrillation, CI confidence interval, HBP His-bundle
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HBP vs. RVP
After pacing Before pacing Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.14.1 His
Abdelrahman et al 2018 128 27.7 332 1045 245 332 17.0% 23.50(19.52, 27.48] G
Kronborg et al 2014 107 18 19 94 20 19 159%  13.00(0.90, 25.10] o
Vijayaraman et al 2017 124 22 94 109 26 94 16.7%  15.00(8.11,21.89] .
Subtotal (95% CI) 445 445 49.5% 18.37 [11.26, 25.47] >
Heterogeneity: Tau? = 25.42; Chi* = 6.09, df = 2 (P = 0.05); I* = 67%
Test for overall effect: Z = 5.07 (P < 0.00001)
1.14.2RV
Abdelrahman et al 2018 166 218 433 1105 284 433 17.0% 55.50[52.13, 58.87] -
Kronborg et al 2014 156 1 19 93 M 19 16.7% 63.00[56.01, 69.99] ==
Vijayaraman et al 2017 168 21 98 102 24 98 16.8% 66.00[59.69, 72.31] —
Subtotal (95% CI) 550 550 50.5% 61.06[53.98, 68.14] &
Heterogeneity: Tau? = 30.94; Chi? = 10.04, df = 2 (P = 0.007); I? = 80%
Test for overall effect: Z = 16.90 (P < 0.00001)
Total (95% CI) 995 995 100.0% 39.57 [21.68, 57.46] ~a—
Heterogeneity: Tau? = 486.88; Chi? = 314.57, df = 5 (P < 0.00001); I2 = 98% =_100 -gO 5'0 100‘
Test for overall """‘?‘i Z=4.33 (P <0.0001) Decrease of QRS duration Increase of QRS duration
Test for subaroup differences: Chi* = 69.56. df = 1 (P < 0.00001). I* = 98.6%
LBBP vs. RVP
After pacing Before pacing Mean Difference Mean Difference
Study or Subgroup Mean SD_Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.11.1 LBBP
Cai et al 2019 101 8.7 78 91 14 78 12.8% 10.00 [6.34, 13.66) -
Chen et al 2019 1118 107 40 110 33 40 12.2% 1.80 [-8.95, 12.55) i
Wang et al 2019 12149 987 44 99.24 13.06 44 12.7% 22.25[17.41, 27.09) i
Zhang et al 2019 11263 12.14 44 13013 433 44 11.8% -17.50[-30.79, -4.21] T
Subtotal (95% CI) 206 206 49.4%  5.60 [-6.44, 17.64) e =
Heterogeneity: Tau? = 131.51; Chi? = 40.76, df = 3 (P < 0.00001); I = 93%
Test for overall effect: Z = 0.91 (P = 0.36)
1.11.2RV
Cai et al 2019 148.92 13.42 78 8375 1438 78 12.7% 65.17 [60.74, 69.60] -
Chen et al 2019 160.1 15 40 1062 215 40 12.4% 53.90 [45.78, 62.02] ——
Wang et al 2019 14562 889 44 101.88 11.72 44 127% 43.74 [39.39, 48.09] -
Zhang et al 2019 135.19 1212 44 9362 82 44 127% 41.57([37.25,45.89] -
Subtotal (95% CI) 206 206 50.6% 51.03[39.20, 62.87] ‘
Heterogeneity: Tau? = 138.06; Chi’ = 68.38, df = 3 (P < 0.00001); I* = 96%
Test for overall effect: Z = 8.45 (P < 0.00001)
Total (95% Cl) 412 412 100.0% 28.09 [11.85, 44.33) ‘
Heterogeneity: Tau? = 534.95; Chi* = 524.14, df = 7 (P < 0.00001); I* = 99% =_1 %0 50 o si) p 00=

Test for overall effect: Z = 3.39 (P = 0.0007)
Test for subaroup differences: Chi® = 27.82, df = 1 (P < 0.00001), I’ = 96.4%

Decrease of QRS duration

Increase of QRS duration

Fig.4 Forest plot of change in QRS duration before and after implantation among HBP and LBBP groups. CI confidence interval, HBP His-
bundle pacing, LBBP left bundle branch pacing, RR risk reduction, RVP right ventricular pacing

ventricle [2, 6, 23]. PICM is generally defined as the dete-
rioration of LVEF by at least 10%, resulting in LVEF < 50%,
regardless of heart failure symptoms [2, 6]. Both BiVP and
HBP may be effective in preventing or reversing PICM [17,

23-25]. Our study showed that HBP as an initial pacing
strategy for patients requiring a permanent pacemaker is
associated with a decrease in the risk of HFH, a reduction in
PQRS complex duration, and a preservation of LVEF when
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HBP vs. RVP
Procedure duration (min)
RVP His Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Abdelrahman et al 2018 55 25 443 7021 34 332 79.6% -15.21[-19.55,-10.87) _._
Vijayaraman et al 2017 64 35 98 79 25 94 204% -15.00[-23.58,-642) —
Total (95% Cl) 541 426 100.0% -15.17 [-19.04, -11.30] i
Heterogeneity: Chi# = 0.00, df = 1 (P = 0.97); I = 0% _,‘;0 i 1:0 ° 1=0 20
Test for overall effect: Z = 7.68 (P < 0.00001) Favours [RVP] Favours [His)
Fluoroscopy duration (min)
RVP His Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Abdelrahman et al 2018 74 51 433 1027 65 332 93.5% -2.87[-3.72,-2.02)
Vijayaraman et al 2017 10 14 98 127 8 94 65% -2.70[-5.91,0.51]
Total (95% CI) 531 426 100.0% -2.86 [-3.68, -2.04] L
Heterogeneity: Chi? = 0.01, df = 1 (P = 0.92); I’ = 0% 5 o : 4
Test for overall effect: Z = 6.83 (P < 0.00001) Favours [RVP] Favours [His]
LBBP vs. RVP
Procedure duration (min)
RVP LBBP Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% ClI
Wang et al 2019 51.85 10.12 131 9848 1577 131 51.1% -46.63[-49.84,-43.42) =
Zhang et al 2019 61.57 6.62 44 90.1 1968 44 489% -28.53[-34.67,-22.39] -
Total (95% Cl) 175 175 100.0% -37.78 [-55.51, -20.04] e =
Heterogeneity: Tau? = 157.57; Chi? = 26.25, df = 1 (P < 0.00001); I = 96% 50 25 5 2=5 5=0

Test for overall effect: Z = 4.18 (P < 0.0001)

Favours [RVP] Favours [LBBP)

Fluoroscopy duration (min)
RVP LBBP Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Wang et al 2019 358 132 131 16.07 361 131 63.5% -12.49[-13.15,-11.83] |
Zhang et al 2019 467 206 44 1555 562 44 36.5% -10.88 [-12.65, -9.11) -
Total (95% CI) 175 175 100.0% -11.90 [-13.42, -10.38] L 2
Heterogeneity: Tau? = 0.83; Chi* = 2.80, df = 1 (P = 0.09); I = 64% + - 140 t ¥

Test for overall effect: Z = 15.36 (P < 0.00001)
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Fig.5 Forest plot of procedure and fluoroscopy among HBP and LBBP groups. CI confidence interval, HBP His-bundle pacing, LBBP left bun-

dle branch pacing, RR risk reduction, RVP right ventricular pacing
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compared with RVP. Of note, the difference in HFH rate
might be due to different baseline LVEF and the cumula-
tive rate of ventricular pacing (different cut-offs). Thus, this
finding must be interpreted with caution, until the point that
robust evidence is provided.

The duration of the pQRS complex is considered a strong
predictor for the development of PICM regardless of pacing
site, particularly when its duration is longer than 140 ms
[2, 26]. A long pQRS duration contributes to electrical and
mechanical desynchrony, which in turn leads to a deterio-
ration of the LVEF [2-6]. Kim et al. found that a pQRS
duration of > 140 ms was 95% sensitive for the detection of
PICM while a pQRS duration of > 167 was 90% specific for
the development of PICM [25]. In our analysis, both HBP
and LBBP were associated with a significantly shorter pQRS
duration compared with RVP. This finding may be explained
by the physiological ventricle depolarization through His-
Purkinje system which leads to a narrower pQRS duration
and consequently reduces desynchrony [3, 16].

Others have performed meta-analyses that compare RVP
with BiVP or HBP for patients with a normal or mildly
reduced LVEF. One analysis compared HBP versus RVP
on the measurements of left ventricular dimensions, LVEF,
and symptom burden [10]. However, the studies included
in this analysis reported outcomes among patients with
LVEF > 35% who required permanent pacing because of
AV block, and data on HFH were not available. The authors
reported that LVEF remained preserved or increased with
BiVP and HBP compared with RVP, with no observed
effect on mortality. Our analysis included a larger cohort
of patients and a new study for HBP [12]. Thus, our study
reports data on mortality and HFH. Fernandes et al. per-
formed a systematic review with network meta-analysis
comparing HBP, BiVP, and RVP as a primary pacing strat-
egy for advanced AV conduction disease in patients with
normal or mildly reduced EF (>40%) [11]. This study found
that HBP and BiVP were associated with a reduction in all-
cause mortality and HFH compared with RVP. HBP was
superior to RVP with regards to LVEF deterioration, LV
volumes, 6-minute walk, and pQRS duration. However, this
analysis only included patients with AV conduction disease
and did not report data on lead revisions, new-onset AF and
procedure duration or LBBP as an initial pacing strategy as
we do in our study. Notably, in our study, we did not com-
pare RVP with BiVP as an initial pacing strategy because
of a small number of studies available in our study period.

Our meta-analysis reported data on mortality, HFH,
LVEF changes, pQRS duration, AF occurrence, proce-
dure duration and rates of lead revisions. Additionally, we
included studies assessing LBBP as an initial pacing strategy
compared with RVP. However, due to a small number of
patients and outcomes evaluated in these studies, we only
report data concerning pacing metrics and pQRS duration

between LBBP and RVP. Our results indicate the poten-
tial advantages of conduction system pacing for patients
requiring permanent pacing for bradycardia. Nonetheless,
it is still not clear whether HPB might be beneficial in pure
SND when RV stimulation is unnecessary. Additionally,
raw patient data are needed to allow a better evaluation of
patient characteristics. From mainly observational data, we
found that HBP or LBBP are potentially superior to RVP
as a first-line approach. However, there was a paucity of
information about long-term efficacy and safety for these
pacing-modalities.

This study has limitations. First, the majority of the
studies included in the meta-analysis had small numbers
of patients, different follow-up periods and predominantly
were non-randomized single center studies. Of note, the
reduction in HFH reported in our analysis was based on non-
randomized studies comparing HBP performed in centres
very experienced in HBP procedures with RVP performed
in another centre, using RVP as routine [12, 17]. Second,
the variation in the definitions between studies particularly
those pertinent to exposure (e.g., pacing rate) or the out-
come measures might have caused misclassification bias. As
such, investigations were performed in patients with various
pacemaker indications. In some, advanced AV block or at
least the expectation of high cumulative pacing rates were
mandatory to be included in the study, others preferred SND
to avoid complications from potentially unreliable ventricu-
lar capture with HBP. Third, our analysis does not evaluate
long-term performance of LBBP, with unknown feasibility
of LBBP lead complication and extraction. Fourth, there
was no available data on the clinical outcome of LBBP
compared to RVP. When such data on long-term efficacy
and safety are available, this may become a novel recom-
mendation, given that current guidelines only recommend
RVP as the pacing strategy for patients with preserved EF
(1, 7). Fifth, there are no data available directly comparing
clinical outcomes of HBP with LBBP which limits the abil-
ity to perform a network analysis between these strategies.
Sixth, there were insufficient data to conduct a meaningful
comparison between HBP or LBBP and RVP according to
the position of the RV lead.

Conclusion

Among patients undergoing de novo transvenous pace-
maker implantation for bradyarrhythmia, an initial strategy
of conduction system pacing compared with RVP was asso-
ciated with shorter pQRS duration and preserved LVEF,
but increased rates of lead revisions. LBBP compared with
RVP was associated with a significant shorter pQRS dura-
tion with no difference in pacing metrics. Well conducted
and robust randomised controlled comparative studies are
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Pacing threshold at implantation
LBBP RV Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Cai et al 2019 049 0.22 78 062 0.18 78 329%  -0.13[-0.19,-0.07]
Chen et al 2019 0.73 102 40 061 0.235 40 0.2% 0.12[-3.04, 3.28)
Wang et al 2019 094 021 131 092 015 131 33.9% 0.02 [-0.02, 0.06)
Zhang et al 2019 068 02 44 051 0.06 44 33.0% 0.17[0.11, 0.23)
Total (95% Cl) 293 293 100.0% 0.02 [-0.13, 0.17)
T2 e = 2= [ t } ‘ |
Heterogeneity: Tau? = 0.02; Chi* = 44.42, df = 3 (P < 0.00001); I* = 93% 100 50 0 50 100
Test for overall effect: Z = 0.27 (P = 0.79) Favours [LBP] Favours [RV]
Pacing threshold at 3 months
LBBP RVP Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Chen et al 2019 0.69 0.14 40 06 0.19 40 53.2% 0.09 [0.02, 0.16)
Wang et al 2019 0.74 024 44 077 021 44 46.8% -0.03[-0.12, 0.06)
Total (95% CI) 84 84 100.0% 0.03 [-0.08, 0.15)
Heterogeneity: Tau? = 0.01; Chi? = 3.89, df = 1 (P = 0.05); I* = 74% :_2 _’1 ) i 2
Test for overall effect: Z = 0.56 (P = 0.57) Favours LBBP Favours RVP
Ventricular impedance (Ohms)
LBBP RVP Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI IV, Fixed, 95% CI
Chen et al 2019 870.75 146.69 40 897.3 206.37 40 10.6% -26.55(-105.01, 51.91]
Wang et al 2019 676.07 12229 131 664.15 103.73 131 86.6% 11.92 [-15.54, 39.38) _'._
Zhang et al 2019 846.8 198.45 44 949.71 47934 44  2.8% -102.91[-256.20, 50.38] €—
Total (95% CI) 215 215 100.0% 4.65 [-20.91, 30.20) ’
It e 2= = = 2= + + T + +
Heterogeneity: Chi* = 2.77, df = 2 (P = 0.25), I* = 28% ~100 50 0 50 100

Test for overall effect: Z = 0.36 (P = 0.72)

Favours [LBBP] Favours [RBP]

R wave amplitude (mV)

LBBP RVP Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Cai et al 2019 1174 536 78 9581 342 78 26.0% 1.93[0.52, 3.34] —_—
Chen et al 2019 962 578 40 89 319 40 19.8% 0.72[-1.33, 2.77) —_—t
Wang et al 2019 1216 364 131 1146 346 131 316% 0.70 [-0.186, 1.586) —=
Zhang et al 2019 928 5 44 11.05 314 44 226%  -1.77[-3.51,-0.03] . E—
Total (95% Cl) 293 293 100.0%  0.47 [-0.89, 1.82) ’-
Heterogeneity: Tau® = 1.32; Chi* = 10.56, df = 3 (P = 0.01); I* = 72% + + 3 + i

Test for overall effect: Z = 0.67 (P = 0.50)
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«Fig. 6 Forest plot of change in pacing threshold at implantation and
at 3 months, ventricular impedance and R wave amplitude at implan-
tation among LBBP and RVP groups. CI confidence interval, LBBP
left bundle branch pacing, RR risk reduction, RVP right ventricular
pacing

needed to prove clinical outcome benefits from conduction
system pacing.
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