:' frontiers ‘ Frontiers in Physiology

‘ @ Check for updates

OPEN ACCESS

Giuseppe D'Antona,
University of Pavia, Italy

Vikas Kataria,

University of Delhi, India

Edward Chu,

Baptist Hospital of Miami, United States

Dong Ying-Xue,
dong_yingxue@126.com

"These authors have contributed equally
to this work

21 August 2025

13 October 2025
04 November 2025
25 November 2025

Jing-Jing J, Xi-Xia S, Tian-Zhu L, Xin W,
Xiao-Lei Y, Xin-Jing A, Yun-Long X and
Ying-Xue D (2025) Is conduction system
pacing improving cardiac performance in
patients with right bundle branch block and
heart failure?

Front. Physiol. 16:1690243.

doi: 10.3389/fphys.2025.1690243

© 2025 Jing-Jing, Xi-Xia, Tian-Zhu, Xin,
Xiao-Lei, Xin-Jing, Yun-Long and Ying-Xue.
This is an open-access article distributed
under the terms of the Creative Commons
Attribution License (CC BY). The use,

distribution or reproduction in other forums is
permitted, provided the original author(s) and

the copyright owner(s) are credited and that
the original publication in this journal is cited,
in accordance with accepted academic
practice. No use, distribution or reproduction
is permitted which does not comply with
these terms.

Frontiers in Physiology

Original Research
25 November 2025
10.3389/fphys.2025.1690243

Is conduction system pacing
Improving cardiac performance
In patients with right bundle
branch block and heart failure?

Jia Jing-Jing', Sun Xi-Xia', Li Tian-Zhu, Wang Xin,
Yang Xiao-Lei, Ai Xin-Jing, Xia Yun-Long and Dong Ying-Xue*

Department of Cardiology, The First Affiliated Hospital of Dalian Medical University, Dalian, China

Objective: The aim of this study was to evaluate the feasibility and safety of
conduction system pacing (CSP) in patients with right bundle branch block
(RBBB) and heart failure (HF).

Methods: This retrospective study included all the patients with HF and a
ventricular pacing frequency of more than 40% who underwent CSP between
2018 and 2023, with all enrolled patients presenting RBBB prior to the procedure.
Clinical data, including echocardiographic and electrocardiographic findings,
were collected before and after the procedure, with a minimum follow-up
duration of 2 years.

Results: CSP was successfully performed in 78 patients (78/88, 88.63%),
comprising 13 patients (13/78, 16.67%) with His-bundle pacing (HBP) and 65
patients (65/78, 83.33%) with left bundle branch pacing (LBBP). Significant
improvements were observed in QRS duration (148.06 + 17.91 ms vs. 121.87 +
14.47 ms, p < 0.001), left ventricular ejection fraction (LVEF) (43.79% + 11.71% vs.
46.94% + 10.06%, p = 0.020), left ventricular end-diastolic diameter (LVEDD)
(5415 + 767 mm vs. 52.71 + 767 mm, = 0.016), and the New York Heart
Association (NYHA) functional class (2.97 + 0.68 vs. 1.63 + 1.08, p = 0.001). No
significant change was noted in the left atrial diameter (LAD) (44.72 + 8.07 mm
vs. 43.86 + 842 mm, p = 0.114). Subgroup analysis revealed that a marked
LVEF improvement was observed in patients with baseline LVEF <35% (30.05%
+ 2.76% vs. 4142% + 11.61%, p = 0.001). Logistic regression analysis revealed
that LVEF (OR = 0.112, 95% CI: 0.011-0.839, and p = 0.001) and AQRS (OR
= 1449, 95% Cl: 1.292-2.445, and p = 0.021) were independent predictors of
echocardiographic response.

Conclusion: CSP is safe and effective for patients with RBBB and HF, with
particularly notable improvements in cardiac performance among those with
severely reduced LVEF.

conduction system pacing, His-bundle pacing, left bundle branch pacing, cardiac
resynchronization therapy, right bundle branch block, heart failure

Background

It is well established that left bundle branch block (LBBB) induces electrical asynchrony
of the left ventricular lateral wall and contributes to the development of heart failure (HF)
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(Baldasseroni et al., 2002). In contrast, the impact of right bundle
branch block (RBBB) on inter- and intraventricular asynchrony
remains unclear (Zhu et al.,, 2022). RBBB arises from structural
abnormalities such as sclerosis, fibrosis, or necrosis within the
right bundle branch and has been associated with increased all-
cause mortality, cardiovascular mortality, and hospitalization for
HF (Reddy et al., 2025). Nevertheless, a recent study showed
that cardiac resynchronization therapy (CRT) via biventricular
pacing (BiVP) provided little to no benefit for patients with
HF and RBBB (Biton et al., 2016). These findings highlight the need
for personalized evaluation that integrates QRS morphology, HF
severity, and indices of asynchrony.

Over the past decade, conduction system pacing (CSP),
including His-bundle pacing (HBP) and left bundle branch pacing
(LBBP), has emerged as an alternative for patients requiring cardiac
electrical resynchronization, particularly those with LBBB and HF
(Huang et al, 2017; Vijayaraman et al, 2023). Notably, recent
studies have shown that HBP can effectively improve clinical
outcomes in patients with RBBB and heart failure with reduced
left ventricular ejection fraction (HFrEF) (Sharma et al., 2018a;
Sharma et al., 2018b). Similarly, LBBP has also been demonstrated
to be associated with improved cardiac performance in patients with
RBBB and HF (Vijayaraman et al., 2022). It is important to note
that the QRS morphology induced by LBBP often differs from that
of intrinsic RBBB, prompting the question of whether LBBP can
modulate electrical synchronization in these patients, a possibility
that remains unproven. More importantly, data on the efficacy of
CSP in patients with RBBB and HF remain limited. Therefore, the
present study aims to investigate the feasibility of CSP for improving
cardiac performance in patients with HF and RBBB, along with its
potential mechanisms.

Methods
Patient enrollment

This observational cohort study retrospectively recruited
patients with complete RBBB, with a QRS duration exceeding
120 ms, who underwent CSP from May 2018 to May 2023.
The exclusion criteria included patients with left bundle branch
block, including left anterior fascicular block or left posterior
fascicular block, a right ventricular pacing percentage of less
than 40%, device upgrades, generator replacements, recent
myocardial infarction, and severe valvular disease (including
severe mitral or aortic regurgitation/stenosis). This study protocol
was approved by the Institutional Ethics Board of our hospital
(PJ-KS-KY-2023-181).

Procedure and protocol

HBP and LBBP were performed using the SelectSecure Pacing
Lead (Model 3830, Medtronic Inc.) and a fixed-curve sheath
(C315 HIS, Medtronic Inc.). His bundle and left bundle branch
electrograms were recorded in a unipolar configuration (Prucka
CardioLab, GE Healthcare), if available. The unipolar paced
QRS configuration and pacing impedance were monitored, with
concurrent measurement of peak left ventricle activation times
(LVATs) in lead V5 for LBBP (Jiang et al.,, 2020). If CSP failed,
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according to CRT indications, the left ventricular (LV) lead was
placed using a standard technique in the lateral or posterolateral
region of the LV. Atrioventricular (AV) delay was programmed, and
pacing output voltage was adjusted to achieve the shortest QRS
duration and satisfy QRS morphology.

Criteria and definition

An abrupt reduction in LVAT of more than 10 ms, with QRS
morphologies of gR or rSR’ in lead V,, was the simple criterion
for LBBP (Jiang et al., 2020). Criteria for HBP are defined as a
paced QRS morphology concordant with the intrinsic QRS or as
complete reversal of RBBB (Zhang et al.,, 2018). Left axis deviation
was defined as the QRS axis of =30 to —90°, while right axis deviation
was 90-180° (Perloff and Cabeen, 1979). RBBB was defined as
a QRS duration of =120 ms, with a deep terminal S wave in
leads T and V4 and an RSR;, wide R, or qR pattern in lead V,
(Rickard et al., 2011). Heart failure is defined as a clinical syndrome
characterized by cardinal symptoms and signs, and heart failure
with preserved ejection fraction (HFpEF) and those with LVEF <
50% were all included (McDonagh et al., 2021). Echocardiographic
response was defined as a 5% increase in LVEF (Ellenbogen and
Huizar, 2012).

Complete reversal of RBBB is defined as normal QRS
morphology (including normal axis, appropriate transition,
and duration <110ms) with an rS morphology in lead V,
(Vijayaraman et al., 2019; Huang et al., 2019). Incomplete reversal of
RBBB is defined as modulated paced RBBB morphology, featuring
a shorter QRS duration in lead V, and a shorter S duration in
leads V4 and I (Wu et al., 2021). Pacing threshold increment was
defined as the minimal absolute increase in 1V @0.4 ms during
follow-up.

Data collection and follow-up

Baseline demographics and medical histories were collected at
enrollment, including patient characteristics and procedure success
rates. During the operation and follow-up, pacemaker parameters
were recorded. Device follow-up monitored electrocardiographic
parameters and lead-related complications (lead dislodgement,
loss of capture, and significant increases in pacing threshold).
12-lead (ECGs),
complications, and pacemaker parameters were continuously
monitored. Echocardiography was scheduled at 6, 12, and 24 months

Throughout  follow-up, electrocardiograms

after the procedure. Adverse events (thrombosis, infection, lead
dislodgement, perforation, stroke, and death) were documented,
with a minimum follow-up duration of 2 years.

Statistical analysis

o Continuous variables are expressed as the mean + standard
deviation (SD) and were compared using paired t-tests for
normally distributed data. Categorical variables are expressed
as percentages (%) and were compared using ¥ tests.
Nonparametric tests were used for non-normally distributed
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data. One-way analysis of variance is used to compare
changes in relevant indicators across different time points.
Univariate and multivariable logistic regression analyses were
used to identify predictors of echocardiographic response,
with univariate predictors showing a p-value less than 0.05
incorporated into the multivariate logistic regression analysis.
All statistical analyses were performed using SPSS version 26.0,
with a significance threshold set at p < 0.05.

Results

A total of 88 patients were enrolled, among whom 10 patients
failed in RBBB correction.

Baseline characteristics

Baseline characteristics of the study population
presented in Table 1. The mean age of patients was 72.59 + 9.51 years,
with 67.90% being male. A total of 48 patients (61.54%) had LVEF<
50%, and 14 patients (17.95%) had ischemic cardiomyopathy. The
baseline QRS duration was 148.06 + 17.91 ms. Of the 88 patients, 78

(88.6%) underwent successful CSP. The average follow-up duration

are

was 26.94 + 9.12 months. During the follow-up period, 5 patients
(6.4%) experienced all-cause mortality, and 10 patients (12.82%)
were readmitted to the hospital due to heart failure.
The wuse of angiotensin-converting enzyme
(ACEIs)/angiotensin ~ receptor ~ blockers  (ARBs)/angiotensin
receptor-neprilysin inhibitors (ARNIs) (64.10% vs. 66.67%, p =
0.866), mineralocorticoid receptor antagonists (MRAs) (48.71%
vs. 43.58%, p = 0.630), and sodium-glucose cotransporter 2
inhibitor (SGLT2i) (82.05% vs. 78.20%, p 0.689) was not
significantly different; however, the use of beta-blockers was

inhibitors

42.30% during follow-up. All patients received guideline-directed
medical therapy adjusted for blood pressure, heart rate, renal
function, electrolytes, and comorbidities, following the heart
failure guidelines. The medications were titrated to the maximum
tolerated dose for each patient according to their specific
circumstances (McDonagh et al., 2021).

Compared with those in whom RBBB correction was successful,
patients who failed RBBB correction showed a longer QRS duration
(173.61 +£23.63 ms vs. 148.06 + 17.91 ms, p < 0.001) and a larger left
ventricular size (67.90 £ 7.62 mm vs. 54.15 + 7.67 mm, p < 0.001). Of
the 10 patients, 4 had ischemic cardiomyopathy, and the scar limited
the CSP delivery. Among the 10 patients, 4 patients accepted BiVP
for the anticipated high proportion of ventricular pacing, and the
other 6 patients accepted left ventricular septal pacing. However, no
improvements were detected in LVEF values (33.3% + 12.72% vs.
31.70% * 9.98%, p = 0.337) after follow-up.

Feasibility and safety of the CSP
procedure

Procedural outcomes are summarized in Table 2. Among the
78 patients with CSP, 13 patients underwent His-bundle pacing,
while 65 underwent LBBP. The total procedural duration averaged
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TABLE 1 Baseline characteristics of enrolled patients.

Characteristic

Male 53 (67.90%)
Age (y) 72.59 +9.51
BMI (Kg/m?) 24.01 +4.88
Hypertension 44 (56.41%)

Diabetes mellitus 18 (23.07%)

Atrial fibrillation 43 (55.13%)

Ischemic cardiomyopathy 14 (17.95%)

Dilated cardiomyopathy 8 (10.26%)

CR (umol/L) 88.97 + 34.37

BNP (ng/L) 3,542.71 +£2,269.22
NYHALIL, n (%) 17 (21.79)

NYHA IIL, n (%) 45 (57.7)

NYHA IV, n (%) 16 (20.5)

LVEF < 35% 22 (32.35)

LVEF < 50%, n (%) 48 (61.54)

LVEE > 50%, n (%) 30 (38.46)

QRSd (ms) 148.06 + 17.91

Follow-up duration (months) 26.94 +9.12

BMI, body mass index; CR, creatinine; BNP, B-type natriuretic peptide; LVEEF, left
ventricular ejection fraction; NYHA, New York Heart Association; QRSd, QRS duration.

78.21 + 22.93 min. The electrocardiograms before and after CSP
are shown in Figure 1. The impedance significantly decreased
compared to preoperative values (709.81 + 203.18 Q vs. 501.21 +
128.49 Q, p < 0.001). The R wave amplitude remained stable after
follow-up (8.99 + 577 mV vs. 10.96 = 8.03 mV, p = 0.168). The
HBP (1.25 + 0.52 V vs. 1.24 + 0.68 V, p = 0.987) and LBBP (1.08 +
0.46 Vvs. 1.04 +0.54 V, p =0.618) thresholds remained stable during
follow-up, and three patients exhibited increased thresholds. The
heart rate significantly increased compared to preoperative values
(48.23 + 14.17 bpm vs. 65.23 + 5.72 bpm, p < 0.001).

Among them, during the follow-up period, three patients had
increased thresholds (defined as a =1V increment), two in the
HBP group and one in the LBBP group. No infections, thromboses,
perforations, or lead dislodgements occurred during follow-up.

ECG parameters are also detailed in Table 2. Of the 88 patients,
78 (88.6%) underwent successful CSP, with a pacing percentage of
78.21% * 22.93%. Of these, 28 cases (35.89%) achieved complete
RBBB correction. The QRS duration (148.06 + 17.91 ms vs. 121.87
+ 14.47 ms, p < 0.001) reduced after RBBB correction. The normal
electrical axis was more common (50.00% vs. 87.18%, p < 0.001) after
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TABLE 2 Procedural parameters, electrocardiographic characteristics, and echocardiographic outcomes in patients with right bundle branch block at

baseline and follow-up.

Baseline (n = 78)

Follow-up (n = 78)

Procedural parameter

R wave amplitude (mV) 8.99+5.77 10.96 £ 8.03 0.168
Impedance (ohms) 709.81 +203.18 501.21 +128.49 <0.001
His capture threshold at 0.4 m (V) 1.25+0.52 1.24 £ 0.68 0.987
LBBP threshold at 0.4 m (V) 1.08 £ 0.46 1.04 £ 0.54 0.618
Heart rate (bpm) 48.23 + 14.17 65.23+5.72 <0.001
QRS duration, ms 148.06 + 17.91 121.87 + 14.47 <0.001
Normal axis, n, % 39 (50.00%) 68 (87.18%) <0.001
QRS duration in HBP, ms 154.92 + 16.98 118.69 + 14.30 <0.001
QRS duration in LBBP, ms 146.37 £ 17.69 121.95 + 14.62 <0.001
NYHA class 2.97 +0.68 1.63 £ 1.08 0.001
LVEF (%) 4379 +£11.71 46.94 + 10.06 0.020
LVEDD (mm) 54.15+7.67 52.71 +7.67 0.016
LAD (mm) 44.72 £ 8.07 43.86 + 8.42 0.114

HBP, His-bundle pacing; LBBP, left bundle branch pacing; LVEEF, left ventricular ejection fraction; LVEDD, left ventricular end-diastolic diameter; LA, left atrium.

RBBB correction. The paced QRS duration in patients with HBP was
shorter than that in those with LBBP (121.95 + 14.62 ms vs. 118.69
+ 14.30 ms, p = 0.036) (as shown in Figure 2).

Cardiac performance and remodeling
following CSP

The cardiac function gradually improved during the follow-
up (Table 3). The New York Heart Association (NYHA) class (2.97
+ 0.68 vs. 1.63 + 1.08, p < 0.001), LVEF (43.79% + 11.71% vs.
46.94% + 10.06%, p = 0.020), and left ventricular end-diastolic
diameter (LVEDD) (54.15 +7.67 mm vs. 52.71 £ 7.67 mm, p = 0.016)
showed significant improvements following CSP. The LAD was not
enlarged in the patients (44.72 + 8.07 mm vs. 43.86 + 8.42 mm, p
= 0.114) (Table 2). The subgroup analysis outcome is presented in
Table 4. LVEF improved much more significantly in patients with
LVEF < 50% (36.93% + 7.67% vs. 43.60% * 9.96%, p < 0.001). The
LAD did not show significant enlargement in any patients (43.41 +
5.53 mm vs. 42.98 + 6.02 mm, p = 0.537). Further subgroup analysis
demonstrated that LVEF improved (30.05% + 2.76% vs. 41.42% +
11.61%, p < 0.001) in patients with LVEF <35%more than in those
with LVEF 36%-49% (43.18% +4.69% vs. 45.59% + 7.95%, p = 0.153)
and LVEF > 50% (57.52% + 2.69% vs. 54.81% + 4.29%, p = 0.162)
(as shown in Figure 3). The LVEDD decreased in patients with LVEF
<35% (58.52 + 7.83 mm vs. 53.52 + 7.39 mm, p < 0.001) but not in
those with LVEF 36%-49% (43.18% * 4.69% vs. 45.59% + 7.95%,
p=0.153).

Frontiers in Physiology

Predictive factors for echocardiographic
response

Among them, there were 48 patients with an LVEF<50%. Among
these 48 patients, 27 achieved an LVEF improvement of >5% (27/48,
56.25%), and 17 (17/22, 77.27%) patients achieved improvement in
ejection fraction among those with an LVEF < 35%. The response
ratio in patients with HBP and LBBP is not significantly different
(62.50% vs. 55.00%, p = 0.696); however, the response ratio in
patients with complete RBBB correction is higher than that in those
with partial correction (70.59% vs. 45.16%, p = 0.037). Univariate
and multivariate logistic regression analyses were used to identify
predictors of echocardiographic response, as presented in Table 5.
Our findings revealed that LVEF (OR = 0.112, 95% CI: 0.011-0.839,
and p = 0.001) and AQRS (OR = 1.449, 95% CI: 1.292-2.445,
and p = 0.021) were independent risk factors for predicting an
echocardiographic response.

Discussion
Main findings

The study evaluated CSP in patients with RBBB and HF
and presented several key findings: CSP was associated with
significant improvements in cardiac function among patients
with RBBB and HE particularly those with RBBB and LVEF
< 35%. LVEF and AQRS were independent predictors of the
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Preoperative ECG (Al) indicates RBBB, while A2 demonstrates complete correction of RBBB after His-bundle pacing. Preoperative ECG (B1) indicates
RBBB, whereas B2 shows complete resolution of RBBB following left bundle branch pacing. RBBB, right bundle branch block; ECG, electrocardiogram.
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LBBP group. (B) The electric axis changes in CSP with RBBB patients in baseline and after procedure. ECG, electrocardiogram; CSP, conduction system
pacing; HBP, His-bundle pacing; LBBP, left bundle branch pacing; RBBB, right bundle branch block.
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echocardiographic response. CSP notably shortened the QRS
duration and promoted RBBB reversal, particularly in patients
with HBP, thereby improving physiological ventricular activation.
The pacing parameters remained stable over a 2-year follow-up,
confirming long-term safety and feasibility.
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Electrophysiological characteristics of
RBBB reversal following CSP

Previous studies have indicated that CSP is a viable option for

RBBB reversal (Zhu et al., 2021; Ponnusamy et al., 2025). This

05
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TABLE 3 Changes in cardiac function during follow-up.

10.3389/fphys.2025.1690243

Baseline 6 months 12 months 24 months
NYHA 2.97 +0.68 2.02 +0.46 1.73£0.98 1.63 +1.08 0.008
Heart rate 48.23 +14.17 68.35 + 6.87 64.34+7.12 65.23 +5.72 0.010
LVEDD 54.15+7.67 53.47 + 12.01 52.52 + 6.62 52.71 +7.67 0.034
LVEF 43.79 + 11.71 44.27 +10.74 45.75 +10.46 46.94 +10.06 0.027
Pacing percentage 74.35 +26.87 72.34 £27.12 78.21+£22.9 0.473

NYHA, New York Heart Association; LVEE, left ventricular ejection fraction; LVEDD, left ventricular end-diastolic diameter.

TABLE 4 Echocardiographic outcomes and clinical outcome in
patients with CSP.

Baseline Follow-up p-value

LVEF <50% (n = 48)

LVEF (%) 36.93 +7.67 43.60 +9.96 0.001
LVEDD (mm) 56.02 + 7.56 54.59 +7.68 0.036
LAD (mm) 43414553 42,98+ 6.02 0.537
LVEF 36%—-49% (n = 26)

LVEF (%) 43.18 + 4.69 45.59 +7.95 0.153
LVEDD (mm) 53.74 + 6.67 51.91+7.07 0.086
LAD (mm) 42.83 +551 41,61+ 5.09 0.146
LVEF <35% (n = 22)

LVEF (%) 30.05 + 2.76 4142 + 1161 0.001
LVEDD (mm) 58.52 +7.83 53.52+7.39 0.014
LAD (mm) 44.05 +5.61 44.48 + 6.70 0.713

LVEE left ventricular ejection fraction; LVEDD, left ventricular end-diastolic diameter; LA,
left atrium; CSP, conduction system pacing; HE, heart failure.

present study further demonstrates that CSP significantly reduces
QRS duration (148.06 + 17.91 ms vs. 121.87 + 1447 ms, p <
0.001) following CSP and substantially enhances electrical axis
normalization compared to baseline (50.00% vs. 87.18%, p < 0.001).

The mechanisms underlying paced QRS modulation are as
follows: (A) if the block is located in the His bundle branch,
according to the longitudinal dissociation theory, distal HBP can
bypass the block to correct RBBB; alternatively, high pacing output
can also capture the right bundle branch if the lead is located near
the block site (Mahmud and Jamal, 2021). (B) If the block is located
beyond the His bundle branch, the reversal mechanisms are as
follows: both the left bundle branch and the adjacent local septal
myocardium are activated, and the septal myocardium partially
offsets the right ventricular activation delay (Ponnusamy et al.,
2024; Li et al., 2019; Li et al., 2020). Anode capture further partially
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FIGURE 3
Changes in LVEF across LVEF levels before and after CSP.

compensates for the right ventricular electrical delay (Huang et al.,
2019). (C) An intramyocardial Purkinje network has been identified
within the ventricular septum, which might provide a unifying
explanation for normalization bundle branch conduction following
LBBP (Liu et al., 2025). All the mechanisms are shown in Figure 4.
However, CSP distal bundle
branch block.

The total reversal rate is 88.81%, including 13 patients with
HBP and 65 patients with LBBP. Among the 10 patients who
failed reversal, QRS duration was as long as 170 ms, suggesting
that a longer QRS duration may be associated with the failure of
RBBB reversal. However, for distal RBBB, CSP failed to reverse
conduction impairment, regardless of pacing output, due to the
distal block location (Wu et al., 2020).

Complete RBBB results in electrical asynchrony between the
left and right ventricles and within the right ventricle. The ECG
changes induced by LBBP differ from intrinsic RBBB, and right
ventricular activation remains synchronous, despite interventricular
asynchrony following LBBP (Ozpak et al., 2022). Partial resolution

cannot reverse the right
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TABLE 5 Predictive factors for an echocardiographic response with RBBB patients and LVEF<50%.

Univariate analysis

’ Multivariate analysis

OR 95% Cl p-value ‘ OR ‘ 95% ClI p-value

Atrial fibrillation 0.468 0.136-1.611 0.228

Ischemic cardiomyopathy 2.844 0.633-12.777 0.173

HBP pacing modality 0.575 0.02-8.714 0.42

Pacing percentage 0.124 0.914-1.011 0.961

AQRS 1.165 1.058-1.283 0.002 1.449 1.292-2.445 0.021
AHR 1.105 1.033-1.197 0.041

Baseline LVEF 0.279 0.131-0.593 0.001 0.112 0.011-0.839 0.001
ACEI/ARB/ARNI 1.100 0.332-3.640 0.876

Beta-blocker 1.212 0.413-1.514 0.155

MRA 1.132 0.494-2.530 0.586

SGLT2i 1.167 0.617-2.744 0.480

HBP, His-bundle pacing; LBBP, left bundle branch pacing; LVEEF, left ventricular ejection fraction; AQRS, changes in QRS duration; AHR, alterations in heart rate; ACEI,
angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; ARNI, angiotensin receptor-neprilysin inhibitor; MRA, mineralocorticoid receptor antagonist; SGLT2i,

sodium-glucose cotransporter 2 inhibitor.

of RBBB may result from right ventricular activation patterns.
Over time or at lower pacing voltages, passive pre-excitation of
the right ventricle (from the septum to the free wall) may lead to
partial correction, which may explain the incomplete normalization
after CSP (Mahmud and Jamal, 2021).

Cardiac performances following CSP in
different LVEF categories

Current data demonstrated that CRT is not associated with
reduced mortality or heart failure hospitalizations in patients with
non-LBBB QRS morphology. However, the role of CRT in patients
with wide QRS and non-LBBB morphology remains clinically
uncertain (Cunnington et al., 2015). Some studies showed that
patients with RBBB and concomitant left anterior fascicular block
or left posterior fascicular block may also potentially benefit from
CRT as either anterior or posterior block can induce partially
delayed left ventricular activation (Dennis et al., 2022; Naruse et al.,
2014). Additionally, there may be significant benefits from CRT in
patients with HF and RBBB who also have coexisting AV block
(Vijayaraman et al., 2022).

A previous study has established that among patients with
an LVEF <35%, those with RBBB exhibited significantly more
myocardial scarring than those with LBBB (Strauss et al,
2013). The increased associated with more
pronounced right ventricular dysfunction and more severe

scarring was

congestive symptoms (Pellicori et al., 2015). Consequently, the
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use of CSP, which can significantly reduce QRS duration, may
potentially improve clinical outcomes. Our study demonstrated
that CSP improved cardiac function in patients with RBBB and
an LVEF <35%. This finding demonstrated the benefits of CSP in
this patient population, likely due to its role in restoring electrical
synchronization.

Sharma et al. (2018a) demonstrated that HBP was associated
with a significant improvement in left ventricular function in
patients with RBBB and reduced LVEE Similarly, Vijayaraman et al.
(2022) also found that LBBP was a feasible alternative for patients
with RBBB and HE In this present study, it was further revealed that
patients with LVEF <35% exhibited significant LVEF improvement
following CSP.

Limitations

This study was a retrospective cohort study conducted at a single
center. Larger, randomized, multicenter studies may be necessary
to validate these findings. The outcome comparison between HBP
and LBBP was not performed due to the limited sample size. Owing
to the lack of direct comparison with right ventricular pacing and
the absence of a dedicated control group, further validation of our
findings through large-scale, prospective, randomized controlled
trials is warranted. Additionally, the presence of numerous
confounding factors, such as intraventricular conduction block,
first-degree atrioventricular block, and concomitant underlying
diseases, may all potentially affect the study results.
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FIGURE 4

Lv

Purkinje
LBB  rotwork

Electrophysiological mechanism of CSP in RBBB reverse. (A) RBBB is located within the His bundle. HBP is performed distal to the His bundle and
across the lesion, correcting RBBB or relying on high-voltage pacing output to capture RBBB. (B) As the pacing output voltage increases, the left
bundle branch and the local adjacent septal myocardium are captured. Greater capture of the septal myocardium partially compensates for the right
ventricle excitation delay caused by RBBB and may even capture the right bundle branch beyond the conduction block, thereby correcting RBBB. (C)
LBBP lead tips directly capture electrical activity of the septal Purkinje network, which forms interconnections with both left and right bundle branches,
enabling rapid impulse propagation through the His—Purkinje system. (D) The block site is located at the distal right bundle branch and thus cannot be
corrected by LBBP through any approach. CSP, conduction system pacing; LVEF, left ventricular ejection fraction; RBBB, right bundle branch block;

HBP, His-bundle pacing; LBBP, left bundle branch pacing.

Conclusion

CSP is safe and effective for patients with RBBB and HF, with
particularly notable improvements in cardiac performance among
those with severely reduced LVEE.
Data availability statement

The original contributions presented in the study are included
in the article/Supplementary Material; further inquiries can be
directed to the corresponding author.

Ethics statement

The studies involving humans were approved by the Ethics
Committee of the First Affiliated Hospital of Dalian Medical

Frontiers in Physiology 08

University. The studies were conducted in accordance with the local
legislation and institutional requirements. The participants provided
their written informed consent to participate in this study. Written
informed consent was obtained from the individual(s) for the
publication of any potentially identifiable images or data included
in this article.

Author contributions

JJ-J: Writing - original draft, Writing - review and editing,
Data curation, Formal analysis. SX-X: Writing — original draft, Data
curation, Formal analysis. LT-Z: Formal analysis, Methodology,
Project administration, Writing — original draft. WX: Investigation,
Software, Supervision, Writing - review and editing. YX-L:
Supervision, Visualization, Writing — original draft, Writing - review
and editing. AX-J: Resources, Formal analysis, Writing — original
draft. XY-L: Funding acquisition, Visualization, Writing — review

frontiersin.org


https://doi.org/10.3389/fphys.2025.1690243
https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org

Jing-Jing et al.

and editing. DY-X: Writing - original draft, Writing — review and
editing, Investigation, Visualization.

Funding

The authors declare that financial support was received for
the research and/or publication of this article. Funding from the
Scientific and Technological Innovation Foundation of Dalian City
(2024]J12PT016) is gratefully acknowledged.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The authors declare that no Generative AI was used in the
creation of this manuscript.

References

Baldasseroni, S., Opasich, C., Gorini, M., Lucci, D., Marchionni, N., Marini, M.,
et al. (2002). Left bundle-branch block is associated with increased 1-year sudden
and total mortality rate in 5517 outpatients with congestive heart failure: a report
from the Italian network on congestive heart failure. Am. Heart J. 143 (3), 398-405.
doi:10.1067/mhj.2002.121264

Biton, Y., Kutyifa, V., Cygankiewicz, I., Goldenberg, I, Klein, H., McNitt,
S., et al. (2016). Relation of QRS duration to clinical benefit of cardiac
resynchronization therapy in mild heart failure patients without left bundle
branch block: the multicenter automatic defibrillator implantation trial with
cardiac resynchronization therapy substudy. Circ. Heart Fail 9 (2), €002667doi.
doi:10.1161/CIRCHEARTFAILURE.115.002667

Cunnington, C., Kwok, C. S., Satchithananda, D. K., Patwala, A., Khan, M. A,, Zaidi,
A., et al. (2015). Cardiac resynchronisation therapy is not associated with a reduction
in mortality or heart failure hospitalisation in patients with non-left bundle branch
block QRS morphology: meta-analysis of randomised controlled trials. Heart 101 (18),
1456-1462. doi:10.1136/heartjnl-2014-306811

Dennis, M. ], Sparks, P. B, and Capitani, G. (2022). Tailoring cardiac
resynchronisation therapy to non-left bundle branch block: successful cardiac
resynchronisation for right bundle branch block with left posterior fascicular block
without implantation of a left ventricular lead. Indian Pacing Electrophysiol. J. . 22 (4),
207-211. doi:10.1016/j.ipej.2022.04.002

Ellenbogen, K. A., and Huizar, J. E (2012). Foreseeing super-response to cardiac
resynchronization therapy: a perspective for clinicians. J. Am. Coll. Cardiol. 59 (25),
2374-2377. doi:10.1016/j.jacc.2011.11.074

Huang, W, Su, L., Wu, S,, Xu, L., Xiao, E, Zhou, X,, et al. (2017). A novel pacing
strategy with low and stable output: pacing the left bundle branch immediately beyond
the conduction block. Can. J. Cardiol. 33 (12), el-e1736. d0i:10.1016/j.cjca.2017.09.013

Huang, W, Chen, X,, Su, L., Wu, S., Xia, X, and Vijayaraman, P. (2019). A beginner’s
guide to permanent left bundle branch pacing. Heart Rhythm. 16 (12), 1791-1796.
doi:10.1016/j.hrthm.2019.06.016

Jiang, H., Hou, X., Qian, Z., Wang, Y., Tang, L., Qiu, Y., et al. (2020). A novel 9-

partition method using fluoroscopic images for guiding left bundle branch pacing.
Heart Rhythm. 17 (10), 1759-1767. doi:10.1016/j.hrthm.2020.05.018

Li, X, Li, H., Ma, W,, Ning, X., Liang, E., Pang, K., et al. (2019). Permanent left bundle
branch area pacing for atrioventricular block: feasibility, safety, and acute effect. Heart
rhythm. 16 (12), 1766-1773. doi:10.1016/j.hrthm.2019.04.043

Li, X., Fan, X,, Li, H., Ning, X,, Liang, E., Ma, W,, et al. (2020). ECG patterns
of successful permanent left bundle branch area pacing in bradycardia patients
with typical bundle branch block. Pacing Clin. Electrophysiol. 43 (8), 781-790.
doi:10.1111/pace.13982

Frontiers in Physiology

09

10.3389/fphys.2025.1690243

Any alternative text (alt text) provided alongside figures in
this article has been generated by Frontiers with the support of
artificial intelligence and reasonable efforts have been made to
ensure accuracy, including review by the authors wherever possible.
If you identify any issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or claim
that may be made by its manufacturer, is not guaranteed or endorsed
by the publisher.

Supplementary material

The this
found online at: https://www.frontiersin.org/articles/10.3389/
fphys.2025.1690243/full#supplementary-material

Supplementary Material for article can Dbe

Liu, X., Mulpuru, S. K., Behfar, A., Hillestad, M., Mahlberg, R., DeSimone, C. V.,
et al. (2025). Septal intramyocardial Purkinje network:a potential new mechanism
explaining left bundle branch area pacing physiology. JACC Clin. Electrophysiol. . 11
(8), 1835-1848. doi:10.1016/j.jacep.2025.03.030

Mahmud, R, and Jamal, S. (2021). Effect of his bundle pacing on right
bundle branch block located distal to site of pacing. J. Electrocardiol. 64, 58-65.
doi:10.1016/j.jelectrocard.2020.11.009

McDonagh, T. A. M. M., Adamo, M., Gardner, R. S., Baumbach, A., B6hm, M., Burri,
H., et al. (2021). 2021 ESC guidelines for the diagnosis and treatment of acute and
chronic heart failure. Eur. Heart J. 42 (36), 3599-3726. doi:10.1093/eurheartj/ehab368

Naruse, Y., Seo, Y., Murakoshi, N., Ishizu, T,, Sekiguchi, Y., and Aonuma, K. (2014).
Triventricular pacing improved dyssynchrony in heart failure patient with right-bundle
branch block and left anterior fascicular block. J. Cardiol. Cases 9 (4), 158-161.
doi:10.1016/j.jccase.2013.12.013

Ozpak, E., Demolder, A., Kizilkilic, S., Calle, S., Timmermans, E, and De Pooter,
J. (2022). An electrocardiographic characterization of left bundle branch area pacing-
induced right ventricular activation delay: a comparison with native right bundle
branch block. Front. Cardiovasc Med. 9, 885201. doi:10.3389/fcvm.2022.885201

Pellicori, P, Joseph, A. C., Zhang, J., Lukaschuk, E., Sherwi, N., Bourantas, C. V., et al.
(2015). The relationship of QRS morphology with cardiac structure and function in
patients with heart failure. Clin. Res. Cardiol. 104 (11), 935-945. doi:10.1007/500392-
015-0861-0

Perloff, J. K. R. N., and Cabeen, W. R., Jr (1979). Left axis deviation: a reassessment.
Circulation 60 (1), 12-21. d0i:10.1161/01.cir.60.1.12

Ponnusamy, S. S., Basil, W,, Ganesan, V., Syed, T., Ramalingam, V., Mariappan,
S., et al. (2024). Retrograde conduction in left bundle branch block: insights
from left bundle branch pacing. JACC Clin. Electrophysiol. 10 (8), 1885-1895.
doi:10.1016/j.jacep.2024.04.004

Ponnusamy, S. S., Ganesan, V., Ramalingam, V., Kumar, S., Ramamoorthy, R., Ramu,
K., et al. (2025). Electrophysiologic characteristics and clinical correlation of right
ventricular activation during left bundle branch area pacing (RV-LBBAP study). Heart
rhythm. 22 (8), e407-e415. doi:10.1016/j.hrthm.2024.10.049

Reddy, S., Kattamuri, L., Dwivedi, A., Mukherjee, D., and Deoker, A. (2025).
Association of left and right branch blocks with clinical outcomes in patients with heart
failure with preserved ejection fraction. Int. J. Angiol. 34 (02), 092-099. d0i:10.1055/a-
2516-2082

Rickard, J., Bassiouny, M., Cronin, E. M., Martin, D. O., Varma, N., Niebauer, M. J.,
et al. (2011). Predictors of response to cardiac resynchronization therapy in patients
with a non-left bundle branch block morphology. Am. J. Cardiol. 108 (11), 1576-1580.
doi:10.1016/j.amjcard.2011.07.017

frontiersin.org


https://doi.org/10.3389/fphys.2025.1690243
https://www.frontiersin.org/articles/10.3389/fphys.2025.1690243/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fphys.2025.1690243/full#supplementary-material
https://doi.org/10.1067/mhj.2002.121264
https://doi.org/10.1161/CIRCHEARTFAILURE.115.002667
https://doi.org/10.1136/heartjnl-2014-306811
https://doi.org/10.1016/j.ipej.2022.04.002
https://doi.org/10.1016/j.jacc.2011.11.074
https://doi.org/10.1016/j.cjca.2017.09.013
https://doi.org/10.1016/j.hrthm.2019.06.016
https://doi.org/10.1016/j.hrthm.2020.05.018
https://doi.org/10.1016/j.hrthm.2019.04.043
https://doi.org/10.1111/pace.13982
https://doi.org/10.1016/j.jacep.2025.03.030
https://doi.org/10.1016/j.jelectrocard.2020.11.009
https://doi.org/10.1093/eurheartj/ehab368
https://doi.org/10.1016/j.jccase.2013.12.013
https://doi.org/10.3389/fcvm.2022.885201
https://doi.org/10.1007/s00392-015-0861-0
https://doi.org/10.1007/s00392-015-0861-0
https://doi.org/10.1161/01.cir.60.1.12
https://doi.org/10.1016/j.jacep.2024.04.004
https://doi.org/10.1016/j.hrthm.2024.10.049
https://doi.org/10.1055/a-2516-2082
https://doi.org/10.1055/a-2516-2082
https://doi.org/10.1016/j.amjcard.2011.07.017
https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org

Jing-Jing et al.

Sharma, P. S., Dandamudi, G., Herweg, B., Wilson, D., Singh, R., Naperkowski, A.,
et al. (2018a). Permanent his-bundle pacing as an alternative to biventricular pacing
for cardiac resynchronization therapy: a multicenter experience. Heart rhythm. 15 (3),
413-420. doi:10.1016/j.hrthm.2017.10.014

Sharma, P. S., Naperkowski, A., Bauch, T. D., Chan, J. Y. S., Arnold, A. D., Whinnett, Z.
L, et al. (2018b). Permanent his bundle pacing for cardiac resynchronization therapy in
patients with heart failure and right bundle branch block. Circ. Arrhythm. Electrophysiol.
11 (9), €006613. doi:10.1161/CIRCEP.118.006613

Strauss, D. G., Loring, Z., Selvester, R. H., Gerstenblith, G., Tomaselli, G., Weiss,
R. G, et al. (2013). Right, but not left, bundle branch block is associated with
large anteroseptal scar. J. Am. Coll. Cardiol. 62 (11), 959-967. d0i:10.1016/j.jacc.2013.
04.060

Vijayaraman, P, Subzposh, E A., Naperkowski, A., Panikkath, R., John,
K., Mascarenhas, V., et al. (2019). Prospective evaluation of feasibility and
electrophysiologic and echocardiographic characteristics of left bundle branch
area pacing. Heart rhythm. 16 (12), 1774-1782. doi:10.1016/j.hrthm.2019.05.011

Vijayaraman, P, Cano, O., Ponnusamy, S. S., Molina-Lerma, M., Chan, J. Y.
S., Padala, S. K., et al. (2022). Left bundle branch area pacing in patients with
heart failure and right bundle branch block: results from international LBBAP
collaborative-study group. Heart rhythm. 3 (4), 358-367. doi:10.1016/j.hroo.2022.
05.004

Frontiers in Physiology

10

10.3389/fphys.2025.1690243

Vijayaraman, P, Sharma, P. S., Cano, O., Ponnusamy, S. S., Herweg, B., Zanon, E,
et al. (2023). Comparison of left bundle branch area pacing and biventricular pacing
in candidates for resynchronization therapy. J. Am. Coll. Cardiol. 82 (3), 228-241.
doi:10.1016/j.jacc.2023.05.006

Wu, S, Su, L., Zheng, R., Xu, L., and Huang, W. (2020). New-onset intrinsic and
paced QRS morphology of right bundle branch block pattern after atrioventricular
nodal ablation: longitudinal dissociation or anatomical bifurcation? J. Cardiovasc
Electrophysiol. 31 (5), 1218-1221. doi:10.1111/jce.14469

Wu, S., Chen, X., Wang, S., Xu, L., Xiao, F, Huang, Z., et al. (2021). Evaluation of
the criteria to distinguish left bundle branch pacing from left ventricular septal pacing.
JACC Clin. Electrophysiol. 7 (9), 1166-1177. doi:10.1016/j.jacep.2021.02.018

Zhang, J. ., Guo, J., Hou, X., Wang, Y., Qian, Z., Li, K,, et al. (2018). Comparison

ofthe effects of selective and non-selective his bundle pacing on cardiac electrical
andmechanical synchrony. Europace. 20 (6), 1010-1017. doi:10.1093/europace/eux120

Zhu, K, Lin, M, Li, L., Chang, D., and Li, Q. (2021). Left bundle branch pacing
shortened the QRS duration of a right bundle branch block. J. Electrocardiol. 68,
153-156. doi:10.1016/j.jelectrocard.2021.08.018

Zhu, K., Sun, Y., Lin, M., Deng, Y., Li, L., Li, G, et al. (2022). The physiologic
mechanisms of paced QRS narrowing during left bundle branch pacing in right bundle
branch block patients. Front. Cardiovasc Med. 9, 835493. doi:10.3389/fcvm.2022.835493

frontiersin.org


https://doi.org/10.3389/fphys.2025.1690243
https://doi.org/10.1016/j.hrthm.2017.10.014
https://doi.org/10.1161/CIRCEP.118.006613
https://doi.org/10.1016/j.jacc.2013.04.060
https://doi.org/10.1016/j.jacc.2013.04.060
https://doi.org/10.1016/j.hrthm.2019.05.011
https://doi.org/10.1016/j.hroo.2022.05.004
https://doi.org/10.1016/j.hroo.2022.05.004
https://doi.org/10.1016/j.jacc.2023.05.006
https://doi.org/10.1111/jce.14469
https://doi.org/10.1016/j.jacep.2021.02.018
https://doi.org/10.1093/europace/eux120
https://doi.org/10.1016/j.jelectrocard.2021.08.018
https://doi.org/10.3389/fcvm.2022.835493
https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org

Jing-Jing et al.

Glossary

CSp conduction system pacing

RBBB right bundle branch block

HF heart failure

HBP His-bundle pacing

LBBP left bundle branch pacing

LVEF left ventricular ejection fraction

LVEDD left ventricular end-diastolic diameter
LAD left atrium diameter

NYHA New York Heart Association

LBBB left bundle branch block

CRT cardiac resynchronization therapy

BiVP biventricular pacing

HFrEF heart failure with reduced left ventricular ejection fraction
LVAT Stim-left ventricular active time

v left ventricular

AV atrioventricular

HFpEF heart failure with preserved left ventricular ejection fraction
ECG electrocardiogram

ACEI angiotensin-converting enzyme inhibitor
ARB angiotensin receptor blocker

ARNI angiotensin receptor-neprilysin inhibitor
MRA mineralocorticoid receptor antagonist
SGLT2i sodium-glucose cotransporter 2 inhibitor
AQRS changes in QRS duration

AHR alterations in heart rate

AF atrial fibrillation

BMI body mass index

CR creatinine

BNP B-type natriuretic peptide

QRSd QRS duration

CI confidence interval

OR odds ratio
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