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Abstract

Background: Left bundle branch pacing (LBBP) has been suggested as an alternative
means to deliver cardiac resynchronization therapy (CRT).

Hypothesis: LBBP may deliver resynchronization therapy along with an advantage
over traditional biventricular (BiV) pacing in clinical outcomes.

Methods: Heart failure patients who presented LBBB morphology according to
Strauss's criteria and received successful CRT procedure were enrolled in the present
study. Propensity score matching was applied to match patients into LBBP-CRT
group and BiV-CRT group. Then, the electrographic data, the echocardiographic data
and New York heart association (NYHA) class were compared between the groups.
Results: Twenty-one patients with successful LBBP procedure and another 21 mat-
ched patients with successful BiV-CRT procedure were finally enrolled in the study.
The QRS duration (QRSd) was narrowed from 167.7 £ 14.9 ms to 111.7 £ 12.3 ms
(P < .0001) in the LBBP-CRT group and from 163.6 = 13.8 ms to 130.1 + 14.0 ms
(P < .0001) in the BiV-CRT group. A trend toward better left ventricular ejection frac-
tion (LVEF) was recorded in the LBBP-CRT group (50.9 + 10.7% vs 44.4 + 13.3%,
P = .12) compared to that in the BiV-CRT group at the 6-month follow-up. A trend
toward better echocardiographic response was documented in patients receiving
LBBP-CRT procedure (90.5% vs 80.9%, P = .43) and more super CRT response was
documented in the LBBP-CRT group (80.9% vs 57.1%, P = .09) compared to that in
the BiV-CRT group.

Conclusions: LBBP-CRT can dramatically improve the electrical synchrony in heart
failure patients with LBBB. Meanwhile, compared with the traditional BiV-CRT, it has
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a tendency to significantly improve LVEF and enhance the NYHA cardiac function
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1 | INTRODUCTION

Biventricular pacing (BiV) has been established as a credible adjuvant
treatment for patients with heart failure and LBBB.'® However,
approximately 30% of patients do not respond to cardiac
resynchronization therapy (CRT) of standard BiV pacing. CRT nonre-
sponse is multi-factorial with suboptimal LV lead placement a domi-
nant contributing factor and the electrical synchrony restored by BiV
is actually a nonphysiological one, which is through variable fusion of
wavefronts propagating from endocardium and epicardium.* Left bun-
dle branch pacing (LBBP) is a novel strategy for CRT which was first
recommended by Huang et al in 2017.° Later on, Zhang et al reported
that LBBP was clinically feasible and effective in a small cohort of
heart failure patients with LBBB.® Recently, several nonrandomized
studies suggested that LBBP-CRT has some advantages in restoring
electrical synchrony over BiV-CRT leading to better CRT response.
New criteria to define the presence of a “true” LBBB have been pro-
posed by Strauss et al, which include a QS or rS morphology in V1 to
V2, a duration 2140 ms for men and 2 130 ms for women, along with
mid-QRS notching or slurring in 22 leads among |, aVL, V1, V2, V5,
and V6.” Studies had shown that patients with heart failure and LBBB
met the Strauss's criteria had good response to BIV. More evidences
are needed to confirm whether LBBP-CRT is superior to BIV-CRT in
this special patient population. In this study, we evaluated the ability
of LBBP to deliver resynchronization in patients with strictly defined
LBBB and indications for CRT.

2 | METHODS

2.1 | Patient selection

This was a prospective, observational study. Heart failure patients
presented LBBB morphology met Strauss's criteria, with left ventricu-
lar ejection fraction(LVEF) <35%, New York Heart Association (NYHA)
functional class Il to IV and successful CRT procedure in Xiamen Car-
diovascular Hospital, Xiamen University from January, 2018 to
December, 2019 were recruited in the present study. Since February
2018, LBBP was offered as an alternative choice for CRT in patients
with typical LBBB in our center. The operator discussed the nonstan-
dard but potentially more physiological pacing approach with the
patients and obtained informed consent before the LBBP-CRT proce-
dure. All the patients that received successful LBBP-CRT procedure
were included. Patients who received successful BiV-CRT during the

study period were selected as control by using 1 to 1 propensity score
matching to minimize bias based on gender, etiology and LV end-
diastolic diameter (LVEDD). Patients with previous pacemaker
implanted, followed up irregularly or less than 6 months, and could
not provide informed consent were excluded. The approval of the
Ethics Committee of Xiamen Cardiovascular Hospital, Xiamen Univer-
sity was obtained prior to patient enrollment, and informed consent
was obtained from all participants. The trial was conducted in accor-
dance with the principles of the Declaration of Helsinki.

2.2 | Procedural details

In the LBBP-CRT group, the LBBP lead was implanted by a trans-
ventricular septal method in the basal ventricular septum as described
elsewhere® Briefly, the Select Secure pacing lead(model 3830,
Medtronic Inc., Minneapolis, Minnesota) was introduced through a
fixed curve sheath (C315 HIS, Medtronic Inc.) anteroseptally toward
the His region to localize His potentials. Temporary His bundle
pacing(HBP) was attempted to determine whether LBBB could be
corrected. Then the lead was further advanced toward the cardiac
apex by 1.0 to 2.0 cm and perpendicularly screwed in. The lead was
finally fixed when the paced QRS morphology showed a “QR/Qr” pat-
tern in V1, the stimulus to LV activation time (stim-LVAT) was the
shortest and consistent during high and low outputs in V5 or V6, and
the capture threshold <1.5 V@0.4 ms’. If the LBBP procedure was
unsuccessful, traditional BiV-CRT was selected as an alternative pac-
ing modality.

In the BiV-CRT group, a LV lead was positioned with standard
technique in the lateral or post-lateral LV vein if possible.}° RV defi-
brillator lead or pacing lead was implanted in the right ventricular apex
and atrial lead was implanted in the right atrial appendage (RA) in
patients with sinus rhythm.

2.3 | Device connection and programming

In the LBBP-CRT group, CRT-pacemakers (CRT-P) and CRT-
defibrillators (CRT-D) were the first choice for implantation, while
DDD or VVI implantation was selected as an alternative in patients
with poor economic conditions on the late period of the study. The
lead to device connection configurations are showed in Figure 1. All
LBBP leads were programmed at tip unipolar pacing with output of
3.0 V@0.4 ms. In patients with sinus rhythm, the PAV/SAV was
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Sinus Rhythm(n=18)

AF(n=3)
Device Port CRTP(4) CRTD(10) DDD(4) CRTD(2) VVI(1)
A A A A 3830-LBBP -
RV 3830-LBBP RV 3830-LBBP RV 3830-LBBP
LV LV 3830-LBBP LV -

FIGURE 1 The lead to device connection configurations A: right atrial port. AF, atrial fibrillation; LBBP, left bundle branch pacing; LV, left

ventricular port; RV, right ventricular port

adjusted to synchronize LBBP with intrinsic right bundle branch con-
duction in the LBBP-CRT group, while the PAV/SAV was
programmed to 130/100 ms and V-V delay was programmed to LV-
RV 20 ms in the BiV-CRT group.

24 | Data collections and follow up

Baseline characteristics and medical history of participants were col-
lected at enrollment. Twelve-lead surface ECG and the intracardiac
electrogram (IEGM) were recorded by the GE CardiolLab Electrophysi-
ology recording system (GE Healthcare Inc., Marlborough, Massachu-
setts) at 100 mm/sec. The intrinsic QRSd, the paced QRSd (pQRSd),
the stim-LVAT and the QT interval were measured in sequence. The
QRSd was measured from the first onset of the complex to the latest
offset in all leads. Stim-LVAT was measured from the stimulus to the
peak of R-wave in lead V5 or V6. The QT interval was measured from
the QRS onset at the earliest deflection in any lead to the end of the
T wave in any lead, and the QTc was calculated using the Bazett for-
mula as the duration of the QT interval adjusted for the patient's heart
rate.!! The echocardiographic parameters were documented including
LVEF, LVEDD and LV end systolic dimension (LVESD) The LVEF was
calculated with the modified Simpson's method (Three measures from
each projection were taken, and the average value was recorded). All
echocardiographic examinations were performed by the same experi-
enced echocardiographer and analyzed by two independent experi-
enced echocardiographers blinded to the study.

All patients were followed up at 3 months, 6 months and 1 year
after implantation. The data of patients' survival status, NYHA func-
tional class, and echocardiographic data were routinely documented
and collected. Lead parameters including pacing threshold, R-wave

amplitude and impedance were recorded at implantation and each

follow-up visit. Possible complications such as infections, pericardial
effusion, chronic capture threshold elevation, lead dislodgment and
lead deficiencies were routinely tracked.

2.5 | Definition of CRT response

Echocardiographic response was defined as an LVEF improvement of
at least 5% at the 6-month follow-up visit compared to that at base-
line. CRT response was defined as an improvement of the patient's
symptomatic status, such as decreasing NYHA functional class for at
least one grade at the last follow-up compared to the basal value. CRT
super-response was defined as a significant improvement in heart
function, with the NYHA functional class decreasing to grade | or Il,
along with greater improvement in LVEF for at least 15% or a final
LVEF>45%, and a decrease in LVESD>15%."2

2.6 | Statistical analysis

Descriptive statistics were used to summarize the clinical and echo-
cardiographic outcomes. Continuous variables were expressed as the
mean * SD, and categorical variables were presented as the numbers
and percentages in each group. In propensity matched analysis, the
variables in the logistic regression model for calculating propensity
score (PS) included gender, etiology and LVEDD. Matching was per-
formed using the logit-transformed PS. An optimal matching algorithm
with a caliper width of 0.2 standard deviations of the logit of the PS
was used. Comparison of continuous variables was tested by Stu-
dent's t test or Mann-Whitney U-test according to the data distribu-
tion. Comparisons of categorical variables were compared by

Chi-square analysis. All statistical tests were two tailed and a value of
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P < .05 was considered statistically significant. All statistical analyses
were performed using SPSS Statistics version 22.0 (Chicago, IL, USA).

3 | RESULTS

3.1 | Study population

A total of 24 patients underwent LBBP-CRT attempt during this study
period, among them 21 were successful in the LBBP procedure
resulting in a success rate of 87.5% (supplement data). Three patients
failed in LBBP-CRT procedure due to difficulties in screwing the 3830
lead into the deep ventricular septum and subsequent BiV-CRT was
successfully performed as an alternative. Twenty-one matched
patients with successful BiV-CRT were recruited as control. The mean
age was 65.6 + 8.7 years (range 45 to 82 years), 18 patients (42.9%)
were male and 38 patients (90.5%) were diagnosed with nonischemia

TABLE 1 Baseline characteristics of

the recruited patients
Age, y mean = SD

Male, n(%)
NICM n (%)
ICM, n (%)
HT
DM
CKD
AF, n (%)
Intrinsic QRSd(ms)
LVEDD(mm)
LVEF(%)
MR:
Mild, n(%)
Moderate, n (%)
Severe, n (%)
NYHA class
I, n(%)
I, n(%)
IV, n(%)
Medicine
ACEI/ARB/ARNI

Beta-blockers

Aldosterone antagonist

Diuretics
Digoxin
Amiodarone

Ivabradine

cvees RWIESEEE

cardiomyopathy (NICM) in this cohort. Detailed baseline characteris-
tics of the recruited patients in both groups were described in
Table 1. No significant differences were noted between LBBP-CRT
group and BiV-CRT group based on baseline demographics, echocar-

diographic measurements and medication.

3.2 | Procedural outcomes

Among the 24 patients underwent LBBP-CRT attempt, His potential
was documented in 17 patients (70.8%)and LBBB was corrected in
15 out of this 17 patients (88.2%) undergoing temporary HBP. LBBP
was successful in 21 patients with LBBB corrected under low output,
and the mean LBBP capture threshold was 0.48 + 0.22 V@0.4 ms.
The mean pQRSD was 116.7 = 9.7 ms and the mean stim-LVAT were
81.2 + 13.2 ms under LBBP with tip unipolar pacing. Twelve patients
received CRT-D and four patients received CRT-P implantation. DDD

LBBP(N = 21) BIV(N = 21) P value
66.1+9.7 65.1+75 .59
9(42.9%) 9(42.9%) 1.0
19(90.5%) 19(90.5%) 1.0
2(9.5%) 2(9.5%) 1.0
9(42.9%) 7(33.3%) .52
8(38.1%) 1(4.8%) .08
3(14.3%) 1(4.8%) 29
3(14.3%) 1(4.8%) 29
167.7 £ 14.9 163.6 +13.8 .36
64.9 +7.2 66.7+54 .36
30.0+5.0 29841 77
.07
8(38.1%) 10(47.6%)
7(33.3%) 6(28.6%)
4(19.1%) 3(14.3%)
.64
4(19.1%) 4(19.1%)
10(47.6%) 12(57.1%)
7(33.3%) 5(23.8%)
19(90.5%) 19(90.5%) 1
20(95.2%) 21(100%) 31
18(85.7%) 21(100%) .07
18/(85.7%) 21(100%) .07
10(47.6%) 13(61.9%) .35
1(4.8%) 5(23.8%) .07
3(14.3%) 6(28.6%) 26

Abbreviations: AF, atrial fibrillation; BiV, biventricular pacing; CKD, chronic kidney disease; DM, diabetes;
HT, hypertension; ICM, ischemic cardiomyopathy; LBBP, left bundle branch pacing; LVEDD, left ventricu-
lar end diastolic diameter; LVEF, left ventricular ejection fraction; MR, mitral valve regurgitation; NICM,
nonischemic cardiomyopathy; NYHA class, the New York heart association functional class.
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were implanted in four patients and VVI was implanted in one patient
who was complicated with atrial fibrillation, in lieu of tri-chamber pac-
ing due to poor economic conditions (supplement data), LBBP syn-
chronized with intrinsic right bundle branch conduction and the
shortest QRSd was achieved by adjusting AV delay in 18 patients with
sinus rhythm, except for three patients with persistent atrial fibrilla-
tion. In the BiV-CRT group, the mean LV capture threshold was 1.12
+ 0.46 V@0.4 ms. Twelve patients received CRT-D implantation and
nine patients received CRT-P in this group. LV lead were positioned in
the lateral LV vein in 14 patients, in the post-lateral LV vein in one

patients and anterior-lateral LV vein in six patients. The X-ray

exposure duration were significantly shorter in the LBBP-CRT group
than that in the BiV-CRT group (17.9 £+7.1 minutes vs 37.8
+14.2, P < .001).

3.3 | Electrographic data

The detailed electrographic data were shown in Table 2. There were
no significant differences in QRSd, and QTc at baseline between the
LBBP-CRT group and the BiV-CRT group. The paced QRSd and QT

interval were narrowed significantly compared to the baseline value in

TABLE 2 Comparison of electrographic data and outcomes n different groups

LBBP-CRT BIV-CRT P value
VP% 99.1+1.9% 99.3+0.9% .67
Electrocardiographic data
QRSD
intrinsic QRSD (ms) 167.7 £ 14.9 163.6 +13.8 .36
Paced QRSD (ms) 111.7 £ 12.3° 130.1 + 14.0° <.0001
AQRSD (ms) 56.0 £ 14.7 323 +£14.6 <.0001
AQRSD / intrinsic QRSD(%) 334+72 19.6 + 8.5 <.0001
QTC
intrinsic QTC (ms) 515.7 £ 32.3 5122 +41.1 .8
Paced QTC (ms) 450.9 + 31.57 474.3 + 33.57 .06
Echocardiographic data
LVEDD(mm)
Baseline 649 7.2 66.7+54 .36
6 months 53.9 £9.2° 57.3+9.0° 15
LVESD(mm)
Baseline 53.8+9.5 55074 .06
6 months 39.5+10.7° 445+ 11.1° 15
LVEF(%)
Baseline 30.0+5.0 298+4.1 77
6 months 50.9 +10.7° 444 £133° 12
ALVEF 20.5+£9.6 154 +11.2 15
Clinic response
NYHA class
Baseline 3.0+0.7 3007 .64
6 months 1.3+09° 1.5+0.7° .06
Improvement=>1 class 21 (100%) 19 (90.4%) .15
Improvement=2 class or improvement to | class 18 (85.7%) 13 (61.9%) .08
CRT response
Response rate 19 (90.5%) 17 (80.9%) 43
Super response rate 17 (80.9%) 12 (57.1%) .09

2P < .01, compared with intrinsic conduction in the same group.

bp < .0001, comparison between baseline and 6 months follow-up within the same group.

Abbreviations: BiV, biventricular pacing; CRT, cardiac resynchronization therapy; LBBP: left bundle branch pacing; LVEDD, left ventricular end diastolic
diameter; LVSED, left ventricular end systolic diameter; LVEF, left ventricular ejection fraction; ALVEF, change in absolute LVEF between baseline and
6 months; QRSD, QRS duration ; AQRSD, reduction in QRS duration before and after pacing in the same patient; NYHA class, the New York heart associ-

ation functional class.
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both CRT groups. The QRSd was narrowed from 167.7 + 14.9 ms to
111.7 + 12.3 ms (P < 0.0001) after optimizing AV delay in the LBBP-
CRT group, while the QRS duration was narrowed from 163.6
+13.8 ms to 130.1 + 14.0 ms (P < .0001) in the BiV-CRT group. The
reduction in QRSd was more remarkable in the LBBP-CRT group com-
pared to that in the BiV-CRT group (Figure 2).

3.4 | Clinical outcomes

The mean follow-up period was 14.3 + 7.2 months (ranging from 6 to
27 months). Significant improvements were recorded with respect to
baseline measurements for NYHA Class and echocardiographic data
at 6 month follow-up in both groups (Figure 2). All the participants
completed the 6 months follow-up with LVEF improved from 30.0
+5.0% to 50.9 + 10.7% (P < .0001), and NYHA Class from 3.0 + 0.7
to 1.3+ 0.9 (P <.001) in the LBBP-CRT group. Detailed echocardio-
graphic data were shown in Table 2. Although no statistically signifi-
cant difference, a trend toward better LVEF (50.9 + 10.7% vs 44.4
+13.3%, P = .12) along with better echocardiographic response
(90.5% vs 80.9%, P = .43) and more super CRT-response (80.9% vs
57.1%, P = .09) was documented in the LBBP-CRT group compared to
that in BiV-CRT group. Event rates were assessed during the follow-
up. No heart failure hospitalization, VT/VF or all-cause deaths were
documented in both groups.

3.5 | Lead parameters

The capture threshold for LBBP lead was significantly lower than
that of LV lead(0.48 + 0.22 V@0.4 ms vs 1.12 + 0.46 V@0.4 ms,

P < 0.0001)while similar to that of right ventricular lead (0.48
+0.22 V@0.4 ms vs 0.57 £ 0.17 V@0.4 ms, P = .17)during the proce-
dure, and the difference in threshold remained throughout the whole
observation period (Figure 3). The capture threshold for LBBP lead
remained stable in all patients during follow-up, while chronic capture
threshold elevation was observed at 2.5 V@0.4 ms in two patients in
the BiV-CRT group. Lead impedance declined significantly after the
acute phase and remained stable throughout the whole observation

period in all patients.

3.6 | Complications

Procedure-related RBB injuries, resulting in transient three degree
AVB occurred in four patients in the LBBP-CRT group and in one
patient in the BiV-CRT group during implantation, which disappeared
within 24 hours in all cases. No complications such as device or lead
infections, lead revision, chronic capture threshold elevation and aorta
or coronary artery injury were documented in the LBBP-CRT group.
Phrenic nerve stimulation (PNS) was documented in two patients due
to cardiac remodeling in the BiV-CRT group and was ameliorated by

downgrading the outputs.

4 | DISCUSSION

In the present study, we compared the clinical outcomes of LBBP-
CRT and BiV-CRT in patients with strictly defined LBBB and indica-
tions for CRT. We demonstrate that: (a). LBBP-CRT was superior to
BiV-CRT in electrical resynchronization (b). A trend toward greater
increment in LVEF and better improvement in NYHA class could be
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FIGURE 2 Change of QRSD, LVEF and LVEDD in LBBP-CRT and BiV-CRT. Pre and post QRS, LVEF, and LVEDD by individual patient in
patients receiving LBB-CRT vs BiV-CRT were shown. BiV, biventricular pacing; CRT: cardiac resynchronization therapy; LBBP, left bundle branch
pacing; LVEF: left ventricular ejection fraction; LVEDD, left ventricular end diastolic dimension



1466 Wl LEY CLINICAL GUO ET AL
2.5 —e— RVP 900+

- —e— RVP
2 c 800+

-th 2.0 —=— LBBP % —=— LBBP
<3 —e— BIV Q 700

2 15- s —— LV

2 g 600

) o

3 £

3 1.0- o 0004

S £

© S 400

= 0.5 o

2 300

]

0.0 T T T T 200 T T T T
Baseline 3-m 6-m 12-m Baseline 3-m 6-m 12-m
RVPvs LBBP P>0.05 BIV vs LBBP P<0.0001 RVP vs LBBP P<0.05 LVP vs LBBP P<0.0001

FIGURE 3 Comparison of pacing parameters in LBBP, RVP, and LVP during follow-up. BiV, left ventricular pacing lead; RVP, right ventricular

pacing lead; LBBP, left bundle branch pacing lead; LVP, left ventricular pacing

achieved under LBBP-CRT compared to BiV-CRT (c). LBBP-CRT pro-
cedure is safe and feasible accompany with low LBBB correction
threshold and stable intermediate-term lead parameters. We believe
that the finding derived from the present study could provide justifi-
cation for planning powered randomized controlled trials to delineate
the clinical benefits with this new pacing modality.

Conduction system pacing has emerged as a feasible pacing strat-
egy for CRT in heart failure patients with LBBB.?® Various studies
have demonstrated that HBP can deliver better electrical synchrony
compared to BiV-CRT, resulting in improvement of LVEF, life quality
and NYHA functional class.2**” However, HBP is technically challeng-
ing due to its anatomical location and high capture threshold..'® In the
largest prospective study with HBP-CRT conducted by Huang et al.,
LBBB correction was achieved in 96.6% participants with strictly
defined LBBB. However, permanent HBP could achieve in only 76%
patients as a result of high LBBB correction thresholds or difficulties
in lead fixation.?” Due to the distal location of the LBB lead in the left
His-Purkinje system, a stable and low pacing capture threshold under
LBBP is feasible, especially in situations where the pacing circumvents
a proximal site of block.2° In our cohort, successful permanent LBBP
was achieved in 88% patients with low and stable capture threshold.
The capture threshold was much lower and remained stable during
follow-up compared to that under HBP in previous studies.?!

The LBB fans out directly from the branching point of His bundle
to form a network structure beneath the endocardium of the left side
of the interventricular septum, which promises pacing the LBB feasi-
bly and rapidly through an interventricular septal method with signifi-
cant QRS duration shortening.?2 In the present study, better electrical
resynchronization was achieved by LBBP-CRT than BiV-CRT. Mean-
while, better repolarization homogeneity, which was confirmed by
shorter QTc, was restored by LBBP-CRT. Several studies have rev-
ealed that prolonged paced QTc interval could serve as a predictor of
risk for ventricular arrhythmias during CRT with an optimal cut-off
point of 485 ms.232% The question of whether better depolarization
or repolarization homogeneity maintained by LBBP-CRT can translate
to lower rate of iatrogenic arrhythmia should be answered with future

studies.

It has been convinced that the degree of shortening of QRSd, is
proportional to the improvement in cardiac function.? In the present
study, a trend toward better echocardiographic responses was docu-
mented in the LBBP-CRT group with the CRT response rate in 90%
and super response rate in 80%. The advantage of clinical benefits
was not statistically significant in the present study due to relatively
small sample size and short observation period. Powered randomized
trials with larger sample size are needed to verify the results in the
future.

Bypassing the conduction block at the proximal left conduction
bundle and rapid left His-Purkinje system recruitment is the corner-
stone underlining LBBP resynchronization therapy in restoring electri-
cal synchrony. It's important to recruit patients with “true” LBBB to
ensure LBBB correction and evaluate clinical outcome during LBBP-
CRT. Evidences had confirmed that Strauss criteria was a better predic-
tor to“true”LBBB than the traditional criteria accordance with
ACC/AHA/HRS definition and participants met the Strauss's criteria
had better response to BIV-CRT.”?® Recently, Li et al. reported that
LBBP-CRT was successful in 81.1% of the heart failure patients with
LBBB, and the response rate and super response rate were 88.9% and
44.4%, respectively, which were greater than that of BiV-CRT(66.7%
and 16.7%).2” However, the study wasn't randomizedly designed and
the morphological characteristics of LBBB were not strictly defined in
their study there may be more patients with“true”LBBB in the LBBP
group and this may lead to an overestimation of the efficacy of LBBP-
CRT compared to BIV-CRT. Different from their study, Wu et al strictly
recruited patients with LBBB according to Strauss's definition and
compared the echocardiographic response delivered by LBBP-CRT,
HBP-CRT or BiV-CRT.2® In their study, the rate of super response to
BIV-CRT was 53% and LBBP-CRT was 77%. Another multicenter pro-
spective cohort study conducted by Huang et al also confirms the high
rate of super response under LBBP-CRT in patients with strictly
defined LBBB, which was consistent with the present study.?’

The present study confirmed a better electrical synchrony and
remarkable clinical outcomes of LBBP-CRT in heart failure patients
complicated with Strauss defined LBBB. Beyond that, LBBP also
showed an advantage in low and stable capture threshold over
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traditional LV pacing during follow-up. Given the advantage of rela-
tively simple procedure, physiological pacing modality, long-term sta-
bility of lead parameters, lower power consumption and potential
benefit of battery longevity, this resynchronization modality is worthy

of promotion in daily practice.

5 | LIMITATION

The present study was a nonrandomized study conducted with a rela-
tively small sample size in a single center. Propensity score matching
was employed in the current study to correct for selection bias. In the
present study, only a trend toward better echocardiographic response
was documented in patients receiving LBBP-CRT compared with BiV-
CRT. This may due to a relatively small sample size. Powered random-
ized trials with larger sample size are still needed to verify the results
from the present study. The majority of patients recruited had non-
ischemic cardiomyopathy and thus the study cohort may not broadly
represent the heart failure population in daily practice. Though better
repolarization homogeneity was shown under LBBP-CRT, differences
in iatrogenic arrhythmia could not be demonstrated, which might be

due to the relatively small sample size and a short observation period.

6 | CONCLUSION

Compared with BiV-CRT, LBBP-CRT was remarkable in restoring elec-
trical synchrony in heart failure patients complicated with strictly
defined LBBB. A trend toward greater increment in LVEF and NYHA
class was documented in this cohort underwent LBBP-CRT. LBBP-
CRT procedure is safe and feasible, with low LBBB correction thresh-

old and stable medium-term lead parameters during follow-up.

ACKNOWLEDGMENTS

The authors would like to thank Dr Weijian Huang (the First Affiliated
Hospital of Wenzhou Medical University) for his technical assistance
in the LBBP procedure.

CONFLICT OF INTEREST

The authors declared that they have no conflict of interest.

AUTHOR CONTRIBUTIONS

Binni Cai conceived and designed the experiment. Jincun Guo and
Linlin Li recruited the subjects and collected the clinical data. Tao Ye,
Xinyi Huang, Qiang Li and Simei Chen conducted the laboratory test-
ing. Guosheng Xiao and Fangi Meng helped analyze the data. Jincun
Guo and Linlin Li wrote the manuscript. All authors read and approved
the final manuscript.

ETHICAL STATEMENT
The study was approved by the Ethics Committee of Xiamen Cardio-
vascular Hospital, Xiamen University and was performed in line with

the principles of the Declaration of Helsinki.

cvees RWIESEEE

INFORMED CONSENT

Informed consent was obtained from all participants.

DATA AVAILABILITY STATEMENT
The datasets generated and/or analyzed during the current study are
available from the corresponding author, Binni Cai, upon reasonable

request.

ORCID

Jincun Guo "2 https://orcid.org/0000-0002-7120-2203
REFERENCES

1. Migliore F, Baritussio A, Stabile G, et al. Prevalence of true left bundle
branch block in current practice of cardiac resynchronization therapy
implantation. J Cardiovasc Med (Hagerstown). 2016;17(7):462-468.

2. Chatterjee NA, Singh JP. Cardiac resynchronization therapy: past, pre-
sent, and future. Heart Fail Clin. 2015;11(2):287-303.

3. Boriani G, Nesti M, Ziacchi M, Padeletti L. Cardiac resynchronization
therapy: an overview on guidelines. Heart Fail Clin. 2017;13(1):
117-137.

4. Upadhyay GA, Tung R. Keeping pace with the competition: His bun-
dle versus biventricular pacing in heart failure. Curr Opin Cardiol.
2020;35(3):295-307.

5. Huang W, Su L, Wu §, et al. A novel pacing strategy with low and sta-
ble output: Pacing the left Bundle branch immediately beyond the
conduction block. Can J Cardiol. 2017;33(12):1736.1731-1736.
el733.

6. Zhang W, Huang J, Qi Y, et al. Cardiac resynchronization therapy by
left bundle branch area pacing in patients with heart failure and left
bundle branch block. Heart Rhythm. 2019;16(12):1783-1790.

7. Mascioli G, Padeletti L, Sassone B, et al. Electrocardiographic criteria
of true left bundle branch block: a simple sign to predict a better clini-
cal and instrumental response to CRT. Pacing Clin Electrophysiol.
2012;35(8):927-934.

8. Chen K, Li Y. How to implant left bundle branch pacing lead in routine
clinical practice. J Cardiovasc Electrophysiol. 2019;30(11):2569-2577.

9. Huang W, Chen X, Su L, Wu S, Xia X, Vijayaraman P. A beginner's
guide to permanent left bundle branch pacing. Heart Rhythm. 2019;16
(12):1791-1796.

10. Thomas G, Kim J, Lerman BB. Improving cardiac resynchronisation
therapy. Arrhythm Electrophysiol Rev. 2019;8(3):220-227.

11. Moss AJ. Measurement of the QT interval and the risk associated
with QTc interval prolongation: a review. Am J Cardiol. 1993;72(6):
23b-25b.

12. Rickard J, Kumbhani DJ, Popovic Z, et al. Characterization of super-
response to cardiac resynchronization therapy. Heart Rhythm. 2010;7
(7):885-889.

13. Vijayaraman P. His-bundle pacing to left bundle branch pacing: evolu-
tion of his-Purkinje conduction system pacing. J Innov Card Rhythm
Manag. 2019;10(5):3668-3673.

14. Upadhyay GA, Tung R. His bundle pacing for cardiac
resynchronization. Card Electrophysiol Clin. 2018;10(3):511-517.

15. Sharma PS, Naperkowski A, Bauch TD, et al. Permanent his bundle
pacing for cardiac resynchronization therapy in patients with heart
failure and right bundle branch block. Circ Arrhythm Electrophysiol.
2018;11(9):e006613.

16. Vijayaraman P, His-Bundle Pacing SFA. LV endocardial pacing as
alternatives to traditional cardiac resynchronization therapy. Curr Car-
diol Rep. 2018;20(11):109.

17. Huang WA, Wassie MA, Ajijola OA. Permanent his bundle pacing for
cardiac resynchronization. Curr Treat Options Cardiovasc Med. 2018;
20(3):23.


https://orcid.org/0000-0002-7120-2203
https://orcid.org/0000-0002-7120-2203

e Ly -

18.

19.
20.

21.

22.

23.
24.

25.

GUO T AL

Bhatt AG, Musat DL, Milstein N, et al. The efficacy of his bundle pac-
ing: lessons learned from implementation for the first time at an expe-
rienced electrophysiology center. JACC Clin Electrophysiol. 2018;4
(11):1397-1406.

Huang W, Su L, Wu S, et al. Long-term outcomes of his bundle pacing
in patients with heart failure with left bundle branch block. Heart.
2019;105(2):137-143.

Guo J, Li L, Meng F, et al. Short-term and intermediate-term perfor-
mance and safety of left bundle branch pacing. J Cardiovasc Electro-
physiol. 2020;31(6):1472-1481.

Coluccia G, Vitale E, Corallo S, et al. Additional benefits of non-
conventional modalities of cardiac resynchronization therapy
using his bundle pacing. J Cardiovasc Electrophysiol. 2020;31(3):
647-657.

Massing GK, James TN. Anatomical configuration of the his bundle
and bundle branches in the human heart. Circulation. 1976;53(4):
609-621.

Prochnau D, Kuehnert H, Figulla HR, Surber R. QRS duration and
QTc interval are predictors of risk for ventricular arrhythmias dur-
ing cardiac resynchronization therapy. Acta Cardiol. 2011;66(4):
415-420.

Cho EJ, Park SJ, Park KM, On YK, Kim JS. Paced QT interval as a risk
factor for new-onset left ventricular systolic dysfunction and cardiac
death after permanent pacemaker implantation. Int J Cardiol. 2016;
203:158-163.

Arnold AD, Shun-Shin MJ, Keene D, et al. His resynchronization ver-
sus biventricular Pacing in patients with heart failure and left Bundle
branch block. J Am Coll Cardiol. 2018;72(24):3112-3122.

26.

27.

28.

29.

Tan NY, Witt CM, Oh JK, Cha YM. Left Bundle branch block: current
and future perspectives. Circ Arrhythm Electrophysiol. 2020;13(4):
e008239.

Li X, Qiu C, Xie R, et al. Left bundle branch area pacing delivery of
cardiac resynchronization therapy and comparison with biventricular
pacing. ESC Heart Fail. 2020;7(4):1711-1722.

Wu S, Su L, Vijayaraman P, et al. Left bundle branch pacing for cardiac
resynchronization therapy: non-randomized on treatment comparison
with his bundle pacing and biventricular pacing. Can J Cardiol. 2020;
50828-282X(20):30439-30436.

Huang W, Wu S, Vijayaraman P, et al. Cardiac Resynchronization Ther-
apy in Patients With Nonischemic Cardiomyopathy Using Left Bundle
Branch Pacing. JACC: Clinical Electrophysiology. 2020;6(7):849-858.

SUPPORTING INFORMATION
Additional supporting information may be found online in the

Supporting Information section at the end of this article.

How to cite this article: Guo J, Li L, Xiao G, et al. Remarkable
response to cardiac resynchronization therapy via left bundle
branch pacing in patients with true left bundle branch block.
Clin Cardiol. 2020;43:1460-1468. https://doi.org/10.1002/

cle.23462


https://doi.org/10.1002/clc.23462
https://doi.org/10.1002/clc.23462

	Remarkable response to cardiac resynchronization therapy via left bundle branch pacing in patients with true left bundle br...
	1  INTRODUCTION
	2  METHODS
	2.1  Patient selection
	2.2  Procedural details
	2.3  Device connection and programming
	2.4  Data collections and follow up
	2.5  Definition of CRT response
	2.6  Statistical analysis

	3  RESULTS
	3.1  Study population
	3.2  Procedural outcomes
	3.3  Electrographic data
	3.4  Clinical outcomes
	3.5  Lead parameters
	3.6  Complications

	4  DISCUSSION
	5  LIMITATION
	6  CONCLUSION
	ACKNOWLEDGMENTS
	  CONFLICT OF INTEREST
	  AUTHOR CONTRIBUTIONS
	  ETHICAL STATEMENT
	  INFORMED CONSENT
	  DATA AVAILABILITY STATEMENT

	REFERENCES


