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BACKGROUND Left bundle branch area pacing (LBBAP) is a physi-
ological pacing method for treatment of atrioventricular block.
However, there is a need for a new convenient and safe method
for performing left bundle branch pacing (LBBP) and to confirm
left conduction system capture.

OBJECTIVE This study aimed to explore a new convenient and safe
method for performing selective LBBP.

METHODS A total of 28 patients who had indications for pacing
therapy and received LBBAP were recruited retrospectively. Demo-
graphic and baseline patient characteristics, electrocardiograms,
pacing parameters, and intracardiac electrogram pattern were eval-
uated. Continuous unipolar pacing at low output (2 V / 0.5 ms) was
performed during the whole period of LBBP lead implantation. Suc-
cessful left bundle branch (LBB) capture was defined as the abrupt
change of the pacing stimulus to the peak of R wave in lead V5 dur-
ing continuous pacing at low output (2 V / 0.5 ms).

RESULTS The parameters of the 2 shortenings (stimulus-to-peak
left ventricular activation time [S-peak LVAT] before shortening,
S-peak LVAT after shortening, and the duration of shortening) all
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showed a significant positive correlation (Pearson product-
moment correlation coefficient [PCC] 5 0.915, P , .001;
PCC 5 0.897, P , 0.001; PCCs 5 0.765, P , 0.001). Shortening
of the S-peak LVAT with continuous low output had a 100% sensi-
tivity and 33.3% specificity for predicting stimulus-ventricular
potential interval (S-V interval).

CONCLUSION Abrupt shortening of the S-peak LVAT at continuous
low output was associated with abrupt shortening of the S-peak
LVAT at low and high output. High rate of selective LBB capture
can be achieved with the method of continuous low output, short-
ening the S-peak LVAT.

KEYWORDS Left bundle branch area pacing; Abrupt shortening of
the S-peak LVAT; Left bundle branch capture; John Jiang’s connect-
ing cable; Pacemaker
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Published by Elsevier Inc. This is an open access article under the
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Introduction
Cardiac pacing is often the only effective treatment for nonre-
versible bradyarrhythmias in the elderly population. Right
ventricular pacing is the traditional implantation procedure,
which presents many problems, including ventricular systolic
and diastolic dysfunction, mitral regurgitation, and increased
left atrial diameter during long-term follow-up.1 Left bundle
branch pacing (LBBP) has emerged as an alternative therapy
for delivering physiological pacing to avoid electrical
nonsynchronous activation of the left ventricle (LV),2 espe-
cially in patients with left bundle branch block (LBBB).

LBBP was defined as capture of proximal left bundle
branch (LBB) area for rapid and physiological LV activation
with a low pacing threshold.3 Huang and colleagues4

described a transseptal approach for placement of the pacing
lead in the LBB region. During LBB area pacing, 3 main
types of capture (nonselective LBB capture, selective LBB
capture, and LV septal myocardial capture) can be observed
on endocardial electrocardiograph (ECG).5 During the pro-
cedure, the operator usually stops advancing at a point and
tests the lead to confirm LBB capture based on the change
of endocardial ECG, impedance, and paced morphology.
The shortening of the S-peak left ventricular activation
time (LVAT) with increasing output merely demonstrates
that the tip electrode of the LBBP lead is adjacent to the
LBB. The final appropriate position of the tip electrode
cannot be confirmed during advancement of the lead. Acute
perforation of the LV septum is a frequent complication dur-
ing implantation of the LBBP lead.

An implantation procedure with continuous monitoring of
endocardial ECG and testing has not been previously
described. To date, there is no standardized method to obtain
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KEY FINDINGS

- Abrupt shortening of the stimulus-to-peak left ven-
tricular activation time (S-peak LVAT) at continuous
low output can become a symbol of the capture of the
left bundle branch (LBB).

- A high rate of selective LBB capture can be achieved
with the method of continuous low-output shortening
of the S-peak LVAT.

- Abrupt shortening of the S-peak LVAT at continuous
low output was associated with abrupt shortening of
the S-peak LVAT at low and high output.
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selective LBB capture. We intended to develop a new conve-
nient and safe method for performing LBBP to confirm left
conduction system capture.

Methods
Patient selection
This was a retrospective study conducted at the Second Hos-
pital of Ningbo, China, from March 2021 to July 2021. All
enrolled patients with indications received permanent pace-
maker implantation according to the current guidelines.6

An LBBP procedure was attempted as the preferred pacing
method during the study period. Patients with indications
for cardiac resynchronization therapy or implantable
cardioverter-defibrillator implantation were excluded. After
application of the inclusion and exclusion criteria, a total of
28 patients provided informed written consent for this
research protocol. The study conformed to the ethical princi-
ples of the Helsinki Declaration and was approved by the
institutional review board of the Second Hospital of Ningbo
(SL-KYSB-NBEY-2021-079-01).

Criteria for LBBP
Previous studies have demonstrated the following criteria for
LBBP7: (1) LBB potentials should always be recorded except
for patients with LBBB; (2) change in the paced QRS
morphology from LBBB to right bundle branch block
(RBBB) pattern on 12-lead ECG; (3) abrupt shortening of
stimulus-to-peak left ventricular activation time (S-peak
LVAT) at different outputs in lead 5/6. S-LVAT as the duration
between the pacing stimulus and the peak of the Rwave is often
used to reflect the LVmyocardial depolarization time in leadV5.

Procedure for lead implantation
The 3830 lead, C315 HIS sheath (Medtronic Inc, Minneapo-
lis, MN) and John Jiang’s connecting cable (Supplemental
Figure 1) were used to perform LBBP. During the procedure,
ECGs and pacing parameters were recorded by the tip elec-
trode of the lead. The radiographic reference image of the
tricuspid valve radiography in the right anterior oblique 30�

projection was routinely set as an anatomical marker. The
initial site for LBBP is approximately at the 1–3 o’clock re-
gion of the tricuspid annulus (Figure 1).
In the right anterior oblique 30� view, the lead with sheath
was advanced from the right side of the septum to the left
side. John Jiang’s connecting cable was connected with the
lead for pace mapping at low output (2 V / 0.5 ms). When
the tip of the pacing lead was fixed at the septum, the paced
QRS morphology usually demonstrated a “W” shape with a
mid notch in lead V1. With advancement of the helix into
the interventricular septum, the mid notch shifted toward
the end of the QRS wave in lead V1. The impedance of the
tip electrode of the LBBP lead was monitored discontinu-
ously at high output (5 V / 0.5 ms). With the abrupt short-
ening between the stimulation signal and peak LV
activation (S-peak LVAT) in lead V5, LBBP lead continued
to be screwed slightly (Figure 2). The duration of the pacing
S-peak LVAT in lead V5 was measured with LBBP lead pac-
ing. Continuous unipolar pacing at low output (2 V / 0.5 ms)
was performed during the subsequent period of LBBP lead
implantation. When the first abrupt shortening by adjacent
paced beats with the low output (2 V / 0.5 ms) was longer
than 10 ms, the operator stopped screwing the tip of the
LBBP lead (Figure 3). At the same time, the output was
rapidly reduced, and the intracardiac paced QRSmorphology
was recorded by the LBBP lead. The depth of the lead posi-
tion inside the LV septumwas estimated by radiography with
contrast injection in the left anterior oblique 45� projection.

Data collection
Data pertaining to baseline patient characteristics, laboratory
parameters, and indications for pacing were collected. Pacing
parameters (unipolar pacing thresholds, R-wave amplitudes,
and impedances), ECG and intracardiac electrogram (EGM)
pattern, intracardiac isoelectric stimulus-ventricular potential
interval (S-V interval), amplitude of the LBB potential, and
imaging data were recorded during lead implantation. The
characteristics of the changes in ECG and EGM morphology
at the threshold test and stimulus to the R-wave peak time at
different outputs (threshold: 2 V, 5 V) were also recorded in
lead V5 (measured in the electrophysiology recording system
at a speed of 200 mm/s; gain setting: 0.5 mV/cm). Procedure-
related complications (lead dislodgement, acute perforation
of the LV septum, loss of capture) were recorded.

Statistical analysis
All statistical analyses were performed using SPSS version
26.0 (SPSS, Somers, NY). Continuous variables were pre-
sented as mean6 standard deviation and between-group dif-
ferences assessed using the Student t test. Categorical
variables were presented as frequency (percentage) and
between-group differences assessed using c2 test. Two-
sided P values, .05 were considered indicative of statistical
significance.
Results
Baseline characteristics
Twenty-eight patients (14 men, 14 women; mean age:
73.76 6 10.06 years) underwent an attempt at LBBAP
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Figure 1 A:X-ray image of the tricuspid valve on the right anterior oblique 30� projection. The circle area is region of the initial site. B: The initial site for left
bundle branch pacing. TV 5 tricuspid valve.
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during the study reference period. The baseline character-
istics of the study population are summarized in Table 1.
The prevalence of coronary artery disease in our cohort
was 7.14%. Mean LV ejection fraction was 66.6% 6
5.2%; underlying LV dysfunction was present in 10.71%
of patients. Indications for pacing were atrioventricular
block in 60.71%, sinus node dysfunction in 28.57%, and
sinus node dysfunction plus atrioventricular block in
10.71%. At baseline, the mean QRS duration was 103.11
6 28.19 ms with underlying RBBB in 35.71%, LBBB in
3.57%, and intraventricular conduction defect in 3.57%
of patients.

Procedural parameters and characteristics
The procedural parameters and characteristics of the study
population are shown in Table 2. Twenty-seven of the 28
Figure 2 A: Schematic diagram of pacing at different outputs (5 V / 0.5 ms; 2 V /
before and after shortening at different outputs (5 V / 0.5 ms; 2 V / 0.5 ms). LBB5 le
(96.43%) patients received LBBAP successfully. LBBAP
was unsuccessful in 1 patient with a large atrium. All patients
presented RBBB morphology during pacing. Abrupt change
was observed 2 times in S-peak LVAT (at 5 V / 0.5 ms and 2
V / 0.5 ms pacing; 2 V / 0.5 ms continuous pacing) was
observed in 96.43% of patients; S-V interval appeared after
the abrupt change at low output (2 V / 0.5 ms continuous pac-
ing) in 89.29% by rapidly reducing the output. However,
none of the patients showed S-V interval after abrupt change
at high and low outputs (5 V / 0.5 ms and 2 V / 0.5 ms pac-
ing). Patients who exhibited abrupt change was observed 2
times in S-LVAT had higher myocardium threshold (mean:
1.19 6 0.46 V) than the LBB threshold (mean: 0.68 6
0.37 V). LBB potential (0.22 6 0.12 mV) was observed in
27 (96.43%) patients. At the completion of the procedure,
the mean unipolar LBBP threshold and sensing of the R
0.5 ms). B: The duration of the stimulus-to-peak left ventricular activation time
ft bundle branch; PHB5 penetrating his bundle; RBB5 right bundle branch.



Figure 3 A: Schematic diagram of continuous pacing at low output (2 V / 0.5 ms). B: Duration of the stimulus-to-peak left ventricular activation time before
and after shortening at low output (2 V / 0.5 ms). Abbreviations as in Figure 2.
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wave were 0.42 6 0.14 V and 13.61 6 4.67 mV, respec-
tively. This method was found to reduce the risk of acute ven-
tricular septal perforation (incidence: 1/28, 3.57%) and lead
dislocation (incidence 0%) during the procedure.

As shown in Table 3, the parameters of the 2 shortenings
(the S-peak LVAT before shortening, the S-peak LVAT after
shortening) all showed significant positive correlation (Pear-
son product-moment correlation coefficient [PCC] 5 0.915,
P , .001; PCC 5 0.897, P , .001) between abrupt short-
ening of the S-peak LVAT at high and low outputs (5 V /
0.5 ms and 2 V / 0.5 ms pacing) and at low output (2 V /
0.5 ms continuous pacing). Moreover, the duration of short-
ening showed significant positive correlation (PCC5 0.765,
Table 1 Baseline characteristics of the study population

Total number of patients 28
Age (years) 73.76 6 10.06
Men 14 (50.00%)
Coronary heart disease 2 (7.14%)
Atrial fibrillation 9 (32.14%)
Hypertension 14 (50.00%)
Heart failure 2 (7.14%)
LVEF 66.6% 6 5.2%
Cardiomyopathy 3 (10.71%)
Indication for pacing
Sinus node dysfunction 8 (28.57%)
AV block 17 (60.71%)
Sinus node dysfunction and AV block 3 (10.71%)

Baseline ECG characteristics
QRS duration (ms) 103.11628.19
Normal 16 (57.14%)
RBBB 10 (35.71%)
LBBB 1 (3.57%)
IVCD 1 (3.57%)

AV5 atrioventricular; ECG5 electrocardiogram; IVCD5 intraventricular
conduction defect; LBBB5 left bundle branch block; LVEF5 left ventricular
ejection fraction; RBBB 5 right bundle branch block.

Data presented as frequency (percentage) or mean6 standard deviation.
P , .001) in patients with abrupt change was observed 2
times shortening during lead implantation. Using this
method, the abrupt change in the S-peak LVAT at low output
(2 V / 0.5 ms continuous pacing) had a sensitivity of 100%
and specificity of 33.3% for predicting S-V interval (Table 4).
Discussion
LBBP lead implantation is the primary procedure for LBB
pacemakers. During this procedure, selecting the final im-
plantation location for the tip of the LBBP lead is a key chal-
lenge. Previous studies recommended that the LBBP lead
Table 2 Procedural parameters and characteristics

Paced RBBB morphology 28 (100%)
Threshold of myocardium (V) (n 5 25) 1.19 6 0.46
Threshold of LBB (V) (n 5 25) 0.68 6 0.37
Abrupt shortening of S-peak LVAT
(5 V / 0.5 ms and 2 V / 0.5 ms pacing)

27 (96.43%)

S-V interval after abrupt shortening
(5 V / 0.5 ms and 2 V / 0.5 ms pacing)

0 (0%)

Abrupt shortening of S-peak LVAT
(2 V / 0.5 ms continuous pacing)

27 (96.43%)

S-V interval after abrupt shortening
(2 V / 0.5 ms continuous pacing)

25 (89.29%)

LBB potential 27 (96.43%)
Amplitude of LBB potential (mV) 0.22 6 0.12

Times of screwing 2.54 6 1.69
Acute perforation of the LV septum 1 (3.57%)
Dislocation 0 (0%)
Successful LBBAP 27 (96.43%)
Threshold (V) 0.42 6 0.14
Sensation (mV) 13.61 6 4.67
Impedance (U) 719.19 6 97.62
Depth of LBB electrode (mm) 13.24 6 1.88

LBB5 left bundle branch; LBBAP5 left bundle branch area pacing; LV5
left ventricle; S-peak LVAT 5 stimulus-to-peak left ventricular activation
time; RBBB 5 right bundle branch block; S-V interval 5 stimulus-
ventricular potential interval.



Table 3 Comparison of parameters and characteristics between 2 modes of abrupt shortenings of stimulus-to-peak left ventricular activation
time (n 5 25)

Abrupt shortening of S-peak LVAT
(5 V / 0.5 ms and 2 V / 0.5 ms pacing)

Abrupt shortening of S-peak LVAT
(2 V / 0.5 ms continuous pacing) PCC P value

S-peak LVAT before shortening (ms) 83.68 6 7.43 82.82 6 8.27 0.915 ,.001
S-peak LVAT after shortening (ms) 65.00 (64.92, 67.00) 68.11 6 6.32 0.897 ,.001
Duration of shortening (ms) 15.86 6 5.64 14.86 6 5.95 0.765 ,.001

PCC 5 Pearson product-moment correlation coefficient; S-peak LVAT 5 stimulus-to-peak left ventricular activation time.
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should be rotated slowly with careful monitoring of the paced
QRS morphology and the impedance to avoid perforation.8

Rotations should be stopped when the mid notch of the
QRS complex moves up and toward the end in lead V1.

7

The paced ECG QRS morphology frequently presents as
RBBB morphology with a low threshold and the impedance
of the tip electrode .500 U. In the study by Li and col-
leagues,7 80.5% (70/87) of patients received LBBP success-
fully. John Jiang’s connecting cable consists of a rotatable
port and a connection wire. Previous alligator clips are re-
placed by the ports, which can rotate with the 3830 lead
and provide continuous monitoring and testing during the
procedure. In our study, once there was change of the stim-
ulus to the peak of R wave in lead V5 during continuous pac-
ing at low output (2 V / 0.5 ms), we stopped screwing the
lead. This electrode implantation method can reduce acute
ventricular septal perforation (1/28, 3.57%) and achieve a
higher success rate of LBBP (27/28, 96.43%) during the pro-
cedure.

Huang and associates5 monitored the paced QRS dura-
tion and the LVAT at low and high output pacing to
confirm whether the final implantation site of the LBBP
was adjacent to the left conduction system. ECG
morphology usually shows that the tip electrode of the
lead captures both the LBB and the adjacent LV septal
myocardium at high output pacing. Different outputs or im-
plantation positions in the LV subendocardium may show
different intracardiac ECG changes. Three main types of
capture (nonselective LBB capture, selective LBB capture,
and LV septal myocardial capture) constitute the
morphology of LBB area pacing.5

Selective LBB capture is defined as a discrete local compo-
nent separate from the stimulus artifact in the
intracardiac EGM from the LBBP lead.9 The S-V interval as
a primary criterion of selective LBB capture means that the
LBB can be selectively captured at low output.10 The duration
of the S-peak LVAT in nonselective LBBP may be prolonged
Table 4 Predictive ability of abrupt change of the stimulus-to-
peak left ventricular activation time at low output for the stimulus-
ventricular potential interval

AUC Sensitivity Specificity

Abrupt change of the
S-peak LVAT at low output
(2 V / 0.5 ms continuous pacing)

0.667 1.000 0.333

AUC 5 area under the curve; S-peak LVAT 5 stimulus-to-peak left ven-
tricular activation time.
with the decrease in the output. We speculate that a temporary
increase in myocardial threshold occurs owing to myocardial
injury during the procedure of electrode implantation. With
the decrease in output, the S-V interval was observed and
the intracardiac EGM changed from nonselective LBB capture
to selective LBB capture after the shortening of the S-peak
LVAT at continuous low output (Figure 4).

High output shortens the S-peak LVAT, which indicates
that the tip electrode of the LBBP lead is adjacent to the left
conduction system. Continuous low-output pacing is per-
formed to confirm whether the consecutive low output can
shorten the S-peak LVAT, which indicates the capture of the
left conduction system. More importantly, the parameters of
the 2 shortenings (the S-peak LVAT before shortening, the
S-peak LVAT after shortening, and the duration of shortening)
all showed significant positive correlation (PCC5 0.915, P,
.001; PCC 5 0.897, P , .001; PCC 5 0.765, P , .001). In
this study, none of the patients presented the S-V interval by
reducing the output after the shortening of the S-peak LVAT
at low and high output. However, in the majority of patients
(25/28, 89.29%), the S-V interval was observed after the short-
ening of the S-peak LVAT at continuous low output. Low-
output shortening of the S-peak LVATpredicted the S-V inter-
val with 100% sensitivity and 33.3% specificity. This method
obtained a high rate of S-V interval and LBBP owing to the
simultaneous use of John Jiang’s connecting cable.

Limitations
Several limitations of this study should be mentioned. First,
this was a single-center study with a small sample size. Sec-
ond, use of John Jiang’s connecting cable was necessary for
continuous monitoring and testing. Finally, this study only
evaluated and analyzed the parameters of LBBP during the
lead implantation procedure without follow-up. Prospective
studies with a large sample size are required to further corrob-
orate our findings.
Conclusion
Abrupt shortening of the S-peak LVAT at continuous low
output was associated with abrupt shortening of the S-peak
LVAT at low and high output. Recording the S-V interval
provided direct evidence of selective LBB capture in the pre-
sent study. Continuous low output shortened the S-peak
LVAT, which had a high sensitivity (100%) and 33.3% spec-
ificity for predicting the S-V interval. Moreover, this method
could obtain a high rate of S-V interval and LBBP and a low
rate of acute ventricular septal perforation.



Figure 4 A,B: Schematic diagram of the change from nonselective left bundle branch (LBB) capture to selective LBB capture.C:With the decrease of output
(0.9 V / 0.5 ms – 0.8 V / 0.5 ms), the intracardiac electrogram changed from nonselective LBB capture to selective LBB capture.
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