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BACKGROUND Left bundle branch area pacing (LBBAP), a new pacing approach, lacks adequate evaluation.
OBJECTIVE To assess the feasibility, safety, and acute effect of
permanent LBBAP in patients with atrioventricular block (AVB).
METHODS A total of 33 AVB patients with indications for ventricular pacing were recruited. Electrocardiograms, pacing parameters,
echocardiographic measurements, and complications associated
with LBBAP were evaluated perioperatively and at 3-month
follow-up. Successful LBBAP was deﬁned as a paced QRS
morphology of right bundle branch block pattern in lead V1 and
QRS duration (QRSd) less than 130 ms.
RESULTS LBBAP was successfully performed in 90.9% (30/33) of
patients (mean age: 55.1 6 18.5 years; 66.7% male). The mean capture threshold was similar during the procedure (0.76 6 0.26 V at
0.4 ms) and at the 3-month follow-up (0.64 6 0.20 V at 0.4 ms).
The paced QRSd was 112.8 6 10.9 ms during the procedure and
116.8 6 10.4 ms at the 3-month follow-up. Baseline left or right

Right ventricular pacing (RVP) causes left ventricular
(LV) mechanical dyssynchrony,1 leading to systolic and
diastolic dysfunction, mitral regurgitation, and increased
left atrial diameter, and eventually inducing atrial ﬁbrillation (AF), heart failure (HF), or cardiac death.2,3 In the
Dutch FOLLOWPACE study,4 every 10% increase in %
RVP was associated with an 8% risk of HF death. Algorithms for minimizing ventricular pacing reduce %RVP,
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bundle branch block was corrected (intrinsic QRSd 153.3 6 27.8
ms vs paced QRSd 122.2 6 9.9 ms) with a success rate of 68.7%
(11/16). One ventricular septal lead perforation occurred soon after
the procedure with characteristics of pacing failure, and lead revision was successful. Cardiac function and left ventricular synchronization by 2-dimensional echocardiographic strain imaging at the 3month follow-up slightly improved compared with that at baseline.
CONCLUSIONS Permanent LBBAP yielded a stable threshold, a narrow QRSd, and preserved left ventricular synchrony with few complications. Our preliminary results indicate that LBBAP holds promise
as an attractive physiological pacing strategy for AVB.
KEYWORDS Atrioventricular block; Left bundle branch area pacing;
Left ventricular septal pacing; Physiological pacing; Synchronization
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yet RVP is inevitable in patients with atrioventricular
block (AVB).
Recently, selective His bundle pacing (S-HBP) and
nonselective His bundle pacing (NS-HBP) have become
2 of the most popular pacing strategies to prevent the deleterious effect of RVP on LV function.5 S-HBP and
NS-HBP stimulate the His-Purkinje system, restore interventricular and intraventricular electrical synchronization,
and narrow the QRS duration (QRSd); thus, they maintain
LV function, especially for AVB patients.6 However, challenges for performing S-HBP and NS-HBP remain. First,
an increased pacing threshold might occur during followup,7 in which case right ventricular endocardial backup
pacing would be imperative, especially for those with
advanced AVB. An increased pacing threshold might
result in early pacemaker replacement, which is one of
the major causes of device infection.8 Second, placement
https://doi.org/10.1016/j.hrthm.2019.04.043
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of the His lead can be technically challenging owing to its
anatomic location and surrounding cardiac structures.5
Thirdly, for patients with infranodal AVB, especially for
those whose blockage site is in the distal portion of the
His bundle, successful S-HBP or NS-HBP may need a
high threshold or cannot be achieved.6,9
Recently, Huang and colleagues10 ﬁrst described peri–
left bundle branch pacing (LBBP) in a patient with HF
and left bundle branch block (LBBB). Because HBP could
not correct LBBB, Huang and colleagues moved the pacing site 15 mm towards the ventricular direction and got
a paced electrocardiogram (ECG) demonstrating an almost
normal, narrow QRS morphology with a low and stable
output. Chen and colleagues11 ﬁrst reported the clinical
feasibility of LBBP in 20 patients receiving pacemaker
therapy by comparing the ECG characteristics and pacing
parameters with RVP. These initial studies indicated that
left bundle branch (LBB) area pacing (LBBAP) might provide a novel, more physiological pacing approach than
traditional RVP and a more stable approach than HBP.
The LBB ramiﬁes into 3 interlinked fascicles as it passes
down towards the ventricular apex after passing through
the central ﬁbrous body,12 which provides a relatively
large area as an alternative pacing site. The pacing site
of LBBAP might be distal to the His bundle area
(Figure 1A, 1B), beyond the site of block. Therefore,
LBBAP could achieve a low and stable output. However,
no study has evaluated the role of LBBAP for AVB. The
present study aimed to explore the feasibility and safety of
LBBAP in patients with AVB.
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Methods
Study population
Permanent LBBAP has been performed at Fuwai Hospital in
China since October 2017. Our analysis retrospectively recruited a set of consecutive AVB patients with indications
for ventricular pacing. All enrolled patients had attempted
LBBAP procedures from May 1 to September 30, 2018.
Patients with persistent AF or indications for cardiac resynchronization therapy or implantable cardioverter-deﬁbrillator
implantation were excluded. All patients signed written
informed consent forms agreeing to the implantation procedure, and this study was approved by the hospital’s institutional review board.

LBBAP Procedure
LBBAP was performed using the 3830 pacing lead (SelectSecure, 69 cm, Medtronic, Minneapolis, MN) via left subclavian or left axillary vein access. The sheath (C315His,
Medtronic) was inserted into the right atria near the tricuspid
annulus over a long guide wire. In the right anterior oblique
30 position (Figure 1D), the pacing lead was advanced
through the sheath such that the distal screw was within the
tip of the catheter, and the sheath was advanced across the
tricuspid annulus. Subsequently, a His bundle electrogram
was ﬁrst mapped and recorded from the lead tip (a unipolar
electrogram). Then, the tip of the pacing lead was moved towards the ventricular direction 1.5–2 cm, and pace-mapping
at 2 V at 0.4 ms was performed to identify the ideal pacing
site with the following criteria: (1) the paced QRSd in lead

Figure 1 Left bundle branch area pacing (LBBAP). A: Diagram of the LBBAP area. B: Location of the LBBAP lead in the ventricular septum by 2dimensional echocardiographic imaging. C, D: Fluoroscopic imaging of LBBAP lead implantation. E: Electrocardiogram and intracardiac electrogram of the
intrinsic QRS complex. F: Endocardial pacing of the QRS complex (arrow shows the mid notch in lead V1). G, H: LBBAP (G1, moved notch; G2, right bundle
branch block pattern); the stimulus-to-peak left ventricular activation time at different outputs (H1, output at 2 V at 0.4 ms; H2, output at 5 V at 0.4 ms). I: the left
bundle branch potential recorded after the pacing lead was screwed into place (asterisk indicates the potential; interval between the potential and the beginning of
the QRS complex was 22 ms). LBB 5 left bundle branch; LV 5 left ventricle; RV 5 right ventricle.
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V1 was less than 145 ms, or the paced QRS complex in lead
V1 displayed a “W” morphology with a mid notch
(Figure 1F); (2) the tip of the pacing lead was directly against
the septum and conﬁrmed in the left anterior oblique 45 position (Figure 1C). Then, the pacing lead was screwed
approximately 5–6 clockwise rotations. The notch in the
paced QRS complex in lead V1 migrated towards the end
of the QRS wave, and the QRSd narrowed (Figure 1G1).
Another 2–3 rotations were attempted until the paced QRS
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morphology of the right bundle branch block (RBBB) pattern
in lead V1 and the S wave in leads V5 and V6 were present
(Figure 1G2, Figure 2C). Pacing threshold testing was
performed during the procedure, and the left bundle branch
potential was recorded (Figure 1I). During the procedure,
the pacing 12-lead ECG, intracardiac electrogram and pacing
impedance were monitored. The stimulus-to-peak LV activation time (S-PLVAT), deﬁned as the duration between the
ventricular stimulation signal and R spike in lead V5, was

Figure 2 Electrocardiogram (ECG) and echocardiographic strain imaging before and after left bundle branch area pacing (LBBAP). Both the ECG characteristics and overall ventricular longitudinal strain pattern were changed by LBBAP. A, B: Twelve-lead ECG and 2-dimensional speckle-tracking echocardiographic
strain imaging of 1 patient with second-degree atrioventricular block (AVB). The asterisk in panel A shows the atrial impulse failed to reach the ventricle, which
indicates Mobitz type II second-degree AVB. C, D: For those at 3 months after LBBAP, the arrows show the right bundle branch morphology (rSr’) in lead V1, a
typical morphology of LBBAP. E, F: One case with intermittent third-degree AVB and left bundle branch block at baseline and 3 months after LBBAP (G and H).
ANT 5 anterior; INF 5 inferior; LAT 5 lateral; SEPT 5 septal.
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also measured at low (2 V at 0.4 ms, Figure 1H1) and high (5
V at 0.4 ms, Figure 1H2) outputs. Successful LBBAP was
characterized as a paced QRS morphology of RBBB pattern
and QRSd less than 130 ms. If the LBB potential was recorded, the interval from the potential to the beginning of
the QRS complex was measured, which was identical to or
less than the stimulation-ventricle interval (Figure 1E–G).
If successful LBBAP could not be achieved after 5 attempts
of lead positioning or ﬂuoroscopy duration exceeded 20 minutes, the lead was then placed in the mid-LV septum by
transseptal access13 to achieve a relatively narrow QRSd,
namely, LV septal pacing.

Echocardiography and follow-up
ECG pacing parameters, echocardiographic measurements,
and complications associated with LBBAP were evaluated
perioperatively and at 3-month follow-up. The LV enddiastolic diameter and LV ejection fraction were evaluated.
Two-dimensional speckle-tracking electrocardiographic
strain imaging were analyzed using commercially available
software (EchoPAC; GE Vingmed Ultrasound AS), and mechanical dispersion (the time to peak strain delay) was used
for the synchronization evaluation.

Statistical methods
Continuous data were presented as the mean 6 SD and
compared with 2-tailed Student t tests. Nominal data were
presented as frequencies and percentages and were compared
by the c2 test. Statistical analyses were performed using
SPSS (version 22.0, SPSS Inc, Chicago, IL) and GraphPad
Prism 5 (GraphPad Software, Inc, San Diego, CA). A P value
of less than .05 was considered signiﬁcant.
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Table 1 Baseline characteristics of atrioventricular block patients
on whom left bundle branch area pacing was performed
Variables

Results

Age, years
Male, n (%)
Body mass index, kg/m2
Hypertension, n (%)
Diabetes, n (%)
Baseline electrocardiogram
Heart rate, beats/min
QRS duration, ms
Left bundle branch block, n (%)
Right bundle branch block, n (%)
AVB
Long ﬁrst-degree AVB, n (%)*
Second-degree AVB, n (%)
Complete AVB, n (%)
Sinus node dysfunction combined, n (%)
Paroxysmal atrial ﬁbrillation, n (%)
Baseline heart diseases
Congenital heart disease, n (%)
Atrial septal defect, n (%)
Membranous ventricular septal defect, n (%)
Post–aortic or mitral valve replacement, n (%)
Previous MI or received PCI, n (%)
Baseline echocardiography
Left atrium, mm
Left ventricular end-diastolic diameter, mm
Left ventricular ejection fraction, %
Ventricular septum, mm
PSD, ms

55.1 6 18.5
22 (66.7)
24.2 6 4.2
13 (39.4)
2 (6.1)
49 6 15
119.3 6 34.3
8 (24.2)
8 (24.2)
2 (6.1)
5 (15.2)
26 (78.8)
12 (36.4)
10 (30.3)
3 (9.1)
1 (3.0)
2 (6.1)
7 (21.2)
3 (9.1)
37.8 6 6.4
50.7 6 6.3
61.7 6 6.4
9.3 6 1.4
49.7 6 16.2

Total LBBAP tried: n 5 33.
Data are presented as mean 6 standard deviation for continuous variables, and categorical variables were presented as number and percentages.
AVB 5 atrioventricular block; LBBAP 5 left bundle branch area pacing;
MI 5 myocardial infarction; PCI 5 percutaneous coronary intervention; PSD
5 time to peak strain delay of left ventricle.
*Long ﬁrst-degree AVB was deﬁned as PR interval over 350 ms.

Results
Patient characteristics
A total of 33 patients with AVB referred for primary
pacemaker implantation underwent LBBAP procedures
during the study period, including 31 patients with
second-degree type II or complete AVB, 2 patients with
PR intervals .350 ms, and 12 patients with combined sinus node dysfunction. Paroxysmal AF was diagnosed in
30.3% (10/33) of the patients. There was a proportion
of 39.4% (13/33) of patients with structural heart disease,
including 21.2% (7/33) of patients with previous aortic or
mitral valve replacement, 9.1% (3/33) of patients with
histories of myocardial infarction or percutaneous coronary intervention, and 9.1% (3/33) of patients with
congenital heart disease (1 atrial septal defect and 2 membranous septal defects with transcatheter closure). Baseline LBBB or RBBB was present in 48.5% (16/33) of
the patients. Other baseline clinical characteristics are
summarized in Table 1.

ECG characteristics during LBBAP
LBBAP was successfully achieved in 30 AVB patients
(success rate 90.9%), and the other 3 patients ultimately

received LV septal pacing after trying LBBAP. For
successful LBBAP (Table 2), a narrow endocardial paced
QRSd (,145 ms) or paced QRS morphology with a mid
notch in lead V1 were recorded in 90.0% of patients. However, LBB potential was recorded in only 26.7% of
LBBAP patients, and the mean interval of LBB potential
to the beginning of the QRS complex was 31.3 ms. The
mean S-PLVAT for all LBBAP patients was 82.6 ms.
After the LBBAP procedure, the mean paced QRSd was
113.1 6 11.2 ms at a 5 V at 0.4 ms output and 116.8 6
10.4 ms at a 2 V at 0.4 ms output. Anodal capture at 1
V at 0.4 ms was recorded in 96.7% of all patients. The
mean sensed amplitude of the R wave was 14.4 mV after
the procedure. The unipolar pacing impedance after screwing the 3830 lead into the septum slightly decreased
compared with endocardial pacing. The mean time for
3830 lead positioning during LBBAP was 31.4 6 14.1 minutes. Among the 3 patients who failed LBBAP, 2 had histories of mitral valve replacement, and the other patient
was diagnosed with membranous ventricular septal defect
combined with giant right atrium (52 ! 64 mm).
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Table 2
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Pacing characteristics during the procedure

For patients with complete LBBB (n 5 8) or RBBB
(n 5 8), LBBAP corrected both the LBBB (n 5 6) and
RBBB (n 5 5) with a successful bundle branch correction
rate of 68.7%. In the case shown in Figure 2, the baseline
ECG showed a complete LBBB morphology with a QRSd
of 196 ms (Figure 2E) that was corrected by LBBAP (unipolar
pacing) to a narrow QRSd of 110 ms in lead V1 at a 1.0 V at 0.4
ms output (Figure 2G). The RBBB morphology could be corrected by bipolar LBBAP at a low output or unipolar pacing at
a relatively high output. Supplemental Figure 1 shows a case
in which the baseline RBBB morphology (Supplemental
Figure 1A and 1B) was corrected by unipolar pacing at 3.0
V at 0.4 ms after LBBAP (Supplemental Figure 1C and 1D).

regarding the perforation except for having features of
ventricular pacing failure (Supplemental Videos 1
and 2). Lead revision was performed, and the perforated
lead was slowly withdrawn from the right ventricle.
Then the LBBAP procedure was successfully repeated
by selecting another endocardial pacing site. There were
no other postoperative complications related to LBBAP
during the 3-month follow-up.
The mean ventricular pacing rate was 79.4% for LBBAP
patients at the 3-month device follow-up. As shown in
Table 3, pacing parameters remained stable during the
3-month follow-up period, including the sensing amplitude,
pacing threshold, and impedance. The paced QRSd also remained narrow at a 3.0 V at 0.4 ms output during the
follow-up.
Complete echocardiographic evaluation data at baseline
and the 3-month follow-up were available in 13 patients
receiving LBBAP and 3 patients receiving LV septal pacing.
As shown in Figure 3, in patients with LBBAP, we observed
a downward trend in the left atrial diameter (37.6 6 7.3 mm
vs 35.8 6 5.2 mm, Figure 3A) and LV end-diastolic diameter
(50.8 6 7.7 mm vs 49.2 6 5.7 mm, Figure 3B) and a stable
LV ejection fraction (62.0% 6 6.2% vs 61.7% 6 6.5%,
Figure 3C). Mechanical dispersions for LBBAP patients
were slightly improved after 3 months of follow-up when
compared with that before the procedure (56.8 6 21.5 ms
vs 49.8 6 12.3 ms, Figure 3D), especially for those patients
with complete LBBB at baseline. As in the example shown in
Figure 2 and Supplemental Figure 1, preserved mechanical
dispersion was observed in patients with second-degree
AVB (Figure 2B and 2D) or RBBB (Supplemental
Figure 1B and 1D). For another patient with intermittent
third-degree AVB and complete LBBB, the mechanical
dispersion was signiﬁcantly improved (Figure 2F and 2H).
For patients receiving LV septal pacing, mechanical dispersion seemed to worsen (Figure 3D).

Complications, pacing parameters, and
echocardiographic measurements after LBBAP

Discussion

One ventricular septal lead perforation occurred soon after
the procedure. The patient remained asymptomatic

The present study demonstrated that LBBAP, a novel pacing
strategy, was clinically feasible and safe for patients with

LBBAP (N 5 30)

Variables
Targeted pacing site of right ventricular
septal endocardium
Paced QRS duration, ms
(a) Paced QRS duration ,145 ms
(b) Mid notch QRS in precordial lead V1,
n (%)
a and b, n (%)
a or b, n (%)
LBB potential recorded, n (%)
LBB potential to QRS beginning, ms
Stimulus to peak left ventricular activation
time, ms*
Paced QRS duration at 5 V @ 0.4 ms, ms
Paced QRS duration at 2 V @ 0.4 ms, ms
Anodal captured at 1 V @ 0.4 ms, n (%)
Endocardial unipolar pacing impedance, U
LBBAP unipolar impedance, U
Sensing amplitude, mV
Duration of LBBAP procedure, min

139.8 6 18.9
20 (66.7)
23 (76.7)
16 (53.3)
27 (90.0)
8 (26.7)
31.3 6 3.1
82.6 6 15.3
113.1 6 11.2
116.8 6 10.4
29 (96.7)
929.9 6 142.8
691.7 6 133.8
14.4 6 5.1
31.4 6 14.1

LBB 5 left bundle branch; LBBAP 5 left bundle branch area pacing.
*Stimulus-to-peak left ventricular activation time, evaluated at 2 V @ 0.4 ms
of the ﬁnal paced QRS.

Table 3

Complications and changes in pacing parameters within 3 months after left bundle branch area pacing
LBBAP (N 5 30)

Pacing parameters
Sensing amplitude, mV
Pacing threshold @ 0.4 ms, V
Pacing impedance, U
Paced QRS duration at 3.0 V @ 0.4
output, ms
Ventricular pacing percentage, %
Complications, n (%)
Infection, n (%)
Septal perforation, n (%)
Lead dislodgement, n (%)

During the procedure

Before discharge

3-Month follow-up

14.4 6 5.1
0.76 6 0.26
691.7 6 133.8
112.8 6 10.9

15.8 6 11.7
0.59 6 0.16
588.0 6 79.3
114.4 6 14.2

14.6 6 4.6
0.64 6 0.20
554.7 6 93.7
116.8 6 10.4

NA
1 (3.3)
0 (0.0)
1 (3.3)
0 (0.0)

NA
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)

79.4 6 24.6
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)

LBBAP 5 left bundle branch area pacing; NA 5 not applicable.
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Figure 3 Comparisons of echocardiographic parameters between baseline and 3 months after left bundle branch area pacing (LBBAP). A: Left atrium; left
ventricular end-diastolic diameter. B: Left ventricular end-diastolic diameter. C: Left ventricular ejection fraction (LVEF). D: Time to peak strain delay
(PSD). BBB 5 bundle branch block; LBBAP 5 left bundle branch area pacing; LBBB 5 left bundle branch block; LVSP 5 left ventricular septal pacing;
RBBB 5 right bundle branch block.

AVB and might be an alternative physiological pacing
approach with a narrow QRSd and preserved LV synchronization. In this observational study, LBBAP achieved a nearly
normal paced QRSd of 120 ms with a low pacing output and
stable threshold in patients with AVB. LBBAP could correct
complete LBBB or RBBB in some patients. For an experienced pacemaker implantation operator, the LBBAP procedure was easily performed with a relatively short procedure
time. The most common complication related to LBBAP
was ventricular septal perforation, which could cause ventricular lead dislodgement. The LV mechanical synchrony evaluated by echocardiography at the 3-month follow-up was
preserved or improved by LBBAP. Our preliminary results
support LBBAP as a promising pacing approach for AVB.

Physiological pacing and AVB
Traditional RVP increases the risk for mortality and HF in
advanced AVB patients. For patients with long PR intervals
and second-degree AVB, ventricular pacing reduction algorithms may result in nonphysiological atrioventricular delays
and increases the risk of persistent AF, incidence of HF, and
all-cause mortality.14,15 A prolonged PR interval leads to
adverse hemodynamic effects, such as impairment of LV
ﬁlling, elevated left atrial pressure, and diastolic mitral
regurgitation, and may trigger autonomic reﬂexes and then

increased sympathetic tone. Our preliminary study results
suggested that LBBAP might be an alternative to HBP as a
promising physiological pacing strategy.

Pacing area
The ventricular pacing area of LBBAP was supposed to be
the LBB area, like the trunk or left anterior and posterior
fascicle of the LBB. First, the mean S-PLVAT in the paced
QRS was short (60w90 ms), and the axis or vector of the
paced QRS complex was similar to the intrinsic QRS complex. Second, the tip of the pacing lead was moved more
distal toward the right ventricular septal area, sometimes after
mapping the His potential, and the tip of the pacing lead
nearly reached the LV endocardium (Figure 1B). Third, the
paced QRS morphology was present as RBBB pattern in
lead V1, which was different from the intrinsic QRS
morphology. In addition, the morphologies of fascicular ventricular tachycardia (VT) might help locate the pacing area of
LBBAP. Fascicular VT usually presents as an incomplete
RBBB morphology with a left-axis conﬁguration and a
slightly wider QRSd.16 For example, for a QRS wave paced
at the left posterior fascicle,17 a small Q wave and tall R wave
in leads I and aVL and a small R wave and deep S wave in the
inferior leads are often presented. In our study, the paced
QRSd was narrow and similar to that of sinus rhythm or
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mimicked incomplete right bundle branch aberrancy,
partially complying with the criteria of VT morphology originating from the left posterior fascicle. Therefore, the pacing
site in our procedure might have been located at the proximal
left side of the His-Purkinje system,18 sometimes at the trunk
of the LBB and sometimes at the left anterior and posterior
fascicular area.

Selective or nonselective LBB pacing
Whether LBBAP should be additionally reﬁned into selective
or nonselective LBB pacing remains inconclusive because no
uniﬁed criteria have been established for a precise deﬁnition.
The presence of LBB potential recorded by the pacing lead
with an interval between the LBB potential and the beginning
of the QRS complex being less than 35 ms might be one
demonstration that only the LBB is captured. Other possible
evidence of direct capture of the LBB might be that
S-PLVAT remained unchanged at different outputs. However, narrow QRSd could also be achieved by pacing both the
LBB and adjacent ventricular tissues. In our study, we
observed that the paced QRS morphology, duration, and
S-PLVAT slightly changed at different outputs in some patients. Whether this phenomenon indicated nonselective
LBB pacing remains unclear. As a new pacing approach,
LBBAP needs more clinical studies for deﬁning precise electrophysiological criteria. Previous studies have shown that
patients receiving S-HBP and NS-HBP with a high output
share similar QRS durations and morphologies, electrical
synchrony, and mechanical synchrony.19 Our preliminary
evaluation of cardiac function and LV systolic synchrony
demonstrated a short-term beneﬁcial effect of LBBAP.
Whether LBBAP could preserve LV synchrony long-term
in patients with AVB needs more evidence.
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better at capturing the left and right bundle branches on
both sides of the septum.

Advantages and complications of the LBBAP
procedure
Although HBP has emerged as a feasible physiological pacing strategy with a success rate up to 80% to 90%,6,21
anatomic characteristics of the His bundle make lead
ﬁxation difﬁcult, and many factors lead to procedure
failure and a relatively high chance of lead
dislodgement.22 For the LBBAP procedure, the anatomic
characteristics of the LBB provide a relatively large area
for the selection of a pacing site. Lead ﬁxation could be
more easily achieved by screwing the lead into the ventricular septum. Baseline bundle branch block might be more
likely corrected by LBBAP beyond the site of block.
Most important, LBBAP could achieve a low and stable
capture threshold compared with S-HBP or NS-HBP.23
The R-wave amplitudes in the LBBAP were similar to the
RVP. These stable pacing parameters observed in our study
indicated that some sensing or threshold issues that are
common in HBP might be avoided in LBBAP. Our shortterm echocardiographic evaluation indicated that LBBAP
may preserve or help improve LV synchrony similar to
HBP. Additionally, LBBAP could provide back-up pacing
by pacing the adjacent septal myocardium.
Complications regarding LBBAP should be noted,
except for conventional complications of transvenous pacing. Although only asymptomatic lead perforation was
observed during the acute phase in our study, coronary artery damage might be a potential major issue. Another
notable concern is lead fracture: because the pacing lead
is screwed into the ventricular septum, long-term safety
should be observed.

LBBAP and correction of bundle branch block
The correction of LBBB and RBBB was observed in our
study. The LBBB correction by unipolar pacing at a low
output may have been due to the pacing site being located
beyond the LBB blockage area. According to the theory of
longitudinal dissociation, LBBAP could cause the RBBB
pattern instead of a correction of the RBBB. However,
we did observe narrowing of the complete RBBB
morphology directly by unipolar LBBAP at a relatively
high output, which may have resulted from the stimulation
beyond the blockage site and overcoming the resistivity of
the ﬁbrous sheath encasing the right bundle branch. The
incomplete RBBB morphology could also be corrected
by bipolar pacing sometimes, presumably owing to anodal
contribution during bipolar pacing.20 Sometimes adjusting
atrioventricular delay could correct the incomplete RBBB
during LBBAP as a result of achieving biventricular stimulation at the same time.10 These observations sparked
some potential for a special lead for LBBAP in the future.
It might be meaningful to know whether leads with a double cathode or different interelectrode distance would be

Study limitations
Several limitations should be mentioned. First, this study was
a retrospective and observational study in a single center with
a small sample size. Further prospective and multicenter
studies are needed. In addition, we only evaluated the feasibility and safety of LBBAP for 3 months. Longer-term
follow-up is necessary for the evaluation of clinical outcomes
and adverse events. However, few studies evaluate the feasibility and safety of LBBAP.11 Our preliminary observational
study was the ﬁrst to describe the feasibility and safety of
LBBAP for patients with AVB.

Conclusion
Permanent LBBAP yielded a stable threshold, a narrow
QRSd, and preserved LV synchrony with few complications. Our preliminary results indicate that LBBAP holds
promise as an attractive physiological pacing strategy for
AVB.

Li et al

Left Bundle Branch Area Pacing for AVB

Appendix

1773
11.

Supplementary data
Supplementary data associated with this article can be found
in the online version at https://doi.org/10.1016/j.hrthm.2019.
04.043.
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