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ABSTRACT

Objective: To investigate the clinical safety and electrocardiogram (ECG) characteristics in patients with left bundle branch area
pacing (LBBAP).

Study Design: Retrospective study.

Place and Duration of Study: Department of Cardiology, The First Affiliated Hospital of Bengbu Medical College, Bengbu,
China, from May 2018 to January 2020.

Methodology: Patients scheduled for Left Bandle Branch Area Pacing (LBBAP), who were admitted due to bradycardia, had
been prospectively recruited. The Medtronic 3830 pacing lead was first placed at the right ventricular (RV) side of the interven-
tricular septum (IVS) with pacing parameters (pacing threshold, pacing impedance and sensing amplitude) and ECG characteris-
tics [QRS morphology, paced QRS duration and stimulus to peak left ventricular activation time (Sti-LVAT)] measured, which
was called the right ventricular septum pacing group (RVSP). Then the pacing lead was screwed towards the left ventricular
(LV) side of the IVS; and the corresponding parameters and ECG characteristics were assessed, which was called LBBAP group.
Results: RVSP caused left bundle block (LBBB) morphology on ECG, while pacing at left bundle area led to right bundle branch
block (RBBB) morphology, without remarkable difference in pacing threshold and pacing impedance. The sensing amplitude
during LBBAP was significantly higher compared with RVSP (p <0.05). QRS duration and Sti-LVAT were significantly shorter
when paced on LBBAP compared with RVSP (p <0.05). Patients with LBBB morphology in intrinsic rhythm showed the greatest
reduction in paced QRS duration and Sti-LVAT compared to patients with RBBB morphology or no bundle branch block
morphology (p <0.001). There were no complications during pacemaker implantation and no adverse events observed during
follow-up. The pacing parameters remained stable during the follow-up (9.2 £ 3.7 months).

Conclusion: Compared with pacing on RVSP, patients with LBBAP showed RBBB morphology with significantly reduced QRS
duration and LV Sti-LVAT under similar pacing parameters. LBBAP is safe and feasible and may be a promising strategy for
patients with LBBB morphology who are indicated for ventricular pacing.
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INTRODUCTION

Sick sinus syndrome and complete atrioventricular block are
the two most common ways of bradyarrhythmia."” If left
untreated, the slow junctional escape rhythm is inadequate to
support patients’ hemodynamic needs.? Currently, pacing with
a pacemaker is the most effective treatment for patients with
bradycardia and atrioventricular block. Right ventricular (RV)
apexorRVsideoftheinterventricularseptum (IVS)is conventio-
nally selectedasthe pacingsite.
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However, such pacing strategies may cause intra-left ventric-
ular (LV) and interventricular dyssychrony. Permanent His-
bundle pacing (HBP) is known as physiological pacing, which
can synchronise the ventricles, improve cardiac function and
reduce the risk of atrial fibrillation.*” The disadvantages of HBP
include difficult implantation, large atrial signals complicating
pacing management, the blocked site may be distal to the His-
bundle, and higher and unstable pacing threshold.? Left bundle
branch area pacing (LBBAP) has emerged as an alternative
method to HBP. With the left bundle branch (LBB) spread overa
relatively largerregion and has a similar effect of synchronising
the LV when being paced, LBBAP appears to be feasible and
promising.’

The aim of the current study was to investigate the feasibility,
safety, and effectiveness of LBBAP in patients with left bundle

branch block (LBBB) morphology, right bundle branch block
(RBBB) morphology and no bundle branch block (non-BBB)
morphology.
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METHODOLOGY

Patients admitted to the First Affiliated Hospital of Bengbu
Medical College for permanent pacemaker implantation were
prospectively enrolled between May 2018 and January 2020. All
patients met the criteria of treatment for bradycardia, based on
the 2013 ESC/EHRA Guidelines.” The study was approved by
the Ethics Committee of Bengbu Medical College. Informed
consentswere obtained fromallthe subjects.

An 8F peelable sheath was inserted first via left axillary vein or
left subclavianvein. Underrightanterioroblique view (RAO) 30°
fluoroscopic view, C315 sheath (Medtronic Inc., Minneapolis,
MN USA) was inserted. After advancing it clockwise through the
tricuspid valve and counterclockwise approaching the RV side
of the IVS, the pacing lead (Model 3830, Medtronic Inc.,
Minneapolis, MN, USA) was advanced slightly beyond the distal
part of the sheath to locate the His-bundle potential. Along the
line between the located His potential and cardiac apex, the
C315 sheath and pacing lead were moved 15 (10-20) mm
towards the apex. Output of 5V/0.42 ms was applied and the
“W" pattern ofthe paced QRS was viewed. The C315 sheath was
then turned counterclockwise with the head of the sheath
appearing as concentric circles, and being fixed on the IVS. The
perpendicular angle and depth of the insertion of the pacing
lead was confirmed by left anterior oblique view (LAO) 45°
fluoroscopy. The end of the electrode was turned clockwise 4 to
5 times before pacing parameters were recorded and 12-lead
ECG were analysed. The 3830 pacing lead was then further
screwed clockwise into the LV side of the IVS. This process was
closely monitored. Once the QRS morphology changed to RBBB
morphology, orthe duration of QRS and the stimulus to peak left
ventricular activation time (Sti-LVAT) became reduced, the
insertion ofthe lead was stopped. Corresponding pacing param-
eters and ECG characteristics were again recorded and anal-
ysed. The depth of the electrode into the IVS was confirmed by
C315 sheath angiography (Figure 1). After LBBAP was
confirmed, the pacemakerwas connected for programming.****

Figurel:Thelocationofpacingelectrodes.

Under right anterior oblique view (RAO) 30° fluoroscopic view,
along the line between the located His potential and cardiac
apex, the C315 sheath and pacing lead were moved 15 (10-20)
mm towards the apex. The C315 sheath was then turned coun-
terclockwise with the head of the sheath appearing as concen-
tric circles, and being fixed on the IVS. The perpendicular angle
and depth of the insertion of the pacing lead was confirmed by
left anterior oblique view (LAO) 45° fluoroscopy. The depth of
theelectrodeintothe VS was confirmed by angiography.

There were two types of data that were collected. First were
pacing related parameters, which included pacing threshold,

pacing impedance and sensing amplitude. Secondly, the
morphology of QRS complex on ECG was collected using a
multichannel electrophysiological recorder (Jingjiang company,
Sichuan, China) with a sweep speed at 100 mm/s. Paced QRS
duration and Sti-LVAT were measured at V4-6. QRS duration was
measured from the beginning of the Q wave to the end of the S
wave. Sti-LVAT was measured as the time interval from the
pacing stimulus to the line perpendicular to the peak of the R
waveinleadsV4-Veé.

The analysis was conducted using the SPSS software package
(version 21, Chicago, lllinois, USA). Continuous variables were
expressed as mean + standard deviation. Independent t-test or
paired t-test were used to compare the difference between two
independent groups or matched groups. One-way ANOVA was
used for more than two group comparison with Tukey post hoc
test for two-group comparisons. A p-value <0.05 was consid-
eredsignificant.

RESULTS

Twenty-one patients were included in the study, 15 menand 06
women. The mean age was 67.8 = 9.6 (49 to 83) years. There
were fifteen patients with essential hypertension, two with
diabetes, eight with coronary heart disease, one with valvular
disease and five with cerebral vascular disease. Prior to pace-

maker implantation, LBBB morphology and RBBB morphology
were found in five patients, respectively. Eleven patients had
complete atrioventricular block, five had sick sinus syndrome,
four patients had atrial fibrillation with long pauses, and one
patient had heart failure with LBBB. Nineteen patients received
apacemakerimplantationforthefirsttime. The othertwo cases
were admitted for pacemaker battery replacement. Two
patients received VVI while DDD was applied in nineteen
patients.

Table I: Comparing the pacing parameters and ECG characteristics
betweenrightand leftsidedIVS pacing.

Parameters RVP (n=21) LBBAP (n=21) t p
Pacing potential (V) 0.8+0.2 0.7+0.2 1.313 0.204
Sensing amplitude (mV) 83 +39 11.5+£5.2 -2.308 | 0.032
Pacing impedance (Q) 727.8 +£150.5 | 750.3 £ 98.7 -0.587 | 0.564
Paced QRS duration (ms) 168.9 + 14.1 124.2 £ 20.3 9.699 <0.001
Sti-LVAT (ms) 119.1 £12.2 62.9 +£16.5 14.177 | <0.001
RVP: Pacing on the right side of the interventricular septum; ECG: Electrocardiogram; Sti-LVAT:
Stimulus to peak left ventricular activation time, measured as the time interval from the
pacing stimulus to the peak of the R wave.

Typical changes in ECG were observed while advancing of
pacing electrode from the right side of the IVS to the left side
(under LV endocardium). When the pacing electrode was on
right side of the IVS (RVSP), ECG morphology showed LBBB
morphology. But when it was advanced to the left side of IVS

(LBBAP), RBBB morphology appeared.

The paced QRS durationand the Sti-LVAT obtained when pacing
ontherightside of the IVS (RVSP) were significantly longer than
the time intervals when pacing on left side of the IVS (LBBAP,
Tablel). Asshownin Figures 2a-2c, such characteristic changes
were observed in patients either with initial LBBB/RBBB

morphology or non-BBB morphology. There was no significant
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difference in pacing threshold and impedance between LBBAP
and RVSP, while the sensing amplitude was significantly higher
whenpacingfromtheLVside ofthe IVS (LBBAP).

Figure 2-a: Characteristic ECG changes in a patient without bundle
branchblockmorphology before LBBAP.

= - Lo

Figure 2-b: The characteristic change of ECG on patient with RBBB
morphologybefore LBBAP.

Figure 2-c: The characteristic change of ECG on patient with LBBB
morphologybefore LBBAP.

Table Il: Comparison between patients with LBBB morphology, RBBB
morphologyand non-BBB morphology.

Parameters Without BBB LBBB RBBB F p
(n=11) (n=5) (n=5)

QRS duration before pacing 174.6

(ms) 99.8 + 14.2#A 10.9%4

QRS duration after pacing

137.4 £15.9¥A] 51.41 | <0.001

(ms) 126.7 £23.2 | 129.6 £13.1 | 113.2+18.6 | 0.993 0.39

AQRS duration (ms) 26.9 + 19.6#A| -45.0 = 19.7# | -24.2 + 28.8A | 21.606 | <0.001

LVAT before pacing (ms) 46.4 £ 9.7# |94.4 £ 17.4%# | 434 £9.7* 32.764 | <0.001

Sti-LVAT after pacing (ms) 62.9 +17.8 63 +15.9 62.6 + 17.7 0.001 0.999
-16.6 =

ALVAT (ms) 15.0#A 31.4 £ 31.8%#|-19.2 £ 24.0*A| 9.502 | <0.002

*: p<0.05, LBBB vs. RBBB; #: p <0.05, LBBB vs. without BBB; A: p <0.05, RBBB vs. without BBB. BBB: Bundle
branch block; LBBB: Left bundle branch block; RBBB: Right bundle branch block; Sti-LVAT: Stimulus to peak left
ventricular activation time, measured as the time interval from the pacing stimulus to the peak of the R wave.

Table lll: Changes in pacing parameters under LBBAP at follow-up (9.2 +
3.7months).

Parameters During _the Follow-up t p
operation

(P\‘;‘)C'”g potential 0.7 0.2 0.9+04 |-1.4330.167

sensing amplitude |17 4,53 | 95+34 |1423/0.171

(mV)

Pacing impedance 695.7 £

Q) 750.3 = 98.7 113.3 1.559/0.135

LBBAP: Left bundle branch pacing; VS: Interventricular septum.

An illustrative case showed, preoperatively, there was no
bundle branch block morphology, with a QRS duration 111 ms
and Sti-LVAT 50 ms on V; (on left panel). Pacing onthe RV side of
the IVS caused LBBB morphology, with a QRS duration 178 ms
and Sti-LVAT 125 mson V, (middle panel). Pacing onthe LV side

of the IVS caused RBBB morphology, with a QRS duration 156
msand Sti-LVAT 75 mson V; (right panel).

An illustrative case showed, preoperatively, there was
complete RBBB morphology, with a QRS duration 138 ms and
Sti-LVAT 31 mson V; (on left panel). Pacing on the RV side of the
IVS caused LBBB morphology, with a QRS duration 164 ms and
Sti-LVAT 128 ms on V, (middle panel). Pacing on the LV side of
the IVS caused RBBB morphology, with a QRS duration 119 ms
and Sti-LVAT85msonV; (right panel).

An illustrative case showed, preoperatively, there was
complete LBBB morphology, with a QRS duration 175 ms and
Sti-LVAT 72 ms on V; (on left panel). Pacing on the RV side of the
IVS caused LBBB morphology, with a QRS duration 178 ms and
Sti-LVAT 122 ms on V, (middle panel). Pacing on the LV side of
the IVS caused RBBB morphology, with a QRS duration 150 ms
and Sti-LVAT 81 msonV, (right panel).

Patients initially with LBBB morphology showed significant
reduction oratrend of reduction in paced QRS duration and Sti-
LVAT compared to patients with RBBB morphology or non-BBB
morphology (TableIl). The reduction of paced QRS durationand
Sti-LVAT were significantly greater in patients with RBBB
morphology versus non-BBB morphology.

The pacemaker implantation was successful in all cases. There
were no complications observed during the procedure, such as
lead dislodgment, septal perforation, and coronary artery
injury. At follow-up (9.2 £ 3.7 months), the pacing parameters
did notchangesignificantly (Tablelll).

DISCUSSION

Inthe current study, 21 patients successfully performed pacing
intheleftbundle branch without complications, and one patient
was changed to pacing the right ventricle septum due to the
large right atrium, with a success rate of 95.5%. Two patients of
them underwent left bundle branch pacing and pacemaker
replacementdueto pacemakerenergy depletionandincreased
impedance of the right ventricular electrode. There was a char-
acteristic change of QRS morphology/duration and Sti-LVAT on
ECG, while advancing the pacing lead through the IVS. Patients
that initially had LBBB morphology in their intrinsic rhythm
showed the greatest reduction in QRS duration and Sti-LVAT.
Consistent with Chen's research,'* during the follow-up there
were no adverse events observed and pacing parameters
remained stable.

Based on the clinical guidelines,”**LBBAP can be confirmed by
typical change of QRS morphology when advancing the pacing
lead from the RV side to the LV side of the IVS which results in
RBBB morphology; identification ofthe LBB potential; and short-
ened stimulus to LV activation time measured at the peak of the
QRS waveform. However, LBB potential is recorded in only 50%
to 80% of patients.'® Therefore, additional imaging methods are
recommended for confirming LBBAP. Inthis study, angiography
was used for confirming the LBBAPsite.

Thisstudy indicates thatboth QRS duration and Sti-LVAT canbe
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significantly shortened by LBBAP in patients with either
intrinsic LBBB or RBBB morphology (Table Il). Since LBBAP
causes RBBB morphology, itis understandable that the overall
benefit of correcting complete LBBB through pacing outweighs
creating a RBBB morphology with shorter QRS duration. LBBAP
could resynchronise the ventricles and improve cardiac func-
tion."” Interestingly, LBBAP was shown to be beneficial in
patients with complete RBBB morphology as well. Under
LBBAP, the RBBB morphology was associated with shortened
QRS duration and Sti-LVAT. Consistent with previous literature,
this observation suggests there are fiber connections between
the left and right bundle branches.* This study also demons-
trated an increase in QRS duration with LBBAP in patients with
non-BBB morphology. However, these patientsinevitably need
pacemaker treatment. From our results compared to the RV
sided IVS pacing, LBBAP was associated with shorter QRS dura-
tion. Prior studies have shown that LVBBP reduced the QRS
duration to a greater extent than conventional RV pacing.*
Therefore, LVBBP may be suitable for patients both with and
without bundle branch block. Among all cases, patients with
LBBB morphology showed the greatest benefit with LBBAP, as
theyhadthe deepestreduction of QRS durationand LVAT.

This study has many limitations: This is a single-centre study.
There were a limited number of cases included in the present
study, and the patients enrolled represented mild disease. It
would be interesting to recruit more patients with LBBB
morphologyandheartfailureasourstudy demonstratedsignifi-
cant improvement after LBBP in one patient with prior
complete LBBB and LV dysfunction. The follow-up time after
pacemaker implantation was short; therefore, long-term
outcomes from LBBAP cannot be derived from the current
study. Further, arandomised control group was notincluded. It
was demonstrated that advancing the electrode from the right
side of the IVS to its left side caused significant reductions in
paced QRS duration and Sti-LVAT. The results of this study and
results of others support the hypothesis that LVBBP is more
physiological than conventional RV pacing. LV epicardial
pacing or epicardial CRT are widely used to overcome ventric-
ular dyssynchrony. The authors did not compare LBBAP with
CRT in current study; however, LBBAP should show the same
benefitssince the paced patients of this study had reduced QRS
duration. Future randomised control studies with longer follow-
up duration are needed to fully elucidate the clinical benefits of
LBBAP.

CONCLUSION

LBBP is feasible, appears to be safe, and may be promising as
compared to the conventional RV pacing, it narrows the QRS
duration. LBBP may be especially beneficial for patients with
LBBB and heart failure. A randomised control study with larger
samplesizeisneeded.
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