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1  | BACKGROUND

Atrial arrhythmias, heart failure, and pacing- induced cardiomyopa-
thy have all been linked to chronic right ventricular (RV) pacing.1- 3 
Alternative pacing sites, such as the septum and RV outflow tract, 
have not produced consistent outcomes. His bundle pacing (HBP) 
has evolved as an ideal physiological pacing form because it stim-
ulates the natural cardiac conduction system, resulting in synchro-
nized ventricle contraction and preventing complications of RV 
pacing.4 Permanent HBP implantation was first reported with tradi-
tional RV leads.5 Since dedicated sheath and lead are now available, 
HBP is becoming more common.4,6

While HBP is the ideal site of physiological pacing, it does have 
some drawbacks. In patients with dilated heart, the implant proce-
dure necessitates more experience in targeting a narrow zone, re-
sulting in a lengthy procedure and fluoroscopic times.5,7,8 HBP lead 
usually has a low R- wave amplitude, which may cause oversensing 
of atrial or His signals and undersensing of ventricular signals. High 
capture thresholds at implantation and/or late follow- up can lead to 
premature battery depletion and replacement of generator, as well as 
the risks that come with them.9,10 High rates of lead revision caused 
by unpredictability and delayed increase in HBP capture thresholds 
are also a significant concern. During follow- up, a small percentage 
of patients can lose His capture, resulting in RV septal pacing.7,11,12

Received: 12 May 2021  |  Revised: 25 August 2021  |  Accepted: 13 September 2021

DOI: 10.1002/joa3.12638  

R A P I D  C O M M U N I C A T I O N

Left bundle branch pacing: An evolving site for physiological 
pacing

Eka P. B. Mulia MD  |   Muhammad R. Amadis MD |   Rerdin Julario MD  |   
Budi B. Dharmadjati MD

This is an open access article under the terms of the Creat ive Commo ns Attri butio n- NonCo mmerc ial- NoDerivs License, which permits use and distribution in 
any medium, provided the original work is properly cited, the use is non- commercial and no modifications or adaptations are made.
© 2021 The Authors. Journal of Arrhythmia published by John Wiley & Sons Australia, Ltd on behalf of the Japanese Heart Rhythm Society.

Abbreviations: AF, atrial fibrillation; AV, atrioventricular; CRT, cardiac resynchronization therapy; HBP, His bundle pacing; LBB, left bundle branch; LBBP, left bundle branch pacing; LV, 
left ventricle; LVAT, left ventricular activation time; RBB, right bundle branch; RV, right ventricle; RWPT, R wave peak time.

Department of Cardiology and Vascular 
Medicine, Faculty of Medicine, Universitas 
Airlangga -  Dr. Soetomo General Hospital, 
Surabaya, Indonesia

Correspondence
Eka P. B. Mulia, MD, Departement of 
Cardiology and Vascular Medicine, Faculty 
of Medicine, Universitas Airlangga- Dr. 
Soetomo General Hospital, Surabaya, 
Jalan Mayjen Prof. Dr. Moestopo No.6- 8, 
Surabaya 60286, Indonesia.
Email: eka.prasetya.budi-2017@fk.unair.ac.id

Funding information
The authors received no financial support 
for the research, authorship, and/or 
publication of this article.

Abstract
For patients with symptomatic bradyarrhythmia, cardiac pacing is the only appro-
priate treatment option. Electrical and mechanical dyssynchrony caused by tradi-
tional right ventricular apical pacing leads to left ventricular dysfunction and atrial 
arrhythmias. Physiological pacing stimulates natural cardiac conduction, resulting 
in synchronized ventricular contraction. Even if His bundle pacing (HBP) is an ideal 
physiological pacing modality, it is technically not always feasible because of high 
capture thresholds, disease in the distal His bundle, and follow- up troubleshooting 
issues. Left bundle branch pacing (LBBP) has been proposed as a viable alternative to 
HBP since it provides lead stability, a low and stable pacing threshold, and correction 
of distal conduction system disease.
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The search for an optimal site led to a new physiological pacing 
method, introduced by Huang et al. Pacing lead was inserted deep 
into RV basal septum to capture the region of the left bundle branch 
(LBB).13 Ever since left bundle branch pacing (LBBP) has emerged 
as the alternative way of delivering physiological pacing as it over-
comes many limitations of the HBP.

2  | DEFINITION OF LEF T BUNDLE 
BR ANCH PACING (LBBP)

LBBP is characterized as direct capture of the main left bundle 
or each of fascicle branches, along with left ventricle (LV) septal 
myocardium, at the low output (<1 V at 0.5 ms pulse width).14 
Aside from demonstrating a paced QRS pattern for the right bun-
dle branch conductivity delay, one or more conditions should be 
demonstrated to ensure that the left bundle or its branches are 
captured: (1) Left bundle (LB) potential demonstration with the 
20- 35 ms LB- local ventricular electrogram interval, (2) Evidence 
of transition from non- selective to selective left bundle capture 
or LV septal capture with decrementing output, (3) Peak left ven-
tricular activation time (LVAT) as measured in lead V5,6 less than 
80ms, (4) Programmed deep septal stimulation to demonstrate LB 
refractory period.4

3  | DIFFERENCES BET WEEN HBP AND 
LBBP

HBP can be used as an alternative to conventional RV or biventricu-
lar pacing in the following circumstances: (1) atrioventricular (AV) 
node ablation due to refractory atrial fibrillation (AF), (2) high- degree 
AV block with expected ventricular pacing >20% of the time, (3) 1st 
degree AV block with long PQ (alone or in combination with inter-
mittent 2nd to 3rd degree AV block or sick sinus syndrome), and (4) 
upgrade in pacing- induced cardiomyopathy.15,16 Furthermore, HBP 
can be beneficial in cardiac resynchronization therapy (CRT) con-
text. A limitation of HBP is the LBBB below the level of His, which 
recently can be corrected by implementing LBBP.16

Both HBP and LBBP are capable of capturing the conduction sys-
tem. HBP is anatomically difficult because of a small target region, 
yet it is the most physiological type of pacing because the entire 
conduction system is recruited.4 However, in 5%– 10% of patients, 
high pacing thresholds of HBP at implantation or during follow- up 
can lead to early battery depletion and generator replacement.9,10,17 
In patients with infra- Hisian block and/or LBBB, the success rate for 
correcting distal conduction system disease is lower.18,19 LBBP, on 
the other hand, aims for a wider target area of LBB fibers on the left 
sub- endocardium. In addition, histological issue (His embedded in 
fibrous, electrically nonconducting tissue while LBB located in the 
myocardium) also makes LBBP preferred.7

With no major sensing problems, LBBP offers a low and sta-
ble threshold. LBBP appears to be the most effective method of 

physiological pacing since it avoids many of the disadvantages asso-
ciated with HBP.4,7

4  | IMPL ANTATION OF LBBP

A SelectSecure 3830 pacing lead (Medtronic, Minneapolis, MN) 
is used for LBBP, which can be delivered through the fixed- curve 
C315- HIS sheath or deflectable SelectSite C304- HIS sheath 
(Medtronic).7 Another implantation system used is stylet- driven 
leads with an extendable helix design (Solia S60, Biotronik, SE & CO) 
delivered through a new delivery sheath (Selectra 3D, Biotronik).20 
Unlike HBP, which has a narrow target, LBBP has a larger target area, 
however, it is located on the left side of the septum. Because the 
procedures are performed on the right side of the septum, there are 
no definite potentials to target at first. Before inserting the LBBP 
lead, it is critical to understand distal extent of His signals.4 In the 
right anterior oblique (RAO) 30° view, the ideal target site is around 
1- 1.5 cm underneath the His bundle in an imaginary line traced from 
distal His signals to RV apex. The paced QRS morphology at this site 
usually, but not in all cases, shows a “w” pattern in lead V1 with the 
notch at the nadir of the QS complex, tall R in lead II, and RS in lead 
III before fixation (Figure 1).4,14,21 Rapid rotations of the lead, 3- 4 
turns, are suggested to achieve penetration of the lead body behind 
the screw into the septum.14

A recent study evaluated several methods for monitoring lead 
depth, including sheath angiography, fulcrum sign, impedance mon-
itoring, pacing from ring electrode, QRS notch changes in lead V1, 
and observation of fixation beat. Fixation beat, presented in 96% of 
the cases, is a novel marker to reach the LBB area, namely an ectopic 
beat with qR/rsR' morphology in lead V1.22 In a study of 124 pa-
tients, Jastrzębski et al validated the time measured from QRS onset 
to the peak of the R wave in lead V6 (R wave peak time [RWPT]) 
during LBB capture similar to that of normal sinus rhythm, with high 
sensitivity and specificity. Moreover, they also reported an RWPT 
cutoff of 74 ms, which is 100% specific for LBB capture.23

5  | COMPLIC ATIONS OF LBBP

There are several potential complications of LBBP. During implan-
tation, C315 sheath or the pacing lead open helix has the poten-
tial to cause right bundle branch (RBB) injury. As a result, patients 
with LBBB may need a temporary pacing lead implanted to provide 
backup pacing.4 Li et al reported that 12.6% of their patients devel-
oped RBB block (RBBB) during the implantation procedure, which 
all resolved before hospital discharge.21 However, Su et al reported 
that permanent right bundle branch injury occurred in 55 (8.9%) 
patients.24

Acute lead perforation into LV cavity and lead dislodgement can 
be one of the complications. Vijayaraman et al also reported acute 
lead dislodgement after implantation in 3 of 97 patients (3.1%) who 
underwent LBBP,25 while Su et al reported that 2 of 618 patients 
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required lead revision because of lead dislodgement to the RV the 
day after implantation.24 Ravi et al reported a case of LBBP com-
plicated by a late sudden increase in threshold secondary to inter-
ventricular septal perforation.26 In addition, Ponnusamy et al also 
reported late lead dislodgement and successful extraction after 
2 years of implantation.27 Possibility of acute dislodgement and 
late lead dislodgement into LV cavity means that patients should be 
closely monitored during follow- up.

Injury of the septal branch of left anterior descending artery 
can occur during LBBP. A case of aborted ST- elevation myocar-
dial infarction during LBBP lead implantation because of coro-
nary artery injury has been reported.28 Lastly, patients should 
have a post- procedure echocardiogram to evaluate the lead's 
depth and search for exposed helix in LV cavity because of a po-
tential possibility of thromboembolism, although it has not been 
reported.

F I G U R E  1   ECG showing the change in the notch morphology in lead V1 during rotating the lead from the right side (left part of ECG) 
to the left side (right part of ECG) of the septum as the lead goes deep into the septum. The notch in the nadir of the QS in V1 gradually 
ascended up to form the R wave (from “w- shape” to “fusion” and then to “incomplete RBBB” pattern). ECG, Electrocardiogram; RBBB, right 
bundle branch block

F I G U R E  2   Clinical significance of 
left bundle branch pacing. AF, atrial 
fibrillation; CRT, cardiac resynchronization 
therapy; HBP, His bundle pacing; 
LBBB, left bundle branch block; RBBB, 
right bundle branch block; RV, right 
ventricle
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6  | PROMISING CLINIC AL IMPLIC ATIONS 
OF LBBP

The obvious benefit of LBBP is that the pacing site can be dis-
tal to the pathological or vulnerable conduction system area.29 
Furthermore, compared to HBP implantation, the transven-
tricular septal technique mentioned earlier allows LBBP simpler 
to perform, requiring less precision for lead placement.21,30 
In patients with ventricular dyssynchrony and heart failure, 
LBBP may provide an alternative to traditional biventricular 
pacing CRT, and may be the best option for patients with typi-
cal LBBB.29 Zhang et al recently published a report in 11 con-
secutive CRT- indicated patients that showed LBBB correction, 
and electric and mechanical ventricular resynchronization, as 
well as a substantial increase in outcomes.31 LBBP corrects a 
pathological area inside or near His bundle, such as AV node 
ablation in poorly controlled AF or infra- Hisian block. Similarly, 
LBBP will have more physiological stimulation than RV pacing 
in patients with symptomatic bradycardia and LBBB or RBBB. 
As a result, in these patients, LBBP may be a preferred pacing 
alternative.29

LBBP is increasingly becoming a viable alternative to CRT. LBBP 
can provide correction of distal conduction disease and better lead 
stability compared to HBP.4 Because of septal tissue as pacing site, 
LBBP has a lower and more reliable capture threshold than HBP, 
increasing system durability and eliminating the need for a backup 
pacing lead. Finally, in patients who have had their HBP implantation 
fails, LBBP is a viable option.29 Clinical significance of LBBP was pre-
sented in Figure 2, and the available studies on left bundle pacing are 
summarized in Table 1.

7  | FUTURE DIREC TION

LBBP emerges as a safe and reliable method of physiological pacing, 
however, there are some issues to be addressed. In improving overall 
success rates, more refinements in the LBBP technique and equip-
ment are required. The parameters for capturing LBB need to be 
fine- tuned and validated. The lead behind the helix is buried within 
the septum, and myocardial contractility's long- term effect on lead 
insulation is unknown. One of the most anticipated complications is 
late lead migration into the LV cavity.

The potential for thrombus occurs if the pacing lead tip of LBBP 
remains in the LV chamber. Methods to avoid this complication and 
estimate the true risk need to be further determined. It is necessary 
to assess the long- term lead integrity, safety profile, and deep sep-
tal LBBP lead extraction risk. The effectiveness and role of LBBP, 
including in patients requiring CRT, must be explored in prospective 
randomized clinical trials.

A study by Lin et al44 modified the LBBP technique in which 
the distal electrode of the bipolar pacing lead was placed and 
paced in the left bundle branch area via a transventricular septal 
approach (as was done in LBBP), while a ring electrode was used N
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to pace the right bundle branch area. Bilateral bundle branch area 
pacing (BBBP) was achieved by stimulating the cathode and anode 
in various pacing configurations. This study showed that BBBP can 
reduce delayed right ventricular activation, resulting in more phys-
iological ventricular activation. However, full implementation of 
such a pacing strategy clinically would require further advances in 
pacing technology.

8  | CONCLUSION

LBBP, as a newer pacing therapy, has the advantage of being a physi-
ological pacing therapy that eliminates many of the disadvantages 
of RV pacing or HBP. Although several studies have demonstrated 
its feasibility and efficacy, more studies are needed to better under-
stand this technique and identify the patient population that would 
benefit the most.
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