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Abstract 

Long-term right ventricular pacing (RVP) is associated with more cardiovascular death, atrial fibrillation (AF), 

thromboembolic complications and heart failure(HF). RVP often results in prolonged QRS duration(QRSd) and 

ventricular desynchronization. 

The ventricular desynchronization as a result of RVP leads to an increased risk of heart failure 

hospitalization (HFH) and AF, and this effect is dependent on cumulative percent ventricular paced ( % VP). In the 

sub-study from the MOST trial, it was evident that % VP >40% was associated with a 2.6-fold increased risk of HFH 

compared with pacing < 40% of the time despite preserved atrioventricular synchrony. Moreover this adverse effect 

of RVP induced ventricular desynchrony was more pronounced in patients with left ventricular ejection fraction( 

LVEF) of 40% or less resulting in increased death or HFH. 

Keywords: right ventricular pacing; heart failure; heart failure 
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Abbreviations 

AF = Atrial fibrillation  

AV = atrioventricular  

BBB = Bundle branch block 

BVP = Bi-ventricular pacing 

CRT = Cardiac resynchronization therapy  

CSP = Conduction system pacing  

HBP = His bundle pacing  

HF = Heart failure  

HFH = heart failure hospitalisation 

HFrEF = Heart failure with reduced ejection fraction  

HOT-CRT = His -Optimised CRT  

HPS = His Purkinje system  

HPCD = His-Purkinje conduction disease  

HV = His to ventricular electrogram interval 

 

LBBB = left bundle branch block  

LBBAP = Left bundle branch area pacing 

LOT-CRT = LBBP optimised CRT  

LV = left ventricle/ventricular  

LVEF= Left ventricular ejection fraction 

LVSP = Left ventricular septal pacing 

NS-HBP = Non selective  HBP 

PGR = Pulse generator replacement 

% VP = Percent ventricular  paced  

QRSd = QRS duration 

RBBB = right bundle branch  block 

RV = Right ventricle 

RVP = Right ventricular/ventricle  pacing  

SND = SA nodal disease  

S-HBP = Selective HBP 
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Introduction 

Long-term right ventricular pacing (RVP) is associated with more 

cardiovascular death, atrial fibrillation (AF), thromboembolic 

complications and heart failure(HF) [1]. RVP often results in prolonged 

QRS duration(QRSd) and ventricular desynchronization. 

The ventricular desynchronization as a result of RVP leads to an increased 

risk of heart failure 

hospitalization (HFH) and AF, and this effect is dependent on cumulative 

percent ventricular paced ( % VP). In the sub-study from the MOST trial, 

it was evident that % VP >40% was associated with a 2.6-fold increased 

risk of HFH compared with pacing < 40% of the time despite preserved 

atrioventricular synchrony [2]. Moreover this adverse effect of RVP 

induced ventricular desynchrony was more pronounced in patients with 

left ventricular ejection fraction( LVEF) of 40% or less resulting in 

increased death or HFH [3]. 

Alternate RV sites, like mid septal or right ventricular outflow tract 

(RVOT) septal  pacing have so far shown conflicting data in terms of 

QRSd narrowing as well as hemodynamic and clinical outcomes [4]. 

Strategies to reduce the percentage of RV pacing include algorithms that 

promote AAI(R) mode permitting first degree or Mobitz Type 1 heart 

block to occur. But it may not be effective in reducing %VP  in patients 

for whom VP is inevitable (e.g.complete heart block, AF with 

bradycardia). Even programming a long fixed AV delay above baseline 

PR interval though promotes intrinsic AV conduction to occur, but still 

results in % VP > 50% to occur in 88% of patients due to PR prolongation 

on exercise [5]. 

These considerations have led to the recommendation of cardiac 

resynchronization therapy (CRT) in patients needing pacemaker if there 

is left ventricular (LV) dysfunction.6 But the patients with normal LV 

function and indication for pacing are predominantly offered 

conventional pacing strategy with RVP. Of late conduction system pacing 

(CSP) has come up as a promising pacing strategy gaining acceptance 

worldwide. CSP involves implanting pacing lead targeting at various 

levels in the conduction system that includes His bundle and left bundle 

branch area. The idea is to circumvent AV block and achieve 

synchronized biventricular activation. 

Anatomy of Conduction system 

The compact AV node lies in the superficial paraseptal endocardium of 

the inferior right atrium. It is located along the septal portion of the 

tricuspid valve annulus towards the apex of the triangle of Koch. The His 

bundle arises as an anterosuperior extension from the compact AV node 

and passes into the central fibrous body of the septum. As It emerges out 

of the central fibrous body, it lies along the posterior and inferior margins 

of the membranous interventricular septum. Anatomical variations are 

common as the penetrating part of His bundle courses, commonly it is on 

the right-side of the membranous septum, but can be on the left side or 

course under the membranous septum just below the endocardium.7 After 

a short course (5-10 mm), the His bundle bifurcates into the right bundle 

(RBB) and the left bundle (LBB) at the crest of the muscular septum. The 

RBB is thin and compact, and courses down the right side of the 

interventricular septum anteriorly. RBB does not divide throughout most 

of its course until it approaches the base of the right anterior papillary 

muscle at the distal septal surface.  

The left branch traverses the membranous septum and appears between 

the non-coronary and right coronary aortic cusps. The Left bundle is 

compact in the proximal 1 to 2 cm and it courses down in the 

subendocardium of the septal surface of the left ventricle. It then fans into 

an anterior (superior) fascicle (LAF) and a posterior (inferior) fascicle 

(PAF). The LAF courses towards the anterior-superior papillary muscle, 

and the LPF toward the posterior-inferior papillary muscle. Variably the 

proximal LBB also gives rise to Purkinje fibers to the septum, called the 

Septal fascicle.8 As the tricuspid valve is more apical than the mitral valve 

and septal leaflet of the tricuspid valve is attached to the membranous 

septum. The proximal part of the His bundle rests on the right atrial–LV 

portion of the membranous septum, and the distal His lies along the RV-

LV portion of the membranous septum . (Figure 1) 

Figure 1. Diagrammatic illustration of conduction system anatomy for CSP in a patient with previous bio-prosthetic AVR, severe LV dysfunction and 

BVP-CRT non responder because of dislodged LV lead. Underwent successful LBBAP. AVN- Atrio Ventricular node, HB- His bundle, LBB- left 

bundle branch, RBB-Right bundle branch, LAF- Left anterior fascicle, LPF- Left  posterior fascicle, CS os- Coronary sinus Ostia, LBBP- Left bundle 

branch pacing. 
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 HB Pacing site,  LBBP site,  Left ventricle septal pacing site 

Electrophysiological basis 

The targets for conduction system pacing are the His bundle (Both the 

atrial and ventricular portions of the His bundle) and the Left bundle 

branch area. In SA nodal disease (SND) where the AV node -His bundle 

Purkinje system is relatively disease-free, it is obvious that if His bundle 

is paced it will result in QRS morphologically identical to the baseline 

QRS. Interestingly in early experiments, it was shown that His bundle 

pacing (HBP) can even result in correction of bundle branch block(BBB) 

[9]. This was considered as a proof of concept for the proposed hypothesis 

of Longitudinal dissociation in the His bundle. It was Kaufmann and 

Rothberger who first postulated the idea of functional longitudinal 

dissociation in 1919 [10] The theory proposes that fibers destined for 

respective bundle branches are prefixed and bundled in the proximal His 

bundle. In the majority of cases, the bundle block manifestation is not a 

result of conduction delay in the anatomical bundle distally but as a result 

of conduction delay in proximal fibers. So pacing distal to the block result 

in normalization and narrowing of QRS morphology [11]. The anatomical 

basis to this hypothesis was given by James and Sherf in 1971 [12]. They 

observed that cells in His bundle were mainly arranged longitudinally and 

separated by fine collagen with minimal cross-connection. They gave an 

impression of parallel insulated channels for conduction and the bulk of 

cells were destined for the left bundle. 

 Interestingly it is observed that even in presence of evident distal block 

(LBBB with left axis deviation) [13].HBP can result in correction of block 

indicating additional mechanisms at play. It has been observed that there 

is some degree of output dependence during distal HBP. High output 

stimulus in the His area corresponds with a larger area of capture, thereby 

reaching beyond the block.14 It can recruit normal conducting fibers 

adjacent to abnormal myocardium causing the functional block. This will  

give an impression of non-selective HBP and the result would be 

normalization of BBB. (Figure 2) An alternate theory is based on the 

concept of “virtual electrode polarization”, initially demonstrated in the 

mechanism of defibrillation [15]. The delivery of stimulus results in ion 

changes locally. If the stimulus is of sufficient strength it can create an 

electric dipole (with an anode and cathode), which can redistribute 

charges and increase the reach of the implanted pacing lead. Thereby 

recruiting fibers distal to the block and result in successful HBP. Because 

of anatomical and electrophysiological factors, it is not surprising that the 

average HBP threshold is higher than conventional pacing sites [16]. A 

His bundle capture threshold of < 2.0 V at 1 ms is acceptable, a higher 

threshold can be accepted provided the RV capture threshold is 

significantly lower [17]. 

In HBP, short AV delay needs to be set equivalent to native AH interval. 

Depending upon the lead position and His bundle anatomy ( 

intramyocardial, naked, or covered with fibrous tissue) [18]. HBP may be 

selective ( S-HBP) or nonselective (NS-HBP). In S- HBP the ventricular 

activation happens solely through the His Purkinje system (HPS), so the 

stimulus to ventricular activation (SV) interval is either equal to the native 

HV interval or even shorter than HV as in the case of BBB or proximal 

HV block. The QRS morphology is the same as the native QRS 

morphology but in the case of BBB, it may result in correction of the 

block with a narrower QRS duration. NS-HBP results in additional 

activation of the septal myocardium. On electrogram, it is manifested as 

a pseudo-delta wave just after stimulus so the QRS duration will usually 

be longer than the native QRS. It may still result in correction of BBB and 

narrower QRS in HPCD.17 S-HBP intuitively looks preferable over NS-

HBP, but the published data indicate that the clinical and hemodynamic 

outcomes are comparable [19].  

Figure 2. HBP in Intermittent CHB. A. Trifascicular block with RBBB, LAHB and prolonged PR. B. NS-HBP result in correction of RBBB and 

LAHB (narrow QRS)  

The other target for physiological pacing is the LBB area pacing 

(LBBAP) and the recent left septal pacing. Huang et al [20] first reported 

successful direct LBBAP after a failed HBP in a patient with heart failure 

and LBBB. It resulted in the correction of LBBB and also improvement 

in heart failure. LBB is accessed by deep penetration of pacing lead trans-

septally from the RV side towards the subendocardium of the septal 

surface of the left ventricle. Since the LBB is compact in proximal 1-2 cm 

and then fans out, it gives a larger target area to achieve successful pacing. 

The optimal site is around 1–1.5 cm below the His bundle along an 

imaginary line drawn from distal His signals to RV apex in RAO 30°[21]. 

LBBAP usually results in incomplete RBBB pacing, RBBB pattern with 

relatively longer QRS suggest of left ventricular septal pacing. In LBBP 

the AV delay has to be programmed 20–30ms less than the nominal values 

as it takes 20–30ms for the impulse to reach the ventricular myocardium 

after LB potential [22].Concerns regarding the theoretical risk of LV–RV 

dyssynchrony due to RBBB induced by LBBAP can be sorted by 

programming the output above the anodal threshold ( the ring of lead lies 

over the RV septum, result in anodal captures of the right side of the 

septum) or optimizing the AV delay to allow native fusion (allowing 

partial conduction through RBB). If his bundle is relatively disease-free 

RBB can also be captured retrogradely. (Figure 3) 

1 2 3 
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Figure 3. LBBAP in severe LV dysfunction  and LBBB A. LBBB (QRSd 160 msec) left axis deviation. B. After LBBAP, QRSd 110 msec, correction of 

axis. No RBBB, AV delay optimized to promote native conduction via RBB 

Recently in a proof of concept study temporary left ventricular septal 

pacing (LVSP) pacing was shown to provide short-term hemodynamic 

improvement and electrical resynchronization, which was shown to be as 

good as during BiV and possibly comparable to HB pacing [23]. The 

concept of LVSP pacing originates from the fact that in a normal heart the 

LV septal area is the earliest to depolarise by septal fascicles, so LVSP 

would provide a near-physiological activation. In an earlier study, Mafi-

Rad et al. demonstrated the feasibility of transvenous LVSP using a 

modified version of the Medtronic 3830 lead (Medtronic, Dublin, 

Ireland), with a long 4-mm screw in patients with sinus node dysfunction 

[24].Permanent placement of an LVSP lead by transvenous approach 

through the interventricular septum is feasible in patients. LVSP 

preserves acute left ventricular pump function. This new pacing method 

could serve as an alternative and hemodynamically preferable approach 

for antibradycardia pacing.  

Conduction System Pacing for antibradycardia 
pacing  

An initial feasibility study by Deshmukh et al [25]. paved the way for 

achieving transvenous permanent HBP in patients. He could achieve 

successful HBP in 12 of 18 patients with atrial fibrillation undergoing AV 

node ablation. Similar results were demonstrated in a larger series of 

patients with acute improvement in hemodynamics, improvement in 

LVEF, and exercise performance during a mean follow-up of 42 months 

[26]. Initial studies were done using conventional hardware with a 

manually shaped stylet to access His bundle area, but with later 

development of specialized hardware( like 3830 Select Sure Lead & C315 

preshaped catheter, Medtronic Inc., Minneapolis, MN, USA) the 

technique gained popularity and the learning curve improved resulting in 

better acute results [27]. Further it was shown by Catanzariti et al [28].that 

HBP mode compared to RV pacing, resulted in marked improvements in 

echocardiographic indices of ventricular synchrony, LVEF, and reduction 

in mitral regurgitation. It was the first demonstrated evidence of 

physiological superiority of HBP as it does not induce ventricular 

dyssynchrony like conventional right ventricular apical pacing. 

Initial studies did establish HBP as an alternative strategy for 

antibradycardia pacing but still, limited data was available regarding its 

medium to long-term clinical outcomes. Sharma et al [29]. first reported 

encouraging evidence in favor of HBP over RVP in patients requiring 

pacemaker implantation. At 2 year follow-up, HBP resulted in significant 

reduction in HFH in patients with % VP > 40% ( 2% vs 15%, 

P=0.02). The extending follow-up of 5 years in the above cohort, 

demonstrated a reduction in both HFH and death (32% vs 53%; hazard 

ratio 1.9; P = .04). As was expected because of the higher pacing threshold 

needed in HBP at baseline as well as an increase in threshold over time, 

the need of pulse generator replacement (PGR) was more with HBP 

compared to RVP ( 9% vs 1%). Also, lead revision was done in 6.7% 

cases in the HBP group vs 3% in the RVP group.30 In the largest cohort 

study to date comparing HBP vs RVP ( N= 765) with the mean follow-up 

duration for the entire cohort being 725 ± 423 days. HBP resulted in 

significant reduction in the primary endpoint of death, HFH, or upgrade 

to BiVP compared to RVP (25% vs 32%; hazard ratio [HR]: 0.71; 95% 

confidence interval [CI]: 0.534 to 0.944; p = 0.02). This difference was 

more pronounced in patients with % VP >20%. Also, data showed a trend 

toward reduced mortality in HBP (17.2% vs. 21.4%, respectively; p = 

0.06). In the HBP group, the ventricular lead revision was required in 14 

patients (4.2%) [31]. 

HBP on merit looks like an ideal physiological pacing modality and no 

doubt effectively correct pacing-induced dyssynchrony. But as is evident 

from the data regarding HBP, it is consistently associated with high 

pacing threshold compared to RVP. Also in about 10% of cases, there 

may be a subacute increase in the pacing threshold. It was not a surprise 

that the long-term study showed increased PGR in the HBP group than 

RVP [30].There are technical issues in HBP since the target area is small 

(His bundle is only ~1–2 mm in diameter), it can be challenging at times 

even in expert hands. HBP may be unsuccessful in 10-15% of patients 

because of various reasons. There can be programming issues like 

ventricular undersensing( low R wave sensed amplitude), far-field atrial 

over sensing, and at times atrial capture. There are concerns of injury to 

His bundle and progression of the distal block [32]. And not all LBBB can 

be corrected by HBP or it may require an unacceptably high pacing 

threshold.  

The above issues can largely be mitigated by LBBAP, which has emerged 

as an alternative physiological pacing strategy. LBBAP has been shown 

to have higher rates of implant success, significantly better electrical 

parameters (pacing threshold and sensed R wave), and lower lead-related 

complications [33]. Since the target pacing area is wider (widespread of 

LB fascicles), LBBAP technically appears to be easier than HBP, and the 

implant technique is reliable. Another anatomical advantage of LBBAP 

is that the pacing site can be distal to the pathological or vulnerable region 

in the conduction system. Prospective studies have demonstrated that 

permanent LBBP assures a stable threshold, a narrow QRS duration, and 

preserved left ventricular synchrony, with only a few complications [34, 

35]. In a larger series of 100 patients, Vijayaraman et al [36]. 

Demonstrated that LBBAP was successful in 93% of the patients and had 

a low pacing threshold which was stable over 3 months of follow-up. 
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Patients included were patients of AV block, SND, AV node ablation, 

CRT, and attempted HBP failure. Interestingly the authors reported that 

three patients had acute lead dislodgments within 24 h, three others had 

ventricular septal lead perforation, whereas one developed pericardial 

effusion. No transient ischemic attacks or thromboembolism occurred in 

any of the patients during the follow-up.  

 

Study Design and 

number of 

patients 

Indication Follow-

up 

(mean ) 

Success 

Rate 

Pacing 

threshold at 

implantation 

V/ms 

Pacing 

threshold at 

follow-up 

(V/ms 

Outcome 

HBP        

Deshmukh et al25 Observational 

 

HBP n=18 

AV node 

ablation 

23 

month 

66% 2.4±1.0 /0.5 - Feasibility study  

Zanon et al27 Observational 

 

HBP n= 26 

Standard 

pacemaker 

(PM) 

indication 

3 

month 

92% 2.3±1.0/0.5 2.8±1.4/0.5 Feasibility study of new 

system consisting of 

steerable catheter and 

4.1 F screw-in lead. 

Catanzariti et al28 Observational 

  

HBP n=24 

 

Additional 

RVP-

permanent or 

temporary 

SSS 

AV block 

7.5 

month 

96% - - Improved ventricular 

synchrony indices. 

Reduction in MR, 

Improved Tei index 

No difference between 

S-HBP & NS-HBP 

Sharma et al.29 

 

 

 

 

 

 

Vijayaraman et 

al.30 

Prospective 

observational 

 

HBP n=94 

 

RVP n= 98 

Pacemaker 

indication 

2 year 

 

 

 

 

 

 

5 year  

HBP -

80% 

HBP- 1.35 ± 

0.9/0.5  

 

RVP- 0.6 ± 

0.5/0.5  

- Reduction in HFH( if 

%VP>40% ) 

 

 

 

 

Reduction in death or 

HFH (if %VP>40%) 

32% vs 53%, p=0.04 

Lead revision 6.7% 

vs3% 

PGR 9% vs 1% 

Abdelrahman et 

al.31 

Prospective  

Case control 

 

HBP n= 332 

 

RVP n= 433 

pacemaker 

indication 

24 

month 

HBP -

92% 

HBP- 1.30 ± 

0.85 /0.79 ± 

0.26 

 

RVP-

0.59±0.42 /0.5 

± 0.03 

1.56 ± 

0.95/0.78 ± 

0.30 

 

0.76 ± 0.29 

/0.46 ± 0.09 

Death, HFH, or upgrade 

to BiVP was 

significantly reduced in 

HBP (25% vs 32%, 

p=0.02) 

LBBAP        

Chen et al.35 Prospective  

Case control 

 

LBBP n= 20 

 

RVP n= 20 

pacemaker 

indication 

3 

month 

LBBP- 

100% 

LBBP-0.73 ± 

0.20 V/0.5  

 

RVP-0.61 ± 

0.23 V /0.5 

 LBBP has low pacing 

threshold ,and 

significantly narrower 

QRS duration in LBBP 

than RVAP (111.85  ±

10.77 ms vs. 160.15  ±

15.04 ms, P < 0.001) 
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Study Design and 

number of 

patients 

Indication Follow-

up 

(mean ) 

Success 

Rate 

Pacing 

threshold at 

implantation 

V/ms 

Pacing 

threshold at 

follow-up 

(V/ms 

Outcome 

 Vijayaraman et 

al.36 

prospective  

Observational 

 

LBBAP n= 

100 

AV block 

Sinus node 

dysfunction 

CRT 

HBP failure 

3 

month 

93% 0.6 ± 0.4 V @ 

0.5 ms 

- Feasibility study 

Stable pacing threshold 

Table 1: Conduction System Pacing for antibradycardia pacing 

Conduction System Pacing for Cardiac 
resynchronization therapy  

The traditional method to achieve cardiac resynchronization is placing an 

LV lead in the posterior or postero-lateral vein of the coronary sinus and 

additional lead in RV (BVP). Randomized studies have already 

established BVP as an effective therapy in addition to guideline-directed 

medical therapy for improving morbidity and mortality in heart failure 

with reduced ejection fraction (HFrEF) [37,38]. The ideal patients for 

BVP are patients having wide QRS with LBBB. BVP is not without 

limitations, about 30% of patients having BVP are either poor responders 

or nonresponses[37,39]. The procedure itself is technically challenging 

and is further limited by anatomical factors like lack of suitable venous 

branches, phrenic nerve stimulation, and high pacing thresholds. And 

there is a certain subgroup of patients of HFrEF, such as patients with 

normal QRSd and RBBB, who do not derive benefit [40]. CSP offers an 

option as a single lead solution instead of two leads for CRT and may 

offer an alternative in anatomically difficult subsets for BVP-CRT.  

HBP can correct bundle branch block ( both LBBB and RBBB) by 

recruiting LBB or RBB fibers distal to the block, effectively narrowing 

QRSd and will result in correction of electro-mechanical dyssynchrony. 

The data supporting HBP for CRT are primarily from single or multi-

centric observational studies. The studies were done in patients with 

indication for CRT and had reported success rates varying from 56% (9 

in 16 patients ) [41]. in the earliest reported study to 90% (95 of 106 

patients) in a recently reported study42. Indicating a role of evolving 

technique and hardware. These studies have consistently shown a 

significant narrowing of QRSd and correction of LBBB, improvement in 

functional class and LV function, and better quality of life. In one of the 

first multicenter prospective, randomized controlled trials, Upadhyay et 

al [43]. enrolled a total of 41 patients with severe LV dysfunction with 

indication for CRT into the His-CRT group(n=21) versus BVP-CRT 

group(n=20 ). 65% of the patients were having coronary artery disease 

and mean QRSd 168 ± 18 ms [left bundle branch block pattern = 35, right 

bundle branch block = 2, paced = 3]. At a median follow-up of 6.2 months, 

significant improvements in median LVEF relative to baseline were seen 

in both His-CRT and BVP-CRT patients. His-CRT was not superior to 

BiV-CRT with regard to LVEF improvement (median +9.1% [IQR: 5.0% 

to 14.4%] vs. +5.2 [IQR: 1.5% to 11.3%]; p = 0.33) or rate of 

echocardiographic response ≥5% (76% vs. 53%; p = 0.13). The study was 

underpowered and was limited by a high crossover rate. Crossover 

occurred in 48% of patients in the His-CRT group and 26% of patients in 

the BiV-CRT group. The most common reasons for crossover from His-

CRT were the inability to correct QRSd(n = 5), among them, one-half of 

patients exhibited nonspecific intraventricular conduction delay (IVCD), 

which is unlikely to be corrected by His-CRT alone. Most of the data for 

His-CRT is from short-term to mid-term follow up, recently long-term 

outcome data was published for patients with HFrEF and LBBB (n=74). 

In this single-center prospective observational study, HBP was successful 

in 75.7% of the patients. There was a significant improvement in LVEF( 

super-responder) and NYHA class. The HBP threshold for LBBB 

correction remained stable at 3-year follow-up (with an acute threshold of 

2.13 ± 1.19 V/0.5 ms and 2.29 ± 0.92 V/0.5 ms at follow-up) [44]. 

IVCD poses a limitation for HBP particularly if there is no His-Purkinje 

conduction disease (HPCD) and more of myocardial cell-to-cell 

conduction delay. In such situations, a strategy of HBP in conjunction 

with sequential LV pacing termed as His -Optimised CRT ( HOT-CRT) 

may be effective. HOT-CRT was evaluated in a small series of patients 

with LBBB/IVCD by Vijayaraman et al [45]. in whom HBP alone was 

not effective ( n= 27). These patients underwent additional LV epicardial 

lead implantation, resulting in improved electrical resynchronization 

when compared with conventional BVP or HBP alone. 84% were clinical 

responders while 92% showed an echocardiographic response. BVP-CRT 

is not effective in a subgroup of patients of HFrEF with Right Bundle 

Branch Block (RBBB) if there is no pacing requirement. HBP can correct 

RBBB and restore RV-LV synchrony. Does HBP will help in patient of 

HFrEF and RBBB was evaluated by Sharma et al [46].In this retrospective 

observational study it was shown that HBP resulted in a significant 

narrowing of QRS from 158  ±24 ms to 127  ±17 ms (p=0.0001), with an 

improvement in LVEF (31  ±10% to 39  ±13%) (p=0.004). The overall 

success rate of HBP was 95% (37 of 39 patients) and complete correction 

of RBBB could be achieved in 78% of cases. This was the first study 

indicating that HBP-CRT may be a promising strategy in patients with 

RBBB and HFrEF.  

HBP has its limitations as discussed above and not surprisingly left bundle 

branch area pacing (LBBAP) is being touted as a promising alternative to 

BVP-CRT. No doubt LBBAP will be more effective in overcoming 

LBBB than HBP alone and it has been shown to achieve comparable LV 

activation times and synchrony parameters [47]. The theoretical LV-RV 

dyssynchrony resulting from LBBAP can be mitigated to large extent by 

optimal programming. In the first feasibility study reported by Zhang et 

al [48]. In 11 patients with CRT indication. LBBAP resulted in significant 

narrowing in the QRSd as well as improvement in LVEF with a decrease 

in BNP level in a mean follow-up of 6.7 months. Subsequent case-control 

studies have consistently shown significant QRS narrowing, and greater 

LVEF improvement and percentage of echocardiographic response in 

patients with LBBAP compared with BVP in short and medium-term 

follow-up [49,50] Huang et al [51]. reported 97% success with low and 

stable pacing threshold with LBBAP in medium-term follow-up in non-

ischemic cardiomyopathy CRT candidates. In addition to improvement in 

LVEF and functional class, they reported no deaths or heart failure 

hospitalizations during follow-up. In a recently published multi-centric 

retrospective, observational study including 325 patients with CRT 

indication where LBBAP was attempted. LBBAP was successful in 85% 

of the patients and the pacing parameters were stable during a mean 

follow-up of 6  ±5 months. The results were consistent with previously 

reported smaller studies. The super response was more frequent among 

nonischemic cardiomyopathy patients than ischemic patients (41% vs. 

18%; p < 0.01) and numerically more in LBBB than those without LBBB 

[52].  
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Very recently LVSP has also been proposed as an alternative to BIV-

CRT, as mentioned above, in a proof of concept study it has shown to 

preserve mechanical synchrony and improved hemodynamics. Anecdotal 

case reports have shown favorable results.53 Similar to the HOT-CRT 

strategy, LBBP optimized CRT (LOT-CRT) can be used for patients not 

deriving optimal QRSd narrowing with LBBAP. Non-responders to BIV-

CRT are an important group of patients in need of therapeutic remedies. 

CSP has shown improvements in LVEF and NYHA functional class in 

small studies of BIV-CRT non-responders[42-54] 

 

Study Design and number 

of patients 

Success 

rate 

Follow -

up (mean) 

QRSd (Pre and at 

follow-up) ms 

LVEF ( Pre and 

at follow-up )% 

Outcome 

HBP-CRT       

Barba-Pichardo 

et al. 41 

Observational  

HBP-CRT n=16 

56% 31 months 166 ±8 to 

97 ±9 

29±0.05 to 

36  ±0.05 

Improved LVEF 

Improved NYHA 

class 

Sharma et al.42 Observational 

HBP-CRT n= 106 

90% 14 months 157 ± 33 to 117 ± 18  30 ± 10 to 43 ± 

13 

Feasibility study 

Improved LVEF 

Improved NYHA 

class 

Upadhyay et 

al.43 

Prospective, 

randomized 

controlled trial 

 

HBP-CRT n =21 

 

BVP-CRT n =20 

HBP-52% 

BVP-74% 

6.2 month 

(median) 

HBP- 172 ± 16 to 144 

± 30  

 

BVP - 165 ± 18 to 152 

± 30  

HBP-26.3 to  

31.9  

 

BVP-30.5 to 

34.0 

-No difference in 

electrocardiograph

ic or 

echocardiograhic 

parameters  

Huang et al.44 Observational study 

 

HBP-CRT n= 74 

75.7% 3 year 171 to 113 32.4±8.9 to 

55.9±10.7 

-LBBB correction 

threshold 

remained stable 

-Improved LVEF 

-Improved NYHA 

class 

LBBAP-CRT       

Zhang et al.48 Observational,  

 

LBBAP-CRT n=11 

100% 6.7 180.00 ± 15.86 to 

129.09 ± 15.94 

32% ± 5.0%, to  

5 - >20% 

improvement 

-Improved LVEF 

-Improved NYHA 

class 

-Decreased BNP 

Wang et al.49 Case control  

 

LBBAP-CRT  n=10  

 

 BVP-CRT  n= 30 

100% 6 LBBP-184±19 

to123±17  

 

BVP-175±19 

to142±15 

LBBP-27±4 to 

46±9 

 

BVP-26±5 to 

39±12 

-Greater Improved 

in NYHA class, 

QRS narrowing 

and response rate 

Li et al.50 Case control  

 

LBBAP-CRT  n=37  

 

 BIV-CRT  n= 54 

100% 6 LBBP- 176±17 to 

125±12 

 

BIV-    _    to  155±22 

LBBP-29 ±5 to 

44±9 

 

BIV -   _   to 

35±11 

greater reduction 

in the QRSd, 

greater increase in 

LVEF and more 

super response  

Huang et al.51 LBBAP-CRT n=63 97% 18 169±16 to 118±12 33±8 to 55±10 Improved LVEF 

Improved NYHA 

class 

Vijayaraman et 

al.52 

Observational  

LBBAP-CRT n=325 

85% 6 152±32 to 137±22 33±10 to44±11 Improved LVEF 

Improved NYHA 

class 

Table 2: Conduction System Pacing in Patients With CRT Indication 
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Current status and limitations of Conduction 
System Pacing 

As per the recent 2018 ACC/AHA/HRS guideline, HBP has been given a 

class IIa indication in patients with pacemaker requirements with LVEF 

< 50% and %VP > 40%.6 For patients with normal LVEF irrespective of 

pacing requirement, still there are no guideline-directed indications for 

CSP. Regarding LBBAP still it does not find an indication in the 

guidelines. The accumulating experience and the available data though 

mostly from non-randomized studies make a case for both HBP and 

LBBAP. It is expected that future guidelines updates may incorporate 

more indications for CSP. CSP for CRT looks most promising as per the 

evidence, it gives a single lead solution for achieving cardiac 

synchronization in most of the eligible CRT patients. Comparison of HBP 

and LBBAP puts LBBAP at an advantageous status as per the short and 

medium-term follow-up data. (Table 3) The most significant limitation 

with HBP is the inability to achieve a low pacing threshold and sub-acute 

increase in threshold resulting in more PGR in long-term follow-up. In a 

multicentric study on HBP for CRT significant increase in HBP threshold 

(>2 V increase in capture threshold from implant or capture threshold >5 

V at 1 ms) was observed in 7.4% cases with loss of BBB recruitment in 

some [42]. The reasons for the sub-acute increase in threshold may be 

because of disease progression, microdislodgement, or hardware 

associated issues, but it remains speculative. Regarding LBBAP, as 

discussed the pacing thresholds are found to be stable but we still do not 

have long-term safety data, as it has been widely used only since 2017.55 

LV septal perforation can happen during the implantation or maybe later. 

Even the lead may perforate and migrate into LV.56 Acute Lead 

dislodgement with loss of capture has been reported in Vijayaraman et 

al.36 in 3 out of 93 patients who underwent LBBP also 1 case of pericardial 

effusion has been reported by them. Additionally, there is a theoretical 

risk of injury to RBB, septal artery perforation, and thromboembolism 

from exposed LV subendocardial lead. Also, it remains to be answered 

how the intramyocardial portion of lead will behave in the long-term ( any 

risk of lead fracture or fatigue due to repeated contraction) or if required 

how safe lead extraction would be. 

Future directions and conclusions 

For patients with LV dysfunction requiring pacemaker implantation and 

those who are candidates for CRT, CSP has the potential to become 

alternative therapy of choice.  

Antibradycardia therapy with HBP seems limited by its high threshold of 

pacing particularly in relatively younger patients, as they may require 

repeated PGR. LBBAP including LVSP looks promising in patients 

requiring pacing because of bradycardia. Work is needed to develop 

dedicated sensing algorithms to reduce far-field atrial sensing and to bring 

modified His specific pacing systems to improve pacing thresholds and 

stability. Similarly, specific modifications are needed for LBBAP 

particularly in terms of hardware. The systems presently used for HBP or 

LBBP were initially designed for RV pacing ( the lead and catheter ). So 

dedicated system is the need of the hour and thankfully some new 

dedicated systems are already available in some parts. Additionally, 

despite the current evidence, we need further long-term data in form of 

prospective randomized clinical trials to establish the definite role of each 

of the CSP modalities. HBP or LBBAP or LVSP, when and where? 

 

 

 

His bundle pacing 

(HBP) 

Left bundle pacing area pacing (LBBAP) 

Target pacing segment Small target area  Larger target area 

Technical aspect  Challenging  Simpler 

Pacing threshold High pacing threshold Similar as in RVP 

R-wave sensing Low R-wave amplitude Good R-wave amplitude 

Success rate Relatively lower success rate Higher success rate 

LBBB correction LBBB may not be corrected in 10–30% of 

patients17 

More effective in correcting LBBB 

Pacing threshold on follow-up 10% cases may have increase  Stable pacing threshold 

PG battery depletion Early need of PGR Same as with RVP 

Complications Battery depletion,  

Lead revision due to HBP failure,  Lead 

dislodgment,  

Ventricular under sensing,  

Far -field atrial oversensing,  

Atrial capture, 

 His bundle injury 

Septal perforation, 

Lead dislodgement, 

Lead migration into LV,  

RBB injury,  

Septal artery injury and MI 

Thromboembolism 

Table 3: Comparison of HBP and LBBAP 
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