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ABSTRACT
The adverse effects of ventricular dyssynchrony induced 
by right ventricular (RV) pacing has led to alternative 
pacing strategies, such as biventricular, His bundle 
(HBP), LV septal (LVSP) and left bundle branch pacing 
(LBBP). Given the overlap, LVSP and LBBP are also 
collectively referred to as left bundle branch area pacing 
(LBBAP). Although among these alternative pacing sites 
HBP is theoretically the ideal strategy as it maintains 
a physiological ventricular activation, its application 
requires more skills and is associated with the most 
complications. LBBAP, where the ventricular pacing 
lead is advanced through the interventricular septum 
to its left side, creates ventricular activation that is only 
slightly more dyssynchronous. Preliminary studies have 
shown that LBBAP is feasible, safe and encounters less 
limitations than HBP. Further studies are needed to 
differentiate between LVSP and LBBP with regard to 
acute functional and long- term clinical outcome.

INTRODUCTION
Cardiac pacing therapy is the most effective therapy 
for treating symptomatic bradycardia. While initially 
ventricular pacing electrodes were surgically posi-
tioned on the left ventricle (LV), the right ventricle 
(RV) became the preferred region when intravenous 
leads became available in the 1970s. Importantly, 
this choice was based on easy accessibility of the RV 
and chronically stable lead positions.

However, stimulating the RV results in abnormal 
electrical activation1 and uncoordinated ventric-
ular contraction.2 The introduced electrical and 
mechanical dyssynchrony can lead to adverse 
cardiac remodelling increasing the risk of atrial 
fibrillation (AF), heart failure (HF) and cardiovas-
cular death.3 4

The awareness of the adverse effects of ventric-
ular dyssynchrony has led many researchers to 
investigate alternative pacing strategies. This 
comprises approaches like biventricular pacing 
(BVP), and more recently His bundle pacing (HBP), 
LV septum pacing (LVSP) and left bundle branch 
pacing (LBBP). In this article we will review the 
literature about these alternatives to RV pacing.

RV PACING
The negative effects of RV pacing became apparent 
in the MOST (Mode Selection Trial in sinus- 
node dysfunction) study, showing that a higher 
percentage RV pacing was related to more frequent 
AF and HF hospitalisation.4 The DAVID (Dual- 
Chamber and VVI Implantable Defibrillator) trial 
showed that in patients with standard indications 
for ICD therapy but without indication for cardiac 
pacing, dual- chamber pacing offered no clinical 

advantage over ventricular backup pacing and 
was even detrimental by increasing the combined 
end point of death or hospitalisation for HF.5 
Experimental and later on clinical studies demon-
strated that abnormal electrical activation leads to 
a discoordinate contraction pattern. During RV 
pacing, comparable to left bundle branch block 
(LBBB) activation, the early activated interven-
tricular septum (IVS) wastes part of the regional 
work through prestretching of the opposing late- 
activated LV lateral wall, which contracts during 
late systole and even early diastole. These delayed 
contracting segments are consequently exposed to 
a higher regional workload. As a consequence, LV 
wall thickness increases more in these segments 
than in early contracting segments.6 7 Overall, the 
efficiency of cardiac contraction is significantly 
reduced. This RV pacing- induced dyssynchrony 
leading to LV dysfunction is also referred to as 
‘dyssynchronopathy’.

ALTERNATIVE RV PACING SITES
In order to prevent RV pacing- induced dyssyn-
chronopathy, alternative sites within the RV have 
been studied intensively. Well- controlled animal 
experiments and studies in cardiac resynchroni-
sation therapy (CRT) patients showed that RV 
septal pacing does not provide a significant benefit 
with regard to haemodynamic function, distribu-
tion of contraction patterns or electrical activa-
tion.8 9 A meta- analysis showed no clear differences 
in follow- up LV ejection fraction (LVEF) between 
RV apical (RVA) and non- apical pacing.10

LV PACING
In the early 1960s, it was already shown that 
LV pacing is haemodynamically superior to RV 
pacing,11 which was confirmed in well- controlled 
animal experiments.2 A more recent multicentre 
study investigating the effects of different ventric-
ular pacing sites in children showed that pacing of 
the LV apex or lateral wall results in significantly 
better LVEF and less mechanical dyssynchrony 
when compared with RV pacing.12 These data 
are further supported by the GREATER- EARTH 
study, which showed that in patients with HF 
with wide QRS complex LV pacing alone creates 
similar outcome as BVP.13 Animal experiments and 
small clinical studies suggest that further improve-
ment may be obtained by pacing the LV endocar-
dium rather than epicardium.14 15 This could be 
attributed to a faster endocardial impulse conduc-
tion and shorter activation path length. However, 
this approach requires implantation of a lead in the 
LV cavity. At the current stage, systems need to be 
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improved to eliminate the various problems encountered, such 
as embolisation, dislodgement and faster battery drain for LV 
endocardial pacing.

BIVENTRICULAR PACING
Biventricular pacing has been introduced to correct pre- existing 
intraventricular conduction delays. In patients with LBBB and 
LV dysfunction, BVP has shown to improve quality of life and 
exercise tolerance, improve LV function, reduce HF hospitalisa-
tions and improve survival.16–18

A small single- centre clinical study showed that BVP also 
improves the LVEF and reduces symptoms in patients with 
chronic RV pacing.19 Later, the BLOCK- HF study showed a 
significant reduction in the primary outcome (time to all- cause 
death, urgent care visit for HF requiring intravenous diuretic 
therapy or a ≥15% increase in LV end- systolic volume index) 
favouring BVP over RV pacing.20 However, this difference was 
mainly driven by a difference in an increase in LV end- systolic 
volume, whereas the study failed to show a mortality benefit. 
Nevertheless, international guidelines state that an upgrade to 
CRT could be considered in patients with bradycardia with 
wide QRS duration and LV dysfunction (class IIb indication). 
However, BVP requires a more complex implantation procedure 
which coincides with a larger risk of complications compared 
with RV pacing.21

HIS BUNDLE PACING
HBP is the most logical approach to avoid any ventricular desyn-
chronisation as His bundle (HB) capture reproduces normal 
ventricular activation. While the first experience with HBP 
had already been described in the 1960s by Scherlag et al,22 it 
was only in 2000 that HBP for permanent pacing therapy was 
published.23

The clinical evidence for HBP is very promising. Compared 
with RV pacing, studies consistently show that HBP results in 
better clinical outcomes in patients undergoing pacemaker 
implantation because of atrioventricular block (AVB). Sharma 
et al showed in a non- randomised trial that in patients with a 
high ventricular pacing burden (>40%) there was lower inci-
dence of HF in HBP group than in the RV pacing group (2% vs 
15%) during a 2- year follow- up period.24 Also, during long- term 
follow- up (5 years) permanent HBP was associated with a reduc-
tion in the composite end point of death or HF hospitalisation 
compared with RV pacing.25 However, HBP was associated with 
higher rates of lead revisions and generator change. The largest 
study so far on permanent HBP was performed by Abdelrahman 
et al where permanent HBP was attempted in 322 consecutive 
patients (with 92% success rate) at one hospital and compared 
with RV pacing in 433 patients performed at a sister hospital.26 
They found a significant reduction in the primary end point of 
all- cause mortality, HF hospitalisations or need for upgrade to 
BVP with permanent HBP (25% vs 32%, HR 0.65). Prospective, 
randomised multicentre studies comparing HBP with RV pacing 
with respect to long- term clinical outcomes are clearly necessary 
at this moment to advance the field.

AV node anatomy
The penetrating HB originates from the AV node and runs 
through the inferior portion of the membranous IVS and 
continues in most people along the left side of the muscular IVS 
(figure 1). Both atrial and ventricular parts of the HB can be 
accessed for HBP. The final implantation site is dependent on the 
site of AV- conduction delay, as this should be distal to the level 

of conduction block. However, there are anatomical variations 
in the course of the HB that can have clinical implications on 
implantation success.

Implantation procedure
Initially, HB lead implantation was performed using a standard 
lead with manually reshaped lead stylets using fluoroscopy.23 27 
With the anatomical guidance of an electrophysiological cath-
eter, the aim was to position the lead close to the HB. This 
procedure was often time consuming with low success rate. With 
the introduction of newer leads and especially new delivery 
systems, finding the HB using the lead itself became feasible 
with a substantially higher implantation success rate.24 28 A 
recent worldwide cumulative experience collected from many 

Figure 1 Left panel: illustration of atrio- ventricular node (AVN) and 
His bundle (HB) anatomy. Right panel: corresponding anatomic section 
showing the proximal portion of the HB on the right atrial (RA)- left 
ventricular (LV) aspect of the membranous septum (MS) and the 
distal portion of the HB on the right ventricular (RV)- LV aspect of the 
membranous septum. IVC, inferior caval vein. Modified from Sharma et 
al.47

Figure 2 Implantation of a pacemaker for His bundle pacing. Upper- 
left corner: a mapping catheter to guide the lead to the bundle of His. 
Upper- right corner: placing the His lead with the SelectSecure system. 
Lower- left corner: final lead positions in LAO 60° view. Lower- right 
corner: final lead position in RAO 30° view. Modified from Kronborg and 
Nielsen.48
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centres in China, the USA and Europe in a real- life environment 
showed that HBP is practical and feasible in most patients with 
an acceptable but slightly higher pacing threshold compared 
with RV pacing and low rate of complications.29

The implantation procedure has been described in detail in 
previous publications.23 30 In short, after obtaining venous access 
the delivery sheath is positioned on the tricuspid annulus and the 
lead is then advanced to the tip of the sheath. Unipolar mapping 
from the tip of the lead is used to map the HB region. The aim is 
to find a HB potential on the intracardiac electrogram by using 
an electrophysiological recording system. Subsequently, the 

lead is screwed into the HB region and the pacing and sensing 
measurements of the lead are evaluated (figure 2).

Although HBP is an attractive alternative strategy for 
permanent pacing, actual lead placement remains technically 
challenging, due to location of the conduction disease and 
anatomical variations of the conduction system. Particularly, in 
case of distal His- Purkinje system disease, long- term safety of 
HBP has not been studied well and an extra backup RV lead 
could be considered.

Implantation characteristics of the HBP lead differ from 
traditional RV leads. The ventricular sensed values on the HBP 
lead are also generally much lower, which increases the risk of 
ventricular undersensing and atrial oversensing. Atrial over-
sensing on a ventricular pacing electrode can cause inhibition 
of ventricular pacing, which is potentially life- threatening in a 
patient with AVB. Also, HBP thresholds are generally higher 
causing faster battery depletion and are known to rise in some 
patients over time.

In conclusion, HBP is an attractive pacing strategy with 
much promise for future applications in patients who require 
ventricular pacing, but potentially also for patients with HF 
and ventricular dyssynchrony. Further adoption of this pacing 
strategy is dependent on the implantation tools and validation in 
larger randomised clinical trials.

LEFT BUNDLE BRANCH AREA PACING
In the search for an alternative to RV pacing animal studies 
in the early 2000s demonstrated that normal LV function was 
preserved during pacing at the left side of the IVS (LV septal 
pacing (LVSP)).9 A more recent development is that LBBP 
provides synchronous ventricular activation that is comparable 
to BVP and HBP.31 32 While theoretically LVSP and LBBP differ 
with respect to having capture of the LBB (only in LBBP), in 
practice there seems to be significant overlap. Therefore, below 
we will collectively refer to both techniques as left bundle branch 
area pacing (LBBAP).

Figure 3 Twelve- lead ECG from a patient with sinus node disease 
during intrinsic activation, right ventricular apex (RVA), right ventricular 
septal (RVS) and left ventricular septal (LVS) pacing. During RVA and 
RVS pacing, a left bundle- branch block- like QRS morphology was 
observed. During LVS pacing, a right bundle- branch block- like QRS 
morphology was observed in the precordial leads. RVA and RVS pacing 
considerably prolonged QRS duration relative to intrinsic activation. 
QRS duration during LVS pacing was prolonged compared with intrinsic 
activation, yet considerably shorter than during RVA and RVS pacing. 
Modified from Mafi- Rad et al.33

Figure 4 How to locate the site for left bundle branch pacing (LBBP) and electrogram characteristics. (A) His potential (PoHis) and no clear left 
bundle branch (LBB) potential in left bundle branch block (LBBB). (B) Location of the His- bundle pacing (HBP) lead and LBBP lead in the right anterior 
oblique 30° view. (C) Paced morphology of ‘W’ pattern with a notch at the nadir of the QRS in lead V1 and impedance of 300 Ω by unipolar tip pacing 
before fixation. (D) Screwing the lead approximately 6–8 mm deep, the notch in lead V1 moved up and towards the end of the QRS with impedance of 
650 Ω. With increased output from 6.0 V/0.5 ms (left) to 8.0 V/0.5 ms (middle), the paced morphology changed to right bundle branch block and the 
stimulus to left ventricular activation time shortened from 107 to 72 ms. The LBB potential could not be noted during LBBB correction by selective HBP 
(right). Modified from Huang et al.36
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Left ventricular septal pacing
In the animal studies demonstrating that normal LV function 
was preserved during pacing of the left side of the IVS, the 
LVSP lead was permanently implanted by introducing a custom 
pacing lead transvenously into the RV and driving it from the 
RV side through the IVS to the LVS.8 Following the positive 
findings of LVSP in the preclinical setting, a first- in- man study 
demonstrated the feasibility of permanently implanting an LVS 
lead using this transvenous approach through the IVS.33 In these 
patients, the ventricular pacing lead was positioned as close to 
the middle of the IVS as possible, using RV angiography and 
intracardiac echocardiography. Subsequently, the pacing elec-
trode was carefully screwed through the IVS until the left side 
of the LVS was reached. IVS penetration depth was assessed by 
injecting small amounts of contrast medium through the guiding 
catheter against the IVS under fluoroscopy and by monitoring 
changes in the paced QRS morphology. An acute haemodynamic 
benefit of LVSP over RVA and RV septum pacing was observed 
in all patients. At 6 months follow- up, stable lead performance 
was achieved without any procedure- related complications. QRS 
duration during LVSP was prolonged compared with intrinsic 
activation, yet considerably shorter than during RVA and RVS 
pacing (figure 3). In a recent study in 27 patients undergoing 
CRT implantation, LVSP provided short- term haemodynamic 
improvement and electrical resynchronisation that was at least 
as good as during BVP and HBP.34 Unfortunately, capture of the 
left conduction system was not intended in these experiments, 
but cannot be excluded.

Left bundle branch pacing
After the initial publications on LVSP, Huang et al published 
about a novel pacing strategy. Since it was proven to be possible 
to cross the IVS, their hypothesis was that it would also be 
possible to capture the LBB when positioning the pacing lead 
at a more basal level. In a patient with HF and LBBB, Huang 
et al showed that it was possible to directly stimulate the LBB 
and resolve LBBB.35 After this observation, the novel strategy of 
LBBP was born.35 LBBP is defined as capture of the left bundle 
trunk or its proximal fascicles, usually with septal myocardium 
capture.36

During the LBBP implantation procedure the distal HB poten-
tial is located. The initial site for LBBP is determined as approx-
imately 1–1.5 cm distal from the HB towards the RV apex in the 
right anterior oblique (30°) fluoroscopic view. The lead, with 
the tip perpendicular to the septal surface, is screwed through 
the IVS guided by fluoroscopy, electrophysiological signals on 
the tip of the pacing electrode (LBB potential) and the paced 
QRS morphology (figure 4). Similar to LVSP, QRS morphology 
gradually changes from a LBBB- like morphology to a RBBB- like 
QRS morphology, when advancing through the IVS as shown in 
figure 5.35

After several initial small studies in CRT populations, Li et 
al31 reported that in 33 patients with AVB LBBP maintained 
cardiac function at the 3- month follow- up. These results were 
confirmed in 56 patients with normal cardiac function who 
underwent pacemaker implantation, where all patients survived 
without any symptoms of HF during a mean follow- up of 5±2 
months. LVEF, LV end systolic and diastolic diameter remained 
unchanged during follow- up.37 In a recent, larger study in 115 
patients with an identifiable LBB potential and QRS duration 
<120 ms, LBBP lead implant was successful in all patients, 
without serious complications (dislodgement, infection or 
stroke) at 6‐month follow‐up.38

It is, however, essential to realise that, although intended, 
LBB capture was often not possible in these patients and should 
actually be considered as LVSP pacing rather than LBBP. Conse-
quently, there seems to be an significant overlap between LVSP 
and LBBP and whether clinical outcomes differ between deep 
LVSP with and without direct capture of the left bundle remains 
to be determined.

In addition, there is so far no consensus on the criteria deter-
mining if LBB capture is truly obtained. The generally used 
criteria for LBB capture are currently: (1) paced RBBB- like 
QRS morphology, (2) recording of a LBB potential, (3) short 
and constant left ventricular activation time, measured as the 
interval between pacing stimulus and R- wave peak in V4–V6 and 
(4) demonstration of transition from non- selective to selective 
LBB capture or non- selective LBB capture to LV myocardial only 
capture during threshold testing.36 39 40

Given that there is no consensus for the criteria of LBB capture, 
it is difficult to determine in what percentage of cases there is 
actually direct capture of the LBB. A recent study on LBBAP in 
115 patients reported LBB capture in 92%.38 The presence of a 
LBB potential at final implantation site varies largely between 
studies, from only 66%41 up to 100%.38

In initial studies, investigating the safety and feasibility of LBBP 
implantation success rates ranged from 81%41 to 93%.42 The 
highest reported complication rate was only 6 out of 100 patients, 
consisting of 3 lead dislodgements within 24 hours requiring revi-
sion and 3 LV septal lead perforations.42 LBBP produced paced 

Figure 5 Twelve- lead ECG from a patient with narrow intrinsic QRS 
complex during pacing at the right side of the IVS and pacing at the left 
side of the IVS. IVS, interventricular septum; LVS, left ventricular septum 
pacing; RVS, right ventricular septum pacing.
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QRS durations similar to native QRS durations, ranging from 
113±10 to 136±17 ms, with stable and low (<1.0 V) pacing 
thresholds during the initial months after implantation. In general, 
the paced QRS duration in LBBP and LVSP is smaller compared 
with RV pacing,43 but mostly longer compared with HBP.34 37

CLINICAL IMPLICATIONS
The feasibility and clinical benefits of permanent HBP have been 
demonstrated. However, randomised clinical trials comparing 
HBP with RV pacing or LBBP are still lacking. Although HBP 
theoretically is the ideal physiological pacing strategy, concerns 
regarding high ventricular pacing thresholds, lower R- wave 
amplitudes possibly leading to sensing problems and the poten-
tial development of a conduction block distal to the pacing site 
have limited the application of HBP. LBBAP has emerged as an 

alternative method for delivering physiological pacing to achieve 
and/or maintain electrical synchrony of the LV. Both conduc-
tion system pacing strategies as well as other alternatives to RV 
pacing are summarised in table 1.

The results of investigations in LBBAP raised several potential 
implications. Since mechanistic studies demonstrated electrical 
as well as mechanical resynchronisation in patients with HF and 
ventricular dyssynchrony, LBBAP has the potential of being an 
easier and faster alternative to BVP in CRT. However, whether 
LBBAP is equal or superior to BVP in patients with HF needs to 
be established in prospective randomised clinical trials.

BVP is known to provide no benefit, or is even detrimental 
in patients with HF with narrow QRS,44 but as LBBAP uses 
the native conduction system for maintaining ventricular 
synchrony, it has the potential to be applied as pacing therapy 

Table 1 Pacing strategies alternative to RV pacing

BVP HBP LVSP LBBP

Target region RV apex easily targeted. LV 
reached via coronary sinus

His bundle width: 1–4 mm, length: 
10–20 mm.
Conduction fibres embedded in fibrous 
sheaths

Widespread subendocardial 
fast- conducting network Purkinje 
fibres

Left bundle branch or proximal fascicles 
targeted

Synchrony of activation Correct pre- existing 
interventricular and 
intraventricular conduction delays

Restoring/maintaining normal ventricular 
activation (RV+LV)

Restoring/maintaining 
intraventricular synchrony (LV)

Restoration/maintaining intraventricular 
synchrony (LV) with delayed RV activation

Implantation

  Size target region Large LV target zone, limited by 
venous anatomy

Small target zone (proximal or distal His 
bundle)

Largest target zone Large target zone

  Tools Many dedicated implantation tools Dedicated leads and guiding sheaths Dedicated lead and guiding 
sheath

Dedicated lead and guiding sheath

Implant success rate >90% 56%–95% >90% 81%–93%

R- wave sense High R- wave amplitude, no 
sensing issues

Low R- wave amplitude. Atrial oversensing, 
ventricular undersensing

High R- wave amplitude, no 
sensing issues

High R- wave amplitude, no sensing issues

Need back- up lead? Standard RV lead implantation RV back- up lead often considered in 
pacing- dependent patients with distal 
block

No RV back- up lead required No RV back- up lead required

Lead complications RV lead 2%
LV lead 5%

No septal perforation reported Septal perforation possible Septal perforation possible

Conduction system capture Not intended Up to 10% loss of conduction system 
capture during follow- up

Not intended 60%–90%. No reports on follow- up

Lead revision rate 5%–10% 3%–7% To be determined ~1%

Battery longevity Unchanged Shortened Unchanged Unchanged

BVP, biventricular pacing; HBP, His bundle pacing ; LBBP, left bundle branch pacing; LV, left ventricular; LVSP, LV septal pacing; RV, right ventricular.

Figure 6 Decision tree regarding the currently available pacing therapy options for patients with an indication for chronic RV pacing. LBBB, left 
bundle branch pacing; LVEF, LV ejection fraction; LV, left ventricular; RV, right ventricular.
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in patients with symptomatic bradycardia as alternative to 
HBP. Since the LBBAP implantation procedure is faster, it 
avoids venography and the need for a third pacing lead, LBBAP 
might even have the potential to be the preferred strategy in 
the future, especially in patients with an infra- Hissian block 
or bradycardia accompanied by LBBB or RBBB. In patients 
undergoing AV nodal ablation with subsequent pacing (‘ablate 
and pace’), either BVP or HBP is recommended,45 but it has 
been demonstrated that LBBAP is safe and feasible with a high 
success rate in patients with persistent AF with HF and ICD 
indication.46 A recently published mechanistic study on the 
comparison of haemodynamic and electrical effects between 
BVP, HBP and LVSP shows that LVSP provides short- term 
haemodynamic improvement and electrical resynchronisation 
that is at least as good as during BVP and HBP.34 Nonethe-
less, randomised clinical studies directly comparing HBP or 
LBBP with RV pacing or comparing HBP and LBBAP directly 
in patients with structurally normal hearts or HF are lacking 
and long- term safety and performance of LBBP still needs to 
be established. In patients with failed HBP lead implantation, 
LBBAP is a logical choice. Clinically, applicable pacing strate-
gies in patients requiring frequent RV pacing are shown in the 
decision tree depicted in figure 6.

CONCLUSION
Conduction system pacing, that is, HBP and LBBAP are prom-
ising alternatives for RV pacing. Compared with HBP, LBBAP 
offers lower pacing thresholds, larger R- wave amplitudes and 
lower risk of developing conduction block distal to the pacing 
location. While HBP has proven to be safe and feasible, the 
long- term safety of LBBAP has yet to be demonstrated. Addi-
tionally, more mechanistic insights regarding LBBAP have 
to be gained focusing on ventricular lead penetration depth 
and the beneficial effects of capturing the left conduction 
system, thereby better differentiating between LVSP and LBBP. 
Prospective randomised clinical trials are needed to investigate 
patient populations most likely to benefit from HBP or LBBAP.
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