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Abstract

Cardiac conduction system pacing provides physiological ventricular activation by directly stimulating the conduction
system. This review describes the two types of conduction system pacing: His bundle pacing (HBP) and left bundle area
pacing (LBAP). The most significant advantage of HB pacing is that it can provide a regular, narrow QRS; however, the
disadvantages are challenging implantation and a high risk of re-intervention due to lead dislodgement and the develop-
ment of high pacing threshold. LBAP provides optimum physiological activation of the left ventricle by engaging the left
bundle/fascicular fibers. LBAP is more physiological than traditional RV apical pacing and could be an attractive alternative
to conventional cardiac resynchronization therapy (CRT). The advantages of LBAP are a relatively more straightforward
implantation technique than HBP, better lead stability and pacing thresholds. HBP and LBAP are more physiological than
right ventricular pacing and may be used instead of conventional pacemakers. Both HBP and LBBP are being investigated
as alternatives to conventional CRT.
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Introduction conventional CRT requires implantation of an extra lead
in the coronary sinus, which sometimes may be challeng-
ing and less feasible due to unsuitable anatomy, phrenic
nerve stimulation, and unacceptably high local thresholds.

Moreover, the left ventricular epicardial stimulation may not

Conventional cardiac resynchronization therapy (CRT) is
an essential part of treating selected patients with HFrEF
and ventricular dyssynchrony due to wide QRS. However,
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entirely resolve the electrical dyssynchrony [1, 2]. Epicardial
placement of LV lead has been suggested as an alternative
method in the case of transvenous procedure failure during
CRT device implantation, but it may cause lead failure and
rather highly reported complications such as infection [5].
These challenges with conventional CRT led to the devel-
opment of a new concept of pacing—the conduction system
pacing (namely His bundle pacing (HBP) and left bundle
area pacing (LBAP)), which can also be alternatives to con-
ventional right ventricular pacing in selected patients.

Clinical anatomy of physiological pacing

The His bundle (HB) is a thin structure penetrating the cen-
tral fibrous body of the heart and has two main anatomical
variants. The type I HB, present in 46.7% of subjects, when
the AV bundle is covered by a thin layer of myocardial fibers
and runs along the lower border of the membranous septum.
Conversely, the type II HB runs within the muscular part
of the interventricular septum below the pars membranacea
[2, 3]. Both atrial and ventricular portions of the HB can be
accessed for permanent conduction system pacing [1]. The
HB has significant positional variations relative to the mem-
branous septum [1], influencing selective His bundle pacing
(S-HBP) or nonselective His bundle pacing (NS-HBP) dur-
ing permanent HBP procedure.

LBB’s anatomical features determine the feasibility of
LBBP as a potential physiological pacing modality. In con-
trast to HBP, LBBP that is determined by the capture of the
LBB and distal conduction system tissues has a much wider
target zone for area pacing that is likely to be beyond the site
of the block in distal HB [5]. In contrast to right ventricu-
lar apical pacing, HBP does not induce interventricular or
intraventricular asynchrony and does not provoke myocar-
dial perfusion disorders [6].

Development and early experience
of human HBP and LBBP

Implementing physiological pacing techniques directly acti-
vating the conduction system has been and continues to be a
crucial issue in managing cardiac conduction disease. Hence,
electrophysiological challenges arose as development pro-
gressed. Nearly 5 decades ago Narula et al. reported that the
pacing impulse to ventricular activation time (PI-R) during the
procedure was the same as the H-V time during normal sinus
rhythm [7]. Subsequently, the ability of HBP to generate truly
physiological ventricular activation would allow this technique
to become a full-fledged alternative to cardiac resynchroniza-
tion therapy (CRT) [8] and has been recommended as a rescue
modality for failed biventricular pacing [9].
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Since 2006, several reports which described the use of
HBP in clinical practice have been published [10]. These
reports have led to further investigation of the effectiveness of
permanent HBP in patients requiring pacing and device-paced
HF therapy [11]. After that, the benefits of permanent HBP
were proved in multiple studies. In particular, the first system-
atic analysis of a large pool of patients demonstrated a high
success for HBP concerning the sustaining of cardiac func-
tion with the potential for significant improvement in LVEF
in patients with systolic dysfunction and heart failure [12].

However, due to significant procedural limitations and tech-
nical complexities of HBP associated with the risk of causing
distal conduction block, high capture threshold, and low sensed
R wave amplitude (Fig. 1), researchers and clinicians have faced
the necessity to develop a better pacing modality for delivering
physiological pacing, the LBAP therapy [13]. After that, the
advantages of the LBAP technique in patients with cardiomyo-
pathy have been demonstrated across several studies [14].

Mechanisms for LBBB reversal with His
bundle pacing

His bundle pacing (HBP) has arisen as a novel and alterna-
tive method for cardiac resynchronization therapy (CRT) in
patients with heart failure (HF) and left bundle branch block
(LBBB). The main reason for implementing effective ven-
tricular resynchronization and more physiological activation
is the obvious improvement in cardiac function. This method
can also significantly reduce QRS duration and restore nor-
mal intrinsic activation patterns in patients with ventricular
conduction delays, as demonstrated by Ali et al. [21].

Thus, for the first time, the concept of longitudinal dissocia-
tion with the fibers within the His bundle committed to the left
bundle with asynchronous conduction resulting in an LBBB
pattern was described. The study showed that localized lesions
within the His bundle induced LBBB. Meanwhile, stimula-
tion of the HB proximal to the intra-His lesion could lead to
ventricular depolarization. HB stimulation at a site distal to
the lesion, in turn, resulted in narrow QRS complexes due to
synchronous impulse conduction to LBB and RBB. These fun-
damental concepts confirmed the feasibility of HBP, includ-
ing in advanced His to ventricular electrogram interval (HV)
disease stages [6].

In some cases, the factors like the higher lead revision rate
or pacing thresholds can prevent HBP from reversing LBB.
Concerning the mechanisms for HBP narrowing or reversing
BBB, there are the following:

e The pacing lead is placed distal to the site of BBB fibers
within the HB are ordered in strands predestined for the
LBB or RBB. The position of a pacing lead can reverse
conduction delays within the HB [25].
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v High success rate in AV block
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conduction system disease
correction

v’ Provides lead stability away from
AV node resulting in adequate
safety margin for ablation in
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Fig.1 Advantages and disadvantage of His bundle pacing (HBP) vs left bundle branch pacing (LBBP)

e The connection between source and sink: the block is
overcome with sufficient stimulus for activation of distal
dormant tissue based on the source-sink connection dur-
ing pacing versus intrinsic impulse propagation [25].

e Retrograde activation: the activation of the His-Purkinje
system happens through the capture of an upper septal
branch that permits onward antegrade activation beyond
a block site [25].

Acute and chronic effects of HBP and LBBP

In a prospective crossover study, Catanzariti et al. proved
that during direct HBP, physiologic distribution of myocar-
dial blood flow was preserved more in comparison with right
ventricular apical pacing [26]. In another crossover trial, the
evaluation of myocardial perfusion and mitral regurgitation
showed significant improvement in the assessed indicators.
Still, HBP, in this case, had no effect on LV systolic function
[27]. The results of the study by Zanon et al., meanwhile,
demonstrated that HBP mode in comparison with RV apical
pacing in patients undergoing permanent implantation of a
HBP lead contributed to improvement in LV systolic function
and echocardiographic indices of ventricular synchrony [12].

In a more recent study, where the effects of HBP in patients
with LV systolic dysfunction, first-degree atrioventricular
block (AVB), and either RBBB or narrow QRS complex were

evaluated, it was proved that temporary HBP did not lead to
an increase in QRS duration (in comparison with temporary
biventricular pacing) [28]. A randomized study by Ellenbogen
and Huizar demonstrated that LVEF was significantly higher
after 12 months of His pacing in patients compared with AVB,
narrow QRS, and LVEF > 0.40 as compared with RVP [29].
Evaluating the long-term lead performance of His pacing,
Chen et al. reported successful HBP in 80% of cases with
markedly lower death or HF hospitalization in HBP compared
to RVP patients at five years of follow-up [30].

HBP and LBBP in CRT-eligible populations

Several prospective randomized studies proved the effects of
BVP in reducing mortality rates and heart failure hospitaliza-
tion, improving quality of life, and increased exercise capac-
ity. However, the CRT non-response is up to 30% in all CRT
candidates [31]. In patients with narrow QRS or moderate
QRS prolongation (i.e., < 130 ms), BVP can cause prolonga-
tion of ventricular activation time and worsen dyssynchronous
activation [32]. Furthermore, right ventricular pacing should
not be applied to patients with impaired LVEF to avoid the
development of pacing-induced cardiomyopathy. Since BVP
does not deliver true physiological pacing, it has not demon-
strated superiority over RVP in patients with LVEF >45%,
according to the results of the BIOPACE trial [33].
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A multicenter study by Ali et al. evaluated the feasibility and
outcomes of the LBBAP method in CRT-eligible patients or
those who underwent unsuccessful CRT. In this cohort study,
all patients had NYHA class II to IV, baseline LVEF <50%,
and indications for ventricular pacing and/or CRT. Based on
the results, LBBAP was associated with reduced paced QRS
duration, improving clinical and echocardiographic outcomes.
Hence, LBBAP can be a feasible, safe, and potentially an alter-
native option for CRT [21]; however, this option needs to be
tested in large clinical trials.

In a randomized crossover study, Gasparini et al. demon-
strated no significant difference in clinical and echocardio-
graphic improvements while applying HBP compared with
BVP [34]. However, certain disadvantages of HBP, such as
higher pacing thresholds and the inability to correct distal
LBBB, were a limitation for using this technique, as dem-
onstrated by Leclercq et al. comparing HBP with BVP [35].

Clinical perspectives of His bundle pacing
and left bundle branch pacing area in heart
failure

Cardiac resynchronization therapy is the gold standard in the
management of patients with systolic heart failure and elec-
tromechanical dyssynchrony, as evidenced by a wide QRS
duration. For over two decades, the resynchronization method
has been through by ventricular pacing. We have strong data
using prospective randomized studies that show biventricular

Table 1 Current limitations of HBP and LBBP in heart failure

pacing improves quality of life New York Heart Association
classification, left ventricular ejection fraction, and left ven-
tricular volumes. However, despite strong clinical evidence
regarding the efficacy of biventricular pacing, it is estimated
that approximately 1/3 of patients have no clinical benefit or
response to CRT via LV lead placement (Table 1).

HBP

Conduction system pacing, either via His bundle pacing or
more recently left bundle branch pacing, has emerged as a
viable alternative to traditional left ventricular CRT in patients
with congestive heart failure. His bundle pacing via activation
of the His-Purkinje conduction system and resultant physi-
ologic ventricular activation has been promoted as a favorable
alternative to Bi ventricular pacing strategy in patients with
and without heart failure (Fig. 2).

LBBAP

Left bundle branch area pacing has been suggested as an
effective alternative to overcome the limitations of His bun-
dle pacing. Left bundle branch pacing allows for physiologic
stimulation of the left bundle component of cardiac conduc-
tion system like HBP, however, with improved leads to sta-
bility and fewer implant and post-op technologic challenges.
Left bundle branch pacing has a larger target area and some-
what fewer technological implant challenges. Lead stability
and thresholds also appear to be improved compared to His

HBP LBBAP

1. Higher pacing thresholds 1. Learning curve regarding the use of the delivery systems of several
2. Increased implantation time and fluoroscopy time vendors

3. Lead dislodgement 2. Learning curve regarding the left bundle branch area pacing site and
4. Elevated pacing thresholds at follow-up placement of the lead deep into septal

5. Rapid battery depletion due to an increase in pacing thresholds 3. Risk of deep septal lead placement, including but not limited to

6. Failure to achieve His bundle capture perforation into the left ventricle

7. Absence of a unique CPT code resulting in no increase in payment 4. Potential for higher complication rate should the deep intra-septal

despite increased physician time utilization, EP lab utilization, and
use of additional sheaths and equipment

8. Lack of large RCT data regarding outcomes in comparison to
traditional CRT

9. Nuanced implant technique, limited to mostly electrophysiologists

10. Not scalable

11. High reintervention rate

12. Concerns regarding aortic valve endocarditis if lead related
infection

lead need to be extracted in the future

5. Absence of big randomized controlled data comparing left bundle
branch area pacing in patients requiring CRT in comparison to traditional
biventricular pacing

6. Accurate understanding of criteria for left bundle branch area capture
by implanting physician

7. Long-term (> 12 months) lead performance with deep septal implantation
of pacing lead

8. Increased procedure time and fluoroscopy time, in the initial implant
learning curve

9. No unique CPT code; hence, no payment for increased physician
procedure time and EP lab time utilization

10. Equipment issues: new lead design and delivery systems are being
designed

@ Springer
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Fig.2 His bundle pacing in CHF

His Bundle pacing in CHF

anesthesia times

follow up
Lead dislodgement

Potential for infra His block

Narrow anatomic location for lead placement
Potential longer procedure, fluoroscopy and

High thresholds at implant and threshold rise in
Battery drainage related to high thresholds
Oversensing or underseeing of far field

No unique CPT code for reimbursement of
additional time and equipment use

The most physiologic location for
pacing in AVB

Class 1 A tachy cardiomyopathy who
need AVN ablation

Class II A in AVB with LVEF 35-50%

bundle pacing. Nonetheless, it is important to understand
anatomy and fluoroscopic views when implantation of the
lead to achieve accurate left bundle capture.

Vijayaraman et al. recently published their data regarding
the feasibility and outcomes of left bundle branch area pac-
ing for CRT in a multicenter international collaborative study.
LBBP was attempted in 325 patients with LVEF <50% and an
indication for CRT. CRT was successfully achieved in 277 of
these patients (85%). QRS configuration at baseline was left
bundle branch block in 39%, and non-left bundle branch block
in 46%. Procedure times were 105 454 min, and fluoroscopy
time was acceptable at 19 + 15 min. Importantly, left bundle
branch area pacing thresholds were 0.6 +0.3 V @0.5 ms, and
R wave amplitude was acceptable at 10.6+6 mV at implanta-
tion. Sensing and thresholds remain stable during the follow-
up of approximately 6 months. The importantly clinical and
echocardiographic response was observed in 72 to 73% of the
patients who achieved left bundle branch pacing. This study
proved that left bundle branch pacing is a feasible alternative for
cardiac resynchronization therapy providing acceptable pacing
and sensing parameters both in the short and long term with no
excessive procedure times and successful clinical outcomes.

Recent randomized LBBP-RESYNC study (40 pts) showed
that patient randomized to LBBP has higher LVEF improve-
ment. In this study, 10% LBBP patients were crossover to
biventricular CRT and 20% of biventricular CRT were crosso-
ver to LBBB pacing due to the problems with lead placement.
Which on the one hand showed that is not always possible to
perform both of techniques in one patient but in case of the
impossibility of one of the methods it is possible to change to
another. Both HBP and LBAP could be helpful also in patients
without HF in whom we expect a high rate of RV stimulation.

HBP is the most physiological pacing modality that restores
normal ventricular activation and has been demonstrated to
achieve greater hemodynamic response over BVP in patients
[44]. Confirmation of LBB capture is essential to distinguish
LBBP from LVSP, as LBBP ensures rapid LV activation propa-
gation via conduction system rather than myocardial endocar-
dium and hence improves ventricular electrical synchrony.

Pacing strategies for HF and AF patients

Atrial fibrillation (AF), the most common arrhythmia, increases
the risk of death and hospitalization in 76% of HF patients, and
the structural and neurohormonal changes in HF make, in turn,
the development and progression of AF much more likely [15].
AF ablation was associated with a significant improvement in
LVEF, independent of the severity of left ventricular dysfunc-
tion [16].

In a study, Molhoek et al. patients with AF showed a milder
degree of response to CRT compared to those with sinus
rhythm. However, the long-term survival rate was compara-
ble among these two groups of patients [36, 37]. According
to the guidelines, CRT should be performed in patients with
HF and LVEF <35% with NYHA class III or IV if they are
in AF and have intrinsic QRS > 130 ms, provided a strategy
to ensure biventricular capture is in place. Meanwhile, AV
junction ablation should be added in the case of incomplete
biventricular pacing (< 90-95%) due to conducted AF [38].

An intrinsic and irregular spontaneous AF rhythm
reduces the percentage of effectively biventricular paced
captured beats, making CRT delivery more challenging in
those patients with AF [39]. Nevertheless, the deleterious
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hemodynamic effects of irregular, spontaneous rhythm could
be eliminated by AVJ ablation delivery. Hence, in the context
of CRT in patients with HF and concomitant AF, many stud-
ies have shown AV]J ablation’s benefits for optimization of
CRT procedure [40]. The MUSTIC AF trial is considered the
first randomized trial showing potential benefits of CRT in
HF patients with permanent AF by determining biventricu-
lar stimulation as a preferred mode compared to RV [41].
An observational study by Gasparini et al. demonstrated
that significant improvements in LVEF, the left ventricular
end-systolic volume (LVESV), and exercise capacity were
observed in AF patients who underwent AV]J ablation [37,
38]. Deshmukh et al. demonstrated further improvement in
LV dimensions with His pacing in patients with impaired
LV systolic function and AF prior to AV node ablation and
achieved procedural success in 60% of cases [36, 37].

On the other side, in selected patients with AF and HF,
especially with uncontrolled heart rate, the “ablate-and-
pace” strategy can be beneficial, resulting in improvement of
LVEF and the NYHA functional class [17]. However, poten-
tial downsides of such a strategy are the risk of progressive
left ventricular dyssynchrony, deterioration of LVEF, and
the risk of sudden death after AV node ablation [18]. To
prevent mechanical ventricular dyssynchrony and further HF
aggravation, cardiac resynchronization therapy (CRT) is an
effective option, although patients with AF show a milder
degree of improvement with CRT compared with patients
with sinus rhythm [19].

In patients with HF and sinus rhythm, PR prolongation is
a prospective issue for pacing. A PR >200 ms is significantly
associated with 58% higher mortality in the long term regard-
less of QRS duration [20]. According to the results of the stud-
ies, the prevalence of prolonged PR in patients with HF and
CRT stands at 18-52% [21].

The benefits of HBP in HF can potentially apply to patients
with narrow QRS and PR prolongation by providing AV syn-
chrony without inducing ventricular dyssynchrony [22]. The
EuroHeart Failure survey identified that about 75% of patients
hospitalized with a suspected diagnosis of HF had normal
QRS duration (<120 ms) [23]. Meanwhile, up to 50% of HF
patients with a narrow QRS complex show echocardiographic
evidence of ventricular dyssynchrony and hence might ben-
efit from CRT, resulting in frequent off-label use of CRT
[24]. Noteworthy, HBP has a higher success rate in patients
with symptomatic AV block if the level is nodal compared to
infranodal [4]. Anatomy of the mechanism of pacing proce-
dures should be considered during maneuvers to ensure that
the lead is positioned distal to the site of diseased HB [4].

At present with the development of dedicated tools for
direct HBP, the success rate of implantations has become
more than 90%. Moreover, in most cases, the acceptable
pacing thresholds can be achieved [37]. Su et al. evaluated
the long-term performance of HBP following AV node

@ Springer

ablation in patients with AF and HF. It was demonstrated
that HBP combined with AV node ablation was effective
in AF patients with drug-refectory HF. Furthermore, high
pulmonary artery systolic pressure (PASP), elevated serum
creatinine (Scr), and low LVEF at baseline were established
as independent predictors of the composite endpoint of all-
cause mortality or HF hospitalization [38].

The study by Vinther et al. observed HF patients with
LBBB, demonstrated that His-CRT provided similar clinical
improvement in comparison with BiV-CRT at the expense of
higher pacing thresholds [39]. One more study successfully
achieved permanent HBP in 80% of patients with AF, with
narrow QRS duration, both HF with a preserved ejection frac-
tion (HFpEF) and HF with reduced ejection fraction (HFrEF).
The results of the study demonstrated a reduction in hospital
admissions as well as an improvement in cardiac function [40].

Physiological pacing in patients with heart
failure with preserved ejection fraction

Increase heart rate (HR) may have the potential to reduce the
risk for heart failure hospitalization, atrial fibrillation (AF),
and cerebrovascular stroke as these outcomes are increased in
patients with a normal or preserved ejection fraction on HR-
lowering treatments. Therefore, lower HR elevation employ-
ing physiological conduction system pacing in patients with
HFpEF will decrease left atrial and left ventricular filling
pressures. There is an ongoing randomized trial that is inves-
tigating whether pacing with a higher heart rate is beneficial
for patients with HFpEF and pacemakers with intrinsic AV
conduction or CRT. Also, physiological pacing (CRT or His)
could be beneficial in patients with HF, LVEF 35-50%, and
indications for pacemaker implantation with high expected
percent of pacing (BLOCK HF study) [42]. Again, physiologic
accelerated pacing as a treatment in patients with heart failure
with preserved ejection fraction (PACE HFpEF) trial is now
under investigation hypothesizes that a personalized lower HR
elevation employing physiological conduction system pacing
in patients with HFpEF will decrease left atrial and left ven-
tricular filling pressure [43].

Conclusion

Implementing physiological pacing techniques directly acti-
vating the conduction system has been and continues to be a
crucial issue in managing cardiac conduction disease. HBP is
the most physiological pacing modality that restores normal
ventricular activation and has been demonstrated to achieve
greater hemodynamic response over BVP in patients. HBP
combined with AV node ablation showed effectiveness in AF
patients with drug-refectory HF. Left bundle branch area pacing
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has been suggested as an effective alternative to overcome the
limitations of His bundle pacing. But, left bundle branch pacing
and His bundle pacing have a larger target area and somewhat
fewer technological implant challenges. In fact, future studies
and large-scale clinical trials are expected to validate HBP and
LBBP’s safety, reliability, and long-term performance for physi-
ological pacing in several groups of patients.
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