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Abstract

Purpose of Review The goal of this critical appraisal is to evaluate the role for His bundle pacing (HBP) in cardiac
resynchronization, examine early clinical and physiologic data, as well as offer recommendations for selecting patients for
HBP versus biventricular pacing for CRT.

Recent Findings Biventricular pacing with a left ventricular (LV) coronary sinus lead has been the primary mode of delivering
cardiac resynchronization therapy (CRT) for over two decades. By fusing multiple wavefronts of activation, biventricular pacing
shortens and homogenizes ventricular activation, increases left ventricular ejection fraction (LVEF), reduces mitral regurgitation,
and is also associated with improved clinical outcomes, including reduced heart failure (HF) hospitalization and mortality.
Despite these myriad benefits, approximately one-third of patients do not derive benefit from traditional CRT. HBP is a means
of delivering CRT which restores electromechanical synchrony by activating the His-Purkinje system distal to the site of proximal
bundle branch block. Early clinical data suggest that CRT with HBP may be associated with comparable clinical benefits to
biventricular pacing in CRT-eligible patients, although randomized data are not yet available.

Summary The available data suggest that HBP is an alternative approach to biventricular pacing to achieve cardiac
resynchronization by restoration of native Purkinje activation. The applicability is most clear in patients with typical BBB
patterns. Further research and randomized studies are necessary to evaluate the role of HBP in CRT.

Keywords Cardiac resynchronization therapy - His bundle pacing - Biventricular pacing - Left bundle branch block

Abbreviations HPCD  His-Purkinje conduction disease
AF Atrial fibrillation IPA Intact Purkinje activation

AV Atrioventricular IVCD  Intraventricular conduction delay
BBB Bundle branch block LBBB Left bundle branch block

CCB Complete conduction block LV Left ventricle or left ventricular
CRT Cardiac resynchronization therapy LVEF  Left ventricular ejection fraction
CSP Conduction system pacing MI Myocardial infarction

CS Coronary sinus NYHA New York Heart Association
HBP His bundle pacing RCT Randomized controlled trial

HF Heart failure RBBB Right bundle branch block

RV Right ventricular
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From the Center for Arrhythmia Care at the University of Chicago Now close to a quarter-century after its initial case description,

Medicine, Chicago, IL, USA cardiac resynchronization therapy (CRT) is a mainstay device-
2 Geisinger Heart Institute, Geisinger Commonwealth School of b?lse('i treatmf?nt for heart fallu?‘e with re.duced left ven'trlcular
Medicine, MC 36-10, 1000 E Mountain Blvd, ejection fraction (LVEF) and intraventricular conduction de-
Wilkes-Barre, PA 18711, USA lay (IVCD) [1, 2]. The most common clinically utilized form
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of CRT is biventricular pacing with a transvenous left ventric-
ular (LV) lead placed via the coronary sinus (CS). The goal of
CRT is to improve left ventricular pump function through
correction of mechanical dyssynchrony, particularly between
the septal and lateral walls of the LV, which improves myo-
cardial bioenergetics, increases LVEF, and reduces mitral re-
gurgitation [3, 4]. Importantly, these physiologic changes have
translated into improved hard clinical outcomes validated
across multiple randomized controlled trials (RCTs), includ-
ing significant reductions in heart failure (HF) hospitalization
and greater survival [5]. Indeed, some CRT patients enjoy
marked improvements after biventricular pacing (termed “su-
per-response”), with normalization of LVEF and substantial
improvement in functional HF symptoms [6]. Also unique
among cardiovascular therapeutics, CRT shows benefit in
women and men—indeed, female patients often demonstrated
better outcomes after CRT relative to male patients in the
RCTs that led to CRT approval. Predictors of super-response
include female gender, wide QRS, classic left bundle branch
block (LBBB) pattern at baseline, and history of nonischemic
cardiomyopathy [6, 7]. Given these findings, CRT is a class |
indication for patients with New York Heart Association
(NYHA) class II, III, or ambulatory IV symptoms on
guideline-directed medical therapy with LVEF <35%, sinus
rhythm, and LBBB with a QRS duration > 150 ms [8].
Despite the substantial benefits realized with CRT through
biventricular pacing, however, considerable barriers remain to
realizing benefit across all patients. Although agreement on
what constitutes response to therapy is variable [9], a system-
atic review of nonresponse to CRT has shown that between 20
and 50% of CRT patients do not demonstrate detectable re-
sponse to therapy, be it through hard outcome measures, re-
modeling measures, soft clinical function measures, or clinical
composite scores [10, 11]. Given the marked degree of het-
erogeneity in response to traditional biventricular pacing with
either CS or surgically placed epicardial LV leads, there has
been ongoing work to improve CRT delivery, with the advent
of multipoint pacing utilizing sequential therapy delivery
across quadripolar leads, multisite pacing leveraging simulta-
neous activation with multiple LV leads, LV endocardial pac-
ing through transseptal or “leadless” pacing approaches, and
more recently, CRT delivery through targeted pacing of the
conduction system, either with His bundle pacing (HBP) or
through left bundle branch pacing [12]. Among these, HBP
was recognized in the 2018 guidelines as a means to maintain
physiologic ventricular activation over right particular pacing
in patients with LVEF 36-50% and who are expected to re-
quire >40% ventricular pacing (class Ila indication) [13ee].
Although often identified as distinct from CRT, the goal of
HBP is to restore electromechanical synchrony, and we would
submit it is a means to achieve physiologic resynchronization
in appropriate patients. The purpose of this critical appraisal is
to focus on HBP as a means to deliver CRT: first, with a
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historical perspective on the rise of CRT and initial descrip-
tions of corrective His pacing; second, an analysis of early
clinical data for HBP in CRT-eligible patients; third, review
possible mechanisms of QRS correction with HBP and dis-
cuss implications for how to select CRT-eligible patients for
HBP; and, finally, to discuss future directions for HBP as a
therapeutic modality for CRT.

Historical Perspective

In seminal work from the late 1960s, it had been observed that
LBBB complicating myocardial infarction (MI) was associat-
ed with marked left ventricular pump dysfunction and in-
creased mortality. The implication, however, was the majority
of dysfunction was due to impaired contractility from MI rath-
er than from altered electrical activation. The significance of
delayed ventricular depolarization in LBBB leading to asyn-
chronous right-left ventricular contraction—independent of
underlying myopathy—was only recognized close to two de-
cades later, and for which conventional medical therapies at
the time were ineffective. The father of the modern implant-
able cardioverter-defibrillator, Dr. Morton Mower, also de-
serves credit for stimulating a field of development in cardiac
pacing which represented a departure from traditional on-
demand approaches of the era. He filed a US patent in 1989
for a “Method and apparatus for treating hemodynamic dys-
function” with a “bi-ventricular cardiac pacer” [14]. In con-
trast to prior devices focusing on demand or atrioventricular
pacing, the concept of this device was to treat “bundle branch
blocks or slow conduction in a portion of the ventricles.” It is
perhaps due to Dr. Mower’s influence and the stated goal to
utilize biventricular pacing to address the problem of poor
pump function in conduction system block that led to its rapid
uptake as a therapy in heart failure patients. In the ensuing
decades, multiple RCTs were conducted which have shown
that traditional biventricular pacing is associated with marked
clinical benefits in patients with severe clinical heart failure
and evidence of significant electrical conduction system delay.

In contrast to trials of biventricular pacing, early work in
HBP in patients with bundle branch block (BBB) focused on
the possible mechanism of QRS correction and its electro-
physiologic rather than clinical impact. Indeed, the first two
significant investigations of HBP to correct BBB, by Narula in
1977 [15] and El-Sherif and colleagues in 1978 [16], utilized
temporary pacing at the His bundle to demonstrate QRS cor-
rection in patients with LBBB or right bundle branch block
(RBBB), and did not focus on hemodynamic improvement.
Their observations were seminal from an electrophysiologic
perspective—they postulated that cardiac conduction system
block was due to asynchronous conduction isolated to the
level of the His bundle—and provided a theoretic framework
for the mechanism of QRS correction with His bundle pacing
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which has largely been unchanged for the ensuing four de-
cades. Further discussion regarding possible revision to this
understanding based on newer data utilizing multielectrode
mapping is presented further below. Irrespective, the work of
Narula and El-Sherif and colleagues in corrective His pacing
is critical in highlighting the fundamental premise that His
bundle pacing might be utilized to overcome proximal block
in the left-conduction system and thereby provide CRT by re-
engaging the His-Purkinje system distal to the site of proximal
block.

Early Clinical Data for HBP in CRT-Eligible
Patients

The first case series of permanent HBP for clinical use was in
2000 by Deshmukh and colleagues [17]. In their study, 18
patients with chronic atrial fibrillation, dilated cardiomyopa-
thy, and normal QRS duration were evaluated for HBP and
successful implant was achieved in 14 patients. It was not until
5 years later, however, that the first attempt for HBP in a CRT-
eligible patient was reported by Morifia-Vazquez and col-
leagues in 62-year-old woman who had presented due to syn-
cope [18]. Initial evaluation revealed sinus rhythm, LBBB,
and LVEF 35% for which biventricular pacing utilizing a tra-
ditional CS lead was initially recommended. A focused elec-
trophysiologic study was performed prior to implant and it
was noted that high output pacing from the His catheter re-
sulted in a narrow complex. When multiple attempts to can-
nulate the CS were later unsuccessful, decision was made to
implant a Tendril 1488 T (St. Jude, Sylmar, CA, USA) at the
His location. The patient demonstrated clinical improvement
and repeat echocardiogram showed LV synchrony with only
minimal delay at the left lateral wall.

Since this initial case, several subsequent case reports
[19-25] and seven studies (see Table 1) [26, 27¢s, 28, 29ee,
30ee, 31, 32¢¢] on the use of HBP in CRT-eligible patient
cohorts have been published in the literature, and will be
reviewed briefly here. The first of these were published by
Barba-Pichardo et al. [26], building upon the observation of
their colleague Morifia-Vazquez. A total of 16 CRT-eligible
patients with baseline LBBB in whom CS cannulation had
failed were selected for attempt at HBP. Again, they utilized
the Tendril family of leads (1488 T, 1788 TC, and 1888 TC;
52 cm length; St. Jude, Sylmar, CA, USA). Importantly, these
16 patients represented 14% of the total number of patients
planned for CRT at their center and represent a real-world
assessment of implant failure at the time. LBBB correction
was noted in 13 patients, but in whom electrode fixation was
unsuccessful in 4 patients (with final implant success in 9 of
16 patients, or 56%). No capture loss or lead dislodgement
was noted over a mean follow-up of 31.3 £21.5 months, and
mean LVEF improved, although assessment was not blinded.

Subsequent case series of HBP for CRT have primarily
utilized the Medtronic 3830 lead (SelectSecure, Medtronic
Inc., Minneapolis, MN, USA) which is distinct from tradition-
al pacemaker and defibrillator leads in that it utilizes a fixed
helix fixation system which requires the use of a lead delivery
sheath (most commonly the fixed-curve C315His sheath or
the deflectable C304SelectSite sheath; Medtronic Inc.,
Minneapolis, MN, USA). The first, and thus far only, study
directly comparing HBP and CS LV leads for cardiac
resynchronization was reported by Lustgarten and colleagues
in 2015 [27¢¢]. They utilized a cross-over study design in
which patients were randomized in single, patient-blinded
fashion to either HBP or biventricular pacing for 6 months
and then crossed over to the other modality for another
6 months. Among 29 patients who were initially enrolled
(28 LBBB and 1 atypical RBBB), 21 achieved QRS
narrowing at the time of implant and 17 underwent implant.
In follow-up, there were nonsignificant improvements in LV
volumes, MR jet area, and LV outflow tract flow integral rel-
ative to baseline and the authors concluded that results be-
tween HBP and biventricular CRT were comparable.
Importantly, however, there was significant dropout within
the study with only 12 of 17 patients completing follow-up.
In addition, due to the nature of the study design and use of a
Y-adaptor, they were unable to exclude potential for stimula-
tion at both sites. Lustgarten also reported a single HBP lead
dislodgement on the day after the index procedure, which they
reported as an unusual event.

In the same year, Su and colleagues reported on their results
of HBP in 25 patients with LBBB and severe LV systolic
dysfunction referred for CRT [28]. Of these, 16 patients
underwent permanent HBP due inability to place a CS lead
due to phrenic nerve stimulation, high capture threshold, or
unfavorable CS anatomy where patients declined an epicardial
LV lead implant. The remaining 9 patients underwent tempo-
rary HBP during testing and then underwent traditional CS
placement. The primary focus of Su and colleagues was eval-
uating the impact of three distinct pacing and sensing config-
urations: (1) HB tip (—) to RV coil (+), (2) HB tip (-) to HB
ring (+), and (3) HB tip (—) to pacemaker pocket (+). They
found that utilization of the HB tip-to-RV ring configuration
was associated with better R-wave sensing and lower thresh-
olds in 3-month follow-up. They did not report on clinical
outcomes of patients.

More recently, HBP for CRT in lieu of traditional
biventricular pacing with an LV lead was first reported by
Ajijola and colleagues in 2017 [29+¢]. Among 21 patients
(17 LBBB, 4 RBBB) enrolled at two centers, permanent
HBP was achieved in 16 patients (76%). At a median 12-
month follow-up period, no lead dislodgements had been
observed and with only 1 patient with loss of nonselective
capture which was resolved with increased device output.
Overall clinical and echocardiographic outcomes were
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favorable, with the important caveat that there was no con-
trol population.

The largest retrospective cohort experience of HBP in
CRT-eligible patients was reported by Sharma and colleagues
in early 2018, compiling results from five centers [30¢¢]. They
combined two populations of patients: (group 1) patients with
unsuccessful CS LV lead implant or nonresponders to CS LV
lead pacing (33 patients); (group 2) patients in whom HBP
was being utilized in lieu of an LV lead and were otherwise
CRT-eligible (73 patients) due to high-degree AV block or AV
junction ablation and narrow QRS, pre-existing BBB, or up-
grade to CRT due to >40% RV pacing. There was a high
degree of implant success across centers (90%) and in patients
with pre-existing BBB (92% correction in 48 patients). In
addition, there was a low degree of lead-associated complica-
tions (7.4% with increased capture threshold and 7% with loss
of bundle branch recruitment). Similar to other studies
reporting on BBB correction, capture threshold for bundle
branch correction was 2+ 1.2 V at 1 ms. In follow-up over
14 months, there was significant improvement in LVEF and
NYHA class noted, again assessed in a non-blinded manner
without a control population as reference.

The first multicenter cohort experience in patients with
RBBB morphology was also reported in 2018 by Sharma
et al. [31¢¢], combining data from five international sites.
Patients were CRT-eligible and underwent HBP either as a
first-line approach in place of a CS LV lead or as a bailout
strategy after unsuccessful CS LV lead. Among 39 pa-
tients enrolled, implant was successful in 37 patients with
bundle branch correction in 29 patients (74% of those
enrolled). In the remainder, they utilized a novel strategy
analogous to bifocal RV pacing in which the His and RV
pacing timings were adjusted to generate the narrowest
paced QRS. Echocardiographic and clinical outcomes
were improved in follow-up over approximately
15 months. Additionally, data was presented using ECGi
which demonstrated favorable ventricular activation with
HBP.

The largest single-center report of HBP for LBBB correc-
tion in CRT-eligible patients was recently published by Huang
and colleagues in 2018 [32¢¢]. Among 74 patients enrolled,
acute success was achieved in 72 patients (97%) and final
HBP implant for CRT pursued in 56 (76%). Importantly, 30
patients had completed 3 years of follow-up and demonstrated
marked improvements in LVEF as well as NYHA class, with
stable thresholds over time (2.3 £0.9 Vat 0.5 ms) and no lead
dislodgements.

Taken together, these observational data (see Table 1) sug-
gest that HBP may be associated with comparable improve-
ments in LVEF and functional status as those receiving
biventricular pacing for CRT, although randomized data are
lacking and direct comparisons cannot be made. Distinct from
traditional biventricular trials, there appears to be a signal for

benefit in patients with RBBB, although the majority of data
reported thus far are from patients with pre-existing LBBB.

QRS Correction and Implications for Patient
Selection

CRT utilizing an LV lead requires fusion of up to three distinct
wavefronts (intrinsic His-Purkinje, LV lead, and RV lead) to
achieve resynchronization. As such, even in a patient with
favorable LV lead position and long QLV time, the final paced
QRS width may still be wide, and has a low degree of corre-
lation with overall outcome after biventricular pacing (see
Fig. 1). On the other hand, the final corrected QRS width is
of paramount importance in patients receiving HBP for CRT.
A multicenter collaborative work group has offered terminol-
ogy to help standardize reporting of the paced QRS morphol-
ogy after HBP [33¢¢]. The situation is straightforward for pa-
tients with underlying narrow QRS. In this setting, the authors
identify two distinct types of His bundle capture: selective and
nonselective. Selective capture refers to situations in which
the pacing stimulus only captures the His-Purkinje system—
identified by an isoelectric stimulus to QRS interval—and
nonselective capture occurs when there is fusion between cap-
ture of the His-Purkinje system and local ventricular myocar-
dium leading to the appearance of pseudodelta wave.

In patients with pre-existing His-Purkinje conduction dis-
ease (HPCD), however, an additional nomenclature was pro-
posed to categorize narrowing or QRS correction. QRS cor-
rection was defined as a final paced QRS morphology which
is narrower than the pre-existing BBB. Here, a template of the
patient’s underlying QRS in the absence of BBB is not avail-
able, and voltage-dependent changes in QRS morphology
must be noted at the time of QRS correction (to differentiate
from upper septal capture only). In the example shown (see
Fig. 2), the patient’s LBBB has been corrected with nonselec-
tive HBP and restoration of the intrinsic R-wave forces is
noted in the precordial leads.

Mechanism of BBB correction with HBP has been debated
since Narula and El-Sherif’s work in the 1970s. Three mech-
anisms have been predominant: (1) That BBB is due to lon-
gitudinal dissociation of the His fibers which is overcome by
proximal HBP; (2) That BBB is a result of source-sink mis-
match which is overcome by the supraphysiologic current
load of pacing; (3) Proximal block at the bundle branch is
leap-frogged by the virtual electrode of pacing.

Based upon observations James and Sherf [34] who had
proposed a model of sinoventricular conduction—in which
impulses are predestined from the sinus node to specific areas
of the ventricle—Narula argued that longitudinally dissociat-
ed fibers at the His bundle were recruited by right-sided pac-
ing just distal to a site of proximal block and that this was the
mechanism of LBBB correction with His pacing. El-Sherif
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Fig. 1 Chest radiograph and
ECGs for patient receiving
biventricular device for CRT.
Caption: Panels a and b
demonstrate postoperative
radiographs for patient who
underwent CRT with transvenous
LV lead placed into a
posterolateral vein. Panel ¢ shows
pre-implant QRS morphology
with typical LBBB pattern. Panel
d shows biventricular paced QRS.
Of note, this patient demonstrated
long QLV (> 100 ms) and was a
super-responder to biventricular
pacing therapy

and colleagues built upon Narula’s work with a study of 4
patients with acute RBBB secondary to anterior wall MI, 3
with chronic LBBB, and in a canine model with ligation of the
anterior septal artery [16]. They observed evidence of intra-
His conduction delay in some patients, and that patients
exhibiting delay could be narrowed with pacing. Use of a
plunge electrode could further normalize BBB in 67% of their
canine model. They argued that selective depression of trans-
verse interconnections in the pathologic His bundle led to
BBB, and that this could be overcome with pacing at this
location.

Contemporaries of El-Sherif, including Lazzara and col-
leagues [35] and Bailey and colleagues [36], challenged the
notion of functionally significant longitudinal dissociation. In
experimental models of canine and rabbit hearts, partial tran-
sections of the right or left bundle did not lead to distal block.
Lazarra et al. suggested that functional transverse interconnec-
tions were robust within the His bundle and allowed for

1

I’ 1

m Y aVF

Fig. 2 Chest radlograph and ECGs for patient receiving HBP device for
CRT. Caption: Panels a and b demonstrate postoperative radiographs for
patient who underwent CRT with His bundle pacing lead. Panel ¢ shows
pre-implant QRS morphology with typical LBBB pattern. Panel d shows
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continuous propagation of an activation wavefront despite lo-
calized lesions. Fabregas and colleagues, however, reported
conflicting data and found that rate-dependent block might
occur with partial transection in an isolated canine heart model
[37].

We sought to investigate the possibility of intra-His or
inter-His delay by conducting multielectrode mapping of the
LV septum in patients referred for HBP device implant and
susbtrate mapping, primarily prior to ventricular tachycardia
(VT) ablation [38¢]. We hypothesized that right-to-left His
block or delay would be present in patients with LBBB. We
importantly observed that surface LBBB pattern reflected het-
erogeneous activation patterns of LV septal conduction, in-
cluding intact Purkinje activation (IPA) and others with com-
plete conduction block (CCB) (see Fig. 3). Importantly, high
output HBP was not able to correct patients with IPA, and
capture of the His-Purkinje system reproduced the patient’s
intrinsic QRS with variations of selective and nonselective
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QRS correction and has demonstrated modest response in early follow-up
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Fig. 3 LV septal intracardiac
activation patterns in patients with
LBBB by surface ECG. Caption:
Two distinct activation patterns
are found in patients with wide
QRS and features meeting criteria
for LBBB, including IPA and
CCB. In IPA, His-Purkinje
activation precedes the local
ventricular electrogram. In
patients with CCB, there is abrupt
complete cessation of conduction,

Left His
Basal LV
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v1\_,__,\/——\_.-—/\/\/—
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LB v A H \/

here at the proximal left-sided His
fibers (i.e., left intra-Hisian block)

Apical

Intact Purkinje
Activation

capture based on output. In patients with CCB, block at the
level of the left-sided His fibers (i.e., left intra-Hisian block)
was most amenable to QRS correction, with even slightly
more distal block of the left bundle branch at the anteroseptum
being associated with lower rates of correction. At times, up-
per septal capture without engagement of the His-Purkinje
system was also noted, and this often produced a QRS mor-
phology which was distinct from the patient’s pre-existing
wide QRS. The implication for patients referred for CRT is
significant: based on these data, patients with IPA are less
likely to benefit from HBP for CRT and it is critical to ensure
that voltage-dependent changes in QRS morphology are noted
to ensure selective or nonselective His capture is present in
patients demonstrating QRS correction.

When viewed with respect to selecting patients for HBP
versus biventricular pacing, the available data suggest that
HBP is an alternative approach which may provide restoration
of native Purkinje activation. The applicability is most clear in
patients with typical BBB patterns, although there are limita-
tions with respect to use of surface ECG criteria in predicting
correction from HBP (as well as response to biventricular
CRT). There is uncertain benefit in patients with I[VCD and
IPA. Importantly, some patients may demonstrate dual pathol-
ogies (i.c., BBB as well as diffuse myocardial disease and
coexisting [IVCD), and correction of QRS width may unmask
underlying IVCD. Importantly, there are no currently avail-
able randomized data comparing primary HBP versus
biventricular pacing, and we recommend a strategy of

Complete
Conduction Block

(1PA) (ccs)

attempting HBP when conventional approach with
biventricular pacing has not been successful or after close
discussion with a patient regarding the risks and benefits of
both approaches.

Future Directions

There has been ground swell of interest building in HBP for
pacing indications over the past decade. The fundamental pre-
mise of HBP, to engage the native His-Purkinje system for
conduction, is both intuitively attractive and now is enjoying
a growing body of pathobiologic evidence to support its use.
Beyond as an alternative to biventricular pacing, there are also
data to suggest that His bundle pacing may be utilized in
concert with an LV lead (i.e., His-optimized CRT [39¢]) to
improve outcome in some patients (perhaps those with dual
pathology of BBB and IVCD) [40]. In addition to HBP, other
forms of conduction system pacing, including intraseptal LV
pacing, have also captured interest due to greater R-wave
sensing and lower pacing thresholds [41¢, 42].

With that noted, there is clearly a need to build on our
evidence base with further data. It would be particularly com-
pelling to compare HBP with traditional biventricular pacing
utilizing traditional CS or epicardial LV leads, and the ongo-
ing HIS-SYNC Pilot (NCT02700425) is evaluating this ques-
tion. Other acute studies are underway such as the Electrical
Resynchronization and Acute Hemodynamic Effects of Direct
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(NCT03452462), which will utilize ECGI at the time of im-
plant, and His Bundle Pacing in Bradycardia and Heart Failure
(NCT03008291) which will evaluate acute ECG metrics with
HBP in patients undergoing CRT or dual-chamber implants.
Other trials are exploring clinical outcomes use of HBP in
CRT-eligible patients without BBB, such as HOPE-HF
(NCT02671903) which is evaluating use of HBP in HF pa-
tients with long AV delay and without BBB, and the
Comparison of His Bundle Pacing and Biventricular Pacing
in Heart Failure With Atrial Fibrillation (NCT02805465).
While traditional biventricular CRT has been validated across
multiple large RCTs, these and other HBP studies are a first
step to add to a growing body of prospective evidence evalu-
ating the role of HBP for resynchronization [43].

There are many similarities with HBP today to the nascent
period of biventricular pacing approximately two decades
ago. There are open and evolving questions regarding appro-
priate patient selection, growing need for specialized tool sets
to improve lead targeting and implant success, and rising
awareness of the importance of post-implant care clinics fo-
cused on assessing His capture and correction in follow-up.
As a modality for CRT, HBP offers an avenue to restore elec-
tromechanical synchrony through re-engaging the His-
Purkinje system, and may be particularly suitable in
nonischemic patients with prominent dyssynchrony.
Questions remain regarding what thresholds should be accept-
ed in patients with HBP for CRT, as these are often higher than
those that are found in patients with narrow QRS.
Noninvasive surface ECG assessment to assess correctability
to HBP prior to implant would be desirable. Finally, there is a
clear role for the development of dedicated HBP pacing sys-
tems which allow for altered programming in order to best
optimize care in follow-up. Regardless, HBP is increasingly
being utilized as an additional option for advanced heart fail-
ure patients, with a clearly reasonable role for patients in
whom traditional biventricular pacing strategies have been
attempted and were unsuccessful. While not a panacea, it is
clear that HBP—and a focus on conduction system pacing—
are physiologically motivated approaches which meaningfully
add to our armamentarium in the care of heart failure patients.
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