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1 | INTRODUCTION

Since long-term right ventricular pacing is in disfavor of cardiac func-
tion, biventricular (BiV) pacing is recommended in current guidelines
for patients with reduced ejection fraction (EF) who require high
percentages of pacing. However, BiV pacing might not provide as
much benefit in patients with right bundle branch block (RBBB)
pattern. Permanent His-bundle pacing (HBP) has recently been re-
ported to overcome BBB (Sharma et al., 2018). We report a case of
conquering the intrinsic RBBB pattern in which the intra-Hisian left
bundle branch was captured as a preferred therapy.

2 | CASE PRESENTATION

A 74-year-old man was admitted for recurrent syncope. Sinus brady-
cardia, RBBB pattern, and 2-degree atrioventricular (AV) block with

In patients with preserved ejection fraction or right bundle branch block (RBBB) pat-
tern requiring a high percentage of ventricular pacing, His-bundle pacing (HBP) might
be an alternative to biventricular pacing, although the high threshold occasionally
occurs. We provided a case of the intrinsic RBBB correction by capturing intra-Hisian
left bundle branch (LBB) or distal His-bundle with different output settings. LBB pac-
ing had the advantage of a much lower threshold while remained most synchrony as
HBP. LBB pacing might be a promisingly safe and effective procedure for patients
with high-grade atrioventricular (AV) block and RBBB pattern.

electrocardiography, Non-invasive techniques, pacemaker-bradyarrhythmias, physiologic

2:1 conduction were detected, and pacemaker implantation was
suggested. Considering the expected high percentage of ventricular
pacing, a physiological modality by using His-bundle pacing (HBP)
was recommended. The protocol was approved by the institutional
review committee. The patient provided written informed consent.
His-bundle pacing was performed using the Select Secure pac-
ing lead (model 3830, 69 cm; Medtronic Inc.) delivered through a
preshaped sheath (C315HIS, Medtronic Inc.). A unipolar electrogram
was recorded from the lead tip and displayed on an EP recording
system at a sweep speed of 100 mm/s. At mapping the AV septum,
the distal multiphasic split His potential suggested an intra-Hisian
block (Figure 1a,b). We paced at the assumed location of distal
His-bundle in the hope of activating beyond the block. The spe-
cific diverse QRS figurations varying with the output settings were
noted. Lower output (<5 V/1.0 ms) pacing resulted in an LBBB pat-
tern, QS with a notch at the downslope in V1 and the QRS width
of 128 ms, whereas high-output (25 V/1.0 ms) pacing resulted in a
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much narrower QRS complex of 106 ms suggesting the His-bundle
capture (Figure 1c,d). After the lead's fixation, unipolar pacing with
the output of 0.75 V/0.4 ms induced selective intra-Hisian LBB cap-
ture, showing as gR in V1, QRS width of 109 ms, and the isoelectric
interval between the pacing spike and the QRS (Figure 2b). Higher
output (<8.0 V/0.4 ms) unipolar pacing or bipolar pacing induced
nonselective LBB capture (increasingly fainted isoelectric interval)
without significant change of configuration of QRS and duration.
Nonselective His-bundle capture was attained with very high-out-
put (8.0 V/0.4-1.2 ms) bipolar pacing, showing no R wave in V1 and
a QRS width of 106 ms (Figure 2c).

3 | DISCUSSION

We have presented a case of intra-Hisian conduction delay with
RBBB pattern in whom permanent pacing narrowed the QRS com-
plex by either activating the intra-Hisian left bundle branch (LBBP)
or recruitment of the RBB (HBP). This case highlights that LBBP

might serve as an alternative to HBP owning the advantage of a
much lower threshold.

In patients with RBBB, RV contracts asynchronously with mostly
normal LV activation (Varma, 2009). Routine RV pacing led to local
RV myocardium pre-excitation but more pronounced LV activation
delay, thus taking the risks of pacing-induced cardiomyopathy for
patients expected to receive a high percentage of ventricular pacing.
BiV pacing, when delivered to patients with preserved activation via
the left bundle, results in iatrogenic prolongation of LV activation
time relative to the intrinsic rhythm. Additionally, the LV lead place-
ment might increase the difficulty and time of the procedure. Finally,
fewer benefits for patients with RBBB pattern have been reported
(Belkin & Upadhyay, 2017).

His-bundle pacing provides a new therapeutic option for patients
2018). In the prior
study, HBP achieved cardiac synchrony in 2 ways: (a) recruitment
of RBB with HBP and (b) fusion between HBP (with RBBB pattern)
and RV pacing (by using CRT) (Sharma et al., 2018). However, the
high threshold for recruitment of RBB or the need for CRT instead

with an intrinsic RBBB pattern (Sharma et al.,
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FIGURE 1 (a)Intrinsic RBBB pattern with a QRS width of 141 ms showed in 12-lead ECG. Intracardiac electrogram recorded by the lead
tip at the atrial side of the AV septum showed the sharp His-bundle potential (arrow) and atrial and ventricular potentials with the almost
equal amplitudes. (b) Intracardiac electrogram recorded by the lead tip at the ventricular side of the AV septum showed the small atrial
signals and multiphasic fragmented His-bundle potential (arrow). (c and d) Pacing map of the ventricular side of AV septum before screwing-
in the lead. (c) During pacing at the lower output (<5.0 V/1.0 ms), there was a notch at the downslope of the QS pattern in V1 (paced QRS
width = 128 ms), indicating high RV septal pacing and predicting future LBB capture after typical evolvement of the notch with fixation of
the lead. When pacing at the high output (5.0 V/1.0 ms), the abrupt narrower QRS (paced QRS width = 106 ms) indicated the capture of
His-bundle and correction of RBBB pattern. Recording speed was 100 mm/s
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FIGURE 2 Comparisons of 12-lead ECG showed the RBBB pattern at baseline and after the fixation of the lead with different outputs.
(a) baseline intrinsic rhythm showed a typical RBBB pattern with the QRS width of 141 ms; (b) unipolar pacing at 0.75 V/0.4 ms captured
the intra-Hisian LBB with the resultant gR pattern in V1 (red oval dashed circle) but significantly narrower QRS of 109 ms. The iso-electrical
interval between the pacing spike and the onset of the QRS indicated selective capture of the LBB. (c) With bipolar pacing or increasing
output unipolar pacing, the gR pattern remained in V1 (blue oval dashed circle), but iso-electrical intervals fainted (suggesting nonselective
LBB capture), and finally, R wave disappeared in V1 (red oval dashed circle) and narrow QRS of 106 ms indicated His-bundle captured with
RBB recruitment. The recording speed was 25 mm/s. Schematic representation of the site of RBBB and capture of intra-Hisian LBB and His-
bundle are shown at the sides of the ECG. The intra-Hisian LBB capture might activate the RBB by transverse interconnections and result in
a similar later activation manner as in HBP. (d) Final lead locations showed in fluoroscopic images. Abbreviations: LAF, left anterior fascicle;
LAO, left anterior oblique projection; LPF, left posterior fascicle; PA, posterior-anterior projection; RAO, right anterior oblique projection;
RBB, right bundle branch; TF, transverse interconnective fibers
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of a conventional pacemaker compromised the cost-benefit ratio
of the therapy. Recently, LBBP has been reported to correct LBBB
and maintain LV electrical synchrony with a low and stable threshold
(Chen, Wu, Su, Su, & Huang, 2019; Huang et al., 2017). The RBBB
pattern created by LBBP, though, potentially forecasts its futility in
the correction of intrinsic RBBB. Despite this, we have presented a
possible usage of LBBP in this scenario.

Initially planning as HBP, we have noticed the QRS figuration
changes with pacing output increased when we mapped at the
peri-Hisian area. The notch at the downslope of the QS patternin V1
before the fixation of the lead suggested further evolvement of the
QRS with screw-in the lead and capture of LBB (Chen et al., 2019).
After the fixation of the lead, intra-Hisian selective LBB capture was
accomplished by very low output of unipolar pacing and resulted
in a gR pattern in V1 yet significantly narrower QRS than intrinsic
RBBB pattern. The intra-Hisian LBB capture was supported by the
atrial signal recorded at the pacing location and His-bundle potential
instead of LBB potential found. The longitudinal dissociation in the
His-bundle makes a perfect explanation for this phenomenon. The
pacing site was probably proximal to the conduction delay/block, so
that low-output pacing only activated healthy LBB, whereas very
high-output pacing can recruit distal RBB and resulted in unanimous
activation of the His-Purkinje system. Furthermore, the intra-Hisian
LBB capture might activate the RBB by transverse interconnections
(Lazzara, Yeh, & Samet, 1973) and result in a similar later activation
manner of QRS as in HBP of the narrowed QRS. Besides, the LBB
pacing might lead to the virtual electro-depolarization (VEP) effect
(Sepulveda, Roth, & Wikswo, 1989; Sharma, Huizar, Ellenbogen, &
Tan, 2016), by which a stimulus creates regions of depolarization and
hyperpolarization in the vicinity of the pacing electrode, resulting in
the propagation through previously refractory tissue, as in diseased
RBB.

One might argue that the typical LBB area pacing, in contrast to
intra-Hisian LBB capture, would create RBBB morphology and might
not be narrower than the intrinsic ones. However, the RBBB pattern
created in LBBP is a reflection of the relative delay of the activa-
tion among the rest conduction system in comparison with LBB. The
general LV electrical synchrony is preserved because the impulse
propagates rapidly through intact LBB. Additionally, the VEP effect
and the transverse interconnections might well contribute to more
synchronized global activation. All these provide benefits beyond
the sole narrowness of QRS.

We admit that HBP, representing the most physiological pacing
modality, has the advantage to potentially correct otherwise delayed
RV contraction in patients with intrinsic RBBB, which creates the
ideal homogeneous activation of the whole His-Purkinje system and
results in synchronization to the maximum. However, challenges lie
in the high threshold for recruitment of RBB, developing conduc-
tion disease, future loss of capture and early drainage of the bat-
tery. LBBP, in contrast, maintains the synchrony of the LV as the
predominant contributor to cardiac function with a low and stable
threshold as we have shown. Technically, hypertrophic and fibrotic

interventricular septum might be a limitation for LBBP. When the

advancement of the fibrosis precludes the successful capture of the
LBBP, attempts by switching back to HBP or exploration LBBP in
another location could be considered.

4 | CONCLUSIONS

The present case suggests a new therapeutic option by pacing LBB
for patients with RBBB pattern in whom ventricular pacing is ex-
pected to predominate. This pacing manner provides more physi-
ological activation than traditional RV pacing or BiV pacing. Most
importantly, LBBP has the advantage of a much lower and stable
threshold compared to HBP. The feasibility and efficacy of this treat-
ment strategy need further evaluation in large cohorts and long-

term follow-up.
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