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Abstract

His bundle pacing (HBP) offers physiologic pacing by placing the pacing lead directly to the His bundle. We present a case in

which a HBP lead, implanted at the fragile membranous septum, resulted in a persistent restrictive peri-membranous ventricular

septal defect (VSD). This complication of HBP has not been reported before but brings new insights in the discussion regarding

the optimal position of a pacing lead in the ventricular septum. The fragility of the membranous septum and low rate of

spontaneous closure of membranous VSD, might favor lead placement in the muscular septum when aiming for physiologic

pacing.

Introduction

His bundle pacing (HBP) recruits the native His Purkinje system by transmitting the electrical pacing
impulse directly to the electrical conduction system of the heart. As such, HBP provides physiologic pacing
by avoiding ventricular dyssynchrony as is typically seen with right ventricular (RV) pacing.1-3 HBP requires
correct placement of the pacing lead onto the His bundle. The anatomy of the His bundle, its course along
the ventricular septum and the amount of adjacent myocardium vary among patients4 and may contribute
to different electrophysiological pacing responses. Safety issues on HBP mostly considered stability of pacing
thresholds and the need for lead revisions.5, 6 However, there are no reports on how HBP may affect the
integrity of the ventricular septum.

Case presentation

We present the case of a 44-year old male who presented with a syncope and documented symptomatic
sinus arrests on an insertable cardiac monitor (Reveal LINQTM, Medtronic Inc, Minneapolis, MN). Given
his young age of the patient and the presence of a first degree atrioventricular block on his twelve lead
electrocardiogram, the patient was planned for HBP. HBP was performed by delivering the SelectSecure
3830 pacing lead (Medtronic) through a long preshaped delivery sheat (C315HIS, Medtronic) towards the
His region. After localizing a clear His signal with the tip of the pacing lead, the lead was screwed in by 4
to 5 clockwise rotations. At this first HBP implant site (Figure 1, upper panel), HBP resulted in selective
HBP (S-HBP) at both high and low output with pacing threshold of 0.5V at 1.0ms pulse width. This first
HBP implant site was accepted as final position. The day after implant, pacing thresholds were stable and
the chest X-ray showed correct positioning of the HBP lead after which the patient was dismissed.

At three weeks after implant, the patient presented with exit block on the HBP lead. Interrogation of
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the pacemaker confirmed the absence of HB capture in unipolar pacing configuration and increased pacing
thresholds up to 6V at 1.0ms in bipolar configuration. During lead revision, no macro-dislocation of the
HBP lead was observed on fluoroscopy (Figure 1, middle panel) A new HBP lead was guided towards the His
bundle region, keeping the first HBP lead in position to serve as anatomical reference (dual lead technique).
The first screw attempt of this second HBP lead resulted in non-selective HBP (NS-HBP) at high pacing
thresholds and transition towards S-HBP at 1.5V at 1.0ms (loss of capture at 0.75V at 1.0ms). Before slitting
the guide sheat of this second HBP-lead, the first HBP lead was removed by 5 counter-clockwise rotations
after which the lead came loose and could be completely removed without any resistance. No additional
extraction tools were needed. No significant tissue was seen at the tip of the explanted lead. Pacing thresholds
for the new HBP lead were stable the day after, but a systolic cardiac murmur was heard upon auscultation.
Transthoracic echocardiography revealed the presence of a small perimembranous ventricular septal defect
(VSD), located basal to the insertion of the new HBP lead (Figure 1, lower panel). The VSD presented
with a restrictive left to right shunt on color Doppler with maximum flow velocitiy of 4,5 m/s; no aortic
regurgitation, right ventricular dilatation or pulmonary hypertension were present. The peri-membranous
VSD persisted with stable flow velocities over the left to right shunt during 6 months follow up. As the
patient remained asymptomatic without developing hemodynamic sings of pulmonary arterial hypertension,
VSD closure was not considered and regular follow-up was proposed. 7

Discussion

This case report describes the occurrence of a perimembranous VSD associated with HBP, a complication
of HBP which has not been reported previously. HBP becomes widely adopted as an alternative for RV
pacing, yielding a clear physiological benefit for pacemaker therapy. Safety assessments of HBP have mainly
focused on pacing thresholds, lead dislodgments and the subsequent need for lead revisions.5, 6 To the best
of our knowledge, the impact of HBP leads on the integrity of the interventricular septum has not been
investigated. HBP requires the lead to be screwed in at the His bundle region. The His bundle runs along
the membranous interventricular septum before dividing into the bundle branches at the crest of the muscular
interventricular septum.8 However, the course of the His bundle along the membranous septum varies among
patients as does the amount of overlying myocardial tissue. Kawashima et al described three distinct types
of HB anatomy and course in relation to the membranous septum.4 In type I and type II His bundle anatomy
the His bundle is surrounded by a thin and thick layer of myocardial tissue, respectively, and runs on the
inferior border of the membranous septum. In patients with a type III His bundle anatomy (25% of the
cases), the His bundle runs just below the endocardial surface of the thin membranous ventricular septum
and is not surrounded by myocardial fibers (“naked His bundle”). In those patients, the target zone for
HBP, guided by the largest His bundle potential, will guide the implanter towards the thin membranous
part of the septum. Placement of a pacing lead at this position might be more prone to lead perforation
given the fragility of the membranous. Our case presented with S-HBP at both low and high output at
the first HBP implant attempt. As we were not able, even at high pacing output, to capture the septal
myocardium (only S-HBP was possible), this patient is suspected to have a type III His bundle anatomy.
The absence of macro-dislocation on fluoroscopy and the inability to capture the His bundle on the unipolar
tip configuration three weeks after implant, suggests perforation of the HBP lead through the membranous
septum. As an echocardiography was not performed before the lead explantation, we cannot exclude that
the VSD resulted from the HBP lead removal itself. However, the first HBP lead could be unscrewed easily
3 weeks after implant and was removed with simple traction and without any resistance. Nonetheless, the
experience with removal of HBP leads is limited at this moment. Recently, Vijayaraman et al. reported a
high success rate of lead extraction of 3830 leads implanted on the HBP. No procedure-related complications
occurred in their series, and re-implantation of the HBP lead was successful in the majority of patients,
indicating limited damage to the conduction tissue by extraction. However, it was not specified whether the
ventricular septum was assessed by echocardiography for occurrence of asymptomatic VSD.

Based on the restrictive character of the VSD in this patient, surgical closure seems not indicated. How-
ever, restrictive VSDs might present a future risk for late endocarditis, aortic regurgitation or develop-
ment of a double-chambered right ventricle and should therefore not be considered harmless.9 An iatrogenic

2



P
os

te
d

on
A

u
th

or
ea

9
A

p
r

20
20

—
C

C
B

Y
4.

0
—

h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
58

64
5
60

8.
80

36
09

03
—

T
h
is

a
p
re

p
ri

n
t

an
d

h
as

n
ot

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

at
a

m
ay

b
e

p
re

li
m

in
ar

y.

(peri)membranous VSD is also less likely to close spontaneously.10 The incidence and risks of VSD associ-
ated with HBP is currently not known, but the occurrence of this complication may trigger the discussion
regarding the optimal position of a pacing lead in the ventricular septum to achieve physiological pacing.
A HBP lead resulting in NS-HBP, indicating capture of both His Purkinje and adjacent septal myocardial
tissue, might be less prone to septal perforation as it probably suggests an implant site more distal towards
the thicker muscular septum. Our patient had S-HBP at low and high pacing output, indicating that the
lead was presumably screwed in at the thin membranous septum. Of interest, previous studies, compar-
ing S-HBP and NS-HBP, did not report any advantage of S-HBP over NS-HBP in terms of ventricular
synchrony or clinical endpoints.11, 12 Therefore, a better safety profile of NS-HBP with less risk for VSD
together with the potential of myocardial capture in case of loss of His bundle capture, might favor HBP
implants with non-selective His bundle capture responses. Recently, left bundle branch pacing (LBBP) and
left ventricular septal (LVS) pacing have been proposed as an alternative pacing modality to achieve physi-
ologic pacing.13-15With both LBBP and LVSP, the lead is screwed more distally into the muscular septum
towards the left side of the septum. Compared to HBP, pacing at the left side of the ventricular septum is
associated with lower pacing thresholds, better R wave sensing, absence of atrial or His bundle oversensing
and lead stability.14 Although perforations have been reported when targeting a pacing lead towards the
left side of the septum, they generally remain without consequences.14 Even if a muscular VSD occurs, the
chance of spontaneous VSD closure is higher than with membranous VSDs10, as closure depends on muscular
overgrowth.

Pacing the conduction system or the left side of the septum are novel strategies that should be monitored for
rare complications such as VSD. Our case highlights the importance of routine echocardiographic screening
for unintended complications that may occur in these novel pacing strategies, especially in the setting of de
novo exit block or increased pacing thresholds during follow up.

Conclusion

This case report describes the occurrence of an iatrogenic peri-membranous VSD as an unexpected com-
plication of HBP. Routine echocardiographic screening of the ventricular septum following pacing lead im-
plantation in the septum is recommended. Insights into the incidence of VSD associated with novel pacing
strategies can contribute to the ongoing discussion which pacing site at the septum is best suited for achieving
safe and effective physiological pacing.

Figure Legend

Figure 1:

Panel A: First His bundle pacing lead (HBP) implant resulting in selective His bundle pacing (S-HBP, bipolar
pacing configuration).

Panel B: Lead revision with implantation of a second HBP lead implant using the dual lead technique. The
second HBP lead resulted in non-selective HBP (NS-HBP, unipolar configuration), indicating a more distal
lead screw in towards the muscular septum.

Panel S: Transthoracic echocardiography showing the peri-membranous ventricular septum defect (yellow
asterisk) proximal in the septum and the more distal implanted second HBP lead (yellow arrow). PLAX:
parasternal long axis view, PSAX: Parasternal short axis view.
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