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Introduction
Right ventricular pacing with a dual-chamber transvenous
pacemaker has historically been used in patients with pre-
served left ventricular systolic function and atrioventricular
block. Pacing from the right ventricle is associated with
increased risks of developing arrhythmias and heart failure
owing to ventricular dyssynchrony.1 In patients with a
reduced left ventricular ejection fraction, cardiac resynchro-
nization therapy (CRT) reduces ventricular dyssynchrony
and improves clinical outcomes.2 Given the potential nega-
tive impact of right ventricular pacing,2 strategies were devel-
oped to directly stimulate the cardiac conduction system. His
bundle pacing (HBP) showed promise, as this form of con-
duction system pacing yielded comparable results to CRT
with respect to synchronous ventricular activation and out-
comes.3 Limitations of this technique included rising pacing
thresholds necessary for His bundle capture during follow-
up, poor R-wave amplitudes, and an inability to narrow the
paced QRS duration in some patients.3

Left bundle branch area pacing (LBBAP) is an alternative
form of conduction system pacing.4 When compared to
HBP, LBBAP yields lower pacing thresholds and higher R-
wave amplitudes.5 In comparison to CRT, small initial trials
of bothLBBAPandHBPhavedemonstrated improved clinical
outcomes, including improvements in New York Heart Asso-
ciation class and left ventricular ejection fraction in patients
with heart failure with a reduced ejection fraction and left
bundle branch block who are referred for CRT.5 LBBAP,
which can be performed with both lumenless and stylet-
driven leads, involves delivering the lead into the interventric-
ular septum to selectively capture the left bundle and/or fascic-
ular system.6 Complications from this technique include loss
of capture (0.3%–11.5%); lead dislodgement (0.3%–10.5%);
acute septal perforation, defined as a perforation that occurs
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during the implant procedure (0%–14.1%); and “delayed”
septal perforation, which is defined as a perforation that occurs
following the implant procedure (0.08%–0.33%).6,7 Both
acute and delayed septal perforation are complications that
are specific to LBBAP. Septal perforation, which can be appre-
ciated at the time of implant or during follow-up, is manifested
by changes in electrical parameters, including a change in the
magnitude and polarity of the current of injury, an increase in
the pacing threshold, and a decrease in impedance.8,9 We pre-
sent a case involving a patient who underwent LBBAP and had
a delayed septal lead perforation that was manifested by ven-
tricular tachycardia (VT).
Case report
A 77-year-old man with diastolic heart failure, aortic stenosis
with a prior transcatheter valve replacement, chronic kidney
disease, obstructive sleep apnea, diabetes mellitus, hyperten-
sion, and hyperlipidemia presented for a dual-chamber pace-
maker implantation owing to symptomatic Mobitz I and 2:1
atrioventricular block. A dual-chamber permanent pace-
maker was implanted using the axillary approach. A 58 cm
2088TC TendrilTM STS lead (Abbott, Abbott Park, IL) was
advanced through a number 2 Site Selective Pacing Catheter
sheath (Boston Scientific, Marlborough, MA). After the
active fixation helix was deployed, serial clockwise lead
body rotations were performed. As the lead was advanced
into the septum there was a gradual increase in the unipolar
pacing impedance. No large decrements in unipolar imped-
ance were noted during lead deployment. Similarly, there
was no significant diminution in the R-wave amplitude or
abrupt change in the current of injury as the lead was being
advanced into the septum. Successful LBBAP with distal
left posterior fascicular capture was achieved with a bipolar
paced QRS duration of 148 ms and a qR pattern in lead V1

(Figure 1). The R waves were 9.8 mV, the bipolar pacing
threshold was 0.5 V at 0.4 ms, and the lead impedance was
836 ohms. Changes in the paced QRS morphology from
nonselective LBBAP to septal capture were noted during
threshold testing.10 A CapSureFix Novus MRI SureScan
5076 (Medtronic Inc, Minneapolis, MN) lead was implanted
in the right atrial appendage. These leads were connected to
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Figure 1 Twelve-lead electrocardiograms demonstrating left bundle branch area pacing. Twelve-lead electrocardiograms with bipolar pacing at 25 mm/s (left)
and with both bipolar and unipolar pacing at 100mm/s (right). Paced QRS duration (QRSd) 148ms (bipolar), QRSmorphologywith a qR pattern in lead V1, and a
left axis deviation consistent with distal left posterior fascicular capture.
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an Azure XT DR MRI SureScan W1DR01 (Medtronic Inc)
dual-chamber pacemaker generator.

On the first night following the implant the patient devel-
oped sustained VT at a rate of 200 beats per minute on telem-
etry. A 12-lead electrocardiogram revealed that the VT had a
left bundle branch block morphology (qS in lead V1), left su-
perior axis, with a V2 transition (Figure 2). The patient was
asymptomatic and the VT was hemodynamically tolerated.
The tachycardia was terminated with intravenous lidocaine.
The patient was subsequently transferred to the cardiac inten-
sive care unit, where a transthoracic echocardiogram demon-
strated evidence that the LBBAP lead had perforated through
the interventricular septum and was mobile in the left ventric-
ular cavity (Figure 3). A thrombus was not noted on the lead
or septum. A repeat interrogation demonstrated diminution in
the R-wave amplitude to 0.9 mV with a bipolar pacing
threshold of 0.63 V at 0.4 ms and a lead impedance of 608
ohms. On telemetry, the patient was noted to have premature
ventricular contractions (PVCs). A repeat electrocardiogram,
performed after the lead had perforated, demonstrated inter-
mittent left ventricular septal capture, which was likely due
to anodal capture. Given that the PVCs were not present prior
to the septal perforation, it is possible that PVCs may have
been due to mechanical stimulation of the left ventricular
myocardium (Supplemental Figure 1). PVCs and episodes
of nonsustained VT continued to occur until the patient un-
derwent a lead revision the followingmorning, at which point
the ventricular ectopy resolved (Supplemental Figure 2).
Discussion
With updated guideline recommendations11 supporting the
use of LBBAP, it will become increasingly important for pro-
viders to be able to promptly recognize postoperative compli-
cations that are unique to this form of conduction system
pacing. Reports of delayed septal perforation are rare12,13;
however, as our case illustrates, this complication can result
in significant consequences. In addition to changes in the
paced QRS morphology that may result from septal perfora-
tion, and the potential risk in pacemaker-dependent patients
of the loss of myocardial capture, previous reports of delayed
septal perforation have described left ventricular free wall
perforation, damage to the lung parenchyma, and laceration
of an intercostal artery with hemodynamic compromise.12,13

In our case, it is likely that the delayed septal perforation re-
sulted in the lead’s causing direct mechanical stimulation of
the basal inferoseptum. This mechanical stimulation may
have induced VT in a fashion similar to mechanical VT in-
duction that can occur owing to catheter ectopy during map-
ping of the left ventricular endocardium at the time of a
catheter ablation procedure. Timely evaluation with a trans-
thoracic echocardiogram allowed for a prompt diagnosis of
the perforation. In this instance diagnosing the lead perfora-
tion, and the subsequent lead revision, avoided potentially
unnecessary treatment strategies for VT, which would not
likely have addressed the underlying cause of the arrhythmia.

Delayed septal perforation of LBBAP leads has been pre-
viously reported with both the lumenless lead (SelectSecure



Figure 2 Twelve-lead electrocardiogram of postoperative ventricular tachycardia. Ventricular tachycardia with a left bundle branch block morphology, left
superior axis, V2 transition, and a ventricular rate of 200 beats per minute.
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3830, Medtronic Inc) and stylet-driven leads including a
CapSureFix Novus MRI SureScan 5076.8,9,12–14 Rates of
delayed septal perforation in larger studies range from
0.08% in the 2533 patients in the European MELOS
study14 to 0.15% of the 632 patients in the study by Su and
colleagues8 and 0.33% of the 612 patients in the report by
Chen and colleagues.10 This suggests that the risk of delayed
septal perforation may be independent of lead diameter and
the composition of outer lead insulation (1.9 mm, polyure-
thane and silicone copolymer in the case of the 2088TC
lead; 2.0 mm, silicone in the case of the CapSureFix Novus
MRI SureScan 5076 lead; and 1.4 mm, polyurethane in the
case of the SelectSecure 3830 lead). Excess lead slack has
Figure 3 A modified parasternal short-axis view from a transthoracic
echocardiogram demonstrating septal perforation of the left bundle branch
area pacing lead. LV 5 left ventricle; RV 5 right ventricle.
been demonstrated to contribute to lead conductor fractures
by increasing forces along the lead.15 It is currently unknown
if excess lead slack, by the same mechanism, increases the
risk of septal perforation when performing LBBAP. Further
investigation is needed to determine if any differences exist
in the rates of delayed septal perforation between different
lead types, as this rare complication is likely due to continued
advancement of the lead through the interventricular septum,
which may be because of retention of torque that is applied
during the implant procedure. The degree of residual torque
and subsequent forward migration during the postoperative
period may be impacted by factors such as lead diameter,
lead composition, number of lead body rotations, and other
procedural techniques.
Conclusion
Postoperative complications after LBBAPwill likely become
better characterized as LBBAP continues to become more
widely incorporated into clinical practice. It is critically
important that providers be able to recognize and treat rare
complications that can arise owing to LBBAP.
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Supplementary data associated with this article can be found
in the online version at https://doi.org/10.1016/j.hrcr.2
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