Journal of Cardiology Cases 28 (2023) 246-249

journal homepage: www.elsevier.com/locate/jccase

Contents lists available at ScienceDirect

Journal of Cardiology Cases R

" (P

JOURNAL of
CARDIOLOGY

Cases

Conduction system pacing and defibrillation support using a R

single-chamber defibrillator — A case report

Ecaterina Cicala (MD) *, Catalin Pestrea (MD)

Check for

| updates

Department of Interventional Cardiology, Brasov County Clinical Emergency Hospital, Brasov, Romania

ARTICLE INFO ABSTRACT

Atrticle history:

Received 2 May 2023

Received in revised form 22 June 2023
Accepted 9 August 2023

Keywords:

Conduction system pacing

Left bundle branch area pacing
Heart failure

Single-chamber defibrillator

We present a case of a 67-year-old male with heart failure with reduced ejection fraction due to a previous myo-
cardial infarction, slow-conducting atrial fibrillation with an indication of pacemaker implantation, and sustained
ventricular tachycardia, requiring defibrillation support in prevention of sudden cardiac death. Current guide-
lines recommend biventricular over conventional right ventricular pacing for patients with ejection fraction
<40 % and atrioventricular conduction disorders in either sinus rhythm or atrial fibrillation, but in patients
with a narrow baseline QRS complex, biventricular pacing still induces a form of electrical dyssynchrony. In
our case we combined the advantages of conduction system pacing in form of left bundle branch area pacing,
in order to prevent further left ventricular deterioration due to newly induced dyssyncrony, and also defibrilla-
tion support, using a single-chamber defibrillator with a DF-1/IS-1 connection.

© 2023 Japanese College of Cardiology. Published by Elsevier Ltd. All rights reserved.

Learning objective

In patients with a pacing indication for slow-conducting atrial fibril-
lation and a concomitant implantable defibrillator indication, using a
single-chamber defibrillator with a DF-1/IS-1 connection is the most
cost-efficient option, while providing the combined advantage of phys-
iological pacing and defibrillation support.

Introduction

Left bundle branch area pacing (LBBAP) has been established over
the past few years as a feasible conduction system pacing technique
and has been increasingly used in patients with pacing indications for
bradyarrhythmias or cardiac resynchronization therapy [1]. The combi-
nation of physiological pacing and defibrillation support in the same pa-
tient could be challenging in terms of device selection. In most centers,
the usual choice would be cardiac resynchronization therapy with a de-
fibrillator (CRT—D) device, with the LBBAP lead connected to the left
ventricular port.

* Corresponding author at: Department of Interventional Cardiology, Brasov County
Clinical Emergency Hospital, 500326 Brasov, Romania.
E-mail address: cicalaecaterina@gmail.com (E. Cicala).
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We present a case of a patient with permanent slow-conducting
atrial fibrillation and ventricular tachycardia caused by structural
heart disease, who received both conduction system pacing and
defibrillation support using a single-chamber defibrillator.

Case report

We present the case of a 67-year-old Caucasian male referred to our
clinic for pacemaker implantation. The patient had a history of previous
anterior myocardial infarction complicated with an apical aneurysm,
with subsequent surgical revascularization of the anterior descending
artery using the left internal mammary artery, diabetes mellitus, dyslip-
idemia, and permanent atrial fibrillation.

Ambulatory 24-h electrocardiogram (ECG) monitoring performed at
another institution detected atrial fibrillation with the mean heart rate
of 52 bpm (67 bpm during daytime and 42 bpm at night), with multiple
pauses exceeding 6 s at night and 4 s during daytime, associated with
symptoms such as light-headedness and shortness of breath (Fig. 1A).

During the initial hospital stay, the patient also presented an auto-
limited, sustained ventricular tachycardia, originating from the apical
region (Fig. 1B).

The echocardiography showed an enlarged left ventricle (left
ventricular telediastolic diameter of 72 mm, with telediastolic volume
of 214 mL) with an apical aneurysm and akinetic apical segments of
the left ventricle walls, with severely reduced global left ventricular
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Fig. 1. ventricular apical region. ECG, electrocardiography.
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(A) 24-Hour ambulatory ECG tracing depicting a period of ventricular asystole of over 6 s. (B) 12-lead ECG tracing showing ventricular tachycardia originating from the left
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function (left ventricular ejection fraction 19 % measured using
Simpson's biplane method), atrial enlargement, and moderate mitral re-
gurgitation. The N-terminal pro-B-type natriuretic peptide (NT-proBNP)
value was 635 pg/mL, other laboratory results were unremarkable.
Taking into account the clinical and paraclinical findings, we consid-
ered that the patient had a class I indication for both permanent cardiac
pacing and defibrillation support. In this context, we opted for the use of
a single-chamber implantable cardiac defibrillator (ICD) with a DF-1/IS-
1 connector, along with the implantation of an additional lead for LBBAP.
First, a standard single-coil defibrillation lead was placed in the
right ventricular apex (Fig. 2A). Secondly, a 3830 SelectSecure lead

(Medtronic, Minneapolis, MN, USA) was placed through a C315 His
catheter (Medtronic) at the basal interventricular septum, where pacing
revealed a positive complex in lead DI, a negative complex in lead DIII,
and a “W” patternin lead V1 (QS complex in V1 with a notch at the nadir
of the QRS). With repeated clockwise rotations, the lead penetrated
deep into the septum until ectopic beats of a right bundle branch
block morphology were seen (Fig. 2A). Intracardiac electrograms re-
corded at the lead tip revealed a left bundle branch potential (Fig. 2B),
and pacing at this site generated a narrow QRS complex with a right
bundle branch block morphology similar in duration to the baseline
complex (Fig. 2C).
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(A) Fluoroscopic image in LAO projection showing the final position of the leads: the defibrillator lead in the right ventricular apex (white asterisk) and the LBBAP lead pen-
etrating the interventricular septum (white arrow). (B) Intraprocedural electrogram revealing the left bundle branch potential recorded at the LBBAP lead tip (black arrow).
(C) Final 12-lead ECG showing paced QRS complexes (black asterisk) of right bundle branch block morphology with a similar duration as the alternating intrinsic QRS com-
plexes (black arrow).

LAO, left anterior oblique; LBBAP, left bundle branch area pacing; ECG, electrocardiogram.
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The LBBAP lead was connected to the IS-1 port of the defibrillator
and the high-voltage connector to the corresponding port, while the
IS-1 connector of the defibrillation lead was capped.

The final interrogation of the ICD recorded a pacing threshold of
0.5 V at 0.4 ms pulse duration and an excellent sensing threshold of
14 mV. The pacing component of the defibrillator was programmed in
VVIR mode 70 bpm.

The patient was discharged the next day with an optimized treat-
ment for heart failure (sacubitril/valsartan 49/51 mg twice a day,
bisoprolol 10 mg once a day, eplerenone 25 mg once a day, and empa-
gliflozin 10 mg once a day), anticoagulation with apixaban 5 mg twice
a day and antiarrhythmic therapy (amiodarone 200 mg once a day).

At the six-month follow-up, the patient was clinically stable, without
signs of congestion, and with improved exercise capacity. The interroga-
tion of the device showed stable pacing threshold and sensing (0.5 V at
0.4 ms pulse duration and, respectively >12 mV), with 88 % ventricular
pacing and no significant ventricular arrhythmias under beta-blocker in
high doses (bisoprolol 10 mg per day). At the echocardiographic evalu-
ation, left ventricular function was slightly improved (left ventricular
ejection fraction 24 % measured using Simpson's biplane method) with-
out any marked dyssynchrony. The NT-proBNP value dropped from 635
pg/mL to 402 pg/mL.

Discussion

Right ventricular pacing (RVP) is associated with a decrease in left
ventricular function in the long term due to the asynchronous electrical
activation and the resulting differential workload of opposing ventricu-
lar wall segments. Common predictors of pacing-induced cardiomyopa-
thy are a baseline reduced ejection fraction and wide, paced QRS
complexes [2,3].

Therefore, current guidelines recommend biventricular over con-
ventional RVP for patients with heart failure (ejection fraction <40 %)
and atrioventricular conduction disorders in either sinus rhythm or
atrial fibrillation [4].

Based on this argument, the common option for patients with a
reduced ejection fraction, an indication of permanent cardiac pacing,
and a concomitant indication for defibrillation support would be to im-
plant a biventricular CRT-D device. This is also available for patients
with permanent atrial fibrillation, as was the case of our patient, with
the difference that, since the atrial lead is not necessary, the atrial port
could be plugged.

Biventricular pacing was shown to reduce the risk of heart failure
progression and mortality compared to RVP in patients with reduced
ejection fraction and a pacing indication. Unfortunately, in patients
with a narrow baseline QRS complex, biventricular pacing still induces
a form of electrical dyssynchrony, due to the merging of two non-
physiological depolarization wavefronts: one arising from the left ven-
tricular epicardium and another from the right ventricular endocar-
dium. In this regard, studies have reported adverse outcomes with
biventricular pacing in narrow QRS patients, and, as a consequence,
this procedure is not recommended with the sole intention of cardiac
resynchronization therapy in these patients [5].

Furthermore, biventricular pacing is highly dependent on the pa-
tient's coronary sinus anatomy, and it requires careful interventricular
interval programming to ensure adequate ventricular electrical syn-
chronization.

On the other hand, LBBAP is the latest physiological cardiac pacing
technique implemented in clinical practice. The goal of the procedure
is to capture the ramifications of the left bundle branch and thus, to
use the intrinsic conduction system for very fast and synchronous acti-
vation of the left ventricle. Compared to His bundle pacing, LBBAP has
the advantage of a significantly lower pacing threshold, higher sensing
thresholds, a much wider target area, and an overall higher success
rate [6]. Compared to RVP, studies have proven the superiority of
LBBAP in terms of clinical status and left ventricular ejection fraction
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preservation [7]. Also, in patients with cardiac resynchronization indica-
tion, LBBAP was superior to biventricular pacing, leading to higher ejec-
tion fraction and smaller left ventricular volumes [8].

In our patient, we needed the combined advantages of conduction
system pacing, to prevent further left ventricular deterioration during
pacing in the form of pacing-induced cardiomyopathy, and also defibril-
lation support. To achieve this goal, we opted for the most cost-efficient
option, to use a single-chamber defibrillator with a DF-1/IS-1 connec-
tion, since the atrial lead was redundant. We placed the LBBAP lead in
the IS-1 port and the high-voltage shock connector in the dedicated
port and capped the pace/sense connector of the defibrillator lead.

The obvious disadvantage of using a biventricular CRT-D device for
these cases is the significantly increased cost of the procedure and
sometimes the difficulty of placing the coronary sinus lead. By using
our method, several advantages can be easily identified: the procedure
is a lot cheaper, the LBBAP procedure has a high success rate in experi-
enced hands, there is no need for complex programming since there are
no interventricular intervals to manage, and there is no reason to worry
about avoiding a high pacing burden. Also, the sensing threshold is usu-
ally very good since the sensing vector in bipolar mode spans the entire
width of the septum, so there is no risk of ventricular fibrillation
undersensing.

The only major limitation to this approach is the presence of signif-
icant scarring in the interventricular septum, which makes lead pene-
tration very difficult, and also, once it reaches the left side of the
septum, could be associated with ineffective pacing and low sensing
thresholds. Fortunately, in our case, the myocardial scar was limited to
the apical septum, so there were no concerns with lead placement in
the basal part of the septum.

Also, there is the risk of lead-to-lead interaction between the LBBAP
and the defibrillator lead, which may lead to inappropriate sensing of
non-cardiac signals or lead erosion. This can be easily avoided by placing
the leads as far apart as possible and observing them fluoroscopically in
different projections for contact and interaction.

To date, two prospective studies have addressed the possibility of
using DF-1/IS-1 defibrillators for LBBAP, both of them in patients with
an indication for cardiac resynchronization therapy. Ten patients were
included in the CROSS-LEFT pilot study, and the authors showed that
in this configuration there was adequate detection and treatment of
the induced ventricular fibrillation and a significant improvement in
left ventricular function [9]. In the second study, Ponnusamy et al. con-
firmed these results in 11 patients with successful LBBAP with stable
pacing and sensing thresholds and no complications over the follow-
up period, including inappropriate discharges [10].

The key message of this report is that an individualized approach to
each device implantation could provide the patient with an effective
therapy while reducing both the risks of the procedure and the associ-
ated costs.
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