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Male, 78-year-old

Persistent left superior vena cava (PLSVC) ¢ HFrEF

Heart failure symptoms ¢ dyspnea ¢ exercise intolerance

Cardiology

Rare disease

Cardiac resynchronization therapy can fail in the presence of anatomical variations, such as persistent left supe-
rior vena cava, which can preclude coronary sinus cannulation and left ventricular lead placement. Conduction
system pacing, particularly left bundle branch area pacing, has emerged as a physiological alternative for achiev-
ing ventricular resynchronization in such anatomically challenging situations and may provide an effective so-
lution when standard cardiac resynchronization therapy (CRT) is not feasible.

We report the case of a 78-year-old man with chronic heart failure (left ventricular ejection fraction 35%) and a his-
tory of mitral valve replacement with a bioprosthesis, tricuspid valve repair, and a bilateral Maze procedure. The pa-
tient was indicated for cardiac resynchronization therapy pacemaker (CRT-P) implantation due to sick sinus syndrome
with tachy-brady arrhythmia and left bundle branch block with a QRS duration of 190 ms. Periprocedural venogra-
phy revealed a persistent left superior vena cava draining into a markedly dilated coronary sinus without suitable
lateral branches, preventing left ventricular lead placement. Following device implantation, the patient experienced
progressive heart failure deterioration, with a decline in left ventricular ejection fraction (LVEF) to 25% and an in-
crease in NT-proBNP to 7741 ng/L, subsequently fulfilling criteria for implantable cardioverter-defibrillator implan-
tation. Due to unfavorable venous anatomy, conduction system pacing (CSP) was selected as an alternative strat-
egy. A right-sided implantable cardioverter defibrillator (ICD) system with left bundle branch area pacing (LBBAP)
was successfully implanted, resulting in significant QRS narrowing to 120 ms and excellent pacing parameters. At
2-month follow-up, the patient remained clinically stable (NYHA class II) with improvement in LVEF to 30-35%.
This case illustrates that LBBAP can provide effective ventricular activation and resynchronization when con-
ventional CS-based CRT is not feasible due to venous anomalies. LBBAP is a safe and effective alternative in
patients with PLSVC and unfavorable CS anatomy.

Cardiac Resynchronization Therapy ¢ Cardiology ¢ Case Reports ¢ Heart Failure ¢

Persistent Left Superior Vena Cava

https://www.amjcaserep.com/abstract/index/idArt/952879

%1167 EZI— M2|6 %9

Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be
made by its manufacturer, is not guaranteed or endorsed by the publisher

This work is licensed under Creative Commons Attribution- 1 Indexed in: [PMC] [PubMed] [Emerging Sources Citation Index (ESCI)]
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0) [Web of Science by Clarivate]



APPROVED GALLEY PROOF

Introduction

Conduction system pacing (CSP) is a physiological pacing
strategy that activates the ventricles through the native His—
Purkinje network [1]. Placement of a coronary sinus (CS) lead
for conventional cardiac resynchronization therapy (CRT) can
fail in patients with complex venous anatomy, particularly in
the presence of persistent left superior vena cava (PLSVC),
which frequently drains into a large, funnel-shaped coronary
sinus lacking suitable lateral branches.

PLSVC is the most common congenital anomaly of system-
ic venous return, occurring in approximately 0.3% to 0.5% of
the general population and up to 10% of patients with con-
genital heart disease [2]. In such cases, CSP provides a practi-
cal alternative for achieving ventricular resynchronization [3].

Case Report

A 78-year-old man with a history of mitral valve replacement
with a bioprosthesis, tricuspid valve repair, and a bilateral Maze
procedure (2020) was followed for chronic heart failure with re-
duced left ventricular ejection fraction (LVEF 35%). On January
27,2025, he was indicated for implantation of a cardiac resyn-
chronization pacemaker (CRT-P, SIM Allure RF) for sick sinus syn-
drome with tachy-brady arrhythmia, with an LVEF of 35% and
left bundle branch block (LBBB) morphology with a QRS duration
of 190 ms. The NT-proBNP level at that time was 4636 ng/L. The
timeline of the patient’s clinical course is presented in Figure 1.

During the procedure on January 27, 2025, bilateral venogra-
phy revealed a persistent left superior vena cava. A biventric-
ular pacemaker (Abbott Allure RF) was implanted with a right
atrial lead positioned in the right atrial appendage and a ven-
tricular lead placed in the right ventricular septum. The left
ventricular port was capped with the prospect of future surgi-
cal implantation of an epicardial bipolar Abbott Myodex lead
(model 1084T). Computed tomography was not performed,
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Figure 2. Selective coronary sinus venography (contrast injection
into the coronary sinus). The fluoroscopic image
shows the coronary sinus opacified after contrast
injection through a catheter introduced via right-sided
venous access. The contrast outlines the main trunk
of the coronary sinus without an adequate lateral or
posterolateral branch suitable for left ventricular lead
implantation.

as it is not routinely indicated in this setting and was not ex-
pected to provide additional clinically relevant information.

Following ventricular lead implantation, high pacing thresh-
olds and a persistently wide QRS complex were observed, with
subsequent deterioration of left ventricular function and a de-
cline in LVEF to 25% by August 12, 2025. The NT-proBNP level
increased to 7741 ng/L. The patient subsequently met the in-
dication criteria for implantable cardioverter defibrillator (ICD)
implantation according to current guidelines, specifically the

Timeline of the case

May 14, 2020 May 29, 2020 m August 10, 2020 January 27, 2025 August 12, 2025

Coronary angiography Mitral and tricuspid Coronary angiography ~ Mitral valve replacement;  Pacemaker implantation High pacing thresholds,
—no significant annuloplasty + Maze —no significant LVEF 40% with the prospect of future persistently wide QRS
coronary artery disease procedure coronary artery epicardial lead placement; complex, and clinical
LVEF 55-60% disease LVEF 35% deterioration with LVEF

decline to 25%
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Figure 1. Timeline of the case. Initial failed cardiac resynchronization therapy device implantation was followed by clinical
deterioration and subsequent rescue therapy using left bundle branch area pacing, resulting in clinical improvement and

partial recovery of left ventricular ejection fraction.
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Figure 3. Perioperative X-ray documentation of all implanted
leads showing the previously implanted left-sided
cardiac resynchronization device leads and the newly
implanted right-sided implantable cardiac defibrillator
system leads. The image shows the course of the
persistent left superior vena cava and the dilated
coronary sinus before extraction of the previous
cardiac resynchronization therapy pacemaker system,
highlighting the anatomical limitation for conventional
left ventricle lead placement.

2023 focused update of the 2021 ESC Guidelines for the di-
agnosis and treatment of acute and chronic heart failure [4].

During the procedure on September 12, 2025, venography re-
vealed venous drainage into a markedly dilated coronary si-
nus with a wide main trunk and no identifiable lateral branch
(Figure 2). Because no suitable coronary sinus branch could
be identified and conventional coronary sinus cannulation was
not feasible, conduction system pacing (CSP) was selected as
an alternative strategy for left ventricular activation. Using a
right subclavian approach, a right atrial lead (Tendril 2088TC,
Abbott) was positioned in the right atrial appendage, and a
defibrillation lead (Durata 7122Q, Abbott) was actively fixed
in the apical septal region of the right ventricle. The defibrilla-
tion lead served solely for defibrillation, while ventricular pac-
ing was provided by a bipolar lead (QuickFlex 1258T). The lead
was advanced to the basal interventricular septum under flu-
oroscopic guidance and progressively screwed into the sep-
tum while monitoring the paced QRS morphology (Figure 3).
During lead advancement, a transition from a left bundle branch
block-like morphology to a right bundle branch block-like mor-
phology (R-prime pattern) in lead V1 was observed, consistent
with engagement of the left bundle branch area. Non-selective
left bundle branch area capture was achieved. Periprocedural
electrical parameters were excellent: paced QRS duration 120

This work is licensed under Creative Commons Attribution-
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Figure 4. Final perioperative X-ray image with confirmed
lead positions. The final fluoroscopic image after
implantation of the implantable cardioverter
defibrillator system with left bundle branch area
pacemaker stimulation demonstrates stable
positioning of the left bundle branch area pacemaker
lead within the interventricular septum, consistent
with effective conduction system capture. The
implantable defibrillator lead remains optimally placed
in the apical septum, and the right atrial lead shows
appropriate fixation. This final radiograph confirms
correct depth and orientation of the left bundle branch
area pacemaker lead, ensuring reliable physiological
pacing and anticipated resynchronization.

ms, V6 RWPT 75 ms, V1-V6 A =31 ms, capture threshold 0.5 V
at 0.5 ms, impedance 340 Q, and R-wave amplitude > 12 mV.

Following successful right-sided ICD implantation with ven-
tricular pacing provided by left bundle branch area pacing,
the previously implanted left-sided cardiac resynchronization
therapy pacemaker (CRT-P) system was completely extracted
using simple traction, as the leads had been in place for less
than 1 year (Figure 4). A chest X-ray focused on the implanted
leads obtained on postoperative day 1 is shown in Figure 5.
An electrocardiogram (ECG) demonstrating left bundle branch
area pacing (LBBAP) is shown in Figure 6.

At the 2-month follow-up visit on November 5, 2025, the pa-
tient remained clinically stable (NYHA class II), without angina,
syncope, or heart failure decompensation. Echocardiography
demonstrated improvement of left ventricular ejection frac-
tion to 30-35%. The ICD system with LBBAP (Unify Assura) was
functioning in DDDR mode with a lower rate limit of 60 bpm.
Device parameters were stable: RA impedance 400 Q, RV im-
pedance 410 Q (defibrillation function), LV impedance (CSP
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Figure 5. Upright chest X-ray on postoperative day 1. Chest
radiograph obtained on postoperative day 1 confirming
stable positions of all conduction system pacing-
related leads, without evidence of dislodgement. The
left bundle branch area pacemaker lead maintains
appropriate septal orientation, indicative of sustained
conduction system engagement. No pneumothorax or
early postoperative complications are present.

lead) 340 Q, pacing threshold 0.5 V at 0.5 ms, and R-wave
sensing > 12 mV. Paced QRS duration was 120 ms. Device di-
agnostics showed atrial pacing 90%, LBBAP pacing 94%, and
atrial tachyarrhythmia/atrial fibrillation burden < 1%.

Discussion

The 2023 HRS/APHRS/LAHRS guideline on cardiac physiologic
pacing recognizes conduction system pacing as an acceptable
and effective strategy in situations where conventional coronary
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Figure 6. Postoperative electrocardiogram recording. Postoperative electrocardiogram demonstrating non-selective left bundle branch
area pacing, characterized by a paced QRS duration of 120 ms.
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sinus lead placement is not feasible or fails to achieve adequate
resynchronization [5]. It can help minimize the adverse hemo-
dynamic consequences associated with long-term right ven-
tricular pacing, including pacing-induced dyssynchrony, func-
tional deterioration, and pacing-induced cardiomyopathy [6].

To the best of our knowledge, this case represents a unique
combination of persistent left superior vena cava, absence of
suitable coronary sinus branches, and prior bilateral Maze pro-
cedure, successfully managed using right-sided ICD implanta-
tion with left bundle branch area pacing.

Conclusions

Persistent left superior vena cava (PLSVC) is encountered in
approximately 0.5% of patients undergoing cardiac device im-
plantation and can complicate implantation of cardiac implant-
able electronic devices due to altered venous drainage and
dilation of the coronary sinus. In such situations, conduction
system pacing (CSP) is an alternative strategy to convention-
al biventricular pacing, and its use has been increasing as de-
vice therapy moves toward more individualized approaches [7].

Rodriguez-Queralto et al described successful conduction sys-
tem pacing in a patient with persistent left superior vena cava
in whom conventional CRT implantation was not feasible. In
that report, a modified implantation approach enabled phys-
iological ventricular activation and clinical improvement [8].
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Left bundle branch area pacing (LBBAP) is generally consid-
ered technically easier and more stable over time than His
bundle pacing, typically providing higher R-wave amplitudes
and lower and more durable capture thresholds. By directly
engaging the left bundle branch region, LBBAP can effective-
ly restore physiological ventricular activation in patients with
left bundle branch block or pacing-induced dyssynchrony [9].

These findings suggest that LBBAP can serve not only as a res-
cue strategy when coronary sinus lead implantation fails but
also as a potential primary pacing strategy in patients with
persistent left superior vena cava and unfavorable coronary
sinus anatomy.
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