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CASE REPORT

Persistent Left Superior Vena Cava with Severely Dilated Coronary Sinus:
A Rare Case Report of Failed CRT-P and Successful Dual-Chamber
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ABSTRACT: Persistent left superior vena cava (PLSVC) is a rare congenital anomaly that may complicate cardiac
procedures when associated with a dilated coronary sinus (CS) and conduction disturbances. We report the case
of a 27-year-old male with Wilson’s disease who presented with complete heart block. Echocardiography showed
biatrial enlargement and severe CS dilation, while contrast-enhanced computed tomography (CT) confirmed PLSVC
draining into the CS without a bridging vein. Anatomical constraints prevented cardiac resynchronization therapy,
and dual-chamber pacemaker implantation proved technically challenging due to lead placement difficulties. This
case highlights the importance of thorough preoperative assessment and individualized pacing strategies in patients
with PLSVC, in order to anticipate anatomical challenges and optimize outcomes.
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1 Introduction

Persistent left superior vena cava (PLSVC) is a rare but clinically significant anomaly, with a prevalence
of approximately 0.3-0.5% in the general population and 4-8% in patients with congenital heart disease [1].
PLSVC is usually asymptomatic, often discovered incidentally, and results from the failure of regression of
the left common cardinal vein during embryonic development. It drains blood from the left subclavian and
jugular veins into the right atrium via the coronary sinus (CS) [2].

The CS, the most prominent cardiac venous structure, plays a vital role in returning deoxygenated
blood from the myocardium to the right atrium [3]. Congenital anomalies of the CS are exceedingly rare
and are frequently associated with superior vena cava (SVC) anomalies [4]. The presence of such anomalies
can be hazardous, highlighting the need for early identifications to avoid procedural complications [5].

In this report, we present a unique case of a young patient with a known diagnosis of Wilson’s disease,
who was found to have PLSVC accompanied by dilated CS and complete heart block (CHB), highlighting
its clinical and anatomical significance.
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2 Case Presentation

A 27-year-old Bengali male with a known history of Wilson’s disease presented to the emergency
department with dyspnea, fatigue, and chest discomfort. Initial diagnostic work-up included an
electrocardiogram (ECG), which revealed complete heart block with an escape rhythm at approximately
40 beats per minute. Transthoracic echocardiography (TTE) showed biatrial dilation, a severely dilated CS,
mild left ventricular (LV) dilation, and a left ventricular ejection fraction (LVEF) of 45% (Fig. 1).

Figure 1: Transthoracic echocardiography showing a severely dilated coronary sinus.

The patient was admitted to the intensive care unit for CHB and stabilized with a temporary pacemaker
(PM). An ECG after temporary PM insertion showed ventricular pacing spikes (Fig. 2). Given the need
for continuous stimulation and a mildly reduced LVEF, the patient was subsequently referred for cardiac
resynchronization therapy with a pacemaker (CRT-P). In the catheterization laboratory, a left pectoral
incision was made; however, the guide wire followed the trajectory of a PLSVC. Contrast injection to assess
possible LV lead placement revealed only a single, very small branch of the CS, which was considered
insufficient for lead insertion. As a result, the management plan was revised, and CRT-P was deemed
unfeasible. Instead, a dual-chamber PM was implanted (Fig. 3).

The implantation posed multiple challenges due to the altered venous anatomy. The right atrial (RA)
lead placement was challenging; initial attempts to secure the lead in the RA appendage were unsuccessful
due to repeated dislodgements. The lead was ultimately fixed in the RA lateral wall where trabeculations
provided durable stability. Right ventricular (RV) lead placement was also challenging due to repeated
dislodgements. The initially used 52 cm lead was too short to accommodate the extended venous course,
and its septal positioning made fixation difficult. Replacing it with a longer 60 cm lead resulted in improved
stability.

The patient’s thin body habitus increased the risk of pneumothorax, but at our institution,
routine pre-procedural venography is not standard practice during device implantation. Accordingly,
venography was not performed before pocket incision in this patient, and the PLSVC was only recognized
intra-procedurally when the guidewire followed an unexpected course.

Subsequently, the patient developed oxygen desaturation, prompting a contrast-enhanced chest
computed tomography (CT) scan. The scan revealed bilateral pleural effusions, significant CS dilation
associated with a PLSVC, cardiomegaly, and biatrial enlargement (Fig. 4). The pleural effusion was
successfully drained using a pigtail catheter.
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Figure 2: Twelve-lead ECG obtained immediately after temporary pacemaker insertion, showing ventricular pacing
spikes preceding QRS complexes.

Figure 3: Fluoroscopy images in the RAO view with contrast show a large CS associated with a PLSVC (A). In the
LAO view, the RA lead is positioned in the lateral wall, while the RV lead follows a large curvature due to its course
through the RA before turning into the RV (B). RAO: Right anterior oblique; CS: Coronary sinus; PLSVC: Persistent
left superior vena cava; LAO: Left anterior oblique; RA: Right atrium; RV: Right ventricle.
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Figure 4: Coronal contrast-enhanced chest computed tomography showing severe dilation of the coronary sinus
secondary to persistent left superior vena cava, with marked biatrial enlargement, cardiomegaly, and bilateral
pleural effusions.

Further work-up was conducted to investigate the cause of CHB at a young age. Cardiac magnetic
resonance (CMR) revealed epicardial enhancement affecting the basal and mid-anterior and anterolateral
walls, with no late gadolinium enhancement and no regions of dyskinesia. Post-procedural chest X-ray
confirmed stable and well-positioned dual-chamber PM leads with no immediate complications (Fig. 5).

Figure 5: Chest X-ray (anteroposterior view) depicting a dual-chamber pacemaker positioned in the upper left chest.
The right atrial and right ventricular leads follow the trajectory of persistent left superior vena cava.

After a 6-month follow-up visit, the patient was doing well; his initial symptoms had vastly improved.
PM interrogation showed good device functioning, with a high ventricular pacing burden (>98%). The
patient was managed with bisoprolol, enalapril, and spironolactone, with titration based on tolerance and
blood pressure, improving his LVEF to 55%.
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3 Discussion

The embryological origin of PLSVC can be traced to the primitive venous system, which comprises
three paired veins: the vitelline veins, umbilical veins, and cardinal veins. The superior and inferior cardinal
veins play a crucial role in returning blood from the cranial and caudal regions of the embryo to the
primitive heart. PLSVC arises due to the failure of regression of the left common cardinal vein and the
caudal part of the left superior cardinal vein [6].

In addition to its complex embryological anatomy, PLSVC is classified into two primary types based
on its drainage pattern. The majority of cases (92%) drain into the right atrium via a dilated CS, which
generally has no significant hemodynamic consequences. However, in 8% of cases, PLSVC drains directly
or indirectly into the left atrium, leading to a right-to-left shunt and potential cyanosis or paradoxical
embolism. OQur patient showed significant CS dilation, consistent with an RA drainage pattern [7].

The diagnosis of PLSVC is often incidental and typically discovered during cardiovascular procedures.
In our case, it was identified during CRT-P evaluation [8]. CRT-P was initially planned due to anticipated
high-pacing dependency, mildly reduced LVEF, and symptomatic presentation which correlates with the
2012 ACCF/AHA/HRS updated guidelines [9]. The risks of increased hardware burden in a young patient,
including infection, must be weighed against potential benefits. Conduction system pacing, although
technically demanding via a PLSVC route, should also be considered as a potential alternative strategy in
such anatomies.

Although pre-procedural contrast venography is not routinely performed at our hospital, the difficulties
encountered in this case highlight its potential value in patients with suspected venous anomalies. Based
on this experience, our team is now considering adopting venography as a standard step prior to device
implantation whenever feasible and not contraindicated, such as in patients with advanced renal dysfunction.

Previous reports emphasize that many SVC variants are clinically “silent” until an intervention
is attempted and that a dilated CS should prompt evaluation for PLSVC prior to device procedures.
Nurgiil et al. [10] described incidentally detected “silent” SVC anomalies and highlighted the procedural
risk when these variants are not recognized pre-procedurally. Several case series and reports have
documented that PLSVC may complicate CRT-P or LV lead placement sometimes making conventional
CRT-P implantation technically infeasible and that strategies such as using active-fixation leads, alternative
venous routes, or right-sided implantation may be necessary [11-13]. Our case differs from previously
published PLSVC device reports because it combines a young patient with Wilson’s disease and CHB in the
background of a markedly dilated CS, raising the possibility that systemic copper deposition previously
linked with conduction disturbances [14-16] may have contributed to the conduction disease in this
anatomic setting.

Although a patent right SVC was present, a left-sided approach was continued due to intra-procedural
identification of PLSVC after incision, with successful lead placement achieved via meticulous manipulation.
A right-sided approach may be preferable in PLSVC cases when identified pre-procedurally, as it avoids the
complex venous course.

After all the challenges, a dual-chamber PM was placed to restore normal cardiac pacing. However, due
to the anatomic variations, multiple challenges were encountered prior to placement; one of the primary
challenges was the short length of the original 52 cm RV lead, which led to recurrent micro-dislodgements.
In line with recent recommendations [17], a longer 60 cm RV lead was used, and it remained securely
positioned in the RV target area. For the atrial lead and despite initial stability in the RA appendage, the
lead eventually required repositioning and was successfully secured and stabilized in the RA wall.

Wilson’s disease can affect the heart through myocardial copper accumulation, oxidative injury, fibrosis
and conduction system involvement. A recent CMR study documented abnormal tissue characterization
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(including T1 elevation and extracellular volume [ECV] changes) in some series of Wilson’s disease
patients [18]. Advanced CMR techniques (native T1/T2 mapping and ECV) may reveal diffuse myocardial
involvement not seen with routine late gadolinium enhancement and might support a systemic mechanism
for conduction disease in selected patients. If significant diffuse fibrosis or abnormal mapping had been
present, this would have implications for monitoring and possibly device strategy but were not available at
our facility. Although Wilson’s disease may contribute to conduction abnormalities, genetic testing for
inherited conduction system disease should also be considered in such young patients without structural
heart disease. Genetic testing for inherited conduction disease was considered; however, it was not
performed during the index admission, and the patient was referred for outpatient genetic counseling
and testing.

To the best of our knowledge, there are no previously reported cases describing the coexistence of
PLSVC, Wilson’s disease, CHB, and a dilated CS. The presence of CHB in a young patient with Wilson’s
disease raises intriguing questions about potential mechanisms linking metabolic disorders to conduction
system abnormalities. Wilson’s disease is known to cause myocardial fibrosis, arrhythmias, and conduction
disturbances, which may have contributed to the patient’s presentation.

4 Conclusion

This case highlights the importance of pre-procedural imaging to identify venous anomalies such as
PLSVC and prevent implantation failure. It also underscores the need for individualized pacing strategies in
anatomically complex patients. The coexistence of Wilson’s disease and early heart block further reminds
clinicians to consider systemic disorders as potential contributors to conduction disease.
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Abbreviations

AP Anteroposterior

CHB Complete heart block

CMR Cardiac magnetic resonance

CS Coronary sinus
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CRT-P Cardiac resynchronization therapy with pacemaker
CT Computed tomography

ECG Electrocardiogram

ECV Extracellular volume

LAO Left anterior oblique

LV Left ventricular

LVEF Left ventricular ejection fraction

PLSVC Persistent left superior vena cava

PM Pacemaker

RA Right atrial

RAO Right anterior oblique

RV Right ventricular

SVC Superior vena cava

TTE Transthoracic echocardiography
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