
Uemura et al. Journal of Medical Case Reports          (2023) 17:111  
https://doi.org/10.1186/s13256-023-03865-6

CASE REPORT Open Access

© The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Journal of
Medical Case Reports

Multiple accessory pathways coexisting 
with a persistent left superior vena cava: a case 
report
Tetsuya Uemura, Hidekazu Kondo*, Tetsuji Shinohara, Masaki Takahashi, Koshiro Akamine, Naoko Ogawa, 
Kei Hirota, Akira Fukui, Hidefumi Akioka, Kunio Yufu and Naohiko Takahashi 

Abstract 

Background Wolff–Parkinson–White syndrome is characterized by a short PR interval (delta-wave), long QRS com-
plex, and the appearance of paroxysmal supraventricular tachycardia. Patients with Wolff–Parkinson–White syndrome 
usually have one accessory pathway, whereas cases with multiple accessory pathways are rare. Persistent left supe-
rior vena cava is a vascular anomaly in which the vein drains into the right atrium through the coronary sinus at the 
junction of the left internal jugular and subclavian veins due to abnormal development of the left cardinal vein. The 
simultaneous presence of multiple accessory pathways and persistent left superior vena cava has not been reported 
before.

Case presentation A 56-year-old Japanese man with a 5-year history of palpitations was referred for radiofrequency 
catheter ablation due to increased frequency of tachycardia episodes in the previous 2 months. Persistent left superior 
vena cava was confirmed by transthoracic echocardiography and computed tomography. An electrophysiological 
study revealed that the accessory pathways were located in the left lateral wall, anterolateral wall, and posteroseptal 
region. They were completely ablated with radiofrequency energy application.

Conclusions We reported an extremely rare case of a patient with multiple accessory pathways and persistent left 
superior vena cava. Our case may suggest a potential embryological relationship between the multiple accessory 
pathways and persistent left superior vena cava.
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Background
Wolff–Parkinson–White (WPW) syndrome is character-
ized by a short PR interval, wide QRS complex, and the 
appearance of paroxysmal supraventricular tachycar-
dia [1]. The mechanism underlying this syndrome is an 
accessory atrioventricular connection. Accessory path-
ways are mostly located around the tricuspid or mitral 
annulus, accounting for 10–20% and 50–60% of cases of 

WPW syndrome, respectively [2]. Patients with WPW 
syndrome usually have one accessory pathway, whereas 
cases with multiple accessory pathways are rare. Multi-
ple accessory pathways are defined as the presence of 
two or more pathways separated by at least 1–3 cm. The 
incidence of multiple accessory pathways was reported to 
range from 3–20% in surgical studies and from 5–18% in 
radiofrequency ablation studies [3]. WPW syndrome can 
be worsened by any infection and chronic medical prob-
lem [4–6].

Persistent left superior vena cava (PLSVC) is a vas-
cular anomaly in which the vein drains into the right 
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atrium through the coronary sinus at the junction of the 
left internal jugular and subclavian veins due to abnor-
mal development of the left cardinal vein. It is the most 
common vascular anomaly, affecting 0.5% of the general 
population [7]. Accessory pathways and PLSVC develop 
at the same embryological stage [8, 9].

We report the case of a 56-year-old man with three 
accessory pathways and PLSVC. To the best of our 
knowledge, the simultaneous presence of multiple acces-
sory pathways and PLSVC has not been reported before.

Case presentation
A 56-year-old Japanese man with a 5-year history of pal-
pitations was referred for radiofrequency catheter abla-
tion due to increased frequency of tachycardia episodes 
in the previous 2 months. He had no remarkable physical 
examination findings, and no remarkable medical, family, 
and psychosocial history. A 12-lead electrocardiogram 
during sinus rhythm showed no delta waves (Fig.  1A), 
whereas an electrocardiogram during palpitations dem-
onstrated regular narrow QRS tachycardia at 200 beats/
minute with a negative retrograde P wave in the inferior 
leads (Fig.  1B). As coronary sinus (CS) dilatation was 
observed on transthoracic echocardiography (Fig.  2A), 
we suspected that he had PLSVC. Computed tomogra-
phy (CT) confirmed that that was correct (Fig. 2B).

After obtaining informed consent from the patient, 
an electrophysiological study was performed with the 
patient under sedation with fentanyl and propofol. Two 

catheters were introduced from the right femoral vein 
and placed in the right atrium (RA) and right ventricle. 
An HIS catheter (Biosense Webster, Inc., Irvine, CA, 
USA) was placed near the His bundle region. A CS-RA 
catheter was introduced from the right internal jugular 
vein and advanced to the CS.

Ventriculoatrial conduction occurred during ven-
tricular pacing, and atrial pre-excitation was observed 
at CS5-6. During burst pacing from the right ventricle, 
paroxysmal supraventricular tachycardia was induced. 
Ventriculoatrial transmits showed the same sequence. 
This suggested the location of the accessory pathway in 
the left lateral wall. Mapping of the mitral valve annu-
lus was performed during ventricular pacing using an 
ablation catheter. The earliest activation site was in the 
left lateral wall. Radiofrequency energy delivered to this 
site eliminated the bypass tract (Fig. 3A), and the new 
earliest activated point was in the anterolateral region 
of the mitral annulus. The ablation catheter was placed 
at this site, and it eliminated conduction in the second 
bypass tract (Fig.  3B). The ventriculoatrial conduction 
continued, and the third earliest activated point was 
found in the posteroseptal region of the mitral annu-
lus. The ablation catheter was also placed at this site, 
and it eliminated conduction in the third bypass tract 
(Fig.  3C). Persistent ventriculoatrial dissociation was 
observed, indicating elimination of all accessory path-
ways. During 12  months of follow-up, he has had no 
symptoms of palpitation without any drug treatments.

Fig. 1 Twelve-lead electrocardiogram at sinus rhythm (A) and supraventricular tachycardia (B). Red arrows indicate P wave
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Discussion
The PLSVC anomaly was found incidentally on com-
puted tomography during the preoperative examina-
tion. Moreover, the accessory pathways were identified 
in the left lateral wall, anterolateral wall, and poster-
oseptal region. Ablation with the transseptal approach 
was successful at all three sites.

PLSVC is the remnant of the left cardinal vein, which 
is formed during the early developmental period. This 
is the most common vein anomaly, occurring in 0.5% of 
the general population [7]. Although PLSVC is asymp-
tomatic, it may affect left-sided ablation procedures. 
Chiang et al. reported that CS abnormalities were more 
common in patients with WPW syndrome than in those 

A B

Fig. 2 A Coronary sinus dilatation on transthoracic echocardiography. B Contrast-enhanced computed tomography: the vein draining into the 
right atrium through the coronary sinus at the junction of the left internal jugular and subclavian veins. Red arrow indicates enlarged coronary 
sinus, Blue arrows indicates persistent left superior vena cava
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Fig. 3 Radiofrequency ablation-delivered points to accessory pathways (APs) located in the lateral (A), anterolateral (B), and posterolateral (C) wall 
(transparent image and 3D mapping). Red circles indicate the ablation points of accessory pathway 1, 2 and 3
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with atrioventricular node reentry tachycardia [10]. 
In their patients, the accessory pathway was located 
only at the left free wall or in the posteroseptal region. 
The authors also suggested an anatomical relationship 
between the distribution of the accessory pathways and 
major CS abnormalities. During heart formation, the CS 
arises from the proximal left sinus horn of the sinus veno-
sus at weeks 7–8 of embryonic development. Accessory 
pathways are considered an extra piece of heart muscle 
tissue that connects the atrium and the ventricle. This 
abnormal tissue develops at the same embryonic stage as 
the CS [11, 12]. Therefore, it seems reasonable to assume 
that PLSVC and accessory pathways are embryologically 
related to each other. However, Hwang et  al. reported 
that the proportion of PLSVC in patients with supraven-
tricular tachyarrhythmia was 0.27% (18 out of 6662) [13], 
which is similar to the incidence rate seen in the general 
population.

Conclusion
We described a case of a patient with multiple accessory 
pathways and PLSVC for the first time. The possibility of 
multiple accessory pathways should thus be considered 
in patients with PLSVC.
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