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Background Persistent left superior vena cava (LSVC) with connection to the left atrium (LA) is a rare anomaly with serious clinical implications. 
Depending on the direction of flow through the intracardiac shunt, clinical presentation varies from cyanosis or paradoxical em
bolism to overt right heart failure.

Case summary A 26-year-old man with repaired ventricular septal defect (VSD) during infancy presented with symptoms of progressive exercise 
intolerance. Cardiac imaging revealed a large defect at the posterior wall of the LSVC above its entry to the coronary sinus (CS), 
connecting the LSVC with the LA and resulting in diversion of pulmonary venous return to the CS. All pulmonary veins connect 
normally to the LA. The large left-to-right intracardiac shunt led to significant right ventricular dilation and tricuspid regurgitation. 
He underwent successful anatomical repair with transcatheter implantation of covered stent from LSVC to the CS, redirecting pul
monary venous return to the LA. At 1 year follow up, his exercise capacity had improved, and cardiac imaging showed complete seal 
of the LSVC defect without obstruction to pulmonary venous return.

Discussion Our case is the first to our knowledge to report this unusual anatomic variant of LSVC to LA connection, and complete repair by 
transcatheter treatment. Previous case reports of other forms of LSVC to LA connection were treated with surgery or device oc
clusion without reconnection of LSVC. This case highlights the efficacy and safety of innovative percutaneous techniques in the 
management of complex congenital heart lesions. Meticulous procedural planning through 3D modelling and simulation is vital 
to mitigate the risks of these innovative procedures.
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Learning points
• Despite an extremely rare anomaly, LSVC to LA connection should be suspected in the presence of cyanosis, paradoxical embolism, or 

right heart volume overload without other intracardiac shunt.

• In the anatomical variant of LSVC to LA connection in our case, percutaneous treatment by covered stent is a feasible option.

• Pre-procedure planning with 3D modelling and simulation facilitates the application of novel interventional techniques in the treatment of 
complex congenital heart lesions.
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Introduction
Persistence of left superior vena cava (LSVC) is the most common vari
ant of systemic venous drainage with an incidence of ∼0.5% in the gen
eral population and up to 10% of patients with congenital heart 
disease.1,2 It results from a failure of obliteration of the left common 
cardinal vein in foetal life and typically drains into the right atrium 
(RA) via the coronary sinus (CS) with no adverse haemodynamic effect. 
Atypical LSVC connection with the left atrium (LA), however, carries 
important clinical consequences. Recognized forms of this anomaly in
clude indirect drainage through an unroofed CS or direct termination 
of the LSVC in the LA.2 Depending on the direction of flow and shunt 
volume, clinical presentation varies from cyanosis or paradoxical em
bolism (right to left shunt) to overt right heart failure (left-to-right 
shunt), necessitating complex surgical repair.2–4 Here, we report an un
usual case of LSVC to LA connection through a large posterior wall de
fect of the LSVC as it enters the CS. Diversion of pulmonary venous 
flow through the LSVC defect into the RA resulted in symptomatic 
right ventricular dilation and significant tricuspid regurgitation. To our 
knowledge, this is the first report describing complete anatomical cor
rection of this unique variant with percutaneous covered stent 
implantation.

Timeline

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Age Event

Infant Surgical repair of ventricular septal defect (VSD)

18 years Lost to follow up following discharge from paediatric cardiology services

25 years Progressive exercise intolerance, fatigability
25 years Echocardiogram showed severe tricuspid regurgitation and significantly dilated right heart, and LSVC draining into CS. Bubble study through left arm 

showed bubbles appearing in left heart.

25 years Cardiac catheterization confirmed atrial level left-to-right shunt, Qp:Qs 3:1
25 years Cardiac magnetic resonance imaging (MRI) showed large defect of posterior wall of LSVC.

25 years 3D model printed to assess feasibility of transcatheter covered stent correction.

25 years Discussed in cardiothoracic meeting with consensus for covered stent to seal the LSVC defect
25 years Customised 80 mm covered CP stent ordered

26 years Interventional cardiac catheterization with placement of uncovered and covered stents in the LSVC extending to CS.

27 years No complications at 1-year follow-up post procedure. Symptomatic improvement. Cardiac imaging confirmed good result with unobstructed LSVC 
flow to CS, unobstructed pulmonary venous return, reduced RV volume and reduced severity of tricuspid regurgitation.

Case summary
A 26-year-old Caucasian man with repaired VSD during infancy who 
had been lost to follow up, presented with symptoms of progressive 
exercise intolerance and breathlessness during sporting activities over 
a 1 year period. He was otherwise generally well with no limitations 
with daily activities. He has mild scoliosis and no other significant med
ical history. A thorough physical examination did not yield any abnormal 
findings. His saturation was 94%. Echocardiography showed good bi
ventricular function a volume overloaded right ventricle (RV) with 
moderate tricuspid regurgitation. The LSVC drains into a severely di
lated CS and right SVC drains into RA. There was no bridging innom
inate vein. The roof of the CS and atrial septum was intact. Contrast 
study via the left arm showed microbubbles appearing in the left heart, 
prompting an MRI which showed a large defect at the posterior wall of 
the LSVC above its entry to the CS. Pulmonary venous drainage to LA 

was normal. The LSVC defect connects with the LA, resulting in diver
sion of pulmonary venous return to the CS. Cardiac catheterization 
confirmed atrial level shunting with Qp:Qs of 3.2 to 1 and normal pul
monary pressures. After extensive discussions, our group decided that 
transcatheter implantation of a covered stent from the LSVC to the CS 
was a viable treatment strategy. A 3D printed model from a prior com
puted tomography (CT; Figure 1) was used to simulate the procedure 
with a balloon catheter, confirming good seal of the LSVC defect with
out compromising pulmonary venous return.

The procedure was performed under general anaesthesia. On initial 
angiography, the LSVC measured 12 × 13 mm and CS measured 32 × 
30 mm in orthogonal planes (Figure 2). A 24F Gore Dry Seal sheath 
(W.L. Gore & Associates, Inc., Arizona, USA) was introduced over a 
veno-venous rail from right femoral vein to the left internal jugular 
vein to facilitate balloon testing and subsequent stent deployment. A 
4F Pigtail catheter was advanced through the CS to the left upper pul
monary vein (LUPV) for continuous pressure monitoring. A 34 mm 
Amplatzer sizing balloon (Abbott Medical, Minnesota, USA) was in
flated in the LSVC until transoesophageal echocardiogram (TOE) con
firmed elimination of the shunt. To guide stent placement, an 18 × 
45 mm Cristal balloon (Bard, Düsseldorf, Germany) was inflated at 
the high LSVC, and the balloon waist was used as a landmark 
(Figure 2). A 45 and 60 mm uncovered CP stent mounted on an 
18 mm balloon-in-balloon (BIB) catheter was deployed sequentially at 
the LSVC, serving as ‘anchor’ stents. Finally, a customized 80 mm 

covered CP stent mounted on a 40 × 60 mm BIB was deployed to 
overlap the existing stent assembly with the caudal end of this stent 
ending within the CS. The caudal end of this 80 mm stent was dilated 
with a 30 × 60 mm Cristal balloon (Bard, Düsseldorf, Germany) 
until satisfactory coverage of the shunt was confirmed by TOE and angi
ography. The LUPV pressure remained constant throughout the 
procedure.

The patient was discharged the following day on dual antiplatelet 
therapy. At 1 year follow up, the patient was well and reported symp
tomatic improvement. Cardiopulmonary exercise test at 3 months 
post procedure showed improved peak VO2 of 32 mL/min/kg com
pared with pre-procedure measurement of 24.1 mL/min/kg. 
Comparison of pre- and post-procedure CT (performed after 
3 months) showed a reduction in right ventricle to left ventricle (RV: 
LV) volume ratio from 2.1 to 1.3. The CT also confirmed complete 
coverage of the LSVC defect with no residual shunt and unobstructed 
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pulmonary venous return (Figure 3). His most recent echocardiogram 
showed an improvement in the severity of tricuspid regurgitation.

Discussion
Management of LSVC to LA connection is guided by clinical symptoms 
and surgical repair remain the mainstay of treatment. When associated 
with an unroofed CS, various techniques with intracardiac baffling and/ 
or extracardiac re-routing of LSVC to the RA, right superior vena cava, 
or pulmonary artery have been reported, each with advantages and 
drawbacks.4 With complex intra-atrial baffling, complications such as 
pulmonary vein stenosis, LSVC tunnel obstruction and supra-mitral 
stenosis are not uncommon.4–6 In the case of direct LSVC to LA drain
age, percutaneous closure or surgical ligation (without reconnection) of 
the distal segment of the LSVC is an alternative.3,7–10 The caveat with 
this approach is that venous hypertension can develop with a risk of 
cerebral injury when venous collateralization is inadequate, particularly 
in patients without a bridging innominate vein.9

In our patient, the lesion is described as an LSVC defect, as opposed 
to unroofed CS because the defect is located at the vertical portion of 
the LSVC as it descends to join the CS. The CS typically has a transverse 
course in the sulcus between the LA and ventricle.11 Further, the CS is a 
product of the tributaries of the greater and smaller cardiac veins.11

However, at the site of the LSVC defect in this case, the venous struc
ture does not receive any cardiac veins. The unique anatomic variant in 
our patient was amenable to re-routing and preservation of LSVC re
turn to the RA by transcatheter placement of a covered stent; without 
sacrificing the systemic venous pathway by device occlusion of the 
LSVC in previous reports.4,7,8,10,12 This strategy also avoids the risks 
of a re-do sternotomy, cardiopulmonary bypass, and attendant surgical 
morbidities. This concept is similar to the recently reported covered 
stent correction of sinus venosus atrial septal defect with encouraging 
early outcomes.13 In our case, the need for substantial expansion of the 
distal stent due to significant size mismatch of the LSVC and CS caused 
concerns for stent embolization, incomplete defect coverage (due to 
stent foreshortening), and pulmonary venous obstruction. The use of 
3D modelling and simulation was crucial to provide thorough assess
ment of the lesion and impact of balloon/stent deployment on 
surrounding structures, allowing alteration of techniques or manage
ment decisions to minimize periprocedural complications.

Our choice of balloon expandable covered stent over a self- 
expandable stent graft was based on several considerations. Firstly, bal
loon expandable stent grafts are typically deployed in thicker wall aortic 
pathologies and expansion is partly dependent on constraint of the ves
sel wall. In our case, stent expansion in a vein with a large area of defi
cient vessel wall may be unpredictable and protrusion towards the 
unconstraint portion/defect may result in pulmonary venous 

Figure 1 Top panel shows computed tomography orthogonal views of the left superior vena cava defect (*) in multiplanar reformat and bottom 
panel demonstrates the defect (*) in equivalent crop from the 3D model: (A and D) sagittal plane, (B and E) axial plane, and (C and F ) coronal plane. 
The left superior vena cava drains to the severely dilated coronary sinus and pulmonary veins connect to normal sized left atrium left atrium. There is 
deficiency of the left superior vena cava posterior wall as it joins the coronary sinus .
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Figure 2 Angiography depicting procedural steps and technical considerations for safe deployment of stents. Baseline (A) anteroposterior and (B) 
lateral angiogram of the left superior vena cava. The arrow indicate left superior vena cava posterior wall defect with immediate filling of left atrium. The 
pigtail catheter traverses the coronary sinus to the left pulmonary vein through the defect. (C ) Anteroposterior and (D) lateral left superior vena cava 
angiogram following test occlusion of the defect with simultaneous pulmonary vein angiography showed unobstructed pulmonary venous return and 
complete seal of defect. (E) A semi-compliant balloon is used to determine anchorage point for first stent. (F ) After deploying the anchoring superior 
stent, subsequent stents were the positioned to overlap within the prior stent to cover the entire defect. The distal tip of the delivery sheath is posi
tioned in the coronary sinus during deployment to serve as a ‘buttress’ if required. The dotted line indicates the roof of the coronary sinus. (G and H ) 
The distal portion of the stent was dilated until adequate seal was achieved. Contrast injection in the left pulmonary vein showed unobstructed flow into 
left atrium and minimal residual flow around the edge of the stent into the coronary sinus (arrow).

Figure 3 Follow-up echocardiography and computed tomography imaging at 3months follow up. Echocardiographic (A) apical four-chamber view 
and (B) parasternal short-axis view showing unobstructed pulmonary vein flow into the left atrium around the stent. Bottom panel shows computed 
tomography multiplanar reformat in (C ) sagittal, (D) axial, (E) coronal view of the left superior vena cava stent completely sealing the defect and ex
tending minimally into the coronary sinus. The computed tomography axial plane (C ) showed widely patent pulmonary venous drainage into the left 
atrium posterior to the stented left superior vena cava.
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obstruction. Secondly, the anchoring pins for active fixation of self- 
expandable stent grafts have been reported to cause vessel perforation 
to the SVC and surrounding structures such as the aorta.14 In contrast, 
balloon expandable stents provide reliable expansion to an expected 
diameter and can be gradually expanded in our case until elimination 
of shunt is achieved. Currently, the 10 zig covered CP stent can be 
custom-made in lengths of 6–11 cm but only dilatable to 34 mm in 
diameter with moderate shortening at diameters >28 mm. The cov
ered CP stent used in this case was manufactured in 12 zigs to provide 
sufficient radial strength at predicted maximal expansion to 40 mm. 
There is also theoretically less foreshortening of the 12-zig stent at lar
ger diameters, but the increased stent profile required a larger delivery 
sheath size of 22F (personal communication with the manufacturer).

Conclusion
While a rare entity, one should always remain cognizant of the possibil
ity of LSVC to LA connection in the presence of cyanosis or paradoxical 
embolism or right heart volume overload without other intracardiac 
shunts. This case highlights an increasing trend in the management of 
complex congenital heart lesions with innovative percutaneous techni
ques. Notably, thorough pre-procedure planning with 3D modelling 
and simulation is crucial for success of such innovative procedures.
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