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1 |  INTRODUCTION

1.1 | Background
Iatrogenic pulmonary venous obstruction (PVO) is a rare 
condition, most commonly reported as a complication fol-
lowing ablation for atrial fibrillation or after complex con-
genital cardiac surgery.1-5 Patients with PVO commonly 
complain of dyspnea and hemoptysis.1,6 In cases of PVO 
including multiple pulmonary veins, symptoms can be life 
threatening and require prompt intervention.7 Percutaneous 
revascularization strategies are most commonly applied 
in the treatment of PVO.8 However, successful applica-
tion of a percutaneous procedure depends on the location 
and severity of the occlusion, and pulmonary restenosis 
is a common complication. Since most PVOs are man-
aged percutaneously, expertise regarding surgical repair 
of acquired PVO is limited, and restenosis of the pulmo-
nary vein remains a feared complication.9 Successful re-
construction of the pulmonary vein has previously been 

described using a pericardium or polytetrafluoroethylene 
patch.10 Nevertheless, the patches can be difficult to fash-
ion correctly and may distort the pulmonary artery, shrink, 
or calcify. Vascularized autologous tissue offers the best 
potential for healing of the repair site and therefore, we 
believe that utilizing an autologous vascularized tissue to 
reconstruct the pulmonary vein decreases the risk of pulmo-
nary venous restenosis.11

In the present report, we describe a new approach to surgi-
cal repair of PVO using a vascularized autologous flap from 
the superior vena cava and right atrium to reconstruct the pul-
monary vein while minimizing the risk of pulmonary vein 
restenosis.

1.2 | The case: preoperative assessment and 
operative indications
A 41‐year‐old female referred for mitral valve re‐repair 
presented with exertional dyspnea and hemoptysis. She 
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Abstract
Pulmonary vein obstruction is a rare condition, most commonly reported following 
pulmonary vein catheter ablation for atrial arrhythmia. This novel technique for treat-
ment of pulmonary venous obstruction has the advantage of utilizing an autologous 
vascularized flap with intact endothelium for reconstruction of the pulmonary vein 
and to prevent restenosis.
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had a history of robotic mitral valve repair with a triangu-
lar resection of a papillary fibroelastoma on the posterior 
leaflet at another institution 8 months prior. In the postop-
erative course, the patient developed dyspnea, hemoptysis, 
and infiltrates in the right upper lobe. Computed tomogra-
phy (CT) of the thorax demonstrated ground glass opacities 
at the periphery of the right upper lobe and a small right 
pleural effusion. A transbronchial biopsy was performed 
which was consistent with pulmonary edema and hemor-
rhage. The right upper lobe opacification was interpreted as 
pneumonia, and she experienced incomplete but temporary 
relief of symptoms during treatment with antibiotics and 
corticosteroids. A transthoracic echocardiography (TTE) 
was performed and revealed residual, moderate‐to‐severe 
mitral valve regurgitation with a posteriorly directed regur-
gitant jet for which the patient was referred to our institu-
tion and underwent mitral valve reoperation. The cause of 
the patient's pulmonary symptoms could not be identified 
on preoperative imaging.

A midline sternotomy was performed, and the left 
atrium was reopened. When opening the left atrium, the 
surgical findings revealed an unexpected and complete 
suture closure of the right superior pulmonary vein. The 
right lower lobe vein and both left‐sided pulmonary veins 
were normal and wide open. Additional imaging was re-
quired to evaluate the remaining vasculature of the right 
superior lobe prior to surgical reconstruction and hence, 

attention was turned toward the mitral valve, which was re-
paired with triangular resection and a flexible annuloplasty 
band. The left atrium was closed in a standard fashion and 

F I G U R E  1  Preoperative pulmonary angiogram of the right 
upper lobe in venous face (prior to the reconstruction of the pulmonary 
vein). The pulmonary veins are well visualized. There appears to 
be a complete occlusion of the right upper pulmonary vein with 
an obstruction of flow proximal to the occlusion. The remaining 
pulmonary vein structures were within normal limits with no evidence 
of pulmonary embolus or thrombus

F I G U R E  2  Preoperative CT reconstruction of the pulmonary 
vein structures (prior to the pulmonary vein reconstruction). The 
pulmonary arteries are well‐opacified through the subsegmental level. 
The CT scan reveals occlusion of the right superior pulmonary vein 
(red arrow). A small area of ground‐glass opacity is seen in the lateral 
right middle lobe. There is no evidence of pulmonary embolus or 
thrombus. CT, computed tomography; LIPV, left inferior pulmonary 
vein; LSPV, left superior pulmonary vein; RIPV, right inferior 
pulmonary vein; RSPV, right superior pulmonary vein

RIPV LIPV

LSPV

F I G U R E  3  Schematic of the right atrium and the right 
pulmonary vein arising from the left atrium (anterior view). The left 
atriotomy from the previous surgery is seen. The suture lines occluding 
the right pulmonary vein were identified and removed, hereby opening 
the lumen of the pulmonary vein. A portion of the interatrial septum 
was resected to enable a wider opening to the left atrium
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post repair intraoperative echocardiography confirmed a 
well‐functioning mitral valve.

Immediate postoperatively pulmonary angiogram 
(Figure 1) and 3D reconstruction of the CT of the pulmo-
nary vein structures (Figure 2) were performed and con-
firmed that the vasculature distal to the occlusion of the 
pulmonary vein was open and of normal size. The patient 
was consented for this novel potential reconstructive tech-
nique and returned to the operating room for reconstruction 
of the occluded right superior pulmonary vein.

2 |  OPERATIVE TECHNIQUES

The sternotomy was reopened, and the right side of the heart 
and pulmonary hilum were carefully dissected to avoid in-
jury to the phrenic nerve. The patient was heparinized and 
cannulated in standard fashion using bicaval venous can-
nulation. The left atriotomy was reopened, and scar tissue 
was gently dissected off the right superior pulmonary vein 
and the sutures occluding the vein were removed, thereby 
opening the lumen (Figure 3). The opening in the vein was 
extended toward the lung where the vein looked perfectly 
normal. A portion of the interatrial septum was resected to 
enable a wider connection to the left atrium. A vascularized 
flap from the right atrium was mobilized, gently rotated, 
and sutured to the ventral surface of the open pulmonary 
vein. Partial thickness bites of this flap were used when 
suturing to the interatrial septum, creating a generous non-
obstructive path between the pulmonary vein and the left 
atrium. An autologous pericardial patch was used to recon-
struct the lateral portion of the superior vena cava and the 
defect in the right atrium (Figures 4 and 5). A 4‐mm hole 
was created in the fossa ovalis to facilitate future endo-
vascular interventions if needed. Post repair intraoperative 
echocardiography revealed unobstructed laminar flow both 
in the repaired pulmonary vein and in the superior vena 
cava, and a well‐functioning mitral valve repair from the 
previous surgery.

The postoperative course was uncomplicated, and the pa-
tient was discharged five days following surgery. At follow‐up 
two months postoperatively, the patient was asymptomatic 
with complaints of occasional lightheadedness but she had 
no further hemoptysis or shortness of breath. Pulmonary 

F I G U R E  4  Schematic of the pulmonary vein reconstruction. 
A vascularized flap from the right atrium was mobilized and gently 
rotated and sutured to the ventral surface of the pulmonary vein 
creating a non‐obstructive path through the pulmonary vein and into 
the left atrium. Autologous pericardium was used to reconstruct the 
lateral portion of the SVC and the proximal lateral part of the right 
atrium to prevent SVC stenosis. SVC, superior vena cava

F I G U R E  5  Schematic of the pulmonary vein before (A) and following (B) surgical reconstruction (lateral view). A, Complete suture 
obliteration of the right pulmonary vein. B, The suture lines occluding the right pulmonary vein were removed, and a portion of the interatrial 
septum was resected to enable a wider opening to the left atrium. A vascularized flap from the right atrium was mobilized and gently rotated and 
sutured to the ventral surface of the pulmonary vein creating a nonobstructive path through the pulmonary vein and into the left atrium. Autologous 
pericardium was used to reconstruct the lateral portion of the SVC and the proximal lateral part of the right atrium
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function tests were normal. Immediate postoperative CT scan 
and a repeat CT scan at 9 months postoperatively revealed a 
widely patent right superior pulmonary vein (Figures 6 and 7). 
Transthoracic echocardiography demonstrated a well‐func-
tioning mitral valve repair with no mitral regurgitation and a 
mean gradient of 5 mm Hg.

3 |  COMMENT

This technique demonstrates reconstruction of the right supe-
rior pulmonary vein by using a vascularized autologous right 
atrial wall pedicled flap.

Pulmonary restenosis is a common complication fol-
lowing percutaneous stenting of the pulmonary vein.11 
Surgical repair is recommended in patients who suffer from 
severe PVO if the risk of pulmonary restenosis can be min-
imized.10 Previous case reports describe the feasibility and 

effectiveness of surgical repair for PVO.10,12,13 However, 
successful surgery can be difficult to accomplish, and 
improved surgical techniques are needed.14 Furthermore, 
long‐term follow‐up reveal continuous high rates of pulmo-
nary restenosis, which remains a concern in the treatment 
of PVO.12

Our surgical approach using a vascularized flap with 
intact endothelium to prevent restenosis has the advantage 
of utilizing autologous tissue for reconstruction of the pul-
monary vein. This technique can potentially be applied to 
pulmonary vein stenosis due to radiofrequency ablations. 
Although long‐term follow‐up is needed, this is a promising 
approach to reduce the risk of pulmonary restenosis follow-
ing surgical repair.
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F I G U R E  6  Pre‐ and postoperative CT scan of the pulmonary vein structures (following the pulmonary vein reconstruction). A, The 
preoperative CT scan is described in Figure 2. B, The postoperative CT demonstrates patency of the right upper (red arrow), right middle, and right 
lower pulmonary veins. The right middle pulmonary vein is draining into the proximal right upper pulmonary vein. A surgical connection is seen 
between previously nonopacified right upper pulmonary vein and proximal right upper pulmonary veinRSPVRSPV. CT, computed tomography, 
RSPV, Right superior pulmonary vein

(A) (B)

F I G U R E  7  A 3D reconstruction of the pulmonary veins structure seen on CT. A, The preoperative CT scan demonstrates an occlusion of the 
upper right pulmonary vein with occlusion of the flow proximal from the obstruction. B, The postoperative CT demonstrates patency of the entire 
pulmonary vein structure with no evidence of pulmonary thrombus or embolus. The right middle pulmonary vein is draining into the proximal 
right upper pulmonary vein. A surgical connection is seen between previously nonopacified right upper pulmonary vein and proximal right upper 
pulmonary vein. 3D, 3‐dimensional, CT, computed tomography
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