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Abstract: Pulmonary vein stenosis (PVS) is a rare event following lung transplantation which increases 
the risk of morbidity and mortality. Early detection and rapid treatment of this condition is crucial for its 
management. Although several reports on PVS have been published, there is little consensus regarding 
its diagnosis and the methods of management. Here we present our experience with PVS. A 31-year-old 
man received a left lung transplant for chronic hypersensitivity pneumonitis. One year after his single-
lung transplant, he began to develop persistent progressive hypoxemia. Computed tomography (CT) of the 
chest showed left pleural effusion and thickening of the interlobular septa. The results of bronchoscopy 
and transbronchial biopsies excluded the possibility of acute rejection or infection. The pleural effusion 
was transudative with lymphocyte predominance. Computed tomography angiography (CTA) in the left 
atrium and pulmonary veins demonstrated obvious stenosis of both the upper and lower left pulmonary 
veins (LLPVs) at the transplant anastomotic site. The patient underwent a catheter-guide stent implantation 
into the stenotic segment of the upper left pulmonary vein (ULPV), and his pleural effusion and hypoxemia 
problems were ameliorated. Ten months after the intervention, the patient was in excellent clinical condition. 
In a literature review, we discuss the importance of identifying PVS early after transplantation, the utility 
of CTA for diagnosis and the use of pulmonary vein stenting intervention. This review provides a basis for 
further diagnostic strategies and treatments for PVS following lung transplantation.
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Introduction

Lung transplantation remains as the only treatment for 
patients with end-stage lung disease. Vascular complications 
after lung transplantation occur in 1–3% of patients and 
are associated with graft failure, retransplantation, and 
a high mortality rate (1,2). These complications usually 
involve pulmonary artery complications or pulmonary 
vein thrombosis, however, case reports of pulmonary 

vein stenosis (PVS) are scarce (3). PVS increases vascular 
resistance of the stenotic vein and raises lobar capillary 
pressure, thus leading to symptoms such as dyspnea, 
hypoxemia and pulmonary lobar edema resulting in high 
mortality at advanced stages (4). 

Clinically, the timely diagnosis of PVS is challenging 
and can often be missed because PVS presents with similar 
clinical symptoms to other post-transplant complications, 
such as reperfusion injury, infection, acute graft rejection 
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Figure 1 CT scan of the patient’s lung area. (A) and (B) one year after transplantation there was a left pleural effusion and thickening of the 
interlobular septa; (C) partial reduction of left pleural effusion after infusion of furosemide and successful drainage; (D) the reaccumulated 
left pleural effusion. CT, computed tomography.
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and cardiac insufficiency (5). Currently, there are no clear 
guidelines on the optimal diagnostic modality and treatment 
of patients with PVS following lung transplantation. Herein 
we describe our own experience with PVS in addition 
to a comprehensive review of the 18 cases reported in 
the literature. We discuss the clinical presentation of 
PVS, timing of diagnosis, optimal diagnostic modality, 
interventions and the outcomes. We present the following 
article in accordance with the CARE reporting checklist 
(available at http://dx.doi.org/10.21037/atm-20-3972) (6).

Case presentation

A 31-year-old man (height 178 cm; weight 75 kg) 
received a left lung transplant for chronic hypersensitivity 
pneumonitis. Veno-venous extracorporeal membrane 
oxygenation (VV-ECMO) was used to support the recipient 
during transplantation. During implantation of the left 
lung allograft, cardiac arrest occurred after the surgeon 
clamped the atria for cuff anastomosis. The heart resumed 
beating soon after release of the atrial clamp. Due to the 

uncontrollable cardiac arrest during atrial anastomosis, 
the upper and lower left pulmonary veins (LLPVs) were 
anastomosed with the corresponding donor veins instead 
of pulmonary cuff anastomosis. Further inspection of 
the operation site showed normal results. VV-ECMO 
was removed on postoperative day (POD) 3, and the 
patient was successfully extubated on POD 5. The patient 
was discharged 2 months after lung transplantation and 
recovered well.

One year after the transplant, he began to develop 
persistent progressive hypoxemia. Computed tomography 
(CT) of the chest showed left pleural effusion and 
thickening of the interlobular septa (Figure 1A,B). The 
results of bronchoscopy and transbronchial biopsies 
excluded the possibility of acute rejection or infection. 
The pleural effusion was transudative with lymphocyte 
predominance. An infusion of furosemide was initiated 
with only a partial resolution of the congestion (Figure 1C). 
However, the pleural effusion reaccumulated after several 
months (Figure 1D). Computed tomography angiography 
(CTA) in the left atrium and pulmonary veins demonstrated 
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Figure 2 CTA of the left atrium and pulmonary veins show severe diameter reductions in the upper (A) and lower (B) left pulmonary veins. 
(C,D) 3D reconstruction. The stenosis is indicated by a red arrow. CTA, computed tomography angiography; ULPV, upper left pulmonary 
vein; LLPV, lower left pulmonary vein. 

obvious stenosis of both the upper and LLPVs at the 
transplant anastomotic site, where the average luminal 
diameter was approximately 0.20 and 0.25 cm, respectively 
(Figure 2).

Right heart catheterization and a stent placement were 
recommended; the patient agreed and provided consent. 
Bilateral femoral vein puncture was performed, then a 5F 
MPA2 catheter (Cordis; a Johnson & Johnson company; 
USA) was placed through the left femoral vein to the main 
pulmonary artery, and the pulmonary artery pressure was 
measured at 56/35 [43] mmHg. An 8F Swartz sheath (Swartz 
Braided SL1; St. Jude Medical, USA) was placed in the 
right femoral vein and advanced over the wire into the right 
atrium. This was followed by a transseptal puncture under 
X-ray guidance. The Swartz sheath was then introduced 
into the left atrium. The upper left pulmonary vein (ULPV) 
anastomosis was located, and angiography measured 
approximately 90% stenosis. 

The angiography catheter was sent to the distal end of 

the stenosis segment of the ULPV by the Runthrough NS 
guidewire (TERUMO, Japan). The Runthrough NS guide 
wire was then removed, and the Cordis guidewire (Cordis, 
a Johnson & Johnson company; USA) was put to the left 
atrium and the distal end of the stenosis segment of the 
ULPV. The left atrial pressure was 20/5 [9] mmHg, and 
the pressure at the distal end of the ULPV stenosis was 
62/39 [49] mmHg. A 10×25 mm Express® LD vascular stent 
(Boston Scientific Corporation; Natick, Mass) was deployed 
into the stenotic segment at 16 atmospheric pressure (atm) 
(Figure 3), reducing the pressure of the ULPV to 32/18 [24] 
mmHg. The pressure gradient between the distal end of 
the ULPV and left atrium decreased from 40 to 15 mmHg. 
Pulmonary artery pressure was then reduced to 40/23 [32] 
mmHg. After stent deployment, a pulmonary angiography 
revealed that the obstruction of the ULPV had disappeared 
(Figure 4). Afterwards, we attempted to implant a second 
stent at the anastomotic stenosis of the LLPV but failed.

The patient tolerated the procedure well. Despite 
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stent placement only in the ULPV, we observed a rapid 
improvement in his condition. Pleural effusion disappeared 
within 48 hours after stent placement, and the patient 
reported resolution of his shortness of breath. He was 
treated for 20 days with antithrombotic therapy that 
included low molecular weight heparin and warfarin 
followed by long-term treatment with warfarin and 
clopidogrel to maintain an international normalized ratio 
of 1.5 to 2. The patient was discharged 20 days after stent 
placement. Ten months after intervention, the patient was 
in excellent clinical condition. No adverse or unanticipated 
events occurred during the whole process. The whole 
process of diagnosis and treatment of PVS was outlined in 
Figure 5. All procedures performed in this study involving 
human participants were in accordance with the ethical 
standards of the institutional and/or national research 

BA

Figure 3 Angiograms show (A) release of the 10×25 mm vascular stent and (B) the fully expanded stent.

Figure 4 Pulmonary venogram shows no obstruction (arrow) after 
stent deployment.

October 2017, Received 
left lung transplantation

October 2018,
Began to develop  progressive 

hypoxemia and pleural effusion

May 2019,
Diagnosed of PVS with 

CTA

June 2019,
Stent placement at ULPV

June 2019,
Pleural effusion disappeared with

resolution of symptoms
Within 48 hours after stent placement 

Resolution of symptoms at 
10 months F/U

Figure 5 Timeline for diagnosis and treatment of pulmonary vein stenosis. PVS, pulmonary vein stenosis; CTA, computed tomography 
angiography; ULPV, upper left pulmonary vein; F/U, follow-up. 
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committee(s) and with the Helsinki Declaration (as revised 
in 2013). Written informed consent was obtained from the 
patient. 

Discussion

Although PVS is a well-known sequela of catheter-guided 
atrial fibrillation ablation procedure, it is a rare complication 
after lung transplantation. This may in part, explain the 
lack of consensus regarding the optimal diagnosis and 
management. Summarizing our current knowledge on PVS 
will help to establish best practices for its diagnosis and 
treatment.

There has been a total of 16 publications following 
18 cases of PVS. This includes 10 case reports (3,5,7-14)  
and 6 retrospective studies (15-20). These studies are 
summarized in Table 1. Key study variables included patient 
demographics, time of diagnosis following transplantation, 
method of diagnosis, pulmonary vein parameters, clinical 
presentation, intervention used and outcomes.

Indications for PVS and primary graft dysfunction (PGD) 
are similar and include dyspnea, hypoxemia, recurrent 
pleural effusion, pulmonary edema and hemodynamic 
instability (9). Therefore, where severe PGD is suspected 
but patients do not show improvement with treatment, PVS 
should be considered.

Among publications, the timing of diagnosis of PVS fell 
into three categories: “intraoperative” (PVS discovered 
in the operating room before sternal closure), “early 
postoperative” (PVS discovered within the first 72 hours 
after lung transplantation) and, “late postoperative” (PVS 
discovered after the initial 72 hours) (2). PVS that occurred 
during the intraoperative or early postoperative period was 
likely due to surgical technique or graft anastomotic twist, 
while PVS that developed in the late postoperative period 
(especially more than 1 month postoperatively) was mainly 
due to scar hyperplasia at the anastomosis.

For the modality of diagnosis,  CTA is the best 
noninvasive imaging modality and can provide accurate 
imaging for quantifying the severity of stenosis. CTA 
also has great value in surveillance after interventional 
treatment for the assessment of residual stenosis (4). 
Pulmonary angiography is thus far the gold standard for 
diagnosing PVS, as this approach can obtain hemodynamics 
and evaluate the efficacy of interventional treatment. In 
contrast to CTA/pulmonary angiography, TEE is the 
only modality that can be used intraoperatively for the 
diagnosis of PVS. The collected data showed that almost 

all intraoperative diagnoses of PVS were made by TEE due 
to its unique convenience (Table 1). However, data from 
the past decade [2009–2019] indicated that CTA is the 
most popular modality for confirming the diagnosis of PVS 
postoperatively (Table 1).

There is still a lack of consensus on the diagnostic 
criteria of PVS; a peak pulmonary vein anastomosis velocity 
of ≥1 m/s, a pulmonary vein luminal diameter of <0.5 cm, 
and/or a >50% reduction in pulmonary vein diameter 
in comparison to the contralateral pulmonary vein may 
be indicative of PVS (2,19). However, for a double lung 
transplant patient, it is more difficult to diagnose PVS 
according to the above standard due to lack of contralateral 
normal pulmonary venous control. In addition, using a ≥1 
m/s peak pulmonary vein anastomosis velocity threshold for 
dysfunction may not be applicable after lung reperfusion 
due to the occurrence of hyperdynamic circulation (2). 
Using a pulmonary vein luminal diameter to diagnose PVS 
is also difficult due to the large variation caused by different 
tools and technical operation and the lack of clearly defined 
thresholds, which illustrate the need for comprehensive 
analysis and standardized diagnostic guidelines for PVS 
following lung transplantation.

Comparing the perioperative mortality rate of untreated 
PVS patients (1 of 2 patients, 50%) (9,17) with treated 
patients (2 of 17 patients, 11.8%) (3,5,7,8,10-20), it 
is suggested that the risk of patient mortality may be 
decreased by timely diagnosis and appropriate intervention. 
Retransplantation or open surgical repair to relieve stenosis 
increases the patient’s risk of death, while stent implantation 
with or without balloon dilation offers a less invasive 
treatment and seems to have been performed more in recent 
years. Data showed that PVS patients who received stent 
placement with/without balloon dilation showed excellent 
outcomes (3,5,11,12), while patients with balloon dilation 
as the only intervention method showed a high recurrence 
rate (13,14). At present, there is no uniform standard for 
stent size selection, which is mostly performed by clinicians 
based on their experience. In our new case, we implanted 
a 10 mm stent to the stenotic site of the patient’s ULPV, 
with the expectation that the larger diameter would ensure 
pulmonary vein reflux, improve pulmonary perfusion, and 
reduce the occurrence of long-term restenosis. The patient 
soon showed significant improvement in clinical status and 
was still in excellent condition at the 10-month follow-up.

To our knowledge, this is the first case report of PVS 
after lung transplantation and the first successful treatment 
of PVS by stent placement after lung transplantation in 
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Table 1 Summary of previously reported cases and the current case of pulmonary vein stenosis (PVS) following lung transplantation

Study
Age (yrs) 
gender

Type of 
transplant 

Timing of diagnosis
Modality of 
diagnosis

Location of 
stenosis

Pulmonary 
vein diameter 
(cm) (mean ± 
SD)

Pulmonary vein 
pressure gradient 
(mmHg) (mean ± SD)

Clinical presentations: 1. dyspnea and 
hypoxemia; 2. pleural effusion; 3. pulmonary 
edema; 4. hemodynamic instability; 5. other 
or not described

Intervention Outcome

Low 1992 (7) 54 M L-SLT Early postoperative 
period

Pulmonary
angiography

Left common PV – – 1,2,3,4 Retransplantation Resolution of symptoms at 18 mths F/U

Haydock 1992 (15) – R-SLT Intraoperative – Right common PV – – 5 Open surgical repair Resolution of symptoms at 6 mths F/U

– L-SLT Early postoperative 
period

Pulmonary
angiography

Left common PV – – 1,3 Retransplantation Resolution of symptoms at 6 mths F/U

Griffith 1994 (16) – L-SLT Early postoperative 
period

TEE Left common PV – – 1,3 Open surgical repair Discharge after 3 mths

Clark 1996 (18) 32 F L-SLT 4 days Pulmonary 
angiography

Left common PV – – 1 Open surgical repair, balloon dilation and 
stent placement

Repeat recurrence during 21 mths F/U and died eventually

Michel-Cherqui 1997 (19) 52 M R-SLT Intraoperative TEE Right common PV 0.25 <12 5 Open surgical repair Resolution of symptoms at 6 mths F/U

Liguori 1997 (20) 63M R-SLT 22 mths TEE URPV 0.4 – 1,2,3 Intravenous diuretics Resolution of symptoms at 6 mths F/U

Ruffini 1998 (8) 39 M BLT 11 days TEE URPV – – 1 Pulmonary lobectomy Resolution of symptoms at 3 mths F/U

Huang 2000 (9) 52 F R-SLT Intraoperative TEE LRPV 0.25 – 1,2,4 None Died on the 10th day

Zimmerman 2009 (11) 42 M R-SLT 16 days CTA URPV – – 1,3 Balloon dilation and stent placement Resolution of symptoms at 6 mths F/U

González-Fernández 2009 
(10)

49 F L-SLT Early postoperative 
period

TEE and pulmonary 
angiography

LLPV 0.6 6 1,3 Open surgical repair Died on the 16th post-operative day

Pazos-Lopez 2010 (12) 31 F L-SLT 15 days TEE LLPV – 20 1 stent placement Resolution of symptoms at 20 days F/U

Loyalka 2012 (3) 56 M L-SLT Early postoperative 
period

CTA LLPV – 8 1 Balloon dilation and stent placement Resolution of symptoms at 1 mth F/U

Mydin 2012 (13) 62 M R-SLT 12 mths CTA LRPV 0.20 7 1 Balloon dilatation Recurrence at 2 mths and died at 3 mths F/U

Siddique 2013 (17) 25 M BLT Intraoperative TEE Left common PV – “significant” 1 None Further survived for 15 years 

46 F BLT Intraoperative TEE Right and left 
common PV

– “significant” 1 Open surgical repair Died on the 12th postoperative day

Lonial 2015 (14) 64 F R-SLT 8 mths TEE and CTA Right common PV – – 2 Balloon dilatation Resolution of symptoms after dilatation

Jobanputra 2017 (5) 60 F L-SLT 14 mths TEE and CTA Left common PV 0.35 12-16 1 Stent placement Resolution of symptoms at 3 mths F/U

Our new case 31 M L-SLT 19 mths CTA ULPV and LLPV 0.20 (ULPV); 
0.25 (LLPV)

40 1,2,3 Stent placement at ULPV Resolution of symptoms at 10 mths F/U

BLT, bilateral lung transplantation; R-SLT, right single lung transplantation; L-SLT, left single lung transplantation. mth, month; F/U, follow-up; CTA, computed tomography angiography; TEE, transesophageal echocardiography; PV, pulmonary vein; URPV, upper right pulmonary vein; LRPV, lower right 
pulmonary vein; ULPV, upper left pulmonary vein; LLPV, lower left pulmonary vein.
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China. However, the number of PVS cases is small and 
long-term follow-up data after stent placement is scarce. 
Studies with larger numbers of patients and long-term 
follow-up are needed to explore the best diagnosis and 
treatment for PVS following lung transplantation.

In conclusion, we reported a case of PVS and summarized 
the published studies to highlight the importance of 
timely identifying PVS after lung transplantation and the 
utility of CTA for diagnosis. In our patient, open surgery 
repair and retransplantation was avoided through stent 
implantation which suggests that stent implantation could 
be a promising therapeutic option for PVS patients after 
lung transplantation.
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