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Case Report

INTRODUCTION

Lung transplantation (LT) is now an established treatment 
modality for patients with end‑stage lung disease, refractory 
to medical therapy. Although early graft failure and 
infection remain the commonest causes of  early mortality,[1] 
pulmonary vascular complications are well recognized as a 
potentially fatal complication of  LT.[2,3] Pulmonary venous 
obstruction is a rare, potentially fatal complication following 
LT. Obstruction may be caused by thrombus, surgical 
stenosis, torsion, or external compression and can lead to 
hypoxemia, pulmonary edema, and allograft failure. This 
case report illustrates the usefulness of  transesophageal 
echocardiography (TEE) in the early diagnosis and 
management of  pulmonary vein thrombosis (PVT) in the 
postoperative period following LT.

CASE HISTORY

A middle‑aged patient was listed for LT for end‑stage lung 
disease due to interstitial lung disease and evaluated for 
the same. His/Her past medical history was notable for 
type 2 diabetes mellitus. His/Her forced expiratory volume 
in 1 s was 34% of  predicted. Preoperative evaluation 
showed that his/her hematological, biochemical, and 
coagulation parameters were within normal limits. Cardiac 
catheterization revealed mild pulmonary hypertension 
with a pulmonary artery pressure of  52/25 mmHg, mean 
pulmonary artery pressure of  34 mmHg, central venous 
pressure (CVP) of  10, and pulmonary capillary wedge 
pressure (PCWP) of  9 mmHg.
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ABSTRACT
Pulmonary  vein  thrombosis  (PVT)  is a potentially  fatal  complication  following  lung  transplantation  (LT). The clinical  presentation of PVT  is 
nonspecific and mimics other common postoperative complications such as reperfusion injury, infection, and rejection. Transesophageal 
echocardiography (TEE) plays a pivotal role in detecting abnormalities of the pulmonary venous anastomosis in the perioperative period. 
Echocardiographic findings that warrant concern include a visible thrombus in pulmonary vein, pulmonary vein diameter <5 mm, turbulence on color 
Doppler, and peak systolic velocity >100 cm/s. Transplant centers should strongly consider TEE in individual patients with unexplained graft failure.
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bronchial anastomoses showed no abnormalities. Repeat 
TEE confirmed the patency of  pulmonary veins and no 
residual thrombus. However, due to persistent hypoxemia, 
venovenous extracorporeal membrane oxygenation (ECMO) 
was instituted under TEE guidance. The patient was weaned 

The patient underwent bilateral sequential LT off  
cardiopulmonary bypass, during an admission with 
respiratory failure. Conventional monitors and a radial 
arterial catheter for blood pressure monitoring were applied 
while the patient was awake. Anesthetic induction was 
performed with fentanyl (5 mcg/kg), propofol (2 mg/kg), 
and vecuronium (0.1 mg/kg) and patient was intubated with 
35‑Fr left‑sided double‑lumen tube. Isoflurane (0.4–1%) 
was  used  for  ma intenance  supplemented  by 
midazolam (5–10 mg) and fentanyl (5 mcg/kg). Other 
monitors were inserted after anesthetic induction 
including a pulmonary arterial catheter and a TEE probe. 
Immunosuppression comprising mycophenolate mofetil, 
basiliximab, and methylprednisolone was commenced. 
About 2 mg/kg of  heparin was administered intravenously 
before clamping the right pulmonary vasculature and a 
further 1 mg/kg of  heparin was administered for clamping 
left pulmonary hilum. Activated clotting time (ACT) was 
monitored throughout the procedure with a target of  
250–300 s. Reperfusion of  both lungs was uneventful with a 
total ischemic time was 4 h 25 min for the right lung and 6 h 
10 min for the left lung. Due to surgical concerns of  ongoing 
bleeding, 50 mg of  protamine was administered along with 
two units of  fresh frozen plasma. The final ACT was 184 s. 
Intraoperative TEE demonstrated patent pulmonary venous 
and right pulmonary artery anastomoses with a normal flow 
velocity profile. However, left pulmonary artery could not 
be visualized. The patient was then shifted to critical care 
unit with stable hemodynamics and good gas exchange.

Few hours after surgery, in the critical care unit, the patient 
started having a worsening gas exchange, lung compliance, 
and frothy secretions from the endotracheal tube. Chest 
X‑ray revealed a unilateral diffuse interstitial opacity of  the 
left lung. Initially, this was thought to be reperfusion injury, 
occasionally seen after LT. However, a persistently high CVP 
of  13–18 mmHg and PCWP of  14–16 mmHg, aggravating 
hypoxia (paO2 = 55 mmHg at fractional inspired oxygen 
concentration of  1), and increasing unilateral interstitial opacity 
on chest X‑ray raised the suspicion of  vascular complication 
following LT. TEE performed at the bedside and showed an 
echogenic mass (32 × 5 mm), suggestive of  thrombus, arising 
out of  the left upper pulmonary vein, and extending into 
the left atrium [Figure 1]. Color Doppler showed turbulence 
at the site of  left pulmonary venous anastomosis [Figure 2] 
and elevated systolic velocities were evident on spectral 
Doppler [Figure 3]. The other pulmonary veins were normal.

The patient underwent emergency surgical thrombectomy. 
During the reoperation, there was no suggestion of  
narrowing of  the venous anastomosis. Inspection of  the 
branch pulmonary arteries, right pulmonary venous, and 

Figure 3: Spectral Doppler of the left upper pulmonary vein showing 
elevated velocities

Figure 2: Color Doppler of the left upper pulmonary vein showing 
turbulence

Figure 1: Thrombus visualized in the left upper pulmonary vein on 
2D imaging
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off  ECMO on postoperative day five but succumbed to 
septic shock with multiorgan failure on postoperative day 16.

DISCUSSION

PVT occurs in up to 15% of  patients undergoing LT in 
the early postoperative period.[2] It predisposes to allograft 
failure and systemic embolization and carries a 90‑day 
mortality of  38%.[2] The exact etiology of  PVT following 
LT remains unclear. No donor or recipient characteristics 
have been identified as predisposing factor. Though 
previous reports have suggested that abnormalities at the 
venous anastomotic site may be a potential contributory 
factor, in most of  the cases, no abnormality has been found. 
Intraoperatively, no particular problems in performing the 
venous or arterial anastomoses were noted in this patient.

The clinical presentation of  PVT is nonspecific and can 
mimic acute graft rejection, infection, right ventricular 
failure, or reperfusion injury. The two major recognized 
complications are allograft failure and stroke.

The imaging modalities available for diagnosis of  PVT 
include echocardiography, pulmonary angiography, computed 
tomography (CT), and magnetic resonance imaging (MRI). 
TEE is able to detect abnormalities of  the pulmonary veins 
when transthoracic echocardiography cannot and TEE also 
obviates the need for angiography. CT and MRI provide 
excellent resolution but mandate transportation of  the critically 
ill patient to another facility and are time‑consuming. The 
pulmonary venous and right pulmonary artery anastomoses 
can be visualized with TEE in most cases, whereas left 
pulmonary artery anastomosis can only be identified in 71% 
of  the cases due to location of  the left hilum. The diagnostic 
accuracy of  TEE for detecting intra‑cardiac thrombus is very 
high. Manning et al.[4] demonstrated 100% sensitivity and 99% 
specificity of  TEE in detecting left atrial thrombi.

In addition to visualizing intraluminal abnormalities, TEE can 
also provide an estimate of  thrombus size, residual pulmonary 
vein diameter, and flow velocity across a narrowed segment. 
These parameters may be used to guide management and 
prognosis. In some instances, as in this case, an echogenic mass 
may be seen on 2D echocardiographic imaging originating 
from one of  the pulmonary veins and extending into the 
left atrium, suggestive of  thrombus. Even when a mass is 
not visualized, Doppler should be performed to aid in the 
diagnosis of  PVT. Expected values for both S and D waves 
range from 30 to 60 cm/s.[5] A velocity >100 cm/s by spectral 
Doppler and turbulence on color flow Doppler or deviation 
from systolic flow predominance (S < D) may be suggestive 
of  clinically significant PVT and warrant further investigation. 
In LT recipients without pulmonary venous abnormalities, the 

mean pulmonary vein diameter is 1.4 ± 0.16 cm. A pulmonary 
vein diameter <0.5 cm is suggestive of  significant narrowing 
and diameter <0.25 cm has been described as a threshold for 
graft failure.[6] Small, nonobstructive thrombi can be managed 
conservatively, whereas larger, obstructive thrombi require 
surgical thrombectomy.

TEE also plays a crucial role at every step of  institution 
of  ECMO. Echocardiography guides in patient selection, 
insertion, and placement of cannulas, monitors progress, detects 
complications, and helps in determining recovery and weaning.[7]

Declaration of patient consent
The authors certify that they have obtained all appropriate 
patient consent forms. In the form the patient (s) has/have 
given his/her/their consent for his/her/their images and 
other clinical information to be reported in the journal. 
The patients understand that their names and initials will 
not be published and due efforts will be made to conceal 
their identity, but anonymity cannot be guaranteed.

CONCLUSION

TEE serves as the best imaging modality for perioperative 
diagnosis and management of  PVT following LT.
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