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Introduction

Since the first lung transplant performed by James 
Hardy in 1963 in the University of Mississippi, there has 
been significant progress in the surgical techniques and 
perioperative care. However, the median survival of lung 
transplant recipients continue to be poor compared to other 

transplanted organs. While infections and graft failure 
account for approximately 35% of deaths in the first year 
after transplantation, the development of different forms of 
chronic lung allograft dysfunction and neoplasms, account 
for the majority of late deaths. Anastomotic complications 
are rare, but still are associated to significant postoperative 
problems that should be appropriately managed. 
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pulmonary artery, and the pulmonary venous anastomoses. Airway complications have declined over time, 
but still are associated with significant morbidity and mortality. The main pathogenic factor associated to 
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and bronchoscopic examination, which allows an appropriate assessment of the bronchial mucosa and 
extent of the airway complication. A combination of several bronchoscopic procedures is usually required 
to best manage post-transplant airway complications. These include balloon dilatation, cryotherapy, laser 
resection, electrocautery, endobronchial brachytherapy, and bronchial stenting. On occasion, different 
surgical approaches are required, including graft resection or re-transplantation. The incidence of vascular 
anastomotic complications after lung transplantation is low, but they are associated to high morbidity and 
mortality rates. These complications comprise either the pulmonary artery anastomosis or the venous 
anastomosis, and stenoses are the most frequently observed. In the pulmonary artery, an excessive length of 
vascular ends may lead to kinking, vascular torsion, and stenosis. In the venous anastomosis, an improper 
surgical technique, or an anastomotic intussusception due to excessive length leads to the development of 
thrombosis at the anastomotic site. Early detection and rapid treatment of these complications is crucial for 
its successful management. Appropriate selection of the best therapeutic option depends on the time of onset 
of the vascular complication and the expertise of the transplant team. It usually requires a multidisciplinary 
approach comprising either endovascular procedures or surgical correction.
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The lung transplant technique comprises three 
anastomoses: the bronchial, the pulmonary artery and the 
venous anastomosis. In the present review, we will update 
the complications arising in these anastomoses focusing in 
their diagnosis and management options.

Airway complications

In the early lung transplant era, airway complications 
were frequent and associated to high morbidity and 
mortality rates (1). More recently, improvements in surgical 
technique, organ preservation and immunosuppressive 
therapy, have led to a significant reduction of these 
complications. Nonetheless, in the last two decades, the 
incidence of airway complications continues to be around 
2% to 8% in large series (2-4). In our experience, the rate 
of bronchial complications in a series of 343 anastomoses 
was 9% with no differences in long-term survival (5).

This variability is attributed to the disperse criteria 
to define airway complications. Although different 
classification systems have been proposed, none of 
them have been accepted worldwide (6-8). Recently, the 
International Society for Heart and Lung Transplantation 
(ISHLT) has proposed a new classification aimed at 
standardizing the endoscopic findings (Table 1), based on the 
type of complication, its location, and its extent throughout 
the airway. This proposed grading system is based on the 
early bronchoscopic findings after the lung transplant (9).

Etiology

The bronchial anastomosis performed in a lung transplant 
has no blood supply to promote an adequate healing. In 
the standard lung transplant technique, the bronchial 
arteries are transected and not anastomosed, therefore, the 
bronchial anastomosis is initially dependent solely on the 
retrograde pulmonary blood flow coming from a poorly 
oxygenated pulmonary arterial system. After 2–4 weeks 
from the completion of the lung transplant, this retrograde 
blood flow is substituted by a systemic revascularization of 
the donor airway by the recipient bronchial circulation (10). 
Therefore, those conditions decreasing pulmonary blood 
flow or increasing the pulmonary vascular resistance leads 
to airway ischemia and compromise the bronchial healing 
(Table 2).

Bronchial complications derived from donor airway 
ischemia are interrelated and one complication may 

Table 1 ISHLT classification and grading system for airway 
complications after lung transplantation (9)

Ischemia and necrosis (I)

Location

a. Perianastomotic—within 1 cm of anastomosis

b. Extending >1 cm from anastomosis to major airways 
(bronchus intermedius and distal left main-stem)

c. Extending >1 cm from anastomosis into lobar or segmental 
airways

Extent

a. <50% circumferential ischemia

b. >50% to 100% circumferential ischemia 

c. <50% circumferential necrosis 

d. >50% to 100% circumferential necrosis 

Dehiscence (D) 

Location 

a. Cartilaginous 

b. Membranous 

c. Both 

Extent 

a. 0% to 25% of circumference 

b. >25% to 50% of circumference 

c. >50% to 75% of circumference 

d. >75% of circumference 

Stenosis (S) 

Location 

a. Anastomotic 

b. Anastomotic plus lobar/segmental 

c. Lobar/segmental only 

Extent 

a. 0% to 25% reduction in cross-sectional area 

b. >25% to 50% reduction in cross-sectional area 

c. >50% but <100% reduction in cross-sectional area 

d. 100% obstruction 

Malacia (M) 

Location 

a. Perianastomotic—within 1 cm of anastomosis 

b. Diffuse—involving anastomosis and extending beyond 1 cm

ISHLT, International Society for Heart and Lung Transplantation. 
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lead to another with time. Initially presents with some 
degree of mucosal necrosis that may progress to involve 
the full-thickness of the bronchial wall and produce an 
anastomotic dehiscence. Later on, these problems result in 
fibrotic changes with different degrees of airway stenosis, 
granulation tissue formation, and compromised structural 
integrity of the airway with malacia (11).

Risk factors

A summary of risk factors associated to the development of 
airway complications after lung transplantation is presented 
in Table 3.

Several donor-related factors have been reported to be 
associated to anastomotic bronchial complications after a 
lung transplant: prolonged donor’s mechanical ventilation, 
donor/recipient height mismatch, and brain-dead donors (as 
opposed to donors after circulatory death) (12,13).

The side and type of lung transplant may also play a role. 
Right-sided bronchial anastomoses have been associated to 
higher risk of complications than left ones, probably related 
to the anatomical perfusion differences between both main 
bronchi (the right bronchus perfused by a one bronchial 
artery and the left bronchus receiving two bronchial 
arteries) (2). In our experience, double lung transplants were 
also associated to airway complications. In a series of 214 
lung transplants, we observed that from 27 patients with 
bronchial complications, 23 were double lung transplants, 
with a 7.4-fold risk for the development of bronchial 
complications than single lung transplants. We suggested 
that the need of the retrograde collateral blood flow to be 
distributed into both grafts might make them more prone 
to develop airway complications (11).

A def ic ient  organ preservat ion technique may 
compromise bronchial healing by decreasing the retrograde 
bronchial perfusion, leading to endothelial edema and acute 
reperfusion lung injury (14). On one hand, the use of low-
potassium dextran preservation solutions with the addition 
of glucose has led to successful extended 12-hour lung 
preservation times (15). On the other hand, the technique 
of administering the preservation solution is also important 
in decreasing the incidence of bronchial complications. We 
could demonstrate the benefits of a double antegrade and 
retrograde administration of the preservation solution to 
improve the function of the graft at the early stages (16). 
This dual perfusion in the donor has been subsequently 
adopted in the majority of lung transplant centers 
worldwide. In addition, patients developing post-transplant 
primary graft dysfunction (PGD), are also at increased risk 
of airway ischemia. These patients develop diffuse alveolar 
damage and increased vascular permeability resulting 
in interstitial edema and reduction of pulmonary blood  
flow (17).

Postoperative recipient mechanical ventilation has also 
been related with bronchial ischemia. It has been suggested 
that high levels of positive end-expiratory pressure 
(PEEP), may compromise the bronchial anastomosis 
healing by interfering the bronchial mucosal blood flow 
(4,5,10,11). On the contrary, some authors have defended 
a beneficial effect of PEEP in promoting a more effective 
retrograde collateral blood flow to reach the bronchial  

Table 2 Factors associated to bronchial ischemia after lung 
transplantation

Poor graft preservation

Lung ischemia-reperfusion injury

Severe edema

Rejection

Infection

Inflammation

Prolonged positive pressure ventilation

Excessive length of donor bronchus

Table 3 Proposed risk factors associated to bronchial anastomotic 
complications

Donor length of mechanical ventilation

Donor/recipient height mismatch

Brain-death donors

Recipient low cardiac output

Right-sided bronchial anastomoses

Double lung transplantation

Poor preservation techniques

Primary graft dysfunction

Recipient mechanical ventilation

Airway infections

Immunosuppression

Transplantation for cystic fibrosis

Surgical technique



Current Challenges in Thoracic Surgery, 2023Page 4 of 16

© Current Challenges in Thoracic Surgery. All rights reserved. Curr Chall Thorac Surg 2023;5:10 | https://dx.doi.org/10.21037/ccts-22-2

anastomosis (18). In our early experience, mechanical 
ventilation was associated with airway complications (11). 
In a more recent analysis of our data, we observed that 
long postoperative mechanical ventilation predicted airway 
complications, with a 3.5-fold risk higher than those 
recipients being weaned from the ventilator early after 
the lung transplant (5). Probably, it is not the mechanical 
ventilation itself but factors related to prolonged 
postoperative ventilation requirements those really 
related with the development of airway complications. 
These factors include PGD, infections, or hemodynamic 
instability, among others.

Infections in the airways are also related to the 
development of bronchial complications. This is especially 
true for fungal infections by Aspergillus, Candida, 
Rhizopus, and Mucor species (4,19). Therefore, the 
appropriate treatment of post-transplant airway infections 
may also reduce the incidence of bronchial anastomotic 
complications. In our experience, patients developing 
post-transplant bronchial complications were frequently 
colonized by gram negative microorganisms (Pseudomonas 
cepacia), Aspergillus, or presented cytomegalovirus (CMV) 
infection and/or disease. In our series, recipients with a 
colonized airway had a 3.2-fold increased risk of developing 
bronchial complications than those without bronchial 
colonization (5). 

Some immunosuppressive agents, such as sirolimus, 
severely impairs airway healing increasing the rates 
of catastrophic anastomotic complications after the 
lung transplant (20).  For this reason, the current 
recommendation is to avoid the use of sirolimus until a 
complete healing of the bronchial anastomosis. On the 
other hand, the use of corticosteroids in the preoperative 
period is no longer a major concern regarding the bronchial 
anastomosis healing. In fact, it has been demonstrated 
that the steroid use is associated to less granulation tissue 
formation and longer post-transplant survival (7,21). 
In our experience, low doses of preoperative steroids 
were not associated to the development of bronchial  
complications (5,11).

We have observed that almost half of airway complications 
appear in transplants for cystic fibrosis (5,11). This 
association has been reported previously by other authors (22) 
with rates of bronchial stenosis in these patients around 24%. 
Unfortunately, to date, there is no a clear explanation of 
such increased rates of airway complications in cystic fibrosis 
patients.

The technique of bronchial anastomosis has been a major 

concern as a potential risk factor of airway complications 
after lung transplantation. Although a telescoping technique 
was defended in the early years (7), the current evidence 
favors the use of an end-to-end bronchial anastomosis in 
minimizing the incidence of airway complications (4,12), 
and has gained widespread use. In general, whenever 
possible, a direct end-to-end technique is preferred (23,24), 
but, at present, there is no a definitive advantage of one 
anastomotic technique over another in the literature. 
Additionally, different procedures have been described 
to reduce the incidence of bronchial complications, such 
as keeping the donor bronchus as short as possible and 
wrapping the anastomosis with vascularized pedicles (7). 
Also, some transplant centers perform direct anastomosis of 
the bronchial arteries, in an effort to reduce the bronchial 
anastomosis ischemia (25), however, this technique requires 
the use of cardiopulmonary bypass, and prolongs the 
transplant procedure, and there is no evidence of a clear 
benefit of this technique over the standard technique.

Diagnosis and management
Necrosis and dehiscence
Bronchial dehiscence is a severe complication which is 
associated with high mortality rates (10). As commented 
above, dehiscence is the consequence of the progression 
of a mucosal necrosis that usually occurs within the first 
1–4 weeks after transplantation. Some degree of mucosal 
necrosis is usually seen after lung transplantation, but 
dissappear gradually when mucosal revascularization occurs. 
However, in some instances, this necrosis progresses to a 
partial or, occasionally, a complete anastomotic dehiscence. 
The reported incidence is between 1% and 10% (4,5,10). In 
our experience, in a review of 343 bronchial anastomoses, 
5 partial dehiscence were diagnosed in four patients within 
the first month post-transplant (1.4% of anastomoses) (11). 
No patients in these series presented a complete dehiscence. 
Complete dehiscence has high mortality due to sepsis and 
ventilatory problems: inability to wean from mechanical 
ventilation, and lung collapse despite proper drainage of 
pleural spaces. 

Dehiscence is diagnosed by chest CT scan in which 
bronchial wall defects, bronchial narrowing and extraluminal 
air, may be seen (26) (Figures 1,2). In general, dehiscence  
less than 4 mm heal spontaneously without need of invasive 
procedures, on the contrary, larger defects will require 
individualized treatment. The definitive diagnosis requires 
a flexible bronchoscopy, because the CT scan does not 
provide an accurate information regarding the status of the 
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bronchial mucosa in terms of degree of necrosis that might 
anticipate a bronchial dehiscence (9,10,26).

The treatment of an anastomotic bronchial dehiscence 
may be challenging. Mild partial dehiscence are best 
managed conservatively, with close bronchoscopic 
surveillance, antibiotic therapy and adequate bronchial 
debridement (Figure 3). A step forward in the management 
of dehiscence is the insertion of a stent. The stents are 
usually kept in place for 6 to 8 weeks after the healing has 
been observed. The use of self-expanding metallic stents in 
the management of a dehiscence are invariably associated 
to the development of granulation tissue that may require 
further debridation (27).

In complete dehiscence observed early after the transplant 
procedure, open surgical repair and flap bronchoplasty 
may be an option in selected patients. On occasion, a 
transplantectomy may be necessary. In our experience, 
patients with partial dehiscence were treated successfully with 
conservative measures and stent implantation.

Stenosis
Bronchial stenosis is the most frequent airway complication 
after a lung transplant with an estimated incidence ranging 
from 5% to 30% (9,10) and is the natural consequence of 
previous dehiscence or infections and may appear within 
2 to 9 months after transplantation. Mild stenoses are 
asymptomatic and are diagnosed in routine bronchoscopies. 
More severe stenoses present with various degrees of 
dyspnea, pneumonia episodes, or spirometric obstructive 
flow patterns (28). Stenoses may appear at the site of the 
anastomosis or distally (non-anastomosis stenoses) (Figure 4). 
A flexible bronchoscopy is the cornerstone for the diagnosis, 
but it does not provide accurate information regarding the 
length of the stenosis. In these cases an helical chest CT 
scan is needed to assess the complete picture of the stenosis, 
and to establish the most appropriate therapeutic approach 
(Figure 5).

The management of bronchial stenoses require a 
multimodal approach. Repeated endoscopic balloon 
bronchial dilatation procedures are usually the first step, 
especially useful in mild stenoses without granulation tissue, 
with improvement in symptoms and flow rates in up to 80% 
of patients (29) (Figure 6). Unfortunately, this procedure 
is insufficient to resolve moderate to severe stenoses. On 
occasion, combined procedures including debridation of 
necrotic tissue and electrocautery resection are required 
(Figures 7-9). In addition, in the absence of infection, the 
local injection of steroids and mitomycin-C to the stenotic 
area may reduce the incidence of restenosis (30).

Severe and recurrent stenoses may require additional 
stent insertion. For this purpose, dilatation of the stenotic 
area facilitates the stent placement. Until recently, a silicon 
stent, was the first choice. However, they may migrate 
easily causing distal airway obstruction (31). Alternatively, 
covered metallic stents and, especially, self-expanding 
metallic stents (SEMS), and covered self-expanding metallic 
stents (Polyfex®) are usually the best choice to maintain 
the bronchial lumen with immediate relief of dyspnea 
(32,33). Some complications with the use of SEMS have 
been described: infection, granulation tissue formation, and 
migration, and difficulties with stent extraction (10,33).

Figure 1 Dehiscence of the right bronchial anastomosis in a right 
single lung transplant for COPD. Perianastomotic air (arrow), 
pleural effusion and consolidation of the right lower lobe. COPD, 
chronic obstructive pulmonary disease. 

Figure 2 Dehiscence of right bronchial anastomosis in a double 
lung transplant for COPD showing a defect in the bronchial wall 
with perianastomotic air (arrow) and subcutaneous emphysema. 
COPD, chronic obstructive pulmonary disease.
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Occasionally endoscopic procedures fail and surgery 
is required. Unfortunately, surgical options are very 
limited and with poor results. Bronchial anastomosis 
reconstruction, sleeve resections, or retransplantation have 
been documented (34). In our experience, these procedures 
are extremely unusual and their outcomes frustrating. 

Granulation tissue
The growth of granulation tissue in the bronchial 
anastomosis is usually seen in up to 20% of patients within 
the first months after transplantation (10) and is frequently 
related to prior endoscopic procedures in the airway, such 
as the use of uncovered self-expanding metallic stents (33). 
Patients usually present with dyspnea, cough, hypoxia, 
or postobstructive pneumonia (35). Debridement is the 
modality of care but usually requires multiple procedures. 
For this purpose, the use of cryotherapy or Nd:YAG 
laser vaporization are equally useful (36,37). However, 
the use of cryotherapy is associated to less bronchial wall 
damage compared with the use of laser or electrocautery, 
but the effect is delayed several weeks (37). Argon plasma 

coagulation has also been used effectively in treating this 
granulation in the airway (38). Topical mitomycin-C may 
also be applied to reduce the proliferation of granulation 
tissue after debridement and stenting (30). Finally, high-
dose-rate endobronchial brachytherapy has been reported 
to be useful in these patients with acceptable short-term 
improvement (35).

Malacia
Post-transplant bronchomalacia usually develops within 
4 months after lung transplantation (4,5,9,10). Patients 
present wit dyspnea, stridor and inability to clear secretions. 
Malacic changes may be present at the site of bronchial 
anastomosis or, more commonly, affecting diffusely the 
airway distal to the anastomosis. The mechanism of 
bronchomalacia development, especially the diffuse form, is 
not well understood (4). 

Flexible bronchoscopy is the primary diagnostic 
procedure. In addition, a dynamic chest CT scan may 
suggest the diagnosis (9,10). The therapeutic choices 
depend on the severity of functional impairment and airway 

A B

C D

Figure 3 Right partial bronchial anastomosis dehiscence in a double lung transplant for COPD secondary to partial mucosal necrosis. (A-D) 
Chronological changes after repeated debridement. COPD, chronic obstructive pulmonary disease.
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narrowing. These include from conservative measures 
to non-invasive positive-pressure ventilation, and airway 
stenting. Given the dynamic nature of the malacic airway 
self-expanding metallic stent provide better palliation 
than silicone stents, being the first choice when stenting is 
required (9,10).

Other complications
Bronchopleural fistulas after lung transplantation are 
uncommon but carry a high morbidity and mortality. 
Patients present dyspnea, subcutaneous emphysema, 
pneumothorax, or a persistent air leak (39) (Figure 10). The 
cornerstone in the treatment of a bronchopleural fistula 
are the adequate drainage for local control of the infection 
followed by fistula closure and pleural space obliteration. 
Endoscopic application of methyl-2-cyanoacrylate, and 
fibrinogen plus thrombin may be useful, especially in high-
risk patients (40). Also, the use of both covered metallic 
stents to occlude the fistula and endobronchial valves to 

manage persistent air leaks are useful for these patients (41) 
(Figure 11). Surgical options include open drainage, direct 
closure with flap reinforcement, trans-sternal bronchial 
closure, or thoracoplasty.

Infectious complications are common after lung 
transplantation. The exposition of the airway to the 
external environment in an immunosuppressed patient 
with an additional impairment of mucociliary clearance and 
disruption of lymphatic drainage are factors contributing 
to the infection in the airways, most commonly involving 
opportunistic pathogens. In addition, other bronchial 
complications, such as dehiscence, necrosis or repeated 
endobronchial procedures and stent implantations, make 
the airway at higher risk of infections.

Bronchial anastomotic infections are diagnosed by 
bronchoscopy. Pseudomonas and Staphylococcus aureus are 
the most frequent bacterial infections and specific systemic 
and aerosolized antibiotic therapy and local debridement 
are the basis of treatment (4,10).

A B

C D

Figure 4 Double lung transplant for pulmonary fibrosis. (A,B) Stenosis of the bronchus intermedius; (C) balloon dilatation under rigid 
bronchoscopy; (D) final result. 
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Fungal infections, especially Aspergillus, are frequent in 
an ischemic anastomosis with a reported incidence as high 
as 24% (19), and may cause diffuse tracheobronchitis or 
infection at the anastomotic site. Frequent bronchoscopies, 
aggressive early empirical therapy and appropriate 
antifungal prophylaxis are the basic therapeutic approaches.

Vascular complications

Vascular complications after lung transplantation are 
infrequent with a reported overall incidence ranging from 
2% to 15%, but associated to high morbidity and mortality 
(42,43). These complications comprise either the arterial or 
the venous anastomosis, being stenoses of these anastomoses 

A B

C D

Figure 5 Stenosis of bronchus intermedius. (A) Coronal view of chest CT scan showing almost complete obliteration of bronchial lumen 
distal to anastomosis; (B) helical chest CT with 3D images of the airway showing the stenosis at the bronchus intermedius; (C) repeated 
balloon dilation; (D) final result. CT, computed tomography.

Figure 6 Stenosis at the site of a right bronchial anastomosis and balloon dilatation.
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the most common vascular complications. 
The incidence of anastomotic pulmonary artery stenosis 

is less than 2%, and it is considered when the anastomotic 
diameter is less than 75% compared to the neighbouring 
vessels. Mild stenoses are commonly seen secondary 
to donor-recipient size discrepancies, but these are not 
associated to hemodynamic impairment (44).

Anastomotic venous stenoses are also rare, with a 
reported incidence around 15% (45) usually appearing early 
after completion of the transplant, and becoming the source 
of venous thrombosis and transplant failure. The inferior 
pulmonary veins are the most commonly involved due to 
their anatomical location.

To understand the causes of anastomotic vascular 
complications, we should take in mind the surgical 
technique for performing these anastomoses. In the 
standard lung transplant technique, vascular anastomoses 
are performed using a continuous suture technique. For this 
purpose, the recipient pulmonary artery and left atrial cuff 
are clamped. The pulmonary artery is divided on both the 

recipient and donor in an extent to avoid excessive length 
and kinking. The pulmonary venous anastomosis utilizes a 
standard left atrial cuff technique to create a wider venous 
confluent and to facilitate the appropriate orientation of the 
vascular edges to be anastomosed, to reduce the formation 
of thrombi (44). 

Some concerns have been raised with vascular injuries 
related to the application of clamps when performing these 
anastomoses. The feasibility and safety of a “no clamp” 
technique has been described for vascular anastomoses in 
lung transplant (46). Potential advantages of the no clamp 
technique might include the reduction of potential damage 
to the vascular ends to be anastomosed. However, this 
practice is not routinely performed due to the necessity to 
perform the transplant on cardiopulmonary bypass.

Classification

Vascu l a r  ana s tomot i c  compl i c a t ions  a f t e r  l ung 
transplantation have been classified into four types (42). 

A B

C D

Figure 7 Stenosis of the left upper bronchus in a left single lung transplant for pulmonary fibrosis. (A) Chest CT scan showing a significant 
narrowing of the left upper lobe bronchus (arrow); (B,C) endoscopic view of the stenotic left upper bronchus; (D) restoration of the 
bronchial lumen after electrocautery resection plus Mitomicin C. CT, computed tomography. 
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Figure 8 Stenosis of right bronchial anastomosis after double lung transplantation for COPD. (A-C) Necrotic tissue distal to anastomosis 
prior debridement; (D) balloon dilation after debridement; (E) final result. COPD, chronic obstructive pulmonary disease. 

A B C

D E

Figure 9 Stenosis of the left bronchial anastomosis after double lung transplantation for COPD. (A) Necrotic tissue distal to anastomosis; 
(B) unravelling of bronchial sutures; (C,D) bronchial view after balloon dilatation and Argon Plasma coagulation; (E) bronchial view 2 weeks 
after treatment; (F) bronchial view 2 months after treatment. COPD, chronic obstructive pulmonary disease.

A

F

B C

D E
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Type 1 includes those anastomoses presenting kinking 
due to excessive length of the donor and recipient 
vascular edges, or distortion due to misalignment. Type 
2 includes stenoses secondary to transposition of the 
donor vessel with respect to the recipient. Type 3 is a 
stenosis secondary to excessive anastomotic tightness. 
Type 4 includes complications related to the presence of 

intraluminal obstruction secondary to thrombosis. Type 5 
refers to anastomotic stenoses due to extrinsic compression, 
frequently associated to the use of omental flaps. 

Clinical presentation and diagnosis

The clinical features and imaging findings of the vascular 
anastomotic complications are often non-specific, and these 
should be suspected when symptoms have not improved 
despite being treated for the most common problems arising 
early after the lung transplant (primary graft dysfunction, 
infection, rejection). Common symptoms and signs are dry 
cough, dyspnea or ventilator dependence with unexplained 
hypoxia, pulmonary hypertension, and haemodynamic 
instability early after the transplant procedure. In addition, 
venous stenoses present pulmonary edema due to venous 
congestion (42,43).

In patients receiving a double lung transplant, the 
development of a unilateral vascular stenosis may be 
undetected due to the compensation by the contralateral 
graft. This might be the reason why vascular complications 
are more often diagnosed in single lung transplants (43).

A careful assessment of the vascular anastomoses 
should be done on completion of the transplant. This 

Figure 10 Double lung transplant for COPD. Right bronchial 
anastomotic fistula in the medial aspect of the bronchus 
secondary to mucosal ischemia, resulting in pneumomediastinum, 
pneumopericardium and subcutaneous emphysema. COPD, 
chronic obstructive pulmonary disease.

A B C

D E

Figure 11 Endoscopic and radiological view of a bronchopleural fistula. (A,B) Mild bronchopleural fistula after double lung transplantation 
for COPD (arrows); (C) Ultraflex stent deployment; (D,E) chest CT scan after stent placement: bilateral pneumothorax. CT, computed 
tomography; COPD, chronic obstructive pulmonary disease.
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is of paramount importance to anticipate further graft 
problems and to allow an immediate surgical correction of 
the anastomosis. This is easily done by direct inspection 
and by the use of transesophageal echocardiography 
(TEE). This diagnostic modality requires a high level 
of expertise especially for the assessment of the venous  
anastomosis (47,48). 

Some authors have reported the use of an intraoperative 
needle manometry line as an easy method to measure 
directly the pressure gradient across the anastomoses, to 
allow immediate surgical correction when required (43). 

Postoperatively, a contrast enhanced chest CT scan is the 
investigation of choice to assess both the pulmonary artery 
and the venous anastomosis, which allows postprocessing 
techniques (49). It is readily obtained and interpreted 
and defines the extent and degree of the stenosis with less 
invasiveness than a pulmonary angiography. Additionally, 
the chest CT scan also provides information about the lung 
parenchyma and pleural space, allowing an appropriate 
differential diagnosis with other common causes of 
hypoxemia.

On contrast  enhanced chest  CT scan,  vascular 
anastomoses are visualized as minimal folds on the walls 
of the blood vessels without a significant reduction in the 
diameter (49,50) (Figure 12). On the contrary, a significant 
reduction in the anastomotic vascular lumen may be seen 
in severe stenoses (Figure 13). In cases of pulmonary artery 
embolism, intraluminal filling defects are typical findings 
con chest CT scan.

Pulmonary angiography is not routinely performed 
for diagnosis of vascular anastomotic problems, being 
reserved for cases in which a catheter-based intervention 
is planned. It can demonstrate filling defects and changes 
in vascular calibre. Additionally, trans-anastomotic 
pressure measurements might be useful, especially when 
the angiographic image is unclear. The assessment of the 
venous anastomosis requires delayed imaging to result in 
opacification of the pulmonary veins (Figure 14).

Other diagnostic tools include ventilation/perfusion scan 
and magnetic resonance angiography. The first may show 
absent perfusion secondary to pulmonary arterial occlusion 
but provides more limited information than contrast 
enhanced chest CT scan. The second is an important 
alternative to the chest CT scan in younger patients where 

Figure 12 Mild stenosis of the pulmonary artery anastomosis in a 
left single lung transplant (arrow).

Figure 13 Severe stenosis of the right pulmonary artery 
anastomosis (arrow).

Figure 14 Stenosis in the left atrium anastomosis (arrow) in a left 
single lung transplant for COPD. COPD, chronic obstructive 
pulmonary disease.
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radiation should be avoided (51).

Treatment

The management of a vascular complication after lung 
transplantation include from conservative measures to 
catheter-based interventions and surgical procedures. 
Although there are no clear recommendations to best 
manage these complications, the presence of a significant 
anatomic problem accompanied by graft dysfunction, 
requires urgent intervention. The type of intervention 
depends on the time that has elapsed from the completion 
of the transplant, the anatomical features of the vascular 
complication, the clinical status of the recipient, and the 
expertise of the transplant team.

In the immediate postoperative period, mild stenoses 
may be managed conservatively. In cases of anastomotic 
thrombosis, the initial treatment should consist of 
anticoagulation. However, in the coexistence of graft 
infarction a surgical intervention may be required, though 
it carries high operative mortality (42,43). If a pulmonary 
artery stenosis is detected intraoperatively, it should be 
corrected immediately, but those diagnosed several weeks 
after the transplant are best treated with endovascular 
procedures (52). In this situation, those surgical techniques 
aimed at preserving the lung graft are associated to high 
operative mortality rates. The required vascular clamping 
for surgical revision is associated to major complications 
and death (53). Alternatively, pulmonary artery stenoses are 
best managed with stent placement due to the elasticity of 
the lesions.

For those anastomotic complications arising within 
2 weeks post-transplant, the choice of either a surgical 
or a catheter-based treatment are unclear. In general, a 
surgical approach is the best choice, as the integrity of 
the anastomosis is still friable given the short interval 
time from the time of surgery. The transplanted lung is 
cooled on cardiopulmonary bypass and cold pulmoplegic 
solution is utilized to prevent warm ischemia and infarction. 
Alternatively, some centers have reported successful stent 
placement in this postoperative period (54).

For vascular complications diagnosed late after the 
lung transplant, endovascular techniques are the best 
option for treatment. Percutaneous angioplasty with or 
without vascular endoprosthesis is usually successful, with 
low mortality and morbidity rates, for severe anastomotic 
stenosis of the pulmonary artery (55). In patients with 
complete venous obstruction, angioplasty with dilatation 

and endovascular stent placement may be useful (56), 
but, on occasion, re-transplantation or lobectomy may be  
required (57).
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