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Abstract: Airway complications (ACs) following lung transplantation are a significant source of morbidity
and mortality. The incidence of ACs has decreased over the years with advances in surgical technique.
Airway ischemia is thought to be a main risk factor for formation of ACs, although other risk factors are
being studied. There is not yet a universally accepted system for grading ACs. These complications include
bronchial stenosis, airway necrosis or dehiscence, fistula formation, anastomotic infection, granulation
tissue formation, and tracheobronchomalacia. The management of ACs requires a multimodal approach.
Bronchoscopic management options include balloon bronchoplasty, cryotherapy, and stent placement.
Medical management including antibiotics, mucus clearance techniques and positive pressure ventilation also
play a role; surgical management is considered in select cases. This article reviews the risk factors associated

with the development of ACs, the clinical presentation and classification of ACs, and current management

paradigms.
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Introduction

Airway complications (ACs) following lung transplantation
have been a source of significant morbidity and mortality
since the field began. The early incidence of ACs was
60% to 80%. With improvements in surgical techniques,
organ preservation, immunosuppression, and medical
management of the recipient, the incidence has decreased
(1-6). Despite these advances, ACs continue to contribute
to morbidity and mortality after lung transplantation. Even
with treatment, ACs are at high likelihood of recurrence.
Approximately one third of patients treated for ACs will
develop a second AC (7).

ACs after lung transplantation include bronchial stenosis,
necrosis, dehiscence, fistula formation, infections, excessive

granulation tissue formation, and malacia.
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This article provides a brief review of the incidence and
classification of ACs and the risk factors for ACs. It then
describes the spectrum of ACs which can occur after lung
transplantation as well as current treatment strategies.

Incidence

There is a wide range of reported AC incidence following
lung transplantation, with reported incidences from 2-33%.
However, the majority of recent studies describe an AC
incidence between 15-20% and an associated mortality
of 2-4% (6-11). The majority of ACs occur within the
first year of transplant. ACs are associated with increased
mortality at 5 years post-transplant (9,12). The variability
of the reported AC incidence in the literature may be due
to the lack of universal definitions and grading systems for
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ACs. This leads to different institutional thresholds for
diagnosing an AC.

Risk factors

Below we discuss the role of donor and recipient factors,
surgical technique during transplant, postoperative
complications, infections, and medication use on the risk of
developing ACs. Although ischemia remains a major risk
factor, and increases in hypoxia-inducible gene expression
in donor airways have been associated with ACs, many
other factors have also been shown to contribute to the
development of ACs (13,14).

Donor and recipient factors

A large retrospective analysis of 16,000 lung transplant
patients identified male gender, pre-transplant recipient
ICU admission, and advanced recipient age as risk factors
for ACs (12). However, other studies report discordant
associations between age and risk of ACs (15,16). Taller
recipient height and prolonged donor mechanical
ventilation (50-70 hours) have also been shown to increase
ACs (9). Studies have not demonstrated a consistent
relationship between the development of ACs and body
mass index, pre-transplant diagnosis, preoperative steroid
use, cytomegalovirus status, or side of lung transplant

(15,17-19).

Surgical technique

Many surgical techniques to minimize airway ischemia
and reduce postoperative ACs have been explored over
the years. These include “telescoping” and “end-to-end”
bronchial anastomoses, vascularized pedicle tissue flaps, and
bronchial artery revascularization (BAR) (20-23).

Most institutions currently prefer end-to-end
anastomoses due to the increased risk of stenosis with
telescoping anastomoses (20). Wrapping of the anastomosis
with a vascularized flap, such as omental tissue, internal
mammary pedicle, or intercostal muscle flap, was initially
thought to improve anastomotic healing. However, a
randomized trial did not show reduction in AC with this
technique, and these are no longer routinely performed
(6,24). Reducing the length of the donor bronchus also
reduces the risk of ACs by minimizing the area at risk of
ischemia (9,25).

Given the role of airway ischemia in the development of
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ACs, it would be expected that prolonged surgical ischemia
time increases the risk of ACs. However, studies have not
demonstrated an association between longer ischemic time
and the risk of ACs. Interestingly, in bilateral sequential
lung transplants, there is not an increased risk of AC at the
second anastomosis (26,27).

Postoperative course

The clinical course of the recipient postoperatively may
affect the subsequent risk of ACs. Patients with primary
graft dysfunction have an increased incidence of ACs.
Rejection episodes have been associated with greater risk of
ACs, both for rejection within the first month and within
three months of transplant (15,17). These findings may be
due to prolonged ventilation time and exposure to high
PEEP in cases of primary graft dysfunction, which may
worsen airway ischemia. Likewise, acute rejection episodes
are associated with a rise in pulmonary vascular resistance,
which may affect blood flow to the anastomosis and thereby
increase the risk of ACs.

Infections

Microbial colonization and infection in both the pre- and
post-operative period have been associated with increased
risk of ACs, including necrosis and stenosis. Preoperative
microbial colonization with any organism is associated
with increased risk of ACs; organisms implicated include
Aspergillus and Haemophilus influenzae (16). Postoperative
colonization with Aspergillus species, Pseudomonas aeruginosa,
Pseudomonas capacia, and Actinomyces have been associated
with subsequent development of ACs (15,18). Aspergillus has
been linked to airway necrosis and other ACs in multiple
studies, underscoring the role of aggressive antibiotic
treatment in the post-transplant period to support airway

healing (10,18,19).

Medications

In early lung transplant management, there was concern
that corticosteroids could impair anastomotic healing
and increase ACs (2). However, low to moderate doses
of steroids in the preoperative and postoperative periods
have not demonstrated adverse effects on airway healing
(18,23,28). Corticosteroids are currently a mainstay of post-
transplant triple drug immunosuppression, along with a
calcineurin inhibitor and an antimetabolite.
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Figure 1 Bronchial stenosis.

Sirolimus is an immunosuppressant which acts by
inhibiting rapamycin (mTOR). Studies on sirolimus use
immediately post-transplant were ended early due to
increased incidence of airway dehiscence, including fatal
complications. Sirolimus use is not recommended until
complete healing of the anastomosis, usually at least 90 days
after transplant (29,30).

Classification of ACs

There have been several proposed systems for grading
airway healing following lung transplantation. The goal
of a universal grading system is to standardize definitions
to reduce variability, as some institutions may consider all
cases of early necrosis to be ACs, whereas others may only
consider cases requiring surgery as ACs.

The Couraud system, the earliest system for grading
system airway healing post lung transplant, classifies
anastomoses based on the degree of mucosal necrosis.
This system was found to be predictive of anastomotic
complications. However, it had several pitfalls, most notably
the subjective nature of grading and the lack of assessment
for late ACs (31-33).

In 2014, Dutau and colleagues proposed the MDS
classification system. This system assesses the macroscopic
appearance of the airway (M), the airway diameter (D), and
the anastomotic suture line (S). The M and D categories
allow for abnormalities of the more distal airways to be
described in addition to assessing the anastomosis itself (34).
Most recently, ISHLT published a consensus statement

© Shanghai Chest. All rights reserved.

Page 3 of 12

building upon this work in an effort to more consistently
define and grade ACs (35).

A universally adopted airway grading system is needed
to accurately study ACs following lung transplant. This
will enable the transplant community to assess the true
incidence, morbidity and mortality of ACs.

Bronchial stenosis

Bronchial stenosis is the most common AC following lung
transplantation (Figure I). The reported incidence varies
from 1.6% to 32% (10,20,36,37). The etiology of bronchial
stenosis is unclear. Airway inflammation, ischemia, and
recurrent infection are suspected contributing factors. This
can lead to ossification, calcification, and fibrovascular
ingrowth of the bronchial cartilage which in turn causes
stenosis (38).

While stenoses are usually at the site of surgical
anastomosis, the airways distal to the anastomosis can be
involved. Segmental nonanastomotic bronchial stenosis is
a rare complication which can be challenging to manage
(4,39). The bronchus intermedius is a frequent site of
nonanastomotic stenosis. Symptomatic narrowing of
the bronchus intermedius leads to vanishing bronchus
intermedius syndrome (VBIS), which is associated with
significant morbidity with reported overall survival of 25
months from diagnosis (40).

The diagnosis of bronchial stenosis should be suspected
in transplant patients presenting with new respiratory
symptoms. Common presenting symptoms include dyspnea,
wheezing, cough, and recurrent pneumonia. The diagnosis
may also be suspected in asymptomatic patients with
reduction in spirometry or may be found during routine
surveillance bronchoscopy. Pulmonary function tests may
demonstrate reduced forced and peak expiratory flow,
flattening of the flow-volume loop, or a biconcave flow-
volume loop (41,42).

Chest imaging can be a useful tool in the diagnosis of
bronchial stenosis. Chest CT with both inspiratory and
expiratory images may demonstrate a fixed bronchial
narrowing. In some cases, plain chest radiography can
detect focal strictures. In areas of complete airway
occlusion, collapse of the distal lung is seen. For example, in
VBIS, chest radiography may show collapse of right lower
lobe, right middle lobe, or both. Although there are many
tools for assessing stenosis, flexible bronchoscopy is the
gold standard for diagnosis (32,40).

Techniques used in the management of bronchial

Shangbai Chest 2020;4:28 | http://dx.doi.org/10.21037/shc.2019.12.02



Page 4 of 12

stenosis include dilation, ablation, and stenting. Treatment
should be approached in a stepwise manner. A multimodal
approach which combines therapies is often used.

Dilation is often the first step taken in the management
of bronchial stenosis. Either rigid dilation or balloon
bronchoplasty is performed. Balloon dilation is more
common and has been shown to be effective at relieving
dyspnea and improving expiratory lung volumes. Patients
who undergo dilation may develop recurrent stenosis and
require repeat balloon dilation; ultimately, they may require
additional intervention such as stent placement. However,
a sizable portion of patients with bronchial stenosis can be
managed with bronchoplasty alone (case reports range from
26-50%) (33,43 ,44).

Although balloon and rigid dilation have not been
compared in head to head studies, balloon bronchoplasty
is generally preferred due to the ability to perform the
procedure under conscious sedation, whereas rigid
bronchoscopy requires general anesthesia. Additionally,
since there are multiple sizes of balloons available, the
balloon can be selected to best fit the stenosis and can be
inflated quickly without serial upsizing. A disadvantage is
that patients are unable to ventilate during inflation. Rigid
bronchoscopy with dilation, on the other hand, allows for
ongoing ventilation. It also enables silicone stent placement
at time of dilation, if necessary.

Multiple ablation techniques are used. These include
electrocautery, cryotherapy, argon plasma coagulation
(APC), brachytherapy, photodynamic therapy, and
neodymium-doped yttrium aluminum garnet (Nd:YAG)
laser. Ablation techniques may be used in combination with
balloon dilation (32,45,46).

Stenting is another treatment for bronchial stenosis
which is used in cases where dilations have failed or stenosis
is recurrent. Stent placement improves dyspnea and FEV1
in most patients with post-transplant bronchial stenosis.
However, the risk of complications with stenting must be
considered. Historically, two types of stents have been used:
self-expandable metallic stents (SEMS) and silicone stents.
Biodegradable (BD) stents are beginning to emerge as a
new technology (47).

SEMS are associated with numerous complications in
the post lung transplant population. Although frequently
used in malignant airway diseases, SEMS carry high risk of
complication in benign airway diseases. Early complications
include migration and mucus plugging. Restenosis, bacterial
colonization, and granulation tissue formation are common
long-term complications. Less common is stent fracture.
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Notably, metallic stents are difficult to remove. The FDA
in 2005 issued a black box warning regarding the placement
of metallic stents in nonmalignant airway disease (48-52).
SEMS have the advantage of being placed under flexible
or rigid bronchoscopy, whereas silicone stents require rigid
bronchoscopy and are more technically demanding. Due
to the complications associated with SEMS, they are not
recommended for post-transplant bronchial stenosis except
as a method of last resort when other treatment options
have failed.

Temporary silicone stents are now preferred in the
treatment of post-transplant bronchial stenosis. Silicone
stents can be safely removed in a majority of patients
without recurrence of stenosis. The main complications
of silicone stenting are migration, mucus plugging, and
granulomas. Silicone stents are more likely than metal stents
to migrate. Placement is limited to mainstream bronchi,
therefore BI stenting can lead to obstruction of the right
upper lobe. However, silicone stents can be customized on-
site to better fit the area of stenosis (47,53-55).

New technologies are being developed for airway
stenting. BD stents are made of BD polymers which
hold biomechanical strength for several weeks and then
degrade over the course of months. Due to their temporary
nature, BD stents bypass the issue of stent removal and
are less likely to become a nidus of permanent bacterial
colonization. A retrospective analysis of 20 BD stents
placed demonstrated safety and efficacy with 4 patients
needing additional stenting for restenosis. In a prospective
case series of 11 BD stents, all patients had improvement
in symptoms and spirometry, and 4 patients required
additional intervention due to re-stenosis (56,57).

Use of a custom 3-dimensional printed stent has also
been reported (58). Custom 3-dimensional stents have the
potential to uniquely fit patients with complex post-surgical
airway anatomy and are a promising new technology.

Systemic and topical medication therapies have been
evaluated for treatment of bronchial stenosis. Topical or
submucosal treatment with mitomycin C has been used
in post-transplant bronchial stenosis. Mitomycin C is an
alkylating agent with anti-fibroblast activity and has been
studied in the management of laryngotracheal stenosis.
While there are not yet randomized controlled trials of
its use in post-transplant bronchial stenosis, case studies
suggest it may be beneficial (59-61). Corticosteroid
injections have also been used in an attempt to reduce
restenosis, although studies are lacking (62).

While sirolimus has been associated with anastomotic

Shangbai Chest 2020;4:28 | http://dx.doi.org/10.21037/shc.2019.12.02



Shanghai Chest, 2020

Figure 3 Anastamotic dehiscence.

dehiscence early in the post-transplant course (as discussed
previously), its antiproliferative properties have the
potential to treat bronchial stenosis. In a retrospective
review by Timofte et al. of patients with severe bronchial
stenosis requiring repeat bronchoscopic intervention, 8 out
of 10 patients achieved airway patency within 3 months
with the addition of sirolimus to their immunosuppressive
regimen (63).

Although many effective endoscopic treatments are
available for bronchial stenosis, refractory cases which fail
to respond to the above treatments should be evaluated
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by a multidisciplinary team and considered for surgical
management. Sleeve resection is a reported treatment for
VBIS. Bronchoplasty, bronchial anastomosis reconstruction,
lobectomy, pneumonectomy, and retransplantation have

also been described (37,64).

Necrosis and dehiscence

Nearly all transplanted lungs experience some degree of
airway necrosis as a result of ischemic injury (Figure 2). This
necrosis usually heals by the sixth week post-transplantation.
However, some cases of necrosis progress to dehiscence.
Necrosis can be conceptualized as a spectrum encompassing
normal healing with superficial mucosal slough, severe
necrosis with full thickness or circumferential involvement,
and frank airway dehiscence (Figure 3) (36).

Airway dehiscence is a severe complication which
carries a 3- to 5-fold increased risk of 1-year mortality (65).
Although catastrophic, dehiscence is rare, with a reported
rate of 1-10%. Factors which may increase the risk of
dehiscence include Aspergillus colonization and prolonged
positive pressure ventilation (66).

Dehiscence may occur even in patients with an
uncomplicated operative and postoperative course. It
may present in the weeks following transplant with
sepsis, failure to wean from ventilator, pneumothorax or
pneumomediastinum, or persistent air leak. The mainstay
of diagnosis is a high index of suspicion and close inspection
of the anastomosis on surveillance bronchoscopy. Chest
radiography may identify secondary findings such as
pneumomediastinum, but it is not a reliable method
of diagnosing dehiscence. Chest CT has demonstrated
excellent sensitivity and specificity for detecting dehiscence.
However, as with most ACs, bronchoscopy remains the gold
standard for diagnosis. Unlike CT imaging, bronchoscopy
is able to detect early mucosal necrosis, enabling providers
to identify airways at risk of progression to dehiscence (4,67).
In cases of frank dehiscence, unraveling of sutures at the
anastomosis may also be seen on bronchoscopy (66).

Management of necrosis and dehiscence depends on the
severity of the lesion. Mild cases of mucosal slough without
bronchial wall necrosis may be managed with mechanical
debulking and antibiotic treatment. More severe cases often
require bronchoscopic or surgical intervention. The data
on bronchoscopic topical interventions is lacking. Limited
cases describe the use of alpha-cyanoacrylate glue or
autologous platelet-derived wound healing factor (27,68,69).
Surgical techniques in the management of bronchial
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dehiscence include reanastomosis, flap bronchoplasty, and
retransplantation (27,70).

Uncovered metallic stents (SEMS) can be used in cases of
dehiscence to stent over the defect and allow time for tissue
healing. In this case, the previously described propensity
for granulation tissue formation at site of stent placement
works in the patient’s favor by promoting healing of the
dehiscence. The area is then monitored for epithelialization,
and the stent is removed when epithelialization occurs.
SEMS placement in airway dehiscence may be technically
challenging due to the need for precise placement. After
stent removal, patients will need bronchoscopic surveillance
for the development of further complications such as
bronchial stenosis. Silicone stents are not used in the
management of dehiscence due to the risk of migration and
the force required to insert a silicone stent in an already
fragile area (71).

Dehiscence remains a devastating AC, and early diagnosis
and treatment of airway necrosis is key to preventing this
dreaded condition.

Fistula

Bronchial fistulae are a rare but serious complication of
lung transplantation and result in an abnormal connection
between the airway and the mediastinum, pleural space, or
vasculature. In immunocompromised populations such as
lung transplant patients, endobronchial fungal infections,
especially Aspergillus, increase risk of formation of all types
of fistulae (72-75). Fistula may present as dyspnea, sepsis,
pneumothorax, subcutaneous emphysema, or a persistent air
leak typically in the setting of dehiscence. Management is
similar to that of anastomotic dehiscence. Success depends
on the location and size of the defect.

Bronchovascular fistulae after lung transplantation are
limited to case reports. Fistula formation has been associated
with necrotizing pneumonia and with erosion of bronchial
stents into nearby vascular structures. Bronchovascular
fistulae are often life-threatening, and massive hemoptysis
may be the presenting symptom. Endovascular stenting and
surgical treatment with pneumonectomy or fistula resection
and reconstruction have been described, although these
carry extremely high morbidity (76-78).

Anastomotic infections

Infection is the most common complication of lung
transplant. Lung transplant patients are at increased
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risk of infection due to many factors, including
immunosuppression, impaired cough and airway clearance,
altered phagocyte function, and decreased lymphatic
drainage. Pre-transplant colonization is also common (79).
Infections at the anastomosis carry an incidence of 5% in
lung transplant recipients. More importantly, they are often
the precursor to the other complications discussed (80,81).
Diagnosis usually occurs at bronchoscopy. Inflammation,
ulceration, or pseudomembranes are often seen along the
airway and are treated with debridement and antibiotics.
Protocols vary by institution and include local debridement
as well as systemic and inhaled regimens with voriconazole,
itraconazole, and inhaled amphotericin commonly used.

Excessive granulation tissue

Hyperplastic granulation tissue can cause endoluminal
obstruction of the airway in post-lung transplant patients.
It has been reported in 6-20% of transplant recipients
and usually develops several months post-transplant. The
anastomotic site is commonly involved (27,82,83). The
etiology of this excessive granulation tissue proliferation is
thought to be related to an inflammatory response to airway
injury. This process has been compared to keloid formation
(84,85).

Granulation tissue is a common complication of stent
placement, with estimated incidence of 12-36%, although
one retrospective analysis of silicone stents reported
granuloma formation in over 50% of stents (4,47,86).
Aspergillus colonization has also been associated with the
formation of exuberant granulation tissue (87).

The symptoms of obstructive granulation tissue may
include dyspnea, cough, post-obstructive pneumonia,
hemoptysis, and difficulty clearing secretions. Reduction in
spirometry may be seen depending on the severity of the
obstruction. Bronchoscopy with visualization of granulation
is the gold standard for diagnosis (4).

Management depends on the severity of the obstruction.
Many obstructions recur and require serial endoscopic
interventions. Small non-obstructing lesions may be
debulked with forceps using flexible bronchoscopy or
using the beveled edge of a rigid bronchoscope. More
severe obstructions can be treated with cryotherapy,
cryodebridement, high-dose-rate endobronchial
brachytherapy (HDR-EB), Nd:YAG laser ablation, or argon
plasma coagulation (46).

Hot or cold modalities as well as the microdebrider can
be used to restore patency. A superior safety profile, the
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Figure 4 Bronchomalacia.

cryosensitivity of granulation tissue, excellent hemostasis,
and the ability to use around stents without the risk of
ignition even in high concentrations of oxygen make
cryotherapy an appealing option. The full effect of
cryotherapy treatment may not be reached until 8-10 days
after treatment. APC, electrocautery, and laser ablation
have a long history of successful management (83,88-
90). HDR-EB or photodynamic therapy have also been
reported but should be used with extreme caution as serious
complications, including fatal hemoptysis, have been
described (82,91,92).

Topical application of mitomycin C to prevent the
recurrence of granulation tissue after intervention has been
described (93,94). Although randomized trials in this area
are needed, this agent is often used due to its favorable
safety profile. Intralesional steroids such as triamcinolone
have not been well studied in this area.

Tracheobronchomalacia

Bronchomalacia is characterized by dynamic airway
collapse. In contrast to bronchial stenosis or obstructive
granulation, which cause fixed obstruction, bronchomalacia
is obstruction of the airways during expiration (Figure 4).
This is attributed to weakness of the airway cartilage. Malacia
is defined as airway narrowing of >50% during expiration.
Patients may have combined lesions with both stenosis and
superimposed malacia (33,95,96).

The symptoms of tracheobronchomalacia are nonspecific
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and similar to symptoms for other ACs: dyspnea, cough,
inability to clear secretions, recurrent pneumonia, and
hemoptysis. Patients may have a “barking” or seal-
like cough, which is unique to tracheobronchomalacia.
Spirometry usually demonstrates an obstructive pattern
with low forced expiratory volume at one second and low
peak expiratory flow rates. The obstruction is usually more
pronounced during expiration, and variable obstruction
and expiratory oscillations can be seen on flow-volume
loops (97).

The gold standard for diagnosis of tracheobronchomalacia
is direct visualization of dynamic airway collapse with
bronchoscopy. CT axial imaging with forced expiratory
images may demonstrate dynamic airway narrowing (95,96).

The principles of management of post-transplant
tracheobronchomalacia are derived from management
of non-transplant populations. These principles include
pulmonary hygiene, inhaled mucolytics, and noninvasive
positive pressure ventilation (4,96).

If severe symptoms are present, stenting is another
treatment option (98). Due to the risk of complications with
stenting, close follow up with is required. Silicone stents
are preferred (4,99). Stents placed for bronchomalacia have
been associated with improvement in FEV1 and symptoms
of dyspnea (33,98). If there is no improvement in symptoms
with stenting, removal of the stent is recommended (96). If
there is symptomatic improvement, we recommend trial of
silicone stent removal at 6 to 12 months. Due to the long-
term complications associated with stents, these should be
reserved for patients who have severe impairment despite
medical management.

BAR

Current lung transplant techniques disrupt the bronchial
artery circulation and leave the transplant dependent on
retrograde blood flow from the pulmonary circulation as
described above. BAR at the time of transplant creates an
anastomosis between the donor and recipient bronchial
artery. BAR is an appealing prospect as it has the potential
to decrease subsequent ACs by improving blood flow to the
graft.

A pilot study of 131 patients from two centers demonstrated
90% success rate of BAR. In cases where the BAR was
successful, patients had normal airway healing. The success
rate of BAR was higher for bilateral lung transplants than
single lung transplants. Double lung transplant patients who
underwent BAR, irrespective of success of revascularization,
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had superior 5- and 10-year mortality compared to ISHLT
aggregate data (13). Despite these potential advantages,
BAR has several downsides. It confers additional risks of
bleeding and requires careful dissection of the donor lung.
It also carries risks of prolonged cardiopulmonary bypass
time and prolonged graft ischemic time. It is not routinely
performed in lung transplantation, although further
multicenter studies are needed to assess the risks of BAR as
well as the potential for improved airway healing.

Summary

ACs following lung transplantation remain a major
source of post-transplant morbidity and mortality. These
complications can negatively impact quality of life and
increase the need for office visits, serial procedures, and
hospitalizations. The incidence of ACs has decreased in
the decades since the advent of lung transplantation with
advances in surgical technique, medical management,
and immunosuppression. When ACs do occur, there are
a variety of treatment modalities available, particularly
bronchoscopic treatments. Management of ACs is best
undertaken by a multidisciplinary team at a transplant
center with experience in this area.

Further studies into management strategies are needed.
There is not yet randomized control trial data to support
the superiority of any one management approach. A
universal grading system to identify and describe ACs is an
important step in better understanding ACs in this complex
patient population.
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