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Abstract: The purpose of this article is to review the normal
appearance and common complications of the airway anastomosis
in lung transplant patients with emphasis on computed tomog-
raphy images with bronchoscopic correlation. The spectrum of
complications will be presented as early (<1mo after transplant) or
late (>1mo). Variations in surgical technique as well as pre-
sentation and management options for airway complications will
also be discussed.
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In the early years of lung transplant (LTx), airway anas-
tomotic complications (ACs) were the most common

cause of LTx failure,1 with a majority of patients dying as a
result of anastomotic dehiscence.2 Significant advancements
in organ preservation, surgical techniques, postoperative
management, and immunosuppressive drug regimens have
allowed for longer survival of patients receiving LTx.
Despite this, survival rates remain relatively low compared
with other organ transplant subsets, with the median
average survival around 5.3 years after LTx.3

The reported prevalence of AC varies widely depend-
ing on the definition and inclusion criteria. AC rates as high
as 42.9% have been reported on routine serial broncho-
scopy in LTx recipients who did not show postoperative
complications.4 In the most recent and comprehensive
study analyzing 924 anastomoses, 11% of patients were
found to have developed at least 1 AC.5 There is a high
morbidity associated with AC, as complications rarely
resolve with a single procedure and often require multiple
bronchoscopic interventions.6,7 The direct mortality related
to AC is approximately 2.3% in the first year,8 with overall
1- and 5-year survival rates of 88% and 73% as compared
with 91% and 79% in the control group, respectively.5

Although the major complications limiting survival in the
modern era are infection and chronic rejection,3 ACs are
important to recognize in the early and late phase of LTx
patients. With an increasing rate of LTx, it is important
for every radiologist to be familiar with these
complications.

SURGICAL TECHNIQUES OF AIRWAY
ANASTOMOSIS

There is some variation in surgical techniques of the
airway anastomosis. The aim of each variation is to reduce
ischemia of the donor bronchus. The lungs are the only
transplanted organs in which the arterial supply is not rou-
tinely anastomosed. The bronchial arteries normally supply
approximately 50% of the blood flow to the airways, and
collaterals take weeks to form.

Therefore, the donor bronchus is anastomosed in an
inherently ischemic environment. Analogous to ischemic
cholangiopathy in liver transplant, ischemic airways may
become necrotic, which often leads to complications such as
obstruction, dehiscence, and/or infection in the short term
and luminal irregularity and stenosis as frequent long-term
sequelae. Although bronchial artery anastomosis has been
shown to reduce bronchiolitis obliterans syndrome,9 it
remains controversial as it has not been shown to increase
survival. One common method of decreasing ischemia is by
reducing the length of the donor bronchus as much as
possible before anastomosis. The goal is typically to shorten
the donor bronchus within 1 to 2 cartilaginous rings of the
take-off of the upper lobe bronchus.10

The main anastomotic techniques used are either end-
to-end anastomosis (Fig. 1A) or telescoping with or without
tissue buttressing. There is no clear consensus on which
method is best. Telescoping is a technique in which the donor
and recipient bronchi are overlapped to varying degrees
(Fig. 1B). Exaggerated intussusception of the donor bronchus
should be avoided as it may result in entrapment of airway
pathogens11 or mechanical obstruction from sloughing of the
bronchial edge.12 However, in cases of donor-recipient airway
size mismatch, minimal telescoping may be the only sol-
ution.12 One study found telescoping to be a risk factor for
AC.8 Another surgical technique is buttressing or wrapping
of the anastomosis with tissue such as omentum, pleura,
pericardium, or epicardial fat (Fig. 1C). The use of this
technique has significantly declined, as it has not been shown
to decrease AC.

RISK FACTORS FOR AIRWAY ACs
Many risk factors for AC have been identified. A recent

large retrospective study identified the following risk factors:
preoperative microbial colonization, microbial infection during
the first postoperative trimester, age above 54, and right-sided
anastomosis.5 Another study found male donor and recipient,
prolonged donor ventilation, and patient height (tall recipients
are at higher risk)8 as risk factors. Donor/recipient size mis-
match (undersized lungs) also seems to be associated with
increased AC leading to more bronchoscopic inter-
ventions.13,14 Other reported risk factors include recurrent
infection, rejection, double LTx, posttransplant airway
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colonization, posttransplant intubation longer than 72 hours,
and aspiration.15,16 At our institution, preoperative reflux and
aspiration risk assessment is performed with pH probe, upper
gastrointestinal tract, and modified barium swallow. Patients
felt to be high risk for aspiration undergo fundoplication
before or after LTx.

NORMAL SURVEILLANCE AND HEALING OF THE
AIRWAY ANASTOMOSIS WITH

BRONCHOSCOPIC CORRELATION
Normal surveillance with spirometry, bronchoscopy,

and chest computed tomography (CT) varies by location.
At our institution, in clinically asymptomatic patients,
bronchoscopy is performed once before leaving the hospital
in which the LTx occurred and then every other month for
the first year. Beyond that, bronchoscopy is only performed
if the patient becomes symptomatic or if spirometry results
are abnormal. Chest CT is not routinely performed in the
post-LTx period but is often done in conjunction with
bronchoscopy in the workup of symptomatic patients. CT

FIGURE 1. Graphic illustrations demonstrate different surgical anastomotic techniques. A, End-to-end. B, Minimal telescoping. C, With
tissue buttressing (Illustrations created by Jonathan Ford, PhD).

FIGURE 2. Bronchoscopic image depicts the normal appearance
of the airway anastomosis (arrows) 2 weeks after LTx.
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FIGURE 3. Anastomotic stricture. A, Minimum intensity projection coronal CT shows severe airway stenosis at the left bronchial
anastomosis (arrow) as a sequela of chronic infection in this patient with single LTx. B, Bronchoscopic image confirms severe fixed
narrowing of the anastomosis.

FIGURE 4. Infection of the bronchial anastomosis. A, Axial CT image shows narrowing and luminal irregularity at the level of the
anastomosis (black arrow). B, Axial CT image shows postobstructive bronchiectasis and mucus plugging in the right middle lobe (white
arrows). C, Bronchoscopic view from the bronchus intermedius demonstrates mucosal sloughing and pseudomembrane formation (*)
causing narrowing of the right lower lobe (RLL) and right middle lobe (RML) bronchi secondary to infection of the bronchial anasto-
mosis (not shown).
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is often helpful in guiding bronchoscopic localization of
suspected abnormalities. Spirometry is done at each clinic
visit during the first year and then every 3 months indef-
initely. The normal bronchoscopic appearance of the air-
way anastomosis is shown in Figure 2.

POST-LTX CHEST CT PROTOCOL
Our standard CT protocol in patients after LTx

includes high-resolution CT images from the lung apex to
the diaphragm in inspiratory and expiratory phases with
1mm slice thickness in 10mm increments. In addition,
noncontrast axial, sagittal, and coronal 3�3mm series are
obtained. Axial continuous 1mm images are requested on a
case-by-case basis to be uploaded on a 3-dimensional
workstation for further evaluation. Although we do per-
form virtual bronchoscopy in some cases, we do not find it
to provide sufficient additional diagnostic value to warrant
routine use.

COMMON AND UNCOMMON COMPLICATIONS
OF AIRWAY ANASTOMOSIS WITH

BRONCHOSCOPIC AND CT CORRELATION
ACs are often classified as early (<1mo) or late

(>1mo). It is important to understand that, although some
of the following complications may occur in isolation, there

is often overlap and progression from one complication to
another. Early ACs include infection, necrosis, dehiscence,
and torsion. Late ACs include granulation tissue, stricture,
tracheobronchomalacia, vanishing bronchus intermedius
syndrome, and bronchopleural, bronchomediastinal, and
bronchovascular fistula.

ANASTOMOTIC AND NONANASTOMOTIC
AIRWAY STRICTURES

Anastomotic stricture is the most frequently reported
AC.7 Bronchial stenosis may result in recurrent lobar col-
lapse and postobstructive pneumonia. Strictures often
develop as sequelae of early complications such as ischemia,
granulation tissue, fistula, and infection4 (Fig. 3). Vanishing
bronchus intermedius syndrome is an uncommon but
related entity referring to narrowing or complete occlusion
of the bronchus intermedius that is thought to be related to
ischemia or rejection.17

Airway strictures can be diagnosed on either CT or
bronchoscopy. Focal airway narrowing >70% that does
not change with inspiration or expiration is typically con-
sidered a significant stenosis.15 Virtual bronchoscopy and
multiplanar and minimum intensity projection images are
often helpful to localize and diagnose airway strictures.

FIGURE 5. Anastomotic airway narrowing with occlusion of the bronchus intermedius (BI) due to external compression by hilar
lymphadenopathy in the setting of pneumonia. A, Axial CT image at the level of the BI shows soft tissue density representing bulky
station 10R right hilar lymph nodes (white arrows) without patent airway in the expected location of the BI (*). B, Coronal CT image in
lung windows shows abrupt cutoff of the proximal BI (black arrowhead). Also seen is narrowing at the airway anastomosis (black arrow)
and right lower lobe pneumonia (PNA). C, Bronchoscopic image shows complete occlusion of the proximal BI (white block arrow) with
suggestion of external mass effect (white asterisk). Endoscopic ultrasound was performed, which confirmed adjacent lymphadenopathy
(not shown). Cultures grew Staphylococcus aureus, and the patient improved with antibiotics.
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ANASTOMOTIC INFECTION
Although lung infection can occur at any time in the

post-LTx period, anastomotic infections often occur early
and may be secondary to necrosis, colonization, or aspi-
ration. Immunosuppressant drug regimens increase sus-
ceptibility to both typical airway pathogens as well as
numerous atypical bacterial, viral, and fungal infections
that often arise from the normal flora of the donor or
recipient airway.18 The incidence of anastomotic infection
in one study was 5.5%.19 Airway hemorrhage is a feared
complication in the setting of active infection, and long-
term sequelae of infection include stricture, tracheo-
bronchomalacia, and granulation tissue.4,11

Imaging findings are relatively insensitive and non-
specific for anastomotic infection. Bronchial wall thickening,
luminal irregularity, and/or soft tissue density at the anasto-
mosis can be seen on CT (Fig. 4A); however, this appearance
can also be seen with necrosis and granulation tissue for-
mation. The presence of signs of concurrent parenchymal
lung infection such as consolidation, ground-glass opacities,

and/or centrilobular/tree-in-bud nodules suggests anasto-
motic infection (Fig. 4B). Anastomotic airway narrowing
may also occur secondary to reactive mediastinal lympha-
denopathy (Figs. 5A–C).

BRONCHIAL NECROSIS WITH ANASTOMOTIC
DEHISCENCE

As previously discussed, ischemia of the donor bron-
chus is thought to play an important role in the develop-
ment of many ACs including necrosis, dehiscence, infection,
granulation tissue, stricture, and tracheobronchomalacia.
Limited mucosal sloughing and necrosis near the anasto-
mosis are frequently observed during bronchoscopy 2 to 3
weeks after LTx. However, this would only be considered a
“complication” if symptoms develop and/or intervention is
required. Bronchial necrosis may lead to other ACs such as
infection, web formation (Fig. 6), cicatricial scarring,
granulation tissue formation, and dehiscence of the

FIGURE 6. Bronchoscopic images of the anastomosis showing progression of AC in the same patient over time. A, At 2 weeks after LTx,
the mucosa appears erythematous and edematous likely related to early ischemic changes. B, At 3 weeks, there is mucosal sloughing
and discoloration (black arrow) related to necrosis with superimposed infection. C, At 6 weeks, there is evidence of healing of the
anastomosis with formation of granulation tissue (white arrow). D, At 9 months, there is complete healing with formation of an
obstructive membranous web (dashed arrow).
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anastomosis. In the largest study of AC, necrosis occurred
in 42/924 anastomoses (4.5%) and dehiscence occurred in
4/924 anastomoses (0.4%).5 Dehiscence is one of the most
dreadful ACs, as it carries a high mortality and is difficult to

treat.20 Dehiscence is a very important AC for radiologists
to be aware of, as it can be diagnosed on CT and may be
initially asymptomatic leading to rapid clinical deterio-
ration4 if prompt diagnosis and treatment do not occur.

FIGURE 7. Airway anastomotic dehiscence. A, Coronal CT image demonstrates extraluminal air superior and inferior to the right lung
airway anastomosis (arrows). Also seen is bilateral consolidation and ground-glass opacities (*) related to infection. B, Bronchoscopic
image of the anastomosis confirms an open defect at the anastomosis (dashed arrows) consistent with dehiscence.

FIGURE 8. Airway fistula. A, Chest radiograph shows subtle linear lucency along the left heart border (black arrows) and a pleural line at
the left lung base (white arrows). B, Subsequently performed chest CT confirms pneumopericardium (black arrow) and pneumothorax
(white arrows). There is also pneumomediastinum (arrowheads). These findings are suggestive of airway fistula (bronchomediastinal,
bronchopleural, and/or bronchopericardial).
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FIGURE 9. Right middle lobe torsion. A, Sagittal CT image through the right lung shows posterior displacement of the consolidated
(RML), which has rotated 180 degrees. B, Three-dimensional volume-rendered image of the lungs shows a focal discontinuity (dashed
circle) of the RML bronchus due to bronchovascular torsion. Also, note the abnormal density of the RML (*). C, Intraoperative image
shows a dusky RML (*), which was frankly necrotic and resected. RML indicates right middle lobe.

FIGURE 10. Excess granulation tissue. A, Axial high-resolution CT image demonstrates mucosal irregularity and narrowing at the
anastomosis (black arrows). B, Bronchoscopic image of the same patient shows granulation tissue (white arrow) and airway narrowing
near the anastomosis in a patient with acute on chronic aspergillus infection.
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Ischemic changes of the bronchial mucosa are typically
detectable much earlier on bronchoscopy than CT. In more
advanced cases of necrosis, CT may show mucosal irregularity
or soft tissue debris at the anastomosis.21 The presence of
extraluminal air with a direct connection to the airway suggests
progression to dehiscence (Fig. 7). It is important to be aware
that a small amount of extraluminal air in the immediate
postoperative period without focal wall defect may be normal.
Another potential mimicker of dehiscence is seen when tele-
scoping of the bronchus is performed. Small linear pockets of
air (<4mm) anterior to the anastomosis and soft tissue
irregularity can be seen in normal telescoped anastomoses,15

and it is thus important to be aware of the surgical technique.
Irregular pockets of air that are posterior to the anastomosis
are more suggestive features of dehiscence.22

AIRWAY FISTULAS
Airway fistulas after LTx are rare and highly lethal. They

are often related to infection. Bronchopleural fistulas are caused
by dehiscence (see the above section on necrosis and dehis-
cence). Bronchomediastinal fistulas may occur anywhere along
the central airway. Bronchovascular fistulas can be broncho-
aortic, broncho-pulmonary artery, or broncho-left atrial.7

Bronchomediastinal fistula can be seen as a focal
central airway wall defect with pneumomediastinum. Sim-
ilarly, bronchopericardial fistula may be suspected in the
presence of pneumopericardium (Fig. 8). Bronchovascular

fistula is suggested by contrast extravasation into the air-
way with possible visualization of a direct connection.

LOBAR TORSION
Lobar torsion is an extremely rare and catastrophic

complication in which the bronchovascular pedicle rotates
and causes displacement of a lobe resulting in ischemia and
necrosis (Fig. 9). Lobar torsion is more common after
pneumonectomy than LTx, as pneumonectomy allows for
increased lung mobility, predisposing to torsion. A risk
factor in the setting of LTx is size mismatch between the
donor lung and recipient pleural cavity.23 If the donor lung
is too small for the recipient hemithorax, the lung will be
hypermobile, which can result in lobar torsion.

Torsion may not be detectable on bronchoscopy. CT
findings include whirling of the central bronchovascular
structures with displacement of a lobe. Torsion most
commonly occurs in the right middle lobe, and isolated
right middle lobe airspace disease should raise suspicion for
this diagnosis. Intravenous contrast can be helpful to vis-
ualize the twisted bronchovascular pedicle as well as to
evaluate for nonenhancement of lung parenchyma sug-
gesting secondary pulmonary necrosis.

EXCESS GRANULATION TISSUE
Benign, hyperplastic granulation tissue may form at

the anastomosis, which can lead to recurrent narrowing and

FIGURE 11. Bronchomalacia. Sagittal CT and bronchoscopic images through the anastomosis in the same patient show >70%
reduction of the airway lumen (arrows) from inspiration (A and C) to expiration (B and D).
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obstruction.24 Granulation tissue forms as a generic
response to inflammation, which in this setting is often due
to ischemia or infection. Fungal infections, especially
aspergillus, have a particularly strong association with
granulation tissue development.25 Persistent or increasing
granulation tissue may also form in response to trauma
from multiple endoscopic interventions.24

Bronchoscopy is more sensitive and specific in the
evaluation of granulation tissue; however, CT is often
useful to guide bronchoscopic intervention, especially in
gauging the diameter of adjacent normal airways. CT
findings are similar to anastomotic necrosis or infection and
include luminal irregularity and/or soft tissue density at or
near the anastomosis (Fig. 10).

TRACHEOBRONCHOMALACIA
Tracheobronchomalacia refers to softening and

increased collapsibility of the airways. The underlying eti-
ology likely relates to ischemia or infection leading to loss
of tracheobronchial cartilage integrity. The extent of
involvement may be diffuse or only at the anastomosis.

Greater than 70% reduction of the airway lumen from
inspiration to expiration is diagnostic of tracheo-
bronchomalacia on both CT26 and bronchoscopy (Fig. 11).
A lunate or crescentic shape of the airway can also be seen
with tracheobronchomalacia.

PRESENTATION AND MANAGEMENT OPTIONS
OF AIRWAY ACs

AC may be suspected due to development of symp-
toms or reduction of forced expiratory volume in 1 second
on spirometry. Symptoms are usually nonspecific and may
include dyspnea, wheezing, stridor, or postobstructive
pneumonia. Workup of AC is typically performed with
both bronchoscopy and CT. Approximately one third of
patients with AC are asymptomatic.12 This is often the case
with dehiscence initially, which may lead to rapid clinical
deterioration.4

Most airway complications can be treated medically or
with endobronchial therapy. Necrosis and granulation tissue
often improve with antibiotics without the need for endo-
scopic intervention.4 Stents are infrequently used for treat-
ment of stenosis but may be used in cases of bronchomalacia

FIGURE 12. Stent placement. Axial CT image in mediastinal (A) and (B) lung windows show the appearance of a right anastomotic
airway stent (arrows). C, Bronchoscopic image shows a stent traversing the airway anastomosis.
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or highly symptomatic AC (Fig. 12). Vanishing bronchus
intermedius syndrome and anastomotic stenosis are often
treated successfully with bronchoscopic ballooning but may
occasionally require surgical bronchoplasty. Other indica-
tions for reoperation include dehiscence and fistula.

As mentioned above, the use of bronchial stents are
typically reserved for ACs that are severe or refractory to
conservative therapy. Potential complications associated
with stent placement include stent migration, difficult
extraction, airway trauma, granulation tissue formation,
mucus plugging, and colonization.5 There are several dif-
ferent types of bronchial stents with varying properties,
complication rates, and reported effectiveness.

CONCLUSIONS
It is important for radiologists to actively assess the

airway anastomosis on post-LTx chest CT, as many com-
plications can be diagnosed or suspected on the basis of
imaging findings.
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