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Objective: To describe our experience in airway complications following lung transplantation and to suggest
a management strategy using different interventional bronchoscopic techniques.
Method: Retrospective analysis of all airway complications following lung transplantation from January
1999 to July 2007.
Results: During this period, 223 patients underwent lung transplantation, with a total of 345 airway
anastomoses. In 70 (20.23%), there were complications requiring endoscopic intervention. A total of 631
procedures were carried out in 52 patients. Thirty-three patients presented a combination of bronchial
stenosis and bronchomalacia, 18 patients had bronchial stenosis alone and 1 patient presented dehiscence
of the anastomosis. In most cases, pneumatic balloon dilatation was effective, although temporarily, and
ultimately 47 patients required endobronchial stent placement. The most common complication associated
with the use of stents was granulation tissue formation, seen in 57.3% of patients. After stent placement,
forced expiratory volume in one second (FEV1) improved significantly.
Conclusion: Airway complications after lung transplantation are frequent. Balloon dilatation was effective
in only a few patients with bronchial stenosis, requiring stent placement in most. Airway permeabilization
after endobronchial stent placement improved FEV1 in these patients. Based on our experience, we propose
a management strategy for airway complications after lung transplantation.
© 2010 SEPAR. Published by Elsevier España, S.L. All rights reserved.
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Tratamiento de complicaciones en la vía aérea postrasplante pulmonar
RESUMEN
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Propósito: Describir nuestra experiencia en las complicaciones de la vía aérea después del trasplante pulmonar y sugerir un esquema de tratamiento, utilizando diferentes técnicas de broncoscopia intervencionista.
Método: Análisis retrospectivo de todas las complicaciones en la vía aérea postrasplante pulmonar desde
enero de 1999 hasta julio de 2007.
Resultados: Durante este periodo, en 223 pacientes se realizó trasplante pulmonar, un total de 345 anastomosis en la vía aérea. En 70 de ellas (20,23%) hubo complicaciones, requiriendo de intervención endoscópica. Se realizó un total de 631 procedimientos en 52 pacientes. Treinta y tres pacientes presentaron la combinación de estenosis bronquial con broncomalacia, 18 pacientes presentaron solo estenosis bronquial y 1
paciente presentó dehiscencia de la anastomosis. En la mayoría de los casos, la dilatación neumática por
balón tuvo efectividad transitoria, 47 pacientes requirieron de la instalación de un stent endobronquial. La
complicación más común asociada con la utilización de stents fue el tejido de granulación en el 57,3% de los
pacientes. Luego de la colocación de stents, el volumen espiratorio forzado en el primer segundo (FEV1)
mejoró significativamente.
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Conclusiones: Las complicaciones de la vía aérea después del trasplante pulmonar son frecuentes. En pocos
pacientes con estenosis de la vía aérea hubo resolución definitiva con dilatación bronquial neumática, requiriendo la mayoría de la colocación de stents endobronquiales. La permeabilización de la vía aérea por
stents endobronquiales demostró mejorar el FEV1 en estos pacientes. Sobre nuestra experiencia, proponemos un esquema de manejo de las complicaciones de la vía aérea postrasplante pulmonar.
© 2010 SEPAR. Publicado por Elsevier España, S.L. Todos los derechos reservados.

Introduction
Airway complications, especially during the process of anastomotic
healing, are still an important source of morbidity and mortality
after lung transplantation. The incidence of complications in the
airway varies between 16 and 33%,1 depending on the series. In this
context, most centers have a variable incidence, ranging from 7 to
18%, with a related mortality of 2 to 4%.2-13 These differences in
percentage can be explained by the lack of a classification system
that is conventionally accepted by all centers.1
Within the solid organ transplantations, lung transplantations
have special characteristics that make them unique while conferring
them greater susceptibility to anastomotic complications. In the
immediate post-transplantation period, the anastomoses are
vulnerable to ischemia as the circulation of the bronchial arteries are
usually not restored; thus, perfusion depends on the retrograde flow
coming from the pulmonary artery until collateral flow is developed,
which is constituted 2 to 4 weeks after transplantation.14 Moreover,
the surgical technique used6,7 and the colonization of the area of the
anastomosis by bacteria are also involved in the genesis of airway
complications.5-11
The series of 223 patients that we present, with a total of 345
anastomoses, provides information that can be useful for treating
airway complications and for defining the best therapeutic strategy.
Our intention has been to describe the most frequent airway
complications after lung transplant, and to suggest treatment
guidelines for these complications using different bronchoscopic
intervention techniques.
Patients and Methods
Ours is a retrospective study of lung transplant patients at a
reference university hospital (Shands Hospital at the University of
Florida), from January 1999 until July 2007. A total of 223 patients
(128 men and 95 women) underwent lung transplantation, 30 of
whom required re-transplantation (table 1). The total number of
anastomoses was 345. Patients evolution was followed over the
course of 14 months (until October, 2008) in order to evaluate the
airway complications and the need for bronchoscopic procedures.
The study was authorized by the research committee of the
institution.
One hundred twenty-seven patients needed single lung transplant
while 92 patients required bilateral lung transplant, 4 patients heartlung transplant and 30 patients required retransplant (table 2).
Airway complications were categorized in the following manner:
a) bronchial stenosis, defined when the granulation or scar tissue
produced a decrease in the bronchial lumen of more than 50%; b)
bronchomalacia, defined when bronchoscopy demonstrated a
dynamic collapse greater than 50% of the bronchial lumen on
expiration; c) bronchial stenosis associated with bronchomalacia,
defined when the presence of both entities was confirmed; and d)
anastomotic dehiscence, defined when loss in the continuity of the
suture line was observed.
Airway complications were diagnosed by video-assisted
bronchoscopy performed immediately after the surgery, and between
days 2 and 7 of the post-operative period. Later bronchoscopic
follow-up studies and transbronchial control biopsies were carried

Table 1
General characteristics of the patients with and without airway complications
Characteristics

Number of patients

Without complications
Males/females
Age
Type of transplant
Bilateral
Single
Heart/lung
(Retransplant)

171
94/77
55 ± 13

With complications
Males/females
Age
Type of transplant
Bilateral
Single
Heart/lung
(Retransplant)

52
34/18
52 ± 11

64
103
4
(17)

28
24
–
(13)

out 1, 3, 6 and 12 months after transplantation. When the patients
presented dyspnea, spirometric deterioration or new opacities on
chest radiography, video-assisted bronchoscopy was also
performed.
The bronchoscopic techniques used were: 1) resection with
electrocauterization (Gold Probe Catheter, Boston Scientific
Corporation, Natick, MA); 2) coagulation with argon plasma (ERBE
USA Inc, Atlanta, GA); 3) balloon dilatation (CRE Balloon Dilator
Boston Scientific Corporation); and 4) stent placement: Ultraflex
(Boston Scientific Corporation, Natick, MA), hybrid Aero (Merit
Endotek) and Palmaz (Palmaz stent).
The total number of procedures carried out was 631. Information
was registered and analyzed in the following manner: a) type of
airway
complication
(bronchial
stenosis,
bronchomalacia,
combination of stenosis and malacia, dehiscence of the anastomosis);
b) type of therapeutic procedure; c) period of time between the lung
transplantation and the different endoscopic procedures completed;
d) complications of the procedure (severe bleeding, respiratory
insufficiency); and e) complications related with the stents (formation
of granulation tissue, migration, stent fracture and formation of
mucus plugs).
In addition, spirometry was carried out before and after stent
placement in those patients whose clinical condition was adequate.
Spirometry was done the same day as the stent implantation and
was redone two weeks later. The changes in expiratory volume in
one second (FEV1) and in forced vital capacity (FVC) were compared
by paired t-test for differences. P < 0.05 was considered
significant.
Results
During the period analyzed, 223 patients underwent lung
transplantation, while 30 were later retransplanted; 52 patients
required endoscopic treatment (23.3%). Out of the 345 anastomoses,
70 (20.2%) required endoscopic treatment. Thirty-three patients
(63.5%) presented a combination of bronchial stenosis with
bronchomalacia, 18 (34.6%) had bronchial stenosis and 1 patient
(1.9%) presented dehiscence of the anastomosis.
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Table 2
Indications for lung transplantation, with and without airway complications
Without complications (N/%)

With complications (N/%)

Idiopathic lung fibrosis
Chronic obstructive pulmonary disease
Cystic fibrosis
Retransplant
Alpha 1 antitrypsin deficiency
Interstitial lung disease (non-idiopathic lung fibrosis)
Congenital heart disease
Bronchiectasis (no cystic fibrosis)
Pulmonary hypertension
Lymphangioleiomyomatosis
Pulmonary veno-occlusive disease

68/39.8
48/28.1
19/11.1
17/9.9
12/7.0
10/5.9
6/3.5
3/1.8
3/1.8
1/0.6
1/0.6

15/28.9
14/26.9
7/13.5
13/25
2/3.9
7/13.5
–
4/7.7
7/13.5
3/5.8
–

Table 3
Therapeutic procedures of interventional bronchoscopy
Type of procedure

N of patients (N/%)

Electrocauterization/APC
Balloon dilatation and electrocauterization/APC
Stent placement, single procedure
Balloon dilatation and stent
Electrocauterization/APC and stent
Balloon dilatation, electrocauterization/APC and stent

4/7.7
1/1.9
6/11.5
3/5.8
5/9.6
33/63.5

Number of patients

Indication

APC: argon plasma coagulation.

Days post-transplantation
Table 4
Complications related to stent placement

First intervention

Complication

Granulation tissue with obstruction > 50%
Mucus plugs
Stent migration
Stent fracture
a

First stent

Type of stent a
Ultraflex (N/%)

Aero (N/%)

56/62.9
5/5.6
3/3.4
5/5.6

17/44.7
3/7.9
8/21.1
2/5.3

The register of the Palmaz stents was not available.

A total of 47 patients (90.4%) required stent placement at some
point of their follow-up, with a total of 135 stents (89 Ultraflex, 38
Aero and 8 Palmaz). Out of these patients, 13 were initially treated
with bronchial dilatation using pneumatic balloons, thermal
treatment with electrocauterization or coagulation with argon
plasma. The mean number of endoscopic procedures before stent
placement was 3 procedures.
The Palmaz stents were implanted from 1999-2000, and the
register of the complications involving these stents was not
available to us. The total number of procedures done is shown in
table 3. Only one patient presented partial dehiscence of the
anastomosis and was successfully treated with the implantation of
a stent. We registered no cases of severe bleeding, respiratory
insufficiency or death.
The most common complication was the formation of granulation
tissue (57.3%). Other complications were: formation of mucus plugs
(6.3%), stent migration (8.6%) and stent fracture (55%) (table 4). In the
group of retransplanted patients, the incidence of airway
complications was higher (table 2).

Figure 1. Period of time elapsed from the lung transplantation until the first
bronchoscopic procedure and the placement of the first stent.

The average time elapsed between the transplantation and the
first intervention was 132 days (range 13-911). The mean time
elapsed between the transplantation and the placement of the first
stent was 176 days (range 13-870) (fig. 1).
If we analyze the group of retransplanted patients, we see that
there is a greater incidence of airway complications: 13/52 (25%)
versus 17/171 (9.9%), which represents the group of retransplanted
patients without airway complications. In 27 out of the 47 patients
requiring stent placement, spirometry was able to be performed the
day of the implantation and 2 week later. Improvement in FVC was
demonstrated in 11 of the 27 patients, and improvement in FEV1 in
17 of the 27 patients (table 5).
Discussion
Lung transplants are unique among the other solid organ
transplants because the arterial circulation is not restored during
surgery. For this reason, complications of the anastomosis have been
attributed to the ischemia of the bronchus of the donor lung.15 Other
factors, such as rejection,16 immunosuppressant therapy,17 infections18
or inadequate organ preservation,15 have mainly been associated
with the alterations in the healing of the suture line. Other
independent factors that have been identified as being associated

Table 5
Spirometry before and after the placement of the first stent in 27 patients
Parameter

Prior to stent

After stent

p value

Forced vital capacity (L)
Forced expiratory volume in one second (L)

2.58 ± 0.84
1.44 ± 0.52

2.68 ± 0.80
1.81 ± 0.60

0.80
< 0.005
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Figure 2. Stenosis of the anastomosis.

with airway complications are severe reperfusion edema and early
rejection episodes.19
In reviewing the literature, we have detected that our series
constitutes one of the largest that has been reported. Two-thirds
presented the combination of bronchial stenosis (fig. 2) and
bronchomalacia. Pneumatic balloon dilatation was a transitory
solution, requiring the placement of stents (fig. 3) in most patients
(90.4%). Erasmus et al.20 have also reported the need for stent
implantation in the majority of their patients. In the report by
Moreno et al.,21 they describe that balloon dilatation was often
associated with the implantation of a stent. In contrast, De Gracia el
al.22 affirm that balloon dilatation was effective and sufficient in 50%
of their patients, but the number treated was merely 10.
In our sample, the placement of stents in the airway was
associated with the formation of granulation tissue, mucus plugs,
stent fracture and migration. The formation of granulation tissue
was more common in non-removable metallic stents. Migration and
mucus plugs were more frequent in removable hybrid stents.

Figure 3. Endobronchial stent.
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Figure 4. Partial anastomotic dehiscence.

Granulation tissue represented a significant problem, as 57.3% of the
patients presented granulation with an obstruction of more than
50% of the bronchial lumen. In analyzing the group of retransplanted
patients in particular, there is a clear tendency towards a greater
incidence of airway complications. We consider that the high
incidence of granulation tissue may be related with the placement
of stents in early stages and near the transplant, where the bronchial
mucus does not present defined fibrotic tissue. On the other hand,
stent placement showed a tendency towards improving FVC and
was demonstrated to improve FEV1 in a statistically significant
range.
Anastomotic dehiscence is more frequent in the early postoperative
period, presenting high morbidity (fig. 4). Its presentation may
include
respiratory
insufficiency,
bronchopleural
fistulas,
pneumothorax and hemodynamic collapse. Thoracic tomography
can be used as the initial diagnostic exam; however, the findings
should be confirmed by bronchoscopy, which is also a therapeutic
instrument. Different surgical techniques have been used to prevent
dehiscence, such as shortening the donor bronchus, reinforcing the
anastomosis with a pedicle of vascularized tissue (omentum or
intercostal muscle), bronchial intussusception and reanastomosis of
the bronchial arteries. Despite these attempts, dehiscence and other
complications of the airway are still common.
Based on our experience, we suggest the following strategy (fig.
5) for treating airway complications after lung transplantation:
1. For significant bronchial stenosis and for mixed lesions with
associated bronchomalacia and predominant stenotic component,
we propose attempting balloon dilatation as the primary
intervention. This measure can improve the symptoms in the
short-term, but stenotic lesions frequently reoccur, requiring
periodic dilatations. We believe that stents should be used in
recurring lesions that have not responded to 3-4 balloon dilatations,
and particularly when the stenoses are fibrotic. For this reason, we
recommend avoiding the placement of stents in the first few weeks
post-transplant. We also suggest the placement of removable
stents (silicone or hybrids),23 keeping in mind that an ideal stent
does not exist as they all present varying degrees of
complications.
2. When granulation tissue forms, we recommend thermal therapy
with electrocauterization, coagulation with argon plasma or
cryotherapy.
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Airway complications after lung transplantation

Bronchial stenosis

Mixed lesions
(stenosis and malacia)

Balloon dilatation

Restenosis after
3-4 dilatations

Bronchomalacia

Asymptomatic

Symptomatic

Stent
placement

Improvement

Partial dehiscence

Surgical
evaluation

Observation

Stent placement

Figure 5. Management flowchart.

3. In cases of bronchomalacia, in asymptomatic patients we suggest
a conservative, wait-and-see approach, with periodic follow-up of
symptoms and spirometry every 3 months. In the cases of
moderate-to-severe bronchomalacia, and if the patient presents
dyspnea or recurring infections, stent placement should be
considered.
4. In cases of partial dehiscence, resolution with stents can be
attempted with a periodic weekly controls for one month;
nevertheless, in such cases we always recommend a group
evaluation with the surgical team.
Airway complications after lung transplantation are common. A
limited number of cases of airway stenosis can be resolved with
pneumatic balloon dilatation alone. The majority of patients require
the placement of stents to maintain airway permeability. Stents
present frequent complications in the mid and long term, the most
common being the formation of granulation tissue.24
Our current approach is conservative, using stents only in cases of
fibrotic bronchial stenosis recurring after 3-4 balloon dilatations,
with later removal of the stents after 3 to 6 months and airway reevaluation. In cases of symptomatic bronchomalacia, we also consider
the implantation of stents. In general, we use removable stents, these
being silicone25 as well as hybrid.
A multi-center study design is necessary to evaluate the
long-term success of interventional pulmonology procedures i
n the treatment of airway complications after lung
transplantation.
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