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Background: After lung transplantation (LT), between 2% and 25% of bronchial anastomoses develop
complications requiring therapeutic intervention. The status of healing of both bronchial anastomoses
and downhill airways are well described by the French consensual MDS standardized grading system
(Macroscopic, Diameter, Suture). We analyzed risks factors for airway complications (AC) after
transplantation and the way we managed them. We report here our challenging method of early rigid
bronchoscopic intervention with airway stenting on bronchial healing.
Methods: All single center consecutives LTs were retrospectively analyzed between 2010–2016. Patientlevel data (demographic, peri-operative data) and anastomosis-level data (surgical parameters, bronchoscopy
findings) were monitored. The incidence and contributive factors of ACs are reported. We also reported
modalities of the conservative treatment and outcome.
Results: A total of 121 LTs were performed, 39 single-lung and 82 bilateral sequential LT. Main indication
for LT were cystic fibrosis (45%) and emphysema (25%) and 58 were male patients (n=70). After a waiting
period of healing, 28 patients presented AC on 41 anastomoses (prevalence: 23%). A multivariate analysis
found as contributive factors of ACs, post-operative infection by Aspergillus [odds ratio (OR) 2.7, 95%
confidence interval (CI): 1.08–6.75; P=0.033] at the patient level, and at the anastomosis level, emphysema
(OR 2.4, 95% CI: 1.02–5.6; P=0.045), early dehiscence (OR 11.2, 95% CI: 1.7–76; P=0.01) and cold ischemia
time >264 min (OR 2.45, 95% CI: 1.08–5.6; P=0.03). All the 41 ACs were managed conservatively with rigid
bronchoscopy (range, 1–10), 41 stents (21 in silicone and 20 fully-covered Silicone Expandable Metallic
Stents) without major complication. Two AC were still under regular bronchoscopic care and silicone
stenting for long left bronchus reason. No surgical intervention was needed. The 2-years overall survival rate
where not different between AC group and controls, respectively 85% and 81%.
Conclusions: Airway healing after transplantation remains a scalable process and the French consensual
MDS classification helped us for therapeutic decisions. Rigid bronchoscopy and safety use of current stenting
devices may have the pivotal role in the conservative management of ACs, avoiding perilous situation of
surgery for AC. Despite a high rate of AC, their favorable evolution may be explained by the cautious care of
airway healing and maybe by the use of the Celsior antioxidant solution.
Keywords: Lung transplantation (LT); airway complication (AC); rigid bronchoscopy; airway stenting
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Introduction

Methods

Lung transplantation (LT) appeared recently in the 60s
and is considered nowadays as the reference treatment of
end-stage respiratory diseases (1). Complications of airway
anastomosis are still “Achilles heel”, leading to morbidity
and perhaps mortality, decreasing quality of life and
increasing health care costs (2). The incidence of airway
complications (AC) varies from 2% to 25%, depending on
its definition and their symptomatic character (3-5).
Prevalence of AC is underestimated by the fact that
only symptomatic patients who need endobronchial or
surgical treatment are listed (6). Bronchial ischemia is the
worst factor which influences the healing of the bronchial
anastomosis. During LT, the systemic blood supply of the
organ is not routinely restored during the transplant (7).
A functional network around bronchial anastomosis is
detectable only after 4 weeks (8) and vessels are present
after 12–14 days (9). In consequence, pejorative aspect of
anastomosis in the early postoperative period is a common
way to bronchial healing, furthermore affected by several
factors including donor management, high-dose steroids
administration, surgical technique and perioperative
management. Unfortunately, some patients do not reach a
self-healed bronchial status by a spontaneous way and need
intervention.
Nowadays, secondary to the lack on consensual AC
grading system, transplant teams use different strategies
for treatment modality and time to intervention. Many
classifications are useful for clinicians to describe
bronchoscopy findings and anastomotic complications
after LT. The MDS Classification is the last published (10),
established by a large consensus of French experts in
flexible and rigid bronchoscopies and lung follow-up, using
a standardized and exhaustive grading system (Table 1).
The first purpose of this study was the determination of
prevalence and the characterization of risk factors for ACs.
Then, we aimed to describe our active strategy of an early
bronchoscopic intervention, depending on the macroscopic
aspect of the bronchial anastomoses and downhill airways
after LT according to the MDS classification, which
determines our therapeutic attitude and clinical outcomes.

Study design
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Data were reviewed from a consecutive single center
series of 121 patients between August 2010 and May 2016.
Combined heart-LT and redo-LTs were excluded. SingleLTs were performed through a posterolateral thoracotomy
and bilateral single LT by a bilateral trans-sternal anterior
thoracotomy (clamshell incision). Dissection avoided
injury of bronchial arteries of the recipient. All lungs
were from donors after brain death, harvested by the
same surgeon. Before antegrade flush, prostaglandin
E1 (Prostin VR, Upjohn, Puurs, Belgium) was injected
into the pulmonary artery. Lungs were flushed in an
anterograde fashion with 5 Liters of Celsior® (Genzyme,
Catalent Limoges S.A.S., France). Before implantation, a
1 L complementary retrograde flush via pulmonary veins
was performed on donor’s lung. Conventional anastomotic
technique was performed by trimming the mainstem donor
bronchus to within 1 or 2 rings of the secondary carina
and then using a running suture for the membranous
wall and separated stiches for the cartilaginous part
(4-0 Prolene™, polypropylene, Surgi-pro, US Surgical,
Norwalk CT or PDS™ II, polydioxanone, Ethicon Inc.,
Somerville, NJ, USA) to do an end-to-end anastomosis.
Intentional telescoping is not performed except when
there is a size difference, then the smaller bronchus was
allowed intussuscept into the larger airway. Peribronchial
fatty tissues of the donor were patched around with
resorbable stiches whenever possible (Vicryl™, Ethicon,
Somerville, NJ, USA). Since 2013, all the patients of our
Lung Transplant program have systematic and repeated
amphotericin nebulization to avoid Aspergillus colonization.
All patients underwent routine flexible bronchoscopy at
the end of lung anastomosis during surgery and every two
days during the first 15 days after transplantation, then
once time a week to reach one month of follow up. Further
bronchoscopies were performed every 2 months until the
end of the year, or in urgent necessity (symptoms or forced
expiratory volume in one second reduction during follow
up). The immunosuppressive protocol remains unchanged
during the study period:induction therapy with basiliximab
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Data

Table 1 The MDS endoscopic standardized grading system
for macroscopic central airway complications following lung
transplantation

We did a retrospective analysis of all medical and PMSI
data to search for airway anastomotic complications (AC).
We gathered recipient variables of pre- and perioperative
period associated with the occurrence of AC.
Variables with biological plausibility, significance in
univariate analysis and supporting literature with occurrence
of AC were included in the multivariate model (Table 2).
The statistical unit is the patient, for “patient-level” data
in uni and multivariate models. The statistical unit is the
bronchial anastomosis, when we studied factors related to
each anastomosis. A SLT matched with 1 unit and BSLT
with 2 units for each patient.

M (macroscopic aspect)
M0: scar tissue
M1: protruding cartilage
M2: inflammation/granulomas
M3: ischaemia/necrosis
Extent of abnormalities in regard to the anastomosis
(I) Abnormalities localized to the anastomosis
(II) Abnormalities extending from the anastomosis to the
truncus intermedius or to the extremity of the left main
bronchus, without lobar involvement
(III) Abnormalities extending from the anastomosis to lobar
or segmental bronchi

Statistical analysis
Qualitative variables were expressed as count with
percentage, and continuous variables as mean and standard
deviation, unless otherwise stated. Mean and median values
were displayed with standard deviation and range values,
respectively. Odds ratios (OR) were presented with their
95% confidence intervals (CI). Statistical significance of
continuous data was calculated using the unpaired twotailed t-test for normally distribution. Variables with
biological plausibility, proven literature support in the
occurrence of AC were studied by a univariate analysis
with the chi square or Fisher’s exact test. Variables with
significance were included in a multivariate model with a
stepwise logistic regression, with P≤0.2 used as a cut-off for
inclusion. Model discrimination was assessed by the c-index,
which is identical to the area under the receiver operating
characteristic curve. All reported P values are two-sided
and P<0.05 was considered statistically significant. Overall
survival rates were estimated with the Kaplan-Meier
method and compared with the log-rank test. Statistical
calculations were performed with SAS software, version 9.3
(SAS institute, Inc., Cary, NC, USA).

(IV) Abnormalities affecting the lobar and/or segmental
bronchi, without anastomotic involvement
D (diameter)
D0: normal to a fixed reduction <33%
D1: expiratory reduction (malacia) >50%
D2: fixed reduction from 33% to 66%
D3: fixed reduction >66%
Extent of abnormalities in regard to the anastomosis
(I) Abnormalities localized to the anastomosis
(II) Abnormalities extending from the anastomosis to the
truncus intermedius or to the extremity of the left main
bronchus, without lobar involvement
(III) Abnormalities extending from the anastomosis to lobar
or segmental bronchi
(IV) Abnormalities affecting the lobar and/or segmental
bronchi, without anastomotic involvement
S (sutures)
S0: absence of dehiscence
S1: limited dehiscence (<25% of circumference)
S2: extensive dehiscence (from 25 to 50%)

Results

S3: very extensive dehiscence (>50%)

Overall analysis

Localization: (I) anteriorly; (II) other localizations

and bolus of methylprednisolone in the operative room,
followed by tacrolimus, mycophenolate mofetyl and
steroids.
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A total of 121 LT, 39 single-lung (SLT) and 82 bilateral
sequential lung transplantation (BSLT) were performed
for a total of 203 bronchial anastomoses. Two patients died
until the first postoperative day (POD), one from a large
vena cava dehiscence (during the removal of inferior venous
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Table 2 Recipient characteristics, pre- and peri-operative lung transplantation characteristics and post-operative outcome events [values are given
as n (%) or mean (minimum–maximum)]
Recipient characteristics (n=121)

Outcome

Demographic and medical history
Age at the time of LT (years)

42 (8–65)

Gender (male)

58 (n=70)

2

BMI (kg/m )

19.9 (11.3–35)

Previous infection (bacterial and fungal)

11.6 (n=14)

Previous thoracic events (pneumothorax, lobectomy or pneumonectomy)

11.6 (n=14)

Tabagism

32 (n=39)

Lung disease-indication of LT
Cystic fibrosis

46 (n=56)

Emphysema-COPD

25 (n=30)

Fibrosis

19 (n=23)

Other (including LAL, pulmonary hypertension)

10 (n=12)

Waiting time on LT list (days)

208 (7–1,435)

Pre-operative conditions (grafts in emergency)
Orotracheal intubation
ECMO (as bridge to transplantation)

11.6 (n=14)
7.4 (n=9)

Peri-operative LT characteristics
Type of LT (single or bilateral, side)
Single lung

32 (n=39)

Bilateral sequential lung

68 (n=82)

Right side

32 (n=39)

Need for cardiopulmonary bypass

69.4 (n=84)

Ischemic times (cold and hot, in minutes
First lung

237 (120–360), 54 (24–119)

Second lung

307 (176–501), 49 (27–105)

Type of stitches (membranous and cartilaginous part)
Resorbable (Polydioxanone)

66.5 (n=135)

Non-resorbable (polypropylene)

33.5 (n=68)

Congruence between donor-recipient bronchus

89 (n=181)

Use of peribonchial tissues for patching

24 (n=49)

Surgeon’s length of experience (years of practice)
Senior (>10 years)

48 (n=58)

Experienced (2–10 years)

29 (n=35)

Junior, under supervision (<2 years)

23 (n=28)

Need for revision surgery (clot removal)

19 (n=23)

Table 2 (continued)
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Table 2 (continued)
Recipient characteristics (n=121)

Outcome

Immediate post-operative outcome
Post-operative ECMO

5 (n=6)

Occurrence of PGD

91 (n=110)

Gravity score of PGD (worst ratio PaO2/FiO2 within postop day 2)
Grade 1

43 (n=47)

Grade 2

38 (n=42)

Grade 3

19 (n=21)

Duration of medical ventilator support (days)

10 (1–85)

Post-operative outcome (90 days of follow-up)
Bacteriological lung sepsis, within 3rd PO month

70 (n=85)

Fungal lung sepsis, within 3rd PO month

61 (n=74)

Aspergillus infection

34.7 (n=42)

LT, lung transplantation; BMI, body mass index; COPD, chronic obstructive pulmonary disease; LAL, lymphangioleiomyomatosis, ECMO,
extra corporeal membranous oxygenation, PGD, primary graft dysfunction (PaO2/FiO2 <300) (1), PO, post-operative.

cannula, inserted percutaneously in the femoral vein) and the
second from a major primary graft dysfunction (PGD) and
were excluded. Gender distribution was 70 males (58%) and
51 females (42%), with a mean age of 42 years (8–65 years).
The indications for LT were cystic fibrosis (n=56),
emphysema (n=30), pulmonary fibrosis (n=23), and others
causes (n=12) (Table 2).
AC concerned 41 anastomoses in 28 patients (prevalence:
23%), and all occurred during the first postoperative year
with a median time of 73 days (range 10–198 days) from
transplantation to AC diagnosis. The distribution of AC
according to the MDS classification is presented in Table 3.
Gender distribution was 16 males (57%) and 12 females
(43%). All AC were treated by at least one intervention of
rigid bronchoscopy. Both sides were indifferently concerned
by AC (21 right anastomoses, 20 left).
Multivariate analysis of predictive factors of AC
At a “patient-level”, the post-operative infection by
Aspergillus species (OR 2.7, 95% CI: 1.08–6.75; P=0.033) and
increasing Body Mass Index (OR 1.12, 95% CI: 1.02–1.25;
P=0.025) were withheld as predictive factors for AC. At the
“anastomosis-level”, emphysema (OR 2.4, 95% CI: 1.02–5.6;
P=0.045), post-operative infection by Aspergillus (OR 2.3,
95% CI: 1–5.1; P=0.05), premature dehiscence until post-
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operative day (POD) 20 (OR 11.2, 95% CI: 1.7–76; P=0.01),
latest or persistent dehiscence until POD 73 (OR 11.5, 95%
CI: 6–67; P=0.007) and cold ischemia >264 min (OR 2.45,
95% CI: 1.08–5.6; P=0.03) were associated with ACs.
Survival analysis and long-term outcome
There was no statistically significant difference in overall
survival between patients with AC and the control group
[hazard ratio (HR) 1.6, 95% CI: 0.6–4.6; P=0.22]. One- and
2-year survivals for the AC group were respectively 96.5%
and 85%, and for the control group, 92% and 81% (Figure 1).
Median term of follow-up was 876 days.
Treatment characteristics and outcome
At POD 20 after transplantation in mean, 59% bronchial
anastomosis presented a macroscopic aspect of ischemia or
necrosis (M3 stage, n=120) and 7% (n=14) with a diameter
complication. For MDS stages from M0 to M3a, the
probability of spontaneous resolution was 93.7% compared
with 61.1% for stages M3b and higher (Table 2). At POD
73, 141 anastomoses (70%) were in complete healing (M0
stage). Among the 49 anastomoses which presented necrosis
or ischemia (M3 stage), 41 required rigid bronchoscopy.
Anastomoses diameter was normal in 167 (82%). Between
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Table 3 Distribution of AC according to the MDS classification and probability of spontaneous resolution
MDS classification

Extent*

Localization#

Number of cases

Spontaneous
resolution (%)

M (macroscopic aspect)
M0 (scar tissue)

a/b/c/d

53

100

M1 (protruding cartilage)

a/b/c/d

0

–

a

7

100

b

16

87.50

c

7

100

d

0

–

a

58

81

b

45

75.60

c

15

46.70

d

2

0

a/b/c/d

189

81

a

2

100

b

1

100

c

0

–

d

0

–

a

4

100

b

1

100

c

2

0

d

2

50

a

0

–

b

2

100

c

0

–

d

0

–

195

81.50

M2 (inflammation/granuloma)

M3 (ischemia/necrosis)

D (diameter)
D0 (normal to fixed reduction <33%)
D1 (expiratory malacia >50%)

D2 (fixed reduction from 33% to 66%)

D3 (fixed reduction >66%)

S (suture)
S0 (absence of dehiscence)
S1 (limited dehiscence, <25% of
circumference)

e

6

33

f

2

50

S2 (extensive dehiscence (25% to 50%)

e

0

–

f

0

–

e

0

–

f

0

–

S3 (very extensive dehiscence (>50%)

*Description of abnormalities in regard to the anastomosis: a, abnormalities localized to the anastomosis; b, abnormalities extending from
the anastomosis to the bronchus intermedius or to the extremity of the left main bronchus, without lobar involvement; c, abnormalities
extending from the anastomosis to lobar or segmental bronchi; d, abnormalities affecting the lobar and/or segmental bronchi, without
anastomotic involvement. #Localization: e, anteriorly; f, other localizations.
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Survival proportions
Median

Percent survival (%)
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Non AC group
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Figure 1 Kaplan-Meier plots of overall survival. AC, anastomotic

reduction, 6 silicone stents for bronchomalacia).
The following procedure concerned 9 or less patients,
for fibrotic stenosis or malacia. Less debridement but more
dilatations were required. At one-year of follow-up, 25%
of AC still evolved on a necrotic fashion while 25% were
severely fixed by a fibrotic stenosis. The remaining AC
needed stents for malacia (6 Fc-SEMS and 2 silicone stent).
AC was considered as definitely treated for 16 patients
with AC (28 anastomoses, median follow-up of 820 days
(range, 251–2,052 days). Nine patients are still under
stenting or evolving AC (11 anastomoses, median of last
follow-up 162 days).

airway complication.

Stent complications
POD 20 and 73, 4 patients presented a spontaneous
dehiscence resolution, 4 had a persistent one (S1) and 3
patients developed a later dehiscence of S1 type.
An average of 3 bronchoscopy procedures per patient
was realized, at a mean time of 103±48 days from transplant.
The median length of stay in the bronchoscopy unit was
2±1 days.
During the first intervention, after a careful airway
intubation and an exhaustive assessment of bronchus status,
a mechanical debridement with a rotary forward motion
of the hollow metal tube was realized, or with cup forceps
was performed for 95% of the anastomoses. Dilatation was
performed with tubes of increasing diameter for 73% of AC.
There was no fibrotic stenosis at this early post-operative
course. In presence of bronchial dehiscence, surgical
clips and/or polypropylene sutures were systematically
encountered and removed (n=7, classed S1).
At the end of the bronchial clearance, malacia defined by
expiratory diameter collapse of >50%, concerned 9 AC and
7 required a stent implantation through the hollow tube,
with a slight over-sizing of 20%. Three Silicone Dumon
stents and 4 fully covered self-expandable metallic stents
(Fc-SEMS) were inserted (Silmet®, Novatech, La Ciotat,
France).
A second bronchoscopic procedure was required for
20 patients (27 anastomoses) at POD 185±105 (range
97–463). Anastomoses needed more dilatation (93%,
n=25) than debridement (81%, n=22). Usually, AC classed
D3 became D2 when the underlying bronchial frame was
soft, or became normal (D0) when occlusion was made
of aspergillus necrosis. However, all the AC with malacia
before dilatation had a persistent collapse after. Thirteen
stents were implanted in 12 AC (7 Fc-SEMS for fixed
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All the 40 stents (20 fully covered SEMS and 20 silicone
stents) were used in the main bronchus and 1 Y silicon
stent was fit on the main carina. Stent deployment was
successful in all patients without procedure-related events,
or major complication during follow-up. There were
minor complications such as tenacious secretions (6 FcSEMS, 9 silicone stents), moderate granulomas (10 FcSEMS, 11 silicone stents). There were 8 asymptomatic
stent migrations with both types of stents. Superior or
middle lobar occlusions couldn’t be avoided with FcSEMS in 5 cases but were avoided with windowed silicone
stents. Median follow-up after the last intervention was
313 days for the AC group. Stents stayed 235±218 days
(range, 4–1,078 days, median 175 days), and 12 stents (7 in
silicone, 5 Fc-SEMS) are still in place, since 243±150 days.
Discussion
The current study, including 121 LTs in a 6-year period,
shows a significant AC prevalence of 23%. Most published
series usually described a range of 2% to 25% (3-5) of
AC, with a disparity explained by underreporting. Since
2010, we conduct a prospective program of early mechanic
debridement of anastomoses, under rigid bronchoscopy,
to prevent ACs. We highlight that early dehiscence,
emphysema, post-operative infection with Aspergillus
species (before day 90) and cold ischemia time are risk
factors of AC. In COPD patients, peribronchial tissues and
vascular network are scarce compared with cystic fibrosis
or idiopathic pulmonary fibrosis patients. In consequence,
the relative ischemia after the LT may be higher for
COPD who had already chronic ischemia, and may
explain its importance in AC occurrence. Previous reports
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hypothesized that once the mucosal barrier is breached
by local ischemia, contaminated environment increased
local ischemia (11). In our series, Aspergillus was the main
fungal specie which seems to hamper the bronchial healing.
Concerning the immunosuppressive regimen, we employ
the same as the “treatment 3” used from 2009 to 2012 by
the Lung transplantation Group of Strasbourg, France, who
founded a rate of bronchial complications of 25% (5).
In our study, AC appears to be frequent but less
severe in term of dehiscence, and with no preferential
lateralization. Our results may be explained by recent
works on animal ex vivo models, showing that Celsior ®
decreased airway resistance and increased gas exchange
performance, compared to Perfadex ® (12). The Celsior®
solution contains antioxidant substances and further studies
are required to understand the underlying mechanisms
of both solutions and confirm the superiority of one on
another (13). In clinical lung TP, celsior didn’t showed a
strong improvement of clinical outcomes or survival against
the gold standard low-potassium dextran solution (LPD,
Perfadex). Despite unfavorable ischemic time in the Celsior
group, a large retrospective study of Hannover’s team
found a tendency of PGD resolving faster and a significant
improvement of Bronchiolitis obliterans syndrome-free
survival, compared with LPD (14). In AC with dehiscence,
surgical clips or terminal nodes were systematically
founded and necrotic aspect was indifferently observed with
resorbable or polypropylene stitches. As these materials
appeared at different times of AC evolution, it is impossible
to know their causal relationship with dehiscence.
Moreover, individual stitches on cartilaginous part may have
limit dehiscence in this fragile area. Other teams with lower
rate of AC no longer use non-resorbable monofilament
sutures and individual stitches, but changed in the same
time many surgical procedural aspects. It could be a way
forward to decrease our rate of limited dehiscence.
Concerning the early post-operative course (POD 20),
we counted 120 necrotic anastomoses (M3) in 89 patients,
a prevalence of 60%. In our experience, 60% of these
anastomoses evolved favorably and self-healed without any
therapeutic intervention. Instead of Leuven team, we didn’t
consider these airway abnormalities as AC, because airway
anastomoses remain profoundly ischemic for some weeks after
transplantation before complete and spontaneous healing
(15,16). Anyway, these lesions resulted in our experience
and in literature in increased endoscopic monitoring, with a
conservative and wait-and-see attitude (10).
There was no statistically significant difference in overall
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survival between the AC group treated conservatively and
the controls. The bronchoscopic interventions helped
us to manage conservatively the AC group on a 6-year
period, neither without major complications nor without
graft removal. Mean length of hospital stay was 2 days
and neither costly device such as lasers, microdebriders or
dilatation balloons was useful. Our patients welcomed the
gain of such short and effective procedures, under general
anesthesia. In our center, we consider that a well-trained
team in rigid bronchoscopy may efficiently treat various
type of AC, with an exhaustive action on macroscopic,
diameter and dehiscence complications and without costly
instruments. Last but not least, this technique improves
the accuracy of local damage assessment in such a dynamic
environment, with a more precise sizing before bronchial
stenting when necessary.
The MDS classification employed in our experience is
less exhaustive than others previous described, at the early
stage, but keep it simpler. This standardized and exhaustive
classification helps physicians to assess the severity rate
of AC for the better therapeutic option, to restore safely
and rapidly better bronchial conditions to improve graft
oxygenation. A description of an isolated M1 type (malacia),
without diameter repercussion, generally doesn’t require
any intervention. A M2 injury (granulomas, inflammation)
requires a debridement intervention when associated with
a significant reduction of caliber (more than 33%, ≥ D2).
In case of necrotic, fungal or ischemic injuries, local toilet
under flexible bronchoscopy is firstly indicated, if the area
concerned is small (M3a) or with no significant diameter
reduction (<33%). An isolated reduction of caliber is not an
independent factor for clinical symptoms. It is not in itself
the only factor for therapeutic decision-making, except for
major expiratory malacia (D1, >50%) alone in a single-lung
situation. Concerning the suture, dehiscence of the anterior
wall has more pejorative prognosis significance than a lateral
or a posterior one, due to the higher risk of vascular fistulae.
We experienced only limited dehiscence of the lateral wall,
which may explain the absence of surgical treatment.
Novel fully-covered SEMS stents were widely implanted
thanks to their great ease to use. In the literature, Fc-SEMS
suffer from misusing and are criticized for high short-term
complications (75% of migration, 60% of stent fractures,
before 12 weeks!). In these studies, 82% of these cylindrical
stents were implanted for tracheal stenosis (17). When
correctly sized in bronchial benign strictures following
LT, Fc-SEMS and silicone stents are efficient, according
to our experience (18-21). On the contrary, reports and
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notifications of Food and drug Administration alert
physicians to serious complications associated with noncovered metallic stents, in benign airway disorders, since
20 years (2,22,23).
This is a single-institution study, representing the results
of a fixed team of surgeons across time, but with variations
in techniques and increase in the level of experience.
Subtle differences among surgeons are undocumented and
cannot be take in account, despite the repetitive operative
technique employed. However, our good results of
conservative management of AC must be weighed against
the relative small sample size of our series. Finally, the high
occurrence of AC highlights the fact that peri-operative
care and transplant technique can still be improved in our
center.
In conclusion, our transplant experience is in accordance
with the literature in term of survival results and
predictive factors of ACs. The early care of ACs under
rigid bronchoscopy seems to contain their evolution,
by a conservative way, respecting the scalable process of
bronchial healing. In our knowledge, it is the first report of
consecutive transplanted patients with no surgical treatment
for AC. Furthermore, it is the first series using widely
and safely the third generation of fully covered metallic
stents, adapted to situations of tight strictures or tortuous
airways. According to intra-operative findings, the gold
standard silicone stents still have an important place in case
of malacia or for long term airway supporting. Bronchial
healing is still an important challenge after LT and rigid
bronchoscopy has a key place in the therapeutic strategy, as
a multifunction and minimally invasive tool.
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