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Introduction
Tuberculosis (TB) is the world’s leading cause of 
death by an infectious pathogen. A total of 1.4 mil-
lion people died from TB in 2019.1 Tracheobronchial 
tuberculosis (TBTB) is defined as a tuberculous 
infection of the center airway, reported incidence 
around 10–54.3% among patients with active pul-
monary TB.2–7 Tracheobronchial stenosis reportedly 

occurred in 59.7% TBTB patients,7 commonly 
inducing obstructive pneumonia, pulmonary atelec-
tasis, or even respiratory failure.

Interventional bronchoscopic procedures, 
including laser, electrocautery, cryotherapy and 
balloon dilation, are widely used for treating 
patients with airway stenosis, relieving 
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Abstract
Background and aims: Post-tuberculosis bronchial stenosis (PTBS) is one of the most 
common complications of tracheobronchial tuberculosis. Silicone stent serves as a major 
treatment for maintaining airway patency. However, silicone stent placement remains a large 
challenge in patients with severe cicatricial PTBS. Our objective was to evaluate the efficacy 
and safety of covered, self-expanding, metallic stents (SEMSs) as a transition to silicone stent 
implantation for treating severe PTBS.
Methods: We retrospectively reviewed the data of patients with severe PTBS who received 
airway stenting in the First Affiliated Hospital of Guangdong Medical University between 
September 2015 and May 2019. The types of the stent, intervention procedures, bronchoscopic 
findings, clinical outcomes and related complications were collected and analyzed.
Results: Fifty-eight cases with severe PTBS were included in this study. Thirteen (22.4%) of 
the patients received bronchial silicone stent implantation immediately after dilations. For the 
remaining 45 (77.6%) patients, silicone stents could not be deployed after dilations and SEMSs 
implantation was implemented as a bridge to silicone stenting. The SEMSs were placed for 
an interval of 28.4 ± 11.1 days. All of the silicone stents were inserted successfully following 
the removal of SEMSs. No SEMS-related complication occurred. The subgroup analysis 
showed that patients who received transitional SEMSs had less luminal caliber but fewer 
transbronchial dilations before silicone stent implantation (p < 0.05).
Conclusion: Covered SEMS placement as a transition to silicone stenting could serve as a 
feasible procedure to reduce complications and improve the success rate of silicone stent 
implantation in patients with severe PTBS.
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symptoms and improving lung function. Silicone 
stent, which serves as the ‘gold standard’ for the 
management of benign airway stenosis,8–10 could 
contribute to re-establishing the luminal patency 
of the stenotic airway. However, TBTB might 
induce development of granulation prolifera-
tion, severe cicatricial constriction and airway 
distortion, making it a challenge to place silicone 
stent in the stenotic airway, with a failure rate of 
27.2% in patients with TBTB-related tracheo-
bronchial stenosis.11

Self-expanding metallic stent (SEMS) is contro-
versial in the management of benign airway ste-
nosis for its related complications and difficulty 
in removal of the stents.12 Nevertheless, the thin 
wall woven with flexible nitinol wire mesh and 
the self-expanding characteristic of SEMS are 
conducive for deploying in the complex stenotic 
airway and providing a sustained tracheo-bron-
chodilation effect. Hence, the readily movable 
covered SEMS could act as a transition to the 
silicone stenting in the management of severe 
post-TB bronchial stenosis (PTBS).

Materials and methods

Patients
We reviewed the clinical data of patients with 
PTBS who were treated with silicone stent at the 
First Affiliated Hospital of Guangzhou Medical 
University between September 2015 and May 
2019. We recruited patients based on the follow-
ing selection criteria: (1) severe PTBS with the 
luminal diameter reduced ⩾75% and the length 
of stenotic segment >2 cm); (2) recurrent attacks 
of breathlessness due to airway restenosis after 
balloon dilation; (3) complex stenosis with carti-
lage involvement and circumferential contrac-
tion scarring (length >1 cm).13,14 The exclusion 
criteria were as follows: (1) active pulmonary 
TB; (2) severe bronchiectasis or destructive pul-
monary disease; (3) simple stenosis without con-
tracted scarring;13,14 or (4) absence of follow-up 
data.

The demographics, clinical characteristics, inter-
ventional bronchoscopic procedures and clinical 
outcomes were collected and analyzed. All patients 
were constantly informed and the study protocol 
was approved by the Ethics Committee of the 
First Affiliated Hospital of Guangdong Medical 
University (ethics review No.: 2018-16).

Intervention procedure
Three-dimensional computed tomography (CT) 
image reconstruction and bronchoscopy (BF-260, 
Olympus Corporation, Japan) were performed to 
evaluate the airway stenosis before the interven-
tional treatment. All procedures were performed 
through rigid bronchoscope (Storz Medical AG, 
Germany) under general anesthesia. Holmium 
laser (VersaPluse PowerSuite, Lumenis, USA), 
Nd: YAG laser (MY100C, Ligenesis, China), 
electrosurgical unit (VIO200D, Erbe, Germany) 
combined with ballooning were employed to 
resect fibrous bands and dilate the airway for the 
access of airway stent. A silicone stent would be 
implanted directly if the rigid bronchoscope could 
pass through the airway stenotic segment after the 
bronchoscopic treatment. Otherwise, a covered 
SEMS (Nanjing Eco, Micro-Tech, China; or 
Ultraflex, Boston Scientific, USA) with outer 
diameter of 10–12 mm would be placed for 
2–4 weeks prior to silicone stenting. A silicone 
stent (Dumon, Novatech, France) with outer 
diameter of 9–11 mm was implanted after dilation 
treatment or removal of SEMS (see the flow chart 
in Figure 1). The type and size of silicone stents 
were determined based on the luminal diameter 
and length of the stenotic segment post interven-
tional treatment. The silicone stent would be 
placed for at least 3 months; prolonged placement 
or removal of the stents was based on the physi-
cian’s decision according to the bronchoscopic 
follow-ups and the airway condition.

Efficacy and safety evaluation
The bronchoscopic follow-ups were conducted 
on the second day and every 2 weeks after the 
placement of SEMS, and at the first, second, 
third, six, ninth and 12th months after silicone 
stenting for monitoring the related complications, 
including pneumothorax, mediastinal emphy-
sema, airway rupture, secretion retention, stent 
migration and granulation tissue formation. Data 
on lung function test and the dyspnea index 
[Modified Medical Research Council dyspnea 
scale (mMRC)] were collected before and after 
treatment to assess the clinical effects of the air-
way stenting. All the patients were followed up for 
1 year after the removal of silicone stent.

Statistical analysis
Statistical analysis was performed using SPSS 
version 22.0 (SPSS Inc., Chicago, USA). Data 
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were expressed as median (range) values for con-
tinuous variables or as number (percentage). 
Paired t-test was applied to compare the mMRC 
score before and after the interventional treat-
ment. Differences among groups were analyzed 
using one-way analysis-of-variance or Kruskal–
Wallis test where appropriate. Bonferroni correc-
tion was applied to adjust for multiple 
comparisons. p < 0.05 was deemed statistically 
significant unless otherwise stated.

Results

Patients’ characteristics
A total of 121 TBTB patients with severe bron-
chial stenosis were treated with silicone stents 
between September 2015 and May 2019. Twenty-
eight patients with simple stenosis and 35 patients 
who transferred to a local hospital after airway 
stenting were excluded. Finally, 58 out of 121 
(47.9%) patients with complex PTBS were 
enrolled in this study. All patients were diagnosed 
of TBTB-related airway stenosis without active 
pulmonary TB. The clinical characteristics of 

patients are summarized in Table 1 and the flow-
chart of bronchoscopic interventional manage-
ment is shown in Figure 2.

Bronchoscopy findings and outcomes of SEMS
In 58 enrolled patients, the median (range) lumi-
nal diameter increased from 2 (0–3) mm to 6 (5–
7) mm, average 30 mm (20–40) in length, after 
conventional bronchoscopic procedures (laser, 
electrocautery or balloon dilation). Covered 
SEMSs implantation was required in 45 out of 58 
(77.6%) patients for the limited airway caliber to 
deploy a silicone stent even after bronchoscopic 
treatment. All patients had immediate symptoms 
alleviated after stenting, the mMRC scale 
improved from 1.79 ± 0.60 to 0.23 ± 0.43 
(t = 20.33, p < 0.001) and forced expiratory 
volume in 1 s increased from 1.68 ± 0.81 L to 
2.33 ± 0.97 L (t = 6.45, p < 0.05). The mean 
duration of the covered SEMSs placement was 
28.3 ± 11.3 days.

Granulation tissue formation (23.3%, 10/43) and 
secretion retention (11.6%, 5/43) occurred after 

Figure 1.  Flow chart of the silicone stent placement for severe post-tuberculosis bronchial stenosis.
SEMS, self-expanding metallic stent.
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SEMSs implantation, which were simple to man-
age. No severe complication occurred and the 
stents were well tolerated. All covered SEMSs 
stents could be removed successfully without dis-
tinct airway injury or stent removal-related com-
plications (e.g. airway laceration or bleeding). 
The median (range) luminal diameter of stenotic 
airways had been increased to 9 (8–12) mm after 
stenting. The bronchoscopic findings and the 
outcomes of SEMS are summarized in Table 2.15

Outcomes of silicone stents implantation
Silicone stents were implanted immediately after 
the removal of SEMSs in 45 out of 58 patients. 
All of the silicone stents were implanted success-
fully without any procedure-related complica-
tions. The chest CT and the bronchoscopic 
images of a typical case before and after stenting 
are shown in Figure 3. The other 15 patients 
received silicone stents implantation directly after 
the conventional bronchoscopic procedures; 
however, two of them failed in treating with sili-
cone stent directly because the stents could not be 
deployed fully.

Overall, 70.7% (41 out of 58) patients presented 
a stable clinical condition during the follow-up 
period of 12 months, 36 patients had the silicone 
stents removed after a median of 14 months (7–
32), five patients with airway malacia experienced 
a prolonged stent placement of an interval of 24 

Table 1.  Baseline characteristics of the study population.

Characteristics  

Patients 58

Sex, male/female 13/45

Age, years 32 (18–66)

Sites of stenosis

 Left main bronchus 45 (78)

 Right main bronchus 11 (19)

 Right intermediate bronchus 2 (3)

Baseline spirometry

 FEV1, % predicted 62 (32–84)

 FVC, % predicted 76 (52–95)

 FEV1/FVC, % predicted 85 (46–99)

Chest CT

 No abnormal parenchymal lesion 7 (12)

 Atelectasis or collapse 24 (41)

 Consolidation with volume loss 10 (17)

 Fibrous lesion and/or calcified granuloma 17 (29)

Data are presented as n, median (range) or n (%).
CT, computed tomography; FEV1, forced expiratory volume in 1 s; FVC, forced vital 
capacity.

Figure 2.  Flow chart of bronchoscopic interventional management in post-tuberculosis bronchial stenosis patients.
PTBS, post-tuberculosis bronchial stenosis; SEMS, self-expanding metallic stent.
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(18–32) months. Repeat interventional proce-
dures were required in 25.9% (50 out of 58) 
patients due to granulation tissue overgrowth. 
Stents replacement occurred in two patients due 
to the angulation and migration of the stents in 
the third and eighth months. A total of 32.2% (18 
out of 58) patients experienced minor complica-
tions, including cough, secretion retention and 
granulation proliferation.

Subgroup analysis
Patients were divided into two groups for analysis of 
the outcomes of the stenting treatment: Group 1, 
patients underwent a silicone stent placement after 
bronchoscopic intervention; Group 2, patients 
received a SEMS as a transition to silicone stent 
implantation. There was no significant difference in 
age, sex, duration of silicone stents placement, 
symptoms and stents-related complications between 

these two groups. Subgroup analysis showed that, 
compared with Group 2, patients in Group 1 had 
greater luminal diameter before and post broncho-
scopic dilation. Further, patients in Group 1 had 
larger numbers of bronchoscopic dilatations with a 
lower success rate of silicone stents placement com-
pared with those in Group 2 (Table 3).

Discussion
Silicone stent implantation remains a great chal-
lenge for patients with severe airway stenosis. In 
this study, we were the first to employ the SEMS 
as a bridge to silicone stent placement in the man-
agement of severe PTBS. The results demon-
strated that the short-term placement of SEMS 
could dilate the stenotic airway with easy removal 
for reducing related complications, allowing the 
successful implantation of silicone stent. It is a 
novel and safe bronchoscopic procedure with 

Table 2.  Bronchoscopy findings and the outcome of self-expanding metallic stent implantation (n = 43).

Variable Number or median (% or range)

Stenosis type15

 Fibrous stricture 40 (93)

 Fibrous stricture and malacia 3 (7)

Length of stenosis, mm 3 (2–4)

Luminal diameter

 Pre-intervention, mm 2 (0–3)

 Post-intervention, mm 6 (5–7)

 Post-stenting, mm 9 (8–12)

Methods of airway dilatation

 Ballooning 43 (100)

 Laser 4 (9)

 Electrocautery 17 (40)

 Cryotherapy 2 (7)

Complications of stenting

 Migration 0

 Mucostasis 5 (12)

 Granulation tissue formation 10 (23)

Data are presented as n, median (range) or n (%).
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considerable feasibility, contributing to the man-
agement of severe post-TB airway stenosis and 
increase of the success rate of silicone stenting.

Interventional bronchoscopic techniques have 
been widely used in the treatment of airway ste-
nosis, instead of surgical operation with potential 
related complications.8,16 However, airway reste-
nosis remains one of the most common complica-
tions after bronchoscopic dilation (e.g. laser, 
high-frequency electrosurgery, cryotherapy or 
balloon dilation).8,17 Silicone stent, regarded as 
the “gold standard” for treating benign stenosis,10 
has limitations in deployment and implantation 
in the tortuous and severely stenotic airways. Low 
et al.11 reported a failure rate of 27.2% (three out 
of 11 cases) in deploying silicone stents in patients 
with post-TB airway stenosis. In the present 
study, patients who received silicone stenting 
after mechanical dilation had a successful rate of 
86.7% in implantation (13 out of 15 cases). 
Post-TB stenosis is commonly characterized by 
granulomatous inflammation and fibroplasia dur-
ing the TB healing process, making it difficult to 
deploy a silicone stent for the long-segment sten-
otic lesion and airway distortion. Hence, suffi-
cient dilation and shaping of the tortuous severely 

stenotic airway could serve as an essential factor 
for the successful implantation of silicone stents 
in patients with PTBS. Transbronchial balloon 
dilation, an effective procedure to manage benign 
airway stenosis, might lead to airway laceration in 
patients with endobronchial TB-related cicatricial 
constrictive tracheobronchial stenosis,17,18 which 
could cause bleeding, pneumothorax, pneumo-
mediastinum or mediastinitis. In attempted man-
agement of severe airway stenosis PTBS, the 
covered SEMS confers relative advantages as fol-
lows: first, the SEMS binds to a thin releaser with 
an outer diameter of 5 mm, making it feasible to 
release the stent in the stenotic airways; second, 
the elastic nitinol wire with good flexibility is effi-
cacious for fixing in the tortuous airways; third, 
the shape memory and stress-strain behavior of 
the SEMS provides a mild but persistent radial 
pressure against the airway stricture, avoiding 
violent dilation force-induced airway injury; 
finally, the covering of thin polyurethane mem-
branes could prevent granulation proliferation 
and confer stent removability.19,20 Considering 
the risk of stent-related complications and diffi-
culties in stent removal, the U.S. Food and Drug 
Administration had proclaimed a restraint for the 
use of SEMS in benign airway disease.13 In this 

Figure 3.  Chest computed tomography (CT) and the bronchoscope images before and after stenting in a 
36 year-old patient with post-tuberculosis bronchial stenosis. (a) Left main bronchus severe stenosis. (b) A 
covered self-expanding metallic stent (SEMS) (Micro-Tech, 10 mm × 40 mm) was placed for 1 month. (c) The 
SEMS was transitioned to a straight silicone stent (Dumon, BD, 12 mm × 40 mm). (d) Chest CT before stenting 
treatment. (e) Chest CT before the removal of covered SEMS.
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Table 3.  Subgroup analysis in patients who received bronchoscopic interventions.

Group 1
n = 15

Group 2
n = 43

p

Age, years 39 (19–63) 30 (17–66) 0.155

Site of stenosis

 Left main bronchus 9 (60) 36 (84)  

 Right main bronchus 6 (40) 5 (12)  

 Intermedius bronchus 0 2 (5)  

Stenosis type

 Fibrous stricture 15 (100) 43 (100)  

Luminal diameter

 Before dilating, mm 3 (1–4) 2 (0–3) <0.001

 Post dilating, mm 9 (8–12) 6 (5–7) <0.001

 Post metallic stent, mm – 9 (8–11) 0.966

Length of stenosis, cm 3 (2–4) 3 (2–4) 0.823

Total number of airway dilatations before silicone stent 2 (1–8) 1 (1–6) 0.029

 Ballooning 41 (100) 73 (100)  

 Laser 3 (7) 4 (5)  

 Electrocautery 3 (7) 21 (29)  

 Cryotherapy 1 (2) 3 (4)  

Successful silicone stenting 13 (87) 43 (100)  

Late complications

 Migration 2 (13) 2 (5)  

 Mucostasis 1 (7) 4 (9)  

 Granulation formation 6 (40) 25 (58)  

Successful stent removal 8 (53) 28 (65) 0.418

 Duration of stent placement, months 14.5 (9–25) 13.5 (7–32)  

 Follow-up after removal, months 16.5 (12–20) 15.5 (12–24)  

Rate of re-stenting 5 (33) 12 (28) 0.691

 Stent migration 1 (20) 0  

 Granulation tissue overgrowth 4 (80) 11 (92)  

 Angling 0 1 (8)  

Data are presented as n, n (%) or median (range).  
Data in bold indicated the comparison between Group 1 and Group 2 with statistical significance.
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study, SEMSs were placed for a short interval of 
28 days, all of the stents were easily removed and 
there were no significant complications due to 
stent implantation or removal. The average dura-
tion of temporary stenting was similar to that of 
Zhou’s study, which demonstrated a median 
SEMS placement period of 18 days with mild 
stent-related complications.21 Therefore, 
2–4 weeks of SEMS placement might be benefi-
cial for airway recanalization; a longer period of 
stent placement could lead to higher risks of 
severe complications.22,23 Although the SEMS 
stents were implanted temporarily, regular bron-
choscopic examination follow-ups should be con-
ducted to monitor the related complications.

Previous studies recommended that silicone stents 
should be placed for 6–18 months in benign air-
way stenosis.8,24,25 In the current study, silicone 
stents could be implanted and deployed success-
fully after the continuous dilation by SEMS, and 
were placed for a median of 14 months, achieving 
a stable clinical status in 70.7% patients. Subgroup 
analysis illustrated that efficacity and late compli-
cations were similar between the two groups, 
whereas patients in Group 2 had greater severity 
of airway stenosis, characterized by smaller pre- 
and post-intervention luminal diameters. SEMS 
placement might be conducive to minimizing the 
bronchoscopic interventional procedures and 
achieving a high success rate of silicone stenting. 
In brief, temporary placement of SEMS in severe 
post-TB stenosis could help to dilate the complex 
stenotic airway effectively and increase the success 
rate of silicone stent implantation.

All patients enrolled in this study had severe 
PTBS. The average luminal diameter was 6 (5–7) 
mm after mechanical dilation, which was much 
smaller than that reported in previous studies,8,26 
making it difficult to deploy a silicone stent in the 
stenotic airway. Hence, the post-dilation airway 
caliber might serve as the key factor to determine 
the treatment with temporary SEMS implanta-
tion as a bridge to silicone stenting. The following 
indications are recommended to be considered 
for patients who need a temporary SEMS prior to 
silicone stent placement: (1) severe post-TB ste-
nosis with luminal diameter less than 25% of the 
normal caliber; (2) severe airway stenosis with 
fibrotic stricture and distortion; (3) inaccessibility 
for the rigid bronchoscope to the stenotic airway 
and difficulty in deploying a silicone stent even 
after transbronchial dilation and/or ablation.

Some caveats should be considered in this study. 
First, this was a single center retrospective study 
with a small sample size. The optimum duration 
of SEMS has not been studied in the present 
study. In our experience, 2–4 weeks of SEMS 
placement could be safe and effective for patients 
with severe PTBS. Second, underlying diseases 
and disease duration have not been recorded and 
analyzed in this study. Third, how many interven-
tions should be performed before stents implanta-
tion and whether the interventional procedures 
could influence the overall prognosis have not 
been fully elucidated in this study.

In conclusion, temporary SEMS implantation 
could serve as a bridge to silicone stenting for 
patients with severe post-TB airway stenosis, par-
ticularly in cases of inaccessibility to advance the 
rigid bronchoscope or silicone stent even after the 
bronchoscopic treatments (e.g. thermal ablation, 
balloon dilation). This novel interventional proce-
dure was found safe and feasible to re-establish the 
patency of stenotic airway with a temporary SEMS 
with continuous dilation effect against the fibrotic 
airway stricture and, eventually, to implant a sili-
cone stent in patients with severe airway stenosis.
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