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Background: Patients with tracheobronchial stenosis due to tuberculosis (TSTB) have a variable clinical 
course and response to treatment including airway intervention. There are no clear guidelines on the 
best approach to manage such patients. This study examines long-term outcomes of patients with TSTB 
and factors associated with recurrent symptoms or need for repeat airway intervention following initial 
bronchoscopic intervention.
Methods: This is a retrospective analysis of patients with TSTB over an 18-year period. Symptoms, 
radiological, bronchoscopic findings, airway interventions and complications were obtained. Multivariate 
logistic regression analysis was performed to identify factors predictive of recurrence of symptoms or need 
for repeat airway intervention. 
Results: A total of 131 patients with mean age 50±18 years and median follow-up 5 (interquartile range, 
2–10) years were included. Nineteen (29.7%) patients underwent balloon dilatation alone, 22 (34.4%) had 
additional resection or stenting, and 19 (29.7%) underwent all 3 procedures. Among patients conservatively 
managed, a larger proportion (55.6%) of patients with no recurrence of symptoms had active TB. Patients 
who developed recurrent symptoms had longer symptom duration (12 vs. 3 months, P=0.025), and more 
had recurrent lower respiratory tract infections (50% vs. 5.6%, P=0.003), lung collapse (90.0% vs. 41.7%, 
P=0.011) or linear fibrosis (70.0% vs. 30.6%, P=0.033) compared to those without recurrent symptoms. 
Bronchomalacia (OR =17.18; 95% CI, 3.43–86.18) and prior bronchoscopic airway resection (OR =4.97; 
95% CI, 1.20–20.60) were strongly associated with the recurrence of symptoms or need for repeat airway 
intervention on multivariate logistic regression analysis. 
Conclusions: Bronchomalacia and prior bronchoscopic airway resection are associated with the recurrence 
of symptoms despite airway intervention. Patients who are diagnosed with TSTB early in the course of active 
TB may be conservatively managed.
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Introduction 

Endobronchial tuberculosis has been reported in up 
to 40% of patients with pulmonary tuberculosis (pTB) 
based on studies performed prior to the availability of 
anti-tuberculous therapy (1,2). Despite improved living 
conditions and better access to healthcare which have led 
to an overall decrease in TB incidence, endobronchial TB 
and tracheobronchial stenosis due to TB (TSTB) remain a 
significant problem. The incidence of endobronchial TB or 
TSTB ranges between 6% and 50% across different centres 
(3-8). A high index of suspicion and computed tomography 
(CT) of the chest or bronchoscopy may be needed to 
confirm the diagnosis (9-11). 

The clinical course of TSTB is highly variable (12). 
Some patients suffer from debilitating symptoms while 
others remain asymptomatic. Bronchoscopic interventions 
such as balloon dilatation and stenting may be performed 
for symptom relief (13-15). However, some patients have 
persistent or recurrent symptoms despite intervention 
and may even suffer from complications of the procedure 
(16,17). A conservative approach on the other hand may 
lead to progressive airway stenosis and development of 
complications like bronchiectasis, recurrent pneumonia or 
lung collapse in the longer term. 

To date there are no consensus guidelines on the best 
approach to manage patients with TSTB. This study 
provides an overview of the long-term outcomes of patients 
with TSTB in a tertiary care hospital and examines the 
factors associated with recurrence of symptoms or need for 
airway re-intervention following bronchoscopic procedures 
performed for TSTB. This would aid physicians in the 
selection of patients who are more likely to benefit from 
airway intervention. 

Methods

We performed a retrospective analysis of patients with 
TSTB resulting from active or past TB treated at the 
Singapore General Hospital, a tertiary-care university-
affiliated hospital, from September 1998 to December 2015. 
Eligible patients were selected from a database using the 
following inclusion criteria: patients with TSTB diagnosed 
on bronchoscopy secondary to active or past tuberculosis. 
We excluded patients with tracheobronchial stenosis 
secondary to etiologies other than tuberculosis. 

Active pTB was defined by current microbiological 
evidence of TB at the time of diagnosis of tracheobronchial 

stenosis. Past pTB was defined by a documented history 
or previous microbiological positivity of pTB. Local 
symptoms were defined by the presence of cough, dyspnoea 
or haemoptysis. Systemic symptoms were defined by the 
presence of fever or loss of weight. The degree of airway 
stenosis was classified into mild, moderate, severe and 
pinhole (Figure S1) based on 25%, 25–50%, 50–90% and 
>90% occlusion of the affected airway diameter respectively.

Al l  symptomat ic  pat ients  were  of fered a irway 
interventions including balloon dilatation, airway stenting 
and luminal resection. Patients who were deemed unfit 
or declined airway interventions were conservatively 
managed. Those with active pTB were commenced on 
anti-tuberculous therapy and monitored for response 
to treatment before they were considered for further 
interventions. All patents underwent flexible bronchoscopy 
using the Olympus therapeutic bronchoscope with a 
minimum 2.0 mm working channel. Rigid bronchoscopy 
was performed using the Dumon rigid bronchoscope under 
general anaesthesia. Only silicone stents were deployed. 
Luminal resection was performed using the Neodymium-
doped yttrium aluminium garnet (Nd-YAG) laser. 

Clinical case-notes and electronic medical records of 
all patients were reviewed. Demographics, symptoms, 
radiological, bronchoscopic findings, airway interventions 
and complications were recorded. 

Continuous variables (age, degree of airway stenosis 
and duration of symptoms) were presented as mean ± 
standard deviation (SD) or median [interquartile range 
(IQR)] and were compared using t-tests or Mann-Whitney 
U tests. Categorical variables (gender, activity of pTB and 
number of airway stenoses) were presented as number 
(percentage) and studied using Pearson’s chi-square or the 
Fisher’s exact test where appropriate. Multivariate logistic 
regression analysis was performed to identify factors that 
were predictive of recurrent symptoms or need for re-
intervention following the initial airway intervention. All 
analyses were performed using SPSS (SPSS, version 17.0; 
SPSS Inc., Chicago, IL, USA). A P value of less than 0.05 
was used to indicate statistical significance. This was a 
retrospective case study. Ethics approval for this study was 
obtained from the SingHealth Institutional Review Board 
(201501-00097) without explicit consent required from the 
participants.

Results

One hundred and thirty-one patients were included in the 
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study, of whom 107 were symptomatic. Sixty-one patients 
(57%) underwent bronchoscopic airway intervention while 
the rest were conservatively managed for their symptoms 
(Table 1). Forty-seven patients had active pTB with a median 
duration of 3 months from start of anti-TB medication to 
diagnosis of TSTB. The median duration from diagnosis of 
TB to presentation with TSTB was 15 years. Twenty-four 
(18.3%) patients were still on follow-up during the time of 
the study. Median follow-up duration was 5 years.

Lung collapse and consolidation were the most common 
radiological findings detectable on both chest radiographs 

(CXR) and CT scans. Computed tomography scans identify 
more airway abnormalities compared to CXR. Nodular 
infiltrates were more common in patients with active pTB, 
while granulomas, airway abnormalities and lung collapse 
were more common among those with previous disease 
(Table 2). 

All patients had airway stenosis on bronchoscopy. Nearly 
half had more than 1 stenotic site. Stenoses most frequently 
involved the left main bronchus (34.9%) and the trachea 
(17.2%). The majority of stenoses were severe, involving 
>50% of the airway lumen. Pinhole stenoses were most 
common in the upper lobe bronchi (Table 3). The most 
common endobronchial abnormalities were fibrosis (56.5%) 
(Figure S2A,B), airway distortion (34.4%) (Figure S3) and 
bronchomalacia (29%) (Figure S2C). Endobronchitis, 
ulceration, caseous material and nodular lesions (Figure S2D)  
were more common in patients with active pTB (Table 2). 
Airway fibrosis was seen in a significantly higher proportion 
of those with previously treated pTB compared to active 
disease (67.9% vs. 36.2%, P<0.001). 

Among the 64 pat ients  who underwent a irway 
intervention, 3 were asymptomatic but had interventions 
performed for lung collapse noted on CT. Nineteen (29.7%) 
patients underwent balloon dilatation alone, 22 (34.4%) 
had additional resection or stenting, while 19 (29.7%) 
underwent all 3 procedures. Half of the airway interventions 
involved stent insertion, with the majority having a single 
stent inserted. The most common site of stenting was the 
left main bronchus (63.4%) (Table 4). Median stent diameter 
was 11 mm (IQR, 10–13 mm), and median length was  
40 mm (IQR, 30–40 mm). One patient failed deployment 
with even the smallest (10 mm diameter) silicone stent 
available due to difficult dilatation of a severely calcified 
bronchus. 

Patients who underwent balloon dilatation or airway 
stenting had a median pre and post airway intervention 
diameter of 3 mm (IQR, 2–5 mm) and 10 mm (IQR, 8– 
11 mm) respectively. Significant airway dilatation was 
achieved in the trachea, left and right main bronchus from 
pre-intervention diameter of 6 mm (IQR, 4–7 mm), 2 mm 
(IQR, 2–4 mm) and 4 mm (IQR, 2–5 mm) to 12 mm (IQR, 
10–14 mm), 10 mm (IQR, 6–10 mm) and 10 mm (IQR, 
7–10 mm) respectively after intervention. The stent-related 
complications (Figure S4) are shown in Table 5. 

Information on the improvement of symptoms, CXR 
findings and spirometry after airway intervention was 
available for 43, 41 and 28 patients respectively. Of these, 
40 (93%) patients improved symptomatically, while  

Table 1 Patient characteristics (n=131)

Characteristics
Number  

(proportion %)

Mean age ± SD (years) 50±18

Gender

Male 34 (26.0) 

Female 97 (74.0) 

Activity of pTB 

Active pTB 47 (35.9) 

Past pTB 84 (64.1) 

Asymptomatic 24 (18.3)

Symptomatic 107 (81.7) 

Local symptoms only 78 (59.5) 

Systemic symptoms only 5 (3.8) 

Local and systemic symptoms 24 (18.3) 

Conservative management 46 (43.0)

Underwent airway intervention 61 (57.0)

Follow up status 

Still on follow-up 24 (18.3) 

Lost to follow-up 32 (24.4) 

Discharged 75 (57.3) 

Follow-up duration for all patients (years) 5 [2, 10]

Duration to diagnosis of TSTB

Time from start of anti-TB  
medication for active TB (months)

3 [1, 7]

Time from diagnosis of past pTB (years) 15 [8, 25]

Data presented as n (%) or median (interquartile range) unless 
otherwise indicated. pTB, pulmonary tuberculosis; TSTB, 
tracheobronchial stenosis due to tuberculosis.
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Table 2 Comparison of active versus past pTB 

Variable Active pTB (n=47) Past pTB (n=84) P value

Male gender 14 (29.8) 20 (23.8) 0.483

Mean age ± SD (years) 49±18 51±18 0.483

Symptomatic 45 (95.7) 62 (73.8) 0.002

CXR findings

Normal 5 (10.6) 12 (14.3) 0.551

Collapse 16 (34.0) 44 (52.4) 0.043

Consolidation 20 (42.6) 17 (20.2) 0.007

Linear fibrosis 6 (12.8) 23 (27.4) 0.053

Granuloma 1 (2.1) 17 (20.2) 0.004

Airway abnormalities 1 (2.1) 17 (20.2) 0.004

Nodular infiltrates 9 (19.1) 4 (4.8) 0.013

CT findings

Normal 14 (29.8) 16 (19.0) 0.123

Collapse 15 (31.9) 46 (54.8) 0.010

Consolidation 13 (27.7) 13 (15.5) 0.100

Linear fibrosis 11 (23.4) 31 (36.9) 0.102

Granuloma 7 (14.9) 33 (39.3) 0.003

Airway abnormalities 24 (51.1) 58 (69.0) 0.033

Nodular infiltrates  18 (38.3) 10 (11.9) <0.001

Bronchoscopic findings

Airway stenosis 47 (100.0) 84 (100) NA

Airway fibrosis 17 (36.2) 57 (67.9) <0.001

Airway distortion 16 (34.0) 29 (34.5) 0.956

Bronchomalacia 16 (34.0) 22 (26.2) 0.342

Endobronchitis 25 (53.2) 2 (2.4) <0.001

Caseous material 18 (38.3) 0 (0) <0.001

Nodular lesions 8 (17.0) 1 (1.2) 0.001

Ulceration 6 (12.8) 0 (0) 0.002

Steroid treatment 21 (44.7) 18 (21.4) 0.005

Need for airway intervention 29 (61.7) 35 (41.7) 0.028

Rigid bronchoscopy 22 (46.8) 24 (28.6) 0.036

Airway stenting 17 (36.2) 16 (19.0) 0.030

Resection 12 (25.5) 20 (23.8) 0.869

Balloon dilatation 26 (55.3) 34 (40.5) 0.114

Data presented as n (%) unless otherwise indicated. pTB, pulmonary tuberculosis; CT, computed tomography.
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Table 3 Site and severity of airway stenoses 

Site
Severity of stenosis

Mild Moderate Severe Pinhole

Trachea 17 (47.2) 1 (2.8) 18 (50.0) 0 (0)

RMB 4 (16.6) 1 (4.2) 18 (75.0) 1 (4.2)

RULB 0 (0) 3 (12.0) 12 (48.0) 10 (40.0)

RBI 1 (7.7) 3 (23.1) 7 (53.8) 2 (15.4)

RMLB 0 (0) 0 (0) 2 (100.0) 0 (0)

RLLB 0 (0) 0 (0) 4 (100.0) 0 (0)

LMB 4 (5.5) 3 (4.1) 56 (76.7) 10 (13.7)

LULB 1 (3.8) 3 (11.5) 14 (53.8) 8 (30.8)

LLLB 0 1 (16.7) 4 (66.6) 1 (16.7)

Data presented as n (%). RMB, right main bronchus; RULB, right upper lobe bronchus; RBI, right bronchus intermedius; RMLB, right 
middle lobe bronchus; RLLB, right lower lobe bronchus; LMB, left main bronchus; LULB, left upper lobe bronchus; LLLB, left lower lobe 
bronchus.

Table 4 Airway interventions performed at the initial procedural 
session

Procedure Frequency

Type of intervention (n=64)

Balloon dilatation only 19 (29.7)

Stenting only 2 (3.0) 

Resection only 1 (1.6)

Resection & balloon dilatation 11 (17.2) 

Balloon dilatation & stenting 11 (17.2)

Resection & stenting 1 (1.6)

Resection, balloon dilatation & stenting 19 (29.7) 

Number of stents inserted (n=33)

1 stent 27 (81.8) 

2 stents 4 (12.1) 

3 stents 2 (6.1) 

Site of stent insertion (n=33)

Trachea only 7 (21.2) 

LMB only 17 (51.5) 

Distal trachea and LMB 2 (6.1) 

RMB only 3 (9.1) 

RBI only 1 (3.0) 

Trachea, LMB, RMB 2 (6.1) 

Failed attempt 1 (3.0)

Data presented as n (%). LMB, left main bronchus; RMB, right 
main bronchus; RBI, right bronchus intermedius.

Table 5 Stent-related complications 

Complication (n=20) Frequency 

Restenosis 15 [75] 

Granuloma 15 [75] 

Stent migration 5 [25] 

Infection 4 [20] 

Mucous plugging 7 [35] 

Need for re-intervention 16 [80] 

Data presented as n [%].

25 (61.0%) and 24 (85.7%) patients showed improvement 
on CXR and spirometry respectively. All 9 (6.9%) patients 
who underwent surgery did well and were discharged.

Twenty-one out of the 67 patients (31%) who were 
conservatively managed were asymptomatic. Among the 
symptomatic patients who were conservatively managed, a 
larger proportion of those without recurrence of symptoms 
had active TB and systemic symptoms at the time of 
diagnosis of TSTB (Table 6). On the other hand, patients 
who developed recurrent symptoms were found to have 
longer duration of symptoms (12 vs. 3 months, P=0.025), 
and a larger proportion of them had recurrent lower 
respiratory tract infections (50% vs. 5.6%, P=0.003), CT 
findings of lung collapse (90.0% vs. 41.7%, P=0.011) or 
linear fibrosis (70.0% vs. 30.6%, P=0.033) compared to 
patients who had no recurrent symptoms.

Table 7  shows the outcomes of the patients who 
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Table 6 Factors associated with recurrence of symptoms in patients who did not undergo airway intervention (n=46)

Variable No recurrence of symptoms (n=36) Recurrence of symptoms (n=10) P value

Mean age ± SD (years) 52±18 59±11 0.160

Male gender 11 (30.6) 4 (40.0) 0.706

Active pTB 16 (44.4) 0 (0) 0.009

Past pTB 20 (55.6) 10 (100.0) 0.009

Local symptoms 31 (86.1) 9 (90.0) 1

Systemic symptoms 13 (36.1) 0 (0) 0.042

Recurrent LRTI 2 (5.6) 5 (50.0) 0.003

Symptom duration (months) 3 [1, 11] 12 [5, 54] 0.025

CT findings

Normal 8 (22.2) 1 (10.0) 0.659

Collapse 15 (41.7) 9 (90.0) 0.011

Linear fibrosis 11 (30.6) 7 (70.0) 0.033

Nodular infiltrates 10 (27.8) 4 (40.0) 0.465

Consolidation 9 (25.0) 2 (20.0) 1

Airway abnormalities 17 (47.2) 8 (80.0) 0.084

Bronchoscopic findings

Airway fibrosis 14 (38.9) 7 (70.0) 0.150

Airway distortion 7 (19.4) 3 (30.0) 0.666

Bronchomalacia 3 (8.3) 0 (0) 1

Endobronchitis 10 (27.8) 1 (10.0) 0.410

Caseous material 8 (22.2) 0 (0) 0.171

Nodular lesions 4 (11.1) 0 (0) 0.562

Ulceration 3 (8.3) 0 (0) 1

Site of airway involvement

Trachea 4 (11.1) 3 (30.0) 0.163

LMB or RMB 20 (55.6) 6 (60.0) 1

Distal airway 23 (63.9) 6 (60.0) 1

Number of airway stenoses 

1 airway 25 (69.4) 5 (50.0) 0.283

≥3 airways 2 (5.6) 2 (20.0) 0.201

Use of steroids 9 (25.0) 5 (50.0) 0.242

Data presented as n (%) or median (interquartile range) unless otherwise indicated. pTB, pulmonary tuberculosis; CT, computed 
tomography; LRTI, lower respiratory tract infections; LMB, left main bronchus; RMB, right main bronchus.
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Table 7 Factors associated with recurrence of symptoms or need for re-intervention in patients who underwent airway intervention (n=61)

Variable
No recurrence of symptoms or  
need for re-intervention (n=32)

Recurrence of symptoms or  
need for re-intervention (n=29)

P-value

Mean age ± SD (years) 46±17 50±18 0.371

Male gender 8 [25] 6 (20.7) 0.689

Active pTB 16 [50] 13 (44.8) 0.686

Past pTB 16 [50] 16 (55.2) 0.686

Local symptoms 31 (96.9) 26 (89.7) 0.338

Systemic symptoms 9 (28.1) 6 (20.7) 0.501

Recurrent LRTI 4 (12.5) 3 (10.3) 1

Symptom duration (months) 6 [3, 24] 6 [2, 24] 0.871

CT findings 

Normal 12 (38.7) 4 (13.8) 0.029

Collapse 7 (22.6) 11 (37.9) 0.195

Linear fibrosis 10 (32.3) 8 (27.6) 0.693

Nodular infiltrates 5 (16.1) 8 (27.6) 0.282

Consolidation 7 (22.6) 6 (20.7) 0.859

Airway abnormalities 17 (54.8) 21 (72.4) 0.158

Bronchoscopic findings

Airway fibrosis 22 (68.1) 19 (65.5) 0.788

Airway distortion 14 (43.8) 17 (58.6) 0.246

Bronchomalacia 9 (28.1) 22 (75.9) <0.001

Endobronchitis 7 (21.9) 7 (24.1) 0.834

Caseous material 5 (15.6) 3 (13.8) 1

Nodular lesions 2 (6.3) 2 (6.9) 1

Ulceration 2 (6.3) 1 (3.4) 1

Site of airway involved 

Trachea 10 (31.3) 15 (51.7) 0.104

LMB or RMB 28 (87.5) 24 (82.8) 0.724

Distal airway 13 (40.6) 12 (41.4) 0.952

Number of airway stenoses 

1 airway 16 (50.0) 12 (41.4) 0.500

≥3 airways 5 (15.6) 6 (20.7) 0.607

Treatment/intervention 

Use of steroids 9 (25.0) 5 (50.0) 0.060

Balloon dilatation 29 (90.6) 28 (96.6) 0.614

Resection 11 (34.4) 20 (69.0) 0.007

Stenting 14 (43.8) 18 (62.1) 0.152

Data presented as n (%) or median (interquartile range) unless otherwise indicated. pTB, pulmonary tuberculosis; CT, computed 
tomography; LRTI, lower respiratory tract infections; LMB, left main bronchus; RMB, right main bronchus.
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underwent airway intervention for their symptoms. 
Bronchomalacia (28.1% vs. 75.9%, P<0.001) and prior 
bronchoscopic airway resection (34.4% vs. 69.0%, P=0.007) 
were found in a larger proportion of those with recurrent 
symptoms compared to those without. Bronchomalacia was 
17 times and prior bronchoscopic airway resection 5 times 
more common in patients who had recurrent symptoms 
after airway intervention (Table 8). A normal CT (38.7% 
vs. 13.8%, P=0.029) was more commonly seen among the 
patients who had no recurrence of symptoms after airway 
intervention. This association was similarly confirmed on 
multivariate logistic regression analysis. 

Discussion 

Our study findings suggest that patients who are diagnosed 
with TSTB secondary to previous pTB, with recurrent 
lower respiratory tract infections, absence of systemic 
symptoms, or CT findings of fibrosis or lung collapse, may 
have a higher risk of symptom recurrence on conservative 
management alone. A normal CT is associated with reduced 
risk of symptom recurrence following airway intervention. 
Bronchomalacia and prior bronchoscopic airway resection 
on the other hand is associated with less favourable 
outcomes. 

Past studies have reported a higher frequency of 
endobronchial tuberculosis among young females, which 
was postulated to be due to sociocultural expectations that 
discourage women from overt expectoration of phlegm, 
resulting in prolonged time of exposure to TB bacilli in 
the bronchi (9,18). The same female preponderance was 
reflected in our study on TSTB which included nearly 
thrice as many women compared to men.

The higher frequency of left bronchial involvement 
with TSTB shown in our findings is also consistent with 
reports from previous studies. It is suggested that this may 
be related to anatomic compression by the aortic arch, 

more frequent TB involvement of the left sided mediastinal 
and hilar lymph nodes, that result in an increased risk of 
endobronchial infection affecting the left main bronchus 
(18,19). 

Chung et al. described 7 bronchoscopic features of 
endobronchial TB: non-specific bronchitic, edematous-
hyperemic, actively caseating, granular, tumorous, ulcerative 
and fibrostenotic (3). This classification essentially reflects 
the progression sequence of endobronchial TB. The 
actively caseating subtype was most frequently reported 
(43%) based on this study. In contrast our findings showed 
a much higher proportion of fibrostenosis (56.5%) because 
the majority of our patients had TSTB from previous TB 
rather than active disease. Also, many patients in the current 
study had bronchomalacia (29.0%) and airway distortion 
(34.4%). Most stenoses were long, requiring a median stent 
length of 40 mm. 

Factors that have been identified to increase the risk of 
persistent airway stenosis in patients with endobronchial TB 
include age greater than 45 years, presence of fibrostenotic 
lesions on initial bronchoscopy while on TB treatment, 
and long duration of symptoms lasting more than 90 days 
prior to start of anti-TB treatment (4). Actively caseating 
and edematous-hyperemic subtypes on bronchoscopy also 
appeared to progress to fibrostenosis more frequently 
compared to other subtypes (3). 

Both active endobronchitis and persistent fibrostenosis 
that develop from previous TB may cause symptoms such as 
dyspnoea, wheeze and cough. Bronchoscopic intervention 
is a logical approach to relieve these symptoms, albeit a 
decision that is often made with little understanding of 
its outcomes, both immediate and in the longer term. 
The current study reported 93% of patients improved 
symptomatically after bronchoscopic intervention, 
conclusively demonstrating its effectiveness in providing 
immediate relief of symptoms in the majority of patients 
with TSTB. About half of these patients had recurrence 

Table 8 Multivariate logistic regression analysis for factors associated with recurrence of symptoms or re-intervention in patients who underwent 
airway intervention (n=61) 

Variable Odds ratio (95% CI) P value 

Normal CT scan 0.087 (0.014–0.534) 0.008

Bronchomalacia on bronchoscopy 17.179 (3.425–86.179) 0.001

Use of steroids 1.654 (0.378–7.243) 0.504

Resection during bronchoscopy 4.966 (1.197–20.603) 0.027

CT, computed tomography. 
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of symptoms or require repeat airway intervention. The 
impact of airway intervention in the longer term is however 
less predictable. Factors associated with the recurrence of 
symptoms after airway intervention would be discussed in 
the subsequent paragraphs below.

There were significantly more asymptomatic patients 
in the conservatively managed group compared to the 
intervention group. The symptomatic patients in both 
groups were evaluated for factors that would predict a 
recurrence of symptoms or need for repeated airway 
intervention in the longer term.

Our analysis of the symptomatic patients who were 
conservatively managed, suggested that a short duration of 
symptoms, active TB and presence of systemic symptom—
likely a reflection of disease activity—were predictive 
factors against symptom recurrence. This means that such 
patients may be expected to improve on anti-TB medication 
alone without the additional need for bronchoscopic 
interventions. Conversely, disease chronicity such as CT 
findings of lobar collapse or linear fibrosis, and recurrent 
lower respiratory tract infections were associated with 
higher risk of symptom recurrence if no intervention was 
performed. 

Although these findings seem to suggest bronchoscopic 
intervention be considered in symptomatic patients with 
features of disease chronicity, the evidence from existing 
literature suggests otherwise. A study on CT features that 
predicted poor outcomes after bronchoscopic intervention 
showed the presence of parenchymal calcifications 
(P=0.002) and bronchiectasis (P<0.001) (20), markers of 
disease chronicity, precluded good outcomes despite airway 
intervention. 

For patients who underwent airway intervention, 
the key factors associated with symptom recurrence or 
need for repeat airway intervention were the presence 
of bronchomalacia and prior bronchoscopic airway 
resection. We postulate that the latter might have 
contributed to further insult to the airway wall aggravating 
bronchomalacia. Patients with TSTB diagnosed on 
bronchoscopy, but normal CT findings were less likely to 
have recurrence of symptoms after a single bronchoscopic 
intervention. 

The stent-related complication rate (60.6%) in our study 
was significant, with about half of the patients requiring 
repeat airway intervention. This may be attributable to 
multiple factors including active inflammation, airway 
distortion, bronchomalacia, fibrosis and calcification that 
increase difficulty with silicone stent placement. The 

metallic stent is more easily deployable and conforms better 
to irregular stenoses. Its use in benign stenoses is however 
limited by concerns with difficult removal once deployed 
beyond a few months, and the associated complications of 
airway rupture & granulomas. The advent of 3D-printing 
may see future development of bespoke biodegradable 
stents that would hopefully circumvent some of the 
problems currently faced with stent insertion.

Limitations of the current study include firstly selection 
bias due to the retrospective nature of analysis and selection 
of patients from a single centre. Secondly the significant 
proportion of patients that were lost to follow-up (24.4%) 
presented an additional source of bias to our analysis. 
Thirdly our interpretation of results about the outcome 
of steroid use in patients with TSTB was limited by the 
variations in dose, duration and type of steroids that were 
administered to patients in our cohort. Finally, our centre 
used only silicone stents for TSTB. Prior to the findings of 
the current study, it was common practice in our institution 
to perform silicone stent insertions, usually after balloon 
dilatation with or without bronchoscopic airway resection, 
in patients with bronchomalacia. The poor outcomes 
associated with inserting silicone stents in malacic airways 
as reflected by the high incidence (25%) of stent migration 
is an important consideration because of its impact on the 
findings of this study. This would have contributed to the 
frequent symptom recurrence or need for repeat airway 
intervention seen in our patients with bronchomalacia. 

The strengths of this study include the large number of 
patients and long follow-up duration compared to previous 
studies on TSTB (16,21-24). In addition, the analysis of 
outcomes for patients with TSTB who were conservatively 
managed provides valuable information which was lacking 
in older studies. 

Conclusions

The presence of bronchomalacia is associated with recurrent 
symptoms despite airway intervention. Careful consideration 
should be given to weigh the benefits of immediate 
symptom relief with the risk of recurrent symptoms 
after airway intervention. Symptomatic patients with a 
normal CT despite bronchoscopic evidence of stenosis 
should be considered for airway intervention. However, 
bronchoscopic airway resection should be avoided. Patients 
who are diagnosed with TSTB early in the course of active 
TB treatment may do well with anti-TB medication alone. 
Managing TSTB is challenging, but a better understanding 
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of the long-term outcomes of respective treatment options 
will aid physicians in their discussion with patients on the 
preferred choice of management.
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Figure S2 Endobronchial abnormalities. (A) Fibrotic stricture of right main bronchus (RMB) (25); (B) Webbed stenosis of RMB (25); (C) 
Tracheomalacia of the mid trachea (25); (D) Caseous material and endobronchitis of distal LMB. 

Figure S1 Pinhole stenosis (arrow) of left main bronchus (LMB) orifice (25).
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Figure S3 Distortion of the LMB evident on reconstruction computed tomography scan (26).

Figure S4 Stent-related complications. (A) Granuloma at distal end of silicone stent edge causing pinhole stenosis; (B) migration of LMB 
stent across the carina with stent edge (arrow) displaced proximally to anterior wall of distal trachea just above the carina (right picture) (25).
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