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Abstract 

Background: Therapeutic bronchoscopy is one of the effective methods in the treatment and management of 
malignant central airway stenosis (MCAS). However, restenosis after therapeutic bronchoscopy frequently occurs and 
severe restenosis (SR) can be life-threatening. Therefore, this study aimed at investigating the risk factors for SR after 
therapeutic bronchoscopy.

Methods: The data of 233 consecutive cases with MCAS who were subjected to therapeutic bronchoscopy between 
2015 and 2020 at a tertiary hospital were collected. Patients were divided into SR group and non-SR during 6 months 
after therapeutic bronchoscopy. Multiple logistic regression analysis was performed to determine the risk factors for 
SR.

Results: SR during 6 months after therapeutic bronchoscopy occurred in 39.5% (92/233) of patients. The location 
and the initial degree of MCAS were associated with SR, as assessed by multiple logistic regression analysis (P < 0.05). 
The risk of SR after therapeutic bronchoscopy in the left main bronchus, right main bronchus, and right intermediate 
bronchus increased, compared to the risk when of MCAS was located in the trachea (OR (95% CI) of 8.821 (1.850-
25.148), 6.583 (1.791–24.189), and 3.350 (0.831–13.511), respectively). In addition, the initial degree of MCAS was 
positively associated with an increased risk of SR (OR 1.020; 95% CI 1.006–1.035).

Conclusions: MCAS located in the left main bronchus, right main bronchus and right intermediate bronchus, as 
well as the higher initial degree of MCAS were independent risk factors for SR during 6 months after therapeutic 
bronchoscopy.

Keywords: Malignant central airway stenosis, Restenosis, Bronchoscopy, Lung cancer

© The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Introduction
Malignant central airway stenosis (MCAS) is referred to 
the stenosis of the central airway including the trachea, 
left main bronchus (LMB), right main bronchus (RMB), 

and right intermediate bronchus (RIB) caused by primary 
or metastatic malignancies. MCAS commonly leads 
to different levels of dyspnea and even asphyxia in the 
patients, which could be frequent outcomes if MCAS is 
left untreated [1, 2]. The treatment and management of 
MCAS were very difficult until the time in which spe-
cific airway interventions were available, such as electro-
cautery, cold ablation, mechanical resection, laser, and 
airway dilatation [1–5]. MCAS can be rapidly resolved 
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in most patients using therapeutic bronchoscopy [2, 6]. 
However, airway restenosis commonly occurs after ther-
apeutic bronchoscopy with the progress of the tumor. 
Therefore, it is important that interventionists know the 
risk factors and timing of the restenosis in the manage-
ment and treatment of MCAS. Unfortunately, few reports 
are available regarding this important aspect.

Hence, a retrospective study was performed to assess 
severe restenosis (SR) during 6 months after therapeutic 
bronchoscopy, to identify the independent risk factors for 
SR in these patients.

Methods
Study design and data collection
  This was a retrospective study using data collected 
from consecutive patients who were diagnosed with 
MCAS and were subjected to therapeutic bronchoscopy 
at a large-scale tertiary hospital in China between May 
2015 and August 2020. The criteria used to decide the 
first intervention in this study were when central airway 
obstruction exceeded 50% and the patients consented 
to therapeutic bronchoscopy regardless of symptoms. 
Patients with 100% central airway obstruction in whom 
it was not possible to open the obstruction after thera-
peutic bronchoscopy, or those without postoperative 
computed tomography (CT) scan during the 6 months 
follow-up were excluded.  The study was approved by the 
ethics committee of the Jinhua Municipal Central Hospi-
tal (Jinhua, China) (No. 2020-LLSC-334).  All analyzed 
data were anonymous, and therefore, the informed con-
sent was waived [7].

The following variables were collected: age, gender, 
smoking, co-morbidities including hypertension, dia-
betes, and chronic obstructive pulmonary disease, loca-
tions of the lesion (the trachea, LMB, RMB, and RIB), 
histological type of malignancies (lung adenocarcinoma, 
lung squamous cell carcinoma, small cell lung cancer and 
other), dyspnea index (DI) [8], initial degree of MCAS 
(calculated by the formula: largest area occupied by the 
lesion in the lumen/total area of the lumen×100%, based 
on the cross-sectional CT imaging), degree of residual 
stenosis after therapeutic bronchoscopy, and post-
bronchoscopy therapies (radiotherapy, chemotherapy, 
molecule-targeted therapy, and immunotherapy). In this 
study, SR was defined as the degree of restenosis that 
exceeds half of the residual stenosis after interventional 
treatment, otherwise classified as non-SR.

Bronchoscopy procedures
All patients were subjected to bronchoscopy under gen-
eral anesthesia and the procedure was performed as pre-
viously described [9]. In this study, all the interventional 
procedure was performed using fiberoptic bronchoscope 

(BF-1T60, Olympus Corp., Tokyo, Japan) via a laryngeal 
mask (Well Lead Medical Co., Ltd., Guangzhou, China). 
The modalities of the interventional bronchoscopy in this 
study included electrocautery, argon plasma coagulation, 
cryotherapy, and airway stent implantation (Nickel-Tita-
nium shape-memory alloy net-like stent (Nanjing Mini-
mally Invasive Medical Technology Co., Ltd., Nanjing, 
China) or Membrane-covered metallic stent (BSC Int’l 
Medical Trade (Shanghai) Co., Ltd., Shanghai, China).

Statistical analysis
Continuous data are presented as mean ± standard devia-
tion and categorical variables as number and percent-
age. Unpaired t-tests or Mann-Whitney U test, Pearson 
chi-squared tests or Fisher’s exact test was applied as 
appropriate to compare the SR with the non-SR group. 
Variables that yielded a P  value < 0.05 in the univari-
ate analysis between the two groups were included in 
the multiple logistic regression. In addition, the general 
additive model was performed after adjusting for poten-
tial confounding factors [9] R software (version 3.5.1; R 
Foundation for Statistical Computing, Vienna, Austria) 
was used for statistical analysis and a P value < 0.05 was 
considered statistically significant.

Results
The data of 233 MCAS cases treated with interventional 
bronchoscopy were collected and analyzed in this study. 
A total of 91.8% were males and 71.2% of the popula-
tion was represented by smokers as shown in Table  1. 
The lesions located in the trachea, LMB, RMB, and RIB 
represented 14.6%, 32.2%, 33.5% and 19.7%, respectively. 
More than half of the patients (53.6%) had a DI of grade 
4. The proportion of patients with DI of grade 4 in the SR 
group (57.6%) was higher than that in the non-SR group 
(51.1%), but the difference was not statistically significant 
(Table  2, P > 0.05). During 6 months after therapeutic 
bronchoscopy, 92 patients (39.5%) developed SR (Fig. 1). 
Patients with SR in this study received an average of 2.1 
interventions. In these lesions, the rate of developing SR 
at 1-month, 2-month, and 3-month after bronchoscopy 
intervention was 26.1%, 65.2%, and 79.3%, respectively. 
The rate of the different pathological types of tumors 
such as lung adenocarcinoma, lung squamous cell car-
cinoma, and lung small cell carcinoma was 2.1%, 79.8% 
and 7.3%, respectively. In this study, 90% of patients with 
primary lung cancer were stage IIIB-IV based on the 
8th edition of the TNM classification for lung cancer. A 
total of 43.8% of patients received more than two differ-
ent treatments (chemotherapy, radiotherapy, molecule-
targeted therapy, and immunotherapy) after therapeutic 
bronchoscopy. The overall median survival of the popula-
tion in this study was 26.3 months.
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A total of 56 patients received stent implantation (21 
with Nickel-Titanium shape-memory alloy net-like stent 
and 35 with membrane-covered metallic stent). Among 
patients with lung squamous cell carcinoma, 30.1% 
(43/143) of the cases received stent implantation. There 
was no statistically significant difference (P > 0.05) in the 
incidence of SR between the stent implantation group 
(37.2%) and the non-stent implantation group (43.4%) 

within 6 months after the intervention. However, the 
mean residual degree of post-intervention stenosis was 
lower in the stent implantation group (22.7%) than in 
the non-stent implantation group (30.1%) (P < 0.05). 
Among these cases, the fracture of the implanted stent 
was observed in one case, its migration was observed in 
two cases, and the intervention-related bleeding exceed-
ing 100 ml was observed in two cases. No death occurred 
due to bronchoscopy.

The initial degree of MCAS, the degree of post-inter-
vention residual stenosis and the location of MCAS 
were correlated with SR during 6 months after thera-
peutic bronchoscopy, as assessed by univariate analysis 
(Table 2). However, only the initial degree of MCAS and 
its location were independent risk factors associated with 
SR, as assessed by multiple logistic regression analysis 
(P < 0.05, Table 3). Furthermore, the lesions located in the 
LMB, RMB, and RIB were more prone to SR after thera-
peutic bronchoscopy compared to those located in the 
trachea, with an odds ratio [OR] (95% confidence interval 
[CI]) of 8.821 (1.850–25.148), 6.583 (1.791–24.189), and 
3.350 (0.831–13.511), respectively. However, no signifi-
cant difference in the incidence of SR was found among 
LMB, RMB, and RIB (P > 0.05, Fig. 2). The initial degree 
of MCAS was positively associated with the risk of SR 
during 6 months after therapeutic bronchoscopy (P for 
trend = 0.025, Table 3; Fig. 3).

Discussion
The present study revealed that the location of the MCAS 
and its initial degree were associated with SR during 6 
months after therapeutic bronchoscopy. Specifically, 
MCAS located in the LMB, RMB, and RIB was more 
prone to SR after therapeutic bronchoscopy compared 
to those found in the trachea. In addition, the higher the 
initial degree of MCAS, the greater the risk of SR after 
therapeutic bronchoscopy.

Central airway stenosis or obstruction is a common 
clinical chest disorder, and it is also a difficult clinical 
problem for clinicians. MCAS has become increasingly 
frequent due to the high incidence of malignancies, espe-
cially lung cancer [2, 10]. Indeed, 20–30% of lung cancer 
patients develop complications related to airway obstruc-
tion [2]. Patients commonly die of asphyxiation resulting 
from severe airway stenosis. Fortunately, the rapid devel-
opment of interventional bronchoscopy (e.g., electrocau-
tery, cryotherapy, balloon bronchoplasty and airway stent 
implantation) provides an efficient solution for airway 
stenosis [1, 2, 4, 11, 12]. Most of the MCAS can be ame-
liorated using therapeutic bronchoscopy, thus patients 
can be quickly relieved [2, 13]. Interventional bronchos-
copy has a significant effect on symptom relief and qual-
ity of life improvement, and it is generally considered as 

Table 1 Baseline characteristics of the study participants

COPD chronic obstructive pulmonary disease, MCAS malignant central airway 
stenosis, SCLC small-cell lung carcinoma

*Other histological types including adenoid cystic carcinoma, lymphoma, 
large cell neuroendocrine carcinoma, mesenchymal tumor, soft tissue sarcoma, 
and metastatic malignancies (esophageal cancer, gastric cancer, colorectal 
adenocarcinoma, and thyroid papillary carcinoma)

**Other treatments including radiotherapy, chemotherapy, molecule-targeted 
therapy, and immunotherapy. 0, patients didn’t receive any other treatment 
after therapeutic bronchoscopy; 1, patients received one other treatment after 
therapeutic bronchoscopy; ≥2, patients received at least two other treatments 
after therapeutic bronchoscopy

Characteristics Value

Age (y), (mean ± SD) 66.6 ± 8.2

Male, n (%) 214 (91.8)

Smoking, n (%) 166 (71.2)

Coexisting disease, n (%)

  COPD 21 (9.0)

  Hypertension 58 (24.9)

  Diabetes 11 (4.7)

Dyspnea index, n (%) 13 (2.5)

  0 42 (18.0)

  1 9 (3.9)

  2 27 (11.6)

  3 30 (12.9)

  4 125 (53.6)

Location of the lesion, n (%)

  Trachea 34 (14.6)

  Left main bronchus 75 (32.2)

  Right main bronchus 78 (33.5)

  Right intermediate bronchus 46 (19.7)

Initial degree of MCAS, (mean ± SD, %) 76.9 ± 23.9

Post-intervention residual stenosis, (mean ± SD, %) 28.4 ± 17.3

Histological types, n (%)

  Lung adenocarcinoma 5 (2.1)

  Lung squamous cell carcinoma 186 (79.8)

  SCLC 17 (7.3)

  Other* 25 (10.7)

Stent implantation, n (%) 56 (24.0)

Other treatments after intervention,** n (%)

  0 50 (21.5)

  1 81 (34.8)

  ≥ 2 102 (43.8)

Severe restenosis, n (%) 92 (39.5)
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a palliative treatment [14–16]. However, importantly, a 
recent study (EVERMORE trial) showed that interven-
tional bronchoscopy, as a part of an integrated treat-
ment, improved 1-year survival in patients with locally 
advanced non-small cell lung cancer (stage IIIB) and 
associated central airways obstruction [17]. Moreover, 

genetic and anatomic phenotyping showed the potential 
to identify patients who may gain life expectancy from 
interventional bronchoscopy [17]. Actually, airway ste-
nosis or obstruction reoccurs frequently with the pro-
gress of the tumor. Therefore, most of the patients are 
inevitably subjected to bronchoscopy treatment again or 

Table 2 Univariable analysis of potential risk factors for severe restenosis after therapeutic bronchoscopy

COPD chronic obstructive pulmonary disease, MCAS malignant central airway stenosis, SCLC small-cell lung carcinoma

*Other histological types including adenoid cystic carcinoma, lymphoma, large cell neuroendocrine carcinoma, mesenchymal tumor, soft tissue sarcoma, and 
metastatic malignancies (esophageal cancer, gastric cancer, colorectal adenocarcinoma, and thyroid papillary carcinoma)

**Other treatments including radiotherapy, chemotherapy, molecule-targeted therapy, and immunotherapy. 0, patients didn’t receive any other treatment after 
therapeutic bronchoscopy; 1, patients received one other treatment after therapeutic bronchoscopy; ≥ 2, patients received at least two other treatments after 
therapeutic bronchoscopy

Variables Severe restenosis P value

No (n = 141) Yes (n = 92)

Age (y), (mean ± SD) 65.9 ± 8.7 67.6 ± 7.3 0.123

Gender, n (%)

  Male 126 (89.4) 88 (95.7) 0.086

  Female 15 (10.6) 4 (4.3)

Diabetes, n (%)

  Yes 7 (5.0) 4 (4.3) 0.828

  No 134 (95.0) 88 (95.7)

Hypertension, n (%)

  Yes 39 (27.7) 19 (20.7) 0.227

  No 102 (72.3) 73 (79.3)

COPD, n (%)

  Yes 13 (9.2) 8 (8.7) 0.891

  No 128 (90.8) 84 (91.3)

Dyspnea index, n (%) 0.618

  0 26 (18.4) 16 (17.4)

  1 5 (3.5) 4 (4.3)

  2 16 (11.3) 11 (12.0)

  3 22 (15.6) 8 (8.7)

  4 72 (51.1) 53 (57.6)

Initial degree of MCAS, (mean ± SD, %) 72.3 ± 25.0 83.9 ± 20.4 < 0.001

Post-intervention residual stenosis, (mean ± SD, %) 26.1 ± 17.8 31.8 ± 15.9 0.012

Location of the lesion, n (%) < 0.001

  Trachea 31 (22.0) 3 (3.3)

  Left main bronchus 39 (27.7) 36 (39.1)

  Right main bronchus 41 (29.1) 37 (40.2)

  Right intermediate bronchus 30 (21.3) 16 (17.4)

Histological types, n (%) 0.463

  Lung adenocarcinoma 4 (2.8) 1 (1.1)

  Lung squamous cell carcinoma 108 (76.6) 78 (84.8)

  SCLC 12 (8.5) 5 (5.4)

  Other* 17 (12.1) 8 (8.7)

Other treatments after intervention,** n (%) 0.366

  0 34 (24.1) 16 (17.4)

  1 45 (31.9) 36 (39.1)

  ≥ 2 62 (44.0) 40 (43.5)
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even more times. Thus, clinicians need to know how long 
it takes for severe, life-threatening airway restenosis to 
occur after the first bronchoscopic treatment, and what 
the risk factors for SR are. However, as far as we know, 
few reports are available focusing on this issue.

The cause of MCAS included primary and metastatic 
malignant tumors [18]. In our study, 79.8% of the patients 
with MCAS were affected by lung squamous cell carci-
noma, in agreement with a previous report [19]. Meta-
static tumors in the central airway mainly derive from 
digestive tract tumors, blood tumors and thyroid tumors 
[1]. As regards the incidence of restenosis of the central 
airway during 6 months after interventional bronchos-
copy, Luo et  al. reported that its rate was 10.9–30.7% 

Fig. 1 Severe restenosis of MCAS after therapeutic bronchoscopy. a The right main bronchus was completely obstructed by the lesion on the 
cross-sectional CT scan (black arrow). b Airway stent implantation improved the stenosis of the right main bronchus on CT scan (arrow). c Severe 
restenosis of the right main bronchus was observed 3 months after stent implantation on CT scan (arrow). MCAS malignant central airway stenosis

Table 3 Multivariable analysis of risk factors for severe restenosis 
after therapeutic bronchoscopy

MCAS malignant central airway stenosis

Variables Odds ratio 95% CI p value

Initial degree of MCAS 1.020 1.006–1.035 0.005

Initial degree of MCAS tertile

  Low 1.0 1.0

  Middle 2.637 1.179–5.897 0.018

  High 2.568 1.178–5.596 0.018

P for trend 0.025

Post-intervention residual stenosis 1.003 0.985–1.022 0.748

Location of the lesion

  Trachea 1.0 1.0

  Left main bronchus 8.821 1.850-25.148 0.004

  Right main bronchus 6.583 1.791–24.189 0.005

  Right intermediate bronchus 3.350 0.831–13.511 0.089

Fig. 2 The incidence of severe restenosis of lesions located in 
the trachea, LMB, RMB, and RIB during 6 months after therapeutic 
bronchoscopy. The incidences of severe restenosis were higher in the 
lesions located in the LMB, RMB, and RIB compared to those lesions 
located in the trachea. However, there were not statistically significant 
in the incidence of severe restenosis among these three locations. 
**P < 0.01, n.s., P > 0.05. LMB left main bronchus, RMB right main 
bronchus, RIB right intermediate bronchus, n.s. not significant

Fig. 3 The relationship between the initial degree of MCAS and the 
risk of severe restenosis of MCAS during 6 months after therapeutic 
bronchoscopy. Adjusted variables: age, the location of the lesion, 
histological type of the lesion, stent implantation and other 
treatments after intervention. MCAS malignant central airway stenosis
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after anti-tuberculosis therapy combined with interven-
tional bronchoscopy in 152 patients with endobronchial 
tuberculosis [20]. However, few reports on malignant 
airway restenosis are available to date. In the present 
study, severe dyspnea (DI of grade 4) due to MCAS was 
observed in more than half of the patients, with this phe-
nomenon appearing to be higher in the SR group, but it 
is notable that more than half of the patients in the non-
SR group still had severe dyspnea. The reason why the DI 
did not reach a statistically significant difference between 
the two groups might be related to the small sample 
size and the large degree of post-intervention residual 
stenosis (Table  2). This suggests that initial treatment 
with adequate airway opening is crucial for the relief 
of the patient’s symptoms. Our study revealed that the 
6-month incidence of SR reached 39.5%. Among these 
SR patients, SR occurred at 1-month in more than one-
quarter (26.1%) of patient, at 2-month in more than one-
half (65.2%), and at 3-month in more than three-quarters 
(79.3%). This result might provide the answer regarding 
the more appropriate timing for the next interventional 
therapy to cure MCAS.

As regards the risk factors for SR, our study showed 
that the location of the lesion was associated with the risk 
of SR after therapeutic bronchoscopy. The lesions located 
in the trachea were less frequent occurrence of postoper-
ative SR than those in the mainstem bronchi (LMB, RMB, 
and RIB), indicating that the severity of airway restenosis 
might be related with the diameter of the airway. Moreo-
ver, our results revealed that the initial degree of MCAS 
was an independent risk factor for postoperative SR. The 
more severe the initial stenosis, the greater the risk of 
restenosis occurrence. The relationship between them 
was strong with both no adjustment and adjustment for 
potential confounders (age, the location of the lesion, his-
tological type of the lesion, stent implantation and other 
postoperative treatments). Although the underlying 
mechanism needs to be further elucidated, our hypoth-
esis was that this might be related to the rate of tumor 
progression. In addition, granulation tissue hyperpla-
sia is the second frequent complication 6 months after 
stent placement [21]. Our analysis revealed that both in 
the overall study population and patients with lung squa-
mous cell carcinoma, the implantation of the airway stent 
contributed to a lower degree of restenosis, but failed to 
reduce the incidence of SR as compared to those patients 
without stent implantation within 6 months after thera-
peutic bronchoscopy.

This study presents several limitations. Firstly, since 
this study was a single-center retrospective analysis, 
it suffered from potential unmeasured confounders 
and bias despite stringent statistical adjustments were 
performed to minimize residual confounding factors; 

therefore prospective investigations are needed to verify 
our results. Secondly, all interventions in the collected 
cases were performed by two bronchoscopists with more 
than 10-year experience, and the interventional modali-
ties were relatively the same, but it was not possible to 
perform the same intervention method for all lesions, 
and different intervention methods might result in differ-
ent effects on the formation of airway restenosis. Thirdly, 
a certain delay might be present between the time when 
the patient was diagnosed with SR by postoperative CT 
scan and the time when SR actually occurred. Therefore, 
the time to SR occurrence might be underestimated in 
our study; in other words, the time of SR was probably 
earlier than the time that was observed. Fourthly, because 
the procedure of MCAS in this study was carried out 
with fiberoptic bronchoscope via laryngeal mask, the 
results of the study cannot be extrapolated to other inter-
ventions, such as rigid bronchoscopy, which could be 
more effective in removing central airway cancer tissues. 
Additionally, considering the different timing of interven-
tion in the course of the disease, and the different stage, 
histological type and biology of the cancers analyzed in 
the present study, it was not appropriate to carry out 
survival analysis for this study population. Nevertheless, 
despite the aforementioned potential limitations, our 
study was the first revealing independent risk factors and 
the time of formation of postoperative SR in the popula-
tion affected by MCAS.

Conclusions
Patients with MCAS located in the LMB, RMB, and RIB 
had a high risk of SR during 6 months after therapeutic 
bronchoscopy. In addition, patients with a higher initial 
degree of MCAS showed an increased risk of postop-
erative SR. The results of our research might help clini-
cians in the assessment and management of patients with 
MCAS. The knowledge of the risk factors of restenosis 
and the choice of the appropriate time for airway inter-
ventional therapy could improve patient’s quality of life 
and survival.
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