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Introduction

Malignant airway stenosis is often life-threatening. 
Emergency intubation and mechanical ventilation are 
frequently required, especially in critically ill patients 
with severe acute respiratory failure. Rigid bronchoscopic 
treatment, including airway stenting, has been widely used 
as palliative therapy (1-3) or bridging therapy (4-6) for 
malignant airway stenosis. However, only a few small studies 
and case reports have reported its usefulness for patients 
with severe acute respiratory failure requiring intubation 
due to malignant central airway obstruction (7-9).  

Therefore, its clinical role remains unclear. The aim of 
this study was to determine the efficacy and outcomes of 
airway stenting in patients with malignant airway stenosis 
requiring emergency intubation.

Methods

Patients

We performed 744 rigid bronchoscopic interventions for 
559 patients during a 10-year period (from September 
2005 to September 2015) at Nagoya Medical Center. 
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Among the patients, 44 had airway stenosis that required 
intubation prior to rigid bronchoscopy. The following 
patients were excluded: five patients who did not undergo 
stenting, three with a history of prior stenting, two with 
benign airway stenosis, two with a tracheoesophageal 
fistula without airway stenosis, and two who could be 
extubated with bedside flexible bronchoscopic treatment 
followed by stenting. Thus, the medical records of the 
remaining 30 patients with malignant airway obstruction 
requiring emergency intubation followed by stenting were 
retrospectively reviewed. The patient flow is shown in 
Figure 1. Successful stenting was defined as no requirement 
for re-intubation within 48 hours after extubation (8). 
Prior to stent placement, written informed consent for 
the procedure was obtained from the patients’ families. 
The institutional review board of Nagoya Medical Center 
approved this study. 

Procedures

Tracheal intubation was performed for patients with 
ventilation or oxygenation failure who could not wait 
until the start of the stenting procedures as determined by 
the primary physician. At our institution, we performed 
all stenting procedures using both rigid and flexible 
bronchoscopes under general anesthesia in the operating 
room. For airway stenosis, stenting was performed using 
a silicone straight stent (DUMON; Novatech, La Ciotat, 
France), silicone bifurcated stent (DUMON or OKI; 

Novatech), or self-expandable metal stent (Ultraflex, 
covered type; Boston Scientific, Natick, MA, USA) 
after bronchoscopic airway reestablishment using argon 
plasma coagulation, electrocautery, a CryoProbe, a high-
pressure balloon, or the bevel of a rigid bronchoscope as 
previously described (10-12). After the stent insertion, 
acetylcysteine nebulization was performed three times daily. 
Stent removal under general anesthesia was performed 
whenever the primary physician considered it necessary; for 
example, when the tumor-specific therapy was successful or 
complications developed.

Statistical analysis

Continuous variables were analyzed using the Mann-
Whitney U test, and dichotomous variables were analyzed 
using Fisher’s exact test. Multivariate analysis was performed 
using logistic regression analysis. Survival curves were 
calculated by the Kaplan-Meier method and compared using 
the log-rank test. The results were considered statistically 
significant at a two-tailed P value of ≤0.05. Statistical analyses 
were performed using a statistical software program (PASW 
Statistics 18; SPSS Inc., Chicago, IL, USA).

Results

The baseline characteristics of the 30 patients with 
malignant airway stenosis requiring emergency intubation 
prior to stenting procedures are shown in Table 1. The most 

Rigid bronchoscopy 
(744 procedures in 559 patients)

Stent insertion 
(541 procedures)

Initial stent insertion 
(476 procedures in 476 patients)

Intubation before stent 
insertion (36 patients)

Malignant airway stenosis 
(32 patients)

Intubation at the time of stenting 
(30 patients)

Analysis 
(30 patients)

Extubation by flexible bronchoscopic treatment, 
followed by stent insertion (2 patients)

Benign airway stenosis (2 patients)
Tracheoesophageal fistula (2 patients)

No intubation before stent insertion 
(440 patients)

Replacement or addition with other stents (65 
procedures), including 3 intubated patients 

No stent insertion (203 procedures), including 5 
intubated patients 

Figure 1 Flow of patients who underwent rigid bronchoscopy during the study.
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frequent primary disease was lung cancer (17 of 30 patients, 
57%), and the second most frequent was esophageal cancer 
(6 of 30 patients, 20%). Twenty-two patients (73%) had 
tracheal stenosis, and eight (26%) had bronchial but not 
tracheal stenosis. Of the eight patients with only bronchial 
stenosis, five had unilateral bronchial stenosis and three had 
bilateral main-stem bronchial stenosis. Twenty-one (70%) 
were chemoradiotherapy-naïve patients.

Details of the procedures are summarized in Table 2. 
Twenty-three patients (77%) underwent silicone stenting 
and seven (23%) underwent metallic stenting. Fourteen 
patients (47%) underwent airway reestablishment 
with mechanical coring, argon plasma coagulation, 
electrocautery, or cryorecanalization during the stenting 
procedures, and the remaining 16 patients (53%) underwent 
stent placement without airway reestablishment. 

The clinical outcomes after stent placement are shown 
in Table 3. Extubation within 48 hours after stenting could 
be performed in 28 of 30 patients (93%). The two patients 
who could not be extubated had undergone tracheostomy. 
Although their tracheostomy tubes could not be removed, 
they were successfully removed from mechanical ventilation 
and supplemental oxygen. Twenty-eight patients (93%) 
could be removed from supplemental oxygen. A total of 
21 patients (70%) underwent additional tumor-specific 
therapy, including chemotherapy and/or radiation therapy. 
Only 3 of 8 patients (38%) who had undergone prior 
chemoradiotherapy received additional tumor-specific 

Table 1 Characteristics of patients and lesions

Characteristic Data, n [%]

Number of patients 30

Median age [range] (years) 62.5 [13–86]

Sex

Male 24 [80]

Female 6 [20]

Primary disease

Lung cancer 17 [57]

Squamous cell carcinoma 10

Adenocarcinoma 6

Small cell carcinoma 1

Esophageal cancer 6 [20]

Thyroid cancer 2 [7]

Renal cell carcinoma 1 [3]

Adenoid cystic carcinoma 1 [3]

Malignant lymphoma 1 [3] 

Tracheal cancer; squamous cell carcinoma 1 [3]

Ewing sarcoma 1 [3]

Pathological diagnosis at the time of stenting

Known 21 [70]

Unknown 9 [30]

Stenosis region

Tracheal 16 [53]

Tracheal and bronchus 6 [20]

Bronchus 8 [26]

Type of stenosis

Extraluminal 7 [23]

Mixed 23 [77]

Intraluminal 0

Atelectasis

With atelectasis 6 [20]

Right lung 2

Left lung 2

Right middle and lower lobe 2

No atelectasis 24 [80]

Median duration from intubation to stenting 
[range] (days)

1 [0–21]

Prior chemotherapy and/or radiation therapy

Done 9 [30]

Not done 21 [70]

Data are presented as n [%] or median [range].

Table 2 Procedural details

Procedures Data (n=30) [n (%)]

Inserted stents

Silicone 23 [77]

Straight stent 2

Bifurcated stent 12

Two bifurcated stents 4

Straight stent and bifurcated stent 3

Straight stent and two bifurcated stents 2

Metallic 7 [23]

Therapeutic bronchoscopy

Only stenting 16 [53]

Bronchoscopic airway reestablishment 
followed by stenting

14 [47]
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therapy, while 18 of 21 chemoradiotherapy-naïve patients 
(86%) could receive additional therapy (P=0.019). Stents 
could be removed in four patients (13%) with a tumor 
response to chemotherapy and/or radiation therapy. 

No significant complications occurred during the 
stenting procedures. Four patients underwent tracheostomy 
after stent placement. Of these four, two who could not be 
extubated had undergone tracheostomy because of difficulty 
coughing out sputum. One patient, who was able to be 
extubated once, underwent stent removal and tracheostomy 
due to retention of secretions 2 weeks after stent placement. 
The remaining patient, who was also successfully 
extubated once, developed convulsions of unknown origin 
accompanied by impaired consciousness and underwent 
tracheostomy to prevent retention of secretions 4 days 
after stent placement. In addition, granulation tissue 
formation requiring bronchoscopic resection 70 days after 
stent placement occurred in one patient, and pneumonia 
immediately after stenting occurred in another patient.

The median survival duration after stenting at the time of 
analysis was 198 days (range, 13–3,009 days). When patients 
were categorized into shorter and longer survival groups, 
the absence of prior chemotherapy and/or radiotherapy 
and the performance of posterior chemotherapy and/or 
radiotherapy were associated with the survival time in the 
univariate analysis; only the latter was associated with the 
survival time in the multivariate analysis (Table 4). The 
Kaplan-Meier method showed that the survival time was 
significantly longer in patients who received chemotherapy 
and/or radiation therapy after the procedure (234 vs. 37 
days, respectively; P<0.001 using log-rank test) (Figure 2) 
and in chemoradiotherapy-naive patients (234 vs. 40 days, 
respectively; P<0.001 using log-rank test).

Discussion

To the best of our knowledge, this is the largest study on 
the utility of airway stenting for patients with malignant 
central airway stenosis requiring emergency endotracheal 
intubation. This study demonstrated the usefulness of airway 
stenting as a bridge as well as a palliation therapy for such 
patients. A total of 93% of patients could be extubated within 
48 hours after stenting, and 86% of chemoradiotherapy-
naive patients could receive chemotherapy and/or radiation 
therapy (which are associated with longer survival times) 
after the stenting procedures.

Endotracheal intubation is a recommended procedure 
for the treatment of life-threatening malignant central 
airway obstruction (2). However, its role is often temporary, 
and further interventions are necessary for more permanent 
relief of symptoms. External beam radiotherapy has been 
widely used for palliation of malignant airway obstruction 
(2,3); however, its role seems to be quite limited for 
intubated patients. Louie et al. (13) retrospectively evaluated 
the efficacy of external beam radiotherapy for 26 intubated 
patients with malignant airway obstruction. The median 
overall survival duration was only 0.36 months, and the 
extubation success rate was only 27%; extubation occurred 
a median of 8 days between initiating radiation therapy and 
extubation. Chemotherapy might be another choice for 
patients with chemosensitive tumors such as hematological 
malignancies (14,15) and small cell lung cancer (16). Song 
et al. (15) retrospectively investigated the outcomes and 
prognostic factors in critically ill cancer patients who were 
receiving chemotherapy in the intensive care unit. Of 38 
mechanically ventilated patients with malignancies (most 
of which were hematologic malignancies) who received 
chemotherapy in the intensive care unit, 22 (58%) died in 
the intensive care unit. The authors found that respiratory 
failure requiring mechanical ventilation was an independent 
prognostic factor associated with intensive care unit 
mortality. The poor prognoses and the low success rates 
of extubation suggest that urgent intervention other than 
tumor-specific therapy is indispensable for the survival of 
intubated patients.

Bronchoscopic intervention, including stent placement, 
reportedly provides rapid relief from symptoms of 
malignant airway obstruction. To date, only a few 
small studies have been published on the usefulness of 
stenting for patients who have been intubated due to 
malignant central airway obstruction (7-9). Lin et al. (8) 
retrospectively investigated 26 mechanically ventilated 

Table 3 Clinical outcomes after stenting

Outcomes Data, n [%] 

Extubation within 48 hours after stent placement

Possible 28 [93]

Impossible 2 [7]

Additional chemotherapy and/or radiation therapy

Done 21 [70]

Not done 9 [30]

Median survival [range] (days) 198 [13–3,009]

Data are presented as n [%] or median [range].
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Table 4 Clinical characteristics by survival time

Characteristics

Univariate analysis, n [%] Multivariate analysis, n [%] 

Shorter survival,  
≤198 days (N=15)

Longer survival,  
>198 days (N=15)

P value Odds ratio P value

Median age (years) 65 [29–86] 61 [13–85] 0.653 – –

Male sex 11 [73] 13 [87] 0.651 – –

Non-small cell lung cancer 10 [67] 6 [40] 0.272 0.151 0.118

Tracheal involvement 10 [67] 12 [80] 0.682 – –

Mixed type of stenosis 12 [80] 11 [73] 1.000 – –

Y-stent placement 11 [73] 10 [67] 1.000 – –

Stenting with bronchoscopic airway reestablishment 8 [53] 6 [40] 0.715 – –

With atelectasis 2 [13] 4 [27] 0.651 – –

Duration from intubation to stenting of ≥2 days 4 [27] 5 [33] 1.000 – –

Prior chemotherapy and/or radiation therapy 8 [53] 1 [7] 0.014 0.217 0.233

Posterior chemotherapy and/or radiation therapy 7 [47] 14 [93] 0.014 20.054 0.049

Data are presented as n [%] or median [range].

patients (21 with malignant and 5 with benign central airway 
obstruction) who underwent metallic stent placement with 
a flexible bronchoscope in the intensive care unit. Fourteen 
(54%) could be removed from mechanical ventilation after 
the procedures. Murgu et al. (9) performed a retrospective 
study on the usefulness of bronchoscopic intervention in 
12 consecutively intubated and mechanically ventilated 
patients with central airway obstruction due to non-
small cell lung cancer. Eleven (92%) were successfully 
weaned, nine of whom could be extubated within 24 hours  
after therapeutic bronchoscopy. Boyd et al. (17) reviewed 

12 studies on the utility of bronchoscopic interventions 
such as ablative therapies and stenting for patients with 
mechanical ventilation and found that the rate of removal 
from mechanical ventilation was 63% (range, 43–100%). 
The high success rates of extubation, including that in the 
present study, indicate that bronchoscopic intervention 
with airway stenting is a rapid and useful palliative therapy 
for intubated patients with malignant central airway 
stenosis. It is well known that airway stenting sometimes 
causes complications, such as retained secretions, 
granulation tissue formation, and stent migration (18). 
Although reported complication rates vary widely among 
studies, serious complications rarely occur (18,19). The 
complications in the current study were managed easily and 
seem to be acceptable.

Another role of airway stenting other than palliation 
in patients with malignant central airway obstruction is a 
bridge to additional tumor-specific therapies. This role of 
airway stenting has been reported to be associated with 
longer survival (20,21), which was again confirmed by the 
present study. Several investigators (4-6) have stated that 
temporary stenting, which has been characterized as a 
bridge to other therapies, is a useful therapeutic strategy 
for patients with malignant airway stenosis. In a prospective 
study by Witt et al. (4), 22 patients with severe malignant 
strictures underwent stent placement for primary palliation 

1.0

0.8

0.6

1.0

0.2

0.0

0 1000 2000 3000

Fr
ac

tio
n 

of
 s

ur
vi

vo
rs Median survival time: (A) 234 days, (B) 37 days 

P<0.001 using log-rank test

(A) Patients with tumor-specific therapy after stenting (n=21)

(B) Patients without tumor-specific therapy after stenting (n=9)

Survival time after stenting (days)

Figure 2 Kaplan-Meier plots of overall survival for patients with 
and without tumor-specific therapy after stenting.



3159Journal of Thoracic Disease, Vol 9, No 9 September 2017

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2017;9(9):3154-3160jtd.amegroups.com

of dyspnea followed by tumor-specific therapy with the 
aim of stent removal. In 11 of the 22 patients, the stents 
could be removed after successful tumor-specific therapy. 
We also previously reported that temporary stenting was 
useful as a bridging therapy for patients with central airway 
stenosis caused by malignant lymphoma (6). The prognosis 
of inoperable malignant diseases other than malignant 
lymphoma is poor; thus, the stents could be removed in 
only four patients in the present study. However, airway 
stenting procedures enabled chemotherapy and/or radiation 
therapy in 86% of chemoradiotherapy-naive patients and 
seem to play an important role as bridging therapy.

The main limitation of the present study is its 
retrospective nature. Our institution plays a specialized 
role in bronchoscopic interventions in our region, and 
many patients have thus been referred for bronchoscopic 
treatment. In fact, 23 of the 30 patients were referred 
for bronchoscopic treatment from neighboring general 
or university hospitals. Some patients who could not 
be transferred to our institution or who the attending 
physician determined had no indications for stenting might 
have been excluded; this selection bias may have influenced 
our results. The efficacy of stenting is doubtless due to the 
high success rate of removing patients from mechanical 
ventilation in the present study, but large multicenter 
prospective studies are required to elucidate other details, 
including the indications for the procedure.

Conclusions

Airway stenting facilitates extubation in critically ill 
patients with malignant central airway stenosis. It is also 
useful as a bridge to additional therapies, especially for 
chemoradiotherapy-naïve patients.
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