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Introduction

Tracheal stenosis and tracheoesophageal fistula are two 
malignant respiratory complications in patients with cancer. 
Tracheal stenosis is caused by compression of endogenous 
or exogenous tumors (1), while tracheoesophageal fistula is 
one of the serious complications of esophageal cancer (2).  
Both tracheal stenosis and tracheoesophageal fistula cause 
different degrees of dyspnea, even life-threatening injuries 
in severe cases. It is reported that there are about 80,000 
cases of malignant central tracheal stenosis every year in 
United States (3). Tracheal stenosis mainly divided into 

four types: cavity type, external cavity type, tube wall type 
and mixed type. The degree of a stenosis over 75% is 
called a severe stenosis. The overall 5-year survival rate of 
esophageal cancer in United States is around 15–20% (4).  
Even worse, for the quality of life of patients with 
tracheoesophageal fistula is extremely poor, it often 
accelerates death of patients (5). Thus, prompt treatment 
is required. However, the options for treating patients with 
malignant respiratory complications are frequently difficult 
due to poor general status of these patients. Previously, 
some patients were treated with chemotherapy, microwave 
or photodynamic therapy (2,5-8), but regarding time and 
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effect, results were not satisfactory, even directly lead 
to death of some patients. In comparison, tracheal stent 
implantation is a relatively safe and effective method for 
managing tracheal stenosis and tracheoesophageal fistula 
(2,5,9-11). As in previous studies, the morbidity rate of 
tracheal stenting for malignant tracheal stenosis was 20% to 
42%, and the mortality rate was reportedly 8% (12-14). The 
6-month survival rate after interventional treatment among 
patients with malignant tracheal stenosis was reportedly 
20% (9). In order to further understand these malignant 
respiratory complications and to provide evidence for 
future treatment, we retrospectively studied patients who 
underwent tracheal stent implantation in our hospital 
from 2005 to 2018. All patients had poor respiratory status 
due to tracheal stenosis or tracheoesophageal fistula. The 
study aims to discuss prognostic factors and postoperative 
outcome.

Methods

Patients

We retrospectively analyzed medical records of 97 
patients with complete data who underwent tracheal 
stent implantation at the Sun Yat-sen University Cancer 
Center, Guangzhou, China, during the period 2005–2018. 
Follow-up information was collected from the medical 
records or via telephone contacts with staffs of the hospital. 
Each patient has signed the informed consent for stent 
placement. This study was conducted in accordance with 
the Declaration of Helsinki (as revised in 2013). According 
to the Research Ethics Committee of the Sun Yat-sen 
University Cancer Center in 2018, this retrospective 
study does not need to undergo ethical review or provide 
an ethics statement because the research object is patient 
information, not the patient itself. And individual consent 
for this retrospective analysis was waived.

Stents and placement technique

Respiratory function was judged by preoperative 
examination and blood gas analysis. While the location, 
length and degree of stenosis were judged by preoperative 
chest X-ray, computed tomography (CT) and fiberoptic 
bronchoscopy, deciding the type of stent and the best 
position of stent placement. The stent was made of shape 
memory nitinol, membrane or non-membrane (Bonastent, 
Korea, Bostin Scientific, Ireland or micro-tech, China).

The patients underwent tracheal stent implantation in 
the interventional operating room. After conscious sedation, 
fiberoptic bronchoscopy was used to locate the upper part 
of the lesion, paraffin oil was applied to reduce friction. 
Metal lines were attached to the corresponding body 
surface to mark the lesion. If fiberoptic bronchoscopy could 
pass through the narrowing of the lesion, the corresponding 
surface metal marks were made under the lesion in the 
same way. The fiberoptic bronchoscope was used to insert 
the guide wire and pass it through the narrow area, then 
withdrawn the fiberoptic bronchoscope. Thereafter, guided 
by the guide wire, the stent releaser was implanted into 
the airway. With the assistance of X-ray fluoroscopy, the 
releaser was placed in the corresponding position according 
to the body surface markers, releasing the stent. After 
that, the releaser and the guide wire were withdrawn, then 
location and extent of dilatation of the stent were observed 
by fiberoptic bronchoscopy immediately (5,15,16). Chest 
X-ray or CT scan was performed on the first day after 
operation to inspect if atelectasis had recurred. Fiberoptic 
bronchoscopy was performed to examine the location and 
extent of dilatation of the stent.

Data analysis

Statistical analysis was performed using a statistical software, 
SPSS 17.0 (Chicago, IL, USA). Multivariate analysis was 
performed using Cox regression analysis. Survival curves 
were calculated by the Kaplan-Meier method and compared 
using the log-rank test. A value of P<0.05 was considered 
significant.

Results

Patients characteristics and clinical outcomes

Among the 97 patients, 73 (75.3%) were male and 24 
(24.7%) were female, average aged 57.1 (range, 15–83) 
years old, and 64 (66.0%) had died by the end of the follow-
up period. The patient characteristics are shown in Table 1.  
As for the location of stenosis, 78 patients had tracheal 
stenosis, 18 had left or right bronchial stenosis, and 8 had 
mixed stenosis. In addition, 6 patients placed two stents at 
the same time, while 7 patients placed twice. In the Cox 
analysis of potential prognostic indicators of overall survival 
(OS), surgical treatment was significant associated with the 
OS of these patients [P=0.006; hazard ratio (HR) =0.499; 
95% confidence interval (CI) =0.303–0.823] (Table 2).
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We further calculated the survival time of patients after 
stent therapy. Patients who had improved respiratory 
function after tracheal stent implantation and successfully 
transferred out of intensive care unit (ICU) within 3 days 
were labeled as one group. In other words, these patients 
were those who had no complications after tracheal 
stent implantation. In the univariate analysis of potential 
prognostic indicators of survival time after tracheal stenting, 
infection (P=0.042; HR =1.962; 95% CI, 1.024–3.757, 
Table 3), discharged ICU within 3 days (P=0.000; HR 
=0.285; 95% CI, 0.157–0.519) and postoperative antitumor 
treatment (P=0.000; HR =0.362; 95% CI, 0.216–0.606) 
were significant prognostic indicators for the survival 
time after tracheal stenting of patients. After adjusting 
for the listed key clinical prognostic factors, using a 
multivariate Cox regression analysis discharged ICU within 
3 days (P=0.002; HR =0.268; 95% CI, 0.114–0.625) and 
postoperative antitumor treatment (P=0.002; HR =0.431; 
95% CI, 0.251–0.742) were independent predictors for the 
survival time after tracheal stenting of patients.

In this study, the median survival time of patients after 
stent placement was 119 days, and the median follow-up 
period was 124 days. Being stented, the median survival 
time for patients who continued antitumor therapy was  
215 days (95% CI, 81.130–348.870), compared with 
63 days (95% CI, 43.103–82.897) for patients without 
succeeding antitumor therapy. Simultaneously, the time for 
patients who discharged ICU within 3 days was 172 days 
(95% CI, 103.202–240.798), compared with 48 days (95% 
CI, 13.239–82.761) for patients who did not. Continued 
antitumor therapy group and the discharged ICU within 
3 days group showed favorable survival time after tracheal 
stenting (P=0.000, Figure 1). Overall, patients discharged 
ICU within 3 days usually have no obvious complications 
and their respiratory function has been significantly 
improved, thus providing an opportunity for follow-up 
treatment.

Postoperative improvement and outcome

From the chest X-ray or CT, we clearly see the tracheal 
stenosis has expanded, pulmonary ventilation function was 
improved (Figure 2), bronchoscopy showed smooth airway 
and good expansion (Figure 3). Among these patients, 76 
patients were successfully transferred out of the ICU within 
3 days after tracheal stent placement, the rest 21 cases 
(21.6%) failed to turn out ICU in time because of various 

Table 1 Baseline characteristics

Variables Total (n=97)

Age (years) 57.05

Gender

Female 24

Male 73

Clinical staging

I–II 11

III–IV 46

Primary disease

Lung cancer

Squamous carcinoma 9

Adenocarcinoma 5

SCLC 2

Non-SCLC 1

Sarcomatoid carcinoma 1

Tracheal carcinoma 7

Esophageal cancer 54

Mediastinal tumor 8

Other

Nasopharyngeal carcinoma 1

Gastric cancer 1

Colon cancer 1

Larynx cancer 1

Thyroid carcinoma 1

Osteosarcoma 1

Neuroendocrine tumor 1

No pathology 2

Classification

Tracheobronchial fistula 19

Tracheal stricture 78

Surgery 48

Preoperative chemoradiotherapy 55

Postoperative treatment 45

Tracheal intubation 25

Prognosis

Live 33

Death 64

SCLC, small cell lung cancer.
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factors (Table 4). Among these patients, 1 case was aspiration 
pneumonia due to aspirated by mistake, 2 cases were 
blocked by sputum, 2 cases were bleeding, 15 cases were 
uncontrolled infection, 2 cases were not well dilated, and 
1 case failed because of stent prolapse. Forty-five patients 
were treated with antitumor therapy after placing the stent 
among these patients.

Discussion

Tracheal stenosis and tracheoesophageal fistula are 
important causes of dyspnea caused by tumors that are 
difficult to be corrected by conventional treatment (2,3). 

Tracheal stenosis caused by tumor recurrence or metastasis 
usually leads to severe dyspnea (16). Clinical symptoms of 
tracheal stenosis accompanied obvious inspiratory trident 
sign, life quality of patients decrease in varying degrees (17). 
The time from onset to dyspnea is often very short, thus 
respiratory failure caused by tracheal stenosis has become 
the primary problem to be solved. Treatments of tracheal 
stenosis include balloon dilatation, electric cautery, argon 
knife, laser ablation, cryotherapy, intraluminal radiotherapy 
and stent implantation (6,8,9,18). Compared with various 
treatments, tracheal stent relieve various types of tracheal 
stenosis quickly and effectively, with fewer complications 

(1,6,8,18,19).  Tracheoesophageal f istula is  a l i fe-

Table 3 Univariate and multivariate Cox regression analyses for patients after tracheal stent implantation

Variables
Univariate analysis Multivariate analysis

HR (95% CI) P value HR (95% CI) P value

Age (<60/≥60) 1.442 (0.875–2.376) 0.151

Gender (female/male) 1.508 (0.832–2.734) 0.176

Clinical staging (I–II/III–IV) 1.094 (0.480–2.495) 0.830

Surgery (yes/ no) 0.925 (0.565–1.517) 0.758

Preoperative chemoradiotherapy 1.606 (0.957–2.697) 0.073

Narrow position 0.574 (0.291–1.131) 0.109

Trachea cannula 0.710 (0.405–1.244) 0.231

Infect 1.962 (1.024–3.757) 0.042* 0.584 (0.235–1.452) 0.247

Discharged within 3 days 0.285 (0.157–0.519) 0.000* 0.268 (0.114–0.625) 0.002*

Postoperative treatment 0.362 (0.216–0.606) 0.000* 0.431(0.251–0.742) 0.002*

*, significant difference. HR, hazard ratio; CI, confidence interval.

Table 2 Univariate Cox regression analyses for the OS of patients

Variables HR (95% CI) P value

Age (<60/≥60) 1.345 (0.818–2.212) 0.243

Gender (female/male) 1.448 (0.800–2.621) 0.222

Clinical staging (I–II/III–IV) 1.462 (0.640–3.343) 0.368

Surgery (yes/no) 0.499 (0.303–0.823) 0.006*

Preoperative chemoradiotherapy 0.706 (0.418–1.191) 0.192

Narrow position 0.758 (0.385–1.495) 0.424

Primary disease 0.624 (0.375–1.038) 0.070

Postoperative treatment 0.805 (0.490–1.322) 0.391

*, P<0.05; determined by Pearson χ2 test and Fisher’s exact test. OS, overall survival; HR, hazard ratio; CI, confidence interval.
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threatening complication of esophageal cancer, it is usually 
characterized by dyspnea, fever, pulmonary infection, 
and empyema in severe cases (2,4,5,20). Patients with 
tracheoesophageal fistula require higher breathing support, 
such as high-flow oxygen therapy and even ventilator-
assisted ventilation, adequate drainage, anti-infection and 
other adjuvant treatment (20,21). Covering fistula with 
membranous tracheal stent are effective ways to relieve 
the pain of patients (22,23). Zhou et al. and other studies 
also shown tracheal stenting can be reasonable solutions in 
tracheoesophageal fistulas (2,5,24).

There are few studies on tracheal stent, and the relevant 
guidelines are not complete. Oki et al. retrospectively 
investigated the clinical data of 21 small cell lung cancer 
(SCLC) patients performed tracheal stenting with tracheal 
stenosis. The median post-procedural survival was 47 days. 
In univariate and multivariate analyses, the performance 
of post-procedural tumor-specific therapy, serum lactate 
dehydrogenase (LDH) levels and the location of stenotic 
lesions were associated with the survival duration (25). Oki 
et al. also studied patients with malignant tracheal stenosis 
who had undergone emergency intubation prior to tracheal 
stent placement from 2005 to 2015. The median survival 
after stenting was 198 days. The Kaplan-Meier method 
showed that the survival time was significantly prolonged in 
patients who had received chemotherapy and/or radiation 
therapy after stenting (11). Twenty-one patients underwent 

tracheal stenting who had advanced cancer in a prospective 
study by Nagano et al., the mean survival period after 
stenting was 85.2 days. In multivariate analysis, PS before 
tracheal stenting was identified as possible predictor of 
prognosis after stenting, but postoperative radiotherapy 
and chemotherapy was not (26). From the above research 
data, we can find that these diseases are progressing rapidly 
and have poor prognosis, so urgent airway intervention is 
necessary to gain time.

Unlike other studies in which lung cancer is the primary 
cause, in our research, the primary cause was esophageal 
cancer (55.7%), followed with lung cancer, tracheal 
cancer, mediastinal tumors, metastases and other cancers. 
Patients with symptoms of tracheal stenosis often had 
more than 75% of the tracheal stenosis, reaching severe 
stenosis. Oncologists pointed out that the patient’s basic 
condition was too poor for anti-tumor treatments, further 
treatment should be considered only after relieving tracheal 
stenosis and improving respiratory function. In this case, 
the patient's basic condition was unable to tolerate other 
treatments, tracheal stenting was the best choice (27,28).

Tracheoesophageal fistula and tumor metastasis were very 
common in esophageal cancer. Assisted with symptomatic 
treatment l ike anti- infection,  most patients  with 
tracheoesophageal fistula sealed successfully by membranous 
tracheal stents, while dyspnea was significantly improved 
(2,4,5,21). Stent implantation is suitable for treatment of 

Figure 1 The prognostic values of the length of hospitalization and postoperative anti-tumor treatment in patients. (A,B) The Cox 
regression analysis curves of patients in this study.
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Figure 3 Preoperative and postoperative fiberoptic bronchoscopy findings of tracheal stent placement. (A) Fiberoptic bronchoscopy shows 
that the patient has main bronchial endobronchial airway tumor; (B) fiberoptic bronchoscopy shows that tracheal stenosis has been relieved.

Figure 2 Preoperative and postoperative imaging findings of tracheal stent placement. (A) X-ray films obtained before stent placement 
shows complete obstruction of the left main bronchus with total collapse of the left lung; (B) X-ray films obtained after tracheal stent 
implantation shows successful stent expansion and adequate ventilation in the left lung; (C) computed tomography (CT) shows stenosis 
of the main bronchus, and the degree of stenosis is more than 75%; (D) CT shows that stent is successfully expanded after tracheal stent 
implantation.
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various types of tracheal stenosis or fistula (29,30). In this 
study, the survival time of 45 patients treated with anti-
tumor therapy after placing stent prolonged significantly. 
Patients with tracheal stenosis or tracheoesophageal fistula 
did not lose the opportunity to fight tumors, because stent 
implantation rapidly and significantly improved dyspnea, 
improved the quality of life of patients, and won time for 
follow-up anti-tumor treatment. In particular, whether 
the patient discharged within 3 days successfully is an 
independent risk factor in this study. Meanwhile, the key 
point of this factor is the improvement of respiratory 
function and evaluate subsequent anti-tumor treatment. 
According to our observation, severe complications of 
stent implantation are rare, and satisfactory results can 
be achieved after treatment. In our study, the morbidity 
of complications after stent implantation was 21.6%. 
Therefore, the greatest significance of tracheal stent 
implantation is to improve the quality of life of patients in 
a timely manner, and provide opportunity for succeeding 
anti-cancer treatment.
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