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Objective: The aim of this study was to investigate the clinical effects and feasibility of using 

flexible bronchoscopy intervention in cases of malignancy that causes central airway stenosis 

and respiratory failure.

Methods: The clinical data of patients who were admitted to the Department of Respiratory 

Medicine at the First Affiliated Hospital of Nanjing Medical University and underwent treatment 

of a malignant tumor with central airway stenosis and respiratory failure by flexible bronchos-

copy from February 2010 to May 2013 were analyzed using a retrospective method. The age, 

gender, location, extent of airway stenosis, interventional therapy, efficacy, and complications 

for 12 patients were collected and analyzed using the SPSS 13.0 software.

Results: After interventional therapy, the dyspnea index for all the patients improved signifi-

cantly, and compared with before treatment, the difference was statistically significant (t=13.40, 

P,0.01). Eleven patients with respiratory failure were corrected, and only one patient was treated 

via tracheal intubation with mechanical ventilation. There were no severe complications, such 

as massive hemorrhaging or cardiac arrest in any case.

Conclusion: Flexible bronchoscopy interventional treatment for central airway stenosis and 

respiratory failure caused by malignant tumors is an effective and safe method. It should be 

applied in clinical work.

Keywords: flexible bronchoscopy, malignant tumors, central airway, respiratory failure, 

interventional treatment

Introduction
The central airway refers to the trachea, carina, left and right main bronchus, and the 

middle section of the bronchus, and it is the main channel for releasing gases from 

the body. Central airway stenosis refers to the narrowing of the airway due to diseases 

causing airway lesions occurring in the trachea, the main bronchus, and the right 

medial segment,1 and this includes both benign and malignant lesions.2,3 The causes 

of malignant central airway stenosis are the metastasis of lung cancer, esophageal 

cancer, kidney cancer, etc.4 Patients with central airway stenosis are often in critical 

condition, and if they do not receive timely treatment, this condition leads to death.5 

Therefore, the diagnosis and treatment of central airway stenosis are important for 

saving patients’ lives and improving their quality of life.

The treatment of malignant central airway stenosis includes surgical treatment or 

bronchoscopic interventional surgery. For patients who can be radical cured, surgical 
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treatment should be the first choice. However, the application 

of surgical treatment is limited by unknown etiology, critical 

condition, tumor metastasis, and long airway stenosis. Bron-

choscopic interventional surgery can effectively alleviate the 

central airway obstruction, improve the quality of life, and give 

patients the opportunity to undergo further radiotherapy and 

chemotherapy. In foreign countries, the rigid bronchoscopy 

is the most common choice for respiratory interventional 

therapy.6–9 However, the rigid bronchoscopy has not been 

widely utilized and popularized in China.10 Thus, it is neces-

sary to explore the safety and effectiveness of flexible bron-

choscopy for a timely and effective intervention in patients.

In this study, 12 patients with central airway stenosis and 

respiratory failure caused by malignancy malignant tumors 

were treated with flexible bronchoscopy interventional 

therapy. This technique achieved good success, and the 

results are reported below.

Materials and methods
Patients
The clinical data of 12 patients (6 males and 6 females) with 

central airway stenosis and respiratory failure caused by 

malignant tumors who were treated with flexible bronchoscopy 

interventional therapy (BF260, 1T260; Olympus Corporation, 

Tokyo, Japan) in the Department of Respiratory Medicine 

of the First Affiliated Hospital of Nanjing Medical Univer-

sity from February 2010 to May 2013 were retrospectively 

analyzed. Their average age was 58±9 years. This study 

included four cases of primary tracheal tumor (including two 

cases of squamous cell carcinoma and two cases of adenoid 

cystic carcinoma), seven cases of a postoperative recurrence 

of esophageal cancer infiltrating the central airway, and one 

case of esophageal cancer after radiotherapy stenosis. The 

operators are rich in clinical experience. In the 12 patients, 11 

had type I respiratory failure and one had type II respiratory 

failure (Table 1).

Central airway obstruction is generally classified into 

three categories depending on whether the tumor is purely 

intraluminal, intraluminal, or mixed. If the tumor is confined 

to the airway lumen (intraluminal), it is considered “intrinsic” 

compression. On the other hand, if the tumor is obstructing 

the airway due to mass effect and there is no intraluminal 

component, it is called “extrinsic” compression (intraluminal). 

The majority of central airway obstruction falls into the final 

“mixed” category, being that there are elements of both intrin-

sic and extrinsic involvement. With respect to the “mixed” 

category, the tumor often originates adjacent to the airway 

and erodes through the airway wall invading the lumen.

Methods
Besides the necessary testing, all patients also underwent 

chest CT-airway three-dimensional imaging (Figure 1) in 

order to understand the site and length of the stenosis and 

the relationship with the large vessels. Some of the patients 

(stenosis site or the patency of distal side of bronchus was 

unknown) also received thin bronchoscopy (Figure 2). 

According to the severity of the patient’s condition and the 

type of stenosis, we selected from a clamp, balloon dilata-

tion, freezing, high-frequency electrocautery, argon plasma 

coagulation (APC), and an airway stent for the comprehen-

sive intervention.11–17 Interventional treatment was performed 

during general anesthesia using a laryngeal mask airway. 

There was one case of high-frequency electrocautery, one 

case of airway stent placement, one case of clamp combined 

balloon dilatation, one case of frozen joint high-frequency 

electrocautery, one case of high-frequency electrocautery 

combined with APC, two cases of balloon dilatation com-

bined with APC and airway stent placement, and five cases 

of high-frequency electrocautery combined with airway stent 

placement. Two or more combined treatments accounted for 

83.3%. In the process of intervention, suction was used to 

clean up the airway sputum and other secretions. During the 

operation, stop the operation when the pulse oxygen is less 

than 90% and the operation was performed again until the 

oxygenation is elevated.

1. High-frequency electrocautery: For valve or membranous 

stenosis, needle electrocautery is used for rapid removal. 

APC (with output power of 30–50 W and 0.8–1.6 L/min 

volume flux of Argon gas) was applied to the base of the 

lesion. Intermittent cauterization is appropriate (3–10 

seconds per time), and the carbonized solidified tissues 

were timely cleaned using biopsy forceps.

2. Airway stent placement: According to the length and 

diameter of the stenosis segment measured by pre-

operative chest CT and bronchoscopy, airway stents 

(Micro-Tech, Nanjing, China) of different lengths, 

diameters, and types were selected. The length of the 

selected scaffold should exceed 5–10 mm of the length 

of the narrow section. The bronchoscope enters the 

trachea through the laryngeal mask (4# for man, 3# 

for woman; Well Lead Medical Co., Ltd., Guangzhou, 

China), cleans up the secretion of the lesion area, and 

places the guide wire through the bronchial working 

hole. The guide wire was retained, and the bronchoscope 

was replaced with an ultrafine bronchoscope (2.8 mm 

inside diameter, BF-C30; Olympus Corporation). Push-

ers with metal stents are fed into the trachea along the 
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guidewire, placed in the best position under the direct 

vision of the bronchoscope, and then withdrawn from 

the guidewire and the pusher.

3. Balloon dilatation: The balloon catheter (Boston Scientific 

Corporation, Marlborough, MA, USA) was delivered 

through the working hole of the bronchoscope to the 

stenosed trachea or the stent with poor distension, and the 

balloon catheter is protruded at both ends of the stenosis 

or in the stent. Water was injected into the balloon with 

a gun pump, and the injection pressure was 3–8 atm 

(usually increases from low to high, 1 atm=101.325 kPa). 

The balloon remained bulged for 30–60 seconds each time. 

Each balloon will remain inflated for 30–60 seconds.

4. Carbon dioxide freezing: Freezing treatment machine 

(K300) was purchased from Kooland, Beijing, China. 

The source of refrigeration is liquid carbon dioxide. 

The metal head of the flexible frozen probe (diameter 

is 1.9–2.3 mm) was placed on the surface of the object 

or pushed into the object, and frozen for 10–40 seconds. 

In the freezing process, the probe and the adhesive object 

are taken out together under freezing condition.

statistical analysis
The data were analyzed using the SPSS 13.0 software (SPSS 

Inc., Chicago, IL, USA). Measurement data were expressed 

as mean ± SD, and the paired t-test was used to compare the 

efficacy before and after treatment. The data were considered 

statistically significant when P#0.05.

Results
clinical effects
After the above-mentioned single or multiple interventional 

therapies were performed, 12 patients’ cough, sputum, short-

ness of breath, and other clinical symptoms were shown to be 

significantly relieved before discharge. The partial pressure 

of oxygen was markedly increased, and the airway diameter 

was significantly larger than before treatment. According 

to Myer-Cotton classification, the degree of stenosis in all 

patients was grade III before treatment, and the degree of 

stenosis was grade I after treatment. It is supplemented in 

Table 1.

index observations
The dyspnea index was evaluated according to the standard 

of the American Thoracic Society. The oxygenation index is 

ratio of partial pressure of oxygen to fraction of inspiration 

O
2
 (PaO

2
/FiO

2
). In the 12 patients, the dyspnea index was 

reduced from 3.9±0.3 points to 2.2±0.1 points after the inter-

ventional treatment (P,0.01; Table 2). After the operation, 

Table 2 Dyspnea index and oxygenation index changes before 
and after intervention

Time Dyspnea index Oxygenation index

Preoperative 3.9±0.3 201.6±22.1

Postoperative 2.2±0.1 338.6±53.8

t-value 13.40 8.13

P-value ,0.01 ,0.01

Notes: The dyspnea index was evaluated according to the standard of the american 
Thoracic society. The oxygenation index is ratio of partial pressure of oxygen to 
fraction of inspiration O2 (PaO2/FiO2).

Figure 1 Three-dimensional imaging of the airway showing significant stenosis in 
the middle of the trachea and atelectasis in the lower left part of the lung.

Figure 2 Flexible bronchoscopy showed obstructive stenosis of the trachea.
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the oxygen device of nine patients (75%) could be completely 

removed within 24 hours, and PaO
2
 was above 70 mmHg 

(1 mmHg=0.133 kPa). Two cases were given nasal catheter 

oxygen, and their PaO
2
 was maintained above 75 mmHg. 

Only one case had to receive a tracheal intubation ventilation 

treatment (after the laryngeal mask was removed), and the 

ventilator was removed after 3 days. The oxygenation index 

was significantly improved from the preoperative level of 

201.6±2.1 to 338.6±53.8 (P,0.01; Table 2). Airway obstruc-

tion was improved in all patients, and the survival time was 

longer than 3 months (Table 3).

complications
Eleven patients with respiratory failure were corrected, and 

only one patient was treated with mechanical ventilation. 

All operations were completed successfully, and no patients 

experienced a massive hemorrhage, cardiac arrest, or other 

serious complications during the intervention.

Discussion
Malignancies are one of the most common causes of central 

airway stenosis.6,18 Severe obstruction can lead to pulmonary 

atelectasis and infection, hypoxemia or respiratory failure, and 

can cause asphyxia and other life-threatening conditions.19 

With the increase in the incidences of bronchial lung cancer, 

the number of patients with central airway stenosis caused 

by malignant tumors has increased. Because patients have 

severe airway stenosis and respiratory failure (some patients 

are in advanced stage of tumor), the surgical risk for them 

is very high or the operation opportunity has been lost. It is 

imperative to improve the respiratory status of the patients 

in time and effectively, so as to gain time for follow-up 

treatment. Outside of China, the rigid bronchoscope is most 

commonly used for respiratory interventional therapy to 

timely and effectively open the airway,6–9 while the use of 

this type of bronchoscope is uncommon in China, and our 

hospital did not have rigid bronchoscope. In addition, there 

is a lack of doctors who can operate hard mirrors skillfully. 

The patient’s condition is extremely serious and might suf-

focate at any time. At that time, it is more important to save 

patients’ lives on time. In this study, flexible bronchoscopy 

interventional treatment in 12 patients with central airway 

stenosis and respiratory failure caused by malignant tumors 

achieved excellent results, proving to be a simple and effec-

tive way for most hospitals in China.

Because patients with central airway stenosis and respira-

tory failure caused by malignant tumors are in critical condi-

tion, it is important to choose a suitable and effective method 

of anesthesia during respiratory intervention. Since the use of 

the rigid bronchoscope with general anesthesia is uncommon 

in China, general anesthesia using a laryngeal mask airway 

for interventional treatment was a simple and economical 

method.10,20 General anesthesia is often used for patients with 

tracheal stenosis lesions, especially for the upper tracheal 

stenosis. Patients with left and right main bronchial stenosis 

and respiratory failure can also use a larynx mask airway for 

general anesthesia. In the 12 cases, the interventional therapy 

was successfully performed under general anesthesia with a 

laryngeal mask airway without any incidents.

In central airway stenosis, especially in a complex 

airway stenosis, the combined application of various treat-

ment methods in intervention therapy is very effective.21,22 

At present, the commonly used airway interventional treat-

ment technologies are mainly the high-frequency electric 

knife, APC, freezing, airway stent placement, and balloon 

dilatation. However, all the above-mentioned technologies 

have their range of applications, characteristics, and limita-

tions. Therefore, different treatment methods were selected 

in this study according to the type, location, degree, and 

length of the airway stenosis.15 Because the 12 patients had 

malignant tumors and were critically ill, the treatments for 

rapid ablation of tumor tissue and expansion of airway could 

be chosen. Using freezing, drawing, and other methods to 

remove necrosis and secretions in the airway, the respiratory 

function of the lung tissue could be rapidly recovered, and 

the respiratory failure could be effectively corrected, which 

could achieve the effect that drugs cannot achieve. When 

the second stenosis occurs, it is necessary to use APC or 

electrocautery to recanalization.

However, flexible bronchoscopy intervention therapy 

was unsafe for patients with central airway stenosis caused 

Table 3 The survival time of the 12 patients

S. no Survival time (days)

1 305

2 396

3 576

4 123

5 476

6 232

7 485

8 363

9 693

10 788

11 178

12 126
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by pulmonary metastasis of renal cell carcinoma. There is 

a risk of massive bleeding, but enhanced CT examination 

before operation can effectively prevent the occurrence of 

this condition.

Conclusion
The flexible bronchoscopy intervention therapy in patients 

with central airway stenosis and respiratory failure caused 

by malignant tumors is an effective, simple, economical, and 

safe technique, and it is worthy of clinical application in the 

absence of rigid bronchoscopy.

Ethical statement
This study has been approved by the ethics committee of 

the First Affiliated Hospital of Nanjing Medical University. 

Before collecting clinical data from the patient, we informed 

them of our research purposes, and written informed consent 

was obtained. We advised that their data were for scientific 

purposes only, and the patients’ information were anony-

mous in order to protect the health, safety, and privacy of 

the patients.
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