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Abstract
Malignant central airway stenosis refers to airway stenosis 
caused by primary or metastatic malignant tumors which may 
lead to different levels of dyspnea or asphyxia in patients. With 
the rapid development of interventional pulmonology, thera-
peutic bronchoscopy has become one of the main methods for 

the diagnosis and treatment of malignant central airway steno-
sis. However, the level of diagnosis and treatment of respira-
tory intervention techniques in China is uneven at present, the 
treatment methods are not uniform, the treatment effects vary 
greatly, and some treatments even lead to serious complica-
tions. The interventional treatment technology for malignant 
central airway stenosis in China needs to be standardized. 
Therefore, the relevant experts of the Beijing Health Promotion 
Association Respiratory and Oncology Intervention and Treat-
ment Alliance have formulated this consensus after several 
rounds of full discussion. © 2019 S. Karger AG, Basel
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Malignant central airway stenosis refers to airway ste-
nosis caused by primary or metastatic malignant tumors 
of trachea, carina, left and right main bronchus, right up-
per lobe bronchus, intermediate bronchus, left upper lobe 
bronchus, and left lower lobe bronchus, which may lead 
to different levels of dyspnea or asphyxia in patients [1]. 
With the rapid development of interventional pulmonol-
ogy, therapeutic bronchoscopy has become one of the 
main methods for the diagnosis and treatment of malig-
nant central airway stenosis [2]. However, at present, the 
level of diagnosis and treatment of respiratory interven-
tion techniques in China is uneven, the treatment meth-
ods are not uniform, the treatment effects vary greatly, 
and some treatments even lead to serious complications. 
The interventional treatment technology for malignant 
central airway stenosis in China needs to be standardized. 
Therefore, the relevant experts of the Beijing Health Pro-
motion Association Respiratory and Oncology Interven-
tion and Treatment Alliance have formulated this con-
sensus after several rounds of full discussion.

The Cause of Malignant Central Airway Stenosis

Common diseases of malignant central airway stenosis 
include primary malignant tumors of the trachea and 
metastatic malignant tumors. Primary airway tumors are 
squamous cell carcinoma, adenoid cystic carcinoma, car-
cinoid, mucoepidermoid carcinoma, and adenocarcino-
ma. The metastatic tumors may derive from almost any 
part of the body, and the distal airway lesions involve the 
proximal or esophageal, mediastinal, thyroid, thymus, 
and other tumors involving the trachea or the compressed 
trachea. The most easily metastatic tumors to the central 
airway include upper respiratory tract tumors, digestive 
tract tumors, breast cancer, renal cell carcinoma, meta-
static melanoma, and lymphoma [3, 4].

Classification and Grading of Malignant Central 
Airway Stenosis

Generally, the central airway stenosis is divided into 
four categories according to whether the tumor is simply 
located in the lumen, outside the lumen, lumen wall, and 
mixed type, as shown in Figure 1. They are: (1) intralumi-
nal type – the tumor is confined to the lumen. It is called 
endogenous or intraluminal; (2) extraluminal type – the 
tumors are outside the lumen without the intraluminal 
part, and the tracheal stenosis is caused by the growth and 

compression of extraluminal tumors, and there is no in-
traluminal tissue and tube wall damage, it is called exter-
nal pressure type, i.e. extraluminal type; (3) tracheal wall 
type – the tumor grows along the wall of the tracheal with 
wide base and thick tracheal wall, which can cause lumen 
stenosis; (4) mixed type – the tumor has intraluminal 
growth and also tracheal wall and extraluminal involve-
ment. The mixed type often originates from tissues adja-
cent to the airways, and with the growth of tumor tissue 
eventually invades the airway walls and the lumen [5].

The severity of malignant airway stenosis is usually 
graded according to the degree of stenosis (%) of the tra-
cheal diameter, and the degree of stenosis of the tracheal 
diameter = narrow diameter/normal diameter × 100%. 
The severity of the stenosis is described by the numerical 
code 1–5 (in 5 grades), and the severity of the central air-
way stenosis is graded (Table 1).

Partition and Localization of Malignant Central 
Airway Stenosis

Big data analysis revealed that tumors had different 
predilection sites in different regions of the central air-
way. Wang [6] divided the malignant central airway ste-
nosis into eight divisions according to the anatomical lo-
cation of stenosis (Table 2).

The patients with grade 1 stenosis are considered to be 
mildly stenotic and may have no symptoms or only mild 
cough; grades 2 and 3 are moderately stenotic and may 
have symptoms such as cough and shortness of breath; 
grades 4 and 5 are severe malignant central airway steno-
sis, and severe cough and dyspnea, three depression signs, 
cyanosis, or even asphyxia death may occur [7]. The de-
gree of dyspnea depends mainly on the diameter of the 
narrow airway. In general, when the tumor is blocked or 
compressed, and the degree of tracheal stenosis is > 50%, 
the patient may have obvious dyspnea. Normally, the av-
erage diameter of the airway and left and right main bron-
chi is 12–18, 8–14, and 10–16 mm, respectively; when the 
tracheal diameter is < 8 mm, the patient will have exer-
tional dyspnea; when resting dyspnea occurs, the tracheal 
diameter is < 5 mm. The left and right main bronchi or the 
middle segment of the bronchus was partially narrow or 
even completely blocked, but due to the compensatory ef-
fect of the other side of the lung, the patient’s dyspnea se-
verity was different. Other common signs and symptoms 
include cough, wheezing and stridor, as well as recurrent 
or persistent obstructive pneumonia. Wheezing often in-
dicates that the lesion is involved at the tracheal or larynx 
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level, while stridor suggests that the airway obstruction 
may be local or distal to the carina.

The tumors vary in different areas. Generally speak-
ing, the most common tumors in region I are squamous 
cell carcinoma and thyroid cancer, while those in regions 

II and III are mainly squamous cell carcinoma, adenoid 
cystic carcinoma, and esophageal cancer. The most com-
mon tumors in regions IV and V are squamous cell car-
cinoma and adenoid cystic carcinoma, and those in re-
gion VI are squamous cell carcinoma and mucoepider-

Table 1. Grading of severity of central airway stenosis

Grading Severity of central airway stenosis, %

1 ≤
2 26–50
3 51–75
4 76–90
5 91–100

Table 2. Location of airway lesions

Segment Location of airway lesions

I 1/3 upper segment of the main trachea
II 1/3 middle segment of the main trachea
III 1/3 lower segment of the main trachea
IV carina
V right main bronchus
VI right middle segment bronchus
VII nearly 1/2 segment of the left main bronchus
VIII far 1/2 segment of the left main bronchus

Intraluminal
type

Soft and rigid bronchoscopy
General anesthesia (laryngeal mask,
endotracheal intubation, rigid
bronchoscopy)
High-frequency ventilation – diagnosis,
classification and treatment 

Specific treatment, surgery, radiotherapy, chemotherapy

Tumor
reduction
Mechanical
removal

Extraluminal
type

Tumor
reduction
Stent
placement

Severe airway stenosis >50%
High-risk lesions
Symptomatic
Central airway

Tracheal wall
type

Tumor
reduction
Stent
placement
Mechanical
removal

Mixed
type

Tumor
reduction
Stent
placement
Mechanical
removal

Intraluminal
type

Soft and rigid bronchoscopy
General anesthesia (laryngeal mask,
endotracheal intubation, rigid
bronchoscopy)
High-frequency ventilation – diagnosis,
classification and treatment 

Reevaluate and return to process vertex restart

Specific treatment, surgery, radiotherapy, chemotherapy

Confirmed or suspected malignant airway stenosis

Recurrence No recurrence

Extraluminal
type

Mild/moderate airway stenosis >50%
Low-risk lesions
Asymptomatic
Lobe/segmental bronchi

Tracheal wall
type

Mixed
type

Fig. 1. Flow chart of diagnosis and treatment of malignant central airway stenosis.
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moid carcinoma. The tumors in region VII are usually 
squamous cell carcinoma, esophageal cancer, adenoid 
cystic carcinoma, and mucoepidermoid carcinoma, while 
tumors in region VIII are adenocarcinoma, esophageal 
cancer, and mucoepidermoid carcinoma.

Diagnosis of Malignant Central Airway Stenosis

Malignant central airway stenosis is easy to be misdi-
agnosed or missed because there are nonspecific clinical 
signs and symptoms. Therefore, the diagnosis of suspect-
ed malignant airway stenosis should be highly valued, 
while excluding other diseases that cause wheezing, espe-
cially asthma, tuberculosis or other benign airway steno-
sis. Detailed history collection, physical examination, im-
aging examination, bronchoscopy, pulmonary function 
test, and arterial blood gas analysis should be performed 
during diagnosis. This information is important for se-
lecting interventional procedures, anesthesia methods, 
predicting possible complications, and evaluating prog-
nosis. The flow chart of malignant central airway stenosis 
is shown in Figure 1.
1 Medical history collection. Patients with malignant 

central airway stenosis may present with irritable dry 
cough and progressive dyspnea, sometimes with blood 
in sputum or hemoptysis. Patients with these symp-
toms, especially those with a history of malignancies, 
should be highly considered for airway invasion or 
metastasis.

2 Physical examination. Dyspnea is the most important 
sign of malignant central airway stenosis, and it can be 
manifested as inspiratory, expiratory, or mixed dys-
pnea according to the location and size and growth 
pattern of the lesion. In severe cases, there may be 
three depression signs and cyanosis. Auscultation of 
the lungs can be heard with rhonchi or wheezing. 
Sometimes snoring can be heard in cases of subglottic 
or tracheal stenosis. Localized wheezing can be heard 
in patients with left and right main bronchus or middle 
segment bronchoconstriction, and high-pitched 
wheezing and local atelectasis can present in patients 
when inhaling.

3 Chest imaging examination. The value of chest X-rays 
for the diagnosis of malignant airway stenosis is limited, 
and only a few patients can present tracheal or main 
bronchial lesions or atelectasis. In addition, indirect 
signs can determine the location and extent of the le-
sion. Tracheal and bronchial tomography can also be 
helpful in the diagnosis of stenosis [8]. Chest CT is an 

important method for diagnosing malignant central air-
way stenosis; in particular, multislice spiral CT can re-
construct three-dimensional images, establish virtual 
trachea and bronchial images, and perform 3D printing; 
it can easily figure out the location and severity of the 
lesion, the depth of invasion, the relationship with pe-
ripheral vessels, and provide diagnostic basis for the pa-
tency of the distal airway and the consolidation of the 
distal lung tissue and the presence of lesions [9, 10]. 
Magnetic resonance imaging can determine the type 
and extent of bronchial stenosis; especially the judg-
ment of bronchial extravasation stenosis is more accu-
rate, and it has an important guiding role in the pursuit 
of reasonable interventional therapy [11]. However, it 
should be reminded that although chest CT is the pri-
mary method for diagnosing malignant airway stenosis, 
it has a limited ability to detect mild airway stenosis, and 
often underestimates the length of airway stenosis com-
pared with bronchoscopy [12].

4 Bronchoscopy. Bronchoscopy is the gold standard for 
the diagnosis of malignant central airway stenosis [13]. 
All the patients suspected to have malignant central air-
way stenosis diagnosed by medical history collection, 
physical examination, and imaging examination, in the 
absence of bronchoscopy contraindications, depending 
on the location, type, severity, and patient tolerance of 
the airway stenosis, should undergo bronchoscopy un-
der the safety protection measures, so that the location, 
size of the lesion, and extent and severity of the stenosis 
can be directly observed, and qualitative diagnosis can 
be made by suction, lavage, and biopsy [14]. The current 
diagnosis is mainly completed by histopathological di-
agnosis of bronchoscopy biopsy. In addition, EBUS-
guided transbronchial needle aspiration biopsy can be 
used for qualitative diagnosis of extraluminal stenosis, 
and can also be used to identify the tracheal cartilage le-

Fig. 2. The types of malignant central airway stenosis.
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sions and tracheal cartilage invasion [15, 16]. Virtual 
bronchoscopy can determine the function of the distal 
bronchus and lung tissue. The types of malignant cen-
tral airway stenosis are shown in Figure 2.

5 Pulmonary function tests. Pulmonary function tests 
include spirometry and flow volume line (FVL) analy-
sis. Respiratory failure can be induced by spirometry 
and may not be measured in patients with severe air-
way stenosis. When the airway stenosis diameter is ≤6 
mm, the forced expiratory volume in 1 s (FEV1) test 
decreases significantly. Therefore, the change of FEV 
may be earlier than that of FEV1. Compared with 
FEV1, peak expiratory flow (PEF) and maximal volun-
tary ventilation (MVV) are more sensitive to the diag-
nosis of airway stenosis. In spirometry, airway stenosis 
should be considered if the PEF decline is significantly 
lower than the decline in FEV1. Airway stenosis is 
common when the ratio of MVV to FEV1 is < 25%. 
Airway stenosis should also be considered when MVV 
falls and FEV1 is normal. However, these airway ste-
noses are relatively mild, and severe airway stenosis is 
not available to perform spirometry. FVL can not only 
distinguish between intrathoracic and extrathoracic 
central airway stenosis but also fixation and variable 
stenosis. FVL helps to assess the basic condition of the 
lungs, determine the safety of interventional proce-
dures, and decide on the anesthesia method and the 
corresponding airway management measures that 
need to be taken during surgery [17].

The morphological features of the pulmonary func-
tion F-V curve are useful for the diagnosis of airway ob-
struction, the severity of the lesion, the evaluation of the 
therapeutic effect, and the development of relevant treat-
ment options. Because the intrathoracic and extrathorac-
ic pressure is affected by different respiratory phases, if 
the stenosis is a variable intrathoracic airway obstruction, 
the expiratory airflow is limited, and the FV curve shows 
obvious plateau-like changes in the expiratory phase, 
whereas the inspiratory phase is generally normal, and 
the lesions are mostly confined to the chest entrance 
(such as airway tumors, bronchial tuberculosis, airway 
foreign bodies, etc.); if the stenosis is a variable extratho-
racic airway obstruction, inspiratory airflow is limited, 
FV curve shows obvious plateau-like changes in the in-
spiratory phase, expiratory gas is generally normal, and 
lesions are generally confined to the chest outside of the 
entrance (such as laryngeal cancer, vocal cord dysfunc-
tion, laryngeal edema, glottic stenosis, esophageal cancer, 
goiter cancer, etc.); The fixed airway obstruction FV 
curve shows a biphasic plateau-like change, suggesting 
that the lesions were extensive and more severe. The 
“double discs shadow” like FVL can be seen in incomplete 
unilateral main bronchial obstruction (Fig. 3). Therefore, 
preoperative pulmonary function tests can help predict 
the location of airway stenosis. It can also be measured by 
impulse oscillometry, and the position and degree of ste-
nosis can be judged according to the corresponding indi-
cators.

Flow velocity Flow velocity Flow velocity Flow velocity

Volume Volume Volume Volume

Expiratory Inspiratory Inspiratory Inspiratory InspiratoryExpiratory Expiratory Expiratory
Variable extrathoracic type Variable intrathoracic type Fixed type Unilateral main trachea with

incomplete obstruction

Fig. 3. Upper airway obstruction flow-volume curve change diagram.
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6 Arterial blood gas analysis. Arterial blood gas analysis 
is used to determine the pulmonary ventilation and gas 
exchange function, the severity of hypoxia, and the ac-
id-base imbalance type. However, it cannot be used to 
judge the severity of airway stenosis, because even for 
severe airway stenosis, patients present with extreme 
dyspnea, but blood gas analysis, especially PaO2 may 
be normal. Therefore, for patients with no history of 
chronic respiratory diseases and normal lung func-
tion, even if PaCO2 is slightly or moderately elevated, 
great attention should be paid and urgent treatment 
should be given. Intraoperative and postoperative 
blood oxygen saturation and PaO2 decline should be 
identified, evaluated, and dealt with actively. In con-
clusion, arterial blood gas analysis is an important in-
dicator of functional evaluation in preoperative, intra-
operative and postoperative interventional therapy for 
patients undergoing endoscopy. The dynamic moni-
toring of arterial blood gas plays an important role in 
the surgical safety assessment.

Treatment of Malignant Central Airway Stenosis

The malignant central airway stenosis is asymptom-
atic or mild in the early stage, and can often be neglected. 
Once the dyspnea has occurred, the stenosis will aggra-
vate quickly, which will bring certain risks and difficulties 
during the treatment. Treatment for malignant airway 
stenosis includes surgical treatment and interventional 
treatment guided by bronchoscopy.
1 Traditional surgical treatment methods: Sleeve resec-

tion, bronchotomy, and airway reconstruction are the 
main methods for resection of tracheal carcinoma. For 
airway stenosis caused by compression of the trachea 
such as thyroid cancer, thymic malignancy, mediasti-
nal malignant tumor, etc., the primary tumor should 
be surgically removed. However, because of the large 
trauma, high risk of surgical resection, and anatomical 
limitations on the lesions in some patients, such as the 
extensive lesion areas (more than two areas), full-
thickness invasion of the tracheal wall and mixed ste-
nosis, metastatic cancer, etc., or poor basic conditions 
of patients, the surgical operation indications for most 
malignant airway stenosis are limited, and surgery 
cannot deal with the most malignant airway stenoses. 
In some patients, postoperative anastomotic stoma 
can also cause scar hyperplasia and cause restenosis.

2 Bronchoscopic interventional therapy. With the rapid 
development and wide application of interventional 

respiratory disease treatment technology in China, 
more and more malignant airway stenosis patients 
benefit from appropriate interventional therapy. At 
present, bronchoscopy intervention of malignant cen-
tral airway stenosis by bronchoscope is mainly through 
thermal ablation (laser, electrotome, argon knife, etc.), 
cold ablation (freeze-thaw or freeze-cut), mechanical 
resection (rigid endoscopy), and airway dilatation 
(stent placement or rigid endoscopy dilatation). These 
techniques are designed to quickly achieve unob-
structed airways, improve ventilation, and prevent as-
phyxia [18–20].
(i) Ablation technology. By heat or cold ablation tech-

nology, the tumor tissues can be necrosed, carbonized, 
and even vaporized to achieve the purpose of eliminating 
the lesion. It mainly includes thermal ablation and cold 
ablation [21]. Thermal ablation refers to the use of micro-
wave, laser, high-frequency electrotome and argon plas-
ma coagulation to heat tissue, or induce necrosis and va-
porization of tissue, thereby reducing the volume of tu-
mor tissue [22–24]. Cold ablation refers to the use of 
freeze-thaw or freeze-cut methods to destroy, necrose, or 
cut tumor lesion.

(ii) Mechanic resection. It can rapidly relieve stenosis 
by removing all or part of the tumor through the front end 
of rigid bronchoscope or light microscope, or directly 
clamp the tumor through large biopsy forceps under a 
rigid bronchoscope to achieve smooth airway rapidly 
[25].

(iii) Airway dilatation. There are three methods to di-
late the airway, including high-pressure balloon dilata-
tion, mechanical dilatation by rigid bronchoscope, and 
stent implantation [26, 27].

High-pressure balloon dilatation is mainly used for be-
nign airway stenosis, but it can be used in patients with 
partial malignant airway stenosis, especially those with 
airway external compression and damaged airway carti-
lage [28]. The existing balloon is designed specifically for 
airway dilatation, but various types of blood vessels and 
esophageal balloons can also be used for dilation. After 
placing the balloon in the stenosis airway, the balloon can 
be extended to the preset diameter by saline infusion, and 
then last for 30–60 s. Normally, this procedure will be re-
peated 3–5 times. When dilating the airway, the patient is 
asphyxiated during the whole balloon filling period, and 
it is better to carry it out under general anesthesia. Exces-
sive filling of the balloon can cause tearing of the airway 
and should be taken seriously. The balloon can also be 
used to rapidly dilate the stent when the stent is poorly 
opened.
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The rigid bronchoscope itself can be used for airway di-
lation, especially for the proximal airway. In general anes-
thesia combined with high-frequency ventilation to dilate, 
when the rigid mirror passes through the obstruction area, 
it is better to retain it for several minutes for full expansion, 
which has the advantage of allowing the patient to ventilate 
throughout the procedure. In addition, during the opera-
tion, the rigid bronchoscope can help to eradicate the tu-
mor tissues in the lumen [28]. The operation must be kept 
on the same level to prevent the mirror body from deviat-
ing from the direction and causing airway perforation.

Stent placement can dilate the airway continuously, 
and it is often used when high-pressure balloon dilata-
tion, rigid endoscopy dilatation, and clearance of intralu-
minal lesions cannot keep the airway open. How to choose 
the most appropriate stent depends on the surgeon’s ex-
perience, the cost, the structure of the lesion, and the pa-
tient’s condition. The eight-zone method and location of 
malignant central airway stenosis are helpful for choosing 
the suitable airway stent. Straight stents are suitable for 
lesions in zones I, VI, and VIII, and bifurcated stents (L 
or Y) are suitable for zones II, III, IV, V, and VII near the 
carina. Silicone stents require general anesthesia and are 
placed under a rigid microscope. The silicone stent is soft, 
the support is insufficient, and it is easy to shift. The 
curved lesion is not suitable for placement because it may 
protrude into the airway and cause obstruction [29]. 
Therefore, it is best to use a suitable metal stent for pa-
tients with malignant airway stenosis. The characteristics 
of silicone stents and metal stents are shown in Table 3.

Standards and Principles of Bronchoscopic 
Interventional Therapy for Malignant Central Airway 
Stenosis

Bronchoscopic interventional therapy for malignant 
central airway stenosis is a complex technique. Standards 
and principles should be strictly implemented in the fol-
lowing six aspects to ensure the smooth operation of the 
intervention and patient safety.
1 Principles for patient selection. Bronchoscopic interven-

tional therapy is optional for patients with central airway 
stenosis caused by primary malignancy or metastatic ma-
lignancy that cannot be surgically treated or refused sur-
gery. Before the therapy, the function of the distal tra-
cheal, bronchus, and lung tissue should be evaluated, and 
if the function of distal bronchus and lung tissue cannot 
recover and is not expected to recover after airway open-
ing, interventional therapy should be abandoned [30].

2 Principles for selecting emergency or elective surgery. 
Determine emergency or elective surgery based on the 
location and extent of the stenosis and the degree of 
dyspnea. Emergency surgery should be operated on 
the patients with severe dyspnea which endanger their 
lives at any time, such as severe stenosis of the trachea, 
carina, left and right main bronchus, one-sided bron-
choconstriction, contralateral lung resection or obvi-
ous pulmonary dysfunction or atelectasis. And for 
other patients with mild or moderate stenosis, whose 
lives are not at risk in the short term, elective operation 
may be the best choice [31].

3 Principles for choosing anesthesia and ventilation 
methods.
(i) General anesthesia. General anesthesia refers to 

temporary inhibition of the central nervous system 
though intravenous or intramuscular injection of anes-
thetics. Its clinical manifestations include loss of con-
sciousness, loss of generalized pain, forgetting, reflex in-
hibition, and skeletal muscle relaxation. The degree of in-
hibition of the central nervous system is related to the 
concentration of the drug in the blood and can be con-
trolled and regulated. This inhibition is completely re-
versible, and the patient’s consciousness and various re-
flexes gradually recover when the drug is metabolized or 
excreted from the body. General intravenous anesthesia 
is a widely used anesthesia method in bronchoscopic in-

Table 3. Comparison of silicone and metal stents

Silicone stents Metal stents

Benign/malignant Mainly used for malignant tumors; 
in benign tumors, they should be 
used with caution

Can be removed The bare stent is difficult to remove, 
and the stent-graft is easy to remove

Only suitable for rigid
bronchoscopy

Flexible bronchoscope or rigid 
bronchoscope

Displacement The bare stent is less displaced, and 
the straight stent is easily displaced

Impediment adjacent to
the bronchi

Only the stent graft will impede 
adjacent bronchial tubes

Granulation tissue Granulation tissue is relatively small

Secretion Less secretion

Soft, not easy to adapt to
airway changes

Expandable, able to adapt to airway 
changes
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terventional therapy. It is a combination of a variety of 
short-acting intravenous anesthetics after intravenous 
anesthesia induction. Intermittent or continuous intrave-
nous injection is used to maintain anesthesia. It has the 
characteristics of time controllability and short awaken-
ing time. In the monitoring of intravenous anesthesia de-
sign intracavitary interventional surgical procedures, we 
must first consider how to ensure airway patency and ox-
ygenation. It is best to perform general anesthesia and 
establish artificial airway and mechanical ventilation in 
the following situations: (1) patients with severe stenosis 
on trachea, carina, left and right main bronchus, one-sid-
ed bronchoconstriction, contralateral lung resection, or 
obvious pulmonary function disorder or atelectasis; (2) 
patients with poor general condition, cardiopulmonary 
dysfunction, and high risk of surgery; (3) patients with 
airway hemorrhage or lesions rich in blood supply, or pa-
tients who may suffer massive hemorrhage during the op-
eration; (4) large lesions that need long-term surgery, and 
patients cannot tolerate topical anesthesia; (5) patients 
who panic and cannot accept local anesthesia. There are 

two forms of general anesthesia during surgery: (1) Using 
soft bronchoscope when patients are under airtight me-
chanical ventilation and general anesthesia. This is a rela-
tively safe treatment. The tracheal intubation method re-
quires that the lesion be farther from the glottis (> 7 cm), 
so that the balloon of tracheal intubation can be kept un-
der the glottis and the lower end of tracheal intubation 
cannot block the lesion. If the lesion is close to the glottis 
(< 5 cm), the tracheal intubation is not easy to fix, or the 
tracheal intubation is easy to block the lesion, the laryn-
geal mask should be selected; (2) The other type is rigid 
bronchoscope or rigid bronchoscope combined with soft 
bronchoscopy when patients are under open ventilation 
and general anesthesia, which is a safe treatment for pa-
tients with severe airway stenosis. There are two methods 
of ventilation for rigid bronchoscopes: one is the use of a 
jet ventilator for non-airtight mechanical ventilation. 
However, patients under high-frequency jet mechanical 
ventilator have a high risk of carbon dioxide retention, so 
it is necessary to monitor the concentration of end-expi-
ratory carbon dioxide during surgery. In patients at risk 

Fig. 4. Spherical neoplasm in trachea, with 
pedicles, moving up and down with respi-
ration.

Fig. 5. Neoplasm cutting with electrical 
snare.

Fig. 6. The base after cutting.

Fig. 7. Intratracheal regeneration, tracheal 
wall thickening, bulging with regeneration.

Fig. 8. Laser cauterization. Fig. 9. Argon knife burning.
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of carbon dioxide retention, as in the case of COPD of an 
underlying disease or poor lung function, constant fre-
quency ventilation (14–18 times/min) can also be used to 
help the discharge of carbon dioxide; The other is to use 
an anesthesia machine, or ventilator for airtight or semi-
airtight ventilation (the bronchoscope is inserted through 
the pipe piston) can also achieve better ventilation. It is 
also recommended to monitor the end-tidal carbon diox-
ide concentration during the operation.

(ii) Local anesthesia: It is the most commonly used an-
esthesia method in clinic, accounting for about 75% of 
interventional surgery in China. It is suitable for the pa-
tients in good general condition, mild tracheal obstruc-
tion or unilateral bronchial obstruction, and the opera-
tion can be completed in a short time. The advantage of 
topical anesthesia is that patients who remain awake have 
a cough reflex and can cough up airway secretions or 
bleeding. For patients with poor tolerance and difficulty 
to cooperate, sedative can be added.

4 Principle of the determination of interventional sur-
gery times: The bronchoscopic interventional therapy 
can be completed in one or several sessions, and this 
depends on many aspects such as the size of lesions, 
the relation between the tumor and peripheral tissues, 
and the amount of bleeding. Smaller lesions, or large 
lesions with pedicles, can be removed and treated in 
one session. However, if the lesion is large, the bound-
ary between the lesion and surrounding tissues is not 
clear, or the amount of bleeding is large, dividing the 
operation into several sessions might be more appro-
priate. After the necrotic tissue has been detached, the 
normal tissue is exposed, or the lesion is decomposed 
clearly, and then follow-up treatment is performed.

5 The principle for the choice of soft, rigid bronchoscopes 
or a combination of both. The choice of soft or rigid 
bronchoscopes depends on the nature, size and location 
of the lesion, degree of dyspnea, and experience of the 
operators. If the lesion is large and cannot be removed 

Fig. 10. Needle electric knife cutting. Fig. 11. Placement of a metal stent. Fig. 12. Eight days after right upper lobe 
wedge surgery, collapse stenosis of the 
right main bronchus.

Fig. 13. Placement of a metal stent. Fig. 14. Fourteen months after esophageal 
cancer surgery, ichthyoid neovasculariza-
tion of tracheal mucosa with extrinsic 
 stenosis.

Fig. 15. Placement of a stent graft.
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in a short time, hemoptysis or asphyxia may occur at any 
time, or the patient cannot tolerate the awake state for a 
long time, the operator may choose rigid bronchoscope. 
The rigid bronchoscope can keep the airway open and 
carry out collateral ventilation, and there are special 
treatment instruments such as large optical forceps, for-
eign body forceps, and argon air knife nozzles and cryo-
probes, which contribute to quickly remove lesions or 
foreign bodies in the airway and open the airway [32]. In 
addition, some special operations such as placing or re-
moving metal or silicone stents can be performed. For 
the tumors at the distal or corner of the airway, soft com-
bined rigid bronchoscopes can be used to allow the soft 
bronchoscope to operate through the rigid broncho-
scope channel [33]. In addition, airway stenosis due to 
certain foreign bodies in the airway and broken metal 
stents must be treated with a hard bronchoscope. It is not 
recommended to use a soft bronchoscope [34].

6 The principle for the selection of interventional thera-
py. The choice of interventional treatment for malig-
nant airway stenosis is best determined by the type of 
stenosis: (1) For simple intraluminal tumors involving 
the airway, hot or cold ablation or direct removal by 
the tip of a rigid bronchoscope can be done (Fig. 4–6). 
(2) For mixed stenosis, ablation can be used to remove 
some intraluminal lesions, and then stent implanta-
tion might be performed, preferably with a metal stent. 
If the stent expansion effect is not good, high-pressure 
balloon dilatation can be used (Fig. 7–11). (3) If it is 
simple external stenosis, stents can be placed directly. 
For severe stenosis, balloon dilatation under broncho-
scope is feasible, and stents can be replaced after the 
surgery (Fig. 12, 13). (4) In external compressive ste-
nosis with the invasion of the tracheal wall, the stent 
with membrane can not only prevent tumor regenera-
tion, but also resist the compressive effect of the tumor 
(Fig. 14, 15).

The timing of optimal interventional therapy depends 
on the patient’s specific circumstances. In short, for the pri-
mary intratracheal tumor, the earlier interventional therapy 
is performed the better. And in many patients with ad-
vanced malignant tumors, severe dyspnea often appears be-
fore admission. Here, the principle is to clear the airway and 
improve ventilation. Bronchoscopic interventional therapy 
can alleviate stenosis and provide a chance for further treat-
ment such as radiotherapy and chemotherapy, especially 
for the treatment of tumors that are sensitive to chemo-
therapy and radiotherapy, such as small cell lung cancer.

In summary, malignant central airway stenosis can be 
found in a variety of diseases, including the onset of tumors 
such as lung cancer and other solid tumors. When the ob-
structed airway develops to a certain extent, the patient has 
clinical symptoms characterized by dyspnea. In addition to 
traditional surgery, radiotherapy and chemotherapy, bron-
choscopic interventional therapy, such as intraluminal ab-
lation, stent placement, etc., can quickly open the airway to 
improve ventilation. It is important to emphasize that 
bronchoscopic interventional treatment for malignant air-
way stenosis is mostly palliative treatment, which can al-
leviate symptoms, reduce pain, and prolong life. And it can 
provide opportunities for follow-up treatment. There are 
many different methods of transluminal interventional 
treatment, and the curative effect is similar. The specific 
selection should take into account the experience, ability, 
and available resources of the treatment team, the patient’s 
condition, cost, and possible complications. With the in-
creasing number of well-trained interventional pulmonol-
ogy and critical care medicine physicians in China and the 
accumulation of clinical experience, patients with malig-
nant airway stenosis will be better diagnosed and treated 
with endoscopy in the future.
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