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Introduction

The term “Malignant Central Airway Obstruction” (MCAO) 
refers to any malignant, mechanical, obstructive process 
that impedes the airflow within the central airways (trachea, 
main-stem bronchi, and right bronchus intermedius). MCAO 
represents a substantial source of morbidity and mortality 
with a significant impact on quality of life (1,2).

Malignant obstruction of the central airways usually presents 
late in the course of the disease, and most individuals have a 
limited life expectancy. It creates significant physiological and 
psychological distress in patients and occasionally, may present 
as imminent arrest from suffocation. Traditional modalities 
of treatment, such as chemotherapy and external beam 
radiation are ineffective for the acute management of severe 
MCAO, not only in restoring oxygenation and ventilation, 
but also in palliating symptoms. Multiple highly effective 
interventional pulmonology techniques are now available for 

the management of malignant obstruction of the central 
airways. 

Prevalence

The actual incidence and prevalence of MCAO are 
unknown, though an estimated 80,000 cases of malignant 
airway obstruction are treated annually in the US (3). 
Unfortunately, it is not infrequently seen in clinical practice, 
especially in advanced malignancies. Approximately 
20% to 30% of patients with lung cancer may develop a 
complication related to central airway obstruction, such 
as dyspnea, atelectasis, hypoxemia, hemoptysis, post-
obstructive pneumonia or respiratory distress. About 40% 
of lung cancer-related deaths result from complications due 
to advanced loco-regional disease (2,4-7). 

Lung cancer remains the leading cause of cancer death in 
both men and women in the US. Given the contemporary 
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epidemiology of lung cancer, the incidence and prevalence 
of malignant CAO may be increasing due to the rising 
number of lung cancer patients developing complications 
related to endobronchial disease (2). 

Etiology

Malignant obstruction of the central airways may develop 
due to a primary intraluminal malignancy, extension of 
an adjacent tumor with airway invasion, metastatic endo-
luminal disease, or extrinsic compression from a contiguous 
malignant process (8). The most common cause of MCAO 
is direct extension and invasion from an adjacent tumor, 
often bronchogenic carcinoma (2,9). Squamous cell 
carcinoma accounts for more than half of the non-small-
cell lung cancer (NSCLC)-related MCAO (10,11). Other 
tumors commonly associated with adjacent endobronchial 
invasion include esophageal, laryngeal, and thyroid 
malignancies. 

Primary malignancies of the airways are rare. Squamous 
cell carcinoma and adenoid-cystic carcinoma account for 
two-thirds of all primary tracheal malignant tumors (12-16).  
Distal to the main carina, carcinoid tumors account for 
many primary airway malignancies, typically presenting as 
discrete central endobronchial lesions (16,17).

Endoluminal metastases from distant malignancies are 
relatively uncommon, with the reported incidence ranging 
widely from 2% to 50%. The considerable variation is 
likely related to the variable definitions used; the incidence 
is much lower when only distant tumors that directly 
metastasize to the airways are considered (18,19). In one 
autopsy series of patients with solid tumors, metastatic 
disease to the central airways occurred in only 2% of 
the cases (20). However, the incidence of extra-thoracic 
endoluminal metastases presenting as symptomatic MCAO 
is not known. A wide variety of tumors that metastasize 
to the airways have been described, including breast, 
colorectal, renal cell, and thyroid carcinomas (2,18,19).

Types/classification (Figure 1)

Three basic types of MCAO have been widely described:
(I) Intrinsic or endoluminal obstruction: Airway lumen 

compromised purely by an endo-bronchial/tracheal 
obstructive tumor. 

(II) Extrinsic or extraluminal obstruction: Airway 
compressed by an extra-bronchial/tracheal 

malignant process. 
(III) Mixed obstruction: A combination of intraluminal 

and extraluminal airway obstruction.

Clinical presentation

MCAO not only carries a very poor prognosis if left 
untreated, but also results in significant daily life 
disturbances. Patients are often quite symptomatic with 
severely impaired quality of life. The symptomatology of 
MCAO is diverse and nonspecific, with shortness of breath 
and cough being the most commonly reported symptoms. 
Other frequently reported symptoms include hemoptysis, 
hoarseness, chest discomfort, orthopnea, and dysphagia (21).  
Patients may be asymptomatic if the obstruction is mild. 
Conversely, even in mild obstructions during an acute 
respiratory infection, the concomitant edema and buildup 
of secretions may decrease the airway lumen at the 
obstructive site, leading to significant symptoms. Shortness 
of breath is usually a late sign that may develop at rest 
or on exertion. It is occasionally positional with dyspnea 
occurring in the supine position due to airway compression 
by large intrathoracic tumors. Dyspnea characteristically is 
persistent and not responsive to bronchodilators. The level 
of shortness of breath does not always correlate with the 
amount of airway obstruction. Cough is usually chronic, 
persistent, and may be dry or productive of purulent 
sputum. Hemoptysis is common. Though most studies 
report a mild to moderate degree, massive hemoptysis may 
occur. Dysphagia may be present in patients with large 
airway malignancies causing esophageal compression, or 
with esophageal malignancies with endobronchial invasion 
(2,22,23). 

On chest auscultation, stridor, wheezing, localized 
crackles, or frank consolidation may be encountered, 
depending on the location and size of the obstruction-related 
atelectasis. The location of wheezing does not always follow 
the site of the airflow obstruction and may be heard over 
the trachea or lung fields (24). Unilateral wheezing suggests 
obstruction distal to the carina. Wheezing related to MCAO 
is generally not responsive to bronchodilators (23,25). 

Work-up/imaging/diagnostic bronchoscopy  

The diagnosis of MCAO can be challenging. It requires a 
high clinical suspicion and is usually based on a combination 
of past medical historic factors and characteristic findings 
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on physical exam, as well as physiologic, imaging, and 
endoscopic studies. A detailed clinical history is crucial 
for diagnosis. The past medical history must be carefully 
reviewed, and previous medical records obtained (26). Any 

active or previous malignant diseases should be thoroughly 
researched, as most patients with MCAO have an end-stage 
primary tumor or a recurrence following prior surgical 
or chemo-radiation regimens (27). A family history of 

Figure 1 Types of malignant endobronchial obstruction: CT and bronchoscopic images. Intrinsic compression: (A) A pure endoluminal 
carcinoid tumor is seen at left main stem; (B) the endobronchial carcinoid is removed by snare electrocautery. No external compression is 
seen. External compression: (C) large anterior mediastinal mass causing severe distal tracheal obstruction; (D) bronchoscopic image of severe 
distal tracheal compression and complete right main stem occlusion. Mixed: (E) right middle lobe adenocarcinoma of the lung adjacent to 
the bronchi with invasion into the airway and external compression; (F) endoluminal tumor with obstruction of the right middle lobe and 
bronchus intermedius compression.
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malignancy should also be also noted.
A plain chest X-ray should be obtained in every patient 

suspected to have MCAO. Although it is infrequently 
diagnostic and has a low sensitivity detecting abnormalities 
of the trachea and main bronchi, it may reveal obvious 
pathologies such as tracheal deviation from an adjacent 
lesion, lobar atelectasis, or complete lung collapse (28,29). 

Computed tomography (CT) of the thorax is the most 
accurate noninvasive method of airway evaluation, allowing 
diagnosis and treatment planning in MCAO. CT as an 
imaging modality is superior to chest X-ray in detecting 
tracheal and main bronchi abnormalities, with a reported 
sensitivity of 97% (28). A CT of the chest helps determine 
the type of obstructive lesion (intraluminal, extrinsic, or 
mixed), the patency of the airway distal to the obstruction, 
and important lesion characteristics, including length, 
diameter, and relationship to nearby structures such as 
vessels. Intratracheal or intrabronchial masses and signs of 
extrinsic tracheal or bronchi compression may be evident 
(Figure 2) (30,31). Post-obstructive pneumonia, atelectasis, 
and lobar collapses may also be visible. CT of the chest with 
multi-planar reconstructions has a reported 93% sensitivity, 
100% specificity, and 94% accuracy in demonstrating the 
site and degree of tracheal and main bronchi stenosis (32). 

Bronchoscopy, either flexible or rigid, is the most specific 
and sensitive test for MCAO and is used for the assessment, 
diagnosis and treatment, often simultaneously during the 
initial procedure (33,34). Direct visualization via bronchoscopy 
can provide information on the location and morphology of 
the lesion, the amount of intraluminal disease, the presence 
of extraluminal compression, and the diameter and length of 
the lesion. It also allows evaluation of the surrounding tissue, 
particularly the airway distal to the obstruction. Additionally, 

tissue can be obtained for pathologic diagnosis and staging 
if necessary. Diagnostic flexible bronchoscopy has several 
detriments and should be performed with caution. It does not 
provide a complete evaluation of extraluminal disease or the 
viability of the airways distal to the obstruction. It may also be 
difficult and potentially dangerous in severe obstruction, as the 
bronchoscope itself will further obstruct the already narrow 
lumen, particularly if secretions, edema, or bleeding occur (27).  
The moderate sedation required during the procedure 
may decrease ventilation and relax the respiratory muscles, 
creating a potentially unstable airway, especially with anterior 
mediastinal tumors. For these reasons, an interventional 
pulmonology team is crucial when diagnostic flexible 
bronchoscopy is performed in MCAO. In cases of severe 
obstruction presenting with impending respiratory failure, 
diagnostic studies including preliminary flexible bronchoscopy 
may not be possible, and a rigid bronchoscopy should be 
performed immediately.

Management

The management of MCAO is challenging and requires 
a multidisciplinary team approach with the involvement 
of a pulmonologist, medical and radiation oncologist, 
anesthesiologist, ENT specialist, thoracic surgeon, and 
interventional pulmonologist. Surgery is often not indicated 
due to the advanced disease state or the patient’s comorbidities. 
Chemotherapy has inconsistent and delayed beneficial effects 
and radiotherapy often yields suboptimal results, with delayed 
atelectasis resolution obtained in only half of the cases (35,36).

Management is mostly dependent on the initial 
presentation. Approximately 40% of the interventions 
performed for airway obstruction are done either on an 

Figure 2 Chest CT images demonstrating airway obstruction from extrinsic and intrinsic tumors. (A) Large mediastinal mass causing severe 
obstruction of the trachea; (B) large endobronchial mass (arrow) at the main carina. 
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urgent or emergent basis (37). Significant malignant airway 
obstruction presenting with severe respiratory distress requires 
immediate action to promptly and effectively re-establish and 
secure the airway as well as to relieve the obstruction (27). 
Thus, in unstable patients presenting with severe tracheal 
or bronchial obstruction and impending respiratory failure, 
initial stabilization should be focused on establishing a secure 
airway. This may require endotracheal intubation or urgent 
rigid bronchoscopy. If an interventional pulmonology team is 
not available, patient transfer to a specialized center should be 
considered after initial stabilization.

Malignant airway obstruction often presents in a late 
stage where curative surgical resection is not an option due 
to the extent of malignant disease at presentation and the 
existence of comorbid medical conditions that render many 
patients unsuitable for surgery (34,38). However, when 
feasible, resection of the malignant process is the treatment 
of choice. Retrospective studies suggest that therapeutic 
bronchoscopy can be used as a complementary tool in the 
management of MCAO prior to curative surgery (11).

Additionally, few cases have described non-resectable lung 
cancers that have become operable following interventional 
bronchoscopic therapies (10,39). Unfortunately, the 
majority of lung cancer patients present in advanced stages, 
either stage III or stage IV (40), therefore management is 
focused primarily on symptom palliation and quality of life 
improvement.

In patients with inoperable tumors of the central airway, 
restoration of airway patency provides palliation and may 
prolong life, especially in cases presenting with impending 
respiratory failure (33). No established guideline exists for 
the management of MCAO. Several techniques are available 
for relieving the airway obstruction; the choice of which to 
use depends on the obstruction type, the patient’s clinical 
condition, equipment availability and treating physician’s 
expertise. Interventional bronchoscopy procedures may 
be indicated prior to chemotherapy or radiation therapy 
(or when such treatment fails) and have been shown to 
improve dyspnea as well as mechanical ventilation liberation 
rates, thus increasing quality of life (10). Consequently, 
the 2013 American College of Chest Physicians (ACCP) 
evidence-based clinical practice guidelines recommend that 
in patients with inoperable lung cancer and symptomatic 
airway obstruction, therapeutic bronchoscopy with 
mechanical or thermal ablation, brachytherapy, or stent 
placement, should be offered with the aim of improving 
dyspnea, cough, hemoptysis, and quality of life (41). 

Endoscopic management 

Multiple and often complementary techniques exist in 
the armamentarium of interventional pulmonology for 
the management of MCAO. Selection of the appropriate 
approach depends on several factors, including the acuity of 
the presentation, the underlying cause, the type of lesion, 
the stability of the patient, the patient’s general, cardiac, and 
pulmonary status, the quality of life, the overall prognosis, 
the physician expertise, and the technology available (42-44).  
Multimodal management utilizing various endoscopic 
techniques is generally used (Figure 3) (45).

Subsequently, we will describe the more frequently used 
procedures.

Rigid and flexible bronchoscopy 

Bronchoscopic therapy, performed via flexible or rigid 
bronchoscopy, results in an improvement in symptoms, 
quality of life, and survival.  Both techniques may be 
complementary. Rigid bronchoscopy offers excellent airway 
control. It is a safe and highly effective way of securing 
the airway while providing the capability to ventilate 
and oxygenate during diagnostic and therapeutic airway 
procedures (34,45-47). Rigid bronchoscopy is considered by 
experts the modality of choice in patients with impending 
respiratory failure. It requires general anesthesia and an 
operating theater. Contraindications include those related 
to anesthesia as well as complex anatomy of the neck and 
mandible (i.e., unstable cervical spine, oral or maxillofacial 
trauma) (46). Complications are infrequent with the most 
common being a sore throat after the procedure. Other 
reported complications include injury to the teeth, gums 
or lips, tracheal or bronchial tears, severe bleeding, and 
hypoxemia-induced cardiac ischemia and arrhythmia. 
The overall mortality related to rigid bronchoscopy is as 
low as 0.4% (45-48). Over the past several years, various 
improvements have occurred to the design of the rigid 
bronchoscope, including the ability to measure inspiratory 
and expiratory pressures as well as oxygen and carbon 
dioxide concentrations, creating a more versatile tool 
(Figure 4) (49,50). Rigid bronchoscopy requires specialized 
training and as such, is underutilized in the United 
States due to the scarcity of training environments. Rigid 
bronchoscopy training is offered in 4.4% of all pulmonary 
medicine programs and only 31.3% of pulmonary programs 
with an interventional pulmonology service (48).
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Thermal techniques

All thermal endoscopic airway interventions can be used 
with either a rigid or a flexible bronchoscope.

Light amplification of stimulated emission of 
radiation (LASER)

Laser photoresection refers to the application of 
LASER energy to produce thermal, photodynamic, and 
electromagnetic changes in tissues. Numerous types of 
LASER are available, including neodymium: yttrium-

aluminum-garnet (Nd:YAG), carbon dioxide (CO2), and 
neodymium: yttrium-aluminum-perovskite (Nd:YAP), 
among others. Nd:YAG LASER is probably the most 
widely used for endobronchial disease. Nd:YAG is a 
noncontact or contact technique in which we apply thermal 
energy to the airway tissue for the relief of malignant 
obstruction. The LASER thermal technique can be used 
in emergent situations and is an excellent instrument 
for rapid endoluminal debulking, with a reported rate 
of 83% to 93% of lumen re-establishment and a 63% to 
94% rate of symptom palliation. Excellent knowledge of 

Figure 3 Multimodal management of MCAO: (A) Large endobronchial lesion causing almost complete obstruction of the right main stem 
and external compression of the left main stem; (B) argon plasma coagulation in use for tumor carbonization; (C) cryotherapy probe in use 
for debulking by cryo-adhesion; (D) balloon bronchoplasty for dilatation prior to stenting; (E) right main stem after recanalization; (F) 
bilateral partially covered self-expanding metallic stent placement. 
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anatomy is essential to avoid complications, such as major 
vessel perforation. As the depth of tissue destruction 
cannot be precisely assessed just by the appearance of the 
tissue surface, extreme caution should be taken to direct 
the laser beam parallel to the bronchial wall to avoid 
damage. To minimize movement, general anesthesia with 
neuromuscular relaxant is recommended (e.g., coughing). 
LASER, as with other thermal techniques, is not indicated 
in isolated extrinsic MCAO. Complications are rare in 
experienced hands and are estimated to be <3%. Such 
complications include perforation (of airways, esophagus, or 
vessels), cardiac arrhythmias, pneumothorax, hemorrhage, 
hypoxemia, myocardial infarction, air embolism (secondary 
to gas leaving the probe tip under pressure and crossing 
the mucosal membranes into the blood vessels), and 
endobronchial ignition. The fraction of inspired oxygen 
(FiO2) should remain less than 40% during the procedure 
to avoid endobronchial fire. Currently, no randomized trials 
exist to compare Nd:YAG LASER with other forms of 
MCAO management (i.e., electrocautery or cryotherapy), 
but several retrospective studies have shown successful 
outcomes using Nd:YAG LASER by itself or in combined 
modality therapy (2,9,26,27,43,45,47,51-56). 

Electrocautery 

Electrocautery or electrosurgery refers to the use of an 
electric current to heat and destroy tissue. It can be a 
contact or noncontact technique in which a high-frequency 
alternating electric current is delivered to the obstructive 
tissue for the relief of a malignant obstruction. The effect 

on the tissue depends on the power used, the application 
time, the contact surface area, and the tissue type. The 
heat generated by the electric current is proportionally 
related to tissue resistance, and inversely related to tissue 
vascularity and moisture content. Depending on the type of 
accessory use, the Power (W) settings range from 10–40 W.  
Electrocautery may be used in emergent situations and is 
an excellent tool for rapid endoluminal debulking, with a 
reported rate of lumen re-establishment of approximately 
>90%, and symptomatic improvement in more than 90% 
of patients. A variety of tools exist to apply electrocautery, 
via either rigid or flexible bronchoscopy. For the flexible 
bronchoscope, electrocautery snares, knives, blunt probes, 
and hot forceps are available. Electrocautery should be 
avoided in pure extrinsic airway compression. In patients 
with pacemakers or automatic implantable cardioverter/
defibrillators (AICDs), due to the potential for dysrhythmias 
or device malfunction, caution is recommended, and the 
device should be turned off whenever possible and clinically 
indicated. Complications are rare, estimated between 
2–5%, and include hemorrhage, endobronchial ignition, 
electric shock to the operator, and airway perforation. Loss 
of efficacy can occur with bleeding due to the diffusion of 
the current across a larger surface area. The FiO2 must be 
below 40% to avoid an airway fire (2,42,43,47,54,56-59). 

Argon plasma coagulation (APC) 

APC is a non-contact mode of tissue electrocoagulation 
in which ionized argon gas is used to conduct electric 
current to the obstructive tissue for the management of 
MCAO. APC is used more frequently as an alternative to 
LASER therapy and electrosurgery, as it is an excellent tool 
for photocoagulation (hemostasis) with a rate of luminal 
restoration of approximately 91% and a remarkable safety 
profile. Three types of flexible APC probes are available for 
different indications: 0-degree or head-on, radial and lateral. 
APC can target lateral lesions or those at sharp angles to 
the probe. APC can be used in a forced or pulse mode, and 
the power setting may be set between 10–30 W. However, 
APC does not cause tumor vaporization, thus requiring 
other modalities for the debulking of large tumors. After 
applying APC to an endoluminal tumor, the resultant 
eschar and debris must be removed with suction, forceps, 
or cryoadhesion. As with LASER and electrocautery, APC 
is contraindicated in extrinsic airway compression, and 
the same principle of caution applies for patients with 
pacemakers or AICDs. A complication rate of <1% has 

Figure 4 A “Bryan-Dumon” rigid tracheoscope and bronchoscope. 
Note the length of the tracheal scopes and the bronchial scopes 
(with orifices for ventilation). 
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been reported. Complications include hemorrhage, airway 
perforation, airway stenosis, endobronchial ignition, and 
air embolism from the argon gas. The recommended flow 
of gas is from 0.3 to 0.8 LPM to avoid an embolism event. 
Also, as with the previously described thermal modalities, 
the FiO2 must be below 40% to avoid an airway fire 
(2,43,47,54-56,59,60). 

Cryotherapy 

Cryotherapy utilizes extreme cold to destroy tissue by 
rapid freezing and slow thawing cycles.  Cryotherapy for 
endobronchial tumor management was first described in 
1968 (61). It is a contact technique with cryogen (i.e., nitric 
oxide) application to the obstructive tissue. Most of the 
effects of cryotherapy start several hours after treatment, 
therefore historically the use of cryotherapy in malignant 
airway obstructions was limited to non-acute obstruction. 

It is also important to remember that tissue necrosis 
and sloughing at 1–2 weeks, requires removal of debris to 
achieve the desired effect (43,45,56,62,63). However, with 
the use of cryoadhesion, debulking, and recanalization, 
the role of the cryoprobe in malignant endoluminal 
airway obstruction has expanded. Case reports (64) and 
retrospective studies have shown that the use of cryotherapy 
for cryorecanalization can achieve an immediate treatment 
effect with an adequate safety and efficacy profile (61). A 
large retrospective study of 225 cases found a 91% success 
rate using the flexible cryoprobe for cryo-recanalization of 
malignant stenosis (65). Cryotherapy is a safe procedure 
with few and relatively minor complications. In the 
published literature, the most important complication of 
cryorecanalization is bleeding. Experienced users of cryo-
debridement recommend the use of other techniques for 
hemostasis (i.e., APC or electrocautery) in as many as 8% 
to 10% of cases (61,65-67). One of the main advantages 
of using cryotherapy up front in MCAO debulking is 
the ability to diagnose (cryobiopsies) and debulk with 
recanalization as the initial diagnostic and therapeutic 
procedure. 

Non-thermal techniques 

Mechanical debulking by rigid bronchoscopy 

The use of isolated mechanical debulking for treatment of 
MCAO has been previously described.

A retrospective study has shown that rigid bronchoscopy 

and mechanical debulking as a sole therapy is safe 
and successful in up to 83% of cases of central airway 
tumors (68). In rigid debulking, the distal end of the 
rigid tracheoscope or bronchoscope acts as a corkscrew 
for dilating the stenotic segment, or as an apple corer 
penetrating through large obstructive tumors. The barrel of 
the bronchoscope can be used simultaneously to tamponade 
bleeding lesions while debulking the tumor. Large forceps 
may be introduced through the bronchoscope to assist in 
the mechanical debridement of large tumors. A flexible 
bronchoscope may be used during rigid bronchoscopy to 
facilitate tissue debridement in angulated or distal airways. 
These techniques, although still commonly used, should 
be reserved for the most severe cases. Complications with 
mechanical debulking range from 1–20%, and include 
pneumothorax, hemoptysis, and pneumonia (69).

Airway dilation

Dilation of airway obstructions due to intrinsic, extrinsic 
or mixed MCAO may be achieved with insertion of the 
barrel of a rigid bronchoscope or with balloon dilation. 
Rigid bronchoscopic airway dilation can be used in 
emergent situations, as rapid recanalization can be 
achieved as described above (33,46). Balloon dilatation or 
bronchoplasty (BBP) can be performed during rigid or 
flexible bronchoscopy with or without fluoroscopy and 
involves the use of increasingly larger diameter balloons 
filled with saline maintained in position for 15–60 s to 
dilate the airway. This induces less mucosal trauma and 
subsequent granulation tissue formation than rigid dilation. 
BBP results in an immediate improvement in extrinsic 
and intrinsic MCAO in up to 79% of patients and often 
used for airway dilation before stenting. As its effects are 
not long-lasting, BBP dilation is frequently combined 
with other therapies such as laser resection, radiation 
therapy, or stenting. Complications include stenosis 
recurrence, pain, mediastinitis, and bleeding, as well as 
airway tearing or rupture with subsequent pneumothorax or 
pneumomediastinum (70,71). 

Microdebrider 

The microdebrider is a powered rotating blade use to resect 
endoluminal obstructions. Simultaneous suction facilitates 
rapid removal of blood and debris with minimal trauma 
to the airway. The microdebrider blade may be smooth or 
serrated and comes in 2 lengths: 37 cm, which is used to 
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access lesions of the trachea and the most proximal main 
bronchi, and 45 cm, used for more distal lesions. The usual 
speed of the blade is between 1,000 and 2,000 rpm. The 
microdebrider represents an alternative therapeutic option 
in patients with poor pulmonary reserve as there is no need 
to decrease the FiO2 during tumor debulking. Additional 
techniques such as electrocautery may be necessary to 
achieve hemostasis in up to 35% of patients. Retrospective 
studies have found that the microdebrider is safe and 
effective in the management of MCAO (72-74).

Airway stents

Airway stents are prostheses of various materials used to 
support and maintain patency of the airway. Two types of 

stents (silicone and metallic/hybrid) are frequently used in 
the management of MCAO. Airway stents are best suited 
for extrinsic malignant compression. They are sometimes 
used to maintain airway patency after intrinsic or mixed 
endobronchial tumor ablation, or in cases of persistent 
airway narrowing. Stents deliver immediate and durable 
palliation, with symptomatic relief achieved in up to 84% of 
patients. Tracheobronchial stents improve quality of life and 
survival in patients with advanced malignant obstruction. 
When used for prolonged periods of time, stents may 
develop significant complications. Reported complications 
include migration, infection, granulation tissue formation, 
halitosis, stent fracture, metal fatigue, perforation of 
vessels and airway wall, mucosal tears, and obstruction of 
lobar orifices. Experts recommend a “stent alert” card to 
be given to every patient. It should specify the type and 
size of the stent, the location, and the appropriate size of 
the endotracheal tube to be used if emergency intubation 
became necessary.

Silicone stents (i.e., Dumon bronchial stent, Dumon-Y 
stent, Polyflex stent) are placed under rigid bronchoscopy 
and have several benefits including varying degree of 
firmness and flexibility to simultaneously mold to the 
airway while resisting external compression. They are 
relatively inexpensive and are reasonably well-tolerated (75).  
Worldwide silicone stents are the most commonly used 
stents (40). The Dumon silicone stent has studs on the 
surface to decrease the migration rate. They can be 
customized to the patient needs prior to insertion (i.e., cut 
to the desired length, create an orifice for a lobar bronchus) 
One significant advantage of the silicone stents is the fact 
that they can be removed with ease. The Dumon-Y silicone 
stent is particularly useful in malignant diseases involving 
the carina and the mainstem bronchi. They do, however, 
have high rates of migration and obstruction as granulation 
tissue forms at the stent-ends and mucous secretion 
clearance is impaired (Figure 5).

Self-expanding metallic stents are relatively easy to 
deploy without the need of rigid bronchoscopy and conform 
better to disrupted airways. They have better internal-to 
external diameter ratios and therefore result in larger airway 
lumens overall. Unfortunately, tumor and granulation 
tissue often grow through the mesh, making purely metal 
stents challenging to remove. Complications such as 
airway and vessel perforation have been reported (Figure 6) 
(2,6,43,54,75-81). 

Hybrid stents (i.e., Ultraflex stent, Aero stent), in theory, 
combine the qualities of silicone and metallic stents. The 

Figure 5 A Dumon-Y stent with almost complete occlusion due to 
mucous plugs secondary to impaired mucus secretions clearance. 

Figure 6 Note the self-expanding metallic stent placed at the 
right lower lobe in contact with the pulmonary artery branch. The 
patient subsequently developed massive hemoptysis. 
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covered hybrid stents have the advantage of creating a 
mechanical barrier, preventing tumor ingrowth and are in 
general easier to manipulate. Some of these stents have a 
small proximal or distal loop allowing for partial collapse 
and subsequent removal or reposition. Others have anti-
migration struts which sink into the mucosa to prevent 
migration, causing significant mucosal injury, particularly at 
the time of removal (75). 

Photodynamic therapy (PDT)

In PDT, a light of specific wavelength [from a potassium 
titanyl phosphate (KTP) laser] is applied to the obstructive 
lesion via a flexible bronchoscope 48 to 72 hours after 
the systemic injection of a photosensitizing drug such as 
dihematoporphyrin ester (DHE). This leads to a phototoxic 
reaction and tumor destruction as the photosensitizing drug 
is preferentially taken up by malignant cells. Immediately 
and up to 48 hours after the procedure, bronchoscopic toilet 
(cleaning and debulking of the area to remove tumor debris, 
retained secretions, and sloughed mucosa) is performed to 
establish airway patency and assess the necessity of further 
treatment. PDT is indicated in the palliative treatment of 
CAO without acute dyspnea and is particularly useful in 
distal obstructions due to malignant endobronchial masses 
with minimal extrinsic airway compression. Due to the 
delayed response of treatment, PDT should not be used in 
the emergent management of acute, severe MCAO. The 
most common complication associated with PDT is skin 
photosensitivity. Patients receiving PDT should be advised 
to avoid sun exposure for 4–6 weeks after the procedure. 
Other complications include local airway edema, strictures, 
hemorrhage, and fistulae formation, although PDT has 
a low risk of airway perforation. The effects of PDT are 
relatively long-lasting and have been shown to palliate 
airway obstruction in 80% of patients (2,42,43,47,54).

Radiation (brachytherapy) endoscopic airway interventions

Endobronchial delivery of radiation is achieved via the 
placement of a radioactive substance (i.e., iridium-192) 
directly into or near the airway tumor using a flexible 
bronchoscope. This results in tissue destruction through 
DNA mutations leading to cell apoptosis. Brachytherapy is 
indicated in the palliation of symptoms (particularly dyspnea, 
cough, and hemoptysis) related to airway obstruction. 
High-dose endobronchial brachytherapy is also successful 
in the treatment of excessive granulation tissue formation 

as a complication of airway stenting.  As brachytherapy 
takes up to 3 weeks to be effective, it should not be used in 
the emergent management of acute, severe MCAO. The 
effects of brachytherapy are long-lasting, with a reported 
rate of lumen restoration of 78% to 85% and symptom 
relief of 69% to 93%. An advantage of brachytherapy is 
that it can be used for tumors in areas not accessible to 
other treatment modalities (e.g., the upper lobe bronchi 
and segmental bronchi). Brachytherapy is delivered via low-
dose-rate (LDR) or high-dose-rate (HDR) endobronchial 
methods. High-dose endobronchial brachytherapy delivers 
higher radiation doses with less time per fraction, thus 
permitting outpatient therapy. Brachytherapy can be used 
in combination with other techniques such as thermal 
therapy or external beam radiation, with which it has 
synergistic effects. Complications of brachytherapy include 
hemorrhage, mediastinal fistula formation, arrhythmias, 
hypotension, bronchospasm, bronchial stenosis or necrosis, 
and radiation bronchitis (45,47,54,63).

Outcome/prognosis 

In the vast majority of cases, malignant airway obstruction 
is not curable, and the approach is aimed at the palliation 
of symptoms (e.g., dyspnea, cough, hemoptysis). Patients 
and family members should be well aware of the palliative 
nature of these efforts. The survival of patients with 
untreated malignant CAO is generally poor and ranges 
from 1 to 2 months (82). Furthermore, their quality of life 
is extremely poor, and they may die with asphyxia or on 
mechanical ventilation. Several risk factors for decreased 
survival in cases of MCAO have been described, including 
a high American Society of Anesthesiologists (ASA) score, 
non-squamous cell histology, and previously untreated 
metastatic tumors (36). In patients with malignant airway 
obstruction, studies have shown that multimodal therapy 
and stent insertion improves quality of life when compared 
with other approaches.

A prospective study on patients with MCAO due to 
advanced or recurrent lung cancer who underwent LASER 
ablation demonstrated significant improvement in both 
objective and subjective measures of quality of life (83). 
Two retrospective studies showed improved palliation 
and improved survival after airway stenting in advanced 
lung cancer (79,82). Additionally, a recent prospective 
study showed that therapeutic bronchoscopy for MCAO 
significantly improved spirometry values (i.e., FVC, FEV1), 
quality of life scores and overall survival (84). Chhajed et al. (6)  
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demonstrated that patients presenting with MCAO who 
had received interventional bronchoscopic therapy prior to 
oncological treatment, had the same expected survival as 
those patients presenting in the similar stage without MCAO.

A recent report from the ACCP multicenter registry study 
of therapeutic bronchoscopy for MCAO showed a very high 
technical success rate of more than 90%. The highest success 
rates were associated with stent placement and endobronchial 
obstruction. A 48% clinical improvement in dyspnea was 
reported, with 42% improvement in health-related quality 
of life scores. A more meaningful improvement was seen in 
those patients who had greater dyspnea at baseline (85). 

An overall complication rate of 3.9% (range, 0.9–11.7%) 
was seen after therapeutic bronchoscopy for MCAO. The 
risk factors identified for complications included emergent/
urgent procedures, an ASA score >3, redo-therapeutic 
bronchoscopy and moderate sedation. A 14.8% 30-day 
mortality was described (86).

Conclusions

In summary, MCAO is an important disease entity which 
significantly impacts a patient’s quality of life and can determine 
candidacy for systemic or surgical therapies. There are many 
minimally invasive bronchoscopic interventions which can be 
used to relieve MCAO, resulting in rapid relief of symptoms, 
even in acutely ill patients. Current modalities include a variety 
of thermal techniques, cryotherapy, mechanical debulking, 
airway dilation, and airway stent placement. Delayed 
therapies such as brachytherapy and photodynamic therapy 
are very useful in select cases. Thorough working knowledge 
of the risks and benefits of each modality is critical when 
individualizing a patient’s treatment plan. A team of experts 
including interventional pulmonologists and thoracic surgeons 
should be involved in these cases.
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