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Abstract: Central airway involvement is a common manifestation of lung cancer during the disease 
course. Some patients will require bronchoscopic therapeutic interventions to palliate symptoms, or less 
commonly to provide more definitive therapy of airway involvement. We describe an overview specifically 
of bronchoscopic ablative techniques that are available for use in malignant airway obstruction. Techniques 
that are more commonly used include bronchoscopic application of laser, electrocautery, argon plasma 
coagulation (APC), cryotherapy and mechanical debulking techniques. Less commonly employed 
are brachytherapy and photodynamic therapy. These techniques may be applied via flexible or rigid 
bronchoscopy depending upon the clinical scenario. The choice of technique depends on available tools 
and expertise, the urgency of the clinical scenario, and whether the lesion is predominately endobronchial, 
extrinsic compression, or a combination of both. Malignant airway obstruction is a common finding in lung 
cancer and there are a number of effective bronchoscopic ablative techniques that may be employed safely to 
palliate patients with a significant symptom burden.
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Introduction

Airway involvement in lung cancer is common and often 
may lead to symptoms of airway obstruction including 
dyspnea, wheezing, cough, pneumonia, or hemoptysis. 
There are numerous options available to treat malignant 
airway obstruction including chemotherapy, radiation, 
airway stent placement and bronchoscopic ablative 
techniques. The selection of a specific ablative technique 
depends primarily upon the clinical urgency to restore 
airway patency and available technologies. If the patient is 
presenting with mild or subacute symptoms then multiple 
modalities can be utilized including those that have a 
delayed treatment response. If the patient is presenting 
with more severe symptoms or life-threatening malignant 

airway obstruction, the patient should be stabilized and then 
treated with an ablative therapy that will result in a more 
immediate effect. In addition to computed tomography an 
initial bronchoscopy is performed to determine what the 
most appropriate modality may be. Techniques such as laser, 
electrocautery, argon plasma coagulation (APC), cryoprobe 
debulking, and airway stenting all result in immediate 
improvement in airway patency. Other techniques such 
as photodynamic therapy, cryotherapy, or brachytherapy 
will have a delayed effect and thus are not suitable for 
more urgent situations. Balloon dilation can also provide 
some immediate and transient relief of malignant airway 
obstruction.

It is important to consider the type of malignancy as well 
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given that in some cases of central airway obstruction with 
mild air flow limitation other conventional modalities such 
as external beam radiation therapy (EBRT) or chemotherapy 
can lead to fairly rapid improvement in airway diameter 
(i.e., lymphoma, small cell carcinoma). Another main 
consideration in the selection of an ablation technique 
is whether the lesion is predominately endobronchial or 
more submucosal/extrinsic compression. In the latter 
scenario bronchoscopic options would be more limited to 
balloon dilation, stent placement, or brachytherapy, with 
stent placement and balloon dilation providing the most 
immediate benefit (Table 1).

Types of bronchoscopy

Flexible bronchoscopy

In some cases of lung cancer airway involvement, flexible 
bronchoscopic techniques may be adequate to treat the 
obstruction. The flexible bronchoscope is a thin, flexible 
scope that is comprised of  video or fiberoptic systems that 
transmit an image from the tip of the instrument to an 
eyepiece or video camera. At the handle of the scope, a lever 
adjusts flexion and extension to varying degrees (depending 
on the manufacturer) at the distal end of the scope; this 
allows for precise directional movement and targeting of 
lesions. A working channel within the scope is primarily 
used for suctioning, as well as insertion of diagnostic and 
therapeutic instruments into the airway. 

An important aspect of the flexible bronchoscope is both 
the size of the outer diameter as well as the working channel 
through which therapeutic instruments will be introduced. 
Flexible bronchoscopes range in size from approximately 
3 mm up to 7 mm with significant variability in the inner 
working channel. Most therapeutic devices require a 
working channel of at least 2 mm or larger depending on 
the ablative instrument (1).

Many of the endoluminal interventions, including some 
of which are performed through rigid bronchoscopy, can 
be administered through the flexible bronchoscope. The 
benefit of flexible bronchoscopy is that the equipment 
is readily available, can be inserted through the nasal 
passages or oropharyngeal pathway without a secured 
airway, or through a laryngeal mask airway, endotracheal 
tube or rigid bronchoscope. Flexible bronchoscopy can be 
performed under moderate sedation or general anesthesia. 
Many endoluminal interventions can be administered 
through a flexible bronchoscope, and this allows for further 
intervention of smaller distal airways, which may not be 
accessible by a rigid bronchoscope.

Rigid bronchoscopy

The rigid bronchoscope remains the therapeutic instrument 
of choice for malignant obstruction of central airways. The 
large caliber and stiff construction of the rigid bronchoscope 
allows operators to access and control the airway, as well as 

Table 1 Comparison of available endobronchial modalities in types of malignant airway obstruction and clinical urgency of procedure

Type of airway 
obstruction

Endoluminal
Extrinsic 

compression
Mixed lesion

Malignant airway 
fistula

Immediate effect/
urgent clinical need

Mechanical debulking + – + – +

Laser (YAG, YAP) + – + – +

Electrocautery + – + – +

APC + – + – +

Cryotherapy probe 
debulking

+ – + – +

Cryotherapy spray + – + – -

Balloon dilation + + + – +

Stent placement + + + + +

Brachytherapy + – + – –

Photodynamic therapy + – + – –

+, possibly indicated with potential clinical benefit; −, not indicated. APC, argon plasma coagulation.
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accommodate therapeutic tools. The rigid bronchoscope 
also serves as the means by which patients are ventilated 
and oxygenated during the procedure. Traditionally, the 
indications for rigid bronchoscopy include large tissue 
biopsies, removal of complex foreign bodies, management 
of massive hemoptysis and delivery of therapeutic 
interventions for airway obstruction; whether direct or 
indirect management of endobronchial obstruction or 
extrinsic compression from malignant or benign etiologies. 

There are numerous specific technical advantages 
to the rigid bronchoscope in comparison to the flexible 
bronchoscope that need to be emphasized including large 
volume suction capability, direct airway control, greater 
accommodation for therapeutic instrumentation, and stent 
placement. It’s important to remember that the flexible 
bronchoscope complements the rigid bronchoscope, and 
may be used as such, to augment ablation of tumors.

The three main components of the rigid bronchoscope 
are the barrel, the multifunctional head, and the optics with 
light source (with some variation among manufacturers). 
The barrel is a hollow metallic tube with a beveled distal 
tip. The diameter of the barrel varies, ranging from 
7.0/6.5 to 16.0/15.0 mm (outer/inner) depending on the 
manufacturer. The multifunctional head attaches to the 
proximal portion of the barrel. This piece has ports that 
accommodate ventilation, procedural instruments and 
suction simultaneously. Visualization is achieved more 
commonly by using a telescope and camera or by direct 
visualization down the barrel with the naked eye and a light 
source (2).

The approach to lung cancer airway obstruction may 
employ both rigid and flexible bronchoscopy depending 
on the clinical scenario. Instruments for use in the airway 
are designed to pass through the main working channel or 
barrel of the bronchoscope. Principal accessories include 
suction catheters, graspers, biopsy forceps, dilators, cautery, 
stents as well as others. The common feature of instruments 
designed for the rigid bronchoscope is that they are large 
and stiffer than those designed for the working channel of 
the flexible bronchoscope.

Mechanical debulking

Mechanical debulking remains the cornerstone upon which 
most other bronchoscopic ablation modalities depend. 
Whether it be primary debulking by mechanical means, 
or the means by which residual ablated tissue is evacuated 
from the airway; having expertise with physical debulking 

instruments is critical for bronchoscopic ablation of tumors.

Flexible mechanical debulking

Utilization of biopsy or debulking forceps through a 
flexible bronchoscope allow for precise removal of target 
endobronchial tissue. Using this type of instrument, 
operators may remove tissue for pathologic examination, 
or for evacuation of adjunctively ablated tissue. Mechanical 
flexible forceps exist in many forms and variations exist 
depending upon the manufacturer. Salient features of these 
instruments include the size of the forceps (generally range 
from 1.2 to 2.8 mm or larger), the cup shapes (smooth 
versus serrated), as well as the configurational design 
(rat tooth, alligator, needle fenestrated). Complementary 
use of flexible forceps is commonplace in cases where 
bronchoscopic tumor ablation is performed. Flexible 
forceps debulking would only be preferred for smaller 
airway lesions or in cases where rigid bronchoscopy is not 
available.

Rigid forceps and related instruments

The rigid bronchoscope itself is a very effective debulking 
instrument and allows for other rigid instruments to be 
introduced through it, into the airway. Rigid coring of 
an endobronchial tumor is an effective means of rapidly 
removing an endobronchial tumor obstruction; however, 
extreme caution and expertise is required to ensure 
appropriate application without damage to adjacent or 
surrounding structures. By placing the beveled edge of the 
rigid bronchoscope against the base of the lesion, applying 
forward pressure while twisting the rigid bronchoscope will 
bluntly dissect the lesion from the airway wall under direct 
visualization. While severe bleeding isn’t common, some 
degree of hemorrhage is expected and operators must have 
a plan and tools available to achieve hemostasis. 

Principal rigid accessories are available for mechanical 
debu lk ing ,  and  are  de l i vered  through the  r ig id 
bronchoscope. Rigid forceps of varying sizes and design 
exist for effective removal of endobronchial tissue and differ 
depending on the manufacturer. The basic features include 
length of the instrument, shaft diameter (generally 1.5 to 
3 mm), and forceps design (cup, cutting, crocodile jaw, 
angulated, reverse grasping). Rigid accessory instruments 
are used either for direct debulking, or for removal of 
adjunctively ablated tissue.

Mathisen and Grillo previously described the original 
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core-out method with rigid forceps removal; 56 patients 
underwent this rigid bronchoscopic technique for 
obstructing airway neoplasms, including 8 patients with 
distal airway obstructions. Improvement in airway patency 
was accomplished in 90% of patients. Nineteen major 
complications were recorded in 11 patients (20%). Although 
there was no major bleeding seen, there was minor bleeding 
seen in virtually all patients (3). Another study incorporated 
this method into their analysis of patients who underwent 
bronchoscopic ablation, and report lower complication 
rates, although the data isn’t exclusive to rigid debulking (4).

Microdebrider

The microdebrider is an instrument comprised of three 
components: a long disposable rotating blade coupled to 
suction, a handpiece to control directionality and a console, 
which adjusts the revolution speed. During dissection, tissue 
is drawn up and into the blade, while debris and blood are 
rapidly removed from the operating field through suction. 
The features of this debulking instrument allow for prompt 
debridement of endobronchial tumors, however operators 
must be attentive as unintentional damage to normal tissue 
can occur (5). Initially used through suspension laryngoscopy, 
a study of 27 patients underwent tumor debulking with 
the microdebrider and 96% of patients had immediate 
postoperative stabilization of the airway with a favorable 
safety profile (6). The effectiveness of this instrument in 
malignant central airway obstruction was further illustrated 
in a single center study of 23 patients, who had successful 
removal of obstructing lesions with interventions lasting 

2 to 15 minutes without complications (7). The largest 
study utilizing this instrument evaluated 51 patients with 
central airway obstruction, with a mean pretreatment 
airway obstruction of 71% (49% severe, 39% moderate, 
12% mild). After tumor debulking with microdebrider 
bronchoscopy, the residual mean airway obstruction 
was 10% (8); the adverse effect rate was reported as 4%, 
without adverse bleeding events. Other features revealed 
in this study: the majority of its use was in central airways, 
the safety with tumors involving the posterior membrane 
(65% of cases) and its complementary effectiveness 
with adjunctive bronchoscopic ablative therapies (APC 
32%, airway stenting 25%, electrocautery 20%, laser 
10%, cryotherapy 10%). Although the safety profile of 
bronchoscopic microdebrider is optimistic, given the 
potential for inadvertent tissue destruction, its use should 
be restricted to centers with expertise in managing central 
airway obstruction (Figure 1).

Thermal ablation

Thermal ablation techniques are used in cases of 
endobronchial  disease  or  in pat ients  with mixed 
endobronchial/extrinsic lesions. Heat thermal ablation 
modalities must be used with caution especially in patients 
with high flow oxygen (those on fraction of inspired oxygen 
greater than 0.4 secondary to risk of airway fire), and 
patients with airway stents, or other artificial airway devices 
in place (endotracheal or tracheostomy tube) as there is a 
risk of melting or fire. Furthermore, thermal ablation in 
distal airways may have a higher risk of airway perforation. 

Figure 1 Multimodality bronchoscopic ablation of medial right mainstem bronchus tumor. (A) Tumor visualization prior to treatment; (B) 
mechanical debulking with microdebrider; (C) post-treatment after debridement followed by application argon plasma coagulation.

A B C
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Electrocautery

Electrocautery is the use of an electrical probe, knife, biopsy 
forceps, or snare to conduct monopolar electrical current 
for heating tissue in contact with or in close proximity 
to the instrument. Electrical current is conducted by 
the insulated metal wire probe toward the target tissue. 
Due to voltage difference between the probe and tissue, 
electron current density generates heat at the point of 
contact. Tissue resistance for electrons is high, resulting in 
vaporization, coagulation or fulguration (9,10).

Thermal destruction of tissue can be used to induce 
coagulation or resection. Applying the energized 
instrument directly destroys the target tissue, such that 
activation creates an immediately visible effect of burning, 
desiccation and vaporization. Resection can also be 
accomplished with more polypoid lesions by using a wire 
snare apparatus looped around the base of the lesion, and 
energized. Applying traction to the snare while delivering 
energy excises the lesion at the base, after which the tissue 
is retrieved by assistance with bronchoscopic suction or 
graspers. Rigid electrocautery probes are available and 
used with rigid bronchoscopy while flexible electrodes 
can be used through the working channel of a flexible 
bronchoscope. Thus endobronchial electrocautery can be 
used as a primary modality or often in conjunction with 
mechanical debulking.

Endobronchial electrocautery is most commonly 
indicated for the treatment of symptomatic malignant 
airway obstructions that are not operative candidates, 
or as adjuncts to other treatment modalities (11-13). In 
such patients, airway patency is successfully restored in 
approximately 80% of patients, effectively resulting in 
symptomatic improvement (11,14). Electrocautery ablation 
can be applied to bronchogenic carcinomas, endobronchial 
metastases, bronchial carcinoids (15), and intraluminal 
microinvasive lung cancer (16,17).

Recently, a device has been developed which incorporates 
the effects of electrosurgical destruction/resection paired 
with continuous suction through a soft flexible catheter 
that can be used with flexible bronchoscopy (CoreCath 
2.7S, Medtronic Advanced Energy LLC, Portsmouth, NH, 
USA) Data on its utility in bronchoscopic tumor ablation is 
currently limited (18,19). 

Endobronchial electrocautery is usually well tolerated, 
although a number of complications have been described 
(11-14,20-22). Application of electrocautery near the 
airway wall has a risk of perforation, potentially leading 

to pneumothorax and pneumomediastinum. Bleeding 
can result from tissue destruction, however it generally 
stops as a result of thermocoagulation, but the risk can 
be greater depending on the location of the tumor in 
relation to adjacent vascular structures, as well as tumor 
type. The use of electricity in the airway has the inherent 
risk of airway fire, shock and electrical burns if the 
appropriate precautions are not undertaken. Ventricular 
fibrillation has occurred when used near the heart, and can 
cause interference with implanted cardiac pacemakers or 
defibrillators (23). Generally the complication rates are 
similar to those encountered using bronchoscopic laser 
ablation (24).

Laser therapy

Bronchoscopic laser therapy is a thermal ablative technique, 
which may have cutting and coagulant properties depending 
on the type of laser, thus making it a useful instrument 
for treating malignant airway disease. Laser therapy is an 
immediate-acting, palliative or adjunctive therapy used to 
relieve central airway obstruction. Different strategies to 
employ laser techniques depend on appropriate patient 
selection, properties of the obstructing lesion, and the 
concomitant use of adjunctive endobronchial therapies. 

There are many types of biomedical lasers, each with 
their own properties. These include Neodymium-yttrium-
aluminum-garnet (Nd:YAG) laser, Neodymium-yttrium-
aluminum-perovskite (Nd:YAP) laser, carbon dioxide 
(CO2) laser, argon ion laser, excimer laser, potassium titanyl 
phosphate (KTP) laser, alexandrite laser, semiconductor 
laser, pulse dye laser, and holmium YAG laser. The laser 
that is most commonly used bronchoscopically is the 
Nd:YAG laser. 

La se r s  a re  u sed  fo r  debu lk ing  a s  we l l  a s  fo r 
photocoagulation and devascularization of tumors prior 
to mechanical debulking. Central airway obstruction 
from bronchogenic carcinoma is the most common 
indication for laser resection (25-31). The effects are 
generally not long lasting and thus are combined with 
other bronchoscopic therapies, or repeated. Energy is 
delivered through flexible fibers that are inserted through 
either a rigid or flexible bronchoscope. Lasers can remove 
an obstructing airway lesion in two ways: resection in 
combination with a mechanical modality, or vaporization. 
In using laser for resection, the laser is directed at the target 
lesion, devitalizing the lesion through photocoagulation 



Shepherd and Radchenko. Bronchoscopic ablation techniques in the management of lung cancer

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2019;7(15):362 | http://dx.doi.org/10.21037/atm.2019.04.47

Page 6 of 13

of vascularity. The devitalized tissue is removed through 
either suction or forceps extraction. Different lasers have 
characteristic properties including depth of penetration; this 
can be altered by adjusting the power setting as well as the 
activation distance from the lesion. Vaporization of tissue 
is possible as the target tissue contains water. This involves 
aligning the laser parallel to the bronchial wall and aiming 
precisely at the lesion. Laser pulses of a few seconds or less 
are used to vaporize the tissue (Figure 2).

Primary bronchogenic carcinomas are the most common 
malignancies treated with laser resection, however other 
tumor types have been treated including carcinoid, 
adenocystic carcinoma, mucoepidermoid carcinoma, as well 
as endobronchial metastatic disease from melanoma, colon, 
kidney and breast cancers (32-35) (Figure 3).

There are no high-quality studies comparing use of 
laser with other locally ablative therapies, although they 
all appear to result in similar rates of airway patency and 
symptom palliation. 

Complications can occur with use of laser therapy, 
but previous reports vary and likely depend on operator 
experience and tumor characteristics. The overall rates of 
complications are approximately 2.5% and mortality less 
than 1% (36,37). 

APC

APC is an electrosurgical, noncontact thermal ablation 
technique that utilizes argon gas for effect, which is used to 
augment debridement of tissue and to achieve hemostasis. 

A B C

A B C

Figure 2 Multimodality bronchoscopic ablation of mid-tracheal obstructing tumor. (A) Tumor visualization prior to treatment; (B) Nd:YAP 
laser application for devascularization prior to debulking; (C) mechanical debulking (core-out technique) with beveled edge of rigid 
bronchoscope.

Figure 3 Multimodality bronchoscopic ablation of obstructing right mainstem tumor. (A) Application of Nd:YAP laser for devascularization 
of tumor prior to mechanical debulking; (B) mechanical debulking (core-out technique) with beveled edge of rigid bronchoscope; (C) 
removal of tumor through the rigid bronchoscope with rigid cupped forceps.
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Argon gas is expelled from a probe, which can be introduced 
through the working channel of a flexible bronchoscope, or 
rigid bronchoscope, after which voltage electrical current is 
passed along the probe. Electrical current contacts the gas 
and it becomes ionized and conducts monopolar electrical 
current to the nearest tissue (38). Heat produced denatures 
proteins and evaporates cellular water, which results in 
tissue destruction and coagulation. The effects of APC are 
immediate, and are complementary to other modalities in 
treating tumors within the airway, however concern over 
long-lasting effects oftentimes leads to requirement of 
retreatment. 

The depth of penetration is approximately 2–3 mm, 
making APC useful for superficial and flat lesions. 
Commonly APC is employed to devascularize lesions prior 
to debulking, but given the superficial effect, APC by itself 
is not as effective as other modalities in achieving this goal, 
especially in larger lesions. A desirable effect of APC is 
that the plasma travels in tangential and linear paths. This 
improves treatment of lesions around curvatures in the airway 
and tumor edges, making it very effective at cauterizing 
hemorrhagic lesions and achieving acute hemostasis.

The data supporting the use of APC for treatment of 
endobronchial tumors is derived from small observation 
studies. Given that tumor ablation within the airway is 
routinely performed in a multimodality approach, it is 
difficult to attribute all outcomes solely to the effects 
of APC. Several studies evaluated the effects of APC in 
malignant central airway obstruction. Reichle et al. showed 
that approximately two-thirds of patients were able to 
achieve airway patency with using APC combined with 
mechanical debulking (39). Studies conducted using APC 
mostly through flexible bronchoscopy, showed an overall 
decrease in the degree of airway obstruction, as well as 
significant symptom improvement (40,41). 

The rate of complications vary depending on operator 
experience, the configuration of individual endobronchial 
tumors, as well as patient co-morbidities. In a large 
prospective study of 364 patients, the complication rate 
was recorded as 3.7% (39). Crosta et al. did not report 
complications directly related to the use of APC (40). One 
important consideration when applying APC to the airway 
is the potential for argon gas entry into the vasculature 
(through bronchial veins as well as systemic veins); this has 
been reported to cause argon gas embolism (42,43). More 
common complications encountered are airway burns/fires, 
airway perforations, worsening hemorrhage, and melting of 
stents or other airway tubes.

Cryotherapy

Cryotherapy is the controlled application of extreme cold 
energy to diseased tissue in which cells are destroyed 
by intracellular and extracellular cryocrystallization. 
Application of extreme cold energy causes a cascade of 
destructive events. Extracellular ice crystal formation causes 
an efflux of intracellular fluid, which results in cellular 
dehydration and increased toxicity. Intracellular ice crystal 
formation causes damage to intracellular organelles such 
as mitochondria and endoplasmic reticulum. Furthermore, 
cryotherapy has profound effects on the microcirculation: 
vasoconstr ict ion,  endothel ia l  in jury and platelet 
aggregation. These effects lead to microthrombi formation 
and subsequent cellular death. Although application of 
cryotherapy may affect normal tissue, malignant tissue 
is particularly susceptible given its hypervascularity. The 
inherent cryosensitivity of a tissue depends mainly on its 
water content (44).

Application of cryotherapy requires a cryosurgery device 
(rigid or flexible cryoprobe, spray cryotherapy catheter), 
a cooling source known as a cryogen (either nitrous oxide 
or liquid nitrogen), and a bronchoscope through which 
the therapy can be delivered (either a rigid or flexible 
bronchoscope) (45,46). The cryoprobe is inserted through 
the bronchoscope and placed adjacent to the target tissue 
such that direct contact is made. Repeated freeze-thaw 
cycles are applied with a freeze time varying depending 
on the cryogen used. The probe is moved to an untreated 
area, and repeated freeze-thaw cycles are applied until 
the entirety of the lesion has been treated. Over the 
ensuing days to weeks, tissue necrosis occurs followed by 
sloughing which may be expectorated, or may necessitate 
bronchoscopic removal.

Cryodebridement or cryorecanalization is a modality of 
tumor debulking where a cryoprobe is inserted through a 
bronchoscope, and direct contact to the desired lesion is 
made. The cryoprobe is activated; the contacted tissue is 
frozen and becomes adhered to the end of the probe. The 
probe is retracted along with large fragmented tissue. This 
technique is helpful for debulking endobronchial tumors in 
patients unable to tolerate lower fraction of inspired oxygen. 
Hetzel et al. first described this technique in a prospective 
trial where they successfully recanalized 83% of patients’ 
airways by debriding exophytic tumors (47). Schumann 
et al. later demonstrated its effectiveness in a study of 225 
patients, where successful recanalization rate was 91% with 
an encouraging safety profile; mild bleeding was seen in 4%, 
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moderate bleeding in 8%, with no severe bleeding events 
encountered (48).

Spray cryotherapy is a non-contact, delayed effect 
ablative modality that delivers liquid nitrogen through 
a specialized flexible catheter (TruFreeze system, CSA 
Medical Inc., USA) which flash freezes 2–3 cm of target 
area in a rapid and uniform manner (49-51). The depth 
of freeze correlates to the duration of the application, 
but generally up to 5 mm after a 5–10 second freeze 
time. Precautions must be taken to effectively vent the 
liquid nitrogen from the airway in order to ensure safe 
application.

Studies evaluating the use of cryotherapy for airway 
malignancy have shown favorable results. Utilizing 
cryodebridement, this modality has shown high rates 
of successful reestablishment of airway patency (47,48). 
Another prospective study employing cryoablation was able 
to relieve airway obstruction in 77% of patients (52). Other 
studies using cryoablation have found similar results with 
good correlation in symptom improvement (53,54). These 
effects are likely augmented when using cryotherapy in 
conjunction with other ablative modalities such as thermal 
ablation and stenting (48) (Figure 4).

A possible chemo and radiosensitizing effect of 
cryotherapy had generated significant interest in older 
studies. Small studies have shown increased accumulation 
of chemotherapeutic agent within tumors following 
cryotherapy (55,56). Likewise, in a study of patients with 
unresectable non-small cell lung cancer (NSCLC), those 
who underwent cryotherapy prior to external irradiation 
were found to have a significantly higher rate of local 
control (57).

A benefit of utilizing cryotherapy is no associated risk 
of airway fire. However, mild to moderate bleeding can 
occur in up to 12% of patients, and potentially higher 

if concurrent debulking techniques are used (48). After 
applying cryotherapy, delayed effects are expected and 
include airway edema, as well as mucostasis, which can 
lead to respiratory distress; operators should be cognizant 
of this and manage accordingly (58,59). Airway wall 
ulceration, subsequent perforation, and even death are 
rare complications, and thus operational familiarity with 
cryotherapy is of utmost importance.

Although studies report a favorable safety profile with 
the use of spray cryotherapy, caution must be emphasized 
when employing this ablative modality (49). In a multi-
institutional study, there was a 19% complication rate, 
which included hypotension (11%), bradycardia (5%), 
desaturations (6%), pneumothorax (3%), as well as  
2 intraoperative deaths (50).

Photodynamic therapy (PDT)

PDT is an ablative technique in which a specif ic 
wavelength of light (630 nm laser) is delivered via a flexible 
catheter (available in multiple lengths) through flexible 
bronchoscopy in a patient who has been treated with an 
intravenous photosensitizing agent typically 48 hours prior 
to the procedure. It is a non-thermal technique and its 
effects are confined purely to intraluminal disease, with a 
typical penetration depth in the range of 5–10 mm. The 
photosensitizing drug is typically a hematoporphyrin 
derivative and dosimetry is calculated typically to apply 
200 Joules per cm (range 50–300 Joules) of airway treated 
(60,61). In theory the photosensitizing drug is selectively 
retained for a longer period of time in malignant tissue 
compared to normal mucosa, thus allowing for selective 
treatment of abnormal tissue at 48 hours, and possibly an 
additional treatment over the next 3–5 days. Activation of 
the photosensitizing drug results in superoxide and oxygen 

Figure 4 Bronchoscopic tumor ablation modalities. (A) Application of argon plasma coagulation (APC) to tumor base; (B) application of 
spray cryotherapy (SCT) in circumferential manner to tumor and surrounding involved mucosa.

A B
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radical formation leading to apoptosis and cell death. Due 
to tissue sloughing and necrosis a second bronchoscopy is 
often necessary to remove debris.

Patients with symptomatic malignant airway obstruction 
may be candidates for PDT however, like brachytherapy 
the effects are delayed thus patients with severe symptoms 
or life-threatening obstruction should be considered for an 
alternative more immediate therapy. For palliative intent 
lesions must be mostly endobronchial with significant 
airway obstruction. Although rarely done, if utilized for 
curative intent the lesion must be short without deep 
penetration through the airway wall. 

Much of the early PDT literature investigated its 
effectiveness in early central airway lung cancer. In one of the 
largest series, Kato et al. treated 283 lesions, 95 of which were 
early stage lesions and demonstrated a complete response 
in 83% of the early stage lesions (62). Multiple palliative 
studies have demonstrated significant improvement in 
airway patency and symptoms in patients with central airway 
obstruction from advanced lung cancer (63,64).

Patients with predominately extrinsic malignant airway 
obstruction, airway fistula, and those with long lesions or 
lesions adjacent to larger blood vessels should not undergo 
PDT. Also those with more clinically urgent needs for 
treatment of symptoms should not be treated with PDT due 
to the delayed effect. Major complications include airway 
obstruction 24 to 48 hours after treatment from sloughing 
tissue or edema, hemoptysis, and photosensitivity. The 
resultant skin sensitivity is significant and patients must take 
protective measures up to six weeks following injection.

Endobronchial brachytherapy

Brachytherapy is the process by which a source of 
radiotherapy is placed inside or adjacent to the treatment 
target, resulting in a highly localized radiation dose 
with excellent sparing of surrounding normal tissue. In 
the lung, brachytherapy can be delivered through an 
endobronchial or intraluminal technique, interstitial 
brachytherapy in which the radiation source is typically 
placed directly in the tissue at the time of surgery, or 
through image guided brachytherapy delivered through a 
catheter technique (65). First described in 1922, the vast 
majority of cases of endobronchial brachytherapy (EBBT) 
are performed for palliation of endobronchial lung 
cancer or other metastatic malignancies and typically 
utilize 192Ir (66). In rare cases it may also be performed as 
definitive therapy for carcinoma in situ, benign conditions, 

and in conjunction with external beam radiotherapy. 
Patients previously treated with EBRT who are not 
candidates for further EBRT may also be treated with 
EBBT (67). In general the utilization of EBBT has declined 
due to further development and growth of alternative 
bronchoscopic ablative techniques such as electrocautery, 
cryotherapy, APC, and laser.

Types of EBBT include low-dose rate (LDR), high-dose 
rate (HDR), and pulse dose rate (PDR). LDR delivers a 
lower dose of typically 1–2 Gy/hour given over multiple 
days. This type of therapy is labor intensive requiring 
an airway catheter to be left in place continuously as 
well as the need for significant radiation precautions in 
the inpatient setting. HDR is delivered more efficiently 
with higher energy radiation often of 10–12 Gy/hour 
but usually delivered over one or more treatment 
procedures. Many different treatment regimens are 
used but commonly patients will undergo 2–4 fractions. 
PDR brachytherapy combines aspects of LDR and HDR 
delivering the radiation in a series of short exposures each 
hour, however it is not frequently used and not preferred 
for endobronchial disease (67).

Patient selection is based on the typical symptoms of 
malignant airway obstruction including dyspnea, cough, 
lobar collapse, or post-obstructive pneumonia. These 
patients often have not responded to or are not candidates 
for standard chemotherapy or EBRT. The lesion must 
be accessible to bronchoscopy including placement of a 
small-bore catheter in the airway. Tumors in the airway 
that show significant vascular involvement or ulceration 
should be considered for other options. It is important 
to note that patients with acute or severe symptoms of 
airway obstruction should have an alternative ablative 
technique as first-line treatment due to the delayed 
effect of EBBT on restoring airway patency. As a general 
rule EBBT is typically not selected or recommended 
as a first-line therapy for obstructing endobronchial 
malignancy (67). EBBT can be performed in the vicinity of 
metal airway stents but data from esophageal metal stents 
show that mucosal doses can be increased substantially in 
the immediate adjacent tissue (68).

The procedure is typically performed with flexible 
bronchoscopy which can be done under moderate sedation 
or general anesthesia. If performed with moderate sedation 
the catheter is typically placed intranasally. Flexible 
bronchoscopy is used to place a guidewire into the correct 
airway, then removed and the brachytherapy catheter 
is advanced over the guidewire under bronchoscopic 
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guidance. The distal end of the catheter is typically placed 
approximately 2 cm beyond the distal edge of the target 
lesion. If a transnasal approach is utilized the catheter is 
marked and taped on the nostril at the exit site and the 
position of the brachytherapy catheter and measurements 
must be carefully documented to assist the radiation team 
in treatment delivery. It is important for the bronchoscopist 
to take photographs as well if possible during a prior 
procedure to assist in radiation therapy planning. CT 
scanning is also recommended as an essential part of 
planning with three-dimensional target definition and to 
help determine if there is significant extra bronchial tumor 
which would affect the decision to perform EBBT. In the 
latest American Brachytherapy Society Guidelines, CT 
scanning is also recommended after the brachytherapy 
catheter has been placed to accurately assess the position of 
the catheter and its proximity to the airway wall, as it may 
not sit perfectly centered in the lumen of the bronchus (67). 
Once positioned correctly the radiation source is remotely 
loaded into the catheter at the correct length, and then the 
catheter is removed immediately following administration 
(in HDR).

A  C o c h r a n  m e t a - a n a l y s i s  i n  2 0 1 2  r e v i e w e d  
14 randomized clinical trials involving EBBT both as 
isolated therapy or in combination with other modalities. 
There was no clear survival advantage with fewer vs. 
multiple fractions of EBBT or when added to EBRT or 
compared to Nd:YAG laser (69). A large retrospective study 
of 648 patients showed no difference in efficacy or survival 
in groups treated with 1 fraction versus multiple fractions 
(70). Another larger randomized trial of 142 patients 
showed improved local tumor response in 2 fractions verses 
4 fractions with similar overall survival, but a trend towards 
reduced fatal hemoptysis with fewer fractions (71).

Patients with endobronchial ulceration, fistula formation, 
or severe airway tumor obstruction are typically not 
recommended for EBBT. Complications include radiation 
bronchitis, bronchial stenosis, and massive hemoptysis. 
Fatal hemoptysis has ranged from 7% to as high as 22% 
in published trials (70). Patients may require monitoring 
for transient worsening airway obstruction from sloughing 
tissue or edema, and may require repeat bronchoscopy in 
the first few days following treatment.

Conclusions

Airway obstruction is a common manifestation of 
lung cancer and often may lead to symptoms of airway 

obstruction including dyspnea,  wheezing,  cough, 
pneumonia, or hemoptysis. There are numerous options 
available to treat malignant airway obstruction including 
chemotherapy, radiation, airway stent placement and 
bronchoscopic ablative techniques. Bronchoscopic ablative 
techniques are very effective but diverse in nature, thus 
selecting specific ablative techniques depends primarily 
upon the clinical urgency to restore airway patency 
and available technologies. Techniques such as laser, 
electrocautery, APC, cryoprobe debulking, and airway 
stenting all result in immediate improvement in airway 
patency. Other techniques such as photodynamic therapy, 
cryotherapy, or brachytherapy will have a delayed effect 
and thus are not suitable for more urgent situations. 
The second main consideration in selection of an 
ablation technique is whether the lesion is predominately 
endobronchial or more submucosal/extrinsic compression. 
In the latter scenario bronchoscopic options would be 
more limited to balloon dilation, stent placement, or 
brachytherapy, with stent placement and balloon dilation 
providing the most immediate benefit. It is also important 
to consider the type of malignancy as well given that 
in some cases of malignant central airway obstruction 
the obstruction may respond quickly to conventional 
modalities such as EBRT or chemotherapy. In summary, 
there are numerous effective techniques available to offer 
these patients.
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