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ABSTRACT Tracheal or bronchial proximal stenoses occur as complications in 20–30% of lung cancers,
resulting in a dramatic alteration in quality of life and poor prognosis. Bronchoscopic management of
these obstructions is based on what are known as “thermal” techniques for intraluminal stenosis and/or
placement of tracheal or bronchial prostheses for extrinsic compressions, leading to rapid symptom
palliation in the vast majority of patients. This invasive treatment should only be used in cases of
symptomatic obstructions and in the presence of viable bronchial tree and downstream parenchyma.

This review aims to clarify 1) the available methods for assessing the characteristics of stenoses before
treatment, 2) the various techniques available including their preferred indications, outcomes and
complications, and 3) the integration of interventional bronchoscopy in the multidisciplinary management
of proximal bronchial cancers and its synergistic effects with the other specific treatments (surgery,
radiotherapy or chemotherapy).

@ERSpublications
Central airway obstruction is a severe complication of lung cancer that can be managed by
interventional bronchoscopy http://ow.ly/OdAhF

Introduction
The development of interventional bronchoscopy in thoracic oncology is justified, given that 20–30% of
lung cancer cases are complicated by proximal airway obstruction [1], which is responsible for 40% of
deaths [2]. The symptoms related to local extension, such as dyspnoea, atelectasis with post-obstructive
pneumonia and haemoptysis, often result in deeply altered quality of life and poor prognosis, with patient
survival not exceeding 1–2 months [3–5]. Conventional anti-tumour therapies are of limited value for this
type of complication. Surgery, for example, is typically contraindicated for very proximal lesions,
chemotherapy has inconsistent and delayed beneficial effects, and radiotherapy is associated with
disappointing results, with delayed atelectasis resolution achieved in only 54% of cases [6]. If the role of
interventional bronchoscopy is recognised in thoracic oncology, its use can still be optimised. It appears
essential to better determine which technique to use, to set the best time to operate, to anticipate which
patients will derive the most benefit, and finally to integrate interventional bronchoscopy within other
anti-tumour therapies. We will herein discuss these different points.

Summary and update of available techniques
Several techniques are currently available for relieving airway obstruction, the choice of which technique to
use depends on the stenosis features, the patient’s condition, available techniques and the individual
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operator’s habits [7, 8]. Mechanical debulking and thermal techniques (laser and thermo-coagulation) are
thus reserved for intraluminal tumours [9], while the implementation of tracheal or bronchial prostheses is
the preferred management option for extrinsic components [10, 11]. Rigid bronchoscopy offers advantages
in terms of airway control, the ability to easily remove a large volume of tumour and to deploy silicone
stents. The different techniques available are summarised in table 1.

Rigid bronchoscopy and mechanical debulking
For this procedure, the tracheoscope is introduced under general anaesthesia and visual control, following
laryngoscopic visualisation of the vocal cords [9]. Contraindications for rigid bronchoscopy include the
presence of cervical spine instability, severe maxillofacial trauma, and obstructive buccal or laryngeal
disease [9, 12].

In 1989, MATHISEN et al. [13] reported encouraging results after performing solely mechanical debulking
on intraluminal tumours with either the bevelled end of different sized calibre rigid tubes or with a large
clamp. The procedure was, however, associated with major complications in 20% of patients, such as
pneumothorax, haemoptysis and pneumonia [13]. With the exception of very proximal and low
haemorrhage risk tumours, we recommend combining mechanical debulking with a complementary
“thermal” technique.

Laser
Laser therapy is a technique using different gases, such as CO2, and KTP, Nd:YAG and diode lasers in
order to coagulate or destroy tumours.

In this technique, the laser beam is transferred via a quartz fibre covered with Teflon, aligned with an axis
tangential to the wall while preserving a 1cm-distance from the target zone [14]. This technique enables
tumour destruction and haemostasis by means of vessel photocoagulation [4]. Cavaliere et al. [10]
proposed an interesting sequence starting with tumour coagulation at 30 W, enabling mechanical
debulking, followed by residual tumour tissue destruction at 50 W, then 4–5-s cycles at 20–30 W to the
implantation base for a prolonged cytotoxic effect [4, 10].

Laser therapy targets the intraluminal component of proximal obstructions [9, 12]. Clinical studies have
reported constant, immediate and significant improvement in symptoms, quality of life (assessed using the
mean±SD Karnofsky index which increased from 77±4 to 91±4 [15]), gas exchange (partial pressure of
oxygen from 59±8 mmHg before intervention; to 78±6 mmHg after), and ventilatory parameters
(improvement of 610 mL and 428 mL in forced vital capacity (FVC) and forced expiratory volume in 1 s
(FEV1), respectively) [15–17]. In 92% of cases (n=1000), the bronchial diameter is restored, especially in
cases of proximal tumours (trachea and main bronchi) [18].

The mortality rate directly associated with the laser procedure is low, reported to be <1% (0.8%, n=273 [15];
0.7%, n=839 [19]; 0.67%, n=1000 [18]; and 0.99%, n=7000 [7]). Haemorrhages are treated using cold serum,
adrenaline or terlipressin local administration, compression with the tube, or short pulses of less than 30 W.
Severe haemoptysis only occurs in 1% of cases [10, 15, 19]. There is a risk of ignition or airway fire, which is
usually not serious and can be prevented by maintaining a low inspiratory oxygen fraction (<0.4) [17, 19].
Potentially fatal complications include tracheobronchial wall perforations causing vascular fistula (very rare
cases of massive haemoptysis at powers of 90 W) [20], gas embolism, and mediastinitis [19].

In conclusion, laser therapy is extremely effective for alleviating symptoms and rapidly restoring the
bronchial lumen, thus, it is particularly indicated in cases of critical proximal exophytic lesions.
Complications are rare, provided the procedure is conducted by a trained operator. However, the cost of
this technique may be prohibitive in many institutions due to the price of the laser light generator and of
the (single use) laser probes.

Thermo-coagulation and argon plasma coagulation
Thermo-coagulation
Thermo-coagulation, also known as electro-coagulation or electrocautery, involves coagulating or
vapourising a tissue by exposing it to heat produced by a high-frequency electric current [7, 9].
High-frequency electric current is delivered to the malignant stenosis, using a monopolar mode, by means
of a flexible or rigid probe of varying diameter and form, such as a coagulation electrode, loop [12, 21] or
hot biopsy forceps. New-generation generators can be set to different modes [22]. In the “soft coagulation”
mode, the heat produced does not exceed 200°C and no electric arc is generated, thus preventing tissue
from carbonisation and ignition or airway fire, unlike the “forced coagulation” mode. Electrocautery
equipment (generator and probes) is far less expensive than laser [22–24]. The symptom improvement
observed is constant (96%) and results in a gain of 53% in FEV1 [25], equivalent to that obtained with
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TABLE 1 Summary of interventional bronchoscopy techniques available for the management of malignant central airway obstruction

Studies Anaesthesia Principle Indication Advantages Drawbacks

Mechanical debulking General Resection with the rigid
tubes and forceps

Proximal, slightly
haemorrhagic, and
intraluminal lesions

Rapidity
Cost

Severe complications in
20% (bleeding,
perforation)

Laser General anaesthesia and
rigid bronchoscopy highly
recommended, except for
limited degree of stenosis
with short procedure time

Short pulsations in the
bronchial axis at
30–50 W

Flexible or rigid
bronchoscope

Intraluminal or mixed
critical proximal
obstructions

Immediate and prolonged
debulking

Few complications if
trained operator

Cost
Risk of perforation and

bronchovascular fistula

Thermo-coagulation/argon
plasma coagulation (APC)

General anaesthesia and
rigid bronchoscopy highly
recommended, except for
limited degree of stenosis
with short procedure time

High-frequency electric
current ± argon as a
carrier gas (APC)

Intraluminal or
mixed proximal
obstructions

Immediate efficacy
Cost
Low risk of perforation
APC: treatment of

extended and
haemorrhagic lesions

Risk of scarring stenosis if
circumferential treatment

Cryotherapy General anaesthesia and
rigid bronchoscopy highly
recommended, except for
limited degree of stenosis
with short procedure time

Expansion of a
cryogenic gas

Cycles of rapid freezing and
slow thawing

Non-critical exophytic
malignant obstructions

Low cost
Easy procedure
No perforation
Prolonged efficacy
Synergistic action with

chemotherapy

Delayed effect (except
cryoextraction and spray
cryotherapy)

Need for a second cleaning
bronchoscopy

Photodynamic therapy General anaesthesia and
rigid bronchoscopy highly
recommended, except for
limited degree of stenosis
with short procedure time

Activation of a
photosensitiser by light

Non-critical exophytic
malignant obstructions

Good symptom control
(haemoptysis)

Prolonged efficacy

Delayed effect
Retention of tumour

material
Cleaning bronchoscopy
Phototoxicity
Constraining technique
Haemorrhagic

complications

Silicone stent General Placed using a prosthesis
pusher inserted in the
rigid tube

Extrinsic or mixed
compressions

Good tolerance
Few local granulomatous

and ischaemic
reactions

Easily removable

Altered ciliary clearance
Risk of migration (rare,

except in cases of purely
extrinsic compression)

Metallic stent General anaesthesia and
rigid bronchoscopy highly
recommended

Self-expandable
Placed using a guide

wire under radiographic
or bronchoscopic control

Flexible or rigid
bronchoscopy

Second line; not to be
considered as a first
choice, except in cases
of highly necrotic
lesions or large
distortion

Easy placement
Possible with flexible

bronchoscope
(but should be
avoided if rigid tube is
unavailable)

Preserved clearance

Frequent complications
(granuloma, perforation,
rupture)

Hardly removable
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laser [22, 25]. Major complications are rare [26]. The risk of perforation and inflammation is nonexistent
in the soft coagulation mode [5, 22, 27]. Circumferentially-applied thermo-coagulation entails a risk of
scarring stenosis [12, 28, 29].

Argon plasma coagulation
The limitations of thermo-coagulation include restricted access to the most apical segments and loss of
efficacy in cases of electric current-induced bleeding [7]. These two drawbacks are overcome by using
argon as a carrier gas (non-contact method), a technique requiring an additional probe and generator
[7, 9, 22, 23]. Argon plasma coagulation is particularly suited for extensive and haemorrhagic lesions.
Indeed, as argon (and thus electric current) is transported to the affected vessels through the bloodstream,
haemostasis can be achieved even if the origin of bleeding cannot be precisely identified [6, 9, 12, 22, 23].
Argon plasma coagulation is particularly effective for controlling haemoptysis (100%) [30, 31].

In conclusion, thermo-coagulation is a highly effective technique with the benefits of immediate effect,
lower cost and low complication rates. With the exception of bulky exophytic tumours, which are more
quickly debulked by laser, thermo-coagulation can be proposed as the first-line treatment. Argon plasma
coagulation is an option for managing distal or extended haemorrhagic tumours.

Cryotherapy
Cryotherapy consists of delivering very low temperatures, obtained by the expansion of a cryogenic liquid
gas, to the tissues in order to destroy them [32, 33]. This process requires a console, a cryoprobe [34, 35]
and cryogenic gas (N2O, N2, CO2 [9, 34]). The destructive damage inflicted by cryotherapy is both
immediate (dehydration and cellular crystallisation) [7, 36–39] and delayed, involving apoptosis and
ischaemia (microthrombi formation) [40], leading to a delayed yet prolonged result [7, 36].

A large (2.3 mm) probe (known as a cryo-recanalisation probe) enables more powerful freezing (−89.5°C)
and better retraction, allowing for rapid debulking and immediate repermeabilisation [33]. Spray
cryotherapy is a technique that enables low pressure liquid nitrogen (−196°C) to be administered,
producing immediate effects. Like argon plasma coagulation, this technique appears particularly suitable
for treating very haemorrhagic and extensive tumours, especially when the origin of the bleeding cannot
be precisely identified, as the treatment site is extensive and the haemostatic effect is excellent.
Nevertheless, this method still requires validation and does not appear suitable for voluminous tumours,
given that the duration of the intervention is long [41].

Cryotherapy is indicated as a palliative treatment of non-obstructive proximal stenoses without acute
respiratory distress due to its delayed effects [9, 12].

Once again, symptom control is the rule, especially for haemoptysis [32, 35, 42]. With cryo-recanalisation, a
normal bronchial calibre can be recovered in 61–91% of cases [34, 43, 44], allowing for the removal of 57%
and 76% of total and lobar atelectasis, respectively [32]. A 54.6% improvement in the Karnofsky
performance status index is due to a significant functional benefit, with an improvement in FEV1 and FVC
of 65.2% and 57.8%, respectively [42], and of partial pressure of oxygen (71% of cases) [32]. This prolonged
effect, strengthened by repetitive cryotherapy sessions, is related to an associated cytotoxic effect [38, 39, 45].

The procedure-related mortality rate is low, reaching 1.2% [34]. The total complication rate is <10%
[34, 42]. The risk of perforation is nonexistent, since the cartilage is extremely cryoresistant [34, 37]. The
most common complication is the retention of tumour material, requiring a bronchial aspiration to be
performed 1–2 days later [31, 37, 46]. Cryoextraction and spray cryotherapy are also associated with a low
risk of complications [33, 41].

In conclusion, cryotherapy is a cost-effective option enabling the sustained control of symptoms when
treating symptomatic obstructions without respiratory distress. Cryoextraction is as effective as other
thermal methods for treating obstructive stenosis without risk of perforation or residual stenosis and with
a low incidence of other complications. Spray cryotherapy still requires validation, yet appears highly
promising for the management of haemoptysis related to extensive and hypervascularised lesions.

Stents
In 1965, MONTGOMERY [40] developed a T-shaped tracheal stent, which required tracheotomy. This stent was
further adapted by DUMON [47], who designed a silicone stent by cutting off the horizontal limb of the
T-tube. At the same time, self-expandable metallic stents were shown to be of great value, first using
endovascular stents (Gianturco) and later on, dedicated airway stents. The ideal prosthesis should: 1) be
cost-effective, 2) be easy to place and remove, 3) not migrate, 4) be rigid enough to resist airway
compression, yet still flexible enough to mimic airway physiology, 5) not impair mucociliary clearance, and
6) not induce granulomatous reactions [7, 48, 49].
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Silicone stents
Except in cases of very high tracheal stenoses, contraindicated for surgery, and following dilatation failure
[23], the Montgomery T-tube has been replaced by the stent developed by DUMON [47] (Tracheobronxane;
Novatech, La Ciotat, France) or its equivalents Polyflexstent (Boston Scientific, Natick, MA, USA), Hood
stent (Hood Laboratories, Pembroke, MA, USA) and the Noppen stent (Reynders Medical Supply, Lennik,
Belgium). These stents can be straight or bifurcated for stenoses involving the carina [50]. The diameter
and size are chosen (and then possibly adjusted by cutting) based not only on three-dimensional scanner
data [36, 51, 52], but crucially on preoperative data (the diameter of the rigid tube exceeding that of the
stenosis) [11, 47, 53]. These stents are often recommended as first line treatment [54, 55] since they are
easy to place and remove, are well tolerated, have a marked vault effect, and cause few granulomatous
reactions [9, 47, 49]. Their major drawbacks include the systematic need for general anaesthesia and rigid
bronchoscopy, slightly higher migration rate, narrower internal diameter due to wall thickness, and altered
mucociliary clearance [7, 49]. The Dynamic Freitag (Rüsch, Kernen, Germany) stent has the unique
characteristic of having a flexible posterior wall, thus allowing for a more physiological bronchial calibre
during cough and, therefore, for better drainage, as well as enabling a more homogeneous distribution of
pressures and a lower risk of granuloma [56, 57].

Self-expandable metallic stents
The most recent prostheses are self-expandable metallic stents (Ultraflex, Boston Scientific; Alveolus,
Charlotte, NC, USA; Aerstent, Leufen, Berlin, Germany), which can be placed under video-bronchoscopic
or radioscopic guidance [58]. Their theoretical advantages include the possibility of placement using
flexible bronchoscopy, a lower risk of migration, better preserved mucociliary clearance and a larger
internal diameter [49]. Except in cases of purely extrinsic compression, covered stents are preferred in
neoplastic stenosis, but uncovered stents still have their place in tight and highly distorted stenosis where
they maintain a constant diameter even within kinks [54, 59, 60]. Self-expandable coated stents are
particularly suitable for covering a fistula, and stop recurrent septic pneumonias [61]. They also offer
better waterproofing than silicone stents. The major drawbacks include the risk of granulomatous reactions
on the extremities [60], re-epithelialisation of uncovered stents rendering the stent difficult to remove after
3–6 weeks [36], a weaker vault effect [60], and an increased risk of ischaemic mucosal necrosis and, thus,
of perforation (with Gianturco stents) [54].

Outcomes in thoracic oncology
Stent implantation is indicated for the management of the extrinsic component of proximal stenoses and
tracheo-oesophageal fistula [9, 49, 59], or as a supplement to treatment of intraluminal obstructions each
time there is some degree of extrinsic component of bronchial wall destruction [13, 15]. The SPOC (Role
of a Silicone Prosthesis to Prevent Airway Obstruction Recurrence After Therapeutic Bronchoscopy in
Lung Cancers) French prospective study was the first randomised trial designed to study the benefit of
stent implantation after bronchoscopic removal of intraluminal tumours. 75 patients were randomised, of
whom 39 received a stent. Stent insertion was proven to be effective in delaying local symptomatic
recurrence, but did not improve overall survival [62].

Repermeabilisation is obtained in most cases [63], leading to a significant improvement of dyspnoea [59],
haematosis and functional respiratory parameters. For silicone stents, the vast majority of patients feel a
benefit in terms of quality of life [10] , resulting in improved Karnofsky score (from 36 to 51) [11]. In the
case of self-expandable stents, a decrease in Eastern Cooperative Oncology Group (ECOG) score from 3.36
to 2.32 was observed (Ultraflex) [63]. This improvement is objectified by a marked improvement in
arterial oxygen saturation measured by pulse oximetry and arterial oxygen tension [48], but also a gain of
340 mL in FEV1 and 490 mL in FVC [59].

Complications
Silicone stents
The overall complication rate has been reported as 9.4% (n=306) [10]. Migration risks mainly concern
short (<2.5 cm) and purely extrinsic stenoses [7, 9, 60, 64] and immediate sub-glottic stenoses, and appear
relatively rare in cases of obstructions of malignant origin (2–6% [64] of cases versus 18% of cases with a
benign condition [65]), due to the tumour tissue facilitating stent integration [66]. Granuloma is also rare
(1%, n=306 [10]), or at least is symptomatic in only a small number of cases [60]. Other potential
complications include haemoptysis [9] and obstruction by secretions (14% of patients) [23, 55], which are
favoured by unavoidable bacterial colonisation [67]. Mucolytic nebulisations and good hydration are
needed to avoid such dense secretions. The perforation risk is related to the rigid tube being in contact
with highly necrotic lesions, thus indicating the need for a self-expandable stent [68].
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Self-expandable metallic and hybrid stents
The rate of significant complications is often high for these stents, reaching 16% in the first month and
13% after 1 month [69]. Early complications include pneumothorax caused by perforation, pneumonia,
and migration [60]. Haemoptysis and infectious complications are seen in 10% of patients [70]. At later
stages, symptomatic granuloma formation is observed in 15–27% of cases [70, 71].

Conclusion
The choice between a silicone and self-expandable metallic stent depends on the operator’s experience, as
well as the stenosis site and mechanism. For silicone stents, complications such as migrations and
granulomatous reactions are rare, and these prostheses should be proposed as first line treatment whenever
possible. The systematic need for rigid bronchoscopy does not appear a valid argument against the use of
these stents, since this access is justified by its capacity for enabling better control of stent placement and
related complications, regardless of the type of stent used. Metallic stents are preferentially used in the
event of distorted or highly necrotic stenoses and tracheo-oesophageal fistulas.

Other procedures
Endoscopic dilatation
Endoscopic dilatation consists of inflating (to 3–6 atm pressure) a balloon placed in the centre of an
obstructive lesion via radioscopic or video-endoscopic guidance (using a guide wire) [11, 72, 73]. Due to
its transient efficacy, this procedure must be considered as the first step of an interventional bronchoscopy,
preparing the trachea or the bronchus for stent placement.

Photodynamic therapy
Photodynamic therapy (PDT) involves destroying a tumour by activating a photosensitising agent (most
commonly a haematoporphyrin derivative) using a light source with a specific wavelength (630 nm), which
induces a phototoxic reaction and cell death [7, 9, 74, 75]. The drug is eliminated from most tissues within
72 h, yet remains preferentially stored in the skin, liver, spleen and, above all, in the malignant cells [10].
Like cryotherapy, PDT achieves marked, yet delayed, symptom improvement and is, therefore, not suitable
for critical proximal obstructions.

A second bronchoscopy must be performed 1–2 days later to remove necrotic tumour tissue and then after
5–7 days to expose residual tissue to a second illumination [40, 74, 76–78]. PDT is particularly effective in
controlling haemoptysis (99%) and dyspnoea, with repermeabilisation and spirometric improvement
(a significant improvement of 280 mL and 430 mL for FEV1 and FVC, respectively [76]) obtained in the
majority of cases [76, 79, 80].

A phototoxic reaction is observed in 5–28% of patients and haemoptysis in 18% (of which 2.2% have been
reported as fatal, n=636) [74]. Since the collagen remains unaffected, the risk of perforation is nonexistent
[81]. The mortality rate is non-negligible, reaching 9% during the first month [79]. Preventive measures
(e.g. sun avoidance for 6 weeks) are effective, despite appearing overly restrictive for a population with
limited life expectancy [79].

Brachytherapy
Brachytherapy involves applying radioactive isotopes (Iridium 192) in a highly localised manner to the
tumour in order to preserve neighbouring healthy tissues by using a graduated radio-opaque catheter
under video-endoscopic guidance [9]. While symptoms and functional parameters usually improve with
this technique, the rate of severe complication is substantial and reported as between 13 and 20% [82, 83].
Death from massive haemoptysis has been reported in up to 7% of patients (n=342) [83]. Radiation
bronchitis, which is often fatal and associated with necrosis followed by abscess formation, occurs in
14–35% of patients [84–86].

Although brachytherapy still constitutes an interesting option for treating radio-occult lesions, or for
treating <3 cm endobronchial infiltrations for patients with respiratory insufficiency, contralateral
recurrence after pneumonectomy or as a complementary technique to incomplete resection surgery [40,
87, 88], it should not be used as a first-line in the palliative treatment of malignant obstructions.

Microdebrider
The microdebrider is a tool combining a rotating blade and suction. This technique allows for rapid
debulking, as the suction simultaneously evacuates the tumour debris with no risk of perforation, the
result being superficial and visible to the naked eye. A good endoscopic outcome is typically achieved in
98% of cases (n=51, including 36 nonsmall cell lung cancer cases) [89, 90].
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Combination of techniques
Although some of the techniques appear to compete with one another, for example laser and thermo-
coagulation [37, 91], others can be complementary, for example stent placement following debulking [28, 49,
91]. The synergistic combination of laser, used for immediate effect, and brachytherapy, used for a lasting
effect [85, 92–96], has been proven to achieve excellent symptomatic responses and extended survival (laser
treatment and brachytherapy versus laser only: 60% versus 30% survival at 7 months [97]; median survival
7.5 months versus 2.2 months [86], respectively). However, the severe complications related to brachytherapy
are frequent in this context [98], and a study that analysed 378 procedures in 121 patients showed similar
outcomes whether or not the laser technique was combined with brachytherapy [99]. This sequence is,
therefore, of little interest. The use of cryotherapy on the implantation base of solely intraluminal tumours,
associated with a mechanical debulking treatment and/or laser/thermo-coagulation is probably an interesting
option for an immediate and quick effect as well as a prolonged cytotoxic effect. For highly haemorrhagic
tumours, an artery embolisation preceding the interventional bronchoscopy can be discussed.

Anaesthesia
The majority of patients exhibit a severely altered general status (ASA 3 or 4) due to cardiac or respiratory
comorbidities or to obstructive pneumonia [7, 9, 12]. These cases, therefore, call for an anaesthesiologist
who is familiar with the different procedures that may be performed. The various thermal techniques
can be performed under sedation using flexible bronchoscopy via a laryngeal mask in cases of small,
low haemorrhage risk tumours. Placing a self-expandable prosthesis is possible, but challenging under
flexible bronchoscopy. Whichever technique is used, a threatening tracheal obstruction requires rigid
bronchoscopy and the use of a short general anaesthetic, usually a combination of propofol and a short
half-life opioid [40, 100].

Two ventilation modalities are available. Spontaneous ventilation, alternated with bag-valve-mask
ventilation, is associated with a risk of barotrauma. The principle of jet ventilation is to deliver gas at high
frequency (100–200 c·min−1), high pressure (3–5 bar) and small volume (2–3 mL·kg−1). Jet ventilation
allows the patient to be ventilated continuously without the risk of barotrauma [101].

Patient selection
Obstruction characteristics
The malignant central airway obstructions that require bronchoscopic management are those that affect a
proximal airway (trachea and main bronchi), with the identification of a healthy bronchial tree and viable
parenchyma beyond the stenosis. In the case of obstruction at the lobar level, bronchoscopic approaches
are only indicated for controlling haemoptysis or draining a post-obstructive pneumonia, since ventilation
is not significantly improved in these cases [23]. In the case of documented pulmonary artery thrombosis,
debulking is associated with a risk of an enhanced dead space effect [4].

Initial flexible bronchoscopy, the benefits of which may be enhanced by using ultra-thin fiberscopes for
impassable tumour cases [42] or radial ultrasonography for analysing vascular relationships [102], is the
best method for assessing not only stenosis mechanisms and extension, but particularly the permeability of
the bronchial tree beyond the stenosis. A chest computed tomography (CT) scan with three-dimensional
reconstructions is a valuable tool for determining bronchial tree and parenchyma viability, thereby
informing the choice of stent [38]. Spirometric analysis is only indicated in clinical studies, since the
expected benefit is symptomatic [103].

Patient characteristics
This is a key element of bronchoscopic management, with the aim to avoid invasive techniques in
patients who will not benefit and select the best patients for whom the benefit will be sustained. In a
recent retrospective study, we identified several simple prognostic factors (histology, grade, ASA score
and previous treatment) that enabled us to determine subgroups of patients (using the CART
(classification and regression trees) segmentation technique) who appear to benefit the most from the
treatment. The median life expectancy of these patients is typically very limited, 4.7 months in our study,
but with great variability, from 13 months for previously untreated squamous cell carcinomas to less
than 1 month for ASA 4 adenocarcinomas [104]. The procedure-related mortality rate is low, however,
reaching 1.9% in our study, which involved only patients with metastatic disease whose general status
was extremely altered.

Our retrospective study has reinforced our impression that metastatic patients (relative risk 1.83) with poor
general status (anaesthetic score ASA 4, relative risk 2.57) who have chemosensitive tumours but a poor
prognosis (relative risk 1.7 for large cell carcinoma and 1.55 for small cell carcinoma) are not ideal
candidates. However, our study revealed survival in previously treated patients to be significantly better
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when compared with that of untreated patients (relative risk 0.53), even following adjustment for other
prognostic factors. This provides further evidence that interventional bronchoscopy must not be
considered as a last chance procedure after having tried all other treatment options. It should instead be
included in multimodal management and combined with specific treatments to improve their tolerability
(e.g. drainage of a post-obstructive pneumonia before chemotherapy and aplasia episodes, resolving
atelectasis so as to re-examine radiation fields).

All these potential prognostic factors must be validated prospectively. This will enable a more precise
evaluation of the efficacy of this technique in terms of survival and, above all, quality of life, as well as
allowing the identification of patient subgroups that will benefit from a better quality of life and longer
survival. A recent prospective study on 947 patients evaluated quality of life (as a secondary end-point)
after bronchoscopic treatment of central airway obstruction. Health-related quality of life (SF-6D) was
improved in 76 (42%) out of 183 patients measured [105]. In the SPOC trial a dramatic improvement of
quality of life (Quality of Life 30 Lung Cancer 13 (QLC 30 LC-13)) was observed in both arms, with a
more durable effectiveness in the stent arm [62]. So far, only two small studies have evaluated the
effectiveness of a multimodal interventional bronchoscopy on quality of life. AMJADI et al. [106] showed, in
20 patients, an improvement in dyspnoea score, but not in the overall quality of life score measured by the
EORTC (European Organisation for Research and Treatment of Cancer) score. The second study, which
involved 37 patients, could not establish a significant improvement in the overall score (EORTC LC13)
either [107].

Timing of interventional bronchoscopy in the multimodal management of proximal
cancer
Interventional bronchoscopy must be included in multimodal management, which usually consists of
chemotherapy, radiotherapy and sometimes surgery. Survival is improved by “adjuvant” treatment with
chemotherapy or radiotherapy (38 versus 6 months median survival) [16, 44, 98]. Similarly, survival appears
improved when debulking procedures are proposed straight away and not as a last resort (37 versus
10 months median survival) [17, 98]. Figure 1 summarises the decision process to be undertaken in cases of
proximal malignant obstruction and figure 2 suggests a possible decision tree outlining the techniques to be
favoured according to the characteristics of the stenosis.

Central airway obstruction (CAO)

Acute respiratory distressYes

Yes No

No

CAO >70% and/or symptomatic

Assessment of operability and resectability

Assessment of operability and resectability

CAO <70% and/or not/slightly symptomatic

Interventional

bronchoscopy

Chemotherapy±

radiotherapy

Surgery

Chemotherapy±

radiotherapy

Surgery

Chemotherapy±

radiotherapy

Interventional

bronchoscopy

Viability of downstream bed and parenchyma

Pulmonary artery permeability

Tumour not/slightly chemosensitive

FIGURE 1 Decision process to be undertaken in cases of proximal malignant obstruction.
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Emergency setting
For cases of new-onset acute respiratory distress, the available data are often scarce. It is, therefore,
advisable to seek out, at the very least, histological data and details of the permeability of the downstream
bronchial tree and of the pulmonary artery.

When the tumour is highly chemosensitive, such as in cases of small cell carcinoma or lymphoma, and
involves infiltration of the distal bronchial tree or a nonviable parenchyma, as seen in lymphangitis and
multiple bilateral nodules, this is not a suitable procedure and initiating a specifically-designed treatment
seems to be the priority [9].

In all other cases, bronchoscopic management is undisputed and, in the vast majority of cases, enables
physicians to “clear a hurdle”, as it were, and initiate treatment under the right conditions. For example,
implanting a self-expandable prosthesis under flexible bronchoscopy, following respiratory distress
complications to a malignant tracheobronchial obstruction, achieves ventilator weaning within 24 h in over
75% of cases [41, 56, 57, 108].

Non-emergency setting
Debulking and surgery
Surgery may sometimes be suggested for treating malignant central stenoses, usually based on
pneumonectomy and occasionally extended to the trachea and carina, with reconstruction in cases of
proximal involvement [109]. In cases where there has been prior debulking, it is sometimes possible to
proceed with more conservative surgery than expected (61% of cases, n=74) or even to operate tumours
initially thought to be inoperable [15, 18, 91, 92]. Tumour size is, in fact, often revised downwards, with
nodal status at times being distorted by the presence of post-obstructive pneumonia.

Debulking and radiotherapy
While radiotherapy has proven highly effective in haemoptysis management, it does only resolve atelectasis in
23–54% of cases [6, 110], and that is only as a delayed outcome (median 24 days). This suggests that some
benefit could be gained by prior local treatment [7]. The laser sequence, followed by radiotherapy (fig. 3), offers
extended survival (median: 11 months) [111], even if a prior laser procedure increases the risk of haemoptysis

No

No Yes

Intraluminal or mixed obstruction

Slightly symptomatic <70%ARD, CAO >70%

Rigid bronchoscopy ++++

Laser+++

Thermo-coagulation++

Rigid++, flexible + bronchoscopy

Cryotherapy+++

Thermo-coagulation++

Laser+

±Stent

If extrinsic component

Depending on therapeutic options

Silicone

stent

Hybrid

stent

Necrotic stenosis

Distortion

Fistula

Extrinsic obstruction

No interventional

bronchoscopy

Symptomatic central airway obstruction nonresectable tumour

Viability of downstream bed and parenchyma

Pulmonary artery permeability

Yes

FIGURE 2 Decision tree outlining the techniques to be favoured according to the characteristics of the stenosis. ARD:
acute respiratory distress; CAO: central airway obstruction. The number of plus symbols indicates the level of
recommendation, from + (probably not to be considered as first line) to ++++ (highly recommended).

386 DOI: 10.1183/16000617.00010014

LUNG CANCER | N. GUIBERT ET AL.



[4]. A synergistic effect has been demonstrated with combined cryotherapy and radiotherapy (median survival:
19 months; 65% histological remission in irradiated patients following cryotherapy considered effective based on
endoscopic criteria) [63, 65]. This synergy has also been suggested for PDT by a randomised study involving a
small sample size [112]. The temporary bracing of the airways with a stent is also a useful option for making
progress against infection and reducing the volume to be irradiated by resolving the atelectasis prior to
radiotherapy [11, 17, 113, 114]. Thermo-coagulation has also been found to achieve good outcomes when
associated with radiotherapy or brachytherapy [115]. New radiotherapy techniques seem particularly suitable for
the management of central airway obstructions and should, where possible, be associated with bronchoscopic
treatment. For example, the incorporation of 2-fluoro-2-deoxy-D-glucose positron emission tomography-CT for
radiotherapy planning results in better distinction of malignant tissue in cases of collapsed lung [116]. Adaptive
radiotherapy allows re-planning of treatment in the presence of significant changes in the patient’s tumour
position (e.g. lobe re-expansion or variations in the mediastinum position) [117]. Finally, intensity modulated
radiotherapy allows patient-specific tight tumour margins and reduced rates of radiation-associated toxicity and
seems particularly indicated in tumours that are very near the organ at risk [118].

a) b)

d)

e)

c)

FIGURE 3 Multimodal management of a central airway obstruction by a squamous cell carcinoma using laser and
temporary carinal stent placement, followed by radiation therapy. a) Large carinal tumour involving the two main
bronchi. Results after laser treatment on the b) left and c) right main bronchi. d) Proximal view of a Y Dumon stent
stenting the trachea and the main stem bronchi. e) Result after radiation therapy and stent removal.
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Debulking and chemotherapy
In addition to improving the patient’s general status and management of associated pneumonia, thus
improving tolerance to chemotherapy, a synergistic effect has been demonstrated with cryotherapy [63], as
cryotreated cells respond more easily to chemotherapy [119].

Conclusion
Each of the techniques available to interventional bronchoscopists enables the restoration of a patent
bronchial lumen and significant improvement of symptoms. Rigid bronchoscopy is recommended in the
vast majority of the cases, except for cases with low haemorrhage risk and small lesions. The choice of
technique(s) depends on the operator’s experience, along with the characteristics of the stenosis and
expected time before the treatment takes effect. Mechanical debulking, laser and thermo-coagulation are
the preferred options for critical obstructions. Cryotherapy is highly effective in nonrespiratory emergency
cases, as its effectiveness is delayed, but prolonged. Implanting a prosthesis can resolve extrinsic
obstructions and delay local recurrence of intraluminal components.

Bronchoscopic debulking offers a synergistic action in combination with all other bronchial cancer
treatments and should be included in multimodal management as soon as the first symptoms develop,
rather than as a last resort. All things considered, the challenge for interventional bronchoscopy is to be
part and parcel of the multimodal management of lung cancer for better palliation and quality of life. This
is best achieved by identifying the technique or combination of techniques that should be used, setting the
best time to operate and anticipating which patients will derive the most benefit.
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