
SERIES ‘‘INTERVENTIONAL PULMONOLOGY’’
Edited by J.P. Janssen, M. Noppen and K.F. Rabe
Number 1 in this Series

Therapeutic bronchoscopy with immediate

effect: laser, electrocautery, argon plasma

coagulation and stents
C.T. Bolliger*, T.G. Sutedja#, J. Strausz" and L. Freitag"

ABSTRACT: Minimally invasive diagnostic and therapeutic approaches in medicine have been

applied for a more selective and tailored approach to reduce patients’ morbidity and mortality.

The efficacy of interventional pulmonology for palliation of patients with central airways

obstruction has been established and its curative potential for intralesional treatment of early

cancer has raised great interest in current screening programmes.

This is due to the fact that surgical resection and systemic nodal dissection as the gold

standard is relatively morbid and risky, especially when dealing with individuals with limited

functional reserves due to smoking-related comorbidities, such as chronic obstructive pulmonary

disease. Furthermore, such comorbidities have been proven to harbour early stage lesions of

several millimetres in size without involvement of nodal disease that may be amenable to local

bronchoscopic treatment.

Therefore, the success of minimally invasive strategies for palliation and treatment with curative

intent strongly depends on the diligent identification of the various factors in lung cancer manage-

ment, including full comprehension of the limits and potential of each particular technique. Maximal

preservation of quality of life is a prerequisite in successfully dealing with individuals at risk of

harbouring asymptomatic early lung cancer, to prevent aggressive surgical diagnostic and

therapeutic strategies since overdiagnosis remains an issue that is heavily debated.

In the palliative setting of alleviating central airway obstruction, laser resection, electrocautery,

argon plasma coagulation and stenting are techniques that can provide immediate relief, in

contrast to cryotherapy, brachytherapy and photodynamic therapy with delayed effects. With

curative intent, intraluminal techniques that easily coagulate early stage cancer lesions will

increase the implementation of interventional pulmonology for benign and relatively benign

diseases, as well as early cancer lesions and its precursors at their earliest stage of disease.

KEYWORDS: Argon plasma coagulation, electrocautery, interventional pulmonology, laser

resection, stent

CLINICAL BACKGROUND
Advanced stage lung cancer poses a serious
threat to quality of life (QoL) due to local tumour
growth and distant metastases [1]. Significant
airway obstruction with imminent suffocation
requires immediate action to promptly regain the
airway passage [2, 3]. Obstruction is caused by
intraluminal tumour growth, extraluminal tu-
mour compression or its combination (fig. 1). The
majority of patients referred to interventional

pulmonologists suffer from end-stage tumour
recurrences, failing previous chemoradiotherapy
regimens. In addition, imminent suffocation and
poor physical condition may provide little room
for timely and safe intervention, so immediate
action is warranted. Therefore, treatment plans
must be diligently considered and executed to
obtain an optimal benefit. Tumour coagulation to
reduce profuse bleeding, followed by debulking,
with additional stenting in case of significant
residual extraluminal stenosis, is currently the
accepted strategy [2].
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For patients with resectable cancers, radical surgical resection
with systemic nodal dissection is the standard approach [4],
while lesser resection in the absence of nodal disease is now
being explored in many screening strategies [5, 6]. The
persisting chance of developing subsequent cancer primaries
in the event of field cancerisation and the fact that many
individuals already suffer from smoking-related comorbidities
justifies the consideration of using minimally invasive appro-
aches that better preserve QoL [7, 8]. Accurate staging and the
definition of early stage lung cancer remain problematic [9].
However, new imaging and staging procedures hold great
promise for better tumour assessment [10–12]. Advancements
of bronchoscopic techniques allow diligent observation of the
target tissues, i.e. in the pre-neoplastic and carcinoma in situ
stage. Certain individuals with favourable early lesions can be
properly identified and a less invasive approach is appropriate
in these subjects [13–20]. The time window before micro-
invasive cancer develops nodal involvement can be exploited
by choosing a tailored approach for each particular lesion in
the person at risk that better preserves QoL and has superior
cost-effectiveness [21, 22].

Medically unfit patients with early stage cancer have been
treated successfully with intraluminal bronchoscopic treatment
(IBT) [16–18]. The future of accurate navigational technique, in
combination with in vivo microdynamic imaging, can help to
extend the reach towards early lesions in the lung parenchyma
[23, 24], as the majority of them are nonmalignant and tissue
biopsy is still required prior to any treatment commencement
[25]. A comprehensive strategy, including non- and minimally
invasive approaches helps to reduce downstream-related mor-
bidities, mortalities and costs [26–28], as current imaging techni-
ques used in the primary screening have a low positive predictive
value fuelling the controversy about overdiagnosis [29, 30].

It must not be forgotten that stage shift increases the chance
that the individuals at risk may die from nonlung cancer-
related causes [31]. The superior cost-effectiveness of mini-
mally invasive interventions is obvious and already provides a
solution for those patients with early stage lung cancer who are
considered medically inoperable due to insufficient cardio-
pulmonary reserves [32]. The role and limitations of various
techniques for treating malignant, relatively benign and benign
conditions will be discussed.

Previous reviews of endobronchial treatment modalities have
usually focused on purely technical aspects of individual

techniques used for the treatment of central airway lesions,
either with palliative or curative intent. In the current review, it
was the intention of the authors to embed these endoscopic
modalities in the multimodality approach to central airway
lesions, with emphasis on the emerging importance of manage-
ment of early stage lung cancer.

INDICATIONS

Palliative care
Imminent respiratory failure accompanied by symptoms such
as stridor and severe dyspnoea requires immediate action [2].
Extensive investigations, e.g. computed tomography (CT) scan,
lung function measurements and blood gas analysis, prior to
intervention may not be feasible. The immediate action taken is
similar to tracheal intubation for life-saving resuscitation.
There has been a consensus that individuals presenting with
imminent suffocation present with o50%, often with subtotal
obstruction of their central airways [3]. With such a clinical
presentation, the interventional pulmonologist has to antici-
pate intra- and extraluminal airways’ stenoses (fig. 1). For
extraluminal airway stenosis o50% of the normal lumen, stent
implantation is the only choice (see Stents section). In case
expertise is lacking, immediate intubation using the fibreoptic
bronchoscope, passing distal of the stenosis and cleaning the
distal airways of pus and mucus prior to referral, can be life-
saving. Inflation of the tracheal cuff helps compress the
tumourous section. Thereafter, the patient can be transported
safely to a referral centre for further treatment.

Either by using the rigid scope or working through the
endotracheal (ET) tube, the interventional pulmonologist can
perform tumour coagulation and debulking in the same
session. The rigid scope with its larger working channel
provides better access, allowing safer manipulation as ventil-
ation is better preserved [2]. Despite increasing availability of
devices suited for the fibreoptic bronchoscope, its blocking
effect within the ET tube may limit adequate ventilation, and
the smaller working channel may jeopardise safety, especially
when dealing with emergency situations.

The ultimate execution of any technique also depends on its
cost-effectiveness, the available facility and, more importantly,
the expertise of the team. Emergency palliation holds certain
risks for procedure-related morbidity and mortality that
cannot always be prevented. As personal skills are equally
important, there is no ideal interventional strategy that can
guarantee a safe outcome based on the negative selection of the
individuals treated. Therefore, it should always be understood
that technique per se is not the absolute requirement for success.

Treatment with curative intent

Benign conditions

Interventional pulmonologists can provide better treatment
alternatives than surgery, especially for benign and relatively
benign conditions affecting the central airways. For benign
tumours (such as hamartoma, chondroma, papillomatosis) and
for foreign body removal, surgical interventions should remain
the last resort. Any minimally invasive technique that can be
initiated to solve the problem before performing major surgery
is preferable to an immediate surgical approach [33].
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FIGURE 1. Schematic illustration of the three basic types of central airway

stenosis; a 50% obstruction at the level of the distal trachea is chosen for each type.
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Relatively benign conditions

Significant intraluminal tumour growth that blocks the larger
airways may affect the patient’s condition due to post-
obstructive pneumonia. This may justify an initial step of
tumour debulking, to improve the patient’s condition and
better assess tumour status, i.e. tumour node-metastasis (TNM)
staging prior to definitive disease management. The patient’s
general condition, tumour histology, TNM classification and
choosing the appropriate strategy should be discussed within a
multidisciplinary team in a timely manner. Currently, immedi-
ate implementation of a radical invasive approach based on
tumour histology alone cannot be justified. Technical refine-
ments allow a balanced, tailored approach for each particular
patient based on input from the multidisciplinary team, even
in emergency cases. Histology per se is not the absolute factor
for great haste, be it surgical exploration or otherwise.

Recent data should lead to more awareness in exploiting
interventional pulmonology within the window of opportu-
nity, before a definitive treatment strategy is undertaken.
Examples are surgical specimens free of residual tumour (e.g.
typical carcinoid), after an initial laser treatment, which resolve
post-obstructive pneumonia [34]. Several reports showed the
success of local treatment of mucoepidermoid carcinoma,
granular cell myoblastoma and fibrosarcoma that were
intraluminal [33, 35].

The use of photodynamic therapy for treating early stage
superficial squamous cell cancer in the central airways has
increased awareness of the curative potential of local treatment
[8, 16, 20]. Although this may sound incorrect from the
perspective of histology classification, the accepted standard
strategy of surgical resection has to be seen in the proper
perspective, especially when dealing with severe comorbid-
ities. The assumption that delayed surgery will quickly lead to
the development of metastases cannot be defended based on
current knowledge of the chronic process of carcinogenesis and
tumour biology. Therefore, the interventional bronchoscopist
has to be fully aware of the potentials and limitations of
minimally invasive approaches to intervene in a timely manner.

Malignant tumours in the central airways

The knowledge that squamous cell cancer can proximally
extend, precluding a radical resection, has led to the applica-
tion of photodynamic therapy as the initial treatment to enable
less extensive resection [19, 36, 37]. A combined approach may
increase the option for radical resection with preservation of
normal lung parenchyma for better QoL.

Nonsurgical candidates

Patients with occult squamous cell cancers, regarded as
medically unfit, have been primarily treated with various
intraluminal techniques. Long-term survival has been shown.
This indicates the curative potential of intraluminal therapy.
Higher response rates were correlated with tumour dimension,
indicating the paramount importance of early detection and
accurate staging [16, 20, 32]. Current abilities for accurate TNM
staging in the early event of carcinogenesis, together with local
intervention (e.g. bronchoscopic treatment), will be implemen-
ted increasingly upfront as an alternative to immediate
surgical approach at the earliest disease stage [8, 10, 13, 20–22].

Interventional pulmonology techniques, such as early detec-
tion and staging, e.g. autofluorescence imaging, electro-
magnetic navigation, virtual bronchoscopy, endobronchial
ultrasound with transbronchial needle aspiration and optical
biopsy techniques, will be increasingly integrated in this early
interventional strategy [26, 27, 38, 39]. These important
developments cannot be seen separately from the perspective
of treatment only.

The recognition that carcinoma in situ and possibly atypical
alveolar (adenomatous) hyperplasia may be regarded as end-
steps in carcinogenesis does require a comprehensive strategy
within the field of interventional pulmonology and oncology
[40]. Interventional pulmonology together with, for example,
conformal stereotactic radiation [41], radiofrequency ablation
[42] or transthoracic photodynamic therapy (PDT) [43], will
provide a vast array of local treatment alternatives that are
minimally invasive and should be diligently investigated. The
issue of overdiagnosis and treatment of pseudo-diseases
justifies an interventional approach fraught with lower
morbidity and mortality for potentially malignant clonal cells
that are being detected in increasing numbers [29–31].

The following three sections describe four endoscopic techni-
ques that are used with palliative and curative intent. Their
common feature is their immediate treatment effect, contrary
to techniques such as cryotherapy, PDT and brachytherpay
with delayed effect, which will be described in another article
of this review series.

LASER RESECTION

Equipment and technical background
Laser resection is the application of laser energy delivered via
rigid and/or flexible bronchoscopes in order to manage
(palliate or cure) different endobronchial lesions.

The word ‘‘laser’’ is an acronym for ‘‘light amplification of
stimulated emission of radiation’’. Laser lights that can be
delivered through optical fibres are suitable for bronchoscopic
applications. Three main characteristics determine the suit-
ability of a particular laser for therapeutic bronchoscopy: 1)
power density rating; 2) ratio of absorption and scattering
coefficients in soft tissue; and 3) the delivery system. Power
density depends on laser technology and on factors such as
target tissue and exposure time. By determining the volume of
tissue that is heated, absorption and scattering make the
difference between cutting and haemostasis. Lasers with high
absorption coefficients and high scattering coefficients are
good coagulators. The different types of laser and their
characteristics are listed in table 1 and figure 2. The neody-
nium:yttrium aluminium garnet (Nd-YAG) equipment is the
most widely used type of laser for bronchoscopic interventions
because it has sufficient power to vaporise tissues and
produces an excellent coagulation effect. Its wavelength is
1,064 nm, which is in the invisible range; therefore, it needs a
pilot light usually in the red colour range. Both contact and
noncontact probes are available. In the noncontact mode, the
tip of the probe is held at ,1 cm proximal to the target. An
initial power setting of 20–40 Watts with a pulse duration of
0.5–1 s represents a safe initial setting to obtain devascularisa-
tion. To carbonise tissue, the tip of the probe is either moved
closer to the target at ,3 mm or several pulses are applied at
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the same location. When treating obstructing lesions of the
central airways, the aim is to devascularise the tumour and
subsequently core out the bulk of the tumour with the tip of
the rigid bronchoscope. When working with a flexible
bronchoscope, the lesion is either devascularised or carbonised
and the remaining tissue removed by forceps, or the whole
lesion is vaporised. Both rigid and flexible techniques are used
successfully [44–47]. Protective eyewear is mandatory when
the laser beam is activated.

The carbon dioxide (CO2) laser with a wavelength of
10.600 nm is an excellent cutting tool with an almost scalpel-
like precision. However, its application in the tracheobronchial
tree has been limited by its poor coagulating properties and,

more importantly, by the need of a cumbersome articulated
arm delivery system which precludes it use distal to the main
carina. The CO2 laser is quite popular with ear, nose and throat
(ENT) surgeons for the upper respiratory tract. A detailed
description of the other available lasers listed in table 1 is
beyond the scope of this article.

Laser resection delivered via a rigid or flexible bronchoscope
requires anaesthesia (topical anaesthesia with or without
conscious sedation, or general anaesthesia). Procedures per-
formed with the rigid scope always require general anaesthesia.

Clinical experience and results
For nearly 80 yrs in the history of bronchology, therapeutic
interventions were limited to foreign body removal and
suctioning of airway secretions. In 1976, LAFORET et al. [48]
reported the first applications of laser for the management of
airway tumours. TOTY et al. [49], DUMON et al. [50], and
CAVALIERE and colleagues [51, 52] published their experiences
with the application of Nd-YAG laser in endoscopic tracheo-
bronchial surgery, which became the most frequently used
nonsurgical technique in the management of malignant,
benign and miscellaneous endobronchial disorders [3, 53].

The main indication for laser bronchoscopy comprises
obstructive lesions of the trachea (fig. 3), the left and right
main bronchi, the bronchus intermedius, and the lobar orifices
that compromise ventilation and produce severe symptoms
(including dyspnoea, stridor, intractable cough, and haemop-
tysis; see table 2). Laser treatment of obstructions of segmental
bronchi does not improve ventilation significantly. The most
frequent indication is inoperable lung cancer with endobron-
chial manifestations. The main goal of the intervention is
palliation. In most cases, laser bronchoscopy is combined with
other treatment modalities, i.e. stenting, external beam irradia-
tion and brachytherapy.

The only absolute contraindication is external compression.
There are relative contraindications, such as hypoxaemia,
broncho-oesophageal fistula and coagulopathy. Complica-
tions of laser bronchoscopy include hypoxaemia, bleeding,
perforation, fistula formation and fire. The risk of fire necessi-
tates a strict limitation of the inspired oxygen concentration
to f40%.

The channel of the rigid bronchoscope is large enough to
simultaneously allow ventilation, passage of different laser
fibres and a suction tube. In addition to photocoagulation,

TABLE 1 Laser equipment for bronchoscopic applications

Type of laser Wavelength nm Biological effects

Vaporisation Coagulation

Nd-YAG 1064 +++ +++
CO2 10600 +# -

Argon 488–514 - ++
Dye 360–700 Activate photochemicals

Diode 810 + ++

Excimer 193–351
Tissue destruction by mechanical

effect

YAP-Nd 1340 ? ++

Nd-YAG: neodymium:yttrium aluminium garnet; CO2: carbon dioxide; YAP-Nd:

yttrium aluminium pevroskite:neodymium. +: moderately good; ++: good; +++:

excellent; ?: doubful effect. #: precise cutting effect.
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FIGURE 2. Absorption of the three main chromophores. The physics of laser

tissue interactions, with regard to the different wavelengths used by the different

specialties, can be understood from the absorbance characteristics of wavelength

versus oxyhaemoglobin (HbO2)- or water (H2O)-containing tissue as light photons

are scattered, absorbed and reflected differently depending on the biocomponents

in the target tissue. –––: H2O; ----: HbO2; – – –: melanin. #: XeCl; ": potassium titanyl

phosphate; +: neodymium:yttrium aluminium garnet; 1: erbium:yttrium aluminium

garnet; e: carbon dioxide. ????: wavelengths of the respective lasers indicating the

cut-off values.

a) b)

FIGURE 3. Post-intubation web-like tracheal stenosis a) before and b) after

laser resection.
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mechanical dilation with rigid tubes of increasing diameter can
also be performed. The rigid technique is clearly favoured for
speed and safety by bronchoscopists skilled in both techniques
[50, 54, 55].

In the treatment of early stage lung cancer, the flexible
bronchoscope is comparable to the rigid method. A more in-
depth discussion on the endobronchial managemant of early
stage lung cancer is given in the sections: Electrocautery and
argon plasma coagulation and The clinical perspective of
intraluminal techniques and the issue of costs.

Data of an unpublished survey in Europe suggested that the
majority of these procedures should be performed in pulmo-
nology referral centres where specialised teams with adequate
experience in performing these interventions are available.

ELECTROCAUTERY AND ARGON PLASMA
COAGULATION
The use of electrical current for tissue heating is called
electrocautery or diathermy. Due to a voltage difference
between probe and target tissue, electrons will flow and
current density can be controlled using probes that conduct the
electrons towards the target [56]. Electrons will generate heat
for tissue coagulation due to the higher resistance of the target
tissue. Argon plasma coagulation (APC) uses ionised argon gas
jet flow (5plasma) to conduct electrons allowing a noncontact
mode of treatment (lightning effect) [57].

Equipment and technical background
The high-frequency electrical generator is a standard instru-
ment in every hospital to generate alternating current that

prevents neural and muscular response. A plate is attached to
the patient to ground electrons. APC has been popular in
gastrointestinal endoscopy for superficial coagulation of large
mucosal surfaces. The argon gas quite flexibly flows around
bends and corners. Coagulated tissue has a higher resistance
that automatically drives the argon gas flow away to nearby
untreated tissue. Therefore, APC is suitable for treating
bronchial segments which take off at an acute angle from the
major airways, such as apical and posterior segments of the
upper lobes or the apical lower lobe segments. This has an
advantage over laser bundles, which always leave the probe in
a straightforward way.

Various probes are available to perform controlled conduc-
tance of electrons, including: biopsy forceps, knives, blunt
probes, suction rods, cutting loops, etc. Each probe can be
chosen to match the personal expertise and needs. Current
density is the issue to be considered, as the size of the probe
functions as the focusing point for electrons. Therefore,
ultimate tissue effect depends on voltage difference between
probe and tissue (i.e. the Wattage setting), the surface area of
contact (e.g. a smaller probe will increase current density), the
duration of energy application (i.e. the time duration electrons
are allowed to pass) in the absence of leak (mucus, blood and
conductance of metal part of the bronchoscope or other instru-
ments). More importantly, an immediate effect really can be
seen during electrocautery treatment, which corresponds well
with the histological effect of coagulative necrosis [58].

The vast array of instruments (rigid or flexible), both for
contact or noncontact mode, is appealing for every purpose as
it matches personal expertise and need (fig. 4). Maintenance
cost is low, re-usable applicators are cheap, while the principle
is straightforward and easy to comprehend, especially in
comparison to Nd-YAG laser which is the most popular
technique in larger institutions [59–61]. The contact mode, i.e.
palpation to coagulate tumour, is similar to Nd-YAG laser by

TABLE 2 Indications for laser resection and electrocautery#

Malignant disorders Primary lung cancer

Endobronchial metastasis (from breast, colon, kidney,

thyroid gland, oesophagus)

In situ carcinoma"

Typical carcinoid"

Benign tumours" Papilloma, fibroma, lipoma, hamartochondroma,

leiomyoma

Stenoses Due to the following:

Anastomosis (lung transplantation, surgical resection)

Intubation

Tracheotomy, tracheostomy

Tuberculosis

Sarcoidosis

Wegener’s granulomatosis

Trauma

Inhalation injury

Radiation therapy

Granulation tissue

Miscellaneous Reduction of bleeding

Amyloidosis

Endometriosis

Closure of oesophago-bronchial fistulas

Foreign body removal (lithotripsy)

#: Endobronchial obstruction in the central airways; ": intended to be curative.

FIGURE 4. The various flexible applicators for local treatment using the

fiberoptic bronchoscope. From left to right, photodynamic therapy (PDT) microlens

fibre for surface illumination, PDT cylindrical-diffusor for intraluminal illumination,

argon plasma catheter (blue) for noncontact mode diathermy coagulation,

monopolar electrocautery probe for contact diathermy coagulation protruding out

of the working channel of the broncho-videoscope, high dose rate brachytherapy

catheter for intraluminal irradiation, cryotherapy probe and neodymium:yttrium

aluminium garnet laser fibre.
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way of the sapphire probe, while the noncontact mode of APC
is similar to the CO2 laser for achieving superficial coagulation.

Coagulation, cutting, fulguration, vaporisation and all combi-
nations with mechanical debulking for quick airway recanali-
sation can be performed. Significant residual extraluminal
stenosis or airway wall collapse can be managed by stent
placement (see Stents section).

Arguments have been raised that, compared with Nd-YAG
laser, the effect of electrocautery and APC are superficial. Nd-
YAG laser is the most popular technique for coagulation due to
its enormous heat sink effect, as photons of 1,064 nm deeply
scatter causing profound tissue necrosis. In contrast, electrons
do not scatter and dissipate into the deeper layers beneath the
point of impact, leading to superficial necrosis similar to the
CO2 laser for treating watery tissue.

Deep tissue coagulation may not always be preferable due to
the vicinity of major vessels in the central airways in the
changed anatomy following previous treatments (surgical
resection, chemoradiotherapy). The importance of coagulation
to minimise profuse bleeding prior to debulking is the
accepted strategy in restoring the airway passage [2, 3].

Logistics for applying electrocautery and APC are simple (no
goggles and coverage of reflecting surfaces) and the system
runs on much less electrical energy. The ease of using the
instrument and flexible applicators, in addition to the standard
facility of the fiberoptic bronchoscope, is a great advantage
(similar to the flexibility of a brachytherapy catheter versus the
rigidity of microlens and cylindrical diffuser for PDT, cryo-
probe and Nd-YAG laser probe).

APC as a noncontact mode using an argon plasma jet also
clears the pool of mucus and blood and conducts electrons
around the corner. It allows spraying of larger surface areas to
obtain homogeneous and superficial necrosis. Therefore,
electrocautery and APC are elegant for treating early stage
superficial squamous cell cancer known to be several cell
layers thick, similar to using the CO2 laser or ultraviolet light
illumination for PDT using Photofrin II1 sensitisers (QLT
pharmaceuticals, Vancouver, BC, Canada) [62].

Clinical experience and results
In 1985, HOOPER and JACKSON [59, 60] reported the use of
electrocautery through the fiberoptic bronchoscope and its
economic potential, but the popularity of Nd-YAG laser was
overwhelming. The obvious advantages of electrocautery were
not fully appreciated until cost-effectiveness became increas-
ingly important [61, 62]. In palliative interventional pulmonol-
ogy, various available methods can currently be applied. Hot
techniques achieve rapid haemostasis enabling mechanical
debulking of obstruction tumours. This combination of
techniques has become the cornerstone approach for immedi-
ate recanalisation [2, 3]. Cryotherapy, brachytherapy and PDT
are, therefore, less appropriate. Electrocautery and argon
plasma coagulation are straightforward techniques enabling
simpler clinical application than Nd-YAG laser [61–65].
Therefore, it is logical to extend the use of such a simple
technique in treating local tumour growth for superficial early
stage cancer in the central airways, as theoretical concepts
behind early detection, staging and treatment are more

important, rather than focusing on treatment technique per se
as a separate entity [9, 13, 17, 18].

Palliative intervention

As described earlier, both intraluminal tumour growth and
extraluminal compression of the central airways has to be
anticipated in dealing with imminent suffocation. The advan-
tages of hot techniques in combination with mechanical
debulking and stenting have been addressed, in contrast to
the delayed effect of cryotherapy, brachytherapy and PDT.
From the clinical perspective, immediate symptomatic relief by
tumour coagulation using electrocautery followed by mechan-
ical debulking is straightforward and has been the accepted
consensus strategy [2, 3, 61–66]. The effectiveness of stent
placement for significant extraluminal disease has also been
established. It is clear from the available data that electro-
cautery and argon plasma coagulation are superiorly cost-
effective compared with Nd-YAG laser resection, i.e. allowing
outpatient treatment under conscious sedation with better
haemostasis, due to less complicated procedures and cheaper
applicators. Success rate has been in the order of 70–80%,
which is comparable to other debulking techniques. However,
for most indications it does not matter whether laser resection
or electrocautery is used, as by and large both techniques
achieve similar results and are to be considered competitive.

Treatment with curative intent

Arguments have been raised that the limited number of
patients with occult cancer treated with various intraluminal
bronchoscopic techniques does not justify their role. However,
less extensive surgical resection, e.g. segmentectomy and
surgical bronchoplasty, has been accepted as a legitimate
approach for patients considered as being high risk surgical
candidates with limited pulmonary function [5]. It is based
on the recognition that minute early stage lesions within
bronchoscopic visibility, according to strict bronchoscopic
criteria (as proposed by IKEDA [67] in 1976), never have nodal
disease. Meticulous histopathological studies from various
Japanese centres and from the Mayo screening study con-
firmed the superficial nature of these lesions and the absence
of the lymph nodes’ metastasis [7, 68–70], while it has long
been known that these lesions are only several millimetres
thick. These data have increased the interest in applying PDT
for treatment with curative intent and the move to early
detection, localisation and application of methods for accurate
staging prior to any treatment decision.

A vast array of early detection and staging methods are
increasingly being investigated, including sputum cytometry,
autofluorescence bronchoscopy, local staging with endobron-
chial ultrasound (EBUS), high-resolution computed tomo-
graphy (HRCT), virtual bronchoscopy and 18F-fluoro-2-deoxy
-D-glucose-positron emission tomography (FDG-PET) scan.
Therefore, these investigational techniques, combined with
minimally invasive intralesional treatment, can provide a cost-
effective early interventional management in the current
screening area [10–20, 24, 26, 27, 71]. This has driven a
paradigm shift towards early intervention, recognition of the
individuals at the highest risk, biomolecular research, pre-
dictive algorithms for those at risk, and early interventional
strategies, such as chemoprevention at the pre-neoplastic stage
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of early detected potentially malignant lesions [72–78]. The use
of nonminimal invasive detection, staging and treatment
methods for early parenchymal lesion is beyond the scope of
the present article.

Lead time in a currently acknowledged chronic process of
carcinogenesis does not seem to support immediate aggressive
surgical management when dealing with subcentimetre early
cancer lesions at the in situ stage. Carcinoma in situ and
microinvasive squamous cell carcinoma are superficial and
applying the rigid criteria of central type early cancer they are
shown to be pTisN0 (pathologic stage, tumour in situ). At this
stage there is a sufficient time interval that allows delayed
surgical resection, which stresses the fact that current detection
methods are able to localise central lesions in the clonal pre-
neoplastic stage containing only 90,000 cells [79]. This opens
new avenues in exploiting the potential of the fibreoptic
bronchoscope and catheter-based techniques for early inter-
vention (fig. 5; table 3 [80–84]). Guidelines for treating early
lesions have been published [18, 74].

PDT is the most popular approach in treating early cancer
lesions; however, the arguments regarding early treatment are
primarily based on proper staging rather than treatment
technique. The issue of alternative nonsurgical early interven-
tion should be based on sound oncological considerations,
including the analysis of tumour behaviour, cost-effectiveness
and QoL [21, 22]. Early cancer lesions not involving lymph
nodes are amenable for local therapy, thus, it is important to
accurately stage local tumour growth. The role of autofluor-
escence bronchoscopy, EBUS, HRCT, FDG-PET scan and
various treatments have been addressed before. Current data
show that each IBT technique can eradicate ,1 cm2 f3 mm
tumour volume with distinct distal tumour margin, as
indicated from PDT data from various Japanese institutions
[16, 20]. Success rates have been in the 90–100% range,
translating itself to local cure due to the reported (very long)
follow-up time of .5 yrs. Tumour growth in the deeper layers
and nodal disease are off limits for any local treatment. The
cutting edge of the scalpel should be clearly indicated and
compared with the cutting edge of IBT for local treatment that

a) b) d)c)

FIGURE 5. a) Microinvasive squamous cell cancer of the middle lobe carina (18F-fluoro-2-deoxy-D-glucose-positron emission tomography (FGD-PET) scan tumour-

positive lesion; d) with an estimated surface area of f3 mm2 prior to biopsy (indicated by arrow). The corresponding autofluorescence image (b) shows the size of the flexible

biopsy forceps with open jaws, and the image of distal intermediate bronchus (c) shows some scarring of the previously treated microinvasive carcinoma of the carina of the

superior segment of the right lower lobe (RB6). Complete tumour eradication being FDG-PET scan negative, 3 yrs post-electrocautery.

TABLE 3 Early stage cancer in the central airways treated with curative intent using various intraluminal bronchoscopic treatment
methods

First author [Ref.] Methods Patients n (lesions n) Response Survival months

CORTESE [8] PDT (Photofrin II1) 21 (23 resectable) Nine patients (43%) spared from surgery .24

HAYATA [16] PDT (HpD) (123) CR 93% if ,1 cm ,60

CR 45% if .1 cm

GROSJEAN [80] PDT (m-THPC) 12 CR 13/16 (81%) 3–38

AWADH [81] PDT (5-ALA) 6 CR 5/6 (83%) NA

KATO [83] PDT (NPe-6) 35 (39) CR 83% (84.6%) NA

MARSIGLIA [84] HDR brachytherapy 34 Local control 85% Median 24

Survival 78%

DEYGAS [82] Cryotherapy 35 CR 32/35 (91%) 20% failure .48

VAN BOXEM [17] Electrocautery 13 (15) CR 80%, 10 patients, 12 lesions 16–43

VONK NOORDEGRAAF [32] Electrocautery 32 CR 31/32 (97%) Median 60 (24–120)

PDT: photodynamic therapy; HpD: haematoporphyrin derivative; CR: complete response (radiographically occult cancers with negative histology/cytology at follow-up

and normal radiological examinations); m-THPC: meta-(tetrahydroxyphenyl)chlorin; ALA: 5-aminolevulinic acid; NA: not available; NPe-6: mono-L-aspartyl chlorine 6;

HDR: high dose rate.
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is more superficial, but less invasive and superiorly cost-
effective. New imaging facilities, e.g. automated sputum
cytometry, optical coherence tomography, confocal endoscopy,
Raman near infrared spectroscopy below the threshold of the
conventional bronchoscope and microscopic examination are
currently utilised for early detection and to stage precursor
lesions more accurately [26, 27].

STENTS
Stents are devices for the internal splinting of luminal struc-
tures. In the airways, four major indications have been estab-
lished: 1) counteracting extrinsic compression from tumours or
lymphnodes; 2) stabilising airway patency after endoscopic
removal of intraluminally growing cancer; 3) sealing malignant
fistulas, e.g. stump dehiscences or fistulas between trachea and
oesophagus; and 4) treating benign strictures.

Equipment and technical background
The first stents that were widely used were the T-tubes
developed by MONTGOMERY [85]. Though they require a
tracheostomy, these silicone stents are still widely used by
ENT surgeons and they are considered to be the safest
approach in cases of very high tracheal stenoses. WESTABY

et al. [86] modified this stent and designed a T-Y prosthesis,
which enabled splinting of the carinal region. Using the same
tissue-friendly silicone material, DUMON [87] developed the
first stents that could be inserted through a bronchoscope
without a tracheostomy. In retrospect, Dumon’s achievement
gave the discipline of interventional bronchology very impor-
tant momentum. Suddenly, pulmonologists could approach
and treat conditions that had formerly been considered either
completely untreatable or treatable only by extensive surgical
procedures. At present, Dumon stents are still the most widely
used worldwide [88]. These versatile silicone stents are
available in different lengths and diameters for tracheal and
bronchial stenoses for adults and children (Novatech SA,
La Ciotat, France). Usually, Dumon stents are placed using
rigid bronchoscopy under general anaesthesia, which limits
their use to centres where rigid bronchoscopy is practiced. A
few years after the Dumon stent, other polymer stents
were developed and commercialised (fig. 6). Conformité
Européene [European Conformity] (CE) Mark and Food and
Drug Administration (FDA) approval has been given to the
PolyflexTM stent (Rüsch, Kernen, Germany). Its wall thickness
is lower providing a bigger inner lumen than the Dumon stent
[89]. In contrast to Dumon stents, normal PolyflexTM stents do

a) b) c) d) e) f) g)

h) i) j) k)

FIGURE 6. Currently available stents with a Conformité Européene Mark: a) Dumon stent; b) Polyflex2 stent; c) Noppen stent; d) covered Ultraflex2 stent; e) Alveolus

Areo stent; f) Wallstent; g) Mandel and Rupp bronchial stent; h) Montgomery t-stent; i) bifurcated Dumon stent; j) Dynamic stent; and k) Micro-tech bifurcation stent.

C.T. BOLLIGER ET AL. THERAPEUTIC BRONCHOSCOPIC PROCEDURES

c
EUROPEAN RESPIRATORY JOURNAL VOLUME 27 NUMBER 6 1265



not have studs outside, a fact that increases the risk of
migration. BOLLIGER et al. [90] recently reported on a modified
PolyflexTM stent with studs on the outer surface that seems to
have solved this problem. The third polymer stent that is
available in Europe is the Tygon stent developed by NOPPEN

et al. [91] (Reynder Medical Supply, Lennik, Belgium). It is less
expensive but seems to be equally effective as the Dumon
stent. All polymer prostheses are deployed out of a rigid or
semi-rigid tube, requiring general anaesthesia. This disadvan-
tage is outweighed by the fact that these stents can be easily
repositioned, removed or replaced at any time.

For longer stenoses and obstructions involving the carinal
region, Y-shaped stents are available. The Dynamic stent
developed by FREITAG et al. [92] (Boston Scientific Corporation,
Natlick, MA, USA) is a hybrid stent made from silicone with
horseshoe-shaped steel clasps. In their original form, and with
individual modifications, they have been successfully used for
the sealing of oesophagotracheal fistulas and stump fistulas
[92, 93]. Other bifurcated prostheses are available from the
Hood Company (Hood Laboratories, Decature, GA, USA) and
as part of the Dumon set.

The other family of stents is made from metals, such as steel,
nitinol and phynox. At first sight, there are many advantages
to metal constructions over polymer prostheses. In general, the
walls of metal stents can be thinner due to the far higher elastic
modulus of metals compared with rubber materials. If a
smaller airway is splinted by a stent with a wall thickness of
2 mm on both sides, the internal luminal gain is not significant.
In addition, functionality requires a substantial length of these
stents [94]. Thus, placing silicone stents into lobar bronchi is
either impossible or does not make sense. While former stents,
such as the Palmaz steel stent had required some kind of
dilatation, e.g. with a balloon, all modern metal stents with CE
marks and FDA approval for tracheobronchial use are self-
expanding. Early stents were uncovered but the high incidence
of complications convinced most practicing physicians, and the
industry, that covered metal stents are advantageous [95–97].
The Wallstents currently marketed (Boston Scientific),
Ultraflex stents (Boston Scientific) and Alveolus stents
(Alveolus Inc, Charlotte, NC, USA; fig. 7) have unique shapes
and vary in their biomechanical behaviour, but they are all
covered by thin polymer membranes. According to sales
advisors, self-expanding covered metal stents already have the
largest market share. The use of uncovered stents is now
limited [98]. All these self-expanding metal stents can be
inserted with flexible instruments under local anaesthesia.

Clinical experience and results
There are a huge number of case reports and small series in the
published literature proving the feasibility of stent placement,
acceptance and tolerance. Considering the popularity of stent
placement, there are very few multicentre studies and not a
single randomised study comparing treated and untreated
patients or stent type A versus stent type B.

Stents are indicated if the airways are considerably com-
pressed from the outside by malignancies. There is no clear
advantage of any type of stent [88, 89, 91, 92, 95, 98–104]. Stents
can be used temporarily [92, 105] in a multimodality concept of
cancer care and as a last palliative measure for end-stage

cancer patients [106, 107]. The efficacy regarding functional
improvement and QoL appears to be proven [90, 108]. Newer
investigations indicate that the problem is more complex than
originally thought. MIYAZAWA et al. [109] recently pointed out
that the exact choke point has to be determined and exact stent
positioning is necessary to guarantee functional benefit. They
used EBUS in their decision algorithm. The expansion force of
a stent that is necessary to cope with a malignant compression
still remains unclear [96]. It is likely that stents with identical
sizes and shapes but different hoop stresses (recoil) for
different biomechanical conditions will be available in the
near future. The industry will provide measuring devices to
help physicians decide which stent should be used for a given
condition. From a biomechanical point of view, the largest
possible stent should be used. In most cases of malignant
compromise of the central airways, this requires other
interventional methods, such as laser desobliteration or
balloon dilatation, prior to stent placement. Considering the
possible complications and the high cost of the prostheses, stents
should only be placed if a patient can truly benefit from it.

Stents can help to seal fistulas between the respiratory tract
and the aerodigestive tract [93, 110]. Perforation and migration
of oesophageal stents is prevented by tracheal stents. For large
oesophagotracheal fistulas, double stenting seems to be
superior over single stenting of either the oesophagus or the
trachea. Stump fistulas or dehiscences have been treated by off-
the-shelf or modified stents. They have been used to bridge the
gap between or complementing surgery [96, 111, 112]. In any

a) b)

c) d)

FIGURE 7. a) Inoperable benign stricture of a high tracheal stenosis and b) the

same bronchoscopic image 4 yrs after insertion of a tracheal Dumon stent (no

complications occurred during these 48 months). c) Malignant tumour obstructing

the left lower lobe; d) following laser removal of the exophytic tumour tissue, a

completely covered Alveolus Aero stent has been inserted.
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case, a multidisciplinary approach, mostly combined with a
thoracostoma, is required for clinical success.

Less clear are the indications for benign strictures. In cases of
tracheal stenoses, surgeons argue that sleeve resection is the
only solution and that stent placement does more harm than
good. Pulmonologists usually answer with a stent case
showing how they saved a patient’s life who had suffered
from surgical complications. In any meeting, this topic
guarantees an emotional debate between interventional pul-
monologists and surgeons. Every major institution has its own
clinical pathway [113]. The quality of the tracheal surgeon is
probably the most important factor. The algorithm developed
by BRICHET et al. [114] is the only one based on a clear study
design. If stents improve (less tissue-hostile), these algorithms
will need to be updated. Eventually, the value of stents for
certain indications will only be accepted by all when the
procedures have passed the test of time. Meanwhile, airway
stents are considered feasible and cost-effective for the
treatment of airway compressions from benign thyroid
diseases [115] and stent placement into post-operative stric-
tures, e.g. in transplantation anastomoses, has become an
accepted treatment modality [116].

Following a lot of hype in the late 1990s, a growing number of
articles deal with stent-associated complications. Retained
secretions, colonisation of stent material, migration, stent
fractures and development of granulation tissue are frequent
findings [88, 97, 117–123]. Migration rates vary from 20–50%.
Obviously metal stents have a higher rate of migration than
silastic stents. Migration occurs more often in benign strictures
than in malignant diseases; in malacic segments they will
certainly move unless a Y-stent is used where anchorage is
guaranteed by the bronchial legs. Biomechanically, it is
challenging to develop a stent that should not migrate, but at
the same time should be easy to remove. Stents impair mucus
clearance and many stent patients require bronchoscopic
suctioning. Accumulation of secretions can be considered a
slightly annoying problem or a severe complication. Though
colonisation and formation of biofilms in the prostheses does
not necessarily mean that there is an infection, halitosis can be
very compromising for a patient. Granulation tissue formation
at the edges of stents, even months after they have been
inserted, can significantly narrow down the internal lumen.
This can gradually increase the work of breathing to a degree
similar to where the patient had been before the stent was
placed. Removal of these granulomas is not easy as they tend
to bleed heavily and the use of techniques, such as laser
resection, is relatively contraindicated because the stent
material is inflammable [124], especially with an inspiratory
oxygen fraction exceeding 40%.

It is agreed by all experts in the field that the ideal stent still
has to be developed. In the area of stents that could be inserted
to keep the patient alive, the time has come to develop stents
that adequately address the QoL issues. Newer materials, a
better understanding of airway biomechanics [109] and other
approaches, such as bioabsorbable stents [125], will lead to
improvements.

The deployment system of stents has improved over recent
years making it easier for less experienced endoscopists to

place stents. General recommendations by most societies and
opinion leaders still include statements such as ‘‘rigid
bronchoscopy should be available’’ or ‘‘expertise and equip-
ment should be available to deal with complications’’.
However, these statements are only fair if enough training
opportunities for interventional bronchology (including the
use of rigid instruments) are provided in the reality. Unless
there is a fair reimbursement practice, European hospitals will
not maintain departments of interventional bronchoscopy. If a
complex procedure, performed by a team of experienced
endoscopists, anaesthesiologists and nurses, is not sufficiently
paid for, patients will not receive optimal treatment but a quick
and, most importantly, cheap fix of their problem. If societies do
not succeed in providing enough training facilities and financial
compensation, the industry has to come up with systems that
combine ease of use with short- and long-term safety.

THE CLINICAL PERSPECTIVE OF INTRALUMINAL
TECHNIQUES AND THE ISSUE OF COSTS
Facilities in larger institutions allow multidisciplinary use of
more complex equipment for the different specialities. Several
bronchoscopic treatment alternatives are currently available.

As success rate is primarily based on correct identification of
subjects at risk and accurate staging, the implementation of
simple nonsurgical interventions will be increasingly appre-
ciated based on the issues of cost-effectiveness and QoL.

For quick palliation of end-stage lung cancer with major
airways obstruction, bronchoscopic techniques, i.e. stenting for
extraluminal stenosis, and hot techniques for tumour coagula-
tion (laser resection, electrocautery, APC) with mechanical
debulking have been firmly established in the current manage-
ment of patients.

The impact of relatively low positive predictive values of many
early screening strategies will generate many false positive
results, as abnormalities found are mainly noncancerous. The
potential of minimally invasive techniques to confirm or refute
the presence of early cancer and its precursor lesions is,
therefore, obvious.

For treatment with curative intent, diligent prospective studies
are warranted to further explore the increasing potential of
bronchoscopic and catheter-based technologies as less invasive
and morbid early interventional modalities. Intralesional treat-
ments, e.g. electrocautery and cryotherapy, are simple compared
with laser resection, brachytherapy and PDT. Easy logistics and
low maintenance costs are still very attractive even in a larger
institution involved in a primary screening setting.

FUTURE STRATEGIES
Current interest in stage shift as the primary goal in a lung
cancer screening setting poses a great challenge for its clinical
management. Minimally invasive techniques already provide
alternatives for patients who are medically unfit.

As the earliest stage of cancer, i.e. carcinoma in situ and
alveolar adenomotaus hyperplasia, involves subcentimetre
lesions, surgical intervention, as the gold standard, may
become disproportionally invasive and costly. It may be
rigidly stated that nonsurgical approaches are still inappropri-
ate until data from phase III prospective trials are mature in
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showing similar efficacy to surgical resection. However, the
following points need some consideration. 1) Alternative
techniques for medically unfit patients are the only solution.
Their inherent risk of dying from nonlung cancer-related
causes and their exclusion from any screening programme
justify wider implementation of minimally invasive techniques
to preserve quality of life in the cohorts suffering from
smoking-related diseases. 2) For individuals with resectable
lesions, lead time in carcinogenesis increases the possibly
negative impact of overdiagnosis. The low positive predictive
value of current diagnostic algorithms, such as sputum
cytology and low-dose spiral computed tomography, despite
the additional use of the 18F-fluoro-2-deoxy-D-glucose-positron
emission tomography scan, still requires tissue biopsy. The
preference for a minimally invasive manner prior to any
treatment commencement is obvious. 3) Follow-up data of
primary screening trials show that more early stage cancers are
being detected. However, downstream morbidities, mortalities
and prolonged emotional insecurity are enormous. If only
noninvasive imaging techniques are used, surgical interven-
tion for benign diseases will remain problematic. The
importance of implementing new techniques for tissue biopsy
and providing alternative strategies, which are less invasive, is
of great interest. 4) Increasing ability to accurately stage and
treat early cancer lesions in a non- and minimally invasive
manner, together with long-term survival outcome data (e.g.
central early stage lesion, pure ground-glass opacity peripheral
lesions, tumour and lymph nodes’ negative 18F-fluoro-2-
deoxy-D-glucose-positron emission tomography microinvasive
cancer), seem to indicate the potential of commencing less
aggressive approaches rather than an immediate surgical
approach. 5) Tumour biology is recognised as becoming an
important factor that determines outcome even in subcenti-
metre lesions. Immediate invasive strategies cannot prevent
the dismal outcome of interval cancers representing more
malignant cohorts of tumours in the subjects at risk. 6) A
randomised phase III study to prove similar efficacy of any
local therapy cannot address the impact of overdiagnosis as
screening may detect a significant number of cancer lesions
that are clinically irrelevant. However, alternative approaches
can significantly reduce downstream morbidities, mortalities
and costs generated by any primary screening programme.
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