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The purpose of this European Respiratory Society/
American Thoracic Society (ERS/ATS) Task Force
position paper is to de® ne the ® eld of interventional
pulmonology as well as to describe the minimal
requirements in methodology and logistics, the
indications, contraindications, outcome and training
requirements for each interventional procedure. This
position paper has been prepared by a group of
European and North American experts.

Interventional pulmonology can be de® ned as "the
art and science of medicine as related to the perform-
ance of diagnostic and invasive therapeutic procedures
that require additional training and expertize beyond
that required in a standard pulmonary medicine
training programme". Disease processes encompassed
within this discipline include complex airway manage-
ment problems, benign and malignant central airway
obstruction, pleural diseases, and pulmonary vascular
procedures. Diagnostic and therapeutic procedures
pertaining to these areas include, but are not limited
to, rigid bronchoscopy, transbronchial needle aspira-
tion, auto¯ uorescence bronchoscopy, endobronchial
ultrasound, transthoracic needle aspiration and biopsy,
laser bronchoscopy, endobronchial electrosurgery,
argon-plasma coagulation, cryotherapy, airway stent
insertion, balloon bronchoplasty and dilatation tech-
niques, endobronchial radiation (brachytherapy),
photodynamic therapy, percutaneous dilatational
tracheotomy, transtracheal oxygen catheter insertion,
medical thoracoscopy, and imaging-guided thoracic
interventions. The latter two topics are not dealt with
in this paper, as they have recently been covered by
extensive reviews elsewhere in this journal [1, 2].

Facilities, personnel, preprocedure investigation and
monitoring

In order to perform an interventional procedure, a
well-equipped facility, trained personnel, preproce-
dure evaluation, and monitoring are mandatory.

Facility

The suite should be accessible for a stretcher or
bed, and the examination table should be accessible
from all sides. Dimming of daylight is essential. The
size of the suite and placement of the equipment
should allow for minimum interference between the
bronchoscopist, anaesthesiologist , and nursing per-
sonnel. To enhance cooperation, it is recommended
that procedures be performed under video observa-
tion. Certain procedures may have to be performed
in an operating room (see later). The suite should
be equipped with cardiorespiratory monitoring and
resuscitation equipment. Patients should undergo
preparation and recovery in a separate room that is
equipped with an oxygen supply, vacuum suction, and
adequate monitoring.

Personnel

The bronchoscopist, anaesthesiologist, and nursing
staff should have appropriate training for the pro-
cedure to be performed. The anaesthesiologist should
be pro® cient with conventional, jet, and single-lung
ventilation. All personnel should perform the proce-
dures frequently enough to maintain their compe-
tence. For interventional procedures, at least one to
two nursing assistants are needed. If procedures are
performed under general anaesthesia, an anaesthesio-
logist and specialist nurses are added.

Preprocedure evaluation

Before any procedure, the patient’ s history must be
taken and a thorough physical examination must be
given. For appropriate patient selection, the physician
must obtain information on previous therapies
and current performance status. Laboratory tests
(e.g. complete blood count, electrolytes, coagulation
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pro® le, electrocardiogram, chest radiograph) are
recommended. Additional studies such as computed
tomography (CT), pulmonary function tests, and
assessment of arterial blood gases may be required
depending on the nature of the procedure.

Indications for therapeutic endoscopic treatment
are mainly palliation of advanced cancerous lesions,
but increasingly also a cure of early lung cancer. The
former is mainly indicated for the relief of dyspnoea
due to central airway obstruction, and the pre-
operative evaluation should ideally establish that the
lung beyond the obstruction is viable and that
dyspnoea is effectively related to the obstruction.
Figure 1 schematically illustrates the three main types
of malignant airway obstruction. Curative treatment
of early lung cancer is an area in full development
and clear guidelines cannot be given at this stage.
For clari® cation of the terminology in this ® eld, the
various endoscopically-visibl e lesions from normal
tissue to invasive carcinoma are de® ned as follows: 1)
normal tissue: normal epithelium without signi® cant
histological change; 2) in¯ ammation: characterized
by marked in® ltration of acute and chronic in¯ am-
matory cells, without signi® cant atypia/dysplasia;
3) metaplasia/hyperplasia: mucus cell hyperplasia,
basal cell hyperplasia without atypia (two to three
layers maximum); 4) mild atypia/dysplasia: basal cell
hyperplasia with nuclear atypia, three or more layers
con® ned to the lower one-third of stratum, slight
nuclear enlargement, rare mitotic ® gure; 5) moderate
atypia/dysplasia (abnormal/premalignant change):
basal cell hyperplasia with nuclear atypia, basal cells
extending into the lower two-thirds of stratum, slight
nuclear enlargement with loss of polarity, occasional
mitotic ® gure; 6) severe atypia/dysplasia (abnormal/
premalignant change): basal cell hyperplasia with
nuclear atypia, basal cells extending to upper one-
third of full thickness of stratum, nuclear enlargement,
loss of polarity, uneven chromatin disbursement,
frequent mitotic ® gures, keratinization; 7) carcinoma
in situ (abnormal/premalignant change): polyhedral
cells with variably-sized nuclei, loss of polarity, uneven
chromatin disbursement, frequent mitotic ® gures,
keratinization; 8) microinvasive carcinoma (abnormal/
premalignant change): in® ltration of cancer within
the bronchial mucosa, but not extending any deeper
into the wall; and 9) invasive carcinoma (abnormal/
premalignant change): in® ltration of cancer into the
bronchial cartilage and bronchial wall.

Monitoring

Continuous pulse oximetry and other monitoring
procedures must be performed according to local
conscious sedation guidelines. Although several pro-
cedures can be performed by ¯ exible bronchoscopy
with local anaesthesia and conscious sedation, the
interventional bronchoscopist should be prepared
to convert to general anaesthesia, if the situation
requires.

Rigid bronchoscopy

Rigid bronchoscopy is de® ned as the transoral or
transtracheotomy passage of rigid instruments for
diagnosis or therapy, aided by various light sources,
telescopes, and accessory instruments.

Equipment

Rigid bronchoscopy may require any of these four
types of equipment: 1) classic ventilating broncho-
scopes: open tubes with bevelled distal ends, usually
with a proximal end that contains several ports for
light guides, telescopes, introduction of instruments,
and assisted ventilation; 2) rigid instruments for
endoscopy in tracheal disorders: solid tubes with-
out side ports; 3) bronchoscopes for distal airway
endoscopy: tubes with side ports to maintain bilateral
ventilation; or 4) various angled telescopes that can
be attached to video cameras to provide excellent
airway visualization and documentation.

Personnel

Because rigid bronchoscopy is usually performed
under general anaesthesia, anaesthesiologists , nurses,
and other assistants familiar with the procedure must
assist the bronchoscopist.

Anaesthesia

General anaesthesia is administered intravenously
or by inhalation. Currently, intravenous anaesthesia
is preferred. Ventilation techniques that can be
used include: spontaneous ventilation, spontaneous
assisted ventilation, controlled ventilation with
Venturi Jet, high-frequency ventilation, or closed-
circuit positive pressure ventilation.

Technique

After the induction of anaesthesia, the patient’ s
head is partially extended and the bronchoscope is
inserted in the midline, with the bevel anterior. The
operator ’ s ® nger or a plastic tooth protector protects
the upper teeth. The bronchoscope is advanced to
and passed under the epiglottis and then rotated 90°,
so it can be passed atraumatically through the vocal

Fig. 1. ± Schematic illustration of the three main types (a± c) of
malignant central airway obstruction shown at the tracheal level,
with identical degrees of narrowing of the lumen. a) intraluminal;
b) extraluminal; c) mixed obstruction.
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cords. Once the trachea is entered, the bronchoscope
is rotated back 90° and advanced toward the lower
airways. To examine one of the bronchial trees, the
bronchoscopist rotates the patient’ s head toward the
contralateral shoulder.

In an intubated patient, the bronchoscope is
advanced along the endotracheal tube to the level
of the vocal cords. The endotracheal tube is then
removed and the bronchoscope passed into the
trachea. Another technique of intubation involves the
use of a laryngoscope to lift the epiglottis anteriorly
and allow passage of the bronchoscope to the level of
the vocal cords. At this point, the operator looks
through the bronchoscope and guides it through the
vocal cords. A telescope is used through the broncho-
scope to provide adequate visualization to the level of
the segmental airways. A number of diagnostic and
therapeutic procedures can be performed through the
rigid bronchoscope.

Indications

The primary indications for rigid bronchoscopy
are: management of massive haemoptysis, treatment
of tracheobronchial stenosis, foreign body removal,
tumour resection, and deep bronchial-wall biopsy.
Therapeutic procedures such as mechanical resection
and dilation can be accomplished with the barrel
of the scope alone. Tools such as laser ® bres, cryo-
therapy and electrocautery probes, balloon dilators,
stents, suction catheters and various biopsy and
retrieval forceps can be inserted through the barrel
of the rigid bronchoscope.

Contraindications speci® c to rigid bronchoscopy
include: an unstable cervical spine, severe maxil-
lofacial trauma or deformity, or obstructing oral or
laryngeal disease.

Training requirements

Training in rigid bronchoscopy should be reserved
for physicians who have had extensive experience
with ¯ exible bronchoscopy and endotracheal intuba-
tion. Trainees should ® rst practice on mannequins
or animal models and should perform at least 20
supervised rigid bronchoscopy procedures before
attempting this procedure alone. To maintain compe-
tency, the procedure should be performed at least
10± 15 times·yr-1.

Outcomes

Complications of rigid bronchoscopy include injury
to lips, teeth, gums, larynx and the tracheobronchial
wall.

The suggested reading for this section is [3± 7].

Transbronchial needle aspiration

Transbronchial needle aspiration (TBNA) is a
technique for performing cytological, histological, or

microbiological sampling of lesions within the airway
wall, the lung parenchyma, and mediastinal structures
adjacent to the tracheobronchial tree.

Equipment

Selection of a proper needle depends on the
indication; except when sampling submucosal lesions,
all diagnostic needles should be 513 mm long. To
obtain a specimen for histological examination, a
19-gauge or larger needle should be used. Specimens
for cytological examination can be obtained using
22-gauge or larger needles. For mediastinal and hilar
lesions, a needle with a stiff catheter is required.
For peripheral lesions, a needle with a softer catheter
should be used. To aspirate a mediastinal cyst or
an abscess, a 21-gauge, 15-mm long needle with a
wider and stiffer catheter should be used. To pre-
vent damage to the working channel of the ¯ exible
bronchoscope, all needles should be of retractable
design. In addition to the bronchoscopist, the pro-
cedure requires a dedicated assistant.

Technique

TBNA is most often performed through a ¯ exible
bronchoscope. The chest radiograph and the CT of
the chest should be thoroughly reviewed to locate the
lesion precisely before elective TBNA. For peripheral
lesions, TBNA should be performed with ¯ uoro-
scopic guidance. When staging lung cancer, contamina-
tion of samples with bronchial secretions should
be avoided. The ¯ exible bronchoscope can be intro-
duced into the bronchial tree without using suction.
Tracheobronchial secretions covering the target site
should be washed off. TBNA can be performed
before the endobronchial examination and prior
to obtaining any endobronchial specimens. Syringe
suction, applied at the proximal end of the TBNA
catheter, should be ceased before the needle is
withdrawn from the tracheobronchial wall. In patients
with multiple lymph node station involvement, the
nodes with the worst prognosis (N3) are sampled
® rst. Two satisfactory specimens should be obtained
from each target site. Each disposable needle should
be used in one patient only.

Cytological specimens can be prepared immediately
by spraying the sample on a slide for on-site inspec-
tion or for ® xation. Flushing the sample into a
preservative solution for a cellblock is also acceptable
and is the preferred method for histological speci-
mens. Cytological specimens must be read by an
experienced cytopathologist . Rapid on-site evaluation
of the specimen improves the diagnostic yield. Each
specimen should be clearly classi® ed as de® nite, malig-
nant, or negative. Staging of bronchogenic carcinoma
should not be based on a small number of tumour
cells. The presence of a large number of lymphocytes
in the specimen establishes that it is adequate for a
lymph node sample. Respiratory epithelial cells in
the sample should raise concern about possible con-
tamination. A true positive sample exhibits a large
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number of tumour cells in clumps or gland formation.
A true negative sample should have a large number
of lymphocytes. A negative TBNA does not rule out
malignancy. Every positive result should be inter-
preted individually, using a team approach of the
clinicians involved.

Indications

Major applications for TBNA are the diagnosis
and staging of bronchogenic carcinoma by sampling
of mediastinal and hilar lymph nodes, as well as
the diagnosis of peribronchial/tracheal masses, sub-
mucosal disease, and peripheral lung nodules. Minor
applications are the diagnosis of necrotic or haemor-
rhagic endobronchial exophytic lesions, predicting
the line of surgical resection, follow-up of small cell
carcinoma or lymphoma, and diagnosis and drainage
of mediastinal cysts and abscesses.

Outcome

The diagnostic yield of TBNA for staging of lung
cancer varies between 15± 83%, with positive predic-
tive values of 90± 100%. TBNA is more likely to be
successful when: a histology needle is used; small cell
cancer is present; the carina is abnormal; radio-
graphical evidence suggests mediastinal disease; the
lesions are right-sided; the lymph nodes are large;
or the lesions are in a paratracheal or subcarinal
location. In evaluating peripheral lung nodules,
TBNA increases the diagnostic yield of ¯ exible
bronchoscopy by 20± 25% by facilitating the sampling
of lesions that are inaccessible with the forceps or
brush. TBNA has also been shown to improve the
yield in the evaluation of submucosal disease, sarcoi-
dosis, and mediastinal lymphadenopathy in acquired
immune de® ciency syndrome (AIDS) patients.

Complications

Major complications are rare. Self-limited minor
bleeding, pneumothorax, pneumomediastinum, or an
inadvertent puncture of the adjacent structure can be
avoided through proper knowledge of the mediastinal
anatomy as well as a thorough review of the CT of
the chest. Damage to the ¯ exible bronchoscope during
TBNA is a genuine concern and can be avoided by
rigorously following optimal procedures.

Training requirements

TBNA should be performed by, or under the
supervision of, an expert bronchoscopist. At least 25
TBNA procedures should be performed with cytology
needles and 10 positive specimens should be obtained
before attempting to use histology needles.

The suggested reading for this section is [8± 13].

Auto¯ uorescence bronchoscopy

Auto¯ uorescence bronchoscopy (AFB) uses devices
that detect normal and abnormal tissue ¯ uorescence
to inspect the tracheobronchial tree in order to
identify premalignant and malignant mucosal abnor-
malities.

Indications

Fluorescence bronchoscopy systems aid in locating
areas of malignant and premalignant mucosa that
may not be identi® able with conventional white-light
bronchoscopy. Preliminary studies have shown that
¯ uorescence bronchoscopy improves sensitivity and
localization of endobronchial mucosal abnormalities
such as, dysplasia and carcinoma in situ. The
application of this new technology is presently being
evaluated in the screening of patients at risk for
developing bronchogenic carcinoma.

Contraindications

There are no known contraindications to the use
of ¯ uorescence bronchoscopy other than those for
routine white-light bronchoscopy.

Outcome

AFB may improve sensitivity at the cost of
speci® city when it is used to identify mucosal
abnormalities not seen by conventional white-light
bronchoscopy. Further studies are necessary to deter-
mine the appropriate use of these devices in the
management of patients at risk for bronchogenic
carcinoma.

Complications

No complications have been reported from ¯ uores-
cence bronchoscopy other than those of ¯ exible
bronchoscopy.

Training requirements

Fluorescence bronchoscopy should be reserved for
physicians with proven expertize in diagnostic bron-
choscopy; in addition, it has a long learning curve.

The suggested reading for this section is [14± 19].

Endobronchial ultrasound

Endobronchial ultrasound (EBUS) is a diagnostic
technique for visualizing the tracheobronchial wall
and the immediate surrounding structures. Ultra-
sound waves are transmitted to anatomical structures,
and the re¯ ected echoes are transformed into electrical
signals.
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Equipment

Ultrasound probes are of two types: 1) sectorial
transducers of 7.5 MHz incorporated in the tip of
specially-designed 7-mm ¯ exible bronchoscopes; and
2) balloon-tipped miniaturized probes of 2.8± 3.2 mm,
with 12- and 20-MHz transducers that can be inserted
through the working channel of conventional ¯ exible
or rigid bronchoscopes. Also needed are a driving
unit to rotate the miniaturized probes as well as
an ultrasound processor, which produces ultrasonic
waves and creates the images.

Technique

The ultrasound probe is gently pressed to the
bronchial wall and passed along the structures to be
investigated. For circular views, the instrument has
to be rotated 360° around its axis. At the target
site, the balloon is in¯ ated with distilled water until
close circular contact is achieved and the wall and
surrounding structures become visible. The images are
stored on video and photographic prints. The trachea
can be examined for a short time if the patient is
sedated or placed under general anaesthesia and if
pre-oxygenation is suf® cient. The probe can be passed
to all regions of interest.

Indications

EBUS is used to evaluate the regional extension of
lymph-node involvement in bronchogenic carcinoma
(staging), to identify and localize mediastinal struc-
tures adjacent to the airways (mediastinal tumours,
heart, and oesophagus and great vessels) before
diagnostic or therapeutic interventions, to localize
solid structures in the lung tissue for bioptic proce-
dures, and to stage the depth of tumour invasion in
the bronchial wall. In these situations, EBUS may
complement CT.

Contraindications

There are no contraindications for EBUS other
than those for ¯ exible bronchoscopy.

Outcome

The role of EBUS as compared to established radio-
logical diagnostic procedures has yet to be assessed by
prospective multicentre studies.

Complications

Complications, speci® c for EBUS, have not been
reported.

Training requirements

EBUS should be reserved for experienced broncho-
scopists and it has a long learning curve. The trainee

should become familiar with ultrasonic imaging and
should participate in ~ 40 supervised procedures. In
order to maintain competence, 25 procedures·yr-1

should be performed.
The suggested reading for this section is [20± 25].

Transthoracic needle aspiration and biopsy

Transthoracic needle aspiration/biopsy (TTNA/B)
is the percutaneous sampling of lesions involving
the chest wall, lung parenchyma, and mediastinum
for cytological, histopathological , or microbiological
examinations.

Equipment and personnel

The following is a list of equipment and personnel
needed to perform this sampling procedure: 1)
aspiration needles of the appropriate length, gauge
(18± 25), and design (cutting versus noncutting) based
on the desired sample; 2) roentgenographic or ultra-
sonic guidance to locate the lesion and guide needle
placement; 3) supplies to prepare the specimen; 4)
pneumothorax drainage catheter/tube; 5) cardiac and
oxygen saturation monitor; 6) trained assistants.

Technique

Depth, angle, and site of needle penetration should
be estimated in advance. After local anaesthesia is
supplied, the needle or trocar can be introduced in a
sterile fashion under ¯ uoroscopy, CT, or ultrasound
guidance. Specimens can then be sprayed onto slides
or into solution and processed using standard cyto-
logical techniques.

Indications

Indications for TTNA/B include the diagnosis of
peripheral lung nodules or in® ltrates, pleural masses,
selected cavitary lesions, mediastinal masses, and
other thoracic lesions accessible via percutaneous
approach.

Contraindications

Contraindications for TTNA/B are uncorrectable
coagulopathy, uncorrectable hypoxaemia, haemo-
dynamic instability, pulmonary hypertension, bullous
emphysema, and lesions too close to a vascular struc-
ture. Relative contraindications are previous pneumo-
nectomy and a forced expiratory volume of 51 L.

Outcome

TTNA/B has an overall diagnostic sensitivity of
68± 96%, a speci® city of < 100%, and an accuracy of
74± 96% in lesions of all sizes. In smaller lesions, its
diagnostic accuracy is lower.
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Complications

The incidence of pneumothorax is ~ 20± 40%,
and 50% of those with pneumothorax require chest-
tube placement. Self-limiting haemorrhage and
haemoptysis are infrequent.

Training requirements

TTNA/B should be performed by, or under the
supervision of, an experienced pulmonologist or
radiologist. Trainees should ® rst practice on inani-
mate objects, and they should perform 510 super-
vised procedures before attempting this procedure
alone. In order to maintain competence, 5± 10
procedures a year should be performed. Treatment
for complications (e.g. chest-tube placement for
pneumothorax) should be available.

The suggested reading for this section is [26± 30].

Laser bronchoscopy

Laser bronchoscopy is the use of laser energy
delivered via standard bronchoscopes in order to treat
a variety of endobronchial disorders.

Equipment

Only lasers with wavelengths that can be delivered
through an optical ® bre are suitable for laser
bronchoscopy. These include the potassium titanyl
phosphate (KTP), argon dye, yttrium aluminium
pevroskite (YAP), Nd-YAG (neodymium-yttrium
aluminium garnet) and diode lasers. The Nd-YAG
laser is currently preferred for airway resection
because of its predictable effects on living tissue (i.e.
photocoagulation or vapourization) , depending on
the amount of energy applied.

Personnel

Physicians performing laser bronchoscopy should
have expertize both in ¯ exible and rigid bronchoscopy
as well as a working knowledge of laser physics.
Accreditation by an institution’s laser committee may
be required. In addition to the support personnel
normally required for standard bronchoscopy, one
assistant should have sole responsibility for control-
ling the laser. Because most lasers used in broncho-
logy pose a risk of ocular damage from re¯ ected
energy, protective eyewear is required for the patient
as well as the laser team.

Technique

Laser bronchoscopy can be performed with ¯ exible
or rigid bronchoscopes. Most experts prefer the rigid
bronchoscope technique for four reasons: 1) the use
of general anaesthesia is more comfortable for the

patient and the physician; 2) the open tube allows the
laser ® bre, suction catheters, and forceps to be used
simultaneously; 3) ventilation and excessive bleeding
are more easily controlled with the rigid broncho-
scope; and 4) the bronchoscope can be used to
perform dilatation and mechanical resection, thus
shortening procedure time, diminishing the amount of
laser exposure, and providing more complete relief of
obstruction. Furthermore, if indicated, silicone stent
placement can be performed during the same pro-
cedure. Among the relative disadvantages of the rigid
technique are the increasing cost of the procedure,
resulting from the need for general anaesthesia,
operating room time and personnel, as well as the
fact that upper lobe lesions are not easily treated.
The ¯ exible bronchoscope can be used through the
rigid bronchoscope in conditions when increased
manoeuvrability is required.

Safe laser resection depends on maintaining ventila-
tion, preventing haemorrhage, and minimizing laser
exposure. The nonobstructed airways must be
inspected frequently and kept clear of debris, clots
and bloody secretions. To minimize the risk of
haemorrhage, it is important to coagulate the lesion
with low laser power (e.g. 30± 45 watts (W), pulse
duration of 1 s, ® bre distance at 1 cm) before
resection. If the ® bre is too close to the target (e.g.
within 3 mm), the tissue will be charred and vapour-
ized. Laser exposure should be minimized by using
mechanical resection whenever possible. Continuous
suction is recommended to remove smoke. Oxygen
saturation should be continuously monitored. Inspired
oxygen concentration should not be 440% in order
to minimize the risk of igniting ¯ ammable devices (e.g.
suction catheters, laser ® bres, ¯ exible endoscopes).

Indications

Any obstruction within the lumen of the central
airways (i.e. the trachea, right and left main stem
bronchi, bronchus intermedius and lobar ori® ces) that
compromises ventilation and produces signi® cant
symptoms can be considered for laser resection. The
most common indication is inoperable cancer, either
primary lung cancer or endobronchial metastasis.
Laser resection may be combined with radiation
therapy or chemotherapy. Laser therapy induces
immediate effects, in contrast with cryotherapy or
brachytherapy.

Other indications include tumours of uncertain
prognosis (adenoid cystic carcinomas, carcinoid
tumours), benign endobronchial tumours, and iatro-
genic or postinfectious cicatricial stenosis of the
trachea or main stem bronchi. Combination therapy
with mechanical dilatation and prosthetic stents is
often required.

Contraindications

The absolute contraindication to laser broncho-
scopy is isolated extrinsic compression of the airways
(® g. 1).
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Outcome

The main purpose of laser treatment in malignant
disease is to improve quality of life, which is achieved
in the majority of treated patients. In patients with
critical airway obstruction, survival is increased.
Success rates for relief of malignant obstruction are
490% for lesions in the trachea and main bronchi, but
decrease to 60± 70% for more distal lesions. In benign
cicatricial stenosis, success rates are high (490%), but
repeated treatments and/or stenting may be necessary.

The most common complications of the proce-
dure are haemorrhage, hypoxaemia, perforation and
cardiac events. Complication rates should be 55%.

Training requirements

Trainees should attend a theoretical course on laser
physics and application in medicine. They should train
® rst on inanimate or animal models. They should
assist in 520 procedures before attempting this
procedure alone. To maintain competency, a mini-
mum of 10± 15 laser procedures·yr-1 should be
performed.

The suggested reading for this section is [31± 35].

Endobronchial electrosurgery and argon-plasma
coagulation

Endobronchial electrosurgery (EES) (synonyms:
electrocautery or diathermy) is de® ned as the applica-
tion of a high-frequency (HF) electrical current via a
probe to coagulate or vapourize tissue. Argon-plasma
coagulation (APC) is a noncontact mode of mono-
polar electrical coagulation; argon gas is used as the
conductive medium.

Equipment

The equipment needed for EES and APC is as
follows: 1) a HF electrical generator; 2) an insulated
probe (rigid, ¯ exible) to transfer the electrical current
to the target tissue (types of probe are mono- and
bipolar; monopolar probes may be rigid or loop,
forceps or ¯ exible snare, cutting or coagulating); 3) a
neutral plate to complete the circuit, if a monopolar
probe is used; 4) an insulated instrument to prevent
electrical current leakage, if the procedure is per-
formed with a ¯ exible bronchoscope; and 5) in
addition to the generator, argon gas (a tank with a
¯ ow meter) and a microelectrode catheter to transport
gas and electrical current simultaneously, in APC.

Technique

Both electrosurgery and APC use electrically-
generated heat to destroy tissue. Depending on the
energy used, either coagulation or vapourization can
be induced. APC produces a more homogeneous,
but super® cial, thermal effect due to its noncontact

nature and lower energy density. The use of rigid
instruments is preferred for large, bulky lesions;
whereas, the ¯ exible bronchoscope is suitable for
super® cial and small lesions. APC is the preferred
mode for haemostasis and possibly for lesions cover-
ing larger areas. The electrosurgery probe is placed
in direct or close contact with the target tissue to
deliver the current until the desired effect is seen. The
energy setting (usually 25± 50 W) can be tested ® rst on
a tiny spot of the normal bronchial mucosa before
targeting the tumour tissue itself. It is important
to apply continuous suction so that the target area
remains free of blood and mucus and smoke is
evacuated. Energy settings can be changed depending
on the visible tissue effect.

Indications

Indications for EES are essentially the same as
those for laser surgery, and these include palliative
debulking of endobronchial exophytic lesions, as well
as treatment of benign endobronchial tumours and
of iatrogenic or postinfectious cicatricial stenoses.
Another indication for EES is potential cure of visible
super® cial lung cancer (severe dysplasia to micro-
invasive carcinoma). Indications for APC are coagula-
tion of haemorrhage from an endoscopically-visible
source, and treatment of granulomatous lesions in the
airways (e.g. lesion in close vicinity to airway stents).
EES and APC produce immediate effects.

Contraindications

Absolute contraindications are the presence of a
pacemaker susceptible to electrical interference or
exclusive extraluminal obstruction of the airway (see
® g. 1). A relative contraindication is the presence of
a metallic object in close proximity to either electrode.

Outcome

Therapeutic outcomes are comparable to those
from other techniques that use thermal energy (e.g.
laser, cryotherapy). Potential complications include
bleeding, ® re, airway perforation, and stenosis.

Training requirements

Training in endobronchial electrosurgery should
be reserved for a trainee who has had ample
experience with rigid/¯ exible bronchoscopy and endo-
tracheal intubation. Trainees should ® rst practice on
inanimate or animal models. They should perform
510 supervised procedures before attempting this
procedure alone. In order to maintain competence,
5± 10 procedures·yr-1 should be performed.

The suggested reading for this section is [36± 42].
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Endobronchial cryotherapy

Cryotherapy is the therapeutic application of
extreme cold for local destruction of living tissue. In
contrast to laser or electrosurgery, cryodestruction is
delayed, occurring from a few hours to a few days
after application.

Equipment

Cryotherapy can be performed either through a
rigid or ¯ exible bronchoscope, requiring a rigid or
¯ exible cryoprobe. Commonly used cryogens are
nitrous oxide (N2O) and liquid nitrogen (N2).

Technique

Cryotherapy exploits the cooling caused by rapid
expansion of liquid gas to cool the tip of the
cryoprobe (Joule-Thompson principle). The tip of
the probe is cooled to a working temperature of
-40°C, which is suf® cient to destroy living tissue. The
cryoprobe is placed on or inserted into the lesion 2± 3
times to apply repeated cycles of freezing and thawing
at the same location before moving to an adjacent site.
The effect of freezing/thawing cycles can be monitored
either visually or with impedance measurement. The
duration of freezing is between 30± 60 s. The thawing
time depends upon the type of probe, ranging from a
few seconds for a rigid probe to < 60 s for a ¯ exible
probe. A repeat bronchoscopy is usually performed
within 1 week to remove slough tissue and repeat
treatment if necessary. Cryotherapy can be safely
performed in a high-oxygen environment.

Indications

Cryotherapy is used mainly for palliation of non-
critical endobronchial exophytic obstructive lesions
and to remove foreign bodies and clots. Other
indications may include treatment of low-grade
malignant lesions (e.g. adenoid cystic carcinoma)
and early cancer (e.g. carcinoma in situ).

Contraindications

Contraindications are extraluminal obstruction of
the airway or obstruction by cryoresistant tissues (e.g.
® brous tissue or cartilage).

Outcomes

Therapeutic outcomes are comparable to those
from other techniques that use thermal effects (e.g.
laser, electrosurgery); therapeutic effects are not
immediate, but are seen after a few days. Clean-up
bronchoscopies may be necessary to remove debris.

Complications

Complications can be expected in 55% of cases.
They include bleeding and transient increase in airway
obstruction due to tumour hyperaemia.

Training requirements

Use of cryotherapy should be reserved for bronch-
oscopists who have had ample experience with rigid/
¯ exible bronchoscopy and endotracheal intubation.
Trainees should ® rst practice on inanimate or animal
models and should perform 510 supervised pro-
cedures before attempting this procedure alone. In
order to maintain competence, 5± 10 procedures·yr-1

should be performed.
The suggested reading for this section is [43± 47].

Airway stents

Airway stents or tracheobronchial endoprostheses
are hollow prosthetic devices used to re-establish
airway patency, either to support the tracheobron-
chial wall in stenosis or malacia or to seal off airway
® stulas.

Equipment

Various types of stents are described in table 1.
Most stents are available in various shapes (straight,
Y-shaped, J-shaped), diameters, and lengths. Stents
are made of polymers, metal, or a combination of
both (hybrids). Delivery devices include a rigid
bronchoscope and its accessories, specially-designed
rigid stent introducer systems (generally for polymer
stents), a ¯ exible bronchoscope and its accessories,
and specially designed ¯ exible stent introducer sys-
tems (generally for metal stents and hybrids). In
certain situations (i.e. narrow, curvilinear stenosis),
¯ uoroscopic guidance may be necessary.

Technique

First, the type, length, and diameter of the stenosis
(® g. 1) are assessed by bronchoscopy. Additional
information can be obtained by CT (e.g. local
anatomy, airways distal to stenosis, pulmonary
artery patency). Some degree of airway patency
needs to be established before the bronchoscope is
introduced. Options include dilatation of extrinsically-
compressed airway or resection of endoluminal
lesions. The optimal length of the stent should
exceed the margins of the stenosis; the external
diameter should be slightly larger than the normal
diameter of the involved airway. Selection of a speci® c
stent depends on the type of the stenosis. Endoscopic
and radiographical con® rmation of stent position and
patency are essential.
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Indications

Indications for airway stenting are: 1) extrinsic
stenosis of central airways with or without intra-
luminal components due to malignant or benign
disorders; 2) complex, inoperable tracheobronchial
strictures; 3) tracheobronchial malacia; 4) palliation of
recurrent intraluminal tumour growth; and 5) central
airway ® stulae (oesophagus, mediastinum, pleura).

Contraindications

Uncovered metallic stents should be avoided when-
ever tissue ingrowth (tumour, granulation) may cause
obstruction and if removal of the stent is anticipated.
In general, stent placement should be avoided if
nonviable lung is present beyond the obstruction.
Each type of stent has unique contraindications
(table 1).

Outcome and complications

Symptom relief and improvement in quality of
life and pulmonary function can be achieved in the
majority of patients. To date, long-term follow-up
is available only for the Dumon silicone prosthesis
(Endoxane1, Novatech SA, Grasse, France). In
general, complications can be expected in < 20% of
all cases (table 2).

Training requirements

Stent insertion should be reserved for broncho-
scopists who have had ample experience with rigid/

¯ exible bronchoscopy and endotracheal intubation.
Trainees should ® rst practice on inanimate objects or
animal models and should perform 510 supervised
procedures before attempting this procedure alone. In
order to maintain competence, 5± 10 procedures·yr-1

should be performed.
The suggested reading for this section is [48± 53].

Endobronchial brachytherapy

"Brachy" is a Greek root meaning short or near;
thus brachytherapy allows localized tumour irradia-
tion. Modes of brachytherapy include direct inter-
stitial implantation of radioactive seeds into the
tumour, implantation of sources using an injector
system and ¯ exible bronchoscopy, percutaneous CT-
guided source placement, and, the most commonly
used, delivery through a catheter inserted within the
bronchoscope lumen.

Table 1. – Commercially-available stents

Brand Material Shapes Speci® c problems/complications

Dumon Silicone Straight, Y, J Migration in benign disease (straight)
Orlowski Silicone, armoured with metal rings Straight Very stiff
Hood Silicone Straight, Y Dif® cult to insert (Y)
Gianturco Stainless steel, self-expandable Straight Stent fracture, airway perforation,

fatal haemoptysis, occlusion by
tissue in growth

Strecker Tantalum, balloon-expandable Straight Stent collapse, occlusion by tissue growth
Palmaz Stainless steel, balloon-expandable Straight Stent collapse, occlusion by tissue growth
Wallstent Cobalt-based alloy, uncovered,

self-expandable
Straight Granuloma, and occlusion by tissue growth

Covered
Wallstent

Cobalt-based alloy, polyurethane
covering, self-expandable

Straight Granuloma at stent ends, airway
perforation

Ultra¯ ex Nitinol, self-expandable covered
and uncovered

Straight Granuloma formation, stent fracture

Poly¯ ex Polyester wire, silicone covering,
self-expandable

Straight, Y, J Migration (straight), dif® cult to insert (Y)

Screw-thread Tygon Straight Only tracheal sizes, mucus retention
Dynamic Silicone, metal hoops Y Dif® cult to insert
Montgomery Silicone T-tube Dif® cult to insert, tracheostomy necessary

Manufacturer’ s details for all brands are as follows: Dumon: Endoxane1, Novatech SA, Grasse, France; Orlowski: RuÈ sch
AG, Kernen, Germany; Hood: Hood Laboratories, Pembroke, MA, USA; Gianturco: Cook, Bjaeverskov, Denmark;
Strecker: Microvasive-Boston Scienti® c, Natick, MA, USA; Palmaz: Corning/Johnson and Johnson, Warren, NJ, USA;
Wallstent and Covered Wallstent: Microvasive-Boston Scienti® c; Ultra¯ ex: Microvasive-Boston Scienti® c; Poly¯ ex: RuÈ sch
AG; Screw-thread: Reynders Medical Supply, Lennik, Belgium; Dynamic: RuÈ sch AG; Montgomery: Boston Medical
Products, Inc., Waltham, MA, USA.

Table 2. – Stent-related complications

Complications

Displacement
Mucus impaction
Granuloma formation at stent ends
Re-obstruction by tumour, granuloma (uncovered stents)
Halitosis and infection
Perforation of airway walls
Haemoptysis
Pain
Cough
Fire (on laser resection)
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Personnel and equipment

Brachytherapy requires specialized personnel and
equipment. The personnel include, but are not
limited to, a radiation oncologist, bronchoscopist,
and appropriate support personnel. The equipment
includes a separate room with appropriate shielding,
and in the case of high-dose-rate (HDR) treatment,
a remote afterloading device. Iridium 192 (192I) is
the preferred radiation source at the present time.

Technique

Afterloading catheters are inserted via a ¯ exible
bronchoscope. If the bronchi are totally occluded,
initial debulking can be accomplished with a variety
of devices. The catheter is advanced through the
working channel of the bronchoscope until the desired
location is reached. The catheter is secured, and
dummy sources are loaded into the catheter to guide
the calculation of dosimetry by the radiation onco-
logist. The position of the catheter can be con® rmed
by ¯ uoroscopy or a chest radiograph. The patient can
then be transported to the appropriate location for
insertion of the 192I source. There is no consensus on
optimal dose and frequency of fractionation. Low
dose rate is arbitrarily set at 1± 2 grays (Gy)·h-1

for 30± 72 h. Intermediate or medium dose rate is
2± 10 Gy·h-1 for 10 h. HDR is de® ned as 410 Gy·h-1

delivered in 51 h.

Indications

The primary indication for brachytherapy is pallia-
tion of symptoms caused by malignant airway
obstruction such as cough, haemoptysis, and dys-
pnoea. Brachytherapy may also have a curative
potential in selected cases of very early, super® cial
cancers (cancers not extending beyond the bronchial
wall). Brachytherapy is considered safe in patients
who have received prior external beam radiation
therapy.

Contraindications

Brachytherapy is contraindicated in patients who
are unable to undergo routine bronchoscopy or have
received prior endobronchial radiation in the same
area within 6 months.

Outcome

Brachytherapy provides long-term palliation of
symptoms in 450% of patients. Haemoptysis is
improved in < 90% of cases. The addition of laser
resection may improve the response to brachytherapy.
Prolonged survival and improved quality of life have
been reported with combination therapy.

Complications

Complications related to the performance of
bronchoscopy and afterload catheter insertion includ-
ing pneumothorax, bleeding, infection, cough, catheter
displacement, cardiac dysrythmia, and bronchospasm
are rare (0.5%). Complications due to the effects
of radiation therapy include fatal haemorrhage,
tracheoesophagea l ® stula, tracheovascular ® stula,
soft tissue necrosis radiation bronchitis and bronchial
stenosis. These occur in 5± 15% of patients.

Training requirements

Training in brachytherapy should be reserved for
bronchoscopists who have had ample experience
with ¯ exible bronchoscopy and management of endo-
bronchial malignancies. Trainees should perform
55 supervised procedures before attempting this
procedure alone. In order to maintain competence,
5± 10 procedures·yr-1 should be performed.

The suggested reading for this section is [54± 60].

Photodynamic therapy

Photodynamic therapy (PDT) involves an
intravenously-administere d photosensitizer that,
when exposed to light of the proper wavelength and
in the presence of oxygen, causes cell death.

Personnel and equipment

The physician using PDT must be knowledge-
able both in laser technology and photosensitizers.
Photofrin II1 (dihematoporphyrin ester; Quadra-
Logic Technologies Inc., Vancouver, Canada) is the
only photosensitizer that has received widespread
approval, so far, for the treatment of lung cancer.
The compound is activated by a laser light source at
a wavelength of 630 nm. The treatment ® bres used
to deliver the light are quartz ® bres con® gured as
diffusers for cylindrical or interstitial treatment areas,
or as a micro lens, for focused surface treatments.
Light dosimetry is complicated and requires trained
personnel.

Technique

Following the recommended waiting period after
the injection of the photosensitizer, the patient
undergoes bronchoscopy and the area of abnormality
can be illuminated with light of the appropriate
wavelength. The light can be delivered in a super® cial
or interstitial manner (insertion of the probe in the
tumour) as needed for homogeneous delivery to target
tissue. The effects of PDT are not immediate, but
occur within 48 h. Therefore, a clean-up broncho-
scopy is needed for patients with obstructive lesions.
Repeated illumination can be delivered if necessary.

366 C.T. BOLLIGER, P.N. MATHUR



Indications

PDT has been approved in the USA, Japan and
several European countries to treat super® cial cancers
not extending beyond the airway wall, in patients
who are not candidates for surgery or external beam
radiation therapy and as palliative therapy in pati-
ents with pulmonary symptoms from endobronchial
obstruction due to late-stage cancer. PDT response is
not dependant on the cell type of the tumour.

Contraindications

PDT is contraindicated in patents with allergies to
components of haematoporphyrin and in patients
with porphryia, critical central airway obstruction,
or in tumours invading major blood vessels or the
oesophagus.

Outcome

PDT produces complete response rates in 60± 80%
of early-stage mucosal cancers. For obstructive
lesions, PDT has been shown to palliate airway
obstruction in 80% of patients.

Complications

The major complication of PDT is skin photo-
sensitivity, which can occur up to 4± 6 weeks after
injection. Local airway oedema, tumour necrosis and
delayed strictures can cause airway obstruction.
Haemorrhage and ® stula perforation may result
from tumour lysis.

Training requirements

Training in PDT should be reserved for broncho-
scopists who have had ample experience with ¯ exible
bronchoscopy and endotracheal intubation. Trainees
should perform 510 supervised procedures before
attempting this procedure alone. In order to maintain
competence, 5± 10 procedures·yr-1 should be performed.

The suggested reading for this section is [61± 67].

Percutaneous dilatational tracheotomy

Percutaneous dilatational tracheostomy (PT) is a
bedside technique that consists of percutaneous needle
puncture of the trachea, followed by stepwise or one-
time dilatation and placement of a tracheostomy tube.

Personnel and equipment

The operator (a surgeon, intensivist, or pulmono-
logist) requires an assistant to sedate the patient,
monitor vital signs, and handle the endotracheal
tube. The additional presence of a bronchoscopist is

recommended to evaluate proper positioning of the
endotracheal tube, midline tracheal puncture, and
correct advancement of guidewire and dilators.
Various PT kits are commercially available with all
necessary equipment and supplies.

Technique

PT is performed in the intensive care unit in a
supine, anaesthetized, and ventilated patient whose
neck is placed in an extended position. The thyroid
and the crycoid cartilages are identi® ed. The operative
area is prepared, while the patient receives 100%
oxygen. Under endoscopic visualization, the endo-
tracheal tube is withdrawn to bring its de¯ ated cuff
just below the vocal cords. If needed, local anaesthe-
sia, can be applied. A horizontal incision, 1.5± 2.0 cm
long, can then be made over the ® rst or the second tra-
cheal interspace. A 12- or 15-gauge needle is inserted
into the trachea in the midline, and a guidewire is
introduced through it. The needle is removed, and
either the Ciaglia or the Griggs/Schachner techniques
can be used.

Ciaglia technique. An 8-French (F) guiding catheter is
introduced into the trachea over the guidewire. The
tracheostomy site is prepared by progressive dilation
using 12-F± 36-F lubricated dilators over this double
guide. A lubricated tracheostomy tube loaded over
an appropriately-sized dilator (e.g. 24-F dilator for
an 8-mm tracheostomy tube) is then introduced
into the trachea. The endotracheal tube is removed
after auscultatory and bronchoscopic con® rmation
of correct tracheostomy tube positioning. Newer kits
contain a single-tapered dilator, whereby tracheo-
stomy stoma can be created with one insertion.

Griggs/Schachner technique. The dedicated percu-
taneous tracheostomy tool (consisting of a beveled
metal conus split in the centre, attached to a pair of
pivotal handles), guided over the metal wire, is intro-
duced ® rmly through the anterior tracheal wall and
opened to dilate the tracheostomy site. The guidewire
is removed and the tracheostomy cannula, ® tted on
a snug plastic trocar (with a de¯ ated cuff), is placed
into the trachea under direct observation. The trocar
is removed, the cuff in¯ ated, the endotracheal tube
removed, and the tracheostomy cannula secured.

Indications

The indications for PT are the same as for
conventional tracheostomy.

Contraindications

Relative contraindications include emergency situa-
tions, paediatric age, anatomical deformities, marked
obesity, or coagulopathy. Absolute contraindications
for PT are skin infections and prior major neck
surgery.
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Outcome and complications

Randomized clinical trials have shown that early
and late complication (stenosis) rates are as low or
lower than for surgical tracheostomy, and with better
cosmetic outcomes. PT can be performed in less
time and is more cost-effective then conventional
tracheostomy. Mortality from PT is low (0.2%) and
the incidence of major complications 51.5%. Tracheal
laceration, false channel insertion, and haemorrhage
are the most commonly-reported complications.

Training

Only physicians who have extensive experience
in airway management and critical care medicine
should attempt PT. The trainee should perform 5± 10
procedures under experienced supervision before per-
forming it independently. Experience may be obtained
in training programmes or through speci® c course-
work. Ten procedures·yr-1 are needed to maintain
expertize with the procedure.

The suggested reading for this section is [68± 72].

Transtracheal oxygen therapy

Transtracheal oxygen therapy (TTOT) is a method
of long-term continuous oxygen delivery using a
catheter inserted into the trachea through a tracheo-
cutaneous tract.

Indications

Any patient who needs continuous, long-term
oxygen therapy is a potential candidate for TTOT.
TTOT is advised in cases of refractory hypoxaemia,
oxygen requirements 43± 4 L·min-1, intolerance to
nasal cannula (epistaxis, local irritation or allergy),
voluntary or involuntary noncompliance (cosmetic
reasons, nocturnal dislodgement), the need to improve
mobility by reducing oxygen ¯ ow, and loss of
olfactory sensation.

Contraindications

Contraindications are herniation of the pleura at
the insertion site (emphysematous bleb), coagulopa-
thies, severe comorbid conditions or terminal illness,
impaired cough re¯ ex, lack of willingness, ability, or
family support to take care of the catheter, inability to
communicate, and upper airway obstruction.

Equipment

A variety of TTOT catheters are available. The
literature favours the use of a multistep procedure kit
(SCOOP, Transtracheal Systems, Denver, CO, USA)
to promote standardization of the technique, improve
adaptation by the patient, and minimize complications.

For high-¯ ow oxygen therapy (44 L·min-1), the
permanent catheter with multiple fenestrations is
preferred. This reduces back-pressure and inadvertent
disconnection of the oxygen tubing. The catheter
should be 53 mm in diameter and long enough so
that the distal tip will be 2± 3 cm above the carina.

Technique

Proper patient and family education is mandatory
prior to the TTOT procedure. The competence of the
patient or the family to care for the catheter must be
established. The multistep TTOT procedure involves
aseptic catheter insertion in the trachea, under local
anaesthesia using the Seldinger technique. During the
® rst week after insertion, the initial catheter allows for
tract formation. No oxygen is delivered during this
period. The initial catheter is replaced with a softer,
single-port catheter for oxygen delivery. This is left in
place for 8 weeks and cleaned without removal. The
® nal step involves replacement of the second catheter
with a softer fenestrated catheter, which can be
replaced and cleaned by the patient through a
mature tracheocutaneous ® stula.

The use of antibiotics, cough suppressants, and pain
medications is advocated during the ® rst week. The
patient’ s competency must be evaluated at every visit,
which should be at least every 3 months for the ® rst
year after the TTOT insertion. The TTOT catheter
should be replaced according to the manufacturer’ s
recommendations.

Outcome

TTOT produces therapeutic levels of blood oxygen
content with lower ¯ ow rates (39± 72%) than those
needed in other oxygen delivery systems, at rest as well
as during exercise. Minute ventilation and the work of
breathing are reduced. Exhaled minute ventilation and
the carbon dioxide pressure in arterial blood (Pa,CO2)
remain unchanged. The metabolic work performed by
the inspiratory muscles and the diaphragm is also
reduced. Exercise endurance, assessed by the 12-min
walk, is better with TTOT than with oxygen via nasal
cannula. TTOT may confer a greater survival bene® t
than does oxygen therapy by nasal cannula, as well as
better quality of life by producing signi® cant, subjec-
tive improvement in dyspnoea, olfactory sensation,
oral intake, weight gain, and overall sense of wellbeing
because of cosmetic factors, feeling of independance,
and a trend towards less depression and improved
morale.

Complications

The most important major complication is mucus
ball formation around the catheter, which may lead
to upper airway obstruction necessitating catheter
removal. Minor complications are either procedure
related (e.g. cephalad catheter displacement and
subcutaneous emphysema) or early, usually transient,
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problems such as increased cough and sputum
production.

Training requirements

Training in TTOT should be reserved for senior
fellows and pulmonologists experienced in the
Seldinger technique. Trainees should perform 55 super-
vised procedures before attempting this procedure
alone. In order to maintain competence, 55 proce-
dures·yr-1 should be performed.

The suggested reading for this section is [73± 78].

Multimodality treatment of tracheobronchial lesions

Multimodality treatment is the combination of
various endoscopic techniques or the combination of
endoscopic with nonendoscopic modalities to treat
tracheobronchial lesions.

Rationale

The various endoscopic treatment modalities are
fairly new, and many therapeutic endoscopists are
familiar with only a few of them. Therefore, reports
comparing various endoscopic techniques for identical
indications are rare. Some of these techniques are
almost exclusively competitive, such as laser and
endobronchial electrosurgery; therefore, most specia-
lists will use either the one or the other. Some
techniques are complementary (e.g. stents and laser
or stents and endobronchial electrosugery); they are
classically combined in mixed lesions (® g. 1) that have
an endoluminal component, amenable to resection
and an extraluminal component that needs dilatation
and stent insertion to maintain airway patency. The
relative values of each technique for a certain type
of airway lesion are listed in table 3, which provides
guidance for selecting treatment combinations.

A topic that has not been extensively investigated is
the combination of endoscopic with nonendoscopic
treatment modalities. This combination is mainly

used in the treatment of inoperable malignancies of
the central airways. In practical terms, multimodality
treatment in these situations means the combination
of radiochemotherapy with one or more endoscopic
treatment modalities. The term multimodality, as used
by oncologists, usually refers only to radio- and/or
chemotherapy as well as surgery. It is the opinion of
this task force that the term should be expanded to
encompass endoscopic treatment.

It is very important to decide what form of
treatment should be used, and in what situation.
Figure 2 shows a recently proposed algorithm for the
management of malignant central airway obstruction.
The choice of the initial treatment largely depends on
the urgency of the situation as well as on previous
treatment. High-grade obstructions at the level of the
trachea, of the main carina, or of both main bronchi
often must be relieved by emergent endoscopic treat-
ment in order to guarantee survival. To assess the
technical feasibility of endoscopic treatment and to
plan treatment, diagnostic bronchoscopy must be
performed, most often (in nonvital situations) with a
¯ exible bronchoscope. If a lesion is resectable, as
most benign lesions are, surgery is the treatment of
choice. For unresectable central airway lesions (usually
de® ned as up-to-lobar level) that cause symptoms
or reduce the airway diameter by 450%, many endo-
scopists prefer to relieve the obstruction endoscopic-
ally before proceeding to nonendoscopic modalities.
Airway obstruction of 450% seems a reasonable
indication for performing endoscopic treatment, as
patients with obstruction to this degree are usually
symptomatic or can become symptomatic when
nonendoscopic treatment (e.g. radiotherapy) causes

Table 3. – Indication for endoscopic therapeutic modalities
in the treatment for the three basic types of endobronchia l
stenosis

Procedure Endobronchial
lesion

Extrinsic
lesion

Mixed
lesion

Laser + - +
Electrocautery + - +
Cryotherapy + # - + #

Brachytherapy + # - + #

APC + - +
PDT + # - + #

Stents - + + ¶

APC: argon plasma coagulator; PDT: photodynamic ther-
apy. #: contraindicated in impending respiratory failure;
¶: indicated if postinterventional airway lumen is 550% of
normal.

Malignant central airway obstruction

Life-threatening? yes

Rigid bronchoscopy

no

Flexible bronchoscopy
(+TNM+CPR)

yes Operable? no

yesSymptomatic or
<50% airway Ø

no

Therapeutic endoscopyRadio/chemotherapySurgery

Endobronchial recurrence

1

2

Fig. 2. ± Algorithm for the management of malignant central
airway obstructions. Terms in hexagonal boxes are conditions;
terms in rectangular boxes are procedures. Two-way arrows
indicate the tendency of endobronchial tumours to recur and the
repetitive need of multimodality treatment. Interrupted arrows: 1:
rare cases of primarily inoperable lung cancers which become
secondarily operable after initial therapeutic bronchoscopy usually
followed by neo-adjuvant treatment; 2: rare cases of operated lung
cancers initially presenting with central airway obstruction and
still being operable after careful restaging of an endobronchial
recurrence. TNM: tumour staging, including histology; CPR:
cardiopulmonary reserves of the patient. Reproduced with permis-
sion from [81].
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tissue swelling. The decision to select endoscopic
treatment will always have to be individualized. In
malignancies, it also depends on the tissue diagnosis.
Small cell carcinomas and lymphomas are chemo-
sensitive, so they can be treated nonendoscopically
even when they cause 450% obstruction. In reality,
however, the majority of patients with malignant
disease who are referred for endoscopic treatment
have already exhausted all nonendoscopic options.

Outcome

There are very few outcome studies on multi-
modality treatments. Combining purely endoscopic
treatments (e.g. laser photoresection and stent inser-
tion) is safe, and both treatments can be performed in
the same session. External beam irradiation or
chemotherapy can also be safely performed immedi-
ately after endoscopic treatment. Multimodality treat-
ment has also been shown to extend the duration of
local tumour control. However, to date, there are no
data unequivocally showing what endoscopic treat-
ment to use as well as what multimodality approach
might be best to use in a particular situation.
Therefore, it is clear that prospective outcome studies
are needed.

The suggested reading for this section is [51, 79± 83].

Outcome assessment of endoscopic treatment

Outcome assessment of interventional pulmono-
logical procedures is the comparison of diagnostic
results (e.g. accuracy) or therapeutic results (e.g. cure,
survival, quality of life) with data found in recom-
mendations, guidelines, general rules, or standards
published by researchers, scienti® c societies, or
governmental institutions.

Instruments

All relevant data should be stored on conventional
or digital documentation systems. Interventional
procedures, in particular, should be documented on
video and photographic ® lm.

Data for assessment

The data should include patient history, results of
pre- and postinterventional clinical and laboratory
investigations, indication for treatment, informed
consent, the procedure itself, monitoring, and results
of the procedure, side-effects, and complications.

Aims of outcome assessment

The aim of diagnostic procedures is detection or
exclusion and classi® cation of pathological processes
as the basis for treatment. Ideally, the procedure
should have a well-de® ned place on a ¯ ow chart for

each indication. For therapeutic procedures, main and
secondary endpoints for evaluation are commonly
assessed. In palliative procedures, the degree of relief
from symptoms and quality of life are the main
criteria, survival being a secondary outcome. For
curative treatment, de® nite healing and survival time
must also be documented in long-term follow-up.

Variables

For diagnostic procedures, sensitivity, speci® city,
and diagnostic accuracy must be compared to those of
rival methods. For therapeutic procedures, regular
noninvasive measurements are regularly performed
relating to the degree of dyspnoea, pulmonary
function tests (¯ ow/volume loops), chest radiograph,
and performance. Quantitative measurements of the
cross-sectional area of the involved airway are
performed by visual estimate or by laser or ultra-fast
CT, if they are available.

Side-effects and complications

All side-effects and complications should be
reported. These include: minor side-effects (e.g.
arrhythmias not necessitating treatment); mild infec-
tions in stents; mucosal swelling during brachy-
therapy, electrocautery or PDT; minor bleeding;
cough or pneumothoraces not requiring drainage in
biopsy procedures; and tracheal puncture. In addi-
tion, severe complications include profuse bleed-
ing, asphyxia, perforation, necrosis, ® stulation and
abscess formation, stent migration, recurrent obstruc-
tion, and laser ® re.

Patient acceptance and cost-effectiveness

Patient acceptance related to the procedure and to
other treatment-related factors, such as waiting time,
environment, and attitude of staff, have only recently
gained attention. In contrast, detailed analyses of
costs with regard to equipment, human and other
resources have become of more concern, especially
with respect to refunding, acquisition of instruments,
and organization of working hours.

Quality control

Practitioners should compare their own data to
of® cial recommendations, general rules, and stan-
dards. The outcomes are analysed with respect to the
goals. If de® ciencies are detected, the causes can be
analysed and appropriate countermeasures can be
taken. The effect of improvements is evaluated by
continuous outcome assessment.

The suggested reading for this section is [51, 82,
84± 87].
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