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Background and objective: Many interventional tools
for airway disorders can now be delivered via flexible
bronchoscopy (FB), including neodymium-yttrium
aluminium garnet laser, electrocautery, argon plasma
coagulation, cryotherapy, balloon dilatation and metal
or hybrid stents. Comparison of outcomes for patients
undergoing rigid bronchoscopy (RB) with those treated
using FB highlights the usefulness of the FB approach.
Methods: A retrospective medical record review of all
interventional bronchoscopy procedures performed
at Lahey Clinic over the past 8 years was conducted.
Patients were categorized into two groups according to
the procedure used, that is, RB (251 patients), and FB
(161 patients) groups. Patients with malignancies were
included as a separate subgroup, comprising 178 RB
and 117 FB patients. For every procedure, the location
of the lesion, patient survival from the first interventional procedure performed, and in patients with
malignancy, additional treatments received such as
chemotherapy and radiation were recorded.
Results: Ninety per cent of RB procedures were performed in patients with tracheal or main stem lesions,
while over half the patients undergoing FB had more
distal lesions. A trend towards increasing use of FB for
interventional procedures in recent years was noted.
Conclusions: FB is a valuable alternative to RB for
treating less advanced malignant disease or distal
airway lesions.
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INTRODUCTION
Interventional bronchoscopy encompasses a broad
range of diagnostic and therapeutic techniques.
These therapeutic procedures are most frequently

used in the palliative management of malignant
airway obstruction, although they also have indications in the treatment of benign airway diseases.
Rigid bronchoscopy (RB) is a core procedure of
interventional pulmonology. From the time that
Gustav Killian performed the first RB in 1897, it was
mostly used as a tool for foreign body removal. Nearly
100 years later, Toty et al.1 and Dumon et al.2
performed neodymium-yttrium aluminium garnet
(Nd : YAG) laser via RB for malignant airway
obstruction and renewed interest in the use of this
instrument.
While RB retains a central role in the interventional
armamentarium, flexible bronchoscopy (FB), utilizing Nd : YAG laser photocoagulation, has offered an
alternative for the relief of obstructing endotracheal
or endobronchial malignancies in patients in whom
RB could not be performed.3 In recent years, many
interventional tools have been delivered through the
FB working channel, including electrocautery, argon
plasma coagulation (APC), cryotherapy, brachytherapy, photodynamic therapy, balloon dilatation
and metal or hybrid stents, achieving optimal results
in the treatment of tracheobronchial lesions. Given
the increasing availability of therapeutic tools that
can be delivered via the FB, we sought to review the
Lahey Clinic experience.
This report is a retrospective review of all interventional bronchoscopy procedures performed at Lahey
Clinic Medical Center over a recent 8-year period. We
examined the range of procedures performed by RB
compared with FB during this time period, compared
diagnostic indications for the various interventions,
and determined whether outcomes differed between
patients treated by RB or FB.
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Lahey Clinic has a well-established and recognized
interventional pulmonology programme, and serves
as a referral centre for Massachusetts and neighbouring states. The medical records of all patients who
underwent interventional bronchoscopy procedures
at this institution between January 1999 and January
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2007 were retrospectively reviewed. Patients were
followed for at least 10 months after the interventional procedure.

Patient groups
Patients were identified from the bronchoscopy suite
and operating room logbooks, and were included in
the study if they underwent an interventional bronchoscopy procedure. Of 4839 bronchoscopy procedures, 769 (15.8%) were classified as ‘interventional
cases’, performed in 412 patients. Patients were
divided into RB (251 patients) or FB (161 patients)
groups according to the procedure performed (Fig. 1).
Patients with malignancies were included as a separate subgroup comprising 178 RB and 117 FB patients.

Parameters recorded
For every patient, the following were recorded: (i) the
indication for the interventional procedure; (ii) the
location of the lesion in the tracheobronchial tree; (iii)
the various treatment modalities used; and (iv) survival from the time of the first interventional procedure. For patients with non-small cell lung cancer
(NSCLC), the stage of the disease at the time of the
first procedure and, for all patients with malignancy,
other treatments provided (chemotherapy, radiation,
brachytherapy) were recorded. Survival was calculated only for patients with malignant disease.
Survival was determined using patients’ charts, and
the Social Security death index website (http://
ssdi.genealogy.rootsweb.com/). This retrospective
study was approved by the Lahey Clinic Institutional
Review Committee.

Indications
Indications for interventional bronchoscopy treatment included central airway stenosis >50%, patent
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airways distal to the obstruction, potential for
functioning distal lung tissue and severe respiratory
symptoms resulting from the airway obstruction—
primarily dyspnoea. Every patient underwent a
standard preoperative assessment, consisting of
laboratory investigations (including coagulation
parameters), diagnostic FB and chest CT. Cardiovascular risks, increased respiratory demands,
unresolved co-agulopathies and haemodynamic
instability were all considered in making the decision
to proceed with an interventional procedure.

Interventional procedures
The equipment used included the Dumon Series II
rigid broncoscopes (Bryan Corporation Inc., Woburn,
MA, USA) with optical system, probes, stent introducer, stenting forceps and flexible bronchoscopes
(Pentax, Lifecare Division and Olympus Medical
Systems Corp., Tokyo, Japan). The interventional procedures were performed by an experienced interventional pulmonary physician, with the assistance
of an interventional pulmonary fellow. RB was performed under general anaesthesia in the operating
room, while FB was performed under moderate
sedation with midazolam and fentanyl in the bronchoscopy suite. Patients were placed in the supine
position and during laser treatment fraction of
inspired oxygen (FiO2) was maintained at <40% to
avoid endobronchial combustion. The techniques
used were: resection (electrocautery, cryotherapy,
Nd : YAG laser photoresection, photodynamic
therapy, brachytherapy), dilatation (rigid dilatorsbougies, rigid bronchoscope, balloon dilatation) and
maintenance (photodynamic therapy, airway stents,
brachytherapy).
Nd : YAG laser, electrocautery, cryotherapy, APC
and balloon dilatation were performed using both
rigid and flexible bronchoscopes. Silicone stents were
placed only by RB, while metal and hybrid stents were

Figure 1 Total numbers of procedures performed and characteristics of the patients in each of the
two groups investigated.
Respirology (2009) 14, 595–600
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placed by both RB and FB. Nd : YAG laser was set
to low power settings (30–40 W) with a pulse duration
of 1 s. The brachytherapy method used was the high
dose rate technique. Using an Ir192 source, 700 cGy
were usually deliver weekly for three applications.

Statistical analysis
Data are presented as mean and SD (or median and
range) and were compared using the t-test, or the
Mann–Whitney test for data that was not normally
distributed. Survival rates were computed using
Kaplan–Meier survival curves. Patients were followed
until death, or data were censored at the study closure
date (November 2007) if patients were still alive.
Statistical analyses were performed using SPSS
version 14 for Windows (SPSS Inc., Chicago, IL, USA).

Table 1 Number of times a technique was used for the
procedures performed†

Technique
Nd : YAG laser
Stent
Electrocautery
APC
Balloon dilatation
Cryotherapy
Brachytherapy
Photodynamic therapy
Mechanical debulking
Bronchoscopic dilatation

FB procedures RB procedures
(n = 385)
(n = 384)
78
76
118
65
35
11
35
2
0
0

139
129
36
3
35
2
0
0
97
139

†
Multiple techniques may have been used during the
same procedure.
APC, argon plasma coagulation; FB, flexible bronchoscopy; Nd : YAG, neodymium-yttrium aluminium garnet;
RB, rigid bronchoscopy.

Table 2
lesions

A P-value of <0.05 was considered statistically
significant.

RESULTS
The total numbers of procedures performed are
presented in Figure 1. There were no age or gender
differences between patient groups. Table 1 details
the therapeutic modalities delivered via the RB or FB
approaches. When FB was performed, electrocautery
was the most frequently used therapeutic intervention, followed by Nd : YAG laser, APC and stent placement. In contrast, when RB was used, Nd : YAG laser
and stent placement were the most frequently performed interventions.
Figure 2 shows the distribution of lesions within the
tracheo-bronchial tree in the two treatment groups.
In patients treated by FB, lesions were located in the
distal airways in over half the cases. In contrast, for
patients treated by RB, the trachea and main stem
bronchi were involved in over 90% of cases.
The most common diagnoses of malignancy
among patients in both groups were NSCLC, followed
by small cell lung cancer (SCLC) and metastatic
malignancies
(oesophageal
cancer → colon
cancer → breast cancer → renal cell carcinoma, etc.).
Squamous cell carcinoma was the most frequent histological type diagnosed in NSCLC patients, followed
by adenocarcinoma. Bronchial carcinoid, a low grade
malignancy that can be treated by interventional
bronchoscopy,4,5 was also very common in this series.
The list of benign diagnoses included tracheal stenosis (idiopathic, tracheomalacia or post-intubation),
followed by polypoid benign lesions, vascular lesions,
amyloidosis, hamartomas, etc.
In both groups, most patients with NSCLC had
stage IIIB or stage IV disease (Table 2). Less advanced
disease (stages IIA and IIB) was noted in 14 patients
(16.1%) in the FB group and in only 2 patients (1.4%)
in the RB group.

Descriptive statistics for patients with malignant

Flexible
bronchoscopy
n (%)
Number of patients†
Chemotherapy
External radiation
NSCLC patients
Stage
IV
IIIB
IIIA
IIB
IIA

Rigid
bronchoscopy
n (%)

117
89 (76.7)
82 (70.6)
86

178
99 (56.9)
99 (56.9)
135

22 (24.5)
44 (51.1)
6 (6.9)
11 (12.7)
3 (3.4)

25 (18.5)
103 (76.2)
5 (3.7)
2 (1.4)
0

†

All patients with malignancy.
NSCLC, non-small cell lung cancer.
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Figure 3 Survival curves for the
two patient groups using Kaplan–
Meier survival analysis. There was
a statistically significant difference
in survival of 1.2 months in favour
for the FB group (P = 0.043). FB,
flexible bronchoscopy; RB, rigid
bronchoscopy.

Figure 4 Trends in the procedures performed over an 8-year
time period. FB, flexible bronchoscopy; RB, rigid bronchoscopy.

Survival rates are depicted in Figure 3. There was
a statistically significant difference (P = 0.043) in
survival rates between patients who underwent FB
(6.3 months) compared with patients treated by RB
(5.1 months), with a median difference in survival
of 1.2 months.
Figure 4 shows the number of interventional RB
and FB procedures performed during the study
period.

DISCUSSION
With an institutional experience in interventional
bronchoscopy that spans nearly 30 years we have
Respirology (2009) 14, 595–600

had the opportunity to witness the evolution of
interventional pulmonology as applied to patients
with tracheobronchial lesions.
The indications for interventional bronchoscopy
procedures are numerous. Tracheal stenosis, tracheomalacia, hamartomas, amyloidosis are some of
the benign diseases that are treatable by interventional bronchoscopy. NSCLC, SCLC and metastatic
malignancies, however, comprise the majority of
tracheobronchial lesions treated by interventional
bronchoscopy. Tracheal stenosis after intubation
seems to be increasing as an indication for interventional bronchoscopy.6–8 This may be due to the fact that
in recent years treatment in the intensive care unit has
been offered to more patients,9 resulting in more
© 2009 The Authors
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patients undergoing endotracheal intubation and
tracheostomy. This can lead eventually to granuloma
formation around the tracheal stoma and/or web-like
stenosis at the site of the endotracheal tube cuff.10,11
Rigid bronchoscopy provides excellent control of
the airways, better visualization, better suction and
safe control of possible haemorrhage.12 However, the
use of RB has been limited by the number of bronchoscopists trained in RB techniques, the limited
availability of operation rooms and the expense of
Nd : YAG laser equipment. Laser treatment combined
with mechanical dilatation and ‘scooping’ of endoluminal masses have been the RB interventions most
frequently performed over the last three decades. In
recent years it has become possible to deploy most
new treatments through FB, thus avoiding general
anaesthesia and providing more options for the
patient. Techniques such as electrocautery, APC,
cryotherapy, balloon dilatation, self-expandable
metal stents (covered or uncovered), photodynamic
therapy and brachytherapy catheters were applied
primarily by FB, while Nd : YAG laser therapy was
delivered mostly by RB. In addition, silicone stents
can only be deployed using RB and this is the recommended stent for benign lesions.
On average 1.5 procedures were performed per
patient in the RB group, and this was similar to the
series reported by Cavaliere et al.,13 Chan et al.,12
Moghissi and Dixon14 and Noppen et al.,15 in which
1.6–1.9 procedures were performed per patient. In the
FB group a mean of 2.4 procedures per patient was
required in order to complete treatment. There was an
inverse relationship between the number of RB procedures, which declined over the years, from 60 to 40,
and the number of FB procedures that substituted for
RB procedures. This finding can be viewed in relation
to the previously published Lahey Clinic experience,
in which RB was the main interventional procedure
performed, with an average of around 60 procedures
per year.16 Although the numbers of interventional
procedures have remained the same over time, FB has
been used more frequently in recent years.
The present data demonstrated the value of FB as
an alternative modality for the treatment of distal
lesions in the tracheobronchial tree. More than half
the treatments in the FB group were performed for
peripheral lesions, while in the RB group 90% of the
lesions were located in the trachea or main stem
bronchi. Other case series also showed that the less
bulky or peripheral lesions could be treated using FB
and non-laser techniques.3,12,17,18 The techniques used
have varied according to the location of the lesions.
Hujala et al.19 reported that the most common factor
contributing to treatment failure during RB procedures was an unfavourable location of the tumour.
In their series, the location of 18% of tumours was
too distal in the bronchial tree for effective therapy.
The trachea, carina and main bronchi were the
most favourable locations, whereas both upper lobe
bronchi were the most difficult tumour sites to treat.
The use of FB through RB is an approach that overcomes the limitations of RB for reaching peripheral
lesions. This is an especially valuable approach when
both central and distal lesions are encountered in the

bronchial tree. Patients with more subtle disease,
especially after other treatments have been provided
(chemotherapy, radiotherapy, surgery), may benefit
from the less interventional nature of the FB
approach. However, RB is usually the only choice
in patients with suffocating lesions and excessive
dyspnoea.
Several studies17,19–24 have reported median survival
rates after interventional bronchoscopy ranging from
3.7 to 8.4 months. Survival is a misleading parameter
as it does not take into account the palliative effect of
therapy and is not based on randomized controlled
trials.1313 However, survival has been reported in
every published case series on interventional bronchoscopy, to demonstrate the utility and justify the
use of interventional procedures. In the present
series, survival rates for patients with malignant
disease were best for the FB group (6.3 months), followed by the RB group (5.1 months). The reason for
the better survival in the FB group may be that these
patients had less advanced disease (stage IIB or IIA)
compared with those in the RB group. Another factor
could be that the peripheral location of the lesion
played a role in the final outcome, allowing a longer
time interval before the lesion caused major
symptoms.
Prospective studies addressing improvement
in symptoms, complications, performance status,
survival and quality of life are required to better
demonstrate the efficacy and palliative effect of interventional bronchoscopy procedures. The conclusions
from our study are limited by its retrospective nature.
Controlled, prospective studies comparing various
therapies using interventional bronchoscopy have
been problematic because of the often critical nature
of airway obstruction that requires urgent therapy. As
a consequence, biases such as bronchoscopist preference, patient performance status and comorbidities
may affect results.
Rigid bronchoscopy remains an important tool for
treating tracheobronchial lesions. It offers an excellent view, facilitates management of central airway
conditions and is the only approach providing the
capacity for mechanical debulking and dilatation of
central lesions, along with silicone stenting. FB can be
used for less advanced malignancies, the majority of
benign lesions and lesions in the peripheral bronchial
tree, although more procedures are required per
patient to complete the treatment. In recent years we
have performed an increasing number of interventional bronchoscopy procedures and, in particular,
procedures performed by FB. Interventionists with
a preference for the FB approach should also be
adequately trained in RB procedures to deal with
possible complications that can be serious.
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