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We are honored to be the editors of the fourth edition of 
Flexible Bronchoscopy. In this role, we wish to recognize 
that this book is the collaborative efforts of many experts in 
the art and science of bronchoscopy, as reflected by the 
contributions of our eminent authors.

The art of bronchoscopy is now recognized as a critical 
skill not only in the technical performance of obtaining 
necessary tissue and a variety of therapeutics, but also to 
ensuring the best application of our rapidly expanding 
technology.

Modern bronchoscopy was born over 100 years ago when 
Professor Gustav Killian began utilizing the rigid broncho-
scope in 1897. This was followed by the genius of Professor 
Shigeto Ikeda in developing the flexible bronchoscope in 
1964. Since these early years, technology has enhanced our 
capabilities at a steady pace with intermittent brilliant 
leaps forward with the insight of modern thought leaders 
and inventors since the 1970s. These developments are 
well known to the field of bronchoscopy and interventional 
pulmonology. They include the development of the flexible 
transbronchial needle for nodal aspiration and broncho-
scopic lung cancer staging, followed by Professors Heinrich 
Becker, Teruomi Miyazawa, Kazuhiro Yasufuku, and oth-
ers shepherding the application of ultrasound in the tra-
cheobronchial tree. Also, we acknowledge the seminal 
work of Professor François Dumon and the development 
of silicone stents in 1990, and other advances as detailed by 
the authors in this textbook.

In this book, our authors delineate the bedrock tech-
niques of bronchoscopy, such as anesthesia for bronchos-
copy, rigid bronchoscopy, and bronchoscopic lung biopsy. 
Also covered are the history and applications of the more 
recent developments of linear and radial‐probe ultrasound, 
navigational bronchoscopy for localization and sampling 
of peripheral pulmonary nodules, as well as authoritative 
information on therapeutic procedures such as ablative 
therapy utilizing “hot” instruments with laser, electrocau-
tery, and argon plasma coagulation or “cold” interventions 
utilizing spray cryotherapy.

As bronchoscopy and interventional pulmonology 
mature as a specialty, the challenge will be to explore how 
we might best apply this burgeoning technology in an 
effective, safe, and economically prudent manner. Optimal 
application of many standard techniques still yields sub-
stantial benefit in the diagnosis and staging of benign and 
malignant disease while new techniques need to be care-
fully judged against the established ones.

This is an exciting time for those of us privileged to be 
helping patients with diseases of the chest through our 
interest in the art and science of bronchoscopy. We hope 
that the wisdom and enthusiasm shared by our authors 
will allow you to excel in your chosen profession and 
improve the welfare of our patients.

Ko‐Pen Wang
Atul C. Mehta

J. Francis Turner, Jr.

Preface



xv

Don’t forget to visit the companion website for this book:

www.wiley.com/go/wang4e 

There you will find valuable video material designed to enhance your learning.
Scan this QR code to visit the companion website.

About the Companion Website



Flexible Bronchoscopy, Fourth Edition. Edited by Ko-Pen Wang, Atul C. Mehta, and J. Francis Turner, Jr.
© 2020 John Wiley & Sons Ltd. Published 2020 by John Wiley & Sons Ltd.
Companion website: www.wiley.com/go/wang4e

1

1

It is already 70 years since the beginning of broncho-
scopic examination and the appearance of the flexible 
bronchofiberscope represents the opening of a new 
page in bronchoscopic examination. Future broncho-
scopic examinations should make further progress on 
this milestone of the flexible bronchofiberscope. 

(Shigeto Ikeda [1])

1.1  Introduction

There is ample literature about the history of bronchos-
copy in general. In this chapter, I will describe the steps 
that led to the development of the first flexible broncho-
scope from prototype to the final device and the crucial 
steps of further evolution from fiberscopes to video-
scopes, endobronchial ultrasound (EBUS) scopes, and 
the latest robotic flexible bronchoscope. The introduc-
tion of adjuvant technologies created a wide range of 
diagnostic and therapeutic applications for flexible bron-
choscopy that has made it the central indispensible tool 
in pulmonary medicine today. I will describe how, driven 
by changing concepts, planned search for technical solu-
tions or chance detection, new technologies were added 
to existing ones, leading to new concepts and strategies 
in a logical pattern. The examples given are early and 
advanced lung cancer, central airway obstruction, soli-
tary pulmonary nodules (SPN), diseases of lung tissue, 
emphysema, and asthma. And finally, based on current 
developments I will take a look at the future of flexible 
bronchoscopy.

1.2  Shigeto Ikeda 
and the Invention of the Flexible 
Bronchoscope

From its introduction by Gustav Killian in 1897, the rigid 
bronchoscope remained the standard instrument for 
inspection of the airways during the following 70 years. 
Due to the comparatively complicated procedure, requir-
ing special skills and in many cases additional general 
anesthesia, application of rigid bronchsocopy was mainly 
restricted to ENT departments, thoracic surgery, and 
 specialized pulmonology centers. Only after Shigeto Ikeda 
introduced the flexible bronchoscope in 1967 did the 
art  of  bronchoscopy spread to many medical disciplines 
worldwide.

Ikeda was born in 1925 (Figure  1.1). After graduating 
from high school, he began studying medicine at Keio 
University in 1944. However, he had to interrupt his stud-
ies for one year as he suffered from specific pleuritis and 
underwent thoracoplasty. After recovery, he graduated in 
1952 but in the same year, he had to have lung resection for 
a tuberculous mass during his internship in the Division of 
Tuberculous Surgery. Here he began studies on bronchial 
anatomy, including bronchography and motion pictures. 
As he found illumination by electric bulbs at the tip of rigid 
telescopes unsatisfactory, in 1962 he designed a telescope 
with “cold light.” A glass fiber bundle, connected to a 500 W 
xenon light source, was attached to the telescope and pro-
vided sufficient illumination for obtaining photographs 
and taking movies, for which he constructed special 
cameras.

Heinrich D. Becker

Department of Interdisiplinary Endoscopy, Thoraxclinic at Heidelberg University, Heidelberg, Germany

A Short History of Flexible Bronchoscopy
From Fiberoptics to Robotics



Flexible Bronchoscopy2

However, visualization of the bronchi in both upper 
lobes was often difficult due to the anatomical structures. 
Thus the need for a flexible bronchoscope, based on the 
concept of the gastrointestinal fiberscope presented by 
Basil Hirshowitz in 1961, was apparent [2,3]. As Machida 
Co. and Olympus Optical Co. had produced the first gastro-
fiberscopes in Japan from 1962, Ikeda approached Machida 
in 1964 and Olympus in 1965 for the construction of proto-
types for bronchoscopy. He formulated specific require-
ments regarding diameter, more and smaller optical fibers, 
flexible light guide, fixed tip <1 cm, length 1 m, fixed focus 
0.5–3 cm, visual angle 80°, and tip flexion of 60°. For ease 
of introduction, a special semiflexible orotracheal tube was 
constructed, that could be straightened in case specimens 
had to be obtained by a rigid forceps (Figure 1.2).

In 1966, when Ikeda presented the first prototype at the 
9th International Congress on Diseases of the Chest in 
Copenhagen, Denmark, he created huge excitement and 
the story was even published in the New York Times. Further 
improvements were made on the following prototypes: con-
trol mechanisms for lengthwise rotation and bending of the 
tip were built into the control section, improved imaging 
was achieved by regular arrangement of smaller glass fib-
ers, and a lens was mounted on the tip (Figure 1.3, movie). 
Finally, in the seventh prototype a channel was integrated 
into the scope for the introduction of sampling devices; 
Ikeda was confident that the instrument was ready for 

Figure 1.1 Shigeto Ikeda, 1925–2001.

Figure 1.2 Ikeda demonstrating the first bronchoscope at my first visit to Japan. (Note: he was left handed, which is why the line to 
the light source and the suction of flexible bronchoscopes are running to the left so that the control section of the scope rests easily 
in your left hand and the lines are not pulling.) On the left is the first scope with the special orotracheal tube that could be 
straightened for taking rigid biopsies.
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commercialization and introduced and popularized flexible 
fiberbronchoscopy throughout the world.

In the following years, more and more experience was 
gained in clinical application and by 1980 flexible fiber 
bronchoscopy had become a routine procedure and spread 
worldwide. In 1980, after visiting Dumon in Marseille, 
Ikeda’s group began Nd:YAG laser treatment and photody-
namic therapy (PDT) of malignant lesions. For better 
image resolution and processing, together with Asahi 
Pentax Co. he introduced charge-coupled device (CCD) 
chip technology to build the first videoscope which was 

later adopted by Machida-Toshiba and Olympus. On his 
mission to promote the art of flexible fiberbronchoscopy, 
Ikeda traveled extensively all over the world and in 1978 
founded the World Association for Bronchology (WAB) 
within which nowadays, as the World Association for 
Bronchology and Interventional Pulmonology (WABIP), 
national and continental assocations are united.

In recognition of his outstanding achievements, Ikeda 
received many national and international awards. After 
resignation from his clinical and academic positions in 
1991, he preserved a keen interest in the development of 
bronchoscopy and stayed closely connected to the scientifc 
societies. Despite his fragile health due to several strokes 
and heart attacks, according to his lifelong motto “Never 
give up,” he attended all the meetings until the year 2000 
before he died in 2001 [1,4–8] (Figure 1.4).

1.3  Further Development 
of Flexible Endoscopes

In the beginning, Machida and Olympus were the only 
manufacturers of flexible fiberbronchoscopes but soon 
other companies in Japan, the US and Europe began enter-
ing the market and today there are around 20 in business. 
As Olympus had the widest distribution network, it 
remains the main player in the market. With growing 
experience in fiberbrochoscopy, there was an increasing 
demand for different types of bronchoscopes for special 

Figure 1.3 Movie clip of the first flexible fiberscope (see video 
on the website: function with flexion and rotation). 
Source: Courtesy of T. Shirakawa.

Figure 1.4 With Teruomi Miyazawa at Ikeda’s tomb. The inscription on the gravestone beneath the emblem of the WAB reads: 
“Invention.”
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diagnostic and therapeutic applications and also for other 
disciplines in medicine that realized the value of the new 
technology, such as anesthesia, pediatrics, and ICU 
medicine.

The development of new imaging and therapeutic tech-
nologies that could be applied via flexible bronchoscopes 
drove new advances. Improved fiberbronchoscopes were 
brought to the market in comparatively quick succession. 
Different diameters from 6 mm down to 2.2 mm for periph-
eral airways and pediatric use became available (Figure 1.5). 
Recently, miniaturized bronchoscopes with an outer diam-
eter of less than 1 mm have been constructed for laboratory 
research in small animals. A variety of bronchoscopes with 
wide channels of 3 mm for interventional procedures and 
1.2 mm for peripheral use are now available. Improvement 
of fiberoptics is allowing better analysis of small structures 
and photodocumentation. For observation by trainees, a 
teaching attachment (lecture scope) can be mounted onto 
the control section of the bronchoscope. Fiberscopes with 
battery illumination and integrated monitor are useful for 

the ICU, sleep laboratory, on wards and in the outpatient 
department.

The next big step was the introduction of videobron-
choscopy by Pentax in 1987, which became possible due to 
miniaturization of CCD chips, that could be integrated into 
the tip of flexible bronchoscopes instead of optical fibers 
[9] (Figure 1.6). Via a video processor, moving images can 
be followed on a monitor, stored on film and data banks, 
and printed. They can be directly integrated into the report 
or transmitted online to other departments. The biggest 
advantage is that images can be processed according to 
colors, contour enhancement, magnification, and different 
light sources. The CCDs have become so efficient that 
today videbronchoscopes with high-definition television 
(HDTV) with superior image quality are available. In very 
small endoscopes, the CCD is integrated into the control 
section and transmits the fiberoptic image to the processor 
(hybrid scope).

The next technological revolution was the introduction 
of EBUS in 1996, adding a new dimension to flexible 

(a)

(c)

(b)

Figure 1.5 Modern flexible scopes of different diameters and sizes of biopsy channels.
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bronchoscopy by widening the view of the bronchoscopist 
beyond the airway. In 1999, the miniaturized radial probe 
was launched, that could be introduced via the biopsy 
channel of the flexible bronchoscope [10]. As there was an 
increasing demand for real-time transbronchial needle 
aspiration of mediastinal lymph nodes (TBNA), a dedi-
cated ultrasonic endoscope was added in 2002 [11] 
(Figure 1.7) Today, EBUS-TBNA has become the standard 
for mediastinal staging and the radial probe for approach to 
peripheral lesions. “Endobronchial ultrasound (EBUS) is 
the single most useful pulmonary procedure in decades 
and should be available to all patients with thoracic ade-
nopathy requiring evaluation” (Kevin L. Kovitz).

The latest revolution in flexible bronchoscopy is the 
introduction of robotic bronchoscopy. In the attempt to 

become more independent from the bronchoscopist’s indi-
vidual skills in handling and accuracy, robotic surgery has 
been developed. It is expected to improve access to periph-
eral airways by flexibility in all directions in order to place 
tools with precision consistently in the desired location 
and maintain stability in position under vision and by 
active remote robotic control. In 2018, a paper on clinical 
application of the first robotic bronchoscope (Monarch®, 
Auris Surgical Robotics Inc.) was published by my former 
coworker Jose Rojas-Solano [12] (Figure  1.8) A second 
upcoming robotic platform is the Ion™ endoluminal sys-
tem by Intuitive Surgical, Inc., which currently is waiting 
for 510(k) clearance.

A general problem with flexible bronchoscopes is 
 disinfection because of the small channels with risk of 

Figure 1.6 The exponential downsizing of 
CCD chips for endoscopes.

Figure 1.7 Radial miniature EBUS probe inserted via the channel of a flexible bronchoscope and ultrasonic bronchoscope, so-called 
convex probe (cP) bronchoscope.
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cross-contamination [13]. As few optical systems can with-
stand the autoclaving procedure, disposable videobron-
choscopes have been developed [14]. The costs of reusable 
bronchosopes have been assessed for application in the 
ICU which, albeit with many imponderables, seemed 
favorable. However, due to the many different diagnostic 
and therapeutic applications of flexible bronchoscopy as 
illustrated below, it is highly improbable that disposable 
flexible bronchoscopes will be taking over more than the 
current approximately 30% of the market. So far, the only 
practical solution is high-level disinfection of instruments 
and strict observation of hygienic guidelines.

With all these technical improvements, bronchoscopy 
has become an essential part of pulmonary medicine. The 
bronchoscope market is driven by increasing prevalence of 
pulmonary diseases that can be diagnosed and treated by 
minimal invasive procedures with the bronchoscope, 
improved reimbursement, and technological advance-
ments. The global market was valued at US$15.4 billion in 
2017 and is expected to have increased 8.3% annually by 
the year 2025. Thus it can be expected that this will be an 
important incentive for manufacturers to research and 
invest in innovations [15].

1.4  Further Developments 
in Flexible Bronchoscopy

The ease of application and access beyond the central air-
ways opened vast opportunities for the introduction of 
new optical, diagnostic, and therapeutic techniques [16], 
starting with transbronchial lung biopsy (TBLB), 

 performed by Anderson and Zavala after Ikeda’s visit to 
the United States [17].

In 1974, Reynolds published first experiences with bron-
choalveolar lavage (BAL) [18]. Cortese demonstrated the 
potential of early lung cancer detection by fluorescence, 
induced by injection of hematoporphyrin derivates (HPD) 
in 1978 [19]. In the same year, Wang began TBNA of medi-
astinal lymph nodes via the flexible bronchoscope, which 
by then was only rarely applied via rigid instruments [20]. 
Also, the first endobronchial application of the Nd:YAG 
laser was performed by Toty [21] and in 1980 Dumon pub-
lished his results on photoablation of stenoses by ND:YAG 
laser treatment, which for some time was the most applied 
technique [22,23]. In parallel, Hayata and Kato applied 
PDT after sensitization by HPD for treatment of centrally 
located early lung cancer [24]. In 1979 Hilarss used radio-
active probes for treatment of central airway cancer for 
endoscopic high-dose radiation therapy (HDR) [25].

With rapid development and miniaturization of elec-
tronic imaging by charge CCDs, the first videobroncho-
scope was developed by Ikeda in cooperation with Pentax 
Co. in 1987. In 1990, the first dedicated silicone stent for the 
airways was presented by Dumon [26]. As implanting sili-
cone stents by flexible bronchoscopy is difficult and intra-
vascular metallic stents proved unsuitable for the airways, 
we introduced the Ultraflex® Nitinol® stent in 1992 [27]. In 
1991 Lam reported on autofluorescence bronchoscopy 
(AFB) without HPD for early detection of lung cancer [28]. 
The need for local staging of these lesions was met by the 
introduction of radial EBUS in 1999 [10], which in addition 
opened a wide range of applications for diagnosis within 
the mediastinum and lung. Currently, in connection with 

Figure 1.8 J. Rojas-Solano with the Monarch 
robotic bronchoscope.
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TBNA by a dedicated ultrasonic bronchoscope, it is widely 
replacing mediastinoscopy for staging of lung cancer [29]. 
Early detection of lung cancer created further demand for 
new imaging modalities by high-power magnification vid-
eobronchoscopes and narrow band imaging (NBI) for 
 analysis of subtle vascular structures [30]. Endoscopic opti-
cal coherence tomography (EOCT) providing information 
on the layer structure of the bronchial wall with higher 
resolution than EBUS is currently under investigation for 
bronchology [31].

Maneuvering smart diagnostic tools inside the airways 
beyond the visible range has been enhanced by smart elec-
tromagnetic navigation (EMN) [32,33], which also sup-
ported bronchoscopic treatment of peripheral lesions by 
insertion of brachytherapy catheters [34]. The first results 
of studies for treatment of asthma by thermic destruction 
of the bronchial muscles [35] and of emphysema by inser-
tion of endobronchial valves have been published [36].

The rapid growth of internet communication opened 
new avenues for communication to enhance consulting, 
research, and teaching. The first long-distance live trans-
mission on the occasion of the 12th World Congress for 
Bronchology and Bronchoesophagology was performed 
between Heidelberg, Germany, and Yokohama, Japan, in 
2000 (Figure 1.9). Further details of all these innovations 
are beyond the scope of this article and interested readers 
will find suggestions for reading in the references.

1.5  Current Concepts 
and Strategies in Flexible 
Bronchoscopy

During my professional life, around 600 physicians from all 
over the world came to our institution to obtain experience 
in all kinds of procedures. Frequently, younger doctors 

(a) (b)

(c) (d)

Figure 1.9 Live transmission of an EBUS procedure from Heidelberg, Germany, to Yokohama, Japan, at the WCB. Endoscopy setting (a), 
communication center in the endoscopy unit (b), hardware (“brain”) in the endoscopy for communication (c), live presentation on the 
screen in the lecture hall (d).
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were surprised to observe that, apart from obtaining skills 
in a special technique, they learned that bronchoscopy is 
part of the wider concept of pulmonary medicine. This is 
why it might be useful to illustrate the evolution of flexible 
bronchoscopy in more detail by some current issues in 
interventional bronchoscopy.

1.6  Detection and Staging of Early 
Lung Cancer in the Central Airways

While applying PDT treatment of advanced lung cancer, it 
was observed that invisible small lesions in the bronchial 
mucosa became visible due to HPD fluorescence. This 
proved useful for detection of so-called early lung cancer, 
that is, in patients with positive sputum cytology with radi-
ologically invisible lesions that could potentially be cured. 
In further studies, it was shown that by illumination with 
special light sources, the bronchial mucosa fluoresced 
without activation by HPD and several systems have been 
developed in fiberscopes and videoscopes for detection of 
early cancers by autofluorescence.

As autofluorescence was unspecific for diagnosis of 
malignancy, methods for further analysis were added. 
Magnifying videobronchoscopes allow more detailed 
analysis of intra- and subepithelial structure, especially 
pathological vessels, that are characteristic of development 
of early bronchial cancer. By selecting smaller spectra in 
RGB imaging, narrow band imaging (NBI), the visuali-
zation of characteristic pathological vessels could be mark-
edly improved. Further increase of resolution toward 
almost microscopy level could be achieved by EOCT in 
which an optical scanning beam is reflected from the dif-
ferent layers of the mucosa, providing optical histology 
images. The most recent technology, confocal microen-
doscopy, is finally bringing optical resolution to the 
 cellular level [37].

It is expected that combination of these methods might 
finally replace histological examination on biopsy speci-
mens. When early lesions were treated by very efficient 
local therapy, such as PDT, there were always a considera-
ble number of patients who had only partial remission of 
their tumors. By definition, in situ carcinoma does not 
transgress the lamina propria of the mucosa and early lung 
cancer does not invade the cartilage and the connective tis-
sue layer in between. The latter in particular could not be 
assessed by optical methods.

In the 1990s, together with Olympus, we developed a 
dedicated radial ultrasound (EBUS) probe of 20 MHz. 
The high resolution of its images clearly showed all the 
layers of the bronchial wall. When we analyzed “early 
cancers” detected by autofluorescence, frequently the 

lesions extended further into the bronchial wall, even into 
the adjacent tissue and small lymph nodes that evaded 
diagnosis by computed tomography (CT) [38]. When by 
EBUS exploration only strictly localized tumors were 
treated by PDT, in all patients long-lasting complete 
remission was achieved [39]. Thus it was proven that it 
was not failure of the PDT, as had been assumed, but of 
local staging of these lesions. Which means that suppos-
edly early lesions should be explored by the described 
methods, before a decision on the method of endoscopic 
treatment is made. Thus in a more extensive localized 
lesion, if surgery is not considered, endobronchial brachy-
therapy might be preferable because of its deeper penetra-
tion (Figure 1.10).

1.7  Diagnosing and Staging 
of Advanced Lung Cancer

Correct staging of lung cancer is the prerequisite for 
 successful treatment [40]. The introduction of flexible 
 bronchoscopy allowed visualization of segmental and sub-
segmental airways and in this way significantly helped to 
assess the endoluminal extension of cancers, which is espe-
cially important for delineation of the prospective resection 
lines for thoracic surgery (Figure 1.11). Also, preoperative 
bronchoscopy is essential to exclude additional endobron-
chial metastasis. As the vision of the bronchoscope is lim-
ited to the lumen and the internal surface of the bronchial 
wall, involvement of the deeper layers or penetration into 
the mediastinal structures could be only indirectly assessed. 
Because radiological exploration of the mediastinum 
depends on the contrast between water density, air, fat, or 
calcium, we experienced a lot of misdiagnosis because no 
such interface was present. Especially when in solid tumors 
adjacent to the mediastinum, infiltration of those structures 
was diagnosed by radiology, this could often not be con-
firmed during surgery. Also diagnosis of lymph node metas-
tasis based on size was of only limited value.

This is why in 1989 I approached Olympus who were 
already active in gastrointestinal ultrasonography, to develop 
EBUS for exploration, especially with regard to staging of 
lymph nodes. During the following 10 years, many obstacles 
had to be overcome because of the special conditions in 
the airways. However, after many protototypes, two EBUS 
 systems had been developed, the radial probe and the ultra-
sonic endoscope, that are now widely used in different 
indications. By using EBUS, tumor compression of the air-
ways versus infiltration of the wall can be reliably differenti-
ated in the preoperative bronchoscopic evaluation [41].

Most important for bronchoscopic staging is involvement 
of mediastinal lymph nodes. With the rigid bronchoscope 



(a) (b)

(c) (d)

Figure 1.10 Early lung cancer. The slight discoloration on white light becomes very prominent by autofluorescence (a). By magnifying 
endoscopy, the pathological vascularization becomes visible (b), which is even more prominent under NBI (c). In the EBUS image, the 
superficial lesion ventrally is thickened (3 mm) compared to the normal wall on the left (1.4 mm), but well within the confines of the 
bronchiall wall and can be treated by bronchoscopic intervention (d).
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Figure 1.11 Extensive squamous cell cancer at the bifurcation extending into the trachea (a). Immediately after Nd:YAG laser 
resection (b). Isodose lines around the Ir 192 radioactive probe (c). Bifurcation two years after HDR therapy (d). Survival of patients 
with complete remission compared to partial remission after HDR (e). Recurrent high-grade radiogenic stenoses after complete 
remission (f). Recanalization after balloon dilation by insertion of three Nitinol stents (g).
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TBNA of mediastinal masses and enlarged lymph nodes 
had been performed but was never widely used. This 
changed with the introduction of the flexible bronchofiber-
scope. After localizing enlarged lymph nodes in relation to 
bronchial landmarks on CT, guided TBNA, such as the 
main carina and bronchial branchings, special flexible 
cytology or histology needles can be easily passed through 
the airway wall, even in a bent position, inaccessible for 
rigid needles. The method was very safe, complications 
mainly anecdotal and the results were so good that in many 
cases TBNA replaced mediastinoscopy, back then the gold 
standard for staging. But despite that, TBNA remained 
widely underused, mainly probably for fear of bleeding 
from larger mediastinal vessels.

With the introduction of the radial ultrasound probe, 
lymph node localization, especially in the paratracheal region 
where there are no clear landmarks, became more reliable. In 
the paratracheal region, results of EBUS-guided TBNA were 
significantly superior. However, only after the introduction 
of the dedicated ultrasound bronchoscope, by which real-
time observation of the needle passing into the lesion is pos-
sible, did EBUS-guided TBNA become widely accepted and 
today it is the recommended standard for mediastinal staging 
and has widely replaced mediastinoscopy [42].

1.8  Tumors of the Central Airways: 
From Palliation to Cure

With the increasing incidence of lung tumors, one main 
indication for bronchoscopy had become central airway 
obstruction. In contrast to rigid bronchoscopy, mechanical 
ablation by the flexible instrument itself, apart from 
necrotic fragile tissue, is mostly not successful. Resection 
by forceps, curette, or other mechanic instruments is tedi-
ous due to their small size. One exception in special cases is 
balloon dilation of malignant airway stenosis by com-
pression [43]. The effect, however, is short-lived and not 
very efficient for improvement of dyspnea.

For rapid desobliteration, several methods have been 
introduced. In 1982, Dumon described the application of 
the Nd:YAG laser for thermal destruction of cancer tissue 
for rapid relief of central airway obstruction. After attend-
ing Dumon’s lecture in 1980, Ikeda visited him in Marseille 
and immediately introduced the laser in Japan. The advan-
tage was the noncontact destruction by vaporization of the 
tissue. By observation of risk factors, application of short 
impulses at maximum 40 W power setting and 50% oxygen 
supply, the method was very safe. In 1997, Homasson 
described high-frequency (HF) electrocautery that uses 
the thermal effect of electric current for the destruction of 
tissue and by its immediate effect is comparable to the 

Nd:YAG laser. Sutedja called it “the poor man’s laser” as it 
has a similar effect at much lower costs [44 45]. A variation 
of electrodestruction is argon plasma coagulation (APC) 
[46]. In this noncontact method, the current is induced by 
heating argon gas to separate the electrons from the atoms 
and the resulting Ar + plasma is the medium for transfer of 
the electric current. In contrast to methods that destroy tis-
sue by heat, cryotherapy uses the Joule–Thomson effect 
of creating cold by rapid expansion of liquefied gases in 
small catheters. This can be used for removal of the adher-
ing frozen tissue by rapid extraction of the probe or for 
inducing delayed tumor necrosis due to intracellular ice 
crystal formation [47].

All the above methods provide immediate relief of symp-
toms and in malignancies have to be repeated after recur-
rence, unless definitive treatment for cure can be provided. 
Survival after laser resection of malignancies in my experi-
ence was 20% after three years. For patients who could not 
be cured by surgery or radiotherapy after local resection, 
endoscopic methods for long-term palliation were sought.

In the early 1990s, local long-term palliation of endobron-
chal cancer with high dose-rate intraluminal irradiation 
(HDR brachytherapy) by insertion of catheters armed with 
a radioactive Ir192 probe at the tip was investigated. The prin-
ciple is application of a very high dose of radiation near the 
radiation source with a steep gradient to spare the surround-
ing tissues. We added HDR to laser treatment. When we were 
able to achieve endoscopic complete remission, the long-
term effect lasted many years, in some patients even resulting 
in cure. Our strategy is application of 2–3 sessions of external 
radiation to reduce the tumor volume and then four sessions 
at 5 Gy by endoluminal radiation [48].

In patients with complete remission, long-term complica-
tions frequently included extensive scar formation resulting 
in recurrence of severe central airway stenoses. These can 
only be treated by internal support. In 1989, Dumon pre-
sented his dedicated silicone stent that could be placed by 
rigid bronchoscopy. Anecdotal reports described techniques 
for implantation with the fiberscope it but never gained 
wider use. Instead, endovascular stent systems were adapted 
for insertion into the airways. However, the first expandable 
and self-expanding metallic stents made from stainless 
steel and tantalum either collapsed due to missing internal 
support, as in blood vessels, or perforated due to excessive 
pressure on the airway wall. After negative experiences 
with tantalum stents, we developed the Boston Scientific 
Nitinol stent, later called the Ultraflex stent (Figure 1.12). 
After improving the insertion mechanism and development 
of an additional covered version, it became the standard 
model for flexible insertion. Some of my patients have been 
living with this stent for more than 20 years, one after inser-
tion at the age of 2 years.
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Parallel to laser therapy, PDT for bronchial cancer was 
introduced. By this treatment, cancer tissue is sensitized to 
light by injection of HPD which, during laser illumination, is 
degraded and obliterates capillary vessels and destroys cancer 
cells due to oxygen radical production. However, in contrast to 
Nd:YAG laser resection, the effect of treatment is delayed and 
not recommended for emergency situations. But it is very effi-
cient as an adjunct to acute interventions and can also be 
applied in conjunction with brachytherapy or after placement 
of uncovered stents in order to treat tumor ingrowth.

A possibly promising recent approach for treatment of 
inoperable lung cancer is bronchoscopic intratumoral 
injection of anticancer agents such as ethanol, chemo-
therapeutics, or immunostimulatory genes. For better 
local control of the injection, EBUS-guided transbronchial 
needle injection (EBUS-TBNI) offers visual control by 
measuring tumor volume for dose calculation, avoiding 
intravascular injection and observing the hypoechoic 
swelling by fluid injection [49].

1.9  Diagnosis and Treatment 
of Peripheral Lung Cancer

Over recent decades, a gradual shift has occurred from 
centrally located lung cancer to peripheral lesions in the 
lung. As in early endobronchial cancer, the prognosis of 

peripheral cancer improves the earlier it is detected. This 
is why screening programs for early detection by low-dose 
spiral CT have been investigated. After long-term follow-
up, it could be shown that significantly more smaller 
lesions were found and that mortality could be reduced by 
20% [50]. However, when SPN were routinely resected, it 
turned out that half were benign and in fact did not need 
surgery with its side-effects [51]. This is why there was a 
demand for preoperative confirmation of the histology. 
With flexible tools like washing, brushing, curettes, nee-
dles, and biopsy forceps, there exists a wide armamentar-
ium for obtaining histopathological material.

The challenge is finding the path toward the lesion, 
because calculating the location of the lesion from X-ray or 
CT and trying to approach it merely by endoscopic view 
has a very low success rate. Real-time control of transbron-
chial biopsy under fluoroscopy was better [52]. But the 
visualization of lesions under 2 cm and ground glass opaci-
ties is very poor. Anecdotal reports of transbronchial biop-
ies under real-time CT visualization were more successful, 
but the logistic challenges and radiation exposure pre-
vented widespread application [53]. After introduction of 
radial EBUS, it became possible to confirm the exact posi-
tion of the SPN and the path via which it could be 
approached. When the probe was introduced via a guide 
sheath that could be left in place as an “extended working 
channel” for introducing tools, the results became much 

(a) (b)

Figure 1.12 Dumon silicone stent (a) and covered Ultraflex Nitinol stent (b).
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better [54]. However, especially in the upper lobes, the path 
toward the lesion is frequently hard to find and, moreover, 
the radial probe is not steerable. This is why we investi-
gated a system for EMN, analogous to a GPS, to introduce 
a catheter into the lung periphery of the lung.

The patient is placed with the upper body within a low-
intensity electromagnetic field (serving as “satellite”) and a 
sensor (board computer in GPS) can be followed on a mon-
itor moving through the overlaid image of the patient’s CT 
scan (road map). The important feature is that the sensor is 
mounted on the tip of a steerable guide that can be turned 
360° while moving it through an extended working chan-
nel to the periphery. After reaching the lesion, the sensor 
is removed and with EBUS the intralesional position can 
be confirmed. With an ultra-slim bronchoscope, observation 

of the intrapulmonary airway is possible to assess whether 
forceps biopsy in endoluminal growth or needle biopsy 
and  transbronchial biopsy in external compression is 
 preferable. An alternative technique for navigation is 
 introduction of a smaller bronchoscope along a path cre-
ated by virtual bronchocopy and overlaid on the real 
endoscopy image [55].

Navigation has significantly improved diagnosis of SPN 
and has become the standard for approaching these lesions. 
Yet, as in all interventional bronchchoscopic procedures, 
success also depends on the individual skills of the bron-
choscopist. Therefore, robotic bronchoscopy was devel-
oped to offer an alternative approach to address the 
limitations of current bronchoscopic techniques for biopsy 
of peripheral lung lesions. In a paper published recently by 
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Figure 1.13 The Monarch robotic endoscope system (RES). The proximal controlling system and the robotic endoscope (a), the 
bronchoscope (b) and the endoscopic view of the peripheral tumor and the biopsy procedure (c). For an information video clip see 
www.aurishealth.com/monarch-platform
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my former coworker Dr. Rojas-Solano, very promising 
results with the first commercially available robotic 
endoscopy (RES) (Auris Surgical Robotics, San Carlos, 
CA) were reported.

RES consists of a 3.2 mm videobronchoscope with a 
1.2 mm working channel and an outer sheath, which both 
allow four-way steering by two robotic arms under contin-
uous remote, direct, and visual front view control. The 
bronchoscope’s distal section can achieve 180° of deflec-
tion in any direction. The proximal section allows for con-
trol of irrigation and aspiration (Figure 1.13).

With reliable tools for the approach to SPN and EBUS 
control of stable positioning of the extended working 
channel, endoscopic treatment of inoperable peripheral 
cancer became feasible. Considering the most similar 
endoscopic treatment compared to curative surgery after 
our experience with localized central airway cancer, we 
decided to apply peripheral brachytherapy as we could 
easily match the dosage to the primary tumor and also to 
the peribronchial lymphatics and hilar lymph nodes when 

moving the source centrally through the airways. Following 
our first experience in a small study, we could achieve long-
standing complete remission in the majority of cases [56] 
(Figure  1.14). Other modalities in planning or currently 
under investigation are radiofrequency ablation (RFA), 
laser, cryotherapy, PDT, and vapor ablation.

1.10  Parenchymal Lung Disease

Although, with improved CT imaging, many causes of 
interstitial lung diseases display pathognomonic morpho-
logical patterns, frequently histomorphological or micro-
biological confirmation for diagnosis is necessary. Right 
from the beginning of fiberbronchoscopy, taking samples 
by washing and brushing was used for this purpose. 
Whereas this proved useful in diagnosing infectious lung 
diseases and lung cancer in cases of positive cytology, the 
small amounts of fluid did not suffice for diagnosis of 
parenchymal lung diseases.

(a)

(e) (f) (g)

(h) (i) (j)

(b) (c) (d)

Figure 1.14 Diagnosis and treatment of peripheral lesions. Conventional navigation via three monitors for endoscopy, fluoroscopy, 
and EBUS (a). The electromagnetic navigation system (EMN, superDimension) with sensor, electromagnetic board and computer with 
control monitor (b). The sensor (green) is maneuvered into the target lesion (yellow) under three-plane CT control on the monitor (c). 
The intralesional position is confirmed by introducing the EBUS probe (d). To assess the best biopsy technique, an ultra-thin Olympus 
endoscope is introduced and forwarded toward the lesion (e–g). As the lesion protrudes into the lumen, forceps biopsy is the 
appropriate technique for obtaining tissue samples (h). In case of inoperability, by the same procedure a brachytherapy catheter can be 
inserted (i) and HDR therapy can be applied according to calculation by the isodose lines (j).
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However, as sometimes characteristic cells were 
observed, in the early 1980s a method with instillation of 
larger amounts of fluid for sampling specimens from the 
bronchoalveolar space was introduced  –  bronchoalveolar 
lavage (BAL). Initially, it was expected that BAL provided a 
nonbloody biopsy method, for example by the relation of 
T-helper to T-suppressor cells for sarcoidosis. But in further 
studies this hope did not hold true, as the findings were 
frequently unspecific. Findings were characteristic only for 
limited, comparatively rarer diseases such as eosinophilic 
pneumonia or alveolar proteinosis. Only in severe infec-
tions, especially in immunocompromised patients, is it still 
widely used. In most cases, examination of lung tissue for 
diagnosis is needed.

After Anderson demonstrated the safety of taking trans-
bronchial biopsies by forceps from lung tissue via the flexi-
ble bronchoscope, this method became state of the art in 

diagnosis of lung diseases and SPN. As the specimens are 
pretty small, the sampling error can be reduced by taking sev-
eral biopsies from different segments of one lung. In our expe-
rience, using a larger forceps that is not pulled out through 
the biopsy channel increases positive results. For this pur-
pose, we introduce the flexible scope through an endotracheal 
tube, as Ikeda described in his first publication, and leave the 
forceps in front of the endoscope tip. This way, we are taking 
up to one specimen from each segment in one lung with a 
very low rate of complications, which also gives us informa-
tion on disease activity in different parts of the lung [57].

The safety of taking larger specimens encouraged the use 
of cryobiopsy probes, by which much larger tissue frag-
ments can be obtained at an equally low complication rate. 
In addition, pathologists prefer these samples because they 
have much less mechanical damage than in forceps biop-
sies [58] (Figure 1.15).

(a) (b)

(c) (d)

Figure 1.15 Transbronchial cryobiopsy. With EMN, a catheter is inserted into a peripheral lesion (a) and the cryoprobe is inserted (b). 
After defreezing the probe is removed together with the catheter and the bronchoscope (c). Comparison of biopsy sizes with cryoprobe 
and large biopsy forceps (d).
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1.11  Treatment of Lung Function 
Disorders: Emphysema and Asthma

In 1996, a paper by Cooper et al. was published about the 
favorable results after bilateral lung volume reduction in 
patients with severe emphysema [59]. On the basis of 
these results, the National Emphysema Treatment Trial 
(NETT) Research Group was founded to perform a pro-
spective randomized trial of lung volume reduction sur-
gery [60]. The primary optimism was later corrected 
because a considerable number of patients were at high 
risk of death after lung volume reduction surgery [61]. 
The result after thoracic surgery could not be reversed, so 
bronchoscopic reversible solutions for endoscopic lung 
volume reduction (ELVR) were investigated. As the 
potential market of chronic obstructive pulmonary dis-
ease (COPD) patients was considered huge, several com-
panies began developing different devices, valves, coils, 
and vapor ablation to exclude overextended lung tissue 
from ventilation.

Valve implantation has been studied in three rand-
omized controlled and several noncontrolled trials, show-
ing a benefit for patients with minimal interlobar or no 
collateral ventilation. A reduction of lobar lung volume by 
56–80% in association with a significant improvement in 
lung function of about 20% in predominant upper lobe 
emphysema was observed. The main complication is pneu-
mothorax in up to 23% [62,63]. Coil implantation has been 
studied in a single randomized controlled trial, which 
showed a significant improvement in quality of life. 
Bronchoscopic thermoablation has been shown to reduce 
lobar volume by an average of 48% also in patients with 
emphysema mainly affecting the upper lobes. Whereas 
valves are reversible, coils are not easily removable and 
vapor ablation is irreversible. Treatment by ELVR should 
currently be restricted to experienced centers [64].

The principle for treatment of severe refractory asthma 
by bronchial thermoplasty (BT) is the assumption that 
by preventing contraction of the smooth muscles of the air-
ways, severe asthma attacks can be reduced. Via a radiofre-
quency probe, formed like a Dormia basket, controlled heat 
is applied to the airway wall, interrupting the smooth mus-
cles without lasting damage to the other structures. After a 
feasibility study showed the efficacy and safety and longer 
lasting positive effect of the treatment, a long-term multi-
center study was performed. The data showed that BT is 
an  effective and safe therapy. The improvements in 
asthma  control based on reduction in severe exacerba-
tions and  emergency room visits were maintained for a 
long time. A single BT treatment comprising three proce-
dures  provides long-term benefit for at least five years. 
BT has  become an important addition to the treatment 

 armamentarium for patients with severe persistent asthma 
who remain  symptomatic despite taking inhaled corticos-
teroids and long-acting beta-agonists [65].

1.12  The Future of Flexible 
Bronchoscopy

You can’t connect the dots looking forward; you can 
only connect them looking backward. So you have 
to trust that the dots will somehow connect in your 
future. (Steve Jobs, quoted in [66])

1.12.1 Factors for Predicting Future 
Developments

Based on my experience and further research, I will sketch 
out here what might be the future developments in flexible 
bronchoscopy [67–69]. Of course, it is not possible to pre-
dict the future exactly but developments can be predicted 
as some are improvements of existing techniques, others 
driven by demand for solutions of problems. Some technol-
ogy is developed for other purposes and transferred to 
bronchoscopy (like fiberbronchoscopy and EBUS). Some 
are completely new techniques (like chips, computers, and 
robots). New technology can be disruptive and stop further 
progress. And finally, there is serendipity  –  detection by 
pure chance (penicillin, polymerase chain reaction) which 
is completely unpredictable. All these factors will increase 
as new technology is appearing with exponential speed.

Last but not least, adoption depends on acceptance by 
customers, which in my experience is the most unpredict-
able part of any innovator’s dilemma. If they are lucky, 
patient, and have enough support, finally they may suc-
ceed in installing a new technology. For radial EBUS, it 
took 10 years, from the first contact in 1989 of convincing 
the company to invest, to develop the technology and con-
vince physicians of its usefulness, until it entered the mar-
ket. But then convex-probe EBUS became available three 
years later, as it was highly demanded, which almost killed 
the radial probe before its additional usefulness was recog-
nized. Another, in my opinion beautiful, instrument, vibra-
tion response imaging (VRI), an electronic stethoscope 
that made breathing visible, was never understood or 
accepted and finally failed to enter the market, despite hav-
ing been approved by the FDA [70,71].

1.12.2 Imaging

The gaps in resolution, field of view, and penetration are 
continuously closing. Thus, with high magnification, 
EOTC, cellular analysis by microconfocal scanning 
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 microscopy, and in vivo immunostaining optical biopsy will 
become reality. New in vivo imaging procedures of func-
tional status such as ciliary beat, local bronchial and pul-
monary interstitial inflammation, contraction of the 
bronchial muscles, bronchial and mediastinal blood flow, 
and tracheobronchial airflow will provide new insights 
into pathomechanisms and also generate new technologies 
for noninvasive local treatment.

1.12.3 Steering

The robotic bronchoscope is navigated by remote control as 
a human–machine interface. New optical and tactile sen-
sors will assist in guiding endoscopes. Force feedback sys-
tems will be integrated into “intelligent” instruments such 
as forceps, needles, snares, baskets, and other tools that 
will give an artificial impression of the forceps to the opera-
tor who is no longer actually maneuvering these instru-
ments directly by their hands but via telemanipulator or 

even by a joystick on a monitor, as with the robotic bron-
choscope. Instrument diameters are becoming so small 
that steering by conventional tendon wire technology is no 
longer applicable. The bending mechanism will be pro-
vided by shape memory alloy (SMA) technology and 
micromachines at the tip will be applied. True robots will 
no longer need to interface with humans but will indepen-
dently perform diagnostic and therapeutic procedures 
based upon computerized feedback data. Humans will 
only be on hand to interfere by troubleshooting.

1.12.4 Intervention

Miniaturized instruments such as forceps, needles, and 
suturing devices made from SMAs will revolutionize inter-
vention. Needle injection of cytotoxic agents or gene ther-
apy, radio waves, microwaves, and high-intensity focused 
ultrasound (HIFU) will be applied with the use of a new 
endoscope generation. Biotechnology is applied in seeding 

(a)

(c)

(b)

(d)

Figure 1.16 Visions of future technologies. Head-mounted device with two monitors for 3D imaging (a). Remote navigation under 
monitor control by track ball device (b). Navigation by virtual bronchoscopy with electronic glove (c). Long-distance navigation of 
imaginary capsular endoscope via joystick (d).
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grafts and biodegradable devices are investigated for tem-
porary stenting of the airways. In future, we may replace 
damaged structures such as mucosa and cartilage in postin-
tubation stenosis by endoscopic cell seeding on 3D-printed 
scaffolds or implantation of cultured bioprostheses, cre-
ated from the patient’s own stem cells.

1.12.5 Communication

System integration will be essential for complete docu-
mentation and communication. The heterogeneous 
devices have to be integrated by complex systems for con-
nection, transformation of images to MPEG standards, 
for storage on video servers and steering of complex video 
networks. Digital systems support documentation and 
storage of data. They also support planning of procedures, 
rational management of resources and manpower as well 

as follow up of results, all elements of total quality man-
agement (TQM). More hospitals are currently connected 
via internet which reduces the need for sending patients 
to distant specialists for consultation (“patient tourism”) 
by teleconsulting. The direct connection of the surgeon 
with the pathologist will also reduce consultation time 
and costs. Training is available on virtual mannequins in 
which all diagnostic and therapeutic techniques can be 
trained by integration of force feedback systems provid-
ing the impression of “real touch” and transferring the 
movements of the surgeon’s hand by transformation of 
motions into electrical signals. Already, interventional 
procedures can be performed by remote control of instru-
ments from a computer console. With high-speed net-
works, teleintervention will also be possible over long 
distances, hospital to hospital, even continent to conti-
nent (Figure 1.16).
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2

2.1  Professor Shigeto Ikeda 
(1925–2001): The Father of Flexible 
Bronchoscopy

Prior to the development of the flexible bronchoscope in 
1965, endobronchial evaluation and treatment were per-
formed using direct visualization via rigid bronchoscopy. 
The introduction of the rigid bronchoscope by Gustav 
Killian in 1876 and its subsequent adoption by otolaryn-
gologists allowed for the visualization of the trachea and 
central airways. Application of rigid bronchoscopy evolved 
from simple visualization of the airway to include the 
retrieval of foreign bodies, diagnosis of aortic aneurysms, 
enlarged lymph nodes, removal of diphtheria-related air-
way pseudomembranes, and treatment of airway pathol-
ogy associated with pulmonary tuberculosis [1,2]. These 
developments represented major advancements in the 
treatment of airway disease but it was acknowledged that 
the scope’s rigid design carried with it inherent limitations. 
These limitations included an inability to visualize the 
upper lobes or subsegments of the middle lobe and bilat-
eral lower lobes [2]. In 1962, the Japanese National Cancer 
Center was founded [3]. There, and in the same year, a 
team led by Dr Shigeto Ikeda (1925–2001) (Figure  2.1) 
developed the glass-fiber light guide for use during 
esophagoscopy and rigid bronchoscopy, replacing the use 
of distal electric light bulbs and improving distal scope 
illumination.

In the five years following development of the glass-fiber 
light guide, two important developments occurred that 
cemented Dr Ikeda’s reputation as the father of flexible 
bronchoscopy. The first was the collection of case data at 
the newly founded National Cancer Center in Tokyo. 
Dr  Ikeda was able to describe the airway distribution of 

 cancers resected during this period and noted that 48 cases 
could be considered “early pulmonary cancers” (resected 
specimens less than 3 cm). He went on to report that only 
20.8% (10/48) of these cases would have been visible utiliz-
ing a rigid bronchoscope. Dr Ikeda described the need for a 
flexible bronchoscope that could not only visualize the 
upper lobes but would also be able to reach the distal air-
ways (segments II–IV). This flexible bronchoscope would, 
in his opinion, potentially make an additional 62.4% 
(30/48) of lesions visible [2]. Dr Ikeda’s recognition of these 
issues and his experience working with the Machida 
Corporation in development of the glass-fiber light guide 
led him to request production of a prototype flexible bron-
choscope in the spring of 1964 [4]. Specifications for the 
prototype included but were not limited to an outer diam-
eter less than 6 mm, image and light guide fibers of 15 μm, 
and flexion of the distal tip (Table 2.1). One year later, simi-
lar specifications were presented to the Olympus Optical 
Company. In the summer of 1966, both Machida and 
Olympus submitted their prototype designs which were 
subsequently presented at the 9th International Congress 
on Diseases of the Chest in Copenhagen, Denmark.

Subsequent iterations of the flexible bronchofiberscope 
included but were not limited to the addition of a working 
channel, improved durability, and distal tip flexion. The 
next major developments in the evolution of the flexible 
bronchoscope occurred in 1987 when the Asahi Pentax 
Corporation introduced a scope with a distal camera eye 
and a miniaturized charge-coupled device sensor placed 
into the tip, replacing the need for fiberoptic image bundles 
and improving image resolution [5]. The Olympus and 
Machida-Toshiba corporations quickly followed suit and 
introduced similar models. This “videobronchoscope” 
 represented the first generation of what is now considered 
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the “modern” flexible bronchoscope and has since under-
gone may iterations of development, now including a 
wide array of scope/working channel sizes, imaging 
modalities, and flexion/rotation/degrees of freedom. 

Soon after the introduction of the “modern” flexible 
 videobronchoscope, it became a ubiquitous and vital tool 
in the practice of pulmonology and thoracic surgery. Its 
use further expanded to military/law enforcement and 
industrial applications including airplane engine and 
public water line inspection.

Further evolution of the flexible videobronchoscope 
occurred in 2004 with the introduction of the flexible 
curvilinear endobronchial ultrasound videobroncho-
scope (EBUS) [6,7]. This advancement coupled the 
hybrid fiber videobronchoscope with an ultrasound 
head, allowing for real-time evaluation and sampling of 
structures outside the airway and otherwise invisible to 
direct visualization via white light bronchoscopy. In the 
more than 50 years since Dr Ikeda first conceived of the 
flexible bronchofiberscope, we have seen amazing 
advances on the technology. We can now “see,” biopsy, 
and stage the hilum and mediastinum as well as drive to 
many more generations than previously thought possible 
using ultra-thin bronchoscopes. It has been upon this 
original platform of the flexible bronchoscope that fur-
ther technological advances such as electromagnetic 
navigation bronchoscopy and now the potential for 
robotic bronchoscopy have developed.

2.2  Flexible Bronchoscopy Training 
and Education

With the development of the flexible bronchoscope and its 
subsequent advances, a need for procedure-specific train-
ing and education was recognized. The first attempts at 
education centered on textbooks illustrating bronchial 
anatomy, disease states and tips on bronchoscope manipu-
lation [8–10]. In 1975, Zavala published the first large case 
series of diagnostic fiberoptic bronchoscopy performed in 
600 patients between 1971 and 1974 [11]. Dr Zavala 
described bronchoscope insertion, maneuvering and 
biopsy techniques employed by his team during bronchos-
copy. He also discussed specimen handling and processing 
as well as postprocedural care of the equipment used. In 
this work was described the two most common diagnoses 
established through bronchoscopic biopsy: malignant and 
infectious. Finally, he attempted to quantify the diagnostic 
yield of each technique as well as procedural complica-
tions. In 1974, prior to Dr Zavala’s publication, the 
American College of Chest Physicians (ACCP) appointed a 
subcommittee representing thoracic surgeons, otolaryn-
gologists, and internists to develop training standards in 
endoscopy. The standards published in 1976 were quite 
broad and represented the minimum expected standards to 
perform endoscopy [12].

Figure 2.1 Dr Shigeto Ikeda. Source: Reproduced with 
permission of Wolters Kluwer Health Inc.

Table 2.1 Flexible fiberbronchoscope specifications (1964)

Outer diameter (mm) <6

Image guide fiber (thickness and 
number)

15 μ, >15 000

Light guide fiber (thickness and 
number)

15–20 μ, >10 000

Length of distal rigid part (mm) <10

Focal distance (fixed focus, cm) 0.5–3.0

Tip flexion angle 60°, 30 mm from distal 
tip

Field of vision 80°

Overall length (cm) 100
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During this time, Dr Zavala developed the first teaching 
model for bronchoscopy (Figure 2.2). This model utilized an 
existing adult intubation model for the upper airway, with 
the Zavala airway substituted distal to the model’s subglottis. 
Use of the model allowed for trainees to be introduced to 
bronchoscopy while avoiding novice–patient interaction 
[13]. An editorial from 1978 questioned the state of training 
in bronchoscopy, highlighting the need for observers to rec-
ognize specific pathology. In addition, the first minimum 
number of cases was proposed as 50–100 bronchoscopies to 
achieve basic competency [14]. In 1980, Dull et al. published 
data suggesting no significant difference in bronchoscopic 
diagnostic accuracy when comparing instructing physicians 
whose experience ranged from 100 to 4000 bronchoscopies. 
The authors from this study suggested that performance of 
100 bronchoscopies was sufficient to become proficient in 
the procedural technique [15].

In 1982, the ACCP again attempted to codify competency 
and training standards, this time specifically for fiberoptic 
bronchoscopy [16]. These guidelines proposed a minimum 
of 50 diagnostic bronchoscopies performed under supervi-
sion and were broken into cognitive and clinical training 
objectives. Despite the expertise of the authors, no data 
were presented as a basis for their guidance. The 1982 
ACCP guidelines were followed in 1987 by the American 
Thoracic Society’s (ATS) own guidelines which were 
geared toward indications and applications for fiberoptic 
bronchoscopy as opposed to competency [17]. Over the 
 following two decades, much of fiberoptic bronchoscopy 
training was centered on bedside/intraprocedural teach-
ing, one-day courses and the “see one, do one, teach one” 
ethos. While effective enough to produce many physicians 
skilled in performing bronchoscopy, few data were pub-
lished and basic procedural standards for competency 
remained absent.

A number of factors instigated a rising tide of interest in 
bronchoscopy training that began in the 1990s. One was 
the American Board of Internal Medicine’s requirement 
for demonstrated procedural competency in specific proce-
dures for certification in pulmonary critical care and the 
acknowledgment that neither the ACCP nor ATS had 
delivered data-driven “comprehensive guidelines for grant-
ing hospital privileges to perform the major procedures 
associated with the subspecialty of pulmonary and critical 
care” [18]. Two other factors were the introduction of high-
fidelity bronchoscopy simulators for resident and fellow 
training and the growth of interventional pulmonology 
(IP) as a subspecialty.

2.3  Bronchoscopy Simulation

In 2000, Haponik et al. published a survey of pulmonary 
fellows’ perspectives on their own training in bronchos-
copy. This survey revealed that approaches to bronchos-
copy instruction were primarily in the form of expert 
individualized instruction, lecture and case discussion 
while use of lung models and review of instructional 
videos occurred infrequently. In addition, the authors 
noted that nearly a third of participants were unfamiliar 
with the technique of bronchoscopic intubation and that 
therapeutic bronchoscopic procedures were infrequently 
performed. Also noted were high levels of enthusiasm 
when using a prototype bronchoscopy simulator. No 
measures of skill or procedural quality were undertaken 
in this study [19]. Following this, a series of studies vali-
dating and then evaluating high-fidelity bronchoscopy 
simulation were published. These data confirmed that 
when comparing skill levels between “experts,” “inter-
mediates,” and “novices,” there were significant differ-
ences in procedure time, subjective quality assessment 
score, and a quantitative bronchoscopy quality score 
[20]. Also noted were significant improvements in 
 dexterity and accuracy as demonstrated by fewer missed 
airway segments and bronchial wall impacts [21]. 
Understanding the need for simulated bronchoscopy, di 
Domenico et  al. presented a recipe to build one’s own 
low-fidelity simulation model as an alternative for those 
institutions unable to afford high-fidelity virtual bron-
choscopy simulators [22].

These studies were quickly followed by attempts to 
marry written/didactic teaching and task-based simula-
tion. The data produced from these publications concluded 
that simulation-based practice aided in improvement of 
technical bronchoscopy skills and develop of competency-
based bronchoscopy curricula were possible utilizing these 
teaching methods [23,24].

CHEST, 70:1 July 1976

Figure 2.2 Zavala lung model. An early lung model developed 
to train physicians in bronchoscopy.
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Wahidi et  al. followed this line of research when they 
published a prospective study of the acquisition of bron-
choscopy skills and cognitive knowledge from two cohorts 
of pulmonary fellows. The first cohort received bronchos-
copy training per their institutional standards whereas the 
second underwent training in a bronchoscopy simulator 
and evaluated an online bronchoscopy curriculum. The 
two cohorts were asked to complete a series of tasks and 
were rated using a validated bronchoscopy skills assess-
ment tool. The results of the study showed a steep learning 
curve in the first 30 bronchoscopies for all learners and a 
smaller but continuous improvement between 30 and 100 
procedures. Skill acquisition did not peak at the 50 bron-
choscopy mark and the educational cohort were found to 
have significantly better skills at bronchoscopy milestones 
except the 75th procedure [25].

In 2013, a metaanalysis of simulation-based bronchos-
copy training reported significant improvements in 
bronchoscopy skills/behaviors and procedural time 
associated with simulation training when compared 
with no instruction. When comparing standard clinical 
instruction with simulation-based training, a nonsignifi-
cant improvement in skills, process, and outcomes was 
noted [26]. These studies in simulation-based bronchos-
copy training would  suggest that its use in training is at 
the very least an effective introduction of bronchoscopy 
to novices.

2.4  Interventional Pulmonology 
and Bronchoscopy Training

While in existence for some time, interventional pulmonol-
ogy was truly introduced to the medical and pulmonary 
world as an individual subspecialty with an overview/
review of the field published in the New England Journal of 
Medicine in 2001 [27]. In this review, Seijo and Sterman 
detailed many of the procedural techniques employed by 
IP practitioners. This increased awareness and growth of IP 
fellowship programs has pushed the field ever closer to 
maturity. Along with the growth of IP and practitioners 
specifically trained in the performance of advanced diag-
nostic and therapeutic bronchoscopy came an acknowl-
edgment of the need for measures of competency and 
standardization of training.

In 2002 and 2003, the European Respiratory Society 
(ERS)/ATS and ACCP both published statements on the 
practice of IP [28,29]. Both these statement/guidelines 
were well thought out attempts to codify the technical 
 performance of bronchoscopic procedure as well as to give 
some guidance regarding minimum numbers of proce-
dures to achieve and maintain competency. Despite their 

best efforts, the authors were forced to rely on scant 
 experimental/comparative data on which to make their 
recommendations. The ACCP published an expert panel 
report in which a PICO question format was used together 
with systematic literature searches in an effort to best 
understand the state of bronchoscopy training variability 
and to give guidance to create procedural training stand-
ards. The panel found a high degree of variability in train-
ing methods although the quantity of data available 
remained low (ranges 3–11 studies evaluated per PICO 
question). In this publication, a summary table of ERS/ATS 
and ACCP guidelines for procedural volume was presented, 
but these guidelines primarily represented expert opinion.

Following these guidelines, there were continued incre-
mental gains made in regard to the validation of simulators 
and approaches to conventional bronchoscopy training 
[23,24,30–34]. As these gains were occurring, however, the 
field of bronchoscopy continued to advance with the intro-
duction of EBUS, navigation bronchoscopy, and the rein-
troduction of rigid bronchoscopy. These new technologies 
represented great advances in minimally invasive diagno-
sis and staging of patients with lung cancer as well as those 
with benign lung disease. With these advances also came 
new challenges regarding measures of new procedural 
competency, training and a shift in practice pattern. In 
2012, Davoudi et al. published a manuscript aimed at eval-
uating an endobronchial ultrasound skills and tasks assess-
ment tool (EBUS-STAT). The EBUS-STAT was used to 
evaluate a range of skills and tasks in 24 operators at three 
levels of skill – beginner, intermediate and experienced – at 
three institutions. They reported high levels of intertester 
reliability and an ability to classify EBUS-transbronchial 
needle aspiration (TBNA) operators from novice to expert 
[35]. In 2013, Feller-Kopman et al. evaluated the effect of 
an EBUS-TBNA program on the training of conventional 
TBNA (cTBNA) among fellows at a large academic medical 
center. The authors reported significant increases in total 
cases performed and diagnostic yield when comparing 
EBUS to cTBNA. Also noted was a significant decline in 
the number of cTBNA procedures as well as diagnostic 
yield and accuracy when compared to EBUS [36].

These studies were followed in 2016 when Mahmood 
et al. developed a rigid bronchoscopy tool for assessment of 
skills and competence (RIGID-TASC). The RIGID-TASC 
was to serve as an objective, competency-oriented assess-
ment tool of basic rigid bronchoscopy skills including rigid 
intubation and central airway navigation. The authors 
evaluated 30 operators at skill levels of novice, intermedi-
ate, and expert at two academic medical centers. They 
reported significant differences in RIGID-TASC scoring 
across skill levels as well as high levels of intertester relia-
bility [37].
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Bronchoscopy skill evaluation tools such as BSTAT, 
EBUS-STAT, and RIGID-TASC are the most recent 
attempts to quantify and qualify users of basic, advanced, 
and interventional bronchoscopy techniques. While not 
entirely comprehensive in their approach, they add to a 
growing foundation of data aimed at standardizing and 
improving the practice of bronchoscopy. A peripheral nav-
igation bronchoscopy assessment tool remains lacking 
within the skills evaluation paradigm, with only simula-
tion model data currently available [38,39]. Additional 
data generation is needed regarding training and acquisi-
tion of advanced bronchoscopy skills as well as their 
maintenance as these modalities become increasingly 
ubiquitous in practice. In a recent publication evaluating 
the appropriateness of lung cancer staging using EBUS-
TBNA, a significant difference in use of the appropriate 
staging paradigm was noted between dedicated high- 
volume users and lower volume practices [40]. These data 
suggest that it is not only necessary to adequately learn a 
skill but that an as yet defined volume of procedures over 
a specific time frame is required not only to perform the 

procedure in question but to apply the correct procedural 
performance paradigm. These complex issues are guaran-
teed to become increasingly challenging and will require 
further research as the technology at our disposal contin-
ues its rapid advance.

2.5  Conclusion

We currently stand at a crossroads on the shoulders of a 
giant, Dr Shigeto Ikeda. Without his foresight and drive to 
develop the flexible fiber videobronchoscope, our ability to 
evaluate the airways and disease of the lung might still be 
severely limited. While Dr Ikeda certainly never imaged 
the development of peripheral bronchoscopy, EBUS or the 
evolution of modern-day rigid bronchoscopy, his core val-
ues of patient-centered application of technology, educa-
tion, and instruction continue to drive our practice today. 
As we advance further and further, we must not forget to 
teach ourselves and our trainees how and when to apply 
the amazing technologies of today and tomorrow.
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3

3.1   The Pharynx and Larynx

Flexible bronchoscopy is usually performed via either the 
oral or nasal route. Familiarity with the normal anatomy of 
this region is important to gain access to the trachea as well as 
to recognize local pathology. Certainly, bronchoscopy per-
formed for the evaluation of hemoptysis or wheezing should 
include a careful evaluation of the upper airway. The nose 
extends from the external nares through the nasal cavity and 
the nasal pharynx. Each nasal cavity is bounded medially by 
the nasal septum, laterally by the three bony projections 
called turbinates or conchae, and inferiorly by the hard pal-
ate that separates the nasal cavity from the mouth. The para-
nasal sinuses open into an area below each turbinate called a 
meatus. The blood supply to the nasal mucosa is via branches 
of the maxillary artery and the facial artery that anastomose 
to form the Kisselbach’s plexus at the anterior medial wall of 
the nose, which is a common site of nasal bleeding [1].

The pharynx is 12–15 cm long; it communicates anteri-
orly with the nasal cavity (nasopharynx) and the oral cavity 
(oropharynx) and extends to the cricoid cartilage inferiorly 
to encompass the hypopharynx or larynx [1]. The pharyn-
geal muscles, including the cricopharyngeous muscle, act 
as a sphincter to the proximal esophagus and help to pre-
vent the reflux of esophageal contents. The adenoids or 
nasopharyngeal tonsils lie on the posterior wall of the 
nasopharynx. The oropharynx is bounded laterally by the 
tonsillar pillars, superiorly by the soft palate, anteriorly 
and inferiorly by the tongue, and posteriorly by the C2 and 
C3 vertebrae. The oropharyngeal cavity is not rigid and is 
subject to collapse. The hypopharynx lies between the epi-
glottis and the inferior border of the cricoid cartilage.

The larynx, which is 5–7 cm in length and lies at levels 
C4, C5, and C6, is a complex organ composed of cartilages, 
ligaments, and muscles [1]. An endoscopic view of the lar-
ynx demonstrates the epiglottis anteriorly and superiorly, 
aryepiglottic folds bilaterally, with the pyriform sinuses 
alongside. The glottis is bounded anteriorly and laterally by 
the vestibular folds (false cords) and vocal folds (true cords) 
and posteriorly by the arytenoid cartilage [2]. During inspi-
ration, the vocal cords are abducted away from the midline 
and the rima glottidis has a triangular appearance. On 
expiration, the vocal cords are adducted medially with a 
very small opening between them. During maximal abduc-
tion, the distance between the vocal processes is 19 mm in 
men and 12 mm in women. In adults, unlike children, the 
glottic chink is the narrowest part of the larynx [2].

3.2  The Tracheobronchial Tree

The normal adult trachea begins at the lower margin of the 
cricoid cartilage and extends 10–14 cm to the bifurcation 
into the left and right mainstem bronchi at the level of T5. 
One‐third of the trachea is “extrathoracic,” above the level 
of the suprasternal notch, and two‐thirds is “intrathoracic” 
or below the notch. The average tracheal diameter is 2.5 cm 
and is supported anteriorly by 18–24 incomplete C‐shaped 
cartilaginous elements and posteriorly by the membranous 
trachealis muscle. In the normal adult, the diameter of the 
entire trachea is well maintained throughout the respira-
tory cycle by the rigid support of the tracheal elements. In 
patients with obstructive airways disease or older individu-
als, the tracheal lumen may be reduced dynamically with 
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coughing or during expiration because of collapse of the 
posterior membranous wall anteriorly [3].

Normally, the aortic arch compresses the mid to distal 
left lateral wall of the trachea to the right. The adult tra-
cheal width–depth ratio can vary from 0.6 (high‐domed 
variant) to 3.0 (lunate variant). The main carina is normally 
quite sharp and is mobile during the respiratory cycle [4]. 
The right mainstem bronchus normally bifurcates at an 
angle of 25–30° from the midline, with a luminal diameter 
of around 16 mm and an average length of 2 cm before the 
bifurcation of the right upper lobe bronchus from the right 
mainstem bronchus. The right upper lobe orifice averages 
10 mm and usually branches into the apical, posterior, and 
anterior segmental bronchi [5]. After the bifurcation of the 
right upper lobe bronchus, the right mainstem bronchus 
continues as the bronchus intermedius.

The anterior wall of the bronchus intermedius continues 
to become the right middle lobe, which divides into the 
medial and lateral subsegments. By virtue of its anterior 
location, foreign bodies have a propensity to continue from 
the trachea and fall into the right middle lobe. The right 
lower lobe bronchus represents the posterior continuation 
of the bronchus intermedius, further dividing into five sub-
segments with frequent variation [6]. The superior or api-
cal subsegment usually arises posteriorly opposite to the 
origin of the middle lobe bronchus. Next, the medial basal 
subsegment arises on the medial wall and may subdivide 
further. The right lower lobe subsequently divides into the 
anterior, lateral, and posterior basal subsegments. These 
three subsegments are usually stacked one on top of the 
other proceeding from anterior to posterior configuration 
(A–L–P).

The left main stem bifurcates from the trachea at a sharp 
45° angle from the midline. It is narrower and much longer 
than its counterpart, with an average length of 5 cm. The dis-
tal left mainstem bronchus primarily divides into the left 
upper and left lower lobe. The upper divides into the lingular 
division (composed of the superior and inferior lingular sub-
segments) and the upper lobe division (composed of the api-
cal posterior and anterior subsegments). The lower lobe 
initially gives rise to the superior or apical subsegment, 
which is posteriorly located. The left lower lobe subsequently 
divides into the anterior medial, lateral, and posterior basal 
subsegments. There is again considerable variability in the 
basilar subsegments of the left lower lobe [6,7].

3.3   The Relationship of Airways 
to Lymph Nodes and Vessels

As important as a thorough understanding of the normal 
endobronchial anatomy and the frequent congenital varia-
tions is thorough familiarity with normal structures that 

reside outside the airway in intimate juxtaposition to the 
airway [8]. This knowledge is mandatory with the increas-
ing use of endobronchial diagnostic and therapeutic 
modalities, including transbronchial needle aspiration 
(TBNA), laser therapy, and endobronchial radiation ther-
apy. This anatomic knowledge will help facilitate access to 
lymph nodes or extraluminal mass lesions that may be 
important in either diagnosis or staging [9,10] and 
will hopefully avoid inadvertent access of vascular struc-
tures that are intimately associated with the airways in sev-
eral areas.

The posterior aspect of the trachea is closely associ-
ated with the esophagus. The aortic arch lies anterior 
and to the left of the distal one‐third of the trachea and 
makes an easily recognizable pulsatile imprint on the 
anterolateral tracheal wall; this area should be avoided 
for obvious reasons [8]. The superior vena cava and the 
azygos vein lie anteriorly and to the right of the distal 
third of the trachea. The aortic arch and the innominate 
artery lie directly anterior to the trachea at the level of 
the main carina. The right pulmonary artery lies imme-
diately anterior to the right mainstem bronchus and the 
origin of the right upper lobe bronchus. There is signifi-
cant variability in the relationship of vascular struc-
tures to the right middle lobe and lower lobe bronchi. 
The aortic arch and left pulmonary artery are in close 
association to the left mainstem bronchus and left 
upper lobe bronchus.

Lymph nodes lie in close association to the airway. The 
paratracheal lymph nodes lie on either side of the length 
of the trachea in a posterolateral distribution. The right 
paratracheal lymphatic drainage is most easily accessed 
at one or two tracheal rings above the main carina 
before  the bifurcation on the right posterolateral aspect 
(Figure  3.1). The subcarinal mediastinal lymph nodes 
normally lie immediately inferior to the main carina. This 
chain can be most easily sampled not by direct aspiration 
of the main carina itself, but by entry with a transbron-
chial needle 3–5 mm below on either side of the main 
carina with a lateral to inferomedial entry (Figure  3.2). 
This minimizes having to pass through the cartilaginous 
element itself. Hilar lymph nodes may be sampled at 
either the secondary carina, where the right upper lobe 
bifurcates from the bronchus intermedius, or at the level 
of the secondary carina, where the left upper lobe bifur-
cates from the left mainstem bronchus (Figure 3.3). The 
right pulmonary artery is in close association with the 
anterior wall of the right upper lobe bronchus so TBNA 
and other procedures are not recommended at this site 
(Figures 3.4 and 3.5).

The left paratracheal lymph nodes are located at the origin 
of the left mainstem bronchus from the main trachea 
(Figure  3.6). This chain is particularly difficult to sample; 
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however, aspiration can be performed by using a transbron-
chial needle anchored to the lateral tracheal wall of the distal 
trachea at the level of the carina with a subsequent down-
ward or inferior movement of the entire bronchoscope, hence 

 facilitating entry of the needle laterally. Figure 3.7 illustrates 
the association of left upper lobe bronchus and the left pulmo-
nary artery. Figure  3.8 illustrates the location of left hilar 
lymph nodes.
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Figure 3.1 Representation of normal anatomic relationships at the level of the distal trachea. (a) The endoscopic view of the distal 
trachea, with adjacent vessels and lymph nodes superimposed. The right paratracheal lymph node is between the 1 and 2 o’clock 
position, whereas the azygos vein is located at the 3 o’clock position. (b) An endoscopic clockface view. The arrow between 1 and 2 
o’clock indicates the proper site for TBNA of the right paratracheal lymph node. The arrow at 3 o’clock indicates the unsafe location 
for aspiration (azygos vein).
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Figure 3.3 Representation of normal anatomic relationships at the level of the proximal bronchus intermedius. (a) The endoscopic view of 
the bronchus intermedius, with vessels and lymph nodes superimposed. (b) An endoscopic clockface view. The arrow at 3 o’clock indicates the 
proper site for TBNA of the right hilar lymph node. The arrow at 12 o’clock indicates the unsafe location for TBNA (right pulmonary artery).
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Figure 3.5 Representation of normal anatomic relationships at the level of the distal bronchus intermedius. Note the relationship of 
the right middle lobe bronchus with surrounding vascular structures. (a) The endoscopic view of the bronchus intermedius with hilar 
lymph node superimposed at the 3 o’clock position. (b) An endoscopic clockface view. The arrow at 3 o’clock indicates the proper site 
for TBNA of right hilar lymph node. The arrow at 12 o’clock indicates the unsafe location (right pulmonary vein).
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Figure 3.8 Representation of normal anatomic relationships at the level of the left lower lobe orifice. (a) The endoscopic view of the 
distal left mainstem bronchus, with the left hilar lymph node at the 9 o’clock position and vessels superimposed. (b) An endoscopic 
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4.1  Infection Control

Appropriate reprocessing of bronchoscopes is essential 
and any breakdown in this process is an important patient 
safety issue. In this chapter, we discuss the infection con-
trol issues surrounding bronchoscopy. We will address the 
scope of the problem and the current guidelines on repro-
cessing of bronchoscopes, and discuss how to minimize 
the risk of transmitting infection during bronchoscopy.

4.1.1  Transmission of Infection

Bronchoscope can act as a vector in transmission of infec-
tion. This is now recognized as a serious patient safety 
issue [1,2]. Clinically, bronchoscopy-related infections are 
classified as true infections and pseudo-infections [3,4]. 
True infection means that a patient has acquired a clini-
cally apparent disease due to transmission of infection dur-
ing bronchoscopy. Most of the true infections are caused by 
highly pathogenic organisms. The potential for true infec-
tions has risen due to increasing use of bronchoscopy in 
high-risk patients with advanced age, multiple medical 
problems, cancers, organ transplantation, and other immu-
nocompromised states. Such patients are more likely to 
harbor resistant organisms. An inadequately reprocessed 
bronchoscope can transmit these resistant organisms to 
other vulnerable patients, causing serious clinical disease.

Pseudo-infection refers to isolation of organisms in the 
bronchoscopy specimen without any clinical evidence of 
disease. Origins of pseudo-infections can usually be traced 
to inadequate reprocessing practices. Even though patients 
do not develop clinical illness, pseudo-infections cause sev-
eral indirect harms [5,6], including delay in identification 

of the correct underlying diagnosis. For example, cases 
have been reported in which early diagnosis of lung cancer 
was missed due to isolation of environmental acid-fast 
bacilli in bronchoscopy specimens. In addition, many 
patients have received unnecessary antibiotic or antituber-
cular therapy, exposing them to potential adverse effects of 
these medications. At an institution level, every pseudo-
infection requires thorough epidemiological investigation, 
which can be very expensive. Since pseudo-infections in a 
bronchoscopy facility represent a critical failure in repro-
cessing protocol, many and sometimes all bronchoscopes 
need to be quarantined until the cause is found and cor-
rected. If appropriate steps are not taken, all patients 
undergoing bronchoscopy during this time are at risk of 
developing infection after the procedure.

4.1.2  Scope of the Problem

Transmission of infection by a bronchoscope is uncommon 
but the problem is possibly underrecognized and underre-
ported. Accurate estimations are difficult to make because 
routine microbiological studies are not performed on bron-
choscopy specimens and the majority of bronchoscopy 
facilities do not have a system for prospective surveillance. 
Most of the information on this subject is derived from ret-
rospective case series. In an extensive literature review in 
2003, Culver and coworkers identified 953 patients who 
had either pseudo- or true infections after a flexible bron-
choscopy [7]. An overwhelming majority had pseudo-
infections but 3–4% had true infections. The relative 
paucity of infectious complications after bronchoscopy is 
reassuring considering the hundreds of thousands proce-
dures performed every year worldwide. However, these 
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data provide no basis for complacency. Every infectious 
complication after bronchoscopy is a serious threat to the 
patient’s wellbeing. In fact, bronchoscopy-related infec-
tions have contributed to deaths in several patients [1,2].

4.1.3  Microbial Agents

A wide variety of bacteria, mycobacteria, and fungal agents 
have been implicated in bronchoscopy-related outbreaks 
(Table 4.1). Pseudomonas aeruginosa and Serratia marces-
cens have caused the majority of both pseudo-infections 
and true infections. Stenotrophomonas maltophilia has also 
caused several pseudo-infections [8]. Of great concern are 
recent reports of transmission of multidrug-resistant 
organisms such as carbapenem-resistant Acinetobacter 
baumannii and Klebsiella pneumoniae via bronchoscopy 

[9,10]. Environmental mycobacteria have been implicated 
in a large number of pseudo-outbreaks [11]. Mycobacterium 
chelonae and gordonae are the most common isolates in 
these reports [12–19]. True infection due to environmental 
mycobacteria is very rare [20]. Transmission of tuberculo-
sis is a matter of great concern, but fortunately, there are 
only a handful of cases in which Mycobacterium tuberculo-
sis was transmitted by the bronchoscope [21–26].

The majority of reported fungal outbreaks are pseudo-
infections due to environmental fungi such as Rhodotorula 
rubra [27–29]. Human immunodeficiency virus (HIV) 
RNA can be isolated from a bronchoscope after its use in an 
infected patient [30]. However, adequate reprocessing is 
highly effective in eliminating any traces of the virus and 
there are no reports of HIV transmissions after a bronchos-
copy. Similarly, there are no known cases of hepatitis B or 
hepatitis C transmission after a bronchoscopy.

4.1.4  Endobronchial Ultrasound Scopes

A new concern is a potential for transmission of infection 
with increasing use of a convex probe endobronchial ultra-
sound (EBUS) scope [31]. The design of the EBUS scope is 
more complicated than a standard bronchoscope. There 
are limited data on the effectiveness of reprocessing proce-
dures in these scopes. This is of concern because there are 
several reports of mediastinal abscesses, purulent pericar-
dial infection, and sepsis after an EBUS procedure [32–35]. 
These are serious and life-threatening infections. According 
to a nationwide survey in Japan, infectious complications 
developed in 14 (0.19%) patients undergoing EBUS proce-
dure [36]. Mediastinitis developed in seven (0.1%), pneu-
monia in four (0.05%), and pericarditis, cyst infection and 
sepsis in one patient each. Group A streptococcus sepsis 
and death 24 hours post EBUS has also been reported [37].

It remains unclear whether these infectious complica-
tions are due to contamination of the scope with upper res-
piratory secretions or to an inadequately processed 
bronchoscope. Although the former possibility is more 
likely, emerging data raise concern regarding the adequacy 
of current reprocessing methods for EBUS scopes. For 
example, there is a recent report of pseudo-transmission of 
Enterobacter cloacae after use of an EBUS scope [38]. The 
organism was isolated several times despite strict adherence 
to recommended reprocessing steps. A further concern in 
this case was that the original manufacturer could not iden-
tify any defect with the scope. Additional information 
comes from a recent prospective study that evaluated effec-
tiveness of manual cleaning and high-level disinfection in 
20 patient-ready bronchoscopes, of which six were EBUS 
scopes [39]. Organic residue and microbial growth were 
found in four EBUS scopes after high-level disinfection. 

Table 4.1  Organisms implicated in bronchoscopy-related 
infections

Bacterial agents

 ● Pseudomonas aeruginosaa

 ● Serratia marcescensa

 ● Klebsiella pneumoniae

 ● Legionella pneumophila

 ● Burkholderia pseudomalleia

 ● Proteus

 ● Bacillus

 ● Methylobacterium mesophilicum

 ● Morganella morganii

 ● Enterobacter cloacae

 ● Stenotrophomonas maltophilia

Mycobacterial agents

 ● Mycobacterium tuberculosisa

 ● M. chelonaea

 ● M. avium-intercellulare

 ● M. xenopi

 ● M. fortuitum

 ● M. gordonae

 ● M. abscessus

Fungal agents

 ● Rhodotorula rubra

 ● Aureobasidium spp.

 ● Blastomyces dermatitidis

 ● Trichosporon cutaneum

 ● Penicillium spp.

 ● Cladosporium spp.

 ● Phialospora sp.

a Organisms reported to cause true bronchoscopy-related outbreaks.
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This report raises serious concern. More work is urgently 
needed addressing infection control issues surrounding the 
use of EBUS scopes.

4.1.5  Terms Used in Infection Control

An essential prerequisite to minimize nosocomial trans-
mission of infection is a thorough understanding of princi-
ples that govern infection control in healthcare settings. A 
good starting point is a thorough understanding of basic 
terms used in infection control, such as sterilization, high-
level disinfection, intermediate-level disinfection, and 
 low-level disinfection. The definitions and common meth-
ods used to achieve different levels of disinfection are 
 summarized in Table 4.2.

Depending on the risk of transmission of infection, 
Spaulding classified medical devices into three categories: 

critical, semicritical, and noncritical [40,41] (Table  4.3). 
According to this classification, the bronchoscope is classi-
fied as a semicritical device. The minimal recommended 
level of disinfection for a semicritical medical device is 
high-level disinfection. In contrast, the accessories used 
during bronchoscopy are classified as critical devices 
because mucosal breach always occurs during sampling 
procedures such as transbronchial needle aspiration 
(TBNA) or bronchoscopic lung biopsy. The minimum rec-
ommended level of disinfection for accessory instruments 
is sterilization.

Our understanding regarding causes and mechanisms 
of reprocessing failures has greatly expanded in recent 
years. Exciting new developments are taking place in the 
field of molecular techniques for diagnosis and investiga-
tion of infection outbreaks. An impressive amount of new 
information has also emerged on the important role of 

Table 4.2  Levels of disinfection

Level Definition Common agents Uses in bronchoscopy

Sterilization  ● Destroys all forms of microbial 
life including bacterial spores

 ● Steam
 ● Ethylene oxide

 ● Reusable biopsy forceps, 
cleaning brushes, atomizers

High-level 
disinfection (HLD)

 ● Destroys all form of microbial 
life and reduces but does not 
eliminate all bacterial spores. 
By definition, HLD achieves 6 
log reduction of mycobacteria

 ● 2% glutaraldehyde for 20 minutes
 ● 1% peracetic acid for 30 minutes
 ● 0.55% orthophthaldehyde for 

12 minutes

 ● Bronchoscopes

Intermediate-level 
disinfection

 ● Destroys vegetative bacteria, 
mycobacteria, most fungi, and 
most viruses but not bacterial 
spores

 ● Chlorhexidine
 ● Chloroxylenol
 ● Iodophores

 ● Not FDA approved for critical 
or semicritical devices

 ● Useful as skin antiseptic agents 
and for cleaning noncritical 
objects such as bronchoscopy 
cart, side-railings with visible 
blood

Low-level 
disinfection

 ● Destroys vegetative bacteria, some 
fungi, some virus but not 
mycobacteria and bacterial spores

 ● Quaternary ammonium 
compounds, e.g., benzalkonium 
chloride

 ● Useful for noncritical objects 
without visible blood

FDA, Food and Drug Administration.

Table 4.3  Spaulding classification of medical devices

Device Definition Examples in bronchoscopy Recommended cleaning method

Critical Enter sterile tissues or 
vascular spaces

Biopsy forceps, needles for 
TBNA procedure

Sterilization

Semicritical Come in contact with sterile 
mucous membranes but do 
not penetrate sterile tissues

Bronchoscopes High-level disinfection

Noncritical Do not contact patients or 
contact only intact skin

Stethoscopes, blood pressure 
cuffs, bronchoscopy cart

General precautions and 
intermediate- to low-level 
disinfection

TBNA, transbronchial needle aspiration.
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biofilms in endoscopy-related infections. New methods 
have been developed which can provide information 
regarding adequacy of reprocessing efficacy within a mat-
ter of minutes. A wider application of these techniques 
holds great promise in reducing transmission of infection 
via bronchoscopes.

4.1.6  Role of Biofilms

Biofilms play a central role in causing infections secondary 
to contaminated medical devices and prostheses [42]. 
Many bronchoscopy-related outbreaks have now been 
traced back to biofilms in the bronchoscopes or automated 
endoscopic reprocessors (AER). A biofilm is a community 
of microbial agents encased within a hydrated matrix of 
polysaccharides and proteins (Figures 4.1 and 4.2). Bacteria 
in the biofilms exhibit several physiological properties that 
are different from corresponding free-living organisms. 
The bacteria in biofilms are firmly attached to the surface 
and to each other, forming microcolonies. The individual 
cells in the microcolonies respond to one another and seem 
to function in a highly coordinated manner. This property, 
called quorum sensing, is thought to be an integral part of 
the formation and survival of biofilms. The extracellular 
matrix allows free circulation of water and serves as a 
nutrient storage facility for the bacteria.

Even though the bacteria in biofilms do not have a higher 
degree of intrinsic virulence than free-living organisms, 
from an evolutionary standpoint, biofilms provide a clear 
survival advantage for the resident bacteria. Once formed, 

biofilm is very difficult to eradicate with conventional anti-
microbial agents and disinfectants. Several mechanisms 
are proposed to explain the high degree of resistance of 
bacteria in biofilm [43] (Table 4.4). By creating a diffusion 
barrier and neutralizing certain antimicrobial agents, 
extracellular polymeric substances play a critical role in 
increasing bacterial resistance in biofilm. Interestingly, 
bacterial resistance to disinfection is greater in biofilms 
that are formed on a rough surface. This may explain the 
high propensity for formation of biofilms in the working 
channels of endoscopes that are damaged during proce-
dures. It now appears that microscopic damage and nor-
mal wear and tear of the working channel may also 
promote development of biofilm.

Several reports have linked biofilms on bronchoscopes 
with pseudo-infection or true infection. For instance, out-
breaks of Ps. aeruginosa and S. marcescens infections after 
bronchoscopy have been traced to the biofilms formed on the 
threads of the biopsy port and inside the cap of the biopsy 

Figure 4.1  Biofilms arise when microorganisms adhere to solid 
surfaces, forming structures composed of colonies and 
extracellular material. Liquid flow through the biofilm provides 
nutrients and removes waste. Source: Reproduced with 
permission from Wang et al. Flexible Bronchoscopy, 2003; 
Blackwell Publishing Ltd.

Figure 4.2  Electron micrograph of a biofilm. Source: Courtesy 
of Drs Rodney Dolan and Janice Carr, Centers for Disease Control, 
Atlanta, GA.

Table 4.4  Mechanism of resistance in biofilm

 ● Extracellular polymeric substance

 ● Diffusion barrier

 ● Neutralizes antimicrobial agent

 ● Slow growth rate of bacteria

 ● Stored nutrition

 ● Inactivation of antimicrobial agent by bacterial surface 
molecules

 ● Change in membrane transport system

 ● Production of catalase

 ● Persister cells with high resistance to antimicrobial agents

 ● Plasmid-mediated resistance
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port [1,2]. Biofilms can also develop in the inner channel of 
the endoscopes. For example, Pajkos and coworkers exam-
ined inner channels of 13 endoscopes for the presence of bio-
film and bacteria by scanning electron microscopy. Biological 
deposits were detected on all samples tested. Biofilms were 
found on the suction or biopsy channels of five of 13 instru-
ments. Bacterial microcolonies were often associated with 
surface defects on the tubing but many were also present on 
channels that had no visible damage [44].

By its design, a bronchoscope is an easy target for biofilm 
formation. The instrument has a complex structure with 
long and narrow inner channels that are soiled with bacte-
ria and organic matter with each procedure. Direct visual 
inspection of inner channels using a “bore bronchoscope” 
is possible but not practical following each procedure to 
determine the adequacy of initial cleaning or the early 
stages of biofilm development. A thorough initial mechan-
ical cleaning prior to disinfection remains the most effec-
tive method to prevent the development of biofilms. 
Unfortunately, several detergents commonly used for 
cleaning endoscopes are not very effective at removing 
established biofilms [45]. Finding an ideal agent for this 
purpose remains an area of active research [46].

Biofilm may also form inside the AER. Alvarado and 
coworkers reported contamination of endoscopes with 
Ps. aeruginosa due to heavy biofilms in the detergent hold-
ing tank, inlet water hose, and air vents of the AER [47]. 
Disinfection of the AER using the protocol specified by the 
manufacturer did not resolve the problem. In another 
report, Fraser and coworkers isolated M. chelonae from 
endoscopic or bronchial washings in 14 patients [15]. 

The source was found to be the rinse water of the AER. The 
problem could not be resolved with attempted disinfection 
of the AER, presumably because of the presence of a bio-
film inside the machine. Once biofilm is formed, the AER 
is difficult to disinfect and in many instances, replacement 
of the entire unit is needed to resolve the problem [48].

4.1.7  Reprocessing of Bronchoscopes

As discussed above, several features inherent to the design 
of flexible bronchoscopes increase the risk of contamina-
tion and colonization of the device. The bronchoscope has 
a long and narrow working channel, angulations, and mat-
ted surfaces that promote formation of biofilms but also 
make internal cleaning more difficult. Although a few 
models can be reprocessed with steam sterilization, the 
majority of instruments are heat sensitive and therefore 
steam sterilization cannot be used.

Standard methods to disinfect endoscopic devices such as 
bronchoscopes are highly effective in reducing the transmis-
sion of infection. The problem usually arises when instead of 
using validated guidelines, healthcare workers use nonstand-
ard methods and protocols to reprocess medical devices. In 
some instances, this happens due to human error and in oth-
ers, it is caused by lack of knowledge and training.

Recommendations for reprocessing of bronchoscope are 
summarized in Table 4.5. It is essential that all personnel 
involved in bronchoscopy are thoroughly aware of the cur-
rent reprocessing guidelines [49–51]. In the following sec-
tion, we briefly discuss the rationale of individual steps 
of bronchoscope reprocessing and describe how failure to 

Table 4.5  Steps in reprocessing of flexible bronchoscopes

Step Main purpose Process Comments

Mechanical 
cleaning

 ● To prevent drying of organic 
material on the internal and 
external surfaces of the 
bronchoscope

 ● Wipe outer surface of insertion tube 
with a gauze piece or sponge soaked in 
detergent solution

 ● Suction of normal saline through 
working channel

 ● Suction of detergent solution through 
working channel

 ● Detach suction ports and biopsy 
attachments and discard disposable 
items

Leak testing  ● To detect damage to the 
working channel or the outer 
sheath

 ● Bronchoscope with positive 
leak test cannot be adequately 
disinfected

 ● Pressurize the instrument with leak 
tester

 ● Fully immerse the instrument in water
 ● Look for escape of air bubbles
 ● Gently flex and extend the bending 

section to detect minor leak of air 
bubbles

 ● Do not use damaged 
bronchoscope

 ● Return the bronchoscope to 
the manufacturer for repair

 ● Label bronchoscope sent for 
repairs as a contaminated 
medical device

(Continued)
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follow the recommended guidelines can lead to transmis-
sion of bronchoscopy-related infections.

4.1.8  Cleaning

A thorough initial manual cleaning of the bronchoscope 
reduces organic soil, decreases infective burden, and pre-
vents formation of biofilms. Contamination of the instru-
ment with upper airway secretions is inevitable during 
bronchoscopy. After a routine procedure, a bronchoscope 

is contaminated with as many as 6.4 × 104 colony-forming 
units (CFU)/mL of bacteria [52]. The most commonly 
 isolated organisms are streptococci and other oral com-
mensal agents. The risk of contamination of broncho-
scopes with virulent organisms is greater when the 
procedure is performed in a high-risk patient such as organ 
transplant recipients and HIV-infected patients with 
 pulmonary infiltrates.

The purpose of mechanical cleaning is to remove infected 
secretions and organic matter from the exposed surfaces of 

Table 4.5  (Continued)

Step Main purpose Process Comments

Detergent 
cleaning

 ● To further reduce the organic 
matter and prevent formation 
of biofilm

 ● Soak bronchoscope in water and 
enzymatic detergent for 5 minutes

 ● Clean and wipe external surface of 
bronchoscope with enzymatic 
detergent

 ● Clean all ports and working channel 
of bronchoscope with sterile brush

 ● Flush working channel repeatedly to 
remove loose material

 ● Rinse the external and internal 
surfaces with water to remove the 
detergent residues

 ● Thorough cleaning achieves 
3.5–4 log reduction in bacterial 
load

 ● Use either disposable cleaning 
brushes or mechanically 
cleaned and sterilized brushes

High-level 
disinfection

 ● To destroy remaining 
microbial agents as much as 
possible

 ● The process can be manual or fully 
automated (using automated 
endoscopic reprocessors, AER)

 ● Both methods are equally effective 
when procedural guidelines are strictly 
followed

 ● Ethylene oxide sterilization is highly 
effective but causes logistic difficulties 
and delays in reprocessing. Further, 
sterilization is no more effective than 
HLD in reducing the transmission of 
infection via bronchoscope

 ● Make sure that bronchoscope 
is compatible with AER model

 ● Verify appropriate connection 
of working channel with AER 
tubings. Failure to do so may 
lead to inadequate exposure of 
the working channel to the 
liquid disinfectant

 ● Strictly follow the HLD 
protocol as recommended by 
the manufacturer

 ● Maintain AER according to 
manufacturer’s 
recommendation

Final 
rinsing and 
drying

 ● Removes residual liquid 
disinfectant from the working 
channel and external surface

 ● Moisture in working channel 
during storage promotes 
recontamination of 
bronchoscope with microbial 
agents

 ● Rinse working channel and external 
surface with sterile or filtered tap 
water

 ● Instrument is dried by purging the 
working channel with 70% alcohol and 
dried air

 ● Tap water should not be used 
for final rinsing

 ● The rinsing and drying takes 
place in most models of AER. 
The quality of rinse water in 
AER should be monitored

 ● Do not reuse rinse water
 ● Do not use the same sink for 

initial cleaning and final 
rinsing

Storage  ● Improperly stored instrument 
may cause recontamination 
with potentially pathogenic 
organisms

 ● Store in well-ventilated cabinets
 ● Drying cabinet using a dessicant is 

preferred
 ● Store in hanging position
 ● Do not reattach any disposable or 

detachable parts during storage

 ● Do not store in original 
carrying case
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the bronchoscope. A thorough mechanical cleaning imme-
diately after bronchoscopy is shown to reduce the bacterial 
burden by 3.5–4 logs [53]. Inadequate cleaning also leaves 
organic matter in the working channel that significantly 
reduces the effectiveness of the disinfecting agent. In addi-
tion, inadequate mechanical cleaning promotes the forma-
tion of biofilm, which becomes an important reservoir for 
future infections.

Current guidelines strongly emphasize thorough manual 
cleaning of bronchoscopes prior to high-level disinfection 
(Table  4.5). The cleaning process is labor intensive and 
requires at least 15 minutes of operator time. It is therefore 
not surprising that external reviews have shown poor 
 compliance with recommended cleaning guidelines. For 
example, manufacturers recommend a minimum of five 
minutes’ contact between the enzymatic detergent and the 
endoscope but this recommendation is frequently ignored 
[54]. Newer automated endoscopic reprocessors with capa-
bility to clean bronchoscopes prior to high-level disinfec-
tion are now available. These instruments are intended to 
replace manual cleaning and brushing with an automated 
and standard process that is less prone to human errors. 
The US Food and Drug Administration (FDA) has approved 
the labeling of these instruments as “washer-disinfectors.” 
Automated disinfectors are as effective as manual cleaning 
for artificially soiled bronchoscopes [55].

Proper cleaning of bronchoscopes requires disconnec-
tion and disassembly of all detachable components such as 
biopsy ports and suction valves. All disposable components 
should be discarded. Use of reusable valves is strongly dis-
couraged and the current ACCP guidelines recommend 
using disposable bronchoscopic valves because failure to 
adequately reprocess the reusable valves has caused several 
outbreaks [1,2,23,56].

Leak testing is an essential component of bronchoscope 
reprocessing. A leak test detects internal damage to the 
working channel which is otherwise difficult to detect. 
Damage to the inner channel promotes development of 
biofilm and once developed, reliable high-level disinfec-
tion of these instruments cannot be guaranteed. Several 
outbreaks have occurred due to failure to perform leak tests 
and detect damage to the working channel. Among these, 
most serious was the transmission of tuberculosis to sev-
eral patients due to use of a damaged bronchoscope con-
taminated with M. tuberculosis [21]. In this report, a hole in 
the working channel precluded adequate disinfection of 
the bronchoscope after it was used in a confirmed case of 
tuberculosis. The damage to the bronchoscope was not 
detected because the leak test was not routinely performed 
after each procedure.

The enzymatic detergent used for cleaning the broncho-
scope should be discarded after a single use. Similarly, water 

used for rinsing the bronchoscope after detergent cleaning 
should not be reused for cleaning other bronchoscopes.

4.1.8.1  High-Level Disinfection
Bronchoscopes are semicritical devices and high-level dis-
infection is required after every procedure. The process 
involves immersion of the entire bronchoscope in an 
approved disinfectant for a specified period of time. The 
process is highly effective, as long as adequate precleaning 
is performed and recommended guidelines are followed. 
The FDA has approved several chemical agents for high-
level disinfection (HLD) of endoscopes. The most com-
monly used agents for HLD are 2% glutaraldehyde, peracetic 
acid, and orthophthaldehyde. The advantages, disadvan-
tages, and adverse effects of these agents are summarized in 
Table 4.6 and have been reviewed elsewhere [57,58].

Although FDA guidelines are somewhat more stringent, 
the ACCP expert committee recommends bronchoscope 
disinfection for 20 minutes in 2% alkaline glutaraldehyde at 
20 °C for HLD after the scopes are adequately precleaned 
according to the recommended techniques [51]. This rec-
ommendation is based on results from several validated 
sources. Multisociety guidelines endorse FDA recommen-
dations for exposure time and temperature of HLD of flexi-
ble gastrointestinal endoscopes [59]. High-level disinfection 
can be accomplished either by manual method or with the 
use of AERs (Figure 4.3). When performed properly, both 
methods are equally effective [60]. Advantages and disad-
vantages of each method are listed in Table 4.7.

The most important concern with the manual method of 
HLD is health risks to the bronchoscopy staff due to occu-
pational exposure to glutaraldehyde. Due to this reason, an 
increasing number of bronchoscopy facilities have adopted 
the use of AERs for HLD. Regardless of which method is 
used, it is important to make sure that all components of 
the bronchoscope, including the inner channel, are ade-
quately perfused with the disinfectant solution and there is 
adequate contact time between the disinfectant and the 
bronchoscope. When the manual method is used, the 
working channel needs to be filled with the disinfectant 
using a syringe containing the solution. While using the 
AER, it is critical to ensure that the instrument and the 
bronchoscope model are compatible and that proper chan-
nel connectors are used as recommended by the manufac-
turer. Failure to do so may result in inadequate flow of 
disinfectants through the bronchoscope, causing subopti-
mal or insufficient HLD [61].

Contamination of AER has caused several bronchos-
copy-related outbreaks. These include true infections as 
well as pseudo-infections due to nontubercular mycobacte-
ria, Ps. aeruginosa, and several other microbial agents 
[11,48,62]. As discussed above, biofilm is the cause of 



Table 4.6  Common agents used for high-level disinfection of bronchoscopes

Agent Advantages Disadvantages Adverse effects Comments

2% glutaraldehyde  ● Inexpensive
 ● Easily available
 ● Extensive experience
 ● No damage to the bronchoscope

 ● High incidence of adverse effects
 ● Requires optimal pH (7.5–8.5) to 

be effective
 ● Shelf-life limited to 14 days due to 

spontaneous polymerization and 
loss of free aldehyde groups

 ● May coagulate blood and fix 
organic material to the surface if 
initial cleaning is poor

 ● Becomes diluted with repeated use
 ● Mucosal irritation and 

inflammation if traces of agent are 
left in the working channel due to 
incomplete final rinse

 ● M. chelonae, Trichosporon, fungal 
ascospores are resistant to 
disinfection

 ● Pungent odor
 ● Respiratory irritant
 ● May cause occupational 

asthma
 ● Skin and eye irritation
 ● Contact dermatitis

 ● Interferes with DNA, RNA and 
protein synthesis of microbial agents

 ● Check pH and concentration at the 
beginning of every day and maintain a 
written record

 ● 20–2–20 rule: a minimum of 20 min 
exposure, 2% concentration at a 
minimum of 20 °C temperature 
needed for adequate HLD

 ● All external and internal surfaces 
should come in contact with the agent

 ● Precautions to minimize exposure to 
healthcare workers are essential

 ● Ambient glutaraldehyde 
concentration should be <0.05 ppm

 ● Area should be well ventilated
 ● 7–15 air exchanges per hour
 ● Use ducted exhaust hoods or ductless 

fume absorbent hoods to reduce 
exposure

Peracetic acid  ● Environmentally friendly without 
toxic by-products

 ● Good sporicidal activity
 ● May facilitate removal of organic 

material from working channel
 ● Does not coagulate blood or fix 

organic material to the surface

 ● More expensive than 
glutaraldehyde

 ● May cause serious skin and eye 
burns if accidentally spilled

 ● No major adverse effects 
under normal conditions

 ● Fumes can cause 
irritation of nose, throat 
and lungs

 ● Used in fully automated systems such 
as Steris system 1

 ● Requires contact time of 30–45 min
 ● Single use eliminates need for routine 

concentration monitoring

Orthophthaldehyde  ● Fast-acting high-level disinfectant
 ● Excellent stability over a pH range 

of 3–9
 ● Does not coagulate blood or fix 

organic material to the surface
 ● No odor

 ● More expensive than 
glutaraldehyde

 ● Slower sporicidal action

 ● Eye irritation with 
contact

 ● Less commonly used in the US

HLD, high-level disinfection.
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recurring infections in many cases and once formed, it is 
difficult to remove with conventional disinfection meth-
ods. Regular maintenance of the AER according to the 
manufacturer’s recommendations is essential for reliable 
functioning of the machines. Inline water filters should be 
changed on a regular basis as recommended. Failure to do 
so has led to M. chelonae pseudo-outbreaks [62].

4.1.9  Rinsing, Drying, and Storage

After HLD, rinsing of the external surface of the broncho-
scope and working channel is done to remove residual dis-
infectant agent. Ideally, rinsing should be done with sterile 
water but filtered tap water can also be used. Unfiltered tap 
water is unacceptable because of the risk of contamination 
with nontubercular mycobacteria and other pathogenic 

bacteria. Several outbreaks have been traced back to inad-
equate quality of rinse water. Some authors suggest routine 
microbiological sampling of the rinse water used for endo-
scope reprocessing [63–65], but due to the cost and resource 
utilization issues, routine monitoring of rinse water 
remains a debatable issue. Rinse water must not be reused.

The moist environment inside the working channel can 
promote bacterial and fungal growth. Therefore, after rins-
ing with water, the insertion tube and working channel 
should be thoroughly dried [66]. In a recent study, endo-
scope reprocessing, drying, and storage practices were 
assessed at three hospitals using visual examinations and 
several additional tests to detect fluid and contamination 
on ready-to-use endoscopes [67]. Fluid was detected in 
nearly half of endoscopes tested. High adenosine triphos-
phate levels were found in 22% and microbial growth was 
detected in 71%. Retained fluid was associated with signifi-
cantly higher adenosine triphosphate levels. Breaches in 
reprocessing and drying practices were found in two of the 
three sites.

Drying of the working channel is best achieved by rins-
ing it with 70% alcohol, followed by forcing compressed 
medical-grade high-efficiency particulate air (HEPA)-
filtered air for a minimum of 10 minutes through the chan-
nel. Rinsing with alcohol further contributes to inhibition 
of growth of microbial agents. In a recent study, flushing of 
the working channel with 70% ethyl alcohol reduced the 
risk of microbiological contamination from potentially 
pathogenic organisms from 4.1% to 0.6% [68].

Proper storage is also important in preventing the recon-
tamination of the bronchoscope. The bronchoscope should 
be stored in an upright hanging position in a roomy drying 
cabinet that uses a desiccant to reduce relative humidity 
[69,70].

Figure 4.3  Steris system automated endoscope reprocessor 
(SterisCorp, Mentor, OH) with bronchoscope in place in 
preparation for automated chemical sterilization.

Table 4.7  Advantages and disadvantages of manual and automated endoscopic reprocessors for high-level disinfection

Manual method Automated endoscopic reprocessors

Advantages  ● Low cost
 ● Less complicated
 ● No risk of mechanical failure

Requires less operator time
 ● Ensures standard disinfectant concentration 

and appropriate contact period
 ● Less health risks to operators
 ● Less prone to human errors

Disadvantages Time-consuming
 ● Health risks to operators due to vapors, 

chemical spills
 ● Need to check concentration of 

glutaraldehyde every day
 ● Potential for inadequate contact time 

due to human factors
 ● Potential to reuse the solution for more 

than recommended period

High initial cost
 ● More complicated than manual method
 ● Risk of mechanical failure
 ● Potential for improper connections
 ● Potential for contamination of detergent tank
 ● Contamination of waterlines and water filters
 ● May need expensive repairs or replacement 

once contaminated
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The suction and biopsy ports should not be reassembled 
prior to storage. In one report, replacement of the suction 
biopsy valve immediately after cleaning allowed moisture 
to accumulate in these areas that caused contamination 
with R. rubra [27]. Storage of a reprocessed bronchoscope 
in a carrying case or in coiled position is inappropriate and 
may increase the risk of infection [71].

4.1.10  Reprocessing of Accessory Instruments

Many accessories such as biopsy forceps are critical medi-
cal devices from the infection control viewpoint. It is best 
to use presterilized disposable biopsy forceps as much as 
possible. A reusable forceps should be thoroughly cleaned 
with a detergent. The complex design of the distal part of 
biopsy forceps and the spiral configuration of its shaft limit 
the efficacy of manual detergent cleaning. Use of a medical- 
grade ultrasonic cleaner is highly effective in cleaning the 
soiled biopsy forceps and is the preferred method for this 
purpose [72]. After thorough cleaning, the forceps should 
be steam-sterilized according to the manufacturer’s recom-
mendations. Ethylene oxide sterilization is equally effec-
tive and may also be used. All malfunctioning biopsy 
forceps must be discarded because such forceps can dam-
age the inner channel, which has caused many bronchos-
copy-related Ps. aeruginosa-associated infections [73]. Any 
attempt to sterilize disposable items such as biopsy forceps, 
TBNA needles, or three-way stopcocks is completely 
unacceptable [74].

After a single use, the atomizer lumen and the fluid reser-
voir frequently get contaminated with microorganisms [75]. 
A cluster of tuberculosis cases has been linked to improper 
sharing of atomizers for administering topical anesthesia in 
patients undergoing bronchoscopy [24]. We recommend 
using a disposable or single-use atomizer. If a reusable 
atomizer is used, it should be thoroughly cleaned and 
steam-sterilized after every use. Atomizers with blocked 
nozzles cannot be cleaned and should be discarded.

Cleaning brushes become highly contaminated after a 
single use and can cause bronchoscopy-related infections 
[28]. Disposable cleaning brushes are cheap and are recom-
mended for cleaning the inner channels of bronchoscopes. 
Nondisposable cleaning brushes should undergo thorough 
cleaning with detergent, followed by HLD or sterilization 
after every use.

4.1.11  Prevention of Outbreaks

Sources of contamination during bronchoscopy are sum-
marized in Table 4.8.

A close look at the underlying cause of an outbreak 
nearly always reveals a significant deviation from standard 

reprocessing methods. External reviews and postal surveys 
have shown major deficiencies in the manner in which 
endoscopes are reprocessed in many institutions. For 
example, an onsite survey of fiberoptic endoscope repro-
cessing in 18 Massachusetts hospitals showed a considera-
ble within-hospital and inter-hospital variability in 
reprocessing practices [76]. Investigators identified several 
problems such as less than recommended contact time 
with the disinfectant solution, inadequate disinfection of 
the inner channel, improper final rinsing of the endo-
scopes with tap water, and inadequate sterilization of the 
biopsy forceps. Interestingly, in several instances, methods 
for reprocessing endoscopes used in patients known to be 

Table 4.8  Sources of contamination during bronchoscopy

Inadequate cleaning

 ● Inadequate manual cleaning

 ● Biofilm in inner channel

 ● Damaged inner channel

 ● Failure to perform leak test

 ● Loose suction valve

 ● Biopsy port

Inadequate high-level disinfection

 ● Inappropriate agent

 ● Incorrect disinfectant concentration

 ● Contamination of disinfectant solution

 ● Use of improper connectors to reprocessors

 ● Inadequate flow of disinfectant through inner channel

 ● Mechanical failure of reprocessor

Contamination of reprocessors

 ● Biofilm formation

 ● Rinsing tank

 ● Tubings

 ● Filters

Contamination after high-level disinfection

 ● Use of tap water for final rinse

 ● Contamination of water filters

 ● Reuse of sterile water for rinsing

 ● Failure to dry bronchoscopes

 ● Reassembly of suction and biopsy port before storage

 ● Storage in coiled position

Contamination of accessory instruments

 ● Cleaning brushes

 ● Biopsy forceps

 ● Reuse of three-way stopcocks

 ● Reuse of atomizer without sterilization

 ● Contaminated local anesthetic solution



Infection Control and Radiation Safety in the Bronchoscopy Suite 45

infected with HIV, hepatitis or tuberculosis were different 
from those used after an endoscopy on apparently nonin-
fected patients. Interviews with the employees designated 
to perform reprocessing showed that lack of knowledge of 
principles that govern HLD was an important cause of dis-
crepancies between written policies and actual practice.

Several deficiencies were also found in a survey on dis-
infection practices in 107 North Carolina hospitals [77]. 
In this study, 44% of hospitals reported immersing the 
endoscope in disinfectant solution for <10 minutes and 
55% reported using tap water for the final rinse. Striking 
problems with adherence with national guidelines was 
also reported in a large-scale postal survey from 159 bron-
choscopy units in the United Kingdom [78]. In this study, 
35% of units were using less than minimum recom-
mended disinfection time after bronchoscopy. More trou-
bling was the finding that no disinfection was performed 
in 34% of units before emergency bronchoscopies. 
Further, 43% of units did not use sterile or filtered water 
for the final rinse. This study raises serious questions 
regarding adequacy of reprocessing after an emergency 
bronchoscopy performed during off-hours when the 
usual bronchoscopy staff is not available. Clearly, there is 
a strong case for all hospitals to designate well-trained 
and proficient employees who can adequately reprocess 
endoscopes in off-hours and weekends.

Another survey from North America further illustrates 
serious problems with the familiarity and knowledge base 
of healthcare workers involved in reprocessing broncho-
scopes [79]. In this survey, 65% of respondents, including 
55% of the medical directors of the bronchoscopy facility, 
were not aware of nationally accepted published reprocess-
ing guidelines. Nearly 40% did not know the reprocessing 
method and 35% did not know which disinfectant was 
used at their own institution. About 50% of participants 
did not keep a record of which bronchoscope was used in 
each patient. Thirty percent of respondents reported per-
forming routine periodic bronchoscope cultures to detect 
persistent contamination of bronchoscopes after repro-
cessing. Only one-third of respondents reported some 
form of surveillance of bronchoscopy culture results. The 
knowledge regarding specific reprocessing steps was defi-
cient in many areas.

All of these studies point to an unacceptable lack of 
knowledge and training in reprocessing of bronchoscopes. 
These studies also make a strong case for all bronchoscopy 
facilities to implement education for all personnel involved 
in reprocessing of bronchoscopes.

Routine environmental sampling can provide an early 
warning and prevent outbreaks of bronchoscopy-related 
infections [5,61]. However, no study has specifically looked 
into the value of periodic cultures of bronchoscopes or 

environmental sources to prevent bronchoscopy-related 
outbreaks. The cost of such a program is likely to be pro-
hibitive. Currently, routine environmental surveillance, 
including microbiological monitoring of the water used for 
final rinsing of bronchoscopes after HLD, is not recom-
mended for prevention of bronchoscopy-related outbreaks. 
Instead, a formal mechanism for surveillance of isolates 
from bronchoscopy specimens is highly recommended. 
Any unusual or unexpected increase in the isolation rate of 
certain microbial agent such as M. tuberculosis and envi-
ronmental mycobacteria should prompt a formal review of 
reprocessing practices and epidemiological investigation. 
For instance, a cluster of unexpected Pseudomonas pneu-
monia after thoracic surgery led to identification of bron-
choscopes as the source of infection in one study [80].

4.1.12  Quality Assurance

Current guidelines do not suggest monitoring the effective-
ness of reprocessing of flexible bronchoscopes. Traditional 
microbiological surveillance cultures have a slow turn-
around time. Therefore, microbiological studies on repro-
cessed and patient-ready bronchoscopes are performed 
only as part of outbreak investigation. Exciting new tech-
niques have emerged in the past decade that allow rapid 
and accurate assessment of the efficacy of reprocessing 
techniques [81].

Some methods are designed to detect residual bioburden 
and organic matter after manual cleaning of endoscopes. 
In these tests, residual carbohydrates, protein, and hemo-
globin are detected in the fluid obtained after flushing the 
working channel with sterile water. A test strip is used to 
detect these biomolecules [82]. Results are available within 
90 seconds. Proposed benchmarks for absence of signifi-
cant organic residue after manual cleaning are <1.2 μg/cm3 
of carbohydrate, <6.4 μg/cm3 of protein, and <2.2 μg/cm3 
of hemoglobin [83]. Biological material also includes aden-
osine triphosphate (ATP). Techniques have been developed 
for rapid detection of ATP over the endoscope surface or 
within the working channel. Reaction of ATP with lucif-
erin and luciferase produces bioluminescence, which is 
detected with luminometers and expressed as relative light 
units (RLU). The presence of bioluminescence in endo-
scopes after manual cleaning or HLD indicates presence of 
residual soil and bioburden [84]. The test sample is 
obtained by the flushing method or flush-brush-flush 
method. Entire testing is accomplished in less than five 
minutes. The proposed benchmark is <200 RLUs for effec-
tive manual cleaning and <40 RLUs for HLD [85,86]. The 
ATP test has been validated against microbiological testing 
and several commercial versions are available for clinical 
application of this technique.
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Testing for such biomolecules shows that residual soil is 
frequently detected on the surface and inner channels after 
manual cleaning of endoscopes. In one study, 82% of gas-
trointestinal endoscopes were positive for at least one rapid 
indicator test in the absence of any visual residue after 
manual cleaning [87].

Techniques are also available that allow direct inspection 
of the working channel for damage that cannot be other-
wise detected. As mentioned above, damage to the inner 
lining of the working channel promotes formation of bio-
film, thereby increasing the risk of cross-infection. Direct 
inspection of inner channels is performed using ultra-thin 
borescopes [88].

These emerging techniques provide powerful epidemio-
logical tools to assess the efficacy of endoscope reprocess-
ing. These rapid audit tools provide immediate feedback 
regarding the efficacy of manual cleaning. Prospective 
studies are needed to assess the cost-effectiveness and clin-
ical role of these tests in routine operation of a bronchos-
copy service.

4.1.13  Outbreak Investigation

Transmission of infection due to a breach in infection con-
trol during bronchoscopy has serious implications for 
patients, bronchoscopy personnel, and the institution. 
Once an outbreak of infection is suspected, several simul-
taneous actions may be needed. Depending on the severity 
of the situation, the director or other person in charge of 
the bronchoscopy facility may be forced to temporarily 
close down the facility till the full extent and the cause(s) of 
the problem are identified and corrective actions are taken. 
Ignoring or willfully overlooking the problem is never 
appropriate and will only worsen the situation.

4.1.13.1  Team Approach
A thorough investigation of an outbreak in a bronchoscopy 
facility needs a team of healthcare providers. Members of 
the team should include the director or person in charge of 
the facility, infection control specialist, infectious disease 
consultant, laboratory personnel trained in microbiology 
and molecular techniques, epidemiologist, staff from bio-
medical engineering, and bronchoscopy assistants. Early 
involvement of representatives from the manufacturers of 
the bronchoscope, AER and disinfectants is also useful in 
many circumstances.

4.1.13.2 Data Collection
The investigation starts with careful review of all proce-
dures performed during the period of the outbreak. To 
back-track the data on individual patients, all facilities 
 performing bronchoscopy should maintain a careful record 

of the patient’s name and medical record number, the bron-
choscopist who performed the procedure, their assistant, 
and the serial number or other unique identifier of the 
bronchoscope used for each procedure [49,51]. Without this 
information, a meaningful epidemiological investigation is 
impossible to conduct. The information should include the 
indication for bronchoscopy, clinical and radiological find-
ings, procedures performed during bronchoscopy, microbi-
ological results from bronchoscopy specimens, and results 
of other relevant microbiological tests such as sputum and 
blood cultures. The outcome of all patients undergoing 
bronchoscopy during the outbreak needs to be determined 
by thorough chart reviews, telephone contact, clinical eval-
uation, and relevant radiological and laboratory testing. The 
microbiological results from the bronchoscopy specimens 
obtained during the outbreak should be compared with 
data from preceding months to confirm whether or not 
there is an actual increase in the infection rate. Using these 
data, the investigating team should try to identify a link 
between the infections and a common variable such as the 
same bronchoscope, same date of procedure, etc.

The next important step is to thoroughly review the 
reprocessing practices of the facility in preceding months. 
The panel should thoroughly look into all potential 
breaches in reprocessing that are known to cause contami-
nation (Table 4.8). More than one mechanism of contami-
nation may be involved in the outbreak [89]. Every staff 
member designated for reprocessing bronchoscopes should 
be contacted and interviewed. How the accessory instru-
ments are reprocessed should be recorded. Note should be 
made of any reuse of an accessory instrument intended for 
a single use. Records of routine maintenance of AER, 
results of routine surveillance of glutaraldehyde concen-
tration, change of water filters, etc. should be reviewed. 
Any deviation from the manufacturer’s recommended 
guidelines should be recorded.

4.1.13.3  Environmental Sampling
Cultures from environmental sources and the broncho-
scope and its components play a critical role in the epide-
miological investigation of an outbreak. Cultures should be 
obtained from the detergent bottles and wash basin, disin-
fectant solution, AER tanks, tap water, filtered water used 
for final rinse, bronchoscopes, cleaning brushes, multidose 
medication vials, atomizers, and reusable bronchoscopic 
accessories. A swab rinse technique is used to sample the 
exterior surface and distal part of the working channel. In 
this technique, sterile swabs moistened with sterile and 
deionized water are used to obtain specimens from the 
working channel for microbiological studies. The flush-
brush-flush method is the preferred technique to obtain 
specimens from the working channel. In this technique, 
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the working channel is first flushed with sterile water. It is 
then brushed using a sterile brush, followed by flushing of 
the channel again with sterile water. The specimen should 
be submitted to a reference laboratory licensed to perform 
environmental cultures. Swabs of biopsy and suction ports 
should also be obtained.

4.1.13.4  Molecular Techniques
An outbreak is usually suspected when a pathogen is iso-
lated at a rate higher than expected. Isolation of organisms 
with similar phenotypic characteristics such as biotype, 
serotype, or a unique pattern of antimicrobial susceptibil-
ity provides an early warning of nosocomial infections due 
to bronchoscopy. While the phenotypic analysis is impor-
tant in early identification of an epidemic, it has low 
 discriminatory power, limiting its value in further epide-
miological investigation. Phenotypic similarity between an 
organism isolated from an environmental source and the 
bronchoscopic specimen may be coincidental. Molecular 
techniques have a greater accuracy in establishing the 
relatedness of isolates recovered from different sources 
during investigation of bronchoscopy-related outbreaks. 
The majority of recent studies looking into bronchoscopy-
related outbreaks have used genotypic analysis to identify 
the source of infection. The most widely used genotypic 
method for this purpose is pulsed-field gel electrophoresis 
(PFGE) [90]. Polymerase chain reaction (PCR)-based 
 techniques can also be used [62,91].

4.1.13.5  Corrective Measures
The corrective measures depend on the underlying cause 
of the outbreak. Education and oversight are important 
components of corrective measures regardless of the 
underlying cause. The epidemiological investigation does 
not end with implementation of corrective measures. It is 
critical to continue surveillance of cultures and oversight 
of reprocessing methods for several weeks to months after 
the appropriate changes are made.

4.1.13.6 Notification
All bronchoscopy-related outbreaks should be notified to the 
infection control department, local and state health depart-
ments, Centers for Disease Control, FDA, and the manufactur-
ers of the bronchoscope, AER, and disinfectants. The patients 
and bronchoscopy personnel who were potentially exposed to 
infection during the outbreak should also be notified.

4.1.14  Risk of Infection to Bronchoscopy Staff

Bronchoscopy is a cough-generating procedure. Studies 
have shown that a variety of bacteria can be detected in 
the  ambient air after a bronchoscopy [92]. The aerosols 

generated during bronchoscopy have the potential to 
transmit serious respiratory infections such as tuberculo-
sis, chickenpox, measles, and other respiratory viruses to 
bronchoscopy staff. Fortunately, except for a single case 
of adenovirus infection [93], active respiratory tract 
infections from exposure during bronchoscopy have not 
been reported.

Still, there is considerable anxiety among healthcare 
workers regarding exposure to tuberculosis during bron-
choscopy. This is a valid concern and there are some indi-
rect data to support it. For example, exposure to tuberculosis 
as determined by the tuberculin skin test conversion rate is 
shown to be higher among pulmonary fellows than infec-
tious disease fellows [94]. This discrepancy is postulated to 
be due to greater risk of exposure to M. tuberculosis during 
bronchoscopy among pulmonary fellows. Another indirect 
line of evidence comes from a report in which bronchos-
copy and endotracheal intubation were linked to a tubercu-
losis outbreak in a dialysis unit [95]. Transmission of 
tuberculosis is a matter of great concern in low-income set-
tings where a higher proportion of patients undergoing 
bronchoscopy have underlying tuberculosis [96].

Bronchoscopists can take several preventive measures to 
reduce the risk of spreading tuberculosis during bronchos-
copy. First, bronchoscopy should be avoided in patients 
suspected to have tuberculosis as much as possible. At 
least three satisfactory sputum samples should be exam-
ined for acid-fast bacilli before considering bronchoscopy. 
Examination of gastric lavage and urine samples for acid-
fast bacilli may be considered in selected situations. When 
the diagnosis remains elusive, the need to perform bron-
choscopy should be carefully weighed against the risk of 
transmission to the bronchoscopy staff. When the proce-
dure is unavoidable, certain precautions may reduce the 
risk of transmission and increase the safety of the proce-
dure. It should be performed in a negative pressure room. 
The air should either be discharged outside or pass through 
HEPA filtration before it is recirculated (Figure  4.4). As 
much as possible, the patient should wear a mask through-
out the procedure. Adequate topical anesthesia and anti-
tussive medications should be administered to minimize 
coughing spells during the procedure. All bronchoscopy 
personnel should wear power air-purifying respirator 
hoods which have high efficacy in reducing transmission 
of tuberculosis [97]. Unfortunately, these devices may not 
be readily available. The N95 particulate respirator is a 
minimally acceptable alternative to a respirator hood. Use 
of a simple surgical mask is inadequate for this purpose.

Needlestick injury is another potential mechanism 
for  transmission of infection during bronchoscopy. 
Transmission of hepatitis B infection has been reported 
after an operator received needlestick injury while trying 
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to retrieve the specimen from biopsy forceps using a 
hypodermic needle [98]. This practice should be strictly 
prohibited.

Human papillomavirus DNA has been recovered from 
the smoke plume of skin lesions treated with carbon diox-
ide laser and with electrocoagulation [99]. This has raised 
some occupational safety concerns about endobronchial 
treatments of human papillomavirus infections. To date, 
there are no reported cases of transmission of human 
papillomavirus from patients to bronchoscopy staff. 
Nevertheless, respiratory precautions such as wearing 
respiratory masks are prudent for all staff members per-
forming these procedures. Tight-fitting surgical masks are 
highly effective in protecting operators from potential 
inhalation exposure to papillomavirus. Adequate exhaust 
of smoke generated during these procedures also reduces 
exposure to the operators. Similar concerns have also 
been raised regarding potential transmission of HIV 
infections. To date, no bronchoscopy operator is known to 
have developed HIV seroconversion as a direct result of 
exposure during bronchoscopy.

Compliance with universal precautions is the single most 
effective measure to prevent the transmission of infection 
from patients to operators. All healthcare workers involved 
in bronchoscopy should wear full barrier clothing including 
gowns, gloves, masks, and eye shields [49–51]. Similar 
 barrier precautions are also essential for  staff members 

 delegated to clean and reprocess the  bronchoscope after 
completion of the procedure. Unfortunately, surveys 
have shown very poor compliance with the recom-
mended universal precautions measures during bron-
choscopy [78].

4.1.15  Reprocessing in Specific Situations

4.1.15.1  Mycobacterial Diseases
Standard reprocessing methods are highly effective in dis-
infection of bronchoscopes used in patients with suspected 
or proven tuberculosis [100,101]. No special precautions 
are needed as long as reprocessing guidelines are strictly 
followed [49,51].

4.1.15.2 Viral Diseases
As discussed above, the bronchoscope is invariably con-
taminated with HIV virus after use in AIDS patients [30]. 
However, current methods of reprocessing are very effec-
tive in eliminating all traces of HIV virus. In an experimen-
tal study, immersion of a contaminated bronchoscope for 
two minutes in glutaraldehyde solution removed all traces 
of HIV virus [102]. No cases of patient-to-patient transmis-
sion of HIV virus have been known to occur due to con-
taminated or inadequately reprocessed bronchoscopes. 
Similarly, no cases of hepatitis B and C have been reported 
after bronchoscopy. Studies from the gastrointestinal 
endoscopy literature indicate that current methods are 
highly effective in eliminating all traces of hepatitis B and 
hepatitis C virus from endoscopes [103]. However, ade-
quate mechanical precleaning is essential for effective 
removal of hepatitis viruses from the working channel. 
Failure of adequate precleaning has been linked to trans-
mission of hepatitis C after colonoscopy [104].

4.1.15.3  Other Agents
Anthrax spores are resistant to HLD. However, trans-
mission of anthrax from patient to patient via a bron-
choscope is not a major concern since spores are 
produced only in soil and dead tissues and not in blood 
or living tissues. Therefore, HLD of bronchoscopes is 
adequate after use in patients with suspected or proven 
anthrax [7].

A more complicated problem is the use of a broncho-
scope in patients with suspected or proven Creutzfeldt–
Jakob disease (CJD). According to expert opinion, no 
special precautions are necessary for reprocessing bron-
choscopes after use in suspected or proven cases of 
CJD  [7,105]. In contrast, the European Society of 
Gastrointestinal Endoscopy (ESGE) has suggested avoid-
ing endoscopy in these patients as much as possible, and 
when unavoidable, to use an endoscope that is approaching 

Figure 4.4  High-efficiency particle exchanger, such as the 
HEPA-Care (Abatement Technologies Inc., Atlanta, GA), which 
cycles room-volume air at least 14 times/hour.
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the end of its useful life [106]. The endoscope used in the 
CJD patient should then be destroyed or quarantined for 
future use only for patients with proven CJD. In the 
absence of any literature on this subject, physicians may 
elect to follow the same guidelines when bronchoscopy is 
required in patients with suspected CJD. A disposable 
bronchoscope has been recently introduced to the market 
but its role remains limited to inspection of the airways 
and obtaining respiratory secretions.

4.1.16  Conclusion

Despite strict adherence to reprocessing guidelines, viable 
microbes can be detected from ready-to-use endoscopes 
[107]. Failure to follow reprocessing protocols makes the 
matter worse. This is a major patient safety issue. Infection 
control issues surrounding use of convex probe EBUS need 
further attention. Availability of rapid indicator tests has 
provided a useful tool to assess the efficacy of manual 
cleaning but further work is required to define their role in 
routine clinical practice. In the meantime, every effort 
must be made to strictly follow recommended reprocessing 
guidelines. Current methods to reprocess bronchoscopes 
are not effective in all instances. Studies are needed to 
develop more effective methods for cleaning and disinfect-
ing bronchoscopes.

4.2   Radiation Safety

An issue that has received little attention to date is the 
potential for excessive radiation exposure to patients and 
operators when fluoroscopy is used during bronchoscopy. 
In this section, we will discuss potential health risks of 
radiation exposure to patients and healthcare workers dur-
ing bronchoscopy and provide practical guidelines to mini-
mize this risk.

4.2.1  Background

Fluoroscopy is an important source of occupational radia-
tion exposure to nonradiology medical personnel. 
Bronchoscopists use fluoroscopy during a variety of diag-
nostic and therapeutic procedures (Table 4.9). Invariably, 
both patients and operators are exposed to ionizing radia-
tion during these procedures [108]. Radiation exposure is 
associated with several potential health problems; most 
feared is the future risk of cancer due to low-level radiation 
exposure. Therefore, every effort should be made to mini-
mize radiation doses used during bronchoscopy. A sound 
knowledge of radiation protection principles is needed to 
achieve this goal.

Although the cumulative low-dose radiation exposure 
over a prolonged period is a serious concern, the dose used 
in a single diagnostic and therapeutic procedure seldom 
causes any immediate problem. Because of the absence of 
any acute effects, healthcare workers generally underesti-
mate the radiation hazards and frequently ignore radiation 
hygiene practices. In addition, the majority of healthcare 
workers who use diagnostic radiation outside the radiology 
department have never received any formal training in 
radiation physics or the principles of radiation protection. 
We start our discussion with basic understanding of radia-
tion terminology and the possible health risks associated 
with diagnostic radiation.

4.2.2  Radiation Terminology

Radiation terminology is somewhat complicated. Practicing 
physicians and healthcare providers are unfamiliar with 
several technical terms used in radiation medicine. In this 
section, we provide a simplified meaning of some com-
monly used terms. Those interested in a more in-depth and 
technical discussion are referred to detailed reviews on this 
subject [109,110].

X-ray is a type of ionizing radiation, consisting of high-
energy photons. When X-rays strike the human body, some 
photons penetrate the tissues and others are reflected in 
different directions. A fraction of these photons is absorbed 
by the tissues and the remaining photons pass through the 
body. The fraction that passes through the tissues carries 
the diagnostic information.

One of the quantities used to describe the intensity or 
strength of X-rays generated by the source is exposure, 
which is measured by the ionization produced by X-rays in 
a unit mass of air. Exposure is defined strictly for the air 
and it quantifies the amount of radiation directed toward 
the photographic film or the image intensifier. Exposure by 
itself does not quantify the radiation-induced health risk to 
the patient because many other factors determine how 
much damaging radiation dose is absorbed by the tissues. 

Table 4.9  Common procedures using fluoroscopy

 ● Transbronchial biopsy

 ● Radial probe endobronchial ultrasound-guided biopsy

 ● Navigational bronchoscopy

 ● Cytology brush specimens from peripheral lung masses

 ● Peripheral transbronchial needle aspiration

 ● Localization of radiopaque foreign body

 ● Brachytherapy

 ● Airway stent placement

 ● Post procedure to rule out pneumothorax
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In SI units, radiation exposure is expressed as coulombs 
per kilogram (C/kg). The conventional unit of radiation 
exposure is the roentgen (R). One R is equal to 
2.58 × 10−4 C/kg. Another parameter used to quantify the 
intensity of an X-ray beam is kerma, which stands for 
kinetic energy released per unit mass. Kerma quantifies 
the amount of energy transferred from the X-ray photons 
to the charged particles in the medium, which could be 
either air or other media such as human tissues. The unit 
of kerma is the gray (Gy). One Gy is equal to 1 joule of 
energy transferred from X-rays to the charged particles 
per kilogram of the medium.

Exposure and kerma are measures of the intensity of an 
X-ray beam. Since the tissues absorb only a fraction of the 
incident X-ray beam, these quantities do not measure 
the absorbed dose of radiation. The absorbed dose is the 
amount of energy imparted to a unit mass of the medium 
by the ionizing radiation. The SI unit of absorbed radiation 
dose is also the gray (Gy). One gray is equal to 1 joule/kg. 
The old unit of absorbed dose is radiation absorbed dose or 
rad. One gray is equal to 100 rads. Another important 
parameter especially relevant to fluoroscopy is absorbed 
dose rate, which is the radiation dose absorbed by tissues 
per unit time. It is measured in Gy/min.

The degree of tissue damage depends not only on the 
quantity of radiation but also on the biological effective-
ness of the type of radiation in causing damage and on the 
tissue’s susceptibility to radiation damage. Some types of 
radiation are more damaging to tissues than others. For 
instance, for a given absorbed dose, a beam of neutrons 
will cause more damage to tissues than a beam of X-rays. 
The equivalent dose is a measure of the absorbed dose of 
a type of radiation weighted for its potential to cause tissue 
injury. The SI unit of equivalent dose is the sievert (Sv). The 
old unit of equivalent dose is the rem. One Sv is equal 
to100 rem. The quantity that defines the damaging poten-
tial of different types of radiation is called the radiation 
weighting factor (Wr). The equivalent dose is calculated 
as follows:

 Equivalent dose Sv Absorbed dose Gy Wr 

The International Commission on Radiological Protection 
(ICRP) has recently revised the Wr values for different 
types of radiations [111]. For X-rays, the radiation weight-
ing factor is equal to 1 so the equivalent dose in Sv units is 
equal to the absorbed dose in Gy.

Healthcare workers receive different radiation exposures 
to different parts of the body during procedures involving 
diagnostic radiation. All parts of the body are not equally 
susceptible to the damaging effects of radiation. Different 
tissues have been assigned a tissue weighting factor (Wt) 

depending on their sensitivity to the damaging effect of 
radiation. To take into account the amount of dose and 
individual susceptibility of each organ to radiation dam-
age, the concept of the effective dose (ED) has been 
 introduced to assess overall risk to the body from radiation. 
The ED is the sum of the equivalent doses to all tissues 
each weighted for the radiosensitivity of that tissue:

 Effective dose Sv D WT T t  

DT is the equivalent dose received by each organ or tissue, 
and Wt is the tissue weighting factor.

Effective dose is the best indicator of the radiation risk to 
patients and healthcare workers who are exposed to radia-
tion during their professional duties. It measures the over-
all risk of radiation exposure to the human body. Radiation 
protection guidelines use ED to define the radiation dose 
limits for the public and professionals who are exposed to 
radiation. The SI unit of ED is the sievert (Sv). The old unit 
is the rem. One Sv is equal to 100 rem.

4.2.2.1  Health Risks from Radiation
Biological risks of radiation are well known [112]. The 
damaging effect of radiation is primarily mediated by ioni-
zation in the tissues. Ionization is the process of adding or 
subtracting electron(s) from atoms or molecules, creating 
negatively or positively charged ions. Water molecules are 
the primary target of radiation-induced ionization in 
human cells. The hydroxyl radicals generated by this reac-
tion are responsible for breaks in the continuity of DNA 
chains that can involve either one or both strands. The 
single-strand breaks in DNA are rapidly repaired but dou-
ble-strand breaks are more difficult to repair. Inadequate 
repair of DNA causes point mutations and other chromo-
somal aberrations. These changes in genetic material are 
linked to future risk of cancer. Severe damage to chromo-
somal DNA can lead to cell death.

The harmful effects of radiation on the human body 
are  divided into deterministic and stochastic effects 
(Table 4.10). The fundamental mechanism of deterministic 
effects is radiation-induced cell death. Deterministic effects 
have a dose threshold; the degree of tissue injury is a func-
tion of the radiation dose. Below the threshold dose, the 
damage to tissues is not clinically evident. Above this 
threshold, the severity of tissue damage is proportional to 
the radiation dose. Large radiation doses typically in 
the  range of 1–2 Gy are required to cause deterministic 
changes. Skin exposure during certain lengthy interven-
tional procedures such as difficult angioplasty and vascular 
stenting may approach this dose [113]. Deterministic 
effects due to radiation are unlikely with fluoroscopy use in 
bronchoscopy.



Infection Control and Radiation Safety in the Bronchoscopy Suite 51

With stochastic effects, the probability of an adverse 
event increases with higher doses but the intensity of the 
adverse effect does not. A typical example of a stochastic 
effect is the induction of cancer by radiation exposure. The 
carcinogenic potential of high doses of radiation is well 
accepted. However, the association between low-level 
occupational radiation exposure and the risk of cancer in 
humans is a subject of considerable debate [114]. Estimates 
of cancer risks from low-level exposure to radiation are 
largely derived either from extrapolation of results from 
experimental studies that used high-dose exposure [115] or 
from long-term follow-up of atomic bomb survivors [116]. 
According to one estimate, 1% of all cases of leukemia and 
less than 1% of all cases of breast cancer result from diag-
nostic radiation [117]. Reasonable evidence exists for 
increased risk of cancer for individuals exposed to more 
than 50–100 mSv of radiation dose over a protracted period 
of time [118].

Due to the serious nature of the illness, healthcare work-
ers are rightly concerned about the future risk of cancer 
due to occupational radiation exposure. Indeed, most 
experts, including the Committee on the Biological Effect 
of Ionizing Radiation in their 1990 report (BEIR V), have 
taken a conservative stand on this issue and proposed that 
the risk of a radiation-induced malignancy should be 
assumed to have a linear dose–response curve with a per-
ceptible risk whenever exposure is higher than zero [119]. 
This makes a strong case for limiting occupational radia-
tion exposure to as low as possible.

4.2.2.2  Limiting Radiation Exposure
The natural sources of radiation are responsible for about 
85% of the lifetime radiation exposure to human beings. 
Artificially produced radiation accounts for the remaining 
15% of exposure [111]. Most of the latter comes from diag-
nostic and interventional radiology procedures. The health 

benefits to patients from appropriate use of radiodiagnostic 
procedures cannot be disputed. The real challenge is to 
minimize radiation exposure during these procedures 
without sacrificing the health benefits. In this context, it is 
important to note the wide variation in the amount of radi-
ation exposure between different radiological procedures 
and within the same radiological procedure performed by 
different operators. Clearly, there is scope for decrease in 
radiation dose without affecting the quality of the proce-
dure. A lower radiation dose to the patient would automat-
ically reduce radiation exposure to the operator.

In recent years, concern about the possibility of excessive 
radiation exposure to healthcare workers has increased 
[120]. Numerous studies among intervention radiologists 
[121], invasive cardiologists [122], orthopedic surgeons 
[123], urologists [124], anesthetists [125], and physicians 
from various other specialties have found occupational 
radiation exposures to be well below the accepted upper 
limits. These data have greatly reassured medical person-
nel about the safety of their work environment. Similar 
information for bronchoscopists and others working in the 
bronchoscopy suite has started to emerge. In one study, 
average radiation dose to patients and operators was esti-
mated during fluoroscopically guided biopsy of 45 periph-
eral nodules and masses [126]. Mean fluoroscopy time 
was  96 ± 55 seconds. The median ED to patients was 
0.49 ± 0.37 mSv with a range of 0.16–1.3 mSv. The estimated 
EDs to bronchoscopists and assistants were 0.4 μSv and 
0.2 μSv respectively. While these results are reassuring, 
more work is needed to independently validate these con-
clusions and study radiation exposures with other inter-
ventional procedures such as airway stent placement.

A number of national and international scientific com-
mittees and regulatory agencies are working together to 
establish limits for radiation exposure to anyone who is at 
high risk. In addition to collecting and analyzing data on 
radiation, these organizations have proposed upper limits 
of safe radiation exposure in occupational settings. The 
ICRP has recommended that in occupational settings, the 
average ED over five years should not exceed 20 mSv per 
year. It also recommends that ED should not exceed 50 mSv 
in any single year [111,127]. Organ-specific upper limits 
are summarized in Table 4.11.

4.2.3  Radiation Exposure to Patients

While much has been discussed regarding the risk of radia-
tion to healthcare workers, the importance of reducing 
exposure to the patient has not received adequate attention 
from the scientific community. However, this trend is 
changing and in recent years experts have started to raise 
concerns about excessive radiation exposure to patients 

Table 4.10  Adverse health effects of radiation

Deterministic effects

 ● Erythema

 ● Desquamation

 ● Skin necrosis

 ● Bone marrow suppression

 ● Organ atrophy

 ● Low fertility

 ● Cataract

Stochastic effects

 ● Cancer

 ● Germ cell DNA defects
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due to overuse of radiological procedures [128,129]. With 
the assumption of net benefit with diagnostic radiation 
use, no regulatory agency has set limits for radiation dose 
to patients during imaging and interventional procedures. 
Instead, the ICRP and other experts in this area have 
advised physicians to follow the principles of justification, 
optimization, and dose reduction whenever using diagnos-
tic radiation in patient care [127,130]. All healthcare pro-
viders, including bronchoscopists, should have a clear 
understanding of these principles.

The principle of justification refers to carrying out a 
careful risk–benefit analysis before a procedure. The diag-
nostic use of radiation is justified when the benefits from 
the procedure clearly outweigh the risks. The physician 
ordering a radiological procedure must have an unequivo-
cal justification for the request. The dose of radiation must 
be an important consideration in choosing a particular 
diagnostic approach over another. For example, with avail-
ability of endobronchial ultrasound-guided TBNA, com-
puted tomography (CT) fluoroscopy-guided TBNA cannot 
be justified and should not be attempted [131].

Similarly, bronchoscopy and biopsies for small periph-
eral nodules under real-time CT fluoroscopy are associated 
with a significantly greater radiation exposure to both 
patients and operators [132]. With availability of naviga-
tional bronchoscopy and radial probe ultrasound, CT fluor-
oscopy for this purpose is a direct violation of the principle 
of justification [133]. Periodic external validation through 
audits is an essential tool to establish the appropriateness 
of the choice of diagnostic procedures.

The principle of optimization refers to the choice of 
examination, imaging technique, and equipment so that 
the desired goal of imaging or intervention is achieved 
with the minimum radiation dose. This is also called the 
ALARA (As Low As Reasonably Achievable) principle 
[134]. Some of its essential components are strong quality 
assurance programs, audits, and planned replacement of 
outdated or suboptimal equipment. Again, choice of diag-
nostic approach is also important.

For instance, application of newer techniques for diag-
nosis of peripheral pulmonary lesions is shown to lower 

the radiation dose to patients and operators. In one 
Japanese study, the fluoroscopy time in patients undergo-
ing biopsy could be reduced from 7.06 ± 3.27 minutes with 
standard techniques to 4.08 ± 3.99 minutes for peripheral 
pulmonary lesions using radial probe ultrasound-guided 
sheath technique [135].

Another example of optimization is comparison of 
fluoroscopy time for a given procedure among different 
operators within a department. Such information is easy 
to obtain. This may allow early intervention through edu-
cation and training to the outliers who consistently use 
longer fluoroscopy time than their peers for a given proce-
dure. In this context, a personalized feedback on staff dose 
is shown to increase radiation dose awareness and a 
change in radiation hygiene practices associated with 
fluoroscopy use [136].

Since fluoroscopy is the leading source of mostly unmon-
itored radiation exposure to patients, it is critical for all 
operators to learn the technical and operational aspects of 
fluoroscopy machines. Such knowledge is helpful in reduc-
ing radiation dose without compromising the diagnostic 
information or end-result.

4.2.3.1  Fluoroscopy
Fluoroscopy is designed to display real-time images of the 
internal organs. The essential components of all fluoro-
scopic systems are an X-ray tube and an image intensifier 
attached to a video camera unit (Figure 4.5). The X-rays are 
produced by accelerating electrons from a cathode to an 
anode within an evacuated glass tube, which is covered by 
a shield of lead and steel. The X-rays are produced when 
the electron beam is abruptly blocked by a tungsten metal 

Table 4.11  Dose limits for occupational radiation exposure

Effective dose
20 mSv/year, on average over 5 years
50 mSv in any 1 year

Organ-specific dose

Lens 20 mSv/year, on average over 5 years
50 mSv in any 1 year

Skin 500 mSv

Hands and feet 500 mSv

TV camera

Grid

Image intensi�er

Scattered
x-rays

X-ray
beam

TV monitor

CCF © 2002

X-ray tube

Figure 4.5  Essential components of C-arm type fluoroscopy units.
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target. The primary X-ray beam exits through a small open-
ing in the shield called the radiation port. When the pri-
mary beam strikes the human body, a fraction of it is fully 
absorbed by the tissues, another fraction is partially 
absorbed, changes directions and exits as scattered radia-
tion, and the rest passes through the body and is received 
by the image intensifier. The tissue type and density deter-
mine the extent to which each of these processes occurs. 
Diagnostic information is provided by the fraction of the 
primary beam that passes through the patient and enters 
the image intensifier. The image intensifier converts the 
X-rays into a visible image which is captured by the televi-
sion camera and displayed on a monitor.

In a typical C-arm fluoroscopy system, the X-ray tube is 
located under the table and the image intensifier is above 
the patient. These are called undercouch systems and are 
strongly preferred to overcouch systems where the X-ray 
source is in front of the patient and the image intensifier is 
under the table. Overcouch systems give higher radiation 
dose to patients and staff than undercouch systems [137]. 
The harmful effect of radiation to the patient is mainly 
from the fraction which is absorbed in the tissues. Modern 
fluoroscopy systems have several features that can reduce 
this fraction without significantly affecting the image qual-
ity. Scattered radiation is the portion of the X-ray beam that 
changes direction and exits from all sides of the patient. 
Scattered radiation is the chief hazard to healthcare work-
ers present in the room. Several effective methods are avail-
able to minimize radiation exposure to healthcare workers 
during fluoroscopy use [138,139].

4.2.3.1.1  Characteristics of X-ray Beam The electron flow 
inside the glass tube is called tube current and is expressed 
in milliamperes (mA). The intensity of the X-rays produced 
is proportional to the tube current. Intensity of X-rays 
increases with increase in tube current. The increase in 
tube current improves the image quality. However, it comes 
at a cost of greater radiation exposure to the patient and 
by-standers. For most interventional procedures, including 
bronchoscopy, the higher image quality with high mA tube 
current is not needed. Therefore, the tube current in mA 
should be lowered as much as possible during fluoroscopic 
examination. Typical tube currents used in routine 
fluoroscopy systems range from 1 to 5 mA.

The energy of the primary X-ray beam is determined by 
the tube voltage, expressed in kilovolt peak (kVp). The volt-
age of the beam affects the intensity and penetrating power 
of the X-rays. Higher kVp increases the penetrating 
power of the X-rays and allows fluoroscopy to operate at 
low tube current. An X-ray beam of high voltage (kVp) and 
low current (mA) gives a lower radiation dose to the patient 
than a beam with low voltage and high current. Using 

X-rays of high kVp and low mA is particularly important in 
overweight and large patients who tend to have a greater 
amount of radiation exposure during fluoroscopy.

The voltage during fluoroscopy varies from 60 to 125 kVp. 
The goal is to keep kVp as high as possible. The main disad-
vantage of using high kVp is decrease in image contrast, 
but this is not a major problem during most bronchoscopic 
procedures. Most modern fluoroscopy systems have auto-
matic dose rate control (ADRC) and automatic brightness 
control (ABC) capabilities, which are made possible by pre-
defined adjustments in the mA and kVp. Many systems 
have preset low, medium, and high dose rate settings for 
ADRC. High dose rate setting gives high-quality images 
but it also increases radiation dose. Low dose rate setting 
gives least amount of radiation dose to the patient, but the 
images tend to have a snowy quality. For general purposes, 
low dose rate setting for ADRC is adequate in most cases 
and should be used as much as possible. Older fluoroscopic 
instruments require manual adjustment of mA and kVp. 
Bronchoscopists using these machines should learn how to 
make adjustments to achieve images of acceptable quality 
using least mA and highest kVp. Those working with older 
fluoroscopy machines should also consider upgrading to 
newer systems as much as possible.

4.2.3.1.2 Filters The X-rays produced in the fluoroscopy 
tube have variable amounts of energy. Low-energy X-rays 
in the primary beam are mostly absorbed in the tissues and 
may contribute to adverse effects without contributing 
to  the image. Most fluoroscopy systems are equipped 
with a metal sheet or foil that covers the radiation port of 
the X-ray tube and filters the low-energy X-rays from the 
primary beam. Removal of low-energy X-rays from the 
primary beam reduces the radiation dose to the patient. It 
also allows use of high-current and low-voltage X-rays 
without affecting the radiation dose or the image contrast. 
Different types of filters differ in their capacity to block the 
low-energy beam. Operators should be aware of this feature 
in the fluoroscopy system they are using.

4.2.3.1.3  Collimators In modern fluoroscopy systems, 
the size and shape of the primary beam can be adjusted to 
minimize the area of the radiation field. This is made 
possible with collimators, which are X-ray blockers outside 
the tube. The operator adjusts the collimator blades 
through the control panel to limit the area of image to a 
minimum. This not only reduces the radiation dose to the 
patient but also decreases the image-degrading radiation 
scatter, thus improving image quality. The radiation scatter 
in the room and exposure to healthcare workers are also 
reduced when the volume of irradiated tissue is reduced 
with tight collimation.
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4.2.3.1.4  Source  to Skin Distance The intensity of X-rays 
rapidly decreases as the distance from the X-ray source to 
the target is increased. By increasing the distance from the 
X-ray source to the patient, it is possible to significantly 
reduce the dose to the skin and reduce potential for 
radiation injury to the skin. The image quality may slightly 
deteriorate by increasing this distance but this has no 
major implications in bronchoscopic procedures. There 
is  some concern about greater scatter but with proper 
collimation, scatter in the room is not significantly 
changed. International guidelines mandate a minimum 
separation of 30 cm from the radiation port to the skin. The 
mobile C-arms are equipped with separator cones that are 
placed on top of X-ray tubes to maintain this distance.

4.2.3.1.5  Image  Intensifier  to  Skin  Distance The image 
intensifier should be kept as close to the patient as possible. 
This simple precaution significantly reduces the radiation 
dose to both patient and operators. Most mobile C-arms 
have a fixed distance between the X-ray source and the 
image intensifier (source to image distance [SID]). In these 
systems, when the image intensifier is moved closer to the 
patient, the X-ray source automatically moves farther away, 
thus reducing the skin radiation dose to the patient. 
Reducing this distance decreases the radiation dose to the 
operator because the image intensifier absorbs a large 
proportion of X-rays exiting from the patient, thus acting as 
a radiation shield for the operator.

4.2.3.2 Grid
The grid is a flat plate device placed in front of the image 
intensifier that blocks the image-degrading radiation but 
allows the image-forming radiation to pass through the 
image intensifier. As a result, grids improve the image 
contrast, but their use also increases the radiation dose to 
the patient and personnel performing the procedure. In 
most situations, removal of grids decreases the radiation 
dose to the patient and operators by one-third to one-half 
without significantly compromising image quality. Removal 
of grids is especially useful when the image intensifier 
 cannot be brought close to the patient. In some systems, 
grids are retracted with an automatic mechanism by press-
ing a button on the control panel whereas in other  systems, 
they can only be removed manually. Grids can be removed 
during most bronchoscopic procedures performed under 
fluoroscopy.

4.2.3.2.1  Beam  On-Time Fluoroscopy should only be 
used when the operator is actively using the image on the 
monitor to perform the task at hand. For this, the operator 
needs to have full control of when to engage and disengage 
the fluoroscopic exposure. In most machines, the beam 

on-time is controlled either by a button on control panel or 
by a foot pedal; the X-ray exposure occurs only when the 
button or the foot pedal is pressed. During bronchoscopy, 
the operator typically uses foot pedals to control 
fluoroscopy use. In most systems, there are two side-by-
side foot pedals: one controls normal dose fluoroscopy 
and  the other controls high-dose fluoroscopy. The 
bronchoscopist should only use the normal dose and not 
the high-dose fluoroscopy pedal during procedures. The 
bronchoscopist should learn to limit the beam on-time to 
a minimum which will greatly reduce the overall radiation 
exposure to the patient and staff.

4.2.3.2.2  Last  Image  Hold In most modern fluoroscopy 
systems, the last image can be digitally frozen. This is a very 
useful feature because it allows the operator to review the 
image and plan the next move without additional radiation 
exposure. This can significantly reduce radiation exposure 
to the patient during bronchoscopy. We find this feature 
very useful while teaching bronchoscopy to the fellows.

4.2.3.2.3  Pulsed  Fluoroscopy Another new feature in 
modern systems that can reduce radiation dose is pulsed 
fluoroscopy [140]. In contrast to conventional fluoroscopy 
where a continuous stream of X-rays is generated, the 
X-rays are emitted in short bursts during pulsed fluoroscopy. 
In a typical pulsed fluoroscopy system, the images are 
acquired at a rate of 15 frames per second compared to 30 
frames per second with continuous fluoroscopy. This 
results in a 25–30% dose reduction to the patient. Further 
lowering of frames per second is feasible but causes the 
images from moving organs to become choppy.

4.2.3.2.4  Image Magnification Another newer feature in 
fluoroscopy systems is the ability to magnify images. Larger 
images improve visibility during the procedure but also 
give a higher radiation dose. The image magnification can 
be geometric or electronic. Geometric magnification is 
accomplished by changing the position of the patient 
relative to the X-ray tube or image intensifier. Images can 
be magnified either by increasing the distance between the 
patient and the image intensifier or by decreasing the 
distance between the patient and the X-ray tube. In both 
instances, the radiation dose to the patient will increase, as 
discussed above. Another disadvantage of geometric 
magnification is decrease in spatial resolution of images.

With electronic magnification, operators can select one 
of several electronic magnification options on the control 
panel. In general, the increase in radiation dose with elec-
tronic magnification is less than that with geometric mag-
nification. Regardless, the magnification option should be 
used sparingly during interventional procedures.
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4.2.3.3  Reducing Exposure during Bronchoscopy
Several measures can be taken to minimize radiation expo-
sure during interventional procedures performed under 
fluoroscopic guidance [141]. Because scattered radiation is 
the chief source of radiation to medical personnel, limiting 
radiation exposure to patients automatically reduces radia-
tion exposure to the staff. Education in optimal use of 
fluoroscopy systems and knowledge of radiation hygiene 
practices are essential in this regard. Comprehensive edu-
cation programs on proper fluoroscopy are highly effective 
in reducing radiation exposure to both patients and staff 
[142]. Education and training decrease the variation in 
fluoroscopy use and improve compliance with safety guide-
lines. For example, in one study, a comprehensive educa-
tion program resulted in decrease in the average fluoroscopy 
exposure time from 121.5 seconds to 41.7 seconds for trans-
bronchial biopsies without affecting the complication rate 
or ability to establish a diagnosis [143]. Strategies shown to 
reduce radiation exposure to the patient and staff are sum-
marized in Table 4.12.

4.2.3.3.1  Avoid Unnecessary Procedures A clear indication 
should exist for all bronchoscopic procedures that require 

fluoroscopy guidance. Radiation exposure should be 
avoided whenever a safer alternative is available.

4.2.3.3.2  Maintain  Distance According to the inverse 
square law, the radiation dose is inversely proportional to 
the square of the distance [144]. For healthcare workers, 
scattered radiation is the source of exposure. By doubling 
the distance from the patient, healthcare workers reduce 
their radiation exposure by one-fourth. This may not be 
possible for primary operators but other personnel not 
directly involved in the procedure should maintain the 
maximum possible distance from the patient whenever 
fluoroscopy is in use. The operator should keep their hands 
away from the primary beam as much as possible.

4.2.3.3.3  Optimal Use of Fluoroscopy System As discussed 
in the previous section, proper use of the fluoroscopy 
system can reduce the radiation exposure to patients and 
staff severalfold. All bronchoscopy staff must be familiar 
with the operational aspects of the fluoroscopy system they 
are using and should receive appropriate training in the 
principles of radiation protection.

4.2.3.3.4  Limit Fluoroscopy Time The duration of fluoroscopy 
varies according to the complexity of the case and the 
experience of the bronchoscopist. In our experience, 
pulmonary fellows in the early part of their training tend to 
overuse fluoroscopy during transbronchial biopsy. The 
supervising physician should strongly emphasize the need 
to reduce the total duration of fluoroscopy use.

4.2.3.3.5  Wear  Shielding  Devices Lead aprons are the 
most effective means of reducing radiation exposure 
during  fluoroscopic procedures. The protective value of 
lead aprons is expressed as millimeters of lead equivalent. 
Typical aprons have a lead-equivalent thickness of 0.5 mm, 
which shields operators from at least 90% of scattered 
radiation. Many of these aprons are heavy and can cause 
fatigue and back pain if worn over an extended period 
of  time. Some workers find the lighter 0.25 mm lead-
equivalent thickness aprons more comfortable, but 
attenuation of the radiation beam by these aprons is less 
effective than the standard aprons [145]. Special aprons are 
available for use during pregnancy to further reduce 
radiation doses to the abdominal and pelvic areas.

Standard lead aprons do not protect the thyroid gland. 
Because thyroid cancer is clearly linked to prior radiation 
exposure, it is important to avoid excessive radiation exposure 
to the neck. This is best achieved by wearing thyroid collars 
that are inexpensive and comfortable to wear. Thyroid collars 
reduce radiation exposure to the thyroid gland at least 20-fold 
[146]. Unfortunately, in our experience,  medical personnel 

Table 4.12  Measures to reduce radiation exposure during 
bronchoscopy

General measures

 ● Educate all healthcare workers potentially exposed to radiation

 ● Avoid unnecessary procedures

 ● Minimize fluoroscopy time

 ● Maintain as much distance from patient as possible

 ● Avoid direct exposure to radiation beam

 ● Wear lead aprons at all times

 ● Wear thyroid shield

 ● Proper calibration and maintenance of fluoroscopy system

Specific measures

 ● Use lowest possible tube current (mA)

 ● Use highest possible voltage (kVp)

 ● Use low or medium automatic dose rate control settings

 ● Keep X-ray source as far away from patient as possible

 ● Keep image intensifier as close to patient as possible

 ● Use filters

 ● Proper collimation

 ● Remove grid

 ● Use beam on-time

 ● Use last image hold

 ● Use pulse fluoroscopy

 ● Avoid magnification
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often fail to use the thyroid shield during diagnostic proce-
dures, a practice that should be strongly discouraged.

Because excessive radiation exposure to eyes may lead to 
premature cataract formation, some physicians routinely 
wear eye protection during fluoroscopy use. Ordinary eye 
glasses do provide some protection but the best protection 
is provided by 0.6 mm leaded glasses that have been shown 
to reduce eye exposure 6–8 times [147]. Unfortunately, the 
leaded glasses are generally heavy and uncomfortable if 
worn over extended periods. Further, the optical quality of 
leaded glasses is poor and they tend to be brittle and can 
break, causing eye damage. Whether or not to wear eye 
protective devices during bronchoscopy is largely an indi-
vidual decision. Movable leaded glass barriers, frequently 
used in radiology departments, are not practical for opera-
tors during bronchoscopy.

All personal protection devices such as lead aprons and 
thyroid collars should be readily available in any bronchos-
copy suite that uses fluoroscopy. The bronchoscopist is 
responsible for making sure that no healthcare worker 
enters the bronchoscopy suite without appropriate 
 personal shielding measures. The Joint Commission on 
Accreditation of Health Organizations (JCAHO) requires 
health organizations to test the lead aprons under fluoros-
copy for any defects every year and to keep a careful record 
of test results.

4.2.3.4  Monitoring Radiation Exposure
Healthcare workers who work with fluoroscopy must 
monitor their occupational radiation exposure. There are 
several options for doing this. Broadly, personal monitors 
are divided into passive and active monitors. Examples of 
passive monitors are film badges and thermolumines-
cent dosimeters (TLDs) and optically stimulated lumi-
nescence (OSL) dosimeters [148]. These devices record 
the cumulative radiation exposure to operators and are 
typically turned in to detect radiation dosage on a 
monthly basis. The details of how these badges monitor 
radiation are not important for a bronchoscopist. What is 
important is strict compliance with their use during each 
procedure and submission of the monitoring device 
every month for analysis.

A variety of active electronic dosimeters are also avail-
able [149]. Many are equipped with an alarm that beeps 
whenever predefined radiation exposure limits are 
exceeded. The electronic dosimeters provide immediate 
readouts, allowing case-by-case or daily assessment of 
radiation exposure. The electronic dose monitors may be 
a useful adjunct to film badges or TLDs when close moni-
toring of radiation exposure is desired, such as for preg-
nant healthcare workers or when a prolonged procedure 
is anticipated.

The current recommendation is to wear the radiation 
badge inside the lead apron at the level of the chest 
between shoulder and waist [112]. However, no single 
personal dosimeter is sufficient for accurate assessment 
of radiation exposure to the entire body [150]. A monitor-
ing badge worn outside the lead apron at collar level 
 provides an accurate estimate of radiation exposure to the 
head, the lens of the eye, and the thyroid gland, but it 
overestimates ED by a factor of 5–20. In contrast, a single 
badge worn under the lead apron provides a more accu-
rate estimate of ED but underestimates exposure to the 
head, neck, and hands.

A careful record of personal exposure is an absolute 
necessity. Because some healthcare workers discount radi-
ation risks, problems with compliance are occasionally 
encountered. Laxity in this matter is unacceptable and may 
place the person responsible for the radiation safety of the 
workers and the institution at legal risk.

A thorough investigation is in order whenever one per-
son’s exposure exceeds acceptable limits or when there is 
an unusual increase in staff radiation exposure readings in 
a particular month. An appropriate investigation would 
include a careful review of the caseload, equipment perfor-
mance, duration of fluoroscopy use, compliance with per-
sonal protection devices, and individual radiation safety 
practices. Removing an individual temporarily from the 
workforce without carefully investigating the cause or 
causes of overexposure is inappropriate. In fact, every 
bronchoscopy suite should follow a standardized protocol 
to investigate the cause of an unexpected increase in radia-
tion exposure, similar to that followed in radiology 
 departments. Input from a radiation physicist is strongly 
recommended in this situation.

4.2.3.5  Future Directions
In recent years, there has been an increasing need to 
obtain tissue diagnosis for small lung nodules discovered 
incidentally or on screening chest CT. Traditional bron-
choscopy has a low diagnostic yield for such lesions. 
A major limitation in this context is the inability of the 
operator to confirm that the biopsy instrument has 
reached its intended target in real time. To overcome this 
problem, there is interest in application of cone-beam 
CT technology during bronchoscopy. In this technique, a 
cone beam CT is performed in the bronchoscopy suite or 
hybrid theater and the CT data are superimposed on live 
fluoroscopy to confirm the location of the biopsy instru-
ment in relation to the target [151]. In a pilot study on 33 
incidental pulmonary nodules, use of cone beam CT dur-
ing bronchoscopy was associated with a 70% overall diag-
nostic yield and 82% diagnostic yield for malignant 
lesions [152].
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Since cone beam CT involves radiation, it is logical to ask 
how much additional exposure to the patient may be 
expected if cone beam technology is routinely applied dur-
ing bronchoscopy for peripheral nodules. In a phantom 
study, radiation exposure during a 20-minute bronchos-
copy using fluoroscopy and cone beam CT was estimated 
to be 0.98–1.5 mSV [153]. Such exposure is safe and is not 
likely to cause major harm to the patient. Cone beam CT 
has also been used in association with electromagnetic 
navigation (EMN) bronchoscopy. In a recent report, the 
average radiation dose with fluoroscopy was 1.5 mSv with 
an estimated additional radiation dose of 2.0 mSv for every 
cone beam CT performed during the EMN bronchoscopy 
[154]. Similar experience was also reported with the appli-
cation of cone beam CT with a transbronchial access tool 
in seven patients with an average effective radiation dose of 
4.3 mSv [155].

Based on the above data, it appears that radiation expo-
sure to the patient or operator will not be a major road-
block to future application of this important emerging 
technology in bronchoscopy. Nonetheless, before incorpo-
ration into routine practice, the principle of justification 
dictates that the superiority of cone beam CT in improving 
diagnostic yield needs to be shown over existing radiation 

neutral techniques such as radial probe ultrasound. Such 
comparison is not available at present.

4.3   Conclusion

Even though occupational radiation exposure to physi-
cians who frequently use fluoroscopy in their practice is 
within acceptable limits, every possible precaution should 
be taken to minimize low-level occupational radiation 
exposure. Input from a qualified radiation physicist during 
the initial set-up, periodic calibration, and quality control 
of fluoroscopy equipment is very useful in this regard. In 
addition, radiation physicists should be involved in moni-
toring radiation exposure to personnel, investigating the 
cause of overexposure, and educating healthcare workers. 
Bronchoscopists who frequently use fluoroscopy receive 
virtually no formal training in radiation use. We feel that it 
is time to change this trend and recommend that all 
healthcare workers working in the bronchoscopy suite 
receive training in the principles of diagnostic radiation, 
health risks, and radiation protection. In addition, all 
efforts must be made to minimize diagnostic radiation 
exposure to patients.
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5

5.1  Introduction

Bronchoscopy is a widely utilized procedure that requires 
coordination and communication between the bron-
choscopist and anesthesiologist. Balancing patient safety 
and patient comfort is critical to provide the optimum con-
ditions for intervention or diagnosis in an anatomical 
region that must be shared by both specialties. Given that 
over 500 000 bronchoscopies are performed yearly in the 
United States, familiarity with the procedures, anesthetic 
techniques, and risks is necessary for anesthesiologists and 
bronchoscopists alike [1]. When there is significant poten-
tial for complications, a plan based on the level of individ-
ual patient risk should be discussed prior to anesthetic 
administration. Furthermore, the physical and emotional 
comforts of the patient are also primary goals. Because of 
the increasing complexity of many interventional proce-
dures, anxiolysis and even amnesia provide optimal condi-
tions for care and should be considered obligatory, 
depending on comorbidities and clinical presentation. 
Patient discomfort can lead to undesired movement, which 
may prolong the procedure or increase the risk of injury 
and complications, which can have devastating conse-
quences in extreme circumstances. With increasing case 
volumes and more complicated patients in the modern era 
of patient care, utilizing techniques of deep sedation or 
general anesthesia and a team approach including anesthe-
sia services personnel can facilitate safe and efficient care.

This chapter will provide an outline of the perioperative 
assessment and management of the patient undergoing a 
diversity of bronchoscopic procedures described elsewhere 
in this textbook, each of which has varying degrees of com-
plexity and associated risk profile.

5.2  Preanesthetic Evaluation

According to the American Society of Anesthesiologists 
(ASA) Practice Standards on Preanesthetic Evaluation, five 
components of the evaluation are identified: a review of 
available medical records, historical interview, targeted 
physical examination of the heart, lungs, and airway (at a 
minimum), preoperative testing as indicated, and consul-
tations when appropriate. The timing of this examination 
is guided by the invasiveness of the surgery, as well as the 
severity of the disease [2]. According to the ASA Standards, 
the evaluation should include previous anesthetic history 
and medications. Additionally, the anesthesiologist should 
order appropriate preoperative medications. Following 
evaluation, the anesthesiologist should obtain and docu-
ment the encounter with informed consent and utilize the 
ASA PS (ASA Physical Status) scoring system to assign a 
score to each patient [3,4].

The preprocedural assessment assists in estimating risk 
and case planning. The classification of ASA status is pre-
sented in Table  5.1 and provides a global assessment of 
patient comorbidity and risk as determined based on the 
guidance provided for each score from one to six. An E is 
used after the numerical score to designate an emergent 
procedure. An ASA score of 6 is used for brain-dead donors. 
Changes to the most recent iteration of the scoring system 
provide examples of qualifying problems that warrant par-
ticular ASA PS scores.

For bronchoscopic evaluation and intervention, specific 
assessment of significant cardiovascular and pulmonary 
history or symptoms should be determined to assess 
the  physiological stress to the patient’s heart and lungs 
expected as a result of the stimulating nature of the  procedure, 
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as well as physiological changes expected from potential 
positive pressure ventilation and drug administration. 
Manipulation of the airway is remarkably stimulating to 
the autonomic nervous system and will result in sympa-
thetic catecholamine release and subsequent increased 
oxygen demand from increased cardiac output and tachy-
cardia [5]. Hypoxia from alterations in ventilation and oxy-
genation and even periods of apnea can be of consequence 
in patients with limited physiological reserve. These physi-
ological stresses can have negative consequences for 
patients who are likely to have existing cardiopulmonary 
disease with diminished physiological reserve.

5.2.1 Cardiopulmonary Assessment

A patient with respiratory symptoms, such as stridor, pro-
gressive dyspnea, hoarseness, decreased exercise tolerance, 
or wheezing, can be quickly assessed with a brief history 
and physical examination which will give clues to the 
severity and acuity of pulmonary disease. Important his-
torical elements of pulmonary disease include smoking 

history and cessation time, obstructive sleep apnea (OSA) 
and continuous positive airway pressure (CPAP) compli-
ance, asthma exacerbation history including current medi-
cations for management, chronic obstructive airways 
disease (COPD) with incidence of intubation, and oxygen 
dependence. In patients with asthma, it is important to 
make note of their medication regimen as a marker of the 
severity of their asthma and to gauge their stability of 
symptom management on the current regimen. In patients 
with OSA, for which there are multiple phenotypes, the 
arousal threshold is an important component of how 
patients will tolerate sedative agents. Patients with high 
arousal threshold, as defined by the nadir negative pharyn-
geal pressure seen in the epiglottis that will result in an 
arousal event during a polysomnogram, will likely be more 
sensitive to sedating agents [6].

A cardiac history should be taken, in which the following 
factors are important: heart failure with reduced left ven-
tricular ejection fraction (HFrEF), significant coronary 
artery disease, recent myocardial infarction within the past 
six months to one year, cardiac stent or surgical history, 

Table 5.1 American Society of Anesthesiologists (ASA) Physical Status classification system

Classification Definition Examples, including but not limited to:

ASA I A normal healthy patient Healthy, nonsmoking, no or minimal alcohol use

ASA II A patient with mild systemic 
disease

Mild diseases only without substantive functional limitations. 
Examples include (but not limited to): current smoker, social alcohol 
drinker, pregnancy, obesity (30 < BMI < 40), well-controlled diabetes 
mellitus or hypertension, mild lung disease

ASA III A patient with severe systemic 
disease

Substantive functional limitations; one or more moderate to severe 
diseases. Examples include (but not limited to): poorly controlled 
diabetes mellitus or hypertension, COPD, morbid obesity (BMI 40), 
active hepatitis, alcohol dependence or abuse, implanted pacemaker, 
moderate reduction of ejection fraction, ESRD undergoing regularly 
scheduled dialysis, premature infant postconceptual age <60 weeks, 
history (>3 months) of MI, CVA, TIA, or CAD/stents

ASA IV A patient with severe systemic 
disease that is a constant threat 
to life

Examples include (but not limited to): recent (<3 months) MI, CVA, 
TIA, or CAD/stents, ongoing cardiac ischemia or severe valve 
dysfunction, severe reduction of ejection fraction, sepsis, DIC, ARD, 
or ESRD not undergoing regularly scheduled dialysis

ASA V A moribund patient who is not 
expected to survive without the 
operation

Examples include (but not limited to): ruptured abdominal/thoracic 
aneurysm, massive trauma, intracranial bleed with mass effect, 
ischemic bowel in the face of significant cardiac pathology or 
multiple organ/system dysfunction

ASA VI A declared brain-dead patient 
whose organs are being 
removed for donor purposes

Source: American Society of Anesthesiologists [4].
The addition of “E” denotes emergency surgery. An emergency is defined as existing when delay in treatment of the patient would lead to a 
significant increase in the threat to life or body part.
ARD, acute respiratory disease; BMI, body mass index; CAD, coronary artery disease; COPD, chronic obstructive pulmonary disease; CVA, 
cerebrovascular accident; DIC, disseminated intravascular coagulation; ESRD, end-stage renal disease; MI, myocardial infarction; TIA, transient 
ischemic attack.
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cerebrovascular disease from ischemic or hemorrhagic 
stroke, or significant peripheral arterial disease. Following 
percutaneous coronary intervention, elective procedures 
should be delayed for 30 days following bare metal stent 
placement, six months for drug-eluting stent placement, 
and three months for drug-eluting stent placement when 
the risk of delay is higher than the risk of a thrombotic or 
ischemic event [7]. Significant cardiac valvular disease, 
particularly aortic or mitral stenosis, should warrant con-
sideration for invasive blood pressure monitoring depend-
ent upon the complexity of the procedure and depth of 
anesthesia planned.

The use of prophylactic antibiotics in bronchoscopy is 
dependent upon the procedure and patient risk. The 2007 
American Heart Association (AHA) guidelines note that 
prophylaxis is recommended for patients at highest risk and 
in those where a biopsy or incision of the respiratory tract 
mucosa will occur [8]. Prophylactic antibiotics should be 
utilized for four specific high-risk cardiac conditions: pros-
thetic cardiac valves, history of infective endocarditis, car-
diac transplant patients, and specific congenital heart 
disease history [9]. The relative risk of endocarditis is noted 
to be relative to the development of bacteremia during 
bronchoscopic procedures. Matveychuk et al. prospectively 
studied the incidence of bacteremia following bronchos-
copy with argon plasma anticoagulation and found clini-
cally significant infection to be rare, with a rate of bacteremia 
of only 2.3% and overall rates of bacteremia ranging from 
0% to 6% [10]. With the advent of endobronchial ultrasound 
needle aspiration, a prospective study of possible infection 
complications demonstrated bacteremia in 7% of patients 
having an endobronchial ultrasound-assisted transbron-
chial needle aspiration (EBUS-TBNA), a result felt compa-
rable to that of routine bronchoscopy [11]. With the 
increasing complexity of bronchoscopic procedures, we 

advise caution and a careful review of the risk factors, not-
ing the recent work by Janszky et al. suggesting an increased 
risk for infective endocarditis in several “invasive nondental 
medical procedures” [12].

Cardiovascular symptoms, including angina, dyspnea, 
claudication, or physical exam signs such as elevated  jugular 
venous pressure, peripheral edema, or rales on pulmonary 
auscultation, are important to document. Decompensated 
heart failure or acute pulmonary infection should typically 
warrant preprocedural optimization unless the timing of the 
procedure could affect prognosis.

5.2.2 Airway Examination

Anesthesiologists utilize a number of indices to predict dif-
ficulty of both mask ventilation and intubation. In order to 
successfully and definitively manage a patient’s airway 
through direct visualization of the glottis, the laryngo-
scopist aligns the oral, pharyngeal, and laryngeal axes. The 
sniffing position provides the best alignment of the laryn-
goscopist’s line of sight with the glottic opening. Additional 
criteria are scored as predictors of difficult intubation.

Mallampati scoring is an assessment of the visualization 
of the posterior pharynx and is scored from 1 to 4 as out-
lined in Figure  5.1. The thyromental distance or hyoid–
mental distance gives an assessment of the degree of 
prognathism, which can complicate laryngoscopy. It is 
measured in fingerbreadths from one to four fingers. The 
oral aperture, also measured in fingerbreadths, estimates 
the ability to visualize the glottis upon laryngoscopy. 
A Mallampati score of 3 or 4 correlates well with difficult 
laryngoscopy.

Included in the airway examination is the degree of 
 cervical spine range of motion as limitations will make 
alignment of axes more challenging. With regard to mask 

Class I Class II Class III Class IV

Figure 5.1 Mallampati score. Source: Samsoon and Young [13].
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ventilation, all these anatomical features may present 
 challenges to successful airway management, and mask 
ventilation can become more difficult following multiple 
failed laryngoscopy attempts. Other features that should be 
considered include neck circumference, body mass index 
(BMI) >30 kg/m2, age over 55 years, history of neck radia-
tion, large tongue, or masses in the airway.

5.2.3 Mediastinal Disease

Anterior mediastinal masses can pose a significant chal-
lenge with substantial risk and must be identified prior to 
the procedure, depending on size and location. Once 
patients are anesthetized and positive pressure ventilation 
is introduced, physiological changes can be dramatic. 
Additionally, supine positioning of the patient for the pro-
cedure can result in clinically significant physiological 
changes in ventilation and circulation.

An important feature of the history and physical exami-
nation that can be helpful in determining whether a medi-
astinal process can impact safety is whether the patient 
tolerates supine positioning without significant dyspnea. If 
a mediastinal mass is significant enough to compress the 
airway or cardiac structures in the supine position, main-
taining spontaneous ventilation may be imperative to pre-
vent airway loss or loss of cardiac output. Some believe that 
direct observation of the airway challenges the assumption 
of airway collapse from positive pressure ventilation in 
patients with large anterior mediastinal masses [14]. 
Additionally, pericardial effusions may be a presenting 
symptom of an associated malignancy, including those of 
the mediastinum, which in extreme conditions may even 
present along the spectrum of cardiac tamponade [15,16].

If a large mediastinal mass is present, it can be beneficial 
to note the patient’s position of greatest comfort when 
recumbent: are they able to sleep supine, or must they 
sleep in a lateral or prone position to breathe comfortably? 
In these patients, loss of spontaneous ventilation and posi-
tioning changes can alter intrathoracic anatomical rela-
tionships and may have devastating consequences. 
Compression of vascular structures can lead to reduced 
right ventricular filling, which will ultimately result in loss 
of cardiac output in severe cases and become a resuscita-
tive effort. While uncommon, undiagnosed cardiac tam-
ponade or an unexpected mediastinal mass with potential 
for compression of vascular structures or airway compro-
mise should be considered as part of the risk profile when 
evaluating patients for bronchoscopy. Severe symptoms, 
mixed obstructive/restrictive lung disease, and tracheal 
compression with a cross-sectional area <50% of normal 
are predictive of perioperative complications in patients 
with mediastinal involvement [17].

5.2.4 Obstructing Lesions of the 
Central Airway

Flow-volume loops may help define airway lesions that 
result in obstruction. Pulmonary function testing (PFT) 
can demonstrate an obstructive pattern and is defined by a 
reduced FEV1/FVC ratio. Utilizing spirometry to create 
flow-volume loops, the consultant can gain insight into the 
significance of the patient’s restrictive or obstructive pul-
monary disease, or it can help to define a central airway 
lesion. Two types of central airway obstructive lesions are 
characterized by their pattern on flow-volume loop record-
ings. Variable intrathoracic obstruction will demonstrate a 
flattened expiratory component of the loop. The physiology 
of these lesions in a pure presentation is such that as the 
patient expires spontaneously, the lung and lesion will col-
lapse around the trachea, bringing the obstructing lesion 
toward the central airway and blunting the expiratory limb. 
Variable extrathoracic obstruction will demonstrate a 
blunted inspiratory limb of the flow-volume loop as the tra-
cheal pressure is less than atmospheric pressure with spon-
taneous ventilation.

Although these stereotypical patterns exemplify the vari-
ety of obstructive patterns, they should be understood as 
ideal presentations. Clinical presentation may vary. For 
example, all variations of central airway obstruction may 
demonstrate diminished inspiratory flow, but it is when 
either the inspiratory flow plateau is diminished to a pro-
portion greater than the diminished expiratory flow or iso-
lated inspiratory flow blunting occurs that is definitive of 
variable extrathoracic obstruction [18]. Fixed lesions, both 
intra- and extrathoracic, will demonstrate flattening of 
both the inspiratory and expiratory limbs. See Figure  5.2 
for expected flow-volume loops for the various obstructive 
airway lesions.

5.3  Monitoring and Equipment

5.3.1 ASA Definitions of the Continuum of 
Anesthetic Effects on Consciousness and 
Cardiorespiratory Physiology

Administration of anesthetic agents results in changes of 
physiology along a continuum of cortical function from 
awake and alert to unresponsive and unconscious, as well 
as associated physiological changes to cardiac and respira-
tory function that are expected if not always reliably pre-
dictable based on drug dose administered. The ASA has 
delineated sedation depth along this continuum to guide 
providers as to the extent of awareness, arousability, and 
the expected physiological changes with regard to airway 
patency, respiratory function, and cardiovascular changes. 
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This expert consensus also guides practitioners as to when 
a qualified provider of anesthesia must be involved to inde-
pendently manage airway and physiological side-effects or 
complications.

It is the opinion of the ASA that individuals who admin-
ister moderate sedation and analgesia (formerly “conscious 
sedation”) should have the knowledge and skills to reverse 
the effects of unintentional excessive sedation and provide 
rescue to reverse hypoventilation/apnea, hypotension, and 
excessive sedation to return the patient to the state of seda-
tion intended. Moderate sedation/analgesia is defined by 
the ASA as sedation that maintains airway patency and 
spontaneous ventilation with typically no effects on cardio-
vascular function while maintaining verbal or purposeful 
responsiveness with light touch or to verbal command [19]. 
The continuum of sedation and the accepted definitions 
are outlined in Table 5.2 by the ASA consensus statement 
[19]. Purposeful responsiveness is not defined by reflex 
withdrawal to painful stimulus. In patients with compro-
mised cardiovascular function, it could be expected that 
anesthetic agents may affect cardiac physiology with mod-
erate sedation, including systemic vascular resistance 
(SVR), cardiac contractility, or heart rate. In extreme cir-
cumstances, such as significant pericardial effusion, heart 
failure, or valvular disease, to name a few, even mild to 
moderate changes in cardiovascular physiology could 
result in complications. Pertinent cardiopulmonary patient 
comorbidities should always be considered to provide any 
level of sedation in a safe manner.

5.3.2 ASA Standards for Monitoring Patients 
Receiving Anesthetic Care

There are two standards outlined by the ASA for monitor-
ing patients receiving anesthetic agents. The first standard 
states that all patients undergoing monitored anesthesia 

care (MAC), general anesthesia, or regional anesthesia 
should be monitored by qualified anesthesia providers. The 
second standard outlines the physiological parameters that 
should be included in care for patients undergoing proce-
dures under various depths of anesthesia. For the ongoing 
evaluation of oxygenation, patients undergoing anesthesia 
whether by moderate sedation, MAC, or general anesthesia 
should be monitored with audible pulse oximetry readings, 
and visualization of the patient for assessment should be 
the sole responsibility of a properly trained member of the 
team. With moderate sedation, ventilation should be 
assessed by end-tidal CO2 monitoring unless precluded by 
the procedure or patient. To monitor cardiac function, con-
tinuous ECG monitoring and interval blood pressure moni-
toring at least every five minutes are required for all 
anesthetics [20]. When cases are performed under general 
anesthesia, more extensive requirements are expected and 
are beyond the scope of this chapter.

5.4  Anesthetic Agents Commonly 
Used in Bronchoscopy

There is a multitude of ways to select agents for bronchos-
copy that are patient, bronchoscopist, and anesthesiologist 
specific and based on training, equipment availability, and 
prior exposure to the utilization of specific drugs. In an era 
of drug shortages and supply chain issues, adaptability is 
crucial to provide consistent and quality care for proce-
dural sedation. The purpose of this chapter is not to exhaus-
tively detail the various means of achieving the four goals 
of modern anesthesia practice: amnesia, analgesia, auto-
nomic control, and akinesis. Instead, it should serve as a 
guide to teams which can choose agents that meet the 
needs of their patients and provide safe and predicta-
ble  conditions for timely performance of bronchoscopic 
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Figure 5.2 Schematic flow-volume loops depicting (a) variable intrathoracic obstruction, (b) fixed intra- or extrathoracic obstruction, 
and (c) variable extrathoracic obstruction. Source: Williamson [18].



Table 5.2 ASA continuum of depth of sedation: definition of general anesthesia and levels of sedation/analgesiaa

Minimum sedation/anxiolysis
Moderate sedation/analgesia 
(“conscious sedation”) Deep sedation/analgesia General anesthesia

Responsiveness Normal response to verbal 
stimulation

Purposefulb response to verbal 
or tactile stimulation

Purposefulb response following 
repeated or painful stimulation

Unarousable even with painful 
stimulation

Airway Unaffected No intervention required Intervention MAY be required Intervention OFTEN required

Spontaneous 
ventilation

Unaffected Adequate MAY be inadequate Frequently inadequate

Cardiovascular 
function

Unaffected Usually maintained Usually maintained MAY be impaired

a Monitored anesthesia care (MAC) does not describe a continuum of depth of sedation; rather it describes “a specific anesthesia service in which an anesthesiologist has been requested to 
participate in the care of a patient undergoing a diagnostic or therapeutic procedure.”
b Reflex withdrawal from a painful stimulus is not considered a purposeful response.
Source: ASA Expert Consensus [19].
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procedures. Where technique is discussed, it is not intended 
to be a definitive guide to management but instead to show 
how various agents are utilized and combined to achieve 
the goals above, as well as comfort and safety for the patient 
and the team. The medications detailed here are commonly 
available but are by no means an exhaustive list of poten-
tial drugs for bronchoscopic procedures. Common drugs 
which are omitted are either unsuitable for the timing of 
procedures or are not commonly used for the procedures 
outlined in this book.

5.4.1 Laryngeal Stimulation

Stimulation of supraglottic structures, such as occurs with 
laryngoscopy, intubation, and rigid or fiberoptic bronchos-
copy, produces a dramatic sympathetic response, which 
will result in hypertension and tachycardia from increased 
catecholamine release. The response is in direct correlation 
to stimulation within the oropharynx [21]. This physiologi-
cal response is the overlying principle that requires anes-
thetic management and airway control during interventions 
in the airway.

Attenuating this response with a balanced anesthetic 
approach is key to safe and successful management during 
bronchoscopic procedures, particularly in patients with 
limited cardiopulmonary physiological reserve. Usually, 
topical or targeted administration of local anesthetic agents 
to anesthetize the airway, along with analgesia and sympa-
thetic control with opioids (bolus fentanyl 1–3  μg/kg or 
remifentanil 0.5–1.5 μg/kg) or esmolol (1–1.5 mg/kg bolus) 
for tachycardia can help attenuate physiological response 
to airway stimulation. Vasodilators such as nitroglycerin 
infusion 10–200 μg/min can manage hypertension as indi-
cated. A guiding approach to the overall care of patients 
undergoing bronchoscopic procedures is the ability for 
rapid titration and control. As such, rapid onset and short 
action is generally preferable over drugs with prolonged 
effects. With this in mind, this chapter will focus on com-
monly available, titratable, and short-acting medications.

5.4.2 Propofol

Propofol is a sedative-hypnotic, acting at the gamma-amin-
obutyric acid (GABA) receptor subtype A, resulting in 
 predictable sedation, amnesia, myocardial depression, 
and reduction in SVR. Progressive respiratory depression 
results in apnea in a dose-dependent manner. It is the most 
common induction agent administered, and it also has 
antiemetic properties when administered as an infusion. It 
is given as a bolus of 1.0–2.0 mg/kg or runs as an infusion 
from 10 to 150 μg/kg/min. It has a predictable metabolic 
profile, which results in it being eliminated quickly by the 

kidneys after hepatic clearance of the drug. Infusing propo-
fol for an extended period (days) can result in hypertriglyc-
eridemia and liver dysfunction. Propofol is packaged as a 
lipid-soluble emulsion, which can cause discomfort on 
bolus injection. Fospropofol is a water-soluble prodrug 
form, which is not painful on injection. It is not widely uti-
lized due to cost and availability.

5.4.3 Dexmedetomidine

An imidazoline sedative in the same class as the antihyper-
tensive clonidine, dexmedetomidine is an alpha-2-agonist, 
resulting in sympatholysis and sedation. It is utilized for 
critical care or procedural sedation, as with bronchoscopic 
procedures. It can also serve as sedation for awake fiberop-
tic intubation along with other agents and topical or tar-
geted administration of local anesthetic. Dexmedetomidine 
also has utility for alcohol withdrawal symptom mitigation. 
It is not an amnestic agent but it can serve to augment 
sedation while maintaining respiratory drive. It reliably 
produces a bradycardic and hypotensive response. It is usu-
ally administered as an infusion from 0.2–1.2  μg/kg/h, 
often administered after an additional injection of 0.25–
1.0 μg/kg. With volatile anesthetic administration, dexme-
detomidine can serve to reduce minimum alveolar 
concentration (MAC) and thus sparing volatile anesthetic 
agent in a balanced anesthetic.

5.4.4 Ketamine

Ketamine is an analog of phencyclidine and is the only 
intravenous total anesthetic agent commonly used which 
will reliably provide analgesia and amnesia. It is referred to 
as a dissociative anesthetic in that it will allow for interac-
tion with patients who simultaneously lack awareness of 
their present environment under its influence as opposed 
to the characteristic unresponsiveness seen with other 
commonly used anesthetic agents. While it has multiple 
sites of action, the desired effects are from noncompetitive 
antagonism of the N-methyl-d-aspartate (NMDA) 
 receptor. Administration of ketamine alone will not 
result  in  respiratory depression but when combined with 
other commonly used agents, apnea may occur. Due to its 
anticholinergic and adrenergic effects, it has been utilized 
for bronchodilation in bronchospastic patients.

Cardiovascular systemic effects include a sympathetic 
response with increased blood pressure, cardiac output, and 
myocardial oxygen consumption. Visual and auditory 
 hallucinations, along with excitement, fear, or a euphoric 
sensation, define its appeal as a potential drug of abuse. In 
the clinical setting, these symptoms can manifest as com-
bativeness or delirium. Pretreatment with a benzodiazepine 
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can mitigate this risk, such as 1–2 mg of midazolam. It has 
extensive routes of administration, including oral, intra-
muscular, intravenous, rectal, and intranasal. For analgesic 
augmentation, it can be administered intravenously from 
0.25–0.5 mg/kg with recovery expected in 1–2 hours follow-
ing hepatic metabolism with active metabolites. If given as 
an intubating dose as an induction drug, it is usually admin-
istered in the range of 1.0–1.5 mg/kg intravenously.

5.4.5 Midazolam

A short-acting benzodiazepine producing anxiolysis, seda-
tion, and anterograde amnesia, as well as antiepileptic 
effects, midazolam is an ideal agent for premedication in 
the periprocedural setting. It can be administered orally, 
intravenously, intramuscularly, or intranasally. For pediat-
ric patients, it can facilitate cooperation with intravenous 
line placement and separation from family. The benzodiaz-
epines’ function in perioperative sedation is facilitating the 
binding of GABA to GABAA receptors in the central nerv-
ous system. A typical intravenous dose for an adult would 
be 0.5–5 mg. It can result in clinically significant vasodila-
tion, and its effects can be amplified with the use of other 
agents such as opioids. Rapid redistribution from the 
CNS and metabolism by the liver result in a short duration 
of action. Flumazenil (Romazicon®) is a competitive 
 antagonist and antidote for benzodiazepine overdose. Its 
administration will produce rapid reversal of the effect of 
benzodiazepines, including midazolam. It has a relatively 
short half-life, so patients should be monitored for recur-
rence of sedation following its elimination. In chronic ben-
zodiazepine use, its administration may predispose patients 
to seizure risk and should therefore be used with caution in 
susceptible patient populations.

5.4.6 Fentanyl and Naloxone

Fentanyl is a commonly used, potent, intravenous, short-
acting opioid with a relatively quick onset of action and is 
utilized for perioperative analgesia and also to blunt the 
stimulation from laryngoscopy. It is widely used for proce-
dural sedation or intraoperatively for analgesia. It can be 
dosed in 1–2 μg/kg doses, with predictable bradypnea and 
apnea at higher doses. Respiratory depression is a result of 
altered responsiveness to CO2 concentration. With single 
doses, it is rapidly cleared by the liver, but with infusions or 
repeated doses, its effects can be prolonged.

Naloxone is an opioid antagonist. It antagonizes all opi-
oid receptors but its effects as a mu (μ) receptor antagonist 
reverse the sedating and respiratory depressant effects 
related to opioid overdose. Similar to flumazenil, it has a 

relatively short duration of reversal effects and, therefore, 
prolonged monitoring and possibly redosing should 
occur  in patients who require naloxone administration. 
Administration of lower dose intravenous naloxone in 
40–80  μg doses every few minutes will result in less dra-
matic reversal of effects, and should be considered over 
400 μg if the patient is stable but opioid overdose is expected.

5.4.7 Remifentanil

Remifentanil (Ultiva®) is an opioid that shares equipotency 
with fentanyl. However, it is novel in its metabolism by 
plasma esterases, resulting in a reliable and consistent 
 context-sensitive half-life limited to minutes even when 
infused for long periods of time. The context-sensitive half-
time of a drug is the time for resolution of drug effect after 
a continuous infusion, which can be quite different than 
after a single bolus dose administration. Remifentanil is a 
poor choice as an analgesic and should never really be con-
sidered for analgesia perioperatively because of its rapid 
metabolism and potential for hyperalgesia, even with 
short-term infusions, but it can provide sympathetic auto-
nomic ablation and hemodynamic control and serve to 
reduce the amount of other medications administered by 
reducing MAC. The mechanism of hyperalgesia appears to 
be mediated through NMDA receptor activation [22,23]. It 
is an option in conjunction with propofol, for instance, 
when utilizing total intravenous anesthesia (TIVA) where 
the timing of emergence and hemodynamic control is 
important (blunting sympathetic stimulation as with pro-
cedures in the airway).

In patients undergoing bronchoscopy, its ability to allow 
for titration and its predictable elimination can help to 
achieve anesthetic goals as part of a balanced anesthetic, 
despite its neurophysiological flaws and even without the 
use of neuromuscular blockade. It is typically dosed as an 
infusion of 0.05–0.20  μg/kg/min. Patients will have pre-
dictable dose-dependent lower mean arterial pressures 
(MAP) and dose adjustment of remifentanil or phenyle-
phrine infusion (50–200 μg/min) should be considered if 
hypotension occurs.

5.4.8 Volatile Anesthetic Agents

Isoflurane, sevoflurane, and desflurane serve as the primary 
amnestic agents of a balanced anesthetic where inhalational 
anesthetic agents are indicated or desirable. While an 
exhaustive discussion of volatile anesthetics is beyond the 
scope of this chapter, they have a complex mechanism of 
action but are known to alter neuronal transmission via 
GABAA receptor potentiation, as well as inhibition of NMDA 
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glutamate subtype receptors. The constellation of neuro-
chemical effects produces increased inhibitory synaptic 
communication and decreased excitatory synaptic commu-
nication. In the modern era, their utilization is primarily an 
amnestic effect, despite also producing a state of uncon-
sciousness and immobility to stimulus, depending on dose.

The MAC provides the ability to standardize dosing of 
inhaled anesthetic agents, with the measured unit deter-
mined by the concentration required to result in immobil-
ity to surgical stimulus. The definition of 1.0 MAC is the 
ED50 of volatile anesthetic required to prevent move ment 
to a surgical stimulus in 50% of test subjects. MAC decreases 
with age and with concurrent use of other amnestics and 
analgesic agents like opioids. Awareness is potentially pre-
sent at ~0.3–0.5 MAC, deemed MAC aware. Acute use of 
stimulants, such as cocaine or amphetamines, will increase 
MAC, as will chronic use of opioids and benzodiazepines.

The volatile anesthetic agents are almost exclusively 
used in closed and scavenged gas systems. In most opera-
tive procedures, this is achieved but necessitates a con-
trolled airway in most cases. Thus, the secured airway with 
a closed ventilation system usually defines their utility in 
an interventional pulmonology procedure to ensure both 
the adequate measurement of drug delivery and MAC, as 
well as avoiding atmospheric pollution of the procedural 
suite. Therefore, when the laryngeal mask airway (LMA) 
or endotracheal tube is used for fiberoptic bronchoscopic 
procedures, volatile anesthetic agents are usually adminis-
tered. Conversely, a rigid bronchoscopic procedure would 
likely preclude their use.

5.4.9 Local Anesthetics

A variety of local anesthetics can be utilized for safe topi-
calization or targeted blockade of the nasopharynx, 
pharynx, and larynx. Local anesthetics are classified as 
either aminoesters or aminoamides, for which amides 
are rarely associated with anaphylactic reactions, and 
include lidocaine, ropivacaine, and bupivacaine. The 
aminoesters are metabolized to p-aminobenzoic acid 
(PABA) ester compounds, resulting in a higher incidence 
of allergic reactions [24]. Local anesthetics exert their 
effect through blockade of voltage-gated sodium chan-
nels, resulting in reduced depolarization of sensory neu-
rons upon stimulation.

Local anesthetic systemic toxicity (LAST) must be con-
sidered when administering these medications, and practi-
tioners should adhere to dosage guidelines for each local 
anesthetic. Central nervous system symptoms may include 
perioral numbness, ringing in the ears, or slurred speech, 
which can proceed to seizures. Cardiovascular toxicity 

involves even higher plasma levels of local anesthetic and 
may manifest initially as hypotension and progress to ECG 
changes including QRS widening and, ultimately, cardio-
vascular collapse. In some cases, cardiopulmonary bypass 
may be required until plasma levels of local anesthetic 
have safely diminished.

Intralipid® is a 20% lipid emulsion used in situations of 
local anesthetic overdose and is administered in an initial 
bolus of 1.5 mL/kg when concern for toxicity is noted. An 
infusion of 0.25 mL/kg/min can then be continued. Lipid 
emulsions serve to extract free local anesthetic in plasma. 
There are guidelines for lipid emulsion administration for 
LAST, as well as modification of advanced cardiac life sup-
port (ACLS) resuscitation efforts provided by the American 
Society of Regional Anesthesia (ASRA), including reduced 
epinephrine dose to 1  μg/kg (www.asra.com/advisory-
guidelines/article/3/checklist-for-treatment-of-local- 
anesthetic-systemic-toxicity).

Lidocaine is the preferred local anesthetic for topical or 
regional administration for airway procedures, given its 
relatively short duration of action and safety. It can be 
applied directly, through targeted nerve blocks described in 
this chapter, or given as a nebulized solution. Nebulized 
lidocaine’s efficacy is not clear, but it has been used with 
success despite its longer onset of action [25]. Lidocaine is 
endorsed by the American College of Chest Physicians 
(ACCP) and the British Thoracic Society for use in flexible 
bronchoscopy [26,27].

Other local anesthetic agents can be considered for flex-
ible bronchoscopy but are rarely necessary. Benzocaine 
and tetracaine are alternatives but are discouraged due to 
the risk of methemoglobinemia. Topical cocaine 4% is an 
alternative treatment but is discouraged by the ACCP due 
to its habit-forming potential and adverse cardiovascular 
effects. However, cocaine has the advantage of also pro-
ducing marked vasoconstriction. If a nasal approach is uti-
lized and airway management may be a concern, its 
vasoconstrictive properties can be of benefit. Cocaine is 
absorbed systemically and can have undesirable effects, 
such as hypertension and ventricular dysrhythmia [28]. It 
should be used with caution and is best avoided if signifi-
cant cardiovascular disease exists. It has commonly been 
used for endoscopic sinus surgery and when indicated, it 
is an acceptable agent for nasal topical anesthesia and 
reduced mucosal bleeding from the nares. It comes as a 4% 
solution and can be utilized by soaking patties and pack-
ing into the naris for several minutes. Other local anes-
thetics have been utilized successfully, including the ester 
chloroprocaine, a short-acting agent typically utilized for 
spinal or epidural anesthesia [29]. It is somewhat limited 
in its utility in that it has a short half-life.
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5.5  Regional Anesthetic Technique 
for Airway Anesthesia for Awake 
Intubation or Flexible Bronchoscopy

The ASA has guidelines for management of the difficult 
airway, outlined in Figure 5.3. A situation in which there is 
a patient who cannot be ventilated or intubated can prove 
deadly. In patients with severe, coexisting lung disease or 
mediastinal pathology, the interventional pulmonologist 
and anesthesiologist should be aware of predictors of diffi-
culty in airway management, signs, and symptoms of 
severe, cardiopulmonary compromise from mediastinal 
pathology. Likewise, both teams should be aware of the 
ASA Difficult Airway Algorithm to formulate a plan prior 
to the procedure.

Specific targeting of airway innervation with a local 
anesthetic is an effective means of achieving successful 
fiberoptic intubation in an applicable setting and may have 
utility in bronchoscopic procedures. The airway is inner-
vated by the following cranial nerves: trigeminal nerve (V), 
glossopharyngeal nerve (IX), and vagus nerve (X). For 
awake intubation, the trigeminal nerve is usually of no 
consequence as an oral approach is typically taken, unless 
otherwise contraindicated. Local anesthetic applied topi-
cally to the nares is typically effective for a nasal approach. 
The internal branch of the superior laryngeal nerve, a 
branch of the vagus nerve, can be targeted as it pierces the 
thyrohyoid membrane with bilateral injections just ceph-
alad to the thyroid cartilage. By placing your finger in the 
thyroid notch, superficial injection of 3 mL of 2% lidocaine 
on each side with a 23 gauge needle into the thyrohyoid 
membrane can be performed. In this plane, the local anes-
thetic should easily inject with minimal resistance. Beyond 
the anterior tonsillar pillars, the anesthetic will be required 
to ablate the cough and gag reflexes.

The glossopharyngeal nerve provides sensory innerva-
tion to the posterior one-third of the tongue, the pharynx, 
and epiglottis. It can be targeted with local anesthetic at the 
level of the styloid process (peristyloid approach) but, more 
commonly, intraorally at the posterior tonsillar pillars. For 
intubation or bronchoscopy, bilateral injection of 2 mL of 
2% lidocaine submucosally at the posterior tonsillar pillars 
will provide adequate ablation of glossopharyngeal sensory 
and reflex stimulation. Obtaining visualization of the pillar 
can be facilitated by use of a Miller 2 blade laryngoscope, 
displacing the tongue contralaterally for visualization. 
Using a fine gauge spinal needle allows significant needle 
length for easy injection in the posterior oropharynx.

Finally, transtracheal injection will topicalize the trachea 
(vagal innervation below the level of the vocal cords) and is 
easily performed with 5 mL of 4% lidocaine, a 10 mL 

syringe, and a 21 gauge needle for rapid injection. The 
 needle is inserted through the cricothyroid membrane 
while continuously aspirating until air returns into the 
syringe, at which point rapid injection is achieved with the 
21 gauge needle. With judicious sedation, this can be per-
formed rapidly and without significant patient discomfort 
in most cases. If neck masses or distortion of anatomy are 
present, then this may be an undesirable approach to anes-
thetizing the airway.

5.6  Neuromuscular Blockade

Commonly used neuromuscular blocking agents include 
rocuronium, vecuronium, and cisatracurium. In the past, 
reversal of residual neuromuscular blockade would be 
achieved with 5–15  μg/kg of glycopyrrolate administered 
just prior to 25–75 μg/kg of neostigmine. The neostigmine is 
an acetylcholinesterase inhibitor which also produces brad-
ycardia. Glycopyrrolate is an antimuscarinic that counters 
the bradycardia associated with neostigmine. Sugammadex 
has revolutionized neuromuscular blockade reversal by 
irreversibly binding to the residual paralytic agent which is 
then excreted in the urine unchanged. It is not advisable for 
use in end-stage renal disease, but it can be removed via 
dialysis. The aminosteroids rocuronium and vecuronium 
are the only neuromuscular blocking agents readily revers-
ible with sugammadex in a dose of 1, 2, or 16 mg/kg based 
on the extent of residual neuromuscular blockade. Train- of-
four monitoring should always be used when administering 
and reversing neuromuscular blocking agents. An in-depth 
discussion of neuromuscular blockade is beyond the scope 
of this chapter.

Succinylcholine is a depolarizing neuromuscular block-
ing agent that can rapidly provide intubating conditions 
(within 30–45 seconds) at a dose of 1.5 mg/kg, dosed on 
total body weight. It works by depolarizing the motor neu-
rons at the neuromuscular junction, resulting in flaccid 
paralysis of the skeletal muscle of the entire body, prevent-
ing laryngospasm or patient movement. It has no analgesic 
or amnestic properties. Its use is solely for paralysis of the 
vocal cords to facilitate intubation in normal settings. As 
an infusion, it can be titrated with a nerve stimulator train-
of-four monitor to maintain paralysis for procedures such 
as bronchoscopy. Succinylcholine should be avoided in 
patients with elevated potassium and where there is con-
cern for risk of malignant hyperthermia. In patients with 
pseudocholinesterase deficiency, administration of succi-
nylcholine will result in potentially markedly prolonged 
duration of action and likely mechanical ventilation that 
is  dependent on their genetic profile. For an in-depth 
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DIFFICULT AIRWAY ALGORITHM

1. Assess the likelihood and clinical impact of basic management problems:

2. Actively pursue opportunities to deliver supplemental oxygen throughout the process of dif�cult airway management.

3. Consider the relative merits and feasibility of basic management choices:

4. Develop primary and alternative strategies:

AWAKE INTUBATION

FACE MASK VENTILATION ADEQUATE FACE MASK VENTILATION  NOT ADEQUATE

CONSIDER/ATTEMPT SGA

SGA ADEQUATE* SGA NOT ADEQUATE
OR NOT FEASIBLE

EMERGENCY PATHWAY
Ventilation not adequate, intubation unsuccessful

Call for help

Emergency noninvasive airway ventilation(e)

Successful ventilation*

Awaken
patient(d)

Consider feasibility
of other options(a)

Invasive
airway access(b)*

FAIL

Emergency
invasive airway

access(b)*

IF BOTH FACE
MASK AND SGA

VENTILATION
BECOME

INADEQUATE

NONEMERGENCY PATHWAY
Ventilation adequate, intubation unsuccessful

Alternative approaches
to intubation(c)

Successful
intubation*

FAIL after
multiple attempts

INTUBATION AFTER
INDUCTION OF GENERAL ANESTHESIA

Airway approached by
Noninvasive intubation

Succeed* FAIL

Cancel
Case

Consider feasibility
of other options(a)

Invasive
airway access(b)*

Invasive airway access(b)* Initial intubation
attempts successful*

Initial intubation
attempts UNSUCCESSFUL

FROM THIS POINT ONWARDS
CONSIDER:

1. Calling for help.

2. Returning to
 spontaneous ventilation.

3. Awakening the patient.

• Dif�culty with patient cooperation or consent

• Awake intubation vs. intubation after induction of general anesthesia

• Non-invasive technique vs. invasive techniques for the initial approach to intubation

• Video-assisted laryngoscopy as an initial approach to intubation

• Preservation vs. ablation of spontaneous ventilation

• Dif�cult mask ventilation
• Dif�cult supraglottic airway placement
• Dif�cult laryngoscopy
• Dif�cult intubation

• Dif�cult surgical airway access

Figure 5.3 The ASA Difficult Airway Algorithm. Source: Apfelbaum et al. [30].
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 discussion, see Miller’s Anesthesia, Eighth Edition, Chapter 53 
Neuromuscular Monitoring [31].

A succinylcholine infusion has historically been utilized 
for balanced anesthetic and is considered safe in patients 
with no contraindications, even if its use is somewhat 
dated. After induction with or without an intubating dose 
of succinylcholine, an infusion of 40–100  μg/kg/min of 
succinylcholine can be initiated with continuous twitch 
monitoring of a phase I block (each twitch equal height but 
diminished overall with train-of-four monitoring). At some 
point and with high individual variability, a phase II block 
(a decremental train-of-four response), a tachyphylactic 
response resembling use of nondepolarizing neuromuscu-
lar blocking drugs, may appear, depending on the length of 
the procedure [32]. Resolution of either a phase I or a phase II 
block should be spontaneous even if prolonged, provided 
there is no pseudocholinesterase deficiency in the patient. 
Under general anesthesia with neuromuscular blockade, 
the use of a processed EEG, such as BIS monitor (Bispectral 
Index), can help reassure that the patient has no recall of 
procedural events coinciding with pharmacologically 
induced paralysis. Its utility when MAC is measured has 
not been deemed superior to traditional measurements of 
depth of anesthesia.

5.7  Sedation Management of Different 
Bronchoscopic Procedures

For flexible bronchoscopic procedures, typically a balanced 
approach combining anxiolysis, analgesia, sympathetic 
control, and anesthesia with local anesthetic topicalization 
or blockade can be achieved with moderate sedation. 
Alternatively, the case can be performed under general 
anesthesia. With general anesthesia, an endotracheal tube 
or LMA can be utilized, and the patient will be uncon-
scious for the case. In these cases, typically a volatile anes-
thetic can be utilized because the circuit is contained and 
there is minimal dissemination of volatile agents into the 
procedure room. If needed, neuromuscular blocking 
agents such as succinylcholine or rocuronium are used to 
facilitate intubation with an endotracheal tube. The nonde-
polarizing neuromuscular-blocking agents are utilized for 
prolonged neuromuscular blockade. Their effects must be 
reversed with either sugammadex or a combination of the 
antimuscarinic glycopyrrolate (5–15 μg/kg) and the acetyl-
cholinesterase inhibitor neostigmine (25–75  μg/kg). The 
action of these drugs can be monitored by electrical stimu-
lation at various nerve sites: the ulnar nerve, the facial 
nerve, or the posterior tibial nerve. An exhaustive discus-
sion of general anesthetic agents commonly used is 
beyond  the scope of this chapter, but the principle of a 

 balanced anesthetic applies to moderate sedation or gen-
eral anesthesia.

5.8  Airway Management

5.8.1 Laryngeal Mask Airway

The LMA™ was introduced in 1983 as a supraglottic air-
way device that is commonly used for a variety of surgical 
procedures in the ambulatory setting. It has been used 
safely with fiberoptic bronchoscopic procedures since first 
described in 1989 [33]. The LMA has become an invaluable 
and diverse tool in its second generation of products, with 
multiple options available depending on patient needs. It is 
included in the ASA Difficult Airway Algorithm for its 
value in cannot intubate/cannot ventilate situations where 
airway compromise puts patients at risk of morbidity and 
mortality from an unsecured airway. Each LMA comes in a 
variety of different sizes from pediatric through adult, and 
size is based on age or weight in pediatric patients and 
weight in adults.

The original LMA was a reusable device with an inflata-
ble cuff to obtain a seal and deliver positive pressure venti-
lation. It has since evolved into products with advanced 
features, including variable seal pressure thresholds and 
the presence of ports for gastric decompression and aspira-
tion risk reduction, as in the reusable LMA ProSeal™ or 
LMA Supreme™. The LMA Protector™, an advanced sec-
ond-generation device, is equipped with gastric decom-
pression ports and a continuous cuff pressure indicator, 
and is made of silicone to allow better pharyngeal con-
formity than inflatable PVC cuff models. The LMA 
FasTrach™ offers the ability to intubate, and is equipped 
with a handle to allow for adjustment of position to 
 optimize ventilation. The i-gel® supraglottic airway from 
Intersurgical also employs a silicone-based pharyngeal seal 
and gastric port, as well as the ability to perform fiberoptic 
bronchoscopy or intubation in the adult sizes 3–5. Patient 
comorbidities and anatomy may be a contraindication to 
the use of any supraglottic airway, in which case an 
endotracheal tube is warranted for flexible bronchoscopy.

5.8.2 Jet Ventilation Through Rigid Bronchoscope

Utilizing a Sanders manual jet ventilator, as depicted in 
Figure 5.4, the anesthesiologist can ventilate a patient with 
an unsecured airway through a connection to the side port 
on the rigid bronchoscope. This is a very common and 
widely used method of ventilation during rigid bronchos-
copy. At a normal rate of 10–14 breaths per minute, the 
anesthesiologist will manually ventilate over one second 
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until chest rise is noted. This method utilizes the Venturi 
effect, whereby in an open airway the high-pressure jet 
entrains surrounding air with gas exchange comparable to 
the bulk flow obtained with a cuffed endotracheal tube 
[34]. Jet ventilation will result in higher mean airway pres-
sures with the ability to improve oxygenation in atelectatic, 
unventilated lung zones such as in patients with interstitial 
lung disease – the rationale for the use of high-frequency 
ventilation in acute respiratory distress syndrome (ARDS) – 
but may be deleterious in patients with pulmonary hyper-
tension. In such patients, increases in airway pressure will 
further diminish pulmonary blood flow through an 
increase in pulmonary vascular resistance [35].

5.9  Special Topics

5.9.1 Moderate Sedation: “The Wang Way”

The use of general anesthesia and MAC has markedly 
increased for endoscopic procedures in western countries; 
however, the authors (JFT, KPW) note that topical only or 
topical plus moderate sedation remains the standard in 
many locales in the United States and, certainly, other 
countries. Even some procedures requiring a larger diam-
eter bronchoscope, such as EBUS-TBNA, have been found 
to have a comparable diagnostic yield and safety profile 
whether performed with moderate or deep sedation. With 
any anesthetic procedure under moderate sedation, we rec-
ommend following the most recent guidelines (2018) from 
the ASA [36].

Reviewing these recent guidelines, we are in agreement 
with the strong recommendation “to administer intrave-
nous sedative/analgesics in small, incremental doses, or 
by infusion, titrating to the desired endpoints.” As such, 
we wish to outline the practice of moderate sedation in the 
following section as a practical “How I Do It,” as taught by 
Dr Wang.

After the patient is properly assessed and prepared as 
outlined in this chapter, a combination of topical and 
incremental intravenous medication is given. The patient 
is first given 0.5 mg of midazolam and 25 μg of fentanyl 
intravenously. When the patient is more relaxed, 2–3 cc of 
1% lidocaine is slowly administered sequentially in each 
nostril. During this time, vital signs are recorded every 
three minutes and if the patient has uncontrolled cough-
ing or discomfort, an additional “increment” of fentanyl 
and midazolam in the same doses are given. After the 
nasal liquid lidocaine is given, each nostril is further 
anesthetized with lidocaine jelly applied with a long swab 
(Q-tip). This not only allows lidocaine application for 
local analgesia but also helps the operator assess the 
patency of each nostril, and through which to most easily 
thread the bronchoscope.

Once done, by which time the patient may have received 
1.0 mg of midazolam and 50 μg of fentanyl IV, the broncho-
scope is inserted into the naris and passed to the level of 
the vocal cords. This allows a more complete visualization 
of the oropharyngeal airway and vocal cords, including 
their function, than can be obtained with an LMA or 
endotracheal tube in place and under general anesthesia. 
With the vocal cords in view, topical lidocaine is then 

The red arrow shows the
connection of the high-
pressure tubing to the
bronchoscope for manual jet
ventilation during rigid
bronchoscopy

Figure 5.4 Manual jet ventilator attached to rigid bronchoscope. The red arrow shows the connection of the high-pressure tubing to 
the bronchoscope for manual jet ventilation during rigid bronchoscopy.
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sprayed under direct vision on, and between, the vocal 
cords. Generally, sprays “sprays” of 1.5 cc of lidocaine is 
sufficient and will have immediate effects. The broncho-
scope is then passed into the subglottic space and distally 
to the main carina. There another 1.5 cc of 1% lidocaine is 
sprayed onto the main carina, followed by a similar appli-
cation into the right mainstem and then left mainstem 
bronchi. The total amount of midazolam used is depend-
ent upon the patient and procedure but does not usually 
progress beyond 2.0 mg midazolam +100  μg fentanyl 
intravenously.

These suggestions are meant as general guidelines as to 
our practice of moderate sedation for bronchoscopy by two 
of the authors and need to be individually modified in rela-
tion to the patient, procedure, and team member availabil-
ity and should not be taken as absolute guidelines.

5.9.2 Rigid Bronchoscopy

For rigid bronchoscopy, general anesthesia with or with-
out placement of an endotracheal tube at some point dur-
ing the procedure is warranted, for both patient comfort 
and safety. Movement during placement of a rigid bron-
choscope could result in severe injury to the trachea or 
other mediastinal structures. Typically, volatile anesthetic 
agents are avoided in the situation of a shared airway 
without an endotracheal tube or supraglottic airway (uti-
lized with flexible bronchoscopy) in situ as there will be 
pollution of the room with uncontained volatile anes-
thetic agent and unreliable measure of anesthetic depth 
by MAC. Neuromuscular blockade may or may not be 
desired or necessary. In these cases, TIVA is utilized with 
a combination of agents to obtain a balanced anesthetic. 
Some institutions will utilize propofol alone as a continu-
ous infusion. A combination of propofol and remifentanil 
infusions is also used. When neuromuscular blockade is 
necessary, rocuronium or vecuronium can be used to 
maintain immobility.

5.10  Emergencies

5.10.1 Iatrogenic Hemorrhage in the Airway

The incidence of iatrogenic hemorrhage in bronchoscopic 
procedures is rare, ranging from 0.26% to 5%, dependent 
upon the definition, patient population, and procedure 
performed [37]. Causes of proximal airway bleeding are 
most commonly malignant processes, while distal airway 
bleeding is more varied in etiology [38].

These situations, while rare, can have disastrous out-
comes. As such, a plan should be in place prior to the 

 procedure, especially if risk is significant. In an intubated 
patient, the possibility of advancing an endotracheal tube 
beyond the carina for one-lung ventilation and isolation 
may be necessary in emergency settings. The endotracheal 
tube is likely to advance into the right lung given the acute 
angle of the right mainstem bronchus. Basic principles of 
management of airway hemorrhage include securing the 
airway, maintaining ventilation and circulation, and secur-
ing adequate intravenous access for resuscitative efforts. If 
coagulopathy contributes to hemorrhage, then attempts at 
reversal may be warranted. If surgery is required to control 
hemorrhage, mortality is high at 25% [38].

5.10.1.1 Endobronchial Blockers for Endobronchial 
Hemorrhage
In addition to hemostatic balloon catheters that can be uti-
lized by the pulmonologist, endobronchial blockers are air-
way tools widely utilized in thoracic surgery along with 
double-lumen endotracheal tubes (ETT) and may have use 
in interventional pulmonology procedures. Their function 
is to isolate the surgical lung from ventilation during tho-
racic surgery. While double-lumen ETT are unlikely to be 
of use in bronchoscopic procedures given the inability to 
utilize the pulmonologist’s flexible bronchoscopy through 
the double-lumen ETT, endobronchial blockers are poten-
tially of benefit in emergent situations. It is the opinion of 
the authors that endobronchial blockers should be availa-
ble for lung isolation along with other interventional tech-
nologies utilized by interventional pulmonology in the 
event of endobronchial hemorrhage to temporize or isolate 
bleeding to one lung if substantial bleeding occurs. 
Additionally, the endobronchial blocker could potentially 
be used to tamponade at the site of hemorrhage, depending 
on location. Endobronchial blockers can be positioned 
external to the ETT to allow easier entry with the flexible 
bronchoscope for hemorrhagic control through interven-
tional methods [39] (Figure  5.5). In some cases, a rigid 
bronchoscope may be preferred as a means of removing 
massive clots or deploying interventional techniques.

A variety of different technologies are available. In real-
ity, if there is massive airway hemorrhage, it may be diffi-
cult to isolate the lung due to blood obscuring the airway 
on bronchoscopic examination. One tool best suited for 
blind insertion would be the Rusch® EZ-Blocker™, as it has 
a forked double-balloon design which allows the bifurca-
tion of the double balloon to rest at the carina. Other endo-
bronchial blockers include the Fuji Uniblocker™ or Arndt 
Endobronchial Blocker™. Familiarity with institution- 
specific available products is crucial so that these tools can 
be utilized in an emergent setting. The pulmonologist 
should also be familiar with alternative occlusive tools for 
managing these situations.
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5.10.2 Laryngospasm

Laryngospasm can be life-threatening if not detected and 
treated appropriately. Oxygen desaturation from the inabil-
ity to ventilate and oxygenate can occur more rapidly in 
patients with associated cardiac and lung disease or obe-
sity, as is often the case during interventional pulmonary 
procedures. Management of laryngospasm may initially be 
broken with positive pressure mask ventilation. If unsuc-
cessful, administration of propofol may be of benefit [41]. 

If the laryngospasm is unrelieved, a rapid neuromuscular 
blockade with either succinylcholine or a nondepolarizing 
paralytic agent may be necessary.

5.10.3 Airway Fires

Depending on the airway procedure being performed, an 
airway fire may be more likely. Airway fires are a real 
threat to patient safety, and prevention requires familiarity 
with the procedures that put patients at risk. If “hot” ther-
mal ablation devices such as laser, electrocautery, or radi-
ofrequency ablation are used during the procedure, then 
airway fires may be a concern. For a fire to occur, there 
have to be three components: a fuel, an oxidizer, and an 
ignition source. In this regard, the fuel is the patient tis-
sue, the oxidizer is oxygen or nitrous oxide, and the igni-
tion source is the electrocautery or laser device. Prevention 
requires a discussion of risk and maintaining an inspired 
oxygen concentration (FiO2) <30%. Nitrous oxide should 
similarly be avoided during these cases. The inability to 
tolerate an FiO2 <30% may preclude patients from desired 
interventions. High fresh gas flows from the anesthesia 
circuit will both rapidly decrease or increase the inspired 
and expired oxygen concentrations for both avoiding air-
way fires and prolonged hypoxia. Despite reducing oxygen 
concentrations, the expired oxygen concentration must be 
reduced to safe levels prior to introducing an ignition 
source for therapy [42].

If an airway fire does occur, any material that could 
serve as fuel and is in the airway should be immediately 
removed. While surgical drapes are not always present, 
there may be gauze, sponges, or other combustible mate-
rial that will need to be removed to limit tissue damage. 
Oxygen should be disconnected to remove the oxidation 
source. Saline should be administered into the airway to 
cool tissues and limit further damage. After extinguishing 
the fire, airway management and patient assessment can 
continue [43,44].

5.11  Conclusion

Technology and medical therapies continue to develop 
and allow patients with more advanced disease to live 
meaningfully longer lives with reduced symptoms 
and  complications of disease. A combination of sicker 
patients, more advanced and aggressive interventions, 
and the continued need for optimal patient safety and 
comfort, however, means that physicians and healthcare 
teams continue to face unique patient care and physiolog-
ical challenges in providing quality and efficient care for 
interventional procedures in the airway. Hopefully, this 

(a)

(b)

Figure 5.5 (a) During right-sided bleeding, a cuffed ETT in 
the left main bronchus protects the left lung from spillover. 
(b) During left-sided bleeding, a balloon occlusion catheter 
inflated below the carina in the left main stem isolated the 
left lung while an ETT in the trachea ventilated the right 
lung. Source: Reproduced by permission from Gourin and 
Garzon [40].
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text will provide a framework for establishing just that: 
high-quality, safe, and efficient patient care that empha-
sizes a team-centered approach and anticipates complica-
tions and, therefore, minimizes patient harm. There is no 
doubt that these processes continue to evolve as modern 
healthcare offers new therapies for patients, but with the 
framework presented here that centers on team commu-
nication, anticipation of those rare but serious complica-
tions based on patient risk, and the understanding of a 
shared airway, this knowledge will serve to minimize 

patient harm and ease provider discomfort when such 
challenging patients are in your care.
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6.1  Introduction

Since its introduction in 1897 by Killian, the role of the 
bronchoscope has been expanding, with each new techni-
cal development resulting in yet another application [1]. 
Rigid bronchoscopy was initially performed for visual 
examination of the trachea and proximal bronchi with the 
therapeutic utility of being able to remove foreign bodies 
[2]. In 1964, Professor Shigeto Ikeda sought production of 
the prototype that was to become what is now known as 
the flexible fiberoptic bronchoscope. With continued suc-
cess of the prototypes produced by Machida and Olympus 
Corporation, the seventh model of the bronchofiberscope, 
and the first available in clinical practice, was completed in 
1966 [3,4]. With Professor Ikeda’s continued direction and 
technological improvements, this represented a tremen-
dous advance in the field of bronchoscopy from the time of 
Killian. These new instruments allowed the bronchoscopist 
better visualization of the upper lobes as well as the distal 
segments of the lower lobes. The new scopes were also bet-
ter tolerated by the patient, obviating the need for general 
anesthesia and facilitating the routine performance of this 
procedure in the outpatient department.

The subsequent development of instruments to be uti-
lized with the flexible bronchoscope allowed sampling of 
endobronchial lesions [5,6]. The introduction of the Wang 
transbronchial needle allowed biopsies for cytology and 
histology specimens from outside the visualized tracheal 
bronchial tree [7,8].

With the rapidly expanding diagnostic use of flexible 
bronchoscopy, we must not forget that one of the fathers 
of medicine, Hippocrates (460–370 BCE), advised how a 
reed introduced into the windpipe could aid a suffocating 

patient. Thus the roots of endoscopy have long been in the 
active treatment of patients with respiratory compromise 
and, as such, there has now been a rapid expansion in the 
therapeutic application of the flexible bronchoscope. This 
chapter seeks to review the current indications and con-
traindications for use of the flexible bronchoscope from a 
practical viewpoint and as first determined by the symp-
toms, signs, and imaging studies for which the patient will 
first present to the bronchoscopist (Table 6.1).

6.2  Cough

Cough is an important symptom in the evaluation of 
patients who may have underlying lung disease. Although 
the frequency with which bronchoscopy is performed for 
cough and its low yield indicate that this is an overuti-
lized procedure, we recommend a directed pulmonary 
evaluation in the context of the individual patient’s pres-
entation [9,10].

Acute cough in a nonimmunocompromised patient with a 
normal chest X-ray is most often fleeting and rarely requires 
bronchoscopy. However, in an immunocompromised patient 
with a low CD4 count (<200 cells/mm3), bronchoscopy 
should be considered even with a normal chest X-ray if 
induced sputa are unrevealing [11]. Subacute and chronic 
cough, however, are defined as symptoms which persist for 
greater than 3–8 weeks and greater than eight weeks, respec-
tively [12]. The further evaluation of this symptom is then 
dependent upon the age, family history, risk factors, and 
additional symptoms, with cough being a harbinger of more 
serious disease. In the immunocompromised patient, bron-
choscopy for subacute or chronic cough should be considered 
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to evaluate for uncommon conditions after empiric treat-
ment for the most common causes: upper airway cough syn-
drome, asthma, nonasthmatic eosinophilic bronchitis, and 
gastroesophageal reflux syndrome (GERD) [12]. Chronic 

cough in the immunocompetent patient may still repre-
sent the initial presentation of a more serious disease. 
Bronchogenic carcinoma will have cough as an initial pre-
senting symptom in 21–87% and occur some time during the 
course in 70–90% of patients [13]. Algorithms evaluating 
chronic cough that include bronchoscopy after initial evalua-
tion or unresponsiveness to treatment for paroxysmal noctur-
nal dyspnea (PND), asthma, and GERD have been shown to 
be successful in determining an etiology for a significant 
number of unexplained cases of chronic cough [14].

We therefore we recommend early bronchoscopy for 
acute cough only if the cough is associated with localizing 
lesion on chest X-ray, hemoptysis, localized wheezing, or in 
an immunocompromised patient requiring a diagnosis. In 
patients with a chronic cough or whose cough has changed 
character unresponsive to stopping smoking or evaluation 
for the most common etiologies, we recommend perfor-
mance of sputum cytology and bronchoscopy [14,15].

6.3  Wheezing

Although wheezing is frequently associated with asthma, 
the differential diagnosis is varied and large. The evaluation 
of wheezing in the nonasthmatic patient or patient poorly 
responsive to bronchodilator therapy requires a thorough 
examination which may include visual inspection of the 
upper and lower airways with bronchoscopy. “All that 
wheezes is not asthma” remains a sometimes hard-learned 
lesson. The differential diagnosis in these instances may 
include foreign bodies, tracheomalacia, extrinsic or intrin-
sic obstruction due to mass lesions, vascular abnormalities, 
tracheobronchial stenotic lesions or at the level of the vocal 
cords with vocal cord dysfunction (VCD) syndrome or para-
doxical vocal fold motion (PVFM) [16–20].

A chest X-ray and pulmonary function testing with flow–
volume loops can provide important diagnostic clues [21]. 
However, if diagnosis remains elusive, fiberoptic bronchos-
copy (FOB) offers direct airway examination in search of an 
obstructing airway lesion. Along with localized wheezing, 
an obstructing lesion may produce evidence of air trapping 
on X-ray, the evaluation of which may require bronchos-
copy. Additionally, bronchoscopy may be an important 
therapeutic tool for removing the offending lesion.

6.4  Stridor

Stridor is an important sign of life-threatening upper air-
way obstruction. The etiology must be rapidly elucidated. 
The causes are varied and can be grouped by age of 
 presentation [22]. In infants and children, the differential 
diagnosis should include epiglottis, croup, laryngomalacia, 
laryngeal papillomas, laryngotracheal clefts, subglottic 

Table 6.1 Indications for diagnostic bronchoscopy

Malignancy

Diagnosis of bronchogenic carcinoma

Staging of bronchogenic carcinoma

Restaging after therapy and/or initial mediastinoscopy

Abnormal sputum cytology

Follow-up after treatment of carcinoma

Evaluation of patients with head and neck malignancy

Evaluation of patients with esophageal malignancy

Metastatic carcinoma

Mediastinal mass

Infection

Recurrent or unresolved pneumonia

Infiltrate in an immunocompromised patient

Cavitary lesion

Unexplained lung collapse

Interstitial lung disease

Hemoptysis

Unexplained chronic cough

Localized wheezing

Stridor

Foreign body aspiration

Chest trauma

Blunt or penetrating

Chemical

Thermal

Unexplained pleural effusion

Evaluation of the patient after lung transplantation

Endotracheal intubation

Confirm tube position

Evaluate for tube-related injury

Confirm position of transtracheal oxygen catheter

Tracheobronchial stricture and stenosis

Hoarseness or vocal cord paralysis

Superior vena cava syndrome

Fistula

Bronchopleural

Tracheo- or bronchoesophageal

Tracheo- or bronchoaortic

Persistent pneumothorax

Postoperative assessment of tracheal, tracheobronchial, 
bronchial, or stump anastomosis

Bronchography
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hemangioma, pulmonary artery sling, anomalous innomi-
nate artery, and tracheal foreign bodies [23,24]. In adults, 
the diagnostic considerations include acute bilateral vocal 
cord paralysis, rapidly growing tracheal lesions, extrinsic 
compression of the trachea by mediastinal or esophageal 
lesions, cricoarytenoid joint disease due to a rheumato-
logic disorder, Wegener granulomatosis, infection, or acute 
laryngeal edema [23,25]. The radiographic studies should 
include evaluation of the neck as well as the chest. Soft tis-
sue X-rays or computed tomography (CT) of the neck may 
be diagnostic of epiglottis or retropharyngeal abscess. 
Correct visualization of the upper airway can be diagnostic 
and occasionally therapeutic if the offending lesion or for-
eign body can be removed. Prior to starting the endoscopy, 
the bronchoscopist should ensure that equipment and the 
expertise to perform endobronchial intubation or emer-
gent tracheostomy are immediately available.

6.5  Hoarseness and Vocal Cord Paralysis

Most patients with hoarseness and vocal cord paralysis tend 
to present to otolaryngologists rather than chest physicians. 
The etiologies of vocal cord paralysis are many and the 
offending lesion may be located in the chest, necessitating a 
referral to the chest physician [26]. In a review of 20 years of 
literature on the etiologies of vocal cord paralysis, Terris 
and associates noted that 36% were the result of a neoplastic 
process [27]. Of these, 55% were due to lung cancer. When 
history, physical examination, and imaging are nondiagnos-
tic, endoscopy should be used because it can provide diag-
nosis in 20% of patients [27]. The left recurrent laryngeal 
nerve, because of its circuitous path into the chest, can be 
involved with diseases in the area of the left hilum. Lesions 
in this area can be biopsied via transbronchial needles. The 
right laryngeal nerve is involved only if the lesion extends 
into the right side of the neck.

6.6  Inhalational Injury

Inhalation injury may be the result of thermal injury due to 
steam or superheated air, smoke inhalation, or toxin expo-
sure and can be devastating, with a mortality rate of 30–90% 
when patients have combined cutaneous burns and inhala-
tion injury [28]. Reliance on clinical criteria, such as facial 
or oral pharyngeal burns, production of carbonaceous spu-
tum, wheezing, hoarseness, or singed nasal hairs, fails to 
diagnose a number of patients with burn injury [29,30].

Thermal injury may present as stridor with associated 
hoarseness and dysphagia. Facial burns, oropharyngeal 
edema, or carbonaceous sputa all may serve as warning 
signs that a significant thermal injury or smoke inhalation 
has occurred and that critical assessment of the airway is 

needed. Early radiographic diagnosis is difficult and not 
sensitive enough to diagnose mucosal damage in the air-
ways. CT virtual bronchsocopy has been reported in a 
series of 10 burn patients as accurately identifying inhala-
tional injury, but has yet to be shown to be equivalent or 
superior to bronchcoscopy [31]. Bronchoscopy should be 
performed as part of the initial assessment with identifica-
tion of inflammation and mucosal edema. In patients 
with  acute smoke inhalation, FOB should be performed 
promptly to identify early inflammation, ulceration, or 
swelling of the laryngeal area [32]. Patients may require 
concurrent intubation and use of the fiberoptic broncho-
scope may facilitate intubations [33]. Use of FOB has also 
been shown to correlate with histologic findings and aids 
in outcome predictions [34,35]. Acute injury may produce 
severe airway edema, erythema, and mucosal sloughing. 
Subacute injury may cause mucosal necrosis and hemor-
rhagic tracheobronchitis, whereas chronic injury leads to 
scarring and stenosis, bronchiectasis, and formation of 
granulation tissue. Transbronchial biopsy in the chronic 
phase may demonstrate bronchiolitis obliterans [23]. The 
use of the bronchoscope, therefore, allows evaluation of 
airway injury for earlier diagnosis, with resultant rapid 
institution of treatment, including corticosteroids, humidi-
fied air, antibiotics, and assistance in clearing airway plugs.

Toxic exposure to carboxyhemoglobin, ammonia, nitro-
gen and sulfur dioxide, and chlorine gas also occurs as a 
product of incineration and may precipitate airway injury 
[36]. Chemicals released during industrial accidents and 
during war also pose a substantial risk of injury to the 
lungs. Freitag and colleagues reported their experience in 
managing 21 Iranian soldiers who suffered lung injury fol-
lowing inhalation of mustard gas (dichlorodiethyl sulfide) 
and other poisonous gases during the Iran–Iraq War in the 
1980s [37]. In the acute stage of injury, bronchoscopy is 
used to assess the extent of damage and remove charred, 
necrotic debris from the airways. These patients produced 
large amounts of purulent thick mucus that they could not 
expectorate in their weakened state. Later sequelae, includ-
ing tracheobronchial stenosis and granulation tissue, may 
necessitate the use of the bronchoscope in a more aggres-
sive therapeutic role [37].

6.7  Hemoptysis

Hemoptysis is a frequent pulmonary symptom and may 
present as minimal blood-streaked sputum to massive with 
quantities from 100 to 600 mL per day [38]. The most com-
mon causes are bronchitis, bronchiectasis and carcinoma, 
and hemoptysis is the second most common reason for 
bronchoscopy [39–41]. Distinction between gastrointesti-
nal, pharyngeal, nasal, and pulmonary sources is critical 
[42]. Flexible bronchoscopy should be reserved for those 
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with persistent bleeding, bleeding that is brisk or of large 
volume, or those at increased risk for malignancy.

The search for the source of bleeding must be meticu-
lous. Applied appropriately, the bronchoscope can success-
fully localize the bleeding site in 75–93% of cases  [43]. 
A small-caliber bronchoscope may be needed to conduct a 
thorough examination of the distal bronchial tree [44]. If 
the initial examination is nondiagnostic, a repeat bron-
choscopy following subsequent episodes of hemoptysis 
may be necessary. Although early bronchoscopy (within 
48 hours) has a higher diagnostic yield than late bronchos-
copy, the impact of timing of the procedure on overall 
patient management has not been shown [45–47].

Currently, CT scan to characterize the bleeding is often 
the first step. This approach can quickly demonstrate local-
ized sources if limited abnormalities exist on the scan. 
Unfortunately, if diffuse bleeding is shown on the CT scan, 
there is no way of differentiating diffuse alveolar hemor-
rhage (DAH) from blood spilling over from a localized 
source. Despite the lack of any formal study, it is our impres-
sion that knowledge of the cause of hemoptysis and its loca-
tion is critical in the patient’s management, and thus we 
favor early evaluation with bronchoscopy for initial evalua-
tion. In the case of massive hemoptysis, the role of the rigid 
versus flexible bronchoscope has been debated but not stud-
ied in a head-to-head comparison. Most often, the greatest 
threat in massive hemoptysis is clot formation acutely 
obstructing the airways. The rigid instrument offers greater 
suction capacity and the ability to use larger instruments, 
and may afford the opportunity to directly tamponade the 
bleeding site, while intubation of the patient with a flexible 
and cuffed endotracheal tube offers the most control of the 
airway for ventilation and the flexible scope offers greater 
visibility to the smaller airways [48]. The flexible broncho-
scope may also be utilized in the management of hemopty-
sis with the installation of epinephrine, thrombin solutions, 
or Fogarty balloons and other balloon endobronchial block-
ers in an attempt to control the bleeding [49,50].

Additionally, bronchoscopic therapeutic instruments, 
such as argon plasma coagulation (APC), Nd:YAP and 
Nd:YAG laser, have been used to provide for hemoptysis 
control and simultaneous treatment of malignant airway 
obstruction if the source of bleeding is within the large air-
ways [51]. Ultimately, management will depend on the 
bronchoscopist’s training and comfort level with the given 
instruments and the amount of bleeding.

6.8  Superior Vena Cava Syndrome

Mediastinal lesions can compromise venous return, pro-
ducing the superior vena cava syndrome. The bronchoscope 
may be used to perform transtracheal or transbronchial 

needle aspiration and biopsy on masses or enlarged lymph 
nodes in these areas. Knowledge of the location of the great 
vessels is of critical importance when sampling these areas. 
When patients with superior vena cava syndrome are being 
evaluated, vascular anomalies should be excluded prior to 
any invasive procedure. Superior vena cava syndrome in the 
era of antibiotic therapy is predominantly related to malig-
nancy [52]. However, benign causes must also be kept in 
mind. Pathological confirmation of the cause is needed 
before definitive treatment can be initiated. Bronchoscopic 
biopsy can establish the diagnosis in 60–70% of cases [53,54]. 
This is particularly important in avoiding unnecessary thor-
acotomy under general anesthesia, which may be associ-
ated with prolonged intubation in patients with large 
mediastinal masses [55].

6.9  Mediastinal Mass

In the evaluation of mediastinal masses, bronchoscopy can 
often spare the patient a more aggressive mediastinoscopy. 
Conventional and ultrasound-guided transbronchial biop-
sies can often reach and diagnose mediastinal masses 
[8,56]. Because it can be safely performed in the outpatient 
setting, cost is reduced. The flexible bronchoscope is also 
seen as an important tool for anesthesiologists, allowing 
for intubation under topical anesthesia for patients who 
may have a compromised airway owing to an anterior 
mediastinal mass [57]. Previous guidance for the perfor-
mance of upright and recumbent flow-volume loops prior 
to procedures requiring anesthesia in patients with medi-
astinal mass has been shown to be unhelpful in risk strati-
fication or operative planning [58].

6.10  Interstitial Lung Disease

Interstitial lung disease encompasses a wide range of 
diagnoses [59]. Similarly, the role of bronchoscopy in the 
evaluation of these diseases is varied. Bronchoalveolar 
lavage (BAL) has been useful in studying the cells caus-
ing the inflammatory response in interstitial pulmonary 
fibrosis (IPF) as well as excluding other possible diagno-
ses [60]. Bronchoscopy with BAL and biopsy can be 
 diagnostic in diseases such as sarcoidosis, lymphangitic 
carcinomatosis, eosinophilic pneumonia, and pulmo-
nary alveolar proteinosis. BAL, when demonstrating the 
presence of materials or cells not typically found in the 
lung, can lead to the diagnosis of diseases such as histio-
cytosis X, pulmonary alveolar proteinosis, asbestos expo-
sure, and berylliosis [61–64]. In addition, the differential 
cell count of inflammatory cells identified may be help-
ful in narrowing the differential diagnosis of fibrosing 
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interstitial pneumonias but is not diagnostic of IPF. In 
sarcoidosis, berylliosis, hypersensitivity pneumonitis, 
tuberculosis, and fungal infections, the T helper/T 
 suppressor ratio is altered [65]. Elevation of polymor-
phonuclear cells is noted in idiopathic pulmonary 
 fibrosis, collagen vascular diseases, pneumoconiosis, and 
bronchiolitis obliterans organizing pneumonia [66]. 
Eosinophils are increased in chronic eosinophilic pneu-
monia and Churg–Strauss syndrome [67,68]. Lipid-laden 
macrophages provide clues to amiodarone exposure, 
whereas the hemorrhagic syndromes produce hemosid-
erin-laden macrophages.

Bronchoscopic transbronchial lung biopsies should be 
considered in the diagnosis of interstitial lung diseases, 
especially in patients with contraindications to surgical 
lung biopsy. Due to the relatively small size of the trans-
bronchial lung biopsy, they are not usually able to establish 
the diagnosis but may often reveal an alternative diagnosis, 
so surgical lung biopsy remains the gold standard [69,70]. 
Recently, there has been some literature supporting flexi-
ble bronchoscopic transbronchial cryobiopsy for the diag-
nosis of interstitial lung disease (ILD) yet due to limited 
data and higher complication rates of pneumothorax and 
bleeding, this technique has yet to become a first-line diag-
nostic procedure in ILD [71].

6.11  Infection

Pneumonia is frequently encountered by the chest physi-
cian and such infections may be treated empirically or by 
microbiological evaluation of sputum. The rate of radio-
graphic resolution of community-acquired pneumonia 
depends on the patient’s age and occurrence of underlying 
structural lung disease. Overall, 73% of patients have reso-
lution within six weeks [72]. However, when pneumonia 
is recurrent or fails to resolve, bronchoscopy may be nec-
essary [73]. Feinsilver and colleagues, in a review of 
35 patients, reported on the role of the flexible fiberoptic 
bronchoscope in nonresolving pneumonia [74]. When a 
specific diagnosis other than community-acquired pneu-
monia was present, flexible FOB was able to yield the cor-
rect diagnosis in 12 of 14 patients. Of the 23 patients with 
nondiagnostic bronchoscopy, 21 had no other explanation 
for their infiltrate except community-acquired pneumo-
nia, suggesting a high negative predictive value of a nondi-
agnostic bronchoscopy. Bronchoscopy is more likely to 
yield a specific diagnosis when the infiltrate has been pre-
sent for more than 30 days and is multilobar rather than 
lobar or segmental, and when the patient is less than 
55 years old [74]. Patients who are older or those with 
impaired immune systems (e.g., those with chronic obstruc-
tive pulmonary disease, alcohol abuse, and diabetes) have 

slower resolution of their pneumonia [74]. Thus, bron-
choscopy may be delayed in these patients.

Immunocompromised patients are particularly prone to 
opportunistic pulmonary infection by a variety of organ-
isms. Huang et al. reviewed the diagnostic yield of bron-
choscopy in patients with nondiagnostic induced sputa. In 
their study, a diagnosis was established in 50.5% of evalua-
tions, with bronchoscopy providing the only or an early 
diagnosis of tuberculosis in 64% of cases [75]. Bronchoscopy 
with BAL offers a safe and relatively rapid means of sam-
pling the lower respiratory tract. In patients with acquired 
immunodeficiency syndrome, Pneumocystis jiroveci is a 
major concern, and obtaining both BAL and transbron-
chial biopsy provides nearly 100% sensitivity [76]. In a 
study of 100 immunocompromised patients, Martin and 
associates were able to demonstrate opportunistic infection 
in 33%, obviating the need for open lung biopsy [77]. 
Through the use of smear, stains, and monoclonal anti-
body detection methods, the lavage fluid can be rapidly 
screened. If the preliminary results are negative and an 
open lung biopsy is deemed necessary, it can be done 
within a few hours. Thus, even a negative BAL need not 
cause significant delay in proceeding with the more defini-
tive open lung biopsy.

Fiberoptic bronchoscopy is an important addition in the 
evaluation of critically ill patients with fever and infiltrates 
suggestive of pneumonia [78]. Fiberoptic bronchoscopy 
with BAL is a commonly used method for collecting these 
samples and also allows for visual inspection of the airways 
and removal of any retained secretions. In critically ill can-
cer patients, bronchoscopy with BAL and sometimes trans-
bronchial biopsy is often essential for establishing a 
diagnosis, especially in the neutropenic patient [79,80]. BAL 
may be safely undertaken in patients on positive pressure 
ventilation, with coagulopathy or thrombocytopenia [81].

Cavitary lung lesions represent a special diagnostic chal-
lenge for the chest physician. Although many are of an 
infectious origin, the incidence of associated carcinoma has 
been reported to be 7.6–17% [82]. Thus, bronchoscopic 
examination may be necessary to evaluate the possibility of 
cancer in patients presenting with cavitary lesions. In addi-
tion to assessing for malignancy, bronchoscopy offers an 
opportunity to collect specimens for microbiological studies. 
There are also reports of successful drainage of abscess via 
transbronchial catheters placed with a bronchoscope [83].

6.12  Lobar Collapse

Of all of the abnormal radiographic patterns, the diagnos-
tic yield of bronchoscopy is highest when lobar collapse is 
being evaluated [84]. Persistent atelectasis may be a mani-
festation of an endobronchial lesion with postobstructive 
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consolidation. Such a process requires endoscopic evalua-
tion and appropriate treatment. Of the 54 patients under-
going bronchoscopy for lobar collapse, Su and coworkers 
noted that 35 (65%) had an endobronchial mass, eight 
(15%) had abnormal bronchial mucosa, and four (7%) had 
narrowed, compressed, or stenosed airway [84].

Fiberoptic bronchoscopy has also been used therapeuti-
cally in critically ill patients with lobar collapse or atelecta-
sis. Hasegawa and coworkers noted that 27% of emergent 
bronchoscopy was performed for atelectasis and mucus 
plugging [85]. Patients with underlying neuromuscular 
disease, such as those with spinal cord injuries or Guillain–
Barré syndrome, may especially benefit from removal of 
retained secretions [86]. Indications for FOB in lobar col-
lapse or atelectasis are for those patients with lobar or 
greater atelectasis not responding to chest physiotherapy 
or life-threatening whole-lung atelectasis.

6.13  Pleural Effusions

Pleural effusions are generally evaluated by thoracocente-
sis, closed pleural biopsy, pleuroscopy, or video-assisted 
thoracoscopy (VATS) [87]. The recent widespread use of 
thoracoscopically guided pleural biopsies may serve as an 
alternative to bronchoscopy. The development of a semi-
flexible thoracofiberscope (Olympus™ LTF) in comparison 
to an Abram’s biopsy needle demonstrated an improved 
sensitivity (81% versus 62%) and excellent views of the 
pleura and may aid in the search for elusive causes of per-
plexing pleural effusions [88]. The majority of effusions that 
remain undiagnosed have a high incidence of malignancy 
[89,90]. In such situations, FOB may play a role, particularly 
in the presence of cough, hemoptysis or if the lung does not 
fully reexpand. Bronchoscopy may be indicated to evaluate 
for endobronchial obstruction that may have contributed to 
the lung collapse and subsequent pleural effusion.

6.14  Chest Trauma

The chest is frequently subjected to various types of trauma. 
Physical trauma injuries may be due to either blunt or pen-
etrating insult. Bronchoscopy is frequently necessary fol-
lowing major thoracic trauma, both blunt and penetrating, 
to assess for airway damage [91,92]. Hara and Prakash, in a 
retrospective review, noted bronchoscopy was of diagnos-
tic value in 28 (53%) of 53 patients admitted with trauma 
[93]. High tracheal lesions have been overlooked with 
resultant patient death in some cases and some authors 
have suggested that all cases of major thoracic trauma be 
evaluated by bronchoscopy [94–97].

Fiberoptic bronchoscopy in trauma situations is able to pro-
vide both therapeutic and diagnostic benefit. Intubation with 
the fiberoptic scope can provide direct visualization of the air-
way and vocal cords while permitting simultaneous intuba-
tion, particularly in those with severe neck injury. In the 
evaluation of the multitrauma patient, the occurrence of cervi-
cal or sternal fractures, pneumomediastinum, and persistent 
chest tube air leak are all markers of possible significant airway 
injury and the performance of FOB should be considered.

In addition to the initial evaluation of the trauma victim, 
bronchoscopy may also be necessary to diagnose and man-
age posttrauma complications including aspiration and 
mucus plugging.

6.15  Lung Transplantation

With improved operative survival of patients undergoing 
lung transplant, the postoperative management of such 
patients presents a special challenge to the chest physician. 
The transplant patient is susceptible to complications 
related to the bronchial anastomosis, rejection, infection, 
and bronchiolitis obliterans. Bronchoscopy is of critical 
importance in the evaluation and management of airway 
complications and in the differentiation of rejection ver-
sus infection [97–99]. Although surgical advances have 
decreased the incidence of anastomotic dehiscence, bron-
choscopy should be performed in patients with persistent 
chest tube air leak to assess the anastomotic site. The lung 
transplant patient may also develop suture granuloma with 
compromise of the airway. Bronchoscopy is used to evalu-
ate these patients and may also serve a therapeutic role 
(e.g., stent placement or laser resection of the granulomas 
and offending suture material) [100].

In the lung transplant patient, infection and rejection 
can present with similar clinical and radiographic findings. 
Because the treatment for either is different, bronchoscopy 
with transbronchial biopsy must be performed to differen-
tiate between the two entities [97–99,101]. The develop-
ment of bronchiolitis obliterans remains a major obstacle 
to long-term survival of the lung transplant patient. Its 
manifestation includes the presence of new or increasing 
airway obstruction or restriction on pulmonary function 
testing. However, histological confirmation requires tissue 
sampling via transbronchial biopsy [102].

6.16  Bronchography

Prior to the advent of the bronchoscope and CT, bronchogra-
phy was frequently used to define the airway anatomy. Now, 
3D reconstruction of CT images and virtual bronchoscopy 
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(VB) have essentially replaced bronchography for defining 
airway anatomy. Still, the use of real-time endobronchial 
bronchography can aid in navigating the airways to locate 
cavities and lesions. This technique has been described by 
Ono and associates with mapping of the location of the 
peripheral lung lesion by selective peripheral bronchograms, 
performed through the flexible bronchoscope [103].

6.17  Pulmonary Nodules

Peripheral lesions are those that cannot be directly viewed 
through the bronchoscope. The location, size, and tech-
nique used in the attempted bronchoscopic diagnosis of 
these lesions also play a significant role in diagnostic yield. 
Lesions less than 2 cm historically have a diagnostic yield 
of 30%, compared with 80% in those over 4 cm [104–108]. 
With the use of advanced imaging and navigation tech-
niques, yield for pulmonary nodules less than 2 cm has 
been reported as high as 74% [109]. Distance from the 
hilum has also been suggested to play a role in diagnostic 
yield, with nodules in the peripheral one-third of the lung 
having significantly lower yield than more central lesions 
[110]. Intuitively, this makes sense although most experi-
enced bronchoscopists will agree that it is really dependent 
on the nodule’s proximity to the airway and the angle and 
number of turns it takes to reach the lesion.

Lesions in the apical segments and superior basal seg-
ments are often very difficult to reach with biopsy and 
diagnostic instruments. More peripheral lesions may also 
present a higher risk for pneumothorax complication, 
especially when using the ultrasound probe. Typically, the 
radial ultrasound probe, electromagnetic navigation bron-
choscopy (ENB) probe, catheters, and transbronchial nee-
dles have difficulty making sharp turns in the airway. 
Biplanar or C-arm fluoroscopy-assisted transbronchial 
biopsy has been the standard for peripheral lesions, but in 
the past decade, additional techniques such as radial ultra-
sound probe, CT fluoroscopy, CT guidance, VB, ENB, or 
some combination of these modalities have become 
increasingly common in practice and research and appear 
to demonstrate increased yield over fluoroscopy alone 
[109,110].

The type of biopsy instrument may also have a signifi-
cant impact on diagnostic yield. There are a wide variety of 
instruments to use for biopsy, including forceps, brush, 
needle, needle brush, and curette. If a cytology brush is to 
be used to sample a peripheral lesion, it should be used 
before the transbronchial biopsy is performed, so as not to 
contaminate the airway with blood that may later cover the 
brush [105]. TBNA biopsy of the peripheral nodule pro-
duces a higher yield compared to standard transbronchial 

forceps biopsy [111,112]. The addition of TBNA to trans-
bronchial forceps biopsies, washings, and brushings 
increases a yield from 48% to 69% [111].

6.18  Lung Masses and Mediastinal 
Adenopathy

Lung cancer is the most common fatal malignancy in the 
United States. Its prevalence would explain why, in a recent 
survey of North American bronchoscopists, the presence 
of a mass on a chest radiograph was the most frequent indi-
cation for bronchoscopy [9].

From the bronchoscopist’s viewpoint, masses can be 
divided into those centrally and those peripherally located 
[113]. Central masses or their effects on the central air-
ways, such as extrinsic obstruction, may often be directly 
visualized through the bronchoscope. Endobronchial 
lesions may be easily biopsied using forceps with 3–4 biop-
sies being considered sufficient for sampling [114,115]. The 
diagnostic yield of forceps biopsy of central lesions ranges 
from 55% to 85%, depending on the cell type [113]. 
Cytological analysis of central lesions can be conducted 
through the collection of washings and cytology brushes. 
Collection of cytology specimens with a cytology brush 
appears to be effective, with a diagnostic yield of 62–78% 
[116]. TBNA is felt to be useful with submucosal lesions or 
lesions that cause extrinsic compression of the bronchus. It 
is also recommended for use in those lesions that are 
necrotic or likely to bleed. The diagnostic yield for TBNA is 
increased with proper, immediate preparation of the speci-
men. The most important role of TBNA is in the staging of 
lung cancer, as discussed later, where it can be used to aspi-
rate hilar or mediastinal lymph nodes [117].

Shure and Fedullo utilized TBNA plus wash, forceps, and 
brush to help diagnose patients with central endobronchial 
lesions, with a diagnostic yield of 97% [118]. Dasgupta et al. 
performed a prospective study of 55 patients with submu-
cosal or peribronchial disease. They compared the diagnos-
tic yield of TBNA versus combined diagnostic procedures of 
wash plus brush plus forceps biopsy. The diagnostic yield 
for TBNA plus combined procedures was 96% and that of 
TBNA alone was 95.6% in patients with submucosal or peri-
bronchial disease [119]. FOB allows direct examination of 
the airway where an incidental endobronchial malignancy 
is found in 3.5% of the cases of lung cancer [46].

The use of TBNA versus transthoracic needle aspiration 
(TTNA) in the diagnosis of patients with central and 
peripheral lesions was evaluated by Wang et al. in a pro-
spective study of 329 patients [120]. TBNA established the 
diagnosis of malignant or benign disease in 68.1% of 
patients overall. The yield for patients with mediastinal 
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lesions was 89.3%, with that of peripheral lesions without 
mediastinal abnormality being 45.6%. TTNA established 
the diagnosis in 83.3% of those with mediastinal lesions 
versus 66.7% of those with lung lesions. This study con-
cluded that TBNA should be the invasive procedure of 
choice in patients with central chest lesions. In patients 
without mediastinal or hilar involvement, TBNA should be 
considered first owing to the reasonable chance of obtain-
ing a diagnosis, ability to visualize the central airways to 
rule out synchronous lesion, and the low complication rate 
compared to that of TTNA.

The evaluation of patients who present with suspicious 
or malignant cells in the sputum is another important area 
for diagnostic bronchoscopy. While screening for lung can-
cer with sputum cytology is not currently recommended on 
a population scale, it is still a noninvasive and cost-effective 
initial diagnostic technique for evaluating lung abnormali-
ties, including masses [121]. The bronchoscopic evaluation 
of a patient with positive sputum cytology and a normal 
chest X-ray is less well defined [122]. The stepwise approach 
starts with a thorough examination of the mouth, pharynx, 
and larynx. If negative, bronchoscopy is performed. If no 
endobronchial lesion is noted, a detailed analysis of each 
segment and subsegmental bronchi is conducted, includ-
ing collecting separate cytology specimens from each area.

Lam et  al. performed autofluorescence bronchoscopy 
(AFB) in 82 patients with an exposure history to asbestos or 
diesel, demonstrating a sensitivity for moderate to severe 
dysplasia and carcinoma in situ (CIS) of 52% for white light 
bronchoscopy (WLB) and 86% AFB with specificity of 81% 
and 79% respectively [123]. Nakhosteen and Khanavkar 
showed AFB to be 2.6 times more sensitive in the diagnosis 
of dysplasia and CIS when compared with WLB [124]. In 
contrast to these preliminary studies, AFB when used in a 
high-risk lung cancer screening population in Canada 
showed no significant benefit to AFB use in early lung can-
cer detection and essentially ended the practice of AFB 
screening bronchoscopy [125]. In centers with the technol-
ogy, AFB is often used for determining cancer margins and 
for biopsy site selection.

In addition to the diagnosis of bronchogenic carcinoma, 
the application of flexible bronchoscopy plus the utiliza-
tion of TBNA represents an extremely efficient combina-
tion giving the bronchoscopist the ability to stage and 
diagnose the patient. Additional imaging guidance tech-
niques such as endobronchial ultrasound (EBUS), CT, 
fluoroscopy, VB, and ENB have all been used as adjuncts to 
TBNA to increase diagnostic yields. Convex probe (CP) or 
linear EBUS TBNA has reported up to 95% sensitivity, 100% 
specificity, and 97% accuracy [56].

Restaging bronchoscopy is particularly important in 
patients already undergoing cancer therapy and response 

may be best assessed with the use of combined evaluation. 
Imaging procedures such as CT and positron emission 
tomography (PET) scans are now regularly used in the fol-
low-up of bronchogenic carcinoma. Any evidence of recur-
rence or tumor growth will need to be verified with tissue 
or cytological sampling. Patients who initially received a 
mediastinoscopy or mediastinotomy often require diagno-
sis of mediastinal abnormalities or growths during or after 
therapy. Since repeat mediastinoscopy is technically diffi-
cult, especially if radiation therapy was also used, TBNA is 
often the best procedure to restage the mediastinum.

Esophageal cancer, because of its close proximity, fre-
quently involves the respiratory tract. The degree of 
involvement has an impact on resectability. In a review of 
525 bronchoscopies on patients with esophageal cancer, 
Choi and associates noted 91 (17.3%) had impingement of 
the airway, whereas 87 (16.6%) had direct invasion 
through the respiratory mucosa [126,127]. Although the 
surgical implications of the latter group are obvious, 
bronchoscopy has its shortcomings in patients found to 
have a normal airway or simple compression without 
obvious invasion. Seven percent of the “normal” and 20% 
of the “compression” patients have frank invasion at the 
time of surgery (62%).

The lung is frequently involved with metastatic carci-
noma. Bronchoscopy plays an important role in evalua-
tion of these patients. In a report of 111 patients with 
metastatic disease, Argyros and Torrington noted that 44 
patients (39.6%) had abnormal bronchoscopic findings 
[128]. Patients who present with cough, hemoptysis, and 
chest pain and those with localized wheeze or rhonchi are 
more likely to have abnormal findings on bronchoscopy 
[128,129]. Malignancies most likely to have endobronchial 
metastases include renal cell carcinoma, the adenocarci-
nomas, melanoma, sarcoma, Kaposi sarcoma, and lym-
phoma [128].

6.19  Therapeutic Bronchoscopy

The roots of endoscopy, as noted by Hippocrates, are in 
the treatment of patient suffering. This ability markedly 
expanded in 1897, when Gustav Killian reported the inspec-
tion of the tracheobronchial tree with a report of extraction 
of foreign bodies, most notably a chicken bone [1].

In the new millennium, we have seen the emphasis on 
bronchology come full circle. The introduction of the flex-
ible bronchoscope has greatly expanded the role of the 
bronchoscope in clinical practice; the therapeutic applica-
tions of the bronchoscope are listed in Table 6.2.

Frequently, the diagnostic and therapeutic applications of 
the bronchoscope occur simultaneously. The therapeutic 
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applications of the flexible bronchoscope will be further 
detailed later in this text, but include the following.

6.19.1 Foreign Body Aspiration and Removal

Aspiration of a foreign body served as the impetus for the 
first bronchoscopy [1]. The bronchoscope continues to play 
a major role in this entity, avoiding the need for major sur-
gical procedures. Older children and adults can often pro-
vide a reliable history of foreign body aspiration. However, 
in younger children, and occasionally in adults, a clear his-
tory of aspiration may not be available. Pasaoglu and col-
leagues noted that 48% of 822 children gave a clear 
statement of aspiration [130]. Although radiopaque objects 
can be detected by X-ray examination, radiolucent objects 
present with normal chest X-ray or with focal hyperinfla-
tion, infiltrate, or atelectasis [130]. Traditionally, the rigid 
bronchoscope has been preferred, with successful removal 
in 85% of cases [131]. However, similar success has been 
reported with the FOB with lower morbidity and mortality 

[132,133]. As training of new pulmonologists offers 
increasingly less experience in the use of the rigid scope, 
the flexible scope will be used more and more to remove 
foreign bodies. The flexible scope offers the advantage of 
greater access to the periphery. It can also be used in 
patients with an unstable neck or those on mechanical 
ventilation. Various instruments for extraction are availa-
ble for the flexible bronchoscope, including basket retrieval 
devices, three-pronged foreign body forceps, endobron-
chial balloons, and cryoprobes. If sufficient time has passed 
since the aspiration, the foreign body may be completely 
surrounded by granulation tissue. The granuloma should 
be removed and dissected carefully to find the foreign body.

6.19.2 Pulmonary Toilet

Pulmonary toilet is probably the most common therapeu-
tic application of the bronchoscope. This is commonly 
required in patients who have an impaired cough mecha-
nism from a variety of causes or excessive sloughing of 
the endobronchial mucosa, as seen in airway burn 
patients [134]. Generally, the scope with the largest work-
ing channel is preferred to enhance removal of the secre-
tions. Caution should always be exercised when the 
procedure is performed to ensure that the risk of nosoco-
mial infection is outweighed by the benefit of clearing the 
secretions and mucus.

6.19.3 Electrosurgery and APC

In addition to serving as a vehicle for the delivery of laser 
light and radiation catheters, the bronchoscope can be 
used to deliver electricity for electrocautery. This is per-
formed by the application of heat generated by an electrical 
current. This may be applied in either a contact or noncon-
tact mode. Traditional contact electrosurgical modalities 
have been utilized for decades in surgery and now may be 
applied through various instruments developed for the 
flexible bronchoscope.

A more recent addition to the performance of flexible 
bronchoscopy is the introduction of APC which uses ion-
ized argon to produce an electrical current to the target 
site. This is applied in a noncontact technique and most 
frequently is used for endobronchial coagulation and 
debulking of friable or bleeding endobronchial lesions or 
tumors [135].

In comparison with laser photoresection, electrosurgery 
offers the advantage of a more superficial application of 
energy to the mucosal wall, lower start-up cost, and shorter 
procedure time [136]. Despite the decreased risk for deeper 
penetration of the energy with the electrosurgical tech-
niques, laser, electrocautery, and APC all have an inherent 

Table 6.2 Indications for therapeutic bronchoscopy

Pulmonary toilet

Removal of foreign bodies

Removal of obstructive endobronchial tissue

Malignant

Brachytherapy

Laser

Cryotherapy

Electrosurgery/argon plasma coagulation

Photodynamic therapy

Nonmalignant

Stent placement

Bronchoalveolar lavage

Aspiration of cysts

Mediastinal

Bronchogenic cysts

Drainage of abscesses

Lobar collapse

Intralesional injection

Thoracic trauma

Bronchoscopic bronchopleural fistula (BPF) closure techniques

Bronchial thermoplasty for severe asthma

Endobronchial valve placement for heterogeneous emphysema 
without collateral ventilation

Airway maintenance (tamponade for bleeding)

Research indications

Bronchoscopic lung volume reduction (BLVR)
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risk for endobronchial fire and oxygen levels must always 
be below 0.4 FiO2 prior to use of the thermal energy in the 
airways. Flammable material in the airway (i.e., endotra-
cheal tube, silicone stents, covered stents, etc.) must be 
well removed from the area of electrocautery or APC use to 
avoid airway fires. As APC uses a jet of argon gas to carry 
the electrical charge to the endobronchial lesion, there 
have been reports of gas embolism as a result of APC use 
and perforation of the bronchial wall [137,138]. Animal 
studies indicate gas flow level to be proportional to the risk 
for gas embolism but further study to determine the opti-
mal flow rate to minimize this risk is still needed [138].

6.19.4 Cryotherapy

Although bronchoscopic cryotherapy has been available 
since the 1970s [139], its use has been rather limited. Its 
utility in comparison with laser and brachytherapy is a 
matter of some debate. Proponents argue that cryotherapy 
is safer because of the lower risk of bronchial wall perfora-
tion and endobronchial ignition, no limitation of supple-
mental oxygen that may be used during the procedure, 
no danger to the operator’s eyes, and a lower start-up 
cost [140,141]. Additionally, cartilaginous, connective, and 
fibrous tissues are inherently resistant to cryoptherapy 
while mucous membranes, granulation tissue, and tumor 
are sensitive to its effects, allowing for selective destruction 
of the abnormal tissue [142]. The pros are balanced by 
those who note that cryotherapy may require several fol-
low-up bronchoscopies to remove tissue slough and that 
there is a delay between application of the treatment and 
establishment of maximal airway patency [143].

Mathur et  al. studied the application of this technique 
with a cryoprobe through the flexible bronchoscope in 22 
patients [144]. Twenty patients had malignant tracheo-
bronchial obstruction and two had stenosis after lung 
transplantation. All therapy was carried out under con-
scious sedation in a bronchoscopy suite. Eighteen of 
the  malignant endobronchial lesions were completely 
removed, with two patients experiencing easily treated 
bronchospasm. Studies continue to demonstrate the effec-
tiveness of cryosurgery for inoperable endobronchial 
tumors, including recanalization of the airway on the ini-
tial procedure with the cryoprobe [145]. As noted in the 
foreign body removal section, a flexible cryoprobe can be 
extremely useful in removal of any porous object from the 
airway as well as large blood clots or mucus plugs.

Newer technological advances have added a modality of 
cryotherapy in a liquid nitrogen spray form that allows for 
bronchoscopic noncontact delivery through a flexible cath-
eter to tissue at temperatures much lower than previous 
cryotherapy devices [146]. Spray cryotherapy (SCT) has 

been used bronchoscopically in benign and malignant air-
way disease. The main limitation of SCT is management of 
the nitrogen gas produced as the liquid nitrogen undergoes 
phase change [147]. Egress of this gas from the lungs can 
be performed safely with the use of appropriate sized 
endotracheal tubes and allowing gas egress during spray-
ing with an endotracheal tube disconnected from the ven-
tilator and cuff deflated [148]. Metered dose SCT is the 
most recent advancement in SCT that is being evaluated 
for the bronchoscopic treatment of chronic bronchitis and 
has shown initial safety and favorable histological effect in 
the airways [149]. Larger studies with metered dose SCT 
are currently under way.

6.19.5 Laser Photoresection

Indications and contraindications for the appropriate use 
of endoscopic laser therapy are dependent upon the ana-
tomical characteristics of the obstructing lesion and clini-
cal condition [150] (Table 6.3).

The application of laser to an obstructive lesion allows 
rapid reestablishment of airway patency, which in turn 
allows ventilation of the distal lung and drainage of pos-
tobstructive pneumonia. Coagulative effects of the laser 
energy can be used to palliate patients with hemorrhagic 
endobronchial tumors. Several reports have demonstrated 
improved airway patency in 79–92% of patients [151–154]. 
Laser light can only be applied to the visible endobronchial 
part of the lesion and a significant amount of extraluminal 
mass tumor in the case of malignancy may be left behind. 
This extraluminal tumor may be amenable to adjuvant 
radiotherapy, via either external beam or bronchoscopi-
cally administered brachytherapy. Once a lumen has been 

Table 6.3 Contraindications to laser bronchoscopy

Anatomical contraindications Clinical contraindications

Extrinsic obstruction without 
endobronchial lesion

Candidate for surgical 
resection

Lesion incursion into bordering 
major vascular structure (e.g., 
pulmonary artery) with 
potential for fistula formation

Unfavorable short-term 
prognosis without hope for 
palliation of symptoms

Lesion incursion into bordering 
esophagus with potential for 
fistula formation

Inability to undergo 
conscious sedation or 
general anesthesia

Lesion incursion into bordering 
mediastinum with potential for 
fistula formation

Coagulation disorder

Total obstruction more 
than 4–6 weeks

Source: Turner and Wang [150].
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reestablished, stent placement may delay reocclusion. 
Laser treatments may be used multiple times as the tumor 
grows back into the lumen. The complications of laser 
include hypoxemia, hemorrhage, perforation into adjacent 
structures, and endobronchial ignition of equipment 
[144,154].

The therapeutic role of laser is more apparent in the less 
commonly occurring benign airway obstructions. Its use 
in benign endobronchial tumor, such as endobronchial 
hamartoma, has been well described and can obviate the 
need for more aggressive surgical resection [151,152,155]. 
Other causes of benign airway obstruction treatable by 
laser photoresection include tracheal granulomas (e.g., 
suture granuloma), tracheal stenosis (e.g., postintubation 
injury), endobronchial amyloidosis, syphilis gumma, and 
osteoplastic tracheopathy [151,152,156], as well as closure 
of a bronchopleural fistula (BPF) [157,158].

6.19.6 Photodynamic Therapy (PDT)

This process requires the injection of a hematoporphyrin 
derivative, which serves as a photosensitizer. The subse-
quent delivery of laser light through the bronchoscope acti-
vates a hematoporphyrin derivative, resulting in tissue 
necrosis. For over a decade, this technique has demon-
strated potential for palliative treatment in patients with 
unresectable endobronchial tumors and more recently has 
shown some success in therapy for curative intent both 
alone or with external beam radiation in selected patients 
[159–165]. PDT has been seen to benefit control of tracheal 
papillomatosis [166]. Complications may include sunburn 
to skin exposed to bright light, hemoptysis, and production 
of necrotic tissue slough obstructing the airways. Due to 
the expense and the light sensitivity to the patient, this 
therapy is only used at a limited number of centers.

6.19.7 Brachytherapy

The presence of an endobronchial obstruction, whether due 
to malignant cancer, benign tumor, or other benign lesion, 
often requires urgent medical attention. Bronchoscopy 
offers a unique means of delivering local treatment for 
these lesions. Large malignant endobronchial tumors can 
be treated by a variety of methods depending on the char-
acteristics of the tumor and previous treatment. Because 
the endobronchial tumor represents only “the tip of the 
iceberg” with substantial submucosal and parenchymal 
tumor load, external beam radiation is a preferred modality 
to attack the entire tumor burden. When external beam 
radiation cannot be provided because of the danger 
of  exposure to adjacent structures, brachytherapy offers 
an alternative mode of radiation delivery. Paradelo and 

coworkers, using a bronchoscopically positioned catheter 
to deliver radioactive seeds to the area of obstruction 
caused by tumor, noted symptomatic improvement in 30 
of 34 patients (88%) [167]. Radiographic improvement 
or stability was noted in 22 of 24 patients (92%) [167]. 
Complications of brachytherapy include necrotic cavita-
tion, fistula formation, and hemorrhage [168]. Implantation 
of radioactive seeds into inoperable lung tumor has also 
had some limited success in recent case series and may pro-
vide another modality for brachytherapy with a more pre-
cise delivery of the radiation dose and perhaps a decrease 
in the complication rate [169].

6.19.8 Bronchoalveolar Lavage

Bronchoalveolar lavage has several well-known diagnostic 
applications, mostly in the diagnosis of infectious or dif-
fuse lung disease. BAL does have a therapeutic role in 
bronchoscopy. In patients with pulmonary alveolar pro-
teinosis, BAL plays a unique diagnostic and therapeutic 
role. Diagnosis by analysis of the lavage fluid can obviate 
the need for an open lung biopsy. Therapeutically, the lav-
age allows mechanical removal of intraalveolar phospho-
lipids [170,171]. Approximately two-thirds of patients will 
require lung washings. About 50% require only a single 
treatment with multiple lavages necessary in other patients 
with pulmonary alveolar proteinosis [172]. There are few 
relative contraindications to BAL which include FeV1 <1 L, 
asthma with moderate airway obstruction, hypercapnia 
and hypoxemia which cannot be easily corrected, serious 
cardiac arrhythmia, hemodynamic instability, or bleeding 
diathesis [173].

6.19.9 Aspiration of Cysts

Bronchogenic cysts present a diagnostic and therapeutic 
dilemma, often in otherwise healthy asymptomatic 
patients. Often surgery is required for histological confir-
mation or to relieve compression on adjacent structures. 
However, there are several reports of successful diagnosis 
and therapeutic decompression of cysts using transbron-
chial needle aspiration [174,175].

6.19.10 Drainage of Lung Abscesses

Lung abscesses are treated with antibiotics and adequate 
drainage. Drainage is usually attempted with chest physio-
therapy and postural drainage. Surgical intervention is gener-
ally considered to be the next step in patients who do not 
respond to these drainage maneuvers [176,177]. However, the 
bronchoscope can be used not only to obtain culture material 
but also to effectively drain the cavity [178]. Bronchoscopic 
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placement of an indwelling drainage catheter has been 
attempted in a small number of patients with good results 
[83]. Patient comfort and aspiration risk with a catheter in 
place while the patient is awake are significant barriers to the 
widespread use of this technique. During any bronchoscopic 
evaluation of a lung abscess, care must be exercised to avoid 
spillage of the abscess fluid throughout the other airways.

6.19.11 Stents

Most of the above methods of removing airway obstruction 
are limited in their application to only endobronchial 
lesions. In situations where the airway is compromised by 
extrinsic compression or loss of tracheal cartilaginous 
rings, placement of a prosthetic stent may be able to pro-
vide patency. Stents have also been used in patients with 
anastomotic stenosis following sleeve resection or lung 
transplant [179,180]. Stent placement may be performed by 
means of either the rigid or flexible scope [181,182] and is 
discussed more fully later in this book.

6.19.12 Balloon Dilation

Dilation of stenosis and coring out of central obstruction 
caused by benign or malignant disease of the airway has 
long been practiced with the rigid bronchoscope [183,184]. 
The flexible bronchoscope has also been demonstrated to 
allow effective balloon dilation. Hautmann et al. reported on 
78 patients who underwent a total of 126 dilation procedures 
for malignant tracheobronchial disease [185]. Indications 
included symptomatic stenosis of the tracheobronchial tree 
(dyspnea or stridor), retention pneumonia, atelectasis, reten-
tion of secretions, or lung abscess. The two lung abscess 
noted both resolved, with improvement in atelectasis, pneu-
monia, and dyspnea in 62%, 92%, and 37% respectively. 
Complications consisted of one fatality due to hemoptysis 
and minor bleeding which did not require specific therapy.

Balloon dilation has also been used successfully with 
flexible bronchoscopy and laser therapy in the treatment of 
benign laryngotracheostenosis (LTS), thus avoiding tra-
cheal surgeryand with a significant proportion requiring 
only one dilation [186]. Balloon dilation has also played an 
integral role in the evolution of expandable metallic endo-
bronchial stent deployment [187]. Dilation equipment typ-
ically includes a standard flexible bronchoscope with a 
balloon catheter ranging in sizes from 8 to 16 French and a 
balloon length of 2.5 to 4.0 cm [188].

6.19.13 Fistula

Fistulas are known to occur between the airway and its 
 surrounding structure. BPFs are the most common and 

generally occur after surgery. BPFs are also associated with 
tuberculosis, pneumonia, empyema, and lung abscess 
[189,190]. Proximally located fistulas may be directly visu-
alized. However, localization of fistulas distal to the reach 
of the flexible bronchoscope is more challenging. In such 
situations, an occluding balloon is systematically passed 
into each bronchial segment and inflated. When the cor-
rect segment is located, inflation of the balloon will result 
in a reduction in the air leak [189,191]. Once localized, the 
bronchoscope can also be used therapeutically to seal the 
leak with a variety of tissue sealants or endobronchial 
valves [192–195].

Tracheoesophageal fistulas may be the result of a con-
genital defect or, more commonly in the adult, related to a 
malignancy of the aerodigestive system and its treatment. 
The most frequent symptom indicating the presence of a 
fistula is cough, especially triggered by swallowing or being 
in the decubitus position [196]. The overall yield of bron-
choscopic detection of a tracheal esophageal fistula is 83% 
[196]. In addition to this diagnostic role, bronchoscopy per-
formed in conjunction with esophagoscopy allows preop-
erative analysis and planning for surgical correction.

Aortobronchial fistula represents an uncommon but 
often lethal problem. The most common setting of aorto-
bronchial fistula is prior surgical repair of the aorta [197]. 
Other causes include syphilitic and atherosclerotic aneu-
rysms and tuberculous involvement of the aortic wall 
[197]. Aortograms frequently fail to demonstrate the fis-
tula. Graeber and coworkers reported only one of five aor-
tograms to be positive [197]. Bronchoscopy is diagnostic in 
50% of cases (7 of 14 cases) [198]. The bronchoscopist must 
understand the inherent danger of performing broncho-
scopy in the presence of an aortobronchial fistula. 
Manipulation of the fistula or its overlying clot may pre-
cipitate massive hemorrhage [197]. Thus, one must be pre-
pared to quickly isolate the hemorrhaging lung and proceed 
to immediate surgical repair.

6.19.14 Endotracheal Intubation

Traditionally, the laryngoscope is used to visualize the glot-
tis for correct intubation of the airway. However, in diffi-
cult cases a fiberoptic bronchoscope offers an excellent 
alternative. Situations where the need for flexible bron-
choscopy may be anticipated include patients with either 
fixed or unstable cervical spines, ankylosis of the temporal 
mandibular joint, and patients with large oral pharyngeal 
tumors [199]. Additionally, the fiberoptic bronchoscope 
may be emergently needed when the glottis is unexpect-
edly difficult to visualize. Another role of the fiberoptic 
bronchoscope in the management of airways is confirma-
tion of correct endotracheal tube position. Although a 
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 portable chest X-ray is frequently adequate to confirm 
position, a few settings are better suited for the broncho-
scope. These include the obese patient where radiographic 
penetration of the mediastinum is insufficient and unsta-
ble patients where a delay is anticipated in obtaining a 
chest X-ray. Some have also advocated use of the broncho-
scope to check endotracheal tube position in the pediatric 
patient to decrease the radiation dose from routine chest 
X-ray [200].

Endobronchial intubation and tracheostomy are poten-
tial sources for iatrogenic airway injury [201]. Direct 
trauma to the vocal cords during passage of the endotra-
cheal tube can lead to scarring of the anterior commissure. 
The pressure at the various contact points along the path of 
the endotracheal tube results in ischemic ulceration [202]. 
Frequently, these injuries heal properly but with prolonged 
injury, cricoarytenoid joint fixation and scarring of the pos-
terior commissure can occur [203,204]. Overinflation of 
the cuff leads to circumferential ischemic necrosis of the 
trachea. The result may be loss of cartilaginous support 
and tracheomalacia or formation of fibrous stenosis during 
the repair process [205]. The transmission of cuff pressure 
through the tracheal wall may injure the recurrent laryn-
geal nerve, with a resultant vocal cord paresis [202]. 
Although tracheostomy eliminates the risk of glottic and 
subglottic injury, the stoma site is subject to stenosis by 
granulation, scarring, and contraction [202]. Bronchoscopy 
and laryngoscopy allow full anatomical assessment of 
these injuries and the institution of proper therapeutic 
maneuvers.

Both the flexible and rigid scope can be used to assess the 
airway proximal to the narrow airway. However, in situa-
tions of tight stricture, examination distal to the lesion may 
not be possible with the flexible scope. In these situations a 
rigid bronchoscope, which is capable of delivering mechan-
ical ventilation, may be used to complete the airway exami-
nation. The bronchoscopist should be aware that any 
manipulation of a critically narrowed stenosis may precipi-
tate complete obstruction by increasing secretions, hemor-
rhage, or edema. Thus, one should be prepared to perform 
immediate dilation.

Bronchoscopy may be used to assess the proper length 
and placement of transtracheal oxygen catheters. Patients 
receiving transtracheal oxygen therapy may have a cathe-
ter that has retroflexed through the vocal cord or is 
too  long, thus producing irritation and traumatizing the 
carina or bronchi. Although these conditions may be 
assessed by chest X-ray, direct visualization with the bron-
choscope may be needed. Irritation from the transtracheal 
oxygen catheter may also lead to granulation tissue forma-
tion along the cutaneotracheal tract, requiring broncho-
scopic visualization and treatment. The transtracheal 

catheter also serves as a nidus for large mucous plug for-
mation, which may require bronchoscopic evaluation and 
removal [206].

6.19.15 Endobronchial Gene Therapy

The flexible bronchoscope has also been utilized in the 
delivery of gene therapy into the trachea-bronchial tree. 
Research into the delivery of therapy to the endobronchial 
mucosa and alveoli, as well as applying such therapy to the 
pulmonary vasculature in the treatment of the vascular 
endothelium, is ongoing [207–210].

6.19.16 Bronchial Thermoplasty (BT)

Recently, studies have been targeting therapy for medically 
refractory asthma by bronchoscopically administering 
radiofrequency (RF) energy to the bronchial walls and 
destroying the underlying smooth muscle that bronchoc-
onstricts the airways in asthma [211]. The initial Asthma 
Intervention Research trial (AIR) and Research in Severe 
Asthma trial (RISA) study results appeared to indicate 
improved asthma control over a 6–12-month period, 
although the more severe asthmatics had significantly 
more postprocedural complications and hospitalizations 
than the control group [211,212]. The AIR2 five-year exten-
sion trial showed durability of effects seen in the AIR trial 
over a five-year period [213]. A different cohort with 
slightly more advanced severe asthma patients was recently 
reported in the PAS2 (Post-FDA Approval Clinical Trial 
Evaluating Bronchial Thermoplasty in Severe Persistent 
Asthma) study and demonstrated a significant decrease in 
number of severe exacerbations, emergency department 
visits and hospitalizations in severe asthmatics who were 
treated with BT [214]. The combination of these studies 
supports the use of BT as an adjunct in the treatment of 
appropriately selected severe asthmatics.

6.19.17 Bronchoscopic Lung Volume 
Reduction (BLVR)

Various bronchoscopic techniques are currently being 
studied in efforts to duplicate some of the positive out-
comes that selected emphysema patients in the National 
Emphysma Treatment Trial (NETT) of 2003 experienced 
with surgical lung volume reduction surgery without the 
morbidity of a thoracic surgical procedure [215]. Currently, 
these techniques fall into three categories: endobronchial 
valves, airway bypass systems, and biological remodeling. 
The endobronchial valves are inserted into airways leading 
to overinflated and emphysematous lung with the intent to 
allow air and secretions to exit the distal portion of lung 
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but not allow air to enter, thus reducing the volume of that 
area of lung or collapsing it completely [216,217]. The air-
way bypass technique essentially attempts to reduce lung 
volume by using a RF balloon catheter to create an “air-
way” passage from a central airway to the hyperinflated 
portion of lung and allow for exhaust of the trapped air 
into the larger airways [218]. The third main technique is 
biological remodeling which attempts to collapse the areas 
of hyperinflated lung using a biological sealant that is 
administered through the bronchoscope into the target 
areas of lung [219]. The sealant collapses the lung section 
permanently at the parenchymal and alveolar level [219].

Endobronchial valves are the only category of BLVR that 
have FDA-approved uses in the United States [220,221]. 
The other techniques are still under evaluation, but the ini-
tial results from some of the earlier phase trials suggest 
that there will likely be a significant role for bronchoscopic 
treatment of emphysema in the near future.

6.20  Contraindications

Bronchoscopy has been shown to be a safe procedure since 
its early beginnings [222,223].

Although generally a safe procedure, the risks of compli-
cations of bronchoscopy are increased in the presence of 
several conditions (Table  6.4). The risk is especially 
increased in the presence of malignant cardiac arrhythmia, 
severe refractory hypoxemia, or severe bleeding diathesis 
(if biopsy is anticipated) [224,225].

The safety of fiberoptic bronchoscopy in patient with 
underlying coronary artery disease has been reviewed by 
several authors. Matot et al. studied the incidence of myo-
cardial ischemia in sedated patients undergoing fiberoptic 
bronchoscopy. In these 29 patients who were 50 years of 
age or older undergoing elective bronchoscopy [226], there 
was a significant rise in heart rate, with 17% demonstrating 
myocardial ischemia. It is notable that only one of the five 
patients demonstrating ST segment changes had a history 
of myocardial infarction and angina pectoris. Subsequently, 
a study by Dunagan et  al. in patients undergoing FOB 
within 10 days of a myocardial infarction showed no epi-
sodes of chest pain or ischemic events and no significant 
increase in major complications [227]. The implication of 
these and other studies is that while FOB remains an 
extremely safe procedure in patients with underlying coro-
nary artery disease, the indications to perform bronchos-
copy should be critically reviewed in all patients with 
cardiac risk factors [228–233].

The importance of bleeding diathesis depends on the 
bronchoscopic procedure. Airway examination and BAL 
can generally be performed safely. To decrease the risk of 

nasal hemorrhage, oral rather than nasal intubation is pre-
ferred. If biopsy or resection is anticipated, the coagulopa-
thy should be corrected. Uncorrected thrombocytopenia 
(less than 50 000/dL) or platelet dysfunction in the setting 
of uremia are considered to be relative contraindications to 
bronchoscopy [223]. Procedures that involve large biopsies 
using a shearing or tearing force without direct visualiza-
tion of the biopsy site, such as transbronchial lung biopsy, 
involve the highest risk. Proximal airway biopsies also 
carry an increased risk for substantial bleeding, as they are 
closer to the larger vessels. In the setting of bleeding diath-
esis, if TBNA can be performed instead of a transbron-
chial forceps biopsy, less bleeding can be expected [202]. 
However, when absolutely necessary, transbronchial 
biopsy can be successfully obtained with lower platelet 
counts. Transbronchial lung biopsy in the setting of the 
commonly prescribed platelet inhibitor clopidogrel has 
been shown to significantly increase intraprocedure bleed-
ing and patients are advised to discontinue this medication 
prior to biopsy [234]. Again, this is not an absolute 

Table 6.4 Contraindications to bronchoscopy

Absolute contraindications

Inadequate oxygenation during the procedure

For rigid bronchoscopy

Unstable neck

Severely ankylosed cervical spine

Restricted temporomandibular joint

Relative contraindications

Malignant arrhythmia

Unstable cardiac status

Refractory hypoxemia

Bleeding diathesis or severe thrombocytopenia (if biopsy is 
anticipated)

Factors associated with increased risk of complications

Uncooperative patient

Recent or unstable angina

Unstable asthma

Moderate to severe hypoxemia

Hypercarbia

Uremia

Thrombocytopenia

Pulmonary hypertension

Lung abscess

Immunosuppression

Superior vena cava obstruction

Debility, advanced age, or malnutrition

Recent use of clopidogrel
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 contraindication but if time allows, stopping the clopi-
dogrel approximately 5–7 days prior to the procedure 
should minimize the risk for bleeding.

In patients with baseline poor respiratory function, the 
risk for pneumothorax from biopsies or instrumentation 
during the procedure should be considered and may be a 
relative contraindication in selected patients. The use of 
fluoroscopy to visualize the distal end of instruments 

 during the procedure is advised to limit proximity to the 
pleural surface. The incidence of pneumothorax varies 
among institutions, individual bronchoscopists, type of 
instruments used, biopsies performed as well as imaging 
used for biopsy guidance. Overall, the incidence of iatro-
genic pneumothorax from bronchoscopy is low and mor-
tality from this complication even in severe chronic 
obstructive pulmonary disease patients is low [235,236].
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7.1  Introduction

When using a thin radial ultrasonic probe during bron-
choscopy, ultrasonic waves are emitted while the probe 
rotates and an image of the return waves is obtained so 
that a short-axis image of the bronchus and surrounding 
structures is produced. When observing this probe from 
the side, the surface of the probe is concave, so that there 
is a focus about 5–10 mm away from the probe. The ultra-
sonic image of the region in focus has higher image qual-
ity and it is important to evaluate the ultrasonic image in 
that region. The frequency of the thin radial ultrasonic 
probe is usually 20 MHz, but 30 MHz is also used in the 
digestive tract. Since the 20 MHz probe has a relatively 
high frequency, the probe has high resolution but the pen-
etration distance is short. The observation area is within 
1 cm of the radius around the probe. When using a radial 
ultrasonic probe, there is a medium around the probe, and 
bubbles may occur and locate on the surface of the probe 
when using the probe for a long time. Ultrasonic images 
cannot be acquired temporarily with the covered bubbles, 
but if the bubbles are moved by swinging the probe, it can 
then be used.

Since 1994, we have performed bronchoscopic diagnosis 
using a radial ultrasonic probe for peripheral pulmonary 
lesions. The greatest advantage of radial endobronchial 
ultrasonography (EBUS) for peripheral pulmonary lesions 
is the ability to identify the locations of lesions in detail in 
real time. This means that you can observe whether the 
probe is within a lesion, is adjacent to a lesion, or is away 
from a lesion. We are studying how to approach qualitative 
diagnosis using the internal structure of the peripheral 
pulmonary lesion. Type I is a homogeneous internal echo, 
and the lesion is suspected to be a benign lesion. Type III 

is a heterogeneous internal echo, and the lesion is sus-
pected to be malignant. Type II, which has mainly hyper-
echoic points, is highly suspected to be adenocarcinoma. 
After identifying the position of the lesion with radial 
EBUS, we launched the EBUS using a guide sheath (GS) 
method in which the GS was placed at that position and a 
biopsy was taken.

In this chapter, the details of the EBUS-GS procedure at 
our hospital are presented in a step-by-step fashion, which 
we hope will be useful for doctors implementing EBUS-GS.

7.2   Step-by-Step Procedure of EBUS-GS
7.2.1  Preparation Before Bronchoscopy

First, consider whether bronchoscopy is needed. In the 
current procedure, if the bronchus is inside or beside the 
lesion in the 1–2 mm thin slices of computed tomogra-
phy (CT), there is a high possibility that EBUS-GS will 
provide a diagnosis of the peripheral pulmonary lesions 
with few complications. Then, consider whether the gen-
eral condition of the patient is such that bronchoscopy 
will be tolerated.

Consult with the prescribing physician as to whether 
anticoagulant/antiplatelet drugs should be suspended, and 
if so, whether heparinization is necessary.

The bronchoscope, ultrasonic probe, etc. must be pre-
pared. The bronchoscopist and assistant who perform the 
bronchoscopic procedure must be chosen.

In the case of bronchoscopy to the peripheral pulmonary 
lesions, reading the CT anatomy and virtual bronchoscopic 
navigation (VBN) shows the bronchi connected to the 
lesion. When multiple bronchial routes are in the lesion, 
bronchial routes that are the best for sampling specimens 
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should be ranked. When reading the CT anatomy, the 
branch diagram should be drawn out on paper (Figure 7.1).

7.2.2  Preparation in the Bronchoscopy Room

Briefing (rapid information sharing: about three minutes 
at our hospital) about the purpose, points of attention, 
complications, etc. of the bronchoscopic procedure to the 
nurses, radiation technician, doctors, etc. who will join the 
bronchoscopic procedure is required.

Before the bronchoscopic procedure, open the GS kit and 
prepare the GS, brush, and biopsy forceps. The brush and 
biopsy forceps should each have a stopper inserted into the 
GS so that the tip of the brush’s outer sheath is located 
exactly at the GS tip, the biopsy forceps opened cup is as 
close to the GS tip as possible, and the position of the stopper 
is adjusted so that the hinge just before the cup just exits 
from the GS. Fix the probe at the proximal end of the GS and 
the probe together on the same tape (note that the probe and 
GS integrated in this fixed state is called the probe/GS).

When connecting the ultrasonic probe to the probe driv-
ing unit, connect the ultrasonic machine while it is off. 
After connecting, press the active button to activate the 
ultrasonic machine. If the connection is successful, a fre-
quency of 20 MHz appears on the monitor. When freezing 
of the EBUS image is canceled before the bronchoscopic 
procedure and a radial scan is performed, multiple circular 
echoes appear around the probe, which are reflections of 
the outer wall of the probe. If these multiple circular ech-
oes cannot be seen, there is a high possibility that bubbles 
are present in the medium on the surface of the ultrasonic 
probe. As countermeasures, shake the probe against the tip 
of the probe strongly, or rotate the probe so that the air 

 bubbles can move from the surface to the proximal site of 
the probe. Points that should be kept in mind when setting 
the ultrasonic machine are:

 ● set the direction (direction in which the ultrasonic image 
is watching) to inverse (obtain an image from the front of 
the probe toward the tip of the probe)

 ● set to I (image)
 ● keep gain and contrast constant
 ● set sonography tuning control to be 0.

7.2.3  Items to Be Checked Before 
Pharyngeal/Laryngeal Anesthesia

 ● First, ask the patient to state their name and date of 
birth, or to state the name and confirm the ID with the 
wristband.

 ● Check for a history of xylocaine allergy.
 ● Confirm the past medical history, canceled drugs, etc.
 ● Measure the patient’s vital signs, SpO2, etc.

7.2.4  Pharyngeal/Laryngeal Anesthesia

Pour 10 mL of 2% xylocaine into a Jackson spray. Put the nozzle 
tip of the spray slowly into the pharynx, and then spray onto 
the pharynx and larynx about four times while the patient 
breathes in, followed by a break of about 20–30 seconds. 
Subsequently, the tip of the nozzle is directed towards the glot-
tis. Again, spray about four times onto the pharynx and larynx 
while the patient breathes in. Then, wait about 20–30 seconds 
and repeat until about 10 mL of 2% xylocaine has been used.

 ● Measure the patient’s vital signs, SpO2, etc.
 ● Because the patient may walk unsteadily, the assistant 

should stay close to the patient.

7.2.5  Bronchoscopy Room Entry

 ● Ask the patient to state their name and date of birth, or 
ask the patient to state the name and confirm the ID with 
the wristband.

 ● With the patient in the supine position, their head should 
be as close as possible to the bronchoscopist.

 ● The height of the bed is adjusted so that the patient’s 
nose and mouth are about the height of the anterior iliac 
spine of the bronchoscopist.

 ● Before administering the sedative, hold the mouthpiece.

7.2.6  Insertion of the Bronchoscope

The endoscope manufacturer emphasizes the use of con-
trast at A5 for white light and B8 for narrow-band imaging 
(NBI), which provides the best bronchoscopic image. 

B1

B2

B3aB3bi

B3biiβ
B3biiαyyx

B3biiαyx

B3biiαy

B3biiα

B3biiαx

Figure 7.1  Branch reading diagram. In the case of 
bronchoscopy to the right B3b, reading the CT anatomy shows 
the bronchus (B3biiαyyx) connected to the lesion.
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Hold the lower part of the handle of the bronchoscope. The 
up/down lever can be operated around the central part of 
the terminal phalanx of the first finger and grasped so that 
a space can be created in the palm.

While linearizing the scope, the operator grips the area 
about 5 cm from the tip with the first to third fingers of the 
right hand and guides it into the oral cavity. Thereafter, the 
operator puts the scope in and out while touching the fifth 
finger of the right hand against the cheek of the patient. 
The scope should pass slightly to the right from the right 
corner of the mouth and pharynx (so that the right-handed 
operator fixes the fifth finger on the right cheek so that it 
passes from the right mouth corner through the right side).

Inject 1 mL of 1% xylocaine twice from the working channel 
of the bronchoscope to spread the vocal cord. When entering 
the trachea, 1 mL of 1% xylocaine is spread 1–2 times at one-
third of the trachea. Start observation from the bronchus with-
out lesions. For example, if there is a lesion on the right, observe 
from the left bronchus. Inject 1 mL of 1% xylocaine once in the 
left main bronchus. Continue to inject 1 mL of 1% xylocaine 
once into the left upper lobe bronchus and lower left lobe bron-
chus. Then, observe the bronchi from B1  + 2 to B10. During 
observation, record still images so that the subsegmental bron-
chi can be seen in numerical order from B1 + 2 to B10.

The scope keeps moving constantly to the center of the 
bronchial lumen. Then, advance the scope tip toward the 
bifurcation (spur) of the next branch, and turn to the bron-
chi to head in front of the bifurcation (spur). If you have a 
blind spot, pull back the scope slightly and observe. When 
taking still images, if you try to take the bronchial bifurca-
tion part in one corner of the screen, orientation is easy 
when reviewing the bronchoscopic findings after the bron-
choscopic procedure.

When there are significant bronchoscopic findings, take 
three kinds of images: a distant view, intermediate view, 
and close view. In the distant view, observe the condition of 
the surrounding bronchial epithelium (check for the pres-
ence of hypertrophy, atrophy, etc.) and grasp the whole 
image of the lesion. In the intermediate view, observe with 
white light and NBI, evaluate whether the distribution of 
multiple blood vessels is uniform, and whether the arrange-
ment is uniform. In the close view, observe with white light 
and NBI, and evaluate whether a vessel has dilation, mean-
der, or caliber change.

Observation of the affected side is also performed by inject-
ing 1 mL of 1% xylocaine once into each lobe bronchus. After 
that, observation of the bronchi is started from B1 to B10.

7.2.7  Approach to Peripheral Pulmonary Lesions

When observation of the right and left bronchi is com-
pleted, return to before the lobar bronchus of the lesion 

and wait for instruction based on CT reading anatomy or 
an assistant who presents the VBN. The assistant rotates 
the branch reading diagram (located just beside the image 
of the bronchoscope monitor) or the VBN (placed closer to 
the bronchoscope monitor, better positioned if it appears 
on the same monitor as the bronchoscopic findings). It 
refers to the bronchi that should be monitored for broncho-
scopic findings. The assistant points to the next bronchus 
on the branch reading diagram or VBN.

Basically, the operator does not see the branch reading 
diagram or the VBN image and watches the monitor show-
ing the bronchoscopic findings.

From the entrance of the lobar bronchus, we take still 
images with the bifurcation in one corner and proceed one 
by one to the periphery. While observing the bronchoscopic 
findings, the bronchoscopist advances the scope tip toward 
the bronchial bifurcation and changes its direction to the 
bronchi to be advanced before coming into contact with 
the spur. When gradually advancing to the periphery while 
pushing the bronchial lumen, when crossing the spur, 
push the bronchial wall on the side opposite the spur so 
that it goes beyond the spur.

We inject physiological saline from the working channel 
where the scope is a snug fit and flush with 1 mL boluses of 
saline. A total of about 5–10 mL of saline is injected into 
the bronchus, which is called saline injection technique. 
When the entire peripheral lesion is a pure ground glass 
opacity (GGO) or a part-solid lesion with a small solid part, 
this saline injection technique should not be performed. 
Because the normal lung also appears as hyperechoic 
points when the saline injection method is performed, we 
cannot differentiate GGO from normal lung.

The operator pushes the scope toward the periphery, and 
the assistant grasps the scope on the opposite side of the 
working channel with the left hand and inserts the probe/
GS from the working channel into the bronchus with the 
right hand.

7.2.8  Inserting the Probe/GS

When inserting the probe/GS into the working channel, it 
is possible to push the saline inside the working channel 
into the bronchus, and one can insert the probe/GS while 
observing the bronchial lumen clearly. Since the tip exit of 
the working channel of the bronchoscope is at the three 
o’clock position of the bronchoscopic monitor, if the bron-
choscope tip is in a narrow bronchus, the probe/GS may 
enter the right bronchus from the spur. If this happens, you 
may see a phenomenon with the bronchial wall of the spur 
protruding slightly from the three o’clock position of the 
monitor. In this case, rotate and bend the scope tip so that 
it faces the nine o’clock direction and pull back the probe/
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GS to the end of the scope and insert it again, but if it still 
does not enter, pull the scope itself slightly and then rotate 
and bend the scope tip so that you can insert the probe/GS 
again into the intended bronchus.

Rotate the fluoroscopic image 180° and adjust it so that 
the bottom of the fluoroscopic view is the patient’s head 
side, the top of the fluoroscopic view is the patient’s caudal 
side, and the right of the fluoroscopic view is the patient’s 
right side. With this rotation, you can feel that the move-
ment of the scope’s tip and the movement of the finger of 
the up/down lever in the hand are linked.

From the branch reading diagram and VBN information, 
estimate the distance from the scope tip to the lesion and 
insert the probe/GS. If there is resistance to insertion, stop 
at that position and check probe/GS position on the fluoro-
scopic image.

We insert the probe/GS into the lesion by feel, and we 
check the position by fluoroscopy and release freeze and 
scan. Basically, the time using fluoroscopy is limited to be 
as short as possible, and radiation exposure is minimized 
as much as possible by using a diaphragm.

7.2.9  Evaluation of the EBUS Image

When the lesion can be visualized with EBUS, the entire 
lesion is scanned while moving the probe from the distal 
edge to the proximal edge of the lesion. The internal struc-
ture of the entire lesion is observed, and the uniformity of 
the internal echo, the opening of the blood vessel, hypere-
choic points, and hyperechoic arcs and lines are evaluated. 
The type classification of peripheral pulmonary lesions by 
EBUS is useful for differentiation between benign and 
malignant, between pneumonia and organized pneumonia 
in benign cases, and between well-differentiated adenocar-
cinoma and poorly differentiated adenocarcinoma in cases 
of malignancy, etc.

This classification is divided into type I when the inter-
nal echo is homogeneous, type III when the internal echo 
is heterogeneous, and type II when hyperechoic points are 
visualized in the lesion. Type I, in which the internal echo 
is homogeneous, is subdivided into type Ia (suspicious for 
pneumonia, etc.) when round vessels are preserved in the 
lesion, and type Ib (suspicious for organized pneumonia) 
when blood vessels are invisible in the lesion. Type III, in 
which the internal echoes are heterogeneous, is subdivided 
into type IIIa (including many types of malignancy) when 
hyperechoic lines are observed and type IIIb (poorly dif-
ferentiated adenocarcinoma). Type II, where hyperechoic 
points are found in the lesion, is subdivided into type IIa, 
which does not show blood vessels in the lesion (air in the 
alveoli prevents penetration of ultrasound, and ultrasound 
cannot reach the blood vessels), and type IIb, which does 

show blood vessels in the lesion (with increasing cancer 
cell density and decreasing air in the lesion, ultrasound 
penetrates deeper). The pure GGO has hyperechoic points 
only near the probe and is classified as type IIa.

Points of interest in the type classification are the uni-
formity of internal echoes and the presence or absence of 
blood vessels within the lesion. As for the uniformity of the 
internal echo, we see the degree of alignment of speckle 
patterns in the lesion. When the speckle pattern is uniform, 
the ultrasonic wave penetrates deeply and it is often a 
bright image even in an area more than 1 cm away from the 
probe. When the speckle pattern is nonuniform, the atten-
uation is strong so that the area about 1 cm away from the 
probe becomes dark. Types in which blood vessels are 
clearly present in the lesion are Ia and IIb, which are pre-
sumed to be soft lesions (Figure 7.2).

As a special case, a lesion with a finding of suspected 
necrosis is classified as type IIIa, which is an anechoic area 
inside the lesion (retracting the probe from the distal site to 
the proximal site, and no discontinuity of the anechoic area 
demonstrates that it is not a blood vessel). There is a high 
possibility of squamous cell carcinoma. With several gen-
erations of bronchi distal from the segmental bronchus, a 
hyperechoic circle around the probe in the lesion is sus-
pected to correspond to expansion of the bronchial wall 
by tumor. We believe that the lesion generated from the 
bronchus pushes the bronchial wall outward and is a 
finding that suggests squamous cell carcinoma or small 
cell carcinoma.

7.2.10  Adjustment of Probe/GS Position

When guiding the probe/GS within the lesion, the GS is left 
in situ, the brush and biopsy forceps are inserted into the 
GS, and brushing and biopsy are performed. EBUS images 
cannot be detected (invisible) even if the probe/GS is 
guided to the lesion, and it can be guided to the bronchus 
away from the lesion. Check the branch by reading the CT 
anatomy or VBN again to see whether the bronchial tube is 
correct. If the first approach is wrong, try to guide along the 
correct route.

When you can identify the position of the lesion with a 
fluoroscopic monitor, rotate the C-arm where the position 
of the lesion is most distant from the tip of the probe/GS or 
change the patient’s position (raise the right back, etc.). 
Where the position of the lesion is most distant from the tip 
of the probe/GS by observation of the fluoroscopic image, 
the bronchoscope tip is bent to approach the lesion using the 
up/down angle lever of the bronchoscope. If you retract 
the probe/GS while maintaining that angle of the broncho-
scope and reinsert it, you may reach the lesion if there is a 
bronchus leading to the lesion. If it is assumed that the 
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position of the lesion cannot be identified on the fluoro-
scopic monitor, add an arrow pointing to the site consid-
ered to be the position of the lesion on the CT scout image 
before the bronchoscopy. After reading the branch diagram 
or VBN, guide the tip of the probe/GS to the bronchus in 
the lesion, and then perform brushing and biopsy if the 
lesion is visible on the EBUS around the location of the 
arrow on the CT scout image. Brushing and biopsy are per-
formed at the arrow area on the CT scout image if the 
lesion is invisible on the EBUS.

When the probe/GS is guided to the lesion, and the probe 
is adjacent to the margin of the lesion on the EBUS image, 
three procedures will be required. The first is to bend the tip 
of the bronchoscope using the up/down angle lever and to 
see if the probe approaches the lesion on the EBUS image. 
For example, when the up angle is applied, the probe 
approaches the lesion on the EBUS image. Then, try to pull 
back and insert the probe/GS while keeping the scope bent 
as it approaches. If the bronchus is diverging toward the 
lesion, there is a possibility that the probe/GS can be 
inserted within the lesion (induced under ultrasound).

In the second procedure the bronchoscope tip is bent 
by using the up/down angle lever when the probe does 
not approach the lesion, and it is moved in the tangential 
direction of the lesion edge in the EBUS image. Even if 
the up/down angle is applied, the probe moves in the 
tangential direction of the lesion on the EBUS image, 
and the up/down angle is applied with the bronchoscope 
rotated clockwise or counterclockwise around its axis. In 
some cases using this procedure, the probe approaches 
the lesion on the EBUS image. Try to pull back and 
insert the probe/GS while keeping the scope bent as it 
approaches. If the bronchus is diverging toward the 
lesion, there is a possibility that the probe/GS can be 
inserted within the lesion (with a rotated bronchoscope 
under ultrasound).

In the third procedure, if you cannot change the situa-
tion even after performing the above two procedures, you 
guide the probe/GS to the position of the bronchus adja-
cent to the lesion and use the up/down angle or rotate the 
bronchoscope to bring the tip of the probe closer to the 
lesion. If it comes close to the lesion, pinch the biopsy with 

Figure 7.2  Representative case. (Top) This lesion was located in right S3b. (Bottom left) EBUS image classified as type II, where 
hyperechoic points are found in the lesion, and type IIb, which does show blood vessels in the lesion (with increasing cancer cell 
density and decreasing air in the lesion, ultrasound penetrates deeper). (Bottom right) Fluoroscopic image showing the location of 
the probe/GS. The lesion was not seen clearly on fluoroscopy.



Flexible Bronchoscopy108

the biopsy forceps, leaving the tip of the GS at that position 
(pinpoint biopsy). When blood vessels are present between 
the bronchial wall and the lesion, do not biopsy. In pin-
point biopsy, biopsy forceps should be pushed slightly to 
perform a biopsy through the bronchial wall. Therefore, 
there is a possibility that the tip of the forceps is shifted and 
slides to the periphery from the lesion, and it is then neces-
sary to carefully observe the movement of the tip of the 
forceps on the fluoroscopic image.

7.2.11  Leave the GS Tip in the Exact Position

Perform the above procedure and place the GS in position. 
There are specific issues to watch out for at that time. In 
the EBUS-GS biopsy forceps, the cup opens at a position 
about 4 mm away from the tip of the GS and biopsies the 
site. Therefore, you will want to place the tip of the GS at 
the proximal side in the lesion or at the proximal end of 
the lesion. In addition, the GS may move in the bronchus 
due to breathing. When the GS tip moves beyond the 
lesion to the periphery, it is not possible to obtain speci-
mens of the lesion.

To clarify the positional relationship between the GS and 
the lesions, slowly pull the probe into the GS and carefully 
observe the EBUS image. When the transducer of the probe 
is completely inside the GS, the EBUS image suddenly gets 
darker, and when the probe is out of the GS even slightly, it 
suddenly becomes bright. Therefore, when the EBUS 
image suddenly becomes dark, it is set to be near the proxi-
mal side in the lesion or the proximal end of the lesion on 
the EBUS image, and the position of the tip of the GS 
becomes closer to the proximal side in the lesion or the 
proximal side end of the lesion (Figure 7.3).

7.2.12  Tips for Brushing and Biopsy

For brushing and biopsy, there is fixation at three points: 
the bronchoscopist grasps the biopsy forceps over the GS 
around the orifice of the working channel; the first assis-
tant fixes the proximal outlet of the GS and the stopper 
attached to the brush or biopsy forceps; and the second 
assistant grips the bronchoscope near the mouth or nasal 
cavity exit so that the biopsy forceps does not slip on the 
surface of hard lesions. The assistant pushes the brush and 
decides the distal end of brushing while feeling the hard-
ness of the lesion. The assistant brushes between its distal 
end and the central end (to avoid brushing to the periphery 
from the distal end).

For the biopsy, after biopsy forceps are placed in the GS, 
the assistant opens the forceps and the surgeon grips the 
biopsy forceps over the GS, jabs the closed cup against the 
lesion and then opens the cup. It is often difficult to open a 
cup inside the lesion because the lesion is hard, but when 
you repeatedly jab the biopsy forceps while opening the for-
ceps, the cup often opens. After confirming the above three 
points of fixation, the bronchoscopist pushes the opened 
cup slightly against the lesion, and the first assistant slowly 
closes the cup for 3–5 seconds to chew the tissue. The first 
assistant grips a transparent sheath at a site slightly proxi-
mal to the exit of the GS by the left hand (the hand closing 
the forceps is the right hand). Grasping just the exit of the 
GS and pulling the biopsy forceps with the right hand, the 
transparent sheath may become like a bellows, and it is then 
difficult to transmit the force of pulling back the forceps.

Brushing five times and biopsying five times are done 
alternately, but if there is much bleeding with brushing, 
the number of biopsies is decreased. We leave the GS to 
stop bleeding near the biopsy site for about two minutes, 

Figure 7.3  Confirmation of the location of GS. To clarify the positional relationship between the GS and the lesions, slowly pull the 
probe into the GS and carefully observe the EBUS image. When the transducer of the probe is completely inside the GS, the EBUS 
image suddenly gets darker (left image), and when the probe is out of the GS even slightly, it suddenly becomes bright (right image).
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and then withdraw it. Bleeding may rarely continue, and 
then the bronchoscope is wedged to the bronchi. After con-
firming hemostasis, we connect the container that collects 
the bronchial lavage fluid.

7.3   Advancements in EBUS 
for Peripheral Pulmonary Lesions

The first clinical report of radial EBUS for pulmonary 
peripheral lesions was made by Hürter et al. [1]. We also 
applied it clinically in 1994, but we initially inserted a 2.5 
mm diameter ultrasonic probe (UM–3R, Olympus) that 
was used in the digestive system with a thick bronchoscope 
with a working channel of 2.8 mm. Although the probe has 
a diameter of 2.5 mm, the tip was round so it was found 
that it could be guided to the bronchus presumed to be 
1 mm in diameter just under the pleura. Although it was 
thought that it was unsuitable for ultrasonic waves because 
there is much air inside the lung, the peripheral pulmonary 
lesion with less air can be visualized clearly with ultrasonic 
waves, and it was easy to visualize with the lung, which is 
hard to see, as the background.

In addition, the ultrasonic wave was 20 MHz, a high fre-
quency, and the internal structure of the lesion was deline-
ated in detail. We compared the preoperative EBUS images 
with surgical specimens and found that EBUS can recog-
nize blood vessels, bronchi, necrosis, calcifications, bleed-
ing, etc. in peripheral lesions of the lung [2]. In addition, 
type classification was performed based on the uniformity 
of the internal echo of the EBUS image of the peripheral 
lesion, patency of the blood vessel, and presence of hyper-
echoic points and linear arcs.

After inserting the radial probe into the peripheral 
lesion to obtain the EBUS image, it was necessary to 
remove the probe and insert the brush and biopsy forceps. 
As a matter of course, if you withdraw the probe, there is 
also much bleeding from the lesion and we experienced 
difficulty inserting the brush and biopsy forceps. 
Therefore, a sheath was put on the probe and it was rein-
troduced to the lesion. Then, only the sheath was placed 
in the lesion, and the brush and biopsy forceps were 
inserted in 1996. In the beginning, the sheath was covered 
with a 2.5 mm probe and a working channel of 2.8 mm in 
diameter was necessary. We reported that the diagnostic 
rate of peripheral pulmonary lesions by EBUS-GS using 
this GS was 77%. In addition, the diagnostic rate in the 
“within” state, where the probe is within the lesion, was 
about twice the diagnostic rate in the “adjacent to” state, 
where the probe is in contact with the lesion [3]. The 
diagnosis rate of EBUS-GS in other facilities continued to 

be reported, and the usefulness of the EBUS-GS method 
was evaluated by metaanalysis [4].

Since then, factors contributing to the diagnosis of 
EBUS-GS continue to be reported, for example the “CT 
bronchus sign” (bronchi entering the lesion on the CT 
image) [5], “within” (probe is located within the lesion) [3], 
the number of biopsies [6], and so on. It was reported that 
the diagnosis rate reached a plateau when 5–6 biopsies 
were performed. With the spread of CT machines, lesions 
mainly of GGO increased, and there were discussions of 
how it looked on EBUS [7,8]. We believe that it is possible 
to observe hyperechoic points that are thought to be due to 
reflections of the air remaining in the alveoli.

In other countries, the use of radial EBUS for peripheral 
pulmonary lesions has become Grade 1c in the 2013 ACCP 
guideline [9], and it is slowly spreading, especially in 
Australia, Thailand, and Taiwan.

7.4   Future Prospects

How to diagnose a peripheral pulmonary lesion is a prob-
lem under consideration at the present time. Since the 
bronchoscope itself is inserted into the peripheral bron-
chus as far as possible, it is advantageous to select the bron-
chus and to insert the probe/GS. It is necessary to aspirate 
sputum and blood in bronchoscopic procedures, and the 
diameter of the working channel must be large enough. In 
our clinical experience, when the diameter of the working 
channel is 1.2 mm, it is difficult to aspirate, while 2 mm is 
enough to aspirate, and the optimum diameter may need to 
be close to 2 mm, between 1.2 and 2.0 mm.

Recently, in Japan, it has become possible to use a bron-
choscope with an outer diameter of 3 mm and a working 
channel diameter of 1.7 mm. Oki et  al. reported that the 
diagnostic rate with this 3 mm scope is superior to that 
with the 4 mm scope of the EBUS-GS method using only 
the probe without the GS. However, with this 3 mm scope 
using only the probe without the GS, it is difficult to check 
whether the biopsy forceps can biopsy the same site. Also, 
since the tip of the bronchoscope is flexible, the shape of its 
tip may change after biopsy, and it may be difficult to put 
the biopsy forceps in the same bronchus. More reports of 
this technique are needed to evaluate it properly.

Also, with the current EBUS-GS, EBUS cannot be per-
formed in real time during brushing and biopsy. When it 
becomes possible to reduce the diameter of the convex type 
scope in the near future, EBUS-transbronchial needle aspi-
ration (TBNA) in the periphery will become possible in the 
peripheral bronchus, and there is a possibility that it will be 
observed in real time at the time of biopsy.
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8.1  Convex-Probe Endobronchial 
Ultrasound

8.1.1  History and Development of CP-EBUS

The introduction of convex-probe endobronchial ultra-
sound (CP-EBUS) approximately 15 years ago has led to the 
application of this procedure in multiple clinical scenarios. 
The most established and well-recognized clinical applica-
tion is endobronchial ultrasound transbronchial needle 
aspiration (EBUS-TBNA), particularly in invasive medias-
tinal staging of lung cancer. CP-EBUS and EBUS-TBNA 
evolved from multiple other bronchoscopic and endoscopic 
techniques previously pioneered [1].

Transbronchial needle aspiration (TBNA) of a mediasti-
nal lymph node was first performed by Schiepatti in 1949 
[2]. This was done through the main carina using a rigid 
bronchoscope. The subsequent mainstream use of flexible 
bronchoscopy prompted the development of transbron-
chial needles designed to be used through a flexible bron-
choscopy working channel [3]. This culminated with the 
first report of flexible bronchoscopy TBNA of a mediastinal 
mass published in 1978 by Wang and colleagues [4]. 
Adequate diagnostic tissue was obtained from three of five 
patients with malignant paratracheal masses, without 
complication. This technique, generally referred to as con-
ventional TBNA (cTBNA), evolved to being used in the 
diagnosis of both benign and malignant conditions causing 
mediastinal and hilar lymphadenopathy or other central 
lesions. The use of large-gauge needles (18 G) enabled his-
tology specimens to be obtained although the diagnostic 
accuracy was low [5]. Indeed, the diagnostic accuracy with 
cTBNA is varied in the literature (14–100%), with predic-
tors of accuracy including lymph node size and location, 

the presence of endoscopic abnormalities, and the use of a 
histological needle by an experienced bronchoscopist [6].

Endoscopic ultrasound (EUS) was first described through 
the use of a gastroscope in assessing esophageal carcino-
mas in the late 1980s. In particular, TN (tumor, node) stag-
ing was shown to be more accurate with EUS than with 
computed tomography (CT) imaging [7,8]. The same tech-
nology was then applied to perform fine needle aspiration 
(FNA) of mediastinal masses suspected for malignancy 
with good diagnostic accuracy and safety profile  [9]. 
Endobronchial ultrasound was initially developed in the 
early 1990s using a radial probe to visualize and assess cen-
tral and peripheral lesions [10,11]. Using a 20 MHz trans-
ducer and dedicated balloon, radial probe EBUS (RP-EBUS) 
was used to provide a three-dimensional view of the bron-
chial wall components consisting of mucosa, cartilage, and 
adventitia. This allowed the assessment of tumor invasion 
within the tracheobronchial wall and airway with a higher 
accuracy than CT imaging [12,13]. RP-EBUS was also 
shown to be able to identify other central and mediastinal 
structures, including lymph nodes and vasculature. 
Subsequent development of a 20 MHz miniature radial 
probe allowed for the detection and biopsy of peripheral 
parenchymal lung lesions [14].

Despite the significant advantages of RP-EBUS in assess-
ing tumor invasion and diagnosing peripheral lung lesions, 
several technical limitations were identified. Firstly, the 360° 
radial probe does not allow accurate linear assessment of 
mediastinal and hilar structures and their spatial association. 
More importantly, RP-EBUS does not allow real-time guid-
ance of biopsy and therefore this must be done in a blind 
fashion based on earlier ultrasound assessment [15]. This 
limitation of combining RP-EBUS with cTBNA led to the 
development of CP-EBUS and the EBUS-TBNA procedure.

Andrew Pattison and Kazuhiro Yasufuku

Division of Thoracic Surgery, Toronto General Hospital, University Health Network, University of Toronto, Toronto, Ontario, Canada

Convex-Probe Ultrasonography in Flexible Bronchoscopy
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Despite the advances in diagnostic bronchoscopy that 
were made with the introduction of cTBNA and RP-EBUS, 
their respective limitations prompted the development of 
CP-EBUS which allowed real-time ultrasound guidance 
of the TBNA procedure.

The CP-EBUS bronchoscope was initially developed by 
Olympus Corporation, Tokyo, Japan, in conjunction with 
Yasufuku and colleagues by integrating a linear-curved-
array transducer with a frequency of 7.5 MHz at the tip of a 
flexible bronchoscope. The convex probe scanned parallel 
to the insertion direction of the bronchoscope with images 
processed on a dedicated ultrasound processor. The outer 
diameter of the bronchoscope was 6.7 mm with a 6.9 mm 
tip and instrument channel of 2.0 mm. The direction of 
view was 35° forward oblique. Ultrasound images were 
obtained by directly contacting the probe to the airway wall 
or by inflating a dedicated balloon attached to the probe 
tip. A 22 gauge needle was passed through the instrument 
channel and exited at a 20° angle. This procedure was able 
to sample more mediastinal and hilar lymph nodes than 
any other technique available. Specifically, EBUS-TBNA 
allows access to the paratracheal lymph node stations 
( levels 2R, 2L, 3, 4R, 4L), subcarinal station (level 7), and 
the hilar lymph node stations (levels 10, 11, and 12). Those 
stations not usually accessible include the paraaortic (level 
5), aortopulmonary window (level 6), paraesophageal 
(level 8), and pulmonary ligament (level 9).

In 2004, Yasufuku and colleagues reported the first 
 clinical use of EBUS-TBNA in patients with known or 
 suspected malignancy with mediastinal and/or hilar lym-
phadenopathy [16], which followed initial trials on surgi-
cally resected specimens [17]. This initial clinical study 
demonstrated that EBUS-TBNA resulted in very high sen-
sitivity (95.7%), specificity (100%), and diagnostic accuracy 
(97.1%) in distinguishing benign from malignant mediasti-
nal and hilar lymph nodes. A subsequent prospective study 
then demonstrated the role of EBUS-TBNA in invasive 
mediastinal staging of lung cancer, again with high diag-
nostic accuracy (96.3%) in predicting lymph node stage 
[18]. As a result, more invasive diagnostic procedures such 
as mediastinoscopy, thoracoscopy, and CT-guided percuta-
neous needle biopsy were able to be avoided.

Since these early demonstrations of the feasibility and 
diagnostic accuracy of EBUS-TBNA, a wealth of literature 
now exists describing the various clinical utilities and 
applications of this technology in the minimally invasive 
assessment of mediastinal and hilar pathology.

8.1.2  Equipment

Currently, there are three different types of CP-EBUS avail-
able on the market. Olympus produced the first CP-EBUS 

followed by Pentax Medical and Fujifilm (Figure  8.1, 
Table 8.1). The basic structure of the CP-EBUS is very simi-
lar between the three different companies. The convex 
probe is attached on the tip of a flexible bronchoscope 
which is equipped with a channel. Through the channel, 
the dedicated EBUS-TBNA needle is attached and used for 
sampling of peribronchial lesions (Table 8.2). Detailed dif-
ferences between the three CP-EBUS are outlined in 
Table 8.1.

8.1.3  Performing EBUS-TBNA

8.1.3.1  Clinical Environment
EBUS-TBNA may be performed in clinical environments 
similar to that of traditional bronchoscopy. This includes 
endoscopy rooms, dedicated interventional pulmonology 
suites, and operating rooms.

8.1.3.2  Anesthesia
In addition to topical anesthesia applied to the oropharynx, 
vocal cords, and airways, as is routine in flexible bronchos-
copy, CP-EBUS may be performed under general anesthe-
sia, conscious sedation, or in certain cases without sedating 
agents if clinically indicated. The choice of sedation should 
be made based on optimization of the procedure to provide 
a diagnosis in the safest and most efficient manner, while 
also considering patient comfort. Healthcare utilization is 
also a factor that warrants consideration.

The evidence surrounding choice of anesthesia in this 
setting is limited. The longer duration of EBUS-TBNA also 
limits the applicability of studies assessing methods of 
sedation in routine flexible bronchoscopy. Two studies 
assessing the diagnostic accuracy of EBUS-TBNA when 
performed with differing levels of sedation had conflicting 
results. A multicenter retrospective study compared deep 
sedation (intravenous propofol with laryngeal mask airway 
or endotracheal tube) versus moderate sedation (intrave-
nous fentanyl and midazolam without an artificial airway) 
[19]. Diagnostic yield was higher with deep sedation 
(79.8%) than moderate sedation (66.4%). Deep sedation 
also resulted in a shorter procedure time, while also allow-
ing more lymph nodes to be sampled with more needle 
passes overall. Conversely, a prospective randomized con-
trolled trial also assessed deep versus moderate sedation 
but found no difference in diagnostic yield, patient toler-
ance, and complication rate; however, procedure time was 
shorter with moderate sedation. Other studies have 
assessed patient comfort levels and tolerance with both 
deep and moderate sedation when undergoing EBUS-
TBNA, with no significant differences observed [20,21].

Due to the conflicting results of these studies, there is 
insufficient evidence to recommend either moderate or 
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deep sedation for EBUS-TBNA. Many factors should be 
considered when making this decision. In centers with 
high levels of operator experience which allow the proce-
dure to be done in an efficient and timely manner, mod-
erate sedation may have advantages, but when the 

operator is less experienced and a longer procedure dura-
tion is expected, deep sedation may be considered. The 
use of an endotracheal tube may limit access to targets 
adjacent to the upper trachea and therefore a laryngeal 
mask airway (minimum size 4) should be favored when 

(a) (b)

(c)

Figure 8.1  Convex-probe endobronchial ultrasound. Three different types of CP-EBUS are available: (a) Olympus, (b) Pentax 
Medical, (c) Fujifilm.

Table 8.1  Convex-probe endobronchial ultrasound

Olympus
(BF-UC180F)

Pentax Medical 
(EB1970UK)

Fujifilm
(EB530US)

Video type Integrated Color charge-coupled 
device video

Ultra-small super 
charge-coupled device chip

Outer diameter 6.9 mm (tip) 6.3 mm 6.7 mm (tip)

Endoscopic view 35° forward oblique 45° forward oblique 10° forward oblique

Field of view 80° 80° 120°

Angulation range 120° up
90° down

120° up
90° down

130° up
90° down

Instrument channel 2.2 mm 2.0 mm 2.0 mm
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using deep  sedation. If an endotracheal tube is required, 
a minimum size 8 tube should be used to accommodate 
the size of the CP-EBUS bronchoscope while allowing 
adequate ventilation.

8.1.3.3  Stepwise Approach to EBUS-TBNA
Prior to performing CP-EBUS and EBUS-TBNA, flexible 
bronchoscopy is recommended to topically anesthetize 
the vocal cords and airways, and adequately assess the 
bronchial tree for endobronchial abnormalities. EBUS-
TBNA can then be performed using the following steps 
(Figure 8.2).

1) Balloon attachment – for optimal ultrasound images, a 
dedicated latex balloon is attached to the tip of the 
CP-EBUS and inflated during the procedure. A 20 mL 
syringe filled with normal saline is then connected to 
the balloon channel via extension tubing and a stop-
cock. The balloon is subsequently fitted to the ultra-
sound probe tip by dedicated balloon forceps. The 
balloon is inflated to ensure there are no leaks prior to 
proceeding. Only 0.3–0.5 mL of saline is required to 
inflate the balloon sufficiently. In patients with a latex 
allergy, the balloon should not be used.

2) Insertion of the bronchoscope – after adequate anesthe-
sia is achieved, the CP-EBUS is inserted, usually via an 
oral approach although a nasal approach has also been 
used. The operator must be aware of the forward oblique 
angle which varies between EBUS bronchoscopes. As a 
result, the bronchoscope should be passed into the tra-
chea by visualizing the anterior angle of the glottis.

3) Inspection of the lymph nodes and mediastinal struc-
tures – once within the trachea, the balloon is inflated 
and adjusted to obtain an optimal ultrasound view. A 
two-screen view is used to visualize both the endoscopic 
image and EBUS image simultaneously. The tip of the 
bronchoscope is gently flexed and placed against the 
airway wall. Lymph node stations are then systemati-
cally assessed according to the International Association 
for the Study of Lung Cancer (IASLC) lymph node 
map  [22]. Identification of lymph nodes is achieved 
through a combination of endobronchial landmarks 
and ultrasonic vascular landmarks (Figure 8.3). Doppler 
mode can be used to differentiate vascular structures 
from lymph nodes.

4) Loading the needle  –  once the target lymph node is 
identified, the needle is prepared and loaded. 
Preparation of the needle includes ensuring the sheath 
is completely pulled up and locked. The needle must 
also be in the locked position, inside the sheath. The 
internal stylet should be in place but slightly pulled out. 
The needle is then inserted through the working chan-
nel and fastened to the bronchoscope.

5) Advancing the sheath  –  the sheath is then advanced 
using the adjuster knob, to ensure the tip of the sheath 
is visible in the corner of the endoscopic image.

6) The target lymph node is then reidentified by flexing 
the tip of the bronchoscope. Note that with the needle 
in the working channel, the bronchoscope tip becomes 
slightly stiffer.

7) Needle aspiration – once the lymph node is visualized, 
the sheath should be positioned between the cartilage 
rings. The needle lock is then released fully or set at a 
desired depth. The needle is then slowly advanced while 
an assistant secures the bronchoscope at the patient’s 
mouth. Once the needle is wedged against the airway 
wall, the assistant may give a small push of the bron-
choscope to aid the passage of the needle through the 
airway wall. If resistance is encountered against a carti-
lage ring, the position of the needle should be read-
justed under the guidance of the endoscopic image. 
Once the lymph node has been penetrated, the internal 
stylet is used to remove any airway debris or bronchial 
contamination. The stylet is subsequently removed and 
a negative pressure suction syringe is applied. The nee-
dle is then moved back and forward within the lymph 
node 5–15 times. The suction syringe is then removed 
while the needle remains within the lymph node. The 
needle is then pulled back within the sheath and locked. 
The needle can then be removed from the bronchoscope 
for processing of the sample.

8.1.3.4  Sample Processing and Assessing Adequacy
The processing of EBUS-TBNA specimens is extremely 
important to maximize diagnostic yield. When rapid on-
site evaluation (ROSE) is available, the needle stylet is used 
to push a few drops of the sample onto a glass slide for 
direct smears. These slides are stained by rapid stains 
including Romanowsky stains on unfixed airdried (e.g., 
Diff-Quik), and rapid Papanicolaou on wet alcohol-fixed 
smears [23]. These smears are then used immediately by 
the on-site cytologist to determine sample adequacy and a 
preliminary diagnosis. The remaining specimen is then 
deposited in a conical filled with normal saline for cell 
block preparation. When ROSE is not available, the entire 
sample is deposited in a conical filled with a preservative 
solution such as Cytolyt® for cell block preparation.

Table 8.2  EBUS-TBNA needles available

Olympus Boston Scientific Cook Medical

Vizishot – 21 G, 22 G
Vizishot 2 – 21 G, 22 G
Vizishot Flex – 19 G

Expect 22 G, 25 G 
Acquire 22 G, 25 G

EchoTip ProCore 
22 G, 25 G



(a) (b) (c)

(d) (e)

(g) (h)

(f)

Figure 8.2  Important steps for performing a successful EBUS-TBNA are outlined in this figure. (a) After identifying the lymph node of 
interest, insert the dedicated needle and fasten on to the channel adaptor biopsy valve. Make sure the needle is retracted in its 
sheath. (b) Visual inspection of the needle is performed to ensure that the needle slider is fully retracted and needle adjuster knob is 
locked to prevent the needle from sliding out. (c) The sheath adjuster knob is loosened and the sheath adjuster knob is adjusted to 
the approximate length while viewing the sheath come out on the endoscopic image. (d) Advance the tip of the bronchoscope along 
with the sheath of the needle to the point of interest. Flex up the tip of the bronchoscope to wedge the needle in between the 
intercartilaginous space. (e) Penetrate the needle into the lymph node while confirming the images on EBUS. (f) After penetration of 
the needle is confirmed on ultrasound image, use the internal stylet to clear the tip of the needle to push out any airway debris that 
may have clogged the tip of the needle. (g) Attach the Vaclok syringe on to the needle to obtain continuous suction. (h) Follow the tip 
of the needle on ultrasound imaging while the needle is moved within the lymph node.
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There are no universally accepted criteria for sample 
adequacy. Some standards describe the presence of lym-
phocytes or lymphoid tissue while others use quantitative 
measures such as the number of lymphocytes per 

 high-power field [24]. A specimen is also generally consid-
ered adequate if there is sufficient diagnostic material such 
as tumor or granulomatous inflammation, even in the 
absence of lymphoid material.
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8.1.3.5  Other Considerations
8.1.3.5.1 Rapid on-Site Evaluation
Rapid on-site evaulation is frequently used in conjunction 
with many TBNA procedures, including CP-EBUS. ROSE 
has been shown to reduce the number of lymph node 
passes per procedure and the number of additional diag-
nostic procedures performed [25,26]. The diagnostic yield, 
however, does not appear to be influenced by the presence 
of ROSE [25–27]. Despite this, ROSE can be very useful in 
obtaining adequate diagnostic tissue with the minimum 
number of passes, particularly in cases where the sensitiv-
ity of EBUS-TBNA is lower, such as suspected lymphoma. 
It may also be useful in ensuring an adequate number of 
malignant cells are present for molecular and other ancil-
lary testing.

8.1.3.5.2 Needle Size Multiple TBNA needles are available 
and compatible with CP-EBUS. Differences exist in the 
diameter and composition of the needles, and also 
ergonomics which vary between manufacturers. Needle 
diameters include 19, 21, 22, and 25 gauge. The choice of 
needle has been assessed in multiple studies with varying 
results. Nakajima et al. reported no significant difference 
in diagnostic yield between the 21 and 22 G needles [28]. 
Tissue histological structure was better preserved with the 
21 G needle but there was more blood contamination 
evident with the 21 G. Similar results with equivalent 
diagnostic yield have been observed in other studies, 
including the only randomized controlled trial (RCT) 
which has assessed this issue [29,30]. Therefore, the choice 
of needle should be made on an individual basis and be 
influenced by the suspected underlying pathology and risk 
of blood contamination. Real-time cytological feedback 
from ROSE also is very useful in determining sample 
adequacy and possible need to change needle gauge.

8.1.3.5.3 Suction The use of suction during EBUS-
TBNA is a controversial subject. Those in favor of its use 
argue that suction increases the yield of aspirated cells 
while those against suggest that suction increases tissue 
trauma and blood contamination of the aspirated sample. 
In truth, only one study has adequately assessed this 
conundrum [31]. There was no difference in sample 
adequacy or diagnostic yield, regardless of lymph node 
size. In clinical practice, suction is commonly used in the 
first instance. If there is significant bloody contamination 
with suction, the operator should consider removing 
suction for subsequent passes in that lymph node [32]. 
Conversely, if suction is not initially applied and the 
resultant sample appears inadequate by ROSE or 
macroscopic assessment, the addition of suction should be 

considered. Color Doppler with EBUS should also be used 
to assess the vascularity of the target lymph node which 
may influence the use of suction.

8.1.3.5.4  Number  of  Needle  Passes A needle “pass” is 
defined as each occasion that the TBNA needle is passed 
through the airway wall in an attempt to sample the target 
lymph node or lesion, before subsequent removal and 
processing of the sample. The number of passes required is 
dependent on the presence of ROSE and the macroscopic 
assessment of the aspirated sample. When ROSE is used, 
real-time feedback of sample adequacy for diagnosis and 
ancillary testing can be provided. As such, the number of 
passes is less important than the quality of passes that can 
be assessed by ROSE. In cases where ROSE is not available, 
macroscopic assessment of the aspirated sample by the 
operator may be useful in determining the number of 
passes needed but this assessment is very subjective.

One study has assessed the optimal number of passes 
required in the assessment of lung cancer with mediastinal 
adenopathy. This concluded that after three passes, the 
maximal diagnostic yield and sample adequacy was 
achieved. These results are not overly generalizable due to 
the absence of ROSE. With the recent rise of molecular 
testing, additional passes may be necessary, and this has 
been implied in a study which found that a median of four 
passes with the addition of ROSE was required to achieve 
an adequate sample for molecular testing [33]. The number 
of needle “agitations” per pass generally ranges from five to 
15 [32]. A higher number of agitations may result in a 
larger sample but may also lead to higher levels of blood 
contamination. ROSE is also useful for the operator in this 
situation to adjust the number of agitations used.

8.1.4  Current Clinical Applications

8.1.4.1  Lung Cancer Staging
Lung cancer remains the leading cause of cancer mortality 
worldwide despite a decline in incidence, particularly in 
men [34]. Lung cancer staging is defined by the IASLC 8th 
edition TNM classification [35]. Accurate staging is imper-
ative in the diagnostic assessment of newly diagnosed 
patients and has a significant impact on prognosis and 
management decisions. Both invasive and noninvasive 
methods are available and used for the staging of lung can-
cer to detect both locoregional and distant disease spread.

Noninvasive methods consist predominantly of imaging 
modalities including CT, fluorodeoxyglucose positron 
emission tomography (FDG-PET), magnetic resonance 
imaging (MRI), and skeletal scintigraphy. Although these 
methods are useful and frequently necessary in the staging 
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of lung cancer, certain limitations exist, specifically with 
the accuracy of CT and FDG-PET in identifying mediasti-
nal lymph node metastasis. Sensitivity and specificity of 
CT imaging in predicting lymph node metastasis are rela-
tively low, at 61% and 79% respectively [36]. PET has been 
shown to be superior (sensitivity 85%, specificity 90%) 
although the following caveats exist: (i) up to 25% of FDG-
avid lymph nodes on PET are false positive, and (ii) in nor-
mal-sized lymph nodes, an estimated 20% of non-FDG-avid 
lymph nodes are false negatives [37].

Due to the reduced specificity of CT and FDG-PET in 
predicting lymph node metastasis, enlarged or FDG-avid 
lymph nodes should be sampled invasively when the over-
all stage or treatment decision is influenced by lymph node 
status [37,38]. In addition, invasive mediastinal staging in 
potentially operable patients is indicated in the following 
circumstances: (i) central tumors (located in the central 
one-third of the hemithorax), (ii) enlarged or FDG-avid N1 
lymph nodes, (iii) tumors >3 cm in size (i.e., clinical stage 
IIA and higher) [37].

When invasive mediastinal staging is indicated, EBUS-
TBNA has been shown to have greater diagnostic accuracy 
in mediastinal staging of lung cancer compared with CT 
and FDG-PET [39]. In one study, the sensitivities of CT, 
PET, and EBUS-TBNA for the correct diagnosis of 
 mediastinal and hilar lymph node staging were 76.9%, 
80.0%, and 92.3%, respectively, specificities were 55.3%, 
70.1%, and 100%, and diagnostic accuracies were 60.8%, 
72.5%, and 98.0%.

A limitation of CP-EBUS in the staging of lung cancer is 
the inability to access stations 8 and 9 which can be 
accessed via linear EUS. When used in combination, 
EBUS-TBNA and EUS-FNA have a higher yield than each 
modality in isolation [38,40,41]. EUS staging can also be 
achieved through a CP-EBUS bronchoscope (commonly 
referred to as EUS-B FNA) by insertion into the esophagus 
[42]. Although the combined bronchoscopic and endo-
scopic approach offers a benefit, due to the small improve-
ments in sensitivity and negative predictive value (NPV), 
and the different skillset required, in clinical practice this is 
rarely employed.

As well as potentially operable patients with lung can-
cer, EBUS-TBNA also has a role in nonoperable patients 
under consideration for alternative curative intent tech-
niques such as external beam radiotherapy (EBRT), stere-
otactic body radiotherapy (SBRT), radiofrequency ablation 
(RFA), and microwave ablation (MWA). EBUS-TBNA can 
accurately identify the presence of both mediastinal and 
hilar lymph node metastasis which would limit the effi-
cacy of such treatment [43,44]. Conversely, due to the poor 
specificity of noninvasive staging imaging such as PET, 
EBUS-TBNA can be used to exclude N1 and N2 disease in 

patients being considered for SBRT with suspicious lymph 
nodes on imaging [45]. EBUS-TBNA also has a role in 
defining treatment fields in patients undergoing radical 
radiotherapy for definitive management of lung cancer. By 
systematically sampling mediastinal and hilar lymph 
nodes, EBUS-TBNA is able to define the extent of lymph 
node involvement to a higher accuracy than noninvasive 
imaging such as PET [46].

8.1.4.2  Lung Cancer Diagnosis
In addition to staging, EBUS-TBNA has a significant role in 
the diagnosis of lung cancer. In patients with clinical stage 
IV disease, biopsy of the most accessible target in the safest 
manner is recommended. In stage I–III, however, the 
biopsy target is more complex due to the need for both 
diagnostic and staging information which influences man-
agement decisions. Prior to the development of CP-EBUS, 
patients in this situation would generally require an initial 
diagnostic test such as percutaneous CT-guided biopsy or 
bronchoscopic biopsy, followed by invasive mediastinal 
staging, if indicated, usually through mediastinoscopy. 
Since CP-EBUS has become available, both diagnosis and 
staging can be achieved through a single procedure [47].

In a study assessing patients with suspected stage I–IIIA 
lung cancer, the use of EBUS-TBNA as the initial diagnos-
tic test was shown to result in reduced time to treatment 
decision, and reduced number of invasive procedures 
required during the diagnostic and staging process, when 
compared with a conventional diagnostic and staging 
approach [48]. There was also a cost benefit demonstrated 
by using this efficient diagnostic approach. Therefore, in 
patients with suspected lung cancer, clinical stage I–III 
with mediastinal and/or hilar lymphadenopathy, or FDG-
avid lymph nodes on PET imaging, EBUS-TBNA should be 
considered as the initial diagnostic procedure with the aim 
of obtaining diagnosis and mediastinal staging with a sin-
gle procedure.

Although most of the literature surrounding the use of 
EBUS-TBNA relates to its role in nonsmall cell lung cancer, 
there is also a role in diagnosing other primary pulmonary 
malignancies. This includes small cell lung cancer with 
mediastinal or hilar lymph node involvement which occurs 
in the vast majority of cases [49]. In this scenario, EBUS-
TBNA has an overall diagnostic yield of 97%, according to 
one study [50].

Malignant mesothelioma can also be diagnosed through 
EBUS-TBNA when there is mediastinal or hilar lymph 
node involvement, or pleural disease able to be visualized 
and accessed by CP-EBUS [51]. More recently, there also 
appears to be a role for EBUS-TBNA in invasive mediasti-
nal staging in malignant pleural mesothelioma. Specifically, 
in patients being considered for more aggressive treatment 
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such as hemithoracic radiation followed by extrapleural 
pneumonectomy, accurate pathological staging is required 
to determine suitability for such treatment [52].

8.1.4.3  Direct Biopsy of Lung Masses
Diagnostic sampling of parenchymal lung masses can be 
achieved through multiple bronchoscopic methods, includ-
ing endobronchial biopsy under direct visualization, trans-
bronchial biopsy using fluoroscopic guidance, RP-EBUS, 
navigational bronchoscopy, and, more recently, robotic 
bronchoscopy. A disadvantage of most of these methods is 
the lack of real-time visualization that is offered with 
CP-EBUS, as previously described. A commonly over-
looked use of CP-EBUS is the direct biopsy of proximal 
lung masses using EBUS-TBNA. The 6.9 mm tip of the 
bronchoscope limits access to subsegmental airways but it 
is generally able to be inserted down to the lobar bronchus. 
In the lower lobes, access to the basal segmental bronchus 
is also possible. When lung tumors are located in these 
areas within reach of the airway, EBUS-TBNA can be used 
for direct tumor sampling [53]. This is also true for tumors 
in the upper lobes which are adjacent to the trachea.

8.1.4.4  Diagnosis of Metastatic Malignancy
The presence of mediastinal and/or hilar lymphadenopathy 
in patients with a history of extrathoracic malignancy is a 
common clinical scenario. Although clinical suspicion of 
lymph node metastasis may be high in these patients, in 
most cases pathological confirmation is necessary to guide 
treatment decisions. EBUS-TBNA represents a minimally 
invasive diagnostic option to either confirm the presence of 
lymph node metastasis or exclude the presence of metasta-
sis and provide an alternative benign explanation. This has 
been demonstrated in multiple publications including a 
multicenter study where high sensitivity (87%) and diag-
nostic accuracy (88%) were achieved [54]. Therefore, in 
patients with mediastinal and/or hilar lymphadenopathy 
and a history of extrathoracic malignancy, EBUS-TBNA 
should be considered the diagnostic method of choice, 
especially if there are no better accessible targets that would 
provide the same diagnostic and staging information.

8.1.4.5  EBUS-TBNA versus Mediastinoscopy
Alternative invasive methods for mediastinal lymph stag-
ing are also available, including cTBNA and mediastinos-
copy. Real-time EBUS-TBNA has been shown to have a 
higher diagnostic accuracy than “blind” cTBNA in medias-
tinal lymph node staging, especially in the absence of bulky 
mediastinal disease evident on CT or FDG-PET imaging 
[55,56]. Prior to the development of EBUS-TBNA, medias-
tinoscopy was the gold standard and most widely used 
method for invasive mediastinal staging of lung cancer.

Mediastinoscopy refers to a number of surgical proce-
dures used primarily for invasive mediastinal lymph node 
staging in lung cancer. These include cervical mediasti-
noscopy (traditional and video assisted), left anterior 
mediastinoscopy and extended cervical mediastinoscopy. 
Subsequently, transcervical extended mediastinal lym-
phadenectomy (TEMLA) and video-assisted mediastinal 
lymphadenectomy (VAMLA) were developed as a means 
to dissect and completely remove mediastinal lymph node 
stations rather than lymph node biopsy which is the basis 
for mediastinoscopy [57]. Cervical mediastinoscopy is able 
to access and sample the upper paratracheal (stations 2R 
and 2L), lower paratracheal (4R and 4L), anterior subcari-
nal (7), and hilar (10R and 10L) lymph node stations. 
Mediastinal lymph nodes not routinely accessible via 
 cervical mediastinoscopy include the aortopulmonary 
window (station 5), paraaortic (station 6), posterior sub-
carinal (station 7), paraesophageal (station 8), and pulmo-
nary ligament (station 9). Interlobar (station 11R, 11L) 
and lobar (stations 12R and 12L) lymph nodes that are 
accessible with EBUS-TBNA are not accessible with medi-
astinoscopy. Left anterior mediastinoscopy allows access 
to the aortopulmonay window (station 5) and paraaortic 
(station 6) lymph nodes.

In the mediastinal staging of lung cancer, the role and 
accuracy of mediastinoscopy are established and well doc-
umented [58]. A large metaanalysis showed that the sensi-
tivity of traditional cervical mediastinoscopy in this setting 
was 78%. This improved to 89% with video-assisted cervi-
cal  mediastinoscopy with a NPV of 92% [38]. The false-
negative rates in these studies can in many cases be 
attributed to certain lymph nodes being inaccessible from 
the traditional cervical approach. Complications from 
mediastinoscopy are low, with morbidity and mortality of 
2% and 0.08% respectively [38].

Direct comparison of EBUS-TBNA with cervical medi-
astinoscopy in the staging of lung cancer was first per-
formed by Ernst et  al. with subsequent surgical lymph 
node sampling at the time of resection used as the gold 
standard [59]. In that initial study, EBUS-TBNA had a 
higher diagnostic yield than mediastinoscopy (91% vs 
78%) per lymph node analyzed but there was no signifi-
cant difference in the accurancy of both techniques in cor-
rectly determining the pathological stage (93% vs 82%). 
The discrepancy in overall diagnostic accuracy per lymph 
node was influenced by EBUS-TBNA having a higher 
diagnostic yield at station 7 when compared to mediasti-
noscopy. This discrepancy in station 7 has been reported 
in another similar study [60]. Yasufuku et  al. demon-
strated equivalence between EBUS-TBNA and mediasti-
noscopy with sensitivity, NPV, and diagnostic accuracy of 
81%, 91%, 93%, and 79%, 90%, 93% respectively, when 
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EBUS-TBNA was followed by mediastinoscopy in all 
patients. Complications were observed in 2.6% of patients 
undergoing mediastinoscopy compared with no complica-
tions in the EBUS-TBNA group. A subsequent metaanaly-
sis again showed that there was no significant difference 
between the sensitivity and diagnostic accuracy of each 
method; however, there were fewer false-negative results 
but more complications with mediastinoscopy [61].

These results, which combine equivalent diagnostic 
accuracy, reduced complication rates, and lower costs, 
have subsequently guided current recommendations that 
EBUS-TBNA be the method of choice in the initial invasive 
mediastinal staging of suspected or proven lung cancer 
[38,58,62]. Mediastinoscopy should ideally be reserved for 
cases where the index of suspicion for metastatic lymph 
node involvement is high and the initial EBUS-TBNA 
result is negative [38,62,63].

8.1.4.6  Ultrasonographic Features
A commonly overlooked utility of CP-EBUS is the assess-
ment of ultrasonographic features of examined structures. 
This includes lymph node size, shape, border, heterogene-
ity, vascularity, presence of a central hilum, and presence 
of necrosis [32]. Sonographic features that appear to cor-
relate with malignant lymph nodes include: (i) round 
shape, (ii) distinct margin, (iii) heterogenous echogenicity, 
and (iv) coagulation necrosis sign [64]. When all four of 
these features are absent, there is a very high likelihood of 
a benign etiology. Lymph node size may also predict the 
presence of metastatic involvement although the evidence 
is conflicting [64–66].

Vascular patterns of lymph nodes using color Doppler 
are also associated with malignancy, with increased vas-
cularity conferring a high sensitivity and moderate spec-
ificity in predicting metastatic lymph nodes [67]. 
Conversely, the presence of a central intranodal vessel is 
associated with benign lymph nodes [68]. Aside from 
the ultrasound assessment of lymph node morphology 
and vascularity, EBUS elastography and gray-scale tex-
ture analysis have also been shown to be able to predict 
benign and malignant lymph nodes with a relatively 
high degree of accuracy [69,70]. Sonographic features 
are also useful in the CP-EBUS assessment of sarcoido-
sis. Lymph nodes with a round shape, distinct margin, 
homogenous echogenicity, nodal septations, and preser-
vation of a central germinal structure are predictive of 
sarcoidosis [71,72].

While these ultrasound features are useful in predicting 
the likelihood of malignant or benign lymph node etiolo-
gies, the predictive values of these methods are insufficient 
to be considered diagnostic, and therefore confirmation 
with TBNA is always recommended.

8.1.4.7  Ancillary Testing from EBUS-TBNA Specimens
The development of newer targeted therapies for lung can-
cer has resulted in the need to perform adequate subtyping 
and molecular testing on diagnostic specimens. EBUS-
TBNA specimens have been shown to be sufficient to per-
form immunohistochemistry (IHC), molecular and 
cytogenetic testing (including estimated glomerular filtra-
tion rate [EGFR] and KRAS mutations, and ALK and 
ROS-1 rearrangement) in more than 90% of cases [23,33,73]. 
PD-L1 IHC has previously been demonstrated predomi-
nantly on histological specimens but EBUS-TBNA cytology 
can also be used in the majority of cases and has a strong 
correlation with surgically resected specimens [74–77]. 
Interpretation is generally limited by the number of viable 
tumor cells in a stained cell block slide, with >100 usually 
required for accurate assessment.

Rapid multiplex genetic analysis by next-generation 
sequencing (NGS) is a novel and promising technique to 
identify cell signaling pathway mutations. This method can 
be used with EBUS-TBNA formalin-fixed paraffin-embed-
ded (FFPE) samples. A recent study has demonstrated the 
ability of EBUS-TBNA to provide adequate DNA for NGS 
in approximately two-thirds of patients with 46 potential 
somatic variants identified [78].

8.1.4.8  Lymphoma
Isolated mediastinal lymphadenopathy is a common clini-
cal manifestation of lymphoma. Excisional lymph node 
biopsy or core lymph node biopsy remains the recom-
mended diagnostic technique for both non-Hodgkin lym-
phoma (NHL) and Hodgkin lymphoma (HL) [79,80]. 
Despite these guidelines, fine needle aspirate cytology 
(FNAC) techniques are frequently used as the initial diag-
nostic method due to lower risk profile and potentially 
easier access in daily practice [81]. Significant controversy 
exists regarding possible discordance between cytological 
and histological samples in making a diagnosis of lym-
phoma [82]. Following the established use of EBUS-TBNA 
in the diagnosis and staging of primary lung cancer, the 
value of this technique in lymphoma was subsequently 
assessed. An initial study by Kennedy et al. in 2010 demon-
strated that EBUS-TBNA had a high sensitivity (90.9%) and 
NPV (92.9%) in the diagnosis of lymphoma [83]. Subsequent 
studies have shown varying diagnostic accuracy, with sen-
sitivity and NPV ranging from 38% to 90% and 83% to 96% 
respectively [84–90].

The discrepancy in these results appears to relate to 
reduced diagnostic accuracy in HL. This low sensitivity 
may relate to the importance of identifying Reed–Sternberg 
cells and assessing lymph node morphology in the diagno-
sis of HL. It has also been shown that in cases of HL with 
partial lymph node involvement and high levels of lymph 
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node fibrosis or reactive inflammatory cells, FNA sensitiv-
ity is reduced [91]. Diagnostic accuracy also seems to be 
lower in new diagnoses of lymphoma compared with cases 
of relapse/recurrence which are more likely to be diag-
nosed. ROSE is extremely useful to ensure an appropriate 
tissue sample is assigned for ancillary studies including 
flow cytometry and IHC which increases the sensitivity of 
cytology assessment [89,91]. The development of a larger 
19 gauge TBNA needle (compared with 21 G and 22 G) may 
also help in obtaining larger “core” lymph node samples 
but further research is required to define potential benefit 
in the diagnosis of lymphoma with EBUS-TBNA [92].

Therefore, in cases of suspected lymphoma with medias-
tinal lymphadenopathy, EBUS-TBNA may be considered as 
a safe and minimally invasive diagnostic method. In the set-
ting of a negative result where the clinical suspicion of lym-
phoma remains high, a confirmatory excisional lymph node 
biopsy such as mediastinoscopy should be considered.

8.1.4.9  Sarcoidosis
Sarcoidosis is a diagnosis made on the basis of compatible 
clinical and radiological features, commonly supported by 
pathological findings. These findings consist of the pres-
ence of noncaseating epitheliod cell granulomas in one or 
more organs, while also excluding the presence of other 
potential causes [93]. In the case of pulmonary sarcoidosis, 
histological assessment by transbronchial lung biopsy 
(TBLB) has traditionally been the most common diagnostic 
method used. This method has a variable diagnostic yield 
and also an appreciable complication rate consisting pri-
marily of pneumothorax and/or pulmonary hemorrhage. 
In instances where mediastinal lymphadenopathy is the 
only clinical manifestation, mediastinoscopy has been 
used for histological confirmation but, as outlined earlier, 
carries with it a low but significant complication rate, and 
cannot access interlobar or lobar lymph node stations 
which are frequently involved in sarcoidosis.

EBUS-TBNA has been shown to be useful in the patho-
logical assessment of patients with suspected sarcoidosis 
[94]. This method provides a higher diagnostic yield (80–
90%) compared with TBLB (37–53%) in patients with 
stage I–II disease [95,96]. Diagnostic accuracy in stage I 
disease in particular favors EBUS-TBNA (84–97%) over 
TBLB (31–38%). The combination of EBUS-TBNA and 
TBLB further increases the diagnostic accuracy compared 
with EBUS-TBNA [97].

It is therefore recommended that EBUS-TBNA be used 
as the diagnostic method of choice in patients with sus-
pected sarcoidosis stage I–II. TBLB can be performed in 
addition to this to improve diagnostic accuracy but this 
needs to be weighed against the increased complication 
rate observed with this technique.

8.1.4.10  Tuberculosis
Lymphadenitis is the most common extrapulmonary mani-
festation of tuberculosis (TB). In cases of isolated 
 intrathoracic lymphadenitis, traditional diagnostic meth-
ods including bronchoscopy and sputum culture have low 
diagnostic sensitivity [98]. In these cases, EBUS-TBNA has 
high diagnostic accuracy, with an early study demonstrat-
ing sensitivity of 94%. In this study, a positive diagnosis 
consisted of either consistent pathological signs such as 
caseating granulomas or microbiology findings. Positive 
microbiology was only demonstrated in 53% of cases (17% 
smear positive for acid-fast bacilli, 47% culture positive for 
Mycobacterium tuberculosis). A subsequent metaanalysis 
of eight studies again demonstrated a pooled sensitivity of 
87% (range 74–95%) [99]. As such, EBUS-TBNA can be 
used as an initial investigation in the diagnosis of suspected 
TB lymphadenitis with mediastinal or hilar involvement. 
However, the low availability of CP-EBUS in some 
TB-endemic regions may limit this and therefore other 
techniques may still be used.

8.1.4.11  Complications
Complication rates in EBUS-TBNA are generally reported 
to be low. In a large cohort study of over 7000 cases, the 
overall complication rate was 1.23% [100]. Complications 
included hemorrhage (0.68%), infection (0.19%), and pneu-
mothorax (0.03%). The risk of death was 0.01%.

8.2   Future Directions for CP-EBUS

A limitation of the current generation of CP-EBUS bron-
choscopes is the relatively large diameter and reduced 
flex angle which limit access to the proximal airways. 
Currently under development is a thin convex-probe 
endobronchial ultrasound (TCP-EBUS) bronchoscope, 
designed to reach more distal airways and targets. This 
has a thinner tip (5.9 mm), improved bending angle (170° 
upward), and improved direction of view (20°). Both por-
cine and cadaver models have demonstrated a greater 
reach and improved endoscopic visibility range com-
pared with the current Olympus CP-EBUS [101,102]. 
These benefits may therefore enable direct real-time 
sampling of more distal targets such as peripheral N1 
lymph nodes previously inaccessible with CP-EBUS. The 
clinical importance of this is especially in the manage-
ment of early-stage lung cancer. In cases where sublobar 
resection, SBRT, and other focal therapies are consid-
ered, the status of N1 lymph nodes is vitally important in 
treatment planning.

Another potential role for the TCP-EBUS is improved 
access to peripheral lung lesions. Current bronchoscopic 
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methods available to locate and sample peripheral lesions 
include RP-EBUS, navigational bronchoscopy, and more 
recently robotic bronchoscopy. A limitation of these meth-
ods is the lack of real-time tissue sampling that CP-EBUS 
offers. The greater reach of the TCP-EBUS may enable real-
time sampling of peripheral lung lesions which has the 
potential to improve diagnostic yield.

The current clinical uses of CP-EBUS almost exclusively 
consist of diagnostic and staging applications. However, 
therapeutic procedures are also possible and are likely to 
grow in the coming years.

8.3  Conclusion

Convex-probe EBUS has revolutionized many aspects of 
diagnostic bronchoscopy since its clinical inception 

approximately 15 years ago. It is arguably the most influ-
ential and practice-changing development in interven-
tional pulmonology since the development of the flexible 
bronchoscope. EBUS-TBNA has dramatically reduced 
and in many centers replaced the use of mediastinoscopy 
and other invasive diagnostic procedures. CP-EBUS has a 
documented and accepted role in the diagnosis and stag-
ing of lung cancer, lymphoma, and metastatic malig-
nancy, as well as many benign diseases such as sarcoidosis 
and TB. By providing an accurate and safe diagnostic 
assessment in a number of clinical scenarios, CP-EBUS is 
an essential skill for pulmonologists and thoracic sur-
geons, especially for those working in the field of lung 
cancer. In the current age of minimally invasive diagnos-
tic and therapeutic technology, the possible applications 
of CP-EBUS are numerous and represent an exciting 
future for a game-changing procedure.
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9.1  Introduction

Lung cancer remains the leading cause of cancer death 
worldwide [1]. Despite important clinical advances, the five-
year survival remains less than 18%. This is largely due to 
advanced stage at presentation, with the majority of patients 
present with stage III/IV disease [2]. Lung cancer screening 
with low-dose computed tomography (CT) scanning (LDCT) 
demonstrated a 20% reduction in mortality, primarily due to 
the shift in earlier stage at which lung cancer is found [3,4]. 
In contrast to advanced lung cancer, early stage IA nonsmall 
cell lung cancer has an over 80% five-year survival. Early 
diagnosis using white light bronchoscopy (WLB) presents 
unique challenges to the endoscopist. It is difficult to recog-
nize the subtle changes in the airway mucosa such as loss of 
mucosal sheen, mucosal irregularity, loss of longitudinal or 
circular folds and thickening of subcarina (Table 9.1) [5]. For 
lung cancers detected by screening LDCT, the majority of 
lesions are less than 20 mm (Table 9.2) [4,6–9]. Because of 
the peripheral nature of these small nodules, the average 
bronchoscopic yield is only 55%, whereas CT-guided biopsy 
has a diagnostic yield of 66–81% (Table 9.3) [3,4].

Despite the many advances in bronchoscopy over the 
past 50 years, such as high-resolution white light broncho-
scopes, smaller bronchoscopes (3 mm) to reach further 
into the airways with preserved working channels for 
biopsy tools, improved rotation, and radial ultrasound, it 
remains difficult to localize and biopsy small peripheral 
lesions. Ost et al. [10] used the AQuIRE database to exam-
ine the yield of various types of bronchoscopic biopsy 
methods for peripheral lesions less than 2 cm. This data-
base included 15 centers across the US and 22 bron-
choscopists. Despite the use of radial endobronchial 

ultrasound and electromagnetic navigation, the yield var-
ied from 38.5% to 57%. This demonstrates the challenges 
for the early diagnosis of lung cancer with a shift in lung 
cancer cell type from the predominantly centrally located 
squamous cell carcinoma and small cell carcinoma to the 
peripherally located adenocarcinoma. The need for newer 
techniques is not only to reach the lesion but to take a 
biopsy safely with sufficient yield for ancillary testing. 
This chapter will focus on the use of photonic imaging for 
diagnosis of central and peripheral lung cancers.

9.2   Principles of Photonic Imaging

Photonic imaging is based on the light–tissue interactions 
when the bronchial surface is illuminated by light. Light can 
be reflected from the surface (specular reflection), absorbed, 
induce autofluorescence, be transmitted or back-scattered at 
the same wavelength as the incident light (elastic scattering) 
or scattered at a different wavelength (inelastic or Raman 
scattering) due to light energy modification by the vibra-
tional state of molecules [11]. Endoscopic imaging, whether 
WLB, autofluorescence bronchoscopy, photodiagnosis using 
photosensitizers, narrow-band imaging, optical coherence 
tomography (OCT) or Raman spectroscopy, is based on these 
light–tissue interaction properties.

9.3   Autoflorescence Bronchoscopy

White light bronchoscopy uses broadband visible light 
(400–700 nm) for illumination of bronchial tissue. The 
image generated depends on the amount of light that is 
absorbed and transmitted through the bronchial tissue 
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 versus the part that is back-scattered and by specular reflec-
tion. Light also causes tissue to fluoresce due to excitation 
of endogenous fluorophores. Most endogenous fluoro-
phores are involved in cellular metabolic processes or asso-
ciated with the tissue matrix. The most important 
fluorophores are structural proteins such as collagen and 
elastin and those involved in cellular metabolism such as 

nicotinamide adenine dinucleotide (NADH) and flavins. 
Other fluorophores include the aromatic amino acids, vari-
ous porphyrins, and lipopigments. Under white light 
 illumination, the autofluorescence from endogenous fluo-
rophores is too weak to be seen. However, if the bronchial 
surface is illuminated by violet or blue light (380–460 nm) 
and the reflected violet or blue light is removed by a filter, 
the autofluorescence can be seen even without image 
intensifiers. Normal bronchial tissues fluoresce strongly in 
the green (480–520 nm). When the bronchial epithelium 
changes from dysplasia to cancer, there is a progressive 
decrease in green autofluorescence but a proportionately 
smaller decrease in the red fluorescence intensity. Thus, 
abnormal tissues appear as dark areas, brownish red or 
even red. The loss of green autofluorescence is from 
breakdown of stromal collagen cross-links, increase in 
cellular metabolic activity leading to changes in NADH, 
FAD coenzymes, as well as increased absorption of the 
excitation violet/blue light by hemoglobin due to angio-
genesis. Increase in endogenous porphyrins in tumors or 
bacterial products in necrotic tissue would increase the 
red autofluorescence. The excitation wavelength that pro-
duces the highest tumor to normal tissue light intensity 
and chromatic contrast is 405 nm [12–14]. This concept 
was used to develop an autofluorescence bronchoscopic 
device (AFB) to detect preinvasive and early invasive 
bronchial cancers [15–18].

To optimize the contrast between normal and malignant 
tissues, small amounts of reflected blue or red light from a 
filtered lamp or laser are often used to combine with the 
autofluorescence image such that normal tissue appears 
green while abnormal tissue appears red, purple, or 
magenta [18–23] (Table 9.4). Some commercially available 
devices allow simultaneous display of the whitelight and 
autofluorescence images, making it easier and faster to 
examine the airways.

There have been three metaanalyses and multiple multi-
center trials demonstrating that AFB, or WLB + AFB, is 
more sensitive than WLB alone for the detection of precan-
cerous lesions [24–26]. The most recent and largest, pub-
lished by Sun et  al., evaluated 21 studies involving 3266 
patients. The pooled relative sensitivity on a per-lesion basis 
of AFB plus WLB versus WLB alone to detect intraepithelial 
neoplasia and invasive cancer was 2.04 (95% confidence 
interval [CI] 1.72–2.42) and 1.15 (95% CI 1.05–1.26), respec-
tively. The pooled relative specificity on a per-lesion basis of 
AFB plus WLB versus WLB alone was 0.65 (95% CI 0.59–
0.73). AFB and WLB are better than WLB alone at detecting 
preinvasive lesions (severe dysplasia and carcinoma in situ 
[CIS]) but there is not a significant gain for detection of 
invasive cancers for experienced bronchoscopists [25]. The 
lower specificity is due to false positives, which can occur 

Table 9.1  Endoscopic findings of early lung cancer [5]

Carcinoma in situ Submucosal invasion
Peribronchial 
extension

Loss of luster Loss of longitudinal 
striations

Vascular 
engorgement

Fine mucosal 
irregularity

Loss of circular 
folds

External 
compression

Mucosal 
thickening

Indistinct bronchial 
cartilage

Stenosis

Pale mucosa Swelling

Redness Indistinct mucosal 
folds

Nodular or 
polypoid lesion

Table 9.2  Size of lung cancers detected by screening low-dose 
computed tomography [4,6–9]

Size (mm) Baseline CT Repeat screening

NLST Nelson PanCan NLST Nelson PanCan

10 20% 30% 47% 45% 33% 62%

11–20 41% 53% 32% 31% 49% 25%

21–30 22% 14% 16% 15% 14% 8%

>30 17%  3%  5%  9%  4%  4%

CT, computed tomography; NLST, National Lung Screening Trial.

Table 9.3  Diagnostic yields for screen-detected cancer via 
bronchoscopy, CT-guided transthoracic lung biopsy and surgical 
resection [3,4]

Modality NLST PanCan

Diagnostic 
method Yield

Diagnostic 
method Yield

Bronchoscopy 34% 55.8% 20% 55.6%

CT-FNA/core 19% 66.5% 38% 81.1%

Surgery 47% 73.9%a 42% 77.6%a

a Percent malignant.
CT, computed tomography; FNA, fine needle aspiration; NLST, 
National Lung Screening Trial.



Table 9.4  AFB devices [18–23]

Device Bronchoscope Excitation light Fluorescence Reflectance Image composition Abnormal lesion

Onco-LIFE Fiberoptic 395–445 nm 500–720 nm 675–720 nm Green fluorescence
Red reflectance

Reddish brown/red on green background

SAFE-3000 Video-endoscope 408 nm 430–700 nm 408 nm Green/red fluorescence
Blue reflectance

Purple on bluish green background

AFB Video-endoscope 395–445 nm 460–490 nm 550 nm, 610 nm Green fluorescence
Green and red reflectance

Magenta/purple on green background

DAFE Fiberoptic 390–470 nm 500–590 nm 650–680 nm Green fluorescence
Red reflectance

Red on green background

D-light Fiberoptic 380–460 nm 480 nm 380–460 nm Green/red fluorescence
Blue reflectance

Purple on bluish green background

ClearVu Elite Fiberoptic 400–450 nm 470–700 nm 720–800 nm Green fluorescence
Red reflectance

Reddish brown/red on green background

Onco-LIFE/Pin-point (Novadq, Richmond, BC Canada); SAFE-3000 (Pentax-Hoya, Tokyo, Japan); 
AFB (Olympus, Tokyo, Japan); DAFE (Wolf, Knittlingen, Germany); D-Light (Storz, Tuttingen, Germany); ClearVu Elite (Perceptronix Medical Inc., Vancouver, Canada).
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in areas of inflammation, infection, and trauma. This can 
be minimized by avoiding strong suction and mucosal con-
tact during the AFB exam. AFB does require additional 
training. The American College of Chest Physicians guide-
lines suggest that basic competency can be achieved after 20 
proctored cases [27].

Prior to the development of autofluorescence bronchos-
copy, there was significant interest in performing photodiag-
nosis using photosensitizing drugs such as Photofrin® that 
are preferentially retained in tumors to enhance the contrast 
between early lung cancer and adjacent normal tissue and to 
guide photodynamic therapy (PDT) [28]. This method of 
photodiagnosis was not widely used because of cost and 
 prolonged skin photosensitivity provoked by Photofrin. 
Recently, with the increase in detection of small early lung 
cancers by screening LDCT, there is a resurgence in interest 
in photodiagnosis and PDT as a minimally invasive treat-
ment in patients who are unable to undergo surgical resec-
tion due to poor cardiopulmonary function or multiple 
primary lung cancers. Newer photosensitizers have much 
shorter duration of skin photosensitivity or are not active 
until they are released in tumor cells using a targeted 
approach [29–33]. With an ultra-small composite optical fib-
erscope with an outer diameter of 1 mm, it is possible to 
access targets along peripheral bronchi to perform PDT 
under real-time visualization and laser irradiation [34].

9.4   Narrow-band Imaging

Narrow-band imaging (NBI) uses two bandwidths of 
light: 390–445 nm (blue) light that is absorbed by hemo-
globin in superficial capillaries and 530–550 nm (green) 
light that is absorbed by deeper submucosal blood vessels 
[35] It is an image-enhanced technology, which enhances 
the visualization of endobronchial microvasculature with 
the rationale that angiogenesis is a hallmark of malig-
nancy [35,36]. Dotted, tortuous and abrupt-ending blood 
vessels are described as characteristic of malignancy and 
invasiveness [35–37].

There are two metaanalyses comparing AFB vs AFB and 
WLB vs NBI. The first, published by Iftikhar and Musani 
[38], analyzed data from a total of 632 patients (eight stud-
ies) who underwent NBI and 413 patients (four studies) 
who underwent both NBI and AFB. NBI data showed a 
pooled sensitivity of 0.80 (95% CI 0.77–0.83) and a pooled 
specificity of 0.84 (95% CI 0.81–0.86). Studies pooled to 
compare a combination of AFB and NBI procedures dem-
onstrated a pooled sensitivity of 0.86 (95% CI 0.82–0.89), 
and a pooled specificity of 0.75 (95% CI 0.71–0.79), indicat-
ing that combining AFB and NBI does not significantly 
improve test performance characteristics. The authors 

 conclude that the performance characteristics of NBI may 
have a higher sensitivity and specificity than AFB. 
However, the number of patients was small, ranging from 
22 to 136.

The second, larger metaanalysis comparing WLB, AFB, 
and NBI was published by Zhang et al. in 2016 [26]. Fifty-
three eligible studies (39 WLB, 39 AFB, 17AFB and WLB, 
and six NBI) were reviewed. Only 12 studies evaluated 
diagnostic performance for high-grade lesion with pathol-
ogy, involving a total of 2880 patients and 8830 biopsy spec-
imens with a diagnosis of moderate dysplasia to invasive 
cancer. The study concluded that performance of AFB vs 
AFB and WLB was close but both were superior to WLB. 
The sensitivity, specificity, diagnostic odds ratio (DOR), 
and area under the curve (AUC) of WLB were 51% (95% CI 
34–68%), 86% (95% CI 73–84%), 6% (95% CI 3–13) and 77% 
(95% CI 73–81%). Those of AFB and AFB + WLB were 93% 
(95% CI 77–98%) and 86% (95% CI 75–97%), 52% (95% CI 
37–67%), and 71% (95% CI 56–87%). NBI had 100% sensitiv-
ity and 43% specificity with one study in the analysis.

The sensitivity of AFB and NBI is higher than WLB for 
detection of preinvasive and early invasive lesions but the 
specificity is lower. Significant interobserver variation in 
classification of vascular pattern may account for the lower 
specificity. An image-based program to teach NBI and 
other image-enhanced endoscopic technologies to identify 
areas for biopsy and for competency assessment is an 
important step to realize the clinical benefits of new tech-
nologies [39].

The significance of detecting preinvasive lesions is that 
they are an important malignancy risk indicator, not only 
for development of the preinvasive lesion into a malig-
nancy but as a marker for developing a malignancy else-
where in the lungs. van Boerdonk et al. [40] demonstrated 
a 34% lung cancer detection rate within 10 years in patients 
identified with preinvasive lesions. The tumors were both 
endobronchial and parenchymal, detected via bimodality 
surveillance using CT of the chest in addition to AFB.

The use of AFB to detect early central lung cancers in 
high-risk smokers that are not readily detectable by screen-
ing LDCT was investigated by Tremblay et al. as part of the 
Pan-Canadian Early Detection of Lung Cancer Study, a 
multicenter Canadian trial that performed a screening 
AFB in addition to a LDCT scan in 1300 participants from 
seven centers who had 2% lung cancer risk over six years 
[41]. Dysplasia, CIS or invasive cancer was detected in 
5.3% of the participants. Only one typical carcinoid tumor 
and one CIS lesion were detected by AFB alone, for a CT 
scan occult cancer rate of 0.15% (95% CI 0.0–0.6%). 
Independent risk factors for finding of dysplasia or CIS on 
AFB were smoking duration and FEV1 percent predicted. 
The study concluded that with the shift in lung cancer cell 



Early Diagnosis of Lung Cancer 131

type from squamous cell carcinoma to peripheral adeno-
carcinoma that are beyond the range of a standard size 
flexible bronchoscope (outer diameter 5.9 mm), the addi-
tion of AFB to LDCT scan detected too few CT occult can-
cers (0.15%) to justify its incorporation into a lung cancer 
screening program.

In the real-world setting, even with advanced broncho-
scopic methods such as navigation bronchoscopy and 
radial ultrasound, the diagnostic yield of peripheral lung 
lesions is less than 60% [10,42]. Better methods are needed 
in endoscopic detection and diagnosis of peripheral lung 
cancer, especially early lung cancer 20 mm.

9.5   Optical Coherence Tomography

Optical coherence tomography is an imaging method that 
can offer near histological resolution for visualizing cellu-
lar and extracellular structures at and below the tissue sur-
face [43–47]. OCT is similar to ultrasound but instead of 
sound, near infrared light is used. The light that is back-
scattered or reflected by the tissue is used to generate a one-
dimensional tissue profile using optical interferometry. By 
scanning the light beam over the tissue, two-dimensional 
images or three-dimensional volumetric images can be dis-
played. In bronchoscopic application, the imaging proce-
dure is performed using miniaturized fiberoptic probes 
inserted down the working channel to airways of interest. 
The probe can be used to image airways down to the termi-
nal bronchiole. The axial and lateral resolutions of OCT 
range from approximately 5 to 30 μm and the imaging 
depth is 2–3 mm depending on the imaging conditions. 
This combination of resolution and imaging depth is ideal 
for examining changes in the epithelium of central and 
peripheral airways. Unlike ultrasound, light does not 
require a liquid coupling medium. There are no associated 
risks from the weak near-infrared light sources that are 
used for OCT.

In time-domain OCT, a depth-resolved line profile of tis-
sue is obtained by measuring the autocorrelation function 
using a low-coherence time light source and an interferom-
eter composed of a variable-length reflective reference arm 
and a sample arm where the tissue is illuminated [45,46]. A 
signal is generated when the path length of light scattered 
from a particular tissue depth matches that from the refer-
ence arm. In frequency domain OCT, the spectral density 
function is measured to obtain a depth-resolved optical 
scattering of the tissue through Fourier transformation. 
The spectral density function can be measured with 
 interferometers using either a broadband light source and 
a spectrometer or a wavelength-swept light source and a 
square-law detector. This approach was shown to provide 

orders of magnitude enhancement in detection sensitivity 
compared to time-domain OCT [47–51]. In resected lung 
specimens, OCT findings were found to correlate precisely 
with histopathology [52–55]. Cartilage usually appears as 
darker signal-poor regions due to its low scattering proper-
ties. OCT measurements of mean luminal diameter, inner 
luminal area, airway wall area and percent airway wall 
thickness prior to surgical resection were found to corre-
late significantly with the histology down to the ninth-gen-
eration bronchi in the resected specimens [56].

A recent advance in OCT imaging is coregistered auto-
fluorescence OCT (AF-OCT) [57,58]. Autofluorescence 
OCT makes use of the same optical principles as AFB in 
the central airways. AF-OCT overcomes the limitation of 
autofluorescence bronchoscopy because the OCT imaging 
probes are much smaller than flexible videobronchoscopes, 
allowing access to small peripheral airways beyond bron-
choscopic view (Figure  9.1). AF-OCT allows rapid scan-
ning of airway vasculature that is less prone to motion 
artifacts compared to other approaches such as Doppler-
OCT [59] (Figure 9.2).

Clinical studies suggest OCT can be used to discern inva-
sive cancer versus CIS or dysplasia [55,59]. Normal or 
hyperplasia is characterized by one or two cell layers above 
a highly scattering basement membrane and upper submu-
cosa. As the epithelium changes from normal/hyperplasia 
to metaplasia, various grades of dysplasia, and CIS, the 
thickness of the epithelial layer increases. The basement 
membrane is still intact in CIS but becomes discontinuous 
or no longer visible with invasive cancer [59]. Squamous 
cell carcinoma has different OCT features from adenocar-
cinoma [57,60–62] or centrally located bronchial cancers 
that are not visible by CT. It is often difficult to differentiate 
between CIS and invasive carcinoma by WLB, AFB, or NBI 
although there are qualitative NBI features such as convo-
luted vessels that tend to suggest submucosal tumor inva-
sion [35]. The ability to diagnose the depth of tumor 
invasion can guide therapy. The relative accuracy of OCT 
versus balloon probe endobronchial ultrasound (EBUS) to 
determine the depth of tumor invasion into the bronchial 
wall has not been compared [63]. However, the significant 
drop in the prevalence of centrally located squamous cell 
carcinoma makes studies of this kind difficult.

Optical coherenece tomography is a promising method 
to guide diagnosis of peripheral lung nodules. Normal lung 
parenchyma can be identified by the presence of signal-
void alveolar spaces that appear as a honeycomb-like struc-
ture. Pulmonary nodule is identified by replacement of 
alveoli with solid tissue [58,64]. Adenocarcinomas with 
lepidic growth pattern are recognized by their thickened 
alveolar walls (Figure 9.3) [57]. After OCT interpretation 
training sessions, clinicians can diagnose common primary 
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lung cancers (adenocarcinoma, squamous cell carcinoma, 
and poorly differentiated carcinoma) with an average accu-
racy of 82.6% (range 73.7–94.7%) [62]. Although OCT can-
not replace the pathologist in the diagnosis of lung 
carcinoma, it may be useful for confirming the nature of 
the lesion before taking a biopsy. Since OCT probes can be 
miniaturized, they can be inserted inside biopsy needles/
catheters to guide biopsy in real time without removing 
the  imaging probe from a guide sheath and reinserting 
the  biopsy forceps or needle, with the possibility of 
 displacement or migration to a different airway [65,66]. 
Determination of the clinical utility of OCT or AF-OCT to 
localize abnormal lesions to guide biopsy requires rand-
omized clinical trials. Other methods such as confocal 
microendoscopy to characterize peripheral lung lesions 
have been investigated. In contrast to OCT/AF-OCT that 
can image several centimeters of an airway rapidly without 
the use of contrast agents, confocal microendoscopy is a 
point monitoring method and requires the use of contrast 
agents [67].

Aside from OCT, there are emerging technologies to 
guide precision biopsy of peripheral lung nodules such as a 
miniature 0.8 mm wide-field multispectral endoscopic 
imaging system that enables reflectance and fluorescence 
imaging [68] with resolution superior to reflectance imag-
ing alone [69].

9.6   Laser Raman Spectroscopy

Laser Raman spectroscopy (LRS) involves exposing tissue 
to low-power laser light and collecting the scattered light 
for spectroscopic analyses. It is a powerful technology 
because spectra are obtained nondestructively, and light 
scattered from samples with different molecular compo-
sitions can be easily differentiated [70,71]. The Raman 
effect is an inelastic light-scattering process whereby a 
very small proportion of incident photons are scattered 
with a corresponding change in frequency. The differ-
ence between the incident and scattered frequencies 

(a)

(b)

Figure 9.1  Normal terminal bronchiole with adjacent alveoli (a) and more proximal airways and (b) 3D rendering.
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 corresponds to the vibrational modes of molecules par-
ticipating in the interaction. Raman spectra are depicted 
by plotting the intensity of the scattered photons as a 
function of the frequency shift. Raman spectra can cap-
ture a fingerprint of specific molecular species, and can 
therefore be potentially used to identify malignant tissue. 
LRS in combination with AFB + WLB demonstrated 
increased specificity in identifying lung cancer. A pilot 
study suggested LRS may reduce the number of biopsies. 
LRS is currently an experimental modality in which 
future work is required.

9.7   Conclusion

Optical imaging modalities including AFB and NBI dem-
onstrate superior sensitivity in detecting early lung cancer 
in the central airways. These modalities do require extra 
training. As lung cancer shifts from the central airways to 
the peripheral lung, beyond the reach of a standard flexible 
bronchoscope, combining imaging modalities such as OCT 
and AF-OCT may allow bronchoscopists to evaluate lesions 
prior to biopsy to improve diagnostic yield, reduce unnec-
essary biopsy, and guide endoscopic treatment.

Figure 9.2  AF-OCT (a,f) and corresponding Doppler OCT to illustrate size of blood vessels identified by AF-OCT.

(a) (b) (c)

Figure 9.3  OCT image of an adenocarcinoma (a) with a solid (b) and lepidic (c) component.
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10.1  Introduction

In the US, since 1990 lung cancer has been one of the lead-
ing causes of death, disability (disability-adjusted life-years 
[DALYs]), and years of life lost (YLLs) due to premature 
death. Despite significant progress in reducing the burden 
of this disease, in 2016 it was still the second cause of 
DALYs and YLLs, and one of the leading causes of overall 
mortality [1]. Additionally, lung cancer is the principal 
cause of malignancy death, accounting for 153 722 deaths 
in 2015. Furthermore, in 2018 lung cancer is expected to 
still be the second cancer type with an estimated number of 
new cases of 234 030 [2].

Screening using low-dose computed tomography scan 
(LDCT) plaus an essential role in decreasing lung cancer 
mortality [3]. It identifies one or more lung nodules in 20% 
of screened individuals, and about 1% have lung cancer [4]. 
New data show that approximately 1.2 million people per 
year are identified to have a new nodule, and more than 
63 000 will be diagnosed with lung cancer within the fol-
lowing two years [5].

Patients looking for evaluation for possible lung cancer 
due to suspicious nodules in the screening LDCT or inci-
dental findings on chest imaging will require an initial 
assessment performed in a timely and efficient manner [6]. 
However, new nodules result in a high number of false-
positives and will require a careful risk-benefit analysis to 
make the diagnosis [7]. The clinician will decide the diag-
nostic approach based on the lung cancer risk of the 
patient, the lung nodule imaging characteristics, and 
the complication profile [8].

The peripheral pulmonary lesion (PPL) is challenging 
for the lung specialist. Nonadvanced bronchoscopy proce-
dures in patients with PPL have a low performance [9]. 

In nodules less than 2 cm and located in the outer third of 
the lung, the yield can be as low as 14% [10]. The American 
College of Chest Physicians (ACCP) in 2003 recommended 
against bronchoscopic biopsy of PPL [11,12]. In the 2013 
guidelines, “electromagnetic navigation guidance is rec-
ommended if the equipment and expertise are available 
(grade 1C)” [13]. The technology and evidence are con-
stantly evolving.

10.2  Historical Aspects

In the 1990s, advances in computer technology permit-
ted the development of virtual reality of the tracheo-
bronchial tree [14]. A method based on a miniature 
electromagnetic sensor and a low-power electromag-
netic field generator allowed real-time, in vivo mapping 
and navigation which were explored as an adjunct to 
bronchoscopy [14–16]. A historical review of the evolu-
tion of electromagnetic navigation bronchoscopy (ENB) 
has been published [17] (Figure 10.1).

At the beginning of the twenty-first century, the increas-
ing number of chest CT scans for screening, changes in 
the proportion of peripheral compared with central 
lesions, and the low performance of nonadvanced bron-
choscopy procedures in patients with PPL provoked the 
development of this new technology. It has tried to over-
come alternative methods such as transthoracic needle 
aspiration, video-assisted thoracoscopy or diagnostic thor-
acotomy which have a high cost or risk of complications 
[11,18–20].

In 2003, Swartz et al. published the first scientific article 
on electromagnetic navigation during flexible bronchos-
copy in an animal model [19]. Then, Becker et  al. and 
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Schwarz et  al. contributed the first studies in humans 
of electromagnetic guidance for bronchoscopic biopsy of 
PPL [20,21]. Gildea et  al. documented clinical value of 
ENB in a prospective study also sampling mediastinal 
lymph nodes [22].

10.3  Technical Components

The electromagnetic navigation system incorporates sev-
eral critical pieces of technology to provide a computer 
model and map, real-time localization and guidance, and a 
catheter through which instruments can be delivered. 
Various aspects of these have been upgraded over the last 
15 years, and other competitor technologies have been 
introduced into the market but delivered in different ways, 
each with potential improvements of the platform.

The most commonly used and studied ENB system is the 
SuperDimension™ (Medtronic, Minneapolis, MN, USA). It 
has four basic components [19,20,22].

1) An electromagnetic board (47 × 56 cm and 1 cm thick), 
that emits low electromagnetic waves and is placed 
under the cephalic end of the bronchoscopic bed mat-
tress to create an electromagnetic field around the torso 
of the patient (Figure 10.2).

2) A locatable guide (LG) that has a sensor probe. In the 
original version, the movement was controlled from its 
proximal extreme with a control lever and a rotating 
knob. The current version is passive, but the catheter 
has various angulations to direct the probe (Figure 10.3).

3) A flexible catheter, acting as an extended working chan-
nel (EWC), 130 cm long, with 1.9 mm diameter. The LG 
is placed in this catheter and when the target is found 
with the navigation system, the EWC is positioned in 
this location and generates access for the bronchoscopic 
biopsy tools. In the current version, the catheters are 
106.95 cm long, outer diameter is 2.68 mm, inner diam-
eter is 2.08 and they have various angles (45°, 90°, 180°, 
190°) to help with some of the more acute airway turns 
(Figure 10.4).

4) The planning computer software and its hardware. The 
software converts the digital imaging and communica-
tions in medicine standards (DICOM) from a CT scan 
into multiplanar images with three-dimensional recon-
struction and virtual bronchoscopy of the airways. 
These reconstructed images are overlaid by the graphics 
information representing the position of the sensor 
probe as well as preidentified anatomical landmarks 
and the location of the target lesion. The computer 
interface has evolved such that the pathway was origi-
nally planned by the operator, but now many of the 
steps are automated. The key is that the operator learns 
to interact and plan a procedure pathway using multi-
planar and 3D airway reconstruction (Figure 10.5).

The procedure has four distinct stages [19,20,22].

1) Planning – a chest CT scan is downloaded in the ENB 
software and the multiplanar digital information recon-
struction allows building of axial, coronal, and sagittal 
views and virtual images of the bronchial tree. 
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Figure 10.1 Historical timeline of ENB.
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(a): Electromagnetic board

(b): Electromagnetic board placed under the cephalic end of the bronchoscopy bed

Figure 10.2 (a) Electromagnetic board. (b) Electromagnetic board placed under the cephalic end of the bronchoscopy bed.
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Figure 10.3 Locatable guide (current version).
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The  bronchoscopist uses this information to establish 
the pathway to the target lesion. Although now only 
used as a back-up system, one is prompted to select 
between five standard anatomical landmarks that will 

help to align the virtual bronchoscopy and the electro-
magnetic map for manual registration if needed 
(Figure 10.5).

2) Registration or endobronchial mapping  –  when the 
patient is lying on the examination bed, three sensors 
are placed on the subject’s thorax for compensation for 
respiratory movements and possible movement on the 
bed. Then the bronchoscope is introduced into the air-
way with the LG inserted through the working channel. 
The sensor (or LG) makes hundreds of positional regis-
tration points which are overlaid and matched to the 3D 
virtual bronchoscopy. The LG is driven through the 
lung in an even depth and balanced way to improve the 
accuracy of the model (Figure 10.6).

3) Navigation  –  when the registration is completed, the 
bronchoscope with the sensor out the distal end is 
advanced in the airway heading to the lung lesion. The 
LG and EWC are guided by the electromagnetic naviga-
tion monitor which displays graphical information rep-
resenting the sensor probe, anatomical landmarks, and 
position of the target lesion. The goal is to be as close as 
possible but maintain a direct line from the end of the 
LG to the target lesion in the correct plane (Figure 10.7).

4) Biopsy – the position may be confirmed by fluoroscopy 
(recommended but not required) [23]. The EWC is 
secured to the working channel port; the LG is removed 
from the EWC; a radial probe endobronchial ultrasound 
or other instruments may be inserted to confirm the 
lesion location. After retracting the radial probe, the 
bronchoscopy tools can be inserted to take samples.

10.4  Performance

In 2005, Becker et al. published the first pilot study of elec-
tromagnetic guidance for bronchoscopic biopsy of PPL in 
30 consecutive patients, obtaining a 69% yield. The lesions 
ranged in size from 12 to 106 mm (mean 39.8 mm), with a 
mean distance to the pleura of 1.9 mm (range 0–41, SD 
10.3). ENB increased procedural time by 7.3 minutes com-
pared with conventional bronchoscopy [20]. In 2006, 
Schwarz and colleagues published a study including 13 
patients with nonendoscopically visible lesions with a size 
range of 15–50 mm (mean 33.5 mm); the yield was 69% [21]. 
Then, Gildea et  al. performed a larger scale prospective, 
single-center study at the Cleveland Clinic. Sixty subjects 
were enrolled. The mean peripheral lesion size was 22.8 mm 
(+ 12.6), the mean navigation time was seven minutes (+ 
6), and the yield was 74% [22]. This study also looked at 
ENB utility for mediastinal lymph nodes [22]. Several 
other studies have shown similar diagnostic performance 
in  widely variable environments [18–49] (Table  10.1, 
Figure 10.8).

Figure 10.4 Extended working channel catheters (current 
version, all angle types together).
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The only randomized prospective trial of ENB versus 
radial-probe endobronchial ultrasound (REBUS) was an 
outlier in the literature. Eberhardt et al. showed that the 
yield associated with the combination of techniques (ENB 
and REBUS) was 88% [46]. This has never been repeated, 
and several other studies using the combination, even by 
the same group, did not result in the same yield.

In 2012, a metaanalysis of 39 studies of guided bronchos-
copy for peripheral pulmonary nodules found a pooled 
diagnostic yield of 70% (ranging from 46% to 86.2%, with 
significant heterogeneity) [52]. The ACCP lung cancer 
guidelines in 2013 showed the diagnostic yield of ENB in 
14 studies involving 932 patients was 68% in prospective 
trials versus 74% in retrospective trials [13]. A metanalysis 
of 15 studies of ENB for PPL published in 2015 found 
pooled sensitivity, specificity, positive likelihood ratio, and 
negative likelihood ratio of 82%, 100%, 19.36, and 0.2, 
respectively. The sensitivity and negative likelihood ratio 
had significant heterogeneity due to differences in patient 
selection and different biopsy techniques [53]. Interestingly, 
the concept of navigation success was reported to be 97.4% 
in another metaanalysis, but the pooled diagnostic yield 
was lower (64.9%) [54].

The AQuIRE (ACCP Quality Improvement Registry, 
Evaluation, and Education) registry conducted a multi-
center study of consecutive patients who underwent 
bronchoscopy with transbronchial lung biopsy for PPL. 
Three hundred twelve patients had a diagnostic bron-
choscopy. The results published in 2016 showed a low 

diagnostic yield of 38.5% in ENB alone, and 47.1% when 
ENB was combined to REBUS, suggesting EMN and 
REBUS do not perform as well as reported when applied 
outside the research setting or high-volume specialized 
centers [55].

The role of fluoroscopy assistance in diagnostic yield and 
complication rates has been evaluated. A prospective study 
by Makris et al. of ENB for small PPL (lesion diameter of 
23.5 mm + 1.5 and a mean distance to the pleura of 14.9 mm 
+ 2) without fluoroscopic guidance in 40 consecutive 
patients unsuitable for surgery or CT-guided transthoracic 
needle aspiration (TTNA) found an overall diagnostic yield 
of 62.5%. Three pneumothoraces occurred and one required 
chest tube [23]. Similarly, Eberhardt et al. evaluated ENB 
guidance for PPL without fluoroscopy, confirming this 
stand-alone bronchoscopy technique could be used with-
out compromising diagnostic yield or increasing the risk of 
pneumothorax [47].

The size of the PPL has been associated with increasing 
diagnostic yield. Bowling et  al. in a retrospective study 
found a larger diagnostic yield in lesions over 3 cm [32]. 
Also, in a prospective study of 51 subjects, Seijo et al. in the 
univariate analysis identified nodule size as a statistically 
significant variable conditioning the yield of ENB [24]. 
Wang et al. in a metaanalysis of 22 studies evaluated the 
diagnostic yield of guided bronchoscopy for PPL; the 
weighted diagnostic yield of 629 lesions 20 mm was 60.9% 
and in 767 lesions 20 mm was 82.5% (difference of 19.6%, 
p <0.001) [52].

Figure 10.5 EMN system planning software.
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The average fiducial target registration error 
(AFTRE) score (which is calculated by the software 
and represents the radius of the difference between the 
tip of the sensor probe in the actual patient and its 
expected location) also seems to be related to the diag-
nostic yield. Makris et al. found a significantly higher 

diagnostic yield when the CT–body divergence was 
4 mm.
The location of the nodule has been described as a factor 

that decreases the diagnostic yield. Specifically, navigation 
through the lower lobes can be affected by diaphragmatic 
movement. Eberhardt et  al. demonstrated a significant 

(a)

(b)

Figure 10.6 (a) Registration planning. (b) Registration phase.
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decrease in the yield of nodules in lower lobes when ENB 
was performed alone (no REBUS). When REBUS is com-
bined with ENB, the diagnostic yield showed independ-
ence to the lobar distribution [46].

The presence of bronchus sign on chest CT has predic-
tive value in the evaluation of a patient with a PPL. In a 
prospective, single-center study of 51 subjects, Seijo et al. 
showed that the finding of bronchus sign on chest CT sig-
nificantly improved the diagnostic yield of ENB from 31% 
to 79% [24]. A recent metaanalysis showed that it is possi-
ble to make a diagnosis in guided bronchoscopy for PPL 
with bronchus sign compared to lesions without bronchus 
sign, with an odds ratio of 3.4 for successful diagnosis [56].

Electromagnetic navigation bronchoscopy is a virtual 
image-guided technique when paired with radial EBUS 
(REBUS) as real-time image localization may improve 
diagnostic yield. The role of ENB-REBUS in improving 
diagnostic yield for peripheral lesions was proved by 
Eberhardt and colleagues. They performed a prospective 
randomized controlled trial involving 118 patients and 
showed an increase in diagnostic yield from 69% and 59% 
(REBUS and ENB alone) to 88% for the combined proce-
dure. Pneumothorax rate showed no significant differences 
between groups [46].

Similar results were found by McLemore and colleagues 
who studied 42 patients; combined REBUS and EMN 

resulted in a diagnostic rate of 90% and averted 32 surgical 
biopsies at the expense of only one pneumothorax [57]. 
Interestingly, in a prospective study of 54 patients, 
Eberhardt et al. obtained a diagnostic yield of 93% when 
REBUS confirmed the lesion after ENB and only 48% when 
the nodule was not observed [51].

The diagnostic performance of different biopsy tools in 
nonadvanced diagnostic bronchoscopy for PPL has been 
evaluated. The systematic search published in the first edi-
tion of the ACCP Lung Cancer Guidelines and then 
updated in the second and third editions showed an over-
all diagnostic sensitivity for peripheral lesions of 78% 
(range 36–88%). Transbronchial biopsy had highest 
 sensitivity (57%), followed by transbronchial brushes 
(54%), and bronchoalveolar lavage (BAL)/washing (43%). 
Transbronchial needle aspiration (TBNA) had a sensitivity 
of 65% [9,13].

The increase in diagnostic yield for sampling peripheral 
lesionswhen adding TBNA to other biopsy tools has been 
demonstrated in previous studies [9,58–64]. Accordingly, 
in the AQuIRE registry, the multivariate analysis found 
peripheral TBNA was associated with increased diagnostic 
yield, but surprisingly, despite the accumulated evidence 
of its benefit, it was only used in 16% of procedures [55].

Extrapolation of these results to the bronchoscopic 
biopsy associated with ENB guidance can be done. 

Figure 10.7 Performing the navigation phase.



Table 10.1 Characteristics of the different ENB studies

Study Study design
SD/
Veran Technique Biopsy N

Lesion mean 
size mm Yield % Complications Other comments

Becker et al. [20] Retrospective SD RB/FB/Fluoro/ EBUS Forceps/Brush 30 24 69 1 PTX with CT (3.3%)

Schwartz et al. [21] Prospective SD FB/Fluoro Forceps/TBNA/Brush 13 33.5 ± 11 69 0 PTX, 3 minor bleed 
(0%)

Gildea et al. [22] Prospective SD FB/Fluoro Wash/brush/forceps/TBNA 49 22.8 74 2 PTX with CT (3.4%)

Makris et al. [23] Prospective SD FB Forceps only 40 23.5 62.5 3 PTX (1 CT) (7.5%) (77 with AFTRE <4)

Eberhardt et al.. 
[46]

Retrospective SD FB Forceps/TBNA/Brush/Wash 89 24 ± 8 67 2 PTX (no CT), 1 
hypercapnic respiratory 
failure (2.2%)

Eberhardt et al. 
[46]

Prospective SD FB ENB Forceps 39 28 ± 8 59 2 (5%)

Eberhardt et al 
.[47]

Prospective SD FB ENB REBUS Forceps 40 24 ± 5 88 3 (8%)

Wilson et al. [48] Retrospective SD FB (deep)/Fluoro/ROSE Forceps/TBNA 248 21 ± 14 70 3 PTX (no CT), 3 
moderate bleed (1.2%)

Bertoletti et al. [49] Prospective SD Only ENB Forceps 53 31.2 ± 14.4 77.3 2 PTX (1 CT) (4%)

Lamprecht et al. 
[50]

Retrospective SD RB/FB/ROSE Forceps/TBNA/Brush 13 30 ± 12 76.9 0 PTX (0%)

Eberhardt 2010 Prospective SD RB/REBUS SC/TBBX 54 23.3 75.5 1 PTX (1.9%)

Seijo et al. [24] Prospective SD FB/ROSE TBNA/Forceps 51 N/A 66.7 0 PTX (0%) (79 with airway)

Mahajan et al. [25] Retrospective SD FB/Fluoro Forceps/Brush/BAL 48 20 ± 13 77 5 PTX (2 CT) (10%)

Lamprech et al. 
[26]

Prospective SD RB/FB/ROSE Forceps/TBNA/Brush 112 27.1 83.9 2 PTX (no CT) (1.8%)

Pearlstein et al. 
[27]

Retrospective SD FB/ROSE Forceps/TBNA/Brush 104 32.6 ± 22.2 85.1 6 PTX (6 CT)(5.8%) Thoracic surgeons

Brownback et al. 
[28]

Retrospective SD FB/Fluoro/ROSE Forceps/TBNA/Brush/Wash 55 30 74.5 0 PTX, 2 cases 
hypoxemic respiratory 
failure

56.4% Bronchus sign

Jensen et al. [29] Retrospective SD FB Forceps/TBNA/Brush/BAL 92 26.1 ± 14.2 65.2 3 PTX and 1 bleeding

Karnak et al. [30] Prospective SD FB/ROSE Forceps/TBNA/Brush 76 23 91.4 3 PTX (3.9%)

Khan et al. [39] Prospective SD FB/Fluoro N/A 24 N/A 75 0 PTX (0%) Patients with PPL and 
implanted cardiac devices

Mohanasundaram 
et al. 2013

Retrospective SD FB/ROSE Forceps/TBNA/Brush 41 30.1 ± 2.1 89 6 PTX (3 Truclose 
thoracic vent valve, 2 
CT) (13%)

Balbo et al. 2013 Retrospective SD? FB/Fluoro/ROSE Forceps/TBNA/Brush/BAL 40 23.5 ± 4.9 70.7 0 PTX (no CXR) ENB+ROSE after 
Bronch+Fluoro+ROSE. 
Bronchus sign 78%



Odronic et al. [40] Retrospective SD FB/Fluoro/ROSE TBNA/Forceps/Brush 91 27 (range 
7–71)

63 5 PTX (5.3%) Sensitivity 63%, 
Specificity 100%

Loo et al. [31] Retrospective SD FB/ROSE Forceps/TBNA/Brush 40 26 (range 
3–80)

95 0 PTX (0%)

Ortega et al. [90] Prospective N/A FB/? Forceps/TBNA 180 23.7 50.6 9 PTX (5%)

Zatloukal et al. [91] Prospective SD FB/? Forceps/TBNA/Brush 89 23.1 ± 10.2 69.4 0 PTX

Bowling et al. [32] Retrospective SD FB/Fluoro/ROSE Forceps/Needle brush/
TBNA/BAL

107 N/A 73.6 3 PTX (1CT), 1 
respiratory failure, 1 
bradycardia

Ost et al. [55] Prospective SD 
(252) 
Veran 
(4)

REBUS Forceps/TBNA/Brush/BAL 256 N/A 47.1 10 PTX in the complete 
study (n = 581)

Garwood et al. [41] Retrospective N/A N/A N/A 90 N/A 82.6 6 PTX (6.7%) (5 CT) Sensitivity and negative 
predictive values were 
90.0% and 88.6%

Steinfort et al. [33] Prospective SD REBUS/VB/ENB/
Fluoro/ROSE

Forceps/Brush/Wash 236 19.1 58.4 N/A Sequential multimodality 
bronchoscopy (ENB in 
last 57 patients)

Al-Jaghbeer et al. 
[92]

Retrospective SD FB/REBUS/Fluoro/
ROSE

N/A 92 26 60 PTX (6%)

Ozgul et al. [34] Retrospective SD FB/REBUS Forceps/Brush/BAL 56 N/A 71.5 1 PTX (1.7%)

Copeland et al. [43] Retrospective SD FB/Fluoro Forceps/TBNA/Brush/BAL 64 23 ± 9 71 ?

Mukherjee and 
Chacey [35]

Retrospective SD FB/Fluoro/ROSE Forceps/TBNA/Brush/BAL 31 18 (range 
4–40)

96.8 2 PTX (1 CT) (6.5%)

Bhatt et al. [36] Retrospective SD N/A N/A 146 22.0 ± 9.0 66 6 PTX (4 CT or 
admission) (4%) 2 
symptomatic 
hemorrhage

2 cohorts TTNA vs ENB

Saenghirunvattana 
et al. [44]

Retrospective N/A FB/REBUS N/A 33 N/A 79 0 PTX (0%)

Sun et al. [45] Prospective SD FB/REBUS/Fluoro Forceps/Brush/BAL 40 21.1 ± 5.3 82.5 0 PTX (0%)

Panchabhai et al. 
[93]

Retrospective SD FB/REBUS/Fluoro/
ROSE

Forceps/TBNA/Brush/TNB/
BAL

10 20.5 (range 
14–30)

90 0 PTX (0%)

Yarmus et al. [42] Prospective Veran FB CEBUS ETTNA Forceps/TBNA/Brush/BAL 24 20.3 (range 
12–29)

33 (23 ETTNA) 5 PTX 24% 
(2 CT)

ETTNA alone yield 83%, 
ENB+ETTNA yield 87%, 
CEBUS+ENB+ETTNA 
yield 92%

Raval et al. [37] Retrospective Veran N/A Forceps 48 19.3 ± 10.7 83.3 1 PTX (2%)

Flenaugh et al. [38] Retrospective Veran FB/REBUS Forceps/TBNA/Brush 44 22.1 ± 9.8 90.2 0 PTX 1 procedure had a 
percutaneous approach 
SPiN Perc
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However, the role of the different biopsy tools in ENB is not 
completely clear. In a retrospective study, 91 patients 
underwent ENB. For the diagnosis of malignancy, TBNA 
had a sensitivity of 63%. When TBNA, transbronchial lung 
biopsy (TBLB), and bronchial brushing were combined, 
sensitivity increased to 83% [40].

The only sampling method evaluated in a prospective 
study is catheter aspiration, which was demonstrated to be 
superior to traditional forceps biopsy of PLL while using 
ENB [51]. This technique has been reproduced in the non-
ENB literature as well [65,66]. Again, catheter aspiration 
performed better than transbronchial biopsies, but the 
combination is better than any individual instrument 
alone [67].

Rapid on-site cytopathological examination (ROSE) 
could help to obtain a quick diagnosis [48]. In a small ret-
rospective study, ROSE was compared to the histopathol-
ogy result obtained by ENB, and sensitivity of 84.6% and 

specificity of 100% were found [50]. The role of ROSE in 
augmentation of diagnostic yield using ENB has not been 
determined.

Makris et al. noted the impact of operator skill and learn-
ing curve. Operator A never had a higher yield than 42.8% 
over 14 cases. Operator B had a yield of 76% from the first 
13 cases that declined to 62% in the last 13 cases [23].

10.5  Complications

Several years of increasing evidence suggest that ENB is a 
safe method with lower risk for complications such as res-
piratory failure, significant bleeding or pneumothorax 
(Table 10.1).

Early results in the first 1000 subjects of a prospective, 
multicenter study of the SuperDimension navigation sys-
tem, the NAVIGATE study, have shown low adverse event 
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rates in a generalizable population. The pneumothorax rate 
was 4.9%, and the pneumothorax rate when at least one 
intervention is required was 3.2%. The related bronchopul-
monary hemorrhage and respiratory failure rates were 
1.0% and 0.6%, respectively [68]. Additionally, in this same 
study, the complication rates in patients with chronic 
obstructive pulmonary disease or reduced pulmonary 
function after ENB procedures were not increased [69].

A recent study has challenged the value of ENB versus 
CT-guided TTNA. This retrospective study that attempted 
to adjust for selection bias using propensity matching 
showed that TTNA had a higher yield than ENB. The chal-
lenge in a study like this is the inherent bias where many 
patients were refused TTNA as standard of care and went 
on the ENB, and vice versa [36].

Another version of ENB is the Veran Spin™ navigated 
bronchoscopy system which uses real-time procedure 
scans to account for respiratory gating, attempting to over-
come the problems of respiratory movements while biop-
sies are taken. The system has the same basic ENB 
elements; however, use of the vPad™ (stickers with electro-
magnetic sensors) on the patient’s chest prior to the plan-
ning CT eliminates the need for the registration step, helps 
to guide navigation, and tracks patient breathing. The plan-
ning CT is done at both inspiratory and expiratory phases 
to improve the accuracy of the navigation. The different 
catheter designs also have significant benefit in that unlike 
the SuperDimension system, navigation remains on during 
the biopsy procedure. Moreover, it is possible to perform a 
navigation TTNA following nondiagnostic navigation 
bronchoscopy [17,38,70] (Figure 10.9). Using this system, 
the diagnostic yield in different studies has been 77% for 
lesions without the bronchial sign, up to 87% when com-
bined ENB and electromagnetic navigation TTNA is used. 
The overall pneumothorax rate is 21% and 8% when drain-
age was required [37,38,42,71–75].

10.6  Therapeutic Applications

Electromagnetic nagivation bronchoscopy as a platform to 
direct additional techniques has been described. The abil-
ity to safely implant fiducial markers to guide stereotactic 
body radiation therapy or surgical resection has been 
reported [76–79]. It allows finding the target area for a 

wedge resection [76]. Also, it helps to localize the tumor 
precisely during stereotactic radiosurgery, showing a lower 
rate of pneumothorax compared to CT-guided fiducial 
placement, which has a pneumothorax rate as high as 64% 
when a concomitant CT-guided core needle biopsy is per-
formed [70–86]. This can be simply one marker or several 
based on the needs of the radiation planning software. The 
optimal fiducial marker to be implanted has been studied, 
finding that the coil fiducial marker has a higher and statis-
tically significant retention rate than two-band or gold seed 
fiducials [79,81] (Figure 10.10).

Similarly, in nonoperable patients, especially when ste-
reotactic radiosurgery is not available, high-dose brachy-
therapy (a treatment that delivers intratumoral radiation) 
using ENB-guided brachytherapy catheters has been 
reported [87,88]. Further, techniques used to place a 
pleural dye marker or fiducial through the lung surface 
have been used to guide video-assisted thoracoscopic 
surgery (VATS) to maintain the minimally invasive 
approach [76,89]. A study of ENB and cone beam CT 
used to direct a microwave ablation catheter is currently 
enrolling.

10.7  Conclusion

Electromagnetic navigational bronchoscopy is a platform 
of several technologies that improves the operator’s ability 
to interact with the patient CT scan to navigate a catheter 
to acquire biopsies of lung targets. The literature is now 
quite extensive but lacks studies that provide direct com-
parisons so its absolute value is not universally accepted. 
Most of the data published are single-center studies with 
older versions of the technology and performing metaanal-
yses may not have value due to technological evolution. 
Registry data from the AQuIRE investigators are very dif-
ferent from the yield data from the NAVIGATE investiga-
tors. Thus, there are still many questions about operator 
skill, patient selection and many other aspects of the proce-
dure, yet both agree that the procedure is safe. Knowledge 
on the best use of anesthesia, the proper biopsy tools, and 
the use of adjunctive imaging like REBUS, fluoroscopy, 
and cone beam CT is still continuously evolving such that 
it is still not entirely clear what is the best use of ENB tech-
nology in the broader context.
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Figure 10.9 (a) Veran Spin system navigated bronchoscopy. (b) Veran Spin system vPad. (c) Veran Spin system TTNA.
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Figure 10.10 Fiducial marker.
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Figure 10.9 (Continued)
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11.1  Introduction

Lung cancer continues to be the leading cause of death in 
the world. Early lung cancer detection programs utilizing 
low‐dose computed tomography (CT) and the widespread 
use of CT, positron emission tomography (PET), and mag-
netic resonance imaging (MRI) in other diseases means we 
are encountering more peripheral lesions. Even when 
patients are risk stratified, a substantial percentage of these 
lesions will be recommended to have ongoing surveillance, 
additional imaging, or biopsy.

Flexible bronchoscopy with evaluation and biopsy for 
peripheral pulmonary nodules (PPN) has yielded results 
with marked variability from anywhere as low as 36% to as 
high as 86% [1, 2]. Newer methods, such as virtual bron-
choscopic navigation (VBN), have been developed in an 
attempt to increase the yield and reliability of flexible bron-
choscopy in the diagnosis of PPN.

11.2  Definition

Virtual bronchoscopic navigation is a method in which 
the bronchial path to the peripheral lesion is produced 
from virtual bronchoscopic images and used as a guide to 
navigate the bronchoscope to the PPN. 3D images of the 
tracheal and bronchial lumens are prepared from the vol-
ume data of a helical CT and reconstructed to create a 
visual pathway, as it would appear during real‐time 
bronchoscopy.

11.3   History and Development

Asano et al. described the first use of VBN in a case report 
in 2002 [3]. Currently, a commercially available VBN sys-
tem in the United States is the Bronchus LungPoint® device 
with the Archimedes™ system recently described for bron-
choscopic transparenchymal nodule access [4]. Worldwide, 
the Bf‐NAVI System (Olympus, Tokyo, Japan) is the most 
commonly used, with most study data obtained from the 
Olympus system.

11.4  Technique

The images generated with VBN depend on the threshold 
values selected to differentiate between the airway and the 
bronchial lumen. An X‐ray image is composed of many 
minute 2D areas of illumination on a screen, called  “pixels.” 
These pixels have an assigned numeric value according to 
X‐ray density and collectively are seen to form an image. 
These densities are scaled as “Hounsfield units (HU)” 
which is a linear transformation of the original attenuation 
coefficient measurement of the radiodensity of distilled 
water at standard pressure and temperature (STP) and then 
defined as zero Hounsfield units (HU). The radiodensity of 
air at STP is defined as −1000 HU, with blood being 10–30 
HU, solid organs 30–150 HU, and bone >300 HU [5]. These 
3D representations  –  “voxels”  –  represent the building 
blocks of the formed image and are extracted from the ana-
tomical structures on the CT image in a process called 
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 “segmentation.” It is, therefore, important to have appro-
priate 3D set‐up values to decide the presence or absence of 
branching on axial, sagittal, and coronal images which are 
dependent on the machine being used. It is suggested that 
bronchoscopists themselves produce VBN images and 
compare them with each cross‐sectional image for confir-
mation. Inaccurate setting of threshold values will guide 
the bronchoscope to the incorrect lumen.

Another aspect is the rotation of the bronchoscope on 
insertion. When the bronchoscope is rotated, the real 
image shifts from the virtual image and a lack of depth and 
rotational information can disrupt image‐based/video‐
based tracking methods [6–8].

The process of performing VBN includes:

 ● creating a virtual bronchoscopy (VB) image
 ● synchronizing the VB image with the real‐time broncho-

scopic image
 ● sampling the peripheral lesion by biopsy, brush, and lavage.

Virtual bronchoscopy is a noninvasive procedure and 
has no radiation exposure risk using data that has already 
been collected during the initial CT imaging. The major 
disadvantage of this system is the lack of real‐time visuali-
zation of the scope during navigation and inability of con-
firming the location within the lesion. Hence, other 
modalities such as CT, fluoroscopy, and radial endobron-
chial ultrasound (EBUS) are often combined with VBN [9].

Cone beam CT (CBCT) has recently become important 
for navigational techniques. Hohenforst‐Schmidt et  al. 
conducted a feasibility study with CBCT in a (near) real‐
time extrathoracic navigation system [10]. With the patient 
sedated and typically (but not exclusively) under jet venti-
lation to produce a stable hyperinflated lung without 
motion, CT‐like images are acquired using only air as a 
contrast medium. The quality of these pictures is then 
comparable to helical CT pictures when the lung was with-
out any movement during 3D acquisition. The beating of 
the heart possibly results in some blurred areas in the 
vicinity of the heart (e.g., segment 7 of right lower lobe). 
The tumor is then marked and a pathway is created for the 
biopsy instrument. The 3D marker is superimposed with 
live fluoroscopy while the bronchoscopist advances the 
instrument and is able to visualize the movement of the 
biopsy tool toward the outlined and overlaid 3D target. All 
the images are acquired intraoperatively and can be repro-
duced instantly whenever needed (Figure 11.1).

Another study done by Hohenforst‐Schmidt et al. showed 
that the diagnostic yield with CBCT (DynaCT Artis Zee, 
SIEMENS, Forchheim, Germany) navigation‐guided trans-
bronchial biopsy (TBB) with forceps is at least two times 
higher than conventional TBB for solitary pulmonary nod-
ules (SPN) <2 cm. The study had around 33 incidental SPNs 
(Video 11.1). The navigational yield was 91% and overall 
diagnostic yield (performed with forceps only) was 70%, and 

Figure 11.1  (Left) Peripheral target on CT images acquired by VBN. (Right) Pathway as visualized from the bronchoscope [10]. Source: 
Courtesy of Dr Wolfgang Hohenforst-Schmidt.
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for all malignant cases (n = 28) was 82%. Looking at the size 
subgroups (<2 cm vs >2 cm), the overall diagnostic yield was 
75% (15 ± 3 mm) and 67% (30 ± 11 mm) respectively. In both 
subgroups the sensitivity for malignancy was 82% [11]. One 
of the risk factors with this technique would be radiation but 
dose levels (for 3D data retrieval and navigation until the 8th 
segmentation in the right upper lobe) found overall expo-
sure to be between 0.98–1.15 mSv (which is actually even 
better than other lung systems) [10].

Another method developed is electromagnetic navi-
gation (EMN) which is used to advance a guide sheath 
and biopsy instruments to peripheral lesions utilizing 

 electromagnetic position sensor information and is fully 
discussed in Chapter XX (Table 11.1).

11.5  Discussion

A number of validation studies have been done using VBN 
to diagnose peripheral lesions (Table  11.2). There have 
been two major prospective randomized controlled studies, 
which have shown conflicting results.

A prospective multicenter study was done by Ishida 
et al. to look at VBN‐assisted EBUS for diagnosing small 
peripheral pulmonary lesions. In this study, 199 patients 
with small peripheral pulmonary lesions (diame-
ter 30 mm) were randomly assigned to VBN‐assisted 
(VBNA) or non‐VBN‐assisted (NVBNA) groups. A bron-
choscope was introduced into the target bronchus of the 
VBNA group using the VBN system. The diagnostic yield 
was higher for the VBNA than for the NVBNA group 
(80.4% vs 67.0%; p = 0.032). The duration of the exami-
nation and time elapsed until the start of sample collec-
tion were reduced in the VBNA compared with the 
NVBNA group (median [range], 24.0 [8.7–47.0] vs 26.2 
[11.6–58.6] min, p = 0.016 and 8.1 [2.8–39.2] vs 9.8 [2.3–
42.3] min, p  =  0.045,  respectively). The only adverse 
event was a pneumothorax in a patient from the NVBNA 
group [20].

Table 11.1  Difference between VBN and EMN [12]

Virtual bronchoscopic  
navigation Electromagnetic navigation

Less expensive More expensive because of the 
disposable sensor

X‐ray fluoroscopy is usually 
necessary unless 
endobronchial ultrasound 
with guide sheath is used

Can be done without X‐ray 
fluoroscopy

Source: Eberhardt et al. [12]. Reproduced with permission of 
American Journal of Respiratory and Critical Care.

Table 11.2  Diagnostic yield of VBN in different studies

Author Year No of patients Results

Tachihara et al. [13] 2018 31 Bronchoscopy under EBUS‐GS and VBN with or without X‐ray 
fluoroscopy in small peripheral pulmonary lesions (83.3% in the X‐ray 
and 69.2% in the non‐X‐ray group)

Kato et al. [14] 2018 100 Higher in the VBN group vs non‐VBN group (84% vs 58%, respectively, 
p = 0.013)

Maekura et al. [15] 2017 45 Combined EBUS, VBN, and ROSE for diagnosing small peripheral 
pulmonary lesions was 77.7%

Diez‐Ferrer et al. [16] 2017 63 75% vs 43.9% (p = 0.029) in VBN vs non‐VBN group

Asano et al. [17] 2017 129 76.9% (50/65) in the VBN‐assisted group and 85.9% (55/64) in the 
XRF‐assisted group

Winantea et al. [18] 2016 19 The diagnostic yield of the VBN bronchoscopy was 66.7% (5 benign, 
3 malignant lesions)

Asano et al. [19] 2013 350 Higher in VBN‐assisted group than non‐VBN‐assisted group for right 
upper lobe lesions (81.3% vs 53.2%; p = 0.004); lesions invisible on 
posterior–anterior radiographs (63.2% vs 40.5%; p = 0.043); and lesions 
in the peripheral third of the lung field (64.7% vs 52.1%; p = 0.047)

Ishida et al. [20] 2011 199 VBN vs non‐VBN (80.4% vs 67.0%; p = 0.032)

Shinagawa et al. [21] 2007 69 Time to first biopsy and total examination time were significantly 
shorter in the navigation method than in the simulation method 
(p <0.05)
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The other study, performed by Asano et al., was done in 
350 patients with peripheral pulmonary lesions (diameter, 

30 mm), assigned to VBNA or NVBNA groups. An 
ultrathin bronchoscope (outer diameter 2.8 mm) was intro-
duced to the target bronchus using a VBN system in the 
VBNA group, whereas only CT axial images were referred 
to in the NVBNA group. Specimen sampling sites were 
verified using X‐ray fluoroscopy. The authors looked at the 
data of around 334 patients. There was no significant dif-
ference in the diagnostic yield between the VBNA group 
(67.1%) and the NVBNA group (59.9%; p = 0.173). Subgroup 
analysis showed that the diagnostic yield was significantly 
higher in the VBNA group than in the NVBNA group for 
right upper lobe lesions (81.3% vs 53.2%; p = 0.004); lesions 
invisible on posterior–anterior radiographs (63.2% vs 
40.5%; p = 0.043); and lesions in the peripheral third of the 
lung field (64.7% vs 52.1%; p = 0.047) [19].

The remaining studies were mainly with smaller popula-
tions and most were single‐center, pilot studies.

Shinagawa et al. carried out a pilot study in Japan for 25 
patients with 26 peripheral lesions between June 2001 and 
October 2002, with VB images reconstructed from helical CT 
scans. CT‐guided transbronchial biopsy (TBB) was performed 
using an ultrathin bronchoscope after studying the VB image 
for small peripheral lesions <20 mm in diameter. CT‐guided 
TBB was performed safely without any complications for all 
patients. The bronchi seen under VB imaging were highly 
consistent with the actual bronchi confirmed using the 
ultrathin bronchoscope. The average durations of the initial 
scan, the first biopsy, and the total examination were 5.46, 
12.96, and 29.27 minutes, respectively. Seventeen lesions 
(65.4%) were diagnosed from pathology examinations (pri-
mary lung cancers, 13; atypical adenomatous hyperplasia, 1; 
metastatic cancer, 1; sarcoidosis, 1; and nontuberculous 
mycobacteria, 1). Diagnoses were not obtained for the remain-
ing lesions due to an insufficient number of specimens (six 
specimens) or the inability to reach the lesions even using the 
ultrathin bronchoscope (three specimens) [21].

Asano et al. had executed an earlier study that included 
37 patients with 38 lesions. VB images to a median of the 
sixth‐ (third‐ to ninth‐) order bronchi could be produced. 
The ultrathin bronchoscope could be advanced into the 
planned route for 36 of the 38 lesions (94.7%). The system 
was used for a median of 2.6 minutes, and the median exam-
ination time was 24.9 minutes. The biopsy forceps could be 
advanced to the lesion in 33 of the 38 lesions (86.8%), and 
diagnosis was possible for 31 lesions (81.6%) [22].

Shinagawa et  al. performed CT‐guided TBB using an 
ultrathin bronchoscope in 69 patients with 71 small peripheral 
pulmonary lesions (PPL) (mean diameter 13.7 mm) between 
November 2002 and November 2005 [23]. CT‐guided TBB with 
the navigation method was performed safely without any seri-

ous complications for all patients. Mean time to the initial 
scan, time to the first biopsy, and total examination time were 
5.3, 8.5, and 24.5 minutes, respectively. Fifty lesions (70%) were 
diagnosed by this procedure. Compared to the simulation 
method, diagnostic sensitivity was higher in the navigation 
method but the difference was not significant. However, the 
time to first biopsy and total examination time were signifi-
cantly shorter in the navigation method than the simulation 
method (p <0.05) [23].

Also utilizing the ultrathin bronchoscope, Tachihara 
et al. evaluated 94 consecutive patients for 96 PPLs ( 30 mm 
in longest diameter; mean longest diameter 16.2 mm). 
A  standard bronchoscope was used in 38 cases and an 
ultrathin bronchoscope in 58 cases. Virtual images accorded 
well with actual bronchoscopic images. The average total 
examination time was 24.1 ± 7.4 minutes (mean ± SD). The 
overall diagnostic yields were 62.5% (60 of 96 PPLs) and 
71.1% (27 of 38 PPLs) with the standard bronchoscope, and 
56.9% (33 of 58 PPLs) with the ultrathin bronchoscope. 
Diagnostic rates were 35%, 61.4%, and 94.7% for lesions 10, 
10–20, and >20 mm, respectively. There were eight ground 
glass opacity (GGO) lesions confirmed only on CT scans; 
seven cases were pathologically diagnosed. All the exami-
nations were performed safely with no complications [13].

Another study looked at VBN with EBUS. The subjects 
were 31 patients with 32 PPLs. TBB was then performed by 
EBUS‐GS. Thirty lesions (93.8%) were successfully visual-
ized by EBUS, and 27 (84.4%) could be pathologically diag-
nosed. In lesions 30 mm in size, the EBUS visualization 
yield was 91.7% (22/24) and the diagnostic yield was 79.2% 
(19/24). The median total examination time was 22.3 (9.8–
41.5) minutes [24].

More recently, in 2016 Winantea et  al. described 19 
patients with PPL smaller than 35 mm and a mean lesion 
diameter of 20 mm. Ten of the lesions were located in the 
right upper, one in the right middle, two in the right lower, 
five in the left upper, and one in the left lower lobe. The 
diagnostic yield of VBN bronchoscopy was 66.7% (5 benign, 
3 malignant lesions). In five cases (41.6%), the lesion could 
be visualized by REBUS. In all these cases, a conclusive 
histopathological diagnosis could be established by bron-
choscopy, leading to a diagnostic yield of 100% [18].

Two studies published in 2017 reviewed the efficacy of 
utilizing VBN. Maekura et  al., examining 50 patients 
between June 2014 and July 2015, could not demonstrate 
usefulness for diagnosing small PPL by combining EBUS, 
VBN, and ROSE [15]. Diez‐Ferrer et  al. studied 63 
patients, demonstrating VBN and non‐VBN diagnostic 
yields of 75% vs 43.9% (p  =  0.029). No differences were 
seen in procedure duration or complications. Their work 
indicated that diagnostic yield was increased for lesions 
located in the periphery and not fluoroscopically visible. 
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It also showed that use of VBN reduces the need for fur-
ther diagnostic procedures [16].

Asano et  al. performed a randomized trial to assess if 
VBN could be used as a substitute for X‐ray fluoroscopy. 
This noninferiority study enrolled 129 patients with a diag-
nostic yield of 76.9% (50/65) in the VBNA group and 85.9% 
(55/64) in the X‐ray fluoroscopy‐assisted group. The differ-
ence in diagnostic yield between the two groups was −9.0% 
(95% confidence interval −22.3% ~ 4.3%). The rate of visu-
alizing lesions by EBUS was 95.4% (62/65) in the VBNA 
group and 96.9% (62/64) in the X‐ray fluoroscopy‐assisted 
group. The noninferiority of the VBN‐assisted group could 
not be confirmed and the authors concluded that VBN can-
not be a substitute for X‐ray fluoroscopy [17].

Finally, a recent study by Kato et  al. of 100 patients 
showed that diagnostic yield for PPLs was higher using 
VBN for CT‐guided transbronchial biopsy (84% vs 58%, 
respectively, p = 0.013) [14].

Looking at all these studies, the diagnostic yield using 
VBN has been variable from 67% to as high as approxi-
mately 86%.

11.5.1  Utility of VBN Apart 
from Diagnostic Purposes

Virtual bronchoscopic navigation was used to mark periph-
eral nodules with barium to aid in location during subsequent 
thoracic surgery. A small study comprising 23 patients who 
had a total of 31 lesions was performed in 2004 [14]. Marking 
was achieved without causing complications in any of the 
patients and an ultrathin bronchoscope was used in this study. 
The median marking time was 23.5 minutes and the median 
shortest distance between the barium marker and the lesion 
was 4 mm (within 10 mm in 27 lesions). In patients undergo-
ing thoracoscopic surgery, all barium‐marked sites were iden-
tified by intraoperative radiographic fluoroscopy, and all 
lesions were resected [25]. A pathological examination dem-
onstrated adenocarcinoma (2), atypical adenomatous hyper-
plasia in 12 lesions, and pneumonia in two lesions.

11.5.2  Newer Techniques

The first in‐human prospective trial was done using the 
Archimedes Virtual Bronchoscopic Navigation™ system. 
A tunnel pathway to access the nodules via a transparen-
chymal approach was created in around 10 patients and 
adequate biopsies were obtained which correlated with 
histological findings from the surgical resection. It was 
concluded that the study was feasible [4].

Another prospective study is being done with 
Archimedes, which is utilizing VBN with embedded 
intraprocedure fused‐fluoroscopy guidance [26].

Another application of VBN would be to create fly‐
through 3D images between the bronchial lumen and the 
bronchial wall. This could help us predict the diameter and 
length of airway obstruction, airway stenosis, and endo-
bronchial obstruction. These fly‐through 3D images can be 
derived by helical or cone beam CT.

Virtual bronchoscopic navigation has also been used to 
map the intrathoracic lymph node, which can be poten-
tially used to train physicians for conventional transbron-
chial needle aspiration [27].

11.6   Conclusion

There are conflicting data on whether VBN increases the 
diagnostic yield in peripheral lesions or not. It has defi-
nitely been shown to increase the yield with lesions in 
the right upper lobe, lesions not visible on fluoroscopy, 
lesions in the peripheral outer third of the lungs, and 
lesions which surround the bronchus on radial EBUS 
[28]. It also does seem to reduce examination time, 
which is consistently seen in most studies. Given that it 
is inexpensive and does not cause any radiation expo-
sure, we would recommend using it as an additional tool 
for these lesions. Whether or not it should be used for 
the remaining cases must be decided on a case‐by‐case 
assessment [29, 30].

Video 11.1 Representation of VBN to access pulmonary nodule – a CBCT dataset. Source: Courtesy of Dr Wolfgang Hohenforst-Schmidt.
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Indirect laryngoscopy has numerous indications in head 
and neck surgery, including the proper clinical staging of 
patients diagnosed with oral/head and neck cancer, the 
evaluation of vocal cord abduction and adduction in 
patients with a hoarse voice character, and as part of best 
practice for awake intubation of patients with difficult air-
ways. A difficult airway has been defined as one in 
which facemask ventilation is difficult, endotracheal intu-
bation is difficult, or both difficulties are realized [1]. 
Unanticipated challenges in endotracheal intubation rep-
resent a significant and concerning factor in patient 
 morbidity and mortality in the clinical practice of anesthe-
siology. The metaanalysis of bedside screening test perfor-
mance by Shiga et al. [2] revealed an incidence of 5.8% of 
difficult intubation in normal patients without pathologi-
cal airway anatomy. To this end, obtaining an airway 
 history, evaluating the airway with the designation of a 
difficult airway and consideration of limited ability to 
 provide direct laryngoscopy, and identifying comorbid 
pathology and medical diagnoses are essential in reducing 
or eliminating the morbidity and mortality associated 
with intubating the difficult airway. Obtaining additional 
preoperative diagnostic testing will be valuable to patient 
safety and represents best practice.

12.1  The Airway History

An airway history represents an essential aspect of the pre-
operative work-up of patients about to undergo a general 
anesthetic. This notwithstanding, there is insufficient liter-
ature demonstrating the prediction of a difficult airway 
based on conducting a focused medical history or reviewing 

previous medical records [1]. That said, case reports exist 
that indicate difficult intubations in patients with obstruc-
tive sleep apnea and a history of snoring [1]. Moreover, 
patients with acquired or congenital diseases such as degen-
erative osteoarthritis, lingual thyroid or tonsillar hypertro-
phy, Treacher Collins syndrome, Pierre Robin, and Down 
syndrome are also associated with difficult intubations. As 
such, obtaining a focused medical history is valuable in 
identifying a difficult airway and difficult direct laryngos-
copy at the time of anesthetic care.

The ultimate goal of obtaining an airway history is to 
determine which patients will likely require indirect laryn-
goscopy through a fiberoptic intubation to initiate general 
anesthesia. To this end, fiberoptic intubation, originally 
described by Murphy [3], represents the accepted standard 
in elective airway management of the spontaneously 
breathing and awake patient with an anticipated difficult 
direct laryngoscopy [4]. Common indications for awake 
fiberoptic intubation that are typically divulged while 
obtaining an airway history are noted in Table 12.1.

12.2  Physical Examination: 
Focused Evaluation of the Airway

In terms of physical examination, in 1956, Cass et al. [5] 
published their findings on difficult direct laryngoscopy in 
five patients and commented on their patients’ anatomical 
features that prevented direct visualization of the glottis. 
These included a short muscular neck with an intact denti-
tion, the presence of obtuse mandibular angles, protruding 
maxillary incisors, poor range of motion of the mandible 
due to temporomandibular arthritis, a high arched palate, 
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and increased alveolar–mental distance requiring wider 
opening of the mandible during direct laryngoscopy.

In 1983, Mallampati et  al. [6] studied 210 consecutive 
American Association of Anesthesiologists (ASA) physical 
status 1 or 2 patients who required endotracheal intuba-
tion. There were 163 women and 47 men in the study. One 
hundred and ninety-nine patients demonstrated a full 
complement of teeth, three patients had no teeth in the 
maxilla, and eight patients were edentulous. Five patients 
carried a diagnosis of rheumatoid arthritis (RA) and one 
patient had osteoarthritis. Involvement of the temporo-
mandibular joints that might have led to trismus was not 
identified in any of the patients. Twenty-two individuals 
performed the airway assessment and intubation of the 
patients in the study, including six staff anesthesiologists, 
10 resident physicians, and six anesthetists. With regard to 
the preoperative airway assessment, patients were 
instructed to open their mouths widely with protrusion of 
the tongue maximally while in the seated position. 
Specifically, visualization of the palatoglossal and 
palatopharyngeal arches, soft palate, and uvula was 
attempted by the anesthesia providers on two occasions 

during a preoperative interview. The authors hypothesized 
that if the base of the tongue was disproportionately large 
based on visualization of the aforementioned structures, 
the tongue base would obstruct proper visualization of the 
glottis during direct laryngoscopy that would follow by the 
same anesthesia provider.

The preoperative anatomical evaluation of the patient’s 
airway permitted classification of the patients into one of 
three categories.

 ● Class 1: palatoglossal and palatopharyngeal arches, 
complete soft palate, and uvula fully visualized.

 ● Class 2: palatoglossal and palatopharygeal arches and 
soft palate could be visualized but complete visualization 
of the uvula was obstructed by the tongue base.

 ● Class 3: only the soft palate could be visualized.

For the purpose of the study, difficult orotracheal intuba-
tion was defined as less than adequate exposure of the glot-
tis during direct laryngoscopy. The qualitative magnitude 
of exposure was expressed on a scale of 1–4.

 ● Grade 1: glottis was completely visualized, including the 
anterior and posterior commissures.

 ● Grade 2: glottis was partially visualized; the anterior 
commissure was not visualized.

 ● Grade 3: glottis was incompletely visualized, the cornic-
ulate cartilages only were visualized.

 ● Grade 4: glottis, including the corniculate cartilages 
could not be visualized.

In this study, grades 1 and 2 indicated adequate exposure of 
the glottis while grades 3 and 4 indicated inadequate expo-
sure. The authors reported that in 155 patients with class 1 
Mallampati designations, adequate exposure of the glottis 
was realized in all patients, with 81% being designated as a 
grade 1. Forty patients with class 2 Mallampati airways 
demonstrated adequate visualization in 65% of direct 
laryngoscopies and inadequate visualization in 35% of 
direct laryngoscopies. Of the 15 patients with class 3 air-
ways, no full visualization (grade 1) was realized, and 60% 
of direct laryngoscopies were inadequate, with five patients 
demonstrating grade 4 direct laryngoscopies. Exposure of 
the glottis was adequate in all eight edentulous patients 
and the three patients who had no maxillary teeth. The cur-
rently utilized and modified Mallampati classification des-
ignates four rather than three classes (Figure 12.1) and is 
credited to Samsoon and Young [7] who conducted a retro-
spective study of seven obstetric patients who experienced 
a difficult intubation among a total of 1980 patients (0.4%).

Another preoperative clinical landmark useful in assess-
ment of the difficulty of a direct laryngoscopy is the thyro-
mental distance. This is the distance between the prominence 
of the thyroid cartilage and the mental protuberance of the 

Table 12.1 Elements of the general medical history and airway 
history that predict the existence of a difficult airway 
and the need to perform an indirect laryngoscopy

Known history of difficult intubation

Evidence provided by medical records that are reviewed prior to 
planned surgery

Suspected difficult intubation

Historical evidence of conditions predisposing the patient to a 
difficult intubation

Unstable cervical spine

Rheumatoid arthritis, recent cervical spine injury

Abnormal anatomy and head and neck syndromes

Acromegaly (macroglossia, laryngeal stenosis)

Down syndrome (subglottic stenosis, macroglossia, 
atlantoaxial joint instability)

Goldenhar syndrome (hemifacial macrosomia)

Treacher Collins syndrome (mandibular retrognathia)

Pierre Robin syndrome (mandibular retrognathia)

Klippel–Feil syndrome (fusion of cervical vertebrae and 
atlantooccipital abnormalities)

Beckwith–Wiedemann syndrome (macroglossia)

Tumors of the oral/head and neck region

Benign and malignant tumors with elevation of the tongue

Fascial space infections of the head and neck

Radiation tissue injury of the head and neck, particularly 
that associated with trismus

Craniofacial trauma
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mandible during full extension. In his study of 244 adult 
patients, Frerk [8] determined that a thyromental distance 
of less than 7 cm was 90% sensitive and 81.5% specific for a 
difficult direct laryngoscopy. He utilized this measurement 
in addition to a modified Mallampati test to predict difficult 
direct laryngoscopy. The modified Mallampati grade desig-
nation was based on wide mouth opening with maximal 
protrusion of the tongue with visualization of the pharyn-
geal structures. The pharyngeal view was graded as: I, soft 
palate, uvula and pillars visible; II, pillars obstructed by the 
tongue base with visualization of the base of the uvula only; 
III, soft palate visible only; and IV, no visualization of the 
posterior pharyngeal wall. Following induction of anesthe-
sia and administration of neuromuscular blocking agents, 
direct laryngoscopy was attempted and graded as follows: I, 
vocal cords fully visualized; II, only arytenoids or posterior 
commissure visualized; III, only the epiglottis visualized; IV, 
no glottis structures visualized. Of the 244 patients, there 
were 11 difficult intubations, with nine of the 11 patients 
demonstrating III or IV pharyngeal grading. In addition, 
nine of the 11 patients demonstrated a thyromental distance 
of 7 cm or less. A sensitivity of 81.2% and specificity of 81.5% 
were noted in terms of the prediction of a difficult airway 
based solely on the pharyngeal grading of III or IV with 52 
patients so predicted and 43 false-positive results therefore 
noted. A sensitivity of 90.9% and specificity of 81.5% were 
noted in terms of the prediction of a difficult airway based 
on a thyromental distance of 7 cm or less, with 53 patients so 
predicted and 43 false-positive results therefore noted. 
A sensitivity of 81.2% and specificity of 97.8% were realized 
when using both tests in patients with 14 suspected difficult 
airways and five false positives.

Interpretation of the author’s data demonstrates that 
the thyromental distance measurement is more sensitive 
than the modified Mallampati grade designation and 
more sensitive than the two tests combined. Nevertheless, 
the author emphasized the value of both tests in the pre-
operative evaluation of the potentially difficult direct 
laryngoscopy.

Wilson et al. [9] assessed data from 633 patients under-
going routine surgery and identified five risk factors to be 
predictive of a difficult intubation: increased weight, par-
ticularly greater than 90 kg; impaired movement of the 
head, particularly less than 90°; impaired mandibular 
movement, with an incisor gap less than 5 cm and the ina-
bility to subluxate the mandible forward; a severely reced-
ing mandible; and severe protrusion of the front teeth. 
Thirty-eight additional patients were measured because 
they had been identified as difficult to intubate. This pre-
dictive assessment was applied to a prospective cohort of 
778 patients in whom 1.5% were difficult intubations. 
Depending on the threshold selected, the assessment and 
rule permitted the detection of 75% of the difficult laryngo-
scopies at a cost of 12% false-positive identifications.

An additional consideration in predicting difficult intu-
bation and the need for fiberoptic-assisted indirect laryn-
goscopy is the difficult mask ventilation. Langeron et  al. 
[10] prospectively studied 1502 patients undergoing ortho-
pedic, gynecological, neurosurgical, urological, and gen-
eral surgery procedures over a six-month period. Difficult 
mask ventilation was reported in 75 patients (5%) with one 
impossible ventilation. Difficult mask ventilation was 
anticipated in only 13% of the 75 patients (17%). Fifty-six 
patients were predicted to have difficult mask ventilation 

Palatoglossal and palatopharyngeal 
arches, complete soft palate and 

uvula visualized

Palatoglossal and palatopharyngeal arches 
and complete soft palate visualized, but partial

obstruction of visualization of uvula

Only soft palate and base
of uvula visualized

CLASS I CLASS II CLASS III CLASS IV

No soft palate visualized

Figure 12.1 The modified airway Mallampati classification.
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and did not. In the authors’ multivariate analysis, risk fac-
tors for difficult mask ventilation were age older than 
55 years, body mass index greater than 26, absence of teeth, 
history of snoring, and presence of a beard. The authors 
also determined that the incidence rates of difficult intuba-
tion and impossible intubation were four-fold and 12-fold 
respectively more frequent in patients when a difficult 
mask ventilation was experienced [10]. Overall, a signifi-
cantly higher incidence of difficult intubation was observed 
in patients with difficult mask ventilation (30%) compared 
to those without difficult mask ventilation (8%). A difficult 
mask ventilation therefore represents one additional risk 
factor for difficult intubation and should prompt consider-
ation for fiberoptic intubation of the airway.

12.3  Medical Comorbidity

A variety of comorbid medical diagnoses that distort air-
way anatomy can result in a difficult endotracheal intuba-
tion. These conditions and diagnoses, indications for 
consideration of indirect laryngoscopy with fiberoptic 
intubation for general anesthesia, have been categorized as 
nonneoplastic/noninfectious conditions and infectious 
conditions [11]. Neoplastic conditions are considered sepa-
rately as they often represent mere physical obstruction to 
direct laryngoscopy, thereby requiring special considera-
tions for endotracheal intubation.

12.3.1 Diabetes

The association of diabetes mellitus and difficult laryngos-
copy has been established. About one-third of type 1 diabet-
ics are known to have difficulties with laryngoscopy [11,12]. 
This difficulty has been thought to be related to immobile 
joints characterized by short stature, joint rigidity, and tight, 
waxy skin. Joint immobility is believed to be related to gly-
cosylation of tissue proteins from chronic hyperglycemia 
resulting in abnormal cross-linking of collagen. Other con-
tributing factors to difficult intubation include obesity and 
increased neck circumference. Iseli et al. [13] prospectively 
studied 152 patients deemed to have a difficult airway based 
on preoperative laryngoscopy out of 2145 direct laryngosco-
pies. Awake fiberoptic intubation was the most common 
method implemented for successful intubation of the diffi-
cult airway and awake tracheotomy was only required in 
1.3% of patients. Predictors of failure of the first intubation 
plan included a cancer diagnosis, supraglottic lesions that 
required the greatest number of intubation attempts, and 
prior radiation therapy. The authors concluded that difficult 
airways due to head and neck pathology require a back-up 
plan including the surgical team.

Mudassir et  al. [12] studied 357 diabetic patients who 
required endotracheal intubation for elective surgical pro-
cedures and assessed the findings of prayer sign and the 
Mallampati test. The prayer sign is assessed by asking the 
patient to place their palms together; a difficult intubation 
is predicted when a gap exists between the palms and a 
nondifficult intubation is predicted when the palms touch 
without difficulty. Overall, 125 of the 357 patients studied 
(35%) demonstrated difficult intubations. Based on the 
prayer sign, the sensitivity was noted to be 30% and the 
specificity was 94%. The accuracy of this sign in diabetic 
patients was 71%. These statistics compared to the 
Mallampati test where the sensitivity was 79%, specificity 
was 99%, and the accuracy was 92%.

Hashim and Thomas [14] prospectively assessed 60 dia-
betic patients undergoing general anesthesia with endotra-
cheal intubation utilizing previously reviewed airway 
indices as well as the palm print sign. This test involves 
firmly pressing the fingers and palm of the dominant hand 
against a blue ink pad. The patient’s hand is then pressed 
firmly against a white sheet of paper on a hard surface. 
Grading of the resultant print was performed and the grade 
translated to a prediction of a difficult intubation. Thirteen 
of the 60 intubations (21.7%) were determined to be diffi-
cult and the palm print sign was determined to be the most 
significant airway index studied, with a sensitivity of 76.9% 
and specificity of 89.3%.

12.3.2 Rheumatoid Arthritis

Rheumatoid arthritis (RA) is the most common variant of 
autoimmune arthritis in the general population, estimated 
to affect 0.5–1.0% of the adult population [15]. The disease 
is best classified as systemic, chronic, and progressive, 
affecting the synovial membrane and resulting in bone and 
cartilage destruction. A deforming and symmetrical polyar-
thritis of variable magnitude affects the neck, shoulders, 
wrists, fingers, elbows, hips, knees, ankles, and feet. The 
cervical spine is commonly affected by RA which results in 
three characteristic instabilities: atlantoaxial subluxation 
(AAS), vertical subluxation (VS) of the axis, and subaxial 
subluxation (SAS). The extent of these subluxations should 
be scrutinized with radiographs preoperatively in patients 
with a history of RA who are being planned for general 
anesthesia (Figure  12.2). Specifically, these subluxations 
can be responsible for irreversible spinal cord damage, res-
piratory dysfunction, and sudden death.

Complications are particularly worrisome in those patients 
for whom a direct laryngoscopy is planned such that indirect 
laryngoscopy with fiberoptic intubation ought to be consid-
ered. In particular, it is important to limit cervical spine 
 flexion and extension during intubation such that it might be 
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difficult, if not impossible, to provide conventional direct 
laryngoscopy [16]. Lateral C-spine flexion-extension plain 
films should therefore be obtained preoperatively in patients 
with cervical spine symptoms to assess the presence of cervi-
cal spine subluxation [11]. About 40–85% of RA patients have 
neck pain associated with cervical spine subluxation [17]. 
The need for cervical spine radiographs in asymptomatic 

patients is controversial [11] and demonstration of the cost-
effective nature of obtaining such radiographs is lacking [17]. 
This notwithstanding, case reports exist of asymptomatic RA 
patients experiencing postoperative neurological damage fol-
lowing direct laryngoscopy and intubation such that preop-
erative cervical spine radiographic assessment of all RA 
patients might be considered prudent.

(c)

(a) (b)

Figure 12.2 Neutral (a), flexion (b), and extension (c) lateral cervical spine views of a patient with rheumatoid arthritis. The 
atlantodental interval widens to 4 mm with flexion, indicative of instability, and is not visualized on neutral and extension positions. 
There is 4 mm of anterolisthesis of C3 on C4, which is unchanged in flexion and extension positions. Osseous fusion at C5–C6 is 
noted. Widening of the prevertebral soft tissues anterior to C1 and C2 and the dens corresponds to known panus formation secondary 
to rheumatoid arthritis.
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Aside from cervical spine involvement of RA patients, 
involvement of the temporomandibular joints resulting 
in limited mouth opening during laryngoscopy for intu-
bation also represents a necessary preoperative assess-
ment in all RA patients. Certainly, the combination of 
preoperative cervical spine radiographic evidence of sub-
luxation, with or without symptoms, as well as limited 
mouth opening associated with temporomandibular 
involvement indicates the need for indirect laryngoscopy 
with fiberoptic intubation for airway management as part 
of general anesthetics.

Terashima et al. [15] assessed 634 patients with RA and 
identified three types of cervical spine instability. Lateral 
cervical spine radiographs obtained in full flexion, neu-
tral, and full extension were evaluated in these patients. 
Cervical spine instability was noted as AAS in patients 
with an anterior atlantodental interval (ADI) of greater 
than 3 mm, vertical subluxation with a Ranawat value less 
than 13 mm, and SAS in patients with irreducible verte-
bral translation of 2 mm or higher without osteophyte for-
mation. The severe category of cervical spine instability 
with impending neurological deficit was defined in 
patients with an ADI of 10 mm or higher, VS in patients 
with a Ranawat value of 10 mm or lower, and SAS in 
patients with irreducible translation of 4 mm or higher or 
2 mm or higher at multiple levels [15]. Of the 503 RA 
patients without baseline severe cervical spine instability, 
143 were prospectively followed for longer than 10 years. 
Of these, the number of patients with any degree of cervi-
cal spine instability of AAS, VS, or SAS increased from 59 
(41.3%) at baseline to 97 (67.8%) at more than five years, 
indicative of the progressive nature of this disease. The 
number of patients with severe cervical spine disease of 
any category increased from 0 (0%) at baseline to 35 
(24.5%) at greater than five years. In terms of predictive 
risk factors for the development of severe cervical spine 
instabilities, such patients tended to have higher 
C-reactive protein (CRP) values, previous joint surgery, 
corticosteroid administration, and advanced RA stages 
and deforming changes at baseline.

Hakala and Randell [18] retrospectively assessed 78 RA 
patients who underwent 89 operations. Specifically, two 
groups were analyzed in terms of the difficulty of their 
intubation. Forty-one patients undergoing 46 operations 
from 1989 to 1992 in which traditional techniques of intu-
bation were employed (group 1) were compared to 37 
patients who underwent 43 operations from 1993 to 1994 
in which awake intubations were provided (group 2). Major 
intubation difficulties were encountered in six patients 
(13%) in group 1, two of whom required tracheotomy. 
Three patients (8%) experienced major intubation difficul-
ties in group 2. The authors concluded their study by stat-
ing that the introduction of the fiberoptic intubation 

technique in airway management of RA patients has had a 
favorable effect on their safety. The authors lament that 
this technique is not without complications and is associ-
ated with failure such that proper training is essential.

12.3.3 Down Syndrome

Down syndrome is a genetic disorder most commonly 
associated with trisomy 21. This syndrome is the most 
common chromosomal disorder in humans and occurs in 
one in 750–800 live births [19,20]. Craniofacial and air-
way anomalies exist in these patients, with atlantoaxial 
instability representing one of the more common abnor-
malities seen in 20–30% of these patients [21]. Other air-
way problems include laryngotracheal stenosis and 
subglottic stenosis, hypertrophy of the lingual tonsils, 
inflammation and infection of enlarged adenoids, and a 
ptotic soft palate that approximates the base of tongue 
and obstructs the airway [19]. These craniofacial and air-
way abnormalities suggest the utility of indirect laryngos-
copy with fiberoptic intubation.

Borland et al. [19] performed a retrospective chart review 
on all patients with Down syndrome undergoing anesthe-
sia for noncardiac surgical procedures at the Children’s 
Hospital in Pittsburgh between April 1988 and May 1995. 
A total of 74 021 anesthetic encounters were performed 
during this time, with 930 anesthetics being performed for 
488 patients with Down syndrome. Seventy-five of these 
488 patients (15.4%) demonstrated a history of subglottic 
stenosis, 33 patients had tonsillar and adenoid hypertro-
phy, 10 had cervical spine defects, and eight and two 
patients had AASs and atlantoaxial dislocations respec-
tively. Difficult intubations were encountered in only 0.54% 
of Down syndrome patients in the study compared to 0.32% 
of the remaining population. Bevilacqua et al. [22] retro-
spectively studied 627 patients with Down syndrome 
undergoing cardiac surgery from 1992 to 1994. The inci-
dence of difficult intubation was 4.62%, and was noted to 
increase with decreasing age.

Atlantoaxial instability has been extensively studied 
in patients with Down syndrome [21,23]. Such instabil-
ity has a variety of predisposing etiologies, including 
laxity of the transverse ligament and odontoid hypo-
plasia, malformation or complete absence. Manipulation 
of the cervical spine when positioning the patient for 
endotracheal intubation may have deleterious outcomes 
in patients with unstable necks. The cervical spines of 
patients with Down syndrome can be placed at risk in 
either extension or flexion associated with endotracheal 
intubation. As such, preoperative lateral imaging of the 
cervical spine in the neutral, flexed, and extended posi-
tions seems to be warranted to avoid unfavorable neuro-
logical sequelae.
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12.4  Pathological Conditions

A variety of neoplastic and nonneoplastic conditions of the 
upper airway warrant review in terms of their interference 
with traditional approaches to endotracheal intubation, 
thereby requiring indirect laryngoscopy with fiberoptic 
intubation (Video 12.1). Physical examination is often able 

to directly visualize these pathological conditions such that 
a straightforward decision is made to resort to indirect 
laryngoscopy with fiberoptic intubation to establish gen-
eral anesthesia. Occasionally, imaging studies will seren-
dipitously demonstrate pathology that necessitates indirect 
laryngoscopy for endotracheal intubation in preparation 
for general anesthesia and surgery (Figure 12.3). In terms 

(a) (b)

(c) (d)

Figure 12.3 (a–d) CT of the C-spine in a 73-year-old woman with CT angiogram findings of right internal carotid artery dissection. 
The CT C-spine reveals destructive changes at the skull base, C1, odontoid process of C2 with C1–C2 dislocation. A surrounding fluid 
collection is noted throughout the left prevertebral space surrounding the odontoid process and extending into the leftward epidural 
space. The patient’s imaging studies were obtained as part of a work-up for altered mental status and prior to her required intubation 
that was facilitated with indirect laryngoscopy.
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of clinically visible benign pathology, the dermoid and 
epidermoid cysts of the head and neck often demon-
strate mechanical obstructions for direct laryngoscopy 
(Figure 12.4).

Video 12.1 Indirect laryngoscopy with fiberoptic guidance.
Malignant pathology of the head and neck, particularly 

that directly involving the larynx, often requires indirect 
laryngoscopy with fiberoptic intubation for operative inter-

(a) (b)

(c) (d)

Figure 12.4 A 27-year-old woman (a–c) with an eight-year history of submental swelling and anterior floor of mouth swelling (d). 
CT examination (e–h) revealed a homogeneous and hypoattenuating lesion of the upper neck and floor of mouth that measured 
6.5 cm in widest diameter. The partial airway obstruction caused by the mass and its elevation of the tongue dictated the performance 
of indirect laryngoscopy and fiberoptic intubation for airway management at the time of surgery (i).



Indirect Laryngoscopy: Anatomy and Use of the Flexible Bronchoscope 169

(e) (f)

(g) (h)

Figure 12.4 (Continued)
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vention (Figure  12.5). In addition, infectious processes 
with obscuring of the airway will occasionally require indi-
rect laryngoscopy with fiberoptic intubation for the estab-
lishment of general anesthesia for incision and drainage 
procedures (Figure  12.6). Finally, radiation tissue injury, 
often predictably associated with trismus, represents an 
indication for indirect laryngoscopy with fiberoptic intuba-
tion for general anesthesia for operative procedures.

12.5  Craniomaxillofacial Trauma

Severe facial fractures (Figure  12.7), particularly those 
associated with basilar skull fractures, are frequently asso-
ciated with compromise of the upper airway [24]. Blind 
nasoendotracheal intubation in patients with these injuries 
can be associated with intracranial infection and central 
nervous system injury due to the risk of the endotracheal 
tube penetrating the skull base rather than intubating the 
airway. Bahr and Stoll [25] retrospectively reviewed 160 
patients with frontobasilar fractures and cerebrospinal 
fluid (CSF) fistulas, specifically with regard to the route of 
intubation. Eighty patients represented the control group 
who had CSF fistulae but no maxillofacial fractures requir-
ing repair, and had been intubated exclusively by the oral 
route. Eighty patients with maxillofacial fractures repre-
sented the experimental group who had been intubated 

nasally. Meningitis occurred in two patients in each group. 
Comparing the two groups demonstrated that the route of 
intubation had no influence on the rate of complications. 
In particular, there was no case of direct cerebral injury, 
and the incidence of meningitis associated with nasal intu-
bation was 2.5%, identical to that of oral intubation.

Of additional concern with facial fractures is the 
potential for cervical spine trauma, thereby requiring 
indirect laryngoscopy with fiberoptic intubation for 
establishment of the airway for general surgery. Haug 
et al. [26] reviewed 563 patients with facial fractures and 
identified 11 concomitant cervical spine fractures (2%). 
Jamal et al. [27] search the records of 701 patients admit-
ted with cervical spine fractures over a 6.5-year period 
and identified 44 patients with concomitant facial frac-
tures (6.3%). The authors emphasized the need to pre-
sume that all patients with facial fractures have an 
unstable cervical spine. Establishment of the airway 
should be performed accordingly.

12.6  Pharyngeal Anatomy

A discussion of indirect laryngoscopy must include a brief 
description of the pharyngeal anatomy as passage through 
this anatomical region is necessary to visualize and instru-
ment the larynx. The widest and narrowest portions of the 

(i)

Figure 12.4 (Continued)
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(a)

(b)

(d)(c)

Figure 12.5 A 51-year-old man (a) with upper neck infection and swelling and a compromised airway. CT scans (b–e) identified a 
mass associated with the larynx that obstructs the airway as well as a 7.3 cm abscess extending from the left tonsillar pillar to the 
vallecular and piriform sinuses, involving the larynx and pretracheal soft tissues. The patient underwent intubation via indirect 
laryngoscopy and fiberoptic intubation, and drainage of his upper neck abscess (f) was accomplished under general anesthesia.
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pharynx are at the level of the hyoid bone and esophagus, 
respectively. The pharynx extends from the base of the 
skull to the cricoid cartilage/sixth cervical vertebra and is 
subdivided into the nasopharynx, oropharynx, and laryn-
gopharynx. Within the nasopharynx is the opening of the 

eustachian tube where an elevation of tissue, the torus 
tubarius, can be visualized. The oropharynx begins at the 
inferior aspect of the soft palate and extends to the superior 
border of the epiglottis and hyoid bone. It is composed 
of  the soft palate, uvula, base of tongue, the anterior 

(b)(a)

Figure 12.6 Axial CT scans of the neck (a,b) of a 60-year-old woman with an abscess of the neck that has resulted in narrowing and 
deviation of the airway. Patients presenting with neck abscesses should ideally be imaged with contrast-enhanced CT scans in order to 
assess the airway to determine the need for indirect laryngoscopy with awake intubation for incision and drainage procedures.

(f)(e)

Figure 12.5 (Continued)
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and   posterior tonsillar pillars, which are composed of 
the   palatoglossus muscle and palatopharyngeal muscles 
respectively, and the valleculae. The laryngopharyx, or 
hypopharynx, lies inferior to the epiglottis and extends to 
the esophagus at the level of the cricoid cartilage, posterior 
to the larynx.

12.7  Laryngeal Anatomy

The larynx protects the airway from aspiration, contributes 
to phonation, and is involved in respiration through main-
tenance of a patent airway. The larynx is often located more 
superior in females and children than adult males. Until 

(c)

(a) (b)

Figure 12.7 A 59-year-old man with severe soft and hard tissue injuries associated with a self-inflicted gunshot wound to the left 
face, upper neck, mandible, and oral mucosa (a–c). Establishment of the airway should at least consider indirect laryngoscopy at the 
time of surgical repair of these injuries.



Flexible Bronchoscopy174

puberty, no differences in size exist between the male and 
female larynx. At puberty, the male larynx doubles in its 
anterior–posterior dimension, producing the laryngeal 
prominence commonly referred to as Adam’s apple [28].

The anterior aspect of the larynx is located superficially 
within the neck and the posterior aspect abuts the laryn-
gopharynx. The inlet to the larynx is formed by the upper 
edge of the epiglottis, the aryepiglottic folds, and a fold of 
mucous membrane stretched between the two arytenoid 
cartilages, the interarytenoid fold. It extends inferiorly to 
the cricoid cartilage and tracheobronchial tree where it 
connects with the trachea [28]. The entire laryngeal appa-
ratus is lined by squamous epithelium with anatomical 
subdivisions lined by ciliated, pseudostratified, columnar 
epithelium, or stratified squamous epithelium. The vocal 
folds and lingual surface of the epiglottis are at increased 
risk of abrasion and therefore are lined by the more resil-
ient stratified squamous epithelium [29].

The anatomy of the larynx is complex but can be divided 
into the paired and single cartilages, mucosal folds, 
 intrinsic and extrinsic muscles, and their respective neural 
innervations [30]. A mucosal fold is an anatomical descrip-
tion applied to a ligament covered by mucous membrane 
[31]. Although not technically part of the larynx, the hyoid 
bone is included in a discussion of anatomy due to a multi-
tude of muscle and ligament attachments.

12.7.1 Hyoid Bone

The hyoid suspends the larynx and provides muscular 
attachments that aid in laryngeal function. It also provides 
attachment to muscles of the floor of mouth, tongue, epi-
glottis, and pharynx. It is the only bony structure involved 
in laryngeal function and related anatomy.

12.7.2 Cartilages of the Larynx

The laryngeal cartilages create a framework for attach-
ment of the various muscles, ligaments, and mucosal 
folds. There are nine cartilages – three paired (arytenoids, 
corniculates, cuneiforms) and three unpaired (thyroid, 
cricoid, and epiglottis). The arytenoids, thyroid, and cri-
coid cartilages are composed of hyaline cartilage and the 
other cartilages are elastic cartilage [32]. With age, the 
hyaline cartilages tend to ossify and are therefore more 
easily visualized on routine X-ray and computed tomogra-
phy (CT) scanning.

The thyroid cartilage is the largest structure within the 
larynx and is composed of two separate quadrilateral lami-
nae that are separated posteriorly and undergo embryo-
logical fusion at the anterior midline to create a single 
shield-like cartilage, with each half referred to as the 

 thyroid laminae [33]. It forms the anterior and lateral 
walls of the larynx and the laryngeal prominence which is 
easily palpated at the anterior neck. The internal surface 
of the thyroid cartilage provides attachment for the 
 vestibular ligaments and vocal ligaments, the superior 
(greater) cornu and entire superior edge of the cartilage 
connects to the hyoid bone via the thyrohyoid ligament 
(membrane), and the inferior (lesser) cornu connects to 
the cricoid cartilage via the cricothyroid joint. The exter-
nal surface provides attachment for the extrinsic laryngeal 
muscles (sternothyroid, thyrohyoid, and inferior pharyn-
geal constrictor) while the inferior surface of the thyroid 
cartilage is connected to the cricoid cartilage by the crico-
thyroid membrane (cricothyroid ligament) anteriorly and 
the anterolateral cricothyroid muscles [28]. Movement at 
the cricothyroid joint results in changes in the length of the 
vocal folds.

The cricoid cartilage is located at the level of the sixth 
cervical vertebra and represents the anatomical separation 
of the larynx and trachea [32]. As it is the only complete 
cartilaginous ring and is thicker and stronger than the thy-
roid cartilage, it supports the posterior larynx and main-
tains airway patency when cricoid pressure is applied 
during intubation to prevent passive regurgitation. The 
anterior aspect of the cricoid cartilage is only 3–4 mm in 
length but the much stronger posterior portion measures 
about 20–30 mm [28]. It is this steep change in height that 
creates the space anteriorly for the relatively avascular cri-
cothyroid membrane and airway access via a surgical crico-
thyroidotomy. The cricoid cartilage connects to the first 
tracheal ring by the cricotracheal ligament, gives attach-
ment to the posterior cricoarytenoid muscles, and articu-
lates with the arytenoid cartilages superolaterally.

The epiglottis or epiglottic cartilage is leaf shaped and 
covered by squamous epithelium. Unlike the thyroid and 
cricoid cartilages, it does not ossify and will maintain some 
flexibility throughout life. It forms a barrier or lid to the 
laryngeal inlet and protects from aspiration of food, liq-
uids, or saliva. It is situated posterior to the tongue base 
and body of the hyoid, just anterior to the laryngeal inlet. 
In 1% of adults, the tip and posterior aspect of the epiglottis 
are visible with the mouth opened and the tongue pro-
truded [28]. The epiglottis is attached to the midline inner 
surface of the thyroid cartilage via the thyroepiglottic liga-
ment and the hyoid bone at the hyoepiglottic ligament. 
Extending from the anterior aspect of the epiglottis to the 
posterior tongue is the median glossoepiglottic fold with 
paired lateral attachment to the pharynx via the lateral 
pharyngoepiglottic folds. An important paired structure, 
the vallecula, is formed by these three folds. During intuba-
tion, the tip of a Macintosh blade rests here, it is a frequent 
site of impaction of foreign bodies, it contains the lingual 
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tonsil, and serves as a reservoir for saliva to prevent the 
swallowing reflex [28]. Extending from the lateral border 
of the epiglottis to the arytenoid cartilage is the aryepiglot-
tic fold which contains the aryepiglottic muscles.

The paired arytenoid cartilages are shaped like a three-
sided pyramid with a base, an apex, and three sides. They 
are located in the posterior aspect of the larynx and, 
importantly, are the attachment for the false cord (vestibu-
lar ligament) and the vocalis muscle. The base of the aryt-
enoid articulates with the cricoid cartilage to create the 
cricoarytenoid joint. Movement around this joint leads to 
both adduction and abduction of the vocal folds [29]. The 
posterior surface of the arytenoid cartilages gives rise to 
the arytenoid muscle while the apex of the arytenoid car-
tilage articulates with the corniculate cartilage. As with 
any joint, the cricoarytenoid joint can be involved in RA 
with resulting hoarseness, stridor, or life-threatening 
upper airway obstruction [18].

The corniculate and cuneiform cartilages reinforce and 
support the aryepiglottic folds. The corniculates are small, 
triangular, and located at the apex of the arytenoid carti-
lage. They are visible during laryngoscopy directly over 
the arytenoid cartilage. The cuneiform cartilages are 
cylindrical and located within the aryepiglottic fold 
anterosuperior to the corniculate cartilage [31]. It is visi-
ble during laryngoscopy as a whitish elevation within the 
mucosa (Figure 12.8).

12.7.3 Mucosal Folds

The mucosal folds of the larynx are the aryepiglottic fold, 
the vestibular fold, and the vocal fold. As already discussed, 

the aryepiglottic fold extends from the arytenoid cartilages 
to the lateral aspect of the epiglottis and contains the arye-
piglottic muscles and the cuneiform cartilages, and forms 
the upper border of the quadrangular membrane. This 
membrane extends inferiorly where it thickens to form the 
vestibular ligament and the vestibular fold, also referred to 
as the false cords. The false cords prevent aspiration, pro-
tect the more delicate true cords, and aid in phonation [30]. 
In fact, patients who have had their epiglottis surgically 
removed are able to prevent aspiration with the false cords 
alone [28]. The vocal fold (true vocal cord) contains the 
vocalis muscle and attaches posteriorly to the arytenoid 
cartilage and anteriorly to thyroid cartilage. It also contains 
the conus elasticus which attaches to the thyroid and aryt-
enoid cartilages as well as the cricoid cartilage. The outer 
edge is attached to muscle while the inner edge is free and 
visible during laryngoscopy as a pearly white band with the 
vestibular fold directly above [30] (Figure 12.8).

12.7.4 Muscles of the Larynx

The muscles of the larynx are divided into the extrinsic 
(connecting the larynx to adjacent structures) and intrin-
sic (within the laryngeal cartilages) muscle groups. The 
extrinsic laryngeal muscles are divided into suprahyoid 
and infrahyoid based on location and function. The 
suprahyoid muscles include the stylohyoid, digastrics, 
geniohyoid, mylohyoid, stylopharyngeus, hyoglossus, and 
inferior constrictor muscles. This group functions to 
 elevate, support, and fixate the larynx in position. The 
infrahyoid extrinsic laryngeal muscles include the sterno-
hyoid, sternothyroid, thyrohyoid, and omohyoid. As a 
group, they stabilize and depress the larynx, with the 
exception of the thyrohyoid muscle which elevates the 
thyroid and depresses the hyoid [29].

The intrinsic laryngeal musculature is categorized into 
adductors, abductors, and tensor/relaxer muscles. As a 
group, they are responsible for the shape of the glottis and 
behavior of the vocal folds. They change the shape, length, 
tension, and spatial position of the vocal folds by changing 
the orientation of the muscular and vocal processes of the 
arytenoids with the fixed anterior commissure [30]. The 
adductors (lateral cricoarytenoid muscles, arytenoid mus-
cles) orient the arytenoids and vocal folds for phonation 
and aspiration protection. The abductor (posterior cricoar-
ytenoid) separates the arytenoids and the vocal folds to 
allow air passage and respiration. The tensors elongate and 
tense the vocal folds while relaxers shorten them (cricothy-
roid muscles, thyroarytenoid muscles).

All the intrinsic laryngeal muscles act in pairs to produce 
the subtle movements necessary to change the pitch, tone, 
and quality of the voice while allowing for respiration [29]. 

Figure 12.8 Indirect laryngoscopy view with anatomical 
landmarks identified. (a) Vocal folds (true cord), (b) ventricular 
folds (false cords), (c) piriform sinuses/recess, (d) epiglottis, (e) 
arytenoid cartilage (1: corniculate and 2: cuneiform cartilages), 
(f) aryepiglottic fold, (g) vallecula, (h) anterior commissure.
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As noted above, the posterior cricoarytenoid is the only 
abductor and therefore the only muscle capable of sepa-
rating the muscles to allow for normal respiration. If this 
muscle is damaged or denervated, the resulting inability to 
open the vocal folds will impair normal respiration while 
bilateral damage can cause severe respiratory distress. The 
lateral cricoarytenoid muscle adducts and internally 
rotates the arytenoid cartilages to increase medial com-
pression during phonation. The cricothyroid muscle 
lengthens and tenses the vocal fold. It is situated on the 
lateral aspect of the larynx and is responsible for phona-
tion through tension and elongation of the vocal cords 
producing a higher pitch. It is the only laryngeal muscle 
supplied by the external branch of the superior laryngeal 
nerve (SLN). The transverse arytenoid muscle adducts the 
arytenoid cartilage which results in adduction of the vocal 
folds. The last adductor, the oblique arytenoid muscle, 
narrows the laryngeal inlet by acting on the arytenoid car-
tilages to assist the transverse arytenoid and lateral 
 cricoarytenoid in adduction. The last muscles, the thyroar-
ytenoid group, relax, shorten, and adduct the vocal folds 
during speech to lower pitch and the internal portion 
vibrates to produce sound [32].

12.7.5 Nerves of the Larynx

The vagus nerve (10th cranial) is a paired nerve that pro-
vides both sensory and motor innervation to the larynx. 
The SLN branches from the vagus and then further divides 
into an external and internal branch. Sensory innervation 
to the larynx is provided by the internal branch of the SLN 
while the external branch of the SLN innervates the crico-
thyroid muscle. Injury to the external laryngeal nerve will 
cause weakened, breathy phonation due to an inability to 
tighten the vocal folds. The recurrent laryngeal nerve 
branch of the vagus gives rise to the inferior laryngeal 
nerve. The inferior laryngeal nerve branch of the recurrent 

laryngeal nerve innervates all the intrinsic laryngeal mus-
cles, except the cricothyroid muscle. Injury to one of the 
recurrent laryngeal nerves produces a hoarse voice. If bilat-
eral recurrent laryngeal nerve injury occurs, the voice may 
or may not be preserved but there will be respiratory dis-
tress and stridor with potential need for tracheostomy to 
prevent respiratory failure [30].

A useful adjunct to sedation when performing laryngos-
copy or bronchoscopy is a SLN block. Since the internal 
branch of the SLN provides sensory innervation to the 
entire larynx, blockade with local anesthesia will abolish 
the gag reflex and reduce sedation requirements. To per-
form a SLN block, it is important to be familiar with the 
anatomy of the SLN. The SLN descends along the lateral 
aspect of the pharynx, behind the internal carotid artery 
where it divides into its two branches, the internal and 
external. The internal branch descends to the thyrohyoid 
membrane where it pierces the membrane and travels in 
the piriform recess alongside the cricopharyngeus muscle.

At the point where the internal branch pierces the thy-
rohyoid membrane, there are palpable anatomical land-
marks to guide injection. The greater cornu of the hyoid 
bone is palpated bilaterally and the hyoid displaced with 
finger pressure toward the side of planned injection. The 
internal branch of the SLN will run approximately 2-4 mm 
inferior to the greater cornu of the hyoid bone prior to 
piercing the thyrohyoid membrane [34]. A 25 G needle is 
inserted to contact the greater cornu of the hyoid bone 
and walked 2 mm downward and toward the midline, at 
which point the thyrohyoid membrane is pierced to iso-
late blockade to the internal branch [34]. The syringe is 
aspirated prior to injection to prevent intraarterial injec-
tion or deep needle placement within the airway and 
thus, failure of the block; 2–3 mL of 2% lidocaine with or 
without epinephrine is adequate to achieve blockade [34]. 
This procedure is then repeated on the opposite side to 
achieve bilateral blockade.
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13.1  Introduction

In the chapter on bronchoscopy for airway lesions, there is 
an ample description of endoscopic findings (semiotics) 
that may already be pathognomonic without any addi-
tional procedure. However, frequently further investiga-
tion and confirmation by pathoanatomical analysis are 
necessary, especially as suspicion of lung cancer is the 
most frequent indication for bronchoscopy in up to 80% of 
cases [1]. For this purpose, several methods for obtaining 
samples with different levels of invasiveness are long estab-
lished, namely washing, brushing, and endobronchial 
biopsies, and variations thereof. As “tissue is the issue,” 
biopsy has been the most important procedure, especially 
with regard to extensive molecular biological analysis as 
the basis for individualized therapy. As the methods have 
become more and more sophisticated, they have also been 
applied on cytological samples. Thus, washing and brush-
ing are experiencing a renaissance as they might replace 
biopsies in patients at risk or as an add‐on for improvement 
of diagnostic results. This chapter describes the current 
status based on personal experience and pertinent 
literature.

13.2   Prevalence and Endoscopic 
Appearance of Bronchial Lesions

Although in recent years there has been a shift toward 
more peripherally located lung cancers, in larger studies 
still more than 30% are located within visible range inside 
the bronchi, of which 47% grow endoluminally and 53% 
submucosally [1]. In general, with regard to biopsy tech-
niques, we differentiate endoluminal exophytic growth 
with different levels of infiltration into the layers of the 

bronchial wall, intra‐ and submucosal tumor spreading, 
intramural extension within the deeper layers of the bron-
chial wall and extrinsic tumor growth, frequently com-
bined with compression of the airways. By white light 
bronchoscopy (WLB), exophytic lesions, irregularities and 
discoloration of the mucosa and compression of the bron-
chial wall can be assessed. However, for further differentia-
tion and selection of the optimal sampling method, 
additional techniques can be useful.

13.3   Adjuvant Imaging Techniques

In recent years, new technologies in addition to conven-
tional WLB by videobronchoscopy have been developed. 
For more detailed analysis of the image, magnifying endo-
scopes are available that provide macroscopic images of the 
epithelial and vascular structures. Early and barely visible 
tumors can be detected by autofluorescence bronchoscopy 
in order to localize the best site for obtaining specimens. 
Narrow‐band imaging (NBI) provides better visualization 
of pathological vascularization as an early indicator for lung 
cancer. Since 20 MHz high‐resolution endobronchial ultra-
sound (EBUS) probes are now available, detailed analysis of 
the complex multilayer structure of the bronchial wall is 
possible. Application of these technologies can be useful for 
choosing the optimal location and biopsy method.

13.4   Techniques for Sampling 
and Preparation of Specimens

In order to obtain optimal results from the different sam-
pling methods, besides choosing the best site and sampling 
technique, close communication with the histo‐ and 
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 cytopathologist is essential. In the literature, there is con-
siderable variety in the recommendations. Also in some 
instances of difficult locations, rapid on‐site evaluation 
(ROSE) can be useful, as has been proven for transbron-
chial needle aspiration (TBNA) of lymph nodes, in order to 
avoid repeat procedures.

13.4.1  Biopsy Techniques

In order to obtain optimal biopsies, since our favorable 
experience with transbronchial lung biopsies we use gas-
troscopy forceps that can pass through biopsy channels of 
at least 2.8 mm for endobronchial biopsies [2]. In order to 
reduce sampling error, multiple biopsies have been shown 
to be efficient; results from several studies suggest that 3–5 
biopsies seem to be optimal [1, 3–5]. In one paper, an 
exceptional positive result of 92% from only one biopsy is 
reported [5]. Larger and better preserved specimens can be 
obtained by cryobiopsy which has become more widely 
available. With cryobiopsy, at least two should be taken [3]. 
For lesions within the bronchial wall, that are invading 
from outside or that are very necrotic on the surface, result-
ing in negative endobronchial biopsies, TBNA is preferred. 
If intramural infiltration or solid external infiltration has 
been proved by EBUS, in our experience a technique called 
buttonhole biopsy is frequently successful, which has been 
long established for intramural tumors. First, the intact 
mucosa covering the lesion is removed with the forceps 
and then the biopsy is taken from the deeper layers through 
the opening.

13.4.2  Preparation of Specimens

Frequently, specimens are directly fixed in 10% formalin 
[1, 3, 6]. However, we prefer to recover the specimens 
first in 0.9% saline solution in order to avoid contamina-
tion of the forceps with formalin before reintroducing it 
into the airways. Preparation of imprints from biopsies 
has been shown to be as efficient as brush cytology [7]. In 
our experience, using spin cytology of the supernatant 
can significantly add to diagnostic success if examined 
by a dedicated cytologist. We found tumors that were not 
diagnosed by histology. One author describes that in 5%, 
it was the only positive finding, increasing positive 
results from 66% to 71% [8].

13.4.3  Brush

With the bristles of cytology brushes, cells can be retrieved 
from larger areas than by biopsies. Reusable sheath‐pro-
tected brushes seem to be preferred against single‐use 
devices, probably for financial reasons. Thorough cleaning 

of brush and catheter is essential in order to avoid cross‐
contamination. At least two samples should be taken [1, 5]. 
Smears are prepared by exerting some pressure on slides 
which are then fixed in 95% ethanol [1, 5]. Some authors 
also prepare air‐dried smears [6]. After obtaining smears, 
the brush is washed out in saline solution for additional 
cytospin or cytoblock preparation.

13.4.4  Washing

To obtain cytology specimens by washing, generally 
10–40 mL of 09% NaCl is instilled and retrieved for spin 
and further processing. The collected fluid is centrifuged 
and prepared as a smear on preferably four slides from 
cytospin or as a cytoblock.

13.5   Results of Procedures 
and Combination of Methods

In the literature there is significant variation concerning 
the sensitivity of the different methods, whereas specificity 
in general is very high. On one side, this might be due to 
availability of services, but also volume and experience 
within the institution. The guidelines of the American 
College of Chest Physicians [9, 10] are based on an exten-
sive search in MEDLINE, Healthstar and Cochrane data-
bases and print bibliographies. As data in the literature 
were mostly based on considerably low numbers (the cut‐
off for inclusion was set at 50 procedures), the recommen-
dations mostly are 1C (Strong recommendation, low‐quality 
evidence), with a few 1B (Strong recommendation, moder-
ate‐quality evidence) [10]. This means that benefits clearly 
outweigh risk and burdens. In the following discussion, we 
will describe data for individual procedures and combina-
tions as well as sequence of the procedures. The data are 
based on literature review and also on personal experience 
in order to sum up suggestions for a rational approach.

13.6   Results for Endobronchial 
Biopsies in Visible Tumors

Obviously, results vary according to the type and accessibil-
ity of the lesion. The sensitivity ranges widely from under 
70% to over 90%. Most papers are based on retrospective 
data, only a few are prospective, and even less are rand-
omized. The majority report between 70% and 80% [5, 6, 
11–14]. With regard to presentation, biopsies in endolumi-
nal tumors are positive in 70–95% [1, 15], and in submu-
cosal and intramural lesions are 55–86% [1, 16]. In none of 
the publications have additional endoscopic imaging 
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modalities, as described before, for selection of optimal 
biopsy strategy been used. With regard to localization, 
there is one report on less positive results from the lingula 
and middle lobe bronchus [17].

13.7   Results for Brushing

The results for brushing vary more widely from as low as 
28% [14] up to 81% [5, 7], but overall are significantly lower 
than biopsy, the majority ranging from 50% to 70% [1, 2, 6, 
11–13, 17–19]. Obviously, brushing is less efficient in sub-
mucosal and intramural lesions in contrast to exophytic 
endoluminal lesions, especially when they are not covered 
by an intact surface but are irregular or partially necrotic.

13.8   Results for Washing

The results of bronchial washing varied even more widely, 
from as low as 12% [7] to an exceptional 77%, which was as 
good as biopsy. The majority of results were in the 30–50% 
range [1, 7, 11–13, 19–22].

13.9   Results of Combination

It can be expected that the combination of biopsy, brushing, 
and washing should be better than the results of biopsies 
alone. Many groups analyzed the effect of adding either 
brush or washing or a combination of both. Also, they 
investigated the influence of the sequence in which the dif-
ferent techniques were applied. Combined additional diag-
nostic improvement varies from 4% to 23% [1]. The 
contribution of brushing to biopsies is significantly larger 
than by washing, adding from 3% [11] up to 16% [1, 11]. The 
combined results of biopsy and brushing on average reach 
from 85% to 95%, for endoluminal lesions somewhat higher 
than for submucosal/intramural lesions [1, 9, 11–14, 20, 
23]. Washing, however, contributes much less in sensitivity 
in addition to biopsy and brushing. The data vary from 0% 
to 2% [1, 11, 14, 20]. Some authors investigated the influ-
ence of the timing of washing, before or after biopsy/brush-
ing. Only in one paper is a difference of 32–49.2% reported 
for exophytic tumors and mucosal infiltration [17]. The 
majority could not find a significant difference [6, 7, 13, 24].

Thus in summary, the combination of biopsy and brush-
ing is significantly superior to brushing alone, whereas 
adding washing rarely improves the sensitivity of bron-
choscopy in endobronchial lesions. In some instances, 
addition of transbronchial needle biopsy was of slight ben-
efit [11], but not more so than washing.

13.10   Complications

Besides the general risk factors for flexible bronchoscopy, 
endobronchial sampling methods do not significantly add 
to complications. This is why they have been classified 1B 
and 1C in the ACCP guidelines [9, 10]. The most common 
complication is mild bleeding, which can impair visualiza-
tion for brushing [17]. On the other hand, bleeding after 
brushing can obscure the vision for biopsy which has to be 
aimed more carefully. Bleeding is observed in up to 30% 
and mostly is self‐limiting [16]. More significant bleeding 
stops after instillation of 5–10 mL of ice water or adrenalin 
or after argon plasma coagulation (APC) (2%). Mild hem-
optysis after the procedure is observed in 3% [3, 5]. With 
regard to location, more central endobronchial lesions 
carry a higher risk for bleeding (52% versus 26%), but is 
similar on both sides and in all lobes. Squamous cell lung 
cancer and small cell lung cancer are more prone to bleed-
ing than andenocarcinoma. And obviously, advanced can-
cers are more likely to bleed than early lesions. Interestingly, 
no difference was found between the use of forceps and 
cryobiopsy [3]. Generally, carcinoid tumors are considered 
to be more prone to bleeding. Some inject intratumoral 
adrenalin before biopsy but in our experience, the risk is no 
different from other vascularized lesions and we did not 
experience an increased bleeding rate.

13.11   Cost-Effectivenes

In addition to the efficacy of the different methods arises 
the question of cost‐effectiveness. As the results of biopsy 
and brushing are significant, there is no doubt that they are 
cost‐effective. This is debatable in the case of washing. In 
the literature, there are arguments for both views. In an 
Indian paper, the costs of routine washing in all 107 proce-
dures to obtain positive results in two patients by washing 
only were calculated against the costs of two repeat bron-
choscopies at 2000 rupees each. By the authors’ calcula-
tion, routine washing was 32 000 Rs more expensive and 
considered potentially beneficial but not cost‐effective [20]. 
The same conclusion is found in several other publications 
[1, 20], whereas others who had positive results by wash 
only in 6%, concluded that it might be cost effective [1, 24].

13.12   Conclusions and Suggestions 
for Strategy

Flexible bronchoscopy is highly successful in diagnosis of 
endobronchial lesions. The most efficient procedure for 
pathological confirmation is endobronchial biopsy. Thus 
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every effort should be made to make it successful. 
Additional WLB optical methods like autofluorescence and 
NBI can be helpful for detection of barely visible early 
lesions and borders of more advanced lesions in prepara-
tion for surgical procedures. In assessment of depth of 
infiltration into the bronchial wall, submucosal and intra-
mural spread as well as extramural tumors, EBUS has been 
shown to be useful. By visualization of vessels, it helps to 
avoid bleeding, especially in necrotic lesions in the vicinity 
of larger blood vessels. In order to obtain adequate speci-
mens, multiple biopsies should be taken. In our experi-
ence, larger forceps proved to be useful. In addition to 
forceps biopsies, TBNA of submucosal/intramural lesions 
can be beneficial. In order to make the most of the mate-
rial, imprint cytology and cytospin/cytoblock should be 
prepared from the supernatant. Brushing in addition to 
biopsy significantly improves results. Several samples 

should be taken after obtaining histology. In consultation 
with the pathologist, direct smears and cytospin/cytoblock 
preparations from fluid after rinsing the brush in saline 
solution should be prepared. Washings before or after 
biopsy/brushing are prepared accordingly, especially as 
cytoblock if there is significant contamination with blood.

As the effort and costs of preparation of washings are 
considerable with regard to the mostly meager results, a 
rational strategy might be to perform work‐up of washings 
only in cases where biopsy and brushing are negative. In 
cases of vulnerable highly vascularized lesions, wash and 
brush can be performed first and biopsies taken afterwards 
if no significant bleeding occurs. In this case, ROSE is espe-
cially useful as in positive results biopsy can be avoided, 
because nowadays even molecular biological characteriza-
tion is possible from cytology specimens.
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14

Bronchoalveolar lavage (BAL)  –  the instillation of saline 
into the distal airway through flexible bronchoscopy to 
obtain cellular and noncellular components on the surface 
of alveolar epithelial cells for analysis –  first appeared in 
the 1970s, accompanied by the almost simultaneous devel-
opment of flexible bronchoscopy. BAL differs essentially 
from bronchial washing, which refers to aspiration of 
secretions or small amounts of instilled saline from the 
large airways [1]. BAL is a simple, safe, and important tool 
widely used in clinical and scientific fields of infection, 
tumors, and many other disease processes [2,3]. This chap-
ter will introduce the key technical points of BAL, as well 
as the application of BAL in some common pulmonary 
diseases.

14.1  Technique

Historically, technological variation among different 
research institutions has led to the corresponding variation 
of the results of BAL. The European Respiratory Society 
(ERS) published consensus reports in 1989 and 1999 [4,5]. 
In 2012, the American Thoracic Society published its 
Clinical Practice Guideline [6]. Both documents include 
complete technical guides.

Bronchoalveolar lavage is preferably performed after 
routine examination of the airway and before biopsy or 
brushings to avoid contamination of the recovered fluid 
with excess blood, which will affect the accuracy of cellular 
and noncellular analysis of BAL fluid (BALF). Some stud-
ies try to increase the detection rate of malignant cells in 
BALF by performing lavage after bronchial brushing, but 
other studies suggest that this does not improve the detec-
tion rate. Using a clean suction channel, the tip of the bron-

choscope advances distally until it is wedged into a 
subsegmental bronchus. Trauma and coughing should be 
carefully avoided to prevent contamination of the recovered 
fluid with mucus and blood [7]. To reduce oropharyngeal 
contamination, studies have recommended passing the 
bronchoscope through a previously inserted endotracheal 
tube [8]. However, some studies suggest that this cannot 
increase the positive rate of malignant cells in BALF.

In diffuse disease, lavage is routinely performed in the 
right middle lobe or segments of the lingula. The amount 
of recovery fluid from these areas is usually larger than 
that of other lung lobes, mainly because of the anatomical 
structure of the bronchial tree and the effect of gravity in 
the supine position [2,3,9]. When imaging examination 
showed local diseases, lavage should be performed in 
abnormal areas indicated by radiographs, because BALF 
from these regions is probably the most abnormal [4,5,10]. 
Imaging and clinical data conventionally determine the 
number and location of lavage segments, as well as whether 
the specimens are analyzed separately or collectively.

After the bronchoscope is wedged, sterile saline is 
infused with a syringe into the suction port of the broncho-
scope. The use of warm saline in BAL is still debated. Saline 
preheated to 37 °C may reduce cough and bronchospasm, 
especially in patients with airway hyperresponsiveness, 
and increase liquid recovery and cell yield [3,5,7]. Aliquots 
of 20–60 mL of fluid are used in different institutions, but 
current data have yet to support a specific aliquot. Then 
negative pressure is applied to remove and collect the fluid 
from the lung. The total instilled volume of saline should 
be 100–300 mL [6].

The operation should be gentle and 1–2 mL of 2% 
lidocaine can be infused through the bronchoscopy into 
lavaged segments for local anesthesia. The suction channel 
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of the bronchoscope should be kept at the center of the 
lumen. If during the lavage the tip of the bronchoscope can 
be stably “wedged,” patients will not cough because lavage 
fluid should not “leak” proximal to the tip of the broncho-
scope [4]. Before free flow of return is reduced, mild suc-
tion should be administered. The ERS suggests that suction 
should be kept to less than 100 mmHg; 50 mmHg has been 
proven to cause airway collapse easily. Excessive suction 
pressure can lead to airway collapse and reduction of 
recovered fluid.

In healthy populations with total lung capacity (TLC), 
the typical lavage area corresponds to about 165 mL and 
residual volume in this area is about 45 mL [11]. Alveoli 
with residual gases yield higher total cell counts but nor-
mal differentials [12]. For every 100 mL of saline lavaged in 
adults, 40–60 mL of fluid with 5–10 × 106 cells and 1–10 mg 
of protein is recovered [2]. It is estimated that 100 mL lav-
age for a bronchial subsegment samples about 106 alveoli 
[3,11]. It should be noted that cellular count of BAL is inva-
lid if there are purulent secretions in airways, the broncho-
scope is not stabilized in the “wedged” position or the 
volume of recovered fluid accounts for less than 40% of the 
volume of injected fluid [4].

The volume of saline for lavage varies among institu-
tions. High volumes (up to 240–300 mL) have been used, 
especially when a large number of inflammatory cells are 
needed for analysis. However, large lavage volumes may 
increase the risk of local atelectasis, fever, and transient 
hyperoxia [3,4,7]. In contrast, small amounts of BALF can 
only sample small bronchi or relatively fewer alveoli [13].

It is generally believed that if the infused volume exceeds 
the recovered volume by more than 100 mL, lavage must be 
terminated [14,15]. For optimal sampling of distal air-
spaces, the total volume (pooled aliquots) retrieved should 
be greater than or equal to 30% of the total instilled volume. 
Otherwise, the retrieved fluid may provide misleading cell 
differentials, especially if total retrieved volume is less than 
10% of total instilled volume [6].

Analysis of sequential aliquots of recovered fluid has 
shown that the initial aliquot (if the volume of the fluid is 
small, i.e., 20 mL) differs from subsequent aliquots in that 
the initial aliquot may recover cells and proteins from dis-
tal bronchi rather than from alveoli [7,16–19]. Consequently, 
the initial 20 mL aliquot is routinely discarded in many 
institutions. However, it has been shown that a sample 
containing the initial 20 mL and subsequent aliquots was 
“mostly alveolar” and it is unlikely that, in the absence of 
significant inflammation, including the first aliquot, which 
represents only at most 10% of the total recovered cells, this 
will markedly influence cellular analysis [19]. With the 
presence of obvious airway inflammation, analysis may be 
noticeably affected by bronchial airway secretions.

Generally, the recovered volume amounts to 40–60% of 
the infused volume, and more than 80% of total cells are 
viable [2,9,20]. Decreases of recovered volumes typically 
result from the following factors: age, smoking, loss of 
elastic recoil of lung tissue, obstructive lung diseases, 
and lowered forced expiratory volume in one second 
(FEV1) to forced vital capacity (FVC) ratios (FEV1/FVC) 
[2,3,7,21].

Accurate evaluation of alveolar components is very dif-
ficult and uncertain due to dynamic interactions between 
BALF, alveolar fluid, and blood. The procedure of BAL 
itself may have impacts on endogenous dilutional mark-
ers such as urea and albumin. Diseases with altered epi-
thelial permeability such as acute respiratory distress 
syndrome (ARDS) are also shown to affect these markers. 
Macrophages tend to take up exogenous markers such as 
methylene blue, whose application will thus be influ-
enced in various diseases. This remains an area of active 
debate [2,5,6,22].

14.2   Safety and Complications

Lavage is relatively safe and can be conducted during a rou-
tine flexible bronchoscopic examination. There are no 
absolute contraindications to BAL but certain risk factors 
and relative contraindications still pose potential 
threats – an uncooperative patient, FEV1 less than 800 mL, 
moderate to severe asthma, hypercapnia, hypoxia uncor-
rected to an oxygen saturation of 90% with supplemental 
oxygen, serious cardiac dysrhythmia, myocardial infarc-
tion within six weeks, uncorrected bleeding diathesis, and 
hemodynamic instability [2].

The most common complication is post‐BAL fever, a 
transient pyrogen effect caused by the release of biologi-
cal active mediators such as cytokine presenting in 
10–50% of patients [23–25]. Fever post procedure is 
rarely associated with bacteremia [26] and can be suc-
cessfully treated with antipyretics [27]. The incidence of 
post‐BAL fever may be proportional to the number of 
lobes involved during lavage and the total volume 
instilled into each specific site.

Another common complication of BAL is a transient 
decrease in PaO2. Cole and colleagues found that PaO2 
decreased by an average of 22.7 mmHg, which lasted for at 
least two hours [28]. The reduction of blood oxygen pres-
sure has been shown to be proportional to the amount of 
fluid perfusion [29]. Vital capacity, FEV1, and peak expira-
tory flow (PEF) are also observed to decrease transiently in 
some cases. Regardless of pulmonary function level, 
patients should be given supplemental oxygen throughout 
and immediately after BAL [11].
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The safety of BAL in patients with asthma and chronic 
obstructive pulmonary disease (COPD) is heatedly 
debated. The correlations between large‐volume lavage 
(500 mL) and significant decreases in FEV1, FVC, and 
PEF have been demonstrated. In healthy populations, 
small‐volume (175 mL) lavage has not been shown to 
have noticeable effects on pulmonary function tests 
(PFTs) [30]. Recent literature reviews have confirmed 
safety in patients with compensated COPD and asthma, 
whose complication rates were shown to be similar to 
those of control patients [31,32]. Although the safety of 
BAL for asthmatic patients without using bronchodilators 
has been reported, most institutions recommend the use 
of nebulized bronchodilators before BAL in patients with 
asthma and COPD [33]. Multiple studies concerning the 
utility of BAL in immunosuppressed and thrombocyto-
penic patients have shown an acceptable safety level 
[34–38].

Post BAL, it has been shown that up to 90% of patients 
will display radiographic evidence of new or increased 
consolidation in the area lavaged. Resolution of these 
opacities is gradual, with 73% remaining at 2240 minutes 
post lavage. Complete resolution is expected within 
24 hours. The presence of these opacities correlates with 
the amount of retained saline solution, is limited to the 
area lavaged, and is not associated with clinical compli-
cations [39].

Only sporadic cases of pneumothorax have been reported 
as a complication of BAL. Most cases happen when BAL is 
performed during transbronchial lung biopsy. Cough may 
be the major cause of increase in intrathoracic pressure, 
which is of particular concern in patients with emphyse-
matous bulla.

14.3   Sample Processing

The minimal total volume retrieved should be greater than 
or equal to 5% of the instilled aliquot volumes (optimal 
sampling retrieves 30%). A minimal volume of 5 mL of 
pooled BAL samples is needed for cellular analysis. The 
optimal volume is 10–20 mL [6]. Typical containers of 
recovered fluid should be made of materials such as poly-
ethylene or polycarbonate, to which cells cannot adhere. 
Unsiliconized glass is unsuitable  [5,7] because mac-
rophages can easily adhere to glass. Control of time and 
temperature are key determinants of further preservation 
and analysis. Specimens should be evaluated within one 
hour after recovery. It is reported that cell counts are pre-
served at 25 °C for four hours [39,40] and 4 °C for 24 hours 
[40]. Proteins are temperature sensitive and preservation is 
typically at −80 °C [6].

The traditional practice of filtering lavage fluid through 
sterile gauze or nylon mesh to remove excess mucus affects 
cell counts and sterility, and causes loss of potentially use-
ful information such as ferruginous bodies in patients with 
asbestos exposure and cells with increased adherence, such 
as activated neutrophils [7]. Thus it is technologically pref-
erable to avoid such filtering processes [41].

Compared with filtering, cytocentrifugation is more 
commonly used and more advantageous as a means of pre-
paring slides. Cytocentrifugation preserves lymphocyte 
concentration and reduces cellular damage as well as 
expense [42,43]. Wright–Giemsa stains are most commonly 
used for inflammatory cells, while Papanicolaou staining is 
commonly used to analyze cells of infection or cancer. 
Light microscopy is used to perform cellular counts on the 
stained slides. The recommendation is that 300–500 nucle-
ated cells should be counted to ensure the representative-
ness of the sample [44]. Due to the great variations in 
information interpretation, the analysis should be con-
ducted by designated laboratory personnel.

Lymphocyte subpopulations such as CD4 and CD8 are 
most commonly determined by flow cytometry [45]. 
An alternative method involves immunohistochemistry 
staining on slides prepared by cytocentrifugation [46]. 
Immunofluorescent staining is also used in evaluation for 
infection and malignancy.

14.3.1  Cellular Analysis: Normal Values

The value of cellular analysis of BALF as a tool in diagno-
sis, projection of prognosis, and evaluation of therapies has 
been widely recognized. It is instrumental in differentiat-
ing interstitial disease processes as well as evaluating infec-
tions. In healthy, nonsmoking populations, the total cell 
count per mL of lavage fluid amounts to 100 000–150 000 
cells [15]. BAL in normal nonsmoking adults will yield 
80–95% macrophages, 5–15% lymphocytes, CD4/CD8 ratio 
of 1.5–1.8, less than 3% neutrophils, and less than 1% eosin-
ophils, basophils, and mast cells [2,20,47,48]. BAL cell dif-
ferential counts with greater than 15% lymphocytes, greater 
than 3% neutrophils, greater than 1% eosinophils, and 
greater than 0.5% mast cells represent a lymphocytic cel-
lular pattern, neutrophilic cellular pattern, eosinophilic 
cellular pattern, and mastocytosis, respectively. Each has 
diagnostic implications [6].

The results of BAL cellular analysis should be expressed 
both as number/mL and as percentages of the total cell 
population (plus an estimate of total cell numbers should 
be given) [2,21]. Combination of differential counts with 
total cell counts allows for quantification of each specific 
cell type per set volume. A normal cell profile does not nec-
essarily mean an inflammation‐free condition, while an 
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abnormal cell differential usually indicates the presence 
and/or progression of a pathological process. Researchers 
have demonstrated that even with a normal differential, a 
significantly increased number of cells may be linked with 
an inflammatory process in the lung [20]. Specifically, an 
abnormal percentage of one cell line may have effects on 
the relative percentages of other lines. However, further 
application of BAL cellular analysis may be limited by the 
lack of standardization of lavage volumes.

Smoking, quantity of lavage return, lavage processing, 
and age all influence BAL cell profile. In active smokers, 
total cell count of the BALF per set volume increases four‐
fold to 10‐fold; macrophages and neutrophils increase pro-
portionally, and CD4/CD8 ratios will be altered [21,49]. 
Cellular profiles of former smokers and nonsmokers are 
similar. There is a positive correlation between age and the 
percentages of lymphocytes and neutrophils [50].

In the lavage fluid of most healthy individuals, the pro-
portion of lymphocytes is lower than 10%. A percentage 
higher than 15% is regarded as abnormal. However, tran-
sient increases to more than 20% also exist in healthy, non-
smoking subjects [36]. Lymphocyte subtypes found within 
the alveolar structures of healthy individuals are similar to 
those found in blood. CD3+ T cells account for the major-
ity of alveolar lymphocytes while B cells represent a minor-
ity at 4–7% [21]. T‐helper (CD4+) cells and T‐suppressor 
(CD8+) cells represent 39–48% and 23–28%, respectively, 
of total lymphocytes. Therefore, the normal ratio of T‐
helper cells to T‐suppressor cells (CD4/CD8) falls between 
1.6 and 1.8.

The National Institutes of Health (NIH) cooperative 
study demonstrated that lymphocyte phenotype variability 
is closely related to a range of factors, such as age, gender, 
and smoking [21]. Such factors should be taken into con-
sideration in data analysis and interpretation.

1) The average percentage of T‐helper cells in age groups 
above 50 is more than 10% higher than that in age 
groups under 37.

2) Total T cells, T‐suppressor cells, and B cell percentages 
were significantly higher in men than in women, and 
CD4/CD8 ratios were significantly lower in men.

3) T‐helper cells were significantly lower (32.2%) in active 
smokers than in former smokers (46%) and nonsmokers 
(44.4%). T‐suppressor cells were higher in active smok-
ers (29.2%) than in former smokers (20.7%) and non-
smokers (20.7%). Thus, the CD4/CD8 ratio was 
significantly lower in smokers than in either former 
smokers or nonsmokers.

Typically, neutrophils account for less than 1% of total 
cell counts. Blood contamination, active smoking, and 
inflammatory diseases of the bronchi are among the major 

contributors to increased levels of neutrophils [2,4]. The 
elevation of neutrophils also presents in advanced cases 
(containing fibrosis) of interstitial disease. The presence of 
squamous epithelial cells suggests contamination from the 
upper airway.

14.3.2  Acellular Analysis: Normal Values

Bronchoalveolar lavage fluid contains a wide range of 
 proteins, enzymes, cytokines, chemokines, lipids, and elec-
trolytes. Due to deepening understanding of their func-
tions and difficulty in quantification and analysis, studies 
of noncellular materials have given way to those of cellular 
components.

Lack of a definitive dilution marker creates great diffi-
culty in quantifying noncellular alveolar components. 
BALF may reflect not only physiological and pathological 
conditions of alveolar spaces but also those of the vascular 
streams, due to impacts of the dynamic interplay between 
the alveolar and the vascular spaces on such noncellular 
components as cytokines, which makes accurate assess-
ment of concentration of alveolar materials very difficult. 
It is suggested that BALF and serum be measured simulta-
neously for interpretation [51].

14.4   Clinical Utility

In most cases, BAL cannot be regarded as an independent 
diagnostic tool with high specificity and reliability. 
However, in conjunction with other clinical and laboratory 
information, it can be highly valuable. In patients who fail 
to undergo open lung biopsy, BAL is instrumental in the 
diagnostic process. Also, the BAL result can be an impor-
tant determinant for whether open lung biopsy should be 
performed in patients who have respiratory symptoms but 
near normal pulmonary functions and normal chest X‐rays 
[52]. It should also be noted that a normal BAL differential 
cell profile does not exclude microscopic abnormalities in 
the lung tissue [6].

14.4.1  Sarcoidosis

Bronchoalveolar lavage provides valuable information 
about the pathology of sarcoidosis. The discovery of intense 
alveolitis and elevated BAL lymphocytes casts serious 
doubt on the alleged association of sarcoidosis with immu-
nity suppression [53,54]. There is much controversy over 
the application of BAL as a diagnostic and prognostic tool 
for sarcoidosis. However, although it is established that 
BAL cell analysis can help distinguish sarcoidosis from 
other granulomatous and interstitial diseases [55,56], the 
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current consensus is that it still lacks credibility as a defini-
tive diagnostic tool of sarcoidosis if used alone.

It is also widely recognized that BAL only plays a limited 
role in predicting disease courses, duration, and responses 
to treatments. BAL cell differentials in sarcoidosis, which is 
highly variable, demonstrate current levels of alveolitis. 
Takahashi and colleagues reported increased numbers of 
BAL lymphocytes in patients with suspected sarcoidosis 
but without radiographic evidence of lung involvement 
[57]. A typical cellular profile is a normal to slightly ele-
vated total cell count, elevated lymphocytes, elevated CD4/
CD8 ratio, and normal percentages of eosinophils and neu-
trophils. The absence of “foamy macrophages” and plasma 
cells is noteworthy [58,59].

In sarcoidosis, BAL lymphocytosis varies widely; cell 
counts can be normal in 10–15% of patients or can increase 
significantly to 80% of total cell count [60,61]. Heavy smok-
ers typically have a reduced lymphocyte count. The CD4/
CD8 ratio of the patients with sarcoidosis also varies con-
siderably. An elevated CD4/CD8 ratio was found in about 
60% of patients. Various literature data show that when the 
ratio is greater than 3.5, the sensitivity is 52–59% and the 
specificity is 94–96% [46,59,62].

Therefore, the combination of elevated lymphocyte 
count (good sensitivity) and elevated CD4/CD8 ratio (good 
specificity) deserves further exploration as a joint diagnos-
tic tool. Costabel and colleagues suggest that, in patients 
with typical clinical manifestations of sarcoidosis, an ele-
vated CD4/CD8 ratio alone may work as a definite diagnos-
tic tool, without further need for biopsy [63]. It was 
anticipated that lymphocytosis would predict disease 
course, duration, and responses to therapies. However, 
despite some early research that suggested certain possible 
associations, later studies reported no clear correlations 
[46,60,64].

Although an elevated CD4/CD8 ratio is common in sar-
coidosis patients, such an elevation alone does not distin-
guish sarcoidosis from other interstitial lung diseases (ILD). 
Some studies have indicated the potential utility of CD103 
as a diagnostic tool in sarcoidosis. According to Kolopp‐
Sarda and colleagues, the combination of the CD4/CD8 
ratio ( 2.5) and the CD103/CD4 ratio (<0.31) may act as a 
highly sensitive tool for sarcoidosis diagnosis, with sensitiv-
ity as high as 96%. Because CD8+ lymphocytes coexpress 
CD103 in most pulmonary diseases and thus may be mis-
leading, the use of the CD103CD4/CD4 ratio rather than 
the CD103/CD4 ratio may be preferable [65]. Other studies 
suggest redefining a BALF CD103CD4/CD4 lymphocyte 
ratio <0.45 as a satisfactory diagnostic marker for sarcoido-
sis, even in cases with CD4/CD8 ratio <3.5 [66].

In patients with more advanced stages of sarcoidosis, 
BAL neutrophil counts may be higher than normal [67]. 

Ziegenhagen and colleagues reported the association of a 
neutrophil level higher than 3% with a faster progression of 
disease and more resistance to steroid therapy [68]. 
Another study demonstrated that, compared with groups 
who responded spontaneously, patients with PFT decline, 
radiographic evidence, and functional impairments had 
elevated BAL neutrophils [67].

In the BAL of patients with sarcoidosis, macrophages 
show an increased level of activity [68]. Macrophages 
release cytokine, which regulates the formation of granu-
loma and thus performs a vital role in sarcoidosis. However, 
the value of BAL cytokines as a diagnostic and prognostic 
tool has yet to be proved.

14.4.2  Idiopathic Interstitial Pneumonias

Diagnosis of idiopathic interstitial pneumonias (IIPs) has 
been a difficult clinical problem. Publication of the 
American Thoracic Society/ERS Consensus Classification 
in 2002 identified seven types of IIPs [69]. In 2013, an offi-
cial American Thoracic Society/ERS Statement updated the 
international multidisciplinary classification of IIPs [70]. 
This new classification identifies six types of major IIP (idi-
opathic pulmonary fibrosis, idiopathic nonspecific intersti-
tial pneumonia [NSIP], respiratory bronchiolitis–interstitial 
lung disease, desquamative interstitial pneumonia, crypto-
genic organizing pneumonia, and acute interstitial pneu-
monia), two types of rare IIP (idiopathic lymphoid 
interstitial pneumonia and idiopathic pleuroparenchymal 
fibroelastosis), and unclassifiable IIPs. In the new state-
ment, the historical “gold standard” of histological diagno-
sis was replaced by a “dynamic integrated approach” using 
multidisciplinary discussion (MDD).This makes the data 
obtained by BAL more valuable in the diagnosis [70–72].

Bronchoalveolar lavage cellular differentials in idio-
pathic pulmonary fibrosis (IPF) patients have shown low 
lymphocyte levels (5%) and elevated neutrophil levels (7%) 
[73,74]. The mutual link between tissue and BAL lympho-
cyte subpopulations in IPF patients has also been corrobo-
rated [75]. The utility of BAL does not lie in characteristic 
BAL findings in IPF but in the exclusion of the most com-
mon differential diagnoses: hypersensitivity pneumonitis 
(HP), idiopathic NSIP, and ILD associated with occult con-
nective tissue disease (connective tissue disease‐interstitial 
lung disease [CTD‐ILD]) [76]. And BAL analysis also facili-
tates the optimal selection of patients to undergo a diag-
nostic surgical biopsy procedure.

Elevated BAL cellular counts have been reported in 
patients with pulmonary fibrosis (usual interstitial pneu-
monia [UIP] histological pattern) secondary to collagen 
vascular disease, which helps differentiate IPF of nonidio-
pathic etiologies [73,74,77].
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The true diagnostic value of BAL lies in the presence or 
absence of major lymphocytosis, which is often present in 
HP, NSIP, and CTD‐ILD [73,78,79]. BAL lymphocyte con-
tent is similar in IPF and healthy control subjects [80], and 
when increased in IPF (diagnosed historically) is associ-
ated with moderate to severe alveolar septal inflammation 
[81], increasing the possibility of an alternative form of 
UIP, such as HP. By contrast, a major BAL lymphocytosis is 
often present in HP, NSIP, and CTD‐ILD.

In patients with NSIP of the cellular (nonfibrotic) vari-
ant, BAL lymphocytes usually rise to 40%, neutrophils 
increase slightly, and the CD4/CD8 ratio declines to less 
than 0.3 [82]. Patients responsive to steroid therapies may 
have normal levels of BAL lymphocyte subpopulations. By 
contrast, NSIP of the noncellular (fibrotic) variant shows a 
nonspecific pattern with lymphocytes elevated to 33% and 
neutrophils elevated to 14% [82]. Patients in this group usu-
ally do not respond to steroid therapies. BAL cell counts in 
both NSIP subtypes of idiopathic origins are similar to 
those seen in patients with NSIP histological pattern due to 
infection, CVD, drug reaction, or other nonidiopathic 
causes.

Marked lymphocytosis (greater than 40%) and low CD4/
CD8 ratio are typically seen in BAL cell counts in crypto-
genic organizing pneumonia (COP) [82]. As in cellular 
NSIP, lymphocyte levels can return to normal in patients 
responsive to steroid therapies. BAL cell counts in COP are 
similar to those seen in patients with organizing pneumo-
nia histological pattern of nonidiopathic etiology. For cases 
in which image findings strongly suggest COP but trans-
bronchial biopsy is negative or a confirmatory biopsy can-
not be performed, analysis of BALF also has diagnostic 
utility [83].

BAL cellular differentials in atypical interstitial pneumo-
nia (AIP) are similar to those in patients with exacerbation 
of IPF. Typical AIP cell count shows elevated neutrophils 
with slightly increased lymphocytes. Reactive pneumo-
cytes and hyaline membrane fragments may also be found, 
as seen with IPF exacerbation [69].

Clear diagnosis of IIPs necessitates exclusion of other 
etiologies of interstitial disease. Analysis of BALF has 
shown utility in identifying materials and cultures specific 
to nonidiopathic causes of interstitial pneumonias such as 
asbestos bodies (ABs). BAL cellular analysis may differen-
tiate between idiopathic and nonidiopathic etiologies in 
patients with established UIP histology without definite 
causes. Moreover, analysis of the BAL cellular profile facili-
tates the differential diagnosis between idiopathic histolo-
gies, especially the differentiation between IPF and the 
other IIPs. BAL may not exclude the need for biopsy but it 
can be helpful when biopsy is infeasible or the histology is 
not definitive.

The value of BAL as a prognostic tool in IIP is highly 
controversial. Veeraraghavan and colleagues cast serious 
doubt on earlier anticipation of high efficacy [84]. However, 
Ryu and colleagues suggested utility in a retrospective 
research, in which 122 patients with either UIP or NSIP 
underwent BAL and high‐resolution computed tomogra-
phy (HRCT) prior to biopsy. Follow‐up at two years sug-
gested that BAL lymphoctyosis reflects non‐UIP histologic 
pattern and better prognosis [74].

14.4.3  Hypersensitivity Pneumonitis

Hypersensitivity pneumonitis, also known as extrinsic 
allergic alveolitis, is a clinical syndrome characterized by 
variable presentations (acute, subacute, and chronic/
fibrotic with frequent overlap of these various forms). Due 
to lack of a diagnostic gold standard, the diagnosis of HP is 
not straightforward and relies on the integration of a num-
ber of factors, including history of exposure, precipitating 
antibodies to the offending antigen, clinical features, BAL, 
and radiological and pathological features [85,86]. HP 
demonstrates a remarkable tendency to mimic other IIPs 
[87]. BAL has established diagnostic value in HP but BALF 
cellular analysis is not a solitary tool. It is characterized by 
an increase in the total cell count with elevation of lym-
phocytes. The exact level of lymphocytes that differentiates 
HP from other disorders is unknown, but in published 
studies an increase in lymphocytes >50% is highly indica-
tive [88,89]. The CD4/CD8 ratio in this population has 
shown to be variable but typically is less than 1 [90]. 
However, the ratio may vary significantly according to 
exposure and disease stage. In addition, a normal or ele-
vated ratio does not exclude HP [91,92] so ratio measure-
ments are no longer recommended.

With regard to the cytology cell differential count, it 
should be noted that acute episodes of exposure to relevant 
antigens may be associated with an increase in the number 
of neutrophils, which peaks after 48 hours but reverts to 
the lymphocytic‐predominant profile after a few days [92–
94]. These levels may remain elevated for months to years 
after removal of the antigen. Some of the lymphocytes have 
an atypical appearance suggestive of blast cells, with mark-
edly indented multiclefted nuclei and increased cytoplas-
mic area [95]. Lymphocyte counts commonly decrease 
with smoking. HP is more common in nonsmokers, sug-
gesting an immunosuppressive effect from tobacco [96]. 
There are also data showing increased neutrophil levels in 
HP patients who have progressed to fibrosis [97].

Macrophages account for a lower percentage of the total 
cells obtained by BAL in HP (often less than 40%), but the 
actual numbers are comparable to controls [98]. The mac-
rophages may display a foamy cytoplasm. BAL samples 
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from exposed patients with HP may also contain mast cells 
in increased numbers (as much as 10‐fold and higher) 
[95,99]. In most patients, the number of mast cells increases 
when individuals are currently or have been recently 
exposed, and falls soon after removal from exposure [95]. 
Mast cells and neutrophils may remain elevated with con-
tinued exposure and symptoms [95].

Much debate has occurred regarding the utility of the 
BAL cell count as a prognostic tool in individuals with 
established HP. It has been demonstrated that BAL lym-
phocytes do not predict outcome or prognosis in these 
patients [100].

14.4.4  Pneumoconioses

Bronchoalveolar lavage cellular analysis in patients with 
pneumoconioses typically reflects alveolitis with a two‐ to 
three‐fold elevation in total cell count, lymphocytosis, and 
an elevated CD4/CD8 ratio. Neutrophil levels are variable 
but commonly elevated. Cellular analysis alone is an insuf-
ficient diagnostic tool. However, BAL retains utility in the 
documentation of specific exposures such as asbestos fib-
ers, silica particles, and beryllium‐sensitized lymphocytes.

Asbestos is a commercial term for a group of naturally 
occurring fibers composed of hydrated magnesium sili-
cates. Asbestos fibers are classified based on shape as ser-
pentine or amphibole. Asbestos exposure predisposes to 
fibrosis, lung cancers, and pleural diseases such as meso-
thelioma, fibrosis, effusion, and plaque formation [101]. 
ABs are inhaled asbestos fibril particles that are coated 
with iron‐containing mucoprotein and embedded in lung 
tissue. AB formation is an intracellular process that occurs 
as one or more alveolar macrophages engulf an asbestos 
fiber. The fiber then becomes incorporated into an intracy-
toplasmic vacuole and is coated with an acid mucopolysac-
charide [102]. Iron accumulates in the coating initially as 
hemosiderin. Only a small portion of asbestos fibers in the 
lung become coated as ferruginous bodies [102,103]. ABs 
rarely develop from serpentine fibers and are formed pri-
marily from amphibole fibers. The presence of ABs thus 
reflects primarily the burden of long amphibole fibers, 
which are most frequently associated with asbestosis and 
mesothelioma [104,105]. In the population without occu-
pational asbestos exposure but exposed to urban pollution, 
the bulk of the asbestos fibers are serpentine [106]. These 
small fibers do not form ABs, which explains why finding 
ABs in BAL usually correlates well with occupational expo-
sure, implying inhalation of long industrial fibers. ABs rep-
resent only a fraction of the total asbestos burden in the 
lung and thus in BAL [102,104].

Measurement of ABs in lung parenchyma via biopsy 
remains the gold standard for detection of asbestos expo-

sure [106]. It has been demonstrated that a measured BAL 
concentration of one AB/mL is predictive of a parenchy-
mal concentration between 1050 and 3010 AB/g [104]. 
Thus, BAL concentrations greater than one AB/mL indi-
cate significant asbestos exposure [107] and are associated 
with increased prevalence of radiographic abnormalities, 
respiratory symptoms, and reduced values on pulmonary 
function testing [108]. The finding of ABs in BALF is an 
excellent objective measure of asbestos exposure but, in 
itself, is not a good proof of disease [103,105,106]. The 
asbestos, iron, and phosphorus particles in BALF can be 
detected by electron microscopy [109]. The absence of Abs 
in a correctly performed BAL does not exclude asbestos‐
related pleural disease or significant AB parenchymal con-
centrations [106]. The concentration of ABs in BAL may 
positively correlate with length and intensity of exposure 
and may negatively correlate with time since last exposure. 
Use of ABs in induced sputum for screening purposes has 
been shown to be less sensitive than BAL, and limited to 
use in settings of severe asbestos exposure [110,111].

Beryllium has found widespread application in modern 
industries. Inhaled beryllium metal dusts, beryllium oxide, 
or beryllium salts can cause acute or chronic lung diseases. 
The acute form appears to have a toxic and dose‐related 
effect on the lungs, and has largely been eliminated by con-
trols of environmental exposure. The chronic form devel-
ops over 1–20 years in 1–3% of the exposed population and 
is a granulomatous interstitial disease remarkably similar 
to sarcoidosis [20,112]. The diagnosis of chronic berylliosis 
is usually based on a history of beryllium exposure, typical 
clinical and histological abnormalities, and elevated lung 
beryllium levels [20,112]. Beryllium workers exposed to 
much higher levels of beryllium in the past demonstrated a 
much more fulminant disease than is usually seen today. 
BAL has shown value in the evaluation of a patient with 
suspected berylliosis. BAL cell counts from patients with 
berylliosis are similar to those from patients with sarcoido-
sis [113] The total numbers of macrophages and T cells are 
increased. The percentage of lymphocytes is increased, and 
most of these cells are T‐helper cells [20,112]. Beryllium 
increases the CD14(dim) CD16+ subset in the lung of 
chronic beryllium disease [114].

Bronchoalveolar lavage in berylliosis has its greatest use 
in showing a local immunological response to beryllium. 
Lymphocytes from the BAL of berylliosis patients prolifer-
ate when stimulated in vitro with soluble beryllium salts, 
with a sensitivity and specificity approaching 100% 
[98,99,115]. Beryllium lymphocyte proliferation tests are 
commonly performed on blood or BAL samples as an 
industry surveillance tool. Specimen mononuclear cells are 
incubated in vitro with beryllium salts at varying concen-
trations and intervals. Measurement of cell proliferation is 
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laboratory dependent and universal standards are not 
defined. Patients with prior history of beryllium exposure 
and proof of lymphocyte proliferation, but lacking defini-
tive granulomatous histology, may be considered sensitized 
individuals. Sensitized patients have shown rates of pro-
gression to chronic beryllium disease as high as 6–8% per 
year [116].

14.4.5  Eosinophilic Lung Disease

Bronchoalveolar lavage samples from healthy nonsmokers 
show that eosinophils account for less than 1% of total cell 
count. Eosinophil concentration may be increased slightly 
in active or former smokers [2,20]. An eosinophil count 
greater than 5% should be considered clinically significant 
[117]. A wide range of pathological processes, including 
infection, drug reactions, allergic reactions, and idiopathic 
mechanisms, may lead to elevated concentrations of blood 
and BAL eosinophils. Moderate increase of eosinophils 
(5–20%) is a typical manifestation of infection, anaphy-
laxis, and drug reactions [117–121].

Eosinophilic pneumonia (EP) may be caused by 
 infectious and noninfectious factors, including a variety of 
parasitic infections, allergies, exposure to certain ele-
ments, and idiopathic causes. The classic definition of 
eosinophilic pneumonia is eosinophil predominance on 
histopathology from lung biopsy. However, with clear clin-
ical and radiographic evidence, elevation of BAL eosino-
phils may clarify the diagnosis without need for lung 
biopsy. It is suggested that an eosinophilic infiltrate can be 
excluded if cellular counts from a technically qualified 
BAL performed in an area with radiographic findings is 
normal [122]. In eosinophilic pneumonias, eosinophils 
may account for as much as 90% of BAL total cell counts 
[122]. It is also observed that more than 80% of cases of 
chronic eosinophilic pneumonias have an eosinophil con-
centration exceeding 40% of BAL total cell count. Although 
universal diagnostic criteria for eosinophil concentrations 
have not been established, Lazor and colleagues have sug-
gested minimum eosinophil concentrations of 25% as a 
diagnostic criterion [123].

Mean BAL cellular eosinophil concentrations in idio-
pathic acute eosinophilic pneumonia range from 37% to 
54%, with mild elevation of lymphocyte and neutrophil 
counts [124,125]. Pope‐Harmon and colleagues have pro-
posed a minimum eosinophil concentration of 25% as diag-
nostic criteria. In idiopathic chronic eosinophilic 
pneumonia, eosinophils account for 58% of total BAL cell 
counts on average, with slight elevation of lymphocyte and 
neutrophil populations [125]. Marchand and colleagues 
have proposed a minimum eosinophil concentration of 
40% as a diagnostic criterion [126,127].

Bronchoalveolar lavage fluid in chronic EP (CEP) con-
tains the cytokines interleukin (IL)‐4, IL‐5, IL‐6, IL‐10, 
IL‐13, and IL‐18, which is largely consistent with local Th2 
inflammation, though the Th1 cytokines IL‐2 and IL‐12 are 
present as well [128–130]. The presence of several 
chemokines in BALF suggests the important role of T cell 
recruitment in the pathophysiology of CEP [130,131]. The 
underlying mechanisms of acute EP (AEP) are more elu-
sive than those of CEP, though specific inflammatory 
mediators of a largely similar spectrum are present in 
BALF of patients with AEP. It has been discovered that, in 
BALF of AEP patients, an array of both Th2 and Th1 
cytokines are elevated, including IL‐1ra, IL‐2, IL‐5, IL‐10, 
IL‐12, IL‐13, and IL‐18, possibly reflecting the known 
pluripotent secretory potential of eosinophils [132]. As in 
CEP, the chemokine CCL17 has been detected in high lev-
els in AEP, potentially consistent with a role for recruited T 
cells in the pathogenesis of AEP [130]. However, Carmi 
and colleagues suggest that both AEP and CEP may share a 
common pathogenic pathway. Therefore, classification of 
EP into AEP or CEP may have limited utility, and the sever-
ity of EP presentation should be the sole determinant of 
therapies [133]

14.4.6  Systemic Sclerosis

Total BAL cell counts in patients with systematic sclerosis 
are typically normal, while the counts of lymphocytes, 
neutrophils, and eosinophils show variable levels of eleva-
tion. Patients with NSIP radiographic and histological pat-
tern typically have greater levels of eosinophil elevation 
than those with UIP histological pattern. Lymphocyte con-
centrations are typically higher in cellular NSIP than in 
fibrotic NSIP (see prior discussion) [134]. Due to this non-
specific alveolitis, the role of BAL cellular count as a diag-
nostic tool in this group of patients is limited.

The utility of BAL alveolitis as a tool to predict prognosis 
and monitor responses to therapy is heatedly debated. 
Silver and colleagues suggested a potential correlation 
between alveolitis and worsening results of PFT, as well as 
poor responses to therapy [135]. Later studies showed a 
correlation between neutrophil‐predominant alveolitis and 
severity of fibrotic disease on HRCT scan, as well as wors-
ening measurements on PFT [136,137]. Their findings 
strongly suggest that neutrophil‐predominant alveolitis is 
an indicator of more advanced stage of diseases rather than 
of early disease and poor prognosis. It has also been dem-
onstrated that, in patients with evidence of ILD progres-
sion on HRCT, the presence of BAL alveolitis can be used 
to predict prognosis [138].

However, the study by Goh and colleagues showed that 
when baseline disease severity of the patient group was 
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taken into account, there was no correlation between neu-
trophil‐predominant alveolitis and overall long‐term mor-
tality or between lymphocyte‐predominant alveolitis and 
mortality [136]. They suggest that disease severity at pres-
entation rather than BAL cell counts is a more valuable 
predictor of clinical course.

14.4.6.1  Pulmonary Langerhans Cell Histiocytosis
Pulmonary Langerhans cell histiocytosis (PLCH) is a 
chronic granulomatous disorder. The typical population 
susceptible to this disease is young smokers. Previously, it 
was also named histiocytosis X and eosinophilic granu-
loma of the lung. The pathological manifestation of PLCH 
is the interstitial accumulation of antigen‐presenting cells 
known as Langerhans cells [20].Under electron micros-
copy, Langerhans cells are characterized by an indented 
nucleus and small (40–45 nm diameter) pentalaminar 
elongated bodies called Birbeck granules scattered in the 
cytoplasm [2,20,139]. Another feature is the presence of 
CD1 antigen on their cell surface and S100 protein in their 
cytoplasm on immunostaining [140]. In PLCH, prolifera-
tion of Langerhans cells leads to the formation of upper 
lobe reticulonodular infiltrates, which later advance to 
cystic changes and honeycombing.

Bronchoalveolar lavage may be potentially valuable as a 
diagnostic tool in PLCH. The BAL cellular analysis typi-
cally shows an elevated total cell count, an elevated per-
centage of alveolar macrophages with smoker’s inclusion 
bodies, slight increase of neutrophil and eosinophil con-
centrations, and variable lymphocyte populations [4]. The 
distinguishing feature is the presence of CD1+ Langerhans 
cells, with the concentration 5%. Soler and colleagues 
demonstrated that Langerhans cell concentrations less 
than 5% are commonly found in BAL of patients with other 
interstitial lung diseases, lung cancer, and healthy smokers 
[141]. However, Costabel and colleagues suggested that 
concentrations higher than 4% are diagnostic, with good 
specificity but poor sensitivity [122]. At present, the con-
centration of Langerhans cells to make a definite diagnosis 
remains controversial. Helmers and colleagues also con-
cluded that identification of Birbeck granules by electron 
microscopy is not clinically practical [4].

14.4.6.2  Diffuse Alveolar Hemorrhage
Diffuse alveolar hemorrhage (DAH) is a life‐threatening 
medical emergency. The definition has traditionally 
included the triad of hemoptysis, anemia, and diffuse alve-
olar infiltrates [142]. Early bronchoscopy with BAL is usu-
ally necessary to confirm the diagnosis and rule out 
infection [142]. However, up to 33% of patients may not 
display hemoptysis despite significant alveolar accumula-
tion [143].

A wide variety of etiologies may cause DAH, and 
vasculitis is the most common cause. Definite diagnosis 
merely based on clinical and radiographic findings is diffi-
cult unless infections and other interstitial diseases are 
excluded. A grossly bloody appearance of BAL is not abso-
lutely diagnostic because it may be associated with bron-
choscopy‐induced trauma, infection, or other diseases [4].

BAL carried out in an area with radiographic findings is 
instrumental in diagnosis of DAH. When technically ade-
quate BAL is being performed, sequential aliquots are 
instilled and retrieved. Retrieval of aliquots which are 
sequentially more hemorrhagic (increased red blood cell 
count) is consistent with diagnosis of DAH [142,144]. It 
should be noted that the possibility of infections and can-
cers needs to be obviated [6].

The presence of hemosiderin‐laden macrophages via 
iron staining of cellular analysis is a highly valuable diag-
nostic tool in DAH. De Lassence and colleagues suggested 
using a hemosiderin‐laden macrophage population greater 
than 20% as a diagnostic criterion [145]. It is worth noting 
that presence of macrophage hemosiderin uptake is time 
dependent, and can be hardly detected within 48 hours of 
bleeding onset [146,147].

Compared with the previous Golde scoring system, using 
hemosiderin‐laden macrophage count as a diagnostic tool 
is less complex [145]. Care should be taken to exclude a 
variety of other lung diseases including IPF, cardiac dis-
ease, sarcoidosis, carcinoma, vasculitis, pulmonary alveo-
lar proteinosis (PAP), and PLCH [4,20,148], because 
hemosiderin‐laden macrophages have been found in these 
processes. In immunocompromised, thrombocytopenic, 
and anticoagulated patients, BAL has shown its utility as a 
safe and accurate diagnostic tool of DAH [148–151].

14.4.7  Pulmonary Alveolar Proteinosis

Pulmonary alveolar proteinosis is a rare disorder character-
ized by abnormal intraalveolar surfactant accumula-
tion – the widespread filling of alveoli with a lipoprotein 
material that stains with a periodic acid–Schiff (PAS) rea-
gent. The main components of the lipoprotein material are 
surfactant phospholipid and protein debris. The presence 
of antigranulocyte–macrophage colony‐stimulating factor 
(GM‐CSF) antibodies impairs macrophage clearance abil-
ity and causes subsequent accumulation of this material in 
the alveolar space [152–154]. There are three distinct 
classes of disease with a somewhat similar spectrum of his-
tological findings, namely acquired PAP, congenital PAP, 
and secondary PAP [155]. The following text will focus on 
acquired PAP.

Bronchoalveolar lavage has shown its value in helping to 
understand this disease [152–154]. A diagnosis of PAP can 
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be established in approximately 75% of clinically suspected 
cases by the classic findings of a “milky” effluent from BAL 
(Figure 14.1) [156,157]. This fluid contains large amounts 
of granular acellular eosinophilic proteinaceous materials 
with morphologically abnormal “foamy” macrophages 
engorged with diastase‐resistant PAS‐positive intracellular 
inclusions (Figure  14.2) [60,157,158], which also display 
characteristic features following Papanicolaou staining 
[159,160]. The presence of concentrically laminated phos-
pholipid structures called lamellar bodies on electron 
microscopic examination of BAL fluid can confirm the 
diagnosis [161,162]. Given appropriate clinical and imag-
ing findings, a characteristic BAL discovery usually elimi-
nates the need for biopsy [158,163–165].

Whole‐lung lavage (WLL) under general anesthesia has 
so far remained the most effective treatment for PAP 
(Figure  14.3). Recent studies have also demonstrated the 
effectiveness of GM‐CSF administration via subcutaneous 
injection and atomization inhalation in some groups of 
PAP patients.

14.4.8  Drug-Induced Lung Disease

Drug‐induced pulmonary toxicity manifests as a wide vari-
ety of clinical, histological, and radiographic presentations. 
At the alveolar level, hypersensitive reactions and cytotoxic 
findings may be found. BAL cellular analysis shows alve-
olitis of eosinophil, neutrophil, or more commonly lym-
phocyte predominance. In most cases, the CD4/CD8 ratio 
is lower than normal, but patients exposed to methotrex-
ate, nitrofurantoin, and ampicillin may have increased 
level of CD4 populations [166–169]. Drug reactions with 
specific underlying histological patterns such as NSIP and 
COP have shown BAL cellular counts typical of the corre-
sponding histology (see prior discussion) [167,170,171]. 
DAH has been shown to be related to exposure to certain 
drugs and patients in this group also have BAL findings 
typical of DAH [167]. Although drug‐induced diseases do 
not display characteristic BAL cellular counts, BAL may 
be helpful in excluding other disease processes such as 
infection.

Bronchoalveolar lavage has shown utility as an adjunc-
tive test in the evaluation of suspected amiodarone lung 
toxicity [172]. Phospholipid accumulation in alveolar mac-
rophages results in cytoplasmic lamellar body formations 
which give the macrophages a “foamy” appearance 
(Figure 14.4) [172]. This is relatively characteristic for drug 
effect secondary to amiodarone, and “foamy” inclusions 

Figure 14.1 Milky and cloudy appearance of BALF.

Figure 14.2 Periodic acid–Schiff positive staining of BALF. 
Source: Courtesy of Dr Daoyin Zhou, Shanghai Changhai Hospital, 
Shanghai, China.

Figure 14.3 Whole-lung lavage of PAP.
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are found in up to 50% of patients taking therapeutic levels. 
Their presence is thus not exclusively diagnostic of toxicity 
but their absence makes the diagnosis of amiodarone pul-
monary toxicity unlikely [172,173].

Bronchoalveolar lavage also plays a role in assessing 
drug‐induced eosinophilic pneumonia. A retrospective 
study found that in 196 cases of drug‐induced EP, the lead-
ing cause is daptomycin. This syndrome may be classified 
as AEP and CEP. AEP typically lasts less than one month 
and usually less than one week [174]. CEP has a gradual 
onset and the average time from onset to diagnosis is five 
months [133]. In both syndromes, eosinophils may account 
for >25% of all white blood cells of BALF [133].

14.4.9  Use of BAL in Malignancy

Flexible bronchoscopy has shown significant utility 
in the diagnosis of malignancy involving the lung. 
Endoscopically visible lesions have reported diagnostic 
yield as high as 90% via endobronchial biopsy [175]. 
Nonendoscopically visible peripheral lesions have 
shown much lower diagnostic yield with transbronchial 
biopsy, brushing, and needle aspiration [175,176]. BAL 
has shown utility as an adjunctive tool in the diagnosis 
of these peripheral lesions.

In the diagnosis of malignancy involving the lung, the 
value of flexible bronchoscopy as a diagnostic tool is estab-
lished. It is reported that the diagnostic yield of lesions vis-
ible under bronchoscopy is as high as 90% of that via 
endobronchial biopsy [145]. For peripheral pulmonary 
lesions, endobronchial ultrasound with guide sheath 
(EBUS‐GS) and virtual bronchoscopy have shown utility 
[177]. BAL is of practical significance as an adjunct in the 
diagnosis of these peripheral lesions [177].

Cellular analysis of BALF in patients with neoplasm 
typically shows a nonspecific alveolitis [178]. Lymphocyte‐
predominant alveolitis may be associated with lung 
involvement of lymphoproliferative disorders [179]. 
Immunocytochemistry and histochemistry markers involv-
ing pulmonary malignancy are a hotspot of research. A 
wide range of markers are available and utility is related to 
specific tumor types [180].

Bronchoalveolar lavage has significant utility in the 
diagnosis specific primary epithelial lung tumors. In dif-
fuse disease processes which spread via lymphatic or 
lepidic growth, including tumors such as bronchoalveo-
lar cell carcinoma (BAC) and adenocarcinoma, the diag-
nostic yield is the greatest. Even BAL smears alone may 
yield diagnostic neoplastic cells (Figures  14.5–14.7) 
[181]. According to Ahmed and colleagues, the sensitiv-
ity of BAL cytology is 93.44% compared with transbron-
chial biopsy in the diagnosis of carcinoma lung and the 
specificity is 100% [182]. However, in a retrospective 
study of 50 cases, as a diagnostic tool of nonsmall cell 
lung cancer, BAL has shown no advantages over bron-
chial washings, bronchial brush smears, pleural fluid, 
sputum, and guided fine needle aspiration cytology 
(FNAC) of lung and metastatic lymph nodes [183]. 
Huang and colleagues have proposed that multiple 
guided technologies based on R‐EBUS were safe and 
effective diagnostic tools of solitary peripheral pulmo-
nary lesions. The diagnosis yield improved with the 
application of forceps biopsies combined with bronchial 
brushing and washing [177]. It has also been demon-
strated that cfDNA from BAL fluid could be used for 
molecular testing of epidermal growth factor receptor 
(EGFR) mutations and identification of p.T790M mutations, 

Figure 14.4 Foamy cells in BALF. Source: Courtesy of Dr Daoyin 
Zhou, Shanghai Changhai Hospital, Shanghai, China.

Figure 14.5 Liquid-based cytology smear demonstrating 
squamous cell carcinoma. Source: Courtesy of Dr Li Gao, 
Shanghai Changhai Hospital, Shanghai, China.
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with an easily applicable method. This facilitates testing of 
EGFR in patients with pulmonary malignancy [184].

Utility of BAL in diagnosis of primary lung non‐
Hodgkin lymphomas such as mucosa‐associated lym-
phoid tissue (MALT) and non‐Hodgkin lymphoma with 
secondary lung localization has been demonstrated 
[180,181,185]. Yield of BAL in the diagnosis of non‐
Hodgkin lymphoma has been reported as high as 67% 
[181]. Less commonly, the identification of Reed–
Sternberg cells in BAL cytology specimens can clarify 
the diagnosis of Hodgkin disease [186,187].

Occasionally, BAL cytology can detect metastatic dis-
eases. Reported cases of diagnosis include metastatic breast 
cancer and melanoma [181,188,189].

In summary, BAL may serve as a useful adjunct to 
biopsy or as an isolated tool for neoplastic diagnosis 
when biopsy is not feasible. However, limitations of BAL 
for diagnostic purposes in malignancy should be 
 recognized before interpretation of findings. Severe 
dysplastic changes may develop in airway epithelial cells 
in multiple clinical  circumstances, and can be difficult 
to distinguish from malignant changes. Examples 
include but are not limited to pneumonia, viral infec-
tions, adult respiratory distress syndrome (ARDS), IPF 
exacerbations, amiodarone lung injury, and following 
chemotherapy [190–192].

Development of diagnosis and treatment of tumors 
makes it possible to use cfDNA from BALF to test EGFR 
mutations, and further facilitates detection of genetic 
mutations involving pulmonary malignancy [184].

14.4.10 Bronchoalveolar Lavage 
in the Diagnosis of Infectious Diseases

Bronchoalveolar lavage remains the cornerstone for micro-
biological identification in diffuse interstitial or alveolar 
lung infiltrates, infiltrates in immune‐suppressed patients, 
ventilator‐associated pneumonia (VAP), or pneumonia 
with treatment failure [193–196]. There has been extensive 
debate in the literature regarding indications for BAL in 
patients with suspected pneumonia. VAP, in particular, has 
undergone significant study. Mortality has been shown to 
correlate with early recognition and initiation of appropri-
ate therapy in this patient population [197,198].

Bronchoalveolar lavage specimens have been extensively 
compared to samples obtained by noninvasive sampling 
(endotracheal aspiration) in ventilated patients (Figure 14.8). 
The results have been conflicting. The trials did not  identify 

Figure 14.6 Liquid-based cytology smear demonstrating 
adenocarcinoma. Source: Courtesy of Dr Li Gao, Shanghai 
Changhai Hospital, Shanghai, China.

Figure 14.7 Liquid-based cytology smear demonstrating small 
cell carcinoma. Source: Courtesy of Dr Li Gao, Shanghai Changhai 
Hospital, Shanghai, China.

Figure 14.8 BALF in bacterial pneumonia. Source: Courtesy of 
Dr Daoyin Zhou, Shanghai Changhai Hospital, Shanghai, China.
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significant differences in 28‐day mortality, overall mortality, 
length of ICU stay, duration of mechanical ventilation, or 
antibiotic changes [199–201]. So it is suggested that noninva-
sive sampling with semiquantitative cultures, rather than 
invasive sampling with quantitative cultures or noninvasive 
sampling with quantitative cultures (weak recommenda-
tion, low‐quality evidence), be used to diagnose VAP [202]. 
There is a potential that invasive sampling with quantitative 
cultures could lead to less risk of inadequate initial antibi-
otic coverage [203,204] and less antibiotic exposure if growth 
below defined thresholds (e.g., 104 CFU/mL for BAL) is used 
as a trigger to stop antibiotics [205]. This outcome is impor-
tant due to the risks of acquiring antibiotic resistance, the 
risk of side‐effects, and the costs of unnecessary or excessive 
antibiotic therapy. The comparative benefit of BAL remains 
an ongoing area of debate.

The differential diagnosis of pulmonary infiltration of 
immunocompromised patients remains challenging. 
Utility and safety of BAL in this patient population have 
been confirmed and BAL is the preferred diagnostic modal-
ity [206–210]. BALF can be applied to detect a wide range 
of viral, bacterial, or fungal sources by culture, polymerase 
chain reaction (PCR), and biomarks (Figure  14.9). BALF 
cellular findings are often limited by pancytopenia and 
subsequent friable airways with frequent bleeding. 
Additionally, culture results from BAL specimens are often 
limited by prior antimicrobial administration. But BAL is 
recommended in patients with a suspicion of IPA. The 
Infectious Diseases Society of America recommends using 
a standardized BAL procedure and sending the BAL sam-
ple for routine culture and cytology as well as nonculture‐
based methods (e.g., galactomannan [GM]) (strong 
recommendation; moderate‐quality evidence) [211]. BAL 

galactomannn is recommended as an accurate marker for 
the diagnosis of IA in adult and pediatric patients when 
used in certain patient subpopulations (hematological 
malignancy, hematopoietic stem cell transplant) and is also 
recommended for routine screening in patients receiving 
mold‐active antifungal therapy or prophylaxis (strong rec-
ommendation; high‐quality evidence) [211]. Guegan and 
colleagues reported that molecular detection of Aspergillus 
directly in BAL samples greatly improved the diagnosis of 
IA (Figure  14.10), particularly in nonhematological 
patients [212]. PCR assay sensitivity for Aspergillus detec-
tion ranged from 61% to 74%, below GM (87%), but con-
trasting with 47% for cultures. Combining PCR with 
EORTC/MSG criteria increased the sensitivity to 100%. 
Interestingly, test performance in nonhematological 
patients ranged from 60% to 75%, and was higher than in 
hematological patients and in those with prior exposure to 
antifungals [15]. The diagnostic performance of the 
Aspergillus lateral flow device (LFD) and GM in BALF 
appears comparable [213].

14.4.10.1  Exogenous Lipoid Pneumonia
Exogenous lipoid pneumonia (ELP), first described by 
Laughlen in 1925 [214], is a rare benign entity without spe-
cific clinical or imaging presentation [215]. On chest CT, it 
may appear in diverse forms: consolidations, ground‐glass 
opacities, “crazy‐paving” patterns, interstitial thickening 
[3–5] or a mass [216–218]. Clinically, ELP occurs in all age 
groups, but the elderly and children are at greatest risk 
[215,219]. ELP is most commonly related to inhalation of 
mineral oil, while vegetable and animal oils and other 
inhalants such as nasal ointments/drops and occupation‐
related substances are also involved [220–228].

Figure 14.9 Pneumocystis jiroveci in BALF (red arrow). Source: 
Courtesy of Dr Daoyin Zhou, Shanghai Changhai Hospital, 
Shanghai, China.

Figure 14.10 Mycelia of Aspergillus in BALF. Source: Courtesy of 
Dr Daoyin Zhou, Shanghai Changhai Hospital, Shanghai, China.
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The diagnosis of ELP may be carried out in two ways: 
cytopathology or surgical pathology. Cytopathological 
specimens can be obtained by BAL or fine needle aspira-
tion. Surgical pathology specimens can also be obtained by 
transbronchial lung biopsy or surgical biopsy [215]. BALF 
of ELP appears cloudy/milky, with abundant lipid‐laden 
macrophages and extracellular lipid on oil red‐O staining 
(Figure  14.11). Coinfection of polymicrobial and/or 
Mycobacterium abscessus can be observed in some 
cases  [219]. After the BALFis centrifuged, alveolar mac-
rophages and membrane‐bound vacuoles with scalloped 
borders can be observed by transmission electron micro-
graph (×3450) (Figure 14.12).

The main treatments include supportive therapy and 
avoidance of further exposure. Corticosteroids are a thera-
peutic option only in the case of severe and ongoing lung 
injury; other treatment options are immunoglobulins and 
repeated whole‐lung lavage. Surgery may be performed 
only in patients with a high suspicion of cancer [229].

14.5   Conclusion

Since its appearance about 40 years ago, BAL has become one 
of the simplest but most practical techniques in interven-
tional pulmonology. With the development of new diagnostic 
modalities, BAL will continue to play its unique role in the 
areas of infection, tumor, and other pulmonary diseases.
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15.1  Introduction

For many years, biopsy of the lung has been performed sur-
gically via thoracotomy to diagnose focal and diffuse lung 
diseases. These large samples of parenchymal histology 
have been particularly useful in earlier investigations of 
interstitial lung disease [1,2]. Percutaneous needle biopsies 
using cutting needles and high‐speed drills were also used 
to obtain parenchymal samples but have largely been aban-
doned because of significant mortality and morbidity [3–9]. 
Then in 1965, Andersen and colleagues at the Mayo Clinic 
described the technique and results of bronchoscopic lung 
biopsy (BLB) or transbronchial lung biopsy (TBLB) using a 
rigid bronchoscope in 13 patients [10]. Subsequent studies 
supported these initial results and demonstrated among 
the first 450 cases that lung tissue was successfully obtained 
via the rigid bronchoscope in 84% [10–13].

The introduction of the flexible bronchoscope in the 
late 1960s increased the popularity of the bronchoscopic 
technique and demonstrated that transbronchial biopsy 
(TBBX) with the flexible instrument could be obtained 
with minimal mortality and morbidity [14–16]. Levin 
et al. in 1974 first described the utility of TBLB with the 
fiberoptic bronchoscope, with Andersen and colleagues 
demonstrating the ability to obtain positive biopsies in 
82% of cases  [14,15]. Owing to this, TBBX through the 
flexible bronchoscope has largely replaced surgical lung 
biopsies. The use of flexible bronchoscopy and biopsy 
instruments to obtain transbronchial biopsies has been 
referred to by several different abbreviations in the medi-
cal literature. In this chapter we will refer to these biopsy 
techniques as TBBX or transbronchial needle aspiration 
(TBNA).

As the bronchoscope has evolved, so has the range of 
instruments which may be utilized through the flexible 
bronchoscope to obtain lung biopsies. This has been char-
acterized by differences in forceps size and design, increase 
in utilization of TBNA for peripheral sampling, and appli-
cation of thermal techniques to obtain peripheral biopsies, 
such as the recently introduced technique of peripheral 
cryobiopsy.

Since the last edition of this textbook in 2012, a literature 
search reveals that there have been over 8500 references 
focusing on the term BLB. As such, we have reviewed the 
most common indications and techniques of BLB with 
updated information on the role of TBNA and cryobiopsy 
in obtaining peripheral samples in the lung parenchyma.

15.2  Indications for 
Bronchoscopic Biopsy

15.2.1 Diffuse Lung Disease

The radiographic finding of diffuse lung disease on imag-
ing may be an indication for TBLB but as with any diagnos-
tic procedure, clinical correlation and consideration of 
other less invasive diagnostic tests should be made before 
performing an invasive procedure. For example, high‐ 
resolution computed tomography (HRCT) has been of 
 significant value in helping to diagnose the diseases listed 
in Table 15.1 [16–18]. As imaging cannot make a definitive 
diagnosis in many diffuse diseases, TBBX has been tradi-
tionally utilized to aid in evaluation of diffuse disease with 
a more centrilobular location [6–8]. In addition, although 
TBBX can be helpful in confirming the diagnosis in some 
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cases of interstitial pneumonitides (e.g., sarcoidosis, eosin-
ophilic pneumonia, hypersensitivity pneumonitis, lym-
phangitic carcinomatosis), it performs less well in the 
diagnosis of usual interstitial pneumonitis (idiopathic 
 pulmonary fibrosis) [19–24].

Transbronchial biopsy may also be helpful in differenti-
ating infectious processes and approaching the diagnosis 
of peripheral pulmonary lesions (PPL). There are other less 
invasive techniques such as bronchoalveolar lavage (BAL) 
and bronchial brushes, but TBBX provides a higher diag-
nostic yield in all the entities listed in Table 15.1 [22–28]. 
Combining all the techniques, BAL, brush, and TBBX, may 
be complementary and increase overall diagnostic yield. 
[19,29,30]. Also, the widespread use of immunosuppres-
sive drugs in hematologic and solid tissue malignancies, 
transplantation medicine, and increased use of biologics in 
the treatment of rheumatological disorders have led to an 
increased incidence of immunosuppression and conse-
quently atypical infections. The identification of atypical 
organisms, such as with fungal infections, in the immuno-
suppressed patient also poses a difficult diagnostic and 
therapeutic challenge. The combination of BAL and TBBX 
can assist in establishing a diagnosis and determining if 
there is invasive disease that will have direct implications 
for the treatment plan [31].

The estimated mortality with TBBX is <0.05% and the 
most common complications are pneumothorax (<2%) and 
bleeding >50 mL (<4%) [19,22,24–26]. The risk of bleeding 
is low in most patients but can be as high as 89% in those on 
clopidogrel [31]. If TBBX is absolutely needed in patients on 
clopidogrel, the current recommendation is to withhold the 
medication for at least five days prior to the procedure after 
discussion with the patient’s prescribing physician [32,33].

15.2.2 Focal Lung Disease

With the widespread availability of CT and the recommen-
dations of the National Lung Screening Trial and recent 

NELSON study, the identification and localization of focal 
or PPL has markedly increased [34,35]. The concurrent use 
of directed bronchoscopic biopsies with fluoroscopy and 
the development of new navigational technologies such as 
radial‐probe ultrasound, virtual bronchoscopic navigation 
(VBN), electromagnetic navigation (EMN) bronchoscopy, 
and CT and cone beam CT guidance have led to a marked 
increase in peripheral lung sampling utilizing the flexible 
bronchoscope. Peripheral biopsy of focal or peripheral lung 
lesions has been facilitated by not only traditional trans-
bronchial forceps biopsy but also TBNA and additional 
techniques as described later in this chapter.

15.3  Contraindications

There are a few absolute contraindications to TBBX 
through the flexible bronchoscope, including patient ina-
bility to cooperate with the procedure, unstable cardiovas-
cular status, severe hypoxemia despite support, status 
asthmaticus, and lack of adequately trained personnel and 
equipment to properly perform the procedure [36]. Relative 
contraindications include uncontrollable cough, uncon-
trolled coagulopathy, advanced renal failure, extensive 
 bullous lung disease, or vascular malformations adjacent 
to where biopsy is planned.

Pulmonary hypertension previously was felt to be a con-
traindication to TBBX, with a survey of 227 pulmonologists 
in 2005 noting that 28.7% of respondents felt that this was 
an absolute contraindication and 58.6% stating it was a 
relative contraindication [37]. Despite this, work by Morris 
et al. first demonstrated no increased risk of hemorrhage in 
a sheep model with pulmonary hypertension and subse-
quently demonstrated this in a patient cohort with intersti-
tial lung disease and latent pulmonary hypertension 
[38,39]. In a more recent study published in 2019, Ishiwata 
et  al. showed no increased risk of BLB in patients with 
 pulmonary hypertension compared with patients without 
pulmonary hypertension in a retrospective review over 
10 years [40]. This supports previous work by Diaz‐Fuentes 
et al. who in 2016 demonstrated the same safety profile in 
a cohort of over 100 patients with pulmonary hypertension 
undergoing BLB [41]. In common practice, caution is still 
used when preparing for and performing BLB in patients 
with underlying pulmonary hypertension.

15.4  Preprocedure Evaluation

An informed consent should be obtained from all patients 
after details of the procedure, goals, and risks involved 
with bronchoscopy and TBBX have been explained. 

Table 15.1 Pulmonary diseases in which bronchoscopic lung 
biopsy provides a higher diagnostic yield

Sarcoidosis

Pulmonary Langerhans cell histiocytosis (histiocytosis X)

Lymphangitic carcinomatosis

Pulmonary alveolar proteinosis

Diffuse lung infections caused by Mycobacterium and mycoses

Diffuse pulmonary lymphoma

Diffuse alveolar cell carcinoma

Lymphangioleiomyomatosis

Silicosis
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In  addition, a thorough history and physical should be 
obtained, with particular emphasis on patient characteris-
tics that may pose risks for complications during or after 
the procedure, as outlined in Table 15.2. It is also important 
to elicit any family or acquired coagulation disorder.

In an otherwise healthy individual scheduled to undergo 
bronchoscopy with or without TBBX, complete blood 
count, blood chemistry, urinalysis, and coagulation studies 
are not routinely needed [42,43]. Further, no single test 
designed to examine the integrity of the coagulation sys-
tem can predict bleeding during surgery [44,45]. Even com-
binations of coagulation tests may not predict the risk of 
bleeding following TBBX [46–49].

The awareness of potential coagulation disorders among 
patients referred for BLB should be carefully checked 
owing to the increased use of antiplatelet‐binding agents 
such as clopidogrel and novel oral anticoagulants. As these 
agents will increase the incidence of procedural hemor-
rhage, careful history and then discontinuation of the 
agent in a timely fashion or bridging for the procedure 
should be performed, as recently outlined in the American 
College of Chest Physicians guidelines regarding anticoag-
ulant therapy [50].

Thrombocytopenia and platelet dysfunction are recog-
nized as relative contraindications to bronchoscopic biopsy. 
Thrombocytopenia, a platelet count less than 50 000, 
should warrant preoperative evaluation and possible plate-
let transfusion to obtain an absolute level greater than 
50 000 owing to an increased risk of hemorrhage [51].

Platelet dysfunction, despite a normal platelet count, is per-
haps a more significant concern owing to the use of antiplate-
let agents as mentioned above and in patients with uremia. 
Platelet dysfunction (despite a normal platelet count) is asso-
ciated with increased risk of hemorrhage and may be mani-
fested by a prolonged bleeding time. Zavala reported a 45% 
incidence of significant hemorrhage following TBBX in ure-
mic patients and remarked that “Any biopsy procedure is 
avoided, if at all possible, on a uremic patient because of hem-
orrhage” [46,47]. If TBBX is an absolute necessity in the pres-
ence of uremic platelet dysfunction, then either preprocedure 
dialysis or the administration of deamino‐8D‐arginine‐vaso-
pressin (DDAVP) prior to the procedure may be undertaken. 
Owing to this observation, a serum creatinine level of 3 mg/dL 
or greater or a serum urea level of 30 mg/dL or greater are 
considered relative contraindications to TBBX due to platelet 
dysfunction leading to a clinically significant incidence of 
potential significant postbiopsy hemorrhage [48,49,51–53].

Many patients with diffuse lung disease who are referred 
for TBBX have significant pulmonary dysfunction and are 
often hypoxemic but this should not preclude BLB if appro-
priate personnel and supportive equipment are available. 
Routine pulmonary function testing and arterial blood gas 
analysis before transbronchoscopic lung biopsy are unnec-
essary but, if planned, should be performed before bron-
choscopy owing to the possible development of mucosal 
edema and bronchospasm, which may alter lung function 
tests [54]. Review of imaging as to where a biopsy should 
be taken to obtain maximal yield with minimal complica-
tions should also be routinely performed. The identifica-
tion of a particular roentgenological pattern and its location 
by tomography or HRCT may optimize the application and 
diagnostic yield as well as demonstrate areas that should be 
avoided by the biopsy forceps, such as contiguous bullous 
lesions, vascular abnormalities, and pleural lesions.

15.5  Technique

Transbronchial lung biopsies through the flexible broncho-
scope can be performed with a variety of anesthetic 
adjuncts ranging from topical sedation only to general 
anesthesia, dependent upon the patient, personnel, and 
type of bronchoscopic biopsy to be performed. Anesthesia 
for flexible bronchoscopy is fully discussed in Chapter 5, 
which may serve as a reference.

Table 15.2 Prebronchoscopy checklist

1) Is there an appropriate indication for bronchoscopy?
2) Has there been a previous bronchoscopy?
3) If the answer to the above question is “yes”, then were 

there any complications?
4) Does the patient (and the close relative/s, if the 

patient is unable to communicate or consent) fully 
understand the risks, goal, benefit, and complications 
of bronchoscopy?

5) Does the patient’s past medical history (allergy to 
medication and topical anesthesia) and present 
clinical condition pose special problems or predis-
poses to complications?

6) Are all the appropriate test completed and results 
available?

7) Are the premedications correct and the dosages available?
8) Does the patient require special consideration before 

(e.g.,corticosteroids for asthma, insulin for diabetes 
mellitus, or prophylaxis against bacterial endocardi-
tis) or during (supplemental oxygen or more sedation) 
the procedure?

9) Are the plans for the postbronchoscopy care 
appropriate?

10) Are all the appropriate instruments and personnel 
available to assist the procedure and to handle the 
potential complications?
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The goal of a peripheral TBBX is to obtain samples of a 
nodule, mass, or lung parenchyma in the case of more dif-
fuse disease. When taking biopsies of the lung parenchyma 
for diffuse lesions, it is important to use fluoroscopic guid-
ance to advance the forceps past the larger bronchial arter-
ies in the central regions of the lung to reduce the risk of 
bleeding. If biopsying a nodule or mass, it is equally impor-
tant to verify with fluoroscopy or other imaging modality 
that your forceps are within the lesion before closing the 
forceps. When performing a TBBX with fluoroscopic con-
trol, by rotating the C‐arm by 45–90°, you will appreciate 
that forceps are generally “on target” if the mass and 
 forceps move together in the same direction, and not in the 
lesion if they separate apart. Careful planning and target 
selection will also reduce the risk of pneumothorax and 
bleeding.

There are two types of TBLB that have historically been 
used: without or with guidance. Those biopsies obtained 
without guidance, typically for diffuse disease, are referred 
to as “blind TBBX.” This modality is not often used as it has 
considerable additional risks as it relies on sensory feed-
back from a moderately sedated patient. However, there 
may be unique situations where this technique is required 
and so it is described here.

1) Advance the forceps into the airway until resistance is 
encountered.

2) Once resistance is felt, withdraw the forceps 1–2 cm and 
instruct the patient to take a deep breath.

3) While the patient is inhaling, the person operating the 
forceps is instructed to open the forceps.

4) The patient is then instructed to exhale and the forceps 
are closed.

5) The patient is then asked if they feel pain; if the answer 
is no, the forceps are quickly pulled back and a sample 
of lung tissue is obtained. If the answer is yes, the for-
ceps are opened and the procedure is repeated but the 
forceps are not advanced as far out into the periphery.

6) The forceps with sample are pulled out of the broncho-
scope and the sample is placed into formalin for histol-
ogy or sterile saline for culture. If the sample is place in 
formalin, the tip of the forceps is then rinsed with ster-
ile water to prevent introducing formalin into the lungs 
on subsequent biopsies.

Guided TBBX with the use of fluoroscopy is now the stand-
ard method. The proper technique for performing fluoros-
copy‐guided TBBX is as follows.

1) The patient does not need to be awake, follow com-
mands or give answers to questions.

2) Advance the forceps into the airway under continuous 
fluoroscopic guidance until the forceps are in the distal 
airways approximately 1–2 cm from the pleural edge.

3) Once in the correct location, withdraw the forceps 1 cm 
and instruct the person operating the forceps to open 
the forceps.

4) The forceps are then readvanced 1 cm and then closed. 
The technician closing the forceps should be cautioned 
that forceful opening or closing of the forceps will move 
the forceps from their location due to tension on the 
 forceps catheter, which may alter the accuracy of the 
biopsy.

5) Rotate the C‐arm by 45–90° in two planes to ensure 
position at the target. Forceps and target lesion should 
stay together in the fluoroscopy image despite the axis 
rotations of the C‐arm.

6) With only a slight effort, the forceps are withdrawn 
slightly. If there is little resistance, they are then quickly 
pulled back and a sample of lung tissue is obtained. If 
there is significant resistance, tension should be released 
on the catheter and the forceps are opened to free the 
lung tissue and the forceps gently closed as they are 
pulled back. Once the forceps are freely moving while 
closed, the biopsy attempt may be repeated. Often this 
occurs when the forceps are too proximal and have 
closed on a carina or larger bronchovascular region. 
A more peripheral biopsy will usually not demonstrate 
significant resistance unless the pleura or scar tissue is 
in the forceps.

7) The forceps with sample are pulled out of the broncho-
scope and the sample is placed into formalin for histol-
ogy or sterile saline for culture. If the sample is placed 
in formalin, the tip of the forceps is then rinsed with 
sterile saline to prevent introducing formalin into the 
lungs on subsequent biopsies.

The same technique can be used with any flexible tool that 
can be used through a bronchoscope’s working channel. 
This is illustrated in Figure 15.1 where fluoroscopic guid-
ance is used to biopsy a peripheral nodule shown on CT 
image (Figure 15.1d) with a forceps (Figure 15.1a), a brush 
(Figure 15.1b), and a needle (Figure 15.1c). Other guidance 
tools such as VBN, EMN, CT‐TBBX, or radial‐probe 
 ultrasound may be utilized with or without fluoroscopic 
guidance. The diagnostic yield of these various biopsy tech-
niques will be discussed in later chapters.

There are two major complications associated with 
transbronchial lung biopsies: bleeding and pneumothorax. 
During the withdrawal of the forceps, if significant bleed-
ing is encountered, the bronchoscope is maintained in the 
wedged position [48]. The advantage of this “wedge” tech-
nique is twofold: it maintains the tip of the bronchoscope 
in the optimal position so that more biopsies can be 
obtained without having to withdraw the bronchoscope to 
clean the objective lens and, most importantly, if  postbiopsy 
bleeding occurs, the wedged position limits the bleeding to 
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the biopsied segment or subsegment. The major limitation 
of the “wedge” technique is that the bronchoscopist will 
lose the view of the airways once clot has covered the lens. 
Fluoroscopy or other real‐time external imaging is required 
to visualize the extent and progression of bleeding after the 
initial bleeding post biopsy. On fluoroscopy, the blush at 

the site of biopsy will increase in density and size if bleed-
ing is increasing.

If bleeding persists or fails to diminish, the bron-
choscopist can perform several maneuvers to minimize 
and control the hemorrhage. First, maintaining a wedge 
position for a more prolonged period to allow thrombus 

(a) (b)

(c) (d)

Figure 15.1 Fluoroscopic guidance used to obtain bronchoscopic lung biopsy from a localized parenchymal lesion in the right lower 
lobe. The use of biplane fluoroscopy enables the bronchoscopist to obtain lung specimens from selected areas. (a) Forceps biopsy, 
(b) brush biopsy, (c) needle biopsy, and (d) CT of right lower lobe lesion.
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formation may be all that is required, particularly if wedg-
ing fully contains bleeding to the segment or subsegment 
to which the wedge is applied. If required, continuous or 
prolonged intermittent suction may be used while the tip 
of the bronchoscope remains in the wedged position. 
Gentle instillation of 10–15 mL of iced saline through the 
bronchoscope into the bleeding area for several seconds 
can help stem bleeding. During the slow instillation of iced 
saline, the bronchoscopist should be able to visualize the 
distal bronchial tree through the saline. This “saline flood-
ing” of the distal bronchus should be maintained for sev-
eral seconds. A stream of blood coming from the distal 
bronchus and mixing with the just instilled saline usually 
indicates that bleeding from the biopsied site is persistent. 
If this is the case then bronchoscopic suction should be 
applied to remove the blood, and cold saline instillation as 
described above should be repeated. This technique can be 
repeated several times until bleeding stops. In many 
patients, this technique will diminish and eventually stop 
the bleeding caused by TBBX [48].

Other techniques to control TBBX‐induced hemorrhage 
include instillation of epinephrine to help with vasocon-
striction, installation of thrombin to help form clots, 
 balloon tamponade, fibrin glue application, rigid broncho-
scopic aspiration of blood and endobronchial packing of 
bleeding bronchus, isolation of bronchial trees by inserting 
double‐lumen endotracheal tubes, and, lastly, surgical 
resection of the bleeding segment [48]. Newer approaches 
such as mixtures of absorbable gelatin and thrombin slurry 
applied through the bronchoscope have also been described 
to successfully treat postbiopsy hemorrhage [53].

When the bleeding is brisk, the patient should be turned 
so that the bleeding side is dependent. This will keep the 
blood from spilling over to the nonbleeding side. It should 
be noted that the dead space volume is small (150–350 mL), 
so it does not require a large amount of blood to cause 
asphyxia from blood clot. These and other techniques 
described are rarely required, but with some recent biopsy 
techniques need to be actively prepared for by the bron-
choscopy team.

After the TBBX is completed and lack of bleeding is con-
firmed, the bronchoscope is withdrawn from the airways. 
Routine chest X‐ray is not required after TBBX if either 
fluoroscopic or thoracic ultrasound screening to rule out a 
pneumothorax is performed [55–57]. Chest X‐ray should be 
performed for patients who, during TBBX, cough exces-
sively or repeatedly complain of pain, or in patients who 
develop other pulmonary symptoms (dyspnea, chest tight-
ness, chest pain). Clinical suspicion of post‐TBBX pneumo-
thorax, presence of pneumothorax following TBBX, serious 
hemorrhage following TBBX, and development of unex-
plained dyspnea or other significant cardiorespiratory 

symptoms are indications for hospitalization. The patient 
should be instructed to contact the physician or report to 
the emergency department if new symptoms develop 
within the next 24 hours.

With an increase in performance of diagnostic bronchos-
copy, new designs of biopsy forceps have become available, 
with the two standard types being cup and alligator for-
ceps. Although alligator forceps often give a larger volume 
specimen, this does not necessarily increase the overall 
diagnostic yield [58–60].

Often comments in the bronchoscopy suite are directed 
toward whether the obtained lung biopsies “float” when 
placed in the formalin container. This has been felt to be a 
sign that the specimen contains more aerated alveoli and 
may indeed be more representative of an adequate speci-
men. However, this sign is not reliable as nonaerated 
lesions have been found to “float” as well and a prospective 
study of 44 patients who underwent BLB found that the 
presence of a “float” sign was not predictive as to obtaining 
adequate tissue [61].

The number of biopsy specimens which should be 
obtained is dependent on target acquisition in the case of 
focal lesions and peripheral pulmonary nodules or in the 
homogeneous involvement of the lung in patients with dif-
fuse lung diseases. Descombes et  al. evaluated biopsies 
from 516 immunocompetent patients with chronic diffuse 
lung infiltrate, and observed that there was a direct correla-
tion between the number of samples obtained by TBBX 
and the overall diagnostic yield (i.e., 38% with 1–3 tissue 
fragments versus 69% with 6–10, p <0.01). Owing to these 
findings, they recommended that at least 5–6 specimens 
should be taken [61].

Patients with peribronchiolar disease such as sarcoido-
sis, lymphangitic carcinomatosis, or infections are more 
likely to be diagnosed by TBBX and the number of samples 
correlated with the overall diagnostic yield. Stage I sar-
coidosis may require up to 10 transbronchial biopsies, 
whereas stage II or III sarcoidosis may have a diagnostic 
sensitivity of 95% when at least 4–5 biopsies are performed 
[58–60,62].

Processing of lung specimens obtained by BLB is an 
important part of the procedure. Crush artifacts should be 
avoided by careful handling of specimens. Simply washing 
the specimen from the forceps into the formalin by swish-
ing is preferred to manipulation with pick‐up forceps, 
which may cause crush artifact.

Patients with diffuse disease and undergoing BLB often 
are being evaluated owing to underlying immunosuppres-
sion and associated with infection, hematological malig-
nancy and status post stem cell transplant, solid tumor 
malignancy and immunosuppression owing to chemother-
apeutic agents, or lung transplantation. Gilbert et  al. 
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reviewed a 14‐year experience in the use of flexible bron-
choscopy for the evaluation of pulmonary infiltrates in the 
hematopoietic stem cell transplantation population. BAL 
was demonstrated to have an overall diagnostic yield of 
52.5% with TBBX having positive results in 18/22 (81.8%). 
The most common etiologies in those patients diagnosed 
by TBBX were found to be nonspecific interstitial pneumo-
nitis, graft versus host disease, idiopathic pneumonia, 
 diffuse alveolar damage, organizing pneumonia, and 
staphylococcal pneumonia. There were no instances of 
pneumothorax in the patients who underwent TBBX. The 
authors concluded that, in view of existing data, fiberoptic 
bronchoscopy is an initial diagnostic method of choice 
with a high diagnostic yield leading to treatment changes 
in 53.5% and 44% respectively, utilizing BAL and protected 
specimen brushings, and that performance of TBBX should 
be considered if a second bronchoscopy is performed 
owing to a nondiagnostic initial bronchoscopy [63,64].

15.5.1 Transbronchial Needle Aspiration

Previously, the word “transbronchial” was reserved for the 
bronchoscopic needle aspiration of mediastinal lymph nodes. 
As discussed in other chapters, the advent of endobronchial 
ultrasound has improved the accuracy and decreased the 
morbidity associated with TBNA. This is great news for 
patients with mediastinal lymphadenopathy, but what about 
patients with peripheral nodules, masses, cavities, and other 
abnormalities? New imaging techniques (HRCT, cone beam 
CT, fluoroscopy, radial ultrasound) and the advent of electro-
magnetic navigational bronchoscopy have greatly increased 
our ability to reach smaller, more peripheral abnormalities 
but how accurate are our biopsies?

Bronchoscopists have traditionally used bronchial wash-
ings, brushing, and transbronchial forceps biopsies to 
obtain tissue samples from peripheral parenchymal lesions, 
with limited success. The individual techniques have 
 success rates of 24%, 27%, and 38% respectively and if com-
bined typically have a diagnostic yield of 46% [65]. TBNA 
refers to the use of a 19–22 gauge 0.5–3 cm needle that is 
passed into the peripheral lesion through the biopsy chan-
nel of the bronchoscope under fluoroscopic or electromag-
netic guidance. Once the needle is confirmed to be in the 
lesion, suction is applied with a syringe and the needle is 
moved back and forth through the lesion to collect cells. 
The needle is then removed and the sample is smeared on 
a glass slide to be prepared for evaluation [66]. The use of 
TBNA for peripheral lesions has a diagnostic yield of 53% 
alone, which is better than brush, wash, and forceps biop-
sies combined [67]. If TBNA is combined with brush, for-
ceps biopsy and washes, the diagnostic yield improves to 
greater than 70% [68].

The addition of endobronchial ultrasound (EBUS) of the 
mediastinal lymph nodes in combination with TBNA of 
peripheral lesions can also improve sensitivity and accu-
racy in the diagnosis of cancer [69]. Other factors that can 
improve diagnostic yield are size of the lesion (>2 cm), 
rapid on‐site cytological evaluation (ROSE), presence of a 
CT bronchus sign, and a concentric view on radial EBUS 
[70–74]. Peripheral TBNA with concentric view on radial 
ultrasound has similar diagnostic yields as CT‐guided 
TBNA but with a reduced risk of pneumothorax [74]. 
Bronchoscopic biopsy has the added benefit of being able 
to perform EBUS of the mediastinal lymph nodes, which 
will not only improve sensitivity and accuracy but also pro-
vides lung cancer staging.

Pneumothorax is the complication most associated with 
lung biopsies, but bronchoscopic biopsy has a lower inci-
dence than transthoracic needle biopsies [75]. These  factors 
are discussed individually in other chapters of the book.

The Early Lung Cancer Screening Action Project found 
that 23% of patients age >60 who have a screening CT of the 
chest will have a nodule. Of those 23%, only 2.7% will be 
determined to be malignant [76]. These nodules are often 
small (<1 cm) and in difficult‐to‐reach areas which may 
prove challenging to biopsy. Previously, options for evalua-
tion have been limited to observation with serial CT scans 
or surgical resection, of which 60% of the nodules turn out 
to be benign [77]. In order to enhance options for small pul-
monary nodule evaluation, utilization of TBNA and percu-
taneous biopsy has been studied. The performance of 
biopsies utilizing TBNA followed by transthoracic needle 
aspiration (TTNA), if initial TBNA is unrevealing, was 
reported by Wang et al. in a prospective study of 329 patients 
[78]. In this study, TBNA established the diagnosis of those 
patients with a peripheral pulmonary nodule without medi-
astinal adenopathy (45.6%; 73/160). In those patients with-
out a diagnosis after TBNA (105 pts), TTNA established a 
diagnosis in 69.5%. Both methods were carried out using 
standard bronchoscopic techniques under moderate seda-
tion and the use of imaging, either C‐arm fluoroscopy or 
CT, in the case of TTNA. The combined diagnostic rate was 
90.3% and the authors suggested that the sequential use of 
these techniques would be a reasonable approach to aid in 
the diagnosis of PPL. Recently, we note the adoption of this 
principle utilizing bronchoscopy followed by EMN‐guided 
TTNA [79] and await comparison studies to the standard 
technique with the simple use of C‐arm or CT.

Subsequent to a nodule evaluation as described above, it 
is critically important to be able to reassure patients that 
watchful waiting may be a safe and prudent approach, 
rather than proceeding with more invasive procedures, 
such as surgery, which may have significant morbidity in 
patients with limited pulmonary reserve. In support of this 
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practice, Welker et  al. published a prospective observa-
tional study of 118 patients with solitary pulmonary lesions 
who underwent staged biopsy and observation over a 
period of four years. In this series of consecutive patients, 
repeat needle biopsies combined with clinical observation 
and serial CT scans were able to determine the presence or 
absence of malignancy in solitary pulmonary nodules with 
100% accuracy. Implementation of such a program can 
reduce the unnecessary surgical excision of benign nodules 
by greater than 50% [80]. It is recommended that this 
approach should only be used at a medical center that has 
an experienced, multidisciplinary team trained in advanced 
bronchoscopic, percutaneous biopsy, and surgical tech-
niques. These techniques are further discussed in various 
chapters throughout this text. It is also recommended that 
you have the support staff to manage results and arrange 
appropriate patient follow‐up.

15.6  New Techniques

New techniques and adjuncts designed to enhance the 
yield and safety of bronchoscopic biopsy include EMN and 
cone beam CT to improve accuracy, but the technique with 
the most emerging data is cryobiopsy. Since 2009, cryobi-
opsy has been used as a nonsurgical method to obtain 
 histological samples in the evaluation of diffuse parenchy-
mal lung disease. The specimens are obtained using a 
 flexible cryoprobe that is able to reach temperatures of 
−89.5 °C [81]. The catheter obtains these temperatures by 
applying a cooling agent (typically carbon dioxide) under 
high pressure through a canal in the center of the probe. 
Due to the pressure difference between the atmosphere 
and the nozzle at the tip of the catheter, the gas expands, 
causing a drop in temperature (Joule–Thomson effect). The 
probe is advanced into the lung parenchyma, cooled, and 
then withdrawn, bringing sections of lung with it.

The diagnostic yield ranges from 51% to 89% and the 
complication rate from 3% to 33% [82–89]. The most com-
mon complications are bleeding (mild to moderate) and 
pneumothorax. The wide range in diagnostic yield and 
complication rate is most likely secondary to the varying 
degrees of experience and technique of the physicians 
 performing the procedure.

To help improve the knowledge and safety of cryobiopsy, 
an expert statement was proposed at the third international 
conference on transbronchial cryobiopsy in diffuse paren-
chymal lung disease and recently published in Respiration 
[83]. The key points from the statement are listed here.

 ● Transbronchial cryobiopsies should be performed in intu-
bated patients under deep sedation or general anesthesia.

 ● If a flexible endotracheal tube is used, an endobronchial 
blocker/Fogarty balloon should be placed prophylacti-
cally to control bleeding (this is optional if a rigid scope 
is used).

 ● Under fluoroscopic guidance, 3–5 biopsies should be 
taken 1 cm from the visceral pleura.

 ● Transbronchial cryobiopsies should be performed by 
interventional bronchoscopists with specific training in 
cryobiopsy and management of airway bleeding, pneu-
mothorax, and respiratory failure.

 ● The procedure should be performed in an operating 
room or bronchoscopy suite with emergency equipment 
immediately available. The ability to admit the patient to 
an ICU for management of complications should be 
available.

At this time, more work needs to be done before cryobi-
opsy becomes the standard of care. If performed by indi-
viduals with appropriate training and following the 
recommendations as outlined by the expert panel, cryobi-
opsy can be a viable outpatient alternative to surgical lung 
biopsy for the evaluation of diffuse parenchymal lung 
disease.

15.7  Special Patient Groups

Finally, a word about biopsies in two special groups of 
transplant patients: solid organ transplant recipients, spe-
cifically lung transplant patients, and hematopoietic stem 
cell transplant patients (HSCT).

Patients who undergo a hematopoietic stem cell trans-
plantation will have pulmonary‐related complications 
about 50% of the time, with subsequent mortality in up to 
60% of those patients [90–96]. While there has been a role 
for BAL in the early identification of infectious pneumoni-
tis in HSCT patients, the utility of TBBX to improve diag-
nostic yield and influence therapy has been variable and 
limited by studies which are retrospective in nature and 
of  limited sample size [97–105]. O’Dwyer et  al. recently 
performed a large retrospective analysis of 130 transbron-
chial biopsies in post‐HSCT patients with pulmonary com-
plications [106]. They found the most common histological 
finding was nonspecific interstitial pneumonitis (18%), 
with pathogens occurring less than 5% of the time. Also, 
patients undergoing TBBX were found to have increased 
risk of complications related to the procedure. The authors’ 
conclusion was that TBBX during bronchoscopy was not 
associated with modifications in antibiotic therapy or 
improved diagnostic yield for infectious pathogens, and 
offered no additive value over BAL, and they noted 
increased odds ratio for procedure‐related complications. 
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As such, further prospective studies are warranted as to 
the  utility of TBBX in HSCT patients with pulmonary 
complications.

Patients who undergo lung transplantation are more fre-
quently subjected to lung biopsy than any other group [107]. 
The main indications are to identify allograft rejection, 
opportunistic infections, and airway complications such as 
wound dehiscence, fistula formation, or stenosis at the anas-
tomotic site. In addition, lung transplant recipients may 
undergo surveillance bronchoscopy (SB) or clinically indi-
cated bronchoscopy (CB) which are considered as standard 
tools to help evaluate for histological rejection [108–110].

While CB is frequently performed, there is no overall 
consensus in the literature regarding the value of SB [109]. 
CB is generally performed in those patients demonstrating 
new symptoms such as cough, dyspnea, new radiological 
changes or a reduction of 10% in baseline forced expiratory 
volume in 1 second of greater than 10% [111]. In contrast, 
SB is performed at predesignated intervals with inspection 
to assess possible anastomotic ischemia, necrosis, dehis-
cence, stricture formation and BAL with TBBX in the 
assessment of acute cellular rejection (ACR) and chronic 
lung allograft dysfunction (CLAD).

While the utility and protocols regarding SB differ 
between centers, recent publications have been support-
ive of ongoing SB. In 2014, Inoue et al. retrospectively 
analyzed SB on cadaveric lung transplant recipients 
[112]. In their study, SB demonstrated positive results in 
92 bronchoscopies (49%), with minimal complications 
noted as moderate bleeding (11%), pneumothorax (1%), 
and hypoxemia (0.5%). Overall, they felt that SB did help 
identify rejection and airway infection or colonization, 
especially within the first 12 months. A later study in 
2018 by Tosi et al. was a retrospective analysis over four 
years of 110 patients who underwent TBBX [110]. They 
found that while a surveillance protocol did not elimi-
nate the necessity for CB, they were able to identify 
acute rejection requiring pharmacological intervention 
in 8%, with only a 4% complication rate which they felt 
was acceptable. As such, the role of TBBX in HSCT, 
solid organ transplant, and lung transplant patients 
needs ongoing evaluation. We also note a recent 
study  regarding the utility of cryobiopsy in transplant 
patients and, as noted previously in this chapter, this 
technique needs further standardization and a prospec-
tive review [113].
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16.1  Introduction

The use of transbronchial needle aspiration (TBNA) has 
been well documented in the literature [1–5]. Since the 
third edition of Flexible Bronchoscopy in 2012, over 1400 
papers have been published commenting on the perfor-
mance of this technique. However, despite the utility of 
TBNA, an early American College of Chest Physicians sur-
vey of pulmonary specialists in North America revealed 
that only 11.8% of the responding pulmonary specialists 
routinely used TBNA in malignant disease while 49.4% 
rarely used the procedure [6]. A subsequent study by the 
American Association for Bronchology in 1999 again dem-
onstrated the infrequent use of TBNA, with 54% (n = 270) 
performing TBNA in the preceding 12 months in less than 
10 instances and 18% (n = 136) never utilizing TBNA in the 
prior year [7]. The European Respiratory Journal in 2002 
published a study regarding the use of flexible bronchos-
copy in the United Kingdom, which reviewed the responses 
of 328 consultants in adult respiratory medicine to a stand-
ardized questionnaire [8]. In this review, the overall use of 
flexible bronchoscopy was found to be variable, with TBNA 
in particular being utilized by only 27% of practitioners in 
the preceding 12 months, and the article noting that 
responders commented on their poor diagnostic yield.

Reflecting the international importance of TBNA, the 
Indian bronchoscopy survey published in 2018 reported that 
of 669 bronchoscopists surveyed, 74% were performing con-
ventional transbronchial needle aspiration (c-TBNA) [9]. In 
addition, tools such as endobronchial ultrasound (EBUS), 
computed tomographic (CT) fluoroscopy, and electromagnetic 
navigational bronchoscopy have become more widespread, 

stimulating a renewed interest in TBNA [8–12]. We sup-
ported the synergistic utilization of adjunctive instruments 
such as EBUS, and we continue to advocate for the com-
bined use of multiple imaging systems in support of TBNA 
so as to increase reliability of sampling and overall yield 
[13–15]. The use of these supportive instruments, such as 
EBUS and electromagnetic navigation bronchoscopy (ENB), 
is presented in detail in other chapters in this work.

We believe TBNA to be a powerful tool in the diagnosis 
of both malignant and nonmalignant diseases of the chest, 
but especially so in the diagnosis and staging of broncho-
genic carcinoma [3,16,17]. With the synergistic technology 
of EBUS to aid the bronchoscopist, there has been an 
explosion of interest and reexploration of TBNA sampling 
techniques and recognition of the essential utilization of 
TBNA in pulmonary medicine.

This review, then, is intended to outline the history of the 
conventional technique of TBNA with a subsequent discus-
sion of the instrumentation, biopsy technique, relevant anat-
omy, indications, complications, as well as the limitations and 
potential for this tool in the era of flexible bronchoscopy [18].

16.2  Historical Overview

A landmark presentation in the history of TBNA was given 
by Dr Eduardo Schieppati in 1949 at the Argentine Congress 
of Bronchoesophagology. Schieppati went on to publish his 
data in 1949 with subsequent publication of his findings in 
the English literature Journal of Surgery, Gynecology, and 
Obstetrics in 1958 [19,20]. His technique was to introduce a 
1 mm steel needle through a rigid bronchoscope and 
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 perform TBNA of the carina to aid in the diagnosis of 
patients thought to have either esophageal or bronchogenic 
carcinoma. Subsequently, TBNA continued to be reported 
in the literature in limited numbers with the use of rigid 
bronchoscopy [21–25]. This technique raised limited atten-
tion until Ko-Pen Wang performed TBNA in a paratracheal 
mass using a rigid bronchoscope and a 23 gauge (G) esopha-
geal varices needle [1].

Another historic presentation was given at the American 
Bronchoesophagology Association in 1970 by Dr Shigeto 
Ikeda. Ikeda’s presentation and subsequent publications 
regarding his ground-breaking work with flexible fiber 
optics not only had an impact upon the ability to inspect 
the tracheobronchial tree, but also allowed greater utility 
in the application of TBNA [26,27]. With the availability of 
the flexible bronchoscope, Dr Ko-Pen Wang of Johns 
Hopkins Hospital in Baltimore designed and utilized an 
innovative needle construction to perform TBNA through 
this new flexible instrument [2].

Subsequent to this initial description, the usefulness of 
TBNA was confirmed by bronchoscopists at other major 
institutions.

16.3  Instruments

16.3.1 Needles for Conventional TBNA 
(cTBNA)

In 1978, Wang and associates reported the first experience in 
the United States of cTBNA using a modified esophageal 
variceal needle [1]. Wang’s group then developed a prototype 
needle for the flexible equipment with continuous modifica-
tions in design to allow more feasible use with different 

 characteristics. The original Wang TBNA needles (Mill-Rose 
Laboratories, Mentor, OH) include three types: type I (MW-
122) is a single-lumen biopsy needle, type II (MW-222) is a 
double-lumen retractable needle design (Figure  16.1), and 
type III (MW-322) consists of a double-lumen minitrocar. 
The biopsy needle for all three types is a 1.3 cm beveled or 
flat-tipped 22 gauge needle.

Type I is suitable for central lesions with better flow and 
greater suction compared to MW-222, while type II has bet-
ter protection of both the scope and the airway and is mul-
tifunctional, thus is recommended for both central and 
peripheral lesions. Type III avoids plugging of the needle 
by the double-lumen minitrocar design. Due to the incon-
venience of MW-222 caused by removal of the guide wire 
before applying suction, a modified model, MW-522, was 
released to perform peripheral TBNA and collect cytology 
samples.

In addition to the MW TBNA needle, a new series of SW 
TBNA needles were developed to facilitate smear prepara-
tion. SW-121 is designed for central lesions, while SW-221 
can be applied for both central and peripheral lesions 
(Figure 16.1), and SW-321 is mainly for peripheral use. The 
biopsy needle for SW series is a 1.56 cm 21 gauge needle 
with an inner stylet. Compared to MW needles, SW needles 
show a more convincing diagnostic yield. To obtain histol-
ogy core biopsies, MW-418 containing a 21 gauge inner nee-
dle and an 18 gauge outer needle was first released and was 
later modified to the MW-319 with a 21 gauge inner needle 
and 19 gauge outer needle, allowing easier use due to the 
smaller gauge of the outer needle (Figure  16.2). To date, 
MW-319 is the preferred histological needle for central and 
peripheral lesions, while for locations such as apical and 
posterior segments, MWF-319 with a single-lumen design 
along with a more flexible catheter is recommended.

(a) (b)

Figure 16.1 (a) MW-222 transbronchial needle. The most proximal part, the “guide wire hub,” does not need to be retracted for 
suction. However, it can be retracted partially to increase flexibility for peripheral lesions. This should be done before the instrument 
is introduced through the scope. In this instance, it is not necessary to readvance the guide wire cap for suction. (b) SW-221 needle. 
There are only two parts at the proximal end. When the needle is in the retracted position, the distal end is flexible. When the needle 
is advanced and locked for puncture, the distal end is stiffer. All other cytology needles, central (MW-122 and SW-121) or peripheral 
(MW-522 and SW-521), are similar in appearance to this needle. In all spring needles, if the tip of the needle is still exposed when in 
the retracted position, simply push it back against a hard sterile surface before use.
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Recently, Wang designed a new series of cTBNA needles 
based on the original Wang needles. The new series of nee-
dles, called DT new Wang needles (Detian, China), are sim-
pler and safer to use. As for DT new Wang needle Type I 
(single-lumen retractable), its suction is through the space 
between the wire and outer tube and transmitted to the tip 
of needle through a side cut hole at the proximal end of the 
needle. DT new Wang needle Type III is similar to the origi-
nal Wang Type II needle, which is a double-lumen retract-
able design except the guide wire is attached to the plunger 
of a syringe (Figure 16.3). DT new Wang needle Type IV is 
similar to Type III except the guide wire is attached to a 
hub with a Y two-way adapter at the proximal end [18].

Collectively, MW-122, SW-121, and MW-319 are designed 
to penetrate mediastinal lesions, during which MW-122 
and SW-121 collect cytology samples and MW-319 collects 
pathological samples. MW-522 and SW-521 are designed to 

perform peripheral TBNA and collect cytology samples. 
SW-221 can be applied for both central and peripheral 
lesions (Table 16.1).

16.3.2 EBUS-TBNA

In 2002, the Olympus Company developed the first- 
generation ultrasound equipment for the airway. The con-
vex probe (CP)-EBUS forms real-time images of mediastinal 
and hilar lymph nodes, leading to the wide application of 
TBNA in clinical settings. In 2009, the second-generation 
EBUS bronchoscope (BF-UC260FW) with an ultrasound 
image processor (EU-M1) was introduced by the Olympus 
Company. In 2013, a new ultrasound image processor 
(EU-M2) was brought into clinical practice. Compared 
with EU-M1, EU-M2 is equipped with enhanced features, 
for example, tissue harmonic echo (THE), contrast har-
monic EUS (CH-EUS), and elastography (Figure 16.4). 
It provides an additional imaging modality to map tissue 
elasticity, which may help indicate disease and highlight 
new areas to biopsy, leading to increased quality of care.

The Fuji Company also developed an EBUS broncho-
scope, EB-530 US (Fuji, Japan). It is characterized by a rela-
tively smaller forward oblique view (10°) and external 
diameter, ensuring a better endoscopic view while per-
forming EBUS-TBNA. Use of the Fuji EBUS bronchoscope 
decreases the need for a second scope to perform bronchial 
survey and simplifies TBNA procedure. Boston Scientific 
introduced a new 25 gauge needle in recent years, which is 
as useful as a conventional 22 gauge needle [28]. Cook 

21 g
5 mm

15 mm

Plastic
sheath

19 g

Metal hub

(a) (b) (c) (d)

Figure 16.2 (a) Schematic diagram of the distal end of a transbronchial aspiration needle for histology specimen. (b–d) Endobronchial 
view (top) of MW-319 needle in different status (bottom).

Figure 16.3 The transbronchial or transesophageal needle 
aspiration system (DT new Wang needle). A beveled needle is 
attached to a semitransparent sheath. An inner steel stylet 
traverses the sheath, providing rigidity during aspiration procedure, 
which is attached directly to a syringe at the proximal end of TBNA 
needle.
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Medical developed the EchoTip® with side-holes, aiming to 
obtain more tissue from TBNA (Figure 16.5).

The DT new Wang needles were also designed to perform 
EBUS-TBNA. For DT new Wang needle Type I (single-lumen 
retractable), its suction is through the space between the wire 
and outer tube and transmitted to the tip of needle through a 

side cut hole at the proximal end of the needle. DT new Wang 
needle Type III is similar to the original Wang Type II needle, 
which is a double-lumen retractable design except the guide 
wire is attached to the plunger of a syringe. DT new Wang nee-
dle Type IV is similar to Type III with the guide wire is attached 
to a hub with a Y two-way adapter at the proximal end [18].

Table 16.1 Wang transbronchial needles

Cytology specimen Histology specimen

Gauge/Use C C+P P C C+P P

22 gauge MW-122 MW-222 MW-522 — — —

MW-3WW DT-EN-W122

DT-EN-W322

21 gauge SW-121 SW-221 SW-521 — — —

DT-EN-W322

20 gauge W-120 W-220 W-520 — DT-EN-W420 —

DT-EN-W320

19 gauge — DT-EN-W319 — MW-319 — MWF-319

W, Wang; MW, modified Wang or Mill-Rose Wang; SW, spring Wang; C, central; mediastinal and hilar lymph node; C+P, combined central and 
peripheral; 3, with trocar mechanism in MW-322 and MW-319; P, peripheral lung nodules or mass; -1, one needle (i.e., SW-221-1); -4, four 
needles (i.e., MW-319-4).

(a) (b)

(c) (d)

Figure 16.4 Dedicated ultrasound processor from Olympus, Japan. (a) EU-M1 and (b) EU-M2. (c) Fuji ultrasound processor and 
(d) endobronchial view from a Fuji EBUS bronchoscope (Fuji, Japan).
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16.3.3 Penetration Technique

The technique of TBNA for cytology or histology specimens 
is similar, with minor modifications dependent on the nee-
dle used and location to be sampled. Prior to handing the 
catheter and needle to the bronchoscopist, the bronchos-
copy technician should test the device to assure that inser-
tion of the guide wire to the “locked position” results in 
deployment of the needle from the protective outer catheter 
and distal metal hub. Once tested, the technician should 
again withdraw the needle into the protective outer cathe-
ter, assuring that the beveled tip is surrounded by the metal 
hub at the end of the semitranslucent outer catheter. With 
this assured, the distal end of the catheter is handed to the 
bronchoscopist. The operator should again check that there 
is no protrusion of the bevel tip distal to the protective cath-
eter and hub, and indeed the beveled tip remains covered by 
the metal hub at the distal end of the catheter. This double-
checking will help avoid damage to the working channel of 
the bronchoscope during subsequent insertion and also 
prevents laceration of the outer catheter by the beveled tip 
should the needle be proximal to the distal hub and thus be 
pushed through the wall of the plastic catheter.

The needle catheter device is then introduced into the 
working channel of the bronchoscope and smoothly 

threaded until the metal hub at the distal end of the cathe-
ter is seen to protrude beyond the distal end of the flexible 
bronchoscope and is in the field of view. This should be 
performed when the distal end of the bronchoscope is 
straight and in approximately the midtracheal position, as 
this will help prevent inadvertent puncture of the catheter 
and working channel which may occur if the tip of the 
bronchoscope is in a flexed or extended position 
(Figure 16.6). In addition, initial deployment of the needle 
in the midtrachea will help prevent the distal end of the 
needle from encountering mucosa with subsequent bron-
chial mucosal contamination before the proper puncture 
site has been identified.

With the hub visualized, the needle is advanced and 
locked into place. The catheter is then gently withdrawn 
until only the very distal tip of the needle is seen in the 
visual field of the bronchoscope. For central lesions, the 
MW and SW-121, 221, and 222 needles are utilized as their 
more rigid guide wires have improved puncture ability for 
central lesions such as the paratracheal, carinal, or hilar 
areas. With the puncture site identified, the bronchoscope, 
with needle tip protruding, is advanced to the target and 
the tip of the bronchoscope is flexed toward the puncture 

(a)

(c)

(b)

(d)

Figure 16.5 Commercial available EBUS-TBNA needles. (a) EchoTip from Cook Medical, with a side-hole on the tip of the needle 
(inserted). (b) TBNA 25 gauge needle from Boston Scientific. (c) 21 gauge and 22 gauge EBUS-TBNA needles from Olympus, and 
(d) recent emerging 19 gauge histology needle.



Flexible Bronchoscopy226

point. The bronchoscope is fixed at the patient’s nose or 
mouth by the bronchoscopy assistant and the operator 
then advances the catheter with a quick thrusting motion, 
allowing the needle to penetrate the intercartilaginous 
space. A summary of four insertion techniques has been 
well described by Mehta from the Cleveland Clinic 
(Figure 16.7) [29].

16.3.4 The Jabbing Method

While the scope is fixed at nose or mouth by the assistant, 
thrust the needle with a quick and firm jab to the catheter 
(Video 16.1, Video 16.2).

16.3.5 The Pushing Method (Piggyback 
Method)

Once the needle is advanced and locked in position, fix the 
catheter by fixer or index finger, and gradually push the 
bronchoscope and catheter as a single unit with stable 
force until the needle is completely inserted.

16.3.6 Hub-against-the-Wall Method

With the needle retracted, the distal end of the catheter 
(the metal hub) is placed in contact with the target and 
held firmly as the needle is pushed out of the catheter to 
penetrate the tracheobronchial wall (Video 16.3).

16.3.7 The Cough Method

This method should be used as an adjunct to the jabbing or 
pushing method. The bronchoscopist should ask the 
patient to cough intentionally, as cough is helpful for pen-
etration and clearing bronchoscopic vision as well.

Attempted penetration through a cartilaginous ring is 
met with increased resistance and the target site should be 
adjusted to avoid this. Often fibrous tissue may be encoun-
tered which makes penetration difficult as well. An addi-
tional technique may sometimes be employed, whereby 
after the needle tip is fixed in the mucosal tissue of the tar-
get site, the catheter is advanced until almost the entire 
length of the needle is distal to the end of the bronchoscope. 

(a) (b)

(c) (d)

Figure 16.6 Wang transbronchial needle (MW-319): (a) position for insertion; (b) position for piercing; (c) position for biopsy; 
(d) needle inserted for biopsy.
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With this technique, when the bronchoscope is pushed dis-
tally with the needle tip already embedded in the mucosa, 
the needle will penetrate the bronchial wall in a more per-
pendicular orientation. This perpendicular angle will allow 
an increased depth of needle penetration at the target site 
and avoidance of the next lower cartilaginous ring. This is 
also of use in the biopsy of AP window adenopathy, which 
requires perpendicular insertion of the needle to allow 
penetration between the aorta and pulmonary artery 
(Figure 16.8).

With the needle having punctured the bronchial wall 
and being completely embedded, the operator directs the 
bronchoscopy technician to apply suction at the proximal 
suction port. The negative pressure produced allows cells 
to be trapped in the inside needle chamber. Some opera-
tors, with suction maintained, will partially withdraw the 
needle and then reinsert it with this jabbing technique 
two or three times without ever allowing the needle to be 
fully withdrawn and thereby contaminated by bronchial 
epithelium. Suction is then eliminated by momentarily 

detaching the syringe from the proximal Luer port of the 
catheter. With suction off, the needle is withdrawn from 
the puncture site and with the bronchoscope again being 
straight, the catheter and needle are withdrawn from the 

(a) (b)

(c) (d)

Figure 16.7 Different techniques used for tracheobronchial wall penetration by TBNA: (a) jabbing method; (b) piggy-back method; 
(c) cough method; (d) hub-against-the-wall method. Source: Reproduced with permission from Dasgupta and Mehta [29].

Figure 16.8 The Wang transbronchial needle is advanced into 
the aortopulmonary window.
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working channel of the bronchoscope. The bronchoscopy 
assistant or operator will then take the still-protruding 
needle and place the tip immediately above and vertical 
to a glass slide. The specimen collected in the lumen of 
the needle is then “blown” onto the slide with positive 
pressure introduced through the proximal Luer of the 
catheter by the syringe. Another glass slide is then used to 
press and smear the specimen with the slides immedi-
ately being placed in 95% alcohol. These smears are then 
sent to the cytology laboratory for staining without fur-
ther preparation.

A study comparing the smear technique with fluid spec-
imens processed by the Millipore filtration technique indi-
cated that the smear technique is superior in obtaining 
diagnoses [30]. The technique described is modified 
slightly in obtaining specimens from peripheral or coin 
lesions. In these instances, the catheter is introduced 
through the working channel as described above until the 
hub of the catheter is seen in the field of view of the bron-
choscope. With the hub of the catheter in the field of view 
and the biopsy needle still surrounded by the hub and 
catheter, the bronchoscope is advanced through the seg-
mental and subsegmental openings, which lead to the 
peripheral target. Utilizing fluoroscopic guidance, the 
catheter is then advanced with the needle still withdrawn 
to the peripheral target, remembering that when deployed, 
the needle will protrude 15 mm beyond the tip of the 
 catheter. The fluoroscope is then rotated to a selected 
oblique view to better ensure that the catheter and, subse-
quently, the needle are indeed in contact with the target in 
two planes of view [4]. The needle tip will be seen to 
“dance” in the same orientation as the target with respira-
tion and during agitation for sample collection. Without 
this assurance, it is possible that the distal tip of the cath-
eter and needle will be extended anteriorly or posteriorly 
to the lesion while appearing to be in the correct biopsy 
position by only AP fluoroscopy. When assured of the 
proper location, the needle is then advanced and locked 
with aspiration for specimen retrieval. With suction off, 
the catheter is then withdrawn so the needle is just beyond 
the distal tip of the bronchoscope. The bronchoscope is 
then straightened to allow easy withdrawal without poten-
tial damage to the working channel of the bronchoscope. 
Slide preparation is then carried out in the standard smear 
fashion.

The technique for obtaining histology specimens from 
central and peripheral locations is similar to that described 
above (Figure 16.9). For a central histology core biopsy, the 
MW-319 needle is utilized. As described above, this needle 
has an inner 21 gauge trocar to allow easy penetration of 
the bronchial mucosa while avoiding contamination of the 
19 gauge specimen chamber from bronchial epithelium.

With the catheter advanced through the bronchoscope, 
the distal hub of the catheter is seen in the bronchial field 
of view. The needle-trocar combination is then advanced 
and locked with subsequent withdrawal of the catheter 
until only the distal tip of the needle with protruding trocar 
is seen. The target area is then approached, and the tip of 
the trocar is embedded in the bronchial mucosa. With the 
bronchoscope fixed at the nose or mouth by the assistant, 
the operator then embeds the 19 gauge needle into the 
mucosa to penetrate the length of the needle. Once the 
entire length of the needle is embedded, the bronchoscopy 
assistant withdraws the 21 gauge trocar by unlocking the 
hub of the trocar stylet and withdrawing it proximally. This 
is done without moving the hub that extended the com-
bined histology-trocar needle allowing the 19 gauge needle 
to remain in the target while the trocar is withdrawn. Thus, 
with the trocar withdrawn, a chamber for the histology 
core biopsy is created inside the 19 gauge needle. Under 
the direct vision provided by the bronchoscope, the length 
of the histology needle is then repeatedly drawn out to 
approximately one half to two-thirds of its length and 
forcefully reinserted. This action, although requiring some 
practice to perfect, enables the operator to “core out” a 19 
gauge histology specimen. By not withdrawing the tip of 
the histology needle, the operator also avoids contamina-
tion of the specimen with bronchial epithelium.

Suction is applied during specimen collection as with the 
cytology aspirations above. After several repeated advances, 
the needle is completely withdrawn from the biopsy site 
with suction still applied. At this point, the plunger with-
drawing into the syringe is an indication that a good-sized 
core of tissue has been obtained (Figure 16.10). With the 
suction removed and the needle withdrawn from the bron-
chial wall, the catheter is again withdrawn fully from the 
bronchoscope. The specimen is then flushed out with 
3–5 mL of normal saline with positive pressure applied 
through the Luer lock at the proximal end of the catheter. 
The normal saline is then decanted and sent for cytology 
with the core biopsy being placed in formalin. If multiple 
small fragments are obtained, after decanting the normal 
saline, they are bound together by placing a few drops of 
the patient’s blood in the specimen cup to allow the frag-
ments and tissue to clot, forming a tissue fragment. The 
fragment formed by this “jello” technique can then be 
placed in formalin for histology [5].

The MWF-319 is more flexible than the MW-319 and is 
intended for histology core biopsy of more peripheral 
lesions. The technique for this needle is as described for the 
central histology technique with the exception that the 
lesion is identified and approached using fluoroscopic 
guidance as discussed in obtaining cytology specimens of 
peripheral lesions.
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16.4  Relevant Anatomy

The successful use of TBNA not only involves a thorough 
understanding of instrumentation, technique, and prep-
aration of slides for cytology, but also requires the bron-
choscopist to have a detailed understanding of the 

relationship between the tracheobronchial tree and asso-
ciated mediastinal and vascular structures. Lymph node 
maps have been widely used to describe clinical and 
pathological involvement of lymph nodes in lung cancer. 
The first lymph node map was developed by Naruke in 
1967, and was widely adopted in Japan, North America, 
and Europe [31]. Later, the American Thoracic Society 
(ATS) developed a new map in 1983 [32], and the 
Mountain–Dresler modification of the ATS map 
(MD-ATS) was introduced in 1997 [33]. The MD-ATS 
map was adopted by the American Joint Committee on 
Cancer (AJCC) and the Prognostic Factors tumor, node, 
metastasis (TNM) Committee of the International Union 
Against Cancer (UICC) in 1996 and was extensively 
accepted in North America.

With the development of CT scanning and TBNA, an 
international unified system was required to evaluate lung 
cancer metastasis in the mediastinum. Thus, in 1994, Wang 
introduced the Wang TBNA Staging System, a bronchoscop-
ically oriented staging system [3]. To aid the bronchoscopist 
in identifying endobronchial locations, four levels in the tra-
cheobronchial tree were selected: the main carina, right 
upper lobe bronchus, bronchus intermedius, and left upper 

FFB

Step 1 Step 2 Step 3 Step 4

Figure 16.9 The TBNA technique for histology specimens: (step 1) hub is visible; (step 2) advance and lock the needle, both 21 and 
19 gauge needles are advanced; (step 3) lodge needle tip into mucosa; (step 4) use pushing technique to penetrate bronchial wall. 
Source: Reproduced with permission Dasgupta and Mehta [29].

Figure 16.10 Histology specimen retrieved by 19 gauge 
transbronchial needle aspiration. Source: Reproduced with 
permission from Dasgupta and Mehta [29].
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lobe spur (Figure 16.11, Table 16.2). All four landmarks are 
readily identified not only on CT scan of the chest, but also 
during endobronchial inspection. These four landmarks cor-
respond to 11 nodal stations that are readily sampled by 
TBNA. These 11 stations are the anterior carina lymph 
nodes (station 1), posterior carina lymph nodes (station 2), 
right paratracheal lymph nodes (station 3), left paratracheal 
lymph nodes (station 4), right main bronchus lymph nodes 
(station 5), left main bronchus lymph nodes (station 6), right 
upper hilar lymph nodes (station 7), subcarinal lymph nodes 
(station 8), lower right hilar lymph nodes (station 9), sub-
subcarinal lymph nodes (station 10), and left hilar lymph 
nodes (station 11). The 11 nodal stations correspond to those 
which are most commonly and consistently involved in met-
astatic tumor [3]. The system allows bronchoscopists to 
identify puncture sites using airway landmarks, combining 
the advantages of CT scanning and bronchoscopy.

It should be pointed out that these 11 stations do not 
include some commonly involved in adenopathy, as defined 
by the nodal staging system of the AJCC/UICC [34]. In 
1998, the International Association for the Study of Lung 

Cancer (IASLC) established its Lung Cancer Staging Project 
to develop an international lung cancer staging system, 
which is now known as the IASLC lymph node mapping 
system. Proposed in 2009, the IASLC map reconciled the 
differences between the Naruke and MD-ATS maps and 
redefined lymph node stations. Revision of the N descrip-
tors was further conducted in the eighth edition of the TNM 
classification for lung cancer relating to the prognosis [35]. 
According to the IASLC map, chest lymph nodes are dived 
into 14 stations: low cervical, superaclavicular, and sternal 
notch nodes (station 1), upper paratracheal nodes (station 
2), prevascular and retrotracheal nodes (station 3), lower 
paratracheal nodes (station 4), subaortic lymph nodes 
 (station 5), paraaortic nodes (station 6), subcarinal nodes 
(station 7), paraesophageal nodes (station 8), pulmonary 
ligament nodes (station 9), hilar nodes (station 10), interlo-
bar nodes (station 11), lobar nodes (station 12), segmental 
nodes (station 13), and subsegmental nodes (station 14) 
[36]. The IASLC map is incorporated into the lung cancer 
staging system, while the Wang map plays an essential role 
in TBNA practice (Figure 16.12).
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Figure 16.11 Nomenclature of mediastinum and hilar lymph nodes for transbronchial needle aspiration.
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The 11 nodal stations are described in relation to their bron-
choscopic levels, as identified by CT scan and during endo-
scopic visualization (Figure 16.13, Table 16.3). At the carinal 
level there are six nodal stations: (i) anterior carina, (ii) poste-
rior carina, (iii) right paratracheal, (iv) left paratracheal or 

AP window, (v) right main bronchus, and (vi) left main 
bronchus.

Anterior carinal lymph nodes are defined as lymph 
nodes in front of the main carina. This level often coexists 
with visualization of the azygous arch. When this is seen, 

Table 16.2 Wang TBNA staging system: TBNA site for mediastinum and hilar lymph nodes (defined by bronchoscopy)

Site

1) Anterior carina First and second intercartilaginous interspaces from lower trachea at about 12–1 o’clock position

2) Posterior carina Posterior portion of carina at about 5–6 o’clock position

3) Right paratracheal Second to fourth intercartilaginous interspace of lower trachea at about 1–2 o’clock position

4)  Left paratracheal (aortic 
pulmonary window)

First or second intercartilaginous interspaces from lower trachea at about 9 o’clock position

5) Right main bronchus First or second intercartilaginous interspace from proximal right main bronchus at about 12 
o’clock position

6) Left main bronchus First or second intercartilaginous interspace from proximal left main bronchus at about 12 o’clock 
position

7) Right upper hilar Anterior portion of right upper lobe spur

8) Subcarina Medial wall of right main bronchus at about 9 o’clock position, proximal to level of right upper 
lobe orifice

9) Right lower hilar Lateral or anterior wall of bronchus intermedius at about 3 o’clock position and 12 o’clock 
position, near or at level of right middle lobe orifice

10) Sub-subcarina Medial wall of bronchus intermedius at about 9 o’clock position, proximal to level of right middle 
lobe orifice

11) Left hilar Lateral wall of left lower lobe bronchus at about 9 o’clock, at level of superior segment orifice of 
left lower lobe

Source: Reproduced with permission from Wang [3].

WANGIASLC

(a) (b)

Figure 16.12 Comparison of IASLC lymph node map (a) and Wang’s lymph node map (b).
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the lymph node may be designated as an “azygous node” 
and is often slightly lateral to the midline toward the azy-
gous vein. To puncture the anterior carinal node, the nee-
dle is placed in the first or second intercartilaginous space 
from the lower part of the trachea at about the 12–1 o’clock 
position. Station 2 is the posterior carinal node, which is 

located posterior to the trachea at the level of the main 
carina. The CT scan will demonstrate this node often more 
posterior to the right main bronchus, with the puncture 
site for TBNA being located at the medial posterior wall of 
the right main bronchus at about the 5–6 o’clock position. 
Although no major vessels exist in this area, care should be 
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Figure 16.13 Location of mediastinum and hilar lymph nodes for transbronchial needle aspiration in terms of Wang’s lymph node 
map (defined by bronchoscopy). Numbers indicate 11 stations of lymph node.

Table 16.3 Wang TBNA staging system: location of mediastinum and hilar lymph nodes for TBNA (defined by CT scan)

Lymph node Location

1) Anterior carina In front of and between proximal portion of right and left main bronchi

2) Posterior carina Behind and between proximal portion of right and left main bronchi, or directly behind right main 
bronchus

3) Right paratracheal Behind superior vena cava and in front of anterolateral aspect of lower trachea near azygous arch

4) Left paratracheal Lateral to trachea near tracheobronchial angulation, below aortic arch and above left main 
pulmonary artery

5) Right main bronchus In front of right main bronchus

6) Left main bronchus In front of left main bronchus

7) Right upper hilar In front of and between right upper lobe bronchus and bronchus intermedius

8) Subcarina Between right and left main bronchi, at or near level of right upper lobe bronchus

9) Right lower hilar Lateral or in front of bronchus intermedius, at or near level of right middle lobe bronchus

10) Subsubcarina Between bronchus intermedius and left main bronchus, at or near level of right middle lobe bronchus

11) Left hilar Between left upper lobe and left lower lobe bronchus

Source: Reproduced with permission from Wang [3].
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taken to insure the presence of adenopathy in this region as 
in the absence of an enlarged lymph node, puncture of the 
azygoesophageal recess may occur, possibly producing a 
pneumothorax.

Station 3 defines the right paratracheal node. This is 
located anterior and lateral to the trachea and posterome-
dial to the superior vena cava above the superior border of 
the azygous arch. To sample this station, a puncture should 
be made at the second tracheal interspace above the carina 
at the anterior lateral or approximately 1 o’clock position. 
Station 4 is the left paratracheal node and is located lateral 
to the left lower border of the trachea. It lies below the aor-
tic arch and immediately superior to the pulmonary artery 
(AP), and therefore it is also termed the AP window lymph 
node. The AP window lymph node is sampled by placing 
the needle very close to the tracheal bronchial angulation, 
as horizontal as possible to the trachea, at approximately 
the 9 o’clock position.

Stations 5 and 6 are the right main and left main bron-
chus nodes respectively. The main bronchus nodes are 
located inferior and lateral to the anterior carina. Station 5, 
the right main bronchus node, is sampled by placing the 
needle in the first or second intercartilaginous space from 
the proximal right main bronchus at about the 12 o’clock 
position, while the left main bronchus node is sampled in 
the first or second intercartilaginous space from the proxi-
mal left main bronchus at the 12 o’clock position.

The second level identified is where the right main bron-
chus nears the right upper lobe orifice as seen on CT scan or 
by endoscopic view. This allows visualization of nodal sta-
tions 7 (right upper hilar lymph node) and 8 (subcarinal 
lymph node) (Figure 16.14). On CT scans, the right upper 
hilar node (station 7) is identified in front of and between 
the right upper lobe bronchus and the bronchus intermedius 
while the subcarinal lymph node (station 8) is identified 
between the right and left main bronchi at or near the level 

of the right upper lobe bronchus. During bronchoscopy, 
when the right upper lobe bronchus is in view, these two sta-
tions can be identified and targeted. To sample station 7, the 
needle is placed in the anterior portion of the right upper 
lobe spur with sampling of station 8 accomplished by plac-
ing the needle at the medial wall of the right main bronchus 
at about the 9 o’clock position just proximal to the level of 
the right upper lobe orifice.

The third level identified is at the level of the bronchus 
intermedius near the take-off of the right middle lobe ori-
fice. At this level, stations 9 (right lower hilar lymph node) 
and 10 (sub-subcarinal lymph node) are identified. The 
right lower hilar lymph node (station 9) is located on the 
CT scan as lateral or in front of the bronchus intermedius 
at or near the level of the right middle lobe bronchus, with 
the sub-subcarinal lymph node (station 10) located 
between the bronchus intermedius and left main bronchus 
at or near the level of the right middle lobe bronchus. 
During bronchoscopy, with the bronchus intermedius in 
view, stations 9 and 10 are identified and targeted. To sam-
ple station 9, a puncture should be made at the anterior or 
lateral wall of the bronchus intermedius at about the 
3 o’clock position and the 12 o’clock position near or at the 
level of the right middle lobe orifice, with sampling of sta-
tion 10 performed by inserting the needle at the medial 
wall of the bronchus intermedius at about the 9 o’clock 
position, just proximal the level of the right middle lobe 
orifice. The fourth and final level is seen in the left main 
bronchus at the level of the spur between the left upper and 
lower lobes.

On CT scan, the left hilar node is identified between the 
left upper lobe and left lower lobe bronchus and labeled 
station 11. To sample station 11, a puncture should be 
made along the lateral wall of the left lower lobe bronchus 
at approximately the 9 o’clock position at the level of the 
superior segment orifice of the orifice of the left lower lobe.

(a) (b)

Figure 16.14 (a) Subcarinal adenopathy (station 8) on CT scan. Smear from station 8 demonstrating metastatic renal cell carcinoma (b).
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In the AJCC system, those nodes not included in the 11 
nodal stations described above include the subaortic lymph 
node, station 5; paraaortic lymph node, station 6; parae-
sophageal lymph node, station 8; and pulmonary ligament 
lymph node, station 9. In these instances, TBNA is not rec-
ommended for sampling of periaortic, peripulmonary 
artery lymph nodes or lymph nodes in the AP window, 
which are quite lateral to the trachea. These additional, 
often involved, lymph nodes are more readily sampled by 
transthoracic needle aspiration (TTNA) [4].

While conventional sampling of the 11 nodal stations 
may be performed without serious complication (with the 
exception of station 2 as noted above), particularly in the 
presence of endobronchial abnormalities such as mucosal 
irregularities or widening of the main or secondary carina, 
it is helpful to correlate the proposed puncture site with a 
CT of the chest. Upon review, it will be noted that there will 
exist minor variations in locations regarding the described 
anatomy. CT of the chest will then provide a road map to 
identify involvement of the various stations. It will also be 
noted that stations 1, 3, and 5, defined as the right mediasti-
nal lymph node chain, are often all involved in metastatic 
disease and are difficult to separate from one another. It will 
further be noted that when sampling the AP window, if the 
needle is placed too high, the aorta may be punctured and if 
placed too low, the pulmonary artery may be punctured, 
making it important to puncture station 4 as horizontal to 
the trachea as possible. Puncture of the right upper and 
lower hilar nodes may sometimes result in bloody aspira-
tion because of the proximity of the superior pulmonary 
vein in the case of the right upper hilar node and right main 
pulmonary artery to the right lower hilar node.

As noted above, the range of each station can be variable. 
The important criteria for stations 1 and 2 are that they are 
anterior or posterior to the carina, although they can 
extend from the tip of the carina to the proximal portion of 
the right and left main bronchus, and occasionally to the 
level of the right upper lobe bronchus. The right paratra-
cheal lymph node (station 3) can extend superiorly proxi-
mal to the brachiocephalic artery. The left paratracheal 
station (AP, station 4) can be at the level of the lower tra-
chea at the tracheobronchial angulation or along the left 
main bronchus. When the right upper lobe bronchus is vis-
ible on CT scan, any lymph node anterior to the right upper 
lobar spur is defined as the right upper hilar node. Also, 
nodal stations 9 and 10 can often be seen on CT scan to 
extend below the right middle lobe bronchus. The left hilar 
lymph node (station 11) can be located near the tip of the 
left upper spur or may be as low as the superior segment of 
the left lower lobe [3,37].

This 11-station system, as defined by Wang, is not meant 
to be a major modification of the existing IASLC systems 
[3]. Rather, it is to be utilized as a framework whereby 

endoscopic visualization may be correlated with defined 
lymph node stations in existing traditional systems and cor-
related with CT findings. AJCC stations 1, 2, 3, and 4 are 
combined as station 3 in this system, owing to the fact that 
stations 1, 2, and 3 in the AJCC system are rarely involved 
without involvement of station 4. AJCC stations 5 and 6 can 
be sampled only by TTNA or mediastinotomy and are thus 
eliminated in this 11-station system. Station 7 is expanded 
to include the anterior and posterior carina as well as sub- 
and sub-subcarinal lymph nodes as these are considered 
central mediastinal N2 stations. Stations 8 and 10 may rep-
resent some paraesophageal or pulmonary ligament lymph 
nodes. Only stations 7, 9, and 11 are considered as N1 hilar 
lymph nodes, which is equivalent to station 11 interlobar 
lymph node in the AJCC and ATS systems. Station 5 and 6, 
the right and left main bronchus nodes, are considered as 
N2 mediastinal in our system which are N2 in the ATS 
 system and the most recent AJCC system (Table 16.4).

16.5  TBNA in Mediastinal Diseases

16.5.1 Bronchogenic Carcinoma Staging

We feel that the potential for the most powerful application 
of this technique lies in the staging of bronchogenic carci-
noma. It is well recognized that the spread of bronchogenic 
carcinoma to the mediastinal lymph nodes has a major 
effect on prognosis. Carcinomas of the lung most com-
monly first metastasize to the immediate surrounding seg-
mental and bronchial lymph nodes with eventual extension 
to hilar,  central mediastinal, and, finally, contralateral 
nodes. As the prognostic value of this spread is important, 
not only to the individual patient but also to the study of 
lung cancer, a detailed staging system has been developed 
over the years [38–42]. In 1983, Wang used a 21 gauge flex-
ible needle and a fiberoptic bronchoscope (Olympus 
BF-B3R large channel bronchoscope) to diagnose mediasti-
nal metastases in lung cancer [43]. In 1984, Deborah Shure 
performed TBNA in 134 patients with suspected 

Table 16.4 Comparison of Wang’s map and the IASLC map

Wang’s map IASLC map Stage of LN

Station 1, 3, 5 4R N2

Station 4, 6 4L N2

Station 2, 8, 10 7 N2

Station 7, 9 11R N1

Station 11 11L N1

IASLC, International Association of the Study of Lung Cancer; LN, 
lymph node.
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 bronchogenic carcinoma using the same method, confirm-
ing the safety and efficacy of the technique. Moreover, 
Shure identified two groups of people most likely to be pos-
itive: patients with endobronchial tumors and those with 
an abnormal carina at bronchoscopy [44]. Afterwards, 
TBNA was widely used and gradually replaced more inva-
sive procedures in diagnosing mediastinal nodules.

The success rate of TBNA depends on several factors: the 
size of the nodes sampled, the location of lymph node, 
malignant involvement of the node, the number of aspi-
rates performed and the use of the rapid on-site cytological 
evaluation system (ROSE) [45]. It is important to point out 
that, in the process of TBNA, skip lymph node metastasis 
may occur, so examination of N2 and N3 lymph nodes is 
recommended even if N1 is negatively malignant. Lymph 
nodes should be biopsied in the order of N3 to N2 to N1 
station and each nodal station should be considered for 
possible needle aspiration to improve the accuracy of 
TBNA [46,47]. In terms of prognostic analysis, N1 is 
divided into N1 at a single station (N1a) and N1 at multiple 
stations (N1b); N2 is divided into N2 at a single station 
without N1 involvement (“skip” metastasis, N2a1), N2 at a 
single station with N1 involvement (N2a2), and N2 at mul-
tiple stations (N2b), the latest IASLC staging system [35].

The seventh edition of the TNM system has now transi-
tioned to the eighth edition of the AJCC/UICC – International 
Staging Project of the IASLC [34,48]. This revised staging 
system has been adopted by the AJCC and the International 
Union Against Cancer. They have recommended that each 
patient with bronchogenic carcinoma should receive a clini-
cal diagnostic staging to aid in their treatment and progno-
sis. As reviewed in the relevant anatomy section, the 11 
nodal staging system is not in conflict with the 8th edition of 
the IASLC system of staging, but is a modification to allow 
bronchoscopists to easily correlate endoscopic landmarks 
with CT imaging to improve the diagnostic yield of TBNA 
and thereby staging without more invasive operative proce-
dures, such as mediastinotomy or thoracotomy.

Although it has been suggested that CT or MRI may be a 
way of noninvasively staging the extent of disease, an exten-
sive review of the literature in 1994 by Grover concluded 
that the use of CT in the staging of N2 disease had a sensitiv-
ity of 70–90%, specificity of 60–90%, and an accuracy of only 
66–90%, depending on the definitions used for determining 
negative or positive adenopathy and on subsequent follow-
up with surgical staging [49]. Building on advances in both 
nuclear medicine and CT imaging, integrated positron emis-
sion tomography with CT (PET/CT) has shown improve-
ment in noninvasive staging in relation to T, N, and M 
staging. A review of pooled data for N-staging demonstrated 
an accuracy of 87% versus 82% for PET and 73% for CT [50].

As noted in the Lung Cancer Guidelines published by 
the American College of Chest Physicians in 2013, the 

 noninvasive staging of bronchogenic carcinoma provides 
important information utilizing both CT and PET imaging 
[51]. CT scanning is noted to provide anatomical detail, 
with PET scanning having improved sensitivity and speci-
ficity compared to CT. However, as noted in the guidelines, 
abnormal imaging must be confirmed by tissue to assure 
accurate staging.

As “tissue is the issue,” TBNA by flexible bronchoscopy is 
both sensitive and specific in the sampling for mediastinal 
involvement [52,53]. The sensitivity and specificity of TBNA 
have been well documented in the literature [44,54–58]. In 
a seminal prospective study by Wang et al., the diagnostic 
yield was 89.3% for mediastinal lesions and 45.6% for those 
lung lesions without abnormal mediastinal or hilar areas 
[57]. The overall diagnostic rate was 68.1%. Although lower 
yields have been reported, a series of complementary edu-
cational interventions to promote consistency in TBNA per-
formance over a three-year period at Indiana University 
and the Bowman-Gray School of Medicine demonstrated a 
significant increase in TBNA yield from 21.4% to 47.6% [59]. 
Subsequent investigations have confirmed that increased 
experience with TBNA results in increased yield [60,61].

Thus, by combining the information gleaned from evalu-
ation by synergistic imaging techniques and during endo-
scopic evaluation, the most contralateral nodal station to 
the supposed primary is first sampled, prior to any border-
ing adenopathy or complete tracheobronchial inspection. 
This will allow for the least chance of possible contamina-
tion of the working channel and needle before attempting 
to sample more adjacent adenopathy or the lesion itself. 
A positive diagnosis from the most contralateral adenopa-
thy will effectively stage the patient. Although a negative 
aspirate at a particular station does not completely rule out 
that nodal station’s involvement as expressed in the sensi-
tivity of the procedure, however, false positives have been 
rarely reported [62]. We believe the proper application of 
TBNA is a reliable and effective, minimally invasive tool in 
the staging of bronchogenic carcinoma.

16.5.2 Submucosal and Intraluminal Lesions

Transbronchial needle aspiration is useful in the diagnosis 
of intraluminal masses, necrotic, or submucosal lesions 
[43,63]. This is best exemplified by those tumors that are 
more vascular in nature or tend to bleed easily, such as car-
cinoids. In this instance, the needle puncture will cause 
less bleeding than brushing or biopsy techniques. TBNA 
may also be used to sample necrotic or submucosal lesions 
without repeatedly sampling the superficial necrotic area 
or normal mucosa (Figure 16.15).

Shure and Fedullo studied 31 patients with endobronchial 
lesions using a combination of wash, brush, forceps, and 
TBNA techniques. They found that a successful diagnosis 
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was obtained in 71% with TBNA alone [54]. A subsequent 
study under the direction of Mehta’s bronchoscopy suite by 
Dasgupta et  al. revealed that TBNA was able to provide a 
diagnosis in 95.6% of patients with endobronchial lesions, 
surpassing the combined yield of all other procedures [64]. 
The comparison of CDT (conventional diagnostic proce-
dures), which included forceps biopsy, wash, and brush plus 
the utilization of TBNA in patients with exophytic mass 
lesions, submucosal disease, and peribronchial disease, was 
again reviewed in 2005 [65]. This review of 115 lung cancer 
cases from 2001 to 2003 demonstrated an overall significant 
improvement in the diagnostic yield when TBNA was per-
formed in addition to CDT (p <0.001). Also, the increased 
sensitivity in peribronchial disease with TBNA, from 52% to 
87% (p <0.001), was statistically significant, with a notable 
improvement in sensitivity in exophytic mass lesions and 
submucosal disease from 85% to 100% and 84% to 97%, 
respectively.

A larger subsequent retrospective review of 1194 patients 
divided endobronchial lesions into three groups composed 
of endobronchial mass, submucosal lesions, and peribron-
chial disease. When TBNA was added to conventional diag-
nostic methods (forceps biopsy, bronchial brush, bronchial 
lavage), a statistically significant increase in yield was seen 
in the submucosal lesion group (p  =  0.008) and in all 
groups diagnostic sensitivity was increased 60–82% 
(p = 0.001) [66]. The importance of combined diagnostic 
yield including TBNA was again confirmed in a prospec-
tive study of 150 patients with exophytic endobronchial 

lesions. The yield of TBNA, combined diagnostic methods, 
and combined diagnostic methods plus TBNA was statisti-
cally significant (p <0.001), with the yield of TBNA, CDT, 
and TBNA plus CDT being 60.66%, 79.33%, and 84.66%, 
respectively [67].

16.5.3 Lymphoma

Transbronchial needle aspiration can be applied to the 
diagnosis of lymphoma in patients with mediastinal lym-
phadenopathy. Kennedy and colleagues performed a retro-
spective review in 25 patients presenting with mediastinal 
lymphadenopathy who underwent EBUS-TBNA. EBUS-
TBNA had a sensitivity of 90.9%, specificity of 100%, posi-
tive predictive value of 100%, and negative predictive value 
of 92.9% in diagnosing mediastinal lymphoma [68].

16.5.4 Granulomatous Disease

Granulomatous conditions, such as sarcoidosis, can be 
effectively diagnosed by TBNA. Utilizing a cytology TBNA 
needle (22 gauge), Garwood and colleagues enrolled 50 
consecutive patients being evaluated for sarcoidosis [69]. 
In this study, 82 lymph nodes with a median size of 16 mm 
were punctured, demonstrating noncaseating granulomas 
in 85% with a final diagnosis of sarcoidosis.

Granulomatous disease sometimes requires a larger 
biopsy specimen in order to be able to view the proper 
architecture for diagnosis, as suggested by Mehta and 

(a) (b)

Figure 16.15 (a) Endobronchial polypoid lesion obstructing the right main bronchus. (b) Histology of endobronchial lesion derived 
by TBNA demonstrating adenocarcinoma.
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Meeker commenting on the Cleveland Clinic experience, 
to obtain histology specimens with TBNA [45]. TBNA for 
histology core biopsy was performed using the 18 gauge or 
newer 19 gauge histology needle (MW-319). Histology 
samples were judged to be adequate in 25 of these patients, 
with 16 being diagnostic. In these 25 patients, nine proce-
dures were performed to diagnose benign disease; four of 
nine biopsies were diagnostic with two being “exclusively 
diagnostic” of sarcoidosis. The remaining positive sample 
was diagnostic of histoplasmosis. Of the four “nondiagnos-
tic” specimens, one patient was diagnosed with sarcoidosis 
and three were found to have benign conditions (mesothe-
lioma, silicosis, and empyema). There were no false posi-
tives, with the overall positive predictive value of the test 
(including both benign and malignant conditions) being 
100% with a specificity of 100% and sensitivity of 61%.

Morales et al. employed TBNA in 51 consecutive patients 
suspected of having sarcoidosis. In patients with stage I 
and II disease, TBNA was able to establish a diagnosis in 
53% and 48%, respectively, with Leonard et al. combining 
the techniques of transbronchial biopsy, bronchoalveolar 
lavage (BAL), and TBNA for a diagnostic sensitivity of 
100% in sarcoidosis [70,71]. Agarwal et al. commented that 
c-TBNA has been utilized for over three decades, with a 
metaanalysis of published data from 1980 to 2012 demon-
strating a pooled efficacy of 62% and, when combined with 
transbronchial biopsy, a diagnostic yield of 83% [72]. 
Trisolini et al. again published in 2008 that standard TBNA 
allowed successful lymph node sampling in nearly all 
patients, with nonnecrotizing granulomas observed in 79% 
of their patient population [73].

With the introduction of EBUS, comparison studies 
regarding the use of EBUS-TBNA versus c-TBNA have 
been performed. In the GRANULOMA trial in 2013, the 
primary outcome was diagnostic yield for detecting nonca-
seating granulomas in patients with a final diagnosis of 
sarcoidosis. In this study of 304 consecutive patients, the 
yield for the endosonography group was significantly 
higher (80% vs 53%) in those with stage I/II sarcoidosis 
[74]. The comparison between these techniques was again 
studied by Gupta et al. in 2014 where the detection of gran-
ulomas was the primary outcome [75]. In a subsequent 
review of Gupta et al.’s study, the authors commented that 
the yield of c-TBNA to endobronchial biopsy and trans-
bronchial biopsy was similar to EBUS-TBNA plus trans-
bronchial biopsies and urged that operators should be 
aware of the importance of adding all available bioptic 
techniques to reach the optimal yield [76]. A recent study 
from Gasparini’s group looked at 253 patients randomized 
to c-TBNA versus EBUS-TBNA [77].

Although EBUS-TBNA may be the single best diagnostic 
tool, the favorable cost-effectiveness profile of sequential 

combination from standard procedures has such high 
 success that a staged strategy might be considered in clinical 
practice. Also, with the introduction of the 19 gauge histol-
ogy biopsy needle, TBNA has proven to be useful in the diag-
nosis of benign granulomatous conditions, with one author 
commenting that it may become a preferred procedure in 
conditions such as sarcoidosis, lymphoma, and other condi-
tions presenting with mediastinal mass [1,78,79].

16.5.5 Cystic Lesions

Up to 20% of all mediastinal masses in adults are due to 
cystic lesions whose origins are predominantly pericardial, 
bronchogenic, and enteric [80,81]. Bronchogenic and 
esophageal cysts, as well as possible mediastinal abscesses, 
can be sampled easily for diagnosis, and using needles with 
excellent suction ability (e.g., MW-122) therapeutic aspira-
tion may also be accomplished [1,79,82–84].

Mediastinal cysts result from anomalous budding of the 
primitive foregut and early tracheobronchial tree and con-
stitute up to 9% of all primary mediastinal tumors in surgi-
cal series [85–87]. Each type of foregut cyst has typical 
histological features and characteristic anatomical loca-
tions within the chest and may present as an incidental 
finding on chest films or routine esophagrams [88]. 
Distinction between types of congenital cysts is sometimes 
difficult, however, as they share overlapping anatomical 
locations and histological features [81]. Also, when inflam-
mation and hemorrhage occur in the foregut cyst, the type-
specific lining may be replaced by nonspecific granulation 
tissue, with nonspecific cysts accounting for 17–20% of all 
foregut cysts [85,89].

Bronchogenic cysts are the most common intrathoracic 
foregut cysts, accounting for 54–63% of cases in surgical 
series [85,88,89]. Early in embryogenesis, the lung begins 
as a ventral diverticulum that arises from the primitive 
foregut. This diverticulum then undergoes a series of bud-
dings that result in the tracheobronchial tree and alveoli. 
Aberrant buds give rise to cystic structures that may or may 
not communicate with the bronchial tree and rarely occur 
in an endobronchial location [81,89]. These bronchogenic 
cysts are typically lined by ciliated columnar epithelium 
and pseudostratified squamous epithelium and may also 
contain bronchial glands or bronchial cartilage [81,88,89]. 
Bronchogenic cysts may be either parenchymal or medias-
tinal in location and most commonly occur in paratracheal, 
carinal, hilar, and paraesophageal sites.

Esophageal duplication cysts are uncommon and consti-
tute 0.5–2.5% of all esophageal masses and 10–15% of all 
alimentary tract duplications [90,91]. Most esophageal 
duplication cysts are discovered in children, but up to 
25–30% are not found until adulthood [90].
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The primitive foregut begins to elongate at about the 
fourth week of embryological development with the prolif-
eration of lining cells producing a nearly solid tube. By the 
sixth week, however, small holes or vacuoles begin to arise 
in the tube and coalesce to form the lumen of the esopha-
gus. Duplication cysts arise when isolated vacuoles fail to 
coalesce with the rest of the lumen [86,88,90,91].

Histologically, esophageal duplication cysts contain a 
double layer of smooth muscle without cartilage [81]. They 
may also contain gastric mucosa leading to peptic ulcera-
tion or hemorrhage [81,88]. Technetium 99m sodium 
pertechnetate scans show uptake of tracer in some duplica-
tions, indicating the presence of ectopic gastric mucosa 
[92]. Esophageal duplication cysts may be found adjacent 
to the esophagus throughout its course, with 60% located 
around the lower third of the esophagus. The remainder 
are found near the upper or middle third of the esophagus 
in equal numbers [90]. Although a paraesophageal loca-
tion is common for duplication cysts, they may also be 
intramural in location.

Neurenteric cysts are part of the split notochord syn-
drome, which occurs when a portion of the yolk sac and 
primitive foregut herniates through a gap and attaches 
itself to the dorsal ectoderm or primitive skin tissue [88]. 
Neurenteric cysts have a smooth muscle wall, similar to the 
gastrointestinal tract, but a variable epithelial lining. 
Associated spinal defects such as hemivertebrae, butterfly 
vertebrae, and scoliosis are common, usually with the posi-
tion of the cyst below the vertebral abnormality [88,93]. A 
connection may or may not exist between the neurenteric 
cyst and the thoracic spine meninges, but communication 
with the actual subarachnoid space is unusual.

Although usually asymptomatic, mediastinal cysts may 
produce symptoms by compressing adjacent structures, 
such as the esophagus with resultant dysphagia, or the tra-
cheobronchial tree leading to dyspnea or persistent cough. 

Bleeding or infection may cause the cyst to enlarge, exacer-
bating symptoms [90].

The majority of benign mediastinal cysts have a charac-
teristic CT appearance as a well-defined, cystic mass, with 
homogeneous low CT attenuation in the range of water 
density (0–20  Hounsfield units, HU) (Figure  16.16). The 
cystic mass shows a thin or imperceptible wall and demon-
strates no enhancement with intravenous contrast injec-
tion. A number of other disease processes may produce 
mediastinal masses with low CT attenuation. They include 
metastases from testicular tumors, cystic metastases from 
ovarian or gastric cancer, abscesses, resolving hematomas, 
treated or untreated lymphoma, hydatid cysts, lymphoce-
les, seromas, and some neurogenic tumors [94,95]. The CT 
attenuation of these masses is rarely as low as water den-
sity, and mediastinal masses seldom fulfill the other CT 
criteria for diagnosing a benign mediastinal cyst [79,96,97].

Although most benign mediastinal cysts demonstrate CT 
attenuation values in the range of 0–20 HU, occasionally a 
mediastinal cyst will be found with a higher CT density 
than water. This is most often due to the presence of milk 
of calcium, proteinaceous fluid, mucus, or blood debris 
within the cyst [98–100]. One can often suspect the correct 
diagnosis of benign mediastinal cyst, however, even in 
these cases because of the characteristic shape and location 
of the lesion, its homogeneous appearance, and the com-
plete absence of contrast enhancement [101].

Magnetic resonance imaging (MRI) appearances of the 
mediastinal cysts include the presence of a well-defined, 
rounded mass in the middle and posterior mediastinum 
[102,103]. MRI may also demonstrate the presence of hem-
orrhage in some mediastinal cysts.

When the presumptive diagnosis of a benign mediastinal 
cyst is made with imaging procedures, the asymptomatic 
individual or elderly patient may be followed conservatively 
with serial CT examinations to ensure stability of the size 

(a) (b) (c)

Figure 16.16 (a) A right paratracheal mass with CT features of benign mediastinal cyst with homogeneous attenuation measuring 
10–20 HU is identified. (b) Dr Ko-Pen Wang preparing a bronchoscope for diagnostic-therapeutic TBNA of a right paratracheal mass. 
(c) The paratracheal cyst was drained, obtaining serous fluid via TBNA aspiration. Source: Courtesy of CDR, Robert Browning, MD.
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and character of the lesion over time. A more definitive 
answer, however, is required when the patient is sympto-
matic, if signs and symptoms suggest possible malignancy, 
or the lesion changes in size or shape over time. 
Abnormalities in the paratracheal and carinal areas have 
traditionally been diagnosed and treated with mediastinos-
copy or thoracotomy, but by utilizing transbronchial or 
transesophageal needle aspiration, both diagnosis and ther-
apy may be accomplished [1,79,82,83,96,104]. This applica-
tion of TBNA was well described by McDougal and Fromme, 
who reported a patient with severe airway obstruction from 
a subcarinal cyst complicating ventilation during general 
anesthesia. They elected to decompress the cyst via flexible 
bronchoscopy, allowing for more effective ventilation dur-
ing general anesthesia [84]. This technique was also utilized 
in a patient with central airway stenosis secondary to a 
mediastinal cyst using a 22 gauge TBNA needle and without 
recurrence at one-year follow-up [105]. A review regarding 
the use of TBNA in bronchogenic cysts in 2015 found 26 
studies encompassing 32 patients where bronchoscopy and 
TBNA were used either by conventional or ultrasound guid-
ance [106]. Follow-up details were available for 14 patients 
for 14 months who were all without recurrence. 
Complications were seen in 16.1%, with four infections and 
one episode of bradycardia after TBNA, none of which were 
life-threatening.

The procedure is performed in the operating room or 
endoscopy suite with conscious sedation utilizing an opi-
oid and benzodiazepine, such as fentanyl and midazolam, 
along with sequential topical anesthesia of the nasal cavity, 
nasopharynx, and oropharynx with 2% Xylocaine [107].

Based on the CT findings, the flexible bronchoscope is 
introduced to the appropriate level. The biopsy sheath sys-
tem, consisting of a semitransparent polyethylene sheath 
120 cm long with an attached 18, 21, or 22 gauge needle, 
12 mm in length (ConMed, Utica, NY), is passed through 
the scope until the needle projects just beyond the end of 
the scope. The stylet is retracted slightly and the needle 
aimed at the target site. The stylet is then further retracted 
and the cyst is aspirated using a 30 or 50 mL syringe con-
taining 3 mL normal saline or Hank’s balanced solution 
attached to the proximal Luer-lock port. Cytopathology 
and cultures of the aspirated material are obtained [107]. A 
follow-up CT examination of the mediastinal lesion is used 
to determine the success of the aspiration procedure and 
exclude complications such as bleeding, abscess formation, 
or pneumomediastinum.

16.5.6 Infectious Disease

Transbronchial needle aspiration has also proved valuable 
in the diagnosis of infectious disease (Figure 16.17) [108–110]. 

Harkin et al. performed 44 procedures in 41 HIV-infected 
patients with mediastinal or hilar adenopathy in 1998. 
Mycobacterial disease was present in 52% of these patients, 
with TBNA providing the diagnosis in 87%. A follow-up 
study in 2006 reviewing a 15-year experience showed that 
TBNA had a yield of 82% in mycobacterial disease and 75% 
in fungal disease, and provided the only diagnostic speci-
men in 35% of cases [111,112]. TBNA has also been useful 
in the diagnosis of additional infections, including 
Pneumocystis carinii, histoplasmosis, and cryptococcus 
[5,113].

16.5.7 TBNA in Peripheral Pulmonary 
Lesions

Since the publication of the third edition of Flexible 
Bronchoscopy, TBNA in the diagnosis of peripheral pulmo-
nary lesions (PPLs) has been more widely utilized, with the 
supplementary use of image guidance techniques, such as 
radial ultrasound, electromagnetic navigational bronchos-
copy, and virtual navigation (Figure 16.18). PPLs, particu-
larly solitary pulmonary nodules without evidence of 
mediastinal adenopathy, are the most often approached for 
diagnosis by TTNA or excisional biopsy by video-assisted 
thoracoscopic surgery (VATS) procedure or traditional 
thoracotomy.

In 1984, Wang performed TBNA in 20 patients with 
unexplained nodules and masses to determine the role of 
TBNA in the diagnosis of PPLs. Lesions were approached 
first by brush and forceps, followed by TBNA. TBNA 
showed significant higher diagnostic yield than forceps 
biopsy, bronchial brushing, or the combined yield of for-
ceps biopsy and brushings [114,115]. Interestingly, Wang 
found the diagnostic yield of needle brush was significantly 
higher than regular brushing and forceps, even higher than 
TBNA [115]. Compared to regular brushings, the tip of the 
needle brush was sharpened to a point, which gave it pen-
etrating ability and a larger surface to trap cells.

Then in 1994, Wang et al. published a prospective study 
of 329 patients undergoing TBNA for cytology or histology 
where TBNA was found to establish the diagnosis of malig-
nant or benign disease in 68% [57]. Of those lesions limited 
to the periphery, without mediastinal involvement, the 
diagnostic yield of TBNA was 45.6%. While the diagnostic 
yield of TTNA, compared with TBNA, in those pulmonary 
lesions without mediastinal or hilar involvement was 
greater, at 66.7%, the rate of pneumothorax complication 
was much higher, and the authors concluded that in those 
patients having pulmonary lesions without mediastinal or 
hilar involvement, TBNA should be considered first. It 
should also be noted in this study that 8.8% of diagnosis by 
TBNA was of benign lesions. Of these 20 benign diagnoses, 
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16 were sarcoidosis (80%), two were bronchogenic cysts 
(10%), one was mycetoma (5%), and one was due to tuber-
culosis (5%). In evaluating a peripheral lesion for the utility 
of TBNA, the sensitivity of the technique will often be 
related to the tumor–bronchus relationship, the size of the 
target, and the location in the pulmonary field.

Tsuboi classified lung carcinomas into four types accord-
ing to their relationship with the bronchus [116]. In Type I, 
the bronchial lumen is patent up to the tumor mass, and 
tumor tissue is exposed to the lumen. In Type II, the tumor 
tissue is exposed to the narrowed bronchial lumen. In Type 
III, a bronchus is compressed by the tumor and its lumen is 
narrowed, with tumor tissue not directly exposed to the 
bronchial lumen. In Type IV, the proximal portion of the 
involved bronchus is narrowed by infiltrating tumor, 

 making it impossible to insert a curette through the 
 narrowed bronchus [116]. Brush, forceps, curette, and nee-
dle can all directly approach a tumor mass in Types I and 
II, so these techniques could provide a diagnosis. In Types 
III and IV, TBNA shows diagnostic advantages when no 
direct procedure is available (Figure 16.19). In Type III, the 
needle can penetrate the tumor mass while in Type IV, the 
needle can pierce the proximal obstructed bronchus and 
reach the distal tumor [114]. The role of TBNA in each of 
these classifications is beneficial and additive to traditional 
cytology and transbronchial forceps, which cannot pene-
trate the bronchial wall. Nodule size is correlated with 
diagnostic yield of TBNA as well. For lesions less than 2 cm 
in  diameter, bronchoscopic yield was reduced compared 
with those exceeding 2 cm [114].

(a)

(b) (c)

Figure 16.17 (a) CT scan demonstrated mediastinal adenopathy at stations 4R and 7 with subsequent TBNA of a station 4R lymph 
node. (b) TBNA smear and (c) histology from station 4R showed coccidiomycosis.
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Baaklini et al. studied the effectiveness of TBNA, taking 
into account the location of the lesion (outer one-third ver-
sus inner two-thirds) in the pulmonary parenchyma and the 
size of the lesion [117]. They found that overall, the diagnos-
tic accuracy of bronchoscopy in malignant and benign 
lesions was 64% (97 of 151) and 35% (9 of 26), respectively. 
The ability to obtain a diagnosis was related to the size of the 
lesion (p <0.001) and distance from the hilum. Lesions less 
than 2 cm had a diagnostic yield of 14% (2 of 14) when 
located in the peripheral one-third versus 31% (5 of 16) when 
located in the inner two-thirds of the lung.

In 1999, in a review of TBNA use at the University 
Hospital in Basel, Switzerland, Reichenberger et al. utilized 
TBNA in the diagnosis of PPLs in 172 patients [118]. In 87 
patients (51%), a final diagnosis was established by bron-
choscopy, with TBNA used in 152 of the 172 patients (89%). 
TBNA demonstrated a positive result in 35% of cases, in 

comparison to 17% for transbronchial biopsy, 22% for bron-
chial washing, and 30% for bronchial brushing. TBNA was 
diagnostic in 27.5% of malignant lesions less than 3 cm in 
diameter and in 65% for lesions greater than 3 cm. The use 
of TBNA increased the diagnostic yield of bronchoscopy 
from 35% to 51% without additional risk of complications.

16.5.8 Advanced Navigation-Guided TBNA

The development of emerging imaging modalities has led 
to renewed interest in TBNA in recent years. EBUS, ENB, 
virtual bronchoscopy (VB), and bronchoscopic transparen-
chymal nodule access (BTPNA) were complementary in 
obtaining a diagnosis via TBNA.

In 2009–2013, researchers used the AQuIRE (ACCP 
Quality Improvement Registry, Evaluation, and Education) 
registry to conduct a multicenter study of patients who 

(a) (b)

Figure 16.18 (a) Chest X-ray demonstrating left upper lobe nodule with TBNA placed for diagnosis. (b) Cytology smear demonstrating 
adenocarcinoma.

Type I

Type IV

Type II

Type III

Figure 16.19 Tumor–bronchial relationship. Source: Reproduced with permission from Dasgupta and Mehta [29].
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underwent transbronchial biopsy for evaluation of periph-
eral lesions [119]; 581 patients in 15 centers were enrolled. 
ENB and radial endobronchial ultrasound (r-EBUS) were 
used to guide peripheral TBNA (Table 16.5). In this study, 
conventional bronchoscopy performed better than guided 
bronchoscopy with diagnostic yields of 63.7% vs 38.5–57% 

[119]. Factors associated with increased diagnostic yield 
included peripheral TBNA, larger lesion size, nonupper 
lobe location, and tobacco use, while ENB was associated 
with lower diagnostic yield [119]. The results seemed 
counterintuitive, so the researchers proposed multiple 
possible reasons. First, bronchoscopists tended to choose 
the techniques most familiar to them, which means when 
a mass or nodule was easy to reach, it was most likely to be 
diagnosed by conventional bronchoscopy. Second, for the 
same reason, the patients most difficult to diagnose were 
shifted into the guided bronchoscopy group. What’s more, 
if guidance was even slightly inaccurate, physicians may 
be mistaken and get inadequate samples. This study 
revealed the application of conventional bronchoscopy 
and guided bronchoscopy in a real-world setting. Though 
the results were not satisfying, we should still keep inno-
vating advanced techniques and improve diagnostic 
performance.

16.5.9 EBUS-TBNA

Endobronchial ultrasound using a radial probe is a tech-
nique capable of detecting small mediastinal lymph nodes 
and was reported to have a pooled sensitivity of 88–95% 
and a pooled specificity of 100% in mediastinal lymph node 
diagnosis and lung cancer staging [120–122].

Compared with c-TBNA, EBUS-TBNA has several advan-
tages. First, EBUS-TBNA provides real-time targeting of 
the lymph node, and successful positioning of the needle 
tip can be confirmed prior to taking the specimen [120,123]. 
Second, longer needles and a greater range for biopsy lead 
to collection of more biopsy material [123]. The major 
drawback of EBUS-TBNA is its limited access to subaortic 
and paraesophageal lymph nodes [120]. A more cumber-
some needle and the need to remove the inner stylet com-
pletely before suction are also potential risks [123]. 
EBUS-TBNA requires increased sedation compared with 
c-TBNA, and c-TBNA must be used in addition to EBUS, 
making the procedure more complicated. EBUS-TBNA is 
no replacement of c-TBNA. We suggest choosing EBUS-
TBNA as a priority under following circumstances: (i) 
c-TBNA is nondiagnostic, (ii) the suspected lymph node is 
smaller than 1 cm in diameter, and (iii) when higher para-
tracheal lymph nodes are involved.

Compared with PET and CT, EBUS-TBNA showed the 
highest sensitivity of 92.3%, specificity of 100%, and diag-
nostic accuracy of 98.0% in mediastinal lung cancer staging 
[124]. Its sensitivity and specificity remain high when 
detecting small lymph nodes in the range 5–10 mm, which 
can be used to accurately stage patients with stage I lung 
cancer [123,125].

Table 16.5 Diagnostic yield from individual procedures 
and their combinations

Diagnostic yield by 
bronchoscopy

No (n=269) Yes (n=312) P Value

TBNA on peripheral 
nodule/mass, n (%)

No 236 (48.6) 250 (51.4)

0.01Yes 33 (34.7) 62 (65.3)

Conventional 
unguided peripheral 
TBNA, n (%)v

No 268 (46.9) 303 (53.1)

0.02Yes 1 (10) 9 (90)

Guidance of 
peripheral TBNA: 
convex EBUS, n (%)

No 263 (47) 296 (53)

0.07Yes 6 (27.3) 16 (72.7)

Guidance of 
peripheral TBNA: 
fluoroscopy, n (%)

No 251 (47.4) 278 (52.6)

0.08Yes 18 (34.6) 34 (65.4)

Guidance of 
peripheral TBNA: 
ENB, n (%)

No 251 (46.7) 286 (53.3)

0.45Yes 18 (40.9) 26 (59.1)

Guidance of 
peripheral TBNA: 
radial EBUS, n (%)

No 251 (47) 283 (53)

0.25Yes 18 (38.3) 29 (61.7)

Onsite cytology, n (%)

No 254 (46) 298 (54)

0.55Yes 15 (51.7) 14 (48.3)

Source: Reproduced with permission from Ost et al. [119]. EBUS, 
endobronchial ultrasound; ENB, electromagnetic navigational 
bronchoscopy; TBNA, transbronchial needle aspiration.
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16.6  Electromagnetic Navigation 
Bronchoscopy

Electromagnetic navigation bronchoscopy was first applied 
to humans in 2006 [126]. It was mainly used to diagnose 
peripheral lung lesions [126–128]. The diagnostic yield of 
ENB for peripheral lesions was 60–75% while for lymph 
nodes it was 100% [12,129]. No significant correlation was 
found between diagnostic yield and size or location of 
peripheral lesions or lymph nodes [12]. ENB is generally a 
safe method for detecting both peripheral and mediastinal 
lesions.

16.7  Virtual Bronchoscopy

Virtual bronchoscopy simulations accurately represent 
major endobronchial anatomical findings [130]. VB-guided 
TBNA has high sensitivity and specificity, positive predic-
tive value, negative predictive value, and diagnostic yield in 
diagnosing lung nodules, verified by several studies [131–
133]. When compared with c-TBNA, VB significantly 
increased sensitivity and diagnostic accuracy for sampling 
lymph nodes located farther from the carina, such as para-
tracheal lesions [131].

16.8  Bronchoscopic 
Transparenchymal Nodule Access

Using the CT images of the patients, BTPNA can calculate 
an optimal airway wall point of entry, and an avascular 
path through lung tissue from the point of entry to the soli-
tary pulmonary nodules [134]. This technique is not 
dependent on the need to have an airway leading into the 
lesion; in contrast, it creates a path directly through the 
lung parenchyma. It was first performed in humans by 
Herth, who concluded that BTPNA of solitary pulmonary 
nodules was feasible [134]. Indeed, BTPNA is also an exten-
sion of TBNA.

16.8.1 Complications and Limitations

The use of TBNA overall is very safe with no reported 
major complications. The major complication of TBNA is 
perforation of the working channel of the bronchoscope. 
This can be successfully avoided by close attention to tech-
nique and the needle’s position. Although minor fever has 
been reported after TBNA to approximately 38 °C (100.4 °F), 
blood cultures drawn at five and 30 minutes following 

 needle aspiration were not associated with any clinically 
detectable bacteremia and no antimicrobial prophylaxis 
was felt to be required [135]. A prospective study of 67 
patients who underwent a total of 351 fine needle passes 
with subsequent blood cultures demonstrated no signifi-
cant bacteremia and fever in only 3% [136]. One case of 
purulent pericarditis from polymicrobial mouth flora in a 
patient with multiple myeloma after TBNA of a subcarinal 
mass has been reported, with the patient surviving the 
infection [137]. A second case of mediastinitis and puru-
lent pericarditis, presumed secondary to EBUS-TBNA, was 
presented in abstract form in 2008 [138]. Although the rare 
occurrence of a pneumothorax is associated with puncture 
of the posterior carinal node or with TBNA of a peripheral 
lesion, as well as a case of hemomediastinum after TBNA, 
no major sequelae have resulted [139].

The major limitations of this procedure are of two types 
and are related to equipment and operator experience. 
Damage to the working channel of the bronchoscope was 
reported when nonretractable needles were first utilized 
and although scope damage has been reported with a 19 
gauge needle, careful use of the instruments makes this 
problem unusual [140,141].

The diagnostic sensitivity of TBNA has also been men-
tioned as limiting the usefulness of this technique. A 
detailed understanding by the operator of the target to be 
approached and application of the existing technology, 
however, will serve to increase yield. CT guidance for 
TBNA of mediastinal adenopathy was also evaluated by 
Rong and Cui, who proposed multiple static CT images 
while the patient was undergoing bronchoscopy to localize 
the needle tip location [142]. They reported a significant 
increase in sensitivity, from 20% to 60%, and determined 
that this technique may also increase the specificity of the 
procedure as three patients were found to have mediastinal 
abscesses.

Of course, the synergistic application of EBUS technol-
ogy has made an enormous impact on the utilization of 
TBNA as discussed elsewhere in this work. In addition, as 
noted by Haponik, initially with c-TBNA and now many 
centers with EBUS-TBNA, educational initiatives to train 
bronchoscopists in these techniques are successful in 
increasing operator performance [59,143–145]. Therefore, 
it is incumbent upon the bronchoscopist to understand the 
technical and prognostic implications of TBNA for benign 
and malignant disease and in the staging of bronchogenic 
carcinoma and to work closely with the pathologist in the 
interpretation of these results. It is standard practice in our 
bronchoscopy suites for the bronchoscopy technicians to 
be specially trained in the smear technique and for the 
bronchoscopist to consult with the attending pathologist 
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regarding the facts of the case and subsequently review 
their own cytological and histological material. This is to 
assure that the bronchoscopist and cytopathologist are 
clear as to the specimen’s station of origin, as well as the 
adequacy of the specimen obtained.

Diette and Davenport have concluded that the availabil-
ity of ROSE by a cytopathologist improved the diagnostic 
yield when sampling lung nodules or hilar and mediastinal 
adenopathy [146,147]. A subsequent study by Baram et al. 
of 44 bronchoscopies with TBNA showed that the diagnos-
tic sensitivity (79–98%), accuracy (85–99%), and procedural 
time were similar between those procedures performed 
with and without ROSE; however, fewer additional biop-
sies allowed for a decrease in use of radiology and pathol-
ogy resources [148].

The number of punctures performed with the TBNA 
technique to obtain the maximum yield has also been 
reviewed. Shure recommended at least three TBNA aspi-
rates for each target site, consistent with original reports 
by Wang [55,149]. In a prospective study of 79 patients, 
Chin et  al. performed 451 aspirates with a mean of 5.7 
aspirates per patient and a positive diagnosis of malig-
nancy in 57% [150]. It was notable that in patients where 
ROSE was used (55 patients), a positive diagnosis was 
obtained in 71%, versus 25% (six patients) where ROSE 
was not employed. Importantly, 77% of diagnostic aspi-
rates for malignancy were obtained in the first four 
attempts, and 93% of diagnostic aspirates were obtained in 
the first four attempts at a single nodal location. This study 
demonstrated improved yield from subcarinal (64%) and 
right paratracheal (38%) lymph nodes, with fewer samples 
needed for a diagnosis of small cell carcinoma compared 
to nonsmall cell carcinoma. Herth and Becker, comparing 
c-TBNA to EBUS-TBNA, noted the average number of 
aspirates needed was four with EBUS-TBNA, statistically 
improving the yield [151].

With the use of EBUS-TBNA, Lee et  al. prospectively 
enrolled 106 patients with lymph nodes between 5 and 
20 mm on axial CT scan, judged to be accessible for biopsy 
[152]. The stations approached were the right and left para-
tracheal nodes and subcarinal nodes (AJCC 2 R, L; 4 R, L; 
7) with the medial short axis size on CT scan to be 8.6 mm. 
The sampling adequacy was 90.1% for one aspiration and 
reached 100% for three aspirations. In this study, the posi-
tive predictive value was 100%, with sensitivity and speci-
ficity of predicating mediastinal metastasis being 93.8% 
and 100%, respectively, with the conclusion that optimal 
results can be obtained in three aspirations with EBUS-
TBNA for mediastinal staging of nonsmall cell carcinoma. 
In addition, Kanoh et al. found that using EBUS and a dou-
ble-channel bronchoscope, the mean number of penetra-
tions needed for diagnosis was only 1.24 [153].

Transbronchial needle aspiration must also be utilized 
with a clear understanding of the sensitivity and specificity 
of the technique itself. As discussed above, although false 
positives are not of serious concern with proper technique 
and specimen handling, false-negative results are possible as 
defined by the overall sensitivity of the procedure. In this 
regard, should a negative result be obtained by TBNA and 
there remains a clinical suspicion of malignancy, the patient 
should be referred for more invasive diagnostic or therapeu-
tic procedures such as mediastinotomy or thoracotomy.

16.9  Conclusion

Transbronchial needle aspiration is an essential instru-
ment in the accurate diagnosis of both benign and malig-
nant disease. Moreover, accuracy in the staging of 
bronchogenic carcinoma and the possible therapeutic 
applications, as discussed, make the application of TBNA 
an essential component of the bronchoscopic procedure.
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In 1994 the landmark paper entitled “Staging of broncho-
genic carcinoma by bronchoscopy” was published in Chest 
[1]. This special report to the American College of Chest 
Physicians was a watershed event in the understanding 
and utility of transbronchial needle aspiration (TBNA) in 
the staging of lung cancer and also the culmination of 
years of research and practical experience in this powerful 
technique.

As with many other new ideas and innovations, the his-
tory and genius of discovery in the staging of bronchogenic 
carcinoma and technical leap forward began much earlier. 
Prior to the widespread use of cigarettes, primary lung car-
cinoma was an uncommon condition, recognized as a dis-
tinct disease in 1761 and described as rare by Sir William 
Osler in his first edition of the Principles and Practice of 
Medicine published in 1892 [2,3]. With the subsequent pop-
ularization and widespread use of cigarette smoking, the 
epidemic of lung cancer began, with the association 
between smoking and lung cancer first noted in 1950 by Sir 
Richard Doll and Sir Austin Bradford Hill’s article in the 
British Medical Journal [4,5].

In the United States, a landmark hearing was held on 
January 11, 1964 when Surgeon General Luther Terry 
reported cigarette smoking should be held responsible for a 
70% increase in the mortality rate of smokers over non-
smokers [6]. This was then reinforced by Surgeon General 
C. Everett Koop’s statement in 1986 regarding the health 
consequences of involuntary smoking where he noted sus-
tained exposure to secondhand smoke was equivalent to 
smoking about two cigarettes a day, a very moderate rate of 
cigarette consumption but one that nevertheless increases 
the risk of lung cancer and other diseases [7].

Since 1950, then, the causal link between smoking and lung 
cancer, as well as the recognition of other environmental 

causes of lung cancer, such as radon, have been well docu-
mented [8]. With this, the trend in lung cancer deaths in the 
United States has risen alarmingly, with 433 Americans dying 
of lung cancer every day and global health trends in mortality 
reflected by statistics from China where lung cancer mortality 
has increased by 465% in the past 30 years [9,10].

Before the advent of modern surgical techniques, lung 
cancer was seen as a death sentence, harking back to 
Hippocrates’ assertion that “It is better not to cure hidden 
cancers, for they who are cured quickly perish, whilst they 
who are not cured live longer [11].” This bleak outcome 
began to change in 1951 when Cahan advised that pneu-
monectomy with hilar and mediastinal lymph node dissec-
tion should become standard surgery for patients with lung 
cancer [12]. Subsequently, in 1960, he reported his tech-
nique for lobectomy and regional lymph node dissection in 
the Journal of Thoracic and Cardiovascular Surgery, which 
has become the standard surgical treatment for limited 
lung cancer [13,14].

Then in 1978, Professor Tsuguo Naruke, a recognized 
pioneer of thoracoscopic surgery who practiced at the 
National Cancer Center Hospital in Tokyo for more than 
30 years, described an anatomical map which outlined a 
numbering system for lymph node stations, which became 
widely used for nodal dissection during lung cancer sur-
gery [15]. Professor Naruke’s initial and subsequent work 
profoundly altered our understanding and practice in the 
investigation and treatment of lung cancer.

A fortuitous event then occurred in 1983 with the design 
completion and first publication of the use of the proto-
type needle to perform TBNA through the flexible bron-
choscope [16]. Although TBNA had been developed for 
use with the rigid bronchoscope in 1949 by Eduardo 
Schieppatti from Argentina, the introduction of the 

J. Francis Turner, Jr.1,2 and Ko-Pen Wang3

1 Division of Pulmonary and Critical Care Medicine, University of Tennessee Graduate School of Medicine, Knoxville, TN, USA
2 National Supercomputing Institute, University of Nevada, Las Vegas, NV, USA
3 Division of Pulmonary and Critical Care Medicine, Johns Hopkins Bayview Medical Center, Johns Hopkins University School of Medicine, Baltimore, MD, USA

Staging of Bronchogenic Carcinoma
Our Path from 1994 to the Present



Flexible Bronchoscopy252

 flexible bronchoscope prototype by Professor Shigeto 
Ikeda in 1964, together with the use of the flexible trans-
bronchial needle, revolutionized what was to become the 
standard for the diagnosis and staging of bronchogenic 
carcinoma [17–25].

In the two decades from the early 1970s through the 
1980s, the American Joint Commission on Cancer, 
Naruke, and Mountain went on to describe a clinical stag-
ing system for carcinoma of the lung based on anatomical 
locations of hilar and mediastinal lymph nodes [26–29]. It 
was during this period that the need for adequate staging 
of mediastinal adenopathy in bronchogenic carcinoma 
was widely recognized and the synergy between the flexi-
ble bronchoscope and utilization of TBNA was initially 
reported [30–34].

This brief historical review, then, brings us to the land-
mark publication in 1994 detailing the staging of broncho-
genic carcinoma by bronchoscopy [1]. This special report 
was meant to incorporate the philosophies and differing 
perspectives of the existing staging systems and provide a 
practical approach for the application of transbronchial 
needle aspiration through the flexible bronchoscope. This 
1994 report described a detailed lymph node staging sys-
tem whereby information gathered from radiological imag-
ing, notably computed tomography (CT) of the chest, with 
bronchoscopic imaging and understanding of the relevant 
anatomy and tracheobronchial landmarks would allow a 
more precise and accurate staging technique to guide the 
selection of treatment and additional clinical investiga-
tions. This staging system encompassed the development 
of four bronchoscopic sections based on bronchoscopic 
views and prior CT imaging. These four bronchoscopic sec-
tions are anatomically recognized at the:

1) lower trachea near the carina
2) right main bronchus near the right upper lobe orifice
3) bronchus intermedius near the middle lobe orifice
4) left main bronchus near the lower and upper lobe spur.

These four sections include the 11 nodal stations, which 
are accessible to the flexible bronchoscope and predate the 
subsequent description by the International Association 
for the Study of Lung Cancer (IASLC) of seven nodal zones 
and 14 lymph node stations [35]. Although very sensitive 
and specific in trained hands, flexible conventional TBNA 
(cTBNA) did not gain widespread use among pulmonolo-
gists owing to the variability of yield in different studies. 
However, with improvements in equipment, the synergy of 
developing technological advances with core TBNA tech-
niques rapidly progressed over the subsequent three 
 decades. In the late 1980s, innovators such as Becker in 
Germany and Miyazawa in Japan, working with the 
Olympus Corporation, developed miniaturized radial 

ultrasound scanning probes which were then adapted to a 
hybrid technology, resulting in Yasufuku’s publication in 
2004 of lymph node staging with the linear ultrasound 
bronchoscope [36–48].

With the introduction and concurrent utilization of 
endobronchial ultrasound, TBNA is now seen to be the 
most reliable diagnostic, staging, and restaging tool for 
patients with lung malignancy and mediastinal adenopa-
thy. Practitioners of this art, however, must understand 
that “TBNA is TBNA,” and the concurrent use of ultra-
sound would not be beneficial without the cytological and 
histological material obtained with needle aspiration. As 
with any new technology, the use of additional medical 
equipment needs to be validated as to the principles above. 
We feel that endobronchial ultrasound has advanced the 
application and use of TBNA and reflect that this synergy 
and resultant marked increase in TBNA performance have 
occurred owing to several reasons.

First, the utilization of endobronchial ultrasound is anal-
ogous to buying a new car with GPS. You would not ordi-
narily use this feature when driving to a destination that 
you are familiar with, but if you have to navigate to a more 
precise destination in your city or somewhere you have 
never been, then the GPS may be invaluable. This is similar 
to understanding that mediastinal anatomy and lymph 
node distribution have a fixed relationship, much as the 
post office down the street does not move and so GPS is 
superfluous, but driving to the new car dealership across 
the state or trying to locate a 0.5 cm 12R node may be aided 
by GPS or endobronchial ultrasound, respectively. Thus, if 
your target is a 2 cm subcarinal node, then conventional or 
ultrasound-assisted techniques likely will be equally effec-
tive in trained hands. If the target is small or if you infre-
quently perform needle aspiration, then endobronchial 
ultrasound will provide reassurance both anatomically and 
psychologically that you are performing the aspiration in 
an optimal position. The fixed relationship of mediastinal 
and hilar adenopathy allows the performance of conven-
tional techniques without significant occurrence of com-
plications, in contrast to our prior description of esophageal 
needle aspiration where ultrasound is a necessity owing to 
the uniform endoscopic features of the esophagus in rela-
tion to mediastinal adenopathy [49].

Second, the endobronchial ultrasound (EBUS) scope 
helps to simplify the mechanical technique of TBNA. 
When you inspect a conventional flexible scope compared 
with the ultrasound scope, you will note that the distal por-
tion of the EBUS scope is larger and stiffer, with the needle 
being deployed at a 30° angle upon exiting the scope. This 
helps both to stabilize the needle and guide and provide the 
angulation to better position the needle for puncture 
between the cartilaginous rings. In addition, unlike a 
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 conventional bronchoscope where the working channel 
opens at the 3 o’clock or 9 o’clock position, the exit of the 
working channel in the EBUS scope is in the midline, 
allowing the needle to puncture directly into the center 
mass of the target.

Third, many courses have been developed to teach TBNA 
with the assistance of ultrasound. This has increased the 
visibility and use of TBNA at a point in history where, with 
advances in surgical technique (video-assisted thoraco-
scopic surgery [VATS] and sublobar resection for some 
patients) and new therapies such as immunooncology (IO), 
the importance of proper staging and delineation of cell 
type has been recognized to be of paramount importance.

Thus, the technology of EBUS allowing easier applica-
tion of definitive diagnosis and staging by TBNA has 
improved the understanding and performance of trans-
bronchial needle aspiration.

As we stepped into the new millennium with bronchos-
copy and image-guided needle aspiration, so we also 
entered a new era of understanding lung cancer as regards 
its genetic and molecular characteristics [50]. With the 
increased hope for conventional and targeted therapy in 
the treatment of lung cancer, the utility and power of bron-
choscopy and TBNA for diagnosis and staging performed 
by conventional or image guidance means it is often the 
initial investigation for patients with suspected lung cancer 
and abnormal CT imaging [51].

As the role of lung cancer staging and molecular diagno-
sis becomes more central in support of personalized ther-
apy for patients, the bronchoscopist’s understanding of the 
anatomical locations of stations, ultrasound, other imaging 
characteristics, lymph nodes (such as with elastography), 
adequacy and limitations of techniques, and the volume of 
specimens required need to be put in perspective.

Acknowledging that there is a learning curve for both 
conventional and image-guided transbronchial needle 
aspiration, we believe that a hybrid method incorporating 
techniques from both procedures will best serve our 
patients by incorporating:

1) careful review of preprocedure imaging with a thor-
ough understanding of mediastinal anatomy and target 
acquisition planning

2) concurrent utilization of the Wang endobronchial lymph 
node map and conventional or EBUS-guided TBNA

3) insight into the difference in classification of mediasti-
nal and hilar lymph nodes between the Wang lymph 
node map and IASLC map

4) review of cytological specimens in real time by a pathol-
ogist or pulmonologist with rapid on-site-evaluation 
(ROSE)

5) adequate sample handling and processing.

Steps 1–3 above require an understanding of the history 
of the anatomical descriptors of lymph node anatomy as 
briefly described in the opening of this chapter, as well as 
appreciation of the real-time bronchoscopic visualization 
in relation to mediastinal anatomy, staging of lymph nodes, 
and ultrasound visualization [24,48,52,53]. Historically, as 
different lymph node mapping systems were developed, 
there were noted to be discrepancies between the 
Mountain–Dresler (MDATS) modification of the American 
Thoracic Society (ATS) map and the Naruke map, leading 
to differing data analysis based on use of different maps in 
Japan, the US, and Europe [52,54–60]. Specifically, patients 
who underwent surgical staging in Japan utilized the 
Naruke lymph node map adopted by the Japan Lung 
Cancer Society, while those outside Japan generally used 
the MDATS staging system [61,62]. The divergence between 
these two mapping stations was noted at the border 
between N1 and N2 lymph node regions, with the principal 
inconsistencies being along the inferior border of the main-
stem bronchus. The Naruke map considers lymph nodes 
along the inferior border of the mainstem bronchus in the 
subcarinal space to be station 10 and, thus, N1 disease. In 
contrast, the MDATS map defined these lymph nodes as 
station 7 and, therefore, N2 disease.

Subsequently, the IASLC worked with the International 
Union against Cancer (UICC) and the American Joint 
Committee on Cancer (AJCC) to reconcile the differences 
between the anatomical boundaries of each lymph node 
station, with the most recent publication being the AJCC 
8th edition cancer staging manual [35]. While the Wang 
endobronchial map describes 11 nodal sites that may be 
readily accessed by TBNA, the 8th edition of the IASLC 
mapping system details seven zones and 14 nodal stations.

With the practical Wang endobronchial map and the 
detailed IASLC staging system, the optimal performance of 
TBNA is to incorporate all available radiological, visual, 
and ultrasound imaging in concert with an understanding 
of the relevance of lymph node staging in the prognosis 
and treatment of bronchogenic carcinoma. As such, we 
feel it is critically important to have some insight into the 
differences between the Wang lymph node map and that 
defined by the IASLC.

The 11 nodal stations correspond to easily identified 
endobronchial landmarks [57] (Figure 17.1). As described, 
when several of these endobronchial stations are grouped 
together, they form a tactical grouping of puncture sites 
that correspond to specific staging zones analogous to the 
IASLC system. This tactical grouping of visually identified 
sites may then be accessed by conventional TBNA or fur-
ther delineated with the use of EBUS. In particular, right 
upper zone mediastinal adenopathy (station 4R) is encom-
passed by Wang stations 1, 3, and 5 and left upper zone 
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adenopathy (station 4L) is incorporated by Wang stations 4 
and 6 (Figures 17.1 and 17.2). Central mediastinal lymph 
nodes in the Wang map, stations 2, 8, and 10, are desig-
nated as being in the subcarinal and lower zone in the 

IASLC map and representing the subcarinal and parae-
sophageal lymph nodes (station 7, 8) (Figure 17.3).

The importance of this detailed understanding of endo-
bronchial and mediastinal anatomy reflects the ongoing 
emphasis on accurate staging and whether a lung tumor 
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Figure 17.1 Wang’s lymph node map and the puncture sites for transbronchial needle aspiration. (a) Wang’s lymph node map; (b) the 
level of the carina; (c) the level of the right main bronchus; (d) the level of the bronchus intermedius; (e) the level of the left main 
bronchus. 1, anterior carinal lymph node; A2, posterior carina; 3, right paratracheal lymph nodes; 4, left paratracheal lymph nodes; 
5, right main bronchus lymph nodes; 6, left main bronchus lymph nodes; 7, right upper hilar lymph nodes; 8, subcarinal lymph nodes; 
9, lower right hilar lymph nodes; tendon, subcarinal lymph nodes; 11, left hilar lymph nodes. Source: Reproduced with permission of 
the Journal of Thoracic Disease from Li et al. [57].

Figure 17.2 The correlation of the right lymph nodes between 
Wang’s and IASLC’s maps. Station 4R in the IASLC map includes 
stations 1, 3, 5 in Wang’s map, belonging to mediastinal lymph 
nodes. Source: Reproduced with permission of the Journal of 
Thoracic Disease from Li et al. [57].

Figure 17.3 The correlation between subcarinal lymph nodes 
on the IASLC maps with the central lymph nodes in Wang’s 
maps. Subcarinal lymph nodes (station 7) in the IASLC map 
coincide with stations 2, 8, and 10 lymph nodes in Wang’s map. 
Source: Reproduced with permission of the Journal of Thoracic 
Disease from Li et al. [57].
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has nodal involvement within or outside the mediastinal 
pleural envelope, the number of lymph nodes affected with 
metastasis, and the affected nodal stations in relation to the 
location of the primary lesion [62,63]. Whether you are uti-
lizing conventional or image-guided TBNA with ultra-
sound or navigational bronchoscopy, it is imperative to first 
position the distal end of the bronchoscope in the endo-
bronchial area of interest. We believe utilizing Wang’s 
endobronchial map allows the bronchoscopist to accu-
rately be positioned “in the zone” as detailed in the IASLC 
map. Once “in thezone,” if you are proceeding forward 
with conventional TBNA, specific puncture sites as 
described may be identified. If you are utilizing EBUS then 
identification of the relevant vascular landmarks and 
lymph nodes may proceed more quickly and efficiently.

As landmarks are identified, whether by endobronchial 
or ultrasound imaging, it is important to note that vessel 
and lymph node location in relation to the airway may vary. 

As shown in Figure 17.4, there are instances where lymph 
nodes may be characterized as being either mediastinal or 
hilar with subsequent patient upstaging or downstaging 
which has been a cause for previous discussions [64].

As thoracic imaging and techniques for lung cancer stag-
ing have evolved, so too has our understanding of the limi-
tations and advantages of differing modalities. CT scanning 
has become standard prior to work-up of lung nodules, 
with pooled data reported to demonstrate a sensitivity for 
staging of the mediastinum to be 0.60 with a specificity of 
0.81. The addition of positron emission tomography (PET) 
improved the accuracy of image-guided staging with a sen-
sitivity and specificity of 0.85 and 0.88, respectively 
[5,65,66]. With the improved sensitivity in imaging, Fisher 
et al. prospectively randomly assigned patients to conven-
tional staging plus PET-CT or conventional staging alone. 
This report of 98 patients in the New England Journal of 
Medicine in 2009 found that the addition of PET-CT 

(a) (b) (c)

(d) (e) (f)

Figure 17.4 Vessel location can vary in relation to the airway (a–c). The lymph nodes on the left (yellow arrow) are classified as 10 L, 
when the left pulmonary artery is used as a landmark for staging. However, these are at station 4R and station 6 levels in Wang’s map. 
The lymph nodes (yellow arrow???) in (d) and (e) should be classified as 10R if the azygous arch is used as a landmark for staging; 
however, these are classified as 4R in the IASLC map or as stations 1 and 5 in Wang’s map. The lymph node (yellow arrow) in (f) could 
be mistaken for 4R if vessels are used as landmarks for staging; however, it is at the level of the lumen of the right upper lobe of the 
bronchus, and so is actually 10 R. If only vessels were visualized, patients with lymph nodes shown in (a–e) would be downstaged, and 
those with the lymph node shown in (f) would be upstaged. Source: Reproduced with permission of the Journal of Thoracic Disease 
from Li et al. [57].
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reduced both the total number of thoracotomies and the 
number of futile thoracotomies and did not affect overall 
mortality [67].

As the combined imaging techniques of PET-CT have 
become more readily available, the synergy of imaging 
with the minimally invasive techniques of transbron-
chial needle aspiration has allowed improved nodal stag-
ing to become increasingly widespread. In the revised 
European Society of Thoracic Surgeons (ESTS) guide-
lines for preoperative mediastinal lymph node staging, 
de Lyn et  al. rightly note there are several techniques 
available for primary mediastinal lymph node staging, 
dependent on local availability and expertise [68,69]. 
These are detailed as:

1) imaging techniques
2) endoscopic techniques
3) surgical techniques.

The working group for the ESTS criteria noted that an 
unforeseen pN2 disease of 10% would be acceptable, as 
after thorough mediastinal staging this unforeseen pN2 is 
mostly single station resectable nodal disease and proposed 
an algorithmic guideline for preoperative mediastinal 
lymph node staging (Figure 17.5) [69].

Why, then, has the increased emphasis on nodal staging 
become so important since 1994?

The answer to this lies in our ongoing examination of the 
definitions of nodal involvement as it relates to stage of dis-
ease, character of nodal involvement, understanding of dif-
fering biology, and genetics of lung cancer with resultant 
improvement in therapy related to enhanced surgical tech-
niques and IO.

First, as regards the anatomical definitions of nodal 
involvement, the location of nodal metastasis is crucial to 
decisions regarding prognosis and therapy. With the modi-
fications to the IASLC staging system in relation to nodal 
zones and nodal stations, important definitions of the ana-
tomical midline are notable for the shift of the mediastinal 
midline to the left paratracheal margin, the so-called medi-
astinal oncological midline [62,69]. This oncological mid-
line importantly affects the upper zone nodal stations, 
being 2R, 2L, 4R, and 4L. With this revised anatomical defi-
nition, a primary lesion on the right side with nodal 
involvement to the right of the oncological midline would 
be classified as having N2 disease whereas a tumor origi-
nating in the left lung and having a lymph node to the right 
of the oncological line would be classified as N3 [69]. This, 
then, may be seen as the difference between a stage IIIA 
and stage IIIB tumor and potentially change the options for 
the delivery of chemoradiotherapy and/or surgery.

Also, the number of lymph node stations involved and 
character of nodal involvement may have prognostic 
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Figure 17.5 Revised ESTS guidelines for primary mediastinal staging. Source: Reproduced with permission of Oxford University 
Press from de Leyn et al. [69].
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 significance. The number of lymph node stations involved 
was retrospectively reviewed by Wei et al. in 2011 and Saji 
in 2013 [63,70]. Wei’s review of 1659 patients divided the 
number of metastatic nodes into four categories ranging 
from absence of nodal metastasis (nN0) to involvement of 
seven or more nodes (nN3). Although outlining limitations 
with their study, they did conclude that location based only 
on pN stage classification had poor discriminative ability 
with regard to the prognosis of nonsmall cell lung cancer. 
They went on to note that pN1 and pN2 patients are prog-
nostically heterogeneous and agreed with the opinion that 
the overall disease burden rather than anatomical location 
of lymph node involvement gives the most important prog-
nostic information. They concluded that despite their study 
limitations, the nN category was a better prognostic deter-
minant and related to overall disease burden.

Characterization of specific nodal stations has also 
been performed, with mediastinal lymph node involve-
ment of N2 nodes being a prognostically diverse group 
[71–75]. Indeed, Sakao et al. in 2010 reviewed 106 patients 
with multilevel N2 disease and concluded they have a 
worse prognosis and that multilevel involvement was also 
a harbinger of occult intrapulmonary metastasis [76]. 
Noted in their methods was the exclusion of bulky medi-
astinal adenopathy (short axis diameter >2.0 cm) owing 
to those patients already being enrolled in chemoradio-
therapy trials.

In addition to anatomical location and level of nodal 
metastasis, the recognition of skip N2 metastasis has also 
been delineated in particular reference to adenocarcinoma 
[77]. This situation arises when patients are found to have 
mediastinal lymph node metastasis without ipsilateral 
peribronchial or hilar lymph node involvement in relation 
to the primary tumor. Skip metastasis occurs in approxi-
mately 20–30% of patients with N2 disease and has a more 
favorable prognosis [78–80]. In Li’s study of 177 patients 
with lung adenocarcinoma, skip metastasis was found in 
45 patients. Skip metastases were also noted to be associ-
ated with acinar subtype, good differentiation, and right 
lung cancer. The recurrence-free survival and overall sur-
vival rates were significantly better in the skip group with a 
five-year recurrence-free survival of 37.4% versus 5.7% 
(p  =  0.005) and overall survival of 60.7% versus 32.1% 
(p = 0.024). Li concluded that there are distinct differences 
in clinical pathological features and prognosis in patients 
with or without skip metastasis which may have clinical 
significance for patients with lung adenocarcinoma.

This was further commented upon by Asamura and col-
leagues in the proposal for the 8th edition IASLC Staging 
Project. pN categories were subdivided, with pN1a for a 
single metastasis, pN1b with multiple N1 nodal metastases 
and similarly pN2a and pN2b. Skip metastases were then 

further subclassified into pN2a1 (N2 with single skip, no 
pN1 involvement) and pN2a2 (pN1 and pN2 involvement 
without skip) and pN2b involving multiple nodal metasta-
sis. Of note is that there was a statistically significant differ-
ence in survival between pN2a1 and pN2a2, as well as 
between pN2a2 and pN2b, but there was no difference in 
prognosis between pN1b and pN2a1. This suggests that the 
outcome of patients with pN2a1 involvement without 
nodal involvement in a corresponding N1 region (skip 
metastasis) was close to that of pN1b without nodal 
involvement in the N2 station [61].

Finally, the importance of adequate sampling through 
transbronchial needle biopsy has never been more crucial 
than with the greater understanding of the differing biol-
ogy and genetics of lung cancer and improvement in ther-
apy related to IO.

In 1994, there was a clear understanding that histological 
diagnosis of bronchogenic carcinoma and staging were 
important in the prognosis of patients with lung cancer. At 
that time, characterization of small cell versus nonsmall cell 
lung cancer with the subsequent direction of patients toward 
surgery or chemoradiotherapy was the standard of care. In 
the intervening two decades, rapidly accelerating research 
has given us a window into the genomics of tumor charac-
terization in biology and an opportunity to personalize treat-
ment. Surgery remains the gold standard when the patient’s 
stage of disease permits, although the role of stereotactic 
ablative radiotherapy in patients with limited disease is 
increasing [81,82]. These two modalities have also under-
gone rapid changes with the introduction of more minimally 
invasive surgeries utilizing VATS and great strides forward 
in target localization and delivery of radiotherapy. Despite 
this, until recently, the standard treatment for advanced-
stage nonsmall cell lung cancer has been focused on plati-
num-based two-drug combination chemotherapy. With 
ongoing research, however, we now know that tumors may 
change their microenvironment through soluble factors to 
evade immunological detection and destruction [83,84].

With this, and a better understanding of tumor-specific 
antigens, the use of antibodies and immune checkpoint 
inhibitors has gained an increasing role in the treatment of 
advanced lung cancer [85]. These breakthroughs have 
allowed targeted therapy and checkpoint inhibition to take 
center stage in nonsmall cell lung cancer, depending on the 
stage of disease and targets available for each individual 
patient’s tumor. As such, tissue sampling and adequacy of 
material have become increasingly important.

Transbronchial needle aspiration for cytology and histol-
ogy has long been shown to allow acquisition of adequate 
samples, as demonstrated in noninfectious granulomatous 
diseases and lymphoproliferative disorders, such as sarcoid 
and lymphoma, where histology is key [24,86–88].
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Thus, the importance of adequate tissue acquisition has 
centered around not only the pulmonologist recognizing 
the need for sufficient tissue for immunohistochemical 
analysis, but a continuum of recognizing the sequence of 
targets from which to harvest material, sample review and 
handling, and vigilant husbanding of available cells and 
tissue in recognition of the critical information they may 
contain [89,90]. The central dictum in target acquisition is 
that the operator should obtain samples from the most 
proximal, contralateral troubling node first to allow diag-
nosis and staging concurrently. Subsequent handling of the 
material has also been discussed elsewhere in this text, but 
particular attention should be paid to the amount and qual-
ity of neoplastic cells, selection of markers to be evaluated, 
and careful interpretation of results obtained [91–93]. With 

the developing panoply of available markers, diagnostic 
algorithms have been proposed to allow for careful and 
more efficient use of available samples [94–96].

In conclusion, as we look from 1994 to the present in 
the utilization of TBNA for diagnosis and staging of 
bronchogenic carcinoma, we are more hopeful and 
enthusiastic than when this journey began over 20 years 
ago. The central role that TBNA has played in the diagno-
sis and staging of lung cancer is now recognized as even 
more critically important for the patient in the optimal 
selection of initial treatment planning, restaging, and 
application of therapeutic treatment. We hope that this 
chapter has given some insight into the road that has 
been traveled, and outlined the hopeful path that is yet to 
come [97–100].
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18.1  Introduction

The introduction of the flexible bronchoscope by Professor 
Shigeto Ikeda in 1968 has been followed by major leaps in 
the technology surrounding use of the bronchoscope [1]. 
The technologies being developed that utilize bronchos-
copy as a platform include tools to improve diagnostic yield 
(e.g., radial-probe endobronchial ultrasound [RP-EBUS], 
convex EBUS, electromagnetic navigation [EMN]) as well 
as tools to provide new therapeutic modalities (e.g., airway 
stenting, ablation techniques, bronchoscopic treatments of 
emphysema). This chapter will provide a conceptual frame-
work to classify how advances in basic sciences can be lev-
eraged to improve health-related outcomes in the field of 
interventional pulmonology (IP) [2]. We will discuss the 
steps of the research process involved in translating basic 
science research into clinical practice that improves patient 
and population health. We will use mediastinal lymph 
node staging and the diagnosis of peripheral pulmonary 
nodules to illustrate how this framework can be applied to 
identify knowledge gaps that in turn can be used to drive 
future work.

18.2  Translational Research 
Conceptual Framework

A framework to classify the process of translational 
research has been previously published by Dougherty et al. 
(Figure 18.1) [2]. Initial basic science work is required to 
develop capabilities. In many fields of medicine, this 
focuses on molecular biology techniques but in IP, a 
broader view is more useful. Basic science advances that 
impact the IP field are many and diverse. Advances in 

imaging, robotics, and materials sciences may all poten-
tially help to further the field of IP.

The first translational phase (T1) aims to use these basic 
science advances to address a clinical goal. Studies in this 
phase of research aim to establish clinical efficacy. They 
address the fundamental question, does this intervention 
actually achieve its goal? Initial preliminary studies may 
focus on feasibility, with subsequent studies measuring 
how the new intervention performs compared to the stand-
ard of care. In this phase, appropriate controls are vital, 
and rigorous clinical research methodology is needed to 
prove clinical efficacy.

Establishing clinical efficacy for diagnostic and therapeutic 
interventions is different. For diagnostic tests, the aim is to 
determine the sensitivity and specificity of the intervention 
for a particular disease. On the other hand, the efficacy of 
therapeutic interventions is determined by examining mean-
ingful clinical outcomes (e.g., change in dyspnea, change in 
quality of life, long-term mortality) as well as establishing the 
risk difference between different interventions.

Once clinical efficacy is established, the next translational 
step (T2) focuses on developing evidence that the interven-
tion is truly effective in clinical practice. This includes prov-
ing that the intervention is effective for specific patient 
populations. Types of studies in this phase include clinical 
effectiveness research, comparative effectiveness research, 
and the development of evidence-based practice guidelines. 
Research in this phase will emphasize clinical outcomes in 
well-defined populations. Comparators are also an impor-
tant consideration, since alternative clinical options may 
use totally different approaches (e.g., bronchoscopic biopsy 
versus percutaneous computed tomography [CT]-guided 
biopsy). It is important to highlight the difference between 
clinical efficacy (assessed in the T1 phase) and clinical 
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effectiveness (assessed in the T2 phase). Clinical efficacy 
determines whether the intervention produces the expected 
results under ideal conditions. The results of such initial 
studies cannot be extrapolated to the general population 
given the ideal conditions they were studied in. Clinical 
effectiveness assesses the degree of benefit in real-world 
clinical settings. Comparative effectiveness aims to identify 
which intervention works best in a given clinical context. 
These should be thought of as a continuum rather than 
mutually exclusive entities.

Once clinical effectiveness is established, the next trans-
lational step is to develop methods to reliably deliver the 
intervention in all settings (T3). For research to impact 
patient outcomes in a meaningful way, the knowledge 
gained from T1 and T2 research must be leveraged by 
applying it to larger appropriate patient populations. But 
reliably delivering new interventions in a variety of differ-
ent settings in a manner that cost-effectively improves the 
health of individual patients and populations is not easy. 
This requires measurement of outcomes at the local level, 
measurements of quality, and measurements of cost. 
Implementation science becomes a key consideration, 
since scaling and spread of effective interventions are 
impacted by many factors that are often not addressed by 
the scientific enterprise, including healthcare provider 
training, volume–quality relationships, cost, incentives, 
referral patterns, and coordination of care.

18.3  Challenges to Carrying Out 
Translational Research

Rigorous epidemiology and biostatistics are essential for 
effective translational research. A full discussion of proper 
study design, confounding, modeling, and analysis is 

beyond the scope of this chapter, but there are many suita-
ble textbooks covering this area. It is useful, however, to 
highlight a few clinical research pitfalls that are particu-
larly relevant to IP research.

1) Sample size
2) Selection bias
3) The use of diagnostic yield in studies
4) Limited external validity
5) Publication bias

18.3.1 Sample Size

Small sample size studies are typically underpowered, 
leading to more variability in the outcome than would be 
seen from similar studies with large sample sizes [3]. This 
in turn may prevent us from knowing whether a true effect 
exists and the magnitude of that effect, since even statisti-
cally significant results will have wide confidence intervals 
(CI). An example in the realm of IP would be the attempt to 
implement autofluorescence (AF) bronchoscopy in lung 
cancer screening. The results of small, older studies showed 
highly variable sensitivities and specificities and wide 
 confidence intervals [4–6]. A well-conducted prospective 
observational trial was performed later on with a larger 
number of subjects [7]. The study examined the effective-
ness of AF bronchoscopy in high-risk populations when 
performed alone and when performed in conjunction with 
low-dose CT for lung cancer screening. Two thousand five 
hundred and thirty seven patients were enrolled in the 
study. One-half of the patients (1300 patients) received AF 
bronchoscopy in addition to low-dose CT. AF bronchos-
copy led to 776 endobronchial biopsies being performed in 
333 of the 1300 patients (25.6%). Out of those biopsies, 
AF bronchoscopy detected one carcinoma in situ and four 
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Figure 18.1 Conceptual framework for translational research. Source: Adapted from Dougherty et al. [2], with permission from JAMA.
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carcinomas. Only one carcinoid tumor and one carcinoma 
in situ were not detected on the low-dose CT. This trans-
lates into an incremental value of AF bronchoscopy when 
added to low-dose CT of 2 of 1300 or 0.15% (95% CI 0.0–
0.6%). The results showed an extremely small additional 
benefit for use of AF which would not be cost-effective for 
lung cancer screening [7].

As applied to IP, this is a particular problem because the 
volume of procedures for a particular disease may be small 
for any single institution, making patient accrual slow and 
cumbersome. The solution to overcome this is to establish 
multicenter collaborative groups.

18.3.2 Selection Bias

Selection bias occurs when a conclusion is made based on 
a sample that may not represent the population intended to 
be analyzed. In this case, the relationship between the 
intervention studied and the outcome may be different for 
the sample studied and for the population intended to be 
analyzed. Selection bias can also lead to invalid compari-
sons between studies. For example, a retrospective analysis 
of complications in patients who received airway stents for 
malignant central airway obstruction suggested that sili-
cone stents were associated with decreased mortality com-
pared to Ultraflex™ stents [8]. However, the conclusion 
that silicone stents definitely lower mortality is not neces-
sarily true. The observed association between type of stent 
and mortality may have been affected by selection bias 
because silicone stents are technically more difficult to 
place compared to metal stents and they are also more easy 
to remove. Perhaps silicone stents were more likely to be 
used in patients who were thought to have longer life 
expectancy or in those in whom response to radiation and 
chemotherapy was deemed more likely, since physicians 
know that silicone stents are easier to remove. Thus, the 
two groups of patients (those with silicone stents and those 
with Ultraflex stents) may not have been that similar to 
begin with. So the difference in observed mortality may not 
have been caused by the type of stent being used. This con-
cept will be emphasized further when discussing periph-
eral bronchoscopy.

18.3.3 Use of Diagnostic Yield Rather than 
Sensitivity/Specificity

An important issue when studying diagnostic interven-
tions is reporting the diagnostic yield of the test rather 
than diagnostic sensitivity and specificity. Although diag-
nostic yield and diagnostic sensitivity may sound synony-
mous, they actually report different outcomes. Sensitivity 
describes the ability of a test to detect disease among 
patients who have the disease. The equation for sensitivity 

is true positive/(true positive + false negative). Since the 
denominator is everyone who has the disease, the true 
sensitivity of a given test is not directly impacted by dis-
ease prevalence. On the other hand, diagnostic yield 
reflects the percentage of patients in the population in 
whom a test provides a diagnosis. The diagnosis could be 
right or wrong and in addition, the diagnosis could be of a 
disease other than the disease of interest. So, for example, 
when doing bronchoscopy for peripheral lesions, some 
patients might have lung cancer while others might turn 
out to have mycobacterial disease and others might have 
fungal infections.

Diagnostic sensitivity for lung cancer would include only 
those patients who have lung cancer in the denominator 
and in the numerator would be those who test positive for 
lung cancer. Diagnostic yield would include all patients in 
the cohort in the denominator and in the numerator would 
be those that tested positive for any disease (e.g., lung can-
cer or tuberculosis [TB] or fungal infection). Note that if 
bronchoscopy has different sensitivities for TB and lung 
infections than for malignancy, then the diagnostic yield of 
the test will vary depending on the underlying distribution 
of diseases in the population. If many patients have no dis-
ease at all then diagnostic yield will be lower. If bronchos-
copy has a higher sensitivity for infection than malignancy, 
then in studies in which there is a high prevalence of infec-
tion, diagnostic yield will be higher than in other studies in 
which the prevalence of infection is lower.

So diagnostic yield is affected by the types of diseases in 
the population, the prevalence of each, and the performance 
characteristics of the test. It is therefore difficult to compare 
diagnostic yields between studies because  differences in 
yield may be due to population differences, differences 
in test performance, or both. In contrast,  sensitivity is a func-
tion of a test’s ability to identify a given disease, so compari-
sons between studies are valid.

18.3.4 External Validity

The results of a study are not always sufficient to draw con-
clusions as to its usefulness. External validity reflects the 
extent to which the results of a study can be generalized in 
other contexts. When examining the result of a study, phy-
sicians should ask the question: Is the result applicable in 
my setting and my population? For example, the results of 
a randomized controlled trial performed by a single highly 
skilled physician evaluating whether type of sedation influ-
ences the diagnostic yield of EBUS-TBNA may not be rep-
licated if the same trial is conducted by multiple physicians 
with different skill sets [9]. Therefore, the conclusion of 
such a study cannot be generalized to other physicians. 
External validity is one of the limitations of T1 research 
that is addressed in T2 studies.



Flexible Bronchoscopy266

18.3.5 Publication Bias

Publication bias occurs when factors unrelated to method-
ology influence the decision as to whether a given report is 
accepted for publication and dissemination. An example of 
a particularly common form of publication bias occurs 
when the results of the study influence the decision on 
whether or not to publish the results. For example, study A 
and B address the same question with equally rigorous 
methodology, but study A reports a large effect size 
(e.g.,  large difference in survival between treatment 
options) while study B reports a statistically nonsignificant 
result and is considered a “negative” study. If study A is 
more likely to be published than study B, this results in 
publication bias because the totality of evidence in the lit-
erature will be unbalanced (i.e., “negative” studies will be 
underrepresented).

This is important because even a well-conducted 
metaanalysis of high-quality studies can be affected by this 
form of bias, since the published literature is what is being 
summarized in a metaanalysis. This publication bias which 
leads to imbalance in the literature will in turn lead to inac-
curate point estimates for the metaanalysis, favoring larger 
effect sizes. This in turn affects the quality of evidence-
based guidelines (T2), which are often heavily driven by 
metaanalysis conclusions.

The above-mentioned examples highlight some of the pit-
falls in clinical research that may affect the results and the 
value of studies. Adopting a clear framework for research, as 
will be highlighted in the next section, can help investigators 

navigate through different translational phases, making sure 
that each phase has been  rigorously studied.

18.4  Applying the Translational Research 
Framework to Interventional Pulmonology

To illustrate how this conceptual framework can be applied 
to IP, we will evaluate two common IP problems: mediasti-
nal lymph node staging in nonsmall cell lung cancer 
(NSCLC) and bronchoscopic diagnosis of peripheral pul-
monary nodules.

18.4.1 Mediastinal Lymph Node Staging

The advances in fiberoptic imaging technology, cytology, 
and imaging provided the context necessary for broncho-
scopic technology to flourish (Figure 18.2). These techno-
logical advancements helped address the challenge of 
mediastinal sampling. In the past, sampling the mediastinal 
lymph nodes was attempted using transbronchial needle 
aspiration (TBNA) via the rigid bronchoscope [10]. The 
invention of the fiberoptic bronchoscope by Professor 
Shigeto Ikeda in 1966 provided a tool that was later utilized 
to sample the mediastinum [1]. Dr Ko Pen Wang developed 
a prototype needle for the flexible bronchoscope allowing 
sampling of the subcarinal nodes [11]. Real-time visualiza-
tion of the mediastinal lymph nodes was achieved after 
development of RP-EBUS [12]. However, it was clear at that 
point that the main limitation of such technology was the 

T1

Quality gaps and comparative effectiveness in lung cancer staging and diagnosis.21,22

HAL model to predict risk of N2/N3 disease.20

A prospective controlled trial of endobronchial ultrasound-guided
transbronchial needle aspiration compared with mediastinoscopy for
mediastinal lymph node staging of lung cancer.17

Randomized trial between conventional TBNA and TBNA after EBUS
localization for mediastinal staging demonstrated that EBUS guidance
signi�cantly increased the yield of TBNA.35

Kazuhiro Yasufuku and colleagues �rst demonstrated the high diagnostic yield of the convex
probe EBUS (CP-EBUS) in sampling mediastinal lesions.14

Pedersen and colleagues described the usefulness of convex EBUS in sampling
mediastinal lesions.16

Wang et al. designed a prototype needle for �exible bronchoscope.11 Needs Further Studies

Development of TBNA via the rigid bronchoscope.10

Convex EBUS

Clinical ef�cacy knowledge Clinical effectiveness knowledge
Improve health care quality and value and

population health
Basic biomedical science

T2 T3

Figure 18.2 Translational science. The evolution of c-EBUS for mediastinal sampling.
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ability to see the lesion without being able to sample it in a 
real-time fashion, since the RP-EBUS device had to be 
removed so that the needle could be passed to perform 
TBNA. This paved the way for the development of convex 
EBUS. The introduction of convex EBUS transformed the 
way mediastinal lymph node staging is performed and it is 
currently the preferred modality for mediastinal staging 
(over mediastinoscopy) since it allows the physician to see 
both the lesion and the needle in real time [13].

The miniaturization of the ultrasound probe combined 
with advances in imaging facilitated the development of 
convex EBUS. The T1 phase started with studies evaluating 
the feasibility and efficacy of convex EBUS in sampling the 
mediastinal lymph nodes [14–16]. Initial studies incor-
rectly often used mediastinoscopy as the gold standard but 
other studies used a more rigorous gold standard of surgery 
[17,18]. Other T1 studies then compared convex EBUS-
TBNA to conventional TBNA without ultrasound which 
was the prior standard of care for bronchoscopy-guided 
mediastinal lymph node sampling [19].

After the superiority of EBUS was established, more T2 
translational studies were conducted in various clinical 
contexts to further define its role. In addition to the test 
characteristics of EBUS-TBNA itself, the clinical context in 
which it is used is important. That is to say that the value of 
EBUS-TBNA would depend on the prior probability of N2 
or N3 disease. If the prior probability of N2 or N3 disease is 
very low, as in cases of peripheral T1 nodules with no lym-
phadenopathy by CT and/or positron emission tomogra-
phy (PET), then EBUS-TBNA may not be as useful [12].

Hence, the need arose to provide a more precise estimate 
of the probability of N2/N3 disease using prediction tools. 
Such predictive tools allow us to stratify patients depend-
ing on their likelihood of having N2/N3 disease and assess 
whether EBUS-TBNA would provide additional informa-
tion that would potentially change the course of manage-
ment. If the pretest probability of nodal involvement is 
extremely low, it is unlikely that EBUS-TBNA would 
change management and hence would not be cost-effective. 
An example of such prediction models is the HAL model, in 
which histology, age, central location of the tumor, and 
PET/CT N stage were shown to accurately predict the 
probability of N2 or N3 disease being identified by EBUS-
TBNA [17]. This model may not be perfect and may need 
calibration between centers due to the differences in preva-
lence of lung cancer and competing diagnoses (e.g., sar-
coidosis, histoplasmosis) that may provide false-positive 
PET scans. However, it is still of value and has the potential 
to facilitate clinical decision making on whether to use 
EBUS-TBNA for the staging of NSCLC.

Another important issue addressed in the T2 phase is 
implementation of the current body of knowledge. Several 

studies demonstrated that guideline-consistent care for 
lung cancer staging and diagnosis is not always followed 
[18–20]. These quality gaps included failure to sample the 
mediastinum first in patients with suspected lung cancer 
with mediastinal adenopathy without distant metastasis, 
failure to sample the mediastinum at all in patients with 
NSCLC, and the overuse of thoracotomy. Guideline-
inconsistent care results in more tests being performed, 
unnecessarily increasing the cost of therapy and leading to 
more complications. While these studies identified the 
gaps in implementation of current knowledge, they do not 
provide any solutions to these problems, so they are not 
considered T3 studies. Convex EBUS needs more T3 stud-
ies to evaluate how to properly disseminate and implement 
the technology to improve outcomes at the population 
level. This should be the focus of future studies.

18.4.2 Peripheral Bronchoscopy

Peripheral bronchoscopy remains an area of interest for 
future studies, as there is room for improvement in our cur-
rent ability to obtain samples from peripheral lesions. 
There are four main challenges to bronchoscopic diagnosis 
of peripheral lesions: navigation, maneuverability, location 
verification, and adequate tissue sampling. In order to 
reach a peripheral lesion, an airway path for the broncho-
scope or biopsy tool to navigate through must be deter-
mined. After a clear path is defined, the next challenge is to 
maneuver through that path to reach the predefined lesion. 
A means to verify that the correct location has been 
reached, usually achieved by nodule visualization, then 
allows the physician to maximize their chance of a success-
ful biopsy. Finally, the biopsy tools must be able to obtain a 
sufficient sample accurately. As was demonstrated with 
RP-EBUS for mediastinal lymph node staging, even if we 
can navigate and maneuver to the site, and verify our loca-
tion, if this final step of tissue acquisition is not effective 
there will be problems. Understanding these four funda-
mental goals allows us to analyze the strengths and limita-
tions of currently available approaches.

The traditional method of relying solely on fluoroscopy 
to navigate to the lesion and verify its location is not ideal. 
While a potential pathway may have been planned based 
on prior CT scans, the bronchoscope may not be able 
to maneuver through that predetermined path either due to 
the size of the airway or because of the angle that needs to 
be achieved. In addition, while the bronchoscope may be 
sufficiently maneuverable, the instruments for biopsy, 
such as the TBNA needle, may not be maneuverable 
enough to reach the lesion. In terms of location verifica-
tion, fluoroscopy is also less than ideal because it has lim-
ited resolution.
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As in the case of convex EBUS, basic science research, 
including the miniaturization of the ultrasound probe 
combined with advances in imaging and navigational tech-
nology, facilitated the development of several tools to 
address the above-mentioned limitations (Figure 18.3). Of 
these tools, EMN bronchoscopy and RP-EBUS are the most 
widely used. EMN and RP-EBUS were introduced as a 
potential means of providing more precise targeting of 
peripheral lesions. EMN addresses the issue of navigation 
by utilizing the CT information to provide a virtual path 
leading to the target. EMN also addresses the issue of loca-
tion verification to some extent by mapping the location of 
the lesion within an electromagnetic field. RP-EBUS also 
addresses the issue of location validation; it provides real-
time information in comparison to EMN which utilizes 
information taken at different points in time.

Initial studies addressed the feasibility and clinical effi-
cacy of both EMN and RP-EBUS in achieving diagnosis of 
peripheral pulmonary lesions (T1 phase) [15,21–23]. 
Subsequent studies suffered from several methodological 
issues which may have led to lower than expected results in 
real-life practice [21]. Some of the previously highlighted 
clinical research pitfalls may explain such discrepancy.

18.4.2.1 The Use of Diagnostic Yield in Studies
Most studies examining the utility of EMN and RP-EBUS 
reported the diagnostic yield of both tests rather than 
their  diagnostic sensitivity and specificity. The reported 

diagnostic yield ranged from 33% to 96.8% for EMN and 
46% to 86.2% for RP-EBUS [22,24–26]. As mentioned pre-
viously, it is difficult to compare diagnostic yields between 
studies because the differences in yield may be due to pop-
ulation differences, differences in test performance, or 
both. The use of diagnostic yield may be part of the reason 
behind the wide variation in study results and the observed 
discordance between published results and real-life per-
formance in clinical practice.

18.4.2.2 Lack of Comparator
The lack of a comparator is one of the main limitations of 
studies examining tools for peripheral bronchoscopy. 
Without a proper comparator, the degree of marginal ben-
efit of a new diagnostic tool is difficult to assess. Whether 
the magnitude of marginal benefit is worth the cost cannot 
be determined without a proper control arm. Most EMN 
studies compared the diagnostic yield of EMN to that 
reported in the literature without having a direct compara-
tor. Using historical comparators is subject to all the previ-
ously mentioned pitfalls, mainly selection and publication 
bias, and may provide a misleading impression of superior-
ity. Only a few EMN and RP-EBUS studies addressed this 
issue [27–29].

18.4.2.3 Selection Bias
Studies examining the utility of EMN and RP-EBUS were 
mostly conducted in highly selected populations with 

EMN and RP-EBUS

T1 T2 T3

Basic biomedical science Clinical ef�cacy knowledge Clinical effectiveness knowledge
Improve healthcare quality and value and

population health

Needs Further StudiesFeasibility of endobronchial ultrasound.15

Establishing clinical ef�cacy of EMN.23

The AQuIRE Registry data.26

Feasibility of EMN to enhance TBNA.36

RP-EBUS vs EMN vs combination of both.30

Standard bronchoscopy with �uoroscopy vs RP-
EBUS for biopsy of pulmonary lesions.37

Design of a prospective, multicenter, global, cohort
study of electromagnetic navigation bronchoscopy.38

Figure 18.3 Translational science. The evolution of EMN and RP-EBUS for diagnosing peripheral pulmonary lesions.
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 narrow selection criteria and lesion characteristics. Thus, 
the relationship between these interventions and the out-
come may be different for the sample studied and for the 
population intended to be analyzed. For example, most of 
the data reporting the yield from RP-EBUS was from solid 
lung nodules. Extrapolating those results to subsolid or 
ground glass nodules (GGO) may not achieve the same 
results. In fact, the diagnostic yield of RP-EBUS in subsolid 
lesions and GGOs has been reported to be lower than that of 
solid lesions [30,31]. This does not necessarily mean that the 
technology is useless, it merely means that we need to go 
back and remeasure the performance characteristics of the 
test in this population before deciding on the best approach.

18.5  Conclusion

New technology typically comes with a high price tag. 
Whether a technology will take over depends not only on 
its feasibility and utility but also on whether it is cost-effec-
tive compared to traditional approaches. The only way to 
establish that is by performing rigorous studies that cover 
the spectrum of different phases of translational research. 
Providing a framework to properly categorize the different 
phases of research is useful in identifying knowledge gaps 
and can help to guide future research. It can also help to 
highlight why technologies may not be performing as 
expected when brought from bench to bedside.
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19.1  Introduction

Management of central airway obstruction is an essential 
skill for an interventional pulmonologist (IP). The manifes-
tation of symptoms includes bleeding, postobstructive 
pneumonia, respiratory distress and atelectasis and is deter-
mined primarily by the location and extent of the lesion. 
Endobronchial therapy of the malignant or benign airway 
obstruction is considered as a palliative measure or a bridge 
therapy to the definite treatment of the malignant or benign 
airway disorder. Several ablative therapies including argon 
plasma coagulation (APC), electrocautery (EC), laser pho-
toresection, and cryotherapy exist in the IP’s armamentar-
ium to tackle endobronchial lesions (Figure  19.1). A 
combination of these therapeutic modalities along with 
mechanical resection using the rigid bronchoscope itself 
and forceps, balloon dilation and stenting leads to success 
and mitigates complications of the procedure [1]. This 
chapter focuses on the indications, contraindications, equip-
ment, techniques, and outcomes of these therapeutic modal-
ities in the management of central airway lesions.

19.2   Types of Laser

Therapeutic applications of laser (Light Amplification by 
Stimulated Emission of Radiation) have been recognized 
since 1960. Laser technology makes use of the power of 
radiant energy and properties of light amplification. For 
the stimulated emission of light, there must be an adequate 
population of excited electrons with subsequent release of 
photons to produce the laser light. This phenomenon is 
termed “population inversion” and requires an outside 
energy source to excite a designated medium. Almost any 

solid, liquid, or gas may act as a medium, and placing the 
substance in a chamber with mirrors at either end further 
facilitates excitation and, thus, population inversion.

The effectiveness of laser light as opposed to naturally 
occurring light is associated with three important proper-
ties: wavelength, spatial coherence, and temporal coher-
ence [2]. Whereas naturally occurring light comprises light 
of varying wavelengths, laser light contains only one color 
or a narrow band of wavelengths. Spatial coherence is 
achieved because laser light diverges only minimally from 
its source, thereby maintaining its intensity. For temporal 
coherence, the packets of energy produced travel in uni-
form time with equal alignment. These three characteris-
tics apply whether the medium is a solid, gas, or liquid.

The amount of energy that is delivered to a lesion depends 
on the power setting of the laser expressed in watts, the dis-
tance from the laser tip to the target, and the duration of 
impact [3]. Light directed at a surface may also be reflected, 
scattered, transmitted, or absorbed [2]. The depth of pene-
tration therefore depends not only on the properties of the 
light but also the inherent properties of the tissue, the char-
acteristics of the light produced, and the medium used. The 
most commonly used media in interventional bronchology 
are the neodymium:yttrium‐aluminum‐garnet (Nd:YAG), 
neodymium:yttrium‐aluminum‐perovskite (Nd:YAP), and 
holmium:yttrium‐aluminum‐garnet (Ho:YAG) lasers. See 
Table 19.1 for a comparison of different types of lasers and 
their effect on tissue.

Currently, it is the thermal effect of the Nd:YAG that is 
most commonly used in interventional pulmonology. The 
laser medium is neodymium, a pink‐colored rare earth 
doped into the crystal structure of yttrium, aluminum, and 
garnet. The wavelength of Nd:YAG is 1064 nm. Interestingly, 
laser light of this wavelength is poorly absorbed by both the 
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water and hemoglobin content of the tissue, allowing it to 
penetrate deeply (up to 15 mm). Consequently, this feature 
provides effective coagulation over a wide area in the air-
way. However, occasionally the depth of penetration is dif-
ficult to predict so the laser beam should always be fired in 
the direction of the visible lumen. As the Nd:YAG laser 
wavelength is not visible to human eyes, a laser light of a 
visible wavelength is added for the operator to visualize the 
laser beam.

In recent years, a more efficient and portable form of 
thermal laser has been introduced to the medical arena. 
Nd:YAP laser emits light at 1340 nm. It has an absorption 
coefficient in water 20 times greater than Nd:YAG. 
Theoretically, Nd:YAP has a slightly higher wavelength 
which may provide better coagulation and devasculariza-
tion than Nd:YAG. In a retrospective review, the use of the 
Nd:YAP laser effectively restored airway patency without 
major complications [4]. In this study, the most common 
laser power setting was 20 W/30 Hz.

The Ho:YAG operates at the wavelength of 2100 nm and 
is absorbed by water approximately 100 times more than 
the Nd:YAG laser. Thus, the Ho:YAG laser cuts through tis-
sue and limits thermal necrosis to nearby tissue in a similar 
manner to a CO2 laser. Interestingly, Ho:YAG maintains a 
coagulative property similar to the Nd:YAG laser. This type 
of laser demonstrated safety and efficiency in both malig-
nant and benign endobronchial conditions [5]. Ho:YAG 
laser fibers can be placed several millimeters from target 
tissues for rapid vaporization.

19.2.1  Indications and Contraindications

The indications depend on the anatomical characteristics 
of the obstructing lesion and the clinical conditions, as out-
lined in Table 19.2.

Laser therapy of the tracheobronchial tree may be con-
traindicated because of the location of the lesion in relation 
to contiguous anatomy and the associated clinical condition 
of the patient (Table  19.3). Anatomical contraindications 
are relevant when the depth of injury causes destruction of 
tissue demarcating the boundaries between the target and 

Figure 19.1  Endobronchial lesion. Postintubation web-like 
stenosis causing more than 50% luminal obstruction and 
respiratory insufficiency. Source: Courtesy of Spasoje Popevic, 
Belgrade University, Serbia.

Table 19.1  Characteristics of medical lasers

Laser Wavelength Delivery device Depth of penetration Coagulation effect Cutting effect

Argon 516 Quartz fiber 1.0–2.0 mm ++ +

KTP 532 Quartz fiber 1.0 mm ++ +

Diode 808 Quartz fiber 1.0 mm ++ +++

Nd:YAG 1060 Quartz fiber 0.5–1.5 cm +++ +

Nd:YAP 1340 Quartz fiber 0.5–1.0 cm ++++ +

Ho:YAG 2100 Quartz fiber 0.5–1.0 cm +++ ++

CO2 10 600 Coupler and 
waveguide

0.23 mm + +++

Table 19.2  Indications for laser/electrocautery/cryotherapy

Benign or malignant airway lesion associated with:

Dyspnea

Uncontrolled cough

Impending aspiration

Stridor

Inability to wean from ventilator due to obstruction

Postobstructive pneumonia

Symptomatic and unresolving atelectasis

Nearly complete (>50%) obstruction of major bronchus

Recurrent hemoptysis

Closure of bronchopleural fistula not responsive to conventional 
therapy
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associated structures such as the esophageal lumen, medi-
astinum, and vascular structures. Clinical contraindications 
are relevant in patients who may not tolerate conscious or 
general anesthesia because of severe cardiac or pulmonary 
disease, or who have an uncorrectable coagulopathy. In 
addition, patients in whom atelectasis distal to the obstruc-
tion has been present for more than 4–6 weeks will proba-
bly not benefit from endoscopic laser resection because 
reexpansion of the involved lung is unlikely.

19.2.2  Complications

Laser therapy is very safe in experienced hands, but signifi-
cant complications can occur from improper assessment of 
anatomical boundaries, failure to control the airway, and 
inadequate visibility (Table 19.4) Patients may experience 
marked fluctuations in peripheral capillary oxygen satura-
tion (SpO2) and end‐tidal carbon dioxide (ETCO2) in rela-
tively low fraction of inspired oxygen (FiO2) environment 
maintained to prevent ignition along with use of suction to 
clear secretions, blood, and smoke. Appropriate continu-
ous monitoring is extremely important for patient safety.

Endobronchial fire is one of the most feared complica-
tions of laser therapy. It usually occurs when flammable 
materials such as the endotracheal tube, flexible broncho-
scope, and suction catheter get in the path of the laser 
beam. Fire hazard can be avoided by keeping FiO2 below 
40% at all times during laser firing mode. An immediate 
danger to the patient and operating room personnel is 
intratracheal explosion, with the anesthetic gases or oxy-
gen producing a “torch effect.” Following ignition of the 
endotracheal tube, long‐term complications may result 
from the subsequent lower airway inhalation injury, with 
mucosal sloughing and airway obstruction caused by gran-

ulation tissue. Similarly, a silicone stent should be removed 
prior to use of a laser.

Massive hemorrhage can occur in cases of perforation of 
a major vessel. This is common with an inability to visual-
ize depth of penetration. High power levels (>40 W) or 
pulse duration (>1 second) are the risk factors for perfora-
tion. Nd:YAG laser can also induce damage to the tracheal 
wall which may lead to tracheal stricture formation. 
Radial‐probe EBUS has been used to study the local 
 tracheal anatomy to reduce laser damage but further expe-
rience is warranted [6].

Air embolism has been reported as a complication which is 
possibly related to the use of air coolant systems at high flows. 
Minimizing air flow in coolant systems and using noncontact 
probes are recommended to avoid this complication [7].

19.2.3  Technique

Physicians prefer to use rigid bronchoscopy with general 
anesthesia, although procedures can be performed through 
the flexible fiberoptic bronchoscope using topical anesthe-
sia alone [8]. Oxygenation and ventilation are provided, 
using spontaneous assisted ventilation, jet ventilation, or 
laryngeal mask‐assisted ventilation.

Laser resection is performed first with photocoagulation 
of the tumor. Coagulated tissue is then removed via use of 
the beveled edge of the rigid bronchoscope, forceps, and 
suction. Complete laser vaporization of tissue may also be 
performed but has a high risk of endobronchial fire. The 
laser beam should always be aligned parallel to the bron-
chial wall and never be discharged perpendicular to the 
airway wall. Laser pulses of 1 second or less are usually 
employed. When using a flexible bronchoscope, removal of 
devitalized tissue can be slow and difficult due to a small 
forceps and smaller scope lumen. Furthermore, the flexible 
bronchoscope can itself be combustible.

Table 19.3  Contraindications for laser/electrocautery/
cryotherapy

Anatomical contraindications

Extrinsic obstruction without endobronchial lesion

Lesion incursion into bordering major vascular structure

Lesion incursion into bordering esophagus

Lesion incursion into bordering mediastinum with potential 
fistula formation

Clinical contraindications

Candidate for surgical resection

Unfavorable short‐term prognosis without possibility for 
symptomatic palliation

Inability to undergo conscious sedation or general anesthesia

Coagulation disorder

Total obstruction more than 4–6 weeks

Table 19.4  Complications of laser airway therapy

Patients
Equipment and healthcare 
personals

Hemorrhage Retinal damage

Endobronchial fire Breakage of contact probe tip

Pneumothorax

Pneumomediastinum

Air embolism

Laser plume

Infection

Respiratory and cardiovascular 
complications
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19.2.4  Precautions

The patient’s eyes should be protected with saline‐soaked 
pads and aluminum foil to avoid injury from accidental 
laser scatter, and all personnel should wear protective gog-
gles. A few precautions are necessary to minimize the risk 
of combustion: the FiO2 should be kept below 40%. 
Flammable materials such as endotracheal tubes should be 
kept far away from the operating field. Silicone stents 
should be removed prior to the use of laser. The laser 
should always be placed on standby mode when tissue is 
removed from the bronchoscope. If a flexible broncho-
scope is employed, the laser must be kept at a sufficient 
distance beyond the tip of the bronchoscope to avoid com-
bustion. Power settings greater than 40 W are never 
necessary.

19.2.5  Outcomes

Most of the outcome studies related to laser therapy are 
neither randomized nor controlled. Comparisons of mor-
tality have been based on anecdotal studies and historical 
controls. Moreover, most malignant diseases in case stud-
ies are treated with multiple modalities, including radia-
tion as well as chemotherapy. A study comparing outcomes 
of patients treated with external beam radiation in combi-
nation with Nd:YAG laser photoresection with historical 
control receiving emergent radiation therapy alone found 
mortality benefit with the combined modality (150 vs 
267 days, p = 0.04) [9]. In a retrospective comparison of 
Nd:YAG therapy alone or in conjunction with other modal-
ities, there was significant improvement in the median 
time for second intervention by 1.7 months with the com-
bined approach in nonsmall cell lung cancer and 3.2 months 
in all forms of cancer [10]. For particular malignant cell 
types (i.e., carcinoid), Nd:YAG laser used with curative 
intent has provided successful outcomes [11].

Laser therapy has also been performed for stenosis 
related to prolonged intubation [12], stricture produced 
by inflammatory granulation tissue caused by mycobacte-
rial infection, anastomosis granulation tissue following 
lung transplantation [13], suture granulomas [14], and in 
systemic inflammatory conditions caused by collagen 
vascular diseases such as Wegner granulomatosis, Behçet 
syndrome, and relapsing polychondritis [15,16]. Another 
disorder that has been treated using endobronchial 
laser  is symptomatic obstruction secondary to broncho-
lithiasis [17].

In a review of laser bronchoscopy by Ramser and Beamis, 
85% of 100 patients had relief of symptoms and achieved 
preoperative goals [18]; 87% of these procedures were per-
formed for lesions in mainstem bronchi, with an overall 

complication rate of 6.5% and no fatalities. Although com-
parisons using survival as an endpoint have dealt largely 
with historical control groups, the palliation of symptoms 
and the ability to remove some patients from mechanical 
ventilation provide evidence to document the efficacy of 
laser therapy. Mehta outlined the use of lasers with the 
flexible bronchoscope [19] in a group of patients who 
underwent a combination of Nd:YAG photoresection with 
subsequent external beam radiation therapy or external 
beam radiation therapy plus brachytherapy. Although the 
number of patients was small (17 of 300 patients), their 
survival rate was significantly greater than that of histori-
cal controls treated with radiation therapy only.

19.2.6  Summary

Laser photoresection of central airway obstruction is a useful 
tool in the hands of an experienced operator. It is considered 
as an adjunct to other endobronchial therapeutic modalities. 
Nd:YAG is the most commonly used laser for this indication. 
Laser therapy has proved to be beneficial in the therapy of 
benign and malignant obstructive lesions of the airway.

19.3   Electrocautery

Electrocautery uses an electric current to produce heat and 
to cut, coagulate, and/or vaporize tissue. Strauss and col-
leagues used EC for treating gastrointestinal tumors in 
1913, and in 1935 reported their experience on over 40 
cases [20]. The power applied to the EC device (measured 
in watts) corresponds to the heat generated in the tissue, as 
described by the equation: Power = (current)2 × resistance

Coagulation involves high amperage and low voltage, 
whereas vaporization uses high voltage and low amperage. 
Cutting tissue with the ability to coagulate blends these 
two settings. At a temperature of approximately 60 °C, tis-
sue devitalization occurs; over 150 °C, the tissue carbon-
izes, and over 300 °C, it vaporizes. The degree of destruction 
depends on the applied power, the electrical properties of 
the tissue, the device–tissue contact time, and the device–
tissue contact surface area. Electrical cutting creates coag-
ulation zones at the incision edges which minimize 
mechanical damage on the tissue.

There are two modalities of EC with monopolar and 
bipolar electrodes. In monopolar EC, most commonly used 
in interventional bronchoscopy, the electrical current flows 
from the generator through the active electrode into target 
tissue and through the patient to a grounding pad, and 
then returns back to the generator. In bipolar EC, the cur-
rent only passes through the tissue between two arms of 
the forceps‐shaped electrode.
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19.3.1  Indications

The indications and contraindications for EC are similar to 
those for Nd:YAG laser [21,22] (Tables  19.2 and 19.3). 
Similar to laser therapy, EC produces rapid debulking of 
tumor and can be used to relieve impending respiratory 
failure at a lower cost.

19.3.2  Equipment and Technique

Electrocautery blunt‐tip probes and snares are compatible 
through a 2.0 mm working channel of the flexible broncho-
scopes which are most commonly used. In addition, knife 
and forceps can be used. The generator should regulate the 
high‐frequency current, so that the operator can adjust the 
setting depending on whether the procedure is intended to 
coagulate, cut, cut and coagulate, or vaporize. The monop-
olar unit must be grounded with an electrode pad which 
allows the electrons to leave the body.

The operator can use either closed forceps or the blunt 
EC probe to manipulate the lesion and thus to assess its 
size, mobility, and friability/bleeding potential, and locate 
any attachment to the airway. Elongated or flat lesions 
may be suited for the blunt probe, whereas polypoid 
lesions may be amenable to the snare. The snare is used to 
cut and remove tissue and a blended current is used to cut 
and coagulate but not vaporize. With the loop open, the 
snare is placed over the tissue as close to the base as pos-
sible. As the loop is tightened, a snug feeling is felt in the 
handgrip that controls the snare. At this point, the unit is 
activated and the loop is slowly tightened. In this fashion, 
it is the heat that cuts and coagulates the tissue, not the 
mechanical effect of the wire. When the procedure is com-
plete, the snugness is gone and the loop is retracted into 
the catheter. The severed tissue can be removed with the 
snare or forceps. Endo‐cut is a fractionated cutting mode 
with alternating cutting and coagulation. The duration 
and intensity of the coagulation can be adjusted at the 
setting.

The recommended power setting is 20–40 W with a 
blended waveform which is a combination of cutting and 
coagulation. This blend setting allows simultaneous hemo-
stasis while cutting tissue.

19.3.3  Outcomes

In a study of 56 patients, Homasson stated that hemoptysis 
was controlled in 75% of the cases, dyspnea was alleviated 
in 67%, and cough or stridor was relieved in 55% [23] using 
EC. Petrou et al. reported that 28 of 29 patients had symp-
tomatic improvement after removal of a lesion with a snare 
[24]. Sutedja et al. showed that 15 of 17 treated patients had 

immediate restoration of a patent airway; eight had relief 
of dyspnea, and four had control of hemoptysis [25]. Most 
series [26–28] involved malignancies predominantly. 
Successful outcome, defined as removal of more than 50% 
of tumor, was reported to be 70–95%. EC has been demon-
strated to be more cost‐effective than Nd:YAG laser [29]. A 
retrospective case series showed EC is safe and effective as 
an ablative modality in benign and malignant airway 
obstruction [30]. EC forceps is also used to perform “hot 
biopsy” in bleeding endobronchial lesions. Coagulation 
provided at the time of application can minimize bleeding 
risk [31]. Although the heat can cause histological damage 
and artifact to some extent [32], the quality of pathological 
samples is not impaired enough to reduce interpretability 
[31,33].

19.3.4  Complications

Complications from EC are relatively rare. There are a few 
case reports of endobronchial fire which were associated 
with high inspired oxygen concentrations, and ignited sili-
cone stent [34]. Patient burns and shocks are mentioned 
frequently as possible complications but published data are 
scant. Another concern is using EC in a patient with a 
pacemaker or automatic implantable defibrillator because 
the devices malfunction and cause a dysrhythmia. If EC is 
necessary, measures that can be used to mitigate interfer-
ence include:

 ● preferring bipolar technique over monopolar
 ● using low settings
 ● deactivating pacemakers prior to procedure
 ● placing the plate as close as possible to the operational 

area, with a minimum distance of 15 cm from a 
pacemaker

 ● avoiding short activation time.

A short activation time can mimic arrhythmia which can 
inadvertently lead to shock from a defibrillator. When used 
in animal models, EC has been shown to result in airway 
stenosis and damage to cartilage. This cartilage damage 
can lead to bronchomalacia [23]. However, airway stenosis, 
cartilage damage, and perforation due to EC are rare and 
usually related to the applied power, contact time and area, 
and use of circumferential application. Use of coagulation 
mode can reduce these complications [32,35].

19.3.5  Summary

Like laser therapy, EC seems to be an effective palliation 
treatment for an endobronchial lesion. It is a cheaper alter-
native to laser therapy. Complications seem to be limited in 
number and severity.
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19.4   Argon Plasma Coagulation

Argon plasma coagulation is an electrosurgical technique 
similar to laser or EC, used to remove an obstructing lesion 
and/or to achieve hemostasis. APC is a monopolar electro-
surgical procedure. The electrical energy is transferred to 
the tissue using ionized argon gas (plasma). The argon 
plasma flows to the areas of least electrical resistance, such 
as biological tissues or any combustible objects. This phe-
nomenon provides practical benefits for endoscopic appli-
cations as the argon plasma can be applied both en face 
(straight) or tangentially.

Argon plasma coagulation was developed more than 
20 years ago to improve surgical hemostasis. In the early 
1990s, a flexible probe was introduced that facilitated its 
use during endoscopic procedures. Following its use ini-
tially in gastrointestinal endoscopy to achieve hemostasis 
during polypectomy [36], APC has been used to debulk 
malignant airway tumors, control hemoptysis, remove 
granulation tissue from stents or anastomoses, and treat a 
variety of other benign disorders during bronchoscopic 
procedures [37–40] (Figure 19.2). It is a noncontact form of 
EC. The indications and contraindications are similar to 
those of laser and EC.

19.4.1  Procedure

Similar to EC, a grounding pad should be placed on the 
patient’s back or upper thigh. The settings should be power 
of 30–50 W and an argon flow rate of 0.8–1 L/min. There 
are three major modes: forced APC, pulsed APC, and pre-
cise APC. Forced APC provides high‐frequency voltage 

which directly correlates with the output setting (watt). For 
pulsed APC, there is “effect 1” which provides higher 
energy output per pulse with longer intervals between 
pulses (approximately 1 pulse/second) and “effect 2” which 
provides a higher number of pulses (16 pulses/second) 
with lower energy output. Lastly, precise APC has auto-
matic adjustment control in which the intensity of the ion-
ized plasma is directly correlated with the effect setting and 
distance from targeted tissue.

The probe tip should be 1–1.5 cm beyond the broncho-
scope’s tip to ensure that the bronchoscope will not be 
damaged. The probe tip should be within 1 cm of the target 
lesion. The electric current will not be conducted if the 
probe is farther from the target lesion. Argon gas is expelled 
from the probe and then a high‐voltage electric current is 
passed along the probe. The argon gas becomes ionized 
and conducts a monopolar current to the targeted lesion 
[41]. Currently, there are three probe tips designs (straight 
fire, side fire, and circumferential fire).

In the process of debulking an endobronchial lesion with 
APC, eschar and debris forming due to destruction of 
 tissues (Figure 19.2) should be removed with forceps or a 
cryotherapy probe. APC is then applied to the underlying 
fresh tissue on which it is more effective than on debris and 
eschar. This process is repeated until the tumor is removed. 
If brisk bleeding is encountered, APC can also be used to 
coagulate and stop it without ignition of the gas, thus 
improving visualization.

Superficial thermal injury caused by APC a few millim-
eters below the surface of targeted tissue results in 
 carbonization and vaporization. APC should be applied 
dynamically by moving the probe like a paintbrush over 

Figure 19.2  Use of argon plasma coagulation (APC) in postintubation web-like stenosis in the trachea. (a) Cuts are made by using 
APC on the anterior and lateral walls. (b) Significantly enlarged tracheal lumen after dilation with rigid bronchoscope and balloon 
following cuts with APC. Source: Courtesy of Spasoje Popevic, Belgrade University, Serbia.



Laser, Electrocautery, APC, and Cryotherapy in Flexible Bronchoscopy 277

the target area while closely monitoring the tissue effect. 
The extent of thermal injury depends on the three most 
important factors influencing coagulation depth: duration 
of application, power/effect, and distance of the probe to 
targeted tissue.

19.4.2  Outcomes

A prospective cohort study of 364 patients who underwent 
APC (482 procedures) reported a success rate of 67%, defined 
as hemostasis and/or full or partial airway recanalization 
[40]. The most common indications were airway obstruction 
(51%) and hemostasis (33%), of which malignancy was the 
underlying cause in nearly 90%. Of note, rigid bronchoscopy 
was used in 90% of the interventions. In a retrospective 
cohort study of 60 patients who underwent APC (70 proce-
dures), treatment was immediately successful in 59 patients 
[38]. All of the patients had either hemoptysis or airway 
obstruction, with treatment success defined as resolution 
of  hemoptysis and/or decreased airway obstruction. 
Hemoptysis did not recur over a mean follow‐up of 97 days 
and improved dyspnea persisted over a mean follow‐up of 
53 days. Malignant disease existed in 95% of patients, and all 
the procedures were performed with flexible bronchoscopy. 
A similar study of 47 patients reported a success rate of 92%, 
which was maintained over a mean follow‐up of 6.7 months 
[37]. However, an average of more than three sessions per 
patient was required to achieve this result. APC has success-
fully treated benign disorders such as granulation tissue due 
to stents or airway anastomosis [40,42].

19.4.3  Complications

Complications of APC are infrequent (less than 1% of pro-
cedures). They include airway burn and airway perfora-
tion, which can cause pneumomediastinum, subcutaneous 
emphysema, and pneumothorax [40].

Gas embolism can occur in an environment of high 
intraluminal pressure compared with venous pressure. 
This condition results in a transfer of gas from the APC 
probe into the venous system. Gas embolism has also been 
described in a case series, leading to three cases of cardio-
vascular collapse and one case of death [43]. Precautions to 
prevent this complication include minimizing the argon 
flow required to achieve the tissue effect, avoiding direct 
contact between the probe and tissue, and avoiding hold-
ing the probe perpendicular to the tissue and aiming the 
probe directly at large, open vessels.

Argon plasma coagulation creates electromagnetic inter-
ference with implantable cardiac devices owing to its 
monopolar circuitry and high voltage use. It is classified as 
“high risk” for electromagnetic interference transferred to 

implantable cardiac devices with voltage of 2.58 ± 0.34 mV 
[44]. Thus, implantable cardiac devices should be turned 
off if possible. Otherwise, alternative therapeutic modali-
ties may be necessary.

As in laser and EC, limiting inspired oxygen concentra-
tion during application, applied power (less than 80 W), 
and application time (less than five seconds) is important 
to minimize the risk of airway perforation or fire. Keeping 
the probe tip several centimeters away from any combusti-
ble material is also necessary to prevent airway fire. 
Similarly, to prevent burning of the bronchoscope, the tip 
of the probe should be kept several centimeters away from 
that of the bronchoscope.

19.4.4  Summary

Of all the modalities, only hot bronchoscopic treatments 
(APC, EC, and laser) have an immediate effect and thus 
can remove tissue rapidly. APC is superior to EC and laser 
photoresection in achieving homeostasis. However, the 
ablative and hemostatic effect is very superficial (1–2 mm 
depth). Complications of APC are infrequent, occurring in 
less than 1% of procedures.

19.5   Cryotherapy

Documents from 3500 BCE described the use of cold as a 
treatment for swelling and war wounds [45]. Hippocrates 
mentioned how to use cold to treat orthopedic injuries [45]. 

Figure 19.3  Cryotherapy application: one to three freeze–thaw 
cycles, each lasting for one minute, are applied to the same or 
immediate area with overlapping areas.
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Arnott described the use of salt solutions containing crushed 
ice at a temperature of about −8 to −12 °C to freeze advanced 
cancers in accessible sites, producing a reduction in tumor 
size and improvement of pain [46,47]. The Joule–Thomson 
effect, which is the sudden expansion of a gas from a high‐
pressure to a low‐pressure region, is the basis for the func-
tion of cryoprobes, particularly in pulmonary medicine.

Neel demonstrated the destructive effect of cold [48]. 
The destruction of mucosa, submucosal glands, and serosa 
is complete, but the framework of connective tissue and 
cartilage remains for structural support, with healing of 
the tracheobronchial tree and regrowth of cuboidal epithe-
lium beginning within 14 days of freezing [48–55]. The first 
study from the Mayo Clinic, consisting of 28 patients with 
endobronchial tumors, concluded that cryotherapy was a 
good alternative for palliation [56–59].

Cryotherapy destroys biological materials through the 
cytotoxic effects of freezing. The damage induced by freez-
ing occurs at several levels, including the molecular, cellu-
lar, and structural levels and the whole tissue. The effect of 
freeze injury is influenced by many factors and survival of 
cells is dependent on the cooling rate [60–62], thawing rate 
[63], lowest temperature achieved [64], and repeated 
freeze–thaw cycles [65,66]. Certain tissues are cryosensi-
tive (skin, mucous membrane, granulation tissue), and 
others are cryoresistant (fat, cartilage, fibrous, or connec-
tive tissue). The cryosensitivity depends on the water 
 content of the cells. Tumor cells may also be more sensitive 
than normal cells [66].

Currently, there are two methods of cryogen delivery 
available in the USA.

 ● Contact cryoprobe with a tip cooled by decompression of 
nitric oxide (N2O). The temperature at the tip can be 
decreased to −89.5 °C (Erbe Elektromedezin, Germany). 
There are two sizes of cryoprobe, 1.9 mm and 2.4 mm.

 ● Cryospray, in which a catheter tip delivers gaseous liquid 
nitrogen (N2) generating a cold spray with exit tempera-
ture of −196 °C (CSA Medical, Baltimore, MD). This sys-
tem is a noncontact method and has a 7 Fr catheter 
which requires a minimum of 2.8 mm working channel 
[67–69]. The experience and publications on broncho-
scopic treatment with cryospray are not as extensive as 
those with the cryoprobe. However, spray cryotherapy 
appears to be a safe method and effective in bronchoc-
opic treatment of malignant airway obstruction [69] and 
benign airway disease [68,70].

19.5.1  Contact Cryoprobe System Equipment

There are three parts to the cryo machine: the console, the 
cryoprobe, and the transfer line that connects the console 
and gas cylinder to the probe. Cryoprobes are rigid, semirigid, 

or flexible; rigid and semirigid cryoprobes can only be used 
through a rigid bronchoscope, but flexible cryoprobes can 
be used through fiberoptic and rigid bronchoscopes. There 
is no distortion of the optical equipment by cold; however, 
the entire bronchoscope is cooled during freezing and this 
effect may be increased with retrofreezing if the cryoprobe 
is defective [67].

Monitoring of freezing remains a problem [71] and there 
is no ideal solution. The empirical method relies on the 
experience of the operator while the operator relies on 
the  change in color/consistency of the frozen tissue and 
the length of freezing. In clinical studies [72], using rigid, 
semirigid or flexible cryoprobes, each freeze–thaw cycle is 
about 30 seconds. The thaw phase is almost immediate 
with rigid probes that have a system of reheating but with 
the flexible probes, thawing is by body temperature, thus 
increasing the freeze–thaw cycle times.

19.5.2  Indications

Cryotherapy is indicated for endoluminal benign or malig-
nant tracheobronchial obstruction or stenosis. The selec-
tion criteria are similar to those for laser, APC, or EC 
(Tables 19.2 and 19.3), except when there is an urgency to 
treat. In addition, cryotherapy can be used for extraction of 
foreign bodies (especially organic), blood clots, or mucous 
plugs [67,68].

19.5.3  Technique

Endoscopic therapy is performed using a flexible cryo-
probe [59], which is passed through the working channel 
of the bronchoscope. The tip of the cryoprobe is visualized 
out of the bronchoscope and then directly applied to the 
tumor area.

The cryoprobe is activated with a foot pedal once in 
the lumen of the airway, about 4 mm away from the tip of the 
bronchoscope. An ice ball appears within 30 seconds on the 
tip of the probe; 1–3 freeze–thaw cycles, each lasting for 
one minute, are applied to the same or immediate area 
(Figure 19.3). The tip of the probe can be applied perpen-
dicularly, tangentially, or driven into the tumor mass. The 
destruction in tissues frozen at −30 to −40 °C is readily 
 visible. The cryoprobe is deactivated by removal of the foot 
from the pedal. At each freeze cycle, complete thawing of 
the ice ball is awaited before removal of the tip from the 
lesion. For infiltrating lesions, cryotherapy can be applied 
with lateral tangential contact.

The most suitable types of lesions for cryotherapy are 
benign or malignant polypoid lesions. Placing the metallic 
tip of the cryoprobe on the mass or pushing into it pro-
duces maximal‐volume circumferential freezing. Three 
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freeze–thaw cycles are carried out at each site. The probe is 
then moved 5–6 mm and another three cycles are carried 
out in the adjoining area.

19.5.4  Outcomes

Walsh et al. reported the effects of cryotherapy on dyspnea, 
hemoptysis, cough, and stridor [73]. In this study, symp-
toms, lung function, chest radiography, and bronchoscopic 
findings were recorded serially before and after 81 cryo-
therapy sessions in 33 consecutive patients. Most patients 
improved in overall symptoms, stridor, and hemoptysis, 
and there was an overall improvement in dyspnea. 
Similarly, Maiwand et al. reported 600 patients with cryo-
therapy [74]. Following cryotherapy, 78% of the patients 
noticed a subjective improvement in their condition. These 
patients had less cough (64%), dyspnea (66%), hemoptysis 
(65%), and stridor (70%). Homasson et  al. reported that 
hemoptysis stopped in 80% of cases and dyspnea was less 
in 50% [75]. Mathur et  al. reported similar findings in a 
smaller number of patients when cryotherapy was used 
with a fiberoptic bronchoscope [59,76]. Objective improve-
ment of pulmonary function was seen in 58% of patients, 
and improvement in lung function correlated with 
improvement in symptoms as shown by Walsh [73].

In order to make cryotherapy immediately effective and 
to avoid a second clean‐up procedure to effect recanaliza-
tion (Figure 19.4), Hetzel et al. demonstrated cryorecanali-
zation in 60 patients with exophytic tumors [77]. By 
freezing the tumor tissue on the tip of the probe and subse-
quently removing the whole mass from the airway through 
retraction of the probe, 83% of the patients were treated 
with complete or partial success. Bleeding occurred in six 
patients and required APC. The same group extended their 
experience in a larger group of 225 patients with sympto-
matic airway stenosis [78]. Successful cryorecanalization 
was achieved in 91.1%, APC was used in 16.4% for bleed-
ing, and a bronchus blocker was required in 8%. Flexible 
cryoprobe treatment of symptomatic endobronchial tumor 
stenosis is successful for immediate treatment but the 
safety needs further study. It can potentially be dangerous 
in inexperienced hands. Cryoextraction has also been help-
ful in obtaining larger biopsy samples [70].

The cryoprobe has been used to obtain transbronchial 
lung biopsies (TBLB) for the diagnosis of diffuse lung dis-
eases as conventional TBLB specimens appear to be insuf-
ficient in quantity and lack quality owing to crush artifacts. 
Forty‐one patients with diffuse lung disease were selected 
for TBLB. During flexible bronchoscopy, conventional 
transbronchial biopsies using forceps were carried out first. 
Then, a flexible cryoprobe was introduced into the selected 
bronchus under fluoroscopic guidance. Once brought into 

position, the probe was cooled and then retracted with the 
frozen lung tissue attached on the tip. The specimens taken 
by forceps were significantly smaller (5.82 mm2, 0.58–
20.88 mm2) compared to those obtained by cryoprobe 
(15.11 mm2, 2.15–54.15 mm2). Two patients had a pneumo-
thorax, which resolved with tube thoracostomy [79]. 
Further trials are needed to compare cryo‐TBLB with 
video‐assisted thoracoscopic surgery, as well as to better 
investigate its complications.

There has been renewed interest in the treatment of 
early stages of lung cancers. The French experience [80] 
reported by the Groupe d’Etudes de Cryochirurgie was 
based on 36 patients with 44 lesions (in situ or microinva-
sive tumors); 42% of these patients had been treated for an 
invasive ear‐nose‐throat or bronchial cancer. At one year, 
complete clinical and histological control of the tumor was 
achieved in 88.8%, with a mean follow‐up of 32 months. 
The mean survival of this population was 30 months. In 
addition, endobronchial cryosurgery is associated with 
improvement in symptoms, Karnofsky score, and lung 
function tests. The mean survival time after two sessions of 
cryosurgery was 15 months [81].

19.5.5  Combination Effects 
of Cryotherapy–Radiotherapy

Similar to laser or EC therapy, cryotherapy will relieve 
bronchial obstruction and prevent local complications, 
which is the cause of most deaths. Certain studies have 
suggested a possible synergy between the effect of cryo-
therapy and that of external irradiation due to blood flow 
[74]. In two similar prospective studies, Vergnon et al. [82] 
and Homasson [56] treated patients with cryotherapy asso-
ciated with radiotherapy. A satisfactory outcome was 
defined as greater than 50% tumor destruction. Vergnon’s 
group consisted of 29 patients who presented with a symp-
tomatic, unresectable obstruction, either for local or func-
tional reasons. One or two sessions of cryotherapy were 
carried out; cryotherapy was considered satisfactory in 16 
cases and unsatisfactory in 13 cases, with persistent tumor 
lesions. Twenty‐one patients received 65 Gy and eight 
patients in poor general condition received 45 Gy. In the 
unsatisfactory cryotherapy group, patients died quickly of 
local complications, with a median survival of five months. 
In the satisfactory cryotherapy group, the median survival 
was 11 months and a significant improvement in survival 
was obtained.

19.5.6  Benign Tracheobronchial Lesions

Benign lesions have been treated using cryotherapy with 
very good results. Particularly for granulomatous tissues, 
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favorable results are achieved in 100% with no recurrence 
months or even years after treatment. Granulation tissue is 
very sensitive to the effects of cold. The distinct advantage 
of cryotherapy over hot ablative therapy is the absence of 
risk for endobronchial fire.

Thus, cryotherapy has been increasingly used for the 
treatment of subglottic, tracheal, and bronchial stenosis. 
Cryotherapy combined with balloon dilation leads to 
increase in airway diameter and necrosis of stenotic tissue. 
Tracheal resection is the treatment of choice for complex 
tracheal stenosis (more than 1 cm long stenosis or less than 
1 cm with malacia). However, simple stenosis (less than 
1 cm long without malacia, typically web‐like in nature) is 
more suitable to manage using endobronchial therapies 
such as cryotherapy, balloon dilation, stenting, or hot treat-
ments [67,68]. Furthermore, complex stenosis can be 
treated using endobronchial therapies if surgery cannot be 
done owing to anatomical extent of the stenosis and/or 
performance status of the patient.

When surgery is not possible in tumors such as carci-
noid, cylindroma, and laryngotracheal papilloma, they 
can be treated using cryotherapy with successful results. 
Currently, there are limited safety/efficacy data for 
 cryospray [83,84].

19.5.7  Removal of Foreign Bodies

Foreign bodies have been extracted successfully using cryo-
therapy. It is most useful in removing friable or biological 
materials such as pills, peanuts, teeth, chicken bones, etc. 
It is also extremely helpful in removing blood clots, mucous 
plugs, and slough.

19.5.8  Future of Cryotherapy

Besides excellent results in reestablishing airway patency 
in obstructive or stenotic endobronchial lesions, cryoabla-
tion can incite a stimulatory and suppressive effect on the 

Figure 19.4  Cryotherapy. (a) Freezing of the endotracheal malignant tumor with activated cryoprobe. (b) Removal of the tumor in 
pieces stuck on the tip of the cryoprobe. (c) Recanalization of the trachea. Source: Courtesy of Spasoje Popevic, Belgrade University, 
Serbia.
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immune system. Apoptotic cells, likely to be present at the 
outer rim of ablation zones, do not release cellular contents 
and may induce immunological tolerance. Furthermore, 
high numbers of apoptotic cells may be tissue protective 
and necrotic cells may serve as immunostimulators. Using 
the protective effects of cryotherapy in the airways 
could  lead to their utilization in early‐ and late‐stage 
 cancer [67,85]

19.5.9  Summary

Cryotherapy for benign and malignant endobronchial 
lesions has been shown to be an effective and safe therapy. 
In particular, the technique is extremely useful in patients 
with lung cancer and airway obstruction. More than 
half of patients have an improvement in symptoms and 
 respiratory function. Besides these benefits, cryotherapy is 
safe,  easy to perform, and inexpensive, and has few 
complications.

19.6   Highlights and 
Recommendations for Practice

 ● The rule of “Because it can be done does not mean it 
should be done” should always be borne in mind 
and  exercised in all interventional bronchoscopic 
procedures.

 ● When choosing the optimal bronchoscopic ablative 
treatment, there should always be a rational and 
practical approach carefully considering suitable 
power setting and duration, type, location and nature 
of the lesion, safe inspired oxygen levels, availability 
of ablative treatments, training and experience of the 
bronchoscopist, and necessity for immediate 
ablation.

 ● Malignant and benign endoluminal lesions can be 
treated palliatively or curatively using hot and cold abla-
tive treatments.

 ● For critical and symptomatic obstruction in the central air-
ways, an immediate‐effect hot bronchoscopic  treatment – 
laser or EC  –  is commonly recommended. Cryotherapy 
usually has delayed results. However,  cryoextraction or 
cryospray can provide immediate recanalization.

 ● EC is more economical and has successful outcomes 
comparable to laser.

 ● A suitable EC catheter should be chosen to tailor treat-
ment to the particular endobronchial lesion.

 ● APC is ideal for immediate coagulation but cannot ablate 
a large mass in a short time.

 ● Pacemakers and other implantable cardiac devices can 
be made dysfunctional by the electrical current during 
EC and APC whereas they are reported to be not affected 
by laser [86].

 ● The risk of airway fire during hot therapies (laser, EC, 
APC) should be reduced by keeping FiO2 below 40%, 
placing a laryngeal mask instead of an endotracheal 
tube, and/or using a rigid bronchoscope.

 ● There is no risk of airway fire related to the level of FiO2 
during cryotherapy.

 ● A bronchoscopic ablative treatment can be combined 
with another (e.g., cryotherapy + APC, EC/laser + APC), 
with other techniques (balloon bronchoplasty and/or 
stenting), or with other modalities (chemotherapy, radio-
therapy, or surgery) to improve outcome and decrease 
complications.

 ● To perform bronchoscopic ablative treatments, signifi-
cant training, validation of procedures, and competency 
are required. Being capable of providing optimal indi-
vidualized, efficient and safe treatment, and limitation 
and management of complications is essential for 
competency.
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It is estimated that 234 030 people will be diagnosed with 
and 154 050 people will die of cancer of the lung and bron-
chus in 2018 in the United States [1]. Many patients will 
require radiation therapy as part of their treatment given 
most patients will have stage III or IV disease at the time of 
diagnosis. Brachytherapy, with or without external beam 
radiotherapy, has been utilized in the treatment of lung 
cancer when endobronchial disease is present and has also 
been used in the treatment of patients with endobronchial 
metastases from extrapulmonary malignancies. Some 
patients may have early-stage lung cancer or oligometa-
static disease from other primaries and are not able to 
undergo surgical resection due to inadequate pulmonary 
reserve or other comorbidities. Image-guided radiation 
therapy is playing an important part in the treatment of 
these patients. Some of these image-guided radiation ther-
apy systems require fiducial markers for tumor tracking. 
The use of bronchoscopic placement of fiducial markers is 
continuing to expand. Radiofrequency ablation (RFA) is 
also being utilized to treat patients with early-stage lung 
cancer who cannot undergo surgical resection as well as 
patients with lung metastases. Although very limited 
experience exists with RFA delivered via bronchoscopy, the 
possibility to do so in conjunction with navigation bron-
choscopy is intriguing. The review of these topics will be 
covered in this chapter.

20.1  Brachytherapy

The majority of patients with lung cancer present with 
locally advanced or metastatic disease and thus are not 
candidates for curative surgical resection. Many patients 
have tumor located in the proximal airways causing dysp-
nea, cough, hemoptysis, atelectasis, and/or postobstructive 

pneumonia. External beam radiotherapy is effective in 
reversing atelectasis in 21–74% of patients [2,3]. Recurrence 
of tumor may occur in up to 50% of patients following 
external beam radiotherapy [4]. The majority of these 
patients will not be eligible for additional external beam 
radiotherapy. Endobronchial brachytherapy may be used 
to alleviate symptoms from endobronchial obstruction and 
improve local control as well as providing curative therapy 
in patients with carcinoma in situ. Brachytherapy, given it 
very localized effects, may be provided to patients who 
have already received maximum-dose external beam radia-
tion. Brachytherapy may be used in conjunction with exter-
nal beam radiotherapy or other bronchoscopic techniques 
such as laser therapy, electrocautery, cryotherapy, and stent 
placement to alleviate symptoms of malignant airway 
obstruction.

Brachytherapy, derived from the Greek term brachys 
meaning “short,” refers to the placement of a highly radio-
active source inside or near a tumor mass. This chapter will 
focus on endobronchial brachytherapy as opposed to place-
ment of the radioactive source into the tumor bed during 
surgical resection or percutaneous placement inside the 
tumor mass (interstitial brachytherapy).

In 1922, Yankauer described two cases of lung cancer 
treated by radon capsule implantation via rigid bronchos-
copy [5]. In the 1960s, cobalt-60 seeds were frequently 
used as the radiation source. In addition to radon-222 and 
cobalt-60, other radionuclides used for endobronchial 
brachytherapy have included cesium-137, gold-198, 
iodine-125, and palladium-103. The risk of radiation 
exposure to medical personnel and need for rigid bron-
choscopy to implantation hampered the wide-spread 
adoption of endobronchial brachytherapy. In the 1980s, 
two major developments led to renewed interest in endo-
bronchial brachytherapy. First was the development of 
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flexible bronchoscopes which allowed for the insertion of 
small-diameter afterloading catheters into every bron-
chial segment. Second was the availability of high-activity 
iridum-192 and development of the remote afterloader 
for placing the iridium-192 seeds in the catheters.

Compared to conventional external beam radiotherapy, 
brachytherapy offers the potential advantage of providing a 
higher dose of radiation to the tumor while sparing normal 
tissues. Radioactive isotopes are characterized by the 
inverse square law which means that the radiation dose 
rate decreases as a function of the inverse square of the dis-
tance from the source center. The standard unit for radia-
tion absorbed dose is the gray (Gy). Endobronchial 
brachytherapy can be divided into three dose rate regi-
mens. Low dose rate (LDR) is defined as less than 2 Gy/h, 
intermediate dose rate (IDR) 2–12 Gy/h, and high dose rate 
(HDR) greater than 12 Gy/h. LDR brachytherapy usually 
requires 8–48 hours of treatment time while HDR can be 
achieved in a few minutes of treatment time.

The following patient characteristics should, in general, 
be present to consider brachytherapy.

1) Histological diagnosis of malignancy.
2) Significant endobronchial tumor component causing 

symptoms such as dyspnea, hemoptysis, cough, and/or 
postobstructive pneumonitis.

3) Involvement of proximal airways such as trachea, main-
stem bronchi, or lobar bronchi.

4) Able to pass catheter into, and preferably beyond, the 
obstructing endobronchial lesion.

5) Unable to undergo resection due to cancer stage or 
inadequate pulmonary function.

6) Sufficient life expectancy to benefit from palliation, typ-
ically >3 months.

Potential candidates for endobronchial brachytherapy 
include patients with unresectable lung cancer, recurrent 
lung cancer, and cancers metastatic to the airway. Lesions 
to be treated should be located in the proximal airways and 
visible by bronchoscopy. The bronchoscopist should be 
able to pass the catheter into the obstructing lesion and ide-
ally beyond the lesion. While brachytherapy may be used to 
treat extrinsic airway compression, intrinsic airway tumor 
obstruction is the more common indication. Patients with 
extrinsic airway compression may be better treated with 
stent placement. In the setting of subtotal bronchial steno-
sis, recanalization techniques such as laser or electrocau-
tery resection or balloon dilation may need to be performed 
to allow for catheter passage beyond the obstruction. 
Concern has been raised of a higher risk of fistula forma-
tion with the combination of laser resection and endobron-
chial brachytherapy, however. As such, some authors 
recommend a 1–2-week interval between laser recanalization 

and performing brachytherapy while others combine the 
procedures in the same sitting [6–8].

Palliation of symptoms caused by tumor airway 
obstruction is the primary indication for brachytherapy. 
Brachytherapy has also been used as an adjunct to external 
beam radiotherapy as curative intent treatment for nons-
mall cell carcinoma of the lung. It has been utilized as a 
boost before, during, and after external beam radiation. In 
the setting of atelectasis due to obstruction of a major bron-
chus, brachytherapy can help reduce the amount of radia-
tion to normal lung parenchyma as a result of large external 
beam fields. In one study, endobronchial brachytherapy 
reduced normal tissue irradiation by an average of 32% [9]. 
In addition, endobronchial brachytherapy may provide 
curative treatment for patients with carcinoma in situ of 
the bronchus.

Contraindications to endobronchial brachytherapy include 
airway-esophageal, airway-mediastinal, and bronchop-
leural fistulas. Brachytherapy is probably not indicated in 
patients who are asymptomatic unless the treatment is 
curative intent. Patients with major airway obstruction and 
impending respiratory failure should be treated with other 
bronchoscopic techniques prior to embarking on a treat-
ment course with brachytherapy. These techniques may 
include mechanical tumor debulking, laser therapy, argon 
plasma coagulation, electrocautery, cryotherapy, and/or 
stent placement. High-grade obstructing lesions of the tra-
chea should be treated with alternative methods prior to 
brachytherapy due to concerns of postradiation edema 
causing complete airway obstruction.

Low-dose rate brachytherapy uses low-activity irid-
ium-192 seeds encased in a nylon ribbon. The delivery 
catheter is loaded by the radiation oncologist manually 
after positioning in the target bronchus. The catheter and 
seeds are left in place for 24–72 hours. Although LDR 
brachytherapy requires no expensive equipment, major 
disadvantages include the need for inpatient treatment and 
intolerance to the indwelling catheter.

High-dose rate brachytherapy utilizes a highly active 
iridium-192 source. A HDR remote afterloading brachy-
therapy system consists of a housing unit for the radioac-
tivity source, a source drive mechanism, and treatment 
planning computer system. The source is driven along the 
length of the delivery catheter by a computer-controlled 
cable. The source will stop at dwell points for a designated 
time to deliver the prescribed dose. The number of dwell 
points and interval between dwell points are determined 
by the computer to provide the optimal radiation dose to 
the tumor volume. Treatment is delivered to the patient in 
a heavily shielded room. Treatment times with HDR 
brachytherapy are very short, lasting 5–20 minutes. HDR 
brachytherapy has the advantages of greater patient comfort, 
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being able to provide treatment as an outpatient procedure, 
and no radiation exposure to medical personnel, although 
initial equipment costs are higher. Given these advantages, 
HDR brachytherapy has replaced LDR brachytherapy at 
most institutions.

20.1.1 Technique and Treatment Planning

A brachytherapy prescription will include the radiation 
dose per fraction, the number of fractions, and the pre-
scribed depth, that is, the radial distance from the source at 
which the dose is prescribed. The biological effect of a 
given radiation course is determined not only by the total 
radiation dose but also by the dose per fraction, the dose 
rate, and total time over which the entire course of radia-
tion is given [10]. Using a larger fraction size, for a given 
total dose of radiation, will result in a higher effective dose 
to the tumor as compared to a smaller fraction size. The 
biological effect on late-responding tissues will increase 
more rapidly than the biological effect on the tumor cells, 
however, for a given increase in fraction size. Potential 
gains in treatment efficacy with a larger fraction dose need 
to be balanced with a potential increase in the risk of com-
plications [10].

Dose and fractionation schemes for HDR brachytherapy 
can vary among institutions. Treatment regimens have 
ranged from 15 Gy in a single fraction to 4–5 fractions of 
4 Gy each. A total dose higher than 30–40 Gy does not seem 
to be necessary for sufficient tumor control and may be 
associated with a higher risk of fatal hemorrhages [11]. 
The interval between fractions ranges from one to three 
weeks with a one-week interval being most commonly 
used. The American Brachytherapy Society has recom-
mended three weekly fractions of 7.5 Gy each, two weekly 
fractions of 10 Gy each, or four weekly fractions of 6 Gy 
each prescribed at a distance of 1 cm from the source for 
HDR brachytherapy when used as a sole modality for pal-
liation [12]. When used as a boost to external beam radia-
tion for palliation, two fractions of 7.5 Gy each, three 
fractions of 5 Gy each, or four fractions of 4 Gy each at 1 cm 
every 1–2 weeks are recommended for HDR brachyther-
apy. For curative therapy, HDR brachytherapy of three frac-
tions of 5 Gy each or two fractions of 7.5 Gy each at 1 cm as 
a boost to external beam radiation given as 60 Gy in 30 frac-
tions or 45 Gy in 15 fractions are recommended. If HDR 
brachytherapy is used alone in previously unirradiated 
patients, the recommendation is five fractions of 5 Gy each 
or three fractions of 7.5 Gy each at 1 cm.

With regard to LDR brachytherapy, the American 
Brachytherapy Society recommends a total dose of 30 Gy at 
1 cm when used as the primary modality and 20 Gy at 1 cm 
when used as an adjunct to external beam radiotherapy 

[12]. The prescribed depth or number of fractions may be 
reduced depending on prior radiation or location such as 
the left upper lobe bronchus. Decreasing the brachyther-
apy dose should be considered if the patient has received 
radiosensitizing chemotherapy. Endobronchial brachy-
therapy should be delivered with at least a 1 cm margin on 
each end of the tumor target.

The first step in endobronchial brachytherapy is to 
review pertinent imaging. Bronchoscopy is performed in a 
standard fashion with topical anesthesia and sedation 
medications per the bronchoscopist’s standard practice. 
Bronchoscopy is typically performed by the transnasal 
route to facilitate catheter stability during patient transport 
and treatment. Attention should be paid to adequate topi-
cal anesthesia of the larynx and catheter insertion site to 
minimize coughing and potential catheter dislodgment. 
The proximal and, if possible, distal ends of the tumor tar-
get are visualized with the bronchoscope. Treatment of 
complex tumors at the carina may be facilitated by placement 
of multiple catheters.

After inspection of the tumor and determination of the 
number of catheters required, a 5–6 Fr catheter(s) is/are 
inserted through the working channel of the bronchoscope 
and passed beyond the area of endobronchial tumor under 
direct bronchoscopic visualization (Figure 20.1). A radio-
paque internal guidewire can assist in placing the catheter 
and confirming catheter position with fluoroscopy. The 
bronchoscope is slowly withdrawn as the catheter/guidewire 
is advanced by an equal amount by the bronchoscopist or 
assistant and the catheter/guidewire is stabilized at the 
nose. The bronchoscope is then reinserted and visual con-
firmation of appropriate catheter positioning is performed. 
With the guidewire in place, fluoroscopy can also be used 
to confirm correct positioning (Figure 20.1).

After appropriate positioning is established, the catheter 
is taped to the nose. This process is repeated if an addi-
tional catheter is needed, with the additional catheter usu-
ally placed into another bronchial segment. The catheter 
may be placed with the tip 2 cm beyond the distal end of 
the tumor or can be placed as far distally as possible to 
wedge it into a smaller peripheral bronchus. The distal end 
of the irradiation target length may need to be estimated 
from previous chest radiographs or computed tomography 
(CT) scans when the distal end of the tumor cannot be 
visualized with the bronchoscope. More distal catheter 
placement may be advantageous when the catheter place-
ment is done in the bronchoscopy suite, as opposed to the 
radiation suite, to lessen the chance of catheter dislodg-
ment during patient transport. Wedging the catheter may 
also be useful if LDR brachytherapy is performed given 
the prolonged treatment time. With distal placement, care 
should be taken not to use excessive force while inserting 
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the catheter/guidewire and cause a pneumothorax. As 
noted, a recanalization technique may be needed to facili-
tate catheter placement in a subtotally occluded airway 
(Figure  20.1). Although a variety of outer sheaths, bal-
loons, and cages have been designed to hold the applica-
tion catheter in the center of the airway and avoid “hot 
spots” on the bronchial mucosa, these are not typically 
used by most practitioners.

After bronchoscopic placement of the catheter(s) and 
patient transport to the radiation oncology treatment area, 
dummy seeds consisting of radiopaque markers are inserted 

into the catheter. Orthogonal radiographs are taken to con-
firm correct placement and facilitate treatment planning. A 
treatment plan is designed with planning software 
(Figure 20.2). The dummy seeds are removed and the cath-
eters are then loaded with the radioactive source for the pre-
determined amount of time. After each treatment session, 
the catheters are removed and the patient is  discharged 
home. Potential acute side-effects of the procedure include 
coughing, bronchospasm, increased bronchial secretions, 
hemoptysis from abrasion of the tumor, and pneumothorax 
from catheter/guidewire puncture of the lung.

(a) (b)

(c) (d)

Figure 20.1 Brachytherapy catheter placement. (a) Tumor recurrence at end of bronchial stent. (b) Insertion of twp brachytherapy 
catheters following argon plasma coagulation deobstruction. (c) Fluoroscopic image following placement of catheters with guidewires 
(arrows). (d) Appearance of airway at bronchoscopic follow-up.
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20.1.2 Results for Malignant Disease

A number of randomized trials involving the use of HDR 
have been published. In terms of studies evaluating differ-
ent treatment regimens of HDR brachytherapy, patients 
with lung cancer were randomized to treatment with HDR 
brachytherapy at a dose of 3.8 Gy at 1 cm weekly for four 
treatments (group 1, n= 44) or 7.2 Gy at 1 cm every three 
weeks for two treatments (group 2, n = 49) by Huber and 
coworkers [13]; 88.9% of patients in group 1 and 92.7% of 
patients in group 2 had undergone previous treatment, 
including external beam radiotherapy in 47.2% and 39.0%, 
respectively. Twelve patients in group 1 and seven in group 
2 did not receive full treatment due to death or deteriora-
tion. There was minimal change in mean Karnofsky per-
formance scores: 60.7–63.8 and 60.0–65.7 for group 1 and 
group 2, respectively. Median survival times were essen-
tially equal in both groups, 19 weeks versus 18 weeks 
respectively, while one-year survival rates were 11.4% in 
group 1 and 20.4% in group 2 (p = ns). Fatal hemoptysis 
occurred in 22% and 21% of patients, respectively; 18.2% of 
group 1 required further therapy as did 22.4% of group 2.

Niomoeller and colleagues randomized 142 patients 
with centrally located malignant tumors to receive four 
fractions of 3.8 Gy at weekly intervals or two fractions of 

7.2 Gy at a three-week interval [14]. The mean duration of 
local control as confirmed by bronchoscopy was 11 weeks 
in the four-fraction group and 37 weeks in the two-fraction 
group (p  =  0.015). Median survival was 19 weeks and 
18 weeks, respectively (p = ns). Fatal hemoptysis occurred 
in 18.3% of the four-fraction group and 12.2% of the two-
fraction group.

Mallick and coworkers compared three different doses of 
HDR brachytherapy with or without external beam radia-
tion in a randomized study of patients with advanced nons-
mall cell lung cancer [15]. Fifteen patients were treated 
with two sessions of brachytherapy with a dose of 8 Gy at 
1 cm plus 30 Gy of external beam radiation, 15 patients 
were treated with a single fraction of brachytherapy with a 
dose of 10 Gy at 1 cm plus 30 Gy of external beam radiation, 
and 15 patients received a single fraction of brachytherapy 
with a dose of 15 Gy at 1 cm without external beam radia-
tion. Reductions in obstruction scores were 57.7%, 55.8%, 
and 44.4%, respectively (p  =  0.54). Overall symptomatic 
response rates were 91% for dyspnea, 84% for cough, 94% 
for hemoptysis, and 83% for obstructive pneumonia. 
Improvements in dyspnea, cough, hemoptysis, and 
obstructive pneumonia were similar among the three 
groups although the duration of relief from hemoptysis 

Figure 20.2 Treatment planning. (a,b) Planning chest X-ray with two catheters and dummy strands in place. (c,d) Treatment 
planning with isodose distribution and isodose cloud. Source: Courtesy of Robert Zlotecki, MD, University of Florida, Gainesville, FL.

(b)

(a)
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(c)

(d)

Figure 20.2 (Continued)
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was significantly shorter in the group receiving brachyther-
apy alone. Improvements in the EORTC QLQ-C30 
(European Organization for Research and Treatment of 
Cancer quality of life questionnaire) global health status 
scores were similar between the three groups, as were the 
QLQ-lung cancer-13 (QLQ-LC13) scores. The QLQ-C30 
global health status improved from 35 to 67 and the 
QLQ-LC13 dyspnea score improved from 30 to 10, overall.

A number of randomized studies have compared HDR 
brachytherapy, with or without external beam radiother-
apy, to external beam radiotherapy alone. Huber and col-
leagues conducted a randomized trial comparing external 
beam radiotherapy alone to external beam radiotherapy 
plus HDR brachytherapy in patients with inoperable nons-
mall cell lung cancer (NSCLC) [16]. Patients receiving 
external irradiation only (n = 42) were treated with 50 Gy 
with 4–5 fractions per week plus a 10 Gy boost. Patients 
receiving external irradiation plus brachytherapy (n = 56) 
received the same dose of external beam radiation and 
4.8 Gy at 1 cm dose of brachytherapy one week prior to 
external beam and a second dose three weeks after com-
pleting external beam. Twenty-five patients (44.6%) did not 
receive the second brachytherapy treatment. According to 
the authors, the main reason for this deviation from proto-
col was treatment on an outpatient basis where patients 
from very far away were irradiated and did not come back 
three weeks after termination of the external irradiation 
due to complete relief of symptoms. No changes in 
Karnofsky performance scores were noted in either group. 
Overall median survival was 28 weeks in the external beam 
radiotherapy only group and 27 weeks in the external beam 
+ brachytherapy group (p = 0.42). In patients treated per 
protocol, the median survival was 33 weeks for external 
beam irradiation only and 43 weeks for external beam irra-
diation plus brachytherapy (p = 0.08). In the subgroup of 
patients with squamous cell carcinoma (n = 68), there was 
a nonsignificant trend for improved median survival in the 
external beam + brachytherapy group  –  40 weeks versus 
33 weeks. Fatal hemoptysis occurred in six patients receiv-
ing external beam alone and 11 patients receiving external 
beam plus brachytherapy.

A second randomized study comparing the addition of 
HDR brachytherapy to external beam radiotherapy versus 
external beam radiotherapy alone in patients with inoper-
able NSCLC was reported by Langendijk and colleagues 
[17]. For radical external beam radiation therapy, patients 
with performance status 2 and no supraclavicular node 
involvement (79%) were treated with 60 Gy whereas pallia-
tive radiation therapy in patients with performance status 
of 3 or supraclavicular node involvement (21%) consisted 
of a dose of 30 Gy. In the group receiving brachytherapy as 
well, the dose was 7.5 Gy on day 1 and day 8. Forty-eight 

patients were randomized to external beam radiotherapy 
alone and 47 were randomized to external beam + brachy-
therapy. In the group of patients with an atelectasis before 
radiotherapy, nine out of 26 (35%) improved with external 
beam alone, while 17 out of 30 (57%) improved with exter-
nal beam + brachytherapy. Response rates were 37% versus 
46% (p = 0.29) for dyspnea, 38% versus 24% for cough, and 
82% versus 86% for hemoptysis in the external beam only 
group and external beam + brachytherapy group, respec-
tively. The median survival after external beam irradiation 
only was 8.5 months and external beam irradiation plus 
brachytherapy 7.0 months (p = 0.21). Six patients treated 
with external beam only died of massive hemoptysis (13%) 
compared to seven patients treated with external beam + 
brachytherapy (15%).

A third randomized study comparing external beam 
radiotherapy plus brachytherapy versus external beam 
radiotherapy alone in patients with locally advanced 
NSCLC with endobronchial involvement was conducted 
by Sur and coworkers with an update published in abstract 
form [18,19]. After receiving 30–40 Gy of external beam 
radiation in 10–20 fractions, 65 patients were randomized 
to further external beam radiation of 20 Gy in 10 fractions 
or to receive two weekly fractions of 6 Gy at 1 cm HDR 
brachytherapy. Symptom-free survival was 129 days in the 
external beam alone group versus 77 days in the external 
beam + brachytherapy group (p = 0.009). Overall survival 
at one year was similar at 29.4% and 29.7%, respectively.

A randomized trial by Stout and colleagues compared 
HDR endobronchial brachytherapy to external beam 
radiotherapy for palliation in 99 patients with inoperable 
NSCLC [20]. Forty-nine patients received a single treat-
ment of brachytherapy at a dose of 15 Gy at 1 cm and 50 
patients received 30 Gy of external beam radiation over 
10–12 fractions. Positive responses to symptom endpoints, 
as assessed by clinicians at eight weeks for the brachyther-
apy group versus the external beam radiation group, 
respectively, were 59% and 78% for dyspnea, 50% and 67% 
for cough, 78% and 89% for hemoptysis, 61% and 80% for 
chest pain, 57% and 74% for tiredness, and 63% and 78% for 
anorexia. Although the improvements in symptoms as 
assessed by clinicians favored the external beam radiother-
apy group, the results were not statistically significant. 
Assessments of positive response by patients at eight weeks 
for the brachytherapy group and the external beam radia-
tion group were 38% and 49% for dyspnea, 45% and 65% for 
cough, 71% and 90% for hemoptysis, 43% and 77% for chest 
pain (p <0.05), 30% and 65% for tiredness (p <0.05), and 
43% and 77% for anorexia (p <0.05), respectively. A higher 
percentage of patients in the external beam radiotherapy 
only group achieved good global palliation in assessments by 
clinicians (91% versus 76%, p = 0.09) and by patients (83% 
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versus 59%, p = 0.029). Fifty-one percent of the brachyther-
apy group required subsequent external beam radiation at 
a median time of 125 days (range 15–511) while 28% of the 
external beam radiotherapy group required subsequent 
brachytherapy at a median time of 304 days (range 
98–1037). Median survival was 287 days in the external 
beam radiation group compared to 250 days in the brachy-
therapy group while one-year survival rates were 38% vs 
22%, respectively (p = 0.04).

A number of nonrandomized studies have evaluated dif-
ferent dosing schemes of HDR brachytherapy and HDR 
brachytherapy with or without external beam radiother-
apy. In a study by Muto and colleagues, 320 patients with 
stage IIIA or IIIB NSCLC were treated with 10 Gy in one 
fraction (n = 84), two fractions of 7 Gy (n = 47), or three 
fractions of 5 Gy (n = 189) [21]. Patients were also treated 
with 60 Gy of external beam radiation. Improvements in 
dyspnea were noted in 80%, 85%, and 94% of patients, 
respectively; cough in 58%, 72%, and 89%, respectively; and 
hemoptysis in 100%, 99%, and 99%, respectively. Mean sur-
vival was 9.7 months with no difference in survival between 
the groups. Radiation bronchitis, with or with concomitant 
bronchial stenosis, was found at six months in 80% of the 
10 Gy single-fraction group, 48% of the 7 Gy two-fraction 
group, and 17% of the 5 Gy three-fraction group. Fatal hem-
optysis occurred in 2.5%, 6.5%, and 3.2% of patients, respec-
tively. Bronchoesophageal fistulas were noted in 1–2% of 
patients.

Mallick and coworkers treated 95 patients with stage 
IIIA or IIIB NSCLC with HDR brachytherapy plus external 
beam radiotherapy or HDR brachytherapy alone [22]. 
Sixty-five patients received two fractions of 8 Gy at 1 cm 
plus 30 Gy of external beam radiation in 10 fractions, 15 
patients received one fraction of 10 Gy at 1 cm plus 30 Gy of 
external beam radiation in 10 fractions, and 15 patients 
received a single fraction of 15 Gy at 1 cm alone. Changes in 
obstruction scores were 57%, 54%, and 44%, respectively 
(p = 0.066). Overall response rates were 93% for dyspnea, 
81% for cough, 97% for hemoptysis, and 91% for obstructive 
pneumonia. The symptom responses for dyspnea, cough, 
and obstructive pneumonia were similar between the 
groups although the group receiving brachytherapy alone 
had less improvement in hemoptysis (83.3% versus 100%, 
p = 0.041). The overall EORTC QLQ-30 scores improved 
from 35 to 67 while the overall QLQ-LC13 dyspnea scores 
improved from 30 to 10. The median time to symptom pro-
gression ranged from six to 11 months.

A total of 648 patients with locally advanced NSCLC 
were treated with two different dose schedules of HDR 
brachytherapy by Skowronek and colleagues, depending 
on clinical stage and ECOG (Eastern Cooperative Oncology 
Group) performance status [23]. Three hundred and three 

patients received three fractions of 7.5 Gy at 1 cm weekly 
and 345 patients, most of whom had a performance status 
>2, received a single fraction of 10 Gy at 1 cm. There was a 
trend for improved survival times in patients treated with 
three fractions of 7.5 Gy but this was not significant in mul-
tivariate analysis.

Mantz and coworkers compared HDR brachytherapy 
plus external beam radiotherapy to external beam radio-
therapy only in a matched pair analysis of patients with 
medically inoperable NSCLC [24]. Thirty-nine patients 
were treated with brachytherapy at total doses ranging 
from 10 to 30 Gy in 2–4 fractions and external beam radia-
tion at total doses ranging from 54.0 to 75.6 Gy. Each patient 
was matched with two patients with similar stage and 
external beam radiation dose. At five years, patients treated 
with brachytherapy plus external beam radiotherapy 
achieved a local control rate of 58% compared with 32% 
local control for patients treated with external beam alone. 
Three-year overall survival rates were 15% and 9%, respec-
tively. No differences in acute and late toxicity were noted.

A number of descriptive case series studies of brachyther-
apy have been published. These are listed in Table  20.1. 
Improvements in dyspnea ranged from 24% to 100% of 
patients. Cough improved in 24–88% of patients. Hemoptysis 
was controlled in a higher percentage of patients than dysp-
nea or cough, with response rates of 69–100%. Improvement 
in atelectasis or obstructive pneumonitis was more variable, 
with radiographic responses ranging from 20% to 85%. 
Median survival times ranged from five to 21 months 
depending on whether therapy was palliative or curative 
intent. Different survival times, as noted in Table 20.1, were 
observed in different patient groups within some studies 
and were related to previous treatment versus no previous 
treatment, the use of concurrent external beam radiother-
apy, and dose/fractions of brachytherapy. Some studies 
evaluated change in performance status, in addition to 
symptoms, following brachytherapy.

Nori and associates treated 32 patients with malignant 
airway obstruction with brachytherapy [50]. Seventeen 
patients were treated with brachytherapy as a boost to 
external beam radiotherapy (group 1) and 15 patients were 
treated for endobronchial recurrence after prior external 
beam irradiation (group 2). Most patients received 3–4 frac-
tions HDR brachytherapy at a dose of 4–5 Gy at 1 cm per 
fraction. Evaluated one month after treatment, the mean 
ECOG performance status improved from 2.2 to 1.2. Prior 
to intervention, 14 patients had grade 3 or 4 status whereas 
five patients had this level of severely decreased perfor-
mance status afterwards. Median survival was 17.7 months 
for group 1 and 7.5 months for group 2.

Twenty-nine patients with symptomatic endobronchial 
recurrence following maximal external irradiation for 



Table 20.1 Descriptive case series studies of HDR brachytherapy

Author, year 
(reference) N Treatmenta Symptom improvement (number of patients) Performance status Median survivalb

Overall Cough Dyspnea Hemoptysis
Atelectasis/
pneumonitis

Manali et al. [25] 34 7.1 Gy × 1–3 ± EBRT 56% 7.8 months

Hauswald et al. [26] 41 5 Gy × 1–5 58% 6.7 months

Ozkok et al. [27] 158 5–7.5 Gy q1w × 
2–3 ± EBRT

57% 85% 88% 6–11 months

Hennequin et al. [28] 106 5–7 Gy qw × 6 21.4 months

Escobar-Sacristán 
et al. [29]

81 5 Gy q1w × 4 85% 88% (30/34) 75% (18/24) 96% (23/24)

Gejerman et al. [30] 41 5–7.5 Gy q1–2w × 
1–5 ± EBRT

72% 5.2 months

Anacak et al. [31] 30 5 Gy q2w × 3 + EBRT 43% (12/28) 80% (12/15) 95 (20/21) 11 months

Petera et al. [32] 67 5–7.5 Gy q1–2w × 
1–5 ± EBRT

52% (23/44) 59% (29/51) 76% (13/17) 50% (27/54) 5.0–8.2 months

Harms et al. [33] 55 5 Gy × 2–5 ± EBRT 75% 5, 20 months

Kelly et al. [34] 175 15 Gy q2w × 1–3 66% 6 months

Marsiglia et al. [35] 34 5 Gy q1w × 6 [78% at 2 yrs]

Taulelle et al. [36] 189 8–10 Gy q1w × 3–4 54% 54% 74% 7 months

Ofiara et al. [37] 30 8 Gy q2w × 3 46%
(11/24)

33%
(8/24)

79%
(11/14)

43%
(9/21)

Ornadel et al. [38] 117 15 Gy × 1 ± LR 59% 73% 73% 75% improved

Nomoto et al. [39] 39 6 Gy q1w × 3 + EBRT or 
10 Gy × 1

8 months

Pérol et al. [40] 19 7 Gy q1w × 3–5 28 months

Delclos et al. [41] 81 15 Gy @ 6–7.5 mm q2w × 
1–3

84%
(68/81)

5 months

Hernandez et al. [42] 29 7.5–10 Gy q2w × 1–3 24%
(7/29)

24%
(7/29)

69%
(11/16)

28%
(5/18)

24% improved

Macha et al. [43] 365 5 Gy q2w × 1–6 5–9 months

Trédaniel et al. [44] 51 7 Gy in 2 fx over 2 days 
q2w × 3

70% (21/30) 85% 55% 85% 5 months,
not reached

(Continued)



Table 20.1 (Continued)

Author, year 
(reference) N Treatmenta Symptom improvement (number of patients) Performance status Median survivalb

Overall Cough Dyspnea Hemoptysis
Atelectasis/
pneumonitis

Chang et al. [45] 76 7 Gy q2w × 3 ± EBRT 79% (37/47) 87% (47/54) 95% (20/21) 88% (15/17) 5 months

Goldman et al. [46] 19 15 Gy × 1 89%
(17/19)

37%
(7/19)

89%
(17/19)

100%
(6/6)

69%
(9/13)

Gollins et al. [47] 406 10–20 Gy × 1 ± EBRT 45% (172/380) 45% (172/380) 84% (128/152) 43% (89/207) 4.3–6.6 months

Speiser and 
Spratling [48]

342 7.5–10 Gy @ 0.5–1 cm 
q1w × 3 ± EBRT

85% 86% 99% 5.6–9.5 months

Pisch et al. [49] 39 10 Gy q2w × 1–2 80% (16/20) 93% (13/14) 20%
(3/15)

Nori et al. [50] 32 5 Gy q1w × 3 ± EBRT 86%
(6/7)

100% (10/10) 100% (15/15) 44% Improved in 
11/14 pts ECOG 

2

7.5, 
17.5 months

Bedwinek et al. [51] 38 6 Gy q1w × 3 76% (29/38) 64%
(9/14)

6.5 months

Gauwitz et al. [52] 24 15 Gy @ 6 mm q2w × 3 88% (21/24) 83% (15/18) 7.4 months

Mehta et al. [53] 31 4 Gy @ 2 cm × 4 over 2d 79%l 73% (19/26) 75% (18/24) 100% (10/10) 85% (12/14) ECOG 2.1 → 1.6

Sutedja et al. [54] 31 10 Gy q2w × 1–3 ± LR 82% (18/22) 3, 7 months

Aygun et al. [55] 62 5 Gy q1w × 3–5 + EBRT 10, 20 months

Burt et al. [56] 50 15–20 Gy × 1 50%
(9/18)

64%
(21/33)

86%
(24/28)

33%
(11/24)

a Treatment at 1 cm unless specified.
b Median survival may be reported for different groups within case series depending on dose fraction and curative versus palliative intent.
ECOG, Eastern Cooperative Oncology Group; EBRT, external bean radiotherapy; Gy, gray; LR, laser resection.
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bronchogenic carcinoma were treated with HDR brachy-
therapy by Hernandez and colleagues [42]. Patients 
received three fractions every two weeks at a single fraction 
dose of 7.5–10 Gy at 1 cm. Twenty-six patients completed 
the protocol. ECOG performance status (mean grade 1.9 at 
study entry) improved in 24%, remained unchanged in 
42%, and worsened in 34%.

Mehta and colleagues treated 31 patients with primary 
lung cancer and metastatic malignancies with HDR 
brachytherapy, delivering four fractions of 4 Gy at 1 cm 
over two days [53]. The ECOG performance status improved 
from 2.1 to 1.6. Cotter and coworkers evaluated changes in 
performance status in 65 patients with airway obstructions 
from primary lung cancer [57]. Patients were treated with 
external beam radiotherapy at doses of 55–66 Gy and either 
IDR brachytherapy (135–300 cGy/h) in 17 patients or HDR 
brachytherapy (15–74 cGy/s) in 48 patients. Total implant 
doses ranged from 2.7 to 10 Gy. An improvement in ECOG 
performance status was noted in 66% of patients overall. 
Improvement was noted in 39% (5/13) of patients receiving 
total doses less than 70 Gy, 72% (13/18) of patients receiv-
ing total doses between 70 and 84 Gy, and 74% (20/27) of 
patients receiving total doses of greater than 85 Gy. Mean 
survival of all patients was 12.4 months and did not signifi-
cantly differ when stratified for total dose of administered 
radiotherapy.

Some studies have also evaluated changes in pulmonary 
function after brachytherapy. Changes in pulmonary func-
tion and ventilation and perfusion following HDR brachy-
therapy in 19 patients were evaluated by Goldman and 
coworkers [46]. Patients were treated with a single fraction 
of 15 Gy at 1 cm. Pulmonary function testing performed six 
weeks later demonstrated mean increases in FEV1 (forced 
expiratory volume in one second) from 1.45 to 1.61 L (55.5–
62.3% of predicted) and FVC (forced vital capacity) from 
2.17 to 2.48 L (63.9–74.0% of predicted) (p <0.05 for both). 
There was no significant change in total lung capacity, 
residual volume, or diffusion capacity. Radionuclide lung 
scans six weeks after treatment showed improvement in 
ventilation of the abnormal lung from 17.0 to 27.7% and in 
perfusion from 15.1 to 21.9% (p <0.005). The mean five-
minute walking distance increased from 305 to 329 m 
(p <0.01). Patients with occlusion of a mainstem bronchus 
had greater improvement than those with lobar bronchus 
occlusion.

Macha and colleagues evaluated pulmonary function in 
a subset of 40 patients with obstruction of a mainstem 
bronchus treated with HDR brachytherapy at a dose of 
5 Gy at 1 cm every two weeks for 1–6 fractions [43]. FEV1 
increased from 1.50 to 2.15 L while FVC increased from 
2.61 to 3.41 L. Pulmonary function was assessed after LDR 
brachytherapy in 38 patients by Mehta and coworkers [58]. 

The average FEV1 improved from 1.47 to 1.88 L and FVC 
improved from 2.21 to 3.09 L.

Brachytherapy has been utilized for curative intent 
 therapy in patients who are not candidates for surgical 
resection. Skowronek and colleagues treated 13 patients 
with local stump recurrence and 21 patients with histo-
pathologically positive margins following surgery [59]. 
Twenty-five patients were treated with four fractions of 
7.5 Gy and nine received two fractions of 6 Gy plus 50 Gy of 
external beam radiotherapy. The complete response rate at 
one month was 73.5%, with 100% response in the positive 
margin group. At one year, the overall disease-free survival 
was 30.8% in the bronchial stump group and 71.4% in the 
positive margin group. Thirteen patients with 16 endo-
bronchial carcinomas were treated with 20–25 Gy of HDR 
brachytherapy (n = 6) or 20 Gy HDR brachytherapy plus 
40–61 Gy of external beam radiotherapy by Kawamura and 
coworkers [60]. The two-year local control rate was 86.2% 
and two-year overall survival was 92.3%.

Aumont-Le Guilcher and colleagues treated 226 patients 
with endobronchial carcinomas with 24–35 Gy in 4–6 frac-
tions [61]. Complete bronchoscopic response at three 
months was 93.6%. Disease-free survival was 68% at two 
years and 50% at five years with local recurrence noted 
in  37% of patients. Median survival was 28.6 months. 
Complications included bronchial stenosis in 9.5%, bron-
chial wall necrosis in 3.5%, and hemoptysis in 6.6% of 
patients with 6% of patients dying due to complications. 
Fourteen patients with limited endobronchial disease, 
including 11 patients with residual positive bronchial mar-
gins following surgery, were treated with four fractions of 
5 Gy at 1 cm by Macha and coworkers [43]. Mean survival 
time was 23 months. Trédaniel and colleagues treated 29 
patients with lung cancer limited to the bronchial wall and 
lumen [44]. Patients were treated with 7 Gy at 1 cm frac-
tions on two consecutive days with repeat treatment every 
15 days to a maximum of six fractions. Histological com-
plete responses were noted in 18/25 patients who 
 underwent bronchoscopic assessment. The mean overall 
actuarial survival was not achieved after 23 months of 
follow-up.

Nineteen patients with limited endobronchial nonsmall 
cell carcinomas, lesions 1 cm, were treated with HDR 
brachytherapy by Pérol and coworkers [40]. Patients 
received weekly fractions of 7 Gy at 1 cm for a total of 3–5 
fractions. Twelve of 16 patients (75%) evaluated broncho-
scopically at one year had histological evidence of tumor 
control. Overall survival rates were 78% at one year and 
58% at two years with a median value of 28 months. Partial 
fibrous stenosis of the treated bronchus occurred in 10 
of  18 patients, including eight of 12 patients receiving 
five fractions. Two patients treated with five fractions 
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developed bronchial wall necrosis. Hennequin and col-
leagues treated 106 patients with lung cancer limited to the 
bronchus who developed disease relapse after surgery 
(n = 43) or external beam radiotherapy (n = 27) or who 
had respiratory insufficiency precluding other therapy 
(n = 36) with six weekly fractions of 7 Gy (initial regimen) 
or 5 Gy (subsequent regimen) [28]. At five years, the local 
control, overall survival, and cause-specific survival rates 
were 51.6%, 24%, and 48.5%, respectively. Two patients died 
of hemoptysis and three from bronchial necrosis.

Marsiglia and coworkers observed a local control rate of 
85% and a survival rate of 78% at two years in 34 patients 
with early-stage endobronchial NSCLC treated with six 
weekly fractions of 5 Gy [33]. A median survival time of 
20 months was observed in the subset of 19 patients with 
stage I NSCLC treated with 3–5 weekly fractions of 5 Gy 
at  1 cm HDR brachytherapy and 50–60 Gy of external 
beam radiation therapy by Aygun and colleagues [55]. 
Results similar to those presented have been noted in 
patients with roentgenographically occult lung cancer 
treated with external beam radiotherapy and LDR 
brachytherapy [62,63].

Brachytherapy has also been utilized as palliative treat-
ment for endobronchial metastases from nonbronchogenic 
malignancies. In one study, 35 patients with endobronchial 
metastases received 1–3 fractions of 5–8 Gy [64]. 
Improvement in cough in 75% of patients, hemoptysis in 
76.4%, and pain in 25.7% was documented for a median 
duration of three months and dyspnea in 60% of patients 
for a median of six months. Of the 22 patients with atelec-
tasis who had subsequent imaging, reexpansion was noted 
in seven (32%). Median overall survival was 112 days. 
Eleven patients with endobronchial metastases were 
treated with 3–4 weekly fractions of 5–6 Gy at 1 cm in 
another study [65]. Improvement in signs and symptoms of 
obstruction occurred in eight patients. Bronchoscopic eval-
uation revealed complete response in three patients and 
partial response ( 60% decrease in obstruction) in five 
patients. In a third study, 37 patients with endobronchial 
metastases were treated with a single fraction of 10–15 Gy 
at 1 cm [66]. Dyspnea improved in 42% of patients, cough 
in 50%, and hemoptysis in 67%. Survival ranged from nine 
to 1145 days with a mean of 280 days. Survival was longer 
in patients without overt extrabronchial metastases. 
Although not specifically evaluated in the studies, various 
case series of brachytherapy have also included patients 
with endobronchial metastases.

Additional bronchoscopic modalities have been com-
bined with brachytherapy. Chella and colleagues rand-
omized 15 patients with central NSCLC to treatment with 
neodymium:yytrium-aluminum-garnet (Nd:YAG) laser 
therapy alone and 14 patients to Nd:YAG laser resection 

followed by HDR brachytherapy [67]. The brachytherapy 
treatment dose was 5 Gy at 0.5 cm weekly to a total dose of 
15 Gy and treatment began 15–18 days after laser treat-
ment. Median survival was 7.4 months in the laser resec-
tion alone group and 10.3 months in the laser plus HDR 
brachytherapy group (p  =  ns). The Speiser obstruction 
index improved to a similar degree in both groups. The 
period free from symptoms in responsive patients was 
2.8 months for Nd:YAG treatment alone and 8.5 months for 
combined Nd:YAG and HDR treatment (p <0.05). 
Improvements in spirometry were similar for the two 
groups: FEV1 1.35–2.16 L and 1.43–2.32 L, respectively; 
FVC 2.08–3.34 L and 2.11–3.47 L, respectively. Further 
bronchoscopic interventions were required in 15 of the 
patients treated with Nd:YAG laser alone versus three of 
the Nd:YAG plus brachytherapy group.

Jang and colleagues conducted a retrospective review of 
patients with primary lung cancer (n = 67) or metastatic 
cancer (n = 13) treated with laser resection (n = 22), HDR 
brachytherapy (n  =  37), or a combination (n  =  21) [68]. 
The vast majority were treated with a single fraction of 
brachytherapy with a mean dose of 12.5 Gy. Overall median 
survival rates were 111 days in the laser therapy group, 
115 days in the brachytherapy group, and 264 days in the 
combined group which was statistically significant for the 
brachytherapy versus combined treatment groups but not 
for the laser therapy versus combined treatment groups. A 
retrospective review of 33 patients with squamous cell car-
cinoma treated with Nd:YAG laser therapy alone and 13 
patients treated with Nd:YAG plus LDR brachytherapy was 
reported by Shea and coworkers [69]. Mean survival times 
were 16.4 and 40.8 weeks, respectively (p = 0.001).

Other authors have suggested that progression-free sur-
vival times may be increased with the combination of laser 
therapy and brachytherapy, albeit in uncontrolled case 
series [7, 38]. Seventy-nine patients with primary lung can-
cer were treated by HDR brachytherapy by Kohek and cow-
orkers [8]. Patients received 5 Gy per session with total 
doses ranging from 5 to 25 Gy (mean 11.6). In 26 patients 
with complete or nearly complete obstruction, Nd:YAG 
laser resection was performed to allow for catheter place-
ment. External beam radiotherapy was administered to 48 
patients following brachytherapy at a total dose of 50–70 Gy. 
The mean Karnofsky performance score improved from 
68.2 to 77.2 in 58 of the 79 patients. Dyspnea was relieved 
in 67% of patients (41/61), hemoptysis in 86% (6/7), and 
cough in 70% (50/71). In the 41 patients with atelectasis, 
radiological evidence of reaeration was noted in 29 patients 
(70%). The median survival of the 48 patients who received 
additional external beam radiotherapy was 13 months 
while the median survival of the 31 patients who did not 
was six months (p <0.01).
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Ornadel and associates evaluated 117 patients treated 
with HDR brachytherapy for recurrent malignant airway 
obstruction after prior therapy [38]. Patients underwent a 
single fraction of 15 Gy at 1 cm except for four patients who 
received additional fractions. Nd:YAG laser resection was 
performed in 51 patients prior to brachytherapy. Fifty-four 
percent of patients had an improvement in ECOG perfor-
mance status of at least one grade (p = 0.0417). Dyspnea 
improved in 50% (p = 0.0063). The mean FEV1 improved 
from 1.30 to 1.38 L (p  =  0.0504) and the mean FVC 
improved from 1.92 to 2.06 L (p = 0.041). Median survival 
was 12 months. Macha and colleagues evaluated 56 patients 
with malignant obstruction of the trachea or mainstem 
bronchus following treatment with three fractions of HDR 
brachytherapy at a dose of 7.5 Gy at 1 cm [70]. Twenty-nine 
patients with mainstem bronchial occlusion underwent 
Nd:YAG laser resection prior to catheter placement. 
Pulmonary function tests (PFTs), available for 20 patients 
although it was not specified how many of these received 
laser resection, demonstrated increases in mean values of 
FEV1 from 1.62 to 2.13 L and FVC from 2.61 to 3.31 L 
(p <0.001 for both). The severity of dyspnea was reduced in 
44 patients (79%). In the 25 patients with atelectasis, radio-
graphic evidence of reaeration was noted in 22 (88%).

Brachytherapy has also been combined with photody-
namic therapy (PDT). Freitag and colleagues treated 32 
patients with inoperable or recurrent endobronchial 
NSCLC with PDT followed by HDR brachytherapy 5–6 
weeks after completing PDT [71]. The brachytherapy regi-
men consisted of five weekly fractions of 4 Gy at 1 cm 
beginning six weeks after PDT. Complete response was 
achieved in 24 patients (75%) after initial PDT and in all 
but one patient after brachytherapy (97%). Cancer recurred 
in six patients at time intervals ranging from six to 
26 months. Moderate scarring of the bronchus 2–3 months 
after treatment was usually observed although no interven-
tions were required. No other complications were noted. 
Nine patients with NSCLC underwent PDT and HDR 
brachytherapy treatment by Weinberg and coworkers [72]. 
Seven patients received three weekly fractions of 5 Gy at 
0.5 cm followed by PDT while two patients received PDT 
first. Intervals between the two treatments ranged from 
nine to 63 days. Local control was achieved in seven 
patients. Bronchial scarring and/or benign local tissue 
reactions were noted in eight patients.

Simultaneous stent placement with HDR brachytherapy 
has also been described by Allison and colleagues [73]. Ten 
patients with symptomatic endobronchial recurrence fol-
lowing chemotherapy and external beam radiotherapy for 
stage III NSCLC underwent placement of a self-expanding 
metallic stent and HDR brachytherapy during the same 
bronchoscopy. Patients were treated with three weekly 

fractions of 6 Gy at 0.5 cm. The Karnofsky performance sta-
tus improved in all patients. Local control was observed in 
all patients with survival times ranging from four to 
18 months. No complications were noted.

Brachytherapy via bronchoscopy has been used to treat 
small peripheral lung cancers. Kobayashi and colleagues 
treated two patients with peripheral lung cancers using CT 
guidance for HDR brachytherapy [74]. The first patient, 
with a left upper lobe 2.3 × 2.2 cm adenocarcinoma, ini-
tially had the lesion marked using CT-guided broncho-
scopic barium instillation in the peripheral bronchus 
directly under the visceral pleura. Nine days later, the 
patient underwent repeat bronchoscopy with placement of 
a 5 Fr applicator at the site of the barium marker under 
fluoroscopy. An 8 Gy at 1 cm dose of brachytherapy was 
then administered. This was repeated twice more at weekly 
intervals. The second patient, with a right upper lobe 
2.6 × 1.8 cm adenocarcinoma, was treated with a single 
fraction of 15 Gy at 1 cm. In this case the brachytherapy 
catheter was placed under CT-guided bronchoscopy with-
out barium marking. Follow-up at 18 and 10 months, 
respectively, demonstrated excellent treatment effects.

Seven patients with peripheral T1–T2 lung cancer 
 underwent transbronchial brachytherapy using fluoros-
copy and  CT guidance by Imamura and coworkers [75]. 
Transbronchial brachytherapy was attempted in an eighth 
patient but was unsuccessful due to inability to access the 
tumor. The brachytherapy regimens included five fractions 
of 5 Gy, three fractions of 7 Gy, and two fractions of 12.5 Gy. 
Also included in this study were five patients who under-
went percutaneously delivered brachytherapy. Complete 
response was noted in three patients, partial response in 
four, and stable disease in five patients. Disease recurrence 
occurred in three patients 12–32 months after treatment, 
including the single patient with a T2 tumor and one 
patient being treated with salvage brachytherapy after con-
formal external beam radiotherapy. The results for patients 
treated with transbronchial brachytherapy were not 
 separately reported from those receiving percutaneous 
brachytherapy.

Harms and colleagues described the use of navigation 
bronchoscopy in combination with brachytherapy in a 
patient with a right upper lobe lung cancer [76]. Navigation 
bronchoscopy was used with the superDimension™ sys-
tem (Medtronic, Minneapolis, MN) to position the extended 
working channel at the tumor. Confirmation of positioning 
of the extended working channel catheter was achieved 
using endobronchial ultrasound (EBUS) with a radial 
probe (Olympus Co., Tokyo, Japan). A 6 Fr brachytherapy 
catheter was then placed through the extended working 
channel and the extended working channel was removed. 
Three fractions of brachytherapy at a dose of 5 Gy were 
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given over a one-week period, leaving the brachytherapy 
catheter in place during the treatment time. The catheter 
was well tolerated by the patient and repeat imaging prior 
to treatment showed no catheter migration. Repeated 
bronchoscopic biopsies were negative for recurrence. In a 
similar approach using electromagnetic navigation bron-
choscopy and catheter position confirmation with periph-
eral radial EBUS, the same investigators at Heidelberg 
University and collaborators at the University of Texas, 
Tyler, reported the treatment of 32 patients with peripheral 
lung cancer in abstract form [77]. Patients were treated 
with a total of 15–30 Gy of HDR brachytherapy. Patients 
treated at Heidelberg University had the brachytherapy 
catheter left in place for up to eight days while patients at 
the University of Texas, Tyler, underwent two separate 
brachytherapy catheter insertions within two weeks. The 
catheter could not be placed in one patient and one patient 
had a pneumothorax that did not require treatment. 
Twenty-seven of the 32 patients had histologically con-
firmed complete remission with at least two years of 
follow-up.

20.1.3 Results for Benign Disease

High-dose rate brachytherapy has also been utilized in the 
management of obstructive endobronchial granulation tis-
sue following lung transplantation and stent placement for 
benign disease. Kennedy and colleagues treated two 
patients with 3 Gy at 1 cm of brachytherapy for recurrent 
granulation tissue in the left mainstem bronchi despite 
prior treatment with stent placement (Wallstent™, Boston 
Scientific Corp, Natick MA), Nd:YAG laser resection, and 
balloon dilatation [78]. The patients underwent stent place-
ment three and four months after lung transplant, respec-
tively, and were treated with brachytherapy four and seven 
months after stent insertion, respectively. One patient 
required bronchoscopy every 10–14 days while the other 
required bronchoscopy every 28–35 days to manage the 
stenoses prior to brachytherapy. One patient required a sec-
ond course of brachytherapy (3 Gy) three weeks after the 
first treatment due to recurrent granulation tissue. Both 
patients were free of granulation tissue at six and seven 
months of follow-up.

Four patients with airway stenosis were treated with 2–4 
fractions of 3 Gy at 1 cm over a time span of 1–30 months by 
Halkos and coworkers [79]. The patients had been treated 
for anastomotic stenosis with stent placement 4–12 months 
after transplant; silicone in two, metallic in one (Wallstent) 
and silicone followed by metallic (Wallstent) in one patient, 
as well as Nd:YAG laser therapy, electrocautery therapy, 
and balloon dilation. Brachytherapy was performed nine 
months to five years after transplant. Successful treatment 

was noted in three patients while one patient had no 
 benefit despite four fractions of brachytherapy and subse-
quently died of pneumonia and respiratory failure. Madu 
and colleagues treated five patients with recurrent obstruc-
tive granulation tissue: four with lung transplant anasto-
motic-related stenosis and one patient with recurrent 
tracheal granulation tissue secondary to prior tracheos-
tomy tube placement [80]. The time to first stenosis ranged 
from one to 10 months and treatment with prior interven-
tions included stent placement, balloon dilation, endo-
bronchial steroid injection, Nd:YAG laser, electrocautery, 
and topical mitomycin-C application. Brachytherapy was 
administered with 2–3 weekly fractions of 7 Gy for the lung 
transplant patients and two weekly fractions of 5 Gy for the 
patient with posttracheostomy tube granulation tissue. At a 
median follow-up of 12 months, the average number of 
interventional procedures decreased from 11 (range 6–17) 
to three (range 0–7) after brachytherapy. The FEV1 
increased in all four lung transplant patients after brachy-
therapy treatment. One patient died during a subsequent 
bronchoscopy for stent placement, likely secondary to a 
cerebral air embolism.

Six patients with granulation tissue following Wallstent 
metallic stent placement for benign subglottic/tracheal ste-
nosis (n = 5) and right mainstem bronchial stenosis (n = 2) 
were treated with HDR brachytherapy by Kramer and col-
leagues [81]. Five patients were treated secondary to recur-
rent granulation tissue requiring multiple procedures and 
two patients, interestingly, were treated prophylactically. 
The brachytherapy consisted of a single fraction of 10 Gy at 
1 cm and was performed after Nd:YAG laser resection of 
granulation tissue. At follow-up ranging from four to 
30 months, two patients had no granulation tissue while 
four had minimal and one had recurrent moderate granu-
lation tissue noted 5–30 months after brachytherapy. 
Radiation necrosis was noted in one patient. Of the two 
patients treated prophylactically, one had no granulation 
tissue and one had minimal granulation tissue. The same 
investigators, in a study of 115 patients undergoing treat-
ment for benign tracheal stenosis, reported the use of a 
 single HDR brachytherapy fraction of 10 Gy at 1 cm to treat 
recurrent granulation tissue in 28 of 33 patients who 
underwent metallic stent placement (Wallstent and 
SMART™, Nitinol stent, Cordis Corp, Bridgewater, NJ). All 
patients were reported as requiring fewer therapeutic bron-
choscopies after brachytherapy but no further details were 
provided. No complications were noted.

Tendulkar and coworkers treated eight patients with 
refractory endobronchial granulation tissue following 
stent placement for lung transplant anastomotic problems 
(n  =  6), tracheobronchomalacia (n  =  1), and Wegener 
granulomatosis (n = 1) [82]. Patients received 1–2 fractions 
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of 7.1 Gy at 1 cm HDR brachytherapy. The interval between 
lung transplant and brachytherapy ranged from seven to 
50 months. The interval between the last therapeutic bron-
choscopy and performing brachytherapy ranged from one 
to 215 days. Within the first six months after brachyther-
apy, six patients were judged to have a good-to-excellent 
response whereas two patients had a fair-to-poor response. 
The mean number of procedures in the six months before 
and after treatment decreased from 3.1 to 1.8. FEV1 
increased from 36% of predicted to 46% of predicted. Of the 
four patients alive at one year, only one maintained an 
excellent response. Of note, this patient had electrocautery 
resection of granulation tissue the day before receiving 
brachytherapy. The investigators speculated that brachy-
therapy may be effective for this application if performed 
24–48 hours after an intervention to remove the granula-
tion tissue. In terms of complications, one patient had an 
anastomotic dehiscence five months after brachytherapy 
and one patient had fatal hemoptysis from a bronchoarte-
rial fistula four months after brachytherapy.

20.1.4 Complications

Endobronchial brachytherapy is a generally well-tolerated 
procedure with few acute side-effects. Most of the acute 
toxicity is related to the bronchoscopy for catheter place-
ment and cough during the time the brachytherapy cathe-
ter is in place. Massive hemoptysis is the most common 
life-threatening complication. The incidence of massive 
hemoptysis has ranged from 0% to 32%, with most series 
reporting values between 3% and 10%. Tumor progression 
likely plays a role in many patients and sorting out the con-
tribution of this versus massive hemoptysis as a direct 
complication of brachytherapy is difficult.

Different risk factors for the development of massive 
hemoptysis have been reported including upper lobe tumor 
location, endobronchial tumor length, prior radiation ther-
apy, prior laser therapy, large fraction size, and presence of 
hemoptysis prior to treatment. Bedwinek and colleagues, in 
their analysis of 38 patients previously treated with external 
beam radiation, observed fatal pulmonary hemorrhage in 
12 patients (32%) 2–56 weeks after receiving three fractions 
of 6 Gy HDR brachytherapy [51]. This complication was 
observed in patients who were treated in the upper lobes 
and right mainstem bronchus. Other investigators have also 
noted increased risk for massive hemoptysis with treatment 
of the upper lobes. This observation is likely due in part to 
the right pulmonary artery lying directly over the anterior 
surface of the right mainstem bronchus and right upper 
lobe while the left pulmonary artery lies directly over the 
anterior left mainstem bronchus and left upper lobe. The 
angulation of the brachytherapy catheter at the take-off of 

the upper lobe bronchi may produce a “hot spot” along the 
bronchial wall and adjacent pulmonary artery.

Ornadel and colleagues treated 117 patients with HDR 
brachytherapy, 51 of whom also underwent prior Nd:YAG 
laser resection [38]. Eleven patients suffered fatal hemop-
tysis. Patients who had received Nd:YAG laser treatment 
were more likely to have fatal hemoptysis although laser 
therapy was performed if there was significant endobron-
chial disease likely to cause lung collapse or if patients 
were in severe respiratory distress and, thus, differences in 
tumor-related factors may have existed. In an analysis of 
406 patients treated with a single dose of 15 Gy or 20 Gy 
HDR brachytherapy, Gollins and coworkers identified 32 
patients (8%) who died of massive hemoptysis seven days 
to 26 months after therapy [11]. A Cox multivariate regres-
sion analysis showed that increased brachytherapy dose 
(20 Gy vs 15 Gy), prior laser treatment at the site of brachy-
therapy, and second brachytherapy treatment at the same 
site increased the risk of fatal massive hemoptysis. The 
concurrent use of brachytherapy and external beam radia-
tion did not quite reach statistical significance in the 
regression analysis, with a p-value of 0.08. Twenty out of 25 
evaluable patients (80%) who died of massive hemoptysis 
had evidence of residual or recurrent tumor.

Hennequin and colleagues reviewed 149 patients who 
received 2–6 fractions of 4–7 Gy HDR brachytherapy for 
complications [83]. Hemoptysis was observed in 11 cases 
(7.4%), 10 of which were lethal, 1–48 weeks after brachy-
therapy. All but one patient were considered to have pro-
gressive disease. In univariate analysis, treatment for 
palliation (as opposed to curative intent) and endobronchial 
tumor length were significantly associated with hemoptysis. 
Tumor location, treatment volume parameters, and associ-
ated bronchoscopic treatments were not correlated with 
hemoptysis in this study. In multivariate analysis, only the 
therapeutic group retained statistical significance. In a 
study by Hara and coworkers, seven of 36 patients treated 
with HDR brachytherapy developed fatal hemoptysis [84]. 
Local failure or persistent malignancy and laser resection 
were found to be statistically significantly associated with 
massive hemoptysis, as was direct contact between the 
catheter and tracheobronchial walls at the vicinity of the 
great vessels. Brachytherapy fraction and total doses, length 
of treated bronchial segment, and concurrent or previous 
external beam radiation were not correlated.

Eight of 84 patients (9.5%) developed fatal hemoptysis 
0.5–8 months following HDR brachytherapy in a series by 
Carvalho and colleagues [85]. The only factor which sig-
nificantly correlated with fatal hemoptysis was larger irra-
diated volumes. Langendijk and coworkers reviewed 938 
patients treated with external beam radiotherapy and/or 
HDR brachytherapy [86]. The incidence of fatal massive 
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hemoptysis was 4.3% in those treated with external beam 
(18/421), 13.1% in those who were treated with external 
beam but would have been eligible for brachytherapy 
(55/419), 25.8% in those receiving external beam plus 
brachytherapy (16/62), 15.4% in those receiving brachy-
therapy alone (2/13), and 43.4% in those treated with 
brachytherapy following recurrence after external beam 
(10/23). In multivariate analysis, fraction size (15 Gy vs 
10 Gy or 7.5 Gy) (relative risk [RR] 5.3), upper lobe location 
(RR 2.7), intrabronchial tumor extension into main bron-
chus (RR 2.7), and hemoptysis prior to radiotherapy 
(RR 2.1) were associated with fatal hemoptysis in patients 
receiving brachytherapy. A summary of studies reporting 
on complications, including massive hemoptysis, is pre-
sented in Table 20.2.

Radiation bronchitis and stenosis have been well described 
as a complication of brachytherapy (Table  20.2). This was 
initially described by Speiser and Spratling in 1993 [88]. In 
their series of patients treated with HDR brachytherapy, the 
incidence was 9% in patients receiving 10 Gy at 5 mm for 
three fractions, 12% in those receiving 10 Gy at 1 cm for three 
fractions, and 13% for those receiving 7.5 Gy at 1 cm for three 
fractions. Factors associated with increased risk included 
curative intent therapy, prior laser resection, concurrent 
external beam radiotherapy, and longer survival. A grading 
system proposed by Speiser and Spratling, with subsequent 
modifications from the American Brachytherapy Society, is 
presented in Table  20.3. Grade 3 or 4 radiation bronchitis 
was noted in 49% of the overall observed cases.

In the analysis of complications by Gollins and col-
leagues, some degree of mucosal reaction was noted in 
55% of follow-up bronchoscopic reactions [11]. Some 
degree of fibrosis was noted in the majority of broncho-
scopic examinations at six months and beyond which 
found radiation-related changes. Only two patients out of 
406 required bronchoscopic intervention, however. 
Hennequin and coworkers, in their series of 149 patients, 
observed radiation bronchitis in 13 cases (8.7%) [83]. Two 
cases were fatal secondary to complete obstruction of the 
trachea by fibrinous debris and subsequent infection. In 
univariate analysis, curative treatment, tumor location in 
the trachea or mainstem bronchi, brachytherapy dose, and 
tumor volume treated were associated with developing 
radiation bronchitis while in multivariate analysis only 
the tumor location retained statistical significance. In a 
study of 189 patients treated with 3–4 fractions of 8–10 Gy 
at 1 cm, Taulelle and colleagues noted bronchial  stenosis 
in 12 patients (13%) [36]. In their comparison of  different 
brachytherapy fractionation schemes in combination with 
external beam radiotherapy, Muto and coworkers observed 
grade 3 or 4 radiation bronchitis in 24% of patients receiv-
ing a single fraction of 10 Gy at 1 cm, 13% of patients 

receiving two  fractions of 7 Gy at 1 cm, 17% of patients 
receiving three fractions of 5 Gy at 1 cm, and 8% of 
patients  receiving three fractions of 5 Gy at 0.5 cm [21]. 
Potential treatments for radiation bronchitis and stenosis 
are listed in Table 20.4.

Other potential complications include airway fistulas, 
airway necrosis, tracheomalacia/bronchomalacia, pneu-
mothorax, radiation pneumonitis, and bronchospasm 
[21,29,35,36,40–42,45,53,54,56,60].

Based on the above discussions, it is clear that brachy-
therapy can be a useful modality in the palliation of symp-
toms related to endobronchial tumors. For those patients 
previously treated with external beam radiotherapy and 
who are symptomatic from endobronchial infiltration or 
obstruction as a result of recurrent disease, brachytherapy 
can be strongly considered. Based on the randomized trials 
by Huber and coworkers [16] and Langendijk and associ-
ates [17], the addition of brachytherapy to external beam 
radiation appears to confer no additional benefit in terms 
of symptom control, performance status, or survival. Based 
on the randomized trial conducted by Stout and colleagues 
comparing endobronchial brachytherapy to external beam 
radiotherapy [20], it appears that external beam radiation 
is superior to brachytherapy as initial treatment for symp-
toms related to NSCLC. Treatment with Nd:YAG laser ther-
apy with or without brachytherapy appears similar in 
terms of survival although symptom-free progression and 
need for additional bronchoscopic treatment are improved 
with the combined treatment. Brachytherapy can be con-
sidered in the treatment of localized, endobronchial early-
stage lung cancer with curative intent.

The data regarding the utility of brachytherapy in treating 
recurrent granulation tissue following stent placement are 
interesting although further studies to define the role of such 
treatment would be helpful. With the advent of navigation 
bronchoscopy technologies, the possibility of treating periph-
eral lung cancers in medically inoperable patients is intrigu-
ing but, again, more data are needed. The optimal dose of 
brachytherapy and fractionation schedule is not clear given 
the small number of patients in randomized controlled trials 
and differing doses and schedules used in the trials. Clinicians 
should be aware of the risk of fatal hemoptysis from brachy-
therapy as well as the possibility of developing airway 
obstruction in the short term from radiation bronchitis or 
long term from radiation-induced fibrosis and stenosis.

20.2  Fiducial Marker Implantation

Many patients with early-stage lung cancer are unable to 
undergo curative surgical resection due to respiratory 
impairment from underlying lung disease such as chronic 



Table 20.2 Complications following HDR brachytherapy

Author, year 
(reference) N Treatmenta

Prior/concurrent
EBRT Prior laser

Massive 
hemoptysis

Radiation 
bronchitis
(any grade)

Radiation 
bronchitis 
grade III/IV Fistula

Airway 
stenosis

Manali et al. [25] 34 68% 26% 3% 21%

Hauswald et al. [26] 41 5 Gy × 1–5 100% 15% 5% 5%

Weinberg et al. [72] 9 5 Gy @ 5 mm q1w × 
3 + PDT

36% 11% 0% 78% 0% 22%

Ozkok et al. [27] 158 5–7.5 Gy q1w × 2–3 100% 11% 5%

Carvalho et al. [85] 84 5–7.5 Gy × 1–5 55% 24% 10%

Hennequin et al. [28] 106 5–7 Gy q1w × 6 47% 8% 4%

Escobar-Sacristán 
et al. [29]

81 5 Gy q1w × 4 63% 2% 0% 1% 1% 1%

Mantz et al. [24] 39 4–9 Gy q1w × 2–4 100% 0% 0% 2.6%

Langendijk et al. [17] 47 7.5 Gy q1w × 2 100% 0% 15% 4%

Hara et al. [84] 36 4–45 Gy total dose 81% 22% 19%

Anacak et al. [31] 30 5 Gy q2w × 3 100% 11% 70% 7% 13%

Petera et al. [32] 67 5–7.5 Gy q1–2w × 1–5 84% 3% 7% 1.5% 1.5% 4%

Muto et al. [21] 84
47
50

139

10 Gy × 1
7 Gy × 2
5 Gy × 3
5 Gy @ 5 mm × 3

100% 5% 2.5%
6.5%
5.5%
2.5%

80%
48%
22%
16%

37%
13%
17%

8%

1%
2%
3%
0%

Stout et al. [20] 49 15 Gy × 1 0% 0% 8%

Marsiglia et al. [35] 34 5 Gy q1w × 6 0% 3%

Kelly et al. [34] 175 15 Gy q2w × 1–3 NS 11% 5% 0.5% 0.5%

Taulelle et al. [36] 189 8–10 Gy q 1w × 3–4 62% 14% 7% 22% 6% 1.6% 6%

Hennequin et al. [83] 149 4–7 Gy × 2–6 75% 6% 7% 9% 1%

Langendijk et al. [86] 98 7.5 Gy × 2 or 
10–15 Gy × 1

87% NS 29%

Ornadel et al. [38] 117 15 Gy × 1 79% 44% 9%

Huber et al. [16] 56 4.8 Gy × 2 100% 16% 19%

Pérol et al. [40] 19 7 Gy q1w × 3–5 0 11% 56% 11%

Nomoto et al. [39] 39 6 Gy q1w × 3 + EBRT 
or 10 Gy × 1

NS 8%

(Continued)



Table 20.2 (Continued)

Author, year 
(reference) N Treatmenta

Prior/concurrent
EBRT Prior laser

Massive 
hemoptysis

Radiation 
bronchitis
(any grade)

Radiation 
bronchitis 
grade III/IV Fistula

Airway 
stenosis

Delclos et al. [41] 81 15 Gy @ 6–7.5 mm 
q2w × 1–3

100% NS 1% 2% 1% 2%

Gollins et al. [11] 406 15 Gy × 1
20 Gy × 1

20% 2% 6%
16%

44%
60%

13%
20%

0% 2%

Hernandez et al. [42] 29 7.5–10 Gy q2w × 1–3 100% 10% 4% 0% 0%

Gustafson et al. [87] 46 7 Gy q1w × 3 30% 0 7%

Huber et al. [13] 44
49

3.8 Gy q1w × 4
7.2 Gy q3w × 2

47%
39%

33%
46%

22%
21%

Macha et al. [43] 365 5 Gy q2w × 1–6 Most Most 21% 2%

Trédaniel et al. [44] 51 7 Gy in 2 fx over 2 
days q2w × 3

63% 8% 10% 14%

Chang et al. [45] 76 7 Gy q2w × 3 80% 3% 4%

Speiser and Spratling 
[88]

47
144
151

10 Gy @ 5 mm × 3
10 Gy × 3
7.5 Gy × 3

41% 24% 4%
7%
9%

9%
12%
13%

9%
9%
2%

Cotter et al. [57] 65 6–35 Gy total dose 
HDR or IDR

100% 1.5% 8% 5% 1.5%

Pisch et al. [49] 39 10 Gy q2w × 1–2 85% 23% 3% 6%

Bedwinek et al. [51] 38 6 Gy q1w × 3 100% 22% 32% 0% 0% 0%

Sutedja et al. [54] 31 10 Gy q2w × 1–3 100% 45% 30% 10%

Gauwitz et al. [52] 24 15 Gy @ 6 mm q2w × 
3

100% 0 4% 4% 4%

Aygun et al. [55] 62 5 Gy q1w × 3–5 100% 15% 0% 1.7%

Khanavkar et al. [89] 12 8 Gy @ 5 mm q1–2w 
× 2–8

92% 42% 50% 17%

a Treatment at 1 cm unless specified.
Source: Adapted from Yao and Koh [10].
EBRT, external beam radiotherapy; Gy, gray; HDR, high dose rate; IDR, intermediate dose rate; PDT, photodynamic therapy.
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obstructive pulmonary disease, severe cardiac disease, or 
other comorbidities or are unwilling to undergo surgery 
due to personal preferences. Conventional external beam 
radiotherapy has been reported to have five-year survival 
rates between 6% and 31%, with an average of 21% in one 
review [90]. Image-guided radiation therapy, including ste-
reotactic body radiotherapy (SBRT) and intensity-modu-
lated radiation therapy (IMRT), allows for delivery of 
focused, high-dose radiation to localized cancers. In one 
survey of the literature, local control rates for SBRT for 
early-stage lung cancers averaged 92.7% (range 64–100%) at 

one year and 86.7% (range 40–98%) at three years [91]. The 
one-year and three-year overall survivals were 87% (range 
78–100%) and 60% (range 32–95%). The average median 
survival was 38. 4 months (range 27–57 months). A major 
obstacle to stereotactic radiotherapy and IMRT target 
delineation is respiration-induced target motion, also 
known as intrafractional tumor motion.

Various techniques including breathing control, respira-
tory gating, onboard imaging systems, and real-time tumor 
tracking have been used to more accurately guide radio-
therapy for lung cancer [92]. Some real-time tumor track-
ing systems, such as the CyberKnife® with Synchrony 
technology (Accuray Inc., Sunnyvale, CA), utilize place-
ment of dense metal gold or platinum markers, referred to 
as fiducials, in or near the tumor to allow for system track-
ing and beam adjustment [93–96]. Three fiducial markers 
are usually required, each 2 cm apart in different planes, 
although some clinicians may place an additional 1–2 
markers in case of marker migration. Fiducial markers 
were initially placed percutaneously under CT guidance. 
Given the multiple passes required for fiducial marker 
placement and the severe underlying emphysema that 
many patients undergoing such procedures have, reported 
pneumothorax rates between 6% and 25% are not surpris-
ing [94–96]. Given the problems with pneumothoraces 
from a percutaneous approach and the advent of naviga-
tion bronchoscopy technologies to assist in greater proba-
bility of successfully accessing small, peripheral lung 
cancers, significant interest in bronchoscopic placement of 
fiducial markers has arisen.

A variety of fiducial markers and methods of delivery for 
bronchoscopic implantation of fiducial markers have been 
utilized. Harada and colleagues used spherical gold mark-
ers 1–2 mm in size with deployment through a polytetra-
fluoroethylene catheter, using a hard plastic wire inserted 
through the catheter, under fluoroscopic guidance alone 
[97]. Of the 20 patients, 16 with a peripheral lung cancer 
and four with a more central lung cancer, a marker could 
not be placed in one patient with a central type of cancer. 
Markers were held in place at the same position in 14 
patients and dropped from the inserted position in the 
remaining five patients, including the three remaining 
patients with central type tumors. In a follow-up study 
from the same investigators, 154 gold spherical fiducials 
were inserted into 57 patients with peripheral lung cancers 
using the same insertion technique [98]. Of the 154 placed 
fiducials, 122 (79%) were detected at CT planning 0–5 days 
after insertion, 115 were detected throughout the treat-
ment period (range 6–15 days, median 10 days), and 104 
(68% of initial insertions) were detected at last follow-up 
(range 16–181 days, median 44 days). Several patients 
coughed up the markers and many dropped markers were 

Table 20.3 ABS modified grading of radiation bronchitis 
and stenosis

Grade Description

Grade I Mild muscosal inflammatory response with 
swelling characterized by a thin, whitish, 
circumferential membrane. No significant luminal 
obstruction. No intervention necessary

Grade II White fibrinous membrane with exudation causing 
symptoms such as cough and/or obstructive 
problems requiring therapeutic intervention

Grade III Severe inflammatory response with marked 
membranous exudates. Multiple debridement or 
other interventions required to reestablish full 
lumen of airway

Grade IV Greater degree of fibrosis with resulting 
circumferential stenosis leading to a decrease in 
luminal diameter

Grade V Necrosis, tracheal, and/or bronchial malacia, or 
massive hemorrhage related to the treatment 
without any evidence of invasion of the tumor

Source: Nag et al. [12].

Table 20.4 Potential treatments for radiation bronchitis

Grade Treatment

Grade I Observation

Grade II Steroids – oral and/or inhaled
Bronchodilators
Narcotic cough suppressants

Grade III Multiple bronchoscopic debridements

Grade IV Debridement
Balloon or rigid dilation
Laser photoresection
Argon plasma Coagulation/electrocautery 
resection
Cryotherapy
Stent placement

Source: Modified from Speiser and Spratling [88].
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noted on abdominal X-rays. Less migration was observed 
with more peripherally placed fiducials. One patient devel-
oped a pneumothorax which resolved without interven-
tion. Of note, a learning curve was observed in this study. 
The fixation rates were 58%, 64%, and 75% for physicians 
who had performed <20, between 20 and 50, and >50 
insertions, respectively (p = 0.05).

Rectangular gold fiducial markers (item no. 351-1; Best 
Medical International Inc., Springfield, VA) were utilized 
by Reichner and coworkers [99]. The fiducial was placed in 
the 19 gauge needle of a 19/21 gauge Wang transbronchial 
needle (MW-319, CONMED Corp, Utica, NY). The needle 
tip was then dipped in sterile surgical lubricant to improve 
the fiducial’s adherence to the needle. The 19 gauge 
 fiducial-loaded needle was then retracted into the sheath 
and the sheath passed through the flexible bronchoscope. 
At the desired location, the 19 gauge needle was extended 
and inserted into the tumor through a jabbing method. The 
21 gauge needle component was then tightened, deploying 
the fiducial. Placements were done under fluoroscopic 
guidance alone. A total of 54 fiducials, average 3.6 per 
patient, were placed in 15 patients with lung cancer or met-
astatic malignancies. Locations included the upper lobes, 
left lower lobe, station 2 and 4 paratracheal areas, subca-
rina, left hilum, left mainstem, and bronchus intermedius. 
Twelve fiducials were dropped in the airways prior to 
deployment; seven were retrieved with biopsy forceps and 
the remainder were likely coughed out. No pneumothoraces 

occurred. One fiducial placed in a subcarinal node embo-
lized through the pulmonary artery after deployment with-
out adverse consequences.

Subsequent studies have utilized navigation bronchos-
copy and/or peripheral radial EBUS for fiducial place-
ment. Anantham and colleagues successfully implanted 
fiducials in eight of nine patients with peripheral T1/T2 
lung primaries or metastatic malignancies using the 
superDimension electromagnetic navigation bronchos-
copy system [100]. Gold seeds with dimensions of 
0.8 × 5 mm (model SMG0242-025, Alpha-Omega Services, 
Inc., Bellflower, CA) were used as the fiducials. The fidu-
cials were wedged into the wax tip of a microbiology 
 specimen brush (catalog No. 1650, Boston Scientific) 
(Figure 20.3). After successful navigation to the tumor, the 
sensor probe was removed from the extended working 
channel and replaced with the loaded microbiology brush. 
When the brush catheter reached the distal end of the 
extended working channel, the brush was pushed through 
the wax tip to deploy the fiducial. The extended working 
channel was then navigated to a different area near the 
tumor and the process was repeated. Four to six fiducials 
were placed in each patient and in seven of the eight 
patients, some fiducials were placed directly within the 
tumor. At the radiotherapy planning session one week 
later, 35 of the 39 inserted fiducials were still in place. One 
patient had a COPD exacerbation after placement and no 
pneumothoraces were observed.

(a) (b)

Figure 20.3 (a) Fiducial gold seed loaded on wax tip at end of microbiology specimen brush. (b) Fiducial deployed when the brush is 
pushed out. Source: Anantham et al. [100]. Reproduced with permission of American College of Chest Physicians, Copyright 2007.



Flexible Bronchoscopy and the Application of Endobronchial Brachytherapy 305

Kupelian and coworkers described their experience with 
bronchoscopic fiducial placement using the superDimen-
sion navigation system in eight patients as well as percuta-
neous placement in 15 patients [101]. For bronchoscopic 
insertion, a double-lumen Wang transbronchial aspiration 
was loaded with either 0.8 × 3 mm solid gold markers or 
1 cm long Visicoil™ gold implants (IBA Dosimetry, Bartlett, 
TN) (Figure  20.4). In all patients markers remained in 
place at 16–188 days. One patient who underwent broncho-
scopic biopsy and fiducial placement during the same pro-
cedure developed a pneumothorax. Pneumothorax was 
noted in eight of the 15 patients who underwent percuta-
neous marker insertion. The authors note that they cur-
rently use 1–2 cm long Visicoil implants given the larger, 
flexible markers should be more stable as they will wedge 
in the airways or within tumors and size and consistency 
will prohibit mobility.

The use of radial-probe EBUS, with adjunct use of navi-
gation bronchoscopy using the superDimension system for 
selected patients, in fiducial marker placement in 43 
patients was reported by Harley and colleagues [102]. A 20 
MHz EBUS radial probe (UM-S20-20R, Olympus Corp) 
was inserted into a guide sheath and advanced as a unit 
into the bronchus of interest. When the peripheral lesion 
was localized, the probe was withdrawn, leaving the guide 
sheath within or close to the tumor. If a peripheral lesion 
was difficult to reach, electromagnetic navigation bron-
choscopy was performed. Gold fiducials of sizes 0.8 × 5 mm 
or 0.8 × 3 mm (351-2, 351-1, Best Medical International) 
were loaded into the tip of a needle brush sheath (NB-120, 
CONMED Corp) or a Wang 19/21 gauge transbronchial 
needle (MW-319). The fiducial marker was sealed into the 
deployment systems using bone wax, preventing loss of the 
marker prior to deployment. The needle brush and trans-
bronchial needles were inserted into the guide sheath or 
extended working channel and, once at the end, the marker 
was deployed using the brush or the inner needle of the 
Wang needle under fluoroscopic guidance. To ensure the 
fiducial was embedded in a distal airway or in the lung 
parenchyma, a cytology brush (Cellebrity 1601, Boston 
Scientific) was used under fluoroscopic guidance. Nine 
tumors were centrally located and 34 were peripheral, 
ranging in size from 0.9 to 6.5 cm. A total of 161 fiducials 
(average of 3.7 per patient) were deployed. At CT scan 

planning two weeks later, markers were in or on the tumor 
in 39 patients (90.6%), with 139 markers detected. No loss 
or appreciable movement of any of the fiducials was 
observed in 30 patients (69.7%). The markers that had 
become displaced were an average of 1.67 cm (range 0.5–
4.56 cm) from the targeted tumor. A small pneumothorax 
requiring pigtail catheter placement occurred in one 
patient.

Steinfort and colleagues implanted fiducials in 16 lesions 
in 15 patients using virtual bronchoscopy and radial EBUS 
and, in tumors not localized by radial EBUS, electromag-
netic navigation [103]. The fiducials used were either a 
10 × 0.75 mm linear Visicoil marker or a two-band 
13 × 0.9 mm superLock™ marker (Medtronic, Minneapolis, 
MN) (Figure 20.5). Fiducials were inserted into the guide 
sheath or extended working channel depending on the 
 procedure and then advanced to the end of the sheath 
using sampling instruments. EBUS localization allowed 
marker implantation within the target lesion in 12 cases. In 
four lesions, electromagnetic navigation bronchoscopy-
guided implantation achieved a median fiducial–lesion 
distance of 6 mm. Early fiducial migration was observed in 
two of the eight patients in whom Visicoil markers were 
placed whereas no migrations were observed with the 
superLock markers.

Radial-probe EBUS for placement of fiducials in 34 
patients with nodules 20 mm was reported by Lachkar 
and colleagues [104]. The median long axis diameter of the 
nodules was 15 mm with a range of 9–20 mm; 5 × 0.8 mm 
linear fiducials (Best Medical International) were glued at 

Figure 20.4 Visicoil fiducial marker.

Figure 20.5 SuperLock fiducial marker.
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the distal end of a bronchial brush using lidocaine gel 
and the brush was then inserted through the guide sheath to 
the nodule. Thirty-two nodules were visualized with radial 
EBUS. Fiducial marker migration occurred in six cases 
(18%) with two on the day of placement and four in the 
week before initiation of radiation therapy.

The use of coil spring fiducial markers has been 
described by various authors. In a study by Schroeder and 
coworkers, the initial four patients in their series received 
1 × 5 mm linear gold fiducial markers (CyberMark™ 
MT-NW-887-853, Civco Medical Solutions, Orange City, 
IA) (Figure 20.6). The subsequent 56 fiducial marker place-
ments were done using 3 × 3.3 mm diamond-shaped plati-
num vascular occlusion coils (VortX® 18, Boston Scientific) 
(Figure 20.7) [105]. After positioning the extended working 
channel of the superDimension electromagnetic naviga-
tion bronchoscopy system at the target, both markers were 
delivered using wax tip microbiology specimen brushes 

(catalog no. 130, CONMED) through the extended working 
channel. The wax plug was removed before loading the 
delivery brush with the fiducials and then temporarily 
sealed with viscous sterile lubricant. After each placement, 
the extended working channel was navigated to a different 
area adjacent to the tumor. A total of 52 patients under-
went 60 fiducial marker placements. Only eight (47%) of 
the 17 linear fiducials were still in place at radiotherapy 
planning 1–2 weeks after placement and two of the four 
patients receiving linear fiducials required an additional 
placement procedure. Of the 217 coil spring markers, 
215  (99%) were still in place at radiotherapy planning 
(Figure  20.8). The mean tumor diameter was 23.7 mm 
(range 8–53 mm). Three patients developed a pneumotho-
rax, two of which were associated with transbronchial 
biopsy during the same procedure. The authors proposed 
that the coil spring markers have greater stability due to 
wedging themselves by recoil forces into the surrounding 
lung tissue and due to the dense polyester fibers attached to 
the metal coil which promotes thrombosis and seating into 
the adjacent tissue.

Nabavizadeh and coworkers also placed coil spring 
markers in 31 patients with 34 nodules using electromag-
netic navigation bronchoscopy [106]. In their study, 4 mm 
VortX 35 fibered platinum coils (Boston Scientific) were 
placed using a marker placement kit (superDimension, 
Medtronic). Of the 105 fiducials placed, 103 (98.1%) were 
identified on the simulation CT; 86% of the fiducials were 
placed within 1 cm of the nodule, with 52% being placed 
directly on the nodule surface. During SBRT treatments, 
the fiducial displacement was <7 mm in 98%, <5 mm in 
96%, and <2 mm in 67% as assessed by cone beam CT.

McGuire and colleagues described yet another set of 
methodologies for fiducial implantation [107]. The fiducial 

1 cm

(a) (b)

3 mm

Figure 20.7 (a) Flattened platinum coil spring fiducial marker loaded in tip of microbiology specimen brush. (b) Magnified diamond-
shaped deployed coiled spring fiducial marker with thrombogenic filament attachments. Source: Reprinted from Schroeder et al. [105] 
with permission from Elsevier.

Figure 20.6 Civco fiducial markers.
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used by these authors was the 0.75 mm Visicoil coiled gold 
marker, typically a 20 mm length although lengths of 10 
and 30 mm had also been used. In one approach, the 
MW-319 19/22 gauge Wang transbronchial needle is used. 
Under navigation bronchoscopy guidance, the extended 
working channel is positioned at the lesion and the Wang 
needle is advanced past the extended working channel and 
the needle is inserted into the lesion under fluoroscopic 
guidance. The inner 21 gauge needle is completely 
removed, leaving the 19 gauge needle and sheath. The 
Visicoil marker is backloaded into the needle sheath and a 
0.66 mm guidewire (ChoICE PT Extra Support; Boston 
Scientific) is used to push the marker through the length of 
the sheath. The needle is then slowly pulled back as pres-
sure is maintained on the guidewire deploying the marker. 
In the second method, after positioning the extended work-
ing channel in the appropriate position, a 5 Fr JB1 angu-
lated Benton-Hanafee-Wilson Glidecath® catheter (Boston 
Scientific) is advanced through the extended working 
channel into the lesion. The Visicoil marker is loaded into 
the proximal end of the catheter and the 0.66 mm guide-
wire is placed through the catheter. Under fluoroscopic 
guidance, the marker is then deployed by extrusion from 
the catheter with the guidewire. The Glidecath catheter 
can then be turned in different directions, allowing place-
ment in different planes of the tumor owing to the angu-
lated nature of the catheter. The authors note the latter 
approach is their preferred method. No data were provided 
regarding success or migrations with either approach in 
the report.

Minnich and colleagues evaluated the retention rate of 
electromagnetic navigation bronchoscopy-placed fiducials 
at their institution [108]. The fiducials which were used in 
48 patients included 3 mm gold seeds, superLock two-band 
fiducials, and VortX 35 occlusion coils. The VortX 35 had 
the highest retention rate of 96.7% (59/61) whereas the 
retention rate for the superLock was 72.7% (24/33) and 
gold seeds 69.7% (23/33). The difference in retention rates 
between the VortX 35 and the other fiducials was statisti-
cally significant.

More recently, the use of convex-probe EBUS has been 
described for fiducial placement in central lesions. Casutt 
and coworkers placed a 5 × 0.5 mm Visicoil fiducial marker 
into a left hilar mass secondary to metastatic melanoma 
[109]. The fiducial was loaded into the channel of the 
needle at the handle and then pushed through the needle 
into the mass using the stylet. Chambers and colleagues 
placed Cook Medical Hilal microembolization coils (Cook 
Medical, Bloomington, IN) into the right lower lobe and 
left lower lobe for radiographically occult, endobronchial 
squamous cell carcinomas [110]. The coils were back-
loaded into the EBUS needle and secured with bone wax. 
Belanger and coworkers described a case series of five 
patients in whom convex-probe EBUS was used to place 
fiducials in lymph nodes in three patients, a left lower lobe 
nodule in one patient, and a left lower lobe mass in one 
patient [111]. When using a 21 gauge EBUS needle, a 
0.5 × 5 mm Visicoil fiducial was utilized and when using a 
22 gauge EBUS needle, a 0.35 × 5 mm Visicoil fiducial was 
utilized. The fiducial was first loaded into the distal end of 

(a) (b)

(c)

Figure 20.8 Radiopaque fiducial markers identified in and around right lung lesions on (a) postelectromagnetic navigation 
bronchoscopy chest radiograph, and (b,c) corresponding CT scans. Source: Reprinted from Schroeder et al. [105] with permission from 
Elsevier.
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the needle after the stylet was pulled back 5–10 cm. The 
needle was capped with sterile surgical lubricant to avoid 
loss of the fiducial. After insertion of the needle into the 
target lesion, the stylet was then advanced until flush with 
the needle grip, deploying the fiducial into the lesion.

Fiducial markers were placed in a series of eight patients 
by Seides and colleagues; five placements were in lymph 
nodes and three were in peribronchial lesions [112]. A 21 
gauge needle was used for the procedures. A 0.75 × 5 mm 
Visicoil fiducial was divided into shorter segments with 
scissors. The pieces were backloaded into the needle and 
the tip sealed with bone to prevent dislodgment. After 
puncturing the lesion, the stylet was advanced, deploying 
the fiducial.

As can be surmised from the above publications, there is 
as yet no “gold standard” with regard to fiducials for image-
guided radiation therapy for lung cancer and malignancies 
metastatic to the lung. Nor is there a standard method of 
fiducial implantation via bronchoscopy. The author has 
used an approach similar to that described by Harley and 
colleagues [96] for fiducial marker placement using a 
Wang transbronchial needle or the Olympus Guide Sheath 
(Olympus Co., Tokyo, Japan) and biopsy forceps in 
 conjunction with the Broncus LungPoint® virtual naviga-
tion bronchoscopy system (Broncus Technologies Inc., 
Mountain View, CA) and radial EBUS (Figures 20.9–20.11). 
Coil fiducials appear to have less migration than linear 
fiducials but are more expensive. The use of navigation 
bronchoscopy systems and/or peripheral EBUS to ensure 
more peripheral implantation of markers may lessen the 
migration rate of linear markers. Fiducial markers should 
be wedged in small peripheral airways or lung parenchyma 

to decrease dislodgment. For lymph nodes and central 
masses, the markers may be directly placed into the node 
or mass with convex-probe EBUS and the author has had 
good success with this approach. As noted, three markers 
are typically placed although some clinicians prefer to 
place more in case there is migration of one of the markers. 
CT planning should probably be done one week after fidu-
cial placement to account for migrations, given fibroblastic 
reactions to fiducials start approximately five days after 
implantation [113] and most marker loss seems to occur 
within the first week of placement. With better technolo-
gies to localize peripheral cancers and substantially lower 
rates of pneumothoraces, bronchoscopic fiducial place-
ment will likely supplant percutaneous placement at many 
institutions.

Figure 20.9 Alpha-Omega fiducial marker (model SMG0242-
025, Alpha-Omega Services, Inc., Bellflower, CA).

(a) (b)

Figure 20.10 Placement of fiducial marker in hilar mass. (a) Fiducial marker in hilar mass and transbronchial needle extending into 
hilar mass (arrow). (b) Placement of second fiducial marker in hilar mass.
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20.3  Radiofrequency Ablation

Radiofrequency ablation has emerged as an alternative 
therapy to surgery or radiotherapy for primary lung cancer 
in patients who are medically inoperable or for those with 
malignancies metastatic to the lung [114,115]. During 
RFA, a radiofrequency generator produces an alternating 
current which moves from an active electrode placed 
within the tumor to a ground electrode. The rapidly alter-
nating current causes ions within the tissue to oscillate as 
they follow the changing direction of the current. These 
high-speed ionic oscillations produce frictional heating of 
the tissue. Tissues heated to greater than 50 °C undergo 
protein denaturation and coagulation necrosis. Tissues 
heated to more than 105 °C will undergo charring and car-
bonization with production of small pockets of gas. 
Charring and cavitation as a result of tissue overheating 
can increase tissue impedance with resulting decrease in 
current flow and limitation of the coagulation necrosis. 
Temperatures of 60–105 °C within the tissue are thus pre-
ferred during RFA. Tumors within the lung may be well 
suited to RFA because of the so-called “oven effect” in 
which air-filled lung tissue surrounding an intraparenchy-
mal tumor acts as an insulator and traps the delivered heat 
energy within the tumor as well as protecting normal 
structures which are nearby [116].

Radiofrequency ablation is performed percutaneously 
under CT guidance with general anesthesia or heavy seda-
tion. Currently available RFA systems use single needle elec-
trodes, a cluster probe of three parallel needles, or probes 
with 7–9 expandable tines that increase surface area for treat-
ment. The current RFA systems provide feedback regarding 
treatment effect during the procedure based upon tempera-
ture and/or impedance monitoring in the treated tissue. In a 
survey of studies regarding RFA treatment for NSCLC pub-
lished in 2014, the rate of local tumor progression after RFA 
of stage I NSCLC was similar among the studies: 31–42% 
[117]. The one-, two-, three-, and five-year overall survival 
rates for stage I NSCLC were 78–100%, 53–86%, 36–88%, and 
25–61%, respectively. The one-, two-, and three-year cancer-
specific survival rates were 89–100%, 92–93%, and 59–88%, 
respectively. The median survival time ranged from 29 to 
67 months. In a metaanalysis published in 2018 evaluating 
RFA for lung cancer, the pooled rate of local tumor progres-
sion was 26% [118]. The most common complications noted 
in one literature survey were pneumothorax with a rate of 
28.3% (range 0–90%), pleural effusions (14.8%, range 0–87%), 
and chest pain (14.1%, range 0–100%) [119]. Other reported 
complications have included hemoptysis, pneumonia, lung 
abscesses, bronchopleural fistula, hemothorax, and acute 
 respiratory distress syndrome (ARDS) [114,115,119].

Tsushima and colleagues conducted a feasibility study of 
bronchoscopy-guided RFA in sheep [120]. Self-designed 
standard noncooled electrodes with a 4 mm active tip and 
internal-cooled electrodes with a 4 mm active tip were 
used. The cooled RFA electrode, with a power output set-
ting of 30 W for 60 seconds and room temperature water, 
produced a 40 × 45 mm burn lesion while cold water cool-
ing produced a 20 × 15 mm burn lesion. This was followed 
by a pilot study of CT-guided bronchoscopic RFA in 10 
patients with T1 NSCLC with subsequent standard surgical 
resection and analysis [121]. Three types of electrodes were 
used: an internal-cooled 5 mm active tip, an 8 mm active tip 
with four beads, and a 10 mm active tip with five beads, all 
with a diameter of 1.67 mm (Figure 20.12). Position of the 
electrode tip within the tumor was confirmed with low-
dose chest CT prior to RFA. Three RFA applications were 
performed in each patient. Satisfactory results were 
obtained with a 10 mm active tip with five bead catheter at 
a power output of 20 W and delivery time of 50 seconds, 
producing ablated areas ranging from 13 × 8 mm to 
16 × 12 mm. The peripheral zones did contain a few tumor 
cells when examined histologically, however.

Two subsequent publications, a case report of two cases 
and a case series, from the same group described their fur-
ther experience with bronchoscopic RFA. In the case report, 
a patient with a 20 mm lung adenocarcinoma and a patient 
with a lung adenocarcinoma of undisclosed size were 
treated using a cooled catheter with a 10 mm tip length and 
five beads [122]. The catheter placement was confirmed by 
CT fluoroscopy and the RFA output power was 30 W with 
an ablation interval of 50 seconds. In the first patient, the 
posttreatment radiographic findings were stable for four 
years and then increased in size. The patient was retreated 
with bronchoscopic RFA for presumed progressive disease 
and the radiographic findings after the second treatment 
were stable to 12 months. The second patient’s posttreat-
ment radiographic findings remained stable for 40 months. 
In the second case series, 20 patients with 23 T1–T2 NSCLC 
tumors who were medically inoperable or refused surgery 
were enrolled [123]. A cooled catheter with a 10 mm tip and 
five beads (diameter 1.67 mm) was used for the study. 
Initially, the output power of the generator and the upper 
limit of temperature were set at 20 W and 60 °C but that was 
then changed to 30 W and 70 °C, respectively. Appropriate 
positioning of the catheter tip was confirmed by low-dose 
CT. Median follow-up was 46 months, ranging from 23 to 
93 months. Significant reduction in tumor size was noted in 
11 lesions with a response rate of 47.8%. Over the course of 
the study, local progression occurred in 12 lesions with a 
resultant local tumor control rate of 47.8%. Retreatment 
with bronchoscopic RFA was done in five patients. The 



(a) (b)
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Figure 20.11 Placement of fiducial markers around peripheral nodule. (a) End of guide sheath near nodule (white arrow) and placed 
fiducial marker (black arrow). (b) Biopsy forceps and fiducial marker extending from end of guide sheath and two placed markers. 
(c) Third deployed fiducial marker near end of guide sheath.

(a) (b) (c) (d)

Figure 20.12 Internally cooled radiofrequency ablation (RFA) electrodes. The shaft (arrows) and tip of the electrode (arrowheads) are 
shown (a). The top electrode produced power output and measured tip temperature and impedance. Three types of tip were used: 
5 mm cylindrical active tip (b); 8 mm active tip with four beads (c); and 10 mm active tip with five beads (d). 
Source: Tanabe et al. [121]. Reproduced with permission of American College of Chest Physicians, Copyright 2010.
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median progression-free interval was 35 months and five-
year survival rate was 61.5%.

Another group reported a case series of three patients 
treated with bronchoscopic RFA [124]. Electromagnetic or 
virtual bronchoscopic navigation was used for the proce-
dure and radial EBUS was used to confirmed positioning of 
the catheter or guide sheath. Patient 1, with a 13.3 mm lung 
cancer, was treated with a linear type of electrode 
(Figure  20.13) with a power output of 20 W for five min-
utes. Patient 2, with a 14.8 mm lung cancer, was treated 
with an expandable tine type of catheter with ablation at 
20 W for 220 seconds and a second proximal ablation at 
40 W for 10 minutes. Patient 3, with a 21.8 mm metastasis 
from renal cell carcinoma, was treated with an expandable 
tine type of catheter with ablation starting at 20 W and 
increasing to 50 W over 400 seconds. Patients 2 and 3 had 
an excellent response with no evidence of disease at one 
year. Patient 1 had decreased tumor size and uptake on 
positron emission tomography/CT three months after 
treatment but CT six months after treatment showed tumor 
progression.

At this time, the potential for bronchoscopically delivered 
RFA is intriguing. The advent of navigation bronchoscopy 
technologies, combined with radial EBUS, makes targeting 
of peripheral cancers with RFA an appealing idea. The com-
plication rate, particularly for pneumothorax, would likely 
be much less with bronchoscopically placed RFA electrodes. 
Additional studies evaluating the efficacy of bronchoscopic 
RFA will be needed. In addition, studies comparing different 
electrode configurations will be necessary.

20.4  Microwave Ablation

Microwave radiation refers to the region of the electromag-
netic spectrum between 300 and 3000 MHz. Microwave 
probes for clinical use typically operate in the 900–
2450 MHz range [125]. Water molecules are polar, with the 
hydrogen side of the molecule having a positive charge and 
the oxygen side having a negative charge. The rapidly alter-
nating electrical field around the microwave probe causes 
water molecules to spin rapidly in an attempt to align with 
electromagnetic charges of the opposite polarity [125]. The 
spinning water molecules interact with surrounding tis-
sues, transferring a portion of their kinetic energy which 
results in generation of heat and subsequent death via 
coagulation necrosis.

There are potential advantages of microwave ablation 
over RFA. Microwave ablation generally produces larger, 
more spherical and predictable ablation zones because the 
microwave field uniformly penetrates the tissues [126]. 
RFA is hampered by the high electrical resistivity of lung 
tissue. In addition, tissue changes such as carbonization 
and dessication from the ablation also increase tissue 
resistivity, thus further hindering expansion of the abla-
tion zone. The high electrical resistivity of the lung and 
ablation-induced tissue inhomogeneity make expansion 
of the  ablation zone particularly reliant upon thermal con-
duction, especially at the periphery of the zone. This 
makes the heat produced by RFA vulnerable to being 
washed out by surrounding vessels, a phenomenon 
referred to as the heat sink effect [126]. Microwave abla-
tion, on the other hand, has a heating deposition ability 
which is favored by the presence of water and has been 
proven to be less susceptible to the heat sink effect by 
causing complete thrombosis of most vessels with a 
 diameter <6 mm [126].

Several studies of microwave ablation to treat lung 
tumors have been published. Two illustrative publications 
are presented. Yang and colleagues treated 47 patients with 
stage I NSCLC who were medically inoperable with micro-
wave ablation [127]. The local control rates at one, three, 
and five years were 96%, 64%, and 48%, respectively. The 
overall survival rates at one, two, three, and five years after 
were 89%, 63%, 43%, and 16%, respectively. The median 
cancer-specific and median overall survivals were 47.4 and 
33.8 months. Zheng and coworkers treated 184 patients 
with microwave ablation, of whom 75% had primary lung 
cancer and 25% had pulmonary metastases [128]. The local 
progression rate was 19.1%. The one-, two-, three-, and five-
year local progression-free rates were 81.8%, 76.1%, 74.1%, 
and 74.1%, respectively. The median cancer-specific 
 survival and overall survival were 24.9 and 23.7 months, 
respectively.

Figure 20.13 Expandable tine-type of RFA catheter. Source: Xie 
et al. [124].
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Two animal model studies of microwave ablation have 
been published in abstract form. In the first, a flexible 17 
gauge microwave antenna was used to create four ablations 
at different power and time settings in three different pigs 
via bronchoscopy [129]. The ablation zones ranged from 
1.2 to 3.7 cm in the short axis and roughly corresponded to 
the power used. In the second study, three ablations 
each in eight animals was performed using the Emprint™ 
ablation catheter kit (Medtronic) via bronchoscopy [130]. 
The Emprint system utilizes three kinds of spatial energy 
control to produce an ablation: thermal control, field con-
trol, and wavelength control. The power setttings were 
45 W, 75 W, and 100 W. At 45 W, an ablation zone of up to 
2.7 cm could be created while zones of up to 3.4 cm and 
3.5 cm could be created at 75 W and 100 W, respectively.

There has been one case report of treating a patient with 
microwave ablation via bronchoscopy [131]. The patient 
had a subcarinal mass due to a squamous cell carcinoma 
causing compression of the mainstem bronchi. Microwave 
ablation was applied through a dedicated needle catheter 
through the medial wall of the right and left mainstem 
bronchi with shrinkage of the mass. Details of the needle 
catheter were not provided in the abstract.

Like RFA, there is potential for microwave ablation as a 
bronchoscopically delivered ablation technique [132]. 
There are some theoretical advantages of microwave abla-
tion over RFA, with the potential for larger ablation zones. 
Companies are in the process of developing bronchoscopic 
microwave ablation probes and we will likely see studies in 
humans in the near future
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21.1  Introduction

Flexible bronchoscopy is the most commonly used tool for 
the diagnosis of foreign body aspiration (FBA) and the pre-
ferred instrument for foreign body removal in adults [1,2].

Aspiration of foreign bodies occurs most commonly in 
the extremes of age – in the young and the elderly [3–5]. 
Although the symptoms are nonspecific, a detailed his-
tory and physical examination, as well as chest radiogra-
phy, are invaluable for diagnosis. Most often, the diagnosis 
can only be made through direct visualization with the 
bronchoscope. In most adult cases, removal of the foreign 
body can be accomplished during the initial broncho-
scopic procedure.

Each case of FBA is different. The variables involved 
include type of object, reaction to the aspiration, and loca-
tion. The physical characteristics of the object, clinical 
presentation, and expertise of the bronchoscopist will fre-
quently determine the ultimate outcome. Foreign body 
removal can be a very rewarding procedure, as the success 
rate is high and the complication rate is frequently low. 
However, poor preparation prior to the procedure can lead 
to a disastrous outcome.

In children, the most common procedure performed for 
removal of foreign bodies is rigid bronchoscopy with or 
without the use of adjuvant flexible bronchoscopy [6]. 
However, in recent years, data have emerged that support 
the successful and safe use of flexible bronchoscopy among 
pediatric patients as well [7–9]. This chapter reviews the 
role of flexible bronchoscopy in foreign body removal in 
both the adult and pediatric populations.

21.2  Risk Factors

Choking due to a foreign body is the fourth leading cause 
of unintentional injury death, affecting 5051 people in 
2015 [10]. FBA is most common in young children (less 
than 5 years old) and in the elderly, but risk factors for each 
age group are different.

During childhood, FBA usually results from the child’s 
natural curiosity and tendency to mouth objects. Children 
chew items with their incisor teeth, which may forcefully 
send the object to the back of the throat, causing a swallow 
reflex. Children also often laugh, talk, cry or play with food 
in their mouths.

Adults most affected by FBA include nursing home resi-
dents, individuals with mental health disorders, users of 
sedatives, and those with parkinsonism. Adults tend to 
have a higher risk of death from aspiration and more than 
half of these deaths occur in patients older than 74 years 
[11]. These fatal events from asphyxiation most often occur 
at home (41%), in restaurants (29%), or in nursing homes or 
mental institutions (14%) [11]. Other risk factors for FBA 
in adults are described in Table 21.1.

21.3  Clinical Presentation

The clinical presentation of FBA is dependent upon the 
type of foreign body, site of impaction, and overall age and 
clinical status of the patient. Approximately one-third of 
all aspirated objects are located proximal to the glottis after 
an episode of choking. These objects are typically large and 
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can easily occlude the larynx. Patients with proximal FBA 
present with severe coughing, choking, hoarseness, and 
gagging in the awake individual.

In children, a witnessed or reported episode of choking is 
the most common presentation. Children can present in 
extremis with radiographic evidence of a radiopaque object or 
unilateral hyperinflation. In contrast, adults frequently pre-
sent with symptoms of a chronic cough resulting from chronic 
aspiration of foreign bodies [12]. There may not be a clear his-
tory of choking [13]. In acute episodes, patients present with 
sudden onset of choking and intractable cough, with or with-
out vomiting. Less common symptoms may include fever, 
dyspnea, or wheezing, as shown in Table 21.2 [14]. It is impor-
tant to remember that 39% of patients with FBA will have no 
physical examination findings [15], and chest radiographs 
may be normal in 6–38% of patients [6,15–20].

A significant but unknown number of patients expecto-
rate the foreign body before presenting to medical attention. 
In the presence of a suggestive clinical scenario of aspira-
tion, approximately 50% of children with a history of 

choking have no foreign body found in the airways. 
Whether this is the result of inadvertent expectoration of 
the foreign body, swallowing of the foreign body, or misdi-
agnosis is unknown.

The site of aspiration varies with adults and children due 
to differences in tracheobronchial anatomy. Adults have a 
more acute angle branchpoint at the take-off of the left 
mainstem bronchus compared to children, whose anatomy 
is typically more symmetrical. Adults also tend to exhibit a 
larger right mainstem bronchus and are therefore more 
likely to aspirate in the right lower lobe. Children do not 
consistently demonstrate the same predilection for right-
sided aspiration [21].

21.4  Foreign Body Types

Foreign bodies are categorized as organic or inorganic. 
Organic foreign bodies usually generate a greater inflam-
matory response than inorganic objects. Peanuts or grass, 
for example, cause a vigorous host response within hours 
of aspiration. This has clinical implications as the removal 
of organic foreign bodies becomes more difficult as granu-
lation tissue forms over time. Removal may then result in 
bleeding and other complications.

The most commonly aspirated foreign bodies among 
children are food particles such as peanuts, seeds, grains, 
and nuts [15,22]. Inorganic foreign bodies among children 
most commonly include toys or small pieces of plastic or 
metallic. These objects often have minimal host reaction 
and can remain in place for several weeks to years. Indeed, 
some aspirated objects may be found incidentally in chil-
dren undergoing bronchoscopy for unrelated reasons [23].

In adults, meat is the most commonly aspirated foreign 
body and frequently (30%) lodges in the glottic or subglot-
tic space [11]. Large food items are particularly risky, as 
they may occlude the narrowest point of the upper air-
way, the subglottis, and lead to life-threatening asphyxia-
tion. Fortunately, they can frequently be removed with 
postural drainage (Trendelenburg), forceful cough from 
the patient, or abdominal thrusts [24,25]. The use of 
Magill forceps and other direct laryngoscopic examina-
tion tools may be effective.

Adults frequently aspirate other food particles such as 
nuts, pumpkin seeds [26], melon seeds [27,28], and water-
melon seeds [28]. Examples of inorganic aspirated foreign 
bodies include dental fixtures [29], dental fillings, coins, 
safety pins, ear plugs, glass, fragments of tracheostomy 
tubes or speaking valves [30,31], and medication tablets 
[32]. Culture, lifestyle, and dietary differences are reflected 
in the wide variety of aspirated foreign bodies. Examples 
include aspirated snails in patients from coastal communi-
ties [33] and prayer beads or headscarf pins among certain 
ethnic communities [28,34–36].

Table 21.1 Risk factors for foreign body aspiration in adults

Alcohol intoxication

Sedative or hypnotic drug use

Poor dentition

Senility

Mental retardation

Parkinson disease

Primary neurological disorders with impairment of swallowing 
or mental status

Trauma with loss of consciousness

Seizure

General anesthesia

Table 21.2 Signs and symptoms of foreign body aspiration

History of choking episode

Chronic cough

Unilateral decrease in breath sounds

Atelectasis

Unilateral hyperinflation

Recurrent pneumonia

Unilateral or bilateral wheezing

Hemoptysis

Pneumothorax

Pneumomediastinum

Subcutaneous emphysema

Bronchiectasis

Lung abscess

Pleuritic chest pain
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21.5  Radiological Evaluation

The chest radiograph (CXR) is often the initial diagnostic 
test whenever FBA is suspected. As previously described, 
most aspirated objects are not radiopaque. This limits the 
ability of standard radiographs to diagnose FBA. However, 
the use of inspiratory and expiratory films may show subtle 
signs such as air trapping, atelectasis, mediastinal shift or 
pulmonary infiltrates. In published studies, there is a wide 
range of test characteristics for an abnormal CXR in the 
detection of FBA (sensitivity 70–82%, specificity 44–74%, 
positive predictive value 72–83%, and negative predictive 
value 41–73%) [6,17,37]. Therefore, the presence of a radio-
paque object on CXR may be diagnostic, but subtle find-
ings must be interpreted in the context of the patient’s 
clinical history and physical examination.

Other radiographic findings of FBA include pneumo-
mediastinum (typically seen in children) [38], subglottic 
edema on lateral neck films (suggestive of a laryngotra-
cheal foreign body) [39], and the presence of a calcified 
object known as a broncholith [40]. Broncholiths are 
formed from calcified lymph nodes that compress and 
later erode into the adjacent bronchus. Lymph node calci-
fications may occur secondary to chronic infections or 
inflammatory conditions such as histoplasmosis, tubercu-
losis, or sarcoidosis. Broncholiths may also represent cal-
cified material from the direct aspiration of foreign 
material (Figure 21.1).

In chronic obstruction, computed tomography (CT) 
of the chest can show the late complications of FBA 

including bronchial stenosis, bronchiectasis, endo-
bronchial mass or granulation tissue. Multidetector 
CT-generated virtual bronchoscopy (VB) has been investi-
gated in the diagnosis of suspected FBA [41]. Advantages 
of VB include determination of presence or absence of 
the foreign body, and  preprocedure localization of the for-
eign body. Unfortunately, VB is not therapeutic, is not 
readily available in most hospitals, and may delay neces-
sary interventions.

The use of magnetic resonance imaging (MRI) to specifi-
cally identify peanut aspiration has been described, but is 
not routinely used [42–44].

21.6  Delays in Diagnosis

Despite the availability of increasingly sensitive imaging 
modalities, it is important to remember that aspirated for-
eign bodies are frequently missed or misdiagnosed based 
on symptoms or imaging alone. Delays in diagnosis 
(defined variably from 24 hours to three days) occurred in 
children with FBA due to the absence of classic symptoms, 
normal chest radiography, and provider misdiagnosis 
[45,46]. FBA may be confused with croup, recurrent laryn-
gitis, asthma, or primary airway tumors [47–49]. In adults, 
FBA is also commonly delayed [50] and the aspiration has 
been confused with other conditions such as malignant 
tumors [51], asthma [52], tuberculosis, and recurrent 
pneumonia. Given the frequent diagnostic uncertainty sur-
rounding FBA, flexible bronchoscopy remains the diagnos-
tic procedure of choice for identification of suspected FBA.

21.7  Complications of Foreign 
Body Aspiration

Complications of FBA can be acute or chronic. Acute com-
plications include asphyxia, pneumothorax, pneumome-
diastinum, atelectasis, lung collapse, and even death. 
Chronic complications include postobstructive pneumo-
nia, bronchiectasis, lung abscess, progressive respiratory 
failure, bronchial stenosis, granulation tissue formation, 
and hemoptysis.

21.8  Therapeutic Approach 
to the Patient with Foreign 
Body Aspiration

When FBA has been invoked as a diagnostic possibility, the 
patient should remain under close observation until the 
diagnosis has been confirmed (or excluded), and the for-
eign material has been removed. Even clinically stable 

Figure 21.1 Broncholith due to chronic histoplasmosis found 
on rigid bronchoscopy.
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patients may have a sudden change in clinical condition as 
a result of object migration or they may develop secondary 
complications of FBA such as airway bleeding or pneumo-
thorax [53,54].

The likelihood of tissue reaction and the degree of 
associated inflammation increase the longer a foreign 
body remains in the airway [18,22,55]. The endobron-
chial mucosa may develop signs of inflammation, ery-
thema, and granulation tissue within the first 24 hours of 
aspiration [18]. Delays in removal of the foreign body 
should only be justified in order to coordinate the neces-
sary personnel and equipment, or to promptly transfer 
the patient to another institution capable of safely 
extracting the foreign body.

The management of foreign body removal will be 
addressed by exploring three different therapeutic 
approaches: postural drainage, rigid bronchoscopy, and 
flexible bronchoscopy.

21.8.1 Postural Drainage and Other 
Nonendoscopic Therapies

Bronchodilator inhalation and postural drainage are not 
recommended in the initial management of FBA because 
proximal migration of the object may lead to airway occlu-
sion and other complications [56]. A delay in proceeding to 
bronchoscopy increases the risk of complications such as 
pneumonia, atelectasis, and cardiopulmonary arrest, while 
decreasing the likelihood of successful bronchoscopic 
removal of the airway foreign body [55–57].

For life-threatening cases of FBA resulting in the inabil-
ity to speak or breathe due to complete airway occlusion, 
current recommendations include back blows and chest 
compressions in infants, and abdominal thrusts (Heimlich 
maneuver) in older children and adults. A laryngoscopic 
evaluation is also recommended for life-threatening 
asphyxiation due to suspected proximal airway occlusion. 
Additional efforts at securing the airway with bag-mask-
ventilation and intubation in combination with cardiopul-
monary resuscitation should be attempted by qualified 
personnel. Following stabilization, the patient may pro-
ceed to bronchoscopy for object retrieval.

21.8.2 Rigid Bronchoscopy

Rigid bronchoscopy has its origins in the management of 
FBA. Gustav Killian first demonstrated the utility of a rigid 
endoscope by removing a pork bone from a patient’s airway 
in 1897 [58]. In 1936, Chevalier Jackson reported a signifi-
cant decrease in mortality from FBA (24% to 2%) with a 
98% success rate at removing foreign bodies [59]. In more 
recent case series, the reported success rate for removal of 

aspirated foreign bodies using rigid bronchoscopy has 
ranged from 95% to 99% [22,26–28,53,60,61].

The rigid bronchoscope offers several advantages for the 
removal of foreign bodies including adequate ventilation by 
using standard or jet ventilation, good visualization and 
suctioning capabilities, and a wide variety of retrieval 
instruments. Retrieval instruments may include optical for-
ceps, four-prong hooks, baskets, cryotherapy probes, and 
balloons. The type of foreign body and its location typically 
dictate the most appropriate instrument; some cases may 
require several instruments to be used in combination.

With appropriate technique and under general anesthe-
sia, rigid bronchoscopy is safe and effective and remains 
the preferred technique for foreign body removal for many 
pediatric patients [62]. Limitations to its use include the 
need for general anesthesia and its attendant risks, the 
specialized training required (a minority of general pul-
monologists practice rigid bronchoscopy in the United 
States), and cost.

21.8.3 Flexible Bronchoscopy

Flexible bronchoscopy has emerged as the procedure of 
choice for the initial evaluation and removal of airway for-
eign bodies in adults. In expert hands, flexible bronchos-
copy for foreign body removal is safe and effective. It also 
spares the patient and practitioner some of the inconven-
iences of rigid bronchoscopy as detailed above. Modern 
case series demonstrate success rates >90% with flexible 
bronchoscopy in experienced hands [63]. Flexible bron-
choscopy has also shown remarkable versatility in the 
extraction of difficult-to-remove objects such as teeth, 
windscreen glass, ear plugs, pins, nails, fish bone, peanuts, 
and coins [35,36,64–69]. Table  21.3 lists objects success-
fully removed by flexible bronchoscopy.

While success rates with flexible bronchoscopy are high, 
the procedure requires adequate training and preparation. 
Flexible diagnostic bronchoscopy must be exhaustive and 
comprehensive when attempting to locate a foreign body 
because aspirated objects may be covered by blood or 
granulation tissue and fragments may lodge in multiple 
airways.

Once the object type, size, and location have been identi-
fied, removal can be attempted. We recommend that prac-
titioners have several instruments available during planned 
removal. Instruments that have been developed for removal 
of foreign bodies through flexible bronchoscopy include 
flexible forceps, rat-tooth forceps, snare, Dormia baskets, 
fishnet baskets, cryotherapy probes, balloon catheters 
(Fogarty), and magnet extractors, among others.

There is ongoing debate surrounding the relative merits 
of flexible versus rigid bronchoscopy for the removal of 
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 airway foreign bodies. With technological advances in flex-
ible bronchoscopy, it is the opinion of the authors that flex-
ible bronchoscopy has acquired paramount importance in 
the diagnosis and removal of airway foreign bodies in 
adults. It should be noted that not every pulmonologist 
who performs airway examinations in a sporadic fashion is 
comfortable managing the potential consequences of a 
failed flexible bronchoscopy procedure. When in doubt, it 
is best to stabilize the patient and refer to an institution 
with expertise in both flexible and rigid bronchoscopy. We 
view rigid bronchoscopy as a complementary tool that 
should be readily available whenever a foreign body 
removal is performed.

21.8.3.1 Removing an Airway Foreign Body 
with a Flexible Bronchoscope
To be successful in the removal of airway obstructions, the fol-
lowing basic bronchoscopic techniques are recommended.

21.8.3.1.1 Rule One Bronchoscopy must be performed 
for the correct indication.

Prior to any bronchoscopic intervention, the objectives 
and endpoint of the procedure should be carefully 
reviewed. Bronchoscopy performed for the wrong reasons 
will often lead to complications and mistakes. Mistakes 
beget mistakes.

For example, attempted foreign body removal in children 
via flexible bronchoscopy under local anesthesia is often 

considered inappropriate [6,62,77]. Narrow pediatric air-
ways make asphyxiation by the foreign body more likely 
due to dislodgment of the object. In addition, adequate 
sedation and cooperation are often difficult to achieve in 
children, making foreign body removal even more difficult. 
While the flexible bronchoscope is a useful diagnostic tool, 
once the foreign body is identified, rigid bronchoscopy is 
generally recommended to perform the extraction [6,62,78].

21.8.3.1.2 Rule Two Adequate preparation is essential 
for a successful foreign body removal.

Problems and complications generally arise when one 
takes “shortcuts.” All bronchoscopic accessories for foreign 
body removal should be ready and tested prior to the proce-
dure and multiple accessories may be needed to remove the 
object. One should always be ready to manage difficult and 
unexpected situations as impromptu and innovative adap-
tation of techniques may be needed in challenging airway 
obstructions [70,79].

Additionally, careful review of any radiological studies is 
important. On occasion, review of radiological studies with 
the thoracic radiologist may be useful.

21.8.3.1.3 Rule Three Bronchoscopy for foreign body 
removal is a “three-handed” procedure.

A common mistake is to attempt bronchoscopy alone. 
An extra pair of hands (i.e., trained assistant) is always 
needed to insert and manage the accessories of the bron-
choscope (e.g., grasping foreceps, basket, etc.) so as to allow 
the bronchoscopist to concentrate on maneuvering and 
manipulating the bronchoscope and its accessories to the 
desired position.

21.8.3.1.4 Rule Four Properly trained personnel are 
necessary for a smooth and uneventful procedure.

A skilled and experienced operator knows that a success-
ful bronchoscopy is a team effort. One investigator reported 
less time and stress for the participants when the usual 
team of experienced physicians and nurses performed the 
foreign body removal [14]. The bronchoscopic team must 
have well-defined roles. A nurse may be assigned to admin-
ister sedation and monitor vital signs. A bronchoscope 
assistant, trained in the use of all bronchoscopic accesso-
ries, helps the physician with the procedure. In addition, 
thoracic surgery and anesthesiology should be available to 
help with unplanned complications.

21.8.3.1.5 Rule Five Time and commitment are essential.
Most unsuccessful bronchoscopies occur because the cli-

nician has other commitments and is in a hurry to finish 
the case. Patience is essential and the physician should be 
committed to take whatever time is necessary to remove 

Table 21.3 Case series of airway foreign body removal by 
flexible bronchoscopy

First Author
Total number 
of patients (N)

Successful 
removal

Success 
rate (%)

Hiller [70] 7 6 86

Cunanan [71] 300 267 89

Clark [72] 3 3 100

Nunez [73] 17 12 71

Lan [74] 33 32 97

Limper [60] 23 14 61

Chen [75] 43 32 74

Moura e sa [76] 2a 2a 100

Ali Ali [36] 16 9 56

Gencer [35] 23 21 91

Dong [50] 200 193 97

Fang [12] 94 85 90

Tenenbaum [9] 28 28 100

Total 789 704 89

a Two cases of a series of 77 patients in which the foreign body could 
not be removed with rigid bronchoscopy.
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the foreign body. A failed bronchoscopic procedure 
increases the risk of the patient having to undergo another 
procedure. In the absence of acute respiratory distress, a 
delay of several hours to ensure an organized and coordi-
nated approach to bronchoscopic removal is worthwhile to 
ensure a successful procedure. If the object is not removed 
within the first 24 hours, the risk of tissue reaction and sec-
ondary airway inflammation increases [18,22,55].

21.8.3.1.6 Rule Six Know your limitations.
Removal of a foreign object is probably the most chal-

lenging flexible bronchoscopic procedure, and this task 
may need to be delegated to another member of the group 
or to another institution with more experience and skill. 
Complications of foreign body removal are more likely in 
the hands of less experienced physicians [14]. The success 
rate of foreign body removal using either the rigid or the 
flexible bronchoscope will largely depend on the experi-
ence and skill of the operator rather than the instrument 
per se.

21.8.3.1.7 Rule Seven Each case should be viewed as a 
teaching or training opportunity.

More experienced and skilled operators need to pass on 
their skills to junior staff. Pulmonary fellows and associate 
clinicians should be encouraged to actively participate in 
the removal of all airway obstructions. By doing so, the cli-
nician is not only engaged in the care of the patient but is 
also ensuring the survival and refinement of the art of 
bronchoscopy.

21.8.3.2 Anesthesia and Analgesia
The flexible bronchoscope allows removal of the foreign 
body with local anesthesia under moderate sedation, in 
contrast to rigid bronchoscopy, which requires general 
anesthesia. A distinct advantage of performing foreign 
body removal with conscious sedation is that it preserves 
the cough reflex, which can further facilitate the object’s 
removal. A foreign body brought forward to the trachea 
by bronchoscopic techniques can then be expectorated 
on command.

In the past, controversy arose from performing foreign 
body removal under moderate sedation without a secure 
airway. The particular concern was that the object could be 
lost in a narrow subglottic area, leading to potential asphyx-
iation. To our knowledge, however, no incident of this kind 
has been reported in the literature.

In difficult cases, when moderate sedation cannot be 
achieved adequately, proceeding with rigid bronchoscopy 
under general anesthesia is the best option. In those 
instances where the object is too distal and inaccessible to 
remove with the rigid bronchoscope, the foreign body can 

be removed with a flexible bronchoscope via endotracheal 
tube. When the object is larger than the diameter of the 
tube, the endotracheal tube may need to be removed along 
with the bronchoscope and the secured foreign body 
[80,81]. Prompt reintubation can then be performed. An 
alternative to the placement of an endotracheal tube with 
general anesthesia is the use of a laryngeal mask airway. 
Flexible bronchoscopy can be performed with reasonable 
airway control even with deeper sedation [82,83].

21.8.3.3 Accessories for the Flexible Bronchoscope
Multiple instruments for the removal of foreign bodies 
with the flexible bronchoscope are available. The instru-
ment of choice is largely dictated by the location, type of 
foreign body, and accompanying host tissue reaction.

21.8.3.3.1 Grasping Forceps Forceps are the most widely 
available and utilized instrument for the management of 
airway obstruction. The different designs include varying 
cup sizes and shapes, rotation mechanisms, presence or 
absence of teeth, and additional accessories such as central 
fenestrations or needles. The forceps selected should have 
a jaw size large enough to enclose the full diameter of the 
foreign body. In cases where a firm grip is needed to prevent 
a hard object from slipping, the alligator jaws, rat-tooth, or 
shark-tooth forceps are recommended. For more delicate 
manipulations, W-shaped or covered-tip forceps may be 
used. In general, grasping forceps are only used for the 
removal of flat or thin inorganic (e.g., coins, pins, screws, 
clips) or hard organic objects (e.g., bone), as attempted 
removal of friable organic foreign body may cause object 
fracture and dispersal.

21.8.3.3.2 Balloon Catheters Inflatable balloon catheters 
are probably the most useful but underutilized tools 
available for removal of foreign objects. A Fogarty catheter 
(sizes 4–7) can be passed through the working channel of 
the bronchoscope and inflation of the balloon is achieved 
with injection of 1–3 cc of saline. The balloon is used to 
dislodge the foreign body and push it in a retrograde 
fashion from the distal to the proximal airways (Figure 21.3). 
Other specially designed inflatable balloon catheters used 
in conjunction with the bronchoscope are also available. 
We describe the step-by-step use of balloon catheters in the 
section on removal technique.

21.8.3.3.3 Zero-Tip or Modified Dormia Basket A modified 
version of the Dormia basket used by gastroenterologists 
and urologists for the removal of calculi from the common 
bile duct and the ureter is also available for the bronchoscopic 
removal of airway foreign bodies. The wings of the basket 
are normally retracted within a polyamide/PTFE sheath. 
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The basket is opened in the airway and maneuvered to 
allow its Nitinol “wings” to surround and entrap the foreign 
body. The basket is most useful in the removal of large 
objects. This device usually comes in 12 mm and 16 mm 
openings and is very effective at removing irregularly 
shaped objects.

21.8.3.3.4 Fishnet Basket The fishnet is a modified 
version of a polypectomy snare, in which a mesh of thin 
thread is attached to the snare wire for easy folding and 
unfolding. The net is normally retracted within the catheter 
for easy passage through the channel of the flexible 
bronchoscope. When the snare is advanced, the fishnet is 
slowly released to surround the object. The snare is then 
slowly retracted to enclose the foreign object within the 
fishnet. Once this is accomplished, the basket, the captured 
object, and the bronchoscope are then removed as a unit. 
The fishnet basket is also most useful in the removal of 
bulky objects.

21.8.3.3.5 Three- or Four-Prong Snares Snares are highly 
versatile tools used to capture a foreign body or tumor. 
Snares are usually squeezed together inside the catheter. 
When deployed, the open wire of the snare is released, 
surrounding the foreign object. When the operator squeezes 
the handle of the device, the prong’s distal ends come 
together, capturing the object. Once secured, the foreign 
body, snare, and flexible bronchoscope are withdrawn 
carefully as a single unit. Because the prongs are flimsy, it 
is not advisable to use this accessory in the removal of 
hard, solid objects. Selected airway tumors may be removed 
with an electrosurgical snare [84,85].

21.8.3.3.6 Magnetic Extractor A magnetic extractor 
consists of a flexible probe with a magnetic cylinder at its 

tip. This accessory is specially designed for passage through 
the working channel of the bronchoscope. Small and 
mobile metallic foreign bodies, such as broken forceps or 
cytology brushes, can be removed easily with this 
instrument [86,87].

21.8.3.3.7 Cryotherapy Catheter Endobronchial cryotherapy 
is the application of extreme cold for the treatment of benign 
or malignant disease in the airways. The adhesive properties 
of the cryoprobe make it an ideal instrument for the 
removal of many foreign bodies [88]. The system has a 
cryogen tank (e.g., nitrous oxide or nitrogen) that by rapid 
gas decompression generates an extremely low temperature 
(−15 to −40 °C) at the tip of the cryoprobe (Figure 21.2). 
When the cryoprobe is placed in direct contact with the 
object, it adheres to the probe and the operator then 
removes the flexible bronchoscope along with the 
cryoprobe and the foreign body as a single unit. This 
technique is extremely useful for the removal of blood 
clots, mucus plugs, organic material, and small inorganic 
objects [89,90]. In our experience, this is one of the most 
useful instruments for the removal of organic materials. 
The bronchoscopist should be careful to keep a clear field 
of view in order to prevent contact with the surrounding 
mucosa, and to inadvertently damage normal tissue.

21.8.4 Foreign Body Removal with the Flexible 
Bronchoscope

Extraction of the foreign body using the flexible broncho-
scope is carried out in three steps: dislodgment, secure-
ment, and removal.

Flexible bronchoscopy should be performed through the 
oral route when removing a foreign body in order to avoid 
the narrow nasal passages [91]. A thorough airway 

Figure 21.2 Cryoprobe and application in benign airway disease.
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 examination is performed first, starting with the suspected 
unaffected lung. The suspicious area of aspiration is exam-
ined last. A thorough and careful exam is performed to 
assure that there is only a single foreign object and that its 
fragments have not been dispersed to other airways. When 
the object is visualized, the shape and structure of the foreign 
body in relation to the surrounding areas are carefully exam-
ined before an extraction attempt is made. The entire foreign 
body may not be visible bronchoscopically and a review of 
radiological films may be necessary during the procedure to 
determine the position of the unseen portion. The appropri-
ate bronchoscopic accessory is then determined based on the 
size, shape, position, and density of the object.

Whenever the flexible bronchoscope is used, care should 
be taken not to push the object further down the airway. In 
general, our strategy has been to use the Fogarty balloon to 
dislodge the foreign body and to bring it proximally into 
the trachea before attempting to secure it in preparation 
for  removal [64,92]. As demonstrated in Figure  21.3, the 
Fogarty balloon catheter is positioned just distal to the 
object. The balloon is then inflated and the foreign body is 
pulled (retrograde push) out from the segment to the tra-
chea. Once in the trachea, the object is easily amenable to 
removal. We have occasionally asked the patient to sit up 
and cough up the foreign body once it has been dislodged 
to the upper trachea. We usually employ this technique for 
small and soft objects.

A common misconception is that the foreign body is 
removed through the working channel of the broncho-
scope. The key to removing foreign bodies lies in being able 
to adequately secure the object by either grasping or enclos-
ing it with the bronchoscopic accessories. Once the object 

is snared or trapped, all three (bronchoscope, grasping 
instrument, and object) are removed simultaneously from 
the endobronchial tree as a single unit. During removal, 
the bronchoscopist must make every attempt to continu-
ously visualize the object, always keeping it in the center of 
the airway.

Tissue reaction to the foreign body is also an important 
factor in object removal. If the foreign body is concealed 
within a significant amount of granulation, extraction may 
be difficult. Sometimes the surrounding granulation tissue 
has to be cleared prior to removal of the object. In these 
instances, bronchoscopic removal under general anesthe-
sia may be necessary. Laser photoresection may be used in 
removing a large object by breaking it into small manage-
able pieces [93,94] or by vaporizing surrounding granula-
tion tissue [95]. Other modalities, such as bronchoscopic 
electrocautery, can also be used to vaporize surrounding 
granulation tissue. Some authors suggest the use of a short 
course of steroids prior to removal procedures [19,78].

Hemoptysis is a rare complication of foreign body 
removal which is better controlled with rigid bronchoscopy 
but, in careful hands, hemoptysis is rare. Rees describes a 
single case of hemoptysis with foreign body removal from 
his review of 2500 similar cases [94]. There is no reason to 
favor rigid over flexible bronchoscopy in object retrieval for 
fear of massive hemoptysis [74,92].

If hemoptysis occurs, our practice is to instill an 
 epinephrine solution (1:10 000 dilution) through the 
 bronchoscope to achieve topical vasoconstriction and 
eventual thrombosis of the bleeding vessel(s). We also find 
cold saline (4 °C) instillation to be effective in bleeding ces-
sation due to hypothermic vasoconstriction.

Figure 21.3 Balloon catheter (Fogarty) used as an aid to move a foreign body to the proximal airway.
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Removal of a sharp object is an unmistakable chal-
lenge. The key to removing this type of foreign body is to 
locate the sharp end and attempt its dislodgment. Once 
the sharp end is freed, the object can be grabbed and 
removed. Grasping the shaft or the blunt part of a pointed 
object risks lodging the sharp end in the tracheobron-
chial mucosa.

21.9  Case Presentation

A previously healthy 34-year-old male was referred from a 
local urgent care facility after the incidental finding of a 
radiopaque foreign body on CXR (Figure 21.4a).

The patient described a three-week history of dry cough 
that began shortly after an uneventful dental extraction. 

(a) (b)

(c)

(e) (f)

(d)

Figure 21.4 (a) Posteroanterior and lateral chest radiograph showing radiopaque foreign body in the posterobasal right lower lobe. 
(b) Bronchoscopic view of posterobasal right lower lobe airway obstruction by granulation tissue in the area of the foreign body. (c) 
Bronchoscopic view of posterobasal right lower lobe obstruction with purulent drainage around the foreign body. (d) The foreign body 
is identified after removal of granulation tissue. (e) Foreign body mobilized proximally with the Fogarty balloon and held by biopsy 
forceps. (f) Foreign body identified as dental filling.
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The patient’s cough began the day after the procedure and 
continued until the time of presentation. Given concern for 
FBA, the patient was referred for flexible bronchoscopy.

The foreign body removal procedure was performed in a 
fully equipped bronchoscopy suite under moderate seda-
tion with intravenous midazolam and morphine. Topical 
anesthesia with lidocaine was also administered. The 
bronchoscopic examination included a full airway evalua-
tion starting with the unaffected side. Following careful 
inspection, the site of the aspiration was identified in the 
right lower lobe but the object could not be seen, presum-
ably due to granulation tissue (Figure 21.4b). After prob-
ing the area with a Fogarty balloon #4, a small lumen 

around the granulation tissue was identified. The granula-
tion tissue was debrided with biopsy forceps. This resulted 
in drainage of purulent material around the encased for-
eign body (Figure  21.4c). The Fogarty balloon provided 
traction in the airway and the metallic object was identi-
fied (Figure 21.4d). Finally, the irregularly shaped foreign 
body was grasped with biopsy forceps (Figure 21.4e). The 
foreign body was confirmed to be a dental filling 
(Figure 21.4f).

Upon completion of the foreign body removal, broncho-
scopic survey of the area confirmed that all purulent 
 material had been suctioned and the obstruction resolved. 
The patient was discharged home the same day.
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Hemoptysis is the coughing up of blood from a source 
below the glottis [1]. It is a common clinical symptom [2] 
that has been reported to be responsible for 6.8% of outpa-
tient chest clinic visits [3], 11% of admissions to the hospi-
tal chest service [4], 38% of patients referred to a chest 
surgical practice [5], and up to 15% of all pulmonary 
 consultations [6]. Hemoptysis poses a great diagnostic 
challenge, because it has been described in many cardio-
pulmonary diseases and some hematological disorders [7–11]. 
Most episodes of hemoptysis are reportedly associated with 
chronic bronchitis, bronchiectasis, bronchogenic carci-
noma, or tuberculosis [4,7,8,12–15]. However, over the 
years, the spectrum of leading causes of hemoptysis has 
been changing, perhaps contributing to the diagnostic 
dilemma [4,7,16,17].

The four major concerns in evaluating hemoptysis are to 
rule out bronchogenic cancer; determine whether the 
underlying cause is treatable; localize the site of bleeding 
in case further therapeutic intervention is needed [6]; 
decide which treatment to implement if the bleeding per-
sists, recurs, or is massive; and when to treat. In this regard, 
bronchoscopy (particularly flexible bronchoscopy) has 
assumed a central role in diagnosis and localization of 
bleeding and also in performing different therapeutic inter-
ventions to control bleeding [18]. Indeed, hemoptysis is 
one of the most frequent indications for bronchoscopy and 
accounts for 10–30% of bronchoscopic procedures in major 
medical centers [7,15,19,20]. For example, a 1989 survey of 
871 bronchoscopists in North America, conducted by the 
American College of Chest Physicians (ACCP), reported 
that 81.1% of respondents listed hemoptysis as one of five 
most common indications for bronchoscopy [21].

With this background, this chapter reviews the defini-
tions, pathogenesis, and differential diagnosis of hemopty-
sis and provides a systematic diagnostic approach to 
patients with hemoptysis, emphasizing the role of bron-
choscopy in both diagnosis and therapy.

22.1   Definitions of Massive 
and Nonmassive Hemoptysis

Hemoptysis may range from a small amount of blood-
streaked sputum to a massive amount of bleeding that 
causes asphyxiation and exsanguination. Because the over-
all management of hemoptysis depends on the severity of 
bleeding, most authors distinguish between massive (e.g., 
potentially life‐threatening) and nonmassive hemoptysis 
[1,11,22,23]. Although no clear‐cut definitions of nonmas-
sive hemoptysis are available, hemoptysis has been arbi-
trarily graded as small or mild when the amount ranges 
from blood‐tinged sputum to less than 15–30 mL over 
24 hours [1,23,24]. The term “gross” or “frank” hemoptysis 
is sometimes used to refer to a quantity of bleeding that is 
smaller than massive but greater than blood streaking [11].

Table 22.1 summarizes different available definitions of 
massive hemoptysis, which subsume definitions based on 
the volume of expectorated blood (e.g., at least 600 mL per 
24 hours) and those based on the magnitude of the clinical 
effect associated with hemoptysis (e.g., hemoptysis threat-
ening asphyxia) [2,25–31]. The volume criteria cited for 
massive hemoptysis range from 100 to 1000 mL in a 24‐
hour period. However, volumes less than 100 mL in 
24 hours are generally considered nonmassive hemoptysis 
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[26,27]. The most lenient volume definition of massive 
hemoptysis has been proposed by Amirana and colleagues 
[25] and Bobrowitz and coworkers [26] (expectorating 
100 mL or more blood a day at least once). At the other 
extreme of volume definitions are those proposed by 
Crocco and associates [28] (more than 600 mL of expecto-
rated blood in 48 hours) and Corey and Hla [29] (1000 mL 
or more of expectorated blood in 24 hours).

As an alternative to volume definitions, other authors 
have defined massive hemoptysis by the magnitude of the 
clinical consequences. For example, based on the fact that 
the anatomical dead space of the measured airways is 100–
200 mL in most individuals, massive hemoptysis has been 
defined as the volume of expectorated blood that poses risk 
for lung aspiration or that is life‐threatening by virtue of 
airway obstruction, hypotension, gas exchange abnormali-
ties, or blood loss. Finally, an operational definition of mas-
sive hemoptysis has been proposed by Holsclaw and 
colleagues [27,30], who offer three criteria for massive 
hemoptysis: pulmonary bleeding that causes death or 
requires hospitalization, is large enough to give laboratory 
or clinical evidence of systemic blood loss, or requires 
blood or plasma transfusion.

Garzon and coworkers [27,31] distinguished “exsanguin-
ating” hemoptysis as pulmonary bleeding that is brisk 
enough to threaten life not only by asphyxiation (i.e., from 
flooding the airways with blood) but also hypotension 
caused by blood loss itself, that is a volume of 1000 mL or 
greater at a rate of at least 150  mL/h. Although varying 
definitions have been proposed, a commonly accepted defi-
nition of massive hemoptysis is the expectoration of at 
least 600 mL over 24 hours [32–38]. The practical difficulty 
of measuring the volume of expectorated blood under 
usual clinical circumstances limits the value of finer 

 distinctions in defining massive hemoptysis [2]. Also, 
beyond the actual quantity of expectorated blood, the rate 
of bleeding appears to be clinically important [37,39]. In a 
study of 67 patients with at least 600 mL expectorated blood 
in 48 hours, Crocco and coworkers [28] showed that mor-
tality was strikingly related to bleeding rate regardless of 
treatment. Specifically, patients expectorating 600 mL of 
blood over four hours had a combined mortality rate of 
71%, those with more than 600 mL in 4–6 hours had a 45% 
 mortality rate, and those with more than 600 mL in 
16–48 hours had a 5% mortality rate.

22.2   Causes of Hemoptysis

Despite a careful work‐up that includes flexible bronchos-
copy, the cause of hemoptysis cannot be determined in 
some patients. This so‐called idiopathic, essential, or cryp-
togenic hemoptysis has been reported in 2–18% of patients 
with hemoptysis [4,8–10,13,15,38]. The typical presenta-
tion and course of idiopathic hemoptysis is a single bout of 
bleeding with minimal or no respiratory symptoms, a nor-
mal chest radiograph, normal bronchoscopic findings, and 
bronchial washings without evidence of infection or malig-
nancy [7,40]. Fortunately, the usual prognosis in “idio-
pathic hemoptysis” is favorable with resolution of bleeding 
within six months of evaluation [40]. In addition, upper 
gastrointestinal bleeding (hematemesis), which can some-
times mimic true hemoptysis (when the blood is aspirated 
into the lungs), known as pseudohemoptysis, may occur 
when blood from the oral cavity or nasopharynx drains to 
the back of the throat and initiates the cough reflex. 
Rifampin can impart a reddish color to sputum in patients 
with drug overdose.

Changing rates of disease occurrence (e.g., declining 
rates of new‐onset bronchiectasis) and diagnostic advances 
(e.g., the advent of the flexible bronchoscope in the 1970s) 
likely account for a changing spectrum of the common 
causes of hemoptysis [2]. Studies done in the 1940s and 
1950s reported tubercu1osis, bronchiectasis, and broncho-
genic carcinoma as the most common causes of hemopty-
sis [5,12–15]. However, more recent series indicate that 
hemoptysis is now most commonly caused by bronchitis 
and less commonly by tuberculosis and bronchiectasis.

Massive hemoptysis accounts for a minority of patients 
with hemoptysis (4.8–6.7% of hospitalized patients with 
hemoptysis) [4,29], and the spectrum of causes of mas-
sive hemoptysis is narrower. The most common causes 
of massive hemoptysis are bronchiectasis, tuberculosis 
(TB) (active and inactive), bronchogenic carcinoma, 
lung abscess, and mycetoma [2,28,31,33,34,41–43] and, 
unlike lesser hemoptysis (for which tuberculosis and 

Table 22.1  Defnitions of massive hemoptysis

Massive hemoptysis
Spectrum of “volume” defnitions

100 mL/24 h [25,26]
>600 mL/48 h [27]

Major ( 200 mL/24 h) versus massive ( 1000 mL/24 h) [28]
“Magnitude of effect” defnitions [29]
Presents risk of large aspiration
Life‐threatening by virtue of airway obstruction, hypotension, or 

anemia
Exsanguinating hemoptysis [30]
Hemoptysis that threatens because of actual volume of blood lost
Loss of 1000 mL total at rate of 150 mL/h
Commonly accepted definition [31–36]

600 mL over 24 h

Source: Modified and reproduced with permission from Stoller [2].
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bronchiectasis have become less frequent causes) [16,17], 
the spectrum of causes of massive hemoptysis has 
changed little among series that span three decades.

22.3   Pathophysiology of Hemoptysis

Sources of pulmonary bleeding include the pulmonary cir-
culation, a low‐pressure circuit (with normal pulmonary 
artery pressures of 15–20 mmHg systolic and 5–10 mmHg 
diastolic), and the bronchial circulation, consisting of the 
bronchial arteries (which branch from the aorta and have 
systemic arterial pressures), and the bronchial veins (which 
drain via systemic veins into the right heart) [2]. The bron-
chial arteries are the main vascular supply to the airways 
(from the mainstem bronchi to terminal bronchioles), and 
the supporting framework of the lung (i.e., the pleura, 
intrapulmonary lymphoid tissue, large branches of the pul-
monary vessels, and nerves) [11,44]. The pulmonary arter-
ies supply the pulmonary parenchymal tissue including 
the respiratory bronchioles [11,44].

As depicted in Figure 22.1, the bronchial and pulmonary 
circulations are normally connected; bronchial arterial 
blood feeding the proximal airways drains into the bron-
chial veins and empties into the right heart, whereas bron-
chial arterial blood perfusing the intrapulmonary airways 
and lung tissue drains through bronchopulmonary anasto-
moses into the pulmonary veins and left heart [2,45]. 
Anastomoses between bronchial arteries and tributaries of 

the pulmonary veins that account for the normal right‐
to‐left shunt have been demonstrated in normal lungs at 
autopsy and may at times be a major source of massive 
hemoptysis [45]. Arteriographic studies in patients with 
active hemoptysis have demonstrated that the usual source 
of bleeding (92% of cases) is the systemic bronchial circula-
tion [45]. Bronchial artery dilation, ectasia, collateral for-
mation, or active bleeding coinciding with the localized 
site of bleeding have been demonstrated during arteriogra-
phy [45].

Still, the pulmonary circulation may be the source of 
hemoptysis. Examples of bleeding due to a pulmonary 
arterial source include rupture associated with placement 
of a Swan–Ganz pulmonary artery catheter, pulmonary 
artery aneurysms secondary to collagen vascular disease, 
and pulmonary artery vasculitis [27].

22.4   Diagnostic Utility 
of Bronchoscopy in Hemoptysis

All instances of hemoptysis require careful evaluation to 
determine the cause and localize the bleeding source. 
Bronchoscopy is helpful in attaining both of these goals.

22.4.1  Routine Prebronchoscopy Evaluation

The purpose of prebronchoscopy evaluation is twofold: on 
one hand, to assess the probable causes and bleeding site 
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Figure 22.1  Diagram of the systemic blood supply to the lung. Note that flow from the extrapulmonary airways and supporting 
structures returns to the right heart, whereas intrapulmonary flow drains into the pulmonary veins and returns to the left heart. 
Source: Reproduced by permission from Deffebach et al. [45].
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using clinical features, and then to help to make better 
decisions for bronchoscopic strategy. On the other hand, to 
exclude operation contraindications.

As previously discussed, the causes of hemoptysis vary 
and need to be differentiated by the results of history, 
 physical examination, laboratory and image tests. Up to 
30% of patients with hemoptysis will have normal chest 
radiographs  [11], which should not discourage further 
investigation [10]. Examples of conditions that may cause 
hemoptysis with a normal (or minimally abnormal) chest 
radiograph include bronchitis, bronchiectasis, small areas 
of infection, angioma, infarction, broncholith, aortobron-
chial fistula, or any endobronchial lesion that is not large 
enough to cause occlusion of the bronchus [27,46].

Once the lung has been established as the cause of bleed-
ing, attention turns to localizing the bleeding, particularly in 
recurrent or large‐volume hemoptysis, because optimal 
treatment requires accurate knowledge of the bleeding site [2]. 
Localizing the bleeding source will also help guide  further 
diagnostic techniques such as washings and biopsies. Using 
all available methods, overall success rates for specifically 
localizing bleeding have been 75–93% [38,47]. Lateralizing 
the bleeding source without more specific lobar localization 
has reportedly been accomplished in 95% of instances [48]. 
The yield of individual strategies for localizing the bleeding 
site has been assessed by Pursel and Lindskog [4] in a series 
of 105 patients with hemoptysis. Patients’ self‐assessments 
were least useful, offered by only 10% of patients, and inac-
curate in 30% of these. Clinical examination correctly local-
ized the bleeding source in 43% of patients but was inaccurate 
2% of the time. Chest radiographs were correct in 60% of 
patients and no instance of inaccuracy was found. Finally, 
bronchoscopy during active bleeding was most accurate 
(86% of evaluations), but was possible in only a minority 
(20%) of all patients in that series.

Because bronchoscopy is widely considered the preferred 
initial procedure for localizing bleeding in hemoptysis 
(whether massive or nonmassive) [11,49], an optimal diag-
nostic approach requires understanding of the role of 
bronchoscopy.

22.4.2  Indications for Bronchoscopy

It is generally agreed that bronchoscopy is indicated for 
patients with hemoptysis and parenchymal infiltrates con-
firmed on chest radiograph (e.g., mass, infiltrate, cavity, or 
lobar atelectasis). In this setting, the diagnostic yield of bron-
choscopy has been reported to be approximately 80% [20,50–56], 
with carcinoma comprising one‐third of cases [50].

The indications for bronchoscopy in patients with 
 hemoptysis and either a normal or nonlocalizing chest 
radiograph are more controversial. The yield of bronchos-
copy may be increased in the presence of several clinical 

features (especially when cancer is suspected), including 
age over 40, bleeding duration exceeding one week, volume 
of expectorated blood greater than 30 mL, a smoking his-
tory over 40 pack‐years, and male gender [48–51,57,58].

Whether to perform bronchoscopy in patients without 
these features remains a matter of individual discretion. 
Although some studies recommend that such patients 
may be observed following a negative sputum cytology 
and otolaryngological examination [50–52,57–59], others 
have recommended bronchoscopy in all patients because 
bronchogenic carcinoma has been reported in 4–22% of 
patients with hemoptysis and normal or nonlocalizing 
chest radiographs  [20,53,60–62]. As examples, Poe et  al. 
performed bronchoscopy in 196 patients and found bron-
chogenic carcinoma in 6% and other abnormalities in 17% 
[58]. Also, O’Neil and Lazarus bronchoscoped 119 patients 
and found 5% with malignancy [50]. In a retrospective 
review of 478 patients with hemoptysis and a normal chest 
radiograph, Lee et al. reported malignancy in 2.1% and an 
overall diagnostic yield of 4.2% [63]. Finally, Lederle and 
coworkers found bronchogenic carcinoma in 4.7% of 106 
bronchoscopies performed in men over age 40 with nor-
mal and nonlocalizing chest radiographs [64].

Although uncommon, bronchogenic cancer has been 
described in patients younger than age 40 and bronchoscopy 
should be considered in these patients as well. For example, 
Snider reports that 5% of 955 patients with bronchogenic 
carcinoma were less than 45 years of age [52]. Similarly, 
Cortese and colleagues report that 5.5% of patients with radi-
ographically occult lung cancer were younger than age 50 
[65]. Based on these considerations, the authors’ view is that 
bronchoscopy should be performed in all cases to evaluate 
hemoptysis unless a clear cause is already established.

Although bronchoscopy is generally indicated for any 
significant or new hemoptysis, it may not be needed in 
some clinical situations. Examples include patients with 
known chronic bronchitis with mild occasional blood 
streaking, particularly if associated with an exacerbation of 
acute tracheobronchitis [11,18]; patients with acute lower 
respiratory infections [11]; patients who have recent docu-
mentation of the site of bleeding by bronchoscopic exami-
nation [11]; and patients with obvious cardiac or pulmonary 
vascular disease such as congestive heart failure and pul-
monary embolism [11]. Despite these broad indications, 
the decision to perform bronchoscopy should be individu-
alized and depends on the degree of confidence assigned to 
the presumed cause of hemoptysis.

22.4.3  Timing of Bronchoscopy

Whether to perform bronchoscopy early (i.e., within 
48 hours of acute bleeding) or remotely remains controver-
sial. Table  22.2 presents the three available studies 
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 comparing early versus delayed bronchoscopy [4,20,66], all 
of which show a higher rate of successful localization with 
early bronchoscopy. However, careful analysis of the diag-
nostic impact of bronchoscopy has shown that although 
active bleeding and the site of bleeding are visualized more 
commonly with early versus delayed bronchoscopy (34% 
versus 11%, respectively), the timing of bronchoscopy 
rarely alters the suspected cause of bleeding or overall 
patient management [20]. Despite this controversy, we rec-
ommend early bronchoscopy because localizing the source 
can be critical if massive hemoptysis develops later, and 
because early bronchoscopy also lessens the chance that an 
old clot will be redistributed by coughing or that gravita-
tional pooling from the true bleeding site will occur [49].

22.4.4  Choice of Instruments

The flexible bronchoscope is the instrument of choice for 
nonmassive hemoptysis, because flexible bronchoscopy 
can be performed in an outpatient setting or at the bedside 
under local anesthesia, is well tolerated by most patients, 
and provides an extended visual range into subsegmental 
bronchi including upper lobe orifices [7,49,54].

Whether to use a rigid or flexible bronchoscope in mas-
sive hemoptysis is debated, but in the absence of a head‐to‐
head comparison, no firm conclusion can be offered. 
Currently, the choice reflects the user’s experience. Many 
surgeons advocate using a rigid instrument, whereas most 
pulmonologists favor a flexible bronchoscope. The impor-
tant advantages of rigid bronchoscopy include improved 
suctioning capacity and a larger lumen to introduce tam-
ponading materials, perform lavage, and allow continuous 
airway control [6].

However, the rigid bronchoscope is limited by reduced 
visual range and the need for general anesthesia and an 
operating room. As summarized by Neff, in cases of mas-
sive hemoptysis, the use of a rigid bronchoscope for emer-
gency examinations seems more advantageous than using 
a flexible bronchoscope. The selection of which scope to 
use for hemoptysis seems less important, however, than 
close communication between experienced pulmonary 
physicians and skilled thoracic surgeons [67].

If the flexible bronchoscope is used and there has been 
recent massive bleeding, airway control should be main-
tained by inserting a large‐caliber oral endotracheal tube 
(ETT), through which the bronchoscope can be passed [37]. 
Intubation also allows repeated easy removal and reinser-
tion in case the viewing lens needs to be cleaned after it is 
clouded by blood [37,68]. Besides providing airway control, 
a large‐bore suction catheter can also be passed through 
the ETT to suction larger clots [69]. The flexible broncho-
scope can be used to wash each segmental lobe orifice 
 carefully for specimens, followed by close observation for 
the appearance of fresh blood [37].

Results of an updated poll of 230 attendees of a session 
on airway emergencies at the 1998 ACCP [69] showed that 
79% of respondents favored use of the flexible broncho-
scope through an ETT; advocates of this approach increased 
from 48% at a similar session 10 years earlier [32]. A larger‐
channel flexible bronchoscope (e.g., with a 2.6–3.0 mm 
channel or preferably even the newer therapeutic broncho-
scopes with larger 3.2 mm aspiration channels) is recom-
mended when a flexible instrument is used [68]. At times, 
when the rate of hemorrhage exceeds the suction capacity 
of the flexible bronchoscope, the flexible instrument can be 
passed via the rigid scope, thus combining safety (airway 
control and suctioning capacity) and maneuverability 
[36,70]. This practice is also used in laser treatment for 
 tracheobronchial tumors [18,71,72].

In situations when uninterrupted ventilation is required, 
high‐frequency jet ventilation can be used with either rigid 
or flexible bronchoscopy. The open system used in jet ven-
tilation allows simultaneous bronchoscopy, ventilation, 
suctioning, and localization.

22.4.5  Route of Passing the Flexible 
Bronchoscope

If the source of bleeding is known to be subglottic, either 
the transnasal or transoral approach can be used. However, 
if doubt exists regarding the source of bleeding, the upper 
airways should be examined along with standard evalua-
tion of the tracheobronchial tree. Selecky states that the 
transoral approach provides a unique view of the posterior 
nasopharynx and recommends flexing the tip of the bron-
choscope cephalad 180° to view the posterior aspect of the 

Table 22.2  A summary of available studies of delayed versus 
immediate bronchoscopy for hemoptysis

Study

Yield of locating bleeding (%)

No. Bronchoscopy Delayed Early

Pursel, 1961 [4] 105 Rigid 52 86

Smiddy, 1973 [66] 71 Flexible NS 93

(active)

Gong, 1981 [20] 129 Flexible 11 34

Bobrowitz, 1983 [26] 25 Flexible NS 86

Rath, 1973 [73] 31 Flexible NS 68

Corey, 1987 [28] 59 NS NS 39

Saumench, 1989 [85] 36 Flexible 50 91

NS, not stated.
Source: Modified and reproduced by permission from: Stoller JK. 
Diagnosis and management of massive hemoptysis: a review. Respir 
Care 1992;32:564–581.
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nasal passages and turbinates [7]. If an upper airway source 
is suspected and the transnasal approach is selected, both 
sides of the nose should be examined.

22.4.6  Bronchoscopic Findings

Although bronchoscopy remains the best diagnostic and 
localizing modality in hemoptysis, it may not pinpoint the 
bleeding at a specific site. For example, Smiddy and Elliot 
[47] performed flexible bronchoscopy in 71 patients with 
active hemoptysis and identified a single bleeding point in 
46.5%. Bleeding was localized to a bronchopulmonary seg-
ment in 38.0% of patients, multiple bleeding sites were 
identified in 8.45%, and the bleeding site could not be local-
ized in 7.0%. To optimize the bronchoscopic yield, each 
bronchial orifice should be examined to its furthest extent, 
preferably to a subsegmental bronchus [18]. Sometimes, 
using a small‐caliber or pediatric bronchoscope may 
enhance the diagnostic yield by allowing examination of 
the more distal bronchial tree [71]. Segmental lavage with 
sterile saline solution may also help identify the source of 
bleeding, as discussed earlier [37]. Obvious vascular capil-
laries, bronchial inflammation, and subtle mucosal abnor-
malities are all considered valuable findings [18].

In the 1988 ACCP survey on hemoptysis [32], clinicians 
were asked to grade the clinical value of bronchoscopic 
findings and their impact on management in patients with 
normal or nonlocalizing chest radiographs. A specific diag-
nosis (e.g., lung cancer) was perceived to be more useful 
than a nonspecific result but more than 80% of respondents 
considered nonspecific findings (objective bronchitis, nor-
mal airways, or either localized or diffuse tracheobronchial 
blood) valuable in clinical decision making.

All abnormalities must be appropriately biopsied, 
brushed, or lavaged for adequate specimens, depending on 
the underlying clinical situation [7]. The bronchoscopist 
should pay special attention to the mucosa and visible ves-
sels, Chest enhanced CT and bronchial arteriography were 
needed to assess the lesion blood supply. Katoh and cow-
orkers [73] compared bronchoscopic findings to bronchial 
arteriography in seven patients with hemoptysis. The 
lesions were located in the second to fifth order bronchi 
and were either bulge lesions or mass lesions. Intrabronchial 
bulge was discovered by bronchoscopy in five patients. In 
one of these patients, the bulge corresponded to the site of 
an aneurysm in the bronchial arteriogram, whereas in the 
other four patients, the bulge corresponded to the site of 
hypervascularity on the bronchial arteriogram. An intra-
bronchial mass in two patients corresponded to  obstruction 
with focal dilation on one arteriogram and hypervascular-
ity on the other. These intrabronchial lesions disappeared 
or diminished in size after bronchial artery embolization. 

However, some case reports suggest that some bronchial 
arterial lesions may resemble the bronchoscopic appear-
ance of a tumor and thus predispose to serious hemorrhage 
if biopsy is attempted [74,75].

Dieulafoy disease is a vascular anomaly characterized by 
the presence of a tortuous dysplastic artery in the submu-
cosa [76–78]. Though more commonly seen in the gastroin-
testinal tract, this disease has been described in the 
bronchial mucosa and should prompt caution because dis-
ruption of the lesion can lead to massive hemoptysis which 
may recur. Findings that should cause the bronchoscopist 
to suspect Dieulafoy disease (and therefore avert biopsy) 
are a raised lesion of several millimeters diameter with 
normal overlying mucosa. Bleeding lesions may of course 
have surrounding blood or clot. Few reports of airway 
Dieulafoy disease are available. In a recent series of 81 
patients with cryptogenic hemoptysis, Dieulafoy disease 
was observed in five of nine patients who underwent surgi-
cal resection to control the hemoptysis [77].

22.5   Therapeutic Role of 
Bronchoscopy in Hemoptysis

The development of several endobronchial topical treat-
ments has revolutionized the role of bronchoscopy in man-
aging hemoptysis [79]. These measures are used mainly to 
control massive or life‐threatening hemoptysis and can be 
combined with surgical treatment. As adjunctive maneu-
vers, they help to “buy time” to restore clinical stability and 
to perform essential diagnostic and definitive management 
procedures such as embolotherapy or surgery. Treatments 
using the bronchoscope include lung isolation and airway 
control techniques, endobronchial balloon or direct bron-
choscopic tamponade, cold saline lavage, laser therapy, 
electrocautery, brachytherapy, and application of topical 
vasoconstrictors or coagulants.

22.5.1  Lung Isolation and Airway Control

Airway stabilization in focal hemoptysis ultimately relies 
on the ability of the physician to intubate, protect the “good 
lung,” isolate the bleeding lung, and tamponade the source 
of bleeding or use different endobronchial or pharmaco-
logical interventions to achieve hemostasis. Available tech-
niques to achieve these goals are discussed below. When 
there is active bleeding, the airway can be maintained dur-
ing bronchoscopic localization by rigid bronchoscopy 
alone or by use of a flexible bronchoscope through a large‐
caliber ETT. The flexible bronchoscope can also be used to 
facilitate intubation, change ETTs, and extubate over the 
bronchoscope when edema or closure of upper airway 
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structures is a concern [80]. For airway management, the 
5  mm outer diameter (OD) fiberoptic bronchoscope is 
 optimal; to use this bronchoscope, an ETT with at least an 
8 mm internal diameter (ID) has been recommended in 
adults [80]. This allows the remaining endotracheal ring 
size to approximate a 7 mm ID ETT even with the broncho-
scope in place. The 6 mm OD flexible bronchoscope is not 
recommended for use with an ETT [80], except possibly 
when bleeding is controlled and bronchoscopy is being 
done only for intubation.

22.5.2  Double-Lumen Endotracheal Tube

Urgent management of massive hemoptysis must protect 
the uninvolved lung from aspiration of blood [81–86]. One 
method of isolating the lungs is to place a double‐lumen 
ETT that can be guided over a flexible bronchoscope 
[81,82]. Available double‐lumen ETTs include the Carlen 
tube [81] (introduced in 1949 and less popular now because 
of the individual lumen’s small caliber), the Robertshaw 
rubber tube [84] (right‐ and left‐sided models), and dispos-
able polyvinyl chloride variations of the Robertshaw tube, 
including the Mallinckrodt Broncho‐Cath®, the Rusch® 
endobronchial tube, and the Sheridian Broncho‐Trach® 
[81]. Some recent double‐lumen tube models now have 
diaphragms on the ventilation adaptors which allow 
 bronchoscopy without loss of airway pressure in patients 
undergoing mechanical ventilation [81].

Double‐lumen tubes are currently available in five sizes: 
28 Fr, 35 Fr, 37 Fr, 39 Fr, and 41 Fr. The size selection depends 
on the size of the patient. The largest possible tube which 
will fit through the glottis is preferred because it will have 
little chance of advancing too far down the left mainstem 
bronchus and creates a better air seal. Using a smaller tube 
requires more endobronchial cut‐off pressure, increasing 
the chance of cuff herniation across the carina with result-
ant airway occlusion [81]. In general, most adult males can 
accommodate a 41 Fr double‐lumen tube, whereas adult 
females more commonly accommodate a 39 Fr tube [85].

The flexible bronchoscope has two roles with double‐
lumen tubes: to facilitate difficult intubations, and to con-
firm correct tube placement and position. Diagnostic 
bronchoscopy through double‐lumen tubes is difficult 
because of the small caliber of each lumen. Intubation over 
the bronchoscope usually requires shortening the double‐
lumen tube by 7 cm from the proximal end to allow an 
adequate working length for the bronchoscope [86]. A 
pediatric bronchoscope is recommended for use with dou-
ble‐lumen tubes smaller than 39 Fr [81,82] because the out-
side diameter of the smallest adult bronchoscope (4.9 mm) 
interferes with passage of the instrument through the 
smaller tubes [81].

The technique of double‐lumen tube placement using a 
bronchoscope is well described by Dellinger [80]. The tube 
is first inserted into the trachea, either with a broncho-
scope or by using direct laryngoscopy; the tracheal cuff is 
inflated, and mechanical ventilation begun or resumed. 
The bronchoscope is then advanced through the endobron-
chial lumen of the double‐lumen tube and, for left‐sided 
tube placement, advanced into the left mainstem bronchus 
(Figure 22.2). In general, left‐sided double‐lumen tubes are 
preferred because adequate cuff seal is difficult to achieve 
on the right; the short distance between the main carina 
and the take‐off of the right mainstem bronchus prevents 
easy placement of right‐sided tubes or assurance of an ade-
quate seal.

After the bronchoscope is fixed in the left mainstem 
bronchus, the endobronchial tube is advanced into the 
left mainstem bronchus (Figure  22.2), using the bron-
choscope as an obturator. The bronchoscope is then 
withdrawn and passed through the tracheal lumen. 
Once the bronchoscope passes out of the tracheal lumen, 
the left endobronchial tube can be visualized. The bron-
chial cuff is positioned and inflated in proper position. 
For correct double‐lumen tube placement, the blue 
endobronchial cuff should be easily seen just beyond the 
carina, the cuff should not be herniating, and the dou-
ble‐lumen tube should not be too distal in the mainstem 
bronchus [79].

Tracheal

Bronchial

Figure 22.2  Flexible bronchoscopic insertion of the double-
lumen endobronchial tube (left bronchial type). See text for 
details of technique. Source: Reproduced by permission from 
Dellinger [80].
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22.5.3  Endobronchial Balloon Tamponade

Another catheter that can be placed using the broncho-
scope is for endobronchial balloon tamponade, which has 
been used to control life‐threatening hemoptysis in nonin-
tubated patients [87–91]. Balloon tamponade involves 
occluding the bleeding airway by inflating a Fogarty 
embolectomy catheter (4 Fr for segmental bronchi and up 
to 14 Fr for the left mainstem bronchus), which is passed 
through either a fiberoptic or rigid bronchoscope, 
 followed by removal of the bronchoscope over the catheter 
(Figure 22.3) [2]. The balloon is deflated after 24–48 hours 
and then removed. An alternative approach is to pass the 
Fogarty catheter alongside the flexible bronchoscope [92].

In 1974, Hiebert [87] reported data on a patient with 
such brisk hemoptysis that visualization with a rigid bron-
choscope could not be maintained. In desperation, a 
Fogarty catheter was passed into the right mainstem bron-
chus and inflated, with successful tamponade of the 

 bleeding, thus saving the patient’s life. Thereafter, several 
others have reported successful use of this technique [88–
91]. Saw and coworkers [89] report data on 10 patients in 
whom balloon tamponade successfully controlled acute 
bleeding. None of the patients died from hemoptysis or 
experienced recurrent bleeding (without surgical resec-
tion) for up to nine months of follow‐up. In four patients 
with cystic fibrosis and massive hemoptysis, Swersky and 
associates [91] achieved acute control of bleeding with bal-
loon  tamponade, although bleeding recurred in three of 
four patients. No complications of endobronchial tampon-
ade were reported in either of these series.

Valipour et  al. [93] have reported successful control of 
hemoptysis in 56 of 57 patients by topical hemostatic tam-
ponade using an oxidized cellulose mesh that was inserted 
through the flexible bronchoscope.

Overall, although the reported experience is limited, the 
universal reported success with controlling acute bleeding 
and the lack of reported complications have caused endo-
bronchial balloon tamponade to be widely used [2]. Balloon 
occlusion is a rapid method to isolate the bleeding from the 
good lung, allowing stabilization before more definitive 
treatment can be undertaken [37].

22.5.4  Selective Bronchial Intubation

If the bleeding site can be localized only to the involved 
lung rather than to a specific lobe, Garzon and Gourin 
[94,95] recommend a technique of selective bronchial intu-
bation or balloon catheter blockage of the bleeding bron-
chus. During right‐sided bleeding, the ETT can be advanced 
into the left mainstem bronchus under bronchoscopic 
guidance to allow unilateral lung ventilation while simul-
taneously blocking spillover of blood to the left side 
(Figure 22.4a).

Because of normal anatomical asymmetry, selective 
intubation of the right lung carries a risk of occluding the 
right upper lobe bronchus, which generally rises just below 
the main carina [37]. Thus, a different approach is recom-
mended for left‐sided bleeding. An occluding Fogarty cath-
eter can be placed into the left mainstem bronchus and the 
ETT is left in place in the trachea to ventilate the right side 
(Figure 22.4b). Of 25 patients in Gourin and Garzon’s series 
[94] in whom single‐lung anesthesia was used, 18 patients 
underwent bronchial intubation or balloon catheter block-
age. Only three patients showed contralateral aspiration on 
postoperative chest radiographs and only one died (of res-
piratory and renal failure). The effectiveness of selective 
bronchial intubation allows pulmonary resection or embo-
lization therapy to be performed safely [79]. If medical 
therapy is indicated, supportive therapy can be maintained 
[79]. This technique can be combined with iced saline 

(a)

(b)

Figure 22.3  (a) Fogarty balloon embolectomy catheter with 
balloon inflated. (b) Fogarty balloon embolectomy catheter 
inserted through the channel of the flexible bronchoscopy with 
balloon inflated after insertion.
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 lavage to the bleeding site while aeration is maintained to 
the other lung and is also considered a first‐line technique 
for managing a major bronchovascular fistula [79].

Another technique to isolate a bleeding lung is place-
ment of a single‐lumen Inoue endotracheal catheter with a 
self‐contained balloon catheter. Such tubes are routinely 
used for single lung ventilation and lung collapse during 

thoracic surgery or thoracoscopy. The balloon catheter can 
be advanced blindly or under bronchoscopic guidance into 
the appropriate mainstem bronchus after intubation. This 
serves to isolate the bleeding lung and allows aspiration of 
blood [27].

22.5.5  Direct Tamponade 
with a Bronchoscopy

In the event of overwhelming hemoptysis occurring during 
bronchoscopic evaluation, the flexible bronchoscope can 
be advanced into the appropriate segmental or subsegmen-
tal bronchus under direct vision to act as an occlusive 
wedge [37,96]. This is a temporizing measure that allows 
the bleeding site to clot off while preventing spillage to nor-
mal areas. If the source of hemoptysis is proximal and a 
rigid bronchoscopy is being performed, the rigid instru-
ment can also be used to directly tamponade the bleeding 
site, using the side of the bronchoscope while maintaining 
the airway [18].

22.5.6  Use of Topical Vasoconstrictors 
and Coagulants

Instillation of epinephrine (1:20 000) through the broncho-
scope is commonly used with the aim of achieving topical 
vasoconstriction with diminution of blood flow and throm-
botic obstruction of the distal vessels [18,97,98]. Topical epi-
nephrine is effective to control endobronchial hemorrhage 
after biopsy of a vascular tumor or severe bleeding from the 
mucosa [80,97]. Following balloon tamponade, regular 
endobronchial instillation of epinephrine through an irri-
gation catheter has also been proposed [91]. For example, in 
a retrospective review of 4273 patients, Poe et al. reported 
that topical application of epinephrine achieved universal 
success in controlling the bleeding  following transbronchial 
biopsy that affected 2.8% of the patients [99].

However, the benefits of topical epinephrine in control-
ling massive hemoptysis are uncertain.

Vasopressin is another topical vasoconstrictor used for 
controlling hemoptysis. Worth and colleagues [100] com-
pared endobronchial versus intravenous vasopressin in 
lung bleeding during bronchoscopy. Eleven patients were 
treated with 1 mg of intravenous vasopressin and 16 patients 
received the same dose endobronchially at the site of bleed-
ing. Endobronchial administration was equally efficacious 
to intravenous treatment, but lacked hemodynamic effects. 
Ramon et  al. [101] described successful acute control of 
severe hemoptysis in 14 of 20 patients using parenteral ter-
lipressin. Finally, aerosolized vasopressin has also been 
described to control hemoptysis in three palliative care 
patients with mild to moderate hemoptysis [102].

(a)

(b)

Figure 22.4  (a) During right-sided bleeding, a cuffed ETT in the 
left main bronchus protects the left lung from spillover. (b) 
During left-sided bleeding, a balloon occlusion catheter inflated 
below the carina in the left main stem isolates the left lung 
while an ETT in the trachea ventilates the right lung. Source: 
Reproduced by permission from Gourin and Garzon [95].
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Instillation of topical coagulants through the broncho-
scope has reportedly been useful to control hemoptysis and 
several coagulants, including bosmin [103], reptilase [104], 
thrombin [105], fibrinogen‐thrombin [106,107], and fibrin 
precursors [85], have been described. Tsukamoto and cow-
orkers [106] treated 19 patients with thrombin (5–10 mL of 
1000 units/mL solution), and noted substantial efficacy 
(i.e., no recurrence within 14 days) in 14 (74%), partial effi-
cacy (i.e., hemoptysis recurred between 24 hours and 
14 days after treatment) in one patient, and failure to con-
trol bleeding in four patients (21%). In another 14 patients 
treated with fibrinogen‐thrombin (5–10 mL of 2% fibrino-
gen solution), substantial efficacy was noted in 11 (79%) 
and partial efficacy in three (21%).

A topical coagulant consisting of fibrin precursors 
(fibrinogen, fibronectin, factor XIII, and aprotinin), which 
is activated by adding calcium chloride and thrombin, is 
described by Bense [108]. With this approach, a four‐channel 
catheter (OD 2 mm) is introduced into the bleeding bron-
chus with a flexible bronchoscope and the two main 
components, which together form a fibrin sealant, are 
mixed, heated to 370 °C, and injected simultaneously but 
separately into two channels of the four‐channel catheter. 
Using this technique, Bense safely arrested four episodes of 
hemoptysis that were resistant to other therapies [108].

Despite enthusiasm for using topical coagulants for even 
massive hemoptysis, lack of any controlled comparison 
and the paucity of available studies advise the reader to 
reserve judgment at this time. A further concern is that the 
continuous stream of blood in massive hemoptysis may 
flush away the fibrin glue before a stable clot forms [18].

22.5.7  Cold Saline Lavage Through 
the Bronchoscope

In keeping with a time‐honored treatment of upper gastro-
intestinal bleeding, cold saline lavage has been used to stop 
bleeding in massive hemoptysis. For example, Conlan and 
Hurwitz [109] report that bronchial irrigation with 50 mL 
aliquots of cold (4 °C) normal saline administered through 
a rigid bronchoscope successfully arrested bleeding in 12 
patients with massive hemoptysis. The average volume of 
saline required was 500 mL (range 300–750 mL). The 
mechanism by which lavage arrests bleeding is presumably 
hypothermic vasoconstriction with diminution of blood 
flow and thrombotic obstruction of the distal vessels.

22.5.8  Bronchoscopic Laser Therapy, 
Electrocautery, and Related Interventions

As discussed in Chapter  19, the neodymium yttrium‐ 
aluminum‐garnet laser (Nd:YAG), applied through either 

the flexible or rigid bronchoscope, has been used to achieve 
hemostasis in patients with hemoptysis from airway neo-
plasms. Also, endoscopic argon plasma coagulation, a non-
contact form of electrocautery, has been found to control 
hemoptysis due to lung neoplasms [110]. For example, 
Morice et  al. performed argon plasma coagulation in 60 
patients whose endobronchial lesions caused hemoptysis 
and/or airway obstruction. Universal success was achieved 
in controlling hemoptysis with argon plasma coagulation 
over a mean follow‐up period of 97 days [97].

Electrocautery is an alternative bronchoscopic treatment 
for hemoptysis. For example, Gerasin and Shafrovsky [110] 
performed endobronchial electrosurgery with the aid of a 
flexible bronchoscope and a diathermic snare in 14 patients 
with tracheal and bronchial tumors. Total tumor eradica-
tion was achieved in nine patients with benign tumors and 
airway potency was effectively established in three of five 
patients with malignant tumors. In one patient, emergent 
endobronchial electrosurgery successfully controlled mas-
sive hemorrhage caused by an endobronchial metastasis 
from thyroid carcinoma. Compared to laser, advantages of 
electrocautery for treating hemoptysis through the bron-
choscope include lower cost, availability, more rapid 
removal of tumor by diathermic snare, and the capability 
for excising tumors with cartilaginous and ostial compo-
nents resistant to laser coagulation. A limitation of electro-
cautery with a diathermic snare is its inability to surround 
the tumor when the base is broad, when the bronchial 
lumen is tightly obstructed, or when the tumor is inacces-
sible (e.g., in a segmental bronchus) [111].

Two practical precautions about electrocautery should 
be noted: (i) contact of the diathermic snare with the tip of 
the bronchoscope should be avoided because the broncho-
scope is not electrically grounded, and (ii) excessive cur-
rent or pressure while closing the snare may lead to rapid 
cutting without cauterization of the vessel, resulting in fur-
ther bleeding. Newer features of bronchoscopes, including 
improved grounding technology and innovative monopo-
lar and bipolar probes, have made electrocautery a safe and 
inexpensive alternative to laser bronchoscopy in treating 
both malignant airway lesions and benign tumors [111].

Other bronchoscopic interventions, like cryotherapy and 
photodynamic therapy, do not play a role in controlling 
bleeding because their airway effects are delayed.

22.5.9  Endobronchial Embolization 
with a Silicon Spigot as a Temporary 
Treatment for Massive Hemoptysis

A new bronchoscopic technique has been described that 
involves temporary placement (embolization) of a silicone 
spigot (blocker) through a flexible bronchoscope in order 
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to prevent blood inundation preceding and during the time 
of bronchial artery embolism [112]. The spigot can then be 
removed following bronchial artery embolization. This 
reportedly inexpensive and simple technique requires a 
biopsy forceps for placement. More experience is needed 
before this technique can be recommended.

In summary, although many endobronchial treatments 
for hemoptysis are available, the paucity of comparative 
studies precludes a clear recommendation about which 
treatment to use first. For nonmassive hemoptysis, our 
practice is to instill epinephrine topically, followed by 
bronchial balloon tamponade. For massive hemoptysis, 
immediate treatments would include intravenous vaso-
pressin, placing the bleeding lung in the dependent posi-
tion, and possibly selective bronchial intubation to stabilize 
the patient while bronchial embolization or surgery is 
planned.

22.6   Bronchoscopy-Induced 
Massive Hemoptysis

Flexible bronchoscopy is often used for the diagnosis 
and  treatment of endobronchial or pulmonary diseases. 
Bleeding is one of the most common complications during 
the operation of bronchoscopy, and may be up to about 40% 
among the encountered complications [113]. The reported 
incidence of bleeding varied from 0.5% to 5.3% [114–120], 
which depended on the type of lesions and endoscopic pro-
cedures. Although the bleeding was mostly controllable, 
massive bleeding was frequently life‐threatening, and it 
may be the most distressing and difficult management 
problem for the bronchoscopist.

Bronchoscopy‐induced massive hemoptysis was defined 
as loss of more than 100 mL blood during the operation of 
bronchoscopy in several studies. It may be the most dis-
tressing and difficult management problem for the bron-
choscopist. The patient death caused by it was one of the 
worst unexpected adverse events. It may not only cost a lot 
of medical resources, but also seriously influence bron-
choscopists’ medical decision making.

22.6.1  Epidemiology and Causes

Zhou et  al. [121] conducted a retrospective multicenter 
cohort study based on 33 tertiary hospitals from 2001 to 
2013 and a total of 194 patients with massive bleeding dur-
ing flexible bronchoscopy were identified from 520 343 
cases. The incidence was 0.037%. The primary diseases 
included malignant tumor (74/194, 38.1%), tuberculosis 
(34/194, 17.5%), chronic inflammations (23/194, 11.9%), 
granuloma (17/194, 8.8%), aspergillosis (6/194, 3.1%), 

benign tumor (5/194, 2.6%), vascular malformation (4/194, 
2.1%), interstitial lung disease (4/194, 2.1%), thrombus 
(3/194, 1.5%), and others (24/194, 12.4%, including 11 cases 
with unknown lesions). This result was similar to both 
Carr’s [117] and Cordasco’s [114] studies, which showed 
primary lung cancer and tuberculosis were the leading 
causes of bleeding during flexible bronchoscopy as well. 
Zhou’s [121] study showed that the procedures causing 
massive bleeding included biopsy (incidence, 0.065%), 
brushing (0.007%), bronchoalveolar lavage (0.004%), 
 balloon dilation (0.043%), cryotherapy (0.048%), thermal 
cautery (0.106%), and stenting (0.055%).

Generally, the incidence of bronchoscopy‐induced mas-
sive hemoptysis was quite low. Malignant tumor was the 
major cause and the risk of therapeutic bronchoscopy was 
significantly higher than diagnostic operation.

22.6.2  Treatment for Bronchoscopy-Induced 
Massive Hemoptysis

The treatment of bronchoscopy‐induced massive hemopty-
sis is the same as that discussed earlier for primary massive 
hemoptysis. This includes rapidly increasing oxygen con-
centration and maintaining oxygen supply to important 
organs, lung isolation and airway control and maintaining 
airway opening, starting hemostasis methods such as topi-
cal hemostatic drug lavage, intravenous hemostatic drug, 
endobronchial balloon or direct bronchoscopic tamponade 
as soon as possible, and laser therapy, electrocautery, 
 bronchial artery embolization, and surgery.

However, because of the unpredictability and sudden-
ness of bronchoscopy‐induced massive hemoptysis, there 
are some special features in its treatment. First, in the face 
of sudden major hemoptysis, the surgeon should stay calm 
and maintain endoscopy suction to clear the blood in the 
lungs and airways. The surgeon should direct other medi-
cal staff to cooperate together. Second, for patients with 
local anesthesia or moderate sedation, there is no ETT for 
lung isolation and airway protection, and the airway is eas-
ily blocked by blood clot. The quickest way to deal with this 
is to place patient in a lateral decubitus position with the 
bleeding side down. This method could effectively prevent 
blood from overflowing into the healthy lung and help to 
cough out the blood in the healthy lung (Figure  22.5). 
Third, for patients without airway protection, pulling out 
the bronchoscope may result in loss of vision for reentry or 
tracheal intubation due to blood filling the upper airway

To overcome this problem, Dr Hai‐dong Huang and Dr 
Mingyao Ke invented a kind of elongated tracheal intuba-
tion tube with guidewire (shown in Figure 22.6) for treat-
ment of massive hemoptysis. When massive bleeding 
occurs, the guidewire is passed through the working 
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 channel of the bronchoscope to insert into the lower 
 airway. Then withdraw the bronchoscope and insert the 
elongated tracheal intubation tube along the guidewire to 
establish an artificial airway, preventing asphyxia from 
massive bleeding. Further treatment measures can be 
 conducted after reinserting the bronchoscope.

22.6.3  Prognosis

Zhou’s [121] study showed 21 patients died of flexible 
bronchoscopy‐induced massive bleeding (mortality 0.004%, 
fatality 10.8%), including nine patients with malignant 
tumor, two with chronic inflammation, two with necrotic 
tissue, one with amyloidosis, one with aspergillosis, one 
with Dieulafoy disease, and another five with unknown 
lesions. The endoscopic procedures included 12 cases of 
biopsy (mortality 0.007%, fatality 10.1%), four of thermal 
cautery (0.022%, 21.1%), two of balloon dilation (0.017%, 

40%), one of brushing (0.0004%, 6.7%), and one of cryother-
apy (0.007%, 14.3%). Overall, the mortality of bronchos-
copy‐induced massive hemoptysis is very low.

Flexible bronchoscopy‐induced massive bleeding was a 
life‐threatening complication in the Zhou study. The aver-
age fatality rate was 10.8%, and the subgroup of therapeutic 
bronchoscopies even reached 14.3–40.0%. However, the 
fatality rate was relatively lower than that of massive hem-
optysis caused by primary diseases, which was reported to 
be up to 50–80%, and the deaths generally occurred during 
the first hour [28,29,122]. The different fatality rates might 
be partly explained in that all of the flexible bronchoscopy‐
induced massive bleeding occurred in hospitals, which 
meant that emergency multidisciplinary treatments could 
be administered to the patients as soon as massive bleeding 
occurred [123,124]. Even so, age 65 years, bleeding local-
ized to the trachea, blood loss 500 mL and occurrence of 
shock were independent factors predicting poor outcome. 
However, multivariate analysis showed emergency surgery 
may be an independent protective factor. The hemoptysis 
recurrence rate was low, about 3.1%, after one month 
follow‐up.

22.6.4  Prevention

Adequate preoperative assessment is one of the most 
important steps to prevent bronchoscopy‐induced massive 
hemoptysis, including the results of history, physical exam-
ination, laboratory and imaging tests. Enhanced chest CT 
was helpful to distinguish vascular malformations and 
well‐vascularized malignant tumors. Emergency response 
plan, critical treatment agents and equipment, experi-
enced bronchoscopists, and surgery back‐up are essential. 

(a) (b)

Figure 22.5  Effect of different positions on airway blood and ventilation during bronchoscopy-induced massive hemoptysis. (a) When 
the patient is in a supine position, a large amount of blood in the airway floods both sides of the lung, and airway obstruction occurs 
quickly; (b) when the patient is swiftly transferred to the affected side, the position puts the healthy side of the lung on the upper 
side, protecting the nonbleeding lung, which gains time for the rapid establishment of an artificial airway.

Figure 22.6  An elongated endobronchial tube for treatment of 
bronchoscopy-induced massive hemoptysis.
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(a) (b)

(c) (d)

(e) (f)

(g) (h)

Figure 22.7  Model procedure of inserting the elongated endobronchial tube via a guidewire during bronchoscopy-induced massive 
hemoptysis.
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Standardized training in optimum treatment was also 
important to effectively deal with bronchoscopy‐induced 
massive hemoptysis.

22.6.5  Case Report

A 25‐year‐old male patient was admitted to hospital 
because of repeated fever for three months, pale com-
plexion for one week, bleeding points of both lower limbs 
for two days. After peripheral blood examination and 
bone marrow biopsy, he was diagnosed as acute myeloid 
leukemia. Chemotherapy was given, after which leuko-
penia occurred, and he had fever, cough, and hemopty-
sis. Chest CT showed that bilateral lungs were scattered 
with patchy high‐density shadows, especially in the right 
lower lung, which indicated the possibility of fungal 
infection. Several sputum cultures suggested Aspergillus 

fumigatus. Antifungal therapy with amphotericin and 
voriconazole was used successively. Chest CT showed 
that the bilateral patchy shadows improved, with less 
consolidation of the right lower lung and right lower 
lobe (Figure  22.8a). To further clarify the cause of the 
disease, bronchoscopy was performed.

Postoperative pathology showed that bronchoscopy 
specimens had a necrotic bronchial structure. H&E 
staining showed complete necrosis of the bronchial 
mucosa, hyaline cartilage degeneration and necrosis, 
and a large number of Aspergillus hyphae and spores 
were observed in the necrotic tissue (Figure  22.10b). 
Resected specimens showed hemorrhage in the excised 
right middle and lower lung tissues (Figure 22.10c). A 
large amount of necrosis and Aspergillus invasion in the 
intermediate bronchus. The diagnosis was invasive 
bronchial aspergillosis.

(a) (b) (c)

Figure 22.8  Chest CT shows patchy consolidation of the right lower lung with the lumen of right lower lobe bronchus completely 
obstructed (a). Airway exam showed congestion of tracheobronchial mucosa, and massive necrotic tissue attached to right main and 
intermediate bronchial mucosa, the opening of the intermediate bronchus was completely blocked by the necrotic tissue (b). 
Cryobiopsy/cryoadhesion was performed to remove the necrotic tissue, and the necrotic material was taken out in a strip with a size 
of about 3.5 × 1.5 × 1.2 cm (c). Then the fatal hemoptysis happened.

(a) (b) (c)

Figure 22.9  After removing large amount of blood clots in the mouth and nose, the tracheal intubation was successful, entering the 
lumen of the airway with indirect laryngoscope guidance (a). The bronchoscope was successfully inserted into the lumen of the 
endotracheal tube and the distal end of endotracheal tube was placed in the left main bronchus via endoscopic guidance (b). After 
tube balloon inflation, the bleeding could not enter the left main bronchus and distal airway (c).
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23.1   Overview and History

Since the third edition of this text was published in 2012, 
there have been over 500 publications regarding stent 
design, physiology, application, and potential complica-
tions. Many of the basic precepts for the use of stents have 
remained without significant change, and are reviewed in 
this chapter. There has, however, been ongoing commen-
tary regarding the indications for the utilization of stents in 
benign and malignant disease and the interaction and 
complications of various materials within the tracheobron-
chial tree, which is reviewed here, as well as our own expe-
rience during the intervening years.

Hippocrates (460–370  bce) first introduced the concept 
of  stenting by placing a reed into the windpipe to aid a 
 suffocating patient. Modern bronchologists now emulate 
Hippocrates’ original work with the current techniques of 
stenting of the tracheobronchial tree. It would, however, be 
approximately 2000 years after Hippocrates before a British 
dentist, Charles R. Stent, manufactured dental models and 
splints to provide support for grafts or anastomoses, with his 
name becoming the moniker for the concept that Hippocrates 
utilized many centuries before [1]. The subsequent insertion 
of airway prostheses to aid the suffocating patient, and thus 
relieve suffering and improve functional status, has been 
detailed in the literature since the 1870s [2–6].

As the history of stenting has evolved, so too have the 
materials with which we have sought to aid the patient in 
respiratory distress. Early stents, fashioned from rubber or 
metals such as silver, have given way to the use of silicone, 
metallic alloys, and hybrid stents composed of both 

 polymer and metallic alloys (Figure  23.1). Montgomery 
 pioneered the utilization of a rubber‐silicone tube in 1965 
when he described the use of a hollow tube with a side 
limb, which protruded through a tracheotomy site for the 
treatment of subglottic stenosis [8]. In 1990, Jean‐Francois 
Dumon reviewed his experience in the development of a 
dedicated endobronchial stent in the treatment of external 
compression of the main airway [9]. In this breakthrough 
work, he outlined his first use of a modified Montgomery 
T‐tube, with subsequent development of a molded sili-
cone tracheobronchial prosthesis. Other researchers have 
sought to improve upon Dumon’s original design with 
the  subsequent development of prostheses from rubber 
silicone, metal alloys, or composite stents combining the 
materials from those previously utilized.

23.2   Engineering and Materials

The airways are elastic structures, which are impacted by 
the transmural pressure produced during the act of 
 respiration [10]. Over the last three decades, airway stents 
have been shown to improve symptoms in selected patients 
with central airway obstruction (CAO), but they do 
 represent foreign objects in the airway and thus are prone to 
expected adverse events. The evolution of the tracheobron-
chial stent has been accompanied by a greater  understanding 
of the importance of the interaction between the airways 
and prosthetic materials and their inherent properties. An 
understanding of central airway anatomy and flow dynam-
ics is essential for proper airway stent selection.
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As outlined in Chapter  3, the normal adult trachea 
extends approximately 10–14 cm until bifurcation into the 
left and right mainstem bronchi. The trachea is supported 
by 18–22 C‐shaped cartilaginous rings, which are con-
nected by the posterior membranous portion. The average 
tracheal diameter of 25 mm narrows upon bifurcation, 
with the average right and left mainstem bronchi being 
around 16 mm diameter, the right mainstem bronchus 
being approximately 2 cm in length and left mainstem 
bronchus (LMB) approximately 5 cm in length.

In addition to individual anatomical differences in the 
tracheobronchial tree and the impact of transmural pres-
sure, the role of tracheobronchial mucociliary transport 
also needs to be considered [11]. Abnormalities in muco-
ciliary clearance are implicated in a variety of disorders, 
with cough utilized as the mechanism to aid in clearance of 
secretions and foreign bodies from the tracheobronchial 
tree [12]. This complex interaction of anatomical and phys-
iological characteristics, with the increasing duration of 
time over which stents have been required to perform, has 
required advances in the engineering and use of materials 
for stents. Thus, the current development of stents is being 
undertaken with an understanding of certain technical 
and biomechanical considerations [13].

1) Airway stabilization. Any design of a tracheobronchial 
stent should first be able to maintain patency of the  airway 
in opposition to the stress imposed upon it by transmural 
airway pressure and additionally any extrinsic or intrinsic 
stenosis that necessitates its placement [13,14].

2) Biocompatibility. The material chosen should be non-
irritating, with the goals of easy insertion and possible 
redevelopment of the mucociliary escalator.

3) Ease of insertion and deployment. The stent should 
be resistant to migration, have the ability to conform to 
the irregular shape of the diseased tracheobronchial 
tree, and be produced in differing lengths and diame-
ters. It should also incorporate features allowing for 
manipulation and removal.

4) Incorporation of treatment agents. The design of 
the stent should eventually allow customized incorpo-
ration of chemotherapeutic or radioactive agents for 
sustained treatment of malignancy, antifibrotic agents 
(for potential treatment of benign tracheal strictures), 
or profibrotic agents (for potential treatment of 
 tracheobronchomalacia [TBM])

As is quickly appreciated from the above list, the ideal 
stent has not yet been developed. Currently, the art of 
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Figure 23.1 Selection of currently used airway stents. (1) Montgomery T-tubes; (2) Orlowski tracheal stent; (3) Dumon tracheal stent; 
(4) Dumon bronchial stent; (5) Polyflex tracheal stent; (6) Polyflex bronchial stent; (7) Polyflex stump stent; (8) Noppen tracheal stent; 
(9) Hood bronchial stent; (10) Gianturco stent; (11) Palmaz stent; (12) Tantalum Strecker stent; (13) uncovered Ultraflex stent; 
(14) covered Ultraflex stent; (15) uncovered Wallstent; (16) covered Wallstent; (17–24) prototypes of stents; (25) Westaby T-Y stent; 
(26) bifurcated Orlowski stent; (27) Hood Y-stent; (28) bifurcated Dumon stent; (29) Rusch Dynamic stent. Source: Reproduced with 
permission of John Wiley & Sons from Freitag [7].
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 interventional pulmonology lies in tailoring the choice of 
stent material, size, and mode of implantation based on the 
individual patient’s indications, contraindications, unique 
airway anatomy, and the skills and experience of the 
bronchoscopist.

23.3   Biomechanical Properties

A number of biomechanical properties warrant considera-
tion when determining the optimal stent type for a given 
situation. The clinical indication and specific airway 
 morphology at the site of narrowing will also be critical fac-
tors. The authors of this chapter believe that the following 
stent selection criteria should be considered in each patient.

1) Retrievability. Stent placement may be temporary, or 
removal may be necessitated because of complications. 
After treatment with radiation or systemic therapy, the 
degree of malignant CAO may be reduced. The stent 
may need to be extracted in this situation in order to 
prevent migration or once it has already migrated [15]. 
In the setting of benign CAO, stricture recurrence may 
not occur following stent removal. Stent removal may 
still be complicated by factors such as stent‐induced 
granulation tissue, stent fracture, and neoepithelializa-
tion causing partially covered and fully uncovered 
stents to become embedded in the airway wall. 
Therefore, safe and effective techniques for stent 
removal must be adopted by bronchoscopists involved 
in airway stenting.

2) Expansile radial force. This factor varies among the 
available airway stents because of differences in their 
design. One study demonstrated that silicone stents 
have a greater radial force than self‐expanding metallic 
stents (SEMS) [16]. These stents may thus be preferred 
in the setting of severe airway compression when a 
larger airway diameter is desired. Knowing the specific 
values for each stent type would allow the operator to 
select the optimal stent based on the pressure required 
to dilate the stenosis, which can be measured by intralu-
minal application of balloons with pressure transduc-
ers. This methodology would permit an individualized, 
physiology‐based approach to airway stent selection. 
This information, however, is not available to bron-
choscopists at this time.

3) Resistance to buckling. This property refers to a 
stent’s ability to resist angulation, which becomes rele-
vant when confronted with a curved or distorted airway 
[16]. The resistance to angulation will determine if a 
stent can conform to airway morphology, while preserv-
ing its patency. This challenge is most commonly 

encountered in the LMB, which is a curved, tapered 
 airway that may become distorted by extrinsic compres-
sion from large subcarinal tumor, or when the right 
upper lobe is lost and a stent needs to be inserted from 
the main carina to the distal bronchus intermedius 
(a cone‐shaped airway). In this scenario, a SEMS may 
be better than a silicone stent because of its superior 
resistance to angulation. This proposition is supported 
by one study that found that the studded silicone stent 
was most commonly used in the trachea and right 
mainstem bronchus, while a partially covered SEMS 
(Ultraflex®, Boston Scientific, Natick, MA) was most 
common in the LMB [16].

4) Hydrophilic properties. Stents have a hydrophilic 
coating on the inner lumen that is designed to prevent 
mucus accumulation. Data on the specifications for 
each stent type are not made publicly available by the 
manufacturers. This property, among others, may 
 contribute to the risk of mucous impaction. While both 
silicone and fully covered/partially covered SEMS 
develop mucus retention, in our opinion, the mucus 
associated with silicone stenting tends to be thicker and 
“glue‐like,” making it more challenging to clear.

5) Morphology. Stent morphology (i.e., shape) is depend-
ent on the location of airway narrowing. For example, 
Montgomery T‐tubes require a tracheostomy, while 
straight stents splint open the trachea and mainstem 
bronchi (and with newer models, even lobar bronchi). 
Bifurcated stents may be inserted at the main carina or 
occasionally the secondary carinas. Customized stents 
are required in certain situations and can be either 
 created on site or ordered from the manufacturer.

6) Size. Stenting should restore airway patency to at least 
50% of the normal airway diameter to fully improve air 
flow dynamics. Oversizing a stent may result in unsuc-
cessful deployment (i.e., the stent may not unfold) or 
could impede blood supply to the mucosa by exerting 
high pressure. Mucosal ischemia is a risk factor for gran-
ulation tissue formation. For the straight silicone stent, 
one study showed that a 90% stent‐to‐airway diameter 
ratio is the threshold for predicting granulation tissue 
formation [17]. On the other hand, the smaller the stent‐
to‐airway diameter ratio, the higher the migration rate 
[18]. One article showed that for a ratio of 0.9–1, migra-
tion rate was 5% but increased to 15% for a ratio of <0.8. 
If the entire circumference of a stent is in contact with 
the airway wall, then its expansile force has a wide area 
of distribution. If the stent only contacts a small portion 
of the airway wall, then that area will be under signifi-
cantly higher pressure since all of the expansile force 
will be concentrated to that limited area of distribution. 
This would result in considerable impairment of 
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mucosal blood flow, thus promoting tissue ischemia, 
damage, and granulation tissue formation. This situa-
tion may occur with cylindrical stents inserted into a tri-
angular posttracheostomy stenosis. The wires of a SEMS 
may also limit mucosal blood flow at points where they 
contact tissue. Following dilation, a stent size approxi-
mately 1–2 mm larger than the dilating bronchoscope or 
balloon is selected. Computed tomography (CT) scans or 
measuring devices are being used to determine optimal 
stent size. The ideal method for selecting a stent size 
would be to measure the amount of pressure necessary 
to occlude capillaries and then compromise between the 
risk of migration (undersizing) and the risk of mucosal 
ischemia and granulation tissue formation (oversizing).

7) Length. Long stenoses only cause a slightly larger magni-
tude of total pressure drop along their length compared to 
a simple stenosis (<1 cm) of comparable airway narrow-
ing [19]. Thus, from a flow dynamics standpoint, neither 
the length of the stenosis nor the length of the stent is a 
significant factor in terms of flow limitation and symp-
tomatology. In order to prevent migration and to properly 
palliate airway narrowing, however, the length of the 
stent should exceed that of the stenosis. The stent should 
extend beyond the stenotic area by 0.5–1.0 cm proximally 
and distally (i.e., longer than the stenosis by a total of 
1–2 cm, or even longer in cases of fistulas). The length and 
precise location of the stenosis or fistulas are key factors in 
determining operability and type of airway surgery (e.g., 
tracheal sleeve resection, laryngotracheal resection, etc.).

8) Fatigability. Fatigue life is defined as the time to weak-
ness and potentially fracture that results from repeated 
compression during the normal ventilatory cycle and 
especially during forced exhalation and coughing. This 
property is particularly relevant for cases of benign 
CAO, especially TBM, because these stents tend to be in 
place for a longer duration given the longer life expec-
tancy of patients with benign disease. Stent structural 
integrity is more likely to become compromised over 
time, since it will endure a greater number of compres-
sion cycles. Fracture is a rare complication that is 
mainly associated with metal stent insertion and may 
result in airway wall perforation or hemoptysis which 
can be fatal. The United States Food and Drug 
Administration (FDA) warned that metallic tracheal 
stents in patients with benign airway disease should be 
used only after exploring alternative treatment options, 
such as surgical procedures and silicone stent insertion 
[20]. While newer metallic stents have a different design 
and many were introduced on the market after the 2005 
FDA warning, properly designed feasibility and safety 
studies are necessary before the newer metallic stents 
are recommend for routine use in benign disease.

Accounting for all of the above biomechanical properties 
may reduce the risk of complications following stent inser-
tion. Currently, these characteristics are considered to be 
proprietary information by manufacturers and hence are 
unavailable to the bronchoscopist. Companies may con-
sider making this information available to physicians in 
the future in order to improve the safety profile of airway 
stenting.

23.4   Physiological Rationale 
for Airway Stenting

23.4.1  Tracheal Stenosis

In airway stenosis, dyspnea depends on the work of breath-
ing, which is directly related to the amount of pressure 
drop along the stenosis. This pressure drop depends not 
only on the degree of stenosis (i.e., radius) but also on the 
flow velocity across the narrowing, which accounts for dif-
ferences in symptoms among patients with similar degrees 
of airway narrowing. This is because flow velocity depends 
on level of activity. Thus, it is imperative to assess func-
tional status when determining if airway stenting is justi-
fied. Functional status and dyspnea scales may actually be 
more applicable than static lung function measurements, 
which have a weak correlation with dyspnea scales in lar-
yngotracheal stenosis [21]. Threshold values of 50% and 
70% are used to define moderate and severe stenosis, 
respectively, in one classification system [22].

This is because of the physiological rationale outlined in 
Figure 23.2. The normal glottic aperture has a surface area 
that is equivalent to approximately 50% of the normal tra-
cheal diameter. Thus, from a flow dynamics perspective, a 
tracheal stenosis of 50% or less may not even be clinically 
significant or require treatment. Based on this value, tra-
cheal stents must achieve a patency at least 50% of the nor-
mal airway diameter. A significant decrease in pressure is 
typically observed at 75%, 85%, and 90% stenosis. At these 
thresholds, there is an increased work of breathing [19]. 
Extent and morphology of the stricture also affect the pres-
sure drop along the stenosis but to a lesser degree than air-
way narrowing. For example, for the same degree of airway 
narrowing, a triangular posttracheostomy stricture is less 
symptomatic than a circumferential stricture.

23.4.2  Expiratory Central Airway Collapse

What constitutes a clinically significant degree of expira-
tory central airway collapse (ECAC) remains unclear. 
There is no noninvasive modality to predict response to 
stent insertion. When patients cannot clear secretions, 
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experience recurrent pneumonias, or have respiratory fail-
ure, then airway stenting is warranted regardless of the 
underlying etiology. From a physiology standpoint, the key 
question is whether stent insertion improves expiratory 
flow. An understanding of airway physiology is necessary 
to comprehend flow dynamics in the setting of ECAC.

When expiratory flow becomes limited at a given lung 
volume, an equal pressure point (EPP) develops in the 
intrathoracic airways, where the intrabronchial and extra-
bronchial pressures are matched [23]. Airways between the 
EPP and mouth (downstream) will be compressed during 
forced expiration and may be compressed even during tidal 
expiration in specific circumstances. This region of com-
pression or decreased intraluminal caliber is referred to as 
a flow‐limiting segment (FLS) or “check point.” As the 
lung volume decreases and pleural pressure increases dur-
ing expiration, the EPP migrates downstream, resulting in 
lengthening of the FLS. This increases airway resistance 

and prevents further increases in expiratory flow. When 
the rate of air flow becomes fixed, the EPP will also cease 
migrating. At high lung volumes (total lung capacity 
[TLC]), the EPP and FLS have a tracheal location. As lung 
volume decreases, however, the FLS will move peripherally 
but remain in the central airways [24]. Because the FLS in 
humans is usually located in the lobar bronchi, mainstem 
bronchial or tracheal collapse, although noted on CT scan 
or bronchoscopy, should not result in any pressure drop 
between the mouth and the FLS. Thus, flow should not be 
affected.

Based on this analysis, physiologists suggest that identi-
fication of expiratory tracheal or mainstem bronchial 
 collapse should trigger a search for air flow obstruction 
within the more distal airways of the lung [25]. ECAC may 
simply be a reflection of peripheral airway obstruction or 
increased pleural pressure. Indeed, it may be due to morbid 
obesity, which causes increased pleural pressure and 
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Figure 23.2 Flow limitation theory and choke point physiology. (a) Alveolar pressure (Palv) causes air to flow during expiration. It is 
approximately equivalent to the sum of the lung’s recoil pressure (Pst) and the pleural pressure. During forced expiration, intraluminal 
pressure becomes equal to pleural pressure at the EPP. The transmural pressures in the upstream and downstream segments are 
positive and negative, respectively. At a given lung volume, driving pressure upstream from the EPP is equal to the Pst, while the 
downsteam airways are compressed because the intraluminal pressure is less than the pleural pressure. This region of compression is 
a flow-limiting segment or “choke point.” (b) In morbid obesity, reduced Pst from restriction combined with increased pleural pressure 
results in excessive dynamic airway collapse (EDAC). (c) With tracheal narrowing, symptoms depend on the amount of pressure 
reduction along the stenosis. This is determined by the degree of obstruction (r) and the flow velocity (V). (d) With fixed obstructions, 
such as this posttuberculosis complex tracheal stricture, stent insertion should be considered when the degree of stenosis is >50% of 
the normal tracheal diameter, since this is approximately the size of the normal glottic aperture. This rule does not apply to dynamic 
stenoses given their continually changing severity.
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 possibly flow limitation at rest. Stents may still improve 
functional status in some patients with TBM or excessive 
dynamic airway collapse (EDAC) by improving secretion 
management or reducing air flow turbulence, similar to 
heliox, which has been suggested to improve exercise 
capacity in patients with moderate to severe chronic 
obstructive pulmonary disease (COPD), even though these 
patients have choke points in the small airways [26].

23.5   Indications

Stent placement is indicated in a variety of benign and 
malignant conditions. Indeed, 30% of patients with lung 
cancer will present with central airway abnormalities (some 
of which are true obstructive lesions) at the time of diagno-
sis [27]. Prior to the insertion of any stent, careful consid-
eration should be given to ensure the patient does not have 
a surgically curable etiology for their airway abnormality 
[28]. In addition, for specific lesions, a debulking strategy or 
laser/electrocautery‐assisted dilation may suffice.

Once assured that a surgically curable lesion is not pre-
sent, the indications for insertion of stents are mainly 
defined by the benign or malignant conditions below 
(Table 23.1).

 ● Benign obstruction
 ● Subglottic stenosis [29–32]

 ● Postinfection
 ● Postintubation
 ● Subglottic and laryngeal cysts or webs
 ● Tracheal rings
 ● Subglottic hemangioma
 ● Membranous web

 ● Tracheomalacia
 ● Closed first ring
 ● Trauma
 ● Systemic disease (collagen vascular diseases such as 

Sjögren syndrome)
 ● Tracheobronchial benign conditions

 ● Posttraumatic
 ● Postinfections
 ● Systemic disease
 ● Postlung transplantation
 ● Tracheobronchial malacia
 ● Benign tumors
 ● Extrinsic compression from aortic aneurysms
 ● Tracheal distortion from kyphoscoliosis
 ● Large airway obstruction caused by esophageal stent
 ● Congenital tracheoesophageal fistula

 ● Malignant neoplasm
 ● Extrinsic compression
 ● Intrinsic obstruction due to submucosal disease
 ● Tracheobronchial‐esophageal fistula [33]

Indications for airway stent insertion vary and can be 
described according to the mechanism of obstruction, such 
as extrinsic compression, intraluminal obstruction, and 
mixed obstructive pattern. Other indications may include 
stump fistulas, esophago‐respiratory fistulas (ERF), and 
ECAC.

Regardless of the mechanism of obstruction for which 
stents are placed, lung function is improved after insertion 
in patients with CAO. Prospective studies show that bron-
choscopic intervention on malignant CAO is associated 
with improvement in the six‐minute walk test, spirometry, 
and dyspnea [34]. Bronchoscopic approaches provide acute 
relief of the obstruction, improve quality of life, and serve 

Table 23.1  Stents as a palliative therapeutic option in major airways obstruction

Urgent Endobronchial Laser, stent

Neoplasia Submucosal Stent

Extrinsic Stent

Elective Endobronchial

Exophytic Laser, cryo, PDT, 
electrocautery

Submucosal XRT, brachy, stent

Extrinsic XRT, stent

Tracheal stenosis Fibrous stenosis Laser, stent, dilatation

Non‐fibrous stenosis Stent

Postinflammatory Systemic, stent

Tracheobronchomalacia Stent

Source: Reproduced with permission from Mehta, Dasgupta [33].
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as a therapeutic bridge until systemic treatments become 
effective [35–37]. By maintaining airway patency, stents 
may also prevent postobstructive pneumonia, allow extu-
bation, permit initiation of systemic therapy, and poten-
tially improve survival. Compared with historical controls, 
a significant survival advantage is apparent in patients 
with an intermediate performance status, so it is possible 
that timely airway stenting, before the complications of 
malignant CAO develop, may result in a survival advantage 
[38]. A study of treatment‐naive and terminal‐stage lung 
cancer patients demonstrated a median survival time after 
stent insertion of 5.6 and 1.6 months, respectively, and a 
one‐year survival rate of 25% and 5.1%, respectively [39].

23.5.1  Stenting for Extrinsic Compression

Benign or malignant mediastinal or parenchymal lung dis-
ease, thyromegaly, or massive lymphadenopathy can cause 
symptomatic extrinsic airway compression. For patients 
with extrinsic compression who are not surgical candi-
dates, stenting may be the only option when symptoms are 
severe and other therapies have delayed effect (i.e., severe 
tracheal compression from mediastinal mass with respira-
tory distress). Rarely, vascular abnormalities, such as aortic 
aneurysm and double aortic arch, that are not amenable to 
surgical correction may warrant stent insertion.

23.5.2  Intraluminal Obstruction (Strictures 
or Exophytic)

Stents should be considered if there is greater than 50% 
residual stenosis after the intraluminal component of an 
obstruction has been treated using an endoluminal ther-
apy. This principle usually applies to malignant obstruc-
tion [40]. Benign intraluminal obstruction may be 
idiopathic, traumatic, or related to a number of diseases 
including granulomatosis with polyangiitis, amyloidosis, 
sarcoidosis, ulcerative colitis, or tuberculosis. Stenting is 
used only in selected cases (nonoperable patients and 
patients who have failed dilations). Recurrent respiratory 
papillomatosis (RRP) is a benign form of CAO that may 
necessitate stenting if other medical means fail to preserve 
airway patency. Case reports have demonstrated adequate 
control of CAO secondary to RRP with silicone stents [41].

Stenting of idiopathic tracheal stenosis, postintubation 
and posttracheostomy strictures should only be considered 
in nonsurgical candidates. As with other forms of CAO, 
these patients must have greater than 50% stenosis and be 
symptomatic before stenting should be considered. Complex 
strictures, which have an extent of >1 cm, often have associ-
ated chondritis, so dilation alone will usually be unsuccess-
ful [42]. Silicone stents are the preferred option in these 

cases [42,43]. In one study of patients with complex sten-
oses, only 20% were surgical candidates; 80% were treated 
with a silicone stent with a 70% success rate [18]. With com-
plex stenoses, the success rate of bronchoscopic manage-
ment following stent removal increases when stents are left 
in place for approximately 12 months or longer [44]. Simple 
stenoses, which are <1 cm in extent and without malacia, 
have a higher rate of success with bronchoscopic manage-
ment alone (laser or electrocautery‐assisted mechanical 
dilations). Intubation‐to‐treatment latency has been 
reported to independently predict the success of broncho-
scopic intervention, likely because of the risk for developing 
a complex stricture [45,46]. Integrity of the airway wall car-
tilage may be difficult to assess with white light bronchos-
copy, which may explain why some patients undergo 
numerous dilations for complex stenoses. Balloon‐based 
radial‐probe endobronchial ultrasound can be used to 
detect underlying cartilaginous defects [47]. Silicone  
T‐tubes, also known as Montgomery T‐tubes, may be used 
in benign cases of upper laryngotracheal stenosis where the 
patient is neither a surgical candidate nor a candidate for 
indwelling straight airway stent insertion [42]. SEMS have 
been associated with significant complications in benign 
disease, especially in the upper trachea/subglottic region, 
and should be avoided at all costs, if possible [20].

23.5.3  Mixed Obstruction

Mixed extrinsic and intraluminal obstruction is usually 
caused by a malignant process and is often the most com-
mon form of obstruction for which stents are placed [48]. 
With a mixed process, the indications for stent placement 
do not change, but these patients may require a multi-
modal bronchoscopic approach (i.e., debulking of the 
endoluminal component, followed by dilation and stent 
insertion).

23.5.4  Stump Fistulas

Covering large stump fistulas after lobectomy or pneumo-
nectomy is a less common indication for stent insertion 
[49]. Management strategies depend on the underlying eti-
ology, size of the fistula, duration, and health status of the 
patient. Bronchoscopic management is generally reserved 
for inoperable candidates or when surgery must be delayed 
[50]. Surgical repair is a poor option for patients requiring 
mechanical ventilation because of the high failure rate due 
to persistent barotrauma on the repaired stump [50]. As a 
general rule, a large stent must be used in this situation in 
order to seal the stump fistula as tightly as possible in order 
to avoid aspiration pneumonia and allow single‐lung venti-
lation if mechanical ventilatory support is required.
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23.5.5  Esophago-Respiratory Fistulas

The majority of ERF occur after esophagectomy, after intu-
bation, or in the setting of malignancy. Benign ERF may not 
improve after stent insertion and may actually enlarge. 
Therefore, stenting should only be considered if operative 
correction is not feasible [51]. Most stents placed for malig-
nant ERF are for palliation and used to improve quality of 
life [52]. Palliation for malignant ERF is usually achieved 
with esophageal, airway, or dual stent insertion [52]. A 
 dedicated fistula stent, the DJ cufflink‐shaped prosthesis, 
was designed specifically for malignant ERF and can be 
sized to fit the fistula [53,54]. Silicone Y stents have been 
shown to improve symptoms, reduce infections, and improve 
quality of life in this setting. Older studies identified a mean 
survival rate of only approximately two months [55]. 
Without treatment, survival may be limited to only a few 
days [54]. A more recent study found a mean overall survival 
of 236.6 days [52]. The mean survival time for airway stents, 
esophageal stents, and combined airway‐esophageal stent-
ing was 219.1, 262.8, and 252.9 days, respectively [52].

As a guiding principle, any benign ERF should be con-
sidered for surgical repair. SEMS and silicone stents have 
been occasionally used for inoperable patients. It appears 
that covered SEMS are preferred, likely because of more 
intimate contact between the airway wall and the stent 
resulting in more durable closure. Stenting for benign ERF 
should only be considered as a temporary measure until 
surgery can be tolerated [56–58]. For malignant ERF, an 
esophageal stent is preferable, unless there is concurrent 
airway obstruction. Of note, airway obstruction can get 
worse after esophageal stent deployment. On occasion, 
 airway stenting is performed first, and an esophageal stent 
is only placed if there is still residual fistula documented 
on radiological studies.

23.5.6  Expiratory Central Airway Collapse

Airway stent insertion has been used to improve cough, 
secretions, and quality of life in patients with ECAC [59,60]. 
The decision to insert a stent in this condition is compli-
cated by at least two factors: (i) the lack of a standardized 
definition and threshold value for abnormal narrowing, and 
(ii) whether this narrowing is actually responsible for air 
flow limitation [61]. Studies have shown that airway stabili-
zation with silicone stents in patients with ECAC improves 
symptoms, quality of life, and functional status in the short 
term (10–14 days). The stent‐related complication rate in 
one study, however, was almost 10% [59]. In another study 
with mostly  tracheobronchomalacia patients, 83% experi-
enced at least one complication at a median of 29 days 
 following  insertion [60]. Mucus plugging, stent migration, 

and granulation tissue formation may occur more  frequently 
due to the dynamic nature of ECAC, in which the contact 
points between the stent and the airway wall are constantly 
changing, resulting in friction and mucosal irritation. 
Although not fatal, these complications require frequent 
bronchoscopic intervention to remedy [60].

Excessive airway narrowing in ECAC causes turbulent 
flow and consequential increased airway resistance. Thus, 
greater transpulmonary pressures are required to maintain 
expiratory airflow. This increases the work of breathing 
and may result in dyspnea. Noninvasive positive airway 
pressure can serve as a pneumatic stent and decrease pul-
monary resistance by maintaining airway patency. This can 
facilitate secretion drainage and improve expiratory flow. 
Limited evidence suggests that quality of life and func-
tional status improve in patients with ECAC undergoing 
stent insertion, but lung function as measured by FEV1 has 
not been shown to consistently improve with either stent-
ing or membranous tracheoplasty [59]. This raises ques-
tions about the physiological justification for stent insertion 
in this disease. Only a randomized study using sham bron-
choscopy as a control arm will be able to clarify whether 
stenting in this syndrome is justified.

23.6   Contraindications to Stent 
Insertion

Absolute and relative contraindications to stenting of the 
tracheobronchial tree are related to the:

 ● condition of the patient
 ● degree and duration of the obstruction
 ● location of the obstruction
 ● available personnel and equipment.

23.6.1  Condition of the Patient

Absolute contraindications to tracheobronchial stenting are 
few. The patient who is able to undergo surgical reconstruc-
tion and cure of the underlying benign or malignant 
 condition should be an absolute contraindication to the 
implantation of an artificial prosthesis. In fact, SEMS should 
never be used in potential candidates for resection [62].

Those patients who are immobile and those who are 
expected to survive only a brief period of time should be 
spared further intervention and considered for palliative 
care. This consideration, however, does not preclude the 
use of stents, as well as combined modality therapy, in seri-
ously ill patients. In a retrospective review by Colt and 
Harrell, 32 patients requiring mechanical ventilation 
underwent combined modality therapy between 1994 and 
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1996 [63]. Of these 32 patients, 15 underwent stent inser-
tion (nine with malignant disease and sox with benign dis-
ease). In this study, with stent insertion and combined 
therapy including rigid bronchoscopy, 52.6% of the patients 
were able to have mechanical ventilation immediately dis-
continued. In follow‐up, stent migration or granulation tis-
sue was noted to occur in only five patients, all with benign 
airway disease and high tracheal lesions.

Additional studies have supported the concept that 
 tracheobronchial stenting is applicable in patients with 
malignant airway obstruction and end‐stage disease [64–
67]. Monnier commented, in his study of 40 patients with 
inoperable tracheobronchial cancer, that clinical and 
endoscopic improvement was noted at follow‐up at one, 
30, and 90 days in the dyspnea index, as well as improve-
ment in the average Karnofsky Performance Index from 
40 to 70 [65]. A subsequent study by Vonk‐Noordegraaf 
et al., published in 2001, evaluated the palliative benefit 
of stent insertion in 14 patients with imminent  suffocation 
due to central  airways obstruction [66]. Although a small 
series, the objective of the study was to evaluate the limits 
of palliation in borderline clinical situations in the event 
of terminal care. Overall, the average survival for patients 
in this study was 11 weeks, with 12 of the 14 surviving to 
discharge. Vonk‐Noordegraaf’s study is noteworthy in 
that it included the evaluations of the patient’s primary 
general practitioner to retrospectively judge the ultimate 
benefit of this palliative intervention. The conclusion was 
that although the patients presented with imminent suf-
focation, the use of stents allowed the majority of them to 
die at home (80%) under the care of their general practi-
tioners, who were ultimately responsible for the terminal 
care of these patients at home. It was thus concluded that, 
in 58% of the patients, stent  placement for those suffering 
from cancer with imminent suffocation was worthwhile. 
A more recent study by Murgu et al. adds to the body of 
evidence that stenting for patients with nonsmall cell 
lung cancer and respiratory failure is warranted as it 
allows deescalation of care and initiation of systemic 
therapy [68].

Relative contraindications are more dependent upon 
patient condition and degree of obstruction. Those patients 
who are unable to tolerate moderate sedation or general 
anesthesia have a relative contraindication to the current 
techniques of stent insertion. General anesthesia may be 
safer in these patients undergoing interventional broncho-
scopic procedures, especially for malignant CAO [69]. In 
fact, in this registry study, moderate sedation, urgent 
nature of bronchoscopy, ASA score >3, low performance 
status and revision bronchoscopy were independent risk 
factors for morbidity and mortality at 30 days and increased 
risk for resource utilization.

23.6.2  Degree and Duration of Obstruction

When assessing the possibility of stent implantation, the 
degree and effect of obstruction must be assessed prior to 
attempted stent deployment. For successful deployment, 
an airway lumen with the potential to be expanded must 
already have been identified prior to attempted stent 
deployment. This is determined by the bronchoscopist’s 
ability to pass a bronchoscope or probe distal to the obstruc-
tion to be opened. Classification systems for CAO suggest 
that an airway stenosis may be described by structural or 
dynamic features, degree of stenosis (percentage of lumen 
obstruction), and location in relation to position in the 
 trachea or mainstem bronchi [70] (Tables  23.2–23.4; 
Figure 23.3). The authors suggested this after review of the 
current stenosis grading systems that were structured pri-
marily in consideration of laryngotracheal stenosis, 
 particularly in the subglottic region [71–76].

Prior to attempted stent deployment, the airway lumen 
should already have been identified and balloon dilated or 
debulked. If a useful airway lumen cannot be identified or 
the degree of dilation will not permit placement of a stent, 
then the attempt should be abandoned [77]. It should also be 
recognized that the condition of the lung to which the newly 
patent airway leads should be assessed prior to attempted 
lumen opening and stent placement. If the parenchyma dis-
tal to the occluded lumen has been atelectatic for more than 
four weeks, then reexpansion is less likely [78,79]. Should 
the intended lumen track into what is radiographically con-
sistent with lung abscess or tumor, then either reconsidera-
tion of the efficacy of reopening the lumen or preparation 
for drainage of a lung abscess should be undertaken. With 
persistent occlusion of a large airway (lobar or mainstem), 
the probability of a concomitant thrombotic occlusion of the 
corresponding pulmonary vessel is relatively high. In this 
situation, bronchial recanalization may offer no functional 
benefit and may even worsen gas exchange by increasing 
dead space ventilation [80]. Therefore, ventilation/perfusion 
studies and careful review of a contrast‐enhanced chest CT 

Table 23.2  Grouping of stenosis

Stenosis Type Character

Structural 1 Exophytic/intraluminal

2 Extrinsic

3 Distortion

4 Scar/stricture

Dynamic or functional 1 Damaged cartilage/malacia

2 Floppy membrane

Source: Reproduced with permission of John Wiley & Sons from 
Freitag et al. [70].
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scan could be useful in the decision‐making process regard-
ing bronchoscopic interventions.

23.6.3  Location of Obstruction

Although there are no absolute location contraindications, 
stent placement in the subglottic space may be more chal-
lenging, owing to close apposition of the vocal cords. We do 
not recommend stenting the subglottic space given the 
poor tolerability (cough, aspiration) as well as high migra-
tion rate. Ideally, no stents should be used in the subglottic 
space owing to the fact that the initial insult leading to the 
stenosis most often resulted from an artificial airway. 
A  stent, however, may occasionally be important to hold 
grafts or flaps in position to support a reconstructed laryn-
gotracheal framework and prevent scar formation [81,82].

In addition, adaptations of the different stents have been 
utilized, with Colt et al. describing the technique of percu-
taneous external fixation of bronchoscopically placed sub-
glottic stents [83], and Morris from the UK reporting on an 
adaptation of a Montgomery T‐tube in the treatment of 
subglottic stenosis [84]. Also, Miyazawa has made use of 
some of the new hybrid stents in the subglottic region, as 
has our group (Figure 23.4) [85].

Obstruction in the remainder of the tracheobronchial 
tree (lobar and segmental airways) is often amenable to the 

Table 23.3  Numerical assignment of degree of stenosis

Code Degree % 

0 No stenosis

1 25#

2 26–50#

3 51–75#

4 76–90#

5 90–complete obstruction

#Decrease in cross‐sectional area.
Source: Reproduced with permission of John Wiley & Sons 
from Freitag et al. [70].

Table 23.4  Stenosis scoring system according to location

Location

I Upper third of the trachea

II Middle third of the trachea

III Lower third of the trachea

IV Right main bronchus

V Left main bronchus

Source: Reproduced with permission of John Wiley & Sons 
from Freitag et al. [70].

(a) (b) (c) (d)

(e) (f) (g) (h)

Figure 23.3 Clinical examples of the degrees of stenosis. (a) Intraluminar tumor or granulation; (b) distortion or buckling; (c) 
extrinsic compression; (d) scar stricture; (e) scabbard trachea; (f) floppy membrane; (g) abrupt transition (web stenosis); (h) tapered 
transition (hourglass stenosis). Source: Reproduced with permission of John Wiley & Sons from Freitag et al. [70].
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use of a stent (especially with the newer models). The effi-
cacy of lobar stenting, however, needs to be judged criti-
cally in view of the potential benefit or risk to the patient. 
The ACQUIRE Registry suggests that the more distal the 
obstruction (lobar and beyond) and the less symptomatic 
the patients (PS <2), the less the benefit is from broncho-
scopic interventions [69]. Based on these data, it is not yet 
clear whether lobar stenting improves outcomes in patients 
with malignant CAO. That being said, a small retrospective 
study evaluating 14 patients with both malignant and 
benign lobar stenosis showed that small SEMS lobar stents 
result in immediate relief of dyspnea in 92% of patients and 
sustained improvement in pulmonary function tests (PFTs) 
and clinical symptoms even in patients with benign disease 
[86]. It appears that even segmental stenting (with an aver-
age of four procedures per patient) may improve radio-
graphic and clinical outcomes [87]. More studies are 
needed to confirm these findings.

23.6.4  Available Personnel and Equipment

The equipment necessary is dependent upon the type of 
obstruction, stent to be placed, and possibility of complica-
tions. Appropriate equipment and personnel should be 
determined prior to attempted stent placement. The bron-
choscopist and their team must be aware that even the 
planned routine implantation of a SEMS may have atten-
dant complications, requiring the immediate or subsequent 
use of repositioning instruments such as forceps, balloons, 
up to and including rigid bronchoscopes and rigid forceps.

Regardless of the type of stent used, we recommend 
stent placement be performed by a team that has been 

trained in stent placement and removal. This team should 
be familiar with potential adverse effects and prepared to 
quickly respond to potential catastrophic complications 
such as airway obstruction, much as we previously 
 recommended for the performance of laser bronchoscopy 
[78]. Although the advent of SEMS has allowed for place-
ment under moderate sedation, the degree of airway 
obstruction, particularly in the central airways, may 
require deeper sedation, employing general anesthesia 
and muscle paralysis. Therefore, essential to this team is 
the anesthesiologist who understands the complex airway 
and comanagement of the airway with the interventional 
pulmonologist. Target‐controlled total intravenous anes-
thesia (TIVA) may be preferred, especially when using an 
open system (rigid bronchoscopic stent deployment) [88]. 
A combination of anesthetic techniques is often employed. 
These may include intravenous anxiolytics and opioids, 
in addition to inhaled anesthetics. These are used in 
 conjunction with various artificial airways and modes of 
ventilation, including laryngeal mask airways (LMA), 
ventilating rigid bronchoscopes, spontaneous respiration, 
and jet ventilation.

23.7   Stent Types and Insertion 
Requirements

Because the ideal stent does not yet exist, due to the  differing 
requirements of individual patients, types of obstructions 
and stenoses, varying personnel and expertise, and equip-
ment, the overriding principle remains the realization of 
“different jobs  –  different stents.” Therefore, the types of 
stents, techniques of insertion, and required personnel may 
vary depending on individual patients’ situations. The fol-
lowing description of the different techniques of insertion 
and stent types is intended to be an overview of indications 
and limitations of different stent types and not a guide to 
the individual patient situation. This needs to be deter-
mined at the time of the initial bronchoscopic evaluation 
and treatment in a particular situation.

23.7.1  Rubber and Silicone Stents

23.7.1.1  Montgomery T-Tube
In 1965 a T‐tube was introduced as a treatment for subglot-
tic stenosis [8]. Although early models were made of 
acrylic, these were later replaced by silicone rubber. The 
Montgomery T‐tube has been used to treat stenosis up to 
the level of the vocal cords and requires a surgical trache-
otomy. The stent is introduced at the time of the tracheot-
omy or subsequently through an existing tracheostomy 
stoma. The distal limb of the T‐tube is initially inserted 

Figure 23.4 Lateral chest X-ray with Nitinol (Ultraflex) stent in 
place for subglottic obstruction. Source: Reproduced with 
permission of John Wiley & Sons.
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through the stoma and then, with the T‐limb of the tube 
held with forceps, the proximal limb is pulled into place 
and positioned endoscopically (Figure 23.5).

The visible T‐limb of the tube may be left open to allow 
for suctioning and ventilation (Figure  23.6). It may be 
plugged if a more proximal glottic obstruction is not pre-
sent to allow phonation. This requires functioning vocal 
cords and oral pharynx to permit speaking. Migration is 
unlikely owing to the fixed T‐portion through the trache-
otomy site. Obstructions from dried secretions, as well as 
recurrent stomal infections or granulation tissue, are pos-
sible (Figure 23.7). Vocal cord function may be impaired, 
particularly if the proximal proportion of the T abuts the 
vocal cords and glottic opening.

23.7.1.2  Hood Stent (Figure 23.1(9))
The Hood stent is a silicone tube with flanges to prevent 
migration. These bifurcated silicone stents have a tracheal 
diameter of 14 mm and require the use of a rigid broncho-
scope for insertion [88,90].

23.7.1.3  Dumon Stents (Figure 23.1(3,4,28))
Introduced in 1990, Dumon™ stents (Novatech, Abayone, 
France) are likely the most frequently utilized silicone 
stents in the world. They have been designed with external 
silicone studs to help prevent migration and are available 
in differing lengths and diameters. A bifurcated model of 
the Dumon stent is also available for tracheobronchial 
obstruction. The Dumon stent is versatile, being held in 

(a) (b)

(c)

Figure 23.5 Montgomery T-tube. (a) Introduction of Montgomery T-tube through tracheostomy assisted with a Kelly clamp and rigid 
forceps pushing the distal limb downward. (b) Once the distal limb is in place, forceps are used to pull the proximal limb upward 
while firmly maintaining the rigid bronchoscope in place within the subglottic space. (c) Once unfolded, the rigid bronchoscope is 
gently withdrawn to assess the distance between the proximal limb and the vocal cords. Source: Reproduced with permission of John 
Wiley & Sons from Colt [89].
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place by contact pressure between the airway wall and the 
silicone studs [13]. Placement of the stent most commonly 
requires utilization of a rigid bronchoscope and a dedi-
cated Dumon stent deployment device; however, addi-
tional techniques involving the rigid bronchoscope with 
the use of a Hopkins telescope or a chest tube have been 
utilized. Placement without a rigid bronchoscope, using an 
endotracheal tube, has also been described [91]. These 
authors do not recommend these alternative techniques as 
their safety in the event of intraoperative complications 
remains to be determined.

Complications from the Dumon stent are relatively 
uncommon, with Dumon’s experience of 1574 stents 
placed between 1987 and 1994 notable for a migration rate 

of 9.5% and obstruction with secretions in 3.6% [92–94]. 
Additional, larger studies of silicone stents have revealed 
complications with retained secretions ranging from 3% to 
4%, formation of granulation tissue from 6% to 20%, and 
migration in up to 17% [95–98]. More recent studies sug-
gest that in patients with malignant CAO, Dumon straight 
silicone stents were associated with a higher rate of migra-
tion compared with SEMS [69]. These findings are intrigu-
ing as the radial expansile force of silicone stents is much 
higher than that of SEMS [14]. Given the fact that Dumon 
stents require the use of rigid bronchoscopy, however, it is 
possible that the Dumon stents were undersized.

Since the original development of the Montgomery  
T‐tube and Dumon silicone stents, variations in design 
have occurred in an attempt to prevent complications such 
as migration. The Reynders–Noppen Tyron tracheal stent 
with screw threads was reported in comparison to the 
standard Dumon stent (Figure  23.1(8)) [99]. These 46 
patients with tracheal stenosis requiring the placement of 
50 stents were studied and matched for ease of stent inser-
tion and follow‐up versus the standard Dumon stent. 
There was a statistically significant decrease in migration 
of the screw thread group versus the conventional Dumon 
stent (24% vs 5%) seen in patients with benign tracheal 
stenosis.

23.7.2  Metals and Alloys

Use of metals in stenting of the tracheobronchial tree has 
been performed for decades. Canfield and Norton 

Figure 23.6 CT of the neck showing T-limb of Montgomery T-tube. Patient T-limb with formation of external granulation tissue and 
cellulitis. Source: Reproduced with permission of John Wiley & Sons.

Figure 23.7 An Ultraflex stent is seen partially constrained on 
the delivery device. The stent continues to be deployed by 
pulling a release string at the proximal end of the delivery 
device. The plastic delivery catheter is then removed. Source: 
Reproduced with permission of John Wiley & Sons.
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implanted a silver tube with subsequent work by Harkins 
utilizing a chromium cobalt alloy popularizing the use of 
metallic stents in the treatment of tracheal and bronchial 
stenosis [5,6]. Metallic stents made of alloy can be dif-
ferentiated by underlying composition, biomechanical 
properties, or in regard to their techniques of insertion, 
deployment, or complications. The following metal 
stents are outlined as to their need for balloon dilation or 
self‐expansion. Metallic and alloy stents have become 
increasingly used as they can be deployed by means of a 
guidewire or through the flexible bronchoscope, in con-
trast to delivery using the rigid technique. Some of these 
stents are no longer commercially available for use in the 
airways but are discussed in this chapter for their histori-
cal value.

23.7.2.1  Balloon-Expandable Metallic  
and Alloy Stents
23.7.2.1.1 Strecker Stent (Boston Scientific) 
(Figure  23.1(12)) The Strecker stent is a tantalum wire 
mesh tube with origins as a vascular prosthesis [100]. The 
stent is deployed under fluoroscopy and when positioned 
at the site of stenosis is deployed by balloon inflation. 
Complications with this stent have included the 
development of granulation tissue and tumor ingrowth.

23.7.2.1.2 Palmaz Stent (Johnson & Johnson, Warren, NJ) 
(Figure  23.1(11)) This is a catheter‐delivered and 
fluoroscopically positioned wire stent. The Palmaz steel 
stent requires balloon dilation and tends to be stiffer. Once 
deformed by changing respiratory pressure, as with a 
severe cough, it does not reexpand to its previous diameter 
and may cause additional obstruction [14,101].

23.7.2.2  Self-Expandable Metallic and Alloy Stents
More recently, catheter‐delivered self‐expanding metallic 
or alloy stents have been developed and are increasingly 
used due to their simplified delivery systems.

23.7.2.2.1 Gianturco Stent (Cook, Bjaeverskov, Denmark) 
(Figure 23.1(10)) A continuous loop of stainless steel with 
metal hooks at the end, the Gianturco stent is delivered in 
a cartridge with the ability for self‐expansion when 
deployed. Difficulties with this stent include tumor 
ingrowth and perforation. The metallic hooks make this 
particular stent difficult to manipulate or remove.

23.7.2.2.2 Wallstent™ (Boston Scientific) (Figure 23.1 
(15,16)) Constructed of woven filaments of a cobalt‐
based alloy, this stent is delivered by means of a guidewire 
and insertion device or a flexible bronchoscope through 
the instrument channel for some models. It has been 

used for both benign and malignant stenosis [102,103]. 
The covered Wallstent incorporates the original design of 
the Wallstent with cobalt‐based alloy filaments and a 
polyurethane cover. This has been designed to be 
delivered by means of a guidewire and with the ability 
for self‐expansion. The polyurethane covering of the 
cobalt alloy does not diminish the stent’s flexibility 
or  ability to be placed. The polyurethane cover was 
developed to try to prevent ingrowth of granulation 
tissue. Similar complications exist in placement but, in 
addition, should a covered Wallstent become dislodged, 
the possibility of tracheal or bronchial occlusion exists. 
The Wallstent is no longer approved for the airway, 
but  some practitioners utilize those marketed for 
gastroenterology “off‐label.”

23.7.2.2.3 Nitinol Stent (Boston Scientific) (Figure 23.1 
(13,14)) The marriage of titanium and nickel alloy 
(Nitinol) has shape‐memory properties, allowing for  
self‐expansion upon deployment, and can also be 
delivered via guidewire insertion and fluoroscopy [104] 
(Figures 23.7 and 23.8). The Nitinol stent will expand to 
a preset diameter when inserted and is quickly 
incorporated into the surrounding epithelium, being 
covered with ciliated mucosa over a 3–4‐month period. 
Although initially this stent can be manipulated by 
grasping a small loop with subsequent partial collapse of 
the stent, this becomes more difficult as the stent is 
incorporated into the tracheobronchial wall. In fact, 
most complications seen during SEMS removal occur in 
patients with uncovered SEMS and in those with long‐
term stenting [105].

Figure 23.8 A fully expanded Ultraflex stent. This stent was 
deployed in the subglottic space as in the chest X-ray placement 
seen in Figure 23.3. Source: Reproduced with permission of John 
Wiley & Sons.
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23.7.3  Hybrid Stents

Hybrid stents are those that incorporate both polymer and 
metal or alloy technology.

23.7.3.1  Ultraflex (Microvasive, Boston Scientific)
The Ultraflex stent, constructed from tantalum filaments, 
also has a polyurethane‐covered version. The purpose of 
the covering is similar to that of other covered stents – an 
attempt to prevent tumor ingrowth (Figures  23.9 and 
23.10). The Ultraflex stent may be placed by use of a guide-
wire through a flexible bronchoscope. Granulation tissue 
or tumor ingrowth may still form on the end of the wire 
mesh. This ingrowth is likely responsible for the lower 
migration rate observed with partially covered SEMS ver-
sus those that are fully covered [61]. Studies of malignant 
CAO have shown that these stents have a low complication 
rate and can be used effectively in malignant, complex 
CAO with marked asymmetry and irregularity of the air-
way configuration [106,107].

23.7.3.2  Polyflex™ Stent (Boston Scientific, Natick, MA)
The Polyflex stent is a hybrid silicone and polyester stent. Its 
strength is derived from cross‐woven polyester fibers incor-
porated in the silicone cover. Insertion and deployment of a 
Polyflex require rigid bronchoscopy or suspension laryngo-
scopy. One study showed that with benign airway condi-
tions, use of the Polyflex stent was associated with a high 
complication rate, including migration and obstruction 
with mucus requiring emergent bronchoscopy [108].

23.7.3.3  AERO® Tracheobronchial Stent (Merit 
Medical Systems, South Jordan, UT)
This is a fully covered SEMS. The metallic mesh is laser‐cut 
Nitinol and is covered with polyurethane. This stent was 
designed with antimigration fins that are meant to embed 
into the airway mucosa. Its fully covered design makes it 
easier to retrieve. Migration still occurs with this stent, and 
the rate may be higher than with partially covered or 
uncovered SEMS [69]. In a case series of six stents placed in 
lung transplant recipients, five stents migrated (83%), six 
had mucus plugging (100%), and anastomotic strictures 
recurred in all patients (100%) [109]. For malignant dis-
ease, these stents were shown to improve symptoms and 
lung function with an associated complication rate of 33%, 
of which migration was the most common (14%) [69]. 
These stents are available in small sizes and have been used 
for lobar insertion [86].

23.7.3.4  Dynamic™ (Freitag) Stent (Boston Scientific)
The Dynamic stent is a bifurcated silicone stent with bands 
of stainless steel incorporated with silicone along the ante-
rior and lateral surface to mimic tracheal cartilages. The 
posterior membrane is therefore flexible and mimics the 
motion of the posterior membranous trachea during respi-
ration. The length of the stent may be modified by cutting 
the tracheal or bronchial limbs to the length desired 
(Figure 23.11). The stent is placed by means of a rigid for-
ceps delivery device while visualizing the vocal cords with 
a laryngoscope. We have also been able to utilize a com-
bined Hopkins telescope‐rigid alligator biopsy forceps to 

Figure 23.9 Multiple polypoid endotracheal metastasis with 
intrinsic, extrinsic obstruction. Source: Courtesy of Dr David 
Brickey.

Figure 23.10 After argon plasma coagulation, a covered 
Ultraflex stent was placed. Source: Courtesy of Dr David Brickey. 
Reproduced with permission of John Wiley & Sons.
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hold, visualize, and place the Dynamic stent (Figures 23.12 
and 23.13). It can also be placed using video laryngoscope 
and rigid bronchoscopy [110].

These stents are typically used for carinal tumors or 
severe tracheobronchomalacia. Of note, the literature 
suggests that in patients with malignant CAO, Y‐stent 
insertion is associated with a higher mortality than 
straight tube stents [69]. Fracture of this stent has been 
reported in patients with crescent‐type tracheobron-
chomalacia [111].

Silicone stents and hybrid stents with solid walls have 
been developed not only in order to maintain patency of 
airways but also to aid in sealing fistulas that have devel-
oped in the tracheobronchial wall. Figure  23.14 shows a 

barium swallow from a patient presenting with cough and 
shortness of breath, particularly after eating, which dem-
onstrates barium in the tracheobronchial tree. Figure 23.15 
shows the patient’s bronchoscopy with a tracheoesopha-
geal and left bronchoesophageal fistula seen. The stent 
shown had been previously placed in the esophagus. 
Figure 23.16 shows a Dynamic stent in place, sealing both 
the tracheal and left bronchial fistula.

23.8   New Models of Metallic Stents

Several models of metallic stents have been introduced 
since the FDA warning in 2005. Thus, several of the con-
cerns associated with that warning may not be applicable 
to these new airway prostheses. Reproducible and reliable 
evidence, however, is necessary before the routine use of 
these new devices can be recommended. The majority of 
these airway stents have a hybrid design and are either self‐
expandable or balloon‐expandable. Their design and 
selected publications are summarized in Table 23.5.

23.9   Stent-Related Adverse Events

Complications due to stenting itself are to a certain degree 
predictable and preventable adverse events and are related to:

 ● choice of stent
 ● insertion and deployment technique
 ● migration
 ● obstruction and infection
 ● stent failure and perforation.

Figure 23.11 Left bronchial arm of a Dynamic stent being 
shortened. Source: Reproduced with permission of John Wiley & 
Sons. Reproduced with permission of John Wiley & Sons.

Figure 23.12 Rigid biopsy forceps seen with a Dynamic stent in 
view. Source: Reproduced with permission of John Wiley & Sons.

Figure 23.13 Rigid forceps have been inserted through the 
Dynamic stent with the bronchial arms grasped and closed. The view 
through the two bronchial arms is through the Hopkins 0° rigid 
telescope. Source: Reproduced with permission of John Wiley & Sons.
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Some of the most common adverse events and their asso-
ciated incidence rates are listed in Table 23.6.

23.9.1  Complications Related to the Choice 
of Stent: Covered versus Uncovered

As noted earlier, the ideal stent has not yet been developed, 
and therefore the principle of “different jobs, different 

stents” must be invoked. If the stent chosen for the patient’s 
abnormality does not fit in terms of length and diameter, 
then the patient may have only partial relief of the obstruc-
tion or may be more at risk from migration of the stent. 
Also, if an uncovered stent is used where tumor ingrowth 
or a fistula exists, then recurrence of the obstruction or 
continued aspiration may occur, respectively. In contrast to 
uncovered stents, where ciliary function is maintained, 
silicone stents and hybrid stents disrupt the normal 
 transport of the mucociliary escalator and result in the 
accumulation of secretions. This build‐up of mucus, with 

Figure 23.14 PA and lateral films from a barium swallow from a patient presenting with cough and shortness of breath particularly 
after eating, and demonstrating barium in the tracheobronchial tree. Source: Reproduced with permission of John Wiley & Sons.

Figure 23.15 The patient’s bronchoscopy demonstrated a 
tracheoesophageal and left bronchoesophageal fistula. The 
stent seen had been previously placed in the esophagus. Source: 
Reproduced with permission of John Wiley & Sons.

Figure 23.16 A Dynamic stent has been placed, sealing both 
the tracheal and left bronchial fistula. Source: Reproduced with 
permission of John Wiley & Sons.
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Table 23.5  Design and data on new metallic stents

Name/manufacturer Stent design Clinical data

Bonastent
EndoChoice, Inc., 
Alpharetta, Georgia, USA

Nitinol cross‐wire framework 
covered by a silicone membrane

Small case series; no early complications (within 
30 days) [112]

MICRO‐TECH
Nanjing Co., Republic of 
Korea

Fully covered SEMS: Nitinol 
mesh completely covered 
internally with a silicone 
membrane
Y‐stents available

Evidence based on case series [113]. One study had 21 
stents in 16 patients with benign CAO. Mean duration 
of stenting was 282 days. Granulation tissue (35%), 
migration (30%), and sputum retention (15%). 55% of 
the stents had to be removed because of various 
complications

Aerstent and ECO‐Y stent
Leufen, Germany

Fully covered SEMS
 
 
 
 

Covered metallic Y‐stents

One study had a median follow‐up of 44 days and 
showed no migration or fracture [114]
Mucostasis was observed in 86% of cases without mucus 
plugging. Mild granulation tissue formation in 31.7%. 
Silicone coating detachment in 9%. Polyurethane coat 
perforation in 4%
Limited experience with the Y‐stents (no long‐term 
follow‐up) [115,116]
Used for malignant CAO and TEF
Most common complication was mucus plugging
One study contained 43 patients with benign and 
malignant CAO [117]. Follow‐up on 18 patients was 
available. 44.4% tolerated the stent without problems. 
11.1% required further stenting. 33.3% had 
complications such as increased secretions, cough, 
dyspnea, or granulation tissue formation

Silmet
Novatech,
La Coitat, France

Nitinol metallic frame fully 
covered with polyester
Conical, straight, and other 
customized models

Several large case series (n >30 patients) [118,119]. 
Technical success rate >90%. Tumor ingrowth/
granulation tissue 10–32%. Migration 7–8%. Stent 
fracture 5%. Secretions not removable by flexible 
bronchoscopy 7%
In one study, 50% of stents were removed at a median 
time of 77 days due to complications

COMVI
Taewoong Medical, Seoul, 
South Korea

Fully covered SEMS Nitinol wire 
structure with a 
polytetrafluoroethylene 
membrane
Has a retrieval string at the 
proximal end

Limited experience [119]. In one study of 30 patients, 
placement was successful in 100%, but tissue 
hyperplasia, stent migration, and bronchial obstruction 
of the LUL occurred in 36.7%, 13.3%, and 3.3% of 
patients, respectively. All stents were successfully 
removed at 2 and 6 months. Mean follow‐up 24 months

iCAST
Atrium, Hudson, New 
Hampshire, United States

Balloon expandable
Stainless steel frame covered 
with polytetrafluoroethylene
Can be deployed through the 
2.8 mm working channel of the 
bronchoscope
Designed for lobar airways

In one study with 38 patients, 120 stents were placed for 
bronchial stenosis [87]. 18.5% patients had stents placed 
in >1 segment. Four procedures/patient. Mean time to 
removal 85 days. Common complications included 
migration (10%), granulation tissue formation (5%), 
deployment malfunction (2%), stent dislodgment 
immediately after deployment (2%), mucus plugging 
(1%), and tumor occlusion (1%)
Another study with 18 patients who had 21 stents 
inserted showed improvement in MRC dyspnea scale 
[120]. Migration (9.5%), granulation tissue (9.5%) and 
mucus plugging (4.8%)

CAO, central airway obstruction; LUL, left upper lobe; MRC, Medical Research Council; SEMS, self‐expandable metal stent; TEF, 
tracheoesophageal fistula.
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subsequent drying on the stent, can lead to obstruction and 
may be prevented with saline nebulization.

Concern has also been expressed regarding the interac-
tion of uncovered metal stents with the underlying mucosa 
as these SEMS exert permanent radial forces on the under-
lying mucosa and superficial tumor. In time, granulation 
tissue or tumor can result in stent obstruction. Stents may 
also become embedded in the mucosa due to  epithelialization 
and become difficult or unsafe to remove. Stent–tissue 
interaction will require further study. In one report by 
Hauck et al., endobronchial histology before and one week 
after stent implantation was evaluated. The authors reported 
a surprisingly low number of restenosis events during a 
mean follow‐up time of 122 days [122]. In their one‐week 
follow‐up study, the pressure exerted by stents on adjacent 
tumor tissue caused a reduction in the number of intact 
tumor cells, with more identification of necrosis or nontu-
mor cells in the sampled areas. This was most likely due to 
shear stress forces causing decreased cell viability in super-
ficial tumor areas, thus helping to maintain stent patency.

23.9.2  Complications During Insertion 
and Deployment

Although silicone stents are easily deployed and manipu-
lated with the rigid bronchoscope, there are times when 
manipulation and balloon or rigid bronchoscopic expan-
sion are necessary. This manipulation may, however, be 
more difficult or not possible when self‐expanding metal-
lic or hybrid stents are utilized. Choice of the correct stent 
size therefore requires extra vigilance to assure proper 
placement. Figure  23.17 shows a metallic stent that 
needed to be removed. The forceps can be seen pulling an 
individual fiber loose in the foreground. The stent was 
removed successfully but the procedure required addi-
tional time as it could not be easily removed in one piece. 
In addition, the deployment of an incorrectly sized stent 
may precipitate increased granulation tissue and post-
stent restenosis. In a prospective study by Kim et  al., 

38 patients had Nitinol stents placed for benign tracheo-
bronchial strictures [123]. These authors suggested that 
undersized stents resulted in excessive friction of the 
metallic stent on the airway wall and, conversely, an over-
sized stent caused excessive radial pressure, thus impair-
ing the mucosal microcirculation; both may lead to 
excessive granulation tissue.

23.9.3  Migration

Migration may occur when the extrinsic force generated by 
the tumor mass is relieved with combined treatment. In 
benign conditions, such as tracheomalacia, migration rates 
up to 20% have been reported [91–94,124,125]. Migration 
has been particularly noted in benign disease, such as for 
posttuberculosis tracheobronchial stenosis or ECAC, 
where migration has been noted in 51% and 10%, respec-
tively [60,126]. A study with a hybrid silicone stent 
(Polyflex) in patients with benign tracheobronchial disease 
noted abandonment of this stent’s use at the author’s facil-
ity owing to overall incidence of complications (75%), spe-
cifically with migration occurring in 69% (11 of 16) of 
patients [108].

Migration may be seen while the patient undergoes sys-
temic therapy (immuno‐, radiation, targeted, or chemo-
therapy) as the local disease response may result in the 
stent becoming loose and prone to migration. Evidence 
suggests that migration is more common with benign 

Table 23.6  Stent complications and their incidence rates

Complication Incidence rate

Granulation tissue 9–67% with metal stents 
[121]
6–15% with silicone stents

Stent fracture Case reports

Lower respiratory tract infection 
and mucous obstruction

36–39% [48]

Migration 5–15% depending on the 
stent‐to‐airway diameter [17]

Figure 23.17 Pictured is a metallic stent that needed to be 
removed. The forceps can be seen to be pulling an individual 
fiber loose in the foreground. The stent was removed 
successfully but required additional time as it could not be 
easily removed in one piece. Source: Reproduced with permission 
of John Wiley & Sons.
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 disease (due to eventual airway dilation from long‐term 
 stenting) and with silicone stents, although this latter fact 
may be due to a sizing issue [69].

23.9.4  Stent Obstruction and Infection

With the interruption of the normal mucociliary escalator 
and drying of secretions, a stent may become obstructed. 
Colonization of the stent or secretions may occur, leading 
to recurrent cough and mucus production. The incidence 
of lower respiratory tract infections in patients with 
indwelling airway stents is 36–39% and is associated with 
significant morbidity and mortality. Smoking, ineffective 
cough, left‐sided stents, silicone stents, and post‐stent 
chemotherapy are risk factors for stent‐related respiratory 
tract infections [48]. Nebulized saline may help to prevent 
the accumulation of secretions but routine use of antibiot-
ics is not recommended unless an infection is suspected.

Tumor overgrowth or granulation tissue is possible with all 
types of stents. Granulation and tumor overgrowth may occur 
throughout the length of uncovered metal stents and also may 
occur at the uncovered ends of hybrid stents (Figure 23.18). In 
one retrospective review by Thornton et al. of 40 patients in 
whom stents were placed for benign tracheobronchial dis-
ease, 10 of 11 patients were identified by CT as requiring rein-
tervention to optimize stent patency [127]. Primary patency 
for these stents, placed for benign disease, was 60% at one year, 
with loss of patency slowing subsequently and 46% maintain-
ing primary patency at 6.8 years. Tumor ingrowth or granula-
tion tissue rates are hard to distinguish from the published 
literature given the lack of biopsy‐proven data. When it 
occurs, however, granulation tissue or tumor overgrowth may 
be clinically significant in approximately 25% of patients. 
Granulation tissue is more common in patients with keloids 

and in those with chronic airway infection. It has been 
reported in almost 50% of patients undergoing SEMS inser-
tion for benign airway disorders [128].

23.9.5  Stent Failure and Perforation

The tracheobronchial tree is mobile and subjected to wide 
swings in pressure. With repeated movement, the material 
of a stent may fracture, causing the integrity of the stent to 
fail. This is due to metal fatigue. Also, repeated movement 
of the stent, particularly in those with sharp edges, may 
lead to perforation. This has been seen in a patient referred 
to our group after receiving a stent and adjuvant therapy 
(Figure 23.19). The patient had received a metallic stent for 
intrinsic and extrinsic obstruction due to a paratracheal 
nonsmall cell carcinoma. Subsequent chemotherapy and 
radiation therapy caused the tumor mass to cavitate, and a 
tracheocavitary fistula formed, with the stent being dis-
placed into the mediastinal fistula.

As noted above, the use of some stents, notably the 
Gianturco and Palmaz stents, has been complicated by 
reports of perforation and breakage. Subsequent studies 
have noted stent failure is most often related to mucus 
plugging, restenosis due to granulation tissue, strut frac-
ture, migration, and perforation [129,130].

23.10   Considerations for Stent 
Removal

Indications for stent removal include stent infection, 
obstruction by thick mucus or granulation tissue, fracture, 
migration, need for revision of a fistula repair, and response 
to treatment of an underlying malignancy [105,130].

Figure 23.18 A tracheal stent is seen to have been compressed 
and overgrown by tumor. Some of the proximal and midtracheal 
metallic strands of the stent are seen. Source: Reproduced with 
permission of John Wiley & Sons.

Figure 23.19 A metallic stent is seen protruding from a 
tracheocavitary fistula. See text for full details. Source: 
Reproduced with permission of John Wiley & Sons.
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Silicone or fully covered hybrid stents may be removed 
by flexible or rigid bronchoscopy, generally without diffi-
culty. Removal of SEMS, however, may be challenging, 
depending on the type of stent and the duration it has 
been in place. Earlier models of SEMS, characterized by 
the Gianturco stent, were criticized for perforation due to 
the sharp metallic points at the stent ends. These sharp 
points make removal difficult in conjunction with the epi-
thelialization that occurs with time, causing the stent 
struts to become embedded within the mucosa. Removal 
of SEMS may therefore require a coring‐out with the distal 
end of the rigid bronchoscope or removal of individual 
struts with forceps, which may be a time‐consuming pro-
cess. Newer SEMS, such as the covered Nitinol stents, are 
designed with more rounded ends, and in the case of the 
Ultraflex stent have a purse string at the proximal end to 
allow the operator to grasp and partially collapse the stent 
for easier removal.

Particular concern has been widely reported regarding 
the placement of SEMS in benign disease, due to the diffi-
culty in removal, to the degree that the FDA has issued an 
advisory cautioning about their use in benign disease [131]. 
Noppen et al. described removal of these stents by grasping 
the extraction loop, advancing the rigid bronchoscope until 
the proximal end of the stent was within the distal rigid 
scope, and then pulling both out with a turning motion 
[130]. Difficulty in removing these stents may be enhanced 
by epithelial ingrowth between the struts or granulation 
tissue overgrowth of the proximal or distal ends of the 
stent. Owing to stent epithelialization after 4–6 weeks, 
Rampey et al. described a combined endoscopic and open 
approach to SEMS removal in selected cases [132].

Potential complications after stent removal include the 
following [133].

 ● Stent fracture
 ● Inability to completely remove it (losing the airway)
 ● Airway perforation with pneumomediastinum/

pneumothorax
 ● Airway bleeding
 ● Laryngeal trauma/edema/spasm
 ● Retained stent pieces
 ● Reobstruction
 ● Anesthesia‐related problems (depending on comorbidi-

ties), including respiratory failure
 ● Death

In one study, the average number of procedures per patient 
required to remove the stents and address the immediate 
related complications was 2.6. Most indications for removal 
are reported in patients with benign CAO and most com-
plications during removal occur in those with uncovered 
SEMS and long‐term stents [105,134].

Because stent removal can be associated with severe 
complications, we recommend thorough preoperative 
planning through detailed assessment of the airway anat-
omy, the relationship of vascular structures to the airway 
wall, and the condition of the stent (fractured, embedment, 
etc.). A contrast‐enhanced chest CT to evaluate for proxim-
ity of major vascular structures is warranted when removal 
of an embedded stent is being considered.

23.11   Future Directions

Recently, the advent of bioabsorbable and 3D‐printed air-
way stents has challenged traditional paradigms of airway 
stenting. As supporting data on these two modalities accu-
mulate, they may eventually supplant traditional airway 
stents.

Bioabsorbable stents are made from inert materials that 
degrade over a defined period of time after insertion, thus 
obviating the need for removal [135,136]. Stents inserted as a 
temporizing measure can then simply be left in place; a sep-
arate procedure for removal, with its associated risks and 
costs, would be unnecessary. These stents could also poten-
tially be coated or impregnated with medication, allowing 
for targeted delivery to a specific section of the airway.

Commercially available prefabricated stents hardly ever 
conform to a native airway perfectly, especially when it is 
distorted by disease. This disparity results in points of con-
tact between the airway wall and the stent with variable 
levels of expansile force. The advent of 3D printing has 
allowed for development of customized stents that are opti-
mized for a particular patient [137–140]. Based on radio-
graphic and bronchoscopic data, stents can be printed that 
are perfectly matched to a patient’s anatomy and will apply 
the optimal level of expansion force, thus minimizing some 
of the most common complications associated with airway 
stents. Physiological and symptomatic response, and the 
long‐term durability and safety of 3D‐printed airway stents 
remain to be determined.

23.12   Special Considerations

Stent placement for benign lesions has been described in a 
variety of conditions including cicatricial stenosis, postin-
tubation injury, and infection. Sometimes, tracheal steno-
sis requiring stenting can occur after unfortunate acute 
aspiration episodes of chemicals. For instance, Wang’s 
group described a patient who required multiple stents 
after falling into a vat of 35% hydrochloric acid with gross 
aspiration and resultant multilevel tracheobronchial steno-
sis [141] (Figure 23.20).
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The use of stents in benign disease has also been reported 
in lung transplant recipients. Mehta’s group, from the 
Cleveland Clinic, reported a retrospective analysis of 112 
SEMS, with 11 placed for airway complications following 
lung transplantation and 21 for miscellaneous benign con-
ditions [142]. The median follow‐up was 329 days for the 
lung transplant patients and 336 days for those with miscel-
laneous airway compromise. Subsequently, 27.3% of lung 
transplant patients and 47.6% of patients with benign mis-
cellaneous conditions required further intervention for 
granuloma formation or to optimize airway patency. There 
were no cases of mucus plugging, chronic cough, fistula 
formation, or fatal hemoptysis noted. Their conclusion was 
that SEMS were an acceptable therapeutic alternative in 
patients with CAO who were not considered good surgical 
candidates.

A subsequent retrospective study, by Gottlieb et al. from 
Hanover, Germany, detailed the use of SEMS in lung trans-
plant patients. These authors reviewed 111 lung transplant 
patients between January 1998 and February 2008 who had 
SEMS placed for symptomatic obstructive lesions with a 
diameter of less than 5 mm or extensive anastomotic dehis-
cence [143]. Eighty percent of patients experienced relief 
of clinical symptoms leading to stent insertion, with short‐
term (30 days) complications related to mucus plugging 
(seven patients) and migration (two patients). Late compli-
cations, with a median time of follow‐up of 777 days, were 
noted in 52 of 65 (80%) patients. These were restenosis, 
bacterial colonization, stent fracture, hemoptysis, and ate-
lectasis. One patient died of fatal hemoptysis with autopsy 
revealing invasive Aspergillus at the graft site, without 
bleeding at the stent. The authors concluded that their 

(a) (b) (c)

(d) (e) (f)

(g) (h) (i)

Figure 23.20 CT images immediately after the accident (a,d,g), on presentation two months after the accident (b,e,h), and status after 
placement of multiple stents (c,f,i). The representative images are taken at the levels of the distal trachea (a–c), the main carina (d–f), 
and the right middle/lower lobe bronchi (g–i). Note the pneumonitis present predominantly in the lower lobes immediately after the 
accident (g) that resolved subsequently (h,i). The marked narrowing of the airways is best seen at the trachea (b) and the carina 
(e) when compared to the initial presentation (a,d, respectively). The corrections of these strictures by stenting are seen in images 
(c) and (f). Source: Reproduced with permission of John Wiley & Sons from Rubin et al. [141].
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restenosis rate of 52% was higher than in other studies (10–
47% for benign and malignant disease) and attributed this 
to a longer follow‐up and the use of mainly noncovered 
stents.

These authors and other groups have reported a high 
rate of bacterial airway colonization – 77% in the current 
study and 56% noted by Burns et al., both utilizing SEMS 
in lung transplant patients [144]. In comparison, Noppen 
et al. reported an 80% incidence of bacterial colonization 
after placement of silicone stents in nontransplant 
patients [145]. Interestingly, in the report by Burns et al., 
although airway colonization was noted as above, the 
incidence of pulmonary infection was actually reduced 
for up to one year after stent placement, which was 
thought to be due to patency of the airway and improved 
lung function.

In contrast to the placement of metallic stents for longer 
periods, the Chinese experience by Zhou et al. is notable 
for the use of short‐term stent placement in a population 
with a high incidence of benign tracheobronchial stenosis 
due to an inflammatory etiology such as tuberculosis [146]. 
They placed 49 stents in 40 consecutive patients for a 
median of 18 days without major complications. Prestenting 
diameters ranged from 3.3 to 4.2 mm with a median 
improvement to 7.4 mm. Follow‐up over three years was 
notable for improvement in FEV1 and six‐minute walk test, 
suggesting short‐term stenting may be of benefit for some 
patients with benign tracheobronchial disease.

23.13   Follow-Up after Stenting

Despite the above potential adverse events, tracheobron-
chial stents are generally well tolerated and have remained 
in place for years without difficulty. Routine surveillance 
bronchoscopy was noted by Matsuo and Colt to be unnec-
essary after silicone stent insertion, and repeat bronchos-
copy should be performed if new symptoms develop [147]. 
More recent data, however, suggest that in unselected 
patients with indwelling airway stents (metallic, silicone 
[straight, Y‐stent, T‐tube] and hybrid stents), follow‐up 
bronchoscopy can detect complications that may impact 
further management [148]. In this study, 134 patients had 
147 stents placed, with 10 patients having more than one 
stent inserted. Ninety‐four patients had follow‐up bron-
choscopy at a mean time of 41.2 days post insertion. 
Although symptomatic status at the time of follow‐up 
bronchoscopy was not associated with stent complications, 
two‐thirds of stents had complications on follow‐up bron-
choscopy. In this study, compared with other stents, 
hybrid stents were more likely to migrate or obstruct by 
secretions.

Assessing airway morphological features and dynamics 
distal to the stent can be valuable in assessing stent dys-
function. Because of this, chest CT can offer supplemental 
information [149]. In one study, CT demonstrated all of the 
significant abnormalities detected at bronchoscopy except 
for moderate stenoses (20%) related to granulomas at the 
origin of the stent [150]. These authors recommend sur-
veillance bronchoscopy after stent insertion. The frequency 
of follow‐up bronchoscopies has to be individualized 
depending on subsequent treatments, such as systemic 
chemotherapy, immunotherapy or radiation therapy 
[151,152].

23.14   Final Considerations

Overall, the ideal stent has not yet been developed, 
although review articles and chapters on airway stents 
always discuss the “ideal stent.” The usual parameters 
addressed include the material, the covered versus uncov-
ered pattern, biocompatibility, and hydrophilic properties. 
From a biomechanics standpoint, a stent should have a 
relatively high radial force to maintain airway patency and 
prevent migration. If the radial force is too high, however, 
it can cause mucosal ischemia and granulation tissue. A 
lower axial force would make the stent conform better to 
distorted airway morphologies. Stents with higher axial 
force do not adapt well to the contour of the airway lumen. 
Additionally, stents that do not adapt well to the local air-
way anatomy may subsequently migrate.

Current placement techniques through the flexible bron-
choscope with the aid of a guidewire are not suited to all 
situations, and the use of a rigid bronchoscope in the place-
ment of a stent or its removal may be required. Additional 
work in the area of biodegradable stents, as well as materi-
als that can deliver chemotherapeutic or radioactive agents, 
are the subject of active research. As the ideal stent does 
not exist, we return to a basic principle of individualizing 
stent insertion based on symptoms, type of obstruction, 
and location. The bronchoscopist and their team should 
have the tools necessary for manipulation and rapid 
removal of stents with protection of the airway if neces-
sary. As such, the bronchoscopy team should be trained not 
only in stent placement but also in other interventional 
bronchoscopy procedures, such as electrocautery, cryo-
therapy, and laser in case obstructing tumor, granulation 
tissue, or airway bleeding needs to be managed during 
stent insertion or removal. Moving forward, a better under-
standing of stent biomechanics, development of biocom-
patible materials, and customization of airway stents based 
on a patient’s individual anatomy may decrease the fre-
quency of stent‐related adverse events.
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24.1  Introduction

Tracheobronchial stenosis comes in a variety of forms and 
may be malignant or nonmalignant. Mild airway obstruc
tion may cause no symptoms while severe obstruction may 
cause dyspnea, recurrent infections, and life‐threatening 
airway obstruction. Unfortunately, symptoms do not typi
cally occur until stenosis becomes severe. At a tracheal 
diameter of 8 mm, a patient may become short of breath on 
exertion, and at 5 mm, shortness of breath may occur at 
rest [1]. Various surgical approaches to airway stenosis 
include tracheostomy, resection and reanastomosis, or 
reconstructions such as tracheoplasty or bronchoplasty [2]. 
Minimally invasive procedures, such as bronchoscopic 
approaches, are favored as first‐line treatments due to their 
minimal risks and rapid benefit. Dilation has been accom
plished with balloons and bougie (rigid) dilators, as well as 
rigid bronchoscopes and endotracheal tubes (ETTs) 
through a coring effect.

Angioplasty catheters were the first introduction to bal
loon bronchoplasty. Among the first reported uses was by 
Groff and Allen who used an angioplasty balloon to dilate 
a postintubation bronchial stenosis in an infant in the 
1980s [3]. Cohen and colleagues also used balloon bron
choplasty to dilate an infant’s congenital stenosis [4]. Since 
then, dedicated balloon bronchoplasty systems developed 
for use with a flexible bronchoscope have become main
stream, and will be the focus of this chapter.

24.2  Indications

Symptomatic disease with greater than 50% stenosis of 
 predicted patient airway would indicate the need for inter
vention. Based on flow dynamics studies, we know that 

stenosis of less than 50% is not likely to cause symptoms 
[5]. Symptoms include wheezing, dyspnea, stridor, recur
rent infections, difficulty mobilizing secretions, and overt 
respiratory failure. Malignant and nonmalignant causes of 
tracheobronchial stenosis are listed in Table 24.1.

A combination of history, physical exam, flow volume 
loops, computed tomography (CT), magnetic resonance 
imaging (MRI), and/or direct bronchoscopic visualiza
tion  is used to diagnose symptomatic airways stenosis 
(Figures 24.1 and 24.2). Physical exam will vary widely in 
airway stenosis depending on the degree and location of 
the obstruction. Distal stenosis can reveal focal wheezing 
or absent breath sounds in the affected area. Proximal ste
nosis can provoke upper airway wheezing or stridor. 
Physical exam can also be normal in airway stenosis. Flow 
volume loops can be extremely helpful and will classically 
show flattening of both the inspiratory and expiratory 
limbs in fixed upper airway obstruction but can also show 
an isolated flattening of the expiratory limb with variable 
intrathoracic airway obstruction.

Postintubation and posttracheostomy tracheal stenosis 
incidence ranges from 10% to 22% with only 1–2% of 
patients with tracheal stenosis being symptomatic or hav
ing severe disease. Postintubation tracheal stenosis occurs 
when capillary perfusion pressure (normal 22–32 mmHg) 
is exceeded by a cuff pressure which occludes blood flow 
and predisposes the trachea to fibroblast formation and 
scarring [7]. The advent of larger volume, lower pressure 
ETT balloons has reduced the incidence of postintubation 
tracheal stenosis. Posttracheostomy tracheal stenosis is 
thought to occur due to abnormal wound healing with 
excess granulation tissue around the stomal site [8].

Feretti et  al. concluded that only patients with fibrotic 
etiologies of strictures benefit from balloon bronchoplasty 
as a first‐line therapy. It was also concluded that localized 
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bronchomalacia did not respond to balloon bronchoplasty 
[9]. It has been demonstrated by others that active inflam
matory processes are less likely to benefit solely from bal
loon bronchoplasty and may need more advanced 
procedures such as cryotherapy, electrocautery, laser ther
apy, or even stent placement [10,11]. It has been noted that 
in diseases in which the surrounding cartilage and airway 
architecture are destroyed by the underlying process, bal
loon bronchoplasty alone will not be effective in restoring 
airway patency [11].

Bronchial stenosis is the most common airway compli
cation of lung transplantation, with rates ranging from 
1% to 32% [12]. Surgical techniques have improved which 
has led to a decrease in the incidence of bronchial anasto
motic stenosis. For example, telescoped anastomoses 
have a higher incidence of stenosis (34%) while end‐to‐
end anastomoses have a lower incidence of stenosis (5%) 
and are now the preferred surgical technique [13]. Balloon 
bronchoplasty of anastomotic bronchostenosis after lung 

transplantation has been shown to be successful in the 
short term [14]. It is thought that the necrosis and granu
lation at the anastomotic sites are often short‐lived and if 
you can treat through that short period of time, the steno
sis may not recur [15,16].

Table 24.1 Etiologies of central airway obstruction

Malignant diseases Nonmalignant diseases

Endoluminal tumor growth or 
extrinsic airway compression 
(primary)

Bronchogenic carcinoma
Adenoid cystic carcinoma
Mucoepidermoid carcinoma
Carcinoid tumor

Endoluminal tumor growth or 
extrinsic airway compression 
(metastatic)

Renal cell carcinoma
Breast carcinoma
Thyroid carcinoma
Colon carcinoma
Sarcoma
Melanoma

Tumor in adjacent structures
Laryngeal carcinoma
Esophageal carcinoma
Thymoma
Thyroid carcinoma
Germ cell tumor
Lymphoma

Iatrogenic
Post intubation
Airway stent obstruction
Surgical anastomosis

Infectious
Tuberculosis
Papillomatosis
Epiglottitis

Congenital
Complete tracheal ring(s)
Sling stenosis
Web
Vascular anomaly

Autoimmune/inflammatory
Granulomatosis with 
polyangiitis (formerly 
known as Wegener)
Relapsing polychondritis
Fibrosing mediastinitis
Sarcoidosis
Amyloidosis
Other
Hamartoma
Goiter
Tracheomalacia/
bronchomalacia
Mucus plug
Thrombus

Source: McArdle et al. [6].

Figure 24.1 Benign web-like tracheal stenosis seen via rigid 
bronchoscope.

Figure 24.2 Malignant (mixed intraluminal and extraluminal) 
airway stenosis of the left upper and lower lobes due to a left 
hilar mass.
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24.3  Technique

Determining the etiology of the stenosis is critical to the 
treatment plan. Nonmalignant stenosis (Figure  24.1) may 
respond to balloon bronchoplasty alone while malignant 
etiologies (Figure 24.2) are more likely to be refractory to 
balloon bronchoplasty and require more advanced thera
pies and even stenting. Careful preprocedure planning, as 
with any bronchoscopy, includes history and physical exam, 
evaluation of comorbidities, and examination of available 
imaging to determine the length of stenosis, the diameter of 
the normal surrounding and contralateral airways, and the 
patency of the distal airway. Other important items to con
sider prior to performing the procedure are procedural indi
cations and contraindications as well as operator expertise. 
Colt and Murgu describe a “four box” practical approach to 
interventional bronchoscopy which involves initial evalua
tion, procedural strategies, procedural techniques and 
results, and long‐term management plan [17].

With the use of flexible bronchoscopy, the bronchoscope 
is inserted, typically through the oral route under moder
ate sedation or through a laryngeal mask airway (LMA) 
with monitored anesthesia care. The nasal route is a pos
sibility if the scope can be accommodated but it is not a 
typical route. Typically, an ETT is avoided due to the need 
for thorough inspection of the upper airway, including the 
subglottic space. A rigid bronchoscope can also be used 
depending on local expertise and severity of stenosis. 
Specifically, in patients with severe symptoms or sus
pected critical lesions with high possibility of loss of air
way, rigid bronchoscopy (with full complement of tube 
diameters) is preferred (Figure 24.1).

A thorough airway inspection is performed with the bron
choscope, with special attention paid to the area of concern, 
noting specifically the diameter and length of the stenosis 
which is critical in determining the size of balloon needed. 
Measurements can be made by direct airway inspection using 
the bronchoscope as a measuring tool or by fluoroscopy using 
metallic markers to mark the ends of the lesion if visible.

Balloons can be placed through the working channel or 
with the aid of a guidewire with a soft silicone tip placed 
under direct visual guidance through the stenosis and into 
a distal airway. A flexible bronchoscope with a 2.8 mm 
working channel is needed to pass the balloon through the 
working channel, whereas a bronchoscope with a working 
channel of 2.0 mm is adequate to place a silicone‐tipped 
guidewire. The soft silicone‐tipped guidewire is used in 
order to minimize the risk of pneumothorax during the 
procedure. Using the guidewire, the balloon is advanced 
over the guidewire using the modified Seldinger technique. 
Balloon inflation is done under direct visualization and/or 
fluoroscopic guidance. The proper placement of the balloon 

involves having the balloon visible at least 0.5 cm proximal 
and distal to the area of concern in order to appropriately 
anchor the balloon and prevent migration. If the balloon is 
placed too proximally or too distally then it will slide out of 
the stenotic region. The only way to guarantee appropriate 
distal placement is to have the length of the lesion meas
ured or to perform the procedure under fluoroscopic guid
ance in conjunction with direct bronchoscopic 
visualization.

Web‐like or scar‐like lesions may require predilation 
interventions (Figure  24.3) prior to bronchoplasty with 
balloons. These interventions include electrocautery 
(EC), argon plasma coagulation (APC), carbon dioxide 
(CO2) laser, Nd:YAG, and Nd:YAP lasers. Each of these 
has advantages and disadvantages. An EC knife requires 
direct tissue contact and has less precision than laser 
therapy, but does provide good hemostasis. APC is a non
contact method which provides good hemostasis but pro
vides shallow penetration into the tissue. The CO2 laser is 
also a noncontact method and is more precise than other 
methods but provides shallow penetration which is best 
for fine cutting of web‐like strictures. One major disad
vantage of the CO2 laser is that it does not provide good 
hemostasis. The Nd:YAG laser again is a noncontact 
method and provides deep tissue penetration with good 
hemostasis qualities but it has the risk of damage to adja
cent tissue [18]. The Nd:YAP laser is a noncontact method 
similar to the Nd:YAG laser, but some of its properties dif
fer due to the physics of the laser. The Nd:YAP laser has 
superior photocoagulation due to a higher wavelength 
but less vaporization and cutting power [19]. Utilizing 
laser or other thermal techniques to make radial cuts in 
the web‐like strictures (Figure 24.3b) allows the tissue to 
release and stretch, and may improve the success of bal
loon bronchoplasty [20].

Topical application of Mitomycin‐C to the affected por
tions of the airway has been used to reduce the incidence of 
restenosis and prolong the time until the next procedure. 
Retrospective analyses have reported success rates of 75–93% 
[21] as well as an improvement in short‐term restenosis after 
dilation with the topical application of  Mitomycin‐C [22]. 
Unfortunately, outcomes with Mitomycin‐C are mixed as 
some studies have shown no significant difference in recur
rence of stenosis [23,24]. In addition, the use of submucosal 
steroid injections for subglottic stenosis has been reported, 
but this is not widely accepted and the outcomes are variable 
depending on the type of lesion [25].

After dilation has occurred, the area is visually inspected 
with the bronchoscope for improvement in airway diam
eter (Figure 24.3). Studies have shown success with one 
balloon bronchoplasty [10] while others have required 
repeat dilations or more advanced therapies [11].
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Prior to completion of the procedure, the airways should 
be inspected to ensure no obvious complications as well as 
achievement of desired dilation effect.

Balloons are specifically designed for bronchoscopic 
dilation and are typically made of silicone and require high 
inflation pressures. The balloons can be expanded up to 

three different diameters which is determined by different 
inflation pressures, specifically to allow incremental dila
tion of an airway without complete removal of the system. 
These balloons require a special high‐pressure syringe with 
a three‐way lock for proper inflation. See Figures 24.4 and 
24.5 for examples of the balloon and inflation system. 

(a) (b)

(c) (d)

Figure 24.3 Steps to balloon bronchoplasty in sequence. (a) Severe web-like tracheal stenosis. (b) Radial cuts made using 
electrocautery knife. (c) Proper seating of balloon during inflation. (d) Inspection post bronchoplasty with improvement in 
tracheal stenosis.
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The balloons are typically filled with saline or diluted 
water‐soluble contrast media to minimize lung injury in 
the event of inadvertent balloon rupture. Use of water‐sol
uble contrast media are helpful when using fluoroscopy for 
visualization of the balloon during inflation; otherwise, 
saline is acceptable.

The duration of balloon inflation is dependent on the 
area being dilated. The more central the dilation (i.e., tra
chea), the shorter the duration. Common practice for cen
tral lesions (i.e., trachea) is to have the balloon inflated for 
at least 30 seconds. The more distal (i.e., main bronchi 
and subsegments) the dilation, the longer the balloon can 
remain inflated, at least 60–90 seconds depending on 
patient tolerance.

There is no optimal sedation practice for balloon bron
choplasty, but the more proximal you are treating (i.e., 
trachea), it is possible that you may need deeper sedation 
and possibly even paralysis to accomplish the dilation 
safely. There is also a suggestion that this procedure done 

in conjunction with an anesthesiologist would be safer 
and more efficacious for the patient given their compro
mised airway [26]. However, this has not been studied in 
randomized clinical trials.

24.4   Other Methods of Dilation

As discussed above, adjuncts to balloon bronchoplasty 
include EC, APC, laser therapy, and cryotherapy. Rigid 
bronchoscopy can be used alone to dilate stenotic airways 
and can also be used to core exophytic lesions (Figure 24.2). 
Balloon bronchoplasty can also be performed through a 
rigid bronchoscope with or without the aid of flexible 
bronchoscopy.

Stenting (see Chapter 23) has been used in combination 
with balloon bronchoplasty either on the initial procedure 
or after initial dilations recur. The balloon may serve two 
functions: to dilate in preparation for stent placement and 
then to size the airway prior to stenting. Malignant airway 
obstruction is an indication for expandable metal or sili
cone stent placement which is usually palliative, but 
expandable metal stents are typically contraindicated in 
nonmalignant disease while silicone stents may be used in 
some instances. In a subset of patients with tracheal steno
sis after tracheostomy who failed initial dilation, short‐
term stenting was effective in eliminating symptoms [27].

24.5  Complications

Complications of balloon bronchoplasty are uncommon 
[9–11]. Potential complications of flexible bronchoscopy 
apply and include pneumothorax, hemorrhage, respiratory 
failure, infection, atelectasis, and damage to surrounding 
structures, including vocal cords [18]. The procedure‐spe
cific complications include tracheobronchial lacerations or 

Figure 24.4 High-pressure syringe (Boston Scientific, 
Marlborough, MA).

Figure 24.5 CRE single-use pulmonary balloon dilator (Boston Scientific, Marlborough, MA).
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rupture, pneumomediastinum, mediastinitis, and death 
[14]. The reported incidence of tracheobronchial lacera
tions during balloon bronchoplasty can be as high as 51.6% 
[28]. However, a majority of these were superficial and 
healed within one month and had no clinical implications, 
and the deeper lacerations were managed successfully with 
conservative treatment for a short time. None of the lacera
tions progressed to transmural lacerations or rupture. The 
other complications specific to balloon bronchoplasty are 
rare and not readily reported in the literature.

24.6  Outcomes

The success of balloon bronchoplasty varies. Studies 
quote success rates of 40–90%. Feretti et al. [9] reported 
a total of 36 procedures with a 68% initial success rate 
and a 56% long‐term success rate. Sheski and Mathur 
[10] reported a 71% initial success rate in a cohort of 14 
patients for nonmalignant tracheobronchial stenosis. 
Hautmann et  al. [29] reported a total of 126 balloon 
dilatation procedures, mostly in malignant disease, 
and an immediate improvement in the grade of steno
sis in 79% of procedures; 52% had long‐term improve
ment defined as improvement greater than seven days 
after the procedure. Repeat bronchoscopy is frequently 
done to evaluate for restenosis. Follow‐up bronchos
copy varies from several weeks to several months. 

Repeat procedures are dependent on the type of steno
sis as well as the severity of patient symptoms.

Patient selection is of paramount importance. Nonma
lignant lesions are more likely to respond to balloon bron
choplasty alone, thought to be due to a more fibrotic and 
less active inflammatory process, while malignant lesions 
are likely to require more advanced therapies including 
stenting, laser therapy, or electrocautery [11].

In nonmalignant disease and specifically in postintuba
tion tracheal stenosis, definitive therapy is tracheal resection 
which is typically done by a thoracic or ENT surgeon. The 
length of resection depends on the length of stenosis. Grillo 
et al. [30] reported their results on 503 patients with resec
tion lengths ranging from 1 to 7.5 cm. The majority of resec
tions were 2–4 cm. Balloon bronchoplasty may be considered 
as initial treatment but if unsuccessful, definitive therapy 
with surgical repair in good surgical candidates is preferred.

24.7  Conclusion

Balloon bronchoplasty is a safe intervention. With the 
proper training, it can effectively treat many etiologies of 
tracheobronchial stenosis. It can be used alone or in con
junction with other therapies and can be repeated multiple 
times for symptomatic management. A multidisciplinary 
approach is advised with close collaboration with surgeons 
for determination of proper treatment.
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25.1  Introduction

Gustav Killian has been called the “father of bronchos-
copy,” and although Rosenheim and Mikulicz had 
 previously used esophagoscopes, it was Killian who first 
introduced a rigid scope into the trachea [1] (Figure 25.1). 
The therapeutic potential of this innovation was demon-
strated when on March 30, 1897, Killian successfully 
removed a piece of pork bone from the right main bron-
chus of a German farmer [2]. In the United States, the art 
of bronchoscopy continued with Chevalier Jackson con-
structing bronchoscopes based upon instruments being 
used for esophagoscopy at that time, with the subsequent 
development by H.H. Hopkins of the “Hopkins” telescope, 
allowing for improved visualization [3]. With the genius of 
Professor Ikeda and the development of the flexible bron-
choscope prototype in 1964, the era of rigid bronchoscopy 
was thought by many to fade from importance [4,5]. Thus, 
a generation of bronchoscopists in the US and elsewhere 
have “grown up” without significant exposure to the instru-
ments and art of rigid bronchoscopy. The decline in utiliza-
tion is so marked that approximately 92% of bronchoscopists 
never use the rigid scope in their clinical practice [6].

In certain circumstances, however, the rigid broncho-
scope offers benefits over the flexible fiberoptic broncho-
scope. The larger working channel of the rigid bronchoscope 
allows for easier control of massive hemoptysis and is 
advantageous in the removal of foreign bodies and place-
ment of stents while maintaining a secure airway [7,8]. 
Although laser therapy is now frequently performed 
through the flexible fiberoptic bronchoscope, the rigid 
scope is preferred by some as the metallic construction of 
the rigid bronchoscope reduces the risk of endobronchial 

ignition as compared to the flexible fiberoptic bronchoscope 
with its rubber housing [9]. In addition, the rigid scope can 
be used to core out an obstructing lesion, thereby expedit-
ing removal of a mass. Also, mechanical ventilation can be 
provided through the rigid scope, making this technique 
more suitable for some patients with critical tracheobron-
chial stenosis.

Colt and Harrell reviewed the use of emergency rigid 
bronchoscopy in patients presenting to an ICU in acute res-
piratory failure [10]. Of the 19 patients with central airways 
obstruction who underwent emergent therapeutic rigid 
bronchoscopy, 52.6% were able to have mechanical ventila-
tion immediately discontinued. Of seven patients with no 
indwelling airway, 71.4% could be transferred to a lower 
level of care and overall 20 of the 32 patients (62.5%) could 
be immediately transferred to a lower level of care. The 
rigid scope also allows for the use of larger instruments, 
affording the ability to obtain larger samples. Finally, in 
case of mishap, the rigid scope is better suited to maintain-
ing a clear airway and controlling hemorrhage.

Disadvantages of rigid bronchoscopy include more lim-
ited access to the distal airway compared to the flexible 
scope and the use of general anesthesia in most patients. In 
addition, the rigid scope cannot be used in patients with 
unstable necks, severely ankylosed cervical spines, or 
restricted temporomandibular joints [9].

25.2  Equipment

A rigid bronchoscopy set is based around the main venti-
lating or “universal” bronchoscope. The metal tube selected 
varies dependent upon whether the subject is an infant or 
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adult and may be up to 14–16 mm in internal diameter, 
with a tracheoscope being approximately 30 cm in length 
and the adult ventilating bronchoscope being 40 cm in 
length [11] (Figure 25.2).

Different manufacturers have developed modifications 
upon the original design, with an updated model  introduced 

by Jean-François Dumon (Dumon–Harrell universal 
 bronchoscope, Bryon Corp, Woburn, MA).

Although the distal end of the tube is illuminated by 
means of a small light rod, a Hopkins telescope placed 
through the ventilating rigid tube is commonly utilized to 
provide adequate visualization. Figure  25.3 illustrates the 
stainless steel metal tube (Storz model, Karl Storz Endoscopy, 
Culver City, CA) with the Hopkins telescope, biopsy forceps, 
and suction catheter inserted through the ventilating bron-
choscope with the brilliant light of the telescope seen at the 
distal end. The distal ends of the rigid light source/telescope 
(Hopkins telescope) are angled to provide views at 0°, 30°, 
and 90°. Additional instruments (Figure  25.4) allow for 
biopsies and interventional procedures to be performed. The 
Hopkins telescope may also be passed through and locked 
into different biopsy forceps, allowing for simultaneous 
viewing of the forceps and the intended target. Glass “win-
dows” are available to occlude the proximal portion of the 

Figure 25.1 Gustav Killian positioning a rigid bronchoscope on 
a cadaver. Source: Courtesy of Dr Heinrich Becker.

Figure 25.2 (Top to bottom) Tracheoscope, two sizes of 
ventilating rigid bronchoscopes, Hopkins rigid “peanut” forceps.

Figure 25.3 The ventilating bronchoscope with a Hopkins 
telescope, biopsy forceps, and suction catheter inserted. Source: 
Turner et al. [12]. Reproduced with permission of Wolters Kluwer 
Health, Inc.

Figure 25.4 Additional biopsy forceps available for use with 
the bronchoscope. Source: Turner et al. [12]. Reproduced with 
permission of Wolters Kluwer Health, Inc.
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ventilating bronchoscope to help prevent loss of gases and 
particulate matter. Some glass windows contain a small 
“keyhole” to allow passage of instruments. Figure 25.5 illus-
trates (clockwise) a portable light source, a “FLUVOG” 
adapter that may be attached to the proximal opening of the 
bronchoscope, a rigid electrocautery instrument with 
attached cord, a suction catheter, and a corrugated ventila-
tion adapter. The FLUVOG adapter slides, allowing one of 
three windows to be selected over the proximal opening of 
the rigid scope. One selection is a glass lens, which allows 
distal visualization while occluding the proximal opening to 
help prevent gas escape during ventilation. A notched lens 
allows for the insertion of an instrument, and a larger open-
ing without a lens permits the working end of other devices 
(e.g., forceps, flexible bronchoscope) to be inserted.

25.3   Indications and Contraindications

25.3.1 Indications

The rigid bronchoscope is now often used in concert with 
the flexible bronchoscope. This synergy of equipment 
offers the advantages of both instruments. There remain 
situations, however, where the rigid bronchoscope may be 
preferable, as discussed below.

The rigid bronchoscope has the ability to obtain larger 
biopsy specimens owing to the larger size of the working chan-
nel and forceps. The rigid bronchoscope will not easily allow 
biopsy of upper lobe lesions, therefore combined use with the 
flexible bronchoscope is an advantage in this situation.

Additional indications include the following.

25.3.1.1 Foreign Body Removal
In keeping with the rigid scope’s original use, the removal 
of foreign bodies in both children and adults continues to 
be an important indication [13–16]. Upon removal of the 
foreign body, the tracheal and laryngeal mucosa, as well as 
the vocal cords, are also protected as removal usually takes 
place through the ventilating bronchoscope. If the diame-
ter of the foreign body is too large then the object is grasped 
with forceps and pulled proximally to the distal end of the 
rigid bronchoscope and then the bronchoscope and foreign 
body are withdrawn together (Video 25.1).

25.3.1.2 Massive Hemoptysis
Massive hemoptysis may quickly impair a patient’s ability 
to ventilate and oxygenate. In this situation, a properly 
used rigid scope is better able to maintain integrity of the 
airway and ventilate with improved visualization. The rigid 
scope’s working channel also permits introduction of 
larger internal diameter suction catheters and the ability to 
pack a bleeding area with pledgets to tamponade the bleed-
ing site or orifice [17,18]. The use of cold saline lavage via 
the rigid bronchoscope for the treatment of massive hem-
optysis was described in 1980 on 12 successive patients 
with expectoration of greater than 600 mL of blood in a 
24-hour period [19]. In these patients, the bleeding lobar 
bronchus was isolated with the rigid bronchoscope and 
sequential 50 mL irrigation up to 750 mL (average 500 mL) 
was performed with saline at 4 °C. In this series, all patients 
successfully stopped bleeding during the procedure 
although two required reapplication of saline lavage.

25.3.1.3  Central Airway Obstruction
The rigid scope may be utilized as a mechanical coring 
device through the area of intrinsic obstruction of a central 
airway and has been used in the past for progressive dila-
tion of subglottic stenosis (Figures 25.6 and 25.7).

25.3.1.4  Thermal Ablation
“Hot” techniques for thermal ablation such as laser, argon 
plasma coagulation, and electrocautery are made safer 
owing to the absence of an ignitable endotracheal tube and 
improved ventilation of smoke and debris (Figure  25.8) 
(Video 25.2).

25.3.1.5  Stent Placement and Removal
As the ideal stent does not yet exist owing to the differing 
requirements of individual patients, types of obstructions 
and stenosis, varying personnel and expertise, and equipment, 

Figure 25.5 Clockwise: a portable light source, a “FLUVOG” 
adapter which may be attached to the proximal opening of the 
bronchoscope, a rigid electrocautory instrument with attached 
cord, a suction catheter, and a corrugated ventilation adapter. 
Source: Turner et al. [12]. Reproduced with permission of Wolters 
Kluwer Health, Inc.
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the overriding principle remains the realization of “differ-
ent jobs, different stents” (Figure  25.9). Therefore, the 
types of stents, techniques of insertion, and required per-
sonnel may vary dependent on the individual patient’s situ-
ation. Owing to this, rigid bronchoscopy continues to be 
utilized in the placement and removal of both silicone and 
metallic stents (Video 25.3).

25.3.2  Contraindications

25.3.2.1  Lack of Adequately Trained Personnel
As the primary tool for the bronchoscopist has become the 
flexible bronchoscope, the number of trained operators 

prepared to perform rigid procedures has decreased. 
A  team trained in rigid bronchoscopy including the 
 bronchoscopist, anesthesia, respiratory therapy, and 

Figure 25.6 The distal end of the rigid scope is seen 
immediately above an area of subglottic stenosis.

Figure 25.7 A 56-year-old white male presented with greater 
than 80% obstruction of his trachea for 5 cm. Biopsy 
demonstrated squamous cell carcinoma and the rigid 
bronchoscope was utilized to “core out” the obstructed lumen.

Figure 25.8 Laser photoablation technique is applied through 
the rigid bronchoscope to an area of subglottic stenosis.

Figure 25.9 Selection of currently used airway stents. (1) 
Montgomery T-tubes; (2) Orlowski tracheal stent; (3) Dumon 
tracheal stent; (4) Dumon bronchial stent; (5) Polyflex tracheal 
stent; (6) Polyflex bronchial stent; (7) Polyflex stump stent; (8) 
Noppen tracheal stent; (9) Hood bronchial stent; (10) 
Gianturco stent; (11) Palmaz stent; (12) Tantalum Strecker 
stent; (13) uncovered Ultraflex stent; (14) covered Ultraflex 
stent; (15) uncovered Wallstent; (16) covered Wallstent; 
(17–24) prototypes of stents; (25) Westaby T-Y stent; (26) 
bifurcated Orlowski stent; (27) Hood Y-stent; (28) bifurcated 
Dumon stent; (29) Rusch Dynamic stent. Source: Reproduced 
with permission from: Freitag L. Tracheobronchial stents. In: 
Bolliger CT, Mathur PN, eds. Interventional Bronchoscopy, . Basel: 
Karger; 2000: p. 176.
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nursing personnel is critical to performance of this 
procedure (Figure 25.10).

25.3.2.2  Unstable Cervical Spine
Instability of the cervical spine or a fixed cervical 
spine  due to congenital malformations, arthritis, or 
mechanical fixation makes passage of the rigid scope 
through the upper airway very challenging or not 
possible.

25.3.2.3  Unstable Cardiovascular Status or Hypoxemia 
Not Related to Airway Obstruction
Patients with active cardiac ischemia, hemodynami-
cally  unstable, or otherwise at high risk for general 
 anesthesia are also at increased risk for complications 
during rigid bronchoscopy. Rigid bronchoscopy, however, 
may be indicated if required to relieve obstructing 
lesions causing hypoxemia or dependence on mechanical 
ventilation.

25.4   Anesthesia

Anesthesia for bronchoscopy is further discussed in 
Chapter  5; anesthesia for rigid bronchoscopy, however, 
deserves special mention here. Although rigid bronchos-
copy may be performed under moderate sedation with topi-
cal anesthesia and spontaneous ventilation, this leads to an 
increased risk of hypoxemia and this method has now been 
largely abandoned [9,11]. Therefore, rigid bronchoscopy 
is now most often performed under general anesthesia.

The techniques for ventilation are dependent upon the 
procedural skill of the bronchoscopist and anesthesiolo-
gist, and the available equipment. After administering an 
induction agent to the patient, the rigid bronchoscope is 
inserted into the trachea as subsequently described. When 
properly seated in the trachea, a connection is established 
between one of the side ports and either an Ambu® bag, 
anesthesia machine, or jet ventilator. Jet ventilation may be 
accomplished with a hand-activated valve (100% FiO2 at 
50 psi) or high-frequency jet ventilator.

General anesthesia for flexible bronchoscopy is most 
often performed with inhalational agents, intravenous 
medications, or a combination of both [20]. We prefer uti-
lizing total intravenous anesthesia (TIVA) particularly 
with rigid bronchoscopy owing to loss of anesthetic gases 
into the local environment potentially affecting the bron-
choscopy team. When ventilating by means of an Ambu 
bag or conventional circuit, care must be taken to ensure 
adequate ventilation due to loss of gases through the nose, 
mouth, and proximal end of the rigid instrument. Due to 
this, authors have described methods of intermittent 
insufflation with packing or compression of the nose and 
mouth [21]. We prefer to maintain ventilation by means of 
a jet ventilator, which allows the proximal portion of the 
scope to be open, permitting easy introduction of a flexible 
scope and other instruments as needed. The jet ventilator 
is familiar to most pulmonologists and achieves ventila-
tion through the Venturi principle, with the oxygen satu-
ration being monitored by the anesthesiologist. End-tidal 
capnography is possible with some rigid bronchoscopes 
during high-frequency jet ventilation (HFJV) and was 
found to offer accurate monitoring compared to transcuta-
neous measurement during steady-state conditions [22]. 
The concentration of oxygen used is of concern during 
therapeutic procedures, such as laser where the possibility 
of tracheal fire exists [23].

Additional methods of ventilation and oxygenation have 
been utilized such as different external modalities of ven-
tilation, with Natalini et  al. describing the technique of 
rigid bronchoscopy with intermittent negative pressure 
ventilation and external high-frequency oscillation or the 
use of concurrent extracorporeal membrane oxygenation 
(ECMO) [24–27].

Figure 25.10 Bronchoscopy team, University of Tennessee 
Medical Center, Knoxville, Tennessee.
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25.5  Technique

Once the patient is properly relaxed, the head position is 
adjusted so that the neck is extended, creating a straight 
line from the oral cavity through the oropharynx to the 
vocal cords. The bronchoscope is then held with one hand 
at the proximal portion with the distal flared lip of the 
bronchoscope being anterior. If the intubation is to be car-
ried out with the Hopkins telescope already inserted 
through the rigid bronchoscope (Figure  25.3), then the 
image through the telescope must be oriented to ensure it 
corresponds to the “clock face” of the distal portion of the 
rigid bronchoscope (i.e., the protruding distal lip should be 
at the 12 o’clock position) (Figure 25.11). The telescope is 
then held stationary in relation to the rigid bronchoscope 
with the hand holding the proximal end of the broncho-
scope to maintain consistent orientation. The distal end of 
the telescope must also always be inside the lip of the rigid 
bronchoscope to allow proper insertion. With the patient’s 
head in the proper “sniffing” position and the distal end of 
the rigid bronchoscope having the protruding lip in the 12 
o’clock position, the opposing hand’s second, third, and 
fourth fingers are inserted into the patient’s mouth. This 
allows positioning and stabilization of the patient’s head 
that may be needed during intubation. The thumb and first 
finger of the distally placed hand then serve as a guide 
through which to insert and pass the tube through the oro-
pharynx. The forefinger will protect the lower teeth and lip 
from direct contact with the rigid bronchoscope, with the 
thumb protecting the upper lip and teeth.

The tube is first aimed at a 90° angle to the opening of 
the mouth (Figure 25.12). The rigid bronchoscope is then 
passed through the tunnel created by the thumb and fore-
finger of the distal hand until the uvula is visualized. 
Once the uvula is reached, the proximal portion of the 
rigid bronchoscope is angled downward, gradually orient-
ing the long axis of the tube more horizontally with the 
thumb of the distally placed hand acting as a fulcrum 
against which the rigid bronchoscope moves. The forefin-
ger of the “distal” hand acts as the anterior guide for the 
bronchoscope as well as protecting the lower lip and 
teeth. The operator should not allow the bronchoscope to 
pivot on the upper teeth or lips, thereby causing lip 
trauma or fractured teeth.

The bronchoscope is advanced forward in the midline 
until the epiglottis is visualized, with the protruding tip of 
the bronchoscope then used to elevate the epiglottis, much 
as a Miller or straight blade on an intubating laryngoscope 
is utilized (Figure 25.13). The rigid bronchoscope is passed 
under the epiglottis and rotated 90° to permit easy passage 
of the lip of the tube through the vocal cords. The flared 
lip of the bronchoscope may be used to gently push 
between the vocal cords, occasionally utilizing a slight 
corkscrewing motion. The bronchoscope should not, how-
ever, be forcefully pushed through the cords and, if the 
glottic opening is not large enough, consideration should 
be given to utilizing a smaller diameter tube. Once the dis-
tal lip is past the vocal cords, the bronchoscope is rotated 
another 90°, placing the protruding lip of the tube at the 6 
o’clock position with the proximal portion of the tube 
allowed to rest along the orobuccal fold (Figure  25.14). 
The teeth and gums may be cushioned with gauze or a 
rubber protector.

Additional methods for introducing the rigid broncho-
scope into the trachea may be utilized dependent upon 

Figure 25.11 The rigid scope is held in the right hand at the 
proximal portion with the distal flared lip of the bronchoscope 
being anterior. The image through the telescope must be 
oriented to ensure it corresponds to the “clock face” of the distal 
portion of the rigid bronchoscope.

Figure 25.12 The ventilating bronchoscope is aimed vertically 
at a 90° angle to the opening of the mouth. Source: Turner et al. 
[12]. Reproduced with permission of Wolters Kluwer Health, Inc.
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equipment availability and in the event of a difficult 
airway.

 ● Intubation without a telescope, looking directly through 
the ventilating bronchoscope, such as with a periscope, 
and insertion via direct visualization of the mouth and 
vocal cords. Illumination may be provided by means of a 
prism attachment to shine light distally.

 ● Passing the flexible bronchoscope through the ventilat-
ing rigid bronchoscope and holding the distal end of the 
flexible scope stationary to the proximal end of the rigid 
bronchoscope, similar to the technique used with the 
Hopkins telescope.

 ● Using a laryngoscope or a videolaryngoscope, such as 
a  GlideScope® videolaryngoscope (Verathon Medical, 
Bothell, WA), to perform direct laryngoscopy and 

 inserting the rigid scope into the subglottic space in the 
same manner as endotracheal intubation is accom-
plished (Figures 25.15 and 25.16).

 ● Intubate the patient with a standard endotracheal tube 
prior to using the rigid scope. Intubation with the rigid 
scope is then accomplished by sliding it along the surface 
of the endotracheal tube until the glottic opening is visu-
alized. The endotracheal tube is then slowly withdrawn 
while sliding the rigid scope forward between the vocal 
cords (Figure 25.17) (Video 25.4).

Once in the subglottic space, the rigid bronchoscope is 
slowly advanced forward, carefully inspecting the trachea. 
The rigid bronchoscope is able to glide forward easily and 
should not be forced. When the main carina has been 

Figure 25.13 The bronchoscope is slowly advanced forward 
until the epiglottis is visualized. Source: Turner et al. [12]. 
Reproduced with permission of Wolters Kluwer Health, Inc.

Figure 25.14 The proximal portion of the tube is allowed to 
rest along the orobuccal fold and the operator is using a Hopkins 
telescope through the rigid bronchoscope. Source: Turner et al. 
[12]. Reproduced with permission of Wolters Kluwer Health, Inc.

Figure 25.15 The laryngoscope is used to visualize the vocal 
cords and the patient is “intubated” with the rigid bronchoscope.

Figure 25.16 A GlideScope is utilized to visualize the vocal 
cords with intubation under direct vision by the ventilating rigid 
bronchoscope.
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inspected, the patient’s head is rotated to permit intubation 
of the main bronchi and more distal inspection. Rotation 
of the patient’s head to the right side positions the bron-
choscope to intubate the left mainstem bronchus. 
Conversely, rotation of the patient’s head to the left side 
allows intubation of the right mainstem bronchus. The 
upper and lower segmental orifices are generally easily 
identified. Complete examination to the subsegmental 
level is generally possible in the middle and lower lobe 
with a 0° telescope. The acute angle at which the right 
upper lobe branches from the right main bronchus will not 
allow full subsegmental inspection without the aid of a 90° 
lens. This acute angle will also make biopsies without the 
additional aid of a flexible fiberoptic bronchoscope more 
difficult. The left upper lobe segments and the lingula may 
be visualized with much the same technique as for the 
right upper lobe. After general inspection as needed, addi-
tional interventional procedures may be completed 
through the rigid bronchoscope.

Upon completion of the procedure, a flexible suction 
catheter is inserted through the rigid bronchoscope past 
the distal end. If the operator has intubated the patient 
with the Hopkins telescope, this instrument is then 
inserted through the rigid bronchoscope until just proxi-
mal to the distal flared end of the rigid tube. Again, the 
distal flared end of the outer tube should be visible to 
prevent inadvertent perforation of the trachea or 
bronchi.

With continuous suction, the rigid tube is then removed 
in the near horizontal plane in which it has been resting. 
This should be able to be accomplished with a smooth slid-
ing motion unhampered by notable resistance.

25.6   Complications

Complications are often related to the underlying pulmo-
nary pathology requiring rigid bronchoscopy and result 
from:

 ● hypoxemia – inability to intubate and secure an airway 
or secondary to underlying pulmonary abnormality

 ● hemodynamic instability
 ● tracheal or esophageal perforation – the rigid instrument 

is forced or misdirected with resultant perforation of the 
upper airway, trachea, or esophagus

 ● dental trauma
 ● laryngeal edema.

Care must be taken not to insert the tube too quickly or 
with too great a force, thereby becoming disoriented and 
inadvertently entering a pyriform sinus, the esophagus, 
or  pushing through the glottis without visualization. 
Proceeding in haste may also lead to improper positioning 
or avulsion of a vocal cord. This may happen particularly in 
those patients who have already undergone previous head 
and neck surgery. In these cases, careful advancement of 
the scope always using direct vision is essential for proper 
intubation. As with any type of intubation procedure, the 
operator must be aware that the patient is apneic during 
this attempt and should permit the patient to be ventilated 
if prolonged or multiple intubation attempts are needed.
Meticulous preoperative planning is essential, with a clear 
understanding between the bronchoscopist and 
 anesthesiologist as to a primary plan for establishing 
 ventilation with the rigid scope and consideration of 
 alternative courses of action should the airway be “lost.” 
Also, a selection of varying sizes of rigid bronchoscopes, 
endotracheal tubes, and laryngeal mask airways (LMA), as 
well as an emergent cricothyrotomy or tracheostomy kit 
should be part of every rigid bronchoscopy operator’s 
available equipment, dependent upon the clinical problem.

25.7  Training Goals

Not all bronchoscopists, in our opinion, need to learn the 
technique of rigid bronchoscopy. The majority of broncho-
scopic procedures can now be effectively performed 
through use of the flexible bronchoscope. As noted above, 
however, there are circumstances where the ability to use a 
rigid bronchoscope is desirable. As the number of broncho-
scopic cases requiring rigid technique is small compared to 
the overall number of bronchoscopies performed in the 
US, we propose that each major referral center should have 
at least one bronchoscopist who is skilled in both rigid and 
flexible techniques.

Figure 25.17 The rigid bronchoscope is inserted along the 
endotracheal tube, which is then slowly withdrawn while sliding 
the rigid tube forward between the vocal cords.
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This is not to say that the technique of rigid bronchos-
copy is beyond the ability of the average bronchoscopist. 
On the contrary, as with any learned skill, proficiency is 
dependent upon training and individual ability. However, 
every operator understands that, as for any skill, a certain 
number of procedures are required to initially learn the 
technique and then maintain proficiency. Kvale proposed 
credentialing guidelines for laser bronchoscopy in 1990 
[28], with at least 25 such procedures to be performed per 
physician per year to maintain proficiency. The American 
College of Chest Physicians’ formal bronchoscopic guide-
lines for the fiberoptic bronchoscope state that the minimum 
number of procedures to allow one to be able to anticipate 
problems and complications is 50 diagnostic bronchosco-
pies under supervision, with the recommendation for the 

trainee to perform at least 20 rigid bronchoscopies in a 
supervised setting for basic competency [29,30].

25.8   Conclusion

Rigid bronchoscopy continues to be a useful technique 
more than 100 years after its inception by Killian. The 
 combination of a large-diameter tube in which to work 
with the advantage of controlled ventilation allows the per-
formance of procedures not yet suitable for the smaller 
working channel of the fiberoptic scope. Continued train-
ing and mastery of this skill are needed for interventional 
bronchoscopists to offer this useful skill in the care of their 
patients.
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26

26.1  Introduction

The technology of bronchoscopic intervention has devel-
oped rapidly in the past 10 years. In particular, pediatric 
flexible bronchoscopy progressively plays a leading role in 
clinical practice [1–3]. Pediatricians creatively apply ther-
mal ablation (electrocoagulation, argon plasma coagula-
tion, laser), cryotherapy, balloon ditation, and stent 
insertion to manage airway obstruction and reconstruc-
tion. They also carry out explorative research into the 
application of protected specimen brush, transbronchial 
lung biopsy (TBLB), transbronchial needle aspiration 
(TBNA), and medical thoracoscopy. The development of 
airway stents and balloons suitable for children, and scien-
tific research on topical medication via the bronchoscope 
are ongoing. Application of new technology has caused 
revolutionary progress in the diagnosis and treatment of 
pediatric respiratory infections, allergic and interstitial 
diseases, as well as airway obstruction due to tumor, tuber-
culosis, trauma, extrinsic compression, and congenital 
dysplasia.

26.2  Preprocedural Considerations

26.2.1  Choosing a Flexible Fiberoptic 
Bronchoscope

It is essential to choose a flexible bronchoscope of suitable 
size. Flexible bronchoscopes of different sizes are available 
for children of different ages, even newborns. The flexible 
bronchoscopes commonly used in pediatrics have an outer 
diameter of 2.8–4.0 mm, with a suction/instrumental chan-
nel of 1.2–2.2 mm diameter. Additionally, the “ultrafine” 

bronchoscope (2.2 mm outer diameter) plays an important 
role in the evaluation of premature infants and the distal 
airways of small newborns. Larger diameter ( 4.9 mm) 
bronchoscopes are appropriate for school-age and adoles-
cent patients. Forceps of different sizes are available for use 
in the instrumental channel of 1.2–2.2 mm.

The choice of bronchoscope depends on the aim of the 
procedure and the size of the child’s airway. The diameter 
of a child’s airway can be approximated by the following 
calculation:

 Airway caliber mm age in years /( ) ( )4 4 
The choice of bronchoscope is critically important if it is 

going to be inserted via an endotracheal tube (ETT) since it 
will partially block the lumen [4]. The amount of the cross-
sectional area blocked by the bronchoscope can be calcu-
lated from the formula:

 1 1002 2bronchoscope radius / ETT radius  

Therefore, placing a 2.8 mm bronchoscope into a 4.0 mm 
ETT will block 57% of the luminal diameter. For adequate 
spontaneous ventilation, the ETT internal diameter gener-
ally needs to be at least 1 mm greater than the external 
diameter of the bronchoscope. Assisted ventilation may be 
required when more than 50% of the ETT lumen is 
obstructed or for children who have significant preexisting 
gas exchange abnormalities.

In conclusion, the inner diameter of the trachea at birth 
is about 4.0–5.0 mm and increases with age. Choosing the 
correct bronchoscope for different ages is the precondition 
for successful and safe procedures. Bronchoscopes with 
diameter less than 3.0 mm can be used in all age groups, 
while those with diameter between 4.0 mm and 4.9 mm are 
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used only in children over 1 year old. Suction, oxygen sup-
ply, lavage, biopsy, brush, balloon dilation, and laser abla-
tion are possible via a 1.2 mm instrument channel, while 
the practitioner can also perform electrocoagulation, cry-
oablation, metal stent insertion, TBNA, TBLB, etc., via a 
2.0 mm instrument channel.

26.2.2 Preoperative Patient Preparation

The preoperative area should be designed to minimize the 
level of anxiety associated with the flexible fiberoptic bron-
choscope (FFB). This can be accomplished by providing dis-
tractions and minimizing painful procedures such as placing 
IV lines prior to the procedure. A sedative or anxiolytic pre-
medication may benefit a very distressed or uncooperative 
child. Oral midazolam is well suited for this purpose.

Ensure that the patient wears their printed identification 
wristlet and has at least one effective venous access.

26.2.2.1 Preoperative Assessment
Since sedatives and anesthetics have various degree of 
inhibition in the respiratory and cardiovascular system, as 
well as the original respiratory disease itself, the child may 
experience respiratory inhibition and hyoxemia, laryn-
geal,  tracheal and bronchospasm, blood pressure drop, 
arrhythmia, etc., during bronchoscopy. Thus, it is neces-
sary to select the optimal operation time and anesthesia 
method, and also assess tolerance before the operation and 
make contingency plans.

26.2.2.2 Signed Informed Consent
For local or general anesthesia, the practitioner must inform 
the patient’s guardian (or, for older children, the child 
themselves) of the purpose of bronchoscopy, alternative 
management options, and possible complications during 
and after operation. The guardian must sign the informed 
consent. For general anesthesia, the anesthesiologist must 
determine any allergic history to anesthetics and the guard-
ian must sign the informed consent for anesthesia.

The time immediately prior to the procedure can be dif-
ficult for both parents and children. There is often anxiety 
about the procedure itself as well as the potential of an 
unwanted discovery which may be revealed by FFB. 
Additionally, children are often fussy and anxious because 
they are hungry and in a foreign environment. Especially 
for children over 3 years old, psychological nursing should 
be carried out to eliminate their tension and anxiety as 
much as possible, and obtain their cooperation.

26.2.2.3  Preoperative Examination
Routine examination including blood tests, coagulation 
test, serological tests for hepatitis B and C, HIV, syphilis, 

chest X-ray or computed tomography (CT), electrocardio-
gram, etc. Some patients may also require blood typing, 
liver, kidney, and lung function tests, ultrasound, etc.

26.2.2.4  Preoperative Fasting
According to gastric emptying times for different kinds of 
food, fasting times differ, for example, two hours for light 
drinks, four hours for breast milk, six hours for cow’s 
milk, formula milk and starchy solid food, eight hours for 
fatty solid food. Infants and newborns with low glycogen 
reserves can be given intravenous glucose after fasting for 
two hours, in case of hypoglycemia and dehydration.

26.2.2.5  Intervention Equipment and Computer 
Workstation Preparation
The following routine medicine and first aid items should 
be available.

 ● Routine drugs: 37 °C normal saline, 2% lidocaine, lubri-
cant, etc.

 ● Emergency drugs: 4 °C normal saline, adrenaline and 
bronchodilator, hemostatics (hemocoagulase, hypophy-
sin, etc.), corticosteroids (intravenous use and nebuliza-
tion), diuretics, etc.

 ● Emergency facilities: oxygen, aspirator, resuscitation 
 airbag, different types of tracheal cannulas, pulse oxi-
metry monitor, defibrillator, etc. It is recommended to 
be equipped with an anesthesia machine or ventilator.

 ● Different types of bronchoscopes.
 ● Routine equipment: lavage bottles, nasal tube, biopsy 

forceps, etc.
 ● Special equipment: laser station, cryoablation station, 

electric workstation, different types of balloons and 
stents, etc.

 ● Check that the computer workstation is working 
normally.

26.3   Bronchoscopy Procedure

26.3.1  Sedation and Anesthesia

Sedating children for procedures can be challenging. 
Choosing the appropriate anesthetic approach is vital to 
achieving a successful procedure. There are several factors 
to consider including safety of the child during the proce-
dure; comfort of the child before, during, and after the pro-
cedure; preventing undue anxiety in both child and family; 
and establishing appropriate sedation to perform the pro-
cedure. Sedation for FFB is typically achieved by topical 
application of lidocaine in conjunction with intravenous 
sedatives or inhalational anesthetic agents. The depth of 
sedation and choice of sedative agents will be dictated by 
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the goals for the FFB. The dynamic properties of the airway 
can be altered by changes in muscle tone and breathing 
induced by deep sedation or general anesthesia.

26.3.1.1 Entering While Anesthetized, 
with Topical Lidocaine and Sedation
Professor Liu Xicheng [5] first used the method of enter-
ing while anesthetized, namely anesthetizing with topical 
lidocaine sprayed on the mucosal surface, which has been 
modified and perfected subsequently. Lidocaine 2% was 
inhaled by nebulization first, and then midazolam was 
given at 0.1–0.3 mg/kg after admission to the operation 
room, with a total dose less than 10 mg. A moderate dose 
of atropine 0.03 mg/kg can prevent young infants 
 experiencing vagus nerve-related bradycardia and reduce 
secretions.

One to two milliliters of 1–2% lidocaine (1% for infants 
under 6 months) is sprayed when the bronchoscope is 
inserted into the glottis, larynx, trachea, left and right main 
bronchus; spraying can be repeated if necessary, up to a 
total of not more than 7 mg/kg [6]. 1:10 000 adrenaline can 
be administered together with lidocaine, to constrict 
mucosal vessels to prevent swelling and bleeding, and also 
relax bronchial smooth muscle, enhance myocardial con-
tractility, and resist allergy.

The practitioner begins the bronchoscopy after the child 
is sedated. If the child has obvious body movement or 
cough, which implies a poor reaction to sedatives due to 
individual differences, propofol can be used at 0.5–1 mg/kg 
and repeated if necessary, which is very safe in conven-
tional use [7].

26.3.1.2 General Anesthesia
According to the different ventilation methods, general 
anesthesia can be divided into intravenous compound, 
 tracheal intubation, laryngeal mask ventilation, and  
high-frequency ventilation general anesthesia. General 
anesthesia is usually performed by the anesthesiologist, 
selecting sedatives, analgesics and muscle relaxants, if nec-
essary, to achieve appropriate anesthesia depth, enable 
children to tolerate the operation, and maintain the stabil-
ity of vital signs. The most common general anesthesia 
method is laryngeal mask ventilation, which is suitable for 
bronchoscopy and intervention at the larynx and below. 
For children with tracheal stenosis, especially in the upper 
part, laryngeal mask ventilation may be the best method to 
control the airway.

26.3.1.3  Laryngeal Mask Airway
Placement of a laryngeal mask airway (LMA) provides bet-
ter control of the airway than either a facemask or naso-
pharyngeal airway [8]. An LMA allows assisted ventilation 

in children at risk for significant gas exchange abnormali-
ties during the procedure. Placement and maintenance of 
an LMA require a greater depth of sedation or anesthesia 
than the use of a facemask. However, the depth of anesthe-
sia required to maintain the LMA reduces the risk of both 
laryngospasm and bronchospasm. LMAs are available in a 
range of sizes that can fit even newborn infants (Table 26.1). 
If a single-use LMA is utilized then the grill at the aperture 
can be removed prior to placement to facilitate placement 
of the bronchoscope.

The downside to an LMA is that its placement may dis-
tort the upper airway anatomy. The aperture of the LMA 
can lie above the epiglottis, which may partially obstruct 
passage of the bronchoscope. Additionally, the depth of 
sedation required for LMA placement may alter airway 
dynamics and vocal cord movement.

26.3.1.4  ETT Placement Under General Anesthesia
The use of an ETT under general anesthesia is mainly 
applicable to procedures in the distal trachea and endo-
bronchial treatment in older children. Placement of an 
ETT allows easy access to the lower airway for bronchoal-
veolar lavage (BAL) and other diagnostic procedures when 
evaluation of the upper airway is not required or in chil-
dren at risk for significant respiratory comprise during the 
procedure. Effects of positive pressure on lower airway 
dynamics can also be studied. The main drawback to using 
an ETT is that the upper airway and proximal lower airway 
cannot be visualized. Additionally, dynamic abnormalities 
in the airway may be masked by the presence of the ETT 
and depth of anesthesia.

26.3.1.5  High-Frequency Ventilation 
General Anesthesia
High-frequency ventilation general anesthesia is suitable 
for bronchoscopy and interventions with short procedure 
times. Therefore, when performing bronchoscopy on 
children without ventilation support, oxygen should be 

Table 26.1  Laryngeal mask airway (LMA) sizes

LMA size Child’s weight (kg)

1 <5

1½ 5–10

2 10–20

2½ 20–30

3 30–50

4 50–70

Source: Adapted from http://www.lmana.com.
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supplied via nasopharyngeal tube (0.5–2 L/min) or mask 
(2–4 L/min), or sometimes via the working channel 
(0.5–1 L/min), which requires monitoring of intrathoracic 
pressure and supplying oxygen intermittently.

Inhaled anesthetics are used for induction of general 
anesthesia and are suitable for some patients, especially 
those who do not need dynamic airway evaluation. Inhaled 
anesthetics are also used before placing a laryngeal mask 
or ETT or for venipuncture.

26.3.2  Monitoring

Routine monitoring during an operation includes elec-
trocardiogram, respiration, noninvasive blood pressure, 
pulse oxygen saturation, and end-tidal carbon dioxide. 
The ideal oxygen saturation should reach at least 95%; if 
it is less than 90% and accompanied by bradycardia or 
arrhythmia, the practitioner must suspend the procedure 
and administer symptomatic treatment. Resumption of 
the procedure depends on the response of the patient. 
After the operation, the patient must be monitored until 
fully conscious and administered oxygen inhalation and 
nebulization if necessary, in case of any postoperative 
complications.

26.4   The Operation 
of Bronchoscopy

Before the procedure, physicians, nurses, and anesthesiol-
ogists should work together to identify the child. Most chil-
dren are placed in a supine position with the shoulders 
slightly elevated. The bronchoscope is usually delivered 
gently through the nostrils and the bronchoscopist should 
pay attention to whether there is any abnormality in the 
nasal cavity and pharynx (for those entering through the 
oral cavity, the tongue), tonsils, epiglottis and glottis, and 
whether there is collapse of the epiglottis, vocal cord move-
ment, and symmetry. After entering the trachea, the mor-
phology, mucosal color, articulation of the cartilage ring, 
and position of carina and main bronchus should be 
observed. Generally, the healthy side should be checked 
first and then the affected side. If the lesion is not very 
obvious, the right side should be checked first and then the 
left. After the lesion is confirmed, the bronchoscopist can 
suction secretions and carry out brush inspection, forceps 
biopsy, and alveolar lavage.

During the procedure, the bronchial mucosa of each lobe 
and segment should be observed for hyperemia, edema, 
necrosis, ulcer, bleeding or secretions; whether the tube 
cavity and opening are unobstructed or deformed; whether 
there is stricture, foreign body, or organisms.

During the examination, keep the scope as much in the 
center of the trachea and bronchial cavity as possible, avoid 
touching the luminal wall to cause cough, bronchospasm, 
and damage to the mucosa.

The operation should be skilled, accurate, and fast, as far 
as possible, to shorten the procedure time.

26.5   Diagnosis and Treatment 
of Children’s Lung Diseases

26.5.1  Diagnosis Under Bronchoscopy

26.5.1.1  Abnormality of Tracheal 
and Bronchial Walls
Check for mucosal abnormality (congestion, edema, hyper-
trophy and atrophy, circular ruffle, longitudinal fold, 
ulcers, necrosis, scar, nodules), granulation, tumor, fistula, 
diverticulum, vasodilation or anfractuosity, mucus gland 
expansion, pigmentation, calcifications, bronchial stump, 
tracheobronchial membrane broadening, complete tra-
cheal ring, cystic lesion, etc.

26.5.1.2  Abnormality of Tracheal 
and Bronchial Lumen
Assess for obstruction, stenosis, dilation, atresia, abnormal 
branches of the trachea and bronchus.

26.5.1.3  Abnormal Substances in Tracheal 
Bronchial Lumen

 ● Secretions: serous, mucous, purulent and bloody, milky.
 ● Bleeding: blood or old blood clots.
 ● Foreign body: exogenous and endogenous.
 ● Caseous substance.

26.5.1.4  Dynamic Changes
 ● Vocal cord paralysis: bilateral or unilateral.
 ● The carina wave disappears.
 ● Tracheal mobility disorder: complete tracheal cartilage 

ring, tracheal ossification, etc.
 ● Bronchospasm.
 ● Malacia: tracheal and bronchial walls collapse during 

exhalation; mild lumen shrinkage is less than 1/2; 1/2–
3/4 is moderate; more than 3/4 is severe. Malacia can be 
primary or secondary to compression of vessels, heart, 
tumor, etc.

26.5.2  Diagnostic Methods

26.5.2.1 Brush
Brush smear, staining and culture after entering the tra-
chea, bronchi and segmental bronchus, mainly used for 
cytology and pathogenic detection.
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26.5.2.2  Biopsy
26.5.2.2.1 Cytology, Tissue Biopsy

 ● Brush biopsy.
 ● Forceps biopsy: mucosal biopsy and TBLB; the positive 

rate of biopsy can be improved by means of electronic 
navigation, electromagnetic navigation, circular ultra-
sound, and endobronchial ultrasound (EBUS).

 ● TBNA biopsy and EBUS-guided needle aspiration biopsy 
(EBUS-TBNA): lymph nodes around the trachea and 
bronchus are sampled to improve the positive rate of 
diagnosis.

 ● Cryobiopsies under bronchoscopy are divided into two 
types: frozen mucosa biopsy and frozen lung biopsy.

26.5.2.2.2 BAL Biopsy The technique for performance of 
BAL is similar in adults and children (see Chapter 14 for 
specific procedure). The tip of the bronchoscope is wedged 
into a segmental or subsegmental bronchus and one aliquot 
of normal saline is instilled and then aspirated back. The 
optimal volume for BAL is unclear [9]. Typically, saline 
aliquots of 1 mL/kg are instilled up to a maximum of  
5 mL/kg. However, studies have suggested that adjusting 
the volume of saline instilled based on the child’s age may 
be a better approach [10]. The usual fluid return from a BAL 
is approximately 30–60% of the instilled saline. The volume 
returned tends to increase with subsequent aliquots. 
Normal values for cellular components of BAL fluid from 
children are available [9,11]. Normal cell composition 
(ratio): lymphocytes <15%, granulocytes <3%, eosinophils 
<0.5%, macrophages 80–95%. Cellular components of the 
BAL are altered in disease states [12,13]. BAL has also been 
used extensively in research studies to evaluate inflammatory 
mediators [14,15]. Therapeutic lavage can be used to treat 
atelectasis by removing inspissated secretions obstructing 
airways. Therapeutic lavage has also been used in the 
treatment of alveolar proteinosis [16].

26.5.2.3  Rapid On-Site Evaluation (ROSE)
Rapid on-site evaluation is a rapid cytology and pathogen 
interpretation technique that accompanies diagnostic 
intervention in the diagnosis and treatment of respiratory 
diseases [17]. It can identify the morphology, classification, 
count, composition ratio, arrangement, correlation, back-
ground, and foreign matter analysis of cells and pathogens. 
It can also assist in rapid on-site primary diagnosis of res-
piratory infectious and neoplastic diseases.

26.5.3  Bronchoscopic Therapy

26.5.3.1  Basic Therapy
 ● BAL: inject 37 °C saline or drugs into the segmental 

bronchus through the bronchoscope working channel, 

and then suction to clear the respiratory tract and/or 
alveoli, to relieve airway obstruction, improve respira-
tory function, and control infection. BAL is divided 
into  total lung lavage and bronchopulmonary lavage. 
Bronchopulmonary lavage is mainly used for the treat-
ment of pulmonary infectious diseases, atelectasis, bron-
chiectasis, protracted bacterial bronchitis, allergic 
alveolitis, mild hemoptysis or bloody sputum. Total lung 
lavage is mainly used in the treatment of alveolar proteo-
sis and other diseases.

 ● Local drug treatment: spraying and injection. Used for 
hemostasis, dilution secretion, antiinfection, etc.

 ● Brush: used for brushing secretions, retrieving endoge-
nous foreign body, etc., to clear the airway.

 ● Clamp: forceps matching the endoscopic instrument 
channel can be used to remove endotracheal foreign 
body, hyperplasia tissue, and necrosis. A foreign body 
basket is often used for items difficult to extract with 
forceps.

26.5.3.2 Advanced Intervention
 ● Balloon dilation: for the treatment of airway stenosis, 

removal of special foreign bodies.
 ● Ablation.

 – Thermal ablation: including laser, electrocoagulation 
and/or electrotomy, argon plasma coagulation, etc., 
mainly used in the ablation of hyperplastic lesions 
such as granulation, tumor, space occupation, and cyst 
in the airway cavity [18–21]. Electrocoagulation and 
electrotomy are especially suitable for large lesions, 
and electric snare is used for cutting treatment with 
pedicle growth. Argon plasma coagulation is more 
suitable for diffuse and superficial hyperplasia, and 
has advantages for superficial airway hemorrhage. 
The laser fiber is slender and can pass through the 
1.2 mm working channel, which can accurately treat 
laryngeal, glottis, and subsegmental bronchial lesions.

 – Cryoablation: including freeze–thaw and freeze-cut-
ting techniques. Freeze–thaw surgery can be applied 
to the treatment of benign and malignant tumors and 
stenosis in the airway, and can inhibit the proliferation 
of granulation [22–23]. Freeze-cutting techniques can 
be applied to lung biopsy, clearing blood clots in the 
airway or bronchoplasmotype.

 ● Stent implantation: suitable for supporting trachea, 
bronchial softening and weak airway cartilage; tracheal 
bronchial stenosis of airway reconstruction; palliative 
treatment of tracheoesophageal fistula. Children’s air-
way stents are divided into bare metal stents, coated 
metal stents, and silicone stents and are available as 
straight type, T type, L type, Y type, etc. [24–29]. The 
choice of stent should take into account the patient’s 
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condition, the location and type of airway lesions, the 
equipment available, and the technical ability of 
operators.

 ● Assist with difficult tracheal intubation, gastric 
catheterization.

26.6   Indications and Contraindications 
of Pediatric Bronchoscopy

26.6.1 Indications

The most common indications for bronchoscopy in chil-
dren are to exclude anatomical abnormalities or foreign 
body aspiration. Diagnostic information depends on the 
purpose of bronchoscopy.

1) Laryngeal stridor
2) Recurrent or persistent wheeze
3) Localized stridor
4) Unexplained chronic cough
5) Recurrent airway infections
6) Suspicion of foreign body aspiration
7) Hemoptysis
8) Difficulty weaning from ventilation
9) Abnormal radiography

 ● Tracheal and bronchopulmonary dysplasia or 
deformity

 ● Atelectasis
 ● Pulmonary emphysema
 ● Pulmonary nodular lesions
 ● Diffuse pulmonary lesions
 ● Mediastinal emphysema
 ● Occupation lesions in airway or mediastinum
 ● Malformation of vessels, lymphatics, and esophagus
 ● Pleural cavity lesions requiring differential diagnosis

10) Obtain specimens for pathological diagnosis in infec-
tious lung diseases

11) Suspicion of tracheobronchial laceration or rupture 
after chest trauma

12) Conditions requiring bronchoscopic intervention
13) Airway evaluation and management in the periopera-

tive period of cardiothoracic surgery
14) Assisting tracheal intubation
15) Others: differential diagnosis of unexplained growth 

retardation, sleep disorders, etc.

26.6.2 Contraindications

There is no absolute contraindication to pediatric brochos-
copy; whether it is contraindicated or not depends on the 
skill level of the bronchoscopist and the necessary equip-
ment conditions.

Relative contraindications are as follows.

 ● Severe cardiac and pulmonary dysfunction.
 ● Severe arrhythmia: atrial ventricular fibrillation and pal-

pitation, third degree and above atrial ventricular block.
 ● For patients with persistent high fever, medications 

should be administered to decrease body temperature 
below 38.5 °C before bronchoscopy to prevent febrile 
convulsions.

 ● Active hemoptysis: severe hemorrhagic or coagulation 
disorders, severe pulmonary hypertension and other 
conditions tending to bleeding.

 ● Severe malnutrition and weakness.

26.7  Differential Diagnosis

26.7.1 Stridor

Laryngomalacia (Figure 26.1) is by far the most common 
etiology of stridor in young children [30]. Other functional 
lesions, such as paralyzed vocal cord(s) (Figure 26.2), can 
also be identified. Structural anomalies in the supraglottic 
or subglottic region can also lead to stridor. These include 
supraglottic cyst (Figure  26.3) and subglottic stenosis 
(Figure 26.4). Rigid bronchoscopy may be required to visu-
alize some lesions, such as laryngeal clefts [31].

26.7.2 Persistent Wheezing

In a review of 1000 bronchoscopies, Wood [32] found 
 relevant abnormalities in 70% of children with wheezing. 

Figure 26.1  Laryngomalacia in a 5-month-old boy with stridor.
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The utility of FFB in evaluating persistent or recurrent 
wheezing may be improved when the results are interpreted 
in conjunction with other studies such as CT scans and 
fluoroscopy or tests for gastroesophageal reflux (GER) [33].

There are several anatomical abnormalities that can pre-
sent as persistent wheezing. Dynamic lesions that lead to 
air flow limitation during expiration, such as bronchoma-
lacia (Figure  26.5), can be diagnosed using FFB. Other 
congenital lesions, such as complete tracheal rings 
(Figure 26.6), are much less common. Airway obstruction 
by masses, such as cysts or hemangiomas (Figure  26.7), 

can also present as wheezing or persistent atelectasis. 
Although airway tumors are very rare in children, they 
can also be identified using FFB (Figure  26.8). External 
airway compression by a pulsatile mass can indicate the 
presence of a vascular ring. Children with congenital heart 
disease can exhibit airway compression, which is fre-
quently associated with significant malacia from abnor-
mal vascular structures or cardiac enlargement.

Foreign bodies are occasionally the cause of persistent 
wheezing, which may or may not be localized on physical 
examination. Figure 26.9 shows the inflammatory response 
to remnants of an aspirated peanut. Foreign body removal 
is typically performed using rigid bronchoscopy but suc-
cessful removal of foreign bodies from children using FFB 
has been described [34]. If a foreign body is unlikely, per-
forming FFB first can be an effective approach to manage-
ment [35]. Chronic aspiration associated with dysfunctional 
swallowing is a common cause of wheezing in infants, 
which often leads to edematous lower airway mucosa. 
Erythema and edema of upper airway structures suggest 
the presence of significant GER. However, the diagnosis of 
chronic aspiration cannot be made by FFB alone.

The presence of lipid-laden macrophages (LLM) in BAL 
fluid can be an indication of aspiration. However, there is 
ample evidence that LLMs are not a specific finding [36–
38]. The finding of LLM in BAL fluid must be interpreted 
in conjunction with evaluation of the child’s swallowing 
function, degree of GER, and severity of lung disease. The 
response to discontinuation of oral feedings is often the 

Figure 26.2  Paralyzed vocal cord in a 2-month-old girl with 
stridor.

Figure 26.3  Supraglottic cyst in a 3-month-old boy.

Figure 26.4  Subglottic stenosis in a 6-month-old girl after 
intubation.
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Figure 26.5  Bronchomalacia in a 5-month-old boy with persistent wheezing.

Figure 26.6  Complete tracheal rings in a 13-month-old boy 
with persistent wheezing.

Figure 26.7  Subglottic hemangioma in a 12-year-old boy with 
chronic cough and hemoptysis for two years.
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best way to diagnose chronic aspiration in infants. 
Identification of a tracheoesophageal fistula as a source of 
chronic aspiration may also be possible using FFB.

26.7.3 Chronic Cough

Bronchoscopy can frequently identify the etiologies of a 
chronic cough in a child. Wood [32] found relevant 

 abnormalities in 55% of children evaluated for cough. Saito 
et al. [39] found lower airway abnormalities in 12/19 (63%) 
of 5–26-month-old infants with chronic cough. Both viral 
and bacterial pathogens were recovered frequently. Chronic 
bronchitis has also been implicated as a cause of chronic 
cough in a large series of patients with “wet” cough [40]. 
As with wheezing, chronic aspiration is a frequent cause of 
cough in infants.

26.7.4 Atelectasis

The most common cause of atelectasis is airway obstruc-
tion by mucus plugs [32,41]. Therefore, removal of secre-
tions with therapeutic lavage can be an effective therapy 
for atelectasis. Other etiologies commonly encountered 
include foreign bodies, airway stenosis, bronchomalacia, 
and extrinsic compression [41].

26.7.5  Pneumonia and Suspected Infection

Since children often do not expectorate sputum, FFB can 
play an important role in the identification of infectious 
pathogens in both immunocompetent and immunocom-
promised children. For example, the yield of BAL in detect-
ing an organism in children with pneumonia following 
bone marrow transplantation ranges from 29% to 52% [42]. 
The likelihood of identifying a pathogen is increased by 
performing the FFB prior to extensive empiric antibiotic 
therapy. The use of FFB can also provide information, 
which cannot be gained from ETT aspirates, to direct 

Figure 26.8  Right mainstem bronchus tumor in a 4-year-old 
boy with cough and recurrent pneumonia.

Figure 26.9  Peanut debris in a small airway of lower lobe in a 
1.5-year-old boy with cough and pneumonia.

Figure 26.10  Bronchial tuberculosis in a 1-year-old boy with 
pulmonary hilar adenopathy.
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 therapy for ventilator-associated pneumonia [43]. 
Endobronchial infections such as tuberculosis can be eas-
ily identified by FFB (Figure 26.10). Pulmonary infection 
with organisms such as Pseudomonas aeruginosa has sig-
nificant implications for children with cystic fibrosis. 
Surveillance oropharyngeal cultures are routinely per-
formed in children with cystic fibrosis but these cultures 
may not provide a complete representation of the microbi-
ology in the lower airway [44–46]. For this reason, some 
cystic fibrosis centers perform FFB at diagnosis and rou-
tinely thereafter [45]. However, the value of routine bron-
choscopy has been called into question [47].

26.8   Airway Management

Flexible bronchoscopy can be utilized in the operating 
room and ICU to assist in difficult intubations. Routine 
visualization of the trachea every 6–12 months following 
tracheostomy “to assess the underlying airway pathology, 
detect and treat complications, assess tube size and posi-
tion” is recommended by the American Thoracic Society 
[48]. The use of airway stents is controversial in young chil-
dren. However, in properly selected patients, stent place-
ment using FFB can successfully treat severe airway 
obstruction [49].

26.9  Common Complications 
and Management of Bronchoscopy

 ● Insufficient skill and experience of the bronchoscope 
operator.

 ● The condition of the child was not fully evaluated before 
the operation.

 ● The type of bronchoscope does not match the patient’s 
airway.

 ● The choice of sedation or anesthesia is not suitable.
 ● Inappropriate oxygen supply mode such as low flow, 

high flow, high frequency or auxiliary ventilation.
 ● Insufficient infection prevention and control.
 ● Failure to establish effective venous access [50].

26.9.1  Drug-Induced Allergy

Perioperative use of drugs during bronchoscopy can cause 
allergic reactions. Symptoms include skin rashes, itchy 
skin, chest tightness, weak pulse, pale complexion, 
decreased blood pressure and even dyspnea and anaphy-
lactic shock.

Treatment: mild allergic reactions should improve gradually 
after stopping medication. For severe cases, antiallergic 
agents are needed. Rescue must be carried out immediately 

when combined laryngeal edema and anaphylactic shock 
occurs. Artificial cardiopulmonary resuscitation (CPR) 
should be performed immediately for cardiac or respira-
tory arrest.

Prevention: patients should be asked about their history of 
drug allergy. For those with a history of drug allergy, 
great attention should be paid to making contingency 
plans for allergy.

26.9.2  Anoxia or asphyxia

Slight cyanosis of mouth and lips, slight decrease of oxygen 
saturation of peripheral blood in mildly affected patients; 
severely affected patients demonstrate facial cyanosis 
and significantly reduced peripheral blood oxygen 
saturation.

Treatment: actively search for and remove the cause of 
hypoxia. If necessary, remove the bronchoscope, increase 
oxygen flow, and provide pressure oxygen inhalation. 
The bronchoscopy can continue until the peripheral 
blood oxygen saturation is restored to normal.

Prevention: controlling the common causes of complica-
tions of bronchoscopy can reduce the incidence of this 
problem.

26.9.3  Arrhythmia

Tachycardia or bradycardia during operation in mildly 
affected patients; in severe cases, obvious cardiac ectopy 
or even cardiac arrest may occur during or after surgery.

Treatment: mildly affected patients can be relieved by 
stopping the bronchoscope treatment. Severe cases may 
need CPR.

Prevention: the bronchoscopy should be performed with 
gentle movements.

26.9.4  Laryngospasm or Bronchospasm

In laryngospasm, the throat muscles, true and false vocal 
cords spasmodically contract, so that the glottis and res-
piratory tract partially or completely close. This causes 
breathing difficulties in children, oxygen saturation pro-
gressive declines, quickly endangering life, and needs to 
be dealt with immediately. In bronchospasm, dyspnea 
occurs, and both lungs produce extensive wheezing 
sounds. During positive pressure ventilation, airway 
resistance increases sharply, tidal volume decreases, oxy-
gen saturation decreases, end-expiratory carbon dioxide 
increases, and asphyxiation can result in death [51].

Treatment of laryngeal spasm: remove the possible causes 
of laryngeal spasm immediately, such as secretions 
around the glottis and epiglottis; administer positive 
pressure ventilation with 100% oxygen, deepening 
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 anesthesia with intravenous or inhaled anesthetics. If 
this treatment is not effective, short-acting muscle relax-
ants or endotracheal intubation can be used to improve 
oxygenation.

Treatment of bronchospasm: stop the procedure; provide 
100% oxygen inhalation, deepening anesthesia. 
Application of glucocorticoid receptor agonist and glu-
cocorticoid in the trachea. Provide tracheal intubation 
assisted ventilation when necessary.

Prevention: high-risk children with airway spasm are given 
beta-2 receptor agonist and glucocorticoid inhalation 
before operation. Provide adequate topical anesthesia 
during operation and ensure timely removal of respira-
tory secretions and blood. Avoid the use of shallow anes-
thesia in the oral, larynx, and airway.

26.9.5 Hemorrhage

A small amount of bleeding in the airway of mildly affected 
patients; severely affected patients may experience mas-
sive hemoptysis [52].

Treatment: a small amount of bleeding need not be treated, 
and patients with normal coagulation function can stop 
bleeding by themselves. Local bleeding is treated with 
normal saline, 1:10 000 adrenaline, or thrombin. In mas-
sive hemorrhage, hemostatic drugs and Pituitrin should 
be used locally and intravenously, and the patient should 
be placed in a lateral position immediately. If necessary, 
tracheal intubation should keep the airway open. 
Nasopharyngeal bleeding should be prevented from 
flowing back to the throat. Local hemostatic drugs and 
gauze are used to stop bleeding. When the lower respira-
tory tract is bleeding, the bronchoscope should be placed 
in the bleeding site to remove the blood from the affected 
side. If necessary, a balloon catheter is inserted into the 
affected side to stop bleeding by local compression, digi-
tal subtraction angiography (DSA) embolization or 
emergency thoracotomy or lobectomy.

Prevention: bronchoscopy performed through the nasal 
passage may cause mucosal hemorrhage. Communicate 
with the parents of the children about the diseases that 
predispose to bleeding in the airway and make plans, 
such as the availability of blood products, performance 
of bronchoscopy in the operating room, and timely avail-
ability of thoracic surgery.

26.9.6  Infection and Fever

Infection and fever are common and can occur in about 
15% of patients, especially in those with extensive secre-
tions, airway pathogens in the lower airway, and in 
patients who are immunocompromised. It may be 
related to release of cytokines or dissemination of local 
pathogens. According to the cause of fever, the corre-
sponding treatment is carried out.

Prevention: strictly implementing the disinfection process 
and strengthening the management of protection are 
fundamental measures to reduce the occurrence of 
infection. Before operation, operators need to wash their 
hands and wear sterile gloves. Clean away upper airway 
secretions and wipe the nose with 75% alcohol swabs. Do 
not suction before the bronchoscope enters the lower 
respiratory tract, so as to prevent pathogens from the 
upper airway being moved into the lower respiratory 
tract. Routine bronchoscopy does not require lavage. 
Perioperative antiinfection treatment is very necessary, 
especially for children with abnormal immune function, 
endocrine, and genetic metabolic diseases. Patients with 
bronchial tuberculosis should be effectively treated with 
antituberculosis drugs for two weeks before surgery.

26.9.7  Pneumothorax, Mediastinum, 
and Subcutaneous Emphysema

A small amount of pneumothorax, mediastinum, and sub-
cutaneous emphysema can be absorbed by themselves. 
Emergency ventilation should be performed when 
breathing becomes difficult due to massive pneumotho-
rax, mediastinal, or subcutaneous emphysema.

Treatment: pneumothorax usually chooses the middle line 
of the clavicle, the second intercostal spaces or the 
emphysema. The mediastinum or subcutaneous emphy-
sema can be selected as the most obvious site of anterior 
tracheal fascia or emphysema. Continuous closed drain-
age is required for tension pneumothorax and sustained 
negative pressure drainage is necessary. If there is obvi-
ous air leakage before the bronchoscope operation, 
drainage is performed first followed by bronchoscopy.

Prevention: select the type of bronchoscope that matches the 
patient’s airway. Choose a reasonable way to give oxygen. 
Avoid rough bronchoscopy. The technique of broncho-
scopic interventional therapy needs thorough training.
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27.1  Introduction

The development of the flexible bronchoscope by Ikeda in 
the late 1960s significantly broadened the potential appli-
cations of bronchoscopy. Increasing numbers of different 
tools have been developed and adapted to be coupled with 
flexible bronchoscopes for diagnostic and therapeutic pur-
poses. Flexible bronchoscopy in the intensive care unit has 
been recognized as an indispensable tool for intensivists 
due to its important applications and significant effect on 
patient care.

Critically ill patients can be defined as those who suffer 
from pathological injury to one or more organ systems, 
resulting in significant impairment of bodily functions. 
These patients require careful monitoring and observation 
by personnel specifically trained in managing diseases and 
complications that can occur with critical illness.

Respiratory compromise may be the primary pathologi-
cal process or may occur as the progression of another ill-
ness. The tenuous nature of critically ill patients can render 
them unsuitable for transfer out of the intensive care unit; 
therefore, the ability to perform diagnostic as well as thera-
peutic procedures at the bedside in a fully monitored envi-
ronment is advantageous.

27.2  Flexible Bronchoscopy

Prior to the invention of the flexible bronchoscope, rigid 
bronchoscopy was used to examine the upper airways. 
Though rigid bronchoscopy remains useful and recom-
mended in certain clinical scenarios, its limitations include 
the need for general anesthesia, lack of maneuverability 

resulting in the inability to thoroughly examine beyond 
central airways, and lack of widespread availability. In con-
trast, flexible bronchoscopy can be performed at the bed-
side under moderate sedation and is widely available to 
critical care personnel.

27.3  Indications

The indications for bronchoscopy in the intensive care unit 
(ICU) are numerous, but can be broadly categorized as air-
way management, diagnostic or therapeutic. Some of the 
more common indications are summarized in Table 27.1.

Numerous reviews and studies have been published 
regarding the indications for bronchoscopy in the ICU  
[1–6]. While indications vary somewhat between institu-
tions and critical care settings (i.e., surgical, medical), the 
proportion of diagnostic and therapeutic bronchoscopy 
performed is generally balanced, with some procedures 
performed for both diagnostic and therapeutic processes.

27.4  Equipment

A staff of medical personnel including physicians, nurses, 
technicians, and respiratory therapists is required when per-
forming bronchoscopy in any setting. In critically ill patients, 
this staff must also be able to care for complications such as 
progressive respiratory failure, hemodynamic collapse, pneu-
mothorax, and massive bleeding that may occur secondary to 
the underlying illness [7]. Further discussion of potential 
complications of bronchoscopy and considerations of bron-
choscopy on mechanical ventilation will be addressed below.
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When using the ICU as a bronchoscopy suite, continu-
ous patient monitoring must be available [8]. Measurements 
of continuous oxygen oximetry, end‐tidal carbon dioxide 
level, blood pressure, and heart rate should be monitored 
as should all ventilator settings if the patient is supported 
on mechanical ventilation.

27.5  Sedation and Anesthesia

The majority of patients in the ICU have orders for seda-
tion, especially those on mechanical ventilation. Sedation 
in these patients usually consists of a short‐acting benzodi-
azepine in addition to an opiate. Bronchoscopy can be per-
formed using this combination, which will produce an 
anamnestic effect while providing analgesia. Alternatively, 
propofol, a hypnotic agent, may be used with the added 
benefit of rapid onset of action and short half‐life.

Topical anesthesia is achieved by the application of 
2.5–5 mL aliquots of 1% lidocaine through the broncho-
scope onto the tracheobronchial tree in intubated patients; 
in nonintubated patients, an atomizer can be used to apply 
topical lidocaine to the larynx and oropharynx. The nares 
may be anesthetized by spraying them with topical lido-
caine or by applying lidocaine‐soaked gauze onto the nasal 
mucosa.

27.6  Bronchoscopy in Patients 
on Mechanical Ventilation

Bronchoscopy can be performed safely in patients on 
mechanical ventilation, though certain considerations 
must be addressed [9]. The first is the impact of the flexible 
bronchoscope on both inspiratory and expiratory air flow 
through the endotracheal tube (ETT). Without an ETT, a 
bronchoscope occupies approximately 10% of the cross‐
section of an adult trachea. A bronchoscope with a diame-
ter of 5.7 mm occupies 51% of the cross‐section of an 8 mm 

ETT, resulting in a significant increase in air flow resist-
ance [10]. The presence of a bronchoscope within an ETT 
also has significant influence on several other factors, as 
indicated in Table 27.2 [11].

During bronchoscopy, two ventilatory strategies are pos-
sible: maintaining tidal volume (VT) while maintaining 
baseline CO2 or allowing reduction of VT with peak pres-
sure limiting ventilation. The former strategy carries a risk 
of hyperinflation due to expiratory flow limitation with 
bronchoscopy. Greenstein et  al. studied end‐expiratory 
lung volume (EELV) during bronchoscopy of 16 intubated 
subjects while limiting VT. There was no clinically signifi-
cant increase in EELV in any subject during bronchoscopy. 
Decreases in EELV coincided with suctioning maneuvers. 
Peak pressure‐limiting ventilation protected the subject 
against hyperinflation with a consequent, well‐tolerated 
reduction in VT, and hypercapnia [12].

To minimize the risks, if volume‐controlled ventilation 
mode is used, it is advisable to perform bronchoscopy 
through ETTs no smaller than 8 mm when using a standard 
diagnostic bronchoscope. A bronchoscope with an outer 
diameter of 4.9 mm is preferred, though bronchoscopes with 
an outer diameter of 5.2 mm would be acceptable as well. 
Additional recommendations for performing bronchoscopy 
on mechanically ventilated patients include preoxygenation 
at a fractional inspired oxygen (FiO2) of 1.0 prior to insertion 

Table 27.1 Major indications for bronchoscopy in the intensive care unit

Airway management Diagnostic bronchoscopy Therapeutic bronchoscopy

Image‐guided intubation Airway inspection Aspiration of secretions

Endotracheal tube repositioning Collection of respiratory specimens Treatment of airway obstruction

Foreign body extraction

Percutaneous dilational tracheostomy tube 
placement

Airway prosthetic placement

Hemoptysis

Table 27.2 Effect of bronchoscope in endotracheal tube 
on various respiratory mechanics

Respiratory mechanics Effect

Intratracheal pressure Increased

Airway pressure Increased

Functional residual capacity Increased

Forced expiratory volume (FEV1) Decreased

Positive end‐expiratory pressure Increased

Returned tidal volume Decreased
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of the bronchoscope, decreasing or eliminating positive end‐
expiratory pressure (PEEP) and decreasing the inspiratory 
flow rate to offset the high airway pressures caused by the 
bronchoscope within the ETT.

27.7  Complications

Bronchoscopy is generally well tolerated, even in patients 
who are critically ill [13]. A review of more than 1000 bron-
choscopies performed in the ICU resulted in no deaths attrib-
utable to bronchoscopy. The safety of flexible bronchoscopy 
in mechanically ventilated patients has also been specifically 
assessed. The use of bronchoalveolar lavage (BAL) is associ-
ated with an increase in the alveolar‐arterial gradient, though 
in one review it did not result in complications necessitating 
premature termination of the procedure [14].

Transient hypoxemia commonly occurs during bron-
choscopy, particularly in critically ill patients with preexist-
ing respiratory compromise, and usually returns to baseline 
following the procedure [15]. Maintaining an FiO2 of 1.0 
and avoiding unnecessary suctioning during bronchoscopy 
may help minimize the severity and degree of hypoxemia, 
though one should be prepared to remove the broncho-
scope and manually ventilate the patient using an Ambu® 
bag if necessary. Alternatively, it is possible to oxygenate 
patients directly through the suction channel of the bron-
choscope if needed.

High‐flow nasal cannula oxygen therapy (HFNC) has 
emerged as a technique for noninvasive respiratory man-
agement of hypoxemic patients. HFNC efficacy can be 
explained by several mechanisms, as it relieves respiratory 
distress symptoms and improves oxygenation by washing 
the dead space, reducing inspiratory nasopharyngeal 
resistance, and creating a moderate positive airway 
 pressure effect [16]. A prospective, multicenter study in 
critically ill patients with acute respiratory failure  
(ARF) requiring a bronchoscopy with BAL studied 30 
ICU  patients and showed that HFNC enabled all BAL 
 procedures to be completed uneventfully. HFNC may offer 
an effective, well‐tolerated technique to supplement oxy-
genation during nasal bronchoscopy with BAL in patients 
with hypoxemic ARF [17].

Bronchoscopy has several effects on the cardiovascular 
system, which may be augmented in the setting of critical 
illness. Cardiac arrhythmias can be seen in 3–11% of 
patients undergoing bronchoscopy, though cardiac arrest is 
highly unusual. Additional abnormalities such as elevation 
in heart rate, blood pressure, and cardiac output are likely 
due to surges of sympathetic activity. The likelihood 
of  experiencing cardiac complications is augmented in 
those with underlying cardiovascular disease, particularly 

 coronary artery disease. Continuous monitoring of heart 
rate, blood pressure, oxygen saturation, and telemetry (if 
available) is therefore advisable.

Bleeding associated with bronchoscopy is unusual unless 
coagulopathy is present and uncorrected. Patients with 
uremia may be pretreated with desmopressin given their 
qualitative platelet dysfunction. Thrombocytopenia is 
 common among bone marrow transplant patients; addi-
tional platelets may be given prior to bronchoscopy, and 
 uncontrollable bleeding even in this setting is rare when 
performing BAL [18–24].

27.8  Airway Management

27.8.1 Difficult Airway

Difficult airways present challenges for intubation in the 
ICU. Patients may have limited neck mobility or upper air-
way pathology that renders a poor view using a standard 
laryngoscope [25]. Flexible bronchoscopy‐guided intuba-
tion has been recommended in the following situations: (i) 
awake intubation to prevent expected hemodynamic or 
neurological compromise, and (ii) as a rescue modality 
when other steps have failed. Studies with observational 
findings indicate that fiberoptic intubation in which the 
ETT is loaded onto the bronchoscope and is then advanced 
into the trachea is successful in 87–100% of difficult airway 
patients [26].

27.8.2 Double-Lumen ETT Placement

Double‐lumen endotracheal intubation has limited indi-
cations. It is mainly used in the operating room for elective 
thoracic surgeries. Its indication in the ICU is limited to 
massive airway bleeding and clinical situations when 
there is a need for different ventilator settings for each 
lung due to differences in lung compliance bleeding, or 
other reasons. Proper placement of a double‐lumen ETT 
requires confirmation with flexible bronchoscopy. The dis-
tal tip of the longer tube is usually secured in the left 
mainstem bronchus, while the shorter tube ends in the 
trachea [27–32].

27.8.3 ETT Occlusion

The flow of air during inhalation and exhalation within the 
lungs can become limited due to partial or complete obstruc-
tion of the airway, which may be due to excessive mucus 
within the ETT or mechanical deformation of the tube. This 
may become clinically evident at the bedside through abrupt 
increases in peak airway pressure, low VT, and difficulty 
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ventilating with an Ambu bag. Flexible  bronchoscopy may 
be performed in these scenarios to inspect and clean the 
 airway with the use of suction.

27.8.4 ETT Dislodgment

Proper ETT position is an important component in the care 
of critically ill patients on mechanical ventilation. Studies 
have reported incorrect tube placement in up to 15% of 
ventilated patients [33,34], and flexible bronchoscopy pro-
vides a quick and direct way of determining optimal posi-
tioning. Several factors may contribute to inadvertent 
movement of the ETT, such as turning or transport of the 
patient, and while chest radiographs may suggest inappro-
priate placement, direct visualization may be necessary to 
ensure a properly protected airway.

Fiberoptic bronchoscopy can also facilitate exchange of 
an ETT by loading a new ETT onto the bronchoscope 
which is then passed to the glottis alongside the preexisting 
one, which is slowly withdrawn under direct visualization. 
As the old ETT is removed, the bronchoscope is passed 
through the vocal cords and the new ETT is advanced into 
the trachea over the bronchoscope. This sequential method 
for ETT exchange allows direct visualization throughout 
the process, thereby decreasing the likelihood of esopha-
geal intubation or loss of the airway.

27.9  Diagnostic Bronchoscopy

27.9.1 Bronchoalveolar Lavage

Nosocomial pneumonia is the leading cause of death from 
hospital‐acquired infections, and ventilator‐associated 
pneumonia (VAP) describes pneumonia developing in 
mechanically ventilated patients later than 48 hours fol-
lowing intubation. Numerous studies have demonstrated 
that patients with VAP receiving early inadequate antimi-
crobial therapy have higher mortality rates compared to 
those receiving antibiotics to which the pathological organ-
isms are sensitive [35–45]. Therefore, early identification 
of pathological organisms is desirable. BAL is a minimally 
invasive method to collect lower respiratory tract speci-
mens that may subsequently be used to guide antimicro-
bial therapy in critically ill patients.

In one study of 130 patients, findings from BAL resulted 
in changes or discontinuation of antimicrobial therapy in 
nearly 60% of cases [46]. Among the most common indica-
tions for adjustment to the antimicrobial regimen was the 
isolation of a resistant Gram‐negative bacteria or the isola-
tion of methicillin‐resistant Staphylococcus aureus neces-
sitating additional antibiotics.

27.9.1.1 Technique for BAL in Ventilated Patients
A standardized approach to BAL in ventilated patients 
should be used when collecting respiratory specimens in 
critically ill patients. Table  27.3 lists the materials neces-
sary to perform BAL in ventilated patients. This should 
include an inline adapter for the bronchoscope to the ETT, 
two sterile specimen containers, and saline.

With the patient in the supine position, sedation is 
administered, most often in the form of a benzodiazepine 
and opiate, or with propofol which has the added benefit of 
a very short half‐life. A bite block is placed in the patient’s 
mouth to protect the bronchoscope and an inline adapter 
for the bronchoscope is placed between the ETT and the 
ventilator tubing; 2.5–5 mL aliquots of 1% lidocaine can be 
administered through the ETT to provide topical anesthe-
sia, and the bronchoscope is inserted through the inline 
adapter and advanced to the lobar bronchus that is to be 
sampled.

Once the bronchoscope is wedged into position within 
a lobar or subsegmental bronchus, 50 mL of normal saline 
is injected through the suction channel of the broncho-
scope into the wedged bronchus; suction is then applied 
and the aspirated fluid is collected in a sterile specimen 
container. The fluid aspirated following instillation of the 
initial 50 mL of normal saline is discarded as bronchial 
washing and the process is repeated with another 50 mL 
of normal saline. This fluid is then aspirated and subse-
quently collected as BAL. Additional passes of 50 mL vol-
umes may be instilled until the returned BAL amount is 
sufficient for submission to desired testing (i.e., microbi-
ology, cytology).

Arterial oxygenation has been shown to decrease follow-
ing BAL in mechanically ventilated patients, though values 
seem to return to baseline within 12–15 hours following 
the procedure. One study demonstrated no significant dif-
ference in the decrease in oxygenation between instilled 
BAL volumes of 150 mL and 40 mL [47]. Figure 27.1 out-
lines the apparatus connected to the bronchoscope used at 
our institution to perform BAL.

Table 27.3 Materials for bronchoalveolar lavage in ventilated 
patients

Inline adapter for bronchoscope

Sterile specimen containers × 2

Normal saline

Bite block

60 mL syringe

Four‐way stopcock × 2

Tubing
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27.9.1.2 Timing of BAL in cases of suspected VAP
If BAL is to be performed, it should be done early in the 
course of suspected VAP and should not delay the adminis-
tration of appropriate antimicrobial coverage. Several stud-
ies have shown that the conversion of inadequate to 
adequate antimicrobial coverage following the results of 
BAL results in a similar rate of mortality to those who con-
tinued on inadequate therapy [46, 48]. A suggested algo-
rithm for BAL in VAP is outlined in Figure 27.2.

27.9.1.3 Biopsy of Lung Tissue
Pulmonary infiltrates of uncertain etiology are often pre-
sent or develop in critically ill patients requiring mechani-
cal ventilation. While BAL provides a less invasive 
approach to sampling lower respiratory tract specimens, 
biopsy of lung tissue may be required to make certain 
diagnoses when BAL results are inconclusive. Open lung 
biopsy is a well‐established method for obtaining lung 
 tissue, though may require patient transportation to an 
operating room, tube thoracostomy, and a surgical proce-
dure, all of which can increase morbidity and mortality 
[49,50]. Bronchoscopic transbronchial lung biopsy (TBLB) 

in mechanically ventilated patients has subsequently been 
used in cases in which open lung biopsy is not desired. 
Previously, mechanical ventilation was felt to be a con-
traindication to transbronchial biopsy, though several 
studies have shown that it can be performed safely and 
successfully in this patient population [51,52].

One analysis reported that examination of tissue 
obtained from transbronchial biopsy changed medical 
management in 60% of cases in mechanically ventilated 
patients, though this number was significantly lower for 
mechanically ventilated patients following lung transplan-
tation [53]. Changes in medical management consisted of 
the initiation or discontinuation of antimicrobial agents, 
the initiation or discontinuation of corticosteroids, or the 
withdrawal of care following the diagnosis of lymphangitic 
carcinomatosis.

The incidence of pneumothorax following TBLB in 
mechanically ventilated patients has been controversial [54]. 
A retrospective review of nonventilator‐dependent patients 
who underwent TBLB with elective intubation and mechani-
cal ventilation showed no significant difference in the rate of 
complications between the mechanical ventilation and non-
mechanical ventilation groups. Elective positive pressure 
mechanical ventilation for TBLB for nonventilator‐depend-
ent patients is safe and does not increase the risk of complica-
tions [55]. Fluoroscopic guidance has been shown to decrease 
the risk of pneumothorax with transbronchial biopsy [54], 
and should therefore be used if available.

27.10  Therapeutic Bronchoscopy

27.10.1 Central Airway Obstruction

Central airway obstruction (CAO), can be a significant 
cause of morbidity and mortality. Airway obstruction in 
critically ill patients can be caused by a variety of malig-
nant and nonmalignant etiologies and anatomically can 
be grouped into a fixed or dynamic stenosis. Nonmalignant 
causes include scarring from prior intubation or tracheos-
tomy, foreign body, tracheobronchomalacia (TBM), and 
excessive dynamic airway collapse (EDAC). Additional 
indications for flexible bronchoscopy when airway injury 
is suspected include traumatic airway injury, thermal 
injury due to smoke inhalation, or aspiration of caustic 
substances [56,57].

Bronchogenic carcinoma is the leading cause of CAO, 
though the exact incidence and prevalence of CAO are 
unknown. Approximately 20–30% of patients with lung 
cancer will develop complications due to CAO, including 
atelectasis, recurrent obstructive pneumonia, dyspnea, 
and  respiratory failure [58]. Airway patency distal to the 
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Figure 27.1 Apparatus used to perform bronchoalveolar lavage.
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Figure 27.2 Algorithm for bronchoalveolar lavage in 
ventilator-associated pneumonia.
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 obstruction is important, and predicts the likelihood of suc-
cessful bronchoscopic dilation or endobronchial stenting.

Flexible bronchoscopy in CAO provides direct visualiza-
tion of the extent of obstruction and can assist with tissue 
diagnosis when needed. If there is no endoluminal lesion, 
endobronchial ultrasound‐assisted transbronchial needle 
aspiration (EBUS‐TBNA) can be performed for diagnostic 
purposes as well as to obtain material for advanced molec-
ular analysis in cases of lung cancer when needed.

A variety of interventional procedures may be performed 
through the flexible bronchoscope such as cryotherapy, 
argon plasma coagulation (APC), and electrosurgery for 
the removal of obstructing endobronchial lesions.

27.10.2 Airway Prosthetics

Several studies have examined the efficacy of the placement 
of airway prosthetics, or stents, in patients with respiratory 
failure secondary to central airways disease [58]. Some have 
described successful weaning from mechanical ventilation 
in as many as 50% of critically ill patients following metallic 
stent placement in the trachea or mainstem bronchi. Airway 
stent placement can be performed at the bedside through a 
flexible bronchoscope with direct bronchoscopic visualiza-
tion or fluoroscopic assistance [59,60]. Figure  27.3 shows 
improvement in airway caliber following metallic stent 
placement for extrinsic airway compression.

Figure 27.3 Improved tracheal caliber following balloon dilation and metallic stent placement with flexible bronchoscopy. The 
patient was liberated from mechanical ventilation after the intervention.
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27.10.3 Foreign Body Retrieval

Retrieval of foreign bodies can be performed through 
flexible bronchoscopy using tools such as wire baskets, 
grasping forceps, and cryotherapy catheters. Larger 
or  sharp objects may require rigid bronchoscopy for 
removal [61,62].

27.10.4 Lung Transplant Airway Complications

Airway complications (AC) of lung transplant are less com-
mon nowadays, but still are associated with mortality and 
increased morbidity. Anatomically, ACs can be grouped 
into stricture, granulation tissue, infection, necrosis, mala-
cia, dehiscence, and fistula formation. Different modalities 
are used in treatment of each type of AC, and include bal-
loon bronchoplasty, cryotherapy, electrocautery, APC, 
laser, mechanical debridement, stent placement (silicone 
and self‐expanding metal stents [SEMS]). Observation with 
flexible bronchooscpy is usually the first step for early diag-
nosis, and multiple procedures are often needed for its 
treatment if it occurs. Patients with treated anastomotic 
AC have equivalent early rates of mortality as patients 
without complications [63].

27.10.5 Aspiration of Secretions

Atelectasis is commonly seen in critically ill patients on 
mechanical ventilation. Traditionally, the focus of treat-
ment for atelectasis from mucus plugging has been on 
mobilization of secretions using physiotherapy, patient 
positioning, and inline suctioning through the endotra-
cheal or tracheostomy tube. Flexible bronchoscopy is com-
monly used for the therapeutic aspiration of secretions 
and several studies report that this is its most common 
application in the ICU [64,65]. In our experience, use of a 
large‐caliber therapeutic bronchoscope can greatly facili-
tate the aspiration of large amounts of mucus, though 
endotracheal or tracheostomy tube size must still be con-
sidered to allow adequate inspiratory and expiratory air 
flow. Instillation of mucolytic agents can be performed 
directly through the bronchoscope, though this is seldom 
required.

Thick, tenacious mucus may form plugs that obstruct 
central airways or even the ETT lumen, resulting in signifi-
cant hypoxemia due to airway obstruction. In such cases, 
even a large‐caliber bronchoscope may be unable to suc-
cessfully clear the obstruction. Cryotherapy applied 
through the flexible bronchoscope can be very helpful in 
relieving airway obstructions caused by material with a 
fluid component, such as mucus or blood clots. In this pro-
cedure, the cryotherapy probe is advanced through the 

bronchoscope to the obstructing material. Once the probe 
is touching the material, cryotherapy is applied which 
causes the material to contract around the probe and 
adhere to it. Once this has occurred, the bronchoscope 
with the cryotherapy probe and adherent material can be 
removed en bloc through the ETT. This method is useful for 
removing large plugs of mucus and blood clots and can 
have significant clinical impact.

Bronchoscopic insufflation of atelectatic portions of 
the lung has also been described by wedging the bron-
choscope into an airway of atelectatic lung and insufflat-
ing room air through the working channel of the 
bronchoscopic via connection to an Ambu bag [65]. 
Radiographic improvements as well as improvement in 
oxygenation have been reported using this method 
though caution must be applied given the potential for 
iatrogenic pneumothoraces.

27.10.6 Percutaneous Dilational 
Tracheostomy

Percutaneous dilational tracheostomy (PDT) has become a 
widespread method of performing tracheostomies in criti-
cally ill patients in intensive care units, largely because it 
can be performed at the bedside, thereby avoiding the need 
to transport patients who may be unstable. The use of flex-
ible bronchoscopy to directly visualize cannulization of the 
trachea has improved the safety of this procedure and is 
now widely recommended [66].

27.10.7 Massive Hemoptysis

Massive hemoptysis may be a life‐threatening complica-
tion in critically ill patients. Airway protection is criticial, 
and flexible bronchoscopy can assist with ETT positioning, 
mainstem intubation or bronchial blocker placement as 
needed. In some instances, rigid bronchoscopy may be 
used to assist [67–70].

27.10.8 Persistent Air Leak

Bronchopleural and alveolar‐pleural fistulas are communi-
cations between mainstem, lobar or segmental bronchus, 
or pulmonary parenchyma and the pleural space. Persistent 
air leak is a source of significant morbidity and resource 
utilization and treatment may be challenging due to poor 
ability of the diseased lung to heal. In instances of unre-
solved air leak, bronchoscopic approaches may be consid-
ered. Endobronchial valves may be placed in patients with 
isolated persistent air leaks when conventional interven-
tions such as surgery are contraindicated or not ideal 
[71–74].
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27.11  Conclusion

The flexible bronchoscope is an indispensable tool for the 
modern intensivist, allowing the physician to perform a 

range of diagnostic and therapeutic procedures at the bed-
side. With the proper equipment and personnel, these pro-
cedures can be performed safely and can have a significant 
impact on the clinical course of critically ill patients.
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28.1  Introduction

Asthma is a widely prevalent chronic lung disease that 
globally affects more than 300 million people. In the USA, 
the yearly cost of asthma is estimated at over $56 billion, 
due to incurred medical expenses and time away from 
school and work [1]. Most of this economic burden is 
shouldered by the minority of asthma patients who have 
severe disease resulting from more frequent exacerbations 
that lead to emergency department (ED) visits and hospi-
talizations. Consequently, there has been a substantial 
effort to develop new and innovative medical therapies to 
manage patients with severe asthma. These include targets 
of the leukotriene pathway, suppression of inflammatory 
cell activation, and various anticytokine agents. However, 
the efficacy of these approaches remains inconsistent due 
to the complex nature of the disease, the heterogeneity of 
the population afflicted, and economic and practical 
limitations.

Bronchial thermoplasty (BT) is a novel bronchoscopic 
intervention designed to deliver thermal energy to the air-
way wall. Its intent is to reduce smooth muscle mass and 
consequently decrease many of the pathological effects 
seen in an asthma exacerbation. Following promising pre-
clinical data, several human trials were conducted that 
demonstrated an acceptable safety profile and various con-
sistent clinical benefits. On these grounds, in 2010 the US 
Food and Drug Administration (FDA) approved BT for use 
in adult patients with severe asthma that is incompletely 
controlled with suggested medical therapies. Accumulating 
long-term data show persistence of the initial clinical ben-
efits, and work continues into more precisely identifying 
the patients most likely to respond favorably to the 
procedure.

28.2  Pathophysiological Rationale

Asthma is a complex inflammatory disorder that is medi-
ated by multiple mechanisms. It features inappropriate 
recruitment and activation of leukocytes into the airway 
wall by various cytokines that are released by differentiated 
T-helper cells in response to stimulated lower respiratory 
epithelium. This in turn triggers the production and release 
of a multitude of inflammatory mediators, resulting in one 
of several clinical phenotypes. Chronic asthma is charac-
terized by persistent airway inflammation leading to air-
way remodeling, which can occur in both large- and 
small-caliber airways. The exact mechanisms are unclear 
but are the topic of active investigation [2]. Characteristics 
of airway remodeling include a thickened epithelium, 
mucous gland hypertrophy, increased extracellular matrix 
(ECM) deposition, vascular activation, and airway smooth 
muscle (ASM) hyperplasia and hypertrophy. This final 
component appears to have a significant role in perpetuat-
ing severe asthma.

Airway smooth muscle is present throughout the con-
ducting airways to the level of the respiratory bronchioles. 
Its exact role in the respiratory tract remains controversial, 
though it has been postulated to have protective function, 
help optimize ventilation, and provide peristaltic support 
for various purposes. Regardless of its importance in the 
normal state, it can contribute to serious chronic disease. 
Altered and hypertrophied ASM not only results in airway 
luminal encroachment, but also exhibits enhanced short-
ening and increased contractility, which accentuate airway 
resistance [3]. Furthermore, ASM is an important source 
and reservoir of inflammatory cells and cytokine media-
tors, and contains on its surface acetylcholine-responsive 
muscarinic receptors [4–7]. Thus, ASM is likely a key 
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 effector of inflammatory bronchoconstriction, mucus pro-
duction, and ECM deposition.

The association of altered ASM with a severe asthma 
phenotype is well documented. ASM hypertrophy and 
hyperplasia have been described in postmortem specimens 
of patients with asthma [8]. Furthermore, degree of ASM 
mass and airway remodeling has been shown to correlate 
with asthma severity, and even predict the development of 
asthma in preclinical children [9–13]. Therefore, the overt 
mechanical and physiological contribution of ASM on 
severe asthma makes it a logical target for intervention.

In vitro and animal studies have demonstrated that corti-
costeroids and Β-agonists may help modulate ASM through 
various mechanisms. B-agonists can decrease smooth mus-
cle proliferation, and corticosteroids cause cell cycle arrest 
and decreased contractile protein expression in cultured 
smooth muscle cells [14–16]. Corticosteroids have also 
been shown to prevent myofibroblast accumulation and 
airway remodeling in mice, and to decrease and even 
reverse airway remodeling in horses [17,18]. Nevertheless, 
these pharmacological effects remain incompletely under-
stood and have not yet been adequately studied in humans, 
despite a small but important subset of severe asthmatics 
who respond poorly to current medical therapy.

28.3  Overview and Supporting 
Clinical Data

Bronchial thermoplasty is the first attempt at a nonphar-
macological, procedural intervention designed to modulate 
the manifestations of asthma by targeting ASM. This is 
accomplished using radiofrequency ablation (RFA), which 
uses electrodes to generate an alternating current through 
tissue. The resulting ionic agitation creates frictional heat 
which leads to cellular damage. RFA has been safely and 
effectively utilized in multiple clinical scenarios, such as 
treatment of cancer and cardiac conduction abnormalities 
[19,20]. BT follows a similar principle to deliver energy to 
the bronchi. A radiofrequency (RF) catheter is introduced 
into the respiratory tree by bronchoscopy, and energy is 
systematically applied to the airway wall (Figure 28.1). The 
energy applications lead to denaturation of ASM, disrup-
tion of the actin-myosin network, and eventual decrease in 
smooth muscle mass [21–23].

Initial data supporting the role of BT in asthma via ASM 
ablation were achieved in the canine model. Danek and 
colleagues showed that delivery of thermal energy to the 
airway wall using a four-electrode basket catheter reduced 
ASM mass and resulted in a correlative decrease in airway 
response to methacholine [24]. Each canine lung was 
divided into four regions (control and three treatment 

areas) and subjected to different temperatures (55, 65, and 
75 °C) in each region. A total of 300 individual airway sites 
were examined. At 55 °C no significant difference was seen 
in airway hyperresponsiveness (AHR) compared to con-
trol, whereas at 75 °C a significant difference in AHR was 
demonstrated at all time-points. Histologically, altered 
ASM was seen as early as one week post procedure in all 
groups (Figure 28.2). This persisted through the three-year 
follow-up period (at which time mature collagen was noted 
to have replaced ASM), and was most prominent in the 
75 °C group. In separate studies, Brown and colleagues 
found that BT-treated canine airways have a lower 
 bronchomotor tone at baseline and are more distensible at 
various airway pressures compared to untreated airways 
[25,26]. These findings collectively laid the cornerstone for 
human feasibility and safety trials.

The first human BT study was performed in eight 
 nonasthmatic lung cancer patients scheduled for resec-
tion [27]. The first two subjects were treated with 55 °C 
and the subsequent six with 65 °C. Histological samples 
from the resected lungs showed decreased ASM. The 
specimens treated with 65 °C overall appeared more sig-
nificantly altered than those treated with 55 °C. The 
patients tolerated BT well, and all underwent their sur-
gery as planned.

Figure 28.1 Bronchial thermoplasty: delivery of radiofrequency 
energy to the airway wall utilizing a specialized catheter 
introduced by flexible bronchoscopy. Source: Image provided 
courtesy of Boston Scientific. ©2018 Boston Scientific 
Corporation or its affiliates. All rights reserved.
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The first prospective analysis of BT in asthmatics was 
performed by Cox and colleagues who evaluated 16 
patients with stable mild-to-moderate disease and normal 
prebronchodilator forced expiratory volume in one second 
(FEV1) values [28]. BT was safely performed without 
 incident in all subjects, except for one individual who 
could not complete the third treatment due to recurrent 
infections. The investigators found that adverse events 
including cough, wheezing, and dyspnea were common in 
the immediate postprocedure period, but resolved within 
one week. No ED visits or hospitalizations were recorded 
within the first 12 weeks after therapy, and subjects 
reported more symptom-free days. AHR, as measured by 
methacholine  challenge, improved at 12 weeks and the 
effect persisted at two years. These studies set the stage for 

randomized, controlled investigations, which are summa-
rized in Table 28.1.

The first of these was the Asthma Intervention Research 
(AIR) Trial, which enrolled 112 patients with moderate-to-
severe asthma, as defined by the Global Initiative for 
Asthma (GINA) [29]. Prebronchodilator FEV1 values 
were  between 60% and 85% predicted. Patients had to 
 demonstrate worsening of asthma control after a two-week 
withdrawal of their long-acting B-agonist (LABA) for study 
inclusion. Subjects were randomized to LABA plus inhaled 
corticosteroid (ICS) therapy, with or without BT. The 
 primary outcome was the change from baseline in mild 
exacerbation rates (defined as a reduction in peak expira-
tory flow by 20% of baseline, increased use of rescue 
 inhalers, or nocturnal arousals) and favored the BT group 
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Figure 28.2 Histological specimens of an untreated control airway wall (a) and after bronchial thermoplasty, demonstrating 
reduction in smooth muscle (b). Source: Image provided courtesy of Boston Scientific. © 2018 Boston Scientific Corporation or its 
affiliates. All rights reserved.

Table 28.1 Summary of prospective, randomized controlled trials evaluating bronchial thermoplasty in humans

Study Design Key inclusion criteria Primary outcome result, versus control

AIR RCTMulticenter 112 subjects Moderate or severe-persistent asthma, stable 
for 6 weeks FEV1 60–85% predicted AHR 
Worsening symptoms with LABA withdrawal

Reduced mild exacerbation rate at 3 and 12 
months post BT. No difference at 6 months

RISA RCT Multicenter 32 subjects Severe-persistent asthma High-dose ICS and 
LABA FEV1  50% predicted AHR

More frequent adverse events (10% severe) 
during the treatment period
Similar adverse events in the posttreatment 
period

AIR-2 Double-blinded, sham-
controlled Multicenter 297 
subjects

Severe-persistent asthma High-dose ICS and 
LABA AQLQ  6.25 FEV1  60% predicted 
AHR

Improved AQLQ score from baseline, 
averaged over one year

AHR, airway hyperresponsiveness; AIR, Asthma Intervention Research trial [29]; AIR-2, Asthma Intervention Research Trial-2 [31]; AQLQ, 
asthma quality of life questionnaire; BT, bronchial thermoplasty; FEV1, forced expiratory volume in one second; ICS, inhaled corticosteroid; 
LABA, long-acting B-agonist; RCT, randomized controlled trial; RISA, Research in Severe Asthma Trial [30].
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at the three- and 12-, but not six-month follow-up points. 
Compared to the control group, BT-treated subjects had 
improvements in asthma-specific quality of life as meas-
ured by Asthma Quality of Life Questionnaire (AQLQ) and 
Asthma Control Questionnaire (ACQ) scores at all follow-
up points. No difference in FEV1 values, AHR, or changes 
in severe exacerbation rates were found between the two 
groups at any time during posttreatment follow-up.

The Research in Severe Asthma (RISA) Trial was the first 
BT study to evaluate patients with severe-persistent disease 
[30]. Thirty-two subjects with FEV1 values of 50%, 
 documented AHR or reversible bronchoconstriction, and 
persistent symptoms despite high-dose ICS and LABA 
therapy were randomized to receive BT or continue with 
previous care. Mean baseline prebronchodilator FEV1 rates 
for the BT and control groups were 63% and 66% of pre-
dicted, respectively. Starting 16 weeks after treatment, sub-
jects underwent protocolized weaning of their oral or ICS 
therapy over a one-year period. The primary outcome for 
comparison was the number of adverse events. These were 
more common in the BT group during the treatment 
period, but only 10% were classified as severe. Four patients 
in the BT group (27%) required six hospitalizations, all 
related to respiratory events, compared to no hospitaliza-
tions in the control group. Adverse events and hospitaliza-
tion rates were similar between the two groups in the 
posttreatment period. The investigators also noted that at 
22-week follow-up, subjects treated with BT had a higher 
prebronchodilator FEV1 value, improvements in AQLQ 
and ACQ scores, and reduced rescue medication use.

The primary criticism of the AIR and RISA trials was 
their unblinded design, which raised concerns about an 

unmeasured placebo effect and thus called into question 
BT’s true efficacy. This was addressed by the pivotal Asthma 
Intervention Research 2 (AIR-2) Trial, which incorporated 
a sham control group [31]. Randomized in a 2:1 fashion 
were 297 patients with severe, uncontrolled asthma into a 
BT treatment arm and sham bronchoscopy arm. Inclusion 
and exclusion criteria are summarized in Table 28.2. One 
hundred and ninety subjects in the BT group and 98 in the 
control group underwent at least one bronchoscopy. 
Bronchoscopies for the control (sham) group mimicked 
those of the BT (treatment) group. This included deploying 
the RF catheter into the airway,  expansion of the electrode 
array, and activation of the sham RF controller. This pro-
duced audio and visual cues that were indistinguishable 
from the active RF controller, except that no RF energy was 
delivered. The goal was to match the duration of each bron-
choscopy procedure and the number of sham activations to 
an active treatment procedure. While the treating bronchos-
copy team was not blinded to the study arm, all follow-up 
assessment visits were  performed by a blinded medical care 
team. The predefined primary outcome was change in 
AQLQ score from baseline value (average of six-, nine-,  
12-month follow-up time points).

The study found that AQLQ scores improved in both 
groups, with BT-treated subjects increasing by 1.35 units 
(± 1.10) compared to 1.16 units (± 1.23) in those receiving 
sham BT. The proportion of subjects reaching a minimally 
important difference (MID) of 0.5 AQLQ units was higher 
in the BT group (79% vs 64%, posterior probability of supe-
riority [PPS], 99.6%). During the posttreatment follow-up 
period (6–52 weeks after final BT session), BT-treated 
 subjects experienced fewer severe exacerbations, ED visits, 

Table 28.2 Key inclusion and exclusion criteria of the AIR-2 trial

Inclusion criteria Exclusion criteria

Adults 18–65 years old Life-threatening asthma

At least 2 days of asthma symptoms over previous 4 weeks Chronic sinus disease

High-dose ICS ( 1000 μg/day beclomethasone or equivalent) Emphysema

High-dose LABA (  salmeterol l00 μg/day or equivalent) Use of immunosuppressants, beta-blockers, anticoagulants

Oral corticosteroid dose 10 mg/day 3 asthma-related hospitalizations in previous year

Baseline AQLQ score of 6.25 3 lower respiratory tract infections in previous year

Baseline prebronchodilator FEV1 60% 4 pulses of oral corticosteroids for asthma in previous year

Presence of AHR (methacholine PC20 <8 mg/mL) Baseline postbronchodilator FEV1 <65%

Nonsmoking at least for one year, and less than 10 pack-year 
history

Stable disease for 4 weeks before inclusion

AHR, airway hyperresponsiveness; AIR-2, Asthma Intervention Research Trial-2 [31]; AQLQ, asthma quality of life questionnaire; FEV1, forced 
expiratory volume in one second; ICS, inhaled corticosteroid; LABA, long-acting B-agonist; PC20, provocation concentration leading to drop in 
FEV1 of at least 20%.
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and hospitalizations. They also had fewer days lost from 
work or school due to asthma symptoms. ACQ and total 
symptom scores, morning peak expiratory flow, and rescue 
medication use all improved in both BT and sham arms, 
though the difference between the groups was not statisti-
cally significant. Pre- and postbronchodilator FEV1 values 
did not change in either group.

Similar to the AIR and RISA trials, BT-treated subjects in 
AIR-2 experienced more adverse events during the 
 treatment period than the control group. A vast majority of 
these were classified as either mild or moderate, and were 
typical of airway irritation, upper respiratory tract  infection, 
or worsening asthma (wheezing, chest discomfort, cough). 
As seen in the previous clinical trials, most of these events 
resolved within one week after bronchoscopy. Sixteen 
 subjects (8.4%) in the BT group required 19  hospitalizations 
for respiratory symptoms compared with two subjects 
(2.0%) in the sham group. Ten of the 19 hospitalizations in 
the BT group occurred on the day of the procedure.

The AIR-2 trial has been carefully analyzed and its  merits 
debated by the medical community. The asthma severity of 
the AIR-2 cohort has been questioned. Only 2.8% of  subjects 
overall (3.7% in the BT group) were taking oral corticoster-
oids, and the average dose was about 6 mg/day. Furthermore, 
as part of the study design, patients with more than three 
lower respiratory tract infections, three asthma-related hos-
pitalizations, or four requirements for oral steroid pulses 
within the year prior to screening were excluded. However, 
according to the American Thoracic Society criteria at the 
time of the study, 86% of the AIR-2 BT cohort met the defi-
nition for severe, uncontrolled asthma. Other points of con-
tention have surrounded the observed placebo effect in the 
sham group and the methods with which the primary out-
come measure of asthma-related quality of life was evalu-
ated. Critics have noted the lack of a statistical and clinically 
meaningful difference in absolute mean AQLQ change 
between the two groups (0.19 units). However, the AIR-2 
investigators concluded that while a placebo effect was 
observed, the treatment effect was superior based on ana-
lyzing the proportion of subjects exhibiting a meaningful 
AQLQ improvement (0.5 units). Rather than comparing 
between-group  aggregate value differences, this approach 
assesses within- subject change, and thus follows the valida-
tion of the AQLQ score [32,33].

Based on the collective and consistent results of the 
AIR-2 and preceding trials, in 2010 the FDA approved BT 
for use in adult patients with severe, persistent asthma 
incompletely controlled with ICS and LABA therapy. Since 
that time, GINA and the British Thoracic Society have also 
added BT as a recommended adjunct for patients at step 5 
of asthma therapy. However, as of the 2013 edition, the 
international ERS/ATS guidelines on the treatment of 

severe asthma recommend that BT is performed in adult 
patients only in the context of an Institutional Review 
Board-approved registry or clinical study [34]. The reader 
is directed to multiple reviews for a more detailed analysis 
of the BT controversy [35–40].

28.4  Patient Selection

Proper patient selection for BT is essential. The most 
important initial step is to confirm the accuracy of the 
asthma diagnosis, and exclude the presence of a “mimick-
ing” or aggravating clinical disorder. These potential alter-
native conditions, such as chronic sinus disease, vocal 
cord  dysfunction, gastroesophageal reflux, emphysema-
tous lung disease, allergic bronchopulmonary aspergillosis 
(ABPA), bronchiectasis, sarcoidosis, tracheobronchial ste-
nosis or malacia, and others can be excluded through a 
careful history and physical examination and fairly routine 
laboratory and chest imaging studies. A complete blood 
count with differential, metabolic panel, baseline pulmo-
nary function testing (PFT) (with carbon monoxide diffus-
ing capacity [DLCO] and examination of flow volume 
loops) and computed tomography (CT) scan of the chest is 
recommended for all prospective BT patients. Additional 
testing can be directed toward a suspected alternative diag-
nosis (Table 28.3).

Once the diagnosis of severe asthma is secured and a 
condition significantly contributing to symptoms is either 
excluded or controlled, the patient should be rigorously 
evaluated for adherence to asthma pharmacotherapy. If 
noncompliance is suspected, the provider should properly 
educate the patient, make adjustments to medication dos-
age or delivery technique as needed, and plan for reevalua-
tion. Subsequently, the provider should review candidacy 
for BT using a typical checklist. Patient selection should 
generally follow the inclusion and exclusion criteria of the 
AIR-2 trial (Table  28.2). Patients should require at least 
step 5 asthma therapy (high-dose ICS and LABA). Once a 
patient is identified as an appropriate BT candidate, rea-
sonable expectations, including both short- and long-term 
risks and benefits, should be discussed. Insurance coverage 
for the procedure, which continues to vary widely across 
the USA in 2018, should be reviewed. Usual contraindica-
tions for bronchoscopy (unstable cardiorespiratory disease, 
severe coagulopathy, etc.) should be absent.

Whether asthmatics with poorer control of disease or 
more severe features that fall out of the AIR-2 inclusion 
criteria should be considered for BT is currently controver-
sial. These include patients with prebronchodilator FEV1 
values less than 60% predicted, high oral corticosteroid 
dose requirements, and/or frequent recent exacerbations 
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or hospitalizations. The RISA trial was the only rand-
omized, controlled study to enroll patients under this FEV1 
threshold, but it was also the one with fewest subjects (15 
patients receiving BT). A recent small case series of eight 
patients suggested that BT can be safely performed in those 
with severe airflow obstruction (mean FEV1 52%, with five 
subjects classified as very severe) [41].

The ongoing Post-FDA Approval Clinical Trial Evaluating 
Bronchial Thermoplasty in Severe Persistent Asthma (PAS-
2) enrolled patients who were older, more obese, receiving a 
higher dose of corticosteroids, and had more frequent 
asthma exacerbations and hospitalizations in the one year 
prior to BT compared to the AIR-2 BT cohort [42]. This may 
represent a more “real-world” severe asthma  population. An 
interim analysis of the first 190 subjects in this prospective, 
observational study showed a post-BT reduction in severe 
exacerbations, ED visits, and hospitalizations per year at 
three-year follow-up, mirroring the AIR-2 findings. However, 
this cohort as a whole did not have severe air flow obstruc-
tion (baseline mean prebronchodilator FEV1 was 80% of pre-
dicted, similar to the AIR-2 BT group). Furthermore, post-BT 
AQLQ scores were not reported, and as in AIR-2, long-term 
analysis did not include a control group. Therefore, until 
more robust data establishing the safety and efficacy of BT in 
poorly controlled  asthmatics with severe air flow obstruc-
tion become available, it should be considered in these 
patients only on an individual case basis, and performed at 
an experienced center.

28.5  Performing the Procedure

Bronchial thermoplasty should be performed by an experi-
enced bronchoscopist. Complete therapy requires three 
bronchoscopies, each separated by 2–3 weeks. As an 

 example, the first session treats the right lower lobe, the 
second the left lower lobe, and the final bronchoscopy both 
upper lobes. The middle lobe is not treated due to concerns 
over its susceptibility to collapsibility. Prior to each proce-
dure, the patient must be clinically stable, without an exac-
erbation, infection, or increase in inhaler use in the 
preceding two weeks. To minimize periprocedural respira-
tory-related adverse events, the patient is prophylactically 
prescribed a five-day course of 50 mg oral prednisone, to 
start three days prior to the bronchoscopy. On the day of 
the procedure, the FEV1 should be checked and observed 
to be within 10% of baseline value, and oxygen saturation 
by pulse oximetry should be greater than 90%.

Immediate preparation for the bronchoscopy should be 
according to institutional standards, with the understand-
ing that the typical duration of BT procedures is between 
30 and 60 minutes. BT bronchoscopy can be performed 
either under moderate sedation and without an airway 
adjunct, or with deep sedation/general anesthesia. A diag-
nostic bronchoscope with a minimum working channel 
diameter of 2.0 mm is required to allow passage of the RF 
catheter. The use of the larger outer diameter therapeutic 
bronchoscopes is discouraged to allow access to smaller 
airways and more complete therapy. Patients should 
receive a short-acting B-agonist treatment immediately 
prior to the procedure, and the administration of an anti-
sialogogue (i.e., glycopyrrolate 0.2–0.4 mg IV/IM) has been 
suggested by one author to minimize secretions and opti-
mize field of view [43]. Usual topical anesthesia, such as 
nebulized lidocaine before the bronchoscopy and splash-
as-you-go lidocaine solution to the airway mucosa during 
the procedure, should be appropriately used to minimize 
cough. As recommended for any thermal delivery during 
bronchoscopy, oxygen supplementation should remain 
under FiO2 40% to prevent theoretical airway ignition.

Table 28.3 Summary of mimicking or aggravating disorders of asthma, and suggested testing

Suspected alternative or contributing condition Suggested additional testing, as indicated

Emphysema Full PFTs, HRCT, alpha-1-antitrypsin level

Diffuse parenchymal lung disease Full PFTs, HRCT, directed serologies, echocardiogram

Chronic sinus disease CT sinus, allergy testing

Vocal cord dysfunction Laryngoscopy

Gastroesophageal reflux or aspiration Esophageal pH monitoring, swallow evaluation

Bronchiectasis HRCT, immunoglobulin levels, sputum cultures, skin and 
serum allergy testing, sweat chloride

Sarcoidosis CT chest, bronchoscopy with lymph node and lung biopsy

Tracheobronchostenosis or malacia Flow volume loops, dynamic CT, bronchoscopy

Congestive heart failure Serum BNP, echocardiogram

HRCT, high-resolution computed tomography; BNP, brain natriuretic peptide; PFT, pulmonary function testing.
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Each bronchoscopy begins with a thorough airway 
inspection. During a second or third session, previously 
treated areas are carefully examined. The bronchoscopist 
should note persistent inflammation, excessive mucus 
 production, new stenosis, or other lesions. These findings, 
especially if significant or present in combination, should 
prompt consideration for postponing the scheduled proce-
dure. Otherwise, the lobe targeted for therapy is carefully 
inspected and a systematic plan for therapy devised. All 
visible airways greater than about 3 mm in diameter should 
be treated, starting distally and moving progressively to the 
segmental and finally the lobar bronchi. Each location 
should be treated a single time.

In 2018, BT is performed using the Alair™ bronchial 
thermoplasty system (Boston Scientific, Natick, MA). 
Energy is delivered by the disposable Alair RF catheter, 
which houses a four-arm array at its distal end and is 
 connected to a handle with a depressible actuator that con-
trols expansion and collapse of the array (Figure 28.3). The 
catheter is designed to fit into and make contact with the 
walls of airways between 3 and 10 mm. The proximal end 
of the catheter is attached to the Alair controller, which is 
in turn connected to a footswitch that when depressed 
once will trigger delivery of thermal energy through the 
catheter (maximum 120 J). This “activation” will last 
10 seconds unless the footswitch is depressed again, which 
will prematurely terminate RF delivery. The controller 
monitors power and impedance, ensuring consistent RF 
energy delivery and regulated heating of the airway wall to 
65 °C. To complete the circuit, a return electrode is placed 
on the patient (usually back or thigh) and connected to the 
controller prior to the procedure.

Once a target airway is visualized, the catheter is inserted 
through the working channel and into the airway. The 
 distal end of the catheter should not extend beyond 
 endoscopic vision, and the catheter should not kink or 
bend. The array is then expanded and inspected for good 
fit, ensuring contact of all four arms with the airway wall 
(Figure 28.4). The bronchoscopist then depresses the foots-
witch once to deliver RF energy, which is signaled by an 
audible cue that repeats for 10 seconds until the activation 
is complete. At this point, the actuator is released to col-
lapse the array and the catheter is moved 5–10 mm proxi-
mal in the airway, ensuring no overlap of treatment area 
(Figure 28.5). The activation cycle is then repeated at the 
new location. One of the four wires of the basket has a 
feedback loop with the grounding incorporated into it. If 
during any activation adequate contact with the airway 
wall is lost with this wire, an audible signal with a different 
tone will sound to alert the operator to modify the array 
position and the activation will be terminated.

An assistant should record all treated airways, for exam-
ple on a typical paper airway map, to minimize chance of 
redundancy and ensure maximum therapy. The session is 
completed once all airways of the target lobe(s) have been 
treated with RF energy. Between 80 and 120 activations 
should be expected per each bronchoscopy.

After the procedure, patients should be recovered 
 according to usual institutional guidelines. Since most 
post-BT patients will exhibit worsening of their asthma 
symptoms immediately following the procedure (85% in 
the AIR-2 trial), several hours of close monitoring is sug-
gested. Criteria for hospitalization post procedure include 
persistent or severe cough or dyspnea, hypoxemia,  unstable 

(a) (b)

Figure 28.3 Disposable Alair™ radiofrequency catheter, which houses a four-arm array at its distal end (a). The array can be 
expanded and collapsed using a handle with a depressible actuator, which in turn is connected to the Alair controller unit (b). 
Source: Image provided courtesy of Boston Scientific. © 2018 Boston Scientific Corporation or its affiliates. All rights reserved.
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hemodynamic status, hemoptysis (>50 mL during four-
hour recovery period), or unexpected altered sensorium. 
Patients who are discharged should be carefully instructed 

on the development of these signs and symptoms and to 
have a low threshold for notifying their provider or visiting 
their local ED. Follow-up by phone at one, two and seven 
days, and a clinic visit prior to the next BT session are 
recommended.

28.6  Long-term Outcomes 
and Future Directions

Both histological and clinical effects seen in the BT trials 
appear to persist for at least several years. The RISA and 
AIR-2 trials followed their respective BT cohorts up to five 
years after therapy [44,45]. They found that reductions in 
rates of severe exacerbations, ED visits, and hospitaliza-
tions seen in the first year after BT remained largely 
unchanged during the long-term follow-up period. In addi-
tion, several measures of pulmonary function remained 
stable, and there were no new structural abnormalities 
found on high-resolution CT (HRCT). Of the randomized 
studies, only the AIR trial followed control subjects long 
term for comparison to the BT cohort. Twenty-four control 
subjects were assessed for a total of three years post study 
[46]. In years 2 and 3, AHR was noted to be worse in the 
control group compared to the BT-treated cohort. 
Respiratory adverse events, ED visits, and hospitalization 
rates remained low and stable for both groups. Several 

Figure 28.4 The expanded electrode array with all four arms 
contacting the airway wall, just prior to catheter activation. 
Source: Image provided courtesy of Boston Scientific. © 2018 
Boston Scientific Corporation or its affiliates. All rights reserved.

Catheter placed
distally in airway,
electrode array
expanded and
controller activated

Electrode array
partially collapsed
and moved 5 mm
proximal to previous
activation

Electrode array
expanded and
adjacent but not
overlapping activation
completed

Electrode array
partially collapsed
and moved 5 mm
proximal to previous
activation

Electrode array
expanded and
adjacent but not
overlapping activation
completed

Figure 28.5 Suggested sequence of performing contiguous activations during bronchial thermoplasty. Source: Image provided 
courtesy of Boston Scientific. © 2018 Boston Scientific Corporation or its affiliates. All rights reserved.
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recent investigations into ASM changes during and after 
BT therapy have found fairly consistent results of dimin-
ished ASM mass and type I collagen deposition. These 
changes have correlated with improved clinical outcomes 
after BT, both in the immediate posttreatment and longer-
term follow-up period [23,47–49].

Despite the mounting evidence supporting BT’s effect on 
ASM, the exact mechanism behind its action remains 
incompletely understood and warrants additional evalua-
tion. A recent investigation found BT-associated reductions 
in ASM were also accompanied by changes in the subepi-
thelial basement membrane, epithelial neuroendocrine 
cells, and both submucosal and ASM-associated nerves 
[49]. Studies analyzing BT-associated changes in number 
and function of inflammatory cells within ASM, such as 
neutrophils, eosinophils, and mast cells, are sparse and 
conflicting [23,49,50]. Furthermore, the extent and signifi-
cance of BT-related effects on the airway epithelium, ECM, 
and vascular network have yet to be defined.

The breadth of BT’s impact on the airway also remains 
unclear. A recent report noted that about a third of patients 
demonstrate acute radiological abnormalities in untreated 
lobes immediately after their BT session [51]. Interestingly, 
Pretolani and colleagues found ASM reductions and other 
histological changes in the untreated middle lobe in severe 
asthmatics (used as a control site to compare to BT-treated 
airways from the same individual) [22]. These findings sug-
gest extension of the thermal effect beyond the immediate 
treatment zone. Using alveolar nitric oxide measurements, 
van Veen et al. demonstrated a correlation between asthma 
severity and involvement of peripheral airways [52]. 
Dolhnikoff and colleagues showed that the outer wall of 
small airways exhibits significant remodeling in fatal 
asthma [53]. These and other studies suggest a potentially 
larger role of the peripheral respiratory tree in severe dis-
ease [8]. Collectively, these findings not only highlight the 
complex pathophysiological mechanisms through which 
BT may provide benefit, but also question the appropriate-
ness of the current approach: too aggressive, not enough, 
or just right? Newer bronchoscopes and guidance tech-
niques allow bronchoscopists to advance more distally into 
the respiratory tree than was possible for the AIR-2 trial. 
Combined with other emerging technologies, this should 

allow the expansion of the treatment field and more pre-
cise delivery of energy if future studies support such an 
approach.

Additional research should also help define the optimal 
BT candidate. Nonatopic (non-Th2) asthmatics may poten-
tially be more suited for BT since they tend to have more 
frequent hospitalizations and resistance to pharmacother-
apy [34,54–56]. However, BT clinical trials have not yet spe-
cifically focused on these phenotype clusters. Another area 
of interest is the use of imaging modalities such as HRCT, 
magnetic resonance imaging (MRI), and optical coherence 
tomography (OCT) to aid in identifying patients more 
likely to benefit from BT [57–60]. OCT, which is a light-
based, high-resolution imaging technology that has been 
shown to predict histological findings, may in particular 
have a promising role. Its features allow for accurate and 
reproducible in vivo assessment of individual airway wall 
layers and thus may help to more precisely identify BT can-
didates, localize airway targets in real time, and monitor 
responses to therapy.

Finally, the revelation of molecular phenotyping and 
biomarkers that could help differentiate responders from 
nonresponders would offer an important clinical adjunct 
to personalizing asthma therapy. Large registries and 
 randomized trials analyzing many of these questions are 
under way.

28.7  Conclusion

Bronchial thermoplasty is a novel, nonpharmacological 
endoscopic therapy for patients with severe-persistent 
asthma. Application of RF energy to the bronchial wall 
during bronchoscopy reduces smooth muscle mass and 
appears to improve asthma-related quality of life, decrease 
the rate of severe exacerbations, and reduce emergency 
room visits and hospitalizations. It is overall a well-toler-
ated procedure, and severe adverse events are rare. 
Clinical effects seem to persist at least several years after 
therapy. Ongoing research is likely to enhance under-
standing of pathophysiological mechanisms of action, 
and help further define and identify those patients most 
likely to benefit.
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29.1  Introduction

Chronic obstructive pulmonary disease (COPD) is a 
 common respiratory disease characterized by persistent air 
flow limitation associated with chronic inflammation of 
the airways and lungs, in response to noxious particles and 
gases [1]. Despite recent advances in pathogenesis compre-
hension and therapeutic management, COPD remains one 
of the most common causes of morbidity and mortality 
globally, resulting in a relevant social and economic  burden 
which is expected to further increase over the next decades. 
According to current epidemiological trends, COPD will 
become the third leading cause of global mortality by the 
year 2020, as an expression of increasing prevalence of risk 
factors (i.e., tobacco smoking, outdoor/indoor air pollu-
tion) and worldwide aging population [1]. According to the 
2015 Revision of World Population Prospects of the United 
Nations, the number of subjects aged 60 is overall 
expected to increase more than twofold by 2100, while the 
subgroup aged 80 is expected to increase more than sev-
enfold [2]. Such a huge change in population age structure 
will play a major role in COPD epidemiology and burden, 
as aging extends the time to experience and express the 
effects of risk factor exposure, as well as representing, by 
itself, a risk factor for both COPD onset and progression.

Current therapeutic strategies include smoking cessation, 
influenza and pneumococcal vaccinations, pulmonary 
rehabilitation, supplemental oxygen, and pharmacological 
treatments [1]. Bronchodilator therapy, although unable to 
modify the long‐term functional decline of COPD, is highly 
recommended to relieve symptoms, reduce exacerbations, 
and improve exercise capacity and quality of life [1]. 
However, as underlined in the latest GOLD report, COPD 

is a protean disease that includes different phenotypes, and 
therapeutic strategy should be personalized and tailored to 
specific patient features [1]. Patients with advanced emphy-
sema gain and perceived limited benefits from existing 
pharmacological treatment options, due to the lack of 
 efficacy in reducing hyperinflation, that is the key physio-
pathological mechanism in this context.

Lung hyperinflation is defined as an abnormal increase 
of the amount of gas in the lungs and airways at the end of 
tidal (spontaneous) expiration [3]. In severe emphysema, 
alveolar destruction, combined with loss of surrounding 
connective tissue, impairs the elastic properties of the 
lungs by reducing the degree of elastic recoil, and induces 
excessive collapse of small airways due to the lack of sup-
porting alveolar attachments. These changes in respira-
tory dynamics, along with the intrinsic inflammation of 
airways, lead to marked expiratory flow limitation and 
progressive air trapping, that translate into increased 
residual volume (RV) at functional evaluation. In this con-
dition, the static/elastic equilibrium point of the respira-
tory system is moved to higher volumes and the major 
consequences are positive intrathoracic pressure during 
expiration and increased ventilatory workload [3]. Such a 
vicious circle is further worsened by exercise (dynamic 
hyperinflation), when expiratory time is decreased due to 
tachypnea. In addition, higher lung volumes shorten and 
flatten the diaphragm, negatively modifying its length–
tension relationships and reducing its contractile force. 
Moreover, the unfavorable mechanics of the whole tho-
racic cage decrease the pressure‐generating capacity of 
inspiratory muscles.

Therefore, overall, lung hyperinflaction plays a central 
role in the pathophysiology of dyspnea and poor exercise 
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tolerance in emphysematous patients and contributes to a 
worse disease prognosis irrespective of lung function [4,5].

This physiopathogenic mechanism offered the rationale 
for development of a targeted treatment option – lung vol-
ume reduction. This procedure, either surgical or endo-
scopic, is intended to reduce hyperinflation by excluding 
the most damaged area of lung parenchyma, in order to 
optimize respiratory mechanics of the remaining tissue, 
thus reducing the work of breathing.

Although the first attempts at surgical lung volume 
reduction (LVRS) were performed in the 1950s, it was only 
in 2003 [6], with publication of the results of the National 
Emphysema Treatment Trial (NETT) [7], that this proce-
dure was shown to significantly improve clinical and func-
tional status in selected emphysematous patients. In the 
NETT study, a total of 1218 subjects were randomized to 
receive LVRS (n = 608) or best medical care (n = 610), and 
results showed an overall improvement in exercise capac-
ity compared to controls (up to 24 months). On the other 
hand, concerns have been raised about its safety and cost‐
efficacy, as a postoperative mortality rate of 7.9% was 
observed within 90 days, and up to one‐third of patients 
were still in hospital after one month, due to complications 
[6]. However, subgroup analysis revealed that patients with 
predominant upper lobe emphysema and low postrehabili-
tation exercise capacity experienced a lower mortality rate 
compared to the control group (respectively 2.9% and 
3.3%), and subsequent long‐term evaluations confirmed a 
five‐year survival benefit in these subjects.

Therefore, LVRS represents a valuable treatment option in 
selected patients with heterogeneous upper lobe emphy-
sema [1]. However, the questionable cost‐effectiveness 
 profile, as well as the considerable morbidity and mortality 
associated with LVRS, prompted reflection on alternative, 
less invasive, approaches to achieve LVR, such as endoscopic 
techniques (biological lung volume reduction [BLVR]) [8].

In the past 15 years, the ambitious goal of achieving the 
same clinical benefits with reduced risks and costs has per-
meated the world of interventional pulmonology and sev-
eral different techniques have been successfully developed. 
According to the underlying mechanism of action and 
reversibility, they can be divided into two main groups: 
blocking reversible devices and nonblocking irreversible 
devices (Table 29.1). The first group, represented by unidi-
rectional valves, relies on occlusion and atelectasis of the 
most hyperinflated lobe. Nonblocking devices are designed 
to exclude the targeted lobe by inducing an irreversible 
parenchymal reaction, and include coils and sclerosis 
agents, such as sealants and thermal vapor ablation [8]. To 
date, valves, coils, and thermal vapor ablation have been 
approved for commercial use in Europe, but not by the US 
Food and Drug Administration [9].

29.2  Unidirectional Valves

Unidirectional valves are the most widely investigated 
devices in the context of BLVR therapy, with the largest 
series of patients treated so far. Two different type of valves 
are available: endobronchial valves (EBV) (Zephyr®, 
Pulmonx, Inc., Palo Alto, CA) and intrabronchial valves 
(IBV) (Olympus Respiratory America, Redmond, WA). 
Although slightly different, both prevent inspiration but 
allow air and secretions to escape during expiration, 
decreasing hyperinflation.

Endobronchial valves, available in different sizes, are 
made of a Nitinol mesh covered by silicon, with a double 
silicone membrane inside that opens during expiration and 
closes during inspiration (Figure 29.1a). IBV, available in 
four different sizes, are umbrella‐shaped devices made 
with a Nitinol mesh covered by polyurethane membrane, 
secured to the bronchial wall by five hook‐like anchors 
(Figure 29.1b) [8].

The first large randomized trial, the Endobronchial Valve 
for Emphysema Palliation Trial (VENT), conducted in the 
US (321 patients in 31 centers) [10] and in Europe (171 
patients in 23 sites) [11], showed a statistically significant, 
although modest, improvement in lung function, exercise 
tolerance and quality of life compared to control subjects 
on best medical therapy. Overall, the added benefits were 
considered as not clinically relevant, but post hoc subgroup 
analyses documented much better outcomes in patients 
with heterogeneous emphysema (in the US cohort) and 
complete interlobar fissure [12]. The relevance of fissure 
integrity, thought to correspond to absence of interlobar 
collateral ventilation (CV), has been definitely confirmed 
as a predictor of successful results in all the largest later 
randomized trials [13–16], becoming a mandatory 
 eligibility criterion for valve placement. The presence of a 
parenchymal hole between lobes, indeed, would nullify the 
valve effect and, thus, a proper assessment of this feature is 
a crucial step in selecting patients. A successful result is 
also strictly dependent on the achievement of complete 
lobar occlusion inducing a posttreatment atelectasis. 
Incomplete occlusion provides a conduit for air to enter 
upon inspiration and this was identified by the presence of 

Table 29.1 Bronchoscopic lung volume reduction techniques 
according to mechanism of action and reversibility

Blocking reversible devices
Nonblocking irreversible 
devices

Unidirectional valves
 ● Endobronchial valves (EBV)
 ● Intrabronchial valves (IBV)

Coils
Sealants
Vapor ablation
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air between valve and bronchial wall, suggesting a leak [8]. 
The importance of obtaining a lobar occlusion, although 
associated with a higher risk of pneumothorax onset, was 
first demonstrated in the VENT study, and successively 
confirmed by Eberhardt et  al., showing that a unilateral 
procedure aiming to induce complete occlusion was supe-
rior to bilateral treatment with incomplete occlusion [17].

The large amount of experience on EBV treatment, col-
lected over 15 years, has clearly shown the key role of 
selected baseline morphological features (fissure integrity 
and emphysema heterogeneity), and procedural aspects 
(achievement of complete lobar occlusion) (Figure 29.2) in 
treatment outcomes, and, thus, careful preoperative patient 
selection as well as adequate technical skills are highly 
recommended.

The qualitative analysis of fissure integrity via high‐reso-
lution computed tomography (HRTC) has been performed 
for several years and still remains the cornerstone of preop-
erative work‐up in this context. However, the subjective 
nature of this assessment makes it less reliable in some 
cases and strictly dependent on the degree of operator 
experience, and thus further methods have been developed 
to objectively evaluate fissure integrity and the absence of 
CV, such as the Chartis System and quantitative CT.

The Chartis System (Pulmonx) is delivered during bron-
choscopy and allows direct measurement of collateral air 
flow by means of a balloon catheter connected to an exter-
nal console [18]. The catheter is inflated into the target 
bronchus and blocks the air entrance, allowing expiration. 
The persistence of expiratory flow indicates the presence of 

(a)

(b)

Figure 29.1 Zephyr valves (a) and IBV (b).
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CV, while its gradual decline to zero is suggestive of the 
absence. In the BeLieVer‐HIfi Study, the additional use of 
Chartis for patient selection significantly improved out-
comes [14], as revealed in post hoc analysis, and in later 
studies (STELVIO, LIVE, IMPACT, and TRANSFORM) 
[13,15,16,19], only patients with complete fissure and neg-
ative Chartis measurement were treated, showing success-
ful results.

The prognostic value of HRCT and the Chartis System 
has been retrospectively compared and, overall, both meth-
ods correctly predict a positive response to valve therapy in 
the presence of a fissure integrity equal to or more than 
90% at radiological evaluation. In other words, a patient 
with a 90% complete fissure on thin‐slice HRCT, defined by 
an experienced operator, may be considered eligible for 
valve placement without further assessment, as Chartis did 
not confer any significant advantage in this context. By 
contrast, in more complex cases with fissure integrity 
between 75% and 90%, the addition of Chartis assessment 
is highly recommended, as it can optimize patient selec-
tion. Finally, in patients with fissure integrity below 75% at 
HRCT, the negative predictive value for lobar atelectasis is 
100% and therefore, in this context, there is no point in 
Chartis assessment as EBV treatment is not indicated [20].

However, due to the limitations of visual estimation at 
HRTC in less experienced hands, a computerized semiau-
tomated program has been recently developed by several 
companies to reduce interobserver variability and mini-
mize human imprecision. QCT is a promising powerful 
tool that provides quantitative measurements of fissure 
integrity, tissue density, and vessel volumetry. Its role in 
combination with Chartis in predicting response to EBV 
treatment has been retrospectively assessed, and the 

authors conclude that Chartis provides added value only 
for patients with a fissure integrity between 80% and 95% 
[21]. In another study, QCT was retrospectively compared 
to Chartis [22]. First, the authors identified primary QCT 
predictors of outcome (defined as a reduction in target lobe 
volume >350 mL at three months) among 34 baseline vari-
ables, that were fissure integrity, low attenuation clusters, 
and vascular volumetric percentage of the patient’s small-
est vessels. Accuracy of QCT using these predictors was 
comparable to Chartis (78.8% vs 75.8%), further confirming 
its promising role in patient selection. Based on the latest 
expert panel recommendation on endoscopic lung volume 
reduction, QCT analysis should be used, if available [20].

The value of EBV treatment in patients with no CV and 
homogeneous emphysema has been assessed in the 
IMPACT study, including only this selected population. In 
this prospective multicenter trial, 83 patients were rand-
omized to EBV placement plus standard of care or standard 
of care alone and the percentage change of FEV1 was con-
sidered as the primary outcome. Results at three months 
showed a significant improvement of FEV1, as well as of 
quality of life and exercise tolerance, and at six months at 
least one of these endpoints was still met in 87.6% of the 
study population [15].

Finally, the long‐term effects of EBV implantation in 
emphysema patients screened by Chartis in the context of 
daily pulmonology practice were assessed in the LIVE study, 
a prospective, observational multicenter trial conducted in 
Germany. Overall, the treatment was well tolerated and data 
at six months showed a mean persistent significant improve-
ment in most functional parameters [19].

Although valve placement can be considered overall as a 
safe procedure, complications may occur and deserve some 

Figure 29.2 Radiographic evidence of left lower lobe atelectasis and hemidiaphragm elevation after valve placement.
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comment. The most common adverse event, which 
occurred in up to 25% of cases, is pneumothorax, followed 
by COPD exacerbation, pneumonia, hemoptysis, valve 
migration, and granulomatosis. Management of pneumo-
thorax requires chest tube insertion in more than 80% of 
cases and the median onset is two days. Thus, hospital stay 
for 48–72 hours for close surveillance should be recom-
mended routinely. In a minority of cases, pneumothorax 
occurs after hospital discharge, and patients should be 
aware of this risk in order to seek medical help as soon as 
symptoms appear. However, such complication does not 
negatively impact clinical outcomes in these patients, as it 
is thought to be an expression of the rapid reduction of 
lung volume, and thus of a more successful treatment, due 
to accurate patient selection [13]. Moreover, the risk of 
pneumothorax may be reduced by maintaining 48‐hour 
bed rest and the prescription of antitussive therapy [23].

Since the first experience published more than a decade 
ago, several randomized controlled trials (RCTs) and one 
real‐world study have provided evidence of significant sus-
tained benefits in terms of functional improvement, exercise 
tolerance, and quality of life in patients with heterogeneous 
emphysema predominant in upper or lower lobes, and with-
out CV. Current data on efficacy of EBV therapy in patients 
with homogeneous emphysema are still limited, but it may 
be considered in the context of registries.

Efficacy and safety of IBV treatment have been evaluated 
in one RCT only, the REACH Study, conducted in China 
and presented at the 2016 ERS Congress in London. 
Approximately 100 patients with heterogeneous emphy-
sema (55% upper lobes, 45% lower lobes) and no CV were 
randomized to receive IBV placement or best medical treat-
ment and the main outcomes were target lobe volume 
reduction and FEV1 improvement. At six months, signifi-
cant and clinically meaningful improvements in both the 
endpoints were observed compared to controls, with acute 

exacerbation and pneumothorax being the common 
adverse events, occurring respectively in 12 and 5 subjects. 
[24] However, full publication of this study is not yet 
 available. Although there is no reason to expect different 
outcomes compared to EBV, the limited evidence‐based 
data on this specific device, available so far, do not allow to 
consider it as superimposable.

29.3  Coils

Biological LVR with coils (PneumRx Inc., Mountain View, 
CA) is an innovative treatment designed to restore lung tis-
sue tension and reduce hyperinflation in areas of lung 
parenchyma most damaged by emphysema. Coils are 
shape‐memory Nitinol devices, delivered into the airway 
through a flexible bronchoscope in a straight configura-
tion, which subsequently reverts to the original double‐
loop shape upon deployment, in order to retract the most 
damaged parenchyma [8]. The coils are implanted under 
moderate sedation or general anesthesia using a specific 
delivery system under fluoroscopic guidance. Different 
sizes are available and on average, 10–12 coils per treated 
lobe are needed to achieve an adequate result, and patients 
are usually treated bilaterally in two different stages (1–4 
months between unilateral and contralateral procedure) in 
upper or lower lobes (Figure 29.3). Although coils may be 
removed immediately after deployment, overall, they 
should be considered as an irreversible treatment [12].

The first pilot study on BLVR with coils (BLVRC), 
 published by Herth et  al. in 2010 [25], documented the 
 feasibility and safety of this treatment and since then, 
six  clinical trials have further assessed its role in severe 
emphysematous patients [26–31]. Significant improve-
ments in lung volume, exercise capacity and quality of life 
were observed in emphysema patients, irrespective of CV. 

(a) (b)

Figure 29.3 Radiographic appearance of bilateral coils in upper (a) and lower (b) lobes.
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In  particular, in the REVOLENS study, an increase of at 
least 54 m in the six‐minute walk test was reported at six 
months in 18 patients (36%) in the coil group and 9 patients 
(18%) in the standard care group, for a between‐group 
 difference of 18%, with, however, a questionable cost‐
effectiveness profile, due to high short‐term costs [27].

Further insights in coil technology have emerged from 
the latest RCT, the RENEW study, which is also the largest 
investigation published to date. This study involved 315 
patients with severe emphysema (both heterogeneous and 
homogeneous) and severe hyperinflation (defined as RV 
>225% predicted for the first 170 patients, then lowered to 
170% predicted) and was conducted in 21 North American 
and 5 European centers. The primary effectiveness out-
come was difference in absolute change in six‐minute walk 
test between baseline and 12 months (minimal clinically 
important difference [MCID], 25 m). Median change in 
treated patients was 10.3 m, with a between‐group differ-
ence of 14.6 m (p = 0 0.02). The a priori defined clinically 
meaningful improvement of at least 25 m occurred in 40.0% 
of patients in the coil group and in 26.9% of the control 
group. Major complications, such as pneumonia requiring 
hospitalization and other potentially life‐threatening or 
fatal events, were significantly higher in the treated group 
compared to controls, occurring respectively in 34.8% and 
19.1% of cases. The modest improvement in median exer-
cise tolerance, considered of uncertain clinical importance, 
and the prevalence of severe complications raised some 
concerns about the risk–benefit profile of this procedure. 
However, a prespecified analysis, stratifying patients in 
four subgroups based on lung hyperinflation and emphy-
sema pattern, showed that the heterogeneous distribution 
and a RV >225% predicted were significantly associated 
with a superior treatment response [20].

These results confirmed the relevant role of a careful 
detailed assessment of emphysema characteristics and distri-
bution for a proper selection of target lobe. Technically, the 
first mandatory condition for feasibility of BLVRC is the pres-
ence of an adequate parenchymal density at HRTC, as this 
device requires a minimal amount of tissue for optimal per-
formance, and hence its use is not indicated if the lobe is too 
damaged or large bullae are present. In other words, the ideal 
target lobe should be the most impaired and hyperinflated of 
the lungs but, at the same time, should exhibit enough 
healthy parenchyma to allow coils to work properly.

The most common complications related to BLVRC 
include pneumonia, pneumothorax, and COPD exacerba-
tion. More than one‐third of pneumonia cases were nonin-
fectious coil‐associated opacities that may present a 
coil‐induced inflammatory reaction resulting from local 
airway irritation. Although these seem to be associated 
with a better outcome, they should be considered as a 

 postprocedural complication that requires strict  monitoring 
of the patients. Hemorrhage has been also described, while 
atelectasis is uncommon. Therefore, pulmonary consolida-
tion on either chest radiograph or CT proximal to the endo-
bronchial coil should raise the suspicion of pulmonary 
complication.

In a recent retrospective analysis of 86 patients reported as 
a single‐center experience in real‐world practice, 4 patients 
passed away due to complications and the initial benefits 
gained in functional parameters were lost at one‐year fol-
low‐up, raising doubts about long‐term risk‐ effectiveness 
profile outside clinical trials.

Overall, based on available data, BLVRC is indicated in 
patients with incomplete fissure, heterogeneous emphy-
sema and, possibly, severe hyperinflation (>RV 225% pre-
dicted). The value of this technique in patients with 
homogeneous emphysema has been explored in a pilot 
study (n = 10) [30], and in subgroup analyses of RCTs [26], 
suggesting a possible benefit also in this population. 
However, due to the limited evidence‐based data in this 
context, subjects with homogeneous emphysema should 
be treated only in the context of registries or RCTs.

29.4  Sclerosing Agents

29.4.1 Sealants

Sealants, designed to work at the alveolar level, rely on 
inducing an inflammatory parenchymal reaction, resulting 
in atelectasis from airway occlusion and subsequent 
 remodeling of the most damaged lobe, regardless of fissure 
integrity. First‐generation biological substances were tested 
in a large multicenter phase 2 dose‐ranging trial, involving 
50 patients with heterogeneous upper lobe emphysema, that 
showed functional improvements and an acceptable safety 
profile. The biological products were then replaced by 
 synthetic polymeric foam sealants (Aeris Therapeutics, 
Woburn, MA), investigated in two open label studies and 
one multicenter randomized trial (the Aeriseal System for 
Hyperinflation Reduction in Emphysema – ASPIRE), which 
was terminated early due to lack of economic sources. 
However, because of the encouraging initial data on its effi-
cacy, this technology is currently undergoing  further investi-
gation in a RCT testing the role of slowly increasing dosages 
and repeat bronchoscopy (NCT 02877479) [20].

29.4.2 Thermal Vapor Ablation

Bronchoscopic thermal vapor ablation (BTVA) (InterVapor 
Uptake Medical, Seattle, WA) uses high‐temperature water 
vapor to induce a localized inflammatory reaction with 
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 subsequent fibrosis and scarring, which leads to lung volume 
reduction in the target lobe. The main advantage of this tech-
nique is represented by its selectivity, as it induces volume 
reduction at the segmental level instead of the lobar level, 
targeting the highly diseased and hyperinflated segments 
while sparing the healthier ones (Figure 29.4). Technically, 
BTVA is a relatively easy procedure that consists in 
 introducing a catheter into the targeted bronchus,  inflating a 
balloon at the distal tip of the catheter to isolate the targeted 
segment, and, finally, delivering the heated water vapor. 
The selection of airway target as well as the vapor dose are 
preoperatively calculated using dedicated software based on 
the density and volume of the lung tissue.

The initial pilot study in 11 patients showed limited 
functional benefits with a questionable safety profile (seven 
serious adverse events), but two later investigations docu-
mented significant functional changes in heterogeneous 
upper lobe emphysema, irrespective of interlobar CV. The 
first RCT, known as the STEP‐UP (Segmental volume 
reduction using thermal vapor ablation in patients with 
severe emphysema) trial, investigated a segmental sequen-
tial approach, selectively targeting only the more damaged 
upper lobe portions while preserving the healthier seg-
ments. The main outcomes were significant changes in 
FEV1 and St George’s Respiratory Questionnaire (SGRQ) 
scores between treatment group (n = 45) and control group 
(n  =  24) [32]. The procedure was performed in one seg-
ment in one upper lobe followed by treatment of one or 
two segments in the other upper lobe 90 days later. Results 
at six months showed a clinically meaningful and statisti-
cally significant improvement in both outcomes, regardless 
of CV, and an acceptable safety profile, with COPD exacer-
bation in 25% of patients the only adverse event observed. 
An inflammatory response such as pneumonitis or 
 pneumonia occurred in 13% of the patients in the first 

three months after BTVA, accompanied by varying symp-
toms such as cough, fever, dyspnea, hemoptysis, and eleva-
tion of inflammatory markers [33]. To reduce the risk of a 
severe inflammatory reaction, all patients should receive 
prophylactic administration of antibiotics for two weeks. 
Data at 12 months documented persistent improvements 
of both FEV1 and SGRQ scores, without evidence of later 
complications [34].

Therefore, BTVA may be considered as a valuable thera-
peutic option for patients with upper lobe predominant 
emphysema, irrespective of CV. Its safety, feasibility, and 
efficacy in patients with lower lobe predominant or homo-
geneous emphysema are currently under investigation in 
prospective trials.

29.5  Patient Selection 
and Proposed Algorithm

29.5.1 Clinical and Functional Assessment

Patients affected by severe COPD with prevalent emphyse-
matous component who remain symptomatic despite 
 having stopped smoking, being on optimal medical treat-
ment and having completed pulmonary rehabilitation 
should be evaluated for BLVR. Another mandatory crite-
rion for eligibility is the presence of marked hyperinflation, 
defined as a total capacity (TLC) >100% and a RV >175%, 
both measured by body plethysmography. Further criteria 
include FEV1 between 15% and 45% predicted, PaO2 
>45 mmHg on room air, a six‐minute walk test >140 m, 
and absence of significant hypercapnia. Contraindications 
include current smoking, alpha‐1‐antitrypsin deficiency, 
active infection, severe pulmonary hypertension, unstable 
cardiac conditions and antiplatelet or anticoagulant 

(a) (b)

Figure 29.4 Radiological evidence of induced segmental sclerosis at one month post BVTA (right upper lobe segments n. 1 and 3).
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 therapy which  cannot be stopped for seven days prior to 
procedure [4]. Comorbidities should be carefully evaluated 
but do not represent an absolute contraindication, unless 
they are likely to highly influence the short‐term patient 
prognosis.

Although some authors suggest treating patients aged 
between 40 and 75 years, there is no recognized definite 
upper age limit beyond which BLVR is contraindicated. 
Data on geriatric patients are, at the very least, limited as 
the age of the overall study population rarely exceeded 
70 years. However, despite the lack of data in the literature, 
there is no point in excluding older patients from BLVR, 
based on age only. The overall performance status, includ-
ing severity of emphysema and comorbidities, should 
guide patient selection as an unfit or too compromised sub-
ject, independent of age, is less likely to benefit from BLVR, 
due to the expected limited response in terms of functional 
advantages.

29.5.2 Radiological Assessment

The recommended radiological assessment should be per-
formed by means of a standardized noncontrast CT with 
volumetric acquisition on a multidetector scanner plat-
form with thin series (0.6–1.25 mm). The first task of the 
radiologist is to verify the absence of relative or absolute 
contraindications for treatment, such as suspected cancer, 
interstitial fibrosis, bronchiectasis, severe tracheobron-
chomalacia or other abnormalities that can influence prog-
nosis and risk–benefit profile of the procedure. Then, a 
careful evaluation of emphysema morphology plays a piv-
otal role in selecting the best BLVR approach. In particular, 
the assessment of fissure integrity and a detailed regional 
assessment of extent and distribution (heterogeneity/
homogeneity) of emphysema are required for selection of 
the proper technique and target lobe.

As previously discussed, qualitative, semiquantitative, 
and quantitative evaluation of fissure integrity provides 
a high predicted (positive or negative) value when per-
centage of fissure completeness is below or above spe-
cific thresholds, while it should be integrated with 
further intervention, such as the Chartis System, in less 
clear cases.

The preoperative evaluation of emphysema extent and 
severity has been based, for many years, on semiquantita-
tive HRTC visual scoring (from 0 to 5, with 5 indicating 
the most damaged areas), but this method is affected by 
considerable interobserver variability. A more objective 
and reproducible assessment of emphysema can be 
obtained using the density mask method. This is based on 
a predefined voxel as a threshold to differentiate between 

areas of normal attenuation values and areas of low 
 attenuation (LAA). The CT voxels are measured by 
their   attenuation values using Hounsfield units (HU). 
Emphysema is expressed as the percentage of the lung 
with density values below a given threshold (LAA%), that 
are −950 HU or −910 HU on inspiratory scans. The latter 
threshold is used for thick‐slice (>3 mm) CT scans. 
However, due to the diffusion of multislice scanners with 
volumetric reconstructions, the threshold of −950 HU in 
1-mm noncontrast CT scan is now commonly adopted. A 
number of dedicated automated programs have been 
developed and labeled to date (such as QCT) to facilitate 
and optimize measurements. These are able to calculate 
total lung volume, right and left lung volume, mean lung 
density, percentage of low attenuation regions (LAA%), 
fissure integrity, and regional distribution of emphysema. 
The heterogeneity between ipsilateral lobes is conven-
tionally defined as a relative or percent interlobar 
 difference in LAA% >15% with the threshold −950 HU, or 
>25% with the threshold −910 HU.

The predictive value of quantitative evaluation, however, 
has yet to be fully established, as measurements may be 
influenced by patient‐related procedural factors (age, inspi-
ration depth), as well as by anatomical abnormalities with 
increased density such as dystelectases and infiltrates. 
Moreover, no data are yet available on validation of specific 
LAA% threshold for optimal coil treatment.

A further feature to consider in selecting the target lobe 
is regional lung perfusion. There is increasing evidence on 
a strict relationship between emphysematous destruction 
and pulmonary capillary blood volume. It has been shown 
that the combined information from CT and lung perfu-
sion scintigraphy was superior in assessing heterogeneity 
of emphysema, prior to LVRS, compared to CT alone. Thus, 
at baseline, an assessment of lobar perfusion might add 
useful information to evaluate the heterogeneity of emphy-
sema. Moreover, data from literature have shown that 
BLVRC resulted in a significant increase in perfusion in 
the coil‐free areas adjacent to the treated ones, as well as 
in the ipsilateral untreated areas. A significant correlation 
between increased six‐minute walking text and increased 
perfusion was found (p = 0.0027, R2 = 0.3850). This sug-
gests a possible role for BLVR in improvement of the 
 ventilation/perfusion relationship.

The role of perfusion scintigraphy on predicting clinical 
success has also been investigated after BLVR with valves, 
showing that a higher nontarget lobe perfusion was 
directly associated with improvement in the six‐minute 
walking test (p  =  0.014), while higher heterogeneity 
between lobes was a predictor of a FEV1 increase. 
Therefore, in some centers, perfusion scintigraphy has 
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been included in decision‐making processes about the 
proper target lobe, although its role as a predictor of bet-
ter outcomes needs to be further established in prospec-
tive studies.

29.5.3 Proposed Algorithm for BLVR 
Treatment

Patients with heterogeneous emphysema and no evidence 
of CV should first be considered for lobar occlusion with 
valves, since this approach has been extensively studied in 
such population, showing established, evidence‐based 
 benefits. Moreover, treatment with valves is readily reversi-
ble, and in case of lack of efficacy or onset of complications, 
patients can be shifted to other techniques. Patients with 
heterogeneous emphysema and evidence of CV should be 
evaluated for treatment with BLVRC or BTVA. In subjects 
with adequate tissue density (no threshold yet available at 
densitometry), BLVRC should be the preferred option when 
marked hyperinflation is present (RV >225%), while in the 
remaining cases (no adequate tissue density, no marked 
hyperinflation) BTVA may be considered, especially if there 
is evidence of intralobar heterogeneous disease, as it is able 
to induce a segmental selective sclerosis (Figure 29.5).

In case of homogeneous emphysema, evidence‐based 
data on BLVR are limited for valves, controversial for coils 
and absent for BTVA. Overall, the same algorithm may be 

applied but only in the context of RTCs or registries. 
Moreover, in cases of CV and no adequate tissue for coils, 
no options are currently available.

29.6  Conclusion

Chronic obstructive pulmonary disease represents a rele-
vant issue for public healthcare worldwide, due to its cur-
rent and increasing prevalence, expected to multiply over 
the next decades. The emerging scenario is, therefore, char-
acterized by a growing burden of emphysematous patients, 
for whom standard treatments play a marginal role. This 
has led to growing interest in BLVR techniques and several 
endoscopic, minimally invasive, procedures have been 
developed, becoming one of the most exciting technologi-
cal innovations in the field of interventional pulmonology. 
Although all these procedures have overall shown 
 encouraging results, a careful patient selection, including 
extensive evaluation of emphysema morphology as well as 
a detailed assessment of comorbidities and life expectancy, 
is imperative to optimize the risk–benefit profile. Moreover, 
further prospective data are needed to better define the 
value of these techniques outside the experimental setting 
and thus, in daily practice, patients should still be treated 
only in experienced/high‐volume centers, possibly in the 
context of registries.

Functional assessment
FEV1<50% and RV>175%, RV/TLC>0.58, 6MWT 150–400 m

QCT Features

Heterogeneous

No Collateral Ventilation Collateral Ventilation

Tissue

VALVES COILS VALVES COILSSTEAM

No tissue

RV>225%

no results no results

RTCs or registers

RV<225% RV>225% RV<225%

Tissue No tissue

No Collateral Ventilation Collateral Ventilation

Homogeneous

Figure 29.5 Proposed algorithm for BLVR treatment.
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Bronchopleural fistula (BPF) is a communication between 
the pleural space and the bronchial tree. Although rare, 
BPFs represent a challenging management problem and 
are associated with high morbidity and mortality [1]. There 
are several therapeutic options that range from conserva-
tive therapies to aggressive surgical procedures. As we 
know, the traumas induced by pulmonary resection mean 
that BPF patients are often in poor physical condition. 
Therefore, patients with this condition are suboptimal 
operative candidates. In addition, most fistulas were not 
able to close spontaneously by conservative treatment. The 
management of BPF is one of the most complex challenges 
encountered by chest physicians. In recent years, with 
the development of interventional pulmonology, especially 
the endoscopic intervention technique, endoscopic treat-
ment has evolved as an efficient option [2]. This chapter 
highlights the bronchoscopic management of BPF, espe-
cially for postoperative BPF.

30.1   Etiology and Incidence

Bronchopleural fistula may arise from various diseases and 
procedures. The postoperative complications of pulmonary 
resection is the most common cause, followed by lung 
necrosis complicating infection, persistent spontaneous 
pneumothorax, chemotherapy or radiotherapy (for lung 

cancer), and tuberculosis. BPF may occur as a complica-
tion of procedures such as lung biopsy, chest tube drainage, 
thoracocentesis, or radiation therapy [1,3].

For postoperative BPF, the incidence reported in the lit-
erature varies between 0.5% and 20% [4]. Dehiscence of the 
bronchial stump in the setting of anatomical resection 
remains the most common cause of BPF. The nonsurgical 
risk factors for the development of postoperative BPF 
include residual or recurrent cancer at the bronchial 
stump, preoperative radiotherapy, concurrent infection 
(especially fungal), prolonged postoperative ventilator sup-
port, adult respiratory distress syndrome, chronic obstruc-
tive pulmonary disease, poor nutrition, hypoalbuminemia, 
steroids, diabetes, and postoperative hospitalization [4–6]. 
Vester et al. [7] conducted a study to analyze the incidence 
of BPF in 2234 cases with different surgical modes. The 
incidence of BPF was 0.3% in segmentectomy cases, 0.82% 
in single lobectomy, 0.93% in double lobectomy, and 4.5% 
pneumonectomy. Some studies indicated that the inci-
dence is highest in patients who undergo right pneumo-
nectomy and right lower lobectomy [4,8]. Moreover, the 
studies suggested that most fistulas are seen on the stump 
beside the residual lobe. In addition, operation correlative 
factors, such as residual tumor in the resection margins, 
long bronchial stump, tightness of individual sutures, 
excessive peribronchial and paratracheal dissection, were 
associated with increased incidence of fistulization [1].
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30.2   Clinical Presentation 
and Diagnosis

30.2.1  Clinical Presentation

The clinical presentation is variable and is divided into 
acute, subacute, and delayed or chronic forms. In postop-
erative BPF, it can be classified based on the time of onset 
after surgery as early (within the first week), intermediate 
(7–30 days), and late (after 30 days) [9]. A life-threatening 
condition may occur due to the development of tension 
pneumothorax or asphyxiation from pulmonary flooding 
in acute cases. The typical presentation is the sudden 
appearance of dyspnea, hypotension, subcutaneous emphy-
sema, cough with expectoration of purulent material or 
fluid, shifting of the trachea and mediastinum, or persis-
tence of air leak without any technical problem. Subacute 
presentation is more insidious, characterized by irritating 
cough, fever with serosanguinous or purulent sputum, 
debilitation, and other nonspecific symptoms. As for the 
chronic form or nonsurgical case, symptoms are usually 
associated with an infectious process [3]. The diagnosis 
should be suspected when fever, productive cough, and 
new or increasing air–fluid levels are seen on the chest 
radiograph in the pleural space [1].

30.2.2  Diagnosis

The diagnosis of BPF is often obvious from the clinical 
presentation, particularly in the presence of a chest tube. 
Several methods have been used to diagnose BPFs, includ-
ing fiberoptic bronchoscopy (FOB) and associated proce-
dures and other emerging technology.

Radiological scan used in the diagnosis of BFP mainly 
refers to plain radiographs and computed tomography 
(CT). Radiological features suggestive of the presence or 
the development of a BPF include:

 ● steady increase in intrapleural air space
 ● appearance of a new air–fluid level
 ● changes in an existing air–fluid level
 ● development of tension pneumothorax
 ● a drop in the air–fluid level exceeding 2 cm (if patient has 

no chest tube in place) [10].

Apart from detecting these features, CT may be able 
to  identify a subset of patients with actual fistulous 
communication.

As an important examination method, FOB and associ-
ated procedures have been utilized to confirm and localize 
BPF [11]. FOB can detect the fistula opening directly in 
some cases. Apart from direct visualization, the return of 
continuous bubbles by bronchial wash is also a sign of BPF. 

In patients where a BPF is not clearly visible on bronchos-
copy, bronchography at the suspected site can be utilized to 
localize the fistula. Selective instillation of methylene blue 
into segmental bronchi with its subsequent appearance in 
the pleural space can also confirm and localize the BPF 
[1,3]. Detection can also be confirmed by placing a balloon-
tipped catheter into the selected airway and inflating it. The 
decrease or elimination of air leak confirms the suspicion.

Several new techniques have been used to confirm and 
localize the diagnosis, including ventilation scintigra-
phy [12], volume-rendered images  [13], virtual bron-
choscopy [14], and computed tomography bronchography 
(CTB) [15].

30.3   Traditional Treatment

There is no consensus on the optimal treatment for BPF. 
The traditional treatment options mainly include conserv-
ative management and surgical procedures.

The use of a chest tube to drain the infected pleural space 
is a critical measure for BPF treatment. The administration 
of antibiotics, sufficient nutritional supplementation, and 
mechanical ventilation if necessary are important. The 
placement of a chest tube can obtain adequate pleural 
space decompression to allow for lung reexpansion. 
Therefore, the chest tube should be inserted once the BPF 
is recognized [16]. The patient should be lying on the 
affected side to avoid pleural effusion flow to the contralat-
eral side. If an empyema is diagnosed, it should be drained 
as soon as possible to prevent aspiration pneumonia. 
Moreover, initiation of intravenous broad-spectrum antibi-
otic therapy and thoracic irrigation is needed [17]. Repeated 
thoracic irrigation could control the infection and promote 
the closure of the fistula. As reported, a small BPF may be 
healed with conservative management [16,18].

Surgery has been the primary method of treating BPF for 
a long time. Surgical closure includes chronic open drain-
age, direct stump closure with intercostal muscle reinforce-
ment, omental flap, transsternal bronchial closure, and 
thoracoplasty with or without extrathoracic chest wall 
muscle transposition [19]. Video-assisted thoracoscopy has 
also been used in attempting to treat BPF [20]. In general, 
for early BPF (usually fewer than two weeks), suture reclo-
sure of the bronchial stump with vascularized flap cover-
age is considered to be curative [21,22]. The success rate of 
surgical closure of BPF has been reported at between 80% 
and 95% [23]. Even so, many of these patients may be poor 
candidates for a second thoracic operation of this magni-
tude. Therefore, the quantities of suitable patients are 
 limited. A detailed discussion of surgical options and indi-
cations is beyond the scope of this chapter.
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30.4   Bronchoscopic Management

For many BPF patients, especially postoperative BPF, the clo-
sure rate of conservative treatment is relatively low while a 
second thoracic operation of this magnitude is intolerable. 
With the development of interventional therapy, flexible bron-
choscopy has been gaining acceptance as a diagnostic and 
therapeutic modality in patients with BPF. Bronchoscopic 
techniques are thought to be viable in small BPFs less than 
5 mm in diameter [1]. The bronchoscopic closure of the BPF 
has the advantages of less trauma, fewer complications, repeat 
operation, good tolerance, low cost, and ease. In the following 
section, we will introduce some of the main methods in detail.

30.4.1  Silver Nitrate

The first use of silver nitrate was by Hoier-Madsen and col-
leagues [24]. They successfully treated 10 patients with 
BPF through a rigid bronchoscope. The application of sil-
ver nitrate caused tissue burns and local inflammation, fol-
lowed by the normal healing process and scar formation, 
which achieved success on the mucosa of small BPF of the 
central airways. After that, the method was not reported for 
25 years until satisfactory efficacy was demonstrated by 
Stratakos and colleagues [25]. Mucosal application of silver 
nitrate through a flexible bronchoscope has also been 
proven to be an efficient alternative by Boudaya et al. [18].

30.4.2  Ethanol

Injecting absolute ethanol directly into the submucosal 
layer of a fistula under flexible bronchoscopy can induce 
rapid dehydration and scar formation of the tissue. It can 
quickly induce scar formation in a reproducible manner 
[26]. Ideally, ethanol should be injected into the area 
between the subcutaneous layer and the subjacent muscle 
layer, but this may be very difficult to accomplish. 
Furthermore, rapid injection of absolute ethanol into tis-
sue may cause tissue toxicity, leading to necrosis. Therefore, 
the use of ethanol should be prudent, slowly in small 
amounts. According to the reported data, the injection of 
0.1 mL absolute ethanol seemed to be safe and effective 
[26,27]. However, it is important to point out that this 
method is only suitable for small fistulas less than 5 mm in 
diameter, particularly for those with 3 mm diameter. No 
complications have been reported [1,26].

30.4.3  Polidocanol

This local anesthetic was used for sclerotherapy to treat 
spider and varicose veins initially. In 1988, Varoli and 
 colleagues [9] published their results of managing 

35   postresectional BPF with injections of polidocanol. 
Successful closure was achieved in 23/35 cases (66%), 
including a large fistula whose opening was as large as 
10 mm. Subsequently, sclerotherapy with polidocanol and 
application of cyanoacrylate were reported by Kanno et al. 
[28]. In this article, they pointed out that the method is not 
only technically easy, but also very effective for treatment 
of BPF [28]. In addition, bronchoscopically injected ethan-
olamine, a related compound, achieved cessation of air 
leak in 12/15 (80%) predominantly medical patients [29].

30.4.4  Carbolic Acid

Carbolic acid, also called phenol, is a sweet-smelling color-
less liquid used to prepare resins, preservatives, fungicides, 
and drugs, and also to disinfect surgical instruments. 
Carbolic acid has a strong reaction with mucosal tissues, 
and pure carbolic acid corrodes mucosa completely in 
60 seconds. When carbolic acid contacts the mucosal sur-
face, the tissues are rapidly degenerated and mucosal 
inflammation stimulates exudation and proliferation, 
finally resulting in closure of the fistula. Wang et al. [30] 
first reported its use in treatment of BPF. Treatment was 
repeated if a leak was seen to persist after the initial appli-
cation of phenol. With different lengths of treatment, the 
cure rate could reach 100% and no complications were 
reported. However, more research should be done to con-
firm efficacy.

30.4.5  Fibrin Glue

The diagnosis and closure of small BPFs can be accom-
plished with placement of fibrin sealant through the flexi-
ble fiberoptic bronchoscope. This technique has been 
reported to be successful in small BPFs and patients with 
multiple postresection bronchial stump [11,31–34]. Fibrin 
glue is a dual-component biological adhesive whose action 
mimics the final stage of clotting whereby fibrinogen (pre-
sent in the form of cryoprecipitate), in the presence of fac-
tor XIII, thrombin, and calcium, polymerizes to form a 
fibrin clot, which is gradually adsorbed by the fibrinolysis. 
It is important to note that the two fibrin components 
should be applied directly to the fistula site and allowed to 
mix at the desired location as clot formation will begin to 
develop within seconds. The two-component fibrin cryo-
precipitate glue is delivered through a catheter located 
close to the BPF, and 1 mL of concentrated fibrinogen is 
injected followed immediately by 1 mL of topical thrombin 
(1000 IU/mL). A fibrin clot forms and then the fistula is 
occluded. It is believed that the fibrin glue is eventually 
reabsorbed, preventing foreign body reaction [35]. Both 
cellulose [33] and calf bone [36] were also reported in 
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 combination with the fibrin glue and other materials used 
to seal a BPF.

30.4.6  Cyanoacrylate Glues

Cyanoacrylate glues are one of the most common sealant 
compounds along with fibrin. They initially seal the orifice 
by acting as a plug, and later by inducing an inflammatory 
response that leads to fibrosis and mucosal proliferation, 
permanently sealing the orifices [37,38]. A catheter is 
introduced by bronchoscope through the working channel 
and positioned near the fistula. The acrylate glue is then 
injected through the catheter into the fistula. If the fistula 
cannot be sealed completely, the procedure can be repeated. 
The glues polymerize into a solid material on contact with 
body fluids or tissue, and build tight junctions with the sur-
face of the wound. The dosage of 0.5–1 mL is reported to be 
optimal [39].

30.4.7  Laser

The ablative energy technique has also been applied in the 
management of BPF through the flexible bronchoscope. 
The premise is to induce tissue inflammation. The Nd:YAG 
laser beam was directed to the bronchial mucosa surround-
ing the BPF, and then superficial erosion and bleeding 
around the fistula were created and coagulated by a defo-
cused YAG laser beam [40]. The Nd:YAG laser offers an 
option for endobronchial treatment of small (<2 mm) 
BPFs. Kiriyama and colleagues published their experience 
with the Nd:YAG laser (power 5–20 W in 0.5 second) in 
eight patients, reporting successful closure in four [41]. 
The technique has not been widely reported and its efficacy 
and safety should be studied further.

30.4.8 Coils

Coils have been used alone or in conjunction with other 
sealants to treat BPF [42–44]. Ponn et al. [45] reported the 
use of Gianturco vascular occlusion coils in five patients, 
with complete or significant control of the leak without 
complications. Moreover, the combination of coils and 
cyanoacrylate glue also achieved successful results in BPF 
patients. In combination mode, the coils served as scaffold-
ing for the cyanoacrylate glue to control the BPF [43,44].

30.4.9  Intrabronchial Valves

Most intrabronchial valves are primarily designed for bron-
choscopic lung volume reduction to replace surgical lung 
volume reduction. The theoretical baisis of endobronchial 
valves (EBV) is to create conditions for healing by blocking 

air flow through the fistula. Feller-Kopman et al. [46] first 
reported the use of unidirectional EBV to treat BPF and 
empyema. Subsequently, intrabronchial valves were applied 
to BPF patients in other research, and the procedure is safe 
and effective [47–49]. Recently, a single-center retrospec-
tive study analyzed the efficacy of EBV in the treatment of 
75 patients with BPF. A total of 195 valves were placed in 
the 75 patients (mean 2.6 valves per patient, range 1–8) 
with median time to air leak resolution of 16 days (range 
2–156) [49].

30.4.10  Amplatzer Devices

The Amplatzer device (AD) is a novel method of BPF clo-
sure, which is well known from its use in transcatheter 
closure of congenital heart defects. The devices are made 
of Nitinol mesh with a central connector between the 
disks (Figure  30.1). The types most commonly used for 
BPF are the Amplatzer® Septal Occluder and the Amplatzer 
Duct Occluder II (AGA Medical, Golden Valley, MN). The 
Amplatzer Septal Occluder has a central waist between 
the disks ranging from 4 to 40 mm in diameter, and the 
distal and proximal disk diameters are 14 and 10 mm 
larger, respectively, than the diameter of the central waist 
in order to provide an anchoring lip of 5–7 mm circumfer-
entially. A polyester fabric inside the mesh facilitates 
occlusion and tissue growth over the device. The waist is 
placed inside the defect and the disks anchor the device on 
either side. The Amplatzer Ductal Occluder II devices 
behave in a similar manner but have a central waist of 
3–6 mm in diameter and vary in length from 4 to 6 mm and 
have no fabric inside the mesh. The disks are 6 mm larger 
than the central waist. Owing to the large range of device 
sizes, they can be appropriately matched to the diameter 
and length of different lesions.

The technique of endobronchial AD occluder implanta-
tion may be suitable for large BPFs that originate in the 
main bronchi, which are not amenable to closure with 
small devices such as coils or glue. Following the initial 
report by Butera et  al. [50], several other groups have 
described their experience with this technique and all of 
them achieved satisfying results [51–54]. However, it 
should be noted that AD has the risk of falling off into the 
pleural cavity and cannot be recycled, which limits its 
application. Fruchter et al. [53] used AD to seal the BPF 
through bronchoscopy in 31 patients, and achiever suc-
cessful closure in 30 patients. After six months, the patients 
were reexamined under bronchoscopy and the surfaces of 
the AD were found to be covered by granulation. No severe 
complication was reported during the follow-up period.

In May 2018, our center treated a patient with BPF and 
empyema, which was secondary to right-middle pulmonary 
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lobectomy and right-upper lesionectomy. Chest CT showed 
the fistula between the right chest and chest wall 
(Figure 30.2a). Two fistulas were detected by bronchoscopy: 
the large one was in the right middle lobe bronchus (diam-
eter about 12 mm), and the small one was in the right upper 
lobe bronchus (diameter about 2 mm). Due to the size and 
central location of the fistulas, conventional endoscopic 
treatment did not seem an option. Therefore, an Amplatzer 
Septal Occluder device was eventually placed through the 
larger fistula (Figure 30.2b). Sheared silicone strip was used 
to seal the small fistula (Figure 30.2c). After operation, the 
symptom of cough alleviated and the hydropneumothorax 

improved. Reviewed by bronchoscopy, we found that part 
of the occluder device was covered by granulation and the 
fistulas were sealed well.

30.4.11  Silicon Spigots

Bronchial occlusion with an Endobronchial Watanabe 
Spigot® (EWS) has been shown to be useful in managing 
prolonged BPFs [55–58]. The EWS was developed by 
Watanabe et al. who reported its effectiveness in reducing 
air leakage by endobronchial occlusion to the bronchus 
[59]. The EWS is made of silicone and available in three 

Figure 30.1  The various Amplatzer devices used in clinical practice.

(a) (b) (c)

Figure 30.2  An Amplatzer septal occlusion device and a sheared silicone strip were used to treat the BPF. (a) The chest CT 
showed the fistula between the right chest and chest wall. (b) The Amplatzer septal occlusion device was placed to seal the larger 
orifice in the bronchus of the right middle lobe. (c) The sheared silicone strip was used to seal the smaller orifice in the bronchus 
of the right upper lobe.
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sizes based on diameters of 5 mm (small), 6 mm (middle), 
and 7 mm (large). The EWS-M should be used mainly at 
the level of the subsegmental bronchus [59]. The complica-
tion most associated with endobronchial embolization 
with EWS is migration. The application can be repeated if 
the EWS is displaced. Currently, there are no long-term 
follow-up reports after EWS insertion. So far, silicone spig-
ots have been approved for use in the treatment of refrac-
tory pneumothorax by Japanese authorities, but have not 
been approved by the FDA.

30.4.12  Stents

Stents are the mainstay of bronchoscopic relief of central air-
way obstruction. They have also been used for the manage-
ment of BPF as described in several case reports and series. 
The airway stents are placed to isolate the fistula orifices away 
from the airway. The goal of stent placement is to provide as 
tight seal in the airway as possible to prevent aspiration and 
pneumonia. The stents used in BPF can be divided into two 
types: the metallic stent and the silicone stent (Figure 30.3).

Metallic stents are known to stimulate an inflammatory 
response that generates granulation tissue. When orifice 
closure is desired, such overgrowth can be advantageous. 
Since there are many type of stents with different proper-
ties, stent selection requires consideration of the type of 
lesion, its location, the physical characteristics of the stent, 
and its potential short-term and long-term complications. 
Recently, a large series by Han et al. [60] has described the 

use of a fully covered metallic stent used for individualized 
airway stent implantation to treat 148 cases of BPFs. 
Resolution of air leak was achieved in 143/148 (96.6%) 
cases. In the remaining five patients, occlusion was suc-
cessful only on the second attempt. This large sample study 
suggests that airway occlusion stenting appears to be a fea-
sible and effective technique for treatment of BPF. In 
another review of seven patients with large postpneumo-
nectomy BPF, Dutau and colleagues deployed custom-
made, fully covered, self-expandable metallic stents via 
rigid bronchoscopy with an immediate success rate of 
100% [61]. This article also provided some advice on maxi-
mizing success. Preprocedure measurements of the area to 
be covered were taken so that the midpoint of the custom-
ized stent would coincide with the fistula orifice. The stent 
should be 10–20% larger in diameter than the internal air-
way adjacent to the fistula orifice. Representative figures of 
study patients are presented in Figure 30.4.

Silicone stents have also been placed through rigid bron-
choscopy for the management of large postpneumonec-
tomy BPF. For instance, Tsukada and Osada describe a case 
of a postoperative BPF successfully managed with a modi-
fied Dumon® stent [62]. Additionally, Ferraroli and col-
leagues also placed a modified Dumon Y-stent in a patient 
with a 2 mm right mainstem bronchus stump fistula. The 
stent’s right limb was occluded with silicone material taken 
from the same stent [63].

As with all methods, there are some drawbacks associ-
ated with airway stenting. A stent in the airway acts as a 

Figure 30.3  The stents commonly used for BPF include metallic and silicone models.



Endoscopic Management of Bronchopleural Fistulas 451

foreign body, which can not only stimulate increased 
mucus secretion but also cause the failure of respiratory 
cilia motion and finally result in expectoration difficulties. 
Despite improvements in airway stent materials and place-
ment techniques, airway stent-related problems such as 
chest discomfort, expectoration difficulties, and granula-
tion tissue formation cannot be totally avoided [60,64].

In clinical work, we will encounter complicated cases. 
Take a patient in our centers as an example. He had received 
right upper pulmonary lobectomy 20 years ago for cavitary 
pulmonary tuberculosis, and then underwent surgery again 
for right pulmonary aspergilloma eight years ago, but gave 
no exact details. After the second surgery, the patient was 
troubled by repeating hydropneumothorax, which indicated 
the presence of BPF. He underwent argon plasma coagula-
tion (APC) via bronchofibroscopy to stimulate the prolifera-
tion of granulation in other hospitals several times, but the 
results were unsatisfactory. The patient visited our center for 
further treatment in April 2018. A stump fistula in the right 
upper lobe bronchus was found by bronchoscopy. A modi-
fied Dumon stent (16–13–13, the right upper branch of 
which was sutured by a nylon wire as occluded branch) was 
placed to seal the orifice. However, the poor blocking effects 
resulted in retreatment. The original Dumon stent was 
extracted and two gelatin sponges were used to obstruct the 
orifice (Figure 30.5a). The original Dumon was pruned and 
transformed, then the right intermediate bronchus was cov-
ered by a stent loop with a diameter of 15 mm while the right 
mainstem bronchus was covered by a stent loop with a 
diameter of 18 mm (Figure 30.5b,c). After treatment, the air 
leak decreased and finally disappeared and the symptoms 
were relieved. Chest CT showed that the fistula was covered 
by the stent (Figure 30.5d). For the patient, the course of dis-
ease was long and complex, and monotherapy may not 
achieve good results. In this situation, we should take effec-
tive measures to deal with the problem to maximize the 
therapeutic benefits.

30.4.13  Blood Patch

The instillation of autologous blood (blood patch) 
through a pleural drain for the successful management 
of persistent air leak has been reported in case series 
[65]. This approach depends on both the immediate 
sealing effect of clotted blood and the resultant pleural 
inflammation. Using flexible bronchoscopy and forceps, 
several layers of a hemostatic agent were applied first, 
followed by instillation of autologous blood via a modi-
fied Fogarty balloon catheter, resulting in immediate 
cessation of air leak [66]. The process was repeated if the 
air leak persisted. Some authors reported that the total 
amount of blood administered in each case did not 
exceed 25 mL [67].

30.5   Conclusion

In conclusion, no one method can be considered suitable 
for the treatment of BPF in all circumstances. Most 
authors consider that the size of fistula is the vital factor 
in selecting the therapy method. On reviewing the 
reported literature, we found that injection of sclerosing 
agent, injection of fibrin glue through bronchoscopy, and 
coil closure are more suitable to seal fistulas with diame-
ters smaller than 5 mm, especially for those smaller than 
3 mm; ADs and stent placement show good effect in treat-
ing fistulas with diameters larger than 5 mm. In addition 
to the size of fistula, the site, infection control of the fis-
tula, and accompanying underlying disease are other fac-
tors related to the success rate. Finally, there is no 
evidence to support one compound or combination over 
another. Therefore, methods should be chosen in relation 
to the situation. In addition, the choice of bronchoscopic 
method should depend on the familiarity and experience 
of the bronchoscopist.

Figure 30.4  A metallic stent was used to seal the fistula in a postoperative BPF.
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31

Tracheobronchial stenosis may have a severe clinical pres-
entation in adults and children, with multiple causes and 
options for treatment. The symptoms of tracheobronchial 
stenosis are varied, ranging from minimal or no symptoms 
to dyspnea, recurrent infection, and life-threatening air-
way obstruction. Traditionally, benign airway stenosis 
(BAS) was treated mainly with surgery but with the rapid 
innovation and expanding use of bronchoscopy, new tech-
niques and instruments have been developed to assist in 
the management of tracheobronchomalaica and tracheo-
bronchostenosis. The application of balloon dilation, cryo-
therapy, thermal ablation, and stent implantation has been 
utilized in the treatment of BAS depending on the type, 
location, degree, and length of the stenosis.

31.1   Epidemiology and Etiology

The etiology of BAS varies, with the most common reasons 
being iatrogenic stricture, inflammation, infection, dynamic 
collapse, and benign tumors of the airway [1] (Table 31.1).

In North America and Europe, the most prevalent causes 
of BAS are endotracheal intubation, tracheostomy, and 
lung transplantation [2, 3]. However, the etiology in China 
is disparate with the top-ranking cause being endobron-
chial tuberculosis (EBTB), encompassing 64.3% of patients, 
while tracheal intubation or tracheostomy represents 
approximately 15% [4].

31.1.1  Iatrogenic Events

Airway stenosis secondary to iatrogenic events has gained 
increasing attention worldwide. In North America and 
European countries, the most common cause of large 

 airway stenosis is iatrogenic events including tracheos-
tomy, intubation, and thoracic surgery, such as lung trans-
plantation [2, 5]. The two most frequently involved sites of 
stenosis are the tracheal stoma of the tracheostomy and 
tracheal wall where the endotracheal tube cuff has been in 
contact [5]. These lesions are often detected when patients 
exhibit difficult decannulation.

Postintubation airway stenosis was first reported by 
MacEwen in 1880 [6]. Surprisingly, up to one-third of criti-
cally ill patients develop airway stenosis after percutaneous 
dilational tracheostomy (PDT) according to the early data 
(Figure  31.1) [7]. To date, the incidence of posttracheos-
tomy and postintubation airway stenosis remains 10–22%, 
with a lower percentage of symptomatic or severe stenosis 
[8]. Postintubation stenosis is generally due to ischemia 
induced by overinflation of the balloon causing pressure 
on the tracheal wall, and posttracheostomy stenosis result-
ing from abnormal wound healing with excess granulation 
tissue formation.

As the most common complication, airway stenosis 
occurs in 5–15% of patients after lung transplantation [5, 
9, 10]. Aspergillus and pseudomonal infection, age less 
than 45 years, airway necrosis, longer intubation periods, 
and immunosuppression are correlated with airway steno-
sis [5, 9–11].

In addition, the incidence of airway stenosis secondary 
to inappropriate interventional pulmonology (IP) proce-
dures has increased in recent years and warrants attention 
by bronchoscopists.

31.1.2  Infection

In tuberculosis (TB)-endemic areas such as China and 
India, EBTB is the leading cause of BAS (Figure  31.2) 
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[12, 13]. Found in 10–37% of pulmonary TB patients, 90% 
of EBTB patients have airway stenosis [5]. The stenosis can 
be induced by hyperplastic change and inflammatory 
edema, or sometimes adjacent lymphadenopathy.

Microorganisms other than TB also elicit benign tracheal 
stenosis (BTS). Fungi, especially Aspergillus, cause tracheo-
bronchitis, subsequently giving rise to tracheal strictures. 
Infrequently, Klebsiella rhinoscleromatis, Corynebacterium 
diphtheriae, and Treponema pallidum infection cause rhi-
noscleroma and form masses, nodules, and fibrosis that 
eventually lead to airway stenosis [1]. It is noteworthy that 
the stenosis usually takes place in the healing stage instead 
of acute phase of infection.

31.1.3  Inflammation

Systemic inflammatory diseases that lead to airway steno-
sis include granulomatosis with polyangiitis (formerly 
called Wegener granulomatosis), relapsing polychondritis 
(RP), sarcoidosis, amyloidosis, inflammatory bowel dis-
ease, and other generalized collegen-vascular diseases [1].

31.1.4  Tracheal Benign Tumor

Benign tracheal tumors such as hamartoma, pleomorphic 
adenoma, chondroma, fibroma, squamous cell papilloma, 
and hemangioma may all cause airway stenosis by obstruc-
tion. An enlarged thyroid gland or thyroid neoplasm can 
also generate stenosis of the airway.

31.1.5  Exhalatory Central Airway Collapse

Exhalatory central airway collapse (ECAC) defines the nar-
rowing of the central airways during expiration and mainly 
consists of two pathophysiological entities: excessive 
dynamic airway collapse (EDAC) and tracheobronchoma-
lacia (TBM) (Table 31.2).

Excessive dynamic airway collapse is characterized by 
inward bulging of the posterior airway membrane (floppy 
tracheal membrane) during exhalation, with narrowing of 
the cross-sectional airway lumen. In contrast, TBM is a 
weakness of the airway wall, due to reduction and/or atro-
phy of the longitudinal elastic fibers and impaired carti-
lage integrity. The majority of TBM cases are intrathoracic, 
but extrathoracic TBM has also been reported [14]. The 
estimated incidence of TBM varies due to the defnition of 
the extent of airway collapsibility. Recent evidence dem-
onstrated that asymptomatic healthy volunteers also 
exhibited TBM according to the diagnostic threshold [15, 
16]. Consequently, the diagnostic criteria should be vali-
dated to distinguish true TBM from the physiological 
range of dynamic airway collapse.

There have been several classification schemes for TBM. 
According to macroscopic findings, TBM with lateral wall 
narrowing is called the “saber-sheath type” or “fissure 
shape” while TBM with anteroposterior wall narrowing is 
called the “crescent type” or “scabbard shape”, and a third 
type, named “circumferential narrowing,” is characterized 
by the combination of the former two types [14]. Another 
classification system divided TBM into congenital and 
acquired types [17]. Congenital tracheomalacia is rare. 
Trauma, surgical procedures, chronic irritation, inflamma-
tion, mechanical changes, and malignancy are the predom-
inant causes of acquired types.

In relation to our experience, we suggest dividing TBM 
into segmental and diffuse. Segmental TBM usually occurs 
in patients with local RP, tuberculosis, chronic obstructive 
pulmonary disease (COPD), and obesity. Diffuse TBM is 
caused by the destruction or deficiency of the entire tra-
cheobronchial tree. The etiologies of diffuse tracheomala-
cia are severe forms of RP and congenital abnormalies, 
which most commonly happen with esophageal atresia 
and tracheoesophageal fistula. Another rare cause is 
 tracheobronchomegaly, also known as Mounier–Kuhn 

Table 31.1  Etiology of benign airway stenosis

1) Idiopathic events

Endotracheal intubation
Tracheostomy
Lung transplantation

2) Infection

Tuberculosis
Aspergillus
Klebsiella rhinoscleromatis
Corynebacterium diphtheriae
Treponema pallidum

3) Inflammation

Granulomatosis with polyangiitis
Relapsing polychondritis
Sarcoidosis
Amyloidosis
Inflammatory bowel disease

4) Airway benign tumor

Hamartoma
Pleomorphic adenoma
Chondroma
Fibroma
Squamous cell papilloma
Hemangioma

5) Dynamic collapse

Floppy membrane
Tracheomalacia



(a) (b) (c) (d)

(e) (f) (g) (h)

Figure 31.1  Tracheal stenosis due to percutaneous tracheostomy. (a,b) Bronchoscopic view and chest CT showing type 2 tracheal stenosis (bT2L2D4L1.5). (c–e) Laser resection, 
balloon dilation, and cryotherapy were used for airway expansion. However, the stenosis segment was soon reobstructed (f). (g,h) A fully covered Nitinol stent was deployed for 
one month and the trachea remained open after stent removal.
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syndrome, manifesting with diffuse expansion and soften-
ing of the airway. These patients are characterized by repet-
itive respiratory infections and pneumonia [18].

31.2   Presentation

The presentation of tracheobronchial stenosis can range 
from minimal to no symptoms to dyspnea, infection, and life-
threatening airway obstruction. It is mainly determined by 

the region where the lesion is located and the degree of steno-
sis. The most frequent complaint is dyspnea, followed by 
pneumonia and respiratory failure, and respiratory distress 
only makes up a small part [9]. The patient may complain of 
chest tightness, dyspnea, and even respiratory distress if the 
stenosis is located in a large central airway. When the stenosis 
is located in the bronchus, the symptoms are repetitive infec-
tions caused by local inadequate drainage.

31.3   Diagnostic Evaluation

The diagnosis of BTS is established according to the follow-
ing factors.

31.3.1  Symptoms

As noted above, different regions and degrees of stenosis 
correspond to varied clinical presentations. On physical 
examination, inspiratory or biphasic stridor may be appre-
ciated. Three depression signs (tachypnea, nasal alae flar-
ing, expiratory grunt) and cyanosis are also detectable.

(a) (b) (c)

(d) (e) (f)

Figure 31.2  Secondary right main bronchus obstruction to tuberculosis (bT2L4D5L2). (a) Severe right main bronchus obstruction 
with mucus plugging. (b,c) Repeated balloon dilation and cryotherapy of right main bronchus. (d) Posttreatment view of right main 
bronchus. (e,f) Bronchoscopic view and chest CT showed stable dilation six months after the last intervention.

Table 31.2  Causes of tracheobronchial malacia

Segmental tracheal malacia Diffuse tracheal malacia

Local RP
Tuberculosis
COPD
Chronic bronchitis
Obesity
Thyroid goiters

Severe form of RP
Esophageal atresia
Tracheoesophageal fistula 
Tracheobronchomegaly
(Mounier–Kuhn syndrome)

COPD, chronic obstructive pulmonary disease; RP, relapsing 
polychondritis.
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31.3.2 Imaging

Radiography is the classic tool for the estimation of airway 
stenosis but has limited diagnostic sensitivity. Computed 
tomography (CT) is an efficient and noninvasive approach 
for identification of airway stenosis with increased diagno-
sis yield. The sensitivity of multiplanar reformation is 
86–89% and specificity is 100% [19]. More recently, the 
emergence of three-dimensional CT scans with thinner 
cuts than conventional CT, allowing precise reconstruction 
of external and internal airway anatomy, has facilitated the 
customization of individual stents [20]. This reconstruction 
technique is also known as virtual navigation bronchoscopy 
and will be a great help in assessing the length and degree 
of the lesion more accurately. Also, inspiratory and expira-
tory CT scanning plays a pivotal role in the diagnosis of 
dynamic airway stenosis. Greater than 50% reduction of air-
way area in the expiratory phase compared to inspiratory 
phase is defined as dynamic stenosis [21]. However, setting 
50% as the threshold remains controversial. It is worth high-
lighting that age and gender contribute significantly to 
forced expiratory airway collapse for suspected TBM and 
should be taken into careful consideration.

31.3.3  Pulmonary Function Tests

Pulmonary function tests are widely employed in the evalu-
ation of airway stenosis. The measurement of lung volumes 
and flow-volume loops can offer significant information for 
the assessment of stenosis. Interestingly, instead of forced 
expiratory volume in one second (FEV1), peak expiratory 
flow rate (PEFR) and maximal voluntary ventilation (MVV) 
show have sensitivity for airway stenosis. Classically, a delay 
or decrease in reaching PEFR, along with impaired MVV 
indicate the diagnosis of airway stenosis [1]. For flow-vol-
ume loops, a decline in FEV1 may suggest the diagnosis, but 
the shape of the loop supplies more direct evidence [9]. In 
cases of fixed airway obstruction, the flow-volume loop 
shows flattening of both inspiratory and expiratory phases, 
while with dynamic collapse, in the upper one-third of the 
trachea, only inspiratory phase flattening occurs [1]. The 
diagnostic value of lung function tests in TBM is rather lim-
ited. ECAC does not lead to flow limitation. A substantial 
number of patients (21%) with moderate to severe TBM 
may demonstrate normal flow-volume loops [22]. However, 
we still recommend routine performance of lung function 
tests in this group of patients in order to rule out comorbidi-
ties such as obstructive airway disease.

31.3.4  Bronchoscopy

Bronchoscopy is considered the gold standard for the diag-
nosis of airway collapse and stenosis. Comprehensive 
information including the location, shape, length, and 

severity of stenosis or collapse may be collected simultane-
ously. Also, direct biopsy or needle aspiration can be per-
formed as needed. In addition, endobronchial ultrasound 
is helpful to evaluate airway mechanical integrity, which 
serves as a determinant parameter in developing a thera-
peutic strategy.

31.4   Classification

Multiple taxonomies of airway stenosis have been reported. 
Cotton et  al. focused on laryngotracheal stenosis and first 
classified it into four grades based on the cross-sectional area 
of the stenosis [23]. McCaffrey promoted the concept of four 
stages of laryngotracheal stenosis according to location: (i) 
stage 1 in the subglottis or trachea, <1 cm in length, (ii) stage 
2 in the subglottis, >1 cm in length, (iii) stage 3 in the subglot-
tis and upper trachea, (iv) stage 4 in the glottis with vocal cord 
fixation and paralysis [24]. Myer et  al. [23] classified the 
degree of tracheal stenosis: grade I ( 50%); grade II (51–70%); 
grade III (>70%); and grade IV (complete obstruction).

Currently, the consensus is that a mature classification 
system allows a precise, comprehensive, and concise over-
view of tracheobronchial stenosis and facilitates the thera-
peutic determination for bronchoscopists. Hence, we 
modified the previous classification system by Freitag and 
propose the “TLDL” system, referring to type, location, 
degree, and length, which is similar to the TNM staging 
system employed in lung cancer.

31.4.1  Type of Stenosis

Benign airway stenosis can be divided into three types 
according to the integrity of structural support (Figure 31.3). 
CT and/or ultrasound can be utilized to estimate mechani-
cal integrity. Type 1 refers to stenosis with intact mechani-
cal integrity. Type 2 refers to stenosis with impaired 
mechanical integrity. Type 3 refers to stenosis with dam-
aged mechanical integrity (Table 31.3).

31.4.2  Location of Stenosis

The location of stenosis is directly correlated with the proce-
dure risk. We define five locations within the central airways:

 ● location 1: subglottic zone, <2 cm distal to the true vocal 
cords, high risk

 ● location 2: tracheal zone, >2 cm distal to the true vocal 
cords, moderate risk

 ● location 3: carinal area, moderate to high risk
 ● location 4: left/right main bronchus, mild to moderate 

risk
 ● location 5: bilateral main bronchus, moderate to high 

risk (Table 31.4).
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31.4.3  Degree of Stenosis

The degree of stenosis can be applied in any site [25]. 
Specifically, 0 means nonappreciable stenosis and 1, 2, 3 
and 4 are assigned, respectively, to a 25%, 50%, 75%, and 
90% decrease in cross-sectional area; 5 indicates complete 
obstruction (Table 31.5).

31.4.4  Length of Stenosis

We recommend recording the absolute value to describe 
the length of stenosis. Notably, for stenosis with a length 
>5 cm, surgery is not suitable. Also, the transition or 
abruptness of stenosis should be taken into account.

Collectively, we incorporate the information on type, 
location, degree, and length of the stenosis. Meanwhile, we 
use “b” in front of TLDL if the data are collected by bron-
choscopy. Likewise, we use “r” in front if the data are 
derived from CT, MRI or virtual bronchoscopy. For exam-
ple, stenosis labeled as bT1L2D4L3 suggests a 3 cm long 

(a) (c) (e)

(b) (d) (f)

Figure 31.3  Morphological types of benign tracheal strictures at bronchoscopy and CT. (a,b) Type 1 is stenosis with intact mechanical 
integrity (arrow). (c,d) Type 2 is stenosis with impaired mechanical integrity (arrow). (e,f) Type 3 is stenosis with damaged mechanical 
integrity.

Table 31.3  Types of stenosis

Type Stenosis

1 Stenosis with intact mechanical integrity

2 Stenosis with impaired mechanical integrity

3 Stenosis with damaged mechanical integrity

Table 31.4  Location of airway stenosis

Location Risk

1 Subglottic zone High

2 Tracheal zone Moderate

3 Carina zone Moderate to high

4 Left/right main bronchus Mild to moderate

5 Bilateral main bronchus Moderate to high
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 tracheal 76–90% stenosis with intact structural support 
detected through bronchoscopy.

31.4.5  Cotton–Meyer System

For subglottic airway stenosis, the Cotton–Meyer system is 
generally used (Table 31.6) [23]. However, this system only 
reflects the degree of the stenosis, with our TLDL system 
providing more extensive information.

31.5   Treatment

The principle of BAS management is to recanalize the airway 
via the least invasive method, with minimal risk and maxi-
mal benefit to the patient. The exact treatment options 
depend on cause and TLDL grade, in conjunction with the 
age and health status of the patient. Generally speaking, 
integrity of structural support plays a central role in the deter-
mination of therapeutic strategy. For T1 (stenosis with intact 
mechanical integrity), balloon dilation, cryotherapy, and 
rigid bronchoscopy/dilator are recommended, with electric 
acupotomy lysis applied if needed. A stent is rarely used 
unless in an emergency. Similarly, dilation, cryotherapy, and 
electric acupotomy lysis are routinely used for T2 (stenosis 
with impaired mechanical integrity). Unlike T1, stenting is 
an alternative for T2. For T3 (stenosis with damaged mechan-
ical integrity), monotherapy with balloon dilation and cryo-
therapy has a transient effect only. Stent implantation, 
including silicone and metallic, is the preferred approach.

31.5.1  Balloon Dilation

Balloon dilation is now a widely applied technique in BAS. 
Treating BAS with balloon dilation using flexible bron-
choscopy was first reported by Nakamura et al. in 1991 [26, 
27]. Researchers showed that patients with fixed stenosis 
(T1 and T2) responded better to balloon dilation, and 
patients with cartilagenous damage (T3) had a relatively 
poor response [1, 28].

In general, balloon dilation is a safe, easy, and effective 
intervention for airway stenosis of many etiologies. It can 
be used alone or as an adjunct to other procedures and can 
be repeated if necessary. During the procedure, most 
patients require deep sedation or general anesthesia. 
Dilation of a central airway for up to one minute is not tol-
erable for a patient under local anesthesia or moderate 
sedation. The key factor for balloon dilation is the size and 
length of the balloon. It is determined by the diameter 
and length of the stenotic segment (D and L parameters) 
and expected posttreatment diameter. Ideally, the length of 
balloon is supposed to straddle the stenosis by approxi-
mately 1 cm. The diameter of the balloon is judged to be 
that which will inflate to several millimeters (2–3 mm) 
greater than the desired posttreatment diameter. Direct 
visualization is critical which makes timely recognition of 
dilation progress and complications possible. Usually, a 
stepwise dilation is recommended to avoid airway rupture. 
The balloon is inflated and held at the designed pressure 
using the syringe device attached to a manometer. Each 
dilation lasts approximately one minute and can be 
repeated several times depending on the ease of dilation.

Balloon dilation is capable of dealing with complex sten-
oses (Figure  31.4). When faced with scar contracture, a 
combination of electric acupotomy lysis and subsequent 
balloon dilation is recommended as the standardized pro-
cedure. For fleshy or necrotic intraluminal tumor that is 
easily compressed, compliant balloons such as the angio-
plasty balloon catheter (Fogarty) are a better choice [1]. For 
tight areas, a rigid balloon should be considered, such as 
the controlled radial expansion (CRE) balloon [1].

Complications of balloon dilation are rarely reported but 
may include tracheobronchial rupture, pneumomediasti-
num, pneumothorax, airway obstruction, hemorrhage, 
mucus plugging, and respiratory insufficiency.

31.5.2  Thermal Ablation Therapy

Thermal ablation, including laser therapy, electrocautery, 
and argon plasma coagulation (APC), is widely used in 
therapeutic bronchoscopy to debulk tumors, control hem-
optysis, remove granulation tissue, and treat a variety of 

Table 31.5  Degree of airway stenosis

Code Degree (%)

0 No stenosis

1 <25%

2 26–50%

3 51–75%

4 76–90%

5 90%–complete obstruction

Table 31.6  Cotton–Meyer grading system

Classification Percentage of bstruction

Grade I 0–50%

Grade II 51–70%

Grade III 71–99%

Grade IV No detectable lumen



(a) (b) (c) (d)

(e) (f) (g) (h)

Figure 31.4  Tracheal rupture caused by car accident (bT3L1D4L2.5). (a) Pneumoderm and pneumomediastinum resulted from tracheal rupture. (b) The cervical trachea was 
obstructed by mediastinal connective tissue. (c,d) A fully covered Nitinol stent was deployed and rapid palliation of symptoms was achieved. (e) The stenosis was relieved. (f–h) 
Balloon dilation and cryotherapy were employed.
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other benign disorders. It is extremely important that a 
proper tool and reasonable stratgey be chosen, otherwise, 
inappropriate management, especially thermal ablation 
therapy itself, may result in irreversible off-target damage 
to the airway mechanical integrity, and eventually worsen 
the stenosis.

31.5.2.1  Laser
Laser resection is proven as a safe and efficient tool in tra-
cheal or bronchial obstruction to achieve rapid palliation 
of symptoms. The most commonly used types of lasers 
are neodymium:yttrium-aluminum-garnet (Nd-YAG), 
holmium, and carbon dioxide (CO2). Nd:YAG, with asso-
ciated coagulation properties, can penetrate 10 mm, 
deeper than the CO2 laser, while the CO2 laser cuts more 
precisely. Thus, CO2 and holmium lasers are more suit-
able for L1, while the Nd:YAG is more efficient for steno-
sis in other locations. Laser therapy is performed for 
patients with T1 and T2 stenosis, specifically stricture 
produced by intubation and tracheostomy; infection-
related inflammatory granulation tissue; surgery-
induced anastomosis granulation; suture granulomas; 
benign or low-grade tumors; broncholiths; and collagen 
vascular diseases.

The complications of laser treatment are generally infre-
quent but may be fatal when they happen. The catastrophic 
intraoperative complications of laser include endotracheal 
fire, massive hemorrhage, tracheoesophageal fistula, systemic 
air embolism, pneumothorax, and pneumomediastinum.

31.5.2.2  Electrocautery and Argon Plasma Coagulation
The indications for electrocautery and APC in the treat-
ment of BAS are relatively limited, such as intraluminal 
lesions in T1 and T2 patients. Importantly, overtreatment 
with electrocautery and APC may cause damage of con-
nective tissue and cartilage. Hence, it is best to avoid using 
electrocautery or APC when debulking is close to the base 
of the lesion. In contrast, as mentioned above, lysis with 
electric acupotomy followed by balloon dilation is consid-
ered to be the first-line procedure for scar contracture.

The complications of electrocautery and APC are similar 
to the laser and the experienced operator will significantly 
reduce the risk.

31.5.3  Cryotherapy

Cryotherapy is an extremely important technique. The res-
piratory tract consists of cryosensitive tissues, including 
mucous membrane and granulation tissue, as well as cryo-
insensitive tissues, such as fat, cartilage, fibrous and con-
nective tissue. Thus, treatment with cryotherapy results in 
the complete destruction of mucosa, submucosal glands, 

and serosa, but permits the framework of connective tissue 
and cartilage to remain intact.

Owing to the advantages discussed above, cryotherapy 
is the preferred approach for T1 and T2 patients 
(Figure 31.5). Usually, after balloon dilation, we initiate 
cryotherapy. Direct contact of the stenotic segment with 
the cryoprobe for one minute each time with three freeze–
thaw cycles can be repeated at each spot. The tissues are 
frozen at −30 to −40 °C and the destruction due to cryo-
therapy is readily visible.

There are now mainly two types of cryotherapy: contact 
and spray. Contact cryotherapy creates a freeze–thaw cycle 
by the alternation of cold and internal body temperature. 
Spray cryotherapy uses a catheter and nitrogen as a base 
cryogen. The energy is transferred to induce cryotherapy 
just like laser therapy.

Similar to balloon dilation, cryotherapy is safe, easy to 
perform, inexpensive, and has few complications.

31.5.4  Stents

In recent decades, stenting has developed to be an impor-
tant technique of treating BAS. The airways are elastic 
structures, impacted by respiration, so their inherent 
properties, in relation to the material and engineering of 
the stent, should all be taken into consideration for BAS 
treatment.

In the previous section, we pinpointed the value of 
 thermal ablation, balloon dilation, and cryotherapy in BAS, 
especially with T1 or T2 type. However, for T3 patients, the 
role of these three approaches is only complementary. 
When a surgically curable lesion is absent and balloon 
 dilation can only alleviate the stenosis temporarily, stent 
deployment is needed [29]. When assessing the possibility 
of stent implantation, a careful TLDL evaluation must be 
performed in advance.

31.5.4.1  Silicone Stents
The silicone stent is the most commonly used airway pros-
thesis for BAS. Modern silicone stents were modified from 
the Montgomery T-tube and first introduced by Dumon in 
1990. The insertion of a silicone stent is relatively compli-
cated, requiring a dedicated applicator, using rigid bron-
choscope under general anesthesia. Compared to metal 
stents, a lower probability of granulation and ease of 
removal are the salient advantages of silicone stents. 
Moreover, the possibility of repetitive repositioning makes 
it an ideal option for BAS.

A silicone stent, using the Dumon stent as an example, 
has versatile designs, compatible for different situations: 
tracheal stent with different thicknesses (TD/TF stent) for 
L1 (subglottic zone) and L2 (tracheal), bronchial stent 



(a) (b) (c) (d)

(e) (f) (g) (h)

Figure 31.5  Postsurgery views of left sternoclavicular abscess (bT1L2D5L2). (a,b) Bronchoscopic view and chest CT showed type 1 tracheal stenosis. (c,d) After removal of 
granulation tissue with electric snare, surgical sutures were exposed. (e,f) Sutures were removed by forceps and the base was treated with the cryoprobe. (g,h) The trachea 
remained open at three-month follow-up.
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(BD  stent) for L4 (left/right main bronchus), bifurcated 
stent (Y-stent) for L3 (carinal area) and L5 (bilateral main 
bronchus), tracheobronchial stent (ST stent) for L1, L2, 
and L4, carina bronchus stent (CB stent) for L4, as well as 
the Oki stent (Dr Masahide Oki, Nagoya Medical Center) 
for right L4 plus intermediate bronchus. Currently, most 
models of Dumon stent can be custom made and can be 
radiopaque/radiotransparent.

Migration and mucus retention with silicon stents, how-
ever, are important issues [30]. It is reported that the over-
all migration rate is 9.5% and obstruction with secretions 
is 3.6%. The migration rate may increase to as high as 20% 
in tracheomalacia, which eventually leads to treatment 
failure [28, 31–33]. To deal with these problems, outer 
studs and cuffs are placed to enhance the friction. Some 
special designs have been developed, such as hourglass-
shaped stent (Dumon ST stent) and I-shaped stent with a 
fixing cap at the proximal end (Dumon CB stent). Also, 
studies have outlined various percutaneous approaches to 
achieve fixation of silicone stents (Dumon TD/TF stent) in 
L1 [34, 35]. For mucus obstruction, nebulized saline 
humidification is helpful to prevent the accumulation of 
secretions; however, no evidence so far supports the rou-
tine use of antibiotics unless an infection is suspected. 
Granulation formation can also occur in patients using 
silicone stents; the reported rate of formation ranges from 
6% to 20% [32, 36].

The silicone stent can be placed for both curative and 
palliative purposes. Martinez- Ballarin et  al. suggest that 
stent removal can be accomplished in 43% of patients 
treated with curative intent, and when the stent is just 
placed for palliation, the stent can be placed permanently 
with a mean follow-up time in their study of 486 + 260 days 
[37]. There are currently still no clear clues for the timing 
of silicone stent removal. Removing the stent too early may 
allow restenosis and removing too late may cause stent-
related complications. It was found that the restenosis rate 
was negatively associated with stent placement time. In 
posttuberculosis patients stented for more than 14 months, 
no restenosis was diagnosed [38]. In our center, the time of 
stenting interval is individualized from patient to patient, 
determined by the recovery of mechanical integrity. For 
instance, in a T3 patient whose supporting tissue is totally 
disrupted, a high-resolution CT with bronchial tree recon-
struction will be carried out every six months. If there is 
accumulated calcium precipitation, which indicates the 
rebuilding of support structure, we consider it might be the 
right time to remove the stent. Usually, this process will 
last at least 7–8 months but requires further confirmation.

The Montgomery T-tube is a special form of silicone 
stent for a L1 patient after tracheotomy. It was first intro-
duced in 1891 and was adapted by Montgomery in 1965 as 

a flexible silicone device [39]. Because of its unique design, 
it presents several advantages [40].

 ● Dual ventilation access guarantees double safety. Even if 
the proximal end is blocked by mucus or granulation, the 
T-limb is left open for suctioning and ventilation.

 ● Migration is unlikely to happen due to the fixed T-limb 
through the tracheotomy site.

 ● Phonation is preserved so that the quality of life is 
 dramatically improved.

 ● Since migration is not a concern for the Montgomery 
T-tube, we prefer to choose a size smaller than the tra-
chea so that the granulation tissue can be reduced.

The Montgomery T-tube also has disadvantages. The 
deployment procedure is complicated and requires rigid 
bronchoscopy and forceps at the tracheotomy site; impaired 
vocal cord function may occur, particularly if the proximal 
end abuts the vocal cords and glottic opening.

31.5.4.2  Metallic Stents
Metallic stents and silicone stents have various differences 
and hence are suitable for disparate conditions. Metal 
stents are made of meshed wire and are usually self-
expandable with excellent reshaping ability compatible 
with various stenoses. Metallic stents are increasingly uti-
lized as they can be implanted by means of a guidewire and 
compressed conveyer system through the flexible broncho-
scope. Recently, Jiang and colleagues modified the con-
veyer and directly inserted the release system through the 
bronchoscope, then deployed the stent under real-time 
visualization [41]. However, the occurance of granuloma 
formation and removal, or stent repositioning limits the 
usage of uncovered metallic stents mainly to malignant 
stenosis [42, 43]. In contrast to uncovered stent, polyure-
thane-covered metallic stents are an option for benign 
lesions (Figure  31.6). There are completely covered and 
partially covered versions from different companies. 
Compared to uncovered stents, a covered stent is relatively 
resistant to tumor ingrowth and easy to remove, but may 
migrate more often. There are several shapes available for 
the metallic stent, such as I-design for regular use, Y-design 
for L3 (carina area) and L5 (bilateral main bronchus), 
angled J-design for L2 (trachea) and L4 (left/right main 
bronchus). To overcome the migration problem, we 
recently devised a new fully covered metallic stent in an 
hourglass shape, which could be applied in L1 (subglottic 
zone), L2, and L4 patients (Figure 31.7).

As discussed before, prior to silicone stent implantation, 
balloon dilation or debulking is indispensable to ensure 
correct deployment of the stent. Also, we have trialled the 
concept of “temporary stent implantation.” Briefly, we 
place a self-expandable metallic stent for a short period of 



Flexible Bronchoscopy466

time, usually 1–2 weeks, with the stent in situ creating a 
sustained force for expansion. In these cases, we limit the 
frequency of repeated balloon dilations. Also, compared to 
the sudden force derived from the balloon, the action of the 

metallic stent is more gentle but persistent. For removal of 
this temporary stent, we use the extraction thread at both 
ends of the stent which makes the procedure much eas-
ier. Additionally, the expense of the temporary stent plus 

(a) (b) (c)

Figure 31.6  Type 3 upper airway stenosis caused by thyromegaly (bT3L2D5L3). (a) Chest CT showed the trachea was suppressed by 
intrathoracic goiter. (b) Bronchoscopic view of compressive stricture. (c) Deployment of a Nitinol (Ultraflex™) stent for obstruction.

(a)

(d) 

(b) (c)

Figure 31.7  (a–c) Deployment of hourglass metal stent in L1 (bT3L1D4L1). (d) Fully covered metallic stents in an hourglass shape.
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operation fee is cheaper than several balloon dilation pro-
cedures. In all, temporary stent implantation is a safe, reli-
able, and economic strategy for difficult cases of BAS.

31.5.4.3  Other Stents
Hybrid stents have the characteristics of both metal and sili-
cone stents. Freitag’s dynamic stent is a hybrid stent mainly 
used for L2 and L3 patients but insertion and deployment 
require special instruments and training. Other hybrid 
stents, including Orlowski’s stent and Novastent, await fur-
ther clinical statistics. Recent advances have enabled clini-
cians to explore the use of 3D-printed stents in the treatment 
of BAS. Some pilot studies have demonstrated encouraging 
data from both animal models and human use [44, 45]. The 
drug-eluting stent is also being applied in malignant and 
benign airway stenosis. Mitomycin C and sirolimus have 
been observed to assist a successful stent placement by 
reducing granuloma tissue formation [46]. More recently, 
anticancer drugs, including gefitinib microspheres, have 
been loaded onto polyurethane constructs as a drug-eluting 
stent coating [47]. In addition, surface treatment is an impor-
tant direction. For example, coating of repellent molecules 
can facilitate mucus impaction; chemical substances 
( chlorhexidine), metal ions (silver), and antibiotics (minocy-
cline, rifampicin) are all feasible coatings to control infection 
[48]. Some researchers have investigated biodegradable 
materials, aiming to permit dissolution of the stent over time 
in a predictable manner.

Despite all the optimism, there are considerable engi-
neering and legal constraints to be overcome before the 
ideal stent becomes commercially available.

31.5.5  Intralesional Injection of Drugs

Restenosis is a major concern of BAS where fibroblasts 
play an essential role. Treatments have been studied to 
reduce restenosis, including local injection of steroids, 
N-[3′,4′-dimethoxycinnamoyl]-anthranilic acid (tranilast), 
paclitaxel, and mitomycin-C (MMC) [49]. A prospective, 
randomized, controlled study in adults with laryngotra-
cheal stenosis found that MMC delayed the wound-heal-
ing response but did not entirely prevent it [49]. Another 
clinical trial in China found that patients treated with a 
triamcinolone acetonide (TA) local injection combined 
with traditional interventional techniques had longer 
restenosis interphase time, lower airway narrowing rate, 
and lower breathlessness score [50].

31.5.6  Surgery

Open surgical procedures such as anterior cricoid split 
(ACS), laryngotracheal reconstruction (LTR), cricotracheal 
reconstruction (CTR), tracheal resection with end-to-end 

reanastomosis (TR&R), slide tracheoplasty, sleeve resec-
tion, and bronchoplasty are still first-line treatments for 
high-grade stenosis (D4 and D5). When the stenosis 
involves the larynx, resection anastomosis should be 
extended to the subglottic larynx, and the therapeutic strat-
egy varied with the site and length of the stenosis, length of 
tracheal involvement, and the result of a meticulous evalu-
ation of glottic opening and vocal cord mobility.

Indications for surgery include:

 ● postintubation stenosis
 ● posttracheotomy stenosis
 ● posttrauma stenosis
 ● secondary tracheal tumors
 ● tracheoesophageal and tracheal innominate fistulas.

For the following patients, however, medication or endo-
scopic interventions lead to better prognosis.

 ● Patients with inflammatory and noncircumferential 
obstructive lesions, such as granuloma and partially ste-
nosing fibrous arches.

 ● Patients with endoluminal stenting [51].
 ● Patients with long-segmental congenital tracheal steno-

sis with O rings and tracheomalacia.
 ● Patients with severe COPD, diabetes mellitus, and 

ischemic cardiovascular disease [52].

Complications of surgery include:

 ● anastomotic infection and inflammation
 ● pneumonia
 ● anastomotic fistula
 ● anastomotic dehiscence
 ● restenosis
 ● tracheomalacia
 ● laryngeal dysfunction when the larynx is involved
 ● hemorrhage.

Reasons for restenosis include [53] edema after surgery, 
excessive tension at the anastomosis, and anastomotic 
infection and inflammation. Anastomotic infection and 
inflammation is a key reason for restenosis and fistula, 
requiring careful postoperative airway care. Repeated sur-
gery, excessive length of resection, and extended resection 
into the larynx are common risk factors for surgical com-
plications [54].

31.5.7  Treatment of ECAC

Principles for the management of other benign airway 
strictures are also applicable to ECAC. Since ECAC is due 
to inward bulging of the posterior airway membrane and 
TBM results from weakness of the airway wall, including 
the elastic fibers and cartilage integrity, both ECAC and 
TBM belong to T3 stenosis. Accordingly, stent implantation 
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is a significant approach for treatment. Quality of life and 
functional status are improved in the short term in 70% 
and  dyspnea in 90% of patients after stent insertion for 
ECAC. However, lung function does not seem to improve 
after stent insertion or membranous tracheoplasty [55]. 
Importantly, common stent-related complications attract 
much attention. Silicone stent is preferred, especially in 
severe, diffuse, and symptomatic cases. The shape and size 
of silicone stent are determined by the L factors (length 
and location). Also, patients with TBM benefit from short-
term expansion with uncovered self-expanding metallic 
stents [56], which perfectly fits our theory of “temporary 
stent implantation.” One of the concerns in stenting 
patients with TBM is the pathophysiological site of flow 
limitation. We place a stent in the segment that exhibits 
maximal visual collapse on exhalation, allowing the site 
causing flow limitation to move more distally [16], but 

 further studies are required to help predict who will benefit 
most from stent placement.

The aim of stent placement for TBM on one hand is to 
alleviate symptoms. On the other hand, it is a bridge for sur-
gical intervention. Tracheobronchoplasty is the most widely 
used surgical management to stabilize the membranous 
wall of the intrathoracic trachea, both mainstem bronchi 
and bronchus intermedius. Surgical stabilization of the 
malacic tracheal and bronchial airway has yielded signifi-
cant improvements in respiratory-related quality of life, 
dyspnea indices, performance status, and exercise tolerance 
[56]. Application of positive airway pressure may serve as 
an alternative to pneumatic stent. Continuous positive air-
way pressure improved symptoms and secretion manage-
ment. The pressure necessary to maintain airway patency 
can be determined by performing nasal intermittent posi-
tive pressure ventilation-assisted bronchoscopy [57].

 References

 1 Puchalski, J. and Musani, A.I. (2013). Tracheobronchial 
stenosis: causes and advances in management. Clin. Chest 
Med. 34: 557–567.

 2 Grillo, H.C. and Donahue, D.M. (1996). Post intubation 
tracheal stenosis. Semin. Thorac. Cardiovasc. Surg. 8: 
370–380.

 3 Wain, J.C. Jr. (2009). Postintubation tracheal stenosis. 
Semin. Thorac. Cardiovasc. Surg. 21: 284–289.

 4 Li, Y.Q., Li, Q., Bai, C. et al. (2008). Causes of benign 
central airway stenoses and the efficacy of interventional 
treatments through flexible bronchoscopy. Zhonghua Jie 
He He Hu Xi Za Zhi 31: 364–368.

 5 Grenier, P.A., Beigelman-Aubry, C., and Brillet, P.Y. (2010). 
Nonneoplastic tracheal and bronchial stenoses. Thorac. 
Surg. Clin. 20: 47–64.

 6 Macewen, W. (1880). Clinical observations on the 
introduction of tracheal tubes by the mouth, instead of 
performing tracheotomy or Laryngotomy. Br. Med. J. 2: 
163–165.

 7  Norwood, S., Vallina, V.L., Short, K. et al. (2000). Incidence 
of tracheal stenosis and other late complications after 
percutaneous tracheostomy. Ann. Surg. 232: 233–241.

 8 Zias, N., Chroneou, A., Tabba, M.K. et al. (2008). Post 
tracheostomy and post intubation tracheal stenosis: 
report of 31 cases and review of the literature. BMC Pulm. 
Med. 8: 18.

 9 Thistlethwaite, P.A., Yung, G., Kemp, A. et al. (2008). 
Airway stenoses after lung transplantation: incidence, 
management, and outcome. J. Thorac. Cardiovasc. Surg. 
136: 1569–1575.

 10 Alvarez, A., Algar, J., Santos, F. et al. (2001). Airway 
complications after lung transplantation: a review of 
151 anastomoses. Eur. J. Cardiothorac. Surg. 19: 
381–387.

 11 Herrera, J.M., McNeil, K.D., Higgins, R.S. et al. (2001). 
Airway complications after lung transplantation: 
treatment and long-term outcome. Ann. Thorac. Surg. 71: 
989–993.

 12 Ryu, Y.J., Kim, H., Yu, C.M. et al. (2006). Use of silicone 
stents for the management of post-tuberculosis 
tracheobronchial stenosis. Eur. Respir. J. 28: 1029–1035.

 13 Kashyap, S., Mohapatra, P.R., and Saini, V. (2003). 
Endobronchial tuberculosis. Indian J. Chest Dis. Allied 
Sci. 45: 247–256.

 14 Carden, K.A., Boiselle, P.M., Waltz, D.A. et al. (2005). 
Tracheomalacia and tracheobronchomalacia in children 
and adults: an in-depth review. Chest 127: 984–1005.

 15 Boiselle, P.M., O’Donnell, C.R., Bankier, A.A. et al. 
(2009). Tracheal collapsibility in healthy volunteers 
during forced expiration: assessment with multidetector 
CT. Radiology 252: 255–262.

 16 Litmanovich, D., O’Donnell, C.R., Bankier, A.A. et al. 
(2010). Bronchial collapsibility at forced expiration in 
healthy volunteers: assessment with multidetector CT. 
Radiology 257: 560–567.

 17  Feist, J.H., Johnson, T.H., and Wilson, R.J. (1975). 
Acquired tracheomalacia: etiology and differential 
diagnosis. Chest 68: 340–345.

 18 Wright, C.D. (2003). Tracheomalacia. Chest Surg. Clin. 
North Am. 13: 349–357.



Clinical Management of Benign Airway Stenosis and Tracheobronchomalacia 469

 19 Morshed, K., Trojanowska, A., Szymanski, M. et al. 
(2011). Evaluation of tracheal stenosis: comparison 
between computed tomography virtual 
tracheobronchoscopy with multiplanar reformatting, 
flexible tracheofiberoscopy and intra-operative findings. 
Eur. Arch. Otorhinolaryngol. 268: 591–597.

 20 Zwierzak, I., Cosentino, D., Narracott, A.J. et al. (2014). 
Measurement of in vitro and in vivo stent geometry and 
deformation by means of 3D imaging and stereo-
photogrammetry. Int. J. Artif. Organs 37: 918–927.

 21 Lee, K.S., Ernst, A., Trentham, D.E. et al. (2006). 
Relapsing polychondritis: prevalence of expiratory CT 
airway abnormalities. Radiology 240: 565–573.

 22 Majid, A., Sosa, A.F., Ernst, A. et al. (2013). Pulmonary 
function and flow-volume loop patterns in patients with 
tracheobronchomalacia. Respir. Care 58: 1521–1526.

 23 Myer, C.M. 3rd, O’Connor, D.M., and Cotton, R.T. (1994). 
Proposed grading system for subglottic stenosis based on 
endotracheal tube sizes. Ann. Otol. Rhinol. Laryngol. 103: 
319–323.

 24 McCaffrey, T.V. (1992). Classification of laryngotracheal 
stenosis. Laryngoscope 102: 1335–1340.

 25 Freitag, L., Ernst, A., Unger, M. et al. (2007). A proposed 
classification system of central airway stenosis. Eur. 
Respir. J. 30: 7–12.

 26 Nakamura, K., Terada, N., Ohi, M. et al. (1991). 
Tuberculous bronchial stenosis: treatment with balloon 
bronchoplasty. Am. J. Roentgenol. 157: 1187–1188.

 27  Sheski, F.D. and Mathur, P.N. (1998). Long-term results of 
fiberoptic bronchoscopic balloon dilation in the 
management of benign tracheobronchial stenosis. Chest 
114: 796–800.

 28 Strausz, J. (1997). Management of postintubation tracheal 
stenosis with stent implantation. J. Bronchol. Interv. 
Pulmonol. 4: 294–296.

 29 Freitag, L. and Darwiche, K. (2014). Endoscopic 
treatment of tracheal stenosis. Thorac. Surg. Clin. 24: 
27–40.

 30 Kim, H. (1998). Stenting therapy for stenosing airway 
disease. Respirology 3: 221–228.

 31 Dumon, J.F. (1990). A dedicated tracheobronchial stent. 
Chest 97: 328–332.

 32 Dumon, J.-F., Cavaliere, S., Diaz-Jimenez, J.P. et al. 
(1996). Seven-year experience with the Dumon 
prosthesis. J. Bronchol. Interv. Pulmonol. 3: 6–10.

 33 Becker, H.D. (1995). Stenting of the central airways. J. 
Bronchol. Interv. Pulmonol. 2: 98–106.

 34 Musani, A.I., Jensen, K., Mitchell, J.D. et al. (2012). Novel 
use of a percutaneous endoscopic gastrostomy tube 
fastener for securing silicone tracheal stents in patients 
with benign proximal airway obstruction. J. Bronchol. 
Interv. Pulmonol. 19: 121–125.

 35 Miwa, K., Takamori, S., Hayashi, A. et al. (2004). Fixation 
of silicone stents in the subglottic trachea: preventing 
stent migration using a fixation apparatus. Ann. Thorac. 
Surg. 78: 2188–2190.

 36 Lee, P., Kupeli, E., and Mehta, A.C. (2010). Airway stents. 
Clin. Chest Med. 31: 141–150.

 37  Martinez-Ballarin, J.I., Diaz-Jimenez, J.P., Castro, M.J. 
et al. (1996). Silicone stents in the management of benign 
tracheobronchial stenoses. Tolerance and early results in 
63 patients. Chest 109: 626–629.

 38 Eom, J.S., Kim, H., Park, H.Y. et al. (2013). Timing of 
silicone stent removal in patients with post-tuberculosis 
bronchial stenosis. Ann. Thorac. Med. 8: 218–223.

 39 Montgomery, W.W. (1965). T-tube tracheal stent. Arch. 
Otolaryngol. 82: 320–321.

 40 Carretta, A., Casiraghi, M., Melloni, G. et al. (2009). 
Montgomery T-tube placement in the treatment of 
benign tracheal lesions. Eur. J. Cardiothorac. Surg. 36: 
352–356; discussion 356.

 41 Jiang, J., Mao, J., Huang, J. (2016). A pilot study of a new 
Chinese nitinol alloy airway stent deployed system 
through bronchoscope. Presented at the 19th World 
Association for Bronchology and Interventional 
Pulmonology, Italy, p. 358.

 42 Gaissert, H.A., Grillo, H.C., Wright, C.D. et al. (2003). 
Complication of benign tracheobronchial strictures by 
self-expanding metal stents. J. Thorac. Cardiovasc. Surg. 
126: 744–747.

 43 Madden, B.P., Loke, T.K., and Sheth, A.C. (2006). Do 
expandable metallic airway stents have a role in the 
management of patients with benign tracheobronchial 
disease? Ann. Thorac. Surg. 82: 274–278.

 44 Kaye, R., Goldstein, T., Aronowitz, D. et al. (2017). Ex 
vivo tracheomalacia model with 3D-printed external 
tracheal splint. Laryngoscope 127: 950–955.

 45 Cheng, G.Z., San Jose Estepar, R., Folch, E. et al. (2016). 
Three-dimensional printing and 3D slicer: powerful tools 
in understanding and treating structural lung disease. 
Chest 149: 1136–1142.

 46 Freitag, L., Gordes, M., Zarogoulidis, P. et al. (2017). 
Towards individualized tracheobronchial stents: technical, 
practical and legal considerations. Respiration 94: 442–456.

 47  Chen, W., Clauser, J., Thiebes, A.L. et al. (2017). 
Gefitinib/gefitinib microspheres loaded polyurethane 
constructs as drug-eluting stent coating. Eur. J. Pharm. 
Sci. 103: 94–103.

 48 Schuurmans, M.M., Palheiros Marques, M., Freitag, L. et al. 
(2015). Biofilm formation in a permanent tracheal stent 
implanted for twenty-five years. Respiration 90: 327–328.

 49 Smith, M.E. and Elstad, M. (2009). Mitomycin C and the 
endoscopic treatment of laryngotracheal stenosis: are two 
applications better than one? Laryngoscope 119: 272–283.



Flexible Bronchoscopy470

 50 Chen, Y., Wu, H.Y., and Li, S.Y. (2012). Intralesional 
triamcinolone acetonide injection combined with 
conventional interventional modalities for the management 
of recalcitrant benign central airway stenosis: preliminary 
experience. Zhonghua Jie He He Hu Xi Za Zhi 35: 415–418.

 51 Nashef, S.A., Dromer, C., Velly, J.F. et al. (1992). Expanding 
wire stents in benign tracheobronchial disease: indications 
and complications. Ann. Thorac. Surg. 54: 937–940.

 52 Rea, F., Callegaro, D., Loy, M. et al. (2002). Benign 
tracheal and laryngotracheal stenosis: surgical treatment 
and results. Eur. J. Cardiothorac. Surg. 22: 352–356.

 53 Pearson, F.G. and Andrews, M.J. (1971). Detection and 
management of tracheal stenosis following cuffed tube 
tracheostomy. Ann. Thorac. Surg. 12: 359–374.

 54 Stoelben, E., Koryllos, A., Beckers, F. et al. (2014). 
Benign stenosis of the trachea. Thorac. Surg. Clin. 24: 
59–65.

 55 Ernst, A., Majid, A., Feller-Kopman, D. et al. (2007). 
Airway stabilization with silicone stents for treating adult 
tracheobronchomalacia: a prospective observational 
study. Chest 132: 609–616.

 56 Buitrago, D.H., Wilson, J.L., Parikh, M. et al. (2017). 
Current concepts in severe adult tracheobronchomalacia: 
evaluation and treatment. J. Thorac. Dis. 9: E57–E66.

 57  Murgu, S.D., Egressy, K., Laxmanan, B. et al. (2016). 
Central airway obstruction: benign strictures, 
tracheobronchomalacia, and malignancy-related 
obstruction. Chest 150: 426–441.



471

Flexible Bronchoscopy, Fourth Edition. Edited by Ko-Pen Wang, Atul C. Mehta, and J. Francis Turner, Jr.
© 2020 John Wiley & Sons Ltd. Published 2020 by John Wiley & Sons Ltd.
Companion website: www.wiley.com/go/wang4e

Page numbers in italics refer to illustrations; those in bold refer to tables

Index

a
acellular analysis 188
adenocarcinoma

bronchoalveolar lavage 196
transbronchial needle 

aspiration 239
adenocystic carcinoma 233
adenoids 27
AERO tracheobronchial stent 361
airway examination 65–66, 161–164, 

163
airway fires 77, 269
airway history 161
airway hyperresponsiveness 418
airway management 74–75

difficult airway algorithm 73
iatrogenic hemorrhage 76, 77
intensive care unit 409–410
jet ventilation through rigid 

bronchoscope 74–75, 74
laryngeal mask airway 74
pediatric 402
see also indirect laryngoscopy

airway obstruction see benign airway 
stenosis (BAS); central airway 
obstruction (CAO); foreign body 
aspiration (FBA)

airway prosthetics see stent placement
airway smooth muscle 

(ASM) 417–418
airway stenosis see benign airway 

stenosis (BAS); stenosis
allergic reactions, drug-induced 402
alveolar-pleural fistula 413
amiodarone toxicity 194–195
Amplatzer devices 444–445, 445
analgesia 67–70, 68, 320, 408

anesthesia 66–67
agents 67–71

volatile 70–71
emergencies 76–77

airway fires 77
iatrogenic hemorrhage 76, 77
laryngospasm 77

for different bronchoscopic 
procedures 74

EBUS-guide sheath (EBUS-GS) 
procedure 104

EBUS-TBNA procedure 112–114
foreign body removal 320
intensive care unit 408
local anesthetics 71
monitoring standards 67
neuromuscular blockade 72–74
pediatric flexible 

bronchoscopy 394–396
regional anesthetic technique 72

difficult airway algorithm 73
rigid bronchoscopy 76, 387
see also preanesthetic evaluation; 

sedation
anoxia 402
aortic arch 28
aortobronchial fistulas 92
argon plasma coagulation (APC) 10, 

272–273, 272
benign airway stenosis 459
complications 273
indications 89–90
outcomes 273
procedure 272–273

arytenoid cartilages 175
ASA Physical Status classification 64
asbestos exposure 191

Aspergillus detection 197, 197
asphyxia 402
aspiration see foreign body aspiration 

(FBA)
asthma 15, 417

bronchial thermoplasty 93, 
417–425, 418

future directions 425
outcomes 424–425
pathophysiological 

rationale 417–418
patient selection 420, 421–422
procedure 422–424, 423, 424
supporting clinical data 418–421, 

419, 419, 420
bronchoalveolar lavage safety 187
mimicking or aggravating 

disorders 422
preanesthetic assessment 64

atelectasis
intensive care unit 413
pediatric 401

atropine 395
autofluorescence bronchoscopy (AFB)  

6, 127–128
devices 129
early lung cancer detection 8, 128–130

autofluorescence optical coherence 
tomography (AF-OCT) 131, 
132, 133

b
bacterial infections see infection; 

infection control
balloon dilation 92

benign airway stenosis 457
central airway obstruction 10



Index472

combination with stenting 379
complications 379–380
foreign body removal 320, 322, 322
hemoptysis management 336, 336
indications 375–376
outcomes 380
technique 377–379, 378, 379

benign airway stenosis (BAS)
classification 455–457

Cotton–Meyer system 457, 457
degree of stenosis 456, 457
length of stenosis 456–457
location of stenosis 455, 456
types of stenosis 455, 456

diagnosis 454–455
bronchoscopy 455
imaging 455
pulmonary function tests 455
symptoms 454

etiology 452
exhalatory central airway 

collapse 452–454
iatrogenic 451
infection 451–452
inflammation 452
tracheal benign tumor 452

presentation 454
treatment 457–464

balloon dilation 457
cryotherapy 459
intralesional drug injection 463
stents 459–463, 462
surgery 463
thermal ablation 457–459

see also stenosis
benzocaine 71
beryllium exposure 191–192
biofilm role in infection 38–39, 38

resistance mechanisms 38
biopsy

combination of methods 180, 181
complications 181
cost effectiveness 181
cryobiopsy 14, 14, 214
EBUS-guided transbronchial lung 

biopsy (EBUS-TBLB) 10, 85
intensive care unit 411
lung masses 119
pediatric 397
radial-probe ultrasonography  

108–109
results for 180–181

specimen preparation 180
strategy 181–182
techniques 180
see also transbronchial lung biopsy 

(TBLB)
bleeding see hemorrhage
blood patch 447
blood vessels 28, 29–32, 331, 331
brachytherapy 10, 281–296

complications 295–296, 297–298
contraindications 282
dose rate regimens 282
indications 91, 282
outcomes 285–295

benign disease 294–295
malignant disease 285–294, 

289–290
peripheral lung lesions 13
technique 283–284, 284
treatment planning 284, 285–286

branch reading diagram 104, 104
bronchial lesions 179
bronchial thermoplasty (BT) 15, 93, 

417, 418
procedure 422–424, 423, 424
see also asthma

bronchoalveolar lavage (BAL)  
6, 84–85, 185

clinical applications 188–198
drug-induced lung disease  

194–195, 195
eosinophilic lung disease 192
hypersensitivity 

pneumonitis 190–191
idiopathic interstitial 

pneumonias 189–190
infectious diseases 196–198, 196, 

197, 198
malignancies 195–196, 195, 196
pneumoconioses 191–192
pulmonary alveolar 

proteinosis 193–194, 194
sarcoidosis 188–189
systemic sclerosis 192–193

complications 186–187
indications 91
intensive care unit 410–411

algorithm 411
technique 410, 411
timing 411

pediatric 397
sample processing 187–188

acellular analysis 188

cellular analysis 187–188
technique 185–186

bronchogenic carcinoma
central airway obstruction  

411–412
staging 240, 247–254

guidelines 252
bronchogenic cysts 234

aspiration 91
bronchography 86–87
broncholiths 317, 317
bronchomalacia 399, 400

see also tracheobronchial malacia 
(TBM)

bronchopleural fistulas (BPFs) 92, 
413, 441

bronchoscopic 
management 443–447

Amplatzer device 444–445, 445
blood patch 447
carbolic acid 443
coils 444
cyanoacrylate glues 444
ethanol 443
fibrin glue 443–444
intrabronchial valves 444
laser 444
polidocanol 443
silicon spigots 445–446
silver nitrate 443
stents 446–447, 446, 447, 448

clinical presentation 442
diagnosis 442
etiology 441
incidence 441
traditional treatment 442

bronchoscopic lung biopsy see 
transbronchial lung biopsy 
(TBLB)

bronchoscopic lung volume reduction 
see endoscopic lung volume 
reduction (ELVR)

bronchoscopic thermal vapour ablation 
(BTVA) 434–435, 435

bronchospasm 402–403
bronchus intermedius 28, 30, 31
brushing 108–109, 180

pediatric 396
results for 181

c
carbolic acid 443
cardiopulmonary assessment 64–65

balloon dilation (cont’d)



Index 473

central airway obstruction (CAO)  
10–11

brachytherapy 288–291, 293
etiologies 376
intensive care unit 411–412, 412
intraluminal obstruction 353
mixed obstruction 353
preanesthetic evaluation 66, 67
rigid bronchoscopy 385
stent indications 352–353, 352
see also foreign body aspiration 

(FBA); stenosis; stent  
placement

charge-coupled device (CCD) chip 
technology 3, 4, 5

Chartis System 431–432
chest trauma, flexible bronchoscopy 

indications 86
children see pediatric flexible 

bronchoscopy
chloroprocaine 71
chronic obstructive pulmonary disease 

(COPD) 429, 437
bronchoalveolar lavage safety 187
see also endoscopic lung volume 

reduction (ELVR)
cleaning of bronchoscopes 40–43
coagulant instillation 338
cocaine 71
coccidioidomycosis 238
coil implantation

bronchopleural fistula treatment  
444

emphysema management 15, 
433–434, 433

cold saline lavage 338
cone-beam CT 56–57, 156

radiation safety 57
confocal microendoscopy 8
convex-probe ultrasonography 

(CP-EBUS) 111
equipment 112, 113, 113
fiducial marker implantation  

303–304
future directions 121–122
history and development 111–112
lung cancer staging 117–118
see also EBUS-guided transbronchial 

needle aspiration (EBUS-
TBNA); endobronchial 
ultrasound (EBUS)

corniculate cartilage 175
cough

flexible bronchoscopy indications  
81–82

pediatric 401
craniomaxillofacial trauma  

170, 173
Creutzfeldt–Jakob disease (CJD) 

infection control 48–49
cricoid cartilage 174
critically ill patients 407

see also intensive care unit 
bronchoscopy

cryobiopsy 14, 14, 214
cryoprobe 321, 321
cryotherapy 10, 273–277, 273, 276

atelectasis 413
benign airway stenosis 459
contraindications 269
equipment 274
foreign body removal 276, 321
future directions 276–277
indications 90, 268, 274
outcomes 275–276

benign tracheobronchial 
lesions 275–276

combination effects with 
radiotherapy 275

pediatric 397
technique 274–275

cuneiform cartilage 175
cyanoacrylate glues 444
cystic lesions 234–236

cyst aspiration 91
supraglottic cyst 398, 399

d
desflurane 70–71
dexmedetomidine 69
diabetes 164
Dieulafoy disease 334
difficult airway

algorithm 73
intensive care unit 409
see also airway management

diffuse alveolar hemorrhage 
(DAH) 193

disinfection
bronchoscope reprocessing  

41–43, 42
levels of 37, 37
see also infection control

disposable videobronchoscopes 6
Dormia basket 320–321
Down syndrome 166

Dumon stents 10, 11, 348, 358–359, 
459–461

Dynamic stent 361–362, 362

e
early lung cancer detection see lung 

cancer
EBUS-guided transbronchial lung 

biopsy (EBUS-TBLB) 10
interstitial lung disease 85
see also transbronchial lung biopsy 

(TBLB)
EBUS-guided transbronchial needle 

aspiration (EBUS-TBNA)  
111–112, 248–249

clinical applications 117–121
ancillary testing from EBUS-

TBNA specimens 120
lung cancer diagnosis 118–119
lung cancer staging 117–118, 

248–249
lung masses 87–88, 119
lymphoma 120–121
mediastinal lymph node 

sampling 262–263, 262
metastatic malignancies 119
pulmonary nodules 87
sarcoidosis 121
tuberculosis 121
ultrasonographic features 120

complications 121
historical background 5, 6, 111–112
needle size 117
needles available 114
number of needle passes 117
procedure 112–117

anesthesia 112–114
clinical environment 112
sample processing 114–116
steps 114, 115
see also convex-probe 

ultrasonography (CP-EBUS)
rapid on-site evaluation 

(ROSE) 114, 117
regional lymph node mapping 116
suction 117
versus mediastinoscopy 119–120
see also transbronchial needle 

aspiration (TBNA)
electrocautery 10, 270–271

benign airway stenosis 459
complications 271
contraindications 269



Index474

equipment 271
hemoptysis 338
indications 89, 268, 271
outcomes 271
technique 271

electromagnetic navigation 
bronchoscopy (ENB) 7, 12, 
137–148, 239–240

complications 146–148
historical background 137–138,  

138
performance 140–146
technical components 138–140, 

139–143
therapeutic applications 148, 150

fiducial marker 
implantation 148, 300, 303

validation studies 144–145
diagnostic yield 146–147

Veran Spin system 148, 149–150
emphysema 15, 429–430

pediatric 403
see also endoscopic lung volume 

reduction (ELVR)
endobronchial gene therapy 93
endobronchial intubation see 

intubation
endobronchial lesions

brachytherapy 291–292
transbronchial needle 

aspiration 233–234, 233
diagnostic yield 234

endobronchial stents see stent 
placement

endobronchial ultrasound (EBUS)
convex-probe (CP-EBUS) 111

equipment 112, 113, 113
history and development  

111–112
lung cancer staging 117–118

EBUS-guided transbronchial lung 
biopsy (EBUS-TBLB) 10

EBUS-guided transbronchial needle 
injection (EBUS-TBNI) 11

historical background 4–7, 5
infection concerns 36–37
live transmission 7, 7
lung cancer 8–10

early detection 22
radial-probe see radial-probe 

ultrasonography

see also EBUS-guided transbronchial 
lung biopsy (EBUS-TBLB); 
EBUS-guided transbronchial 
needle aspiration (EBUS-TBNA)

endobronchial ultrasound skills and 
tasks assessment tool 
(EBUS-STAT) 24–25

endobronchial valves
bronchopleural fistula 

treatment 444
emphysema management 15, 

430–433, 431, 432
endoscopic lung volume reduction 

(ELVR) 15, 93–94
coils 433–434, 433
patient selection 435–437

clinical and functional 
assessment 435–436

radiological assessment 436–437
sclerosing agents 434–435

sealants 434
thermal vapour ablation  

434–435, 435
techniques 430
treatment algorithm 437, 437
unidirectional valves 430–433,  

431, 432
endoscopic optical coherence 

tomography (EOCT) 7
autofluorescence OCT 

(AF-OCT) 131, 132, 133
early lung cancer diagnosis  

131–132, 132, 133
endotracheal tube (ETT)

hemoptysis management  
333–336, 337

intensive care unit 409
dislodgement 410
occlusion 409–410

pediatric flexible bronchoscopy  
393

ETT placement under general 
anesthesia 395

eosinophilic lung disease 192
epiglottis 174
epinephrine instillation 337
esophageal duplication cysts 235
esophago-respiratory fistulas 

(ERF) 354
ethanol, fistula treatment 443
excessive dynamic airway 

collapse 452

exogenous lipoid pneumonia, 
bronchoalveolar lavage  
197–198, 198

expiratory central airway collapse 
(ECAC) 350–351

stent considerations 351–352, 354
treatment 463–464

extrinsic airway compression 353

f
facial fractures 170
fentanyl 70
fever, following pediatric flexible 

bronchoscopy 403
fiberoptic intubation see indirect 

laryngoscopy
fibrin glue 443–444
fiducial marker implantation  

296–305, 300–304, 306
convex-probe 

ultrasonography 303–304
electromagnetic navigation 

bronchoscopy 148, 300, 303
image-guided radiation 

therapy 299
radial-probe ultrasonography  

301–302
fire, endobronchial 269

management 77
fishnet basket 321
fistulas 92

alveolar-pleural 413
aortobronchial 92
esophago-respiratory 354
stump 353
tracheoesophageal 92
see also bronchopleural fistulas 

(BPFs)
fluoroscopy 52–53, 52

common procedures 49
fluoroscopy guided transbronchial 

lung biopsy 210, 211
radiation safety 49–57

collimators 53
filters 53
grid 54
pulsed fluoroscopy 54
X-ray beam characteristics 53

forceps 14
electrocautery 271
grasping 318, 320
infection control 44

electrocautery (cont’d)



Index 475

lung biopsy 87, 104, 108–109, 
180–182, 210–213

rigid bronchoscopy 384
foreign body aspiration (FBA) 315

case presentation 323–324, 323
clinical presentation 315–316, 316
complications 317
cryotherapy 276
delays in diagnosis 317
flexible bronchoscopy 318–323, 319

accessories for 320–321
anesthesia and analgesia 320
technique 321–323, 322

foreign body types 316
intensive care unit 413
pediatric 399, 400
postural drainage 318
radiological evaluation 317
rigid bronchoscopy 318, 385
risk factors 315, 316
therapeutic approach 89, 317–323
wheezing and 399, 400

g
gene therapy 93
Gianturco stent 348, 360
glossopharyngeal nerve, local 

anaesthesia 72
granulation tissue

brachytherapy 294–295
stent obstruction 366

granulomatous disease 236–237
grasping forceps 320

h
health and safety see occupational 

safety
hemangioma, subglottic 399, 400
hematopoietic stem cell 

transplantation 
patients 214–215

hemoptysis 83–84, 295–296, 329
brachytherapy 

complications 295–296
bronchoscopy-induced massive 

hemoptysis 339–342
causes 339
epidemiology 339
prevention 340–342
prognosis 340
treatment 339–340, 340, 341

case report 342, 342, 343

causes 330–331
diagnostic bronchoscopy 331–334

bronchoscopy indications  
83–84, 332

bronchoscopy timing  
332–333, 333

findings 334
instruments 333
prebronchoscopy 

evaluation 331–332
route of 333–334

foreign body removal 
complications 322

idiopathic 330
intensive care unit 413
massive and nonmassive 

hemoptysis 329–330, 330
pathophysiology 331
therapeutic bronchoscopy  

334–339
airway stabilization 334–335
cold saline lavage 338
direct tamponade 337
double-lumen endotracheal 

tube 335, 335
electrocautery 338
embolization with a silicon 

spigot 338–339
endobronchial balloon 

tamponade 336, 336
laser therapy 338
rigid bronchoscopy 385
selective bronchial 

intubation 336–337, 337
topical vasoconstrictor or 

coagulant instillation 337–338
hemorrhage

emergency iatrogenic 
hemorrhage 76, 77

during laser therapy 269
pediatric flexible bronchoscopy 403
transbronchial lung 

biopsy 210–212
management 211–212

see also hemoptysis
hepatitis infection control 48
high dose-rate intraluminal irradiation 

(HDR brachytherapy) 10
high-flow nasal cannula oxygen 

therapy (HFNC) 409
high-frequency ventilation general 

anesthesia 395–396

hilar lymph nodes for transbronchial 
needle aspiration 229–233, 
229, 230, 231, 231

HIV infection, bronchoscopy 
reprocessing 48

Ho:YAG laser 268
see also laser therapy

hoarseness, flexible bronchoscopy 
indications 83

Hood stent 348, 358
hourglass stent 461, 462
hyoid bone 174
hypersensitivity pneumonitis  

190–191
hypopharynx 27

i
idiopathic interstitial pneumonia 

(IIP) 189–190
idiopathic pulmonary fibrosis 

(IPF) 189–190
image-guided radiation therapy 

(IGRT) 281, 299
indirect laryngoscopy 161

craniomaxillofacial trauma  
170, 173

indications 161, 162
laryngeal anatomy 173–176, 175

cartilages 174–175
mucosal folds 175
muscles 175–176
nerves 176

medical comorbidity 164–166
diabetes 164
Down syndrome 166
rheumatoid arthritis 164–166, 

165
pathological conditions 167–170, 

167–172
pharyngeal anatomy 170–173

infection
flexible bronchoscopy 

indications 85
following pediatric flexible 

bronchoscopy 403
transbronchial needle aspiration 

utility 237, 237, 238
infection control 35–49

accessory instrument 
reprocessing 44

biofilm role in infections 38–39, 38
resistance mechanisms 38



Index476

bronchoscope reprocessing 39–44
cleaning 40–43
disinfection 41–43, 42
drying 43
leak testing 41
manual versus automated 

reprocessors 43
reprocessing steps 39–40
rinsing 43
storage 43–44

contamination sources 44
endobronchial ultrasound 

scopes 36–37
infection transmission 35
medical device classification 37, 37
microbial agents 36, 36
outbreak investigation 46–47
outbreak prevention 44–45
quality assurance 45–46
risk to bronchoscopy staff 47–48
scope of the problem 35–36
terminology 37–38

disinfection levels 37, 37
tuberculosis 48
viral diseases 48

inhalational injury, flexible 
bronchoscopy indications 83

intensity-modulated radiotherapy 
(IMRT) 299

intensive care unit bronchoscopy 407
airway management 409–410

difficult airway 409
double-lumen ETT placement 409
ETT dislodgement 410
ETT occlusion 409–410

bronchoalveolar lavage 410–411
algorithm 411
technique 410, 411
timing 411

complications 409
equipment 407–408
indications 407, 408
lung tissue biopsy 411
sedation and anesthesia 408
therapeutic bronchoscopy 411–413

airway prosthetics 412
central airway obstruction  

411–412, 412
foreign body removal 413
lung transplant complications  

413

massive hemoptysis 413
percutaneous dilational 

tracheostomy 413
persistent air leak 413
secretion aspiration 413

with mechanical ventilation  
408–409, 408

interstitial lung disease 84–85
interventional pulmonology

historical background 10–15
training 24–25

intrabronchial valves (IBV)
bronchopleural fistula 

treatment 444
emphysema management  

430–433, 431
intraluminal obstruction 353
intratumoral injection 11
intubation 92–93

airway examination 65
anesthesia 69, 72
fiberoptic intubation 161

indications 161, 162
see also indirect laryngoscopy

selective bronchial intubation  
336–337, 337

isoflurane 70–71

j
jet ventilation through rigid 

bronchoscope 74–75, 74
justification principle 52

k
ketamine 69–70

l
laryngeal mask airway 74

pediatric flexible bronchoscopy  
395, 395

laryngomalacia 398, 398
laryngospasm 77, 402–403
larynx 27

anatomy 173–176, 175
cartilages 174–175
mucosal folds 175
muscles 175–176
nerves 176

stimulation of 69
laser Raman spectroscopy (LRS)  

132–133
laser therapy 6, 267–270

benign airway stenosis 459
bronchopleural fistulas 444
complications 269, 269
contraindications 90, 269
hemoptysis 338
indications 90–91, 268

central airway obstruction 10
outcomes 270
precautions 270
technique 269
types of laser 267–268

characteristics 268
lidocaine 71

pediatric flexible bronchoscopy  
395

lobar collapse, flexible bronchoscopy 
indications 85–86

local anesthetics 71
systemic toxicity (LAST) 71
see also anesthesia

lung abscess drainage 91–92
lung cancer 127, 137, 247–248

advanced disease 8–10
brachytherapy 287–294
diagnosis 118–119
early diagnosis 8, 9

autofluorescence 
bronchoscopy 127–130

endoscopic findings 128
laser Raman spectroscopy  

132–133
narrow band imaging 130–131
optical coherence tomography  

131–132, 132, 133
flexible bronchoscopy indications  

87–88
nonsmall cell lung cancer 

(NSCLC) 262–263, 287–288, 
293, 305–307

staging 8–10
advanced lung cancer 8–10
bronchogenic carcinoma 240, 

247–254
convex-probe ultrasonography 

application 117–118
early lung cancer 8

see also peripheral lung lesions
lung masses

biopsy 119
flexible bronchoscopy 

indications 87–88
see also lung cancer

infection control (cont’d)



Index 477

lung transplantation
airway complications 413
bronchial stenosis 376
flexible bronchoscopy 

indications 86
stent placement in lung transplant 

patients 368–369
transbronchial biopsy 215

lung volume reduction surgery 
(LVRS) 430

see also endoscopic lung volume 
reduction (ELVR)

lymph nodes 28–29, 29–31
endobronchial map 249–251, 250
hilar 229–233, 229, 230, 231, 231
mediastinal 8–10, 229–233, 229, 

230, 231, 231
staging 248–253

guidelines 252
translational research 262–263, 

262
variation 251, 251

lymphoma
bronchoalveolar lavage 195
EBUS-TBNA 120–121

m
magnetic extractor 321
magnifying videobronchoscopes 8
Mallampati score 65, 65, 162–163, 

163
mediastinal adenopathy 237

flexible bronchoscopy 
indications 87–88

mediastinal cysts 234, 235–236, 235, 
236

mediastinal lymph nodes 8–10
for transbronchial needle 

aspiration 229–233, 229, 230, 
231, 231

staging 252, 252
translational research 262–263, 

262
mediastinal masses

flexible bronchoscopy 
indications 84

preanesthetic evaluation 66
mediastinoscopy 119

versus EBUS-TBNA 119–120
mesothelioma diagnosis 118
metastatic malignancies

diagnosis 119

polypoid 361
renal cell carcinoma 232
staging 251–253

microwave ablation 307–308
midazolam 70
Mitomycin-C 377
Montgomery T-tube 348, 357–358, 

358, 359, 461
mycobacteria see tuberculosis

n
naloxone 70
narrow band imaging (NBI) 8

early lung cancer 
diagnosis 130–131

nasopharynx 27
Nd:YAG laser 6, 267–268

central airway obstruction 10
see also laser therapy

Nd:YAP laser 268
see also laser therapy

needlestick injury 47–48
neurenteric cysts 235
neuromuscular blockade 72–74
Nitinol stent see Ultraflex stent
nonsmall cell lung cancer (NSCLC)

brachytherapy 287–288, 293
mediastinal lymph node 

staging 262–263
radiofrequency ablation 305–307

o
occupational safety

infection risk 47–48
radiation safety 49–51

exposure limitation 51, 52
exposure monitoring 56

optical coherence tomography see 
endoscopic optical coherence 
tomography (EOCT)

optimization principle 52
oropharynx 27

p
palliation 10

brachytherapy 282
stent placement 355

Palmaz stent 348, 360
parenchymal lung disease 13–14
pediatric flexible 

bronchoscopy 393–403
airway management 402

anesthesia and sedation 394–396
entering while anesthetized 395
ETT placement under general 

anesthesia 395
general anesthesia 395
high-frequency ventilation general 

anesthesia 395–396
laryngeal mask airway 395, 395

bronchial wall abnormalities 396
complications 402–403

anoxia/asphyxia 402
arrhythmia 402
bronchospasm 402–403
drug-induced allergies 402
hemorrhage 403
infection and fever 403
laryngospasm 402–403
mediastinum 403
pneumothorax 403
subcutaneous emphysema 403

contraindications 398
diagnostic methods 396–397

biopsy 397
bronchoalveolar lavage 397
brushing 396
rapid on-site evaluation 397

differential diagnosis 398–402
atelectasis 401
cough 401
pneumonia 401–402
stridor 398
wheezing 398–401

indications 398
monitoring 396
preprocedural 

considerations 393–394
choice of bronchoscope 393–394
informed consent 394
patient preparation 394

procedure 396
therapeutic bronchoscopy 397–398
tracheal wall abnormalities 396

percutaneous dilational tracheostomy 
(PDT) 413

peripheral lung lesions 11–13, 13, 
137–138

brachytherapy 13, 293–294
electromagnetic navigation 

bronchoscopy 140–146
radial-probe ultrasonography  

105, 109
robotic bronchoscopy 12–13, 12



Index478

transbronchial needle aspiration 
utility 238–240

translational research 263–265, 264
lack of comparator 264
selection bias 264–265
use of diagnostic yield in 

studies 264
pharynx 27

anatomy 170–173
photodiagnosis, early lung cancer  

130
photodynamic therapy (PDT) 8, 11

early lung cancer 130
indications 91

photonic imaging principles 127
Physical Status classification 64
platelet dysfunction 209
pleural effusions, flexible bronchoscopy 

indications 86
pneumoconioses 191–192
Pneumocystis jiroveci 197
pneumonia

bronchoalveolar lavage 189–190, 
196–198, 196

exogenous lipoid 
pneumonia 197–198, 198

eosinophilic (EP) 192
flexible bronchoscopy 

indications 85
idiopathic interstitial (IIP) 189–190
pediatric 401–402
ventilator-associated (VAP)  

410, 411
pneumothorax complication 95

electromagnetic navigation 
bronchoscopy 147–148

pediatric 403
transbronchial lung biopsy 212
valve placement 433

polidocanol 443
Polyflex stent 361
preanesthetic evaluation 63–66

airway examination 65–66
ASA Physical Status 

classification 64
cardiopulmonary 

assessment 64–65
central airway obstruction 66, 67
mediastinal disease 66

prophylactic antibiotics 65
propofol 69

prosthetics see stent placement
pseudo-infection 35
pulmonary alveolar proteinosis  

193–194, 194
pulmonary function

brachytherapy effects 291
testing (PFT) 66

stenosis evaluation 455
pulmonary Langerhans cell 

histiocytosis (PLCH) 193
bronchoalveolar lavage 193

pulmonary nodules
flexible bronchoscopy 

indications 87
optical coherence 

tomography 131–132
pulmonary toilet 89

r
radial-probe ultrasonography 103

advancements for peripheral 
lesions 109

fiducial marker placement 301–302
future prospects 109
procedure using guide sheath 

(EBUS-GS) 103–109
anesthesia 104
branch reading diagram 104, 104
bronchoscope insertion 104–105
bronchoscopy room entry 104
bronchoscopy room 

preparation 104
brushing and biopsy 108–109
EBUS image evaluation 106, 107
EBUS-guide sheath (EBUS-GS) 

procedure 103–109
peripheral lesion approach 105
preparation before 

bronchoscopy 103–104
probe/GS insertion 105–106
probe/GS positioning 106–108, 

108
see also endobronchial ultrasound 

(EBUS)
radiation bronchitis

brachytherapy complication 296
grading of 299
potential treatments 299

radiation safety 49–57
absorbed dose rate 50
cone-beam CT 57
equivalent dose 50

exposure limitation 51, 52, 55–56, 55
shielding devices 55–56

exposure monitoring 56
healthcare workers 49–51

health risks 50–51, 51
patient exposure 51–57

fluoroscopy 52–54
terminology 49–50

radiofrequency ablation (RFA)  
305–307, 306, 307

rapid on-site evaluation (ROSE) 114, 
117, 146, 241

pediatric 397
remifentanil 70
Reynders–Noppen Tyron stent  

348, 359
rheumatoid arthritis 164–166, 165
rigid bronchoscopy 21, 383

anesthesia 76, 387
complications 390
contraindications 386–387

lack of personnel 386–387, 387
unstable cardiovascular status  

387
unstable cervical spine 387

equipment 383–385, 384, 385
indications 385–386

central airway obstruction 385
foreign body removal 318, 385
massive hemoptysis 385
stent placement and 

removal 385–386
thermal ablation 385

jet ventilation 74–75, 74
laser therapy 269
technique 388–390, 388, 389, 390
training goals 390–391

RIGID-TASC skill evaluation tool  
24–25

robotic bronchoscopy 5, 6
future developments 16
peripheral lung lesions 12–13, 12

s
sarcoidosis

bronchoalveolar lavage 188–189
complex-probe 

ultrasonography 121
sclerosing agents 434–435

sealants 434
thermal vapour ablation 434–435, 

435

peripheral lung lesions (cont’d)



Index 479

sedation 66–67, 68
continuum of 66–67, 68
for different bronchoscopic 

procedures 74
intensive care unit 408
moderate sedation practice 75–76
pediatric 394–395
see also anesthesia

sevoflurane 70–71
silicon spigots

bronchopleural fistula treatment  
445–446

hemoptysis management 338–339
silver nitrate 443
simulation 23–24
small cell carcinoma 196
smoke inhalation, flexible 

bronchoscopy indications 83
snares 321
solitary pulmonary nodules (SPN)  

11–13
specimen preparation 180
squamous cell carcinoma

bronchoalveolar lavage 195
rigid bronchoscopy 386

stenosis 356, 375
classification 355, 356
lung transplant patients 376
malignant 376, 377
subglottic, pediatric 398, 399
tracheal 272, 276, 375, 376, 453

postintubation 375
posttracheostomy 375
stent considerations 350, 351

see also benign airway stenosis 
(BAS); central airway 
obstruction (CAO); stent 
placement

stent placement 10, 92, 347, 348
benign airway stenosis 459–463, 

462
temporary stent implantation  

461–463
biomechanical properties of 

stents 349–350
combination with balloon 

bronchoplasty 379
complications 362–366, 365

covered versus uncovered 
stents 363–365

during insertion and 
deployment 365, 365

migration 365–366, 461
stent failure and perforation  

366, 366
stent obstruction and 

infection 366, 366
contraindications 354–357

available personnel and 
equipment 357

degree and duration of 
obstruction 355–356, 356

location of obstruction 356–357
patient condition 354–355

follow-up 369
future directions 367
hybrid stents 361–362, 463
indications 350–354, 352

benign lesions 367, 368
bronchopleural fistula 446–447, 

446, 447, 448
central airway obstruction 

(CAO) 352–353
esophago-respiratory fistulas 354
expiratory central airway collapse 

(ECAC) 350–352, 354, 
463–464

extrinsic compression 353
intraluminal obstruction 353
mixed obstruction 353
stump fistulas 353
tracheal stenosis 350, 351

intensive care unit 412
lung transplant patients 368–369
metal and alloy stents 10, 11, 

359–360, 461–463, 462
balloon-expandable stents 360
new models 362, 364
self-expandable stents 360

palliative benefit 355
pediatric 397–398
removal 366–367
rigid bronchoscopy 385–386
rubber and silicone stents 10, 11, 

357–359, 459–461
Dumon stent 348, 358–359, 

459–461
Hood stent 348, 358
Montgomery T-tube 348, 

357–358, 358, 359, 461
stent engineering and materials 10, 

11, 348–350
stereotactic body radiotherapy 

(SBRT) 299

Strecker stent 348, 360
stridor 82–83

pediatric 398
stump fistulas 353
subcarinal adenopathy 232
subglottic obstruction, stent 

considerations 356–357, 357
succinylcholine 72–74
superior laryngeal nerve (SLN) 176

local anaesthesia 72
superior vena cava syndrome, flexible 

bronchoscopy indications 84
supraglottic cyst 398, 399
systemic sclerosis 192–193

t
T-tube stent 348, 357–358, 358, 

359, 461
tetracaine 71
therapeutic bronchoscopy 88–94, 89

argon plasma coagulation 
(APC) 89–90

balloon dilation 92
brachytherapy 91
bronchial thermoplasty 15, 93,  

417, 418
procedure 422–424, 423, 424
see also asthma

bronchoalveolar lavage 91
contraindications 94–95, 94
cyst aspiration 91
electrosurgery 89
endobronchial gene therapy 93
endotracheal intubation 92–93
fistulas 92
foreign bodies 89
hemoptysis 334–339
intensive care unit 411–413
laser photoresection 90–91
lung abscess drainage 91–92
lung volume reduction 93–94, 430
pediatric 397–398
photodynamic therapy 91
pulmonary toilet 89
stent placement 92
see also specific procedures

thermal ablation 15, 385
benign airway stenosis 457–459
pediatric 397
see also argon plasma coagulation 

(APC); electrocautery; laser 
therapy



Index480

thermal injury, flexible bronchoscopy 
indications 83

thermal vapour ablation 434–435, 435
thrombocytopenia 209
thyroid cartilage 174
toxic exposure, flexible bronchoscopy 

indications 83
trachea 27–28, 29, 348

complete tracheal rings 399, 400
local anesthesia 72
stenosis 272, 276, 375, 376, 453

postintubation 375
posttracheostomy 375
stent considerations 350, 351
see also benign airway stenosis 

(BAS); stenosis
wall abnormalities in children 396

tracheobronchial malacia (TBM) 452
see also bronchomalacia

tracheobronchial stenosis see benign 
airway stenosis (BAS)

tracheobronchial tree 27–28, 29–32
tracheoesophageal fistulas 92
tracheostomy

percutaneous dilational (PDT) 413
posttracheostomy stenosis  

375, 453
training 22–23

interventional pulmonology 24–25
simulation 23–24

transbronchial lung biopsy (TBLB) 6
complications 210–212
contraindications 208
cryobiopsy 14, 14, 214
fluoroscopy guided 210, 211
hematopoietic stem cell transplant 

patients 214–215
indications 207–208, 208

diffuse lung diseases 207–208
focal lung disease 208

lung transplant patients 215
new techniques 214
parenchymal lung disease 14
preprocedure evaluation 208–209, 

209
technique 209–213
see also biopsy; EBUS-guided 

transbronchial lung biopsy 
(EBUS-TBLB)

transbronchial needle aspiration 
(TBNA) 6, 213–214, 221

anatomy 229–233
mediastinum and hilar lymph 

nodes 229–233, 229, 230, 
231, 231

biopsy technique 224–229, 224, 
225, 227

cough method 226, 226
histology specimen 

acquisition 227–229, 228
hub-against-the-wall 

method 226, 226
jabbing method 226, 226
piggyback method 226, 226

complications and 
limitations 240–242

historical background 221–222
indications 233–240

bronchogenic carcinoma 
staging 240, 247–254

cystic lesions of the 
lung 234–236

endobronchial lesions 233–234, 
233, 234

granulomatous disease 236–237
infectious disease 237, 237, 238
peripheral pulmonary 

lesions 238–240
instruments 222–224, 222, 223, 

223, 224
see also EBUS-guided transbronchial 

needle aspiration 
(EBUS-TBNA)

transbronchial needle injection 
(TBNI) 11

translational research
application to interventional 

pulmonology 262–265
mediastinal lymph node 

staging 262–263, 262
peripheral bronchoscopy  

263–265
challenges 260–262

diagnostic yield use 261
external validity 261
publication bias 262
sample size 260–261
selection bias 261

conceptual framework 259–260, 
260

trigeminal nerve, local anaesthesia 72
tuberculosis

benign airway stenosis 
association 451–452, 454

bronchoscope reprocessing 48
diagnosis 121
infection risk for bronchoscopy 

staff 47
pediatric 401, 402

u
Ultraflex stent 10, 11, 261, 348, 357, 

359, 360, 360, 462
hybrid version 361, 361

v
valve implantation see endobronchial 

valves
vasopressin instillation 337
videobronchoscopy

disposable videobronchoscopes 6
historical background 4, 6
magnifying videobronchoscopes 8

virtual bronchoscopic navigation 
(VBN) 12, 16, 155

definition 155
diagnostic yield 157
historical background 155
lesion marking 159
prospective applications 159
technique 155–157
validation studies 157–159

vocal cords 27, 175, 175
paralysis 83, 398, 399

volatile anesthetic agents 70–71

w
Wallstent 348, 360
washing 180, 181
wheezing 82, 398–401

x
X-rays 49–50

see also radiation safety

z
Zephyr valve 430, 431


	Cover
	Flexible Bronchoscopy
	Copyright
	Contents
	List of Contributors
	Preface
	1 A Short History of Flexible Bronchoscopy
	2 Professor Ikeda’s Genius
	3 Applied Anatomy of the Airways
	4 Infection Control and Radiation Safety in the Bronchoscopy Suite
	5 Anesthetic Management for Diagnostic and Therapeutic Bronchoscopy
	6 Indications and Contraindications in Flexible Bronchoscopy
	7 Radial-Probe Ultrasonography in Flexible Bronchoscopy
	8 Convex-Probe Ultrasonography in Flexible Bronchoscopy
	9 Early Diagnosis of Lung Cancer
	10 Electromagnetic Navigation Bronchoscopy
	11 Virtual Bronchoscopic Navigation
	12 Indirect Laryngoscopy
	13 Bronchoscopy for Airway Lesions
	14 Bronchoalveolar Lavage
	15 Bronchoscopic Lung Biopsy
	16 Transbronchial Needle Aspiration for Cytology and Histology Specimens
	17 Staging of Bronchogenic Carcinoma
	18 The Future of Interventional Pulmonology
	19 Application of Laser, Electrocautery, Argon Plasma Coagulation,and Cryotherapy in Flexible Bronchoscopy
	20 Flexible Bronchoscopy and the Application of Endobronchial Brachytherapy,Fiducial Placement, Radiofrequency Ablation, and Microwave Ablation
	21 Foreign Body Aspiration and Flexible Bronchoscopy
	22 The Role of Bronchoscopy in Hemoptysis
	23 Endobronchial Stents
	24 Balloon Bronchoplasty
	25 Rigid Bronchoscopy
	26 Pediatric Flexible Bronchoscopy
	27 Bronchoscopy in the Intensive Care Unit
	28 Bronchial Thermoplasty Management of Asthma
	29 Endoscopic Management of Emphysema
	30 Endoscopic Management of Bronchopleural Fistulas
	31 Clinical Management of Benign Airway Stenosis and Tracheobronchomalacia
	Index

