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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.
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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
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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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