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Foreword

The demand for a second edition of this fine textbook after only 3 years shows
the increasing importance of interventional bronchology in pulmonary medi-
cine. For 70 years after its invention by Killian in 1897, rigid bronchoscopy
remained restricted to a limited number of specialized hospitals. Only after
the introduction of the flexible bronchoscope by Ikeda in 1966 did bronchos-
copy became widely applied. This was promoted by the early work of pio-
neers, by a European group, including J. P. Diaz-Jimenez in Spain, J. F.
Dumon in France, and S. Cavliere in Italy. The preservation of skills in rigid
bronchoscopy in combination with the flexible instrument proved ideal, espe-
cially in developing treatment of the central airways such as mechanical
resection, using lasers, stents, etc. As Freiburg in former times, Marseille,
Barcelona, and, briefly afterward, also Heidelberg, Germany, became
European training Meccas for physicians from all over the world. I am calling
myself fortunate for experiencing such exciting times and counting these pio-
neers among my friends, apart from having been able to contribute (e.g.,
EBUS, SEMS, and EMN).

Due to exponential development in imaging and instrumentation technol-
ogy during the last three decades, bronchology has developed into an impor-
tant specialty in its own right within pulmonary medicine. The champions
have become numerous worldwide as is reflected by the list of contributors in
this book. Many associations for bronchology and interventional pulmonol-
ogy have been founded on all continents and are connected under the umbrella
of the World Association for Bronchology and Interventional Pulmonology
(WABIP). Training centers have been established worldwide, where struc-
tured courses are offered and formalized tests provide credentials of profi-
ciency. For those unable to attend on site, a digital training module is offered
on the Internet.

All topics are covered within this concise textbook by renowned authors.
The chapters cover the anatomical and technical basics as well as quality
management. All current technologies for treatment of central airway obstruc-
tion are discussed. As especially in the diagnosis and treatment of lung cancer
bronchoscopy is playing a major role, the concepts of screening, early detec-
tion, and staging for making sound decisions for therapy are described in
extenso. This includes also the pleural space as far as is relevant for the pul-
monologist. The final chapters deal with recent developments for intervention
in benign diseases such as asthma and emphysema and in special indications.
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Foreword

The conclusion describing the history and the outlook into the future should
encourage the next generation to carry the torch onward.

The book is not only a must for all physicians who take up the path to
become interventional pulmonologists but also for every pulmonologist as
interventional bronchoscopy has become such an important integrated part in
pulmonary medicine. Knowledge of its indications and limitations is essen-
tial for intelligent decision-making. The authors can only be congratulated on
their remarkable effort.

Heinrich D. Becker, MD

Department of Interdisciplinary Endoscopy
Thoraxklinik at Heidelberg University
Heidelberg

Germany



Preface to the First Edition

Nothing beats the pleasure of seeing a finished work.

This book is a reflection of what we do every day in the endoscopy room,
and it would not have been possible without the collaboration of the col-
leagues who have participated, sharing their knowledge and expertise to
clearly set out the fundamental concepts of this wonderful interventional pul-
monology world.

I have been working in the interventional area for more than 30 years, and
one of the main concepts that I have learned is that success in daily work does
not rely on one individual, but it is only achievable when everybody works
with the conviction of being part of a team.

It would not be possible to perform a complex treatment such as releasing
the airway from an obstructive malignant tumor without each and every team
member’s participation, applying their knowledge and abilities in a coordi-
nated and complementary fashion. As team members, we all share responsi-
bilities. I believe one of the main ones is to make the whole team function
based on these three mainstays: coordination, communication, and comple-
ment, since they are the keys of a successful work.

Since the advent of bronchoscopy in 1887, the field of bronchology and
interventional pulmonology has demonstrated its clinical value with amaz-
ingly rapid developments. The last three decades have brought to us spectacu-
lar advances in technology and their clinical applications, which have led to
lifesaving therapies. We can predict that we will see newer clinical applica-
tions and improvement in established techniques in the near future. These
dynamic changes will bring together the scientists and clinicians interested in
our specialty and further expand the field.

It is our duty to keep updating the state of the art and maintain a continu-
ous progress. The scientific and clinical training of the respiratory endosco-
pist must rest on solid principles and remain in constant forward motion, and
therefore, constant teaching and learning become our obligations.

During all these years, we have received pulmonary fellows from all con-
tinents who have spent long periods of time with us or have attended our
courses or conferences, teaching them interventions and also learning from
them. We have also learned from very respected physicians of the interven-
tional pulmonology field who have honored us with their presence, sharing
their experiences and making this learning process extremely easy, as if we
were in a family reunion listening and exchanging everyday experiences. At
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the end of the day, we were all enriched, and I believe all our patients bene-
fited from our sessions and discussions.

Experience does not come only as a consequence of performing many
procedures but also from having an open mind and listening to the advice and
suggestions from other colleagues. The learning process takes a lifetime. At
the beginning, we are all learners, and as time goes by, it becomes our turn to
take the position of the teacher and to contribute to the growing number of
fellows and residents interested in endoscopic procedures. What would have
occurred if retired from daily practice Killian, Jackson, Andersen, Ikeda,
Zavala, Hayata, Kato, Cortese, or Dumon had not transmitted their experi-
ences to the rest of the scientific community? It would have been much more
difficult for us to arrive to our present state of knowledge. However, the gen-
erosity of all of them made our way much easier.

Bertrand Russell said it is good from time to time to think on the present
as if it were the past and consider which of the elements of our time will
enrich the permanent deposit of the universe and which ones will live and
give life when our generation has disappeared. Having this contemplation,
the human experience transforms, and the personal experience vanishes.

With this in mind, I believe the teaching and learning process is crucial,
and they both have to be taken with humility. To our teachers, we always owe
gratitude and respect, and when we become teachers, it is important to be
generous, recognize limitations, and transmit what is worth, keeping always
as a goal to benefit our patients in every possible way.

Following this line, Alicia and I would like to take this opportunity to
thank the many teachers and colleagues around the world who helped us
along the way, with their advice and continuous support:

— Dr. Udaya Prakash and Eric Edell form Mayo Clinic

— The coworkers from the Bronchoscopy Department at Bellvitge University
Hospital in Barcelona, A. Rosell, R. Lopez, and N. Cubero, and from the
MD Anderson Cancer Center Team in Houston, R. Morice, G. Eapen,
C. Jimenez, D. Ost, and B. F. Dickey

— The Pulmonary Department Team at Lahey Clinic in Massachusetts

— The Pulmonary Department Team at Clinica Colon in Mar del Plata:
L. Araya, N. Baillieau, S. Ruiz, C. Materazzi, M. Rocha, and B. Nuifiez

And finally, our especial thanks go to all the colleagues who participated
in this work, generously sharing their wisdom and making possible this small
addition to the art of respiratory endoscopy. It is our hope that this book will
contribute to improve our daily interventional pulmonology practice.

Barcelona, Spain Jose Pablo Diaz-Jimenez



Preface to the Second Edition

The future belongs to those who learn more skills and combine them in
creative ways. —Robert Greene, Mastery

When we presented the first edition of Interventions in Pulmonary
Medicine, both Pablo and I thought it was a great honor to include in our book
the most prominent colleagues in the area, updating the state of the art in their
field of expertise.

Incredible to us, we now have a second opportunity to review the topics,
and we are deeply grateful to have many great professionals who generously
shared their knowledge with all of us improving our medical practice and,
most importantly, improving the lives of people who consult us looking for
help.

It is a great privilege to practice medicine. It is in our hands to do the best
continuously updating what we know. That goes hand in hand with the warm
touch, empathy, and compassionate conversation with the fellow suffering
human being who is in front of us. Undoubtedly, this part of medicine is the
most satisfactory feature in the life of a doctor and what patients value the
most since it helps them to better endure their moments of illness.

We therefore want to dedicate this book to our patients and thank them for
being our daily reason to be better at what we do.

Medical knowledge is crucial in our service path, and with this idea, we
present this new edition, as a growth tool for all those who perform interven-
tions in pulmonary medicine.

We also owe our thanks to our work teams, who support and share our ide-
als, contribute daily to solve issues, and pay attention to details making har-
monious and effective functioning at the workplace. A doctor cannot be good
without a support system, and in that sense, the work team is a family where
each one brings a different and necessary quality.

We also want to mention and honor our teachers, those of whom we
learned both what to do and what not to do. Undoubtedly, their contribution
of knowledge, work ethic, and human qualities have had a great impact in the
way we practice every day at the consultation and in the operating room.

Finally, we also dedicate this edition to physicians in training, hoping that
what has been turned into these pages become an important contribution
coming from experienced professionals with decades of medical practice.
Their advice and reflections will undoubtedly modify some practices, they
certainly have improved Pablo’s and mine. We wish that the medical practice

Xi
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of those who are beginning this path will be as satisfactory as ours and that
we will all have the main objective to benefit our patients in every possible
way. We also encourage younger doctors to develop new ideas and perfection
techniques, so that the area of interventionism continues to grow with the
younger generation.

We hope the reading of this edition will be enjoyable and useful for
everyone. It was an honor to us to have well-known colleagues who are the
true protagonists of this book and once again to make a small contribution to
the art and science of interventional pulmonary medicine.

Mar del Plata, Argentina Alicia N. Rodriguez
June 2017
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Tracheobronchial Anatomy

Juan Antonio Moya Amords
and Anna Urefa Lluveras

Trachea
Introduction

The trachea or windpipe is a tube of approxi-
mately 12 cm in length. Viewed laterally, it
assumes an oblique course, running from supero-
anterior to inferoposterior, from 23° to 34° related
to the body’s major axis. It ends up by dividing
into two bronchial tubes at the level of the tra-
cheobronchial bifurcation, which usually has an
angle of 60°. Changes in the degree of angulation
can orient to diagnose some conditions located
distally to the bifurcation such as enlarged lymph
nodes or left atrium dilatation in mitral stenosis.
The tracheal tube extends from C6 to C7 (limited
by the cricoid cartilage superiorly) to D4-D5,
approximately at 1 or 2 cm below a horizontal
plane passing through the Louis sternal angle.
Topographically its average length (12 cm as
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stated) is equally divided between the cervical
and mediastinal region.

External Morphology

The external tracheal configuration is character-
ized by the presence of roughness due to incom-
plete cartilage rings that are staggered,
horizontally and segmentally distributed. Usually
20 rings are identified in the trachea.

In the cervical region, the tube has a flattened
shape posteriorly, due to the absence of cartilage,
so that the predominant diameter is the sagittal or
anteroposterior (approximately 16 mm), but
inside the chest it predominates the transverse
diameter (approximately 16 mm).

In the external tracheal wall, narrowing or
depressions can be seen, produced by the imprint
of organs in close proximity contacting to the tra-
cheal wall. In the left side, two of them are visi-
ble: one due to the left thyroid gland lobe (neck)
and the other one due to the aortic arch
(mediastinum).

The posterior membrane closing the entire tra-
cheal canal is flat, soft, and depressible; it is
known as the membranous pars (Fig. 1.1).

The especial tracheal configuration and its
elastic structure make it capable to elongate up
to one third of its length. This fact is of par-
ticular interest for tracheal reconstruction
surgeries.

J.P. Diaz-Jimenez, A.N. Rodriguez (eds.), Interventions in Pulmonary Medicine,
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Fig. 1.1 Anterior view of the dissected trachea. Note the Human Anatomy and Embryology. Department of
tracheal bifurcation angle of 60°, (/) anterior view: tra-  Pathology and Experimental Therapeutics. Universitat de
chea and tracheal cartilage. (2) Tracheobronchial bifurca-  Barcelona

tion. (3) Membranous pars or tracheal muscle. Unit of
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Fig.1.2 Medium length of the trachea increases similarly in both genders until the age of 14. After that it only increases
in men

Dimensions of the trachea vary primarily Among both genders, there are also differ-
according to age and less so with gender. ences in tracheal size especially in the sagittal
Figures 1.2, 1.3, 1.4, and 1.5 present the normal and transverse axes, which are evident in tomog-
size variations in all three axes, internal size, raphies and 3D reconstructions (Figs. 1.6 and
area, and volume. 1.7).
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only increases in men.

Fig. 1.3 Medium tracheal diameter increases similarly in both genders until the age of 14. After that it only increases

in men
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o At age 20, tracheal area is 44.6% larger in men than in women.

Fig. 1.4 Medium tracheal area increases similarly in both genders until the age of 14. At age 20, tracheal area is 44.6%

larger in men than in women
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TRACHEAL VOLUME ACCORDING TO AGE “v” “v’
AGE WOMEN MEN
(cm3) (cm3)
0-2 1.57 1.57
2-4 3.1 3.1
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8-10 7.87 7.87
10-12 11.1 1.1
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until the age of 14
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Fig. 1.5 Medium tracheal volume increases similarly in both genders until the age of 14. By age 20, men’s tracheal

volume is 60% larger than women’s

Fig. 1.6 : At age 20, men’s sagittal and transverse tra-
cheal axes are 23% and 11.4% larger than women’s,
respectively. Coronal computerized tomography: view of
mediastinal trachea, tracheobronchial bifurcation, and
main bronchi

Fig. 1.7 Medium tracheal diameter is 1.5 mm larger in
men than in women. Medium bronchial diameter is 1 mm
larger in men. 2D tomographic reconstruction of the tra-
cheobronchial tree. Note that the intracarinal angle is 60°.
Lengths are 5 cm for the left main bronchus and 2.5 cm
for the right main bronchus
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Internal Morphology
The tracheal tube has two covers or layers.

Fibro-Chondro-Elastic Layer

It is a completely circular, soft, and elastic con-
nective tissue fundamental matrix. It affects the
entire circumference of the windpipe. It pres-
ents tiny holes that represent the point of vascu-
lar entrance or exit to and from inside the
trachea.

Enclosed to this layer, there are bands of
incomplete hyaline cartilage rings, horseshoe
shaped. The cartilage forms about four fifths of
the circumference of the trachea. Given that
the posterior border of the trachea is formed
by a fibromuscular membrane, tracheal cross-
sectional shape is similar to a letter D, with the
flat side located posteriorly. The tracheal muscles
cross transversely and obliquely, forming a con-
tinnum of entangled fibers which constitute a
large muscle: the common tracheal muscle.
Contraction of this muscle produces adduction of
the free cartilage edges, thus modulating the
internal tracheal caliber. Wrapping the outer tra-
cheal tube, we found the adventitia, a membrane
that acts as a false pretracheal fascia. Between the
adventitia and the tracheal wall, vascular and ner-
vous branches are located, and they incorporate
to the tracheal tube wall at the level of the inter-
chondral spaces.

Mucous Layer

The trachea is lined by pseudostratified colum-
nar epithelium that sits in an elastic lamina pro-
pria and covers the inside of the tracheal tube.
Goblet mucous cells and small subepithelial
glands that secrete into the luminal surface are
interspersed among the ciliated columnar cells.
The produced mucus adheres to inhaled foreign
particles, which are then expelled by the action
of cilia propelling the mucus lining upward
towards the pharynx from which they can be
coughed and sneezed out of the airway. At the

end of the tracheal duct, when it is divided into
the main bronchi, the mucosa presents a middle
line elevation known as carina, similar to a
medial ridge. The tracheal carina indicates the
entrance to the right and left main bronchus
(Fig. 1.8a—c).

Blood Supply

Arterial—it is established by two arterial systems
on each side of the trachea, communicating the
aorta artery with the subclavian artery:

— From the aorta, the left paratracheal ascend-
ing artery (Demel arteries) and the tracheo-
bronchial esophageal artery. Of the latter,
the right bronchial artery, the esophageal
artery, and the right paratracheal ascending
artery are born.

— From both subclavian arteries and inferior
thyroid arteries and from these in turn emerge
the right and left paratracheal descending
arteries (Haller arteries).

Each paratracheal descending artery anasto-
moses with the paratracheal ascending artery of
the corresponding side, closing the vascular cir-
cuit at the back of the tracheal wall and along its
side edges. From these two vascular axes, tra-
cheal perforating arteries are born that supply tra-
cheal layers entering through the interchondral
spaces.

Anatomo-Clinical Relationships

The trachea is related to their surroundings
through the peritracheal fascia, as if it were a
hanger between the neck and the mediastinum.
Vascular and nerve structures hung from or are in
contact with it.

Regardless of the anatomical details, the tra-
cheal relationships from inside out are:
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Fig.1.8 (a) Cross section, trachea. (/) Respiratory cylin-
dric epithelium and mucous glands. (2) Horseshoe-shaped
cartilage, with a posterior opening. (3) Main layer, con-
nective tissue fundamental matrix, surrounded by the
adventitia. (b) Schematic illustration of the elements of
the tracheal wall. (/) Poli-pseudostratified columnar epi-

— Posterior: recurrent nerve, esophagus, and
vertebral bodies covered by the deep cervical
aponeurosis

— Anterior: thyroid gland, medium cervical apo-
neurosis, anterior jugular veins, and superfi-
cial cervical aponeurosis

— Lateral: thyroid gland, vessels and nerves,
deep cervical aponeurosis, and superficial

thelium, (2) gland drainage orifice, (3) gland duct, (4) sub-
mucous, (5) vagus nerve, (6) venules and arterioles. (c)
Tracheal mucous gland. (/) Arteriole, (2) erythrocyte, (3)
endothelial cell, (4) basement membrane, (5) Golgi appa-
ratus of a goblet cell, (6) endoplasmic reticulum, (7) vacu-
ole, and (8) mucus secretion

cervical aponeurosis (involving the sternoclei-
domastoid and trapezius muscles) (Fig. 1.9a,
b)

The tracheobronchial bifurcation has similar
topographical relationships in both genders, and
it is located at 7 cm depth from the skin of the
anterior midline chest (Figs. 1.10 and 1.11).
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Fig. 1.9 (a) Dissection of the cervical trachea. (I)
Larynx, (2) trachea, (3) left thyroid lobe, (4) left internal
jugular vein, (5) right infrahyoid muscles, (6) right com-
mon carotid artery, (7) hyoid bone, and (8) left subman-
dibular gland. (b) Dissection of the cervical trachea. (/)
Larynx, (2) trachea, (3) brachiocephalic arterial trunk, (4)

Fig.1.10 Cranial view
of thoracic cross section
at the level of D4. Note
the location of the
tracheobronchial
bifurcation at a depth of
7 cm from the surface.
(1) Right upper lobe, (2)
thoracic esophagus, (3)
right lower lobe, 4:
Descending thoracic
aorta. Unit of Human
Anatomy and
Embryology.
Department of
Pathology and
Experimental
Therapeutics.
Universitat de Barcelona

right internal jugular vein, (5) right common carotid
artery, (6) left common carotid artery, and (7) left venous
brachiocephalic trunk or innominate trunk. Unit of Human
Anatomy and Embryology. Department of Pathology and
Experimental Therapeutics. Universitat de Barcelona

Tracheo-bronchial bifurcation depth
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Fig.1.11 Right lateral view of mediastinum: 7A tracheal
axis, LA long axis of the body. (/) Trachea, (2) superior
vena cava, (3) ascending aorta, (4) dorsal spine. Unit of

Bronchi
Main Bronchi

Main bronchi are located in a compartment
known as the mediastinum. The mediastinum is
delimited by the pleural cavity. This space does
not have a regular shape (mediastinum = “ser-
vant” or “heart and major vessels service area”).

There are two main bronchi, left and right.
Each main bronchus is related to some elements
of the mediastinum, and they are not equal in
length or size.

Left main bronchus: it is 5 cm in length. It is longer
than the right main bronchus, passing beneath
the aortic arch and the left pulmonary artery.

Right main bronchus: it is 2.5 cm in length. It
presents more vertical than the left bronchus
and has a bigger diameter.

Inside the lung parenchyma, both bronchi will
continue dividing into branches to the 24th order
(Fig. 1.12).

Bronchial Division

Left Main Bronchus (LMB)
e Left upper lobe bronchus—it divides into:
— Apicoposterior ~ segmental ~ bronchus
(B1 + 2), from where B1 (apical) and B2
(dorsal or posterior) bronchi are born

Human Anatomy and Embryology. Department of
Pathology and Experimental Therapeutics. Universitat de
Barcelona

— Anterior or ventral segmental bronchus
(B3)

— Lingular bronchus, divided into superior
lingular segmental bronchus (B4) and infe-
rior lingular segmental bronchus (B5)

e Left lower lobe bronchus—it divides into:

— Apical segmental bronchus form the left
lower lobe or Nelson’s bronchus (B6).

— Posterior or dorsal bronchus (B10).

— Lateral bronchus (B9).

— Trunk (B7 + 8) or ventromedial bronchus,
from which B7 (medial) and B8 (ventral)
originate.

Right Main Bronchus (RMB)
e Right upper lobe bronchus—it divides into:
— Apical segmental bronchus (B1)
— Anterior o ventral segmental bronchus (B3)
— Dorsal segmental bronchus (B2)
* Right middle lobe bronchus—it divides into:
— Medial segmental bronchus (BS5)
— Lateral segmental bronchus (B4)
e Right lower lobe bronchus—it divides into:
— Apical bronchus of the right lower lobe
(Nelson’s bronchus) (B6)
Posterior or dorsal bronchus (B10)
— Lateral bronchus (B9)
Anterior bronchus (B8)
Paramediastinic bronchus (B7)

The right main bronchus, after the superior lobe
bronchus departure, is called intermedius bronchus.
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Fig. 1.12 Tracheobronchial bifurcation. Notice in the
image on the right a tracheal cross section with anterior
inclination of its ventral side. (/) Trachea, (2) tracheo-
bronchial bifurcation, (3) right main bronchus, (4) left
main bronchus, (5) bronchial carina, (6) right upper lobe
bronchus, (7) right middle lobe bronchus, (8) right lower

The intermedius bronchus after approximately
15 mm originates the right middle lobe bronchus.
From that on it is called right lower lobe bronchus.

Each bronchial division is accompanied by the
corresponding segmental pulmonary artery, giving
place to the different bronchopulmonary segments.

Endoscopic Vision of the Bronchial
Tree and Anatomical Relationships

It is very important to learn the normal endo-
scopic view of the airways and keep in mind the
anatomical relationships. Figure 1.13 depicts the
tracheobronchial tree when inspected with a
bronchoscope, with the patient in the supine posi-
tion and the endoscopist located posteriorly. The
camera is moving down from head to feet.

The most important anatomic relationships we
have to consider are:

lobe bronchus, (9) left upper lobe bronchus, (/0) left
lower lobe bronchus, (/7) inner wall of the anterior tra-
chea. Unit of Human Anatomy and Embryology.
Department of Pathology and Experimental Therapeutics.
Universitat de Barcelona

— Cervical trachea: anteriorly, the thyroid gland
is located at the level of the second, third, and
fourth tracheal rings. Thyroid lobes are in
contact with the side walls of the cervical tra-
chea. The veins that drain the thyroid gland
are located at the bottom and head to the left
innominate vein. In general these veins are
arranged along the tracheal wall and do not
constitute a serious hazard. The same occurs
for the left innominate vein, which is located
in front of the trachea behind the sternal
manubrium. Bifurcation of arterial brachioce-
phalic trunk is in close contact with the wind-
pipe at the base of the neck, and the main right
carotid artery is located right in front of cervi-
cal trachea. From behind, the cervical trachea
is in close contact with the esophagus, which
is slightly more to the left. The right recurrent
nerve meets the sixth level windpipe cartilage
ring, running parallel to its rear edge. The left
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Fig. 1.13 Endoscopic vision of the bronchial tree: (/)
vocal cords, (2) trachea, (3) carina, (4) right main bron-
chus, (5) left main bronchus. Right: (6) right upper lobe
bronchus, three apical segments; (7) intermediate bron-
chus; (8) middle lobe bronchus; (9) basal pyramid bron-

recurrent nerve, coming from below the aortic
arch, runs along the posterior tracheal wall in
front of the esophagus. Laterally, apart from
the thyroid gland, cervical trachea is close to
the neurovascular structures of the neck (com-
mon carotid artery, internal jugular vein, vagus
nerve). From the base of the neck, these struc-
tures deviate from the windpipe. Only the
common carotid artery is in virtual contact
with the outer edge of the trachea. The internal
jugular vein and vagus nerve are more
superficial.

— Thoracic trachea: as already explained, the
thoracic trachea is a bit longer than the cervi-
cal trachea and has close contacts with the
large vessels of the mediastinum. The danger
of massive bleeding at this level is very high.
The most important anterior anatomical rela-
tionships are vascular. The venous system:
left innominate vein, right innominate vein,
and superior vena cava (which is located
below and to the right of the windpipe). The
azygos vein is located at the level of the right
edge of the windpipe. Important arterial

chus; (/0) six right segment bronchus. Left: (11) left upper
lobe bronchus, (/2) culmen bronchus, (/3) lingular bron-
chus, (/4) left lower lobe bronchus, (/5) basal pyramid
and (/6) six left segment bronchus

structures are in close contact with the tra-
chea: the aortic arch passes directly from
front to back and right to left along the left
edge of the trachea, generating a mark on it
and deviating it to the right. Then the aorta is
curved on the left main bronchus and descends
along the column. The arterial brachioce-
phalic trunk is born in front of the windpipe
and crosses obliquely to stand on its right
edge. The left common carotid artery relates
to the left edge of the windpipe but is farther
away, like the left subclavian artery, so they
do not constitute a danger. The left vagus
nerve descends along with the common
carotid artery, crossing the left side of the aor-
tic arch, generating the left recurrent nerve
that ascends along the left edge of the trachea
and the esophagus. On the back, the thoracic
trachea continues in close contact with the
esophagus, which descends to the stomach
and moves away to the left.

— Carina: at its inferior part, the trachea is
divided into right and left main bronchi, look-
ing like an inverted Y. The divergence angle
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thus formed is 70°.The carina has important
neurovascular connections. Anteriorly to it,
the pulmonary artery divides into right and
left branches. Also anteriorly and to the right,
we find the union of the azygos vein and the
superior vena cava. Anteriorly and to the left,
the carina is in contact with the aortic arch and
the left recurrent nerve. Posteriorly, the carina
also remains in contact with the esophagus.
Main right bronchus: the most important vascu-
lar connection of the main right bronchus is the
right pulmonary artery, which crosses horizon-
tally and anteriorly of the ascending aorta and
the superior vena cava, before passing in front
of right main bronchus. The pulmonary vein is
located slightly below the artery, but not in
direct contact with the bronchi. This is very
important to know because the use of laser, for
instance, is less dangerous when applied in the
main right bronchus than in the left. For the rest,
vascular distribution is practically superim-
posed on the bronchial tree, being parallel to the
bronchial walls. Veins are more remote from the
walls than the arteries, except in the inner edge
of the middle and lower lobe, where they consti-
tute a real danger during invasive procedures.
Main left bronchus: the left main bronchus has
a more horizontal path than the main right
bronchus and is also longer and thinner. It has
important vascular relations: the aortic arch is
in contact with the superior and posterior
aspects of it. Anteriorly, the aorta is separated
from the bronchus by the main pulmonary
artery.

The left pulmonary artery is short and its path
is oblique, upward, and backward to the origin
of the left upper lobar bronchus. It depicts an
“S” curve that wraps around the left main
bronchus and then around the left upper lobe
bronchus. The superior pulmonary veins cross
the main left bronchus at the level of the origin
of the upper lobe bronchus. The esophagus is
posterior, in contact with the first few centi-
meters of the left main bronchus.

At the level of the main left bronchus, dangers
are more numerous than the main right one,
mainly due to the proximity of the aortic arch
and pulmonary artery and veins. In the rest of

the left bronchial tree, arteries are parallel to
the bronchial walls.

Blood Supply

Bronchial arterial supply depends upon the bron-
chial arteries, which are aortic branches. These
bronchial arteries are small in size and are located
at the posterior wall of the bronchus following
the first bronchial divisions. Bronchial arteries
can be divided into:

— Right bronchial artery
— Left superior bronchial artery
— Left inferior bronchial artery

We can also see the Demel artery and the
Tracheobroncho-esophageal artery, both aortic
branches. The latter will divide into three more
branches:

e Ascending tracheal artery.

e Esophageal artery.

* Right bronchial artery: it is a single artery
located at the posterior bronchial wall that will
be divided into two bronchial branches each
time it finds a bronchial division.

There are anastomoses between arteries on
each side, which close the territory between the
left and right bronchial arteries. These interbron-
chial anastomoses are called Juttin asa.
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Flexible Bronchoscopy

Tarek Dammad and Bilal A. Jalil

Introduction

Flexible bronchoscopy (FB) is the term that
describes invasive, direct visualization of the air-
ways via the flexible bronchoscope for diagnostic
and therapeutic purposes.

Flexible bronchoscopy is a safe procedure that
is usually performed by pulmonologists and tho-
racic surgeons to inspect the proximal and distal
airways, reaching the lung parenchyma. It is easy
to use; it has minimal sedation requirement and a
great safety profile, facts that account for its
popularity [1, 2].

The uses and applications of FB have evolved
over the last 50 years to a variety of diagnostic
and therapeutic modalities. This chapter will
review the history of FB and its indications and
contraindications and describe the procedure and
its basic and advanced diagnostic and therapeutic
techniques.
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History

The history of exploring human airways dates
back to Hippocrates. Hippocrates mentioned
“Cannulas should be carried into the throat
along the jaws so that air may be drawn into the
lungs.”

However, it was not until 1897, when Gustav
Killian in Freiburg, Germany, performed the first
rigid bronchoscopy, investigating the larynx and
trachea to extract a pork bone from the right main
stem bronchus of a farmer. He then presented his
experience in Heidelberg, Germany, branding it
“direct bronchoscopy.” Gustav Killian is regarded
today as the father of bronchoscopy [3].

Rigid bronchoscopy remained the standard
practice for the next 70 years, until Shigeto Ikeda,
a thoracic surgeon from Tokyo, Japan, introduced
the first prototype of the flexible fiber-optic bron-
choscope in Copenhagen in 1966 [4] (Fig. 2.1).

The first commercially available flexible bron-
choscope was manufactured by Machida in 1968
and comprised of over 15,000 glass fibers.
Further revisions and improvements by Machida
and Olympus allowed an enhanced working
channel, image quality, and maneuverability.

The invention of the flexible bronchoscope
represented a paradigm shift in the world of bron-
choscopy. It was an easier procedure to perform
than rigid bronchoscopy and allowed superior
visualization of the distal airways. It continued to
evolve with extensive technical and clinical
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Fig. 2.1 Dr. Shigeto Ikeda, surgeon at the National
Cancer Center, Japan, 1977 (Photography: Burt Glinn
Magnum Photos)

applications. With Ikeda’s contribution, Pentax
produced the first flexible video bronchoscope in
1987, where a miniature video camera at the tip
of the bronchoscope replaced the fiber-optic bun-
dle, allowing for the bronchoscopy team to watch
the procedure on a screen with tremendous defi-
nition and record it for documentation and educa-
tional purposes [5].

A second paradigm shift occurred with
the introduction of endobronchial ultrasound
(EBUS) bronchoscopy, another form of flexible
bronchoscopy.

The usefulness of radial probe EBUS was first
reported by Hurter and Hanrath in 1992. They
studied 74 patients with central tumors and 26
patients with peripheral carcinomas [6]. In 1996,
Heinrich Becker demonstrated the great potential
of EBUS in assessing tumor infiltration of the
bronchial wall and parabronchial structures,
including lymph nodes [7].

In the early 2000s, Yasufuku and colleagues
were the first to describe the high diagnostic
yield of convex probe EBUS, enabling real-time
visualization and sampling of the mediastinal,
hilar adenopathy and central lesions, changing
the way we diagnose and stage lung cancer for-
ever [8, 9].

Significant technological innovations over
the last few decades such as laser therapy,
argon plasma coagulation (APC), trans-
bronchial cryobiopsy, and electromagnetic
navigational bronchoscopy were specifically
developed and designed to use with the flexible
bronchoscope [10].

Description

The flexible bronchoscope constitutes a flexible
hollow vinyl tube called the “insertion tube” that
contains optical fibers and a longitudinal working
channel for suction and ancillary instruments.

The proximal handle contains a control lever
to maneuver the distal end of the scope and con-
trol buttons for the camera and suction (Fig. 2.2).

There are two light transmitting bundles and
one viewing bundle. Each bundle contains up to
30,000 ultrafine glass fibers (8—15 pm). In the
fiber-optic bronchoscope, the light entering to the
system is internally reflected and emitted at the
opposite end.

However, in the video bronchoscope, a charge-
coupled device (CCD) has replaced the viewing
bundle. The CCD converts energy from light
photons into digital information allowing excel-
lent quality image capturing.

Fig. 2.2 The bronchoscope handle with the control lever
at the proximal end and working channel insertion point at
the distal end
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The current flexible video bronchoscope’s
outer diameter ranges from 2.8 mm for the ultra-
thin scope to 6.9 mm for convex probe EBUS.

The working channel ranges from 1.2 mm for
the ultrathin bronchoscope to 3.0 mm for the
therapeutic bronchoscope (Fig. 2.3).

The length of the insertion tube ranges from 400
to 600 mm and the distal-end flexion angulation
ranges from 120 to 210° in the latest generation
bronchoscopes [11]. On the other hand, the distal-
end extension angle ranges from 60 to 130° on the
flexible bronchoscope (Fig. 2.4a, b). Of note, the
flexible bronchoscope was designed to hold with
the left hand since Dr. Ikeda was left-handed.

Fig. 2.3 Distal ends of different bronchoscopes ranging
from the therapeutic bronchoscope with a 3 mm working
channel on left to the thin bronchoscope with a 1.2 mm
working channel on the right

Fig.2.4 (a) Distal end
of the bronchoscope
maximally extended at
130°. (b) Flexion of
distal end of
bronchoscope to 210°

Indications and Contraindications

Indications for flexible bronchoscopy are
divided into diagnostic and therapeutic (Tables
2.1 and 2.2).

It is not uncommon that a diagnostic flexible
bronchoscopy becomes both diagnostic and ther-
apeutic at the same session, depending on unex-
pected findings that go undetected with
pre-procedure imaging modalities or a change in
the patient’s condition.

Increasingly, therapeutic flexible broncho-
scopic interventions are being performed by pul-
monologists. In our opinion, it is due to increased
number of dedicated interventional pulmonology
training programs and the more recent innova-
tions in this field.

Flexible bronchoscopy, in general, has a great
safety profile [1, 2]. Major complications such as
bleeding, respiratory depression, cardiorespira-
tory arrest, arthythmia, and pneumothorax occur
in less than 1% of cases. Mortality is rare, with a
reported death rate of 0-0.04% in more than
68,000 procedures [12]. Most contraindications
are relative rather than absolute [12—14].

Absolute Contraindications

e Life-threatening arrhythmia and/or hemody-
namic collapse

e Profound refractory hypoxemia/inability to
oxygenate patient during the procedure

e Lack of informed consent
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Table 2.1 Indications for diagnostic  flexible Table 2.2 Indications for therapeutic  flexible
bronchoscopy bronchoscopy
Suspected Lung nodule/mass, airway lesion, Central airway Benign disease: laser
malignancy hilar or mediastinal mass/adenopathy, obstruction (CAO) | coagulation, radial cuts,
lung cancer staging electrocautery, balloon
Pulmonary Pneumonia in immunocompromised dilatation of stenosis/stricture
infections host, cavitary lesions, non-resolving Malignant disease: tumor
pneumonia, recurrent pulmonary debulking/resection, laser
infections coagulation/ablation, argon
Diffuse lung | Interstitial lung disease, pulmonary plasma coagulation (AP C?,
disease toxicity, suspected diffuse alveolar cryotherapy, photodynamlc
hemorrhage, inhalation lung injury therapy, stenting (self-
Symptoms Hemoptysis, stridor, persistent cough, - expandable sten.ts) -
and signs unexplained dyspnea, unilateral Foreign body Removal of aspirated foreign
wheezing removal body or broncholith extraction
Abnormal Persistent lobar collapse, localized Fiducial marker Assisting in tumor localization

chest imaging | bronchiectasis, suspected airway
obstruction/narrowing, suspected
excessive expiratory airway collapse,

tracheobronchomalacia

Miscellaneous | Suspected aerodigestive fistula,
bronchopleural fistula, chest trauma
with suspected airway tear/injury,
perioperative thoracic surgery,
chemical and thermal burns of the
airway, suspected foreign body
aspiration, evaluation of posttransplant
patients, endotracheal tube positioning

e Lack of capable bronchoscopist
e Lack of adequate facility
Relative  Contraindications (Risk-Benefit
Assessment)

e Bleeding diathesis: Platelet count less than
50,000/mm?, uremic platelet dysfunction, and
INR > 1.5 are relevant when brushing or biop-
sies are considered [15, 16]. Papin and col-

placement for tumor resection or
stereotactic body radiation
therapy

Hemoptysis Coagulation via LASER/ APC
or electrocautery of visible
tumor/lesion, placement of
airway blocker

Tracheobronchial Therapeutic lavage in

toilet necrotizing pulmonary
infections

Bronchopleural Spigots, endobronchial vale

fistula closure

placement, sealant placement

Aspiration of cyst,
drainage of abscess

EBUS-guided drainage of cysts
and abscesses

Difficult airway

Awake intubation for difficult

intubation airway and guidance in
percutaneous dilatational
tracheostomy

Bronchial Treatment option in select

thermoplasty asthmatics

Endoscopic lung
volume reduction

Endobronchial one-way valve
placement in select patients with
emphysema

leagues demonstrated significant incidence of
bleeding in 24 patients who underwent trans-
bronchial lung biopsy (TBLB) with mean plate-
let count of 30,000/mm’ [17]. Ernest and
colleagues concluded that Clopidogrel use
greatly increases the risk of bleeding after TBLB
in humans and therefore should be discontinued
5 days before bronchoscopy with planned biop-
sies [18]. On the other hand, Herth et al. found
that aspirin does not increase bleeding complica-
tions after TBLB [19]. A small case series by
Stather concluded that proceeding to EBUS-
TBNA without first withdrawing clopidogrel

should only be performed in situations where the
risk of short-term thrombosis is believed to out-
weigh the (theoretical) risk of bleeding [20].
Recent myocardial infarction or unstable
angina: Most experts will postpone elective
bronchoscopies for 6 weeks post-acute coro-
nary syndrome [21].

Lack of patient cooperation.

Pregnancy.

Asthma attack.

Increased intracranial pressure.

Inability to sedate.
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Procedure Preparation

Flexible bronchoscopy can be performed in the
endoscopy suite, operating room, intensive care
unit, or even emergency room:

1. Equipment

The basic equipment needed is a broncho-

scope and its accessories: light source and

preferably a video monitor if available, BAL
container, cytology brushes, biopsy forceps,
needle aspiration catheters, syringes, nor-
mal saline aliquots, specimen containers,
bronchoscope lubricant, bite block, suction
apparatus, supplemental oxygen, continuous
pulse oximetry, hemodynamic monitoring,
and equipment for resuscitation including an
endotracheal tube, laryngoscope, and chest
tube insertion kit. Fluoroscopy can be valuable
when performing TBLB and advanced diag-
nostic or therapeutic FB.

2. Personnel

The bronchoscopist, registered nurse, endos-

copy technician or respiratory therapist

(RT), and the anesthesiologist or certified

registered nurse anesthetist should all be

familiar with the patient’s condition and the
procedure being performed as well as appro-
priate handling of the specimens. This will
maximize patient experience and outcome
(Fig. 2.5).
3. Patient Preparation

A consent form must be obtained after explain-

ing the procedure, its indication, risks, and

benefits.

The bronchoscopist must perform a thor-
ough history and physical exam prior to pro-
ceeding. Chest imaging and diagnostic tests
should be reviewed carefully.

A few important concerns to mention:

e Nil per os (NPO): Indicated for 2 h for
clear liquids and 6-8 h for solids prior to
FB [22].

e Electrocardiograms are generally indicated
for patients with suspected or known car-
diac history.

e Spirometry is not indicated prior to pro-
ceeding with bronchoscopy [23].

Fig.2.5 The bronchoscopy team in the procedure suite

e Premedication with atropine or glycopyrro-
lateis not beneficial inreducing bronchoscopy-
related cough or secretions [12, 13].

e Prophylactic antibiotics: FB is a rare
cause of bacteremia and endocarditis [24].
Prophylactic antibiotics are indicated in
patients with mechanical valves and his-
tory of endocarditis.

e Chest X-ray is indicated 1 h post-
transbronchial lung biopsy (TBLB) to rule
out pneumothorax [25]. Alternatively, a
thoracic ultrasound exam, documenting
sliding lung sign, will rule out pneumotho-
rax post-TBLB. Kumar and colleagues per-
formed a total of 379 FB and 113
TBLB. Chest US exam detected all cases
of PTX, whereas CXR missed 1 PTX. The
sensitivity, specificity, and overall accuracy
for US were 100% as compared with the
sensitivity of 87.5% and accuracy of 99.6%
for the CXR group [26].

4. Anesthesia and Monitoring

The current guidelines do not address the type
of anesthesia needed for each procedure, but
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Fig.2.6 A bronchoscopy
procedure in progress
using ENB and radial
EBUS through a laryngeal
mask airway with general
anesthesia

suggest that simple diagnostic FB procedures
can be performed under local anesthesia or
moderate conscious sedation. On the other
hand, complex diagnostic and therapeutic bron-
choscopy usually requires general anesthesia
like total intravenous anesthesia (TIVA) [27].

The most used local/topical anesthetic for
FB is lidocaine. Its plasma level of 5 pg/mL or
dose greater than 8.2 mg/kg instilled in the
airways can result with CNS toxicity (restless-
ness, slurred speech, seizure), cardiovascular
toxicity (atrioventricular block, hypotension),
and methemoglobinemia.

Common sedative and opioid combina-
tions used during conscious sedation are mid-
azolam and fentanyl. Propofol or, to a less
extent, ketamine or dexmedetomidine coupled
with fentanyl or remifentanil is used in TIVA
(Fig. 2.6).

After FB procedure, patients are observed in
the recovery unit until they meet discharge cri-
teria. Written discharge instructions and con-
tact information are provided to the patient.

Technique of FB Procedure

¢ Insertion route: According to an ACCP survey
done in 1991, 33.8% of the total 871 respond-

ers/bronchoscopists preferred the nasal FB
route, compared to 6.4% preferred oral route
only and 42.6% had no preference [15]. Choi
and colleagues in 2005 randomly assigned
307 patients to nasal vs. oral insertion route.
They concluded that oral insertion of a flexi-
ble bronchoscope was associated with less
discomfort for patients than nasal insertion,
although the route of insertion had no signifi-
cant effect on outcome [28]. Beaudoin and
colleagues assessed the feasibility of using
nasal route for linear endobronchial ultra-
sound performed on 196 patients where in
73.5% of patients, nasal insertion was possi-
ble. The author concluded that linear EBUS
can be performed safely and with high accu-
racy via the nasal route [29].

When ready to proceed with FB, the patient
should be placed in either a semirecumbent
or supine position after IV access has been
obtained. A topical anesthetic should be
applied to the nasal passages and pharynx in
case of nasal route insertion and only pharynx
if oral route is chosen. Then, the bronchoscope
is introduced either through the nose or mouth
with a bite block in place to protect the bron-
choscope. The oropharynx is examined, reach-
ing the vocal cords, which are re-anesthetized
topically. The vocal cords are examined for
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abduction and adduction. The bronchoscope
is passed through the vocal cords to examine
the tracheobronchial tree. We prefer to start
with inspection of the normal airways, leaving
the diseased area of interest to the end. A thor-
ough, systematic approach to examine the air-
ways is recommended. Description of airway
configuration, mucosal membranes, secre-
tions, location, extent, and size of the abnor-
mality is very valuable. Luminal narrowing/
obstruction whether intrinsic, extrinsic, com-
bined, or dynamic should be described; its
length and distance from the closest carina
should be documented in the report since it
is very valuable if surgical intervention may
become an option.

e Both diagnostic and therapeutic broncho-
scopic procedures can be performed during
flexible bronchoscopy. Lengthy, complex
diagnostic and therapeutic procedures are bet-
ter performed under IV general anesthesia.

e Depending on the indication, the following
diagnostic procedures can be performed: BAL,
endobronchial or transbronchial biopsies,
cytological washes or brushings, conventional
TBNA, endobronchial ultrasound (EBUS)
TBNA, radial probe EBUS, cryobiopsy, navi-
gational bronchoscopy, and narrow-band
imaging (NBI) bronchoscopy. Therapeutic pro-
cedures such as balloon dilatation, endobron-
chial laser ablation/coagulation, electrocautery,
photodynamic therapy, brachytherapy, self-
expandable stent placement, and endobron-
chial valve placement can all be accomplished
through flexible bronchoscopy [12, 14].

Complications of FB Procedure

Flexible bronchoscopy, in general, has a great
safety profile [1, 2, 30]. Major complications
such as bleeding, respiratory depression, cardio-
respiratory arrest, arrhythmia, and pneumothorax
occur in less than 1% of cases [15]. Mortality is
rare, with a reported death rate of 0-0.04% in
more than 68,000 procedures [12].

It is important to mention that transient hypox-
emia during and after bronchoscopy is the most

common complication, especially when perform-
ing BAL in a patient with borderline cardiopul-
monary reserve [2, 31]. Cardiac arrhythmia and
risk of myocardial infarction are increased in
elderly patients with cardiovascular comorbidi-
ties [32, 33].

Other complications of FB are adverse events of
sedatives and narcotics, hypercapnia, hypotension,
bronchospasm and laryngospasm, pneumothorax,
and bleeding. Gas embolism has been reported
with using argon plasma coagulation [34].

Basic Diagnostic Procedures

1. Bronchoalveolar Lavage (BAL)
The bronchoalveolar lavage was first intro-
duced to clinical practice by Reynolds in 1974
[35].

Standardization of BAL was addressed in
areport by the European Respiratory Society
task force in 1999. The report considers in
detail the four main problems that prevent
accurate quantification of components in
alveolar epithelial lining fluid (ELF) using
BAL:

(a) Unknown amount of dilution during
lavage.

(b) Contamination of the ELF sample with
material from the bronchi.

(c) Inadequate sampling due to incomplete
mixing.

(d) Lung permeability varies allowing loss
of introduced lavage fluid into the tissues
and increased leakage of soluble compo-
nents from the blood capillaries and tis-
sues into the ELF [36].

To perform a BAL, the bronchoscope is wedged
in the target bronchus, while keeping the working
channel in the lumen of the bronchus. A total of
four aliquots (30-60 mL each) are instilled in the
alveoli for a total of at least 100 mL and a maxi-
mum of 240 mL of sterile normal saline.
Subsequently, the fluid is suctioned into a trap
with a pressure below 100 mmHg adjusted to
avoid visible airway collapse. In a healthy non-
smoking subject, the BAL cellular composition is
macrophages (80-90%), lymphocytes (5-15%)
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with CD4/CD8 ratio of 1.5:1.8, neutrophils
(1-3%), and eosinophils and mast cells <1%
[37].Cell counts on BAL can have nonspecific
results in many conditions such as cryptogenic
organizing pneumonia and usual interstitial pneu-
monia, making its utility, to some extent, contro-
versial [38, 39]. On the other hand, BAL plays an
important role in the diagnosis of pulmonary
infections, especially in immunocompromised
hosts and mycobacterial infections, as well as in
eosinophilic pneumonia [40, 41]. Higher yield
can be achieved by adding TBLB [42]. It is
important to mention that the presence of more
than 5% squamous or epithelial cells represents
contamination of the sample with bronchial
secretions, rendering it a nonrepresentative sam-
ple of alveolar cells [36].

2. Transbronchial Lung Biopsy (TBLB)
TBLB refers to sampling the lung paren-
chyma via flexible biopsy forceps. Anderson
and colleagues first describe the method and
results in 1960s and early 1970s [43, 44]
(Fig. 2.7).

It is usually performed by first, wedging
the bronchoscope in the bronchus. The for-
ceps are then advanced in the closed position
through the working channel of the broncho-
scope, reaching the lung parenchyma where
resistance is felt. The forceps are pulled back
about 1 cm to open, readvanced until the
desired tissue is in contact with the forceps,
and closed again to obtain a biopsy.

used with the flexible

Fig. 2.7 Biopsy
bronchoscope

forceps

The wedging position of the bronchoscope
will facilitate further biopsies without the
need to reposition the scope. It will also help
isolate and tamponade any significant bleed-
ing from the biopsy site.

The yield of TBLB increases with the num-
ber of biopsies taken. Descombes and col-
leagues showed that TBLB yield is increased
from 38 to 69% when six or more biopsies are
performed [45]. The yield is also dependent
on the pulmonary disease being investigated.
The yield in usual interstitial pneumonitis
(UIP) is only 30%, whereas higher yield of
70% or more is seen in pulmonary diseases
with:

* Centrilobular distribution such as granu-
lomatous lung diseases (hypersensitivity
pneumonia and sarcoidosis), eosinophilic
pneumonia, and lymphangitic carcinoma-
tosis [46, 47]

e Pulmonary infection in immunocompro-
mised host and mycobacterial infections
[41,42]

¢ Lung transplant patients with acute rejec-
tion or infection [48]

TBLB has a low complication rate with
major bleeding (greater than 50 mL) averaging
1% and risk of pneumothorax between 1 and 4%
[2, 49, 50].

3. Transbronchial Needle Aspiration

TBNA refers to sampling through the tracheal
or bronchial wall. The mediastinal and hilar
lymph nodes and lung and mediastinal masses
can be sampled via this method. A thorough
review of the patient’s chest CT and knowl-
edge of thoracic anatomy is essential prior to
proceeding. A retractable hollow cytology
needle (21 or 22 gauge) or histology needle
(19 gauge) is used, with suction applied to the
proximal end of the needle. Fluoroscopy
should be used when performing TBNA of
peripheral lung lesions.

Wang and colleagues in 1978 performed
the first successful TBNA of a paratracheal
tumor via the flexible bronchoscope. They
later published their experience with TBNA
for hilar and mediastinal adenopathy [51, 52].
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Blind TBNA is the term used for standard
TBNA with no EBUS guidance. The sensitivity
of blind TBNA varies according to size, location,
number of aspirates per lymph node’s station,
and the bronchoscopist experience. A sensitivity
of 78% and specificity of 99% have been reported
for blind TBNA in patients with lung cancer [53,
54]. Baaklini and coworkers found a yield of
64% for pulmonary lesions located in the inner
third of the lungs vs. 35% for lesions located in
the outer two thirds of the lungs. They also showed
a lower yield for smaller lesions (<2 cm) [55].

Blind TBNA also has a role in the diagnosis
of peripheral lung mass and nodules as Katis
and colleagues first showed in 1995 [56].

Despite its great diagnostic utility, both
ACCP and UK surveys have shown low rou-
tine use of blind TBNA in malignant and non-
malignant diseases with 11.8% and 2.3%,
respectively, in the ACCP survey [15] and
10% use in the UK survey [2].

The overall complication rate for blind
TBNA is quite low 0.8% [54]. The most com-
mon is damage to the bronchoscope working
channel [15].

The introduction of EBUS-TBNA for
mediastinal and hilar adenopathy and central
tumors has replaced blind TBNA to a great
extent. More guidance tools to reach periph-
eral lung nodules, like radial probe EBUS and
virtual bronchoscopy have changed the way
pulmonologists perform TBNA.

A brief review of advanced diagnostic
bronchoscopy is to follow.

. Bronchial Brushings
Bronchial brushings involves the introduction
of a small-protected brush via the flexible
bronchoscope to the visible endoluminal
lesion or peripheral pulmonary nodule with
assistance via fluoroscopy or guidance tools
of bronchoscopy (radial EBUS or virtual
bronchoscopy techniques).

It is a useful tool to obtain both microbio-
logical and cytological samples.

Protected brushings have shown to increase
the diagnostic yield in peripheral lung nodules
[57].

A review of 30 studies published in 2003
assessed the performance characteristics of
different modalities for suspected lung cancer.
They found that the diagnostic yield of all
modalities combined for central endobron-
chial disease is 88%. The highest sensitivity is
for endobronchial biopsy 74%, followed by
cytobrushing 59% and washings 48%. For
peripheral lung lesions, cytobrushing demon-
strated the highest sensitivity (52%) followed
by transbronchial biopsy (46%) and BAL/
washings (43%). The overall sensitivity for all
modalities was 69%. Peripheral lesions <2 cm
or >2 cm in diameter showed sensitivities of
33% and 62%, respectively [58].

Advanced Diagnostic Bronchoscopy

1. EBUS-TBNA

EBUS-TBNA refers to the technique of
obtaining needle aspiration biopsies under
direct sonographic visualization using the
EBUS bronchoscope (Fig. 2.8).

The special flexible bronchoscope incorpo-
rates an ultrasound transducer at its distal end
allowing real-time visualization and charac-
terization of mediastinal and parabronchial
structures and real-time needle aspiration of
lymph nodes and lesions. The procedure is
usually performed under moderate sedation.
No advantage has been demonstrated by per-
forming EBUS-TBNA under general anesthe-
sia [59]. The reported safety profile is

Fig.2.8 An endobronchial ultrasound bronchoscope
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excellent. In their meta-analysis, Gu et al.
reported only two complications in 1299
patients (0.15%) [60].

The current available needle sizes for
EBUS-TBNA are 22G, 21G, and most
recently 19G needle.

Nakajima and colleagues demonstrated no
differences in the diagnostic yield between the
21G and 22G needles during EBUS-TBNA,
though more blood contamination was present
in the 21G needle TBNA biopsies. The pre-
served histological structure of the samples
obtained by the 21G needle may be useful for
the diagnosis of mediastinal and hilar adenop-
athy of unknown etiology which may be a
challenge with the 22G needle [61].

Yarmus and colleagues retrospectively
evaluated the results of 1299 patients from six
centers who underwent EBUS-TBNA. No dif-
ference in diagnostic yield or sample adequacy
was found when comparing 22G and 21G nee-
dles. However, EBUS-TBNA in conjunction
with rapid onsite cytological evaluation and a
21G needle was associated with fewer needle
passes compared with a 22G needle [62].
Jeyabalan and coworkers have recently con-
firmed the high clinical utility of EBUS-TBNA
samples processed as histopathological speci-
mens for EGFR and ALK genotyping in pri-
mary lung adenocarcinoma. The needle gauge
did not affect genotyping efficacy [63].

In 2009, two meta-analyses and one sys-
tematic review reported the sensitivity and
specificity of EBUS-TBNA. Adams et al. and
Gu et al. reported that the pooled sensitivity
for EBUS-TBNA was 88% and 93% respec-
tively [60, 64]. In their systematic review,
Varela-Lema et al. reported that sensitivity for
the diagnosis of malignancy ranged from 85
to 100% [65].

Therefore, the most recent ACCP guidelines
in 2013 on the diagnosis and management of
lung cancer recommend EBUS-TBNA over
surgical staging as the best first invasive test in
patients with intermediate or high suspicion of
N2 or N3 involvement (Grade 1B) [66].

In a recent meta-analysis by Ge and col-
leagues comparing video-assisted mediasti-

noscopy (VAM) and EBUS-TBNA for staging
of lung cancer, a total of ten studies with 999
EBUS-TBNA patients and seven studies with
915 VAM patients were included. The pooled
sensitivities for EBUS-TBNA and VAM were
0.84 (95% CI 0.79-0.88) and 0.86 (95% CI
0.82-0.90), respectively. The conclusion of
the analysis was: VAM and EBUS exhibited
equally high diagnostic accuracy for medias-
tinal staging of lung cancer [67].

The role of EBUS-TBNA is less established
for the diagnosis and subtyping of lymphoma. In
a recent study by Grosu and colleagues, EBUS-
TBNA was able to establish a diagnosis and sub-
type the lymphoma in 67% (95% CI, 0.45-0.88)
of patients with de novo lymphoma and 81%
(95% CI, 0.70-0.91) of patients with relapsed
lymphoma [68]. EBUS-TBNA plays an impor-
tant role in the diagnosis of Sarcoidosis. The
diagnostic yield ranges from 88 to 93% [69-72].
It is equally effective in identifying noncaseating
granulomas when compared with transbronchial/
endobronchial lung biopsies combined with
bronchoalveolar lavage [73].

2. Radial Probe Endobronchial
(RP-EBUS)
RP-EBUS utilizes a miniature ultrasound
probe with a diameter of 1.4—1.7 mm and pro-
vides a circumferential radial ultrasound
image. It is inserted through the working
channel of the scope with or without a guid-
ance sheath (GS). The characteristic
“snowstorm-like” appearance represents nor-
mal lung. The high resolution provided by
20 MHz US probe allows detailed imaging of
the peripheral lung lesion. Solid tumor will
appear dark, homogenous, and well differenti-
ated from normal lung with bright border
(Fig. 2.9a—c).

Once the target lesion is reached, the GS is
left in place as an extending working channel
of the bronchoscope. The US probe is removed
and sampling tools, like biopsy forceps, pro-
tected brushes, and aspiration needles can be
introduced to obtain samples with or without
fluoroscopic guidance.

Ultrasound



2 Flexible Bronchoscopy

25

A systematic review and meta-analysis
with 1420 patients revealed significant inter-
study variations in the RP-EBUS technique;
however, the overall pooled sensitivity of RP-
EBUS for detection of lung cancer in periph-
eral pulmonary lesions was 73% [75]. In a
prospective randomized trial, Steinfort and
colleagues demonstrated that the diagnostic
accuracy of RP-EBUS transbronchial biopsy
is not inferior to that of CT-guided transtho-
racic needle aspiration, but with a significantly
lower complication rate [76].

The size of the lesion, position of the probe
within the lesion, and number of biopsies
taken all are important factors that affect the
diagnostic yield [77, 78]. Utilizing combined
modalities like RP-EBUS and ENB has
pushed the diagnostic yield to 88% for the
diagnosis of peripheral lung nodules, com-
pared to EBUS (69% yield) and ENB (59%
yield) utilized alone [79]. In a multicenter ran-
domized trial, Ishida et al. demonstrated vir-
tual bronchoscopic navigation VBN-assisted
RP-EBUS significantly improved the diag-
nostic yield of small (<30 mm) peripheral pul-
monary nodules to 80.4%; 13% higher than
the non-VBN-assisted group [80].

3. Ultrathin Bronchoscopy
Peripheral pulmonary lesions are commonly
encountered by the pulmonologist and require
pathologic analysis to determine treatment
options. Transbronchial biopsy has a low diag-
nostic yield for peripheral lesions <20 mm

Fig. 2.9 (a) Radial ultrasound of the lung, showing nor-
mal “snowstorm-like” appearance. (b) Radial ultrasound
of a malignant lung mass. (¢) Radial EBUS probe seen
through the working channel of a bronchoscope

[81]. Thus, bronchoscopy is currently not rec-
ommended as a diagnostic technique for
peripheral lesions <20 mm [82]. Transbronchial
biopsy is limited by the difficulty in guiding the

RP-EBUS has increased the yield of FB in
the diagnosis of peripheral lung lesions. Chen
and colleagues, showed that of all 467 nod-
ules, 96% were successfully identified using
radial probe EBUS. When the radial probe
position was within the target lesion, the diag-
nostic yield was 84% compared with 48%
when the probe was positioned adjacent to the
lesion [74].

bronchoscope and biopsy instrument to the
peripheral lesion. Navigational bronchoscopy
as well as radial probe EBUS with guidance
sheath has been used to overcome this issue.
The ultrathin bronchoscope with a working
channel has an external diameter of approxi-
mately 2.8 mm and is commercially available. It
is used in the diagnosis of peripheral pulmonary
lesions and can be advanced to more peripheral
bronchi than conventional bronchoscopes under
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direct observation. Ultrathin bronchoscopes have
been reported to be advanced to sixth-generation
bronchi and to be valuable in patients where
diagnosis is difficult using conventional bron-
choscopy [83]. Oki et al. conducted a randomized
controlled trial comparing ultrathin (3 mm) and
thin bronchoscopy with guidance sheath (4 mm)
bronchoscopy for peripheral lesions and found
ultrathin bronchoscopy to be superior [83]. The
combination of navigational bronchoscopy with
ultrathin bronchoscopes was recently studied by
Asano et al. and did not show a statistically sig-
nificant difference [84].

4. Transbronchial Lung Cryobiopsy (TBLC)
Cryobiopsy is the term used to describe utili-
zation of cryoprobes to obtain lung tissue. The
cryosurgical equipment operates by the Joule—
Thomson effect, which dictates that a com-
pressed gas in liquid state, released at high
flow, rapidly expands and creates a very low
temperature. The most commonly used cryo-
genic agents are carbon dioxide (CO,) or
nitrous oxide. The gas at the tip expands due
to the sudden difference in pressure relative to
the atmospheric pressure, resulting in a drop
in temperature at the tip of the probe (around
minus 80 °C). The size of cryobiopsies corre-
lates positively with longer activation time
and larger diameters of the cryoprobe.

The technique is simple. The cryoprobe
(diameter of 1.9 or 2.4 mm) is introduced into
the selected area under fluoroscopic guidance
via flexible bronchoscope. A distance of
approximately 10-20 mm from the thoracic
wall and a perpendicular relation between the
thoracic wall and the probe are considered
optimal. Once the tip of the probe is at the tar-
get area, the probe is activated for approxi-
mately 3—6 s. The frozen tissue attached to the
probe’s tip is removed by pulling both the
bronchoscope and cryoprobe together.

The advantage of TBLC over TBLB
has been highlighted in several publications
[85, 86].

Ravaglia and colleagues compared the
diagnostic yield and safety of TBLC and surgi-
cal lung biopsy (SLB) in a large cohort of
patients with ILD. The diagnostic yield of

TBLC was 82.8% compared to 98.7% in SLB
with less median hospitalization time
(2.6 days) in TBLC vs. (6.1 days) for
SLB. Mortality due to adverse events was
observed in 2.7% (SLB) and 0.3% (TBLC) of
the patients. Pneumothorax was the most com-
mon complication after TBLC (20.2%). No
severe bleeding was observed [87]. A meta-
analysis of 15 investigations including 781
patients revealed an overall diagnostic yield of
81%. The overall pooled probability of devel-
oping a pneumothorax, as retrieved from 15
studies including 994 patients, was 6% [87].

It is important to recognize the higher rate
of potential complications when using TBLC,
like pneumothorax and bleeding. Therefore,
TBLC should be performed by interventional
pulmonologists who are trained to manage
potential complications.

Therapeutic Procedures via FB

Therapeutic bronchoscopy refers mainly to the
management of central airway obstruction
(CAO), intrinsic, extrinsic, or combined. This
entitles mechanical and nonmechanical tumor
debulking in malignant and benign diseases, tra-
cheobronchial dilatation of stenosis, deploy-
ment of airway stents, extraction and removal of
foreign bodies, and management of hemoptysis.
It also includes newer therapeutic applications
like endobronchial valve placement for pro-
longed air leak post-lobectomy or endoscopic
lung volume reduction interventions in selected
emphysema patients.

Therapeutic bronchoscopic interventions, to a
certain degree, can be accomplished via the flex-
ible bronchoscope. However, the bronchoscopist
must be competent and experienced with the use
of rigid bronchoscopy and ready to use it when
intervening on a complex central airway obstruc-
tion. The rigid bronchoscope remains the tool of
choice recommended by most experts in the field
when treating CAO [14, 88].

In this chapter, we will outline a brief sum-
mary of some available interventional therapeu-
tic modalities that can be implemented for use
with flexible bronchoscopy.
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LASER Bronchoscopy

The majority of publications on LASER bron-
choscopy report the use of Nd:YAG laser [89,
90]. Other lasers like CO,, Nd:YAP,
Holmium:YAG, and diode lasers are utilized in
bronchoscopic interventions.

In laser therapy, the heat energy from laser
light is used to coagulate and vaporize the endo-
bronchial lesion.

It is recommended to set laser at low power
(40 W) to coagulate the target lesion in anticipa-
tion to prevent bleeding.

The laser fiber is introduced through the work-
ing channel of the FB. The tip of the laser fiber
should be at least 4 mm away from both the target
lesion and the bronchoscope distal end. The
inspired FiO, should be lowered to 40% or less,
and frequent suctioning should be used to mini-
mize the risk of endobronchial fire [91].

Then coagulation followed by mechanical resec-
tion with the flexible forceps can occur. In general,
laser treatments performed using a flexible bron-
choscope are long and require a significant amount
of patience. The flexible bronchoscope is not use-
ful in severe obstruction or critical situations; they
are better handled with the rigid bronchoscope [16].
Small lesions such as granulomas are easily treated
with laser application via flexible bronchoscopy.

Fig. 2.10 Endobronchial lesion at the level of the right
main bronchus

Fig.2.11 Endoscopic view after resection

Fig.2.12 Tumor resected

Laser is very effective in restoring airway patency,
with symptomatic improvement in around 70-80%
of patients [89, 90, 92]. Complications related to
laser application include massive hemoptysis (1%),
pneumothorax (0.4%), pneumomediastinum (0.2%),
and endobronchial fire and periprocedural death of
(2-3%) [90, 92, 93] (Figs. 2.10, 2.11, and 2.12).

Electrocautery

Electrocautery is used to treat central airway
obstructions from benign or malignant tumors of
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the airway [94]. It also acts through coagulation
and vaporization. The electrical probe can be used
to treat superficial lesions, while the snare can be
applied to polypoid tumors protruding into the
airway lumen. Similar to LASER, electrocautery
is contraindicated when the obstruction arises
from extrinsic compression without an intralumi-
nal component [95].

Palliation of malignant obstructions using
electrocautery is effective, with a rate of restora-
tion of airway patency and symptomatic relief
similar to LASER debulking (69-94%) [96-98].

Complications are similar to those of LASER
application, with massive hemoptysis being the
most concerning. Suggested settings to avoid fire
during the procedure are a FiO, equal or less than
40% and low power (20-30 W).

Argon Plasma Coagulation

APC is a noncontact mode of electrocautery that
causes coagulation and vaporization. It is per-
formed to treat exophytic endobronchial tumors
and has good results treating bleeding tumors.
APC can also be applied to other benign lesions
compromising the airway, such as granulomas
resulting from airway stents.

APC shows good results in central airway
obstruction, with a partial or complete restoration of
airway patency in 66% of patients. It has a reported
success rate of 99% when treating hemoptysis [99].

Complications related to APC are airway per-
foration and gas embolism [34].

Cryotherapy

Cryotherapy refers to the use of extreme cold to
destroy abnormal or diseased tissue. The cryo-
probe is inserted through the working channel of
the flexible bronchoscope, and cycles of freez-
ing and thawing are applied to the target, causing
delayed necrosis. A repeat bronchoscopy is per-
formed 3-7 days after the application to remove
necrotic tissue. Cryotherapy does not open the air-
way rapidly and it is not utilized in critical airway
obstruction since its application generates edema
that may worsen the degree of the obstruction.

Conventional cryotherapy is indicated in
malignant airway obstruction as a palliative
method. A success rate of 61% has been reported
in airway restoration and significant improve-
ment of symptoms such as hemoptysis, cough,
and dyspnea [100, 101]. Complications related to
cryotherapy are hemoptysis, bronchospasm, car-
diac arrhythmia, and death [102].

A newer modality of cryotherapy called cryo-
extraction or cryorecanalization can be consid-
ered a rapid airway restoration method since
tumor pieces attached to the cryoprobe are
removed immediately [13].

Photodynamic Therapy

It involves the administration of a photosensitizer
substance (most commonly porfimer sodium)
followed by its activation with a laser light of a
given wavelength. This generates a photody-
namic reaction that produces oxygen radicals that
are very damaging for tumor cells, ultimately
resulting in cellular death. Photodynamic therapy
can be applied to both early and advanced malig-
nant lesions with good results [103].

Complications related to this procedure are
photosensitivity (can last up to 6 weeks) and
hemoptysis.

Airway Stent Placement

The flexible bronchoscope can be used to deploy
self-expandable metallic stents (SEMS) in the
airway. Both bare and fully covered SEMS are
commercially available.

The bare SEMS application is limited to
malignant conditions since long-term perma-
nence inside the airway has been linked to
severe complications such as erosion and perfo-
ration of the airway wall, excessive granulation
tissue, bacterial colonization, stent disruption,
and fracture [104].

The FDA released very clear recommenda-
tions regarding the use of metallic airway stents
in 2005 [105]. Recommendations from experts
are to avoid bare metallic stents and consider
other therapeutic strategies. Placement of a sili-
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con stent can be performed in the majority of
patients via rigid bronchoscopy and represents a
safer alternative [106].

However, postsurgical stenosis that follows
lung transplant or tracheal resection can be an
indication for metallic stents. Bronchial dehis-
cence after lung transplantation can present as
a life-threatening respiratory insufficiency, and
deployment of a metallic stent can be not only
lifesaving but also can favor healing taking
advantage of the granulation tissue formation
secondary to the stent placement [107]. This
indication is left to the team of experts manag-
ing lung-transplanted patients, not applicable
to the general interventional bronchoscopy
practice.

It is crucial to note that when bronchoscopists
deploy a stent via flexible bronchoscopy
approach, they must be skilled and ready to per-
form rigid bronchoscopy if needed.

Conclusion

The evolution of flexible bronchoscopy over
the last 50 years has changed the field of diag-
nostic and therapeutic bronchoscopy. It started
with basic diagnostic procedures that we must,
as trainees and teachers, master and not forget.
It continued to evolve with sophisticated,
novel modalities that have proven to advance
the care of our patients with thoracic and pul-
monary diseases.

It is important for today’s pulmonologist to
understand and learn some of the advanced
techniques in flexible bronchoscopy. It is also
vital for our interventional pulmonology train-
ees to utilize the current and future techniques
in order to achieve the best possible outcomes
for our patients.
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Ultrathin Bronchoscopy:
Indications and Technique

Marta Diez-Ferrer and Antoni Rosell Gratacos

Introduction and Definition
of the Procedure

Standard flexible bronchoscopes may enter up to
third- to fifth-generation bronchi and allow visualiza-
tion of one to two further generations in adult patient
airways, while the category of “ultrathin broncho-
scope” can reach small peripheral airways up to 9th
to 12th generation. Although no formal definition of
“ultrathin bronchoscope” has been established, the
term ultrathin has been widely used when referring
to bronchoscopes with an outer diameter of 3 mm or
less that are used for the exploration of peripheral
airways in adult patients. In Fig. 3.1 you can compare
the size of different bronchoscopes.

In this chapter we will review the technique
and applications of the ultrathin bronchoscope.

History and Historical Perspective

The first ultrathin fiber-optic bronchoscope
(FOB) was used through the working channel
of a conventional bronchoscope. Developed by
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Fig. 3.1 Comparison of different bronchoscopes: 2.8,
4.9, and 6.0 mm external diameter

Tanaka et al. [1] in 1984, the model Olympus
BF-1.8T was composed of fine optical glass fibers
and had a tip diameter of 1.8 mm that could go
up to 180 mm past the tip of a conventional fiber-
optic bronchoscope. It had no working channel
and could be bent passively only. Attachment to a
special camera allowed for the first photographs
of peripheral airways of 2 mm or less [2] and their
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first endoscopic classification [3]. By the same
time, Prakash was using a regular pediatric fiber-
optic bronchoscope (Olympus BF-3C4) with
an external diameter of 3.5 mm to explore and
sample with a cell brush the abnormalities pres-
ent in more distal airways of adult patients [4].
In 1990 Tanaka et al. developed a second model
of ultrathin with an outer diameter of 2.2 mm
and distal tip that could be bent 120° upward and
downward (Olympus BF-2.2T) [5]. Later in 1994
a new bronchoscope (Olympus BF-2.7T) was
released by the same authors with a tip diame-
ter of 2.7 mm and the novelty of incorporating
a 0.8 mm working channel that allowed small
airways sampling under direct vision with a cell
brush (Olympus BC-0.7T) [6]. Since then, newer
ultrathin fiber bronchoscopes and video bron-
choscopes with working channels up to 1.2 mm
have been developed as well as various types of
brushes and biopsy forceps. Most recently, a new
prototype of ultrathin hybrid bronchoscope with
a working channel of 1.7 mm has been used that
allows for radial probe EBUS performance [7]. A
summary of the evolution of ultrathin broncho-
scopes found in medical literature can be seen in
Table 3.1. Pediatric bronchoscopes from other

brands have also been used for exploring the
peripheral airways of adult patients.

In essence, ultrathin bronchoscopes are thin-
ner versions of the standard bronchoscopes.
Although they can be used either in pediatric
patients or in peripheral airways of adults, they
are provided with longer insertion tubes than
pediatric bronchoscopes.

Indications and Contraindications

Unlike standard flexible bronchoscopy which is
divided into diagnostic and therapeutic catego-
ries, the use of ultrathin bronchoscopy is mainly
diagnostic. As will be discussed later, its main
limitation when sampling is the small working
channel which limits both the suctioning capabil-
ity and the use of instruments. In terms of contra-
indications, however, the same may apply.

Indications

The study of the peripheral pulmonary nodule is
the main indication for ultrathin bronchoscopy.

Table 3.1 Evolution of ultrathin bronchoscopes
Working | External | Internal Tip Additional
length diameter | diameter |angulation |imaging
Image* | Year |Type (mm) (mm) (mm) (up/down) | techniques | Instruments
nF 1984 | Olympus 950 1.8 - - - -
BF-1.8T
F 1990 | Olympus 1150 2.2 - 120°/120° |- -
BF-2.2T
F 1994 | Olympus 1200 2.7 0.8 120°/120° |- Brush
BEF-2.7T
F 1999 | Olympus 600 2.8 1.2 180°/130° |-
BF-XP40
F 2004 | Olympus 600 2.8 1.2 180°/130° | — Brush and
BF-XP60 forceps
H 2004 | Olympus 600 2.8 1.2 180°/130° |-
BE-XP160F
\Y% 2014 | Olympus 600 3.1 1.2 210°/130° | NBI
BF-XP190
H 2015 | Olympus 600 3.0 1.7 180°/130° | — Brush, forceps,
Y-0025° and radial
EBUS probe

4F fiber-optic bronchoscope, H hybrid bronchoscope, V video bronchoscope

"Prototype
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In the review by Rivera et al. for the third edition
of the ACCP guidelines, the overall sensitivity of
flexible bronchoscopy for diagnosing central
lesions was 88% while for peripheral lesions was
78% [8]. This is partly due to direct visualization
of the lesion while sampling areas that the bron-
choscope does not reach. The importance of the
ultrathin bronchoscope relies therefore in the
ability to reach and directly visualize the abnor-
malities of the peripheral airways, primarily
peripheral pulmonary nodules, and its capability
of sampling the periphery of the lung under direct
visualization.

Although no specific guidelines regarding
ultrathin bronchoscopy have been developed, its
use is not limited to the study of the peripheral
pulmonary nodule. Other uses may include the
exploration of cavitated nodules if aspergilloma
formation is suspected, the study of critical ste-
nosis (Fig. 3.2) (where the use of the ultrathin
may avoid the presence of asphyxia and even
barotrauma due to its small diameter), or the
study of postoperative scars. Asai et al. used an
ultrathin bronchoscope to apply suction in a giant
bulla, observing radiologic and functional
improvement after 2 months [9]. Also, peripheral

nodule marking with barium prior to surgery has
been described [10].

Contraindications

The same contraindications as for standard bron-
choscopy may apply. It has to be noted though
that the ultrathin bronchoscope is a very fragile
instrument, and therefore careful manipulation is
imperative.

Description of the Equipment
Needed

Ultrathin bronchoscopy may be performed in a
bronchoscopy suit with the patient awake or in
mild sedation or in the operating room under gen-
eral anesthesia and endotracheal intubation.

The equipment needed includes:

e Trained staff: a skilled operator and two assis-
tants (at least one of them should be a quali-
fied nurse).

e Ultrathin bronchoscope and its accessories.

» Light source and video processor.

Fig. 3.2 Examination of critical stenosis with the ultrathin bronchoscope: view of the severe stenosis and distal
trachea
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e 50 mL syringes.

» Topical anesthesia: 2.5% lidocaine.

* Room temperature saline.

* Mini biopsy forceps and/or mini cytological
brush (1 mm diameter).

e Specimen collection devices (bronchial wash-
ing receptacle, 95% alcohol and CytoLyt®
solution).

e Cold saline should be ready to use in case of
bleeding.

e Chest tube placement kit should be ready to
use in case of pneumothorax.

e C-arm fluoroscopy or computed tomography
(CT) should be available for guidance of the
bronchoscope or sampling instruments, to
verify their position and to confirm that no
pneumothorax is present right after sampling.

Optional equipment:

e Virtual bronchoscopy or virtual broncho-
scopic navigation for aiding in procedure
planning and guiding.

In Fig. 3.3 you can see the operating room with
the necessary equipment for ultrathin bronchos-
copy with virtual bronchoscopic navigation per-
formance in a patient under general anesthesia.

Fig.3.3 Operating
room: two
bronchoscopists and one
trained nurse performing
ultrathin bronchoscopy
with virtual
bronchoscopic
navigation (LungPoint®)

Procedure Description

The authors of the present text prefer performing
ultrathin bronchoscopy under general anesthesia
since it allows greater technical precision and
better patient and operator comfort. Exploration
of the peripheral airways can be a long proce-
dure, and it is technically more challenging to
manipulate the ultrathin through smaller bifurca-
tions if the patient is not under a controlled respi-
ration and in the absence of any movements or
cough. Even more, having the patient under gen-
eral anesthesia, it allows for a short controlled
apnea application when sampling thus aiding in
operator control of the instruments in the still
peripheral lung. As in any case of general
anesthesia, an anesthesiologist and qualified
assistant as well as the necessary material for
intravenous access, assisted ventilation, cardiore-
spiratory monitoring, and resuscitation equip-
ment have to be available in the procedure room.
While the diameter of the orotracheal tub is not
relevant as ultrathin bronchoscope minimally
compromises its lumen, its length needs some-
times to be shortened.

In those relatively tall patients with peripheral
pulmonary lesions, the 600 mm working length
of the ultrathin bronchoscope is not sufficient to
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reach the target. In these cases, cutting some cen-
timeters of the orotracheal tube proximal end
might be helpful in order to further insert the
ultrathin bronchoscope.

Planning a procedure in advance is a must
when performing any technique, but this becomes
especially relevant when concerning ultrathin
bronchoscopy. A deep understanding of the anat-
omy of the airways is fundamental for the inter-
pretation of the CT as well as for a meticulous
three-dimensional reconstruction of the route
through bronchial bifurcations to the peripheral
pulmonary nodule. Although highly trained bron-
choscopists have the ability to memorize the
route, complementary technologies have been
used since the beginning for assisting the bron-
choscopist in this process of orientation through-
out the bronchial tree. These assisting tools are
mainly image based. Electromagnetic navigation
is not feasible with the ultrathin scopes. Therefore,
when talking about ultrathin bronchoscopy, it is
understood that an image-based technique will
complement the procedure either while planning
or to verify the position of the ultrathin broncho-
scope at any time during the procedure. Different
image-based techniques can be used alone or in
combination, and these include virtual bronchos-
copy, virtual bronchoscopic navigation, fluoros-
copy, and computed tomography. Radial EBUS
has also been used in the diagnosis of the periph-
eral pulmonary nodules. A meta-analysis by
Wang et al. [11] comparing diagnostic yields of
different navigational techniques, including radial
EBUS, ultrathin bronchoscopy, and the use of a
guide sheath, showed a benefit for using guided
bronchoscopy although no method proved being
superior. Recently, a randomized, multicenter trial
by Oki et al. [7] combined virtual bronchoscopic
navigation, radial EBUS, and fluoroscopy with
either a thin or a novel prototype of ultrathin bron-
choscope. A total of 305 patients were random-
ized, and results showed a higher diagnostic yield
with the ultrathin bronchoscope than with a guide
sheath method (74% vs. 59%). It has to be noted
that this novel prototype ultrathin bronchoscope
had a 1.7 mm working channel that allowed the
use of a radial probe EBUS and sampling with a
1.5 mm biopsy forceps.

In conclusion, to take most advantage of ultra-
thin bronchoscopy, it is important to consider
combination with image-based techniques. The
following paragraphs provide a detailed descrip-
tion of the procedure and complementary image-
based techniques.

Planning the Procedure

One of the most relevant points to consider when
planning the procedure on a CT image is the
presence of a bronchus or artery afferent or
within the nodule, the so-called bronchus sign
[12] and artery sign [13]. When present, the sen-
sitivity of ultrathin bronchoscopy is higher. A
positive bronchus and artery sign are shown in
Fig. 3.4.

Image-based techniques used for aiding in
procedure planning include virtual bronchoscopy
(VB) and virtual bronchoscopic navigation
(VBN).

VB is based on multiplanar reconstruction and
segmentation of the airways. Through dedicated
software in the CT working station, it allows per-
forming a virtual bronchoscopy through the seg-
mented airways.

More recently, VBN software has been devel-
oped that allows the bronchoscopist to perform
virtual bronchoscopy in the bronchoscopy suite.
This provides the bronchoscopist with an on-site
route map that can be followed while performing
the procedure. However, VBN requires assis-

Fig.3.4 Bronchus sign and artery sign



40

M. Diez-Ferrer and A.R. Gratacos

Fig.3.5 A view of the LungPoint® planning system

tance by a trained bronchoscopist who performs
the virtual bronchoscopy, while the operator fol-
lows the indications in each encountered bifurca-
tion. A view of the LungPoint® planning system
is shown in Fig. 3.5. VBN not only adds informa-
tion to the path to be followed but also serves as
an approximation of the position of the broncho-
scope. However, VBN does not permit real-time
tracking, and therefore a method for verifying the
actual position of the bronchoscope is always
necessary at this point.

Reaching the Target
with the Ultrathin Bronchoscope

In our institution, the ultrathin bronchoscope is
inserted through the endotracheal tube. This
allows for a better path selection and maneuver-
ability and better patient comfort as the proce-
dure is usually long, and also it avoids damaging
the scope. In Fig. 3.6 you can see black dots on
the bronchoscopic image corresponding to bro-
ken fibers after the ultrathin fibrobronchoscope
was accidentally bitten by a patient.

Due to the small diameter of the working
channel, it becomes very difficult to carefully
aspirate tracheobronchial secretions. If abundant
secretions are present, performance of a bron-
choscopy with a wider bronchoscope for secre-
tion aspiration prior to examination with the
ultrathin bronchoscope should be considered. In
rare occasions, two instruments are used simulta-

{798,451
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Fig. 3.6 Black dots corresponding to broken fibers after
the ultrathin fibrobronchoscope was accidentally bitten by
a patient

neously (as seen in Fig. 3.7). When working at a
subsegmental level besides the range of a bron-
choscope, it is recommended that secretions are
not aspirated and saline be continuously instilled
instead. A 50 mL syringe is connected to the
working channel and the assistant instills saline
as requested. This allows for a better view of the
airways since secretions are bypassed and lumen
diameter widens. A view of ultrathin bronchos-
copy in peripheral airways under saline infusion
is shown in Fig. 3.8. When accessing the right
upper lobe, it is recommended to leave the biopsy
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Fig. 3.7 Dual examination with an ultrathin broncho-
scope and a standard bronchoscope to better suction
secretions

forceps inside the working channel to gain stift-
ness and avoid bending backward 180°.

Fluoroscopy can be used to approximate visi-
ble lesions. It is not a guidance tool, but it can
serve as a trial-and-error tracking tool since it
gives information about target approximation
accuracy.

VBN can also be used for aiding in target
achievement. As previously noted, this method
does not allow for real-time tracking of the
ultrathin bronchoscope, but it can assist in path-
way choice and faster nodule achievement.
When using VBN systems, a trained bronchos-
copist is needed to perform the virtual bron-
choscopy through the previously selected path.

-

Fig.3.8 Ultrathin bronchoscopy in peripheral airways: (a) 50 mL aliquot with saline connected to the working chan-
nel. (b) Views before and after saline infusion
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This will guide the operator through the airways
and assist in choosing the right direction in each
encountered bifurcation. Therefore, when using a
VBN system, two trained bronchoscopists will be
needed: one to perform the virtual bronchoscopy
and a second to advance the ultrathin the same
path that the first is following. To date, there is
only one large randomized trial comparing ultra-
thin bronchoscopy with and without the use of
virtual bronchoscopic navigation. This study by
Asano et al. showed no significant differences in
diagnostic yield on both groups (67.1% vs.
59.9%, p = 0.173) in 350 patients with peripheral
nodules <3 cm. However, subgroup analysis of
these data showed that the navigation system
could be helpful for achieving nodules located in
the peripheral third of the lung, those invisible in
the posteroanterior radiographs and when located
in the upper right lobe. Fluoroscopy was used in
both groups to ensure location of the ultrathin
bronchoscope and sampling of the desired loca-
tion [14]. At this point, several limitations
encountered when performing ultrathin bron-
choscopy need to be clarified.

The first concerns lung periphery. It is easy
to understand that chances of getting lost in the
peripheral third of the lung are greater since more
bifurcations need to be overcome. The second
concerns the probability of approximating a tar-
get that is not seen on plain chest X-ray. In fact,
Kaneko et al. reported 73% negative chest radi-
ography in 15 patients with CT-detected small
peripheral lung cancers out of 1369 individuals
at high risk screened for small peripheral lung
cancer detection [15]. In these cases, only CT
guidance will allow verifying that the ultrathin
bronchoscope is approximating the nodule. The
third critical consideration relies on the fact that
only endobronchial nodules can be seen with a
bronchoscope. A graphic explanation can be seen
in Fig. 3.9, which shows Tsuboi’s classification of
the relationship between the nodule and the bron-
chus [16]. Therefore, achieving the target with a
bronchoscope is sometimes simply impossible.

Finally, it has to be noted that width is not the
only mechanical restriction to bronchoscopes but
also angulation. This point becomes especially
challenging in the upper lobes where the anatom-

ical disposition of the airways may contain angu-
lations that are challenging or even impossible to
perform with the ultrathin bronchoscope. As
commented before, by leaving the biopsy forceps
inside the working channel, the instrument gains
stiffness and avoids bending backward 180°.

Therefore, although virtual bronchoscopic
navigation may be a useful image-based tech-
nique for aiding in ultrathin bronchoscopy per-
formance in selected cases, sometimes this is
simply not enough.

Verifying the Position of the Ultrathin
Bronchoscope

When the peripheral pulmonary nodule has
been approximated and if no endobronchial
abnormality is visualized, fluoroscopy or CT
can be used to verify the position of the ultrathin
bronchoscope relative to the lesion. Fluoroscopy
was the first imaging technique used for guiding
the ultrathin bronchoscope to the nodule [2].
Biplanar fluoroscopy is desirable but, when not
accessible, the C-arm must be rotated ade-
quately. If the lesion is not fluoroscopically vis-
ible, the use of a VBN system is recommended.
CT has also been used for verifying the position
of the ultrathin bronchoscope [17, 18]. It allows
for nodule detection independent of size, local-
ization, and characteristics. However, in most
centers it is not possible to perform bronchos-
copy in the CT room, and it is also important to
point out that irradiation is higher than with
fluoroscopy.

Sampling with the Ultrathin
Bronchoscope

Through the working channel, two instruments of
1 mm diameter can be used: mini cytology brush
(Olympus BC-201C-1006) and reusable mini
biopsy forceps (Olympus FB-56D-1). Caution
must be taken to manipulate the forceps as they
can break and their cost is relatively high (around
1000€).
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Type I/IV Type |l

Type llI

Fig.3.9 (a) Tsuboi’s classification of the relationship
between the bronchus and the nodule. Type I: bronchus
leads to the nodule. Type II: the bronchus is com-
pletely surrounded by the nodule. Type III: extrinsic
compression without bronchial mucosal invasion.

Recent studies in animals have used mini
cryoprobes that may allow for sampling of extra-
bronchial lesions and may therefore improve the
quality and quantity of tissue obtained [19].

In the future, the development of thin needles
for transbronchial needle aspiration (TBNA)
would be desirable.

Once the peripheral nodule has been approxi-
mated, several points have to be considered:

1. Position of the lesion relative to the bronchus
When an endobronchial lesion is reached
(types I and II from Tsuboi’s classification),
sampling with forceps or brush under direct
visualization is possible and rather simple.
However, when there’s only external com-
pression or no alteration is directly visualized,

Type IV: the bronchus is proximally obstructed either
by the peribronchiolar disease or by lymphadenopathy
and then continues on to communicate with the tumor
distally. Picture from reference [20]. (b) Examples of
each type
even though the ultrathin bronchoscope has
apparently reached the lesion after radiologic
verification, the probability of obtaining a
diagnosis diminishes significantly.

2. Sampling instruments are small
This represents a major limitation in the era of
molecular diagnosis. Therefore, it is important
to take multiple samples with brushes and for-
ceps. In our institution, four different biopsy
and brushing samples are performed.

Complications

Although not frequent, several complications
may occur during ultrathin bronchoscopy and
these include:
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Fig.3.10 Apical laminar pneumothorax after sampling a
peripheral pulmonary nodule in the right lower lobe with
an ultrathin bronchoscope

— Transient fever and pneumonia, especially if a
relatively high amount of saline is retained
and in those with purulent secretions. In our
institution, prophylactic antibiotic with 2 g of
amoxicillin/clavulanate is administered dur-
ing the procedure.

— Pneumothorax can occur during or after sam-
pling. Performance of a chest X-ray is recom-
mended when biopsies are performed without
endoscopic control. An example of a pneumo-
thorax is seen in Fig. 3.10.

Summary and Recommendations

The ultrathin bronchoscope is a versatile instru-
ment that is mainly used for studying peripheral
pulmonary nodules but also for examination of
cavitated nodules, critical stenosis, postoperative
scars, barium marking prior to surgery, and giant
bulla treatment.

When used for diagnosing a peripheral pul-
monary lesion, it should be combined with
image-guiding techniques in order to overcome
the complex anatomy of the peripheral airways.
Alone or in combination, these include (1)

CT and/or virtual bronchoscopy for procedure
planning; (2) fluoroscopy, CT, or virtual bron-
choscopic navigation for orienting the bronchos-
copist through the airways; and (3) fluoroscopy
or CT for verifying the position of the ultrathin
bronchoscope relative to the nodule, guiding the
instruments during sampling and confirming
that no pneumothorax has been produced right
after sampling.
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Rigid Bronchoscopy

Jose Pablo Diaz-Jimenez and Alicia N. Rodriguez

Introduction and History

Bronchoscopy is the invasive procedure most
commonly indicated to diagnose and treat pul-
monary problems. There are two kinds of bron-
choscopes: the flexible bronchoscope (FB) and
the rigid bronchoscope (RB). The first one is the
most utilized in clinical practice. However, the
rigid bronchoscope is a very important instru-
ment for the diagnosis and treatment of many
pulmonary disorders and has been applied to the
airway for many decades.

The interest on reviewing the airway goes
back to 1823, when Horace Green introduced
first a sponge and then a rubber catheter into the
bronchi, applying silver nitrate to burn lesions
located at the level of the larynx and trachea.
Later, Joseph O’Dwyer introduced a tube to
release adhesions of the lower airways caused
by diphtheria, and he also constructed a thin-
walled tube to assist in the removal of foreign
bodies.
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The rigid bronchoscope was introduced by
Gustav Killian (Germany) in 1897, for the extrac-
tion of a foreign object (a small piece of a pig
bone) from a 63-year old man, becoming the father
of bronchoscopy. For the procedure, Killian used
an esophagoscope and rigid forceps [1]. Chevalier
Jackson, from Philadelphia, Pennsylvania (USA),
made popular this new bronchoscopic technique
and developed the most commonly used rigid
bronchoscope. His idea of placing a small light in
the distal part of the endoscope revolutionized the
endoscopist’s ability to examine the airways. In
1916 he established bronchoesophagology depart-
ments in five hospitals in Philadelphia, training
many well-known bronchoesophagology profes-
sionals [2, 3].

During more than 70 years, the rigid broncho-
scope or open tube was the only available instru-
ment to review the airway. At first, it was mainly
used to remove foreign bodies or dilate strictures,
but later new applications were described: aspira-
tion of secretions, hemoptysis treatment, biop-
sies, etc.

Shigeto Ikeda’s flexible bronchoscope (FB)
development in the 1960s [4] has been the most
significant advance in the area of bronchoscopy
and has changed the practice to our days, allow-
ing the pulmonology physicians to develop
ability in performing flexible bronchoscopy
and also gave place to the introduction of new
technologies specifically designed to apply
with FB.
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Shortly after its invention, the FB almost replaced
the RB in the clinical practice. However, the rigid
bronchoscope is still a very important instrument in
the study and treatment of airway disorders.

RB and flexible bronchoscope complement
each other in many indications, and there is no
reason to see their application in opposite terms,
since each instrument has strengths and limita-
tions. In this chapter, we will review our experi-
ence on RB, along with a complete discussion on
indications and contraindications.

Overview of RB

The RB is a stainless steel open tube with vari-
able lengths and widths. It has a distal end, bev-
eled and smooth, and a proximal end that can be
adapted to a metallic universal head with several
side ports. The distal end is used to lift the epi-
glottis during intubation and is also very useful to
dilate strictures and to “core” tumors. Lateral
openings or fenestrations are present to allow
contralateral lung ventilation while working.

The RB is the preferred instrument for endo-
scopic resections. The rigid tube is the only
device that allows a complete control on the air-
way, assuring proper oxygenation and ventilation
while performing, for instance, a laser resection.
Aspiration of blood, secretions, and smokes can
be easily achieved at the same time that an excel-
lent view of the central airway is depicted.

One of its main strengths is the ability to con-
front serious hemorrhagic accidents or airway
obstruction from various etiologies: benign or
malignant conditions, foreign bodies, mucus
plugs, etc. Although unusual, massive hemor-
rhages can occur even in routine fibrobronchosco-
pies. The RB allows the application of pressure
on the hemorrhagic area until hemostasis occurs,
giving sufficient time to apply other therapeutic
modalities, which can bring a definitive solution
to the problem. It is also particularly useful in the
pediatric population. Children airway diameter is
very small, and it is preferable to use a hollow
tube in order to allow spontaneous breathing or
assisted ventilation. The FB blocks the airway,
and the patient has to breathe around it, increasing

significantly the airway resistance and work of
breathing, difficulting procedures. The RB, in
turn, allows the patient to breathe through it,
favoring spontaneous breathing and mechanical
ventilation while performing the procedure.

The rigid bronchoscope has undergone modifi-
cations over time, particularly after laser resection
and stent placement became regular indications for
different airway conditions. The most used brand
names today are Efer(R), Storz(R), and Wolf (R).

Innovations

The first rigid bronchoscope for laser application
was designed by Jean Frangois Dumon (Fig. 4.1),
from Marseille, France, for the brand Wolf. In
contrast to other rigid bronchoscopes, the Wolf
system has two lateral ports (one for the laser
fiber and the other one for the suction catheter)
and a rotating ventilation connector that allows
assisted ventilation without interrupting the treat-
ment. All ports can be occluded to allow closed

Fig.4.1 Dr. JF Dumon
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circuit ventilation. Based on this experience, the
Dumon-Harrell (Efer) universal rigid broncho-
scope was later developed; it associated modifi-
cations already present in the Wolf system with
other advantages, such as the possibility of using
a series of 11 interchangeable tubes with increas-
ing diameters available in two different lengths:
the short tubes (Fig. 4.2) for endotracheal treat-
ments, with no side orifices (diminishing the air
lost in the trachea), and the long tubes for endo-
bronchial treatments, with lateral orifices that
allow an adequate ventilation even when the
bronchoscope is placed in a peripheral bronchus.
Internal and external diameters are color coded
on each tube (from 3.5 to 10 mm internal diameter

Fig.4.2 Dumon’s rigid
bronchoscope

and from 4 to 12 mm external diameter). Available
tubes for pediatric use have an internal diameter
from 3 to 5 mm and 20 cm in length.

The head of the rigid bronchoscope can be
adapted to the desired tube, according to the dif-
ferent needs (Figs. 4.3 and 4.4).

The Dumon-Harrell rigid bronchoscope
comes with a separate deployment system for the
silicon (Dumon) prosthesis.

Another Dumon-Harrell system innovation is
the fact that it is possible to lift the superior part
of the lateral door, allowing the aspiration of
large tumor fragments without modifying the
position of the suction catheter. The securing
caps are made of Silastic, with one or several

Fig.4.3 Universal head of the rigid bronchoscope

Fig. 4.4 Rigid bronchoscope with ancillary tools and
connection for ventilation
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Fig.4.5 Rigid telescope (optic)

orifices of different sizes. These caps are much
more solid than the usual rubber ones, allowing a
more hermetic closure, optimizing ventilation.

The rigid optics offer direct 0° vision
(Fig. 4.5); they come in three diameters, 3.5, 5.5,
and 7 mm; and they are not fixed. There is also a
smaller optics for pediatric use. These instru-
ments easily slide through the Silastic caps and
can be moved back and forth according to need.
It is a very useful feature to avoid sudden move-
ments that can injure the airway. The rigid optic
can be pulled back to avoid midst or loss of visu-
alization due to blood or detritus. The rigid optic,
suction catheter, and laser fiber are independent
inside the rigid tube, making handling easier.

The most comfortable position when applying
laser is placing the tip of the laser fiber advanced
within the airway, the suction catheter located
slightly back to the laser tip, and the rigid optic
further back from the working field (Fig. 4.6).
The independence of these elements allows mod-
ifying at any time their position according to the
intervention needs.

The RB has been designed to present a univer-
sal character; in other words, to adapt to multiple
endoscopic situations. In addition to laser
application settings described above, this instru-
ment can take other configurations: all or some of
the entrance ports can be used (from one to three),
open or closed ventilation circuit (for “jet ventila-
tion,” manually assisted ventilation, or spontane-
ous ventilation), and use of short or long tubes
and adult or pediatric tubes, allowing diagnostic
and/or therapeutic procedures on practically any
group of patients.

Fig.4.6 Correct position of the suction catheter and laser
fiber into the RB. It is important to always see the tip of
the bronchoscope during the procedure

The Storz rigid bronchoscope was designed
by Shapshay from Boston, USA. It is specially
manufactured for jet ventilation, and for this rea-
son it has a fixed port designed to serve this pur-
pose. It is available in 10 mm internal diameter
size (12 mm external diameter), presenting also a
connection for ventilation and two additional
ports [5].

A recently introduced rigid bronchoscope,
called rigid integrated bronchoscope developed
by Wolf, presents separate channels for optics
and instruments and integrates the operator
head with the camera. It has also an irrigation
port to wash the distal lens. It has the advantage
of increasing the working space and thus
improves manipulation within the broncho-
scope. However, the vision is limited since the
camera does not go further distal to the end of
the rigid bronchoscope.

It is clear that the RB, although keeping its
original basic shape, has suffered several modifi-
cations to adapt to specialized procedures, like
laser application, prosthesis placements, and dil-
atation of tracheobronchial strictures. The RB
allows flexible bronchoscopes to get through it,
taking advantage of both instruments at the same
time.
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Ancillary Equipment

Suction catheters: they play a very important role
during procedures. In addition to suction of
blood, smokes, and debris, they are useful in pal-
pating lesions to give an idea on consistency.
They are also used to instill medications such as
saline, epinephrine, and lidocaine. It is recom-
mended that they do not exceed 3 mm in diameter
and are made of rigid transparent material. In that
way the laser beam will not burn them, and they
will not collapse during suction.

Other ancillary instruments that should be
available are foreign body rigid forceps (used to
retrieve different elements from the airway and to
adjust position of silicone stents), scissors, scal-
pel, balloons, mechanical dilators, endoscopic
resectors, prostheses, and laser equipment, most
of them designed by Dumon (Fig. 4.7).

The capability of project images is very
important as well. That serves various purposes:
it allows all the team to follow the procedure in
detail and anticipate steps. It also permits record-
ing the procedure, for both educational and docu-
mentation purposes.

Applications and Contraindications

RB’s most important applications are therapeutic
and include laser application, electrocautery,
argon plasma coagulation or cryotherapy, dilata-
tion of tracheobronchial stenosis using balloon
dilatation or directly with the rigid tube, airway
stent placement, and foreign body removal, par-
ticularly in children. Massive hemoptysis is also
another therapeutic indication. Diagnostic appli-
cations are hemoptysis and the need for deep

Fig.4.7 Ancillary equipment designed by Dr. Dumon
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Table 4.1 Indications for rigid bronchoscopy

— Foreign body removal

— Hemoptysis

— Tracheobronchial stenosis

— Tracheobronchiomalacia

— Central airway obstruction

— Extrinsic compression

— Therapeutic procedures:
Stents

Laser

Electrocautery

Cryotherapy

Argon plasma coagulation

Dilatational balloons
Modified from Lamb and Beamis [6]

biopsies, better obtained with the rigid biopsy
forceps (Table 4.1) [6].

There are not many absolute contraindications
for the use of the rigid bronchoscope: unstable
cardiovascular state, significant cardiac arrhyth-
mias, severe hypoxemia that will not improve
with the procedure, and cervical spine instability.
The most important contraindication is lack of
appropriately trained personnel [7].

Some clinical situations, however, must be
considered as relative contraindications for RB:
an unstable neck that makes unsafe the excessive
mobilization during the bronchoscopy, micros-
tomy, maxillofacial trauma, or other oral lesions
that prevent an appropriate mouth opening to
introduce the rigid tube and technical difficulties
related with cervical ankylosis and severe
kyphoscoliosis, among the most important ones.

Rigid Bronchoscopy Applications
Laser Bronchoscopy

Laser bronchoscopy application has diminished
in the last years. Reasons include high cost of the
equipment, lack of adequate training, need for
RB in most of the cases, long procedure time, the
absence of improvement in mortality when
applied to malignant conditions (even though
quality of life and survival definitely get better),
and the insufficient number of patients in some

centers. In addition to this, other therapeutic
modalities such as electrocautery and argon
plasma coagulation have become more popular
given their availability, low cost, and similar
good results.

However, the application of laser therapy
through the RB has not been replaced in some
indications, and it is still the technique offering
the best results. RB laser resection is an impor-
tant tool in treating central airway obstructions
(benign or malignant) and provides an immediate
reopening of the trachea or bronchus when ste-
notic lesions are found. Most of the treatments
are performed with Nd-YAG laser (neodymium-
doped yttrium alulminum garnet) or Nd-YAP
laser (neodymium-doped yttrium aluminum
phosphate). Diode laser is also equally useful and
has become more popular given its lower cost.

In a published series about laser applications
in malignant lesions, 1585 patients were treated
with 2253 therapy sessions of Nd-YAG laser dur-
ing a period of 11 years. More than 93% showed
immediate good results. Complications included
18 hemorrhages, 6 pneumothoraxes, and 10
deaths [8].

Similar results have been published on low-
grade malignant tumors that are unresectable or
present in nonsurgical candidates for advanced
age or severe cardiorespiratory insufficiency. In a
prospective study of 19 patients that presented
with carcinoid tumor and cylindroma with inop-
erability criteria, the use of laser was associated
with an immediate symptomatic improvement
following the treatment in 100% of the cases.
Fifteen patients were free from disease during a
follow-up time of average 20 months (from 6 to
50 months), and two patients died of unrelated
causes at 21 and 6 months of treatment. Although
low-grade malignant tumor recurrence is hard to
predict, the use of laser is an excellent way to
keep inoperable patients free from symptoms [9].

In a retrospective review on laser bronchos-
copy application, laser resection was offered to
17 patients with inoperable lung carcinoma
requiring mechanical ventilation secondary to
acute respiratory failure. All of them received
Nd-YAG laser treatment through a RB, with
respiratory assistance (jet ventilation) at the
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operating room. A subgroup of seven patients
could be weaned from mechanical ventilation
and were able to receive other therapies showing
an improved survival. The rest of the patients had
tumoral extrinsic compression of the airway or
submucosal growing of the tumor and had almost
no benefit from laser application. They died on
mechanical ventilation or after been extubated
when the order “comfort measures only” was
established. Survival improvement seen in the
first group of patients (p = 0.0038) was associ-
ated with the presence of obstructive endobron-
chial tumor as the cause of respiratory
insufficiency [10]. These results show that even
those patients with acute respiratory failure due
to obstructive lesions can be treated with laser
bronchoscopy with good results.

Tracheobronchial Prosthesis

On the last years, tracheobronchial stenosis has
received much interest from bronchoscopists due
to the several available techniques to treat this
problem. Endoscopic treatment of tracheobron-
chial stenosis can be achieved through balloon
dilatation, stent placements, laser resection, and
even with dilatation with the rigid
bronchoscope.

Balloon dilatation can be done through a RB
or through a fibrobronchoscope with a wide
working channel. The balloons are designed for
esophagus dilatation but are also used in the air-
way; angioplasty balloons can be used as well.

RB dilatation is performed by applying a
smooth rotation to the rigid tube, simultaneously
advancing, and passing through the stenotic area
several times until a safe airway diameter is
achieved. Laser resection can be applied before
this dilatation if needed. All fibrous stenoses
treated by mechanical dilatation have the ten-
dency to recur, and repeated procedures are
needed to keep the airway open. In addition,
sometimes forceful maneuvers cause mucosal
damage with more scar formation, and in the
long term, they can worsen the stenosis. Thus,
mechanical dilatation is only recommended to
solve an acute situation and as a bridge to a more

definitive treatment. Benign airway stenosis is
discussed in detail in a dedicated chapter of this
book.

Tracheobronchial prostheses can be indicated
in benign or malignant airway stenosis [11].

Several types of prosthesis are available to use
with both the RB and the flexible bronchoscope.
Many of the autoexpandable metallic prostheses
have been designed specially to allow placement
with the flexible bronchoscope under fluoro-
scopic control. Airway prosthesis is discussed in
detail someplace else in this book. However, we
have to say that the RB is the only instrument
suited for silicon prosthesis placement. We rec-
ommend the use of silicon prosthesis to treat
most of the airway lesions, particularly benign
conditions since metallic stents are associated
with significant complications that have been rec-
ognized for many experts and made clear by the
FDA during 2005, when it recommended against
metallic stent application to airway benign condi-
tions.  (Available at  www.fda.gov/cdrh/
safety/072905-tracheal .html.)

Results on the application of the RB are pre-
sented in a study where this instrument was used
under general anesthesia to insert silicone pros-
theses (Dumon) in 31 adult patients with more
than 50% malignant airway obstruction. After
laser resection, a stent was placed, and all patients
presented immediate improvement in respiratory
symptoms. All patients but three tolerated well
the prostheses. Stents were placed in the trachea
in 14 cases, right main bronchus 13, left main
bronchus 8, and intermedius bronchus 3.
Complications included migration in five
patients, mucous obstruction in two patients, and
hemoptysis in one patient [12].

We consider training in RB use crucial to any
interventional pulmonologist. Regardless of the
type of stent selected for a given treatment,
expertise working with the RB will be needed at
some point during the course of therapy. For
instance, when a complication arises (i.e., migra-
tion, stent disruption) and the prosthesis needs to
be removed or replaced, the best instrument to
retrieve it is the RB. In addition, most of the
prostheses placed via FB are very difficult to
remove with fibrobronchoscope, requiring the
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Fig.4.8 Metallic prosthesis removal with the rigid bronchoscope

application of the RB to extract or adjust them.
When metallic uncovered stents stay for a given
period of time within the airway, they became
embedded to the mucosa. In order to remove
them, the beveled end of the RB should be placed
between the metallic stent wall and the tracheal
mucosa, and with soft rotating movements, the
RB is advanced distally “dissecting” the stent
from the airway wall until it is totally detached.
Then it can be removed with a forceps (Fig. 4.8).

Likewise, the growth of tumor tissue through
uncovered metallic stents requires RB and laser
to relieve the obstruction, remove the prosthesis,
and replace it in case of need. Training in RB is
one of the most important skills that an interven-
tionist has to learn and be proficient at and is a
requisite when placing silicon (Dumon) prosthe-
sis [12, 13]. Such training also involves the staff
assisting and collaborating during the procedure:
assisting nurse or scrub nurse, anesthesiologist,
circulating assistant, etc.

Transbronchial Needle Aspiration

Transbronchial needle aspiration (TBNA) of sub-
carinal and paratracheal nodules was described in
1950. Wang, in 1978, reported a diagnostic sensi-
bility of 90% for this technique when applied

with the RB [14]. After the introduction of the FB
during the 1960s, most of the bronchoscopists
have been using this instrument to perform
TBNA in lymph nodes located subcarinal and
parahilar. Diagnostic sensibility for TBNA when
performed with the FB has been reported as
80-89%, especially when the 19-gauge needle is
used [15, 16].

The appearance of EBUS (endobronchial
ultrasound) has completely changed the
approach to lymph node sampling, and this
technique has virtually replaced all blind proce-
dures given the high diagnostic yield, particu-
larly in mediastinal sampling [17]. However, in
spite of EBUS generalized use, it can still be a
place for blind TBNA applied both with the RB
and the FB, particularly where EBUS is not
available given its high cost.

A study published in 1996 described results
on needle aspiration through the RB. Twenty-
four procedures were performed in 24 patients
using RB and a 2-cm long rigid needle, under
general anesthesia and guided with computer-
ized tomography. Samples taken were the tra-
cheal wall (n = 11), main carina (n = 3), right
secondary carina (n = 3), left principal bron-
chus (n = 2), and right principal bronchus
(n = 3). The average amount of samples was 6
(from 1 to 19). An in situ cytopathologist
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immediately reviewed the samples to deter-
mine the number of samples needed. Diagnostic
sensibility and specificity were 88% and 100%,
respectively. TBNA resulted diagnostic in 18
patients. Findings helped in therapeutic deci-
sions in 21 patients. There were no false posi-
tives during a follow-up period of 6 months.
Three false negatives were present, and follow-
up showed that these three patients ultimately
had malignant lesions. There were no compli-
cations [18]. Those findings suggest that even
though the technique has been improved by
using EBUS or blind TBNA with the FB, the
RB can have a role in the diagnostic of intra-
thoracic lymphadenopathies if no other method
is available.

Rigid Bronchoscope in Other
Treatments for Bronchial
Obstruction

Laser treatments in tracheobronchial obstruc-
tions are effective but expensive. As a result,
other therapeutic options have been developed
and applied with good results. Electrocautery is
broadly available, and results in airway resec-
tions are comparable to laser. Also, cryotherapy
and argon plasma coagulation can be applied
with RB.

Results on electrocautery application with
the RB are depicted in a study that performed
this procedure under general anesthesia in 29
patients with tracheobronchial obstruction, 24
of which had malignant conditions. In nine
patients, stents were placed immediately after
electrocoagulation. All patients but one pre-
sented immediate improvement of the symp-
toms, and an objective improvement in the
pulmonary function was also observed in eight
patients who had been tested with spirometry
before surgery. There were neither intraopera-
tive  deaths nor  complications [19].
Electrocautery can be also applied through the
FB, but similar to laser applications, procedures
are more time-consuming since the RB allows
better vision, optimal suction, and the possibil-
ity to remove large tumoral pieces. Cryotherapy

has been presented as an alternative therapy for
obstructions. However, it is called a “slow”
opening method since it lacks immediate
effects. Initially, all treatments with cryother-
apy were performed with RB, but more recently,
the cryotherapy probes have been designed for
application with the FB, and new modalities of
cryotherapy are available, such as cryoextrac-
tion or cryoresection and also cryospray, that
make this technique more versatile and can be
applied as a fast method to open the airway.

Balloon dilatation can be applied both with
the RB or FB.

Mechanical Debridement

Even though laser, electrocautery, cryotherapy,
and argon plasma coagulation are useful coagu-
lating during debridement of airway lesions,
most of the obstructive tumors are generally
extracted in a mechanical mode. In fact, all open-
ing procedures involve the use of forceps. When
performed with a FB, this procedure is invariably
long and tedious, especially if large tumors are
involved. The removal of big tumor pieces
through the narrow channel of FB is very compli-
cated, since the biggest pieces that can be
extracted fits in a small biopsy forceps. It is obvi-
ous that a bigger channel such as the one of the
RB will accomplish the same task in a much
short period of time.

Most of the experienced bronchoscopists use
laser only to coagulate the tumor, and when that
is accomplished, dissect large tumoral pieces
with the beveled rigid tube, (Figs. 4.9 and 4.10)
obtaining a much efficient procedure [20]. Grillo
et al. [21] affirm that the use of auxiliary methods
like laser is not necessary to reopen the airway
and only adds costs and risks to the procedure.
However, their study on 56 patients whose tumors
were removed only by mechanical means showed
a 7% mortality associated to the treatment; con-
siderately higher than when other methods are
applied, including laser.

The RB itself acts as an airway dilatator and can
achieve reopening of an obstruction in a shorter
time than required by the FB. There is an important
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Fig.4.9 Resection of a tumor with the beveled end of the
rigid bronchoscope

Fig.4.10 Aspiration of a tumor piece with the rigid aspi-
ration catheter

and statistically significant difference in the total
number of sessions needed to permeabilize the air-
way with RB and FB; the RB requires only one
session and the FB an average of two [22]. In fact,
bronchoscopists who use only FB to extract tumors
usually require several sessions. The theoretical
advantage of the FB in opening peripheral airway
obstructions is rarely needed, since these cases are
infrequent and the need of reopening a distal air-
way as a palliative measure is questionable, unless
postobstructive infection is present. In case of need,
the FB can be more easily introduced through the
RB (Fig. 4.11) and thus take advantage of the
strengths of both instruments [23].

Fig.4.11 Use of the flexible bronchoscope through the RB

Pediatric Rigid Bronchoscopy

In 1997 the Pediatric Bronchoscopy Group of the
European Respiratory Society (ERS) presented
the current pediatric bronchoscopy state in
Europe. From the 125 contacted centers, it was
informed that during the 12 months previous to
the survey, 7446 bronchoscopies had been done
on pediatric patients. About 4587 (61.6%) of
these bronchoscopies were completed with FB
and 2859 with RB. While 29 centers were
utilizing both techniques, 17 centers were using
only FB, and 5 centers just RB. Twenty-three
centers were applying RB in the operating room,
7 centers in the intensive care unit, and 15 centers
in a specially equipped room.

The most frequent indications included the fol-
lowing: persistent/recurrent pneumonia, wheezing
refractory to medical treatment, persistent atelec-
tasis, stridor, chronic cough, interstitial pneumo-
nia, pulmonary tuberculosis, suspected foreign
body, hemoptysis, and suspicion of pulmonary
malformation, among others. The RB was com-
pleted under general anesthesia in 31 centers and
under local anesthesia and intravenous sedation in
2. A bronchoalveolar lavage (BAL) was performed
in 2231 children; 812 of them were immunode-
pressed. The utility of the diagnostic varied with
the type of procedure. For centers using only FB,
only RB, and the combination of both (FB + RB),
diagnostic application was almost invariably supe-
rior when the use of FB and RB were combined,
except for persistent/recurrent pneumonia [24].
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Advantages of the RB in the pediatric popula-
tion are mainly due to the fact that, in a small
diameter airway, it is safer to use an instrument
that does not produce increased resistance in the
airway. The rigid scope provides complete airway
control and, at the same time, the possibility of
applying diagnostic or therapeutic interventions.

Tracheobronchial Dilatation

The RB has been used to perform tracheobron-
chial stenosis dilatation in children. The dilata-
tion technique with an angioplasty catheter can
be performed as follows: the catheter (6F, 8 mm
diameter) is placed under direct vision with the
RB, and balloon inflation is controlled with a
manometer. Children so treated showed a signifi-
cant improvement in the size of the intra-
operatory lumen and an important postoperative
clinical improvement, confirmed with endosco-
pies and radiographies. Recurrence of stenosis
many times requires a repeated procedure until a
more definitive therapy can be offered, or the
natural increment of the airway diameter as the
child grows up relieves the stenosis without the
need of further procedures [25].

Other therapeutic options include the prog-
ressive dilatation using the rigid bronchoscope.

Foreign Body Removal

The RB is the instrument of choice to extract for-
eign objects in pediatric patients. It is a safe,
effective, and lifesaving technique. The number
of ancillary instruments such as forceps, baskets,
etc. to use with the RB is important; almost every
type of foreign body can be extracted. However,
the flexible 1 mm channel bronchoscope can also
be utilized for the same purpose [26]. Urologic
instruments (like ureteral baskets and forceps)
can go easily through this narrow 1-mm channel
and capture big foreign bodies.

Nevertheless, it is recognized that the BR is
still the best instrument to extract foreign bodies
from the pediatric airway, and it is also preferred
in adults. In a retrospective study in 60 adults

presenting foreign body aspiration, the FB was
successful in removal in 61% of cases, while the
RB had a success rate of 96% [27]. In adults,
however, the FB is frequently applied first to
inspect and to try removal, and if it is not possi-
ble, then RB is considered [28].

Opinions about RB use on children, though,
are divided. A prospective study evaluating the
role of both instruments (rigid and flexible)
showed that the predictive value of clinical and
the radiologic findings in 83 children with for-
eign bodies in the airway were useful in deciding
selection of RB or FB. The study concluded that
the rigid bronchoscope must be used if any of the
following clinical signs were present: asphyxia, a
radiopaque foreign body present in the radiogra-
phy, and the association of decreased air sounds
along with obstructive overinflation in the chest
radiograph. The FB can be used in the rest of the
cases, and if during the procedure a foreign body
is identified, RB must be utilized for its extrac-
tion. Application of the RB was always success-
ful, except in one child who required a second
session for the extraction of the foreign body.
Postsurgical complications included laryngo-
spasm (n = 1) and laryngeal edema (n = 6), and
two of them required brief intubation. The
extracted foreign bodies comprised of peanuts,
vegetables, inert metals, bones and teeth, plastic
pieces, and other inorganic objects [29]. The
authors conclude that following this protocol was
cost-effective, limiting the number of unsuccess-
ful procedures and the use of RB. Many of the
recommendations and conclusions of this study
have been questioned, however. The study
implies that the RB cannot examine the distal air-
way as good as the flexible bronchoscope.
However, with the rigid bronchoscopes and
smaller optics, the presence of foreign bodies can
be detected as much as with a flexible broncho-
scope. Procedures performed with the RB versus
the FB are not more time-consuming at all; on the
contrary, general anesthesia for RB can be com-
pleted with intravenous sedation, and the required
time is comparable to the fibrobronchoscopy
time. In addition to this, most of the foreign body
removal performed with FB are also under gen-
eral anesthesia, introducing the FB through an



58

J.P. Diaz-Jimenez and A.N. Rodriguez

endotracheal tube, making manipulation cumber-
some. Besides, children who were treated with
RB did not have longer hospitalizations than chil-
dren treated with FB [30]. In conclusion, we pre-
fer the RB for foreign body retrieval in the
pediatric population since it is safer and easier to
do and the number of ancillary elements is such
that virtually all foreign bodies can be removed
in one session.

Rigid Bronchoscopy in Intensive
Care Units

RB indications in the intensive care units (ICU)
are limited. The most common are massive
hemoptysis, large foreign bodies, obstructive
lesions of the central airway, laser treatments, and
prosthesis placement. All of these cases constitute
relative indications, and the RB is, in practice,
used only when the FB cannot fix the problem.

In the event of lung cancer patients ventilated
for tumoral airway obstruction, the application of
rigid laser bronchoscopy and airway stent accord-
ing to need can result in a change of level of care
allowing immediate discontinuation of mechani-
cal ventilation as was published by Colt et al.
[31].

Two important inconveniences in applying the
RB in an ICU are the need of the bronchoscopist
to be situated behind the patient and the difficulty
of positioning the patient to easily insert the
device. If the RB is indicated, it may be better to
transfer the patient to the operating room to
proceed.

Other Indications

The RB can be a lifesaving instrument in situa-
tions other than massive hemoptysis and foreign
body removal.

In difficult tracheal intubations, the FB is used
to guide the endotracheal tube to the trachea.
Occasionally, when this technique fails, the RB
may act as endotracheal tube.

Impacted mucus plugs, difficult to aspirate
with the FB, can be easily extracted with the

RB. This is especially useful in pediatric patients
with cystic fibrosis, asthma, and post-operatory
atelectasis.

Complications

Most of the complications arise from a poor RB
insertion technique: laryngeal or vocal cord
trauma, hypercapnia, hypoxemia, or hemody-
namic instability. The bronchoscopist must not
forget that he/she shares the airway control with
the anesthetists and that oxygenation and ventila-
tion have priority.

Complications associated to the use of RB
include teeth, lips, gums, and throat lesions.
Moderate laryngeal edema is very common but
rarely produces relevant problems. Post-
procedure throat and neck pain are frequent and
usually last from 24 to 36 h. Vocal cord lesion is
inversely related to the ability of the operator: on
trained hands, it hardly occurs. Luxation of aryte-
noids may be also seen when a bad technique is
used during intubation or when the procedure is
executed with a poor local anesthesia or with an
awake patient. A very infrequent and severe com-
plication is rupture of the posterior tracheal wall.
This requires surgical repair. Minimum or mas-
sive bleeding may occur during tumor resections.
Most of the complications diminish as the bron-
choscopist ability increases. Lack of training of
the endoscopist or his/her assistants must be con-
sidered an absolute contraindication for the use
of the RB [6, 32] (Table 4.2).

Drummond et al. published their 8 years of
experience using the RB in a university hospital
[33]. During this time 775 procedures were
performed. The authors found that 13.4% of the
patients experienced an associated complica-
tion. Most of them were minor complications.
Patients presenting abnormal pulmonary func-
tion or basal hypoxemia and known cardiac dis-
ease and those with coagulation abnormalities
(prolonged prothrombin time or thrombocyto-
penia) were more susceptible to complications
than those without comorbid conditions.
Preoperative risk increased when the following
parameters were present:
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Table 4.2 Complications

Hypoxemia

Cardiovascular instability

Tracheobronchial perforation

Esophageal perforation

Laryngeal edema

Vocal cord damage

Dental trauma

Pneumothorax

Severe bleeding

Mediastinal emphysema

Laryngospasm

Bronchospasm

e Pa0O, <55 mmHg

* FEVI1 < 50% of the predicted value

e Unstable angina or cardiac failure

e Severe arrhythmia

e Heart attack during the 6 months prior to the
procedure

e Thrombocytopenia < to 50 x 10 [9]

e Abnormal prothrombin time

Patient presenting with any of these risk fac-
tors had a 37% rate of complication during rigid
bronchoscopy. The group of patients with more
complications presented malignant conditions
involving the main carina. Also, those undergo-
ing RB for airway obstruction had more chance
to complicate. Only three deaths resulted from
RB application. The cause of death was bleeding
in two of the patients and respiratory insuffi-
ciency in the remaining one.

Complications were also frequent in the group
of patients receiving RB to remove foreign bod-
ies. The least complicated group was the one pre-
senting benign conditions (benign tumor removal
or benign stenosis treatment). In general, these
patients showed less comorbidities.

One patient presented pneumothorax associ-
ated to the use of laser for airway resection. Other
complications were those associated with anes-
thesia (hypoxemia, arrhythmia) and a dental
piece rupture.

The experience published by this group
reinforces the notion that patients must be
carefully selected according to risk before

performing RB. It also reminds us that the RB
is a powerful therapeutic tool that can also
cause damage.

The Procedure

When rigid bronchoscopy was introduced, it used
to be performed in awake patients. Nowadays it
would be an exception to proceed under those
conditions. All patients we treat with RB are
under general anesthesia, and they are carefully
evaluated just as we do for any other surgical pro-
cedure. History taken should be detailed, noting
all comorbid conditions and medications in use.
Physical exam should focus on temporomandibu-
lar disorders, cervical spine mobility, and spine
abnormalities. Minimum laboratory values must
be obtained: coagulation profile, blood count,
chemistry profile, acid-base status, and electro-
cardiogram. Usually patients already have images
of the pulmonary lesions: chest radiograph and
thoracic computerized tomography, which must
be carefully reviewed before the procedure.

The patient and his/her family must receive a
clear explanation about what will be done and
sign informed consent.

The procedure can be performed in the bron-
choscopy suite or the operating room, and a mini-
mum of four persons are needed: bronchoscopist,
anesthesiologist, assistant nurse, and a circulat-
ing assistant.

Preparation involves positioning the patient in
a supine position, with a little pillow under the
head, and application of topical anesthesia, lido-
caine or tetracaine. Dental prosthesis should be
removed and proceed to the inspection of teeth
and gums. Additional local anesthesia is also
flushed on the chords and high trachea with a
syringe, under direct view via laryngoscopy.
Then, an oxygen mask is placed for pre-
oxygenation, and anesthetic induction and mus-
cle relaxant medications are administered
according to the usual practice.

A protection for the superior teeth is placed; it
can be made of plastic or simply be a thick folded
gauze that works as the rigid tube support and
protects teeth and gums (Table 4.3).
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Table 4.3 Requirements to perform RB

* Rigid bronchoscope and tracheoscope

e Light source

¢ Video monitor if available

* Rigid optic 0° angulation

* Ancillary equipment (alligator forceps, scissors,
foreign body retrieval elements)

* Rigid suction catheter

* Ventilation system (jet ventilation, ventilation bag)

* Eye protection

* Mouth protection

» Flexible bronchoscope with additional light source
and suction port

« Interventional application: stents and deployment
systems, laser, electrocautery, dilatational balloons,
etc., according to the procedure taking place

RB procedures have become a common prac-
tice, and the anesthetic techniques have evolved.
All procedures are performed under general intra-
venous anesthesia. Muscular relaxation and paraly-
sis can be avoided by administering appropriate
sedation. This technique shortens the recovery
period. We do not apply muscle relaxants since we
have found that with appropriate sedation there is
no need for administration of these agents. Many
centers apply jet ventilation, but we prefer to per-
form all rigid procedures with manually assisted
spontaneous ventilation. There is a special chapter
in this book discussing in detail anesthesia in inter-
ventional procedures.

Once the equipment is prepared and the video
camera system is connected, the conditions are
given to initiate the procedure. The classic intu-
bation technique requires considerable experi-
ence. It is performed with the RB and the rigid
optic connected to the video system if available.
The steps are the following (Fig. 4.12a-1):

1. The RB is held with a hand, adjusting the
optic a little retracted in a way that the distal
end of the RB is interiorly visible. The other
hand is used to open the patient’s mouth,
advance the RB, and adjust the tongue. Then,
with the index finger and thumb, the tip of the
RB is held to direct it and to keep it in the
middle line at the same time. When initiating
the maneuvers, the instrument edge must be

looking forward, and an appropriated protec-
tion for the teeth must be observed.

2. Keeping the instrument in the middle line, it is
advanced slowly. Soft back-and-forth move-
ments are simultaneously performed, in order
to position it properly without causing any
mouth injury and to get a better vision. The
advance direction must be perpendicular to
the operating table.

3. The RB should be thus advanced until the
uvula is visible in the 6 o’clock position.

4. From there on, the advance angle is changed
approximately 45° to the procedure table, and
with soft rotation movements, the RB is intro-
duced until the epiglottis is visible in the 12
o’clock position.

5. The RB tip is used then to softly lift the epi-
glottis, using the same rotation movements,
and it is carefully crossed through until the
vocal chords are visible.

6. Moving forward to immediately above the
vocal chords, the RB is given a 90° clockwise
turn, so the beveled edge is softly leaned on a
vocal cord while turning and simultaneous
advancing through the chords.

7. Once this is done, the trachea will be intu-
bated, and the RB is again rotated 90° coun-
terclockwise. The rigid tube is then introduced
further. Then, the universal head is discon-
nected and reconnected to a bronchial tube,
which is then inserted through the tracheal
tube (Figs. 4.13 and 4.14).

8. Ventilation is connected and the therapeutic
procedure can start. It is very important that
the operator works in a comfortable position
(Fig. 4.15).

It takes time and experience to be able to per-
form rigid intubation as described above. There
are other techniques to place a rigid bronchoscope
that are very useful during the training period. The
first of them implies to intubate the patient with a
conventional endotracheal tube and as a second
step execute the intubation with the rigid tube,
along the side of the ETT. This method has the
advantage of giving the operator all the time
needed to maneuver, since it does not require the
patient to be in apnea like during the conventional
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Fig.4.12 Sequence of RB intubation. (a) Initial position-
ing, protection for teeth and tongue. (b) Slowly advancing
with the RB perpendicular to the operation table until the
uvula is in view. (¢) Uvula. (d) Advancing from uvula,
changing the angle to 45° until the epiglottis is in view. (e)
Epiglottis. (f) The epiglottis is lifted changing to a more
acute angle, until the arytenoid cartilages can be seen. (g)
Once the arytenoids are in view, the RB should be posi-

tioned more horizontally until the chords are visible. (h)
‘When vocal cords are in view, the RB is rotated 90° clock-
wise to place the beveled end leaning on the right vocal
cord to protect it, while simultaneously advancing. Once
in the trachea, the RB is rotated counterclockwise and
advanced further. (i) Finally, ventilation is connected to
oxygenate the patient for a while
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Fig.4.12 (continued)
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Fig.4.12 (continued)
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Fig. 4.13 Once the rigid tracheoscope is in the airway,
the head of the RB is removed

Fig.4.14 Head of the RB connected to a bronchial rigid
tube. They are then introduced through the tracheal tube,
and the procedure can start

Fig.4.15 Comfortable position of the hands for manipu-
lation of ancillary tools

technique but ventilated until the tubes are
changed. The other alternative is to complete the
intubation with the help of a laryngoscope.

This intubation is achieved observing the
chords with a conventional laryngoscope. After
lifting the epiglottis with it, the RB is inserted by
the side of the mouth, directing it toward the lar-
ynx. Then, it is introduced between the vocal
chords and softly rotated to keep it on the middle
line without injuring the subglottic area. At this
moment, the laryngoscope is removed, and the
rigid optic is placed through the RB and advanced
within the trachea under direct vision.

Intubation with RB through a tracheotomy is
also possible. For this method, the rigid tube is
introduced obliquely through the tracheotomy,
previously numbed with local anesthetics. This
maneuver must be carefully performed to avoid
lesion of the posterior tracheal wall.

Some Conclusions

Before the FB introduction, the use of RB was
almost limited to surgeons. During a British
study, it was observed that, even though only 2%
of the 39,564 bronchoscopies completed between
1974 and 1986 used RB, more than 90% were
performed by surgeons. This work also noted that
81% of the bronchoscopists used FB, 9% of them
were using both techniques, and an 8% used the
FB through the RB [34].

In a review made by the American College of
Chest Physicians, only 8% of the responding
endoscopists were using RB [20]. The reasons
are multiple, but some of the most important ones
are that the FB is more available and easier to use
than the RB that requires special training not
given routinely during training programs.

This data ratifies a known fact: obtaining
training on the RB technique is difficult, for sev-
eral reasons. The first one is that its teaching is
not part of the pulmonary specialist training as
we discuss, while FB training is included.
Besides, its use is generally associated with
therapeutic procedures such as laser, stent place-
ment, etc., and that requires specific technology
not always available. Another inconvenience is
that the technique is indeed difficult and requires
full dedication to learn it. The number of proce-
dures to become proficient varies from person to
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person. In addition, when proficiency is
obtained, a number of regular procedures are
required in order to maintain the ability and to
get the interest of the involved team: nurses and
anesthesiologists. In general, it is advisable that
the person who is interested in learning inter-
ventionism follows a formal training with an
expert, in a place where an adequate number of
procedures are performed per year. Many
experts agree that expertise on RB takes years
and that courses and seminars (although indis-
pensable to a complete learning) are not enough
to initiate the individual practice without super-
vision. The ACCP guidelines published in 2003
recommended that a trainee should perform at
least 20 procedures in a supervised setting to
establish basic competency in patients with nor-
mal airways, and then he/she should perform ten
procedures per year in order to maintain compe-
tency. They also recommended that program
directors should decide whether or not the can-
didate is able to perform RB procedures without
supervision. [35].

The ideal bronchoscopist should be able to
perform both FB and RB, on pediatric and adult
population. Given that lung cancer incidence
continues rising and today the multimodality
approach to treatment includes a pulmonary phy-
sician able to perform palliative procedures
according to need, the RB will continue to be
indicated. This instrument has unique features
that make it irreplaceable, and it is also comple-
mentary to many other tools, particularly when
treating central airway diseases. Though still RB
is performed by a minority of physicians, there is
an increased interest to train and maintain profi-
ciency in rigid bronchoscopy, and we are sure
that it will be more so in the future.
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Anesthesia for Interventional
Bronchoscopic Procedures

Mona Sarkiss

Introduction and Definition
of Anesthesia for Interventional
Bronchoscopy

Introducing the bronchoscope into the airway has
proved to be a challenge since the invention of the
first bronchoscope. Airway reflexes, such as the
gag reflex, cough, laryngospasm, hemodynamic
alteration, and the associated anxiety stimulated
by the passage of the bronchoscope into the air-
way, forced the bronchoscopist to be skilled and
quick to perform the procedure [1]. As a result
interest emerged in using anesthesia to ameliorate
the airway reflexes and patient’s anxiety associ-
ated with bronchoscopy. A wide range of anesthe-
sia techniques were developed to accommodate a
variety of interventional bronchoscopic proce-
dures such as simple diagnostic bronchoscopy,
advanced diagnostic bronchoscopy, therapeutic
bronchoscopic interventions, and pleural proce-
dures. Anesthesia for interventional bronchos-
copy varies from local anesthesia as the sole
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anesthetic modality to moderate sedation/analge-
sia (“conscious sedation”) with or without local
anesthesia to general anesthesia [2]. Moderate
sedation/analgesia (“‘conscious sedation”) is
defined by the American Society of
Anesthesiologist (ASA) as “a drug-induced
depression of consciousness during which patients
respond purposefully to verbal commands, either
alone or accompanied by light tactile stimulation.
No interventions are required to maintain a patent
airway, and spontaneous ventilation is adequate.
Cardiovascular function is usually maintained”
[3]. Moderate sedation may progress to deep
sedation/analgesia or even general anesthesia dur-
ing the same procedure. Once under deep seda-
tion, “the patients cannot be easily aroused but
respond purposefully following repeated or pain-
ful stimulation. The ability to independently
maintain ventilatory function may be impaired.
Patients may require assistance in maintaining a
patent airway, and spontaneous ventilation may
be inadequate. Cardiovascular function is usually
maintained” [3]. At the other end of the spectrum
is general anesthesia, where “patients are not
arousable, even by painful stimulation.” The abil-
ity to independently maintain ventilatory function
is often impaired. Patients often require assistance
in maintaining a patent airway, and positive pres-
sure ventilation may be required because of
depressed spontaneous ventilation or drug-
induced depression of neuromuscular function.
Cardiovascular function may be impaired [3].
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Although the current guidelines do not define
which anesthesia technique to use for each proce-
dure, it is generally accepted that simple diagnos-
tic and interventional airway procedures of short
duration are well tolerated by the patient when
performed under local anesthesia and/or moder-
ate sedation, whereas more complex interven-
tional bronchoscopic procedures that require a
still field have a longer duration and entail more
risk to the patient due to comorbidities or a com-
promised airway are best performed under gen-
eral anesthesia. General anesthesia has the added
advantage of the availability of special modes of
ventilation and monitoring that can be provided
and managed by anesthesia providers. This chap-
ter will first provide a brief historical perspective.
Then, the indications and contraindications for
different levels of anesthesia are described. Next,
the equipment required and the application of the
techniques are discussed. Finally, a summary and
recommendations are presented.

History and Historical Perspective

When Dr. Killian invented the rigid broncho-
scope in 1865, anesthesia had not been discov-
ered, and the procedure was performed in
conscious patients. “In order to desensitize the
airway reflexes, patients were advised to repeat-
edly touch their pharynx and vocal cords for sev-
eral weeks before the procedure.” According to
early reports, “the physicians performing the
procedures were trained by practicing on an
excised head that had been severed from a corpse
and hung from a hook or by practicing on healthy
volunteers.” This practice allowed the bronchos-
copists to become extremely skilled and swift as
operations had to be performed within seconds
before the view disappeared [1]. Multiple
attempts to anesthetize the airway with ammo-
nia, iodine, belladonna, or potassium bromide
had failed. In 1884 Jellinek introduced cocaine,
the first local anesthetic, for airway exam and
reported its benefits by stating that “by eliminat-
ing the reflexes of the pharynx and the larynx it
was possible to perform some of the operations
in which even the most skillful artists in surgery

had failed. The procedure completely changed.
Virtuosity gave way to careful methodology,
skill to exactness and the former almost endless
preparation that so often tried the patience of the
physician as well as of the patient could be
almost completely abandoned” [1]. Similarly,
Killian emphasized the advantages of using
cocaine during bronchoscopy by saying that
“whether one stops inspection with the rigid tube
at the bifurcation or passes on for some distance
into a major bronchus does not matter for the
patient. If he is sufficiently cocainized he does
not even realize it” [1].

In 1968, the flexible bronchoscope was
invented by Ikeda and gradually replaced the
rigid bronchoscope. Compared to the rigid bron-
choscope, the flexible bronchoscope is well toler-
ated by the patient, even without anesthesia due
to its small diameter and plasticity. Flexible bron-
choscopy was initially used for simple diagnos-
tic bronchoscopic procedures of short duration
making local anesthetics an ideal technique for
anesthesia. However, subsets of anxious patients
remained unable to tolerate the procedure. As
a result, conscious sedation with anxiolytics
and opioids, to ameliorate anxiety and cough,
respectively, in addition to local anesthetics
became common practice for airway procedures.
As the field of interventional bronchoscopy
expanded, a growing number of lengthy and
technically demanding procedures especially in
patients with severe comorbidities and compro-
mised central airway emerged. As a result the
use of the rigid bronchoscope was revived to
aid in the management of large airway tumors
and procedure-related complications and to
allow for ventilation during lengthy procedures.
Accordingly, a renewed interest in monitored
anesthesia care (MAC) or general anesthesia has
emerged. Currently, some centers in the United
States and Europe made it its standard practice to
have an anesthesiologist provide either sedation
or general anesthesia to selected patients under-
going interventional bronchoscopic procedures.
This arrangement allows the interventionalist to
direct his or her full attention to the procedure,
the patient to undergo the procedure with mini-
mal or no discomfort, and the anesthesiologist to
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vigilantly manage the patient’s airway, medical
condition, and the anesthesia.

Indications and Contraindications

In its 2003 guidelines for interventional pulmo-
nary procedures, the American College of Chest
Physicians (ACCP) left the choice of anesthesia
to the interventionalist, depending on the guide-
lines and resources available at their practice.
This was due to the lack of evidence and consen-
sus on what are the indications for different types
of anesthesia. However general anesthesia was
recommended for rigid bronchoscopy and for
pediatric bronchoscopic procedures [4]. More
specific guidelines on anesthesia for interven-
tional pulmonology, published by the European
Respiratory Society and the American Thoracic
Society (ERS/ATS) in 2002, alerted the interven-
tional bronchoscopists “to be prepared to convert
to general anesthesia, if the situation requires
(page 358)” and recommended that “the design
of the bronchoscopy suite should account for the
presence of anesthesia equipment” [5]. It is
important to note that the availability of anesthe-
sia support in different practices, especially in
nonacademic settings, remains limited. Some
facilities have anesthesia support only when pro-
cedures are performed in the operating room, and
others have anesthesia support in the bronchos-
copy suite and/or the operating room, but some
practices remain with no access to anesthesia
support. Under all circumstances pre-procedural
evaluation of the patient along with the nature of
the procedure and consideration of the available
resources should direct the interventionalist to
determine the most appropriate form and location
of anesthesia needed for a particular procedure.

Pre-procedural Evaluation
and Preparation

Medical history should be elicited with particular
interest in respiratory and cardiovascular dis-
eases, exercise tolerance, and performance status.
In addition, history of stridor, snoring and sleep

Table 5.1 ASA physical status

ASA physical status 1—A normal healthy patient

ASA physical status 2—A patient with mild systemic
disease

ASA physical status 3—A patient with severe systemic
disease

ASA physical status 4—A patient with severe systemic
disease that is a constant threat to life

ASA physical status 5—A moribund patient who is not
expected to survive without the operation

ASA physical status 6—A declared brain-dead patient
whose organs are being removed for donor purposes

apnea, drug allergy, current medication, tobacco,
alcohol, or drug used should be documented.
Complications related to previous sedation and
anesthesia such as prolonged sedation unplanned
hospital admission or intubation should be
sought. The American Society of Anesthesiologist
(ASA) score is commonly assigned to the patient
to assess the patient physical status and severity
of illness; however, the ASA status is not intended
to predict anesthesia or procedure-related risk
(Table 5.1). Women of childbearing age should
be questioned about possibility of pregnancy and
counseled regarding effect of anesthesia and the
procedure on pregnancy [6].

Physical Examination

Airway should be assessed to determine difficulty
of intubation in case of airway compromise or if
rigid bronchoscopy is planned. Direct inspection
of pharyngeal structure when the mouth is wide
open and the tongue is protruding as far as pos-
sible is used to assess difficulty of intubation by
direct laryngoscopy according to the Mallampati
classification (Fig. 5.1). Other parameters that pre-
dict difficult intubation are decreased extension
of the atlanto-occipital joint (normally 35° from
neutral midline position) by more than two-thirds,
decreased mouth opening below the normal range
of 50-60 cm, and thyromental distance measured
in an extended neck from the mentum to the notch
of the thyroid cartilage <6 cm in adults, short
muscular neck, and receding mandible.

Dental inspection is necessary to identify the
presence of loose teeth; dental prosthesis;
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Fig.5.1 The
Mallampati
classification

Class |

chipped, missing teeth; bridges; crowns; or den-
ture. The presence of prominent or protruding
maxillary incisors may alert the bronchoscopist
to the possibility of difficult intubation and/or
damage to the teeth during direct laryngoscopy or
rigid bronchoscopy.

Respiratory system assessment should be per-
formed with emphasis on baseline saturation,
requirement of supplemental oxygen, and the use
of accessory respiratory muscle.

Cardiovascular system exam focused on
baseline vital signs and signs of cardiovascular
compromise due to intrathoracic disease, e.g.,
superior vena cava syndrome and pericardial
effusion.

Laboratory testing should be performed based
on the baseline comorbidities and nature of the
procedure (e.g., complete blood count, electro-
lytes, coagulation profile).

Radiographic studies, e.g., chest x-ray, com-
puted tomography (CT), and electrocardiogram,
are recommended.

Class Il

Pulmonary function tests and assessment of
arterial blood gases may be required depending
on the nature of the procedure [5].

Informed consent should be obtained from the
patient after detailed explanation of the risks,
benefits, and possible alternatives of the proce-
dure and sedation or anesthesia.

Nothing per os (NPO) is indicated for 2 h for
clear liquids and 6-8 h for solids before the proce-
dure according to the current ASA guidelines.
Patients with history of uncontrolled or untreated
acid reflux, post-esophagectomy, or gastroparesis
should be instructed to take the anti-reflux medication
on the day of the procedure and can benefit from
airway protection by endotracheal intubation.

Procedure-Related Indications

Despite few reports of rigid bronchoscopy per-
formed under local anesthesia [7] or general
anesthesia with spontaneous ventilation [8], the
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most common practice is to perform rigid bron-
choscopy under general anesthesia with muscle
relaxation [4]. The rationale for utilizing general
anesthesia for rigid bronchoscopy is the lengthy
nature of the procedures and the resulting occur-
rence of hypoxemia and hypercapnia [8].
Spontaneous, assisted, mechanical, or jet ventila-
tion can be used during rigid bronchoscopy to
overcome such occurrences [9].

Great controversy exists over performing
EBUS under moderate sedation or general anes-
thesia. The EBUS bronchoscope has a larger
external diameter of 6.9 mm and is more toler-
ated when inserted through the mouth compared
the nose. Therefore, some practitioners prefer to
perform all EBUS procedures or only the lengthy
staging EBUS procedures under general anesthe-
sia. Recent study showed that more lymph nodes
per patient and smaller lymph nodes were sam-
pled more often when EBUS was performed
under deep sedation or general anesthesia. In
addition on-site cytology evaluation was used
more frequently when general anesthesia was
used [10]. However, several reports indicated no
difference in patient satisfaction, yield, sensitiv-
ity, or specificity of the EBUS procedure when
performed under moderate sedation versus gen-
eral anesthesia [11, 12].

Application of the Technique
Topical Anesthesia

Local anesthetics cause reversible block of the
conduction of nerve impulses with subsequent
sensory, motor, and autonomic blockade. Cocaine
was the first topical anesthetic discovered, but it
was soon found to cause topical irritation and
psychological dependence. Subsequently, syn-
thetic local anesthetics lacking such side effects
were discovered. Procaine, the first synthetic
local anesthetic, was introduced by Einhorn in
1905 and was followed by lidocaine, which was
synthesized in 1943 by Lofgren. Synthetic local
anesthetics have a lipophilic benzine ring linked
via an amide or an ester bond to a hydrocarbon
chain that is attached to a hydrophilic tertiary
amine structure. Local anesthetics are classified

according to the type of their linking bond to
ester or amide local anesthetics. The nature of the
linking bond affects the metabolism of the local
anesthetic as well as its potential to produce an
allergic reaction. Amide local anesthetics, which
are commonly used in bronchoscopy, are metab-
olized by the liver microsomal enzymes and are
also extracted through the lungs. The addition of
epinephrine at 1:200,0000 (5 pg/mL) concentra-
tion or 0.25% phenylephrine causes local vaso-
constriction, which slows down the absorption of
the local anesthetic, prolongs its duration of
action, and decreases its systemic toxicity.

Side Effects of Local Anesthetics

Absorption of large amounts of local anesthetics
from the application site or direct accidental
intravascular injection of large dose can result in
systemic toxicity, e.g., lidocaine plasma level of
5 pg/mL or greater than 8.2 mg/kg of lidocaine
instilled in the airway can result in systemic tox-
icity [13]. The toxic dose of benzocaine is
100 mg, and the toxic dose of tetracaine is 100 mg
(but toxicity has been reported at 40 mg).

Central nervous system (CNS) toxicity initially
presents with symptoms of CNS excitation such as
restlessness, vertigo, tinnitus, and slurred speech.
The symptoms may progress to tonic—clonic sei-
zure followed by CNS depression in the form of
coma and possibly death. Seizures should be imme-
diately treated with small doses of intravenous ben-
zodiazepine (diazepam or midazolam), intravenous
thiopental, or propofol. Hypoxemia should be
treated with supplemental oxygen. Additionally
hyperventilation with subsequent respiratory alka-
losis causes hyperpolarization of the nerve mem-
brane, increases the threshold for seizure, and
increases the amount of local anesthetic bound to
protein thus decreases the delivery of free drug to
the brain. If seizures continue despite treatment,
intubation is warranted to protect the airway.

Cardiovascular toxicity due to blockade of the
cardiac sodium channels can result in hypoten-
sion, long PR interval, and widening of the QRS
complex. More severe cardiotoxicity can present
with severe hypotension, cardiac arrhythmias,
and atrioventricular heart block.
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Methemoglobinemia occurs when local anes-
thetic oxidize the iron molecule in the hemoglo-
bin from the ferrous to ferric state. Hemoglobin
with iron molecule in the ferric state is called
methemoglobin and is characterized by its inabil-
ity to release bound oxygen to tissue. Patients
with methemoglobinemia present with cyanosis,
chocolate-colored blood, stupor, coma, and
death. Methemoglobinemia is easily treated by
the administration of 1-2 mg/kg of methylene
blue intravenously.

Allergic reactions to local anesthetics are rare
but are more common with ester local anesthetic
metabolite para-aminobenzoic acid (PAPA). In
addition, the preservatives used with either ester
or amide local anesthetics (e.g., methylparaben)
can be a source of allergic reaction. It is notewor-
thy that cross sensitivity does not exist between
ester and amide local anesthetics.

Anesthesia of the Nasal Mucosa
and Nasopharynx

Sensation to the nasal mucosa is provided by the
middle division (V2) of the trigeminal nerve (CN
V), the sphenopalatine ganglion, and the ethmoid
nerve. The nasal mucosa and the nasopharynx
can be topicalized using a cotton-tipped applica-
tors or pledgets soaked in the 1, 2, or 4% lido-
caine solution with or without a vasoconstricting
agent. The applicators are placed sequentially
along the inferior turbinate, the middle turbinate,
and the superior turbinate. Each applicator should
be left in place for 5 min.

Anesthesia of the Mouth
and Oropharynx

Sensation of the mouth and oropharynx is sup-
plied by branches of the glossopharyngeal, vagus,
and facial nerves. The lingual branch of the glos-
sopharyngeal nerve provides sensation to the
posterior third of the tongue, the vallecula, and
the anterior surface of the epiglottis. The pharyn-
geal branch provides sensation to the posterior
and lateral walls of the pharynx, and the tonsillar

branch supplies the tonsillar pillars. The tongue
can be anesthetized by placing a tongue blade
coated with lidocaine gel on the tongue for sev-
eral minutes. Oral and pharyngeal mucosa are
anesthetized by inhalation of nebulized 4% lido-
caine or 0.5% tetracaine or by using an Cetacaine
atomizer spray (tetracaine and benzocaine com-
bination). Gargle with 2—4 mL of viscous lido-
caine for 30 s can provide additional anesthesia
to the posterior pharyngeal wall.

Superior Laryngeal Nerve Block

The superior laryngeal nerve (SLN) is a branch
of the vagus nerve that divides lateral to the cornu
of the hyoid bone into internal and external
branches. The internal branch passes under the
greater cornu of the hyoid bone before piercing
the thyrohyoid membrane and entering the pyri-
form recess where it provides sensory innerva-
tion to the base of the tongue, the superior
epiglottis, the aryepiglottic folds, the arytenoids,
and the laryngeal mucosa above the vocal cords.
The external branch supplies motor innervation
to the cricothyroid muscle.

To perform SLN block, the patient should be
placed in a supine position with the head slightly
extended, and the greater horn of the hyoid bone
is palpated above the thyroid cartilage. The nee-
dle (size 22 or 23 gauge) is inserted toward the
greater horn of the hyoid bone and then moved
caudally until a pop is felt when the thyroid liga-
ment is pierced at a depth of about 1-2 cm.
Negative aspiration is then followed by injecting
2-3 mL of 2% lidocaine with epinephrine.
Bilateral blocks should be performed (Fig. 5.2).

Recurrent Laryngeal Nerve (RLN)
Block

The recurrent laryngeal provides motor innerva-
tion to the vocal cords and sensory innervation to
both the trachea and vocal cords. In a supine patient
with hyperextended neck, the skin over the cricothy-
roid membrane is anesthetized with lidocaine 1-2%
with a 22-gauge needle. A 22-gauge IV catheter is
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Fig.5.2 Superior laryngeal nerve block

then inserted through the cricothyroid membrane
into the tracheal lumen at an angle of 45° cau-
dally. Air should be aspirated to confirm intratra-
cheal position. The needle should then be
removed leaving the plastic catheter in the tra-
cheal lumen. The patient is asked to take a deep
breath followed by forced exhalation while
3—4 cc of 1-2 or 4% lidocaine is injected through
the catheter. This maneuver commonly result in
cough that aids in spreading the local anesthetic
over the vocal cords and the trachea.

Conscious Sedation

The American College of Chest Physicians has
suggested in its consensus statement in 2011 that
all physicians performing bronchoscopy should
consider using topical anesthesia, analgesic, and
sedative agents, when feasible [14]. The advan-
tages of conscious sedation are the reduction of
patient anxiety, pain, airway reflexes such as
cough and gag, and the dyspnea associated with
the insertion of the bronchoscope. Amnesia from
the procedure also increases patient satisfaction
and willingness to undergo another broncho-
scopic procedure. In addition, the ability of the
bronchoscopist to adequately perform advanced

diagnostic and therapeutic procedures in shorter
duration improves with sedation.

Different drug regimens have been used, and
they vary depending on the bronchoscopist’s
preference and experience. The most commonly
used classes of drugs are benzodiazepines for
anxiolysis and amnesia in combination with opi-
oids for suppression of cough and pain. The com-
bination of narcotics and benzodiazepines has an
additive effect on the suppression of the respira-
tory drive and cardiovascular hemodynamics
thus increasing the likelihood of apnea, desatura-
tion, and hypotension. Therefore, these drugs
should be titrated gradually to achieve the desired
effect and avoid undesired side effects.

Benzodiazepines act primarily by enhancing
the action of the inhibitory neurotransmitter
y-aminobutyric acid (GABA) causing increased
resistance of neuronal excitation. This translates
clinically to anxiolysis, sedation, anterograde
amnesia, centrally mediated muscle relaxation,
and minimal depression of ventilation or of the
cardiovascular system. When compared with no
sedation for bronchoscopy, benzodiazepine, as a
single sedating agent, was associated with
increased patient satisfaction and willingness to
undergo another bronchoscopy. However, the
post-procedure recovery time was longer in the
benzodiazepine-treated patients without an
increase in complication rates [15].

The three commonly used benzodiazepines for
procedural sedation are midazolam, diazepam,
and lorazepam. Midazolam is the most preferred
benzodiazepine because of its water solubil-
ity, absence of pain with injection, rapid onset,
short duration of action, and rapid clearance. The
average dose of midazolam is 0.06-0.07 mg/kg
with special consideration to use lower doses in
elderly patients. Diazepam is a water-insoluble
drug that is dissolved in the organic solvent pro-
pylene glycol that causes pain on intravenous or
intramuscular injection. Diazepam is metabo-
lized into two active metabolites desmethyldiaz-
epam and oxazepam by the liver. The activity of
these metabolites may cause prolonged sedation
for 2—4 days in elderly patients and in those with
impaired liver function. Lorazepam is an inter-
mediate-acting benzodiazepine with a stronger
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amnestic effect and a delayed peak effect, mak-
ing it the least favored benzodiazepine for proce-
dural sedation (Table 5.2).

Flumazenil is the only known benzodiazepine
antagonist. A dose of 0.2 mg IV every 1 min to a
total dose of 1-3 mg per 1 h is commonly used.
The onset of action is at 1-3 min, the peak is at
10 min, and the duration of action is 20 min.
Additional doses may be required to maintain
antagonism and prevent the recurrence of seda-
tion by longer-acting benzodiazepines. Side
effects of flumazenil include nausea, vomiting,
tachycardia, hypertension, headache, and rarely
seizures.

Opioids are natural and synthetic substances
that bind opioid receptors in the central nervous
system and peripheral tissue, causing presynaptic
inhibition of release of neurotransmitters (e.g.,
acetylcholine, dopamine, norepinephrine, and
substance P). Activation of the opioid receptors
mu, kappa, and delta results in varying degrees of
analgesia and side effects such as depression of
ventilation, urinary retention, constipation, mio-
sis, and physical dependence. The naturally
occurring opioid morphine and the synthetic opi-
oids meperidine, fentanyl, sufentanil, alfentanil,
and remifentanil have been used for broncho-
scopic procedural sedation. Fentanyl is the most
commonly used opioid for bronchoscopy seda-
tion due to its rapid onset of action and short half-
life. Although therapeutic bronchoscopy is not

Table 5.2 Pharmacodynamics of benzodiazepines

Drug Dose (mg/kg) | Elimination half-life (h)
Midazolam 0.3-0.5 14

Lorazepam 0.05 10-20

Diazepam 0.15-0.3 21-37

Table 5.3 Pharmacodynamics of commonly used opioids

associated with significant somatic pain, opioids
were found to cause suppression of airway
reflexes in particular cough, tachycardia, and
hypertension associated with bronchoscopy [16].
See Table 5.3 for a comparison between the phar-
macodynamics of different opioids. Noteworthy
is that the combination of an opioids and a benzo-
diazepine is associated with better patient’s toler-
ance of bronchoscopy when compared to each
agent alone [17] (Table 5.3).

Monitored Anesthesia Care (MAC)

MAC is defined as 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. However,
MAC does not describe the depth of sedation.
Under MAC, the anesthesiologist can either pro-
vide sedation or general anesthesia and the post-
procedure recovery care. Situations where MAC
is valuable are as follows: when variable levels of
sedation are needed to meet changes in the patient
and the bronchoscopist needs during a procedure,
patients who are sensitive to small doses of seda-
tives where respiratory or hemodynamic compli-
cations can occur and resuscitation will be
required, and patients who need transient period
of general anesthesia. Therefore, the drugs of
choice for MAC should be the ultrashort-acting
anesthetics that are easily titrated to match the
patient tolerance to the procedure with rapid
return to baseline status at the end of the proce-
dure, e.g., remifentanil, alfentanil, propofol, dex-
medetomidine and fospropofol. In addition,
midazolam, fentanyl, and morphine can also be
acceptable choices [18].

Context-sensitive

Onset (min) | Peak (min) Duration (h) | Elimination (h) | half-life (min) potency
Morphine 2-3 15-30 3 2-3 1
Meperidine 5 5-7 3 3-5 0.1
Fentanyl 1-2 3-5 0.5-1 3-6 260 75-125
Sufentanil 1-2 3-5 0.3 2-4 30 500-1000
Alfentanil 12 1.5-2 0.2-0.3 1.4-1.5 60 10-25
Remifentanil 1-2 1.5-2 0.1-0.2 0.17-0.33 4 250
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General Anesthesia

If general anesthesia is the chosen anesthesia tech-
nique for an interventional bronchoscopic proce-
dure, an open discussion between the
anesthesiologist and the bronchoscopist should
take place before and throughout the procedure.
The discussion should include procedure location
(e.g., trachea vs. bronchi), degree of airway
obstruction (e.g., complete vs. partial obstruction),
depth of anesthesia needed (e.g., general vs. seda-
tion), airway device options (e.g., none, endotra-
cheal tube, laryngeal mask airway, or rigid
bronchoscope), and the most suitable mode of ven-
tilation (e.g., spontaneous ventilation, noninvasive
positive pressure, assisted ventilation, mechanical
ventilation, or jet ventilation). In addition, the anes-
thesiologist should be familiar with the step-by-
step plan the bronchoscopist has to manage the
airway pathology and possible complications.

Total intravenous anesthesia (TIVA) is the
anesthetic technique of choice for interventional
bronchoscopic procedures when compared to
inhalation anesthesia [12]. Inhalational anesthet-
ics have multiple disadvantages, including the
variable levels of anesthetic gas delivered because
of frequent suctioning during the procedure and
the contamination of the operating room air by
inhalation agents. However, it is important to
emphasize that inhalation agents can be a better
choice in cases of bronchospasm. The following
medications are commonly used for TIVA.

Propofol, similar to benzodiazepines, acts to
facilitate the inhibitory effect of GABA. When
used for sedation for airway procedures, propofol
has been shown to be superior to midazolam due
to its short onset time of 30 s, metabolism inde-
pendent of organ function, and rapid recovery
time of 15 min after a 2 h infusion. In addition,
propofol has been shown to result in significantly
better neuropsychometric recovery than mid-
azolam [19]. When compared to inhalation anes-
thetics, propofol has been shown to reduce
coughing and the depression in ciliary function
[20] as well as the release of cytokines and the
stress hormone response [21, 22].

Propofol infusion rates of 100-150 pg/kg/min
can be used for anesthesia induction while main-

taining spontaneous ventilation. The bi-spectral
index monitor (BIS) can be used to titrate the
propofol infusion rates to achieve and sustain an
appropriate depth of anesthesia.

Remifentanil is the shortest-acting narcotic
available, with duration of action of 3—10 min
and a rapid onset of action at 1 min. After inter-
ventional bronchoscopic procedures, patients do
not suffer from post-procedure pain thus elimi-
nating the need for the use of long-acting narcot-
ics. Remifentanil is ideal for blunting airway
reflexes during the procedure with no residual
effect in the recovery room [23].

Ketamine is a general anesthetic that induces
a dissociative state in which sensory stimuli are
blocked from reaching the cerebral cortex, caus-
ing amnesia and analgesia. Although ketamine
is an old drug, its use has been revived because
of its profound analgesic property. Ketamine-
induced analgesia makes it a good adjunct to
propofol that lacks any analgesic properties
[24]. Ketamine is particularly valuable for bron-
choscopic procedures because of its bronchodi-
lating properties and absence of respiratory
depressant effect.

Dexmedetomidine is an «-2 agonist that
inhibits norepinephrine release causing its
unique ability to provide sedation and analgesia
without respiratory depression [25].
Dexmedetomidine has also been found to offer
cardioprotective benefits during surgery by low-
ering perioperative oxygen consumption and the
stress response [26].

Muscle relaxants, such as succinylcholine,
rocuronium, or cisatracurium, can be used safely
during general anesthesia to prevent laryngo-
spasm and coughing associated with the insertion
of the bronchoscope in the airway. The use of
muscle relaxation for therapeutic bronchoscopic
procedures has many advantages. These include
facilitating the insertion of airway devices (e.g.,
LMA, endotracheal tube, and the rigid broncho-
scope), better lung compliance during positive
pressure ventilation or jet ventilation, providing
the bronchoscopist with a still field when precise
targeting of lesions adjacent to major vessels and
the heart is needed, and maintaining the glottis
aperture open during multiple insertion and
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removal of the bronchoscope and other instru-
ments thus minimizing trauma to the vocal cord.

On the other hand, the indiscriminate use of
muscle relaxant in interventional bronchoscopy
can be associated with severe complications. For
example, there are several reports of loss of the
airway patency after muscle relaxant was given
in patients with large anterior mediastinal mass.
Pneumothorax and/or pneumomediastinum can
develop in patients with tracheoesophageal fis-
tulas, bronco-esophageal fistulas, or airway tears
when muscle relaxant is given and positive pres-
sure ventilation is used. In addition, prolonged
unwanted muscle relaxation has been reported in
patients with lung cancer associated with parane-
oplastic Lambert—Eaton myasthenic syndrome.

In the event that muscle relaxation is deemed
unsuitable, instillation of lidocaine on the vocal
cord and the proximal airway is a better alternative
to the use of muscle relaxation prior to insertion of
the rigid bronchoscope or other airway devices.

Fraction of inspired oxygen (FiO,) should be
continuously adjusted to maintain patient oxygen
saturation >90% during interventional broncho-
scopic procedure. FiO, of 100% is commonly
needed during an advanced bronchoscopic pro-
cedure especially in patients with advanced lung
pathology, poor baseline oxygen saturation, and/
or the use of supplemental oxygen. In addition,
FiO, of 100% is valuable when periods of com-
plete airway occlusion and/or inability to provide
mechanical ventilation are anticipated, e.g., during
deployment or extraction of stents, balloon dila-
tion of the airway, removal of a tumor mass where
positive pressure ventilation can force the excised
tumor down the airway causing acute obstruction,
or during exchange of one rigid bronchoscope to a
different type or size rigid bronchoscope.

It is important to note that low FiO, of less
than 40% is required during electrocautery, laser,
and argon plasma coagulation (APC) in order to
avoid airway fire.

Monitoring the Depth of Anesthesia

Processed electroencephalograms can be used to
monitor the depth of anesthesia and in combina-

tion with the patient’s clinical signs can guide the
titration of intravenous anesthetics to achieve
adequate depth of anesthesia [19]. Consequently,
adequate sedation without undesired side effects,
such as respiratory failure or cardiovascular
instability associated with increased depth of
anesthesia, is more likely to be attained [27].

Description of the Equipment
Needed

Interventional Bronchoscopy Suites

Interventional bronchoscopic procedures are
commonly performed in an interventional bron-
choscopy suite or the operating room. In most
centers, the choice of the location of the proce-
dure depends on the available resources and the
anesthesia technique required. Interventional
bronchoscopic procedures requiring local anes-
thesia and/or conscious sedation are usually per-
formed in an interventional bronchoscopy suite
where a trained bronchoscopy nurse under the
supervision of the bronchoscopist administers
conscious sedation. Meanwhile, rigid bronchos-
copy or procedures that require general anesthe-
sia are commonly performed in the operating
room [28]. In recent years, interventional bron-
choscopy departments that perform a large num-
ber of procedures on a daily basis have resorted
to designing interventional bronchoscopy suites
in collaboration with the anesthesia department
at their practice. These specialized bronchoscopy
suites are designed to be a replica of an operating
room allowing the bronchoscopists to perform
more procedures under MAC or general anesthe-
sia in the bronchoscopy suites. Interventional
bronchoscopy suites have been operational for
several years with great success in several centers
in the United States and Europe [29].

Airway Devices
Procedures performed under conscious sedation

or MAC require no invasive airway devices.
Meanwhile, the patient’s oxygenation should be
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monitored by pulse oximetry, and supplemental
oxygen should be delivered to maintain patient
saturation above 90% during the procedure and
in the recovery area [13].

e Laryngeal mask airway (LMA)
The LMA was first introduced more than 20
years ago and is still used today, with a consis-
tently low incidence of complications. The
LMA is an ideal airway device for advanced
bronchoscopic procedures. The large diameter
of the shaft of the LMA makes it easy to insert
large therapeutic bronchoscopes without com-
promise to the ventilation. The LMA also allows
the bronchoscopist to inspect the entire length
of the airway from the vocal cords to the distal
large bronchi. Additionally, the LMA allows
free mobility of the bronchoscope in the airway
when compared to an ETT. A bite block needs
to be inserted around the LMA. Alternatively,
the I-gel version of the LMA has a built in bite
block. The disadvantages of the LMA are the
lack of protection against aspiration and the
inability to obtain adequate seal during positive
pressure ventilation particularly in patients with
oral, pharyngeal, or laryngeal deformity sec-
ondary to airway pathology or radiotherapy. It is
important to note that the LMA was originally
designed for spontaneously ventilating patients;
however, positive pressure ventilation can be
performed, with a limitation on the maximum
peak airway pressure of 20 cm H,O in order not
to overcome the tone of the lower esophageal
sphincter and insufflate the stomach with oxy-
gen [30, 31] (Fig. 5.3).

¢ Endotracheal tube (ETT) o
Although an ETT is the most definitive and
most reliable airway devices in patients under-
going general anesthesia, an ETT has chal-
lenges when inserted in a patient with central
airway obstruction undergoing a therapeutic
bronchoscopic procedure. Insertion of the
ETT does not allow the bronchoscopist to
examine the vocal cords and the upper part of
the trachea for pathology. The large external
diameter of the therapeutic flexible broncho-
scope requires the insertion of an ETT with an
internal diameter of 8.5 or 9 mm in order to

Fig.5.3 EBUS bronchoscope introduced through LMA

deliver adequate ventilation around the bron-
choscope. The length of the ETT projecting
from the patient’s mouth limits the length of
the flexible bronchoscope available for inser-
tion into the airway, and the proximal end of
the ETT is commonly cut off. Insertion of an
ETT in a patient with pre-existing tracheal or
bronchial stents carries a risk of dislodging or
deforming the stents, which can potentially
result in airway compromise [32] (Fig. 5.4).
Rigid bronchoscope

The rigid bronchoscope is an ideal airway
device in complicated interventional broncho-
scopic procedures where instruments and
stents are inserted in the airway. The distal end
of the rigid bronchoscope is beveled to allow
for lifting of the epiglottis and safer insertion
through the vocal cords. The proximal end of
the rigid bronchoscope can remain open to air
to allow for simultaneous insertion of multiple
instruments. Leak of the ventilating gas
through the open end of the rigid broncho-
scope makes jet ventilation or spontaneous
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Fig.5.4 EBUS bronchoscope introduced through ETT

ventilation the only possible mode of ventila-
tion. Alternatively, when a cap is placed to
seal the proximal end of the rigid broncho-
scope, positive pressure ventilation from anes-
thesia ventilator can be used. Leak is overcome
by inserting a throat pack and Vaseline gauze
to occlude the nostrils. A short stainless steel
cylinder attached to the proximal end of the
rigid bronchoscope has multiple side ports to
accommodate a jet ventilator, an anesthesia
circuit, and bronchoscopic instruments [33].
The rigid bronchoscope has many advan-
tages over the flexible bronchoscope. These
include the ability to provide positive pressure
ventilation during lengthy airway procedures
and the ability to insert instruments with a large
diameter into the airway such as the microde-
brider, large suction catheter, and the deploy-
ment device for silicone stents. The rigid
bronchoscope can also be used as a coring
device to debulk airway tumors, dilate stenotic
areas, stent the airway open in the case of exter-
nal airway compression by an anterior mediasti-
nal mass, and tamponade airway bleeding [34].

Modes of Ventilation

Spontaneous ventilation

Spontaneous ventilation is necessary in cases
when the integrity of the airway is compro-
mised, such as tracheoesophageal fistulas,
broncho-esophageal fistulas, and iatrogenic
tears in the airway. In such cases, positive
pressure ventilation can result in leakage of
the ventilating gas (oxygen and/or air) to the
mediastinum, the thoracic cavity, and possibly
the peritoneum. Anterior mediastinum mass is
another indication for spontaneous ventilation
because of multiple reports of worsening of
the compressive obstruction of the central air-
way by the mass after a muscle relaxant was
given. In addition, spontaneous ventilation is
valuable during pleuroscopy, when collapse of
the lung on the side of the procedure is essen-
tial for visualization.

Spontaneous ventilation can be easily achieved
under conscious sedation, MAC, or general
anesthesia.  Inhalation  anesthetics  or
intravenous anesthetics with adequate topical
anesthesia can be used, without the muscle
relaxant, for the insertion of the rigid broncho-
scope, LMA, or the ETT. Alternatively, a
small dose of the short-acting muscle relaxant
succinylcholine can be used for the intubation
with rapid regain of spontaneous ventilation.
Assisted ventilation

In a patient with an airway device in place,
ventilation can be assisted by multiple modali-
ties to overcome hypoxia and/or hypercapnia
associated with spontaneous ventilation under
general anesthesia. For example, intermittent
hand-bag ventilation with a large tidal vol-
ume, pressure support, or synchronized inter-
mittent mandatory ventilation can be used to
overcome atelectasis and improve saturation
and CO, elimination during bronchoscopic
procedures.

Noninvasive positive pressure ventilation
(NIV)

NIV, commonly used for patients with sleep
apnea, has been described as beneficial in
hypoxemic patients undergoing bronchoscopy
with anesthesia. Modified nasal or fullface
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masks, with a special adaptor to allow for the
insertion of the bronchoscope, can be used.
NIV should be considered when endotracheal
intubation and mechanical ventilation is sus-
pected to carry an increased risk to the patient
undergoing bronchoscopy. The use of NIV
ventilation was shown to improve oxygenation
and reduce the risk of acute respiratory failure
after bronchoscopy in patients with impaired
baseline oxygenation, such as chronic obstruc-
tive pulmonary disease (COPD) patients with
pneumonia or immunocompromised patients
[35, 36].

* Positive
ventilation
Patients undergoing interventional broncho-
scopic procedure that require muscle relax-
ation need mechanical ventilation. Mechanical
ventilation can be delivered through the LMA,
ETT, or rigid bronchoscope. When the LMA is
the airway device of choice, the peak airway
pressure should be kept below 20 Cm H,O to
avoid opening the lower esophageal sphincter
and inflating the stomach. Mechanical ventila-
tion through the rigid bronchoscope is associ-
ated with leak around and through the rigid
bronchoscope. To overcome such leak, inser-
tion of a throat pack, occlusion of the nostrils
with Vaseline gauze, capping of the rigid bron-
choscope ports, and high oxygen flow rates
with high tidal volumes are needed.

e Jet ventilation
Jet ventilation can be performed using a hand-
held device through which 100% oxygen is
injected into a port at the proximal end of the
rigid bronchoscope. The pressure of the
injected oxygen can be adjusted with a dial;
the frequency of ventilation is left to the oper-
ator to select and frequently ranges from 8 to
20 breaths per minute. Jet ventilation should
be performed only when the proximal end of
the rigid bronchoscope is open to air, to avoid
barotrauma [37]. Air is entrained at the open
proximal end of the rigid bronchoscope, caus-
ing variation in the delivered FiO.,.

¢ Electronic mechanical jet ventilation
The mechanical jet ventilator (Acutronic
Medical Systems, Hirzel, Switzerland) has

pressure controlled mechanical

many advantages over the simple handheld jet
ventilators [38]. The user can control the FiO,,
the frequency of ventilation (up to 150 breaths
per minute), and the driving pressure of venti-
lation (up to 40 mmHg). The inspired oxygen
can be humidified up to 100%, enabling pro-
longed jet ventilation without the risks of air-
way mucosal dryness and necrosis or damage
to ciliary function [38]. In addition, the
mechanical jet ventilator has two alarms to
protect against barotrauma and will discon-
tinue ventilation if the set maximum airway
pressure limit is reached.

Post-procedure Care

After interventional bronchoscopic procedures,
patients should be transported to a standard des-
ignated recovery area with well-trained nursing
staff. The recovery unit is generally equipped
with wall oxygen, vital signs monitors, crash
carts, and emergency intubation equipments. In
patients who have undergone general anesthesia
or who remain deeply sedated at the end of the
procedure, supplemental oxygen should be con-
tinued via a face mask or a nasal cannula and
weaned off gradually. Patients should be observed
until they meet discharge criteria (i.e., for
30-45 min). Residual muscle relaxation or post-
procedure respiratory failures for a variety of rea-
sons are possible complications that may require
intubation, unplanned hospital stay, and/or likely
ICU admission.

Upon discharge, all patients should be advised
in writing and verbally not to drive, sign legally
binding documents, or operate machinery for
24 h after the procedure. A responsible adult
should accompany the patient home.

Conclusion

The field of interventional bronchoscopy has
been evolving and becoming more sophisti-
cated, as has the field of anesthesiology. As a
result, the older techniques of local anesthe-
sia may not be as well suited for new, com-
plex, prolonged bronchoscopic procedures.
Communication  between  interventional
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bronchoscopy departments and anesthesiology
departments is necessary to delineate when
anesthesia services are needed and where
certain bronchoscopic procedures should be
performed. Recent advances in the field of
anesthesiology render both conscious sedation
and general anesthesia for interventional bron-
choscopy safe, and the use of these advances
is invaluable for the continued growth of the
field of interventional bronchoscopy.
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Evaluation of Outcomes After
Interventional Procedures

Teruomi Miyazawa and Hiroki Nishine

Interventional Procedure

Inoperable central airway stenosis due to a malig-
nant tumor is a relatively common condition and
may be life threatening. Because of the poor
prognosis, palliative methods are needed to main-
tain airway patency. In patients with severe
malignant airway stenosis, interventional bron-
choscopy is considered as a method of maintain-
ing airway patency [1].

Flow limitation during forced expiration is
affected by the relationship between transmural
pressure (P,,) and the cross-sectional area (A) of
the airway. The wave speed is dependent on the
stiffness of the airway wall, i.e., dP,/dA, and on
the cross-sectional airway itself [2, 3]. The
flow-limiting segment (FLS) occurs originally
where the cross-sectional area of the airway is
the narrowest. On the basis of wave-speed con-
cepts of maximal expiratory flow limitation,
stenting at the FLS improved expiratory flow
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limitation by increasing the cross-sectional area,
supporting the weakened airway wall and reliev-
ing dyspnea [4, 5].

Assessment of Flow-Volume Curve

The location of the FLS is assessed using flow—
volume curves. Analysis of the flow—volume
curve can be used to define the nature of the ste-
nosis and provide reliable information on the effi-
cacy of stenting [5—10]. In patients with tracheal
stenosis, the flow—volume curve shows a marked
reduction of the expiratory flow (fixed narrowing
patterns) with a plateau. In patients with bron-
chial stenosis, the flow—volume curve shows
decreased flow with expiratory choking (initial
transient peak flow followed by acute flow dete-
rioration and consecutive low flow and dynamic
collapse patterns). In patients with carinal steno-
sis, the flow—volume curve shows a descending
expiratory limb with a plateau and choking (com-
bined fixed and dynamic patterns). In patients
with extensive stenosis from the trachea and
carina, extending to the bronchi due to tumor
and/or mediastinal lymphadenopathy, the flow—
volume curve shows severe reduction of the expi-
ratory flow (complex patterns containing
elements of all the former).
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Dyspnea

The degree of dyspnea depends on the degree of
airway obstruction and becomes severe when
well over 70% of the tracheal lumen is obstructed
[11]. In cases with 50% tracheal obstruction, the
highest velocities are in the jet, which is gener-
ated by glottic constriction. In cases with over
70% tracheal obstruction, peak velocities are
generated at the stenosis and exceed velocities in
the glottic area. Pressure differences changed
dramatically from 70% tracheal obstruction.

The relation between the baseline degree of
tracheal obstruction and the changes in MMRC
(AMMRC) is shown in Table 6.1. Any patient
with an improvement in the MMRC scale of 2 or
more was considered to be a clinical responder.
The clinical responder rate was 84.6% for obstruc-
tions above 80 and 58.8% for obstructions
between 50 and 80%. Preoperation measures by
the baseline degree of tracheal obstruction could
be used to predict the postoperation impact on
dyspnea [12].

Assessment of Lateral Airway
Pressure

Analysis of the flow—volume curve could be used
in defining the nature of the stenosis. However,
flow—volume curves cannot identify the precise

Table 6.1 Relation between the baseline degree of rra-
cheal obstruction and the change in MMRC after inter-
ventional bronchoscopy

Degree of tracheal | AMMRC*

obstruction (%) <1 22 Responders® (%)
51-60 2 7

61-70 2 10/17 (58.8%)
71-80 5 |6

81-90 9 7 11/13 (8406%)
91-100 2

*AMMRC = change in MMRC scale
®*AMMRC responder = improvement in MMRC scale of 2
or more

location of the lesion where airway resistance
increases, nor can it immediately define the out-
come of stenting.

With the use of airway catheters in dogs [13—
15] and in human subjects [16-18], the FLS
could be located by measuring lateral airway
pressure (P),) during induced flow limitation
generated by either an increase in pleural pres-
sure or a decrease in downstream pressure.
Healthy subjects have relatively uniform pres-
sure drop down of the bronchial tree during expi-
ration. In patients with airway stenosis, the major
pressure drop occurs across the stenosis. By
measuring P, on each side of the stenosis, we
could detect the pressure difference between two
sites (proximal and distal) of the stenotic seg-
ment [12].

After intubation, a double lumen airway cath-
eter was inserted into the trachea during bron-
choscopy. Py, was measured simultaneously at
two points during spontaneous breathing with
light general anesthesia before and after interven-
tion. Py, at the two points was plotted on an oscil-
loscope (pressure—pressure (P-P) curve). The
angle of the P-P curve was defined as the angle
between the peak inspiratory and expiratory pres-
sure points and the baseline of the angle. If the
cross-sectional area (CSA) was small, then the
angle was close to 0°; however, after interven-
tion, the CSA significantly increased and the
angle was close to 45°.

In healthy subjects, no pressure difference
between the carina and trachea was observed
(0.10 = 0.22 cm H,0O) during tidal breathing
(Fig. 6.1a). The P-P curves were linear and the
angle of the P-P curve was close to 45°
(44.6 £ 0.98) (Fig. 6.1b).

In patients with tracheal obstruction, dyspnea
scale, pressure difference, and the angle changed
significantly beyond 50% obstruction (Fig. 6.2a,
b). After stenting, the pressure difference disap-
peared and the angle was close to 45°. The degree
of tracheal obstruction was significantly corre-
lated with the pressure difference and the angle
(r=0.83, p <0.0001, and r = —0.84, p < 0.0001,
respectively) [12].
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Fig. 6.1 Typical patterns of lateral airway pressure (Py,)
measurements during tidal breathing in a healthy subject.
Py, is measured simultaneously at two points (upper tra-
chea and carina). There are no pressure differences
between the carina and upper trachea (a). (Blue, carina;
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Fig. 6.2 Scatter plot of pressure difference and the angle
of the pressure—pressure (P—P) curve versus the degree of
tracheal obstruction. Blue diamonds show before inter-
vention and red squares indicate after intervention in
cases with fixed stenosis. Green triangles show before
intervention and purple Xs indicate after intervention in
cases with variable stenosis. Dotted line shows the thresh-
old for 50% tracheal obstruction. The pressure difference

This approach identified a need for additional
treatment during interventional bronchoscopy.
In a patient with fixed intrathoracic stenosis due
to tracheal tuberculosis, CT showed a tracheal
stenosis at the middle trachea (Fig 6.3a). Before

X variable post

Lateral pressure at carina (cmH,0)

red, upper trachea.) The angle of pressure—pressure (P—P)
curve is defined as the angle between peak inspiratory and
expiratory pressure points and the baseline of the angle.
The P-P curves are linear and the angle of P-P curve is
close to 45° (b)
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(a) and the angle of P-P curves (b) are significantly cor-
related with the degree of tracheal obstruction. The pres-
sure difference increased significantly above 50%
obstruction (a). When the cross-sectional area was small,
the angle of the PP curve was close to 0°. After interven-
tional bronchoscopy, the cross-sectional area increased
and the angle of the P-P curve was close to 45° (b)

treatment, a considerable pressure difference
between the upper trachea and carina was noted
(Fig. 6.3d), and the angle of the P-P curve was
0.3° (Fig. 6.3i). The flow—volume curve shows
marked reduction of the expiratory and inspiratory
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Fig. 6.3 Lateral airway pressure (P),) measurements
during interventional bronchoscopy with balloon dilation
and silicone Y stent implantation in fixed intrathoracic
stenosis due to tracheal tuberculosis (before treatment,
panels (a, d, and g); after balloon dilation, panels (b and
e); after stenting, panels (c, f, and h)). P, was measured

flow (Fig. 6.3g). After balloon dilation, broncho-
scopic imaging revealed greater patency for the
trachea (Fig. 6.3b). However, the pressure differ-
ence only decreased from 36.6 to 20.1 cmH,O
(Fig. 6.3e), and the angle of the P-P curve only
increased from 0.3° to 5.0° (Fig. 6.3i).
Subsequently, a silicone Y stent was implanted
from the upper trachea to the both main stem
bronchi. After stenting (Fig. 6.3c), pressure dif-
ferences disappeared (Fig. 6.3f), and the angle of

simultaneously at two points (the upper trachea and
carina). Blue line shows P, at carina and the red line indi-
cates Py, at upper trachea (d—f). After each treatment, the
angle of P—P curve showed a stepwise improvement over
the interventional procedures (i). See text for further
explanation

the P-P curve increased from 5.0° to 35.8°
(Fig. 6.31). The MMRC scale decreased from 2
to 0 and flow—volume curve returned to a
near-normal pattern (Fig. 6.3h). Measuring Py,
could estimate the need for additional proce-
dures better than bronchoscopy alone. The direct
measurement of the pressure difference and the
angle of pressure—pressure curve is a new assess-
ment modality for the success of interventional
bronchoscopy.
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Analysis of Pressure-Pressure
Curve

Central airway stenosis can be divided into four
major types: fixed, variable, extrathoracic, and
intrathoracic stenosis. In fixed stenosis, the CSA
at the site of the lesion does not change during the
respiratory cycle, and the P-P curve was linear.
In variable stenosis, the configuration of the ste-
notic lesion changes between phases of respira-
tion. Airway narrowing occurs during expiration
in intrathoracic stenosis, whereas airway nar-
rowing occurs during inspiration in extrathoracic
stenosis. In variable extrathoracic stenosis, the
angle of the P-P curve during inspiration is
smaller than during expiration, and in variable
intrathoracic stenosis, the angle of the P—P curve
during expiration is smaller than during
inspiration.

Conclusions

Placement of the stent at the flow-limiting
segment (FLS) provided the greatest func-
tional benefit to patients with central air-
way stenosis [4, 5]. Although bronchoscopic
imaging showed that tracheal patency was
restored after procedures, the angle of P-P
curve did not always improve. It is difficult
to estimate the outcome of interventional
procedures by bronchoscopy alone. When
the location of the FLS is assessed using
flow—volume curves, the pressure differ-
ence and the angle of pressure—pressure
curve are able to immediately estimate the
outcomes of interventional bronchoscopy
in real time.
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Bronchoscopy Education:

New Insights

Henri G. Colt

“Tell me and I'll forget; show me and I may remember, involve me and I'll understand.”

Background

I have always been amazed that medical educa-
tion involved learning “on” patients as well as
from them. Many years ago, surrounded by other
medical students, I positioned myself so as to
stand directly beside my senior resident as he
prepared to perform a lumbar puncture. Erect in
our long white coats, leaning inward with antici-
patory curiosity and awe, we marveled at the way
he told the patient what he was going to do before
ordering her to turn onto her side. After prepping
the skin, he inserted the spinal needle effortlessly.
We cringed collectively, however, as it was repo-
sitioned, causing the patient to cry out in pain.
We sighed with relief when a clear fluid suddenly
appeared, and the procedure finished; we admired
the authoritative tone with which our resident
informed this small, frail, and frightened 18-year-
old girl with sweat-drenched hair and a poorly
fitting hospital gown that uncovered her bare but-
tocks and lower back that she must lay quietly for
several hours and that everything was going to be
fine. As we followed the resident out of the room
(the ward had several patients, all of whom had
been watching us), we felt important in our white
coats. Like a swarm of flies around a picnic table
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Chinese proverb

covered with food, we excitedly spoke about how
cool the resident had been and how easy the pro-
cedure seemed. Later that afternoon, I recalled
that we had never been told the patient’s name
nor been introduced to her as she lay passively on
her bed. We were not given much of an explana-
tion about the procedure either, and I had not yet
had the opportunity to watch others before I was
told the very next morning to “go tap that patient
in bed 3.7

Until very recently, medical training has fol-
lowed guidelines established by Flexner and
Halsted in the early twentieth century [1]: A step-
wise postgraduate training program is designed
within a “see one, do one, teach one” paradigm,
with patients serving as teaching material.
Trainees gradually achieve independence from
faculty supervision as they progress through their
years of apprenticeship. Competency is often
presumed based on numbers of procedures per-
formed, and objective measures of knowledge
(high-stakes tests) are used for licensure and cer-
tification purposes [2].

Today, “see one, do one, teach one” is no lon-
ger an acceptable paradigm of procedure-related
medical instruction, so patients need no longer
suffer the burden of procedure-related training.
Furthermore, teachers need no longer devote
hours to enumerating facts and figures related to
medical illnesses because educational media are
increasingly accessible, with information at
the fingertips and on the computer screens of
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health-care providers and patients alike [3].
Using inanimate and computer-based platforms,
technical skills can be practiced independently or
under supervision; structured curricula help
assure a foundation of knowledge regardless of
the diversity and variability of the clinical setting,
and new norms and expectations governing pro-
fessionalism help guide physician behaviors that
promote respect for patient autonomy and shared
decision making.

These early twenty-first century learning envi-
ronments empower both teacher and learner.
Benefitting from a bidirectional learning process,
they are able to explore together many new and
exciting roles. Digital simulation allows students
to practice procedures before ever going to the
patient’s bedside, and, as new delivery systems
for instructional materials replace conventional
textbooks, enhancing the portability, access, and
design of information, both learners and teachers
can devote more time to learning how to think or
how to teach, rather than on rote memorization
and content development [4]. The availability of
web-based instruction, use of interactive case-
based exercises, role-playing sessions, opportu-
nities for individualized instruction, and an open
forum where teachers serve more as coaches or
wise elders free teachers from their podiums.
Low-stakes assessment tools and self-assessments
can be used to identify areas that warrant reme-
dial training, as well as to document one’s prog-
ress toward competency and proficiency because
at the bedside and in the classroom, the imple-
mentation of new models of instruction allows
educators more time to build personal relation-
ships with learners. Learners benefit from this
because face time with instructors can be used to
encourage learning through positive reinforce-
ment, provide key insights into a procedure or
management decision, enhance intrinsic motiva-
tion, and discover fun in learning. Learning
curves may thus be climbed with greater confi-
dence and comfort in a truly caring education
environment.

Taking the liberty to depart from a conven-
tional chapter devoted to science and literature
review, my objectives in the following paragraphs
are instead to (1) address major elements of cur-

ricular structure and delivery, (2) provide an
example of how a structured curricular approach
using a combination of onsite and online materi-
als such as those provided in the Bronchoscopy
Education Project might facilitate learning, (3)
describe how assessment tools might help guide
the educational process and assure procedure-
related competency, and (4) discuss how an ethics
of teaching underlies and justifies the paradigm
shift occurring in today’s world of medical proce-
dural education. While flexible bronchoscopy and
airway procedures are used as models for discus-
sion, much of what I write is applicable to other
areas of procedure-related medicine.

Curricular Structure and Delivery

Bronchoscopy is performed by a variety of medi-
cal and surgical specialists including pulmonolo-
gists; thoracic surgeons; ear, nose, and throat
specialists; anesthesiologists; and intensivists.
Indications vary from simple inspection to diag-
nosis of lung and airway disorders, assistance
with intubation, and therapeutic procedures to
remove foreign bodies, restore airway patency,
and treat emphysema, asthma, or cancer, to name
but a few. There does not appear to be a univer-
sally accepted convention by which to teach the
technical skills required to perform this proce-
dure, nor to introduce learners to the complexi-
ties of a bronchoscopy-related consultation.

In many institutions, the bronchoscopy learning
experience is variable, in part because of diverse
practice patterns and patient referrals but also
because of different teaching interests,
methodologies, and time committed to the educa-
tional process [5]. In fact, despite its existence
since the late 1960s, many questions remain regard-
ing the clinical practice of flexible bronchoscopy.
The variability of equipment used and resources
available for teaching further complicates matters
when contemplating a global approach to the edu-
cational process. Videobronchoscopes, for exam-
ple, are used in most prosperous areas of North
America, Europe, and the Middle East, whereas
flexible fiberoptic bronchoscopes are still the work-
horses of South Americans and many developing
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countries in Asia. Techniques are also controver-
sial: Should the scope be held in the left of the
right hand? Where should assistants stand?
Should the procedure be performed from the
head or from in front of the patient? Should the
patient be supine or semi-erect? What kind of
sedation, if any, should be used? Are universal
precautions, including gown, gloves, and protec-
tive eyewear, always necessary, and how should
equipment be cleaned? Finally, who should be
considered able and competent to perform the
procedure? Could it be performed by nonphysi-
cian providers in specific settings such as an
intensive care unit or as part of a lung donor eli-
gibility assessment, or should bronchoscopy
remain a physician-only performed procedure?
Should training and certification processes be
different depending on medical specialty? Should
bronchoscopy privileges extend to all types of
procedures, or should only certain specialists per-
form certain types of procedures? How many
procedures should one perform to be deemed
competent, and if numbers are used as a metric,
how many must be performed each year to main-
tain competency? If they are not used as a metric,
what assessment and testing tools might be
employed to assure that procedures are per-
formed safely and competently?

What Is a Bronchoscopy Curriculum?

In most countries, there is no fixed curriculum
pertaining to bronchoscopy education (Table 7.1).
It is assumed that physicians in various special-
ties become competent in the procedure as a
result of their subspecialty training. In the United
States, where more than 500,000 bronchoscopies
are performed each year, there is no uniform
structure for bronchoscopy training other than
learning during residency or fellowship [6]. Nor
is there a standardized method by which techni-
cal skills and procedure-related knowledge are
assessed. In fact, very few questions (usually less
than five) are devoted to bronchoscopy on sub-
specialty board examinations, even though it is
the major minimally invasive procedure per-
formed by chest physicians.

Table 7.1 What we know about bronchoscopy education
today

Various learning and teaching modalities are and can
be complementary

Didactic lectures can be conveniently accessed
off-site though the use of the Internet

Well-edited videos can replace watching cases
performed in real time, without jeopardizing patient
care or programmatic structure

A learner’s active engagement time is maximized if
less time is devoted to hands-off demonstrations,
and more time is spent assisting learners with
clearly identified hands-on skill sets and exercises

Participation in problem-solving and critical
thinking (practical approach, case-based) exercises
helps assure procedural safety, effectiveness,
efficiency, and systems-based practice and tells
instructors “how” learners think and process
information

* The sacrifice of live animals for practice purposes
has been rendered unnecessary because cadavers,
inanimate models, and computer-based simulation
are excellent, proven, and cost-efficient alternatives

* Assessments and outcome metrics help identify a
learner’s position along the experience curve,
ascertain knowledge, and measure technical skill
acquisition. Insights are provided regarding a
program overall effectiveness, and assessments
identify weaknesses that can be corrected through
remedial, individualized training

A “Bronchoscopy university at your fingertips” is
possible using portable tablets and mobile devices.
This increases access to learning materials and helps
achieve a democratization of knowledge, whereby
bronchoscopy training is more uniformly achievable
regardless of one’s place of work or practice

Surveys pertaining to flexible bronchoscopy
in countries as diverse as Singapore, Great
Britain, India, Poland, Egypt, and the United
States consistently identify variations in practice
and training [7-9]. This diversity derives from a
lack of uniform requirements, paucity of struc-
tured curricula, absence of validated measures of
competency and proficiency, unequal access to
learning materials, variability of patient-based
learning experiences, and differences in skill,
interest, and teaching abilities of medical practi-
tioners designated as bronchoscopy instructors.
Furthermore, the lack of a uniform competency-
based framework for bronchoscopy education
makes it difficult for physicians already in prac-
tice to acquire new skills.
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A curriculum (noun, plural of which is cur-ric-
u-la or cur-ric-u-lums) can be defined as a group
of related courses, often in a special field of study
[10]. As such, it pertains to the purpose, content,
activities, and organization inherent to an educa-
tional program [11]. There are many challenges
that must be overcome, however, as one contem-
plates curricular structure [12]. Some of these are
related to conceptualizing the instructional pro-
cess and defining meaningful learning experi-
ences. Others relate to tradition, availability of
resources, variability of deeply held beliefs and
teaching styles, and the paucity of bronchoscopy
education-related research.

Instructional Process and Defining
Meaningful Learning Experiences

John Dewey (born 1859-1952), probably one of
America’s most influential philosophers, wrote
“the belief that all genuine education comes
about through experience does not mean that all
experiences are genuinely or equally educative”
[13]. For health-care providers, being obliged to
perform what might be for the first time, albeit
with guidance, a procedure in a patient is both
discomforting and anxiety-provoking. A social
mandate for accountability and truly informed
consent will make it increasingly difficult for
practitioners to learn by doing. In addition, such
a learning environment creates an ethical
dilemma for the competent instructor being asked
to advocate for efficient, evidence-based, cost-
effective quality of care and who knows that he or
she can perform the procedure more quickly and
more efficiently and with greater patient comfort
than the learner. These arguments justify, when-
ever possible, a more widespread use of
simulation-based bronchoscopy training.
Changes in the perception of the educational
process have resulted from modifications of
medical education systems. In the United States,
for example, the Accreditation Council of
Graduate Medical Education currently advocates
a competency-based training model that replaces
one based on process and number of cases per-
formed [14]. Great emphasis is placed on objec-

tive measurements of competency, including
elements of professionalism, systems analysis,
and health-care team development. In designing
a bronchoscopy curriculum, therefore, one must
consider how learning processes reach beyond
technical skill development to involve the cogni-
tive, affective, and experiential forms of knowl-
edge, as well as how knowledge acquisition and
retention might be assessed both during and after
training [15]. In my opinion, these arguments,
particularly in view of the expansion of broncho-
scopic practice,' give good reason for a more
structured approach to bronchoscopy training.
One such approach might include a curriculum
that includes recommended reading assign-
ments, case-based and problem-based learning
exercises [16], hands-on simulation and real
patient-based procedure performance, low-
stakes assessments to document progress along
the learning curve [17], individual learner-cen-
tric training opportunities, and outcome metrics
[18] to identify strengths and weaknesses of con-
tinued medical education programs as well as
the effectiveness of courses and seminars on
both individuals and groups.

From a learner-centric perspective, therefore,
bronchoscopy education should entail elements
of critical thinking, problem-solving, ethical val-
ues and behaviors, mastery of critical facts and
figures, mastery of certain technical skills unique
to each type of procedure being performed, self-
realization, self-esteem and emotional stability,
safety, and an ability to effectively and efficiently
integrate  procedural practice into one’s
institution-based medical practice. While much
of this is presumed to be learned during tradi-
tional apprenticeship-style training, various com-
ponents are often not documented, and in most

'Bronchoscopy is increasingly used to diagnose and treat
patients with a variety of lung and airway disorders.
Therapeutic procedures such as bronchial thermoplasty,
endobronchial valve insertion, and airway stent placement
have been added to the traditional interventional pulmon-
ology armamentarium. Additionally, evolving acoustic
and optical technologies augment diagnostic capabilities,
and the need for greater amounts of tissue for tumor mark-
ers and other lung cancer-related analyses is expanding
the role of bronchoscopists in the area of cancer
management.
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institutions, from what I have been told by many
bronchoscopy experts, no precise written curricu-
lar structure is in place.

Despite increasing patient care responsibilities
and the stress of providing cost and time-effective
quality care, many bronchoscopists create time in
their busy schedules in order to devote themselves
to the educational process. From a teacher’s per-
spective, such unselfish involvement might be
enhanced if curricular elements were developed
in a manner that is time and cost-efficient, non-
alienating, and conducive to individualized and
collective learning. Some educational meth-
odologies and curricular content, for example,
could be standardized to the extent that a gen-
erally accepted or more uniform foundation of
facts and philosophies becomes available and can
be integrated into various individual and group
educational venues (i.e., clinical settings, online
or computer-based programs, postgraduate semi-
nars, online and onsite courses).

All of us, regardless of our experience and level
of competence or expertise, can benefit from ped-
agogical technical assistance. As new concepts,
learning materials, and techniques are introduced
into practice, faculty development programs could
be used to enhance teaching skills, assure continu-
ity and growth, and develop educational resources.

Fig.7.1 Example of
instructor-led small
group discussion in
Peru. Participants are
debating the advantages
of using bronchoscopy
skills and task
assessment tool
(BSTAT) in background
quiz to develop a
common language for
airway secretions and
mucosal abnormalities

During these venues, experiences could be shared
regarding the advantages and challenges of mod-
erating small group interactive learning sessions,
using presentations and audience participation
software, and integrating video, other media, real-
time decision trees, instant messaging, Twitter,
tablet PCs, or writing boards into educational pro-
grams (Figs. 7.1 and 7.2).

While a mentor’s behaviors might readily be
emulated after observation, it is unrealistic to
expect that the ability to teach effectively comes
naturally to everyone. Of course, many physi-
cians are excellent teachers, but the assumption
that a medical doctor is a natural-born instructor
represents, in my opinion, a significant shortcom-
ing of our academic philosophy and runs contrary
to assumptions in other professions such as pub-
lic education and sports, where particular empha-
sis is placed on learning how to teach. The
purpose of faculty development programs, often
referred to as train-the-trainer seminars, there-
fore, is to help motivate, stimulate, inspire, and
train professionals interested in serving as role
models, mentors, and instructors in the use of
diverse educational techniques and methodolo-
gies and to develop, provide, and study resources
that are incorporated in whole or in part into vari-
ous learning curricula.




94

H.G. Colt

Fig. 7.2 Example of
using audience
participation software
during an interactive
question/answer session.
In view of the wide
variety of responses
shown on the graph, the 1
instructor will provide echogenicity
insight regarding each of 2. Its short axis of 1.5 cm
the possible answers 3. The hypoechoic areas
within the lymph node
without blood flow
4. lts distinct margins

. Its heterogeneous

Tradition, Teaching Styles,
and Beliefs

There is a grand tradition in bronchoscopy edu-
cation. This tradition is twofold. In the first
instance, we assume that learners will learn
bronchoscopy during the course of their spe-
cialty training [19] and that learning will be sat-
isfactory because learners are exposed to
different faculty members who might each per-
form bronchoscopy in a different way (setup,
positioning, sedation and medication use, tech-
niques, etc.). Accompanying this is the idea that
the complexities of a bronchoscopy-related con-
sultation are always learned while rotating on a
specialty consultation service and that all of the
items pertinent to such a consultation are satis-
factorily addressed, even if they are not explic-
itly reviewed with the attending faculty (i.e.,
indications and informed consent, procedure-
related strategy and planning, technique and
expected results, response to complications,
post-procedure management, and follow-up).
The second tradition pertains to the popularity
of 1- and 2-day postgraduate courses, devoted
until recently and for the most part to physicians
already in practice. We have always trusted that
these courses were effective and met particular
training objectives. For bronchoscopists, the tra-
dition comes from decades of hands-on learning
that began with the admired and effective patient-
based rigid bronchoscopy instruction programs
conducted by Gustav Killian and Chevalier
Jackson. In such a program, the expert speaker

e Frrxrr

A patient with a PET avid mediastinal and hilar lymphadenopathy is
referred for EBUS-TBNA. The lower right paratracheal lymph node is
shown. Which of the following sonographic characteristics is most
specific for a metastatic lymph node?

n
s

lectures on a topic, while the learner group listens
dutifully. Often, individual experts prepare their
lectures with little information or fixed-in-
advance knowledge regarding common purpose
that might integrate their lectures with content
from other talks given during the course. Popular
hands-on sessions are organized using animal
models and equipment loaned from equipment
manufacturers. More recently, computer-based
simulation and inanimate models have been
introduced. Learners rotate from station to sta-
tion, listening to experts tell them about a proce-
dure or technique, then watch as he (until recently,
most bronchoscopy experts have been male)
demonstrates the technique. Then one after
another, learners take the scope in hand and do
something, some less well than others.
Sometimes, live transmissions of cases are
included in the program, with either the operator
or other faculty member interacting with the
audience to discuss indications and procedural
techniques.?

During these programs, we had always
assumed learners would learn by simply being
present: preliminary or postcourse assessments
are rarely performed and little time is devoted to
truly individualizing the learning process. An

?Live transmissions carry many challenges not the least of
which are that cases may be selected based on the expect-
ant participants, intraoperative decisions might be made
solely on the basis of educational or theatrical need, and
the operator may be distracted by questions or other inter-
actions with the audience.
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objective commentary about these programs,
however, might include the following:

10.

. The complexities of bronchoscopy-related

instruction and consultation are increasing in
view of the rapid expansion of interventional
pulmonology.

. Time constraints, accountability, concerns

for cost-effectiveness, and a mandate for
enhanced patient safety and respect make
patient-based instruction increasingly prob-
lematic, so complementary venues for learn-
ing are necessary.

Passive learning from listening to a speaker
giving a lecture is not as effective as when
learners are actively engaged.

Critical thinking and problem-solving are
rarely addressed, yet these are major com-
ponents of achieving procedure-related
competency.

Educational content and the effectiveness of
its delivery depend on who prepares the lec-
ture and how it is delivered.

Active engagement time (the time the learner
is actually devoting to learning by doing) is
minimal, consisting of, for example, only
3-5 min per person for a group of five people
during a 30-min station session.

Specific tasks and learning objectives are
often not made explicit at each hands-on sta-
tion, decreasing the likelihood that a specific
skill will actually be enhanced or acquired at
the skill station.

Substantial time is spent listening to lectur-
ers during didactic as well as hands-on
sessions.

Baseline knowledge and skill levels of course
participants are rarely assessed, making tar-
geted individualized or problem-focused
instruction difficult.

After they return to their clinical practices,
few resources are available to help partici-
pants apply and master what they have
experienced.

A paucity of studies pertaining to the effec-

tiveness, or lack thereof, of these traditional
methods of bronchoscopy education makes it

challenging to step out of the box in order to
view the abovementioned traditional educa-
tional processes differently. It is equally chal-
lenging to introduce and potentially justify
changing a well-entrenched educational sys-
tem. The reality is, however, that an older

paradigm frequently provides

a dynamic

vision for what is to come after it. Today, we
know that:

10.

. Different learning and teaching modalities

are and can be complementary.

Many lectures could be accessed off-site
through the use of the Internet.

Well-edited videos could replace long peri-
ods of watching a transmitted “live” case,
without jeopardizing patient care.

Not all bronchoscopists, especially myself,
are as good at teaching as they could be.
Not all lectures provide a foundation of
knowledge considered useful or required by
learners.

Active engagement time can be maximized
if less time is devoted to demonstrations. and
more time is spent assisting learners as they
perform specific skill sets or exercises.

. Problem-solving and critical thinking needs

to become a standard part of bronchoscopy
courses because they are essential to the
safety, effectiveness, and efficiency of bron-
choscopic practice.

Animals, veterinary services, cadavers, and
animal laboratories are costly and regulated,
also prohibiting instructional programs in
hotels or congress halls.

(9) The unnecessary sacrifice of live ani-
mals can almost always be avoided by using
inanimate models and computer-based
simulation.

(10) Metrics are needed to help ascer-
tain knowledge and skill acquisition as
well as program effectiveness as part of a
competency-oriented program of procedure-
related learning.

This list is obviously not exclusive, and

many other elements are important in rethink-

ing

traditional methods of bronchoscopy
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education. Agents of change are necessary
to develop and implement different teaching
strategies and methodologies across the globe.
Industry support is essential to educational
programs, and professional societies may
need to work together, rather than compete, in
order to foster a foundation of information and
assure a greater democratization of knowledge.
Finally, either/or debates and opposing points
of view can be synthesized in a manner that
promotes learning and choice, acknowledging
both points of view in the context of a broad-
ened educational perspective [20] (Fig. 7.3).

Bronchoscopy Education-Related
Research

The bronchoscopy-related literature is gradually
supporting the paradigm shift, whereby patients
will no longer bear the burden of procedure-
related training. In a review pertaining to the use
of simulation for bronchoscopy education [21],
we noted that simulation helps learners improve
procedural efficiency and economy of move-
ment, thoroughness, and accuracy of airway
examination and decreases airway wall trauma
[22]. In addition to increasing learner satisfaction

EITHER

OR

BOTH-AND SYNTHESIS

Scope handling with
the left hand.

Scope handling
with the right
hand.

Both are correct and impact positioning of bronchoscopy assistants and
handling of ancillary equipment. Operator comfort and theching traditions
with influence choice.

Operator position
from the head of the
patient.

Operator position
from in front of
the patient.

Both are correct and should be learned because either may be necessary
depending on procedural setting and indication.

Tests

Assessments

Both are important in improving learning. How should competency be
ascertained? Is there a role for Mastery learning? What kind of remedial
training may be warranted? How can both be used in the setting of physicians-
in-training as well as for physicians already in practice?

Teacher-centered
instruction

Learner-centered
learning

Teacher-learner relationships are important and allow teachers to assume
various roles. New technological platforms create greater opportunities for
independent study, collaboration, and long distance learning.

Apprenticeship-style
learning

Competency-
oriented learning

Both are important as learners take on greater responsibilities. Using new
technologies and educational methodologies are likely to help accelerate
quality patient care and safety, and allow a more rapid introduction of new
procedures and techniques into the patient care arena.

Face-to-face
instruction

Online learning

Both are important. Face-to-face instruction and active engagement time,
especially during hands on training, takes on even greater value when learners
learn using online resources. Face-to-face time can occur though
videoconferencing as well as during onsite seminars, and of course at the
patient’s bedside or in the simulation center.

Learning on patients

Learning using
simulation

Both are important. All facets of bronchoscopic knowledge and skill, including
elements of professionalism, physician behaviors, procedural techniques,
response to complications, and management decision making can be improved
upon using inanimate models, computer-based simulation, and by helping
learners work through the decision-making process during individual or group
learning sessions. These can occur prior to or concurrent with patient-based
experiences.

Reading conventional
textbooks and
articles

Media and
technology

Both are important. Reading conventional textbooks may still be helpful, but
media and technology are changing the way learners can interact with reading,
both online and in print. Videos and interac tive images and text (such as
patient-centered exercises and clinical pathways) enliven the learning process
and help learners analyze their performance. Articles are easily retrieved today
using online informational databases and can be used to justify decision-
making and enhance evidence-based quality care practice.

Competency
determined based on
single institution
subspecialty training

Competency
determined
based on
completing a core
curriculum that
maight be
applicable in part
or in whole in
many

Both are necessary. For example, a curriculum similar to one proposed in the
Bronchoscopy Education Project and modified based on institutional needs or
medical practice setting (see Figure 4) assures objective monitoring of trainees
who attend onsite learning programs, clinical pathways, experience the
advantages of simulation, and demonstrate skills using checklists and
assessment tools in both the simulation and patient-care environment.

*Inspired from reference #20: Chen M, Education Nation pg 23-24.

Fig.7.3 Examples of turning either/or debates into both/and syntheses
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Fig. 7.4 Examples of inanimate and computer-based
simulation platforms for learning bronchoscopy. Shown
are the Simbionix Bronch Mentor (EBUS module) and

inanimate models assembled by Bronchoscopy
International: bronchoscopy airway inspection model
using bifurcated normal airway from CLA, Germany;

and interest, simulation allows tasks to be prac-
ticed repeatedly without jeopardizing patient
safety, and training scenarios can be individual-
ized. Both low- and high-fidelity simulation have
been shown to enhance competency in proce-
dural skills while saving time and improving the
learning curve [23, 24]. Furthermore, skills
acquired through practice on simulators are
transferable to the clinical setting [25]. Objective
assessment identifies errors and provides oppor-
tunities for remedial training [26, 27].
High-fidelity simulation platforms using
three-dimensional virtual anatomy and force
feedback technology can be used to teach con-
ventional and EBUS-guided transbronchial nee-
dle aspiration (TBNA) although less expensive,
low-fidelity models comprised of molded sili-
cone excised animal airways: and ultrasound
phantoms are also effective [28]. The efficacy of
a low-fidelity hybrid airway model made of a
porcine trachea and a plastic upper airway was
demonstrated for learning transcarinal and trans-
bronchial needle aspiration [29]. This model

transbronchial needle aspiration model using silicone air-
way from Sawbones Seattle, WA, USA; and inanimate
EBUS model using Laerdal Laryngeal structure and ATS
Laboratories ultrasound phantom with bifurcated airway
and simulated lymph nodes at levels 2, 4, and 7 (ATS
Laboratories, Bridgeport, CT)

gave learners an opportunity to practice needle
insertion, positioning, safety measures, and com-
munication with ancillary personnel. It has since
been modified so that a plastic airway is used,
obviating the need for discarded animal parts and
making the use of such training materials possi-
ble in hotel conference centers and nonhospital
facilities. Models can also be used to teach scope
manipulation and airway anatomy, foreign body
removal, bronchoscopic intubation, EBUS-
guided TBNA, and other interventional tech-
niques, some of which can also be practiced
using high-fidelity computer-based simulation?
(Fig. 7.4). New, portable computer-based bron-
choscopy simulation is becoming available using
laptop computers and proxy bronchoscopes.*
Demonstrating improvements in technical skill
complete only part of the picture [30]. The increas-
ing emphasis on competency-oriented education

3See, for example, http://simbionix.com/.

4See, for example, http://www.orsim.co.nz/ and
http://www.anesthesia.utoronto.ca/edu/cme/bronch.htm.
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warrants that bronchoscopy courses also use com-
petency-based measures to assess the efficacy of
course curricula and training modalities [31].
Outcome measures might take the form of high- or
low-stakes testing in the various cognitive, techni-
cal, affective, and experiential elements of proce-
dure-related  knowledge  [32-34].  Using
quasi-experimental study design and a series of
pretest/posttest assessments with calculations of
absolute, relative, and class-average normalized
gain, we have demonstrated the efficacy of a 1-day
structured curriculum including a uniform set of
didactic lectures, interactive sessions, workshops,
and hands-on simulation-based training in flexible
bronchoscopy and thoracoscopy [35, 36].
Assessment tools that objectively measure
skill and knowledge acquisition will also need to
be designed and validated in various learning set-
tings and medical environments [37]. Ideally,
their design should be flexible so that instructors
with different habits or biases can still incorpo-
rate them into their programs without feeling
compelled to radically modify their own way of
performing procedures. As faculty development
programs are integrated into curricular structures,
it may become helpful to study their value and
contributions to enhanced teaching and learning.
Finally, research targeting curricular platforms
and the results of educational interventions will
contribute to the elaboration of new bronchos-
copy instruction-related theories and processes.

The Bronchoscopy Education
Project

Developed by Bronchoscopy International® in
collaboration with many experts from all over
the world, the Bronchoscopy Education Project
(BEP)® has been officially endorsed by several

*Bronchoscopy International is a transnational group of
educators and agents of change devoted to the develop-
ment of educational resources and to the dissemination of
bronchoscopy-related knowledge.

°The BEP is a work in progress with materials constantly
being added. For more information, visit HONcode certi-
fied website at www.Bronchoscopy.org and the
BronchOrg page on YouTube.

international bronchology and interventional
pulmonology societies. Its aim is to complement
and hopefully enhance existing educational pro-
grams by providing bronchoscopy instructors
and training program directors with competency-
oriented tools and materials. These may be used
to help train bronchoscopists and assess progress
along the learning curve from novice to compe-
tent practitioner. The curriculum includes The
Essential Bronchoscopist™ series of books and
e-books [38, 39]; a series of training manuals
[40]; an encyclopedia of Practical Approach©
patient-centered exercises that integrate cogni-
tive, affective, and experiential knowledge perti-
nent to bronchoscopy-related consultation;
Bronchoscopy  Step-by-Step©  lessons; a
problem-oriented BronchAtlas™ video series’; a
compilation of PowerPoint-based lecture pro-
grams called Fundamentals of Bronchoscopy®©;
and a set of Bronchoscopy Assessment Tools©
and Checklists. Material can be integrated in
whole or in part, as needed by each program.
Learning is based on individual and group study
of training manuals, participating in didactic and
interactive lecture programs delivered onsite and
online, viewing instructional videos on social
media sites such as YouTube and Facebook, and
participating in deliberate hands-on practice ses-
sions during postgraduate programs and in the
course of subspecialty training. Officially sup-
ported by and in collaboration with professional
medical societies, faculty development programs
are being conducted across the globe to help an
international group of bronchoscopists, early
adopters, and agents of change use these learn-
ing materials, improve their presentation skills,
create personalized curricula specific to the
needs and medical culture of their region, and
develop concepts that will strengthen future edu-
cational programs. Specific criteria exist by
which instructors become certified. A brief
description of some of the BEP resources built
on the philosophy of using frequent, repeated
group and individual exposures to multimedia

"For example, video found at http://www.youtube.com/
watch?v=-MP-WdVcCxY
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rather than single-medium instruction [41] is
found below:

— As part of the Essential Bronchoscopist™
series of e-books, The Essential Flexible
Bronchoscopist© and The Essential EBUS
Bronchoscopist© are comprised of specific
reading materials, learning objectives, and
posttests. Each module contains thirty ques-
tion/answer sets with information about
major topics relating to bronchoscopic proce-
dures. The aim of these modules is not to
replace the apprenticeship model but to com-
plement in-hospital subspecialty training and
to encourage open dialogue between learners
and faculty.

— A Bronchoscopy Step-by-Step© and EBUS
Step-by-Step© series of graded exercises help
learners acquire technical skills necessary to
perform these procedures.® Instructional vid-
eos are readily viewable on desktop comput-
ers as well as handheld devices, IPADs, or cell
phones. Specific training maneuvers help the
learner practice incrementally difficult steps
of bronchoscopy and EBUS-guided TBNA.?
Steps are designed to enhance the develop-
ment of “muscle memory” by breaking down
complex moves into constituent elements and
practicing the separate elements repeatedly
before gradually combining them into more
complex maneuvers.

— The Fundamentals of Bronchoscopy®© lecture
series includes a compilation of PowerPoint
lectures and interactive slide presentations
that can be delivered as part of online or onsite
courses. Material has been developed with
input from many generous experts worldwide
and constitutes a uniform collection of learn-
ing resources that can be presented by speak-
ers as part of local, regional, or international
training programs.

8Colt HG. Bronchoscopy Lessons. Instructional video per-
taining to various aspects of bronchoscopy You Tube
(posted 2010): http://www.youtube.com/watch?v=phRv7
31k 7fl&feature=related

°For example, video found at http://www.youtube.com/
watch?v=Z9FdgVx_xrM

— The Introduction to Flexible Bronchoscopy

and The Endobronchial Ultrasound and
EBUS-Guided TBNA are specific training
manuals that are available in hard copy as
well as in the form of e-books. Each con-
tains program materials, model schedules
of 1-day seminars, suggestions for elements
of a program completion checklist, specific
simulation scenarios, recommended read-
ing assignments, patient-centered practi-
cal approach exercises, checklists, and
procedure-specific assessment tools. Volumes
pertaining to other aspects of bronchoscopic
practice are being developed.

An encyclopedia of Practical Approach
Patient-Centered Exercises using a four-box
approach to bronchoscopy-related consulta-
tion (includes elements from the initial evalu-
ation, procedural strategies, techniques and
results, and long-term management). Specific
scenarios and case resolutions can be used for
purposes of individual and group study,
assessment, or as content for didactic or inter-
active lecture sessions.

BronchAtlas™  includes a series of
PowerPoint presentations and the
BronchAtlas™ video series, a group of con-
cise problem-oriented text files and short,
hyperlinked videos designed to address spe-
cific issues encountered in daily broncho-
scopic practice. Each text (PDF) file
enunciates the problem (e.g., bronchoscopy
in patients with obstructive sleep apnea) and
uses bullet lists to describe the problem with
greater detail before providing solutions, a
video, and a handful of relevant references.
Files can be downloaded onto IPADs and
mobile devices for easy review.

A series of Bronchoscopy Assessment Tools©
designed as learning instruments provide
objective measures of knowledge acquisition.
Fixed numeric scores are attributed to learners
based on performance of technical skills that
include dexterity, accuracy, anatomic recogni-
tion, navigation, posture and position, econ-
omy of movement, atraumatic instrument
manipulation, pattern recognition, and image
analysis (Fig. 7.5).


http://www.youtube.com/watch?v=phRv73Ik7fI&feature=related
http://www.youtube.com/watch?v=phRv73Ik7fI&feature=related
http://www.youtube.com/watch?v=Z9FdgVx_xrM
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EBUS-STAT 10 Point Assessment Tool

Learner: Year of Training
Faculty Date
Educational Item* Satisfactory
Items 1-10 each scored separately Yes/No
1. Able to maneuver the scope through upper airway into trachea, without Yes/ No
trauma or difficulty (5 points for single item tested)
LI Mouth and Vocal cords | ET Tube L[| Laryngeal mask airway Score /5
2. Able to manecuver scope using white light bronchoscopy within Yes/ No
tracheobronchial tree without trauma (4 points, no partial points)
[} Scope centered in airway lumen avoiding airway wall trauma Score /4
3. Ultrasound image obtained without artifacts (S points, no partial points) Yes / No
Absence of artifacts on image, any target
Score /5
4. Identify major mediastinal vascular structures (4 points per item) Yes/ No
[ Aorta _ Pulmonary artery | Superior vena cava [ Azygos vein [ Lelt atrium
Score /20
5. 1dentify lymph node station (Select 3 targets, 5 points each) Yes / No
[12R 2L J4R TT10R (17 [ 4L [110L 7T T11L [0 11Rs [ 11Ri | Score /15
6. Able to operate EBUS processor (2 points each item) Yes / No
| Gain [ Depth | Doppler Score /6
7. Performance of EBUS-TBNA (1 point each, target 15 points) Yes/ No
1 Advance needle through working channel (neutral position) [ Secure needle Score /15
housing by sliding the flange [/ Release sheath screw ) Advance and lock sheath
when it touches wall [ Release needle screw [ Advance needle using jab
technique [1 Visualize needle entering target node (1 Move stylet in and out a few
times | Remove stylet |1 Attach syringe [ Apply suction [ Pass needle in and
out of node 10-15 times _ Release suction | Retract needle into sheath
Unlock and remove needle and sheath
8. Image analysis: CT scans (1 point each, target 10 points) Yes/No
[JImage 1 [ Image2 1 Image 3 [] Image 401 Image 5 [ Image 6 LI Image 7
1 Image 8 I Image 9 [ Image 10 Score /10
9. Image analysis: EBUS views (1 point each, target 10 points) Yes /No
[TImage 1 [ Image2 1 Image 3 [l Image 4[] Image 5 [ Image 6 [ Image 7
1 Image 8 [ ITmage 9 [ ITmage 10 Score /10
10. Decision-making tasks: (2 points each, target 10 points) Yes / No
[ Image 1 7 Image2 [Tlmage3 [ Imaged4 [ ImageS5 Score /10

* The combined use of the 10 items tests competencies needed to climb the learning curve [rom novice to advanced
beginner to intermediate to competent bronchoscopist able to independently perform EBUS-TBNA.

FINAL GRADE PASS FATL SCORE
Fig. 7.5 Example of EBUS-STAT (checklist and one
component of the EBUS-STAT image quiz), an assess-

ment tool for endobronchial ultrasound, and EBUS-

Tasks Assessment Tool)

/100

guided transbronchial needle aspiration (STAT Skills and
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ITEM 9: Match the photo (A-L) to the corresponding 10 EBUS
views (Only one response per description)

Station 4R adjacent
to pulmonary artery

Needle penetrating
through and

Needle

missing target

Station 4L
adjacent to aorta

superior vena cava through node and pulmonary

and ascending aorta artery

Station 4L adjacent Needle within Normal lung Reverberation

to pulmonary artery lymph node artifact
\\\

Station 7 adjacent to | Hilar node adjacent N ESPON

left atrium

to normal lung

Fig. 7.5 (continued)

Using Assessment Tools to Guide
the Educational Process

Whether learning to play a musical instrument,
participate in a sporting activity, or perform a med-
ical procedure, learning requires acquisition of
technical skill, facts (cognition), experience, and

an understanding about how we relate emotionally
to what we are doing (affect). The effectiveness of
the learning process depends, in part, on the fre-
quency, variety, quality, and intensity of the learn-
ing encounter, as well as on the presence, quality,
interest, skill, and demeanor of the teacher. One’s
natural talents and predisposition, motivation, and
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personality come into play, as do the various writ-
ten, passive, visual, aural, interactive ways that are
used to present learning materials.

Just as tasting is a prerequisite to good cook-
ing, assessments are a fundamental part of learn-
ing. In health professions education, written tests,
performance tests, clinical observation, and other
methods of evaluation such as chart reviews and
oral examinations are used as in high-stakes tests
for certification!® or licensure but are also valu-
able as low-stakes assessments!! that are part of
the learning process during a learner’s quest for
competency.'? In this case, they help document
progress along the learning curve,'? identify gaps
in knowledge warranting remedial or individual-
ized training, uncover strengths and weaknesses
of an educational program, may help identify dif-

O Certification is defined as a process that provides assur-
ance to the public that a medical specialist has success-
fully completed an educational program and undergone
some type of evaluation, which almost always includes a
high-stakes written examination that is designed to test
the knowledge, experience, and skills requisite to the pro-
vision of high-quality care in that specialty (see
ACGME—Accreditation Council for Graduate Medical
Education).

" Low-stakes testing usually does not have pass/fail
thresholds or carry significant consequences. Such assess-
ment would be consistent with an educational process that
emphasizes a quest toward professionalism and compe-
tency (progress along the learning curve) but does not
measure skill or knowledge with significant consequences.
A high-stakes assessment, on the other hand, usually car-
ries significant consequences, such as licensure or pass/
fail certification.

12Competency is the ability gained from knowledge and
skills, which forms a basis for performance. To be compe-
tent means having the ability to activate and utilize spe-
cific knowledge when faced with a problem.

3In medicine, a learning curve, also called an experience
curve, applies to a process where performance improves
as a function of practice. This curve may be more or less
steep depending on the learner’s skill and knowledge, cir-
cumstances, and experience and on whether the procedure
being learned is new or established. We increasingly tend
to differentiate learners into novices, beginners, interme-
diate learners (also referred to by some as advanced
beginners), experienced, and experts, but simpler delinea-
tions of beginner, intermediate, and competent practitio-
ner might also be used. Progress along the learning curve
usually occurs in steps, with learners remaining or choos-
ing to remain on a particular plateau that itself may have
its occasional dips and peaks.

ferent knowledge levels among a group of train-
ees or course participants in order to design a
more individualized sequence of training, and
help determine congruence with self-assessments
performed by learners as part of a feedback or
debriefing session [42].

When cognitive knowledge is assessed using
standardized tests with written multiple-choice
questions or oral interviews, questions should
ideally be validated using specific criteria that
include testing for difficulty and internal reli-
ability. This may not be absolutely necessary
when designing assessment tools where learn-
ing is the major objective. Assessments, con-
trary to tests, have the primary purpose of
giving feedback to both teachers and learners
about gaps in knowledge and how to improve
learning. Technical skill assessments, however,
to be of value across a broad range of learners,
should probably use measures that are validated
in various learning settings, be reliable,* and
have a strong correlation to the procedure being
taught. Checklists can be used to ascertain
progress toward competency in various compo-
nents of a procedure such as ability to obtain
informed consent or safe use of fluoroscopy.
Checklists also democratize knowledge and
have the potential to improve safety and quality
of care [43].

It is noteworthy that validity evidence refers
to the data and information collected in order
to assign meaningful interpretation to assess-
ment scores or outcomes designed for a spe-
cific purpose and at one specific point in time
[44]. Hence, validity refers to score interpreta-
tions and not to the assessment itself [45].
While validity has been traditionally divided
into construct, content, criterion, and face

!“Reliability is defined as the proportion of reproducible
data to random noise recorded by the assessment instru-
ment. Using criterion-referenced testing, concrete criteria
are established and the individual is challenged to meet
them. This explores what proportion of specific content of
knowledge and skills the learners know or are able to per-
form, as opposed to norm-referenced tests that compare
an individual’s performance to the performances of a
group (see http://www.valparint.com/CRITERIO.
HTMreference downloaded May 25, 2012).
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Fig.7.6 Program Introduction to Flexible Bronchoscopy Program
completion checklist Program Completion Checklist
from the Bronchoscopy Educational Ttem* Completed Assessment Item Pass/Fail/Incomplete
Education Project’s Yes/No
Introduction to Flexible 1. Participation in regional | Yes / No Post-test scores Pass / Fail / Incomplete
Bronch()scopy introductory course Targer 12/20
curriculum (60% correct)
Score %
2. Assigned reading: The Yes / No Post-test scores Pass / Fail / Incomplete
Ezssential Flexible Bronchoscopisd Target 7/10 (70%
correct)
Module 1 Yes / No Score Pass / Fail / Incomplete
Module 2 Yes / No Score Pass / Tail / Incomplete
Module 3 Yes / No Score Pass / Tail / Incomplete
Module 4 Yes / No Score Pass / Fail / Incomplete
Module 5 Yes / No Score Pass / Fail / Incomplete
Module 6 Yes / No Score Pass / Fail / Incomplete
3. Sedation module Yes/No Score Pass / Fail / Incomplete
4. Flworoscopy Module Yes/No Score Pass / Fail / Incomplete
5. Informed consent, Yes / No 1C 10-pt Checklist Pass / Iail / Incomplete
patient safety, and Yes / No Target 100%
procedural pause Yes / No Score %% on
simulation workshops each
6. Informed consent, Yes / No 1C 10-pt Checklist Pass / Fail / Incomplete
patient safety, and Yes / No Target 100%
procedural pause Yes / No Score % on
patient-based scenarios cach
7. Practical Approach Yes / No Subjective scores Pass / Fail / Incomplete
interactive workshop Target Pass
8. Plexible bronchoscopy | Yes / No Target scores 100% Pass / IFail / Incomplete
simulation workshop BETAT %
TBLB/TBNA %
9. Flexible bronchoscopy Yes / No Target scores 100% Pass / Fail / Incomplete
patient-based scenario BSTAT %
TBLB/TBNA %
10. Procrored case Yes / No FB 10-pt Checklist Pass / Fail / Incomplere
bronchoscopy checklist Targer 100%
Score %

“When completed, learners are assumed to be able 1o perform flexible bronchoscopy independently. Programs
may still require observation and faculty presence based on training regulations and preferences.

validity, Downing and others consider con-
struct validity (a test measuring what it is sup-
posed to measure) as the whole of validity and
validity evidence as both case and time
specific.'?

The Bronchoscopy Education Project
stresses the importance of using a mastery
training paradigm, whereby the eventual
expected score on an assessment reflects 100%

5In other words, the evidence presented to support or
refute the interpretation assigned to assessment that can
be used for one test administration and is not necessarily
applicable to a different test administration (see Downing
[45, page 22-23]).

correct responses because operators should ide-
ally be able to master each of the constituent
elements of a safe and effective procedure in
order to achieve and document competency.
The main variable that distinguishes different
learners is the slope of the curve, i.e., the time
each learner requires to reach a particular edu-
cational objective [46]. Different facets of the
project, including introduction to bronchos-
copy, endobronchial ultrasound, bronchoscopy
in the intensive care unit, and interventional
bronchoscopy curricula, can be integrated in
part or in whole into ongoing training pro-
grams. A program completion checklist helps
document a learner’s participation as shown in
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this example pulled from the Introduction to
Flexible Bronchoscopy Program (Fig. 7.6).'°

The Ethics of Teaching

“We’re Doctors” proclaims actor Harry Connick
Jr. portraying Dr. Dennis Slamon!” in his plea for
continued research funding in the Lifetime tele-
vision movie Living Proof (Dan Ireland, 2008),
about the discovery of epidermal growth factor
Her2 and subsequent development by Genentech
of the antibreast cancer drug Herceptin. Perhaps
this simple statement, more than any other, justi-
fies taking a new look at how bronchoscopy is
both taught and learned.

As medical practitioners dedicated to the
health and well-being of our patients, it is para-
doxical that for the past 40 years, patients have
suffered the burden of bronchoscopy-related
training. As availability to technology and
computer-based learning increases around the
world and the cost of using alternative learning
materials such as instructional videos, training
models, and simulation decreases, however, edu-
cational processes and philosophies inevitably
change. Learners are already less dependent on
rote memorization, referring frequently to web-
based instruction, digital textbooks, electronic
information delivery systems, and social commu-
nication media available through their computers
and handheld mobile devices.

Those interested in the advantages of “scaf-
folding,” a process by which instructional tech-
niques, materials, and other resources are used to
structure programs that are conducive to a learn-
er’s more rapid ascent of the experience curve,
can excitedly revisit ways to package and deliver
educational materials. The world is rapidly
becoming a global village. By altering our views
and practices, health-care education can better

1While user instructions, checklists, and assessment tools
are provided in the Bronchoscopy Education Project
Faculty Development Training Manual, they can also be
obtained from various professional societies (such as the
ASER and WABIP) and at www.Bronchoscopy.org.
7Currently director of clinical/translational research,
UCLA Jonsson Comprehensive Cancer Center

reflect society’s adoption of new technologies
and fulfill an increasingly verbalized directive for
provider competency, accountability, profession-
alism, and expert medical procedural practice.

Much of the intrinsic value physicians accord
to medical education is derived from knowing
that jobs are well done and that patients are well
served. In this sense, both consequentialist (to
reduce suffering and avoid retribution) and non-
consequentialist ethical arguments (duty, obliga-
tion, and the respect of principles such as
beneficence or justice) enhance intrinsic motiva-
tion and prompt learners freed from the class-
room and the patient’s bedside, to improve their
skills and knowledge by accessing educational
resources using new technologies. Resistance to
this shifting paradigm is futile in light of the
increasing availability of learning materials on
the Internet. Learners cannot be denied access,
nor be restrained from obtaining varying points
of view regarding a certain procedure or
technique. Because access is often free, teachers,
rather than being fearful of their loss of power
and control, should view them as shortcuts to the
learning process. Embracing the digital age and
encouraging learners to access these resources
fosters dialogue and debate.'® Faculty can thus
use face time with learners, whether online or
onsite, more productively to enhance understand-
ing, rectify erroneous interpretations, and teach
how to think and process information.

Curiously, doctors are unfairly expected to be
good mentors and effective instructors without
ever having learned to teach. As mentioned ear-
lier, this presumption is, for the most part, absent
in other areas such as public school, sports, or
music education and represents, in my opinion, a
significant shortcoming of our academic institu-
tions and profession. Very few bronchoscopists
have been offered seminars specifically designed

8Tinsley and Lebak expanded on Vygotsky’s contructiv-
ist theories, describing a zone of reflective capacity in
which adults increased their ability for critical reflection
through feedback, analyses, and evaluation of one anoth-
er’s work in a collaborative environment (see Lebak, K. &
Tinsley, R. Can inquiry and reflection be contagious?
Science teachers, students, and action research. Journal of
Science Teacher Education;2010:21;953-970).
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to teach educational methodologies [47], team
dynamics, communication techniques, leader-
ship, presentation skills, or conflict resolution.
Even fewer have received formal instruction in
behavioral psychology or learned to evaluate and
relate to students with different individual pro-
pensities for learning.'

When learners teach: the journey from novice
to mastery and back again.

For those interested in teaching, a fascinating
yet challenging journey lies ahead. Physicians
already adept at bronchoscopic interventions but
less knowledgeable about education can experi-
ence the thrill and insecurity of becoming nov-
ices again. In addition to renewing interests in
bronchoscopy-related knowledge and techniques,
teachers can find out more about how social
media facilitates communication with a new gen-
eration of learners at a time that is most conve-
nient for both. We can become skillful using
programs and devices for editing audio and video
files, creating e-books, constructing learning
platforms, and delivering educational materials.
We might also explore websites like Coolmath,
SuccessMaker, and Khan Academy to experience
how interactive online programs effectively
encourage learning.’ During our quest we will
learn more about ourselves, and while not quite
identical to Dorothy’s journey along the yellow
brick road to Oz, we will also become increas-
ingly knowledgeable of five structural elements
crucial to the educational process: curricular

YFenstermacher and Soltis describe a humanistic teach-
ing approach, whereby teachers strive to impart knowl-
edge within an environment in which learning has
personal meaning for the learner. By adopting various
teaching techniques, facilitator (coaching), executive
(modifying the curriculum based on review of assessment
results), or liberationist (fostering discovery and creativ-
ity), for example, liberationist educators, might alter their
teaching methods on the spot according to the medical
learning environment and to fit the many different ways
individual learners learn (italics are mine).

2David Ausubel (1918-2008) in his meaningful reception
theory where, contrary to rote memorization or discovery
learning based on problem-solving, one’s knowledge of
new material is enhanced if the material is related to rele-
vant ideas within the learner’s existing cognitive structure
(http://tip.psychology.org/ausubel.html, downloaded
December 27, 2010)

design, content development, instructional meth-
odology, teaching techniques, and flexible assess-
ment tools that accurately measure what is
learned and identify what remains to be taught.
“In learning you will teach, and in teaching, you

will learn”
From Son of Man (1999), lyrics by Phil Collins

The Future Is Now

In this chapter, I provided a brief overview of cur-
ricular structure and delivery; described an exam-
ple of a structured instructional program, that is,
the WABIP-endorsed Bronchoscopy Education
Project; explained how assessment tools and
checklists are used to help guide the educational
process; and argued that an ethics of teaching jus-
tifies the paradigm shift from a “see one, do one,
teach one” bronchoscopy education model to one
where learner-centric behaviors are the focus and
target of a laddered learning philosophy. By
freely using footnotes and supplemental tables, I
tried to clarify terminologies and help enhance
the reader’s knowledge and understanding of
educational processes (Fig. 7.7).

Change is a slow process and, by definition,
incites resistance. During the last few years,
however, and even since the last edition of this
textbook, we have witnessed the enthusiastic
adoption of new educational philosophies and
innovative teaching modalities. Assessment
tools and checklists are increasingly advocated,
and physician-educators, recognizing that wear-
ing a white coat in and of itself does not make
one an ‘“educator,” are obtaining advanced
degrees in education. Programs are being
designed and implemented to help bring a more
uniform approach to the bronchoscopy educa-
tional process, including translations of key
texts and videos (Fig. 7.8), official endorse-
ments of structured training modalities by
national and international bronchology organi-
zations, and introduction of new assessment
tools in other fields of interventional pulmonol-
ogy (such as the UGSTAT developed and offi-
cially endorsed by the TSANZ [48]). Consistent
with the move toward increasing use of artificial
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ITALIAN

L’ESSENZIALE
IN BRONCOSCOPIA

Supervisore: Professor Lorenzo Corbetta

Translated from the English: The Essential Bronchoscopist® (by Henri Colt)

."J
‘1“ BRONCHOSCOPY
INTERNATIONAL « N

rak_e

Universita di Firenze, 2016

ROMANIA

ESENTIALUL
IN BRONHOLOG

.

IE

Coordonator: Marioara Simon

Translated from the English: The Essential Bronchoscopist® (by Henri Colt)
e

'1" BRONCHOSCOPY
INTERNATIONAL =

and Editura Risoprint, Cluj-Naboca, 2015

Fig.7.7 Examples of translations of The Flexible Essential Bronchoscopist in Italian and Romanian

/ \ bronchpilot sucw

Fig. 7.8 Example of the Sharp Visions Software iPad-based BronchPilot Anatomy and Samsung-based BronchPilot
Virtual programs help bring individualized learning to the forefront of the educational process

intelligence, long-distance learning, inverted
classroom teaching modalities, and advancing
technology, educators are also working toward
greater democratization, making learning mate-
rials globally available and accessible regard-
less of one’s place of work or practice. An
example of using these new technologies is the
WABIP-endorsed BronchPilot Anatomy pro-
gram that is an iPad-based learning modality,
whereby learners can drive a flexible broncho-
scope through the airways while simultaneously
accessing 3D reconstructions of airway and
mediastinal anatomy. The Samsung-based plat-

form used for the new BronchPilot Virtual pro-
gram is another step forward, using fully
immersive virtual reality that allows the learner
to virtually “be the bronchoscope” examining
the airways through a self-guided tour (Fig. 7.8).
These new teaching modalities, accompanied by
more accepted and conventional (how times
change, for just a few years ago these modalities
were considered to be innovative and new)
methods providing access to Internet-based
learning materials and interactive presentation-
like programs, provide learners of the future
with a veritable Bronchoscopy University at
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their fingertips. That future, most excitingly, is
already upon us, beckoning teachers and learn-
ers alike to become agents of change in a world
where step-by-step, one person at a time, can
indeed change the world.
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Tracheobronchial Obstructions



Reopening the Airway:

Fast Methods

Michela Bezzi and Marco Trigiani

Introduction

Central airway obstruction can occur secondary
to a number of lung primary or secondary malig-
nancy and benign processes. These may cause
vegetation, infiltration, or compression.

Interventional options for central airway
obstruction are subject to the availability of expe-
rienced personnel and equipment. Also, the
degree of obstruction and severity of symptoms,
the nature of the disease, and the patient’s overall
prognosis and quality of life impact the choice of
intervention [1-5].

Lung cancer is the leading cause of cancer-
related deaths in both men and women.
Approximately 30% of lung cancer patients will
develop central airway obstruction, making pal-
liative airway treatments essential to improve
quality and length of life [6].

Control of ventilation and hemorrhage is para-
mount in the management of central airway
obstruction, and rigid bronchoscopy has proven
to be an excellent tool to provide airway access
and control for these therapies [7].

The main indication for rigid bronchoscopy in
interventional pulmonology in adult patients
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remains central airway obstruction due to malig-
nant or benign tumors. Negative pressure ventila-
tion (NPV) with general anesthesia is used to
prevent intraoperative apnea and respiratory aci-
dosis [8]. This technique allows opioid sparing
and a shorter recovery time and avoids manually
assisted ventilation, thereby reducing the amount
of oxygen needed while maintaining free access
to the airways with optimal surgical conditions.
The major indication for NPV rigid bronchos-
copy is airway obstruction by neoplastic tracheo-
bronchial tissue, mainly treated by laser-assisted
mechanical resection (LAMR). NPV rigid bron-
choscopy is an excellent tool for the endoscopic
treatment of locally advanced tumors of the lung,
especially when conventional therapeutic
resources have been ruled out or are not tempo-
rarily feasible. LAMR and stent placement are
the most effective procedures for preserving
quality of life in patients with advanced stage
cancer.

Endobronchial therapy for malignant tumors
is purely palliative and should only be performed
in nonsurgical cases. Surgical resection is feasi-
ble only in about 25% of patients with lung can-
cer, and less than 30% of these survive longer
than 5 years. Thus, more than 90% of these
patients require palliative treatment. Thirty per-
cent of lung cancers cause obstructions of the tra-
chea and main bronchi [9] with consequent
respiratory distress, bleeding, and infection. The
technique of endobronchial coagulation and
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disobstruction plays a pivotal role in all these
situations, since conventional treatment with
chemo- and radiotherapy is often performed with
unsatisfactory results with regard to the endo-
bronchial component of the tumor [10, 11]. In
symptomatic patients with inoperable obstructive
central tumors, endoscopic coagulation and deb-
ulking allow restoring of airway patency, pallia-
tion of symptoms, and improvement of quality of
life.

Though, strictures and critical airway steno-
ses may also result from benign conditions
involving the central airways. For patients ame-
nable to surgery, resection and reconstruction
are the best therapeutic options. However,
whenever surgery is not feasible or non-indi-
cated, endoscopic therapies are essential [12]
since airway obstruction due to benign endo-
bronchial obstruction may also be amenable to
laser resection. Such lesions include benign
tumors, inhaled foreign bodies, stenoses due to
granulation tissue, intubation injuries, postradi-
ation strictures, complications of tracheal or
bronchial resection and anastomosis, or weblike
strictures from inhalation injury and also benign
exophytic disease with either mucosal infiltra-
tion or circumferential narrowing due to granu-
lomatosis with polyangiitis, amyloidosis, or
tuberculosis.

Endoscopic laser resection (LAMR) should be
the first therapeutic choice for exclusively endo-
luminal central benign tumors. Surgery should be
limited to those cases with partial or exclusive
extra bronchial growth.

The advent of endoscopic therapies has also
deeply modified the approach to the management
of inflammatory, iatrogenic tracheobronchial
strictures. Candidates for bronchoscopic laser
resection include those who are not eligible for
open resection (because of age, overall medical
status, fear of surgery, severity of other underly-
ing diseases, or the extent, location, and degree of
the stricture) but also severe dreadfully symp-
tomatic stenoses. Interestingly, most simple ste-
noses (e.g., weblike stenoses or stenoses without
cartilage involvement) can be successfully dilated
through LAMR and after this surgery could no
longer be necessary [13].

Clinical Presentation

Central airway obstruction may cause a variety of
symptoms, from shortness of breath to respira-
tory failure and death. The hallmark of the
severely compromised airway is impairment of
oxygenation and ventilation. Patients may
develop symptoms suddenly or more gradually;
the onset and progression of symptoms depend
upon the nature of the disease (acute with foreign
bodies, slowly progressive with an expansive goi-
ter) and the location of the lesion (tracheal vs.
bronchial).

Symptoms and signs develop when airflow
impairment reaches a critical threshold. Patients
complain of shortness of breath, which is often
constant and unresponsive to bronchodilators.
Monophonic wheezing may be present and can
be unilateral if the lesion is distal to the carina.
Stridor is a sign of severe subglottic or tracheal
obstruction. Breathing becomes labored in
advanced phases and heralds impending respira-
tory failure. In the decompensated patient, imme-
diate restoration of ventilation and oxygenation
is of vital importance.

Patients with minor obstruction are often
asymptomatic, since airflow limitation is mild.
However, rapid deterioration may occur if swell-
ing or secretions increase the degree of luminal
impingement during a respiratory tract infection.

It is not uncommon for patients with subcriti-
cal lesions to be misdiagnosed as suffering from
an exacerbation of asthma or chronic obstructive
pulmonary disease (COPD) while the true etiol-
ogy is anatomic airway obstruction. Patients with
airway obstruction also frequently present with
pneumonia; if symptoms and/or radiographic
infiltrates do not resolve within 4-6 weeks, or
recur after therapy, bronchoscopy should be
considered.

Imaging techniques can be employed to con-
firm the presence of central airway obstruction
and estimate its magnitude: plain chest radio-
graphs are rarely diagnostic. If an airway lesion is
suspected and time permits, a high-resolution
chest computed tomography (CT) could prove
helpful [1]. In a stable patient, spirometry can
also show the characteristic changes of airway



8 Reopening the Airway: Fast Methods

113

obstruction on flow volume loops, frequently
before abnormalities in the spirometric volumes
are noted. Direct bronchoscopic visualization is
the gold standard though for confirming the pres-
ence of airway obstruction, and also it aids in dis-
cerning its etiology. Often the differentiation of
endobronchial or extrinsic lesions can be accom-
plished only at bronchoscopy (Fig. 8.1a—d).
Management of critical central airway
obstruction requires initial stabilization of the
patient with secure access to the airways to per-
mit ventilation. Further interventions can then be
considered. In a stable patient, imaging studies

and pulmonary function tests should be obtained
as mentioned above. In patients with severe tra-
cheal or bronchial obstruction and limited lung
function, flexible bronchoscopy can be performed
only after the airway has been secured (orotra-
cheal tube/deep sedation or general anesthesia)
and appropriate gas exchange documented.
During the bronchoscopic examination, the air-
way is inspected, lesions are assessed, distal
secretions are suctioned, and diagnostic samples
are obtained if needed. This information is used
to plan further interventions aimed at opening the
airways and maintaining patency. After the

Fig. 8.1 (a—d) Extrinsic/intrinsic stenosis before and after treatment



114

M. Bezzi and M. Trigiani

patient has been stabilized, he should be trans-
ferred to an interventional pulmonary department
where a dedicated team is available.

In case of severe tracheal obstruction, the use
of the open ventilating rigid bronchoscope is the
preferred method of airway control. The rigid
bronchoscope not only provides a secure airway
during visualization but is also a therapeutic tool.
It is the preferred instrument for unstable patients
especially when significant bleeding can be
expected. The airway can be dilated with the bar-
rel of the scope [2]. During this procedure, the
patient is intubated with the instrument under
general anesthesia. The optical telescope is
advanced through the stenotic airway opening

and the barrel then pushed through the obstruc-
tion in a rotating motion. Bleeding is usually
minimal due to compression of the lesion by the
rigid scope (Fig. 8.2). In one session, using the
rigid bronchoscope under general anesthesia,
immediate good results can be achieved: bron-
chial recanalization with improvement of ventila-
tion and drainage of post-stenotic secretions.
Dilation is immediately effective for intrinsic and
extrinsic lesions, but the results are usually not
lasting. For this reason, multimodality approaches
featuring a combination of several interventions
are preferred for their mucosal sparing effects
and long-term success over dilation alone [1-3].
The number and scope of therapeutic options

Fig.8.2 Tumor resection with the rigid bronchoscope
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have increased dramatically, and a given inter-
vention must be chosen carefully in the context
of an individual patient’s situation. They can be
divided into “slow methods” such as photody-
namic therapy, cryotherapy, and brachytherapy or
fast methods: laser, argon plasma coagulation
(APC), and electrocautery (EC). Fast methods
will be the topic of this chapter whereas slow
methods are described elsewhere in this book.
Laser therapy more often integrates rigid bron-
choscopic resection; this procedure is worldwide
known as laser-assisted mechanical resection
(LAMR) and represents the safest and more
effective way to obtain all potential effects of
laser in bronchoscopy. Some authors use laser
with the flexible bronchoscope with limited
safety and efficacy if compared to LAMR [14].
Different operating modalities allow tissue-light
interaction with diverse thermal tissue modifica-
tions such as vaporization, coagulation, resec-
tion, or incision of obstructing lesions [15]. Laser
therapy was originally indicated for short endo-
bronchial central airway lesions with a visible
distal lumen. Bronchoscopists who become
familiar with the technique will use it even in
complete stenoses where the distal bronchial tree
can only be reached using the suction tube and
the rigid bronchoscope basing upon precise
knowledge of the anatomy and preferably with
support from CT scan images. In these cases the
combination of rigid bronchoscopy and laser fir-
ing is crucial. The technique is most commonly
applied in cases of malignant intrinsic airway
obstruction or in post-intubation tracheal steno-
sis. The effects upon airway lumen size are usu-
ally immediate and accompanied by excellent
control of bleeding.

EC and APC also rely on thermal tissue
destruction. With EC, a high-frequency current is
applied to the lesion with bipolar probes. When
the current is directly applied to the tissue, heat
develops and leads to tissue necrosis. EC is tradi-
tionally defined “the poor man’s laser” since it
can mimic the effects of laser firing when vapor-
ization and resection are needed with a less
expensive equipment. APC is a related therapeu-
tic intervention. Argon gas is emitted through a
flexible Teflon tube. This gas is ionized because

of exposure to high-frequency current and an
electric arc is formed which allows for desicca-
tion and tissue destruction. It is a valuable tool in
treating superficial bleeding and debulking gran-
ulation tissue and tumors. Indications, equip-

ment, application, and outcomes of these
techniques will be extensively discussed
hereafter.

Laser-Assisted Mechanical
Resection

History and Historical Perspectives

1897—Gustav Killian performed the first rigid
bronchoscopy to remove a pork bone from the
right main bronchus of a young man [16].

1907—Few years later, in the USA, Chevalier
Jackson published his landmark book
Tracheobronchoscopy, Esophagology and
Bronchoscopy [17].

1987—Dumon designed a flexible, multisized,
studded silicone stent that gained worldwide
popularity in the field of operative rigid bron-
choscopy [18].

Nonetheless, until the early 1980s, the endo-
scopic treatment of central airway obstruc-
tions was hazardous and often inadequate.
Mechanical resection was performed using
the rigid bronchoscope and rigid biopsy for-
ceps with high risk of bleeding. Even when
successfully managed, it provided only short-
term results. Endoscopic electrosurgery and
cryotherapy were then introduced to reduce
the risk of bleeding and prolong palliation.
These methods though provided only delayed
recanalization also carrying an unpredictable
risk of damage to the adjacent healthy tissue.

1982—The advent of laser immediately proved
very useful in reducing hemorrhages. Once an
appropriate technique for the treatment of the
implantation base was developed, laser coagu-
lation in depth proved also quite effective in
prolonging palliation in central airway
obstruction due to lung cancer.

Bronchoscopic mechanical resection turned then
into laser-assisted mechanical resection
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(LAMR). Nowadays, LAMR through rigid
bronchoscopy remains the best tool for the
safest management of airway obstructions.

Indications and Contraindications

Bronchoscopic laser resection (LAMR) can
relieve malignant and benign intraluminal
tumors, particularly exophytic proximal airway
lesions, but it has no role when the obstruction is
caused by pure extrinsic compression [19, 20].
Laser is also useful in the treatment of benign
diseases such as cicatricial tracheobronchial
stenoses.

Malignant and Benign Tumors
Airway obstruction from bronchogenic carci-
noma is the most frequent indication for laser
resection. It is typically employed in patients who
have exhausted their therapeutic options, although
some may be eligible for salvage chemotherapy,
brachytherapy, or surgical resection [2, 3, 21].
Other malignant causes of central airway
obstruction that have been managed by laser
resection include the so-called low-grade malig-
nancy such as adenoid cystic carcinoma, muco-
epidermoid carcinoma, and bronchial carcinoids.
Finally, common indications for LAMR are

Fig. 8.3 (a, b) Polypoid lesions

endobronchial metastases from melanoma, colon,
kidney, and breast cancer [22, 23].

The major aim of laser therapy in malignant
central airway obstruction is to recanalize the tra-
cheobronchial tree and restore adequate ventila-
tion with subsequent drainage of post-stenotic
secretions. It is the location and macroscopic
appearance of a tumor, rather than its histological
type, which determine whether or not laser ther-
apy can be useful. Because of their immediate
accessibility and severe impact on ventilation, the
best results are obtained in tumors located in the
trachea or main bronchi, which is in fact where
obstruction causes the greatest respiratory dis-
tress. On the contrary, tumors obstructing seg-
mental bronchi do not impair ventilation to the
degree that severe symptoms are produced.
Furthermore reduced accessibility with the laser
fiber and the thin walls of these bronchi increases
the difficulty of laser delivery and the risk of per-
foration. The sole indications for laser disob-
struction of segmental bronchi are prevention of
bleeding in case of highly vascularized lesions,
drainage of distal purulent secretions (postob-
structive pneumonia), and cure of benign tumors.

It is very important for the endoscopist to
identify the base of the obstructing endobron-
chial tumor. Polypoid tumors are easy to remove
and often completely resectable (Fig. 8.3a, b).
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Intraluminal tumors with infiltration of the air-
way wall cannot be treated completely. Though,
if the airway lumen is not seriously reduced by
tumor infiltration, ventilation is usually not
impaired appreciably, and laser resection may not
be necessary.

For occluding endobronchial tumors with sig-
nificant extraluminal (even mediastinal) growth,
laser treatment alone is frequently unsuccessful.
Although the endoluminal component may be
initially successfully removed, the airway is
quickly re-obstructed as a result of further
growth, extrinsic compression, and/or endobron-
chial migration of the tumor. In these cases, laser
treatment is to be considered as preliminary to
stenting, or, if the extraluminal component is
only limited in depth and not compressing,
brachytherapy might prove useful. Pure extrinsic
compression is a major contraindication for
endoscopic laser treatment, being it amenable to
immediate stenting.

Regardless of impact on ventilation, location,
or macroscopic appearance, vascular tumors pro-
ducing hemoptysis represent a good indication
for laser bronchoscopy. Although the tumor is
often not completely resected, short-term reduc-
tion or ceasing of bleeding occurs systematically
after laser coagulation.

Stable Conditions

In all of the previous conditions, endoscopic
resection allows a precise assessment of the
extent of the tumor, shifting to surgery patients
originally considered to have inoperable disease
or allowing lung-sparing resections [24].

The combination of endobronchial laser ther-
apy with other palliative therapies is possible and
can be extremely advantageous. The addition of
radiotherapy is particular useful either by external
beam radiation or endobronchial brachytherapy,
with extension of the palliation. When indicated,
laser resection will be performed before radio-
therapy, because preventive laser recanalization
of obstructed airways allows improved functional
status. Furthermore, it is well known that radio-
therapy and chemotherapy are poorly effective on
the endoluminal component of the tumor [7, 8].
Similar therapeutic algorithms for the manage-
ment of central airway neoplastic obstructions
have been described by different authors [25, 26].
Figure 8.4 is an example [27].

Tumors with Uncertain Prognosis

Tumors with uncertain prognosis lump together
several tumors characterized by slow growth and
rare tendency to metastasize; among these,
carcinoid tumors, adenoid cystic carcinomas,
and mucoepidermoid carcinomas are the most
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common in the airways. The same histological
type can present with different grades of malig-
nancy. As for malignant tumors, laser therapy is
mainly palliative or in some cases useful for a
better surgical assessment.

Local cure may exceptionally be achieved
when the tumor has a small and localized base
and a low-grade malignancy. This different ther-
apeutic approach in relation to the different
tumoral characteristics is to be considered only
for typical carcinoid tumors. Atypical carci-
noids, i.e., well-differentiated neuroendocrine
carcinomas, can deeply infiltrate the bronchial
wall and produce an appearance similar to the
bronchogenic carcinoma. In most cases the
tumor cannot be removed completely and recur-
rence after laser resection is expected. On the
contrary, typical carcinoids can be considered as
more benign lesions; their macroscopic and
microscopic aspect is similar to benign neo-
plasms. They are defined as well-differentiated
neuroendocrine tumors, normally growing
exclusively inside the bronchial lumen as polyps
with a narrow base. In these cases, laser-assisted
mechanical resection (see further) can be cura-
tive [28, 29] (Fig. 8.5).

Although rare, benign tumors are the best
indication for laser therapy. If exclusively endo-
luminal, endoscopic laser resection should be the

Fig. 8.5 Carcinoid tumor

first therapeutic choice for such tumors, as they
are usually polypoid and rarely recur if the tumor
base can be well photocoagulated with the laser.
Surgery should be limited to those cases with
partial or exclusive extra bronchial growth.

Benign Conditions

Airway obstruction due to benign conditions
may also be amenable to LAMR. Such lesions
include inhaled foreign bodies, stenoses due to
granulation tissue, intubation injuries, postra-
diation strictures, lung transplantation, tracheal
or bronchial resection and anastomosis, or web-
like strictures from inhalation injury; other pos-
sible conditions affecting the airway lumen are
represented by benign exophytic disease with
either mucosal infiltration or circumferential
narrowing due to granulomatosis with polyan-
giitis (formerly called Wegener’s granulomato-
sis), amyloidosis, tuberculosis, or endometriosis
[30].

Generally speaking, patients who have benign
airway strictures due to causes other than infec-
tion should always be considered for open surgi-
cal resection [2, 3].

Candidates for bronchoscopic LAMR include
those who are not candidates for open resection
because of age, overall medical status, fear of
surgery, severity of other underlying disease, or
the extent, location, and degree of the stricture.

The advent of endoscopic therapy has deeply
modified the approach to the management of iat-
rogenic tracheobronchial strictures [31, 32].

In particular immediate laser recanalization
must be considered as the first choice treatment
in severely symptomatic and progressive ste-
noses, putting the patient at risk of death. In
such conditions, bronchoscopic recanalization
could avoid urgent tracheotomy, which could
be responsible for further damage to the tra-
chea. It is almost always possible to obtain
rapid and immediate good results, indepen-
dently of the type of stenosis. Once the emer-
gency has been handled, there will be more
time to consider the best treatment strategy
(Fig. 8.6a, b). In case of relatively indolent ste-
noses without severe ventilation impairment,
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Fig. 8.6 (a, b) Severe tracheal stenosis

endoscopic therapy should be considered as an
alternative to open surgery when the latter is
temporarily nonfeasible or contraindicated.
Even, patients eligible for resection could ben-
efit from a preliminary endoscopic treatment to
allow stenosis stabilization and precise delimi-
tation. Complications to open surgery such as
granulomas or restenosis can be effectively
treated endoscopically. In some selected sim-
ple stenoses (e.g., weblike stenoses or stenoses
without cartilage involvement), stable good
results can be achieved after laser-assisted
mechanical resection, and surgery could no
longer be necessary [33-38].

For the treatment of inflammatory strictures of
the trachea, it has been recently proposed a com-
bined technique using real-time bronchial endo-
sonography to evaluate and limit the possible
laser-induced damage during resection, but this
procedure is affected by elevated costs and
unavailability in most endoscopic centers [39,
40].

Also, cold instruments such as hand scissors
have been proposed occasionally as an alterna-
tive to laser for cutting the stenosis radially.
Compared with laser, the main advantages are the
user-(more)friendly technology and low costs
and the absence of thermal damage.

This method is apparently easy to perform and
safe and facilitates the resection of simple ste-
notic scars. It should be considered cautiously
though considering the small number of cases
reported and should be corroborated by larger
studies [41].

Description of the Equipment
Needed

The word LASER is the acronym of light ampli-
fication by stimulated emission of radiation. The
main components of a laser are the laser cavity,
the pumped material, and the pumping system.
The cavity is a reflecting cylindrical camera with
mirrors at each extremity, one of which is par-
tially reflective. When, inside the camera, an
active substance is electrically or optically stimu-
lated, it spontaneously emits photons, which are
reflected by the mirrors through the active sub-
stance itself producing new photons with the
same wavelength (and energy) and direction. The
result of this stimulated radiation is a laser beam.
The wavelength depends on the nature of the
active material that is stimulated. For example,
Nd:YAG laser emits in the infrared range at
1.064 nm.
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The main characteristics of a laser beam are:

— Coherence (the waves emitted are in phase)

— Collimation (the waves are parallel to each
other)

— Monochromaticity (the waves are all of the
same length)

These properties allow concentration, without
loss of power, of the laser beam on a small target.
When using laser, one should always have a pre-
cise knowledge of a few physical aspects:

— Laser power is the power erogated by the laser
and can be exclusively regulated through the
leaser equipment. It is measured in watts (W).

— Laser energy is affected by the time of exposi-
tion in a physically determined manner:

Laser Energy (Joule) = Power (Watt) x time (s)

— Laser power density is strongly dependent on
the extension of the impact surface:

Power Density (Watt/cm?)
= Laser Power (Watt)/surface (cm?)

Releasing high power density can cut and
vaporize living tissue. A lower power density
laser can rather coagulate tissue determining
necrosis or hemostasis without loss of
substance.

The interaction between laser and living tis-
sues also depends on many other factors, such as
wavelength, distance from fiber to target, angle of
incidence, color of impact surface, exposure
time, absorption, and penetration in depth of the
radiation. The thermal effects are the best known
and the most used.

With regard to temperature, below 50 °C, we
obtain tissue necrosis and inflammation, at a
higher temperature vaporization is observed.
Power density is inversely proportional to square
distance. Penetration, which is inversely propor-
tional to absorption, depends on the frequency of
the radiation, tissue color, and its vascularization.

There are many types of biomedical lasers,
including the carbon dioxide (CO,) laser, the
neodymium-yttrium-aluminum-garnet
(Nd:YAG) laser, neodymium-yttrium-aluminum-
perovskite (Nd:YAP) laser, argon ion laser,

excimer laser, potassium titanyl phosphate (KTP)
laser, alexandrite laser, diode lasers, pulse dye
lasers, and the most recent thulium laser.

CO, laser was the first laser used in bron-
choscopy. It is invisible (10,600 nm in infrared
range) and is transmitted to the tissue through
an articulate arm composed of mirrors. These
characteristics limit its application in bronchial
endoscopy. Biologically, tissue vaporization is
precise and efficient because of low penetration
in depth; yet low penetration determines poor
hemostasis.

The laser that is most commonly used for
bronchoscopic laser resection is the Nd:YAG
laser. Its energy is delivered through flexible
quartz fibers that are inserted through either a
rigid or flexible bronchoscope. The wavelength
of this laser (1064 nm) is invisible; thus, a red
helium-neon beam is used to indicate where the
laser energy will be applied.

It delivers sufficient power to vaporize tissue,
also producing a good coagulating effect. The
active substance is a crystal of yttrium-aluminum-
garnet doped with neodymium.

A 1320 nm Nd:YAG laser is also available
with greater cutting and vaporization effects,
especially in low vascularized tissues with high
water content.

Coagulation and vaporization are produced by
a thermal effect, which is not limited to tissue
surface: the laser beam can be transmitted as
deep as 1 cm. Tissues, depending on the color of
the surface and laser power density, differently
absorb this radiation. The beam can pass through
a pale and low vascularized tissue without a visi-
ble effect, but it will be absorbed by a dark sur-
face limiting penetration in depth.

Diode laser is a differently conceived laser
exploiting a semiconductor diode technology.
When electric current passes through a diode, it
emits a laser radiation. Diode technology reduces
problems related to the laser cavity complexity,
allowing the design of portable, compact, and
high-power air-cooled lasers. It is available in
different wavelengths (808, 940, 980, and
1470 nm). The 808 and 940 nm is exclusively
absorbed by hemoglobin, making this laser very
useful for treating highly vascularized tissues,
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but absolutely indolent if fired on a white surface.
The 980 and 1470 nm is also well absorbed by
water and so very effective when treating white
tissues too.

In Nd:YAP laser, the active substance is
yttrium-aluminum-perovskite, with a wavelength
of 1.340 nm, which is absorbed by water 20 times
more than the 1.064 nm of the Nd: YAG, thus pro-
viding a better effectiveness-power ratio.
Coagulation is particularly good.

Thulium laser has more recently been consid-
ered for endobronchial application. The 2-pm
wavelength emitted by Cyber TM (thulium) laser
is strongly absorbed by water resulting in an out-
standing coagulation and aero-hemostatic effects
with preservation of the surrounding tissue. Since
2-pm laser wavelength is strongly absorbed by
water, which is ubiquitous in all tissues, the speed
of cutting and vaporizing will remain relatively
constant regardless of tissue vascularization.
Energy from the thulium laser penetrates only
fraction of millimeter in the tissue, with a high
degree of control and substantially reduced risk
of inadvertent injury.

In practice, the ideal laser in bronchoscopy
should be transmissible by fiber, safe, easy to set
up and use, cheap, and portable. It should pro-
duce many and sometimes opposite specific
effects: excellent coagulation so as to control
bleeding and different resecting modes accord-
ing to clinical occurrence. For cicatricial steno-
sis, mainly post-intubation tracheal stenosis,
lasers should be as precise as a scalpel to spare
the surrounding tissues; on the contrary, for
endoluminal neoplastic masses, a vaporizing

effect on large volumes is needed. More impor-
tantly, high penetration of energy without loss
of substance, producing deep thermal damage
and consequently a cytocidal effect, is required
to treat the tumor base in depth and delay
(malignant tumors) or even prevent recurrences.
This is the principle for cure in benign, strictly
endoluminal tumors, typical carcinoids, carci-
noma in situ, and early cancers. All these char-
acteristics do not perfectly coexist in the same
laser, so the interventional pulmonologist has to
choose the best compromise or use more than
one tool.

Rigid Bronchoscopy

The rigid bronchoscope is a straight hollow stain-
less steel tube ~40—45 cm long. Its caliber varies
from 6.5 to 13.5 mm. The distal end of the rigid
bronchoscope is beveled, allowing mechanical
resection of obstructing lesions. The proximal
end is conceived with several side ports where
instruments can be placed or ventilation tubes
can be connected. Zero-degree telescopes are the
devices most commonly used to visualize the air-
way through the rigid scope. Angled telescopes
are uncommon; more frequently a flexible bron-
choscope can be used in combination with the
rigid scope for lobar and segmental bronchi
visualization.

The Efer-Dumon bronchoscope consists of a
“universal head” to which multiple bronchoscope
barrels of varying lengths and diameters can be
attached (Fig. 8.7a). This bronchoscope is also
designed to deploy endoluminal silicone stents
using custom-made stent introducers (Fig. 8.7b).

Fig. 8.7 (a) An Efer-Dumon rigid bronchoscope set with
the “universal head,” several bronchoscope barrels of
varying lengths and diameters, a rigid 0° telescope, a pair

of optic forceps, and a light wire. (b) A set of silicone
stent delivery systems of different diameters
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Application of the Technique

Most bronchoscopic laser resection will be per-
formed via rigid bronchoscopy in the operating
room with general anesthesia [28-30]. In fact
laser therapy normally integrates rigid bron-
choscopic resection; this procedure is world-
wide known as laser-assisted mechanical
resection (LAMR) and represents the safest and
more effective way to obtain all potential effects
of laser in bronchoscopy. Some authors use
laser with the flexible bronchoscope with lim-
ited safety and efficacy if compared to LAMR. It
is performed in a specially equipped bronchos-
copy suite with topical anesthesia and con-
scious sedation [14]. During LAMR patient’s
oxygenation and ventilation can be supported
through the rigid bronchoscope by spontane-
ous-assisted ventilation or jet ventilation.
Intermittent negative pressure ventilation (pon-
cho) is another ventilation modality associated
with lower incidence of complications such as
acidosis due to hypercapnia [8]. Muscle relax-
ants and paralytic agents can be helpful during
general anesthesia because they prevent the
patient from coughing during the endoscopic
maneuvers and they facilitate insertion of the
rigid bronchoscope.

Fig. 8.8 Intermittent
negative-pressure
ventilation (poncho)

Ventilation System and Anesthesia
Originally, rigid bronchoscopy was performed
during spontaneous-assisted ventilation with
general intravenous anesthesia, which maintains
spontaneous breathing [7]. Low levels of respira-
tory acidosis are virtually unavoidable with this
method particularly during complex long-lasting
procedures [8].

Positive pressure ventilation and jet ventila-
tion are popular ventilation modalities but neither
guarantees effective ventilation and safety, and
both can limit surgical options. In addition, they
carry the risk of intraoperative pneumothorax or
pneumomediastinum [42].

Negative pressure ventilation (NPV) can
safely be used as an alternative [43]. This proce-
dure allows opioid sparing and a shorter recovery
time, prevents respiratory acidosis, and avoids
manually assisted ventilation while maintaining
optimal surgical conditions [44] (Fig. 8.8).

Both external high-frequency oscillation

(EHFO) and NPV ensure effective ventilation and
comfortable operating conditions in the majority
of patients. Some patients may receive inadequate
ventilation with EHFO, developing respiratory
acidosis and requiring manually assisted ventila-
tion. In comparison with NPV, EHFO requires a
higher fraction of inspired oxygen [8].
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Effects of Laser and Laser-Assisted
Mechanical Resection

The four main effects laser can provide are coag-
ulation and resection, vaporization, and incision
(Table 8.1).

Laser resection is generally facilitated by the
use of the rigid scope in the so-called
laser-assisted mechanical resection already
mentioned before.

Laser coagulation involves directing the laser
at the target lesion, devitalizing the lesion via
photocoagulation of the feeding blood vessels, so
that the devitalized tissue can be more easily
removed with the beveled edge of the broncho-
scope, forceps, or suction minimizing the risk of
bleeding. Coagulation is possible because the
laser penetrates tissue to a depth of up to 10 mm
in an inverted cone fashion and provides reliable
photocoagulation at this depth. Moving the laser
closer to or farther from the target tissue can alter
its power density.

Vaporization is possible because energy
from the laser is relatively well absorbed by
water. It involves aligning the laser parallel to
the bronchial wall and aiming at the edge of
the intraluminal lesion (the laser should never
be discharged perpendicular to the airway wall
because of an increased risk of perforation).
It can also be performed through the flexible
scope; in this setting laser pulses of only 1 s
or less are used to vaporize the tissue to pre-
vent thermal injury to the scope and airways.
On the contrary, when performed in rigid bron-
choscopy, laser can be used for longer peri-
ods of time reaching higher temperatures with
higher power densities. This is possible because
the suction tube inserted through the scope

Table 8.1 Laser techniques

minimizing the risk of injury can effectively
suction laser debris and smokes.

Laser vaporization applied using a fiber-optic
bronchoscope should be limited to small non-
bleeding lesions, to refine and complete treat-
ments previously performed with the rigid scope
and, through a tracheal tube, for treating neo-
plasms in the upper lobe bronchi, in distal loca-
tions, and for distal tracheobronchial toilette.

The channel of the rigid bronchoscope is wide
enough to ensure ventilation and passage of tele-
scopes, suction tubes, and the laser fiber.
Simultaneous laser coagulation of a bleeding site
and suction of blood and clots is very important
when dealing with airway hemorrhages. In addi-
tion, the rigid bronchoscope allows mechanical
resection of polypoid tumors, previously coagu-
lated with laser, which saves considerable time
over laser vaporization. For all these reasons,
most bronchoscopists prefer rigid bronchoscopy,
although a flexible bronchoscope is to be avail-
able if the airway abnormality is within a distal
segmental bronchus and also to remove the blood
and debris from the distal airways.

A proposed technique [24] for laser treatment
of endobronchial tumors consists of initial low
power Nd:YAG laser firing (<30 W) to coagulate
the tumor (Fig. 8.9a) followed by removal of the
endoluminal portion of the lesion with the tip of
the rigid bronchoscope, the biopsy forceps, and
the suction tube (Fig. 8.9b).

High power settings (50-60 W) are then
employed to vaporize the residual endoluminal
tumor. At the end of the procedure, the base of
the lesion is exposed to low power settings with
long pulses (20-30 W for 4-5 s; 2000 J/cm?) to
obtain a cytocidal effect deeply within the airway

Techniques

Laser vaporization Flexible bronchoscope

Up to 90% of cases. Time consuming but can be effective

Rigid bronchoscope

Rare; for control of bleeding and vaporization of tumor
remnants after mechanical resection

Laser resection Rigid bronchoscope (LAMR)

To reduce risk of bleeding during tumor debulking

Laser coagulation Rigid bronchoscope To prevent bleeding before mechanical resection
To treat implant base in depth (up to 5 mm)
and delay recurrence

Radial incision Flexible/rigid Performed to reduce tension of cicatricial stenoses

(before dilation if rigid scope is used)
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Fig. 8.9 (a) Laser coagulation. (b) Mechanical resection.
(c¢) Treatment of the implantation base

wall. To avoid perforation and explosion, the
light is directed tangentially to the wall of the air-
way and moved continuously (Fig. 8.9¢).

Dark colored tissues (e.g., charred or hemor-
rhagic tissue) and large lesions require special con-
sideration. With respect to dark tissues, laser
coagulation in depth is limited because the dark
color enhances tissue absorption, limits deep tissue
penetration, and reduces deep photocoagulation,
leading to poor devascularization of the target lesion.
With respect to large lesions, firing with laser in full
tumor is not advisable. It is time-consuming and use-
lessly risky to reduce the whole endoluminal mass
by charring and vaporizing it with laser. The laser
must be used exploiting its various characteristics in
association with the mechanical resection in the so-
called laser-assisted mechanical resection. To avoid
charring and vaporization due to radiation absorp-
tion on the surface and to obtain coagulation in
depth, the laser fiber must be kept at a sufficient dis-
tance from the tumor surface and directed a little bit
more tangentially to the bronchial wall, thus obtain-
ing, because of the divergence of the beam, an
increase of the diameter of the spot and therefore a
reduction of the power density [45—47].

In the treatment of cicatricial tracheal stenosis
(e.g., post-intubation weblike stenoses), laser is
used in contact mode to perform radial incisions
before a mechanical dilation is obtained with
rigid bronchoscopes of progressive caliber. The
radial incisions permit to reduce tension with
minimum heating of the adjoining tissue thus
limiting recurrence [48-50].

Other authors [39] described a different tech-
nique with repeated small radial incisions in con-
tact mode through the flexible bronchoscope.

The Setting

Most interventional pulmonary teams include a
bronchoscopist, an anesthesiologist experienced
with interventional pulmonology techniques and
airway management, an endoscopy nurse famil-
iar with the equipment, and a second endoscopy
nurse who assists the bronchoscopist and con-
trols the laser settings.

General anesthesia is usually more comfort-
able for both the patient and the operator; it
allows maximal control of ventilation and imme-
diate management of complications.

Anesthetic agents that are rapidly elimi-
nated or readily reversed should be used so
that the patient can be rapidly reawakened and
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postoperative mechanical ventilation can be
avoided. Regardless of the type of anesthesia, the
laser endoscopist and the anesthesiologist need to
work in close agreement throughout the proce-
dure, adapting to mutual needs.

For endobronchial tumors, which represent
the most common indication for laser treatments,
the use of a rigid bronchoscope is determining
since the most evident part of the maneuver, i.e.,
the removal of the obstructing mass, is mechani-
cally performed. Laser is more efficiently used to
coagulate the endoluminal mass before the
mechanical resection to avoid or reduce bleeding
and to treat in depth the implantation base of the
tumor as discussed before.

Bronchoscopists who have advanced training
and experience should only perform broncho-
scopic laser resection. Bronchoscopists and team
members should remain familiar with the tech-
nique and be aware of its potential complications
and necessary precautions [40].

To minimize the risk of combustion:

— The fraction of inspired oxygen should be
kept below 40% during laser firing [51].

— Power settings should not exceed the maxi-
mum recommended for the laser being used
(e.g., 60 W for the Nd: YAG laser).

— Flammable materials (including silicone
stents) should be kept far away from the oper-
ating field [52].

— Adequate suction must be available to remove
the combustible laser plume (the smoke
caused by vaporization of tissues).

— If a flexible bronchoscope is employed, the
laser must be kept a sufficient distance beyond
the tip of the bronchoscope.

Video systems allow all personnel to observe
the procedure, which makes it easier for assistants
to anticipate the needs of the bronchoscopist and
patient. Most bronchoscopic laser resection pro-
cedures are performed in less than 1 h.

Evidence-Based Review

Outcome data regarding bronchoscopic laser
resection are sparse. However, it appears to be a

rapid and safe method to relieve airway obstruc-
tion. In 1988, a first series of patients treated with
Nd:YAG laser was published [53]. Another case
series from the same authors that included 2610
laser resections in 2008 patients with malignant
airway obstruction proved that airway patency
was restored and symptoms were palliated in over
90% of patients [24]. In this series the rigid bron-
choscope was used in 92% of the treatments that
were performed almost always under general
anesthesia. The fiber-optic bronchoscope—
alone—was used in less than 10%. In 93% of the
patients with endobronchial malignant obstruc-
tion, Nd:YAG laser therapy allowed the patency
of the central airways and avoided the most dis-
tressing symptoms of the disease, enhancing the
patient quality of life. According to the authors,
the location and macroscopic appearance of the
lesion play the greatest role in determining the
success of the procedure: for tumors involving the
trachea and main bronchi, immediate results were
almost always excellent (>95%). The median
time between the first and second palliative treat-
ment was 102 days. Mortality was less than 1%
within 7 days of the procedure. Smaller series
have reported similar results [11], while a larger
series reported that death occurred in only 15 out
of 5049 patients (0.3%) and serious complications
occurred in only 119 out of 5049 patients (2.4%).
In 38 typical carcinoids and in more than 150
benign tumors, in which the base of the lesion was
reached, laser therapy was curative. These results
were achieved in exclusively endoluminal polyp-
oid tumors in which coagulation of the lesion and
mechanical resection were followed by a system-
atic treatment of the base of the tumor with low
power setting and long exposure time, avoiding
tissue loss while still obtaining a cytocidal effect
in depth. Overall mortality rate was 0.25% [42].
In benign stenoses and particularly in post-intuba-
tion tracheal stenoses, laser-assisted mechanical
dilation can guarantee cure in up to 66% of cases
and 100% when only cicatricial weblike stenoses
are considered [9]. A more recent report of a
series of 124 patients confirms that operative rigid
bronchoscopy represents an excellent tool for the
endoscopic treatment of locally advanced lung
tumors, especially when patients have exhausted
the conventional therapeutic resources [54].
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Complications of bronchoscopic laser resec-
tion are infrequent. They include hypoxia, hem-
orrhage, airway wall perforation, airway wall
necrosis, and fistula formation. Hypoxia, whether
due to general anesthetic or to major bleeding,
may lead to irreversible cardiovascular complica-
tions and thus must be corrected promptly by
bleeding suction and ventilation control.
Adequate control of hemorrhage and ventilation
can only be assured with the rigid bronchoscope.
Other possible complications include perforation
of the airway with resulting mediastinal emphy-
sema, pneumothorax, or infection. Perforation is
unlikely if the procedure is performed by experi-
enced endoscopists familiar with rigid bronchos-
copy. Airway fires have been reported, particularly
when flexible fiber-optic instruments are used.
Fortunately this complication is quite rare.
Arterial air embolism has been anedoctically
reported as a complication of bronchoscopic
laser resection. Studies of laser procedures per-
formed during continuous transesophageal echo-
cardiographic monitoring suggest that air emboli
may be caused by coolant gas (which exits the
bronchoscope under high flow and pressure con-
ditions to cool the laser probe) entering the pul-
monary venules and gaining access to the
systemic circulation [55]. Maintaining the laser
fiber coolant airflow at the minimum level and
avoiding direct contact between the laser probe
and tissue may reduce the frequency of this
complication.

Summary and Recommendations

* Bronchoscopic laser resection is used to
relieve malignant or benign intraluminal air-
way obstruction. It has no role when the
obstruction is caused by sole extrinsic
compression.

* Bronchoscopic laser resection has to be con-
sidered as a part of a more complete treatment
called “laser-assisted mechanical resection/
dilation—LAMR/LAMD). It is rapid, effec-
tive, and repeatable and may be complemen-
tary to other therapies.

e In malignant stenoses, LAMR consists of
firstly laser coagulation and then mechanical

resection and finally low-power laser treat-
ment in depth of the implantation base.

* The type of laser that is most commonly used
for LAMR is the neodymium-yttrium-
aluminum-garnet (Nd:YAG) laser. It relieves
airway obstruction by either resecting or
vaporizing the obstructing lesion.

* Bronchoscopic laser resection should only be
performed by bronchoscopists who have
advanced training and experience.

e Complications are infrequent but they include
hemorrhage, airway wall perforation, airway wall
necrosis, fistula formation, and air embolism.

Endobronchial Electrocautery
and Argon Plasma Coagulation

Introduction and Definition
of the Procedure

Several techniques are available for the bron-
choscopic treatment of obstructing tissue in the
tracheobronchial tree. Of these options, only
laser-assisted mechanical resection (LAMR,
already discussed above), argon plasma coagu-
lation (APC), and electrocautery produce rapid
tissue destruction in a single session and are
therefore appropriate to treat lesions that are
producing acute respiratory distress or hemop-
tysis. The neodymium-yttrium-aluminum-gar-
net (Nd:YAG) laser is commonly used in this
situation, but expense limits the availability of
laser equipment in many parts of the world.
Endobronchial electrocautery(EC) and argon
plasma coagulation (APC) are alternative modes
of thermal tissue destruction that may be used
via the flexible or rigid bronchoscope [56, 57].

Due to a voltage difference between probe and
target tissues, electrons will flow, and current
density can be controlled using probes that con-
duct the electrons toward the target [58].

Electrocautery could be called “the poor
man’s laser,” because it also produces rapid ther-
mal destruction of tissue but does so relatively
inexpensively by means of electric current rather
than laser light [59, 60].

Electrons will generate heat for tissue coagu-
lation due to the higher resistance of the target
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tissue. Argon plasma coagulation (APC) uses
ionized argon gas jet flow (Splasma) to conduct
electrons allowing a noncontact mode of treat-
ment (lightning effect) [61].

Argon plasma coagulation (APC) is also an
electrosurgical technique used to resect an
obstructing lesion and/or to achieve hemostasis
[62, 63]. The history, principles, equipments,
and techniques of endobronchial electrocautery
(also referred to as electrofulguration, diathermy,
electrocoagulation, thermocoagulation, or elec-
trosurgery) and argon plasma coagulation (APC)
will be reviewed here. In addition, their indica-
tions, contraindications, and complications are
presented.

History and Historical Perspective

Electrocautery was first used in the 1930s to treat
rectal cancer [64]. Endoscopic electrocautery
subsequently has found wide use in the treat-
ment of gastrointestinal lesions, such as colonic
polyps, bleeding vessels, and biliary stenoses.
Initial reports of the potential utility of electro-
cautery in the treatment of tracheal and bron-
chial tumors also appeared in the 1930s [65-67],
but complications such as burns, tracheal perfo-
ration, and fatal hemoptysis dampened enthusi-
asm for the technique [68]. Refinements of the
electrodes and other hardware and the use of
more sophisticated generators of high-frequency
current have improved the efficacy and safety of
bronchoscopic electrocautery and have led to a
renewed interest in the technique. Nonetheless,
the literature describing palliative electroresec-
tion is limited, and most pulmonologists remain
unfamiliar with its use. A relatively new devel-
opment is the noncontact mode of argon beam
coagulation or argon plasma coagulation
(Fig. 8.8). It was meant to improve surgical
hemostasis. Its use gradually expanded in the
early 1990s when a flexible probe was intro-
duced that could be used via a flexible scope.
Since then, APC has been used during broncho-
scopic procedures to debulk malignant airway
tumors, control hemoptysis, remove granulation
tissue from stents or anastomoses, and treat a
variety of other benign disorders [59-66].

Indications and Contraindications

Electrocautery and APC are used to treat central
endobronchial benign or malignant airway
lesions [62, 63, 69—72]. The most common indi-
cation for these techniques is resection of an
obstructing airway lesion that is associated with
dyspnea, hemoptysis, cough, or postobstructive
pneumonia. Treatment may be curative or pallia-
tive. Characteristics of lesions that are associated
with improvement of a patient’s quality of life
following palliative resection include polypoid
shape, large endobronchial component, location
in the trachea or main stem bronchus, and a short
length. It is also favorable if the airway lumen
can be visualized beyond the lesion and the distal
lung is still functional. Malignant tumors—
Symptomatic airway obstruction caused by bron-
chogenic carcinoma is the most common
indication for endobronchial electrocautery and
APC in patients who are not operative candidates
[73-76]. Endobronchial electrocautery has been
used to treat other causes of malignant airway
obstruction as well, including endobronchial
metastases [77, 78].

APC and EC can be also used for the treat-
ment of the endoluminal carcinoid, with less
complication and bleeding compared with other
treatments or lung surgery [79, 80].

Such resections are only palliative if the
lesion is malignant. Indolent malignant tumors
such as bronchial carcinoids are less common
but may also be treated effectively with endo-
bronchial electrocautery [70-73] as well as
radiographically occult intraluminal microinva-
sive lung cancer. Whether APC can cure early
lung cancer is not fully established. The fact that
endobronchial electrocautery has been shown to
cure early lung cancer suggests that APC may
do the same.

Benign lesions—Endobronchial electrocau-
tery can be used to treat benign obstructing
lesions of the central airways such as granulation
tissue, hamartomas, papillomas, and lipomas.
Another setting in which endobronchial electro-
cautery is used to treat benign disease is when
there is granulation tissue obstructing metal or
hybrid stents. Indications for APC include benign
polyp removal, hemostasis, and debridement of
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granulation tissue around endobronchial stents
[81-84] and new approach for the treatment of
lung infection as abscess and neoplastic or post-
surgery fistula [85-87].

The penetration depth of the argon plasma is
reliably 2-3 mm, which makes APC a valuable
tool in treating superficial bleeding and debulk-
ing granulation tissue and tumors such as papil-
lomas (Fig. 8.10). Endobronchial lesions may
cause hemoptysis or postobstructive pneumonia,
both of which can be successfully treated with
endobronchial electrocautery.

APC can be used to the treatment of recurrent
or massive bleeding, in combination or not with
other methods (as cryotherapy) [88]. Treatment
(and prevention) of postobstructive pneumonia
requires the restoration of at least partial airway
patency. This can be achieved using endobron-
chial electrocautery.

Extrinsic compression of the airway is a
contraindication to electrocautery and APC. In
this circumstance, there is no endobronchial
tumor to remove, and these techniques can pro-
duce a hole in the bronchus. Electrocautery
with unipolar electrodes can deprogram cardiac
pacemakers or implanted defibrillators and
should be undertaken with caution in such
patients [74].

Fig.8.10 Argon
plasma coagulation

Description of the Equipment
Needed

Similar to laser tissue destruction, the effect of
both endobronchial electrocautery and APC is
determined by heat and tissue interaction and is
fairly rapid. Heat is created through the applica-
tion of high-frequency electric currents to coagu-
late or vaporize tissue.

Various probes are available to perform con-
trolled conductance of electrons; each probe can
be chosen to match the personal expertise and
needs. Current density is the issue to be consid-
ered, as the size of the probe functions as the
focusing point for electrons. Therefore, ultimate
tissue effect depends on the voltage difference
between probe and tissue, the surface area of con-
tact, and the time of application [89].

The difference between the two procedures
centers on the fact that APC is a noncontact mode
of tissue coagulation. Dedicated operators use
argon plasma as the medium to conduct the elec-
tric current in APC rather than using the contact
probe as a medium to conduct the electric current
as electrocautery does. In addition to the equip-
ment needed for the flexible or rigid bronchos-
copy, a dedicated operator needs a high-frequency
electrical generator in combination with insulated
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probes. Different types of probes in terms of
shape as well as polarity (monopolar vs. bipolar)
are available. For patient and staff protection,
proper insulation precautions need to be observed.
Insulated flexible equipment is also available.
Electrocautery electrodes—Unipolar electrodes
are most commonly used and may be rigid or
flexible. The rigid blunt electrode is 70 cm long
and 2.5 mm in diameter, while flexible devices
are 190 cm long and 2 mm in diameter. Electrodes
are available in several configurations: blunt
probe, knife, forceps, or wire snare. Rigid probes
are more effective for debulking large tumors,
while flexible probes permit treatment of small
tumors, particularly in the upper lobes. Electric
current flows through the desired instrument, tis-
sues, and a grounded neutral plate electrode
attached to the patient. The neutral electrode
must have a sufficiently large contact surface
with the patient to prevent a cutaneous burn at its
point of attachment. Endoscope—Rigid electro-
cautery probes are used with a rigid broncho-
scope, while flexible electrodes can be used
through the working channel of a fiber-optic
bronchoscope. The ability of an electrode to
deliver electricity depends in part on its diameter;
for this reason, a fiber-optic bronchoscope should
be selected with as large an operative lumen as
possible. The operative lumen of a rigid broncho-
scope must have a diameter large enough for both
the electrode and the rigid optic system. Most
bronchoscopes in current use are not grounded,
and there is a risk of the endoscopist receiving a
shock if there is not a suitable low-resistance
pathway for current to pass through the patient to
the neutral electrode. In addition, burns of the tra-
cheobronchial tree may result if the broncho-
scope makes contact with the patient near the
point of electrocautery. High-frequency current
generator—Most presently available generators
are not configured in a manner that permits pre-
cise control of the power delivered to a lesion.
Standard generators usually have power output
settings that are graduated from 1 to 10; estimates
about the actual power delivered at a given set-
ting are often inaccurate, and the delivered volt-
age is variable. In addition, the resistance
characteristics of a given tissue change as it is

cauterized, and charring can foul the electrode.
This promotes adhesion to the tissues, and the
charring serves as an insulator that prevents
coagulation from progressing. Newer high-
frequency generators are regulated with a micro-
processor and a voltage stabilizer, which allow
precise control of the thermal coagulation pro-
cess. Most of these generators switch off auto-
matically at 100 °C in order to prevent the
production of exploding steam pockets that can
cause tissue perforation, rupture, and hemorrhage
(the “popcorn effect”). Additional safety fea-
tures, such as isolated outputs and precise control
of delivered power (in watts), are also included.
For APC, a dedicated operator needs a special
catheter allowing for the argon gas and the elec-
tric current flow. This catheter is not used in elec-
trocautery where there is direct tissue contact.
The argon gas is emitted through a Teflon tube
that can be passed through a flexible broncho-
scope. This gas is ionized because of exposure to
high-frequency current, and an electric arc is
formed which allows for desiccation and tissue
destruction without direct contact.

Application of the Technique

Endobronchial electrocautery and APC are ther-
mal tissue-destructive modalities that use elec-
tricity to generate heat. They differ in the fact that
APC does not make contact with the tissues it
destroys and has a penetration depth of just a few
millimeters. For these reasons, it is more suitable
for the treatment of superficial and spreading
lesions. Once gas is released through the catheter
tip, it is ignited through electric current; an arc is
formed if the probe is close enough to the muco-
sal surface, causing heat destruction and desicca-
tion of the tissue. The arc can be moved back and
forth (painting) and can even be aimed around
bends, making it very suitable for hard-to-reach
lesions. When electric current flows through
human tissue, a thermal effect is observed due to
the resistance of the tissue to the flow of electric
current. The rise in temperature is proportional to
the square of the applied electric current times
the intrinsic resistance of the tissue; the latter is
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largely a function of vascularity and water con-
tent, with the bone and fat having a higher resis-
tance than the skin and muscle [90]. Resistance
and thermal effects are also increased by reduc-
ing the area of contact between the electrical
probe and the patient, since the same quantity of
current must then flow through less conducting
tissue. The temperature rises at different rates in
different areas within a given tissue due to inho-
mogeneity of tissue density and the irregular dis-
tribution of electric current. As a rule, the density
of the electric current is largest and the rise in
temperature greatest, in the contact area between
the coagulation electrode and tissue, and
decreases with greater distance from this point.
Thermal destruction of tissue can be used to
effect coagulation or resection. Coagulation—
Thermal coagulation (or “white coagulation”) is
caused by the relatively slow heating of tissue to
approximately 70 °C. Above this temperature,
the glucose-containing coagulum dehydrates and
carbonizes. Three different coagulation modes
are differentiated: soft coagulation, forced coagu-
lation, and spray coagulation. Soft coagulation—
Soft coagulation is produced when no electric
arcs pass between the coagulation electrode and
the tissue; this prevents the tissue from becoming
carbonized. The unipolar or bipolar electrode is
brought into direct contact with the tissue to be
coagulated, and <200 V is employed. This mode
is used when coagulation is needed solely to stop
bleeding. Forced coagulation—Forced coagula-
tion results when electric arcs are generated
between the coagulation electrode and the tissue
in order to obtain deeper coagulation than is
achieved with soft coagulation. The electrode is
kept in contact with the tissue, a minimum of
500 V is used, and cutting effects are avoided.
This mode is used for vaporization of tissue.
Spray coagulation—Spray coagulation is charac-
terized by the intentional generation of long elec-
tric arcs between a spray electrode and tissue
without any direct contact between electrode and
tissue. High voltages are necessary, and tissue
destruction and carbonization are readily accom-
plished. This mode is used when a large area is to
be cut and vaporized. Resection—Tissue can

only be cut when the voltage between the elec-
trode and the tissue is sufficiently high to produce
an electric arc, effectively concentrating the
electric current onto specific points of the tissue.
The temperature produced at the points at which
electric arcs contact the tissue is so high that the
tissue is immediately evaporated or burned away.
Electric arcs cannot be triggered and tissue can-
not be cut if <200 V is used. Higher voltages are
sometimes required, depending on the resistance
characteristics of the tissue to be resected.
General precautions are required to prevent elec-
trical injuries to the patient, clinician, and sup-
port staff. The patient should not have any contact
with metal from the table, and sheets should be
dry. The neutral plate electrode must be placed in
its entirety on the patient. If the contact surface is
not sufficient, the current will pass from the
patient through smaller contact points which, by
virtue of their lesser area and consequently higher
resistance, may cause burns. At a minimum, car-
diac rhythm and oxygen saturation should be
continuously monitored and blood pressure fre-
quently assessed during the procedure. Routine
intraoperative monitoring protocols are generally
used if the electrocautery is performed under
general anesthesia. The procedure usually lasts
between 20 and 60 min if performed through a
rigid bronchoscope and longer if a flexible fiber-
optic scope is used. Anesthesia—General anes-
thesia is usually required if endobronchial
electrocautery is performed through a rigid bron-
choscope, although dissociative anesthesia with
sedatives and neuroleptics is occasionally
employed. Local anesthesia and conscious seda-
tion can be used when the procedure is performed
through a fiber-optic bronchoscope with flexible
electrodes. The fraction of inspired oxygen
should be kept at the lowest level required to
maintain adequate patient oxygenation in order
to reduce the risk of tracheal fires. The maximal
fractional concentration of inspired oxygen for
use with electrocautery is 0.4. Procedure—The
fiber-optic endoscope can be introduced by either
the nasal or oral route. The procedure is carried
out under direct vision, with the electrode intro-
duced within the tube of the rigid bronchoscope
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beside the optical system or in the operating
channel of the fiber-optic bronchoscope. The
operator assesses the lesions to be treated, noting
their position and the extent of stenosis or extrin-
sic compression, whether they are projecting or
infiltrating and whether they are hemorrhagic or
bland. The electrode must protrude from the end
of the bronchoscope by about 2 cm and is then
placed in contact with the lesions to be destroyed.
The high-frequency generator is adjusted to auto-
matic control of soft coagulation, with a power
setting generally between 40 and 60 W, or is
adjusted to the visible coagulative effect if a first-
generation machine is used. Other modalities,
such as forced or spray coagulation or cutting
mode, are used as required, and different elec-
trodes (e.g., blunt electrode, wire snare, forceps,
or knife) are selected as needed. It is necessary to
clean the tip of the electrode frequently, because
buildup may damage the electrode and/or reduce
the delivered power. Two main methods of elec-
trocautery are used: debulking of tissue by means
of a cutting loop and direct electrodestruction of
tissue. Both techniques are effective and provide
good results, but smoke needs to be suctioned
during resection, and an unpleasant burnt tissue
smell is given off. Treatment is continued until
sufficient patency of the airway lumen is restored
and/or bleeding arrested. Resection of tissue gen-
erally is accomplished by the use of a unipolar
wire snare apparatus similar to that used to excise
colonic polyps. The technique is most suitable
for narrow-based lesions causing incomplete
bronchial obstruction, such that the instrument
can be passed distal to the tumor and the base
snared. The device is passed either through the
endotracheal tube alongside a fiber-optic bron-
choscope or inside the operating channel of the
fiber-optic or rigid bronchoscope, looped around
the base of the tissue to be resected and then ener-
gized [69, 74, 91, 92]. Debrided tissue fragments
are often too large to be removed through the
flexible bronchoscope and must be grasped and
removed in conjunction with it. Tissue can be
directly destroyed with electrocautery to achieve
an effect similar to that seen with Nd:YAG laser
vaporization [91, 92]. A blunt cautery probe is

directly applied to burn, desiccate, and vaporize
obstructing tissue. Unipolar probes have gener-
ally been used for this purpose, but a bipolar flex-
ible electrocautery probe (BICAP) has been
adapted for use through the operating channel of
a fiber-optic bronchoscope [93-95].

Prior to the procedure, a grounding pad should
be placed on the patient’s lower back or flank.
Once the patient is sufficiently sedated, flexible
bronchoscopy is performed and the target lesion is
identified. A flexible probe—which is usually 1.5
or 2.3 mm in diameter and 220 cm in length—is
then passed through the instrument channel of the
bronchoscope and advanced until the location of
its tip is several centimeters beyond the broncho-
scope’s tip. This insures that the bronchoscope
will not be burned. The probe tip should be within
1 cm of the target lesion and should not contact it.
Argon gas is expelled from the probe, and then a
high-voltage electric current is passed along the
probe. Reasonable initial settings (Table 8.1) are
power of 30 W and argon flow rate of 0.8—1 L/min.
The operator may then advance up to an applied
power of 80 W with an argon flow rate of 0.3-2 L/
min. When the electric current contacts the argon
gas, the argon gas becomes ionized and conducts a
monopolar current to the target lesion. The appli-
cation time for each burst is generally <2-3 s. The
heat produced denatures protein and evaporates
intra- and extracellular water. The net effect is tis-
sue destruction and coagulation. To debulk an
obstructing lesion, the eschar is removed with for-
ceps, and then APC is applied to the underlying
fresh tissue. This is repeated until the tumor is deb-
ulked sufficiently. The depth and volume of tissue
impacted depend on the voltage applied to the gas
(i.e., the applied power) and the duration (i.e., the
application time). As an example, the depth of
penetration is <5 mm when the applied power is
between 40 and 120 W and the application time is
£2 s. When brisk bleeding complicates the proce-
dure, increasing the argon flow rate may blow
blood away from the source, thereby providing
better visualization of the culprit lesion. An endo-
tracheal tube may sometimes be necessary to pro-
vide better airway control for patients who are
tenuous or whose procedure may be complicated.
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Evidence-Based Review

No controlled trials have been published that
compare the various modalities that can perform
endobronchial procedures.

As a result, current practice is based upon
local influences, available resources and equip-
ment, the bronchoscopist’s training and prefer-
ences, and uncontrolled studies. Endobronchial
electrocautery and APC are frequently seen as a
less expensive alternative to laser therapy with
similar effects and as such similar indications.
These treatment modalities are indicated for any
benign or malignant tissue destruction responsive
to heat delivery. These indications include endo-
bronchial malignancy, benign tumors, relief of
post-intubation stenosis, and, in the case of APC,
treatment of stent-induced granuloma. The
impact of endobronchial electrocautery on malig-
nant airway obstruction has been illustrated by
case series. Generally speaking, in such patients,
airway patency is restored in more than 80% of
patients, and symptoms are relieved in more than
70% [13].

In one series of 17 patients with locally
advanced tracheobronchial malignancies who
underwent endobronchial electrocautery, 15
patients had immediate reopening of the airway
(89%) [73]. Eleven of those patients had restora-
tion of >75% of the normal airway diameter,
although only four patients had objective
improvement in their physiological parameters.
There were no deaths resulting from treatment,
but minor bleeding occurred in one patient, and
aspiration pneumonia developed in another.

Three patients required additional therapy. 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 [96]. The
most common indications were airway obstruc-
tion (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 procedures), treatment was immediately suc-
cessful in 59 patients [31]. 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 of the proce-
dures were performed with flexible bronchos-
copy. A similar study of 47 patients reported a
success rate of 92%, which was maintained over
a mean follow-up of 6.7 months [62]. However,
an average of more than three sessions per
patient was required to achieve this result.
Endobronchial electrocautery may also effec-
tively treat indolent malignant tumors [72] as
illustrated by a series of 11 patients with intralu-
minal bronchial carcinoid tumors [70].
Electrocautery eradicated lesions in eight of the
patients (73%). The remaining three patients
could not be completely treated because the
lesions were in the upper lobe bronchi. Treatment
of radiographically occult intraluminal microin-
vasive lung cancer is most likely to be successful
in patients who have strict intraluminal disease,
visible distal margins (detected using autofluo-
rescence), no invasion of the bronchial wall
(identified by bronchoscopy), and no extralumi-
nal growth (determined by high-resolution com-
puted tomography) [97].

Endobronchial electrocautery proved useful in
treating benign obstructing lesions of the central air-
ways in a series of 38 patients who underwent endo-
bronchial electrocautery [60]. Twenty-five patients
had benign lesions, while 13 patients had malignant
tumors. A total of 47 procedures were performed, of
which 42 were deemed successful (89%).

Also, APC has successfully treated benign
disorders such as granulation tissue due to stents
or airway anastomoses [63, 96, 98].

Both postobstructive pneumonia and hemopty-
sis due to the presence of an endobronchial lesion
can be successfully treated with endobronchial
electrocautery as well as APC. Treatment (and
prevention) of postobstructive pneumonia requires
the restoration of at least partial airway patency.

APC is superior to electrocautery and laser
photoresection in achieving hemostasis. Effective
treatment of hemoptysis requires an accessible,



8 Reopening the Airway: Fast Methods

133

visible lesion. In such circumstances, immediate
hemostatic control is gained in approximately
75% of patients. Adequate visualization of the
tumor is essential in this situation, and rigid bron-
choscopy may allow more effective suctioning of
briskly bleeding structures.

Complications—In addition to the risks associ-
ated with the rigid or flexible bronchoscopy, potential
complications are similar to other thermal therapies
and include airway fires (need to keep oxygen levels
as low as possible, preferably <40%), hemorrhage,
airway perforation, and stenosis. Endobronchial elec-
trocautery is usually well tolerated, although there
have been few large series that documented compli-
cation rates. Electrocautery can be performed safely
as long as certain precautions are adhered to, includ-
ing avoiding supplemental oxygenation, avoiding
direct applications of energy onto stent covering, and
keeping energy applications to a minimum. These
precautions are necessary because electrocautery can
ignite the lining of covered metal stents as well as
break metal stents [99, 100]. A number of complica-
tions of endobronchial electrocautery have been
described [58, 73, 75, 91-94, 101]:

* Application of deep electrocautery too close
to the bronchial wall may result in perforation
and pneumothorax. Cartilaginous rings may
be destroyed, leading to a loss of structural
support, tracheo- or bronchomalacia, and/or
secondary stenoses.

e Electrocautery generates electric arcs and can
cause tracheal fires or ignition of endotracheal
tubes, fiber-optic bronchoscopes, or silicone
endoprostheses. The risk of fire is increased if
high fractions of inspired oxygen are used.
The maximal fractional concentration of
inspired oxygen for use with electrocautery
(or bronchoscopic laser resection) is 0.4.

* Bleeding can result from penetration of the
probe into the tumor but generally stops
quickly due to thermocoagulation. Significant
bleeding occurs in approximately 2% of cases
and may be more common with vascular neo-
plasms such as carcinoid tumors and
hamartomas.

e Aspiration pneumonia has been reported,
either as a complication of anesthesia or due

to aspiration of postobstructive pus into the
contralateral  lung  immediately  after
debulking.

* Electrical shock and/or electrical burns to the
patient or operator may occur if unipolar leads
and a nongrounded apparatus are used.

e Ventricular fibrillation has occurred when
electrocautery is used near the heart, and
interference with the function of implanted
cardiac pacemakers or defibrillators may
occur.

Complications of APC are infrequent (<1% of
procedures). They include airway burn and air-
way perforation, which can cause pneumomedi-
astinum,  subcutaneous emphysema, and
pneumothorax and [96].

APC does not appear to increase the risk of
bacteremia compared to airway insertion of the
bronchoscope. Although contamination of the
APC catheter with oropharyngeal commensal
bacteria is common, clinically significant infec-
tion following the APC procedure is rare [89].

Gas embolism has also been described in a
case series, leading to three cases of cardiovascu-
lar collapse and one case of death [73, 102].

In all of the cases, the argon flow rate was
within the suggested range, but gas bubbles
were seen in the left ventricle during trans-
esophageal echocardiography. Ignition of a non-
metallic stent and electrical shock are theoretical
complications of APC. Massive bleeding may
occur during tumor resection, although this has
not been reported. A burned bronchoscope has
also been reported. Limiting the inspired oxy-
gen concentration, the applied power (<80 W),
and the application time (<5 s) probably mini-
mizes the risk of airway perforation or fire.
Keeping the probe tip several centimeters away
from any combustible material and from the
bronchoscope tip likely prevents airway fire and
similarly the bronchoscope from being burned.
Placing a grounding pad on the patient and
keeping the probe tip away from the broncho-
scope tip may decrease the chance of electrical
shock. Finally, maintaining the argon flow rate
(<2 L/min) may lessen the chance of gas
embolism.
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Summary and Recommendations

Electrocautery is an effective and inexpensive
technique that is most often used for palliative
debulking of endobronchial lesions in the central
airways. However, it also has the potential to cure
some benign lesions. A common indication for
APC is resection of an obstructing airway lesion
that is associated with dyspnea, hemoptysis,
cough, or postobstructive pneumonia. Alternative
indications include benign polyp removal, hemo-
stasis, and debridement of granulation tissue
around endobronchial stents.

Endobronchial electrocautery and APC are per-
formed with local anesthesia using a fiber-optic
bronchoscope. Advances in the design of elec-
trodes, bronchoscopes, and generators may
improve precision and safety. The technique can be
very useful, particularly in centers where the cost
of bronchoscopic laser equipment is prohibitive.
No controlled trials have been published that com-
pare the various modalities that can perform endo-
bronchial procedures. As a result, current practice
is based upon local influences, available resources
and equipment, the bronchoscopist’s training and
preferences, and uncontrolled studies.

Complications of endobronchial electrocau-
tery and APC are infrequent, occurring in fewer
than 1% of procedures. Strategies exist that may
decrease the likelihood of a complication.

New endoscopic techniques are available for
the treatment of central airway obstruction, such
as bronchoscopic cryotherapy. Currently APC is
more efficient to treat bleeding, and 8% of
patients who receive resection need APC to con-
trol bleeding [103].
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Cryotherapy: Application

in the Airways

Sara Colella, C. Ravaglia, S. Tomassetti, Ch. Gurioli,
C. Gurioli, and Venerino Poletti

Introduction and Definition
of Procedure

Cryotherapy is a technique that uses very low tem-
peratures, below the freezing point, for a suitable
period of time in pathological tissues in order to
obtain irreversible damages [1, 2]. The use of low
temperature in the treatment of pathological tissues
found place originally in neoplastic lesions [1] in
several medical fields like neurosurgery, urology,
ophthalmology, and dermatology, leading to the
use of cryotherapy, also called “cryosurgery.”
Different body tissues have different “cryosensi-
tivities,” mainly depending on their water content
and microcirculation: most of neoplastic tissues,
granulation tissue, the skin, endothelium, mucous
membrane, and nerves are cryosensitive, while
connective tissue, nerve sheath, cartilage, fat, and
fibrosis are cryo-resistant. For this reason, cryo-
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therapy is effective on highly cellular and well-
vascularized tumors such as bronchial carcinomas,
carcinoids, or granulomas, while it is not effective
for management of paucicellular lesions, such as
fibrotic stenosis, cartilaginous, and bony lesions.
The application of cryotherapy in the airways
found its main indication in restoring airway
patency from endobronchial tumor; other indica-
tions are treatment of early stage lung cancer, endo-
bronchial biopsy, and foreign body removal. The
main advantage of using cryotherapy over other
debulking techniques is its high safety: in fact, the
tracheobronchial wall, due to its fibrocartilaginous
structure, could not be damaged by low tempera-
tures, even when used for a prolonged period or
when used repeated times in the same setting.
Therefore, cryotherapy could be used safely to treat
small lesions or lesions in small caliber bronchi.
The procedure can be done via rigid or flexible
bronchoscope. The most commonly used cooling
agent is nitrous oxide (N,O), which is stored
under high pressure in a liquid state. The passage
of high-pressured N,O to atmospheric pressure
forces the agent to expand resulting in a tempera-
ture of -89°C at the distal probe tip; this thermo-
dynamic effect is called “Joule-Thomson” effect:
when a highly compressed gas expands rapidly, a
low temperature occurs and rapid control of vari-
ations in flow and, therefore, in temperature
allows the tip to be cooled. The endobronchial
tumor is subjected to repeated freeze-thaw cycles
determining a cytotoxic effect: the tissue necrosis
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takes place after few days from the procedure,
and a cleanup bronchoscopy can be needed to
remove the necrotic tissue several days after; this
application of the technique is not suitable for
patients with acute symptoms due to airway ste-
nosis. Another application of cryotherapy is
called “cryoextraction” or “cryo-recanalization”
[3] and consists of freezing the tumor and remov-
ing it away: in this case, the removal of the tissue
is immediately effective and does not require
cleanup bronchoscopy; this application can also
be used in patients with acute symptoms.

The maximum yield in endobronchial deb-
ulking is reached when cryotherapy is used
along with other techniques like photodynamic
therapy, neodymium-doped yttrium-aluminum-
garnet (Nd:YAG) laser, stents, and electrocau-
tery. However, compared with other techniques
(mostly laser procedures), the main advantage of
cryotherapy is its better safety profile, with no
or few risk of airway perforation; moreover, it
is also less expensive, probes are resistant, staff
does not require personal protective devices, pro-
cedures could be performed using high oxygen
flow and in patients with airways stent, and there
is no need of special training [4]. In contrast, the
most important limitation is the delayed effect of
the cryogenic damage and the different response
in different tissues; for this reason, cryotherapy
could not be useful alone in the management of
life-threatening airway obstructions. Therefore,
cryotherapy in some cases needs to be inte-
grated with all the other techniques cited above
in order to achieve a better therapeutic result and
to manage complications. It has to be underlined
that cryotherapy alone plays no role when the
obstruction is due to external compression.

Samples obtained with cryoextraction are also
suitable for molecular analyses [5]: the good qual-
ity of specimens obtained and the absence of crush
artifacts have led to its use for endobronchial and
trans-bronchial lung biopsy in lung diseases [6].

Cryotherapy Damage: Molecular
Bases

The destroying of pathological tissue takes place
via two mechanisms, an immediate effect that

occurs within 1 h from the application of cryother-
apy and a delayed effect that occurs later (from
several hours to days). Due to the temperature
drop at freezing range, crystal ice formation occurs
both in intracellular and in extracellular compart-
ments. This leads to (a) intracellular organelles
damage, especially mitochondria [5]; (b) intracel-
lular hyperosmolarity followed by cell shrinkage
and dehydration; and (c) water that gets into the
cells, swelling them and breaking the nuclear and
cytoplasmic membranes. Moreover, there is a
direct damage of the cellular membrane by the
crystal ices. To have a maximum lethal effect, it is
necessary to have large ice crystals, especially
intracellular: this is achieved with a rapid cooling
followed by slow thawing.

The described mechanisms are coupled with
vascular injury. Vascular injury happens in the
thawing phase: with cooling there is vasocon-
striction and a progressive loss of circulation that
is restored when the temperature rises above
zero. The restoration of circulation is accompa-
nied by a hyperemic response with consequent
edema, increasing capillary permeability, platelet
aggregation, and micro-thrombi formation. This
leads to loss of circulation in 30—40 min. Some
cells die by apoptosis some hours later after the
application of cryotherapy due to an immuno-
logical mechanism. Apoptosis is promoted by
DNA fragmentation, cytokine release, inflamma-
tion, and ischemic injury. The damaged tissue by
cryoprobe corresponds to the frozen tissue: the
central part becomes necrotic for the direct dam-
age of the low temperatures and for the ischemic
and apoptotic phenomena; the peripheral zone,
where the temperature ranged between 0 and -40
°C, is partially destroyed containing a mixture of
dead and alive cells [1].

Low-temperature damages depend on sev-
eral factors, like the cooling rate (faster is more
destructive), the minimum temperature
reached, the thawing rate (slower is more
destructive), and the number of freeze-thaw
cycles performed. Moreover, the tissue water
content is related to the tissue cryosensitivity:
the higher the water content, the more cryosen-
sitive the tissue. Malignant tissue is hypervas-
cularized, and even if this feature could render
the tissue more resistant to low temperatures
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due to a large warm blood flow that dissipates
the thermal effect, the microcirculation is par-
ticularly sensitive to cryotherapy, leading to
vasoconstriction, endothelial injury, and
increased blood viscosity due to the formation
of platelet plug and consequent thrombosis
with ischemia.

History and Historical Perspectives

The effects of low temperatures on living tissues
have been well known for many years [7].
Egyptians and Greeks were aware of the analge-
sic and anti-inflammatory properties of cold, but
only in the nineteenth century, the extreme cold
was used for the first time for the local destruc-
tion of living tissue: James Arnott used a mix-
ture of salt and crushed ice for tumor palliation
with a consequent reduction of pain and local
hemorrhage; he then proposed its potential use
for cancer, acne, breast and uterine cancer,
headaches, and anesthetic purposes. With salt/
ice mixture, a temperature of -24°C was reached
and this was not enough to treat tumors effi-
ciently: it was only with the introduction of
refrigerants that lower temperatures could be
reached.

In the late 1800s, there was an increasing
interest in liquefying gases: Cailletet first demon-
strated that oxygen and carbon monoxide could
be liquefied under high pressure; in 1895 there
was the first commercial production of liquid air
by von Linde, and rapidly there was a large
spread of liquefied gases on trade [8].

Exploiting the “Joule-Thomson” effect, liquid
gases were proposed as refrigerants in the 1900s,
chiefly in dermatologic diseases. Campbell White
used for the first time liquid air as refrigerant to
treat several kinds of skin conditions, including
lupus erythematosus, herpes zoster, nevi, vari-
cose leg ulcers, and cancer like epitheliomas. The
use of liquid oxygen was limited at the beginning
of the twentieth century, and it was mainly used
to treat acne. In the same period, carbon dioxide
snow was popularized because it was easily com-
pressed and suitable for local treatments.

In 1950, liquid nitrogen took the place of
oxygen due to its similar properties compared to

liquid air and to oxygen but with less explosive
potential [8]: it was used firstly for skin lesions
and then has been used in the following years
for cancer therapy in many anatomic areas. In
1913 Cooper, a neurosurgeon, invented a liquid
nitrogen probe that reached a temperature of
-196°C: he treated Parkinson’s disease by freez-
ing the thalamus and also inoperable brain
tumors. Amoils introduced the “cryoextraction”
technique: it was used in ophthalmology to
remove cataract and subsequently was used in
neurosurgery and in gynecology. By this time,
there were more and more applications of cryo-
therapy in different diseases, and almost all
researches were about liquid nitrogen, which is
actually the most common used. Compared to
carbon dioxide, liquid nitrogen reaches lower
temperature, so it is suitable for both benign and
malignant lesions.

In 1968, Gage reported the first endo-
scopic treatment on a bronchial tumor in the
USA. Subsequently, other authors reported their
first experience of the application of cryother-
apy in the airways for endobronchial tumor deb-
ulking: in 1986 Maiwand [9] reported 75 cases
of advanced tracheal and bronchial carcinoma
(mainly squamocellular carcinoma), in which
cryotherapy was used to relieve symptoms. A
rigid Storz bronchoscope was used with a rigid
cryoprobe, in general anesthesia, using Venturi
positive pressure ventilation during the proce-
dure. Endobronchial tissues were frozen with
nitrous oxide, at a temperature of -70 °C for
150 s, and afterward thawing was allowed sepa-
rating the cryoprobe from the tissue. The tumor
was then frozen again at the same site for a fur-
ther 150 s. A second treatment was done after
2, 4, and 8 weeks, depending on the patient’s
response and on the clinical findings. Symptoms
like stridor, dyspnea, and hemoptysis improved
in the majority of patients. In 12 cases, the con-
dition of patients did not improve, in 6 patients
there was a progressive worsening, and 1 patient
died from nonsurgical cause. No cardiovascular
complications occurred. Homasson et al. [10]
reported the application of cryotherapy for tra-
cheobronchial obstructions with a semirigid
cryoprobe through a rigid bronchoscope: out
of 21 patients with malignancy, mainly with
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squamocellular carcinoma, a good response was
achieved in 13 cases. Since then, several stud-
ies have investigated the role of cryotherapy in
patients with lung cancer, so that cryotherapy
was included in international guidelines [1] as
one of the available treatments of endobron-
chial exophytic malignancy and early stage lung
cancer.

Despite those promising results, the delayed
effect of cryotherapy and the need of further pro-
cedures to remove the necrotic tissue led to an
increase in the use of other more “immediate”
techniques, like Nd: YAG laser, and to a provision
of cryosurgery. The advent of flexible cryo-
probes, suitable for the flexible bronchoscope,
made cryotherapy more widespread than in the
past [7]. Moreover, the possibility to extract
immediately the tumor with cryoextraction [3]
overcame the problem of a delayed effect. The
combination of cryotherapy with other therapeu-
tic modalities for lung cancer (chemotherapy,
radiation therapy, and other debulking techniques
like stent or laser) produced encouraging results
[5]. Homasson et al. [11] demonstrated that che-
motherapy might be more effective after cryo-
therapy: the authors explained this effect with the
trapping of the anticancer drug in the tumor and
immediately the surrounding area due to vascular
stasis. Fang et al. analyzed 59 patients with
malignant endobronchial masses removed with
cryotherapy before chemotherapy [12]: cryother-
apy was found to be effective especially for those
who can receive chemotherapy due to improve-
ment of performance status after cryotherapy.
The combination of cryotherapy and molecular
target therapy (gefitinib) resulted in a better stabi-
lization and progression of disease and a better
survival in patients with NSCLC (non-small cell
lung cancer) when compared with molecular tar-
get therapy alone [13].

Cryotherapy would also increase the radiosen-
sitivity of a tumor [14]: initial cryotherapy fol-
lowed by irradiation was administrated in 38
patients with NSCLC. A better survival was asso-
ciated both with the efficiency of the initial deb-
ulking by cryotherapy and with the local control
induced by the irradiation, suggesting a potentia-
tion of irradiation by cryotherapy.

Finally, a new method of delivering cryother-
apy was proposed: the so-called spray cryother-
apy, a noncontact system to deliver liquid
nitrogen through an endoscopic catheter. Rapid
freezing and thawing of the targeted tissues
causes cellular death and hemostasis. However,
intraoperative complications could be higher
compared with the standard application of cryo-
therapy due to nitrogen retention: it should be
avoided with adequate venting of the gas with a
rigid bronchoscope or an endotracheal tube, to
prevent blood oxygen falls and barotraumas.

Indications and Contraindications

The main indications of cryotherapy are listed
below [2]:

Endobronchial lung cancer
Early stage lung cancer

— Metastatic disease

Benign and rare tumor
Foreign body removal

Endobronchial Lung Cancer

Patients with lung cancer present, in approxi-
mately 30% of cases, with obstruction of the cen-
tral airways; with symptoms like cough, dyspnea,
hemoptysis, and recurrent infections [15]; with a
consequent decrease in quality of life and sur-
vival. According to international guidelines [16],
patients with endobronchial tumor are not eligi-
ble for surgical treatment alone and should be
treated with a debulking endoscopic technique in
order to improve symptoms related to airway
obstruction, to improve performance status, and
to improve survival (grade D): the debulking
technique should be chosen between electrocau-
tery/diathermy, argon plasma coagulation, laser,
cryotherapy and cryoextraction, photodynamic
therapy, brachytherapy, and stent placement [17].

In the 1980s, the introduction of the laser
technique implied a temporary provision of
cryotherapy, but its utility was later revalued
either for endobronchial tumor debulking or for
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enhancing the effects of chemotherapy and
radiotherapy. Several studies described the yield
of cryotherapy in endobronchial tumor debulk-
ing: rigid and flexible probes have been used, via
a rigid or a flexible bronchoscope; the airway
recanalization was obtained subjecting the endo-
bronchial tumor to various freeze-thaw cycles
and repeating bronchoscopy a second time if
necessary to clean up the airways, or using
recanalization with the immediate removal of the
frozen tissue.

Different outcomes have been reported for
cryotherapy depending on the pattern of tumor
growth in the airways: polypoid lesions and small
tumors with a depth of penetration <10 mm are
particularly suitable for cryotherapy; conversely
in cases with deeper penetration in the submu-
cosa or extrinsic diseases, cryotherapy alone is
not indicated for restoring the airway patency and
other techniques are suggested [9].

Interestingly, in the report of Maiwand [12], a
better survival was reported in patients with squa-
mous cell carcinoma and in patients with undif-
ferentiated large cell carcinoma, while a worse
survival was reported in patients with undifferen-
tiated small cell carcinoma and in those with
adenocarcinoma. Those results are consistent
with others reported in the following years, con-
firming that patients with squamous cell carci-
noma benefit from cryotherapy much more than
other types of tumor.

Finally, in patients with lung cancer, the appli-
cation of cryotherapy optimizes the effects of
chemo- and radiotherapy, by improving patients’
performance status and survival.

Early Stage Lung Cancer

The disease-free survival in patients with early
stage lung cancer treated with surgical therapy is
around 90%. Endoscopic procedures could be of
value instead of surgical procedures because they
offer similar disease-free survival with less peri-
operative mortality, morbidity, and costs [18].
International guidelines [19] suggest that cryo-
therapy, photodynamic therapy, electrocautery, or
brachytherapy should be used as a treatment

option in patient with early stage lung cancer
(squamocellular type) not eligible for surgical
therapy (recommendation 1C). The use of
Nd:YAG laser is not recommended in those
patients due to the risk of airway perforation.
Compared with other methods, cryotherapy
achieves tumor destruction without inducing col-
lagen damage or bronchial wall perforation [19].

Metastatic Disease

Endobronchial metastases from extrapulmonary
tumors are rare findings, and as primary lung
cancer, patients suffer from symptoms related to
tracheobronchial tree obstruction [20].

Benign and Rare Tumors

The key role of endoscopic techniques in the
management of patients with benign airway
obstruction is well known. As each endoscopic
technique has its advantages and disadvantages,
combining more than one method to treat benign
tracheobronchial tumor is advised, in order to
remove the tumor completely and reduce the
incidence of recurrence as far as possible [21].
Only few case series or case reports investigated
the role of cryotherapy in benign tracheobron-
chial tumor like hamartoma [22] and schwan-
noma [23], lipoma [24], and tracheobronchial
carcinoid tumors [25].

Foreign Body Removal

Beyond its conventional use in patients with
lung cancer, cryotherapy was found to be effec-
tive in foreign body removal. Its effectiveness
depends on the cryo-adherence of the aspirated
body. Porous structures, like pills, food, blood
clots, or peanuts, are more adherent compared
with bones, metal, or teeth [1]. It can be per-
formed at the bedside, also in intensive care unit
[26], and in many cases eliminates the need for
rigid bronchoscopy. Several reports described
various foreign bodies that were successfully
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removed with cryotherapy, including chewing
gum [27], blood clots [26, 28], mucus plug [28],
granulation tissue [29], aspirated food material
[1], and also aspergilloma [30].

Contraindications

Contraindications of cryotherapy are mainly
extra-luminal airway obstruction and cryo-
resistant tissues like collagen tissue, poorly cel-
lular tumors, and fibrous scars: in those cases,
cryotherapy alone is not indicated. Cryotherapy
is not indicated in benign tracheal or bronchial
stenosis caused by fibromas, lipomas, or post-
intubation stenosis [3, 22].

Complications

In contrast with other techniques, cryother-
apy was proven to be more safe, especially
when compared with laser therapy, due to the
lack of perforation risk [22]. The most com-
mon complications reported [3] are hemopty-
sis (4-10%), bronchospasm (4.5%), cardiac
arrhythmia (11%), and death (1.3%). In a large
case series of 521 patients, Maiwand reported
an overall postoperative complication rate of
9%, including 21 cases of hemoptysis (4%), 12
cases of postoperative atrial fibrillation (2%),
and 16 cases of respiratory failure (3%). Seven
patients (1.2%) died due to respiratory failure
[14]. In another study by Maiwand et al. [31],
out of 153 consecutive patients, complications
were seen in 11 (3 bleeding, 1 pneumothorax, 5
respiratory failure, and 2 complications related
to anesthesia), with no perioperative mortality.
Transient fever was observed in the immediate
postoperative period, maybe due to cell necro-
sis and the release of tumor necrosis factor [22,
32]. Finally, in the review of Lee et al. [ 18], out
of more than 2000 patients, complications like
hemorrhage, mediastinal emphysema, atrial
fibrillation, and dyspnea occurred in 11.1%
of patients. Most of those complications were
treated with conservative methods, while mor-
tality occurred in 7.1% of cases within 30 days

from the operation, mainly due to respiratory
failure following the disease progression.
Thus, considering that cryotherapy is a pal-
liative treatment in patients with poor clinical
conditions or with reduced life expectancy, the
complication rate could be considered accept-
able and relatively low, especially when com-
pared with other endobronchial debulking
modalities.

Description of the Equipment
Needed

The cryotherapy equipment has several advan-
tages like reusable probes, compact design, setup
simplicity, and no risk of airway fire. Cryotherapy
procedures need to be performed in a bronchos-
copy suite, through rigid or flexible scopes, with
a special cryotherapy equipment that consists of
a cryotherapy unit, a gas tank, and cryoprobes.
Cryotherapy unit incorporates a console that
regulates the flow of cooling agents, either
nitrous oxide (N,O), carbon dioxide (CO,), or
liquid nitrogen (N,), via a foot pedal with a
manometer showing gas pressure (usually
45-50 bar) and a gas tank (N,0, CO,, or N, gas
tank). Mainly, two different kinds of probes are
available for the application of cryotherapy in
the airways, rigid and flexible cryoprobes: flexi-
ble probes are of 78-90 cm in length and are
available in two sizes, 1.9 and 2.4 mm, for use
with minimal working channel diameter of 2.0
and 2.8 mm. Rigid probes are larger, 60 cm long
and 3 mm in diameter with a cooling tip of
9.2 mm. Rigid probes could be straight or right-
angled and have a reheating system that allows
the activation of the thawing phase immediately
after cooling. In contrast, the thawing phase with
flexible probes is passive meaning that each
cycle of freezing and thawing lasts double of
time compared with a rigid probe.

Different probes are designed for cryo-
recanalization [3]: probes are 78 cm in length
and 3.2 mm in diameter and have a stable
attachment of the central gas channel in the
probe tip, resulting in greater stability to trac-
tion. The freezing power is greater due to a
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larger surface area. About cooling agent, CO,
and N,O are the cooling agents most com-
monly used. The achieved tissue temperature is
a key factor to obtain tissue damage. Probes’
tip is cooled by gas decompression (N,O) and
reaches a temperature of -89.5 °C, according to
the “Joule-Thomson” effect: it dictates that a
compressed gas passing from the pressure in
which it is stored (in the tank) to the atmo-
spheric pressure rapidly expands and under-
goes cooling. Spray cryotherapy is another
way to deliver a cooling agent: it uses a 7F
catheter delivering in its tip gaseous liquid
nitrogen (N,) and generating a spray with an
exit temperature of -196°C.

Application of the Technique

Like other endoscopic procedures, a thorough
medical history, including information about cur-
rent medications, should be collected. Blood tests
and imaging studies need to be performed and
checked. Informed consent is also needed. A
flexible bronchoscopy should be performed
before the cryotherapy in order to better visualize
the lesion that need to be treated.

145

Endobronchial Tumors

After inserting the cryoprobe into the broncho-
scope, the tip of the probe is placed tangentially
or perpendicularly or within the lesion. Generally,
three cycles of freezing and thawing are per-
formed in each location, with a freezing time of
around 2-3 min. At the end of each freezing
cycle, the frozen area (the so-called ice ball) is
well visible and becomes less viewable at the end
of the thawing phase. After three cycles, the
probe tip is moved into an adjacent part of the
lesion. Tissue necrosis by cryogenic damage is
complete about 8 days after application.
Following this period, the necrotic tissue could
be eliminated by expectoration or a second bron-
choscopy, which is needed in order to mechani-
cally remove the necrotic tissue, especially if
cryotherapy is used alone as debulking technique,
and to treat the adjacent parts if necessary
(Fig. 9.1).

Early Stage Lung Cancer

If autofluorescence endoscopy is available, it
could be used to define the lesion limits; other-

Fig. 9.1 Endobronchial obstruction caused by lung cancer
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wise, a margin of 5-10 mm around the visible
limits of the tumor should be treated.

Cryo-recanalization

Cryo-recanalization is used for the extraction
of benign and malignant tissue. The probe is
inserted into the working channel; its tip is
placed inside the tumor and then cooled. The
destruction due to cryotherapy is visible,
allowing the assessment of the local extension
of tissue freezing. Together with the broncho-
scope, the cooled tissue incorporated at the tip
of the probe is pulled out of the respiratory
tract. The procedure could be repeated until
no relevant stenosis is observed. A newly
developed kind of cryoextraction is the lung
cryobiopsy technique: with this procedure,
trans-bronchial biopsy samples are up to eight
times larger than samples taken with forceps,
the quality for histological examinations is
higher, and additionally no crush artifacts or
bleeding is shown [7].

Fig. 9.2 Foreign body in children, a walnut kernel

S.Colellaetal.

Foreign Body Removal

Foreign body could be cooled and removed with
a mechanism similar to cryo-recanalization: a
difference in the application of the technique
could be the shorter cooling time, for example,
clots that could be cooled in 10 s (Fig. 9.2).

Spray Cryotherapy

Spray cryotherapy does not use the “Joule-
Thomson” effect, providing a uniform and pla-
nar distribution of the liquid nitrogen droplets
to the target tissue at a temperature of -196
°C. This allows treating a relatively large area of
the central airways despite the irregular surfaces
often encountered in endobronchial disease.
Understanding the mechanism and potential
risks for this new therapy is essential for its safe
application to patients. When the liquid nitrogen
is delivered to the airway, it undergoes phase
transformation and becomes nitrogen gas: it
has the potential to displace oxygen and expand



9 Cryotherapy: Application in the Airways

147

the lungs to a volume that might exceed their
capacity at which point, pneumothorax or baro-
trauma may occur. So adequate gas ventilation is
needed through an endotracheal tube or a rigid
bronchoscope.

Evidence-Based Review
Endobronchial Lung Cancer

In endobronchial tumor debulking, the choice of
cryotherapy has an evidence level 3 and grade of
recommendation D [16]: the same level of rec-
ommendation is for electrocautery, argon plasma
coagulation, Nd: YAG laser, and stent application,
even if each procedure has its safety profile and
own indications.

The systematic review by Lee et al. [18]
investigated efficacy and safety of endobronchial
cryotherapy in lung and bronchial tumor. A total
amount of 16 studies were included in the analy-
sis. Patients’ population was very diverse, includ-
ing patients with primary lung cancer, metastatic
cancer, benign tumors, and early superficial lung
cancer; moreover, due to the variability of meth-
ods and the lack of procedure standardization, sta-
tistics analyses were not done. Cryotherapy was
demonstrated to be effective in approximately
80% of cases and was effective in improving
quality of life, symptoms, dyspnea, and pulmo-
nary function especially in inoperable cases.

Maiwand et al. reported 75 cases of advanced
tracheobronchial carcinoma (45 squamocellular
carcinoma, 7 adenocarcinoma, 18 undifferen-
tiated large cell carcinoma, 5 undifferentiated
small cell carcinoma), treated with cryotherapy
to relieve symptoms [9]. The majority of patients
experienced an improvement of symptoms like
stridor, dyspnea, and hemoptysis; 12 patients did
not improve, 6 patients worsened, and 1 patient
died from nonsurgical cause. Similar results were
reported few years later by the same author: in
a prospective cohort of 153 consecutive patients,
cryotherapy provides effective and rapid control

of symptoms caused by tracheobronchial car-
cinoma and an improved quality of life, with a
median survival time of 12.9 months [31]. In this
study, a rigid bronchoscope was used except for
peripheral smaller tumors that were treated with
a flexible bronchoscope.

In an Italian case series, Marasso et al. [33]
investigated the therapeutic yield of rigid cryo-
probes in 234 patients with malignant and non-
malignant stenosis: 183 patients with malignant
tumors (mainly squamocellular carcinoma),
44 nonmalignant stenosis (4 adenoacanthomas,
6 polyps, 16 tracheal granulomas, 12 post-
tubercolar heals, 6 leiomyomas and fibroleio-
myomas), 4 bronchial carcinoid, and 3 bronchial
cylindroma. In patients with malignancy, an
improvement of lung atelectasis, hemoptysis,
dyspnea, hypoxemia, and sepsis was obtained in
170 cases; in nonmalignant diseases, cryother-
apy was also effective, but more settings were
necessary to complete the treatment. This study
underlined efficacy and safety of cryotherapy
compared to other modalities like Nd:YAG
laser, limiting its use in nonlife-threatening air-
way stenosis due to its delayed effect.

Cryotherapy was found to be safe and effec-
tive also in a report of 476 consecutive patients
with obstructive tracheobronchial tumors [34]:
an improvement in hemoptysis, cough, dyspnea,
and chest pain was reported and also respiratory
function and performance status improved.
Survival analysis suggested a possible survival
advantage over alternative palliative techniques.
Maiwand and Asimakoupoulos [15] reviewed
521 consecutive patients with malignant endo-
bronchial obstruction, not suitable for surgery
due to the advanced stage of the disease or the
poor clinical condition, which underwent endo-
bronchial cryotherapy for palliation. Rigid probes
were used in the trachea and in the main bronchi,
and flexible probes were used in peripherally
located tumor. There was a symptom improve-
ment in 86% of patients, with a significant
improvement in hemoptysis, cough, dyspnea, and
chest pain in 76.4%, 69%, 59.25%, and 42.6% of
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symptomatic patients, respectively, and there was
also a significant improvement in patient’s per-
formance status in 63% of cases.

Asimakopoulos et al. [17] investigated the dif-
ference in efficacy of cryotherapy in one or two
sessions. They reported the data of 329 patients
that underwent at least two sessions of endobron-
chial cryotherapy (group A, n = 172) or one ses-
sion of cryotherapy (group B, n = 157) from
malignant (primary or metastatic) obstructive
lung carcinoma. The most common histologic
type of tumor was squamous, followed by adeno-
carcinoma, small cell carcinoma, and other
tumors mainly metastatic. Most of the patients
received palliative radiotherapy or chemotherapy,
but those treatments were significantly lower in
group B. Few patients underwent lung resection,
12 in group A and 8 in group B. About dyspnea,
it was improved in both groups: in group A 50.5%
of patients improved by at least one NYHA class;
less degree of improvement was seen in group
B. Similar results in both groups were reported
about cough and hemoptysis. About lung func-
tion, there was a significant increase in group A
in terms of PEF and FVC; the improvement of
FEV1 was not significant. An improvement of
Karnofsky score was seen in both groups. The
mean survival was 15 months in group A and
8.3 months in group B. Patients who had radio-
therapy showed longer survival. No particular
tumor characteristic was associated with reduc-
tion of symptoms. Thus, on the whole, in this
study, it was demonstrated that cryotherapy
results in symptom relief, respiratory function,
and in an improved performance status.

About cryoextraction, Hetzel et al. [3] described
a cohort of 60 patients with high-grade airway ste-
nosis from exophytic tumor (51 bronchogenic car-
cinoma, 4 metastases, 1 carcinoid, 3 granulation
tissue and 1 malignant lymphoma). The target tis-
sue was frozen at the tip of the probe and subse-
quently pooled away with the flexible bronchoscope.
The treatment was successful in the 61% of cases,
partially successful in the 22% and unsuccessful in
the remaining 17% and 14% exhibited local recur-
rence. About complications, no deaths were
recorded, 54 patients had bleeding that was self-
limited, and 6 had more intense bleeding (100—

300 mL) that was controlled with suction and argon
plasma coagulation. In no cases was it necessary to
switch to the use of a rigid bronchoscope. More
recently, Schumann et al. [35] reported 225 patients
with bronchoscopic cryo-recanalization with a flex-
ible cryoprobe. A therapeutic success was achieved
in 205 (91.1%) patients. The flexible cryoprobe by
means of a flexible scope was used with all patients,
and only in 31 cases a rigid bronchoscope was also
used. Additional interventional techniques used
were endobronchial stents and argon plasma coagu-
lation. Bleeding was the most frequent complica-
tion and was mild in 9 patients (treated with ice-cold
NaCl or epinephrine solution) and moderate in 18
patients (treated with argon plasma coagulation or
bronchus blocker), while severe bleeding never
occurred. Finally, Yilmaz and coll. reported similar
results [36]: 40 patients with bronchial (primary or
metastatic) malignancy were retrospectively
included. A successful cryo-recanalization was
achieved in 72.5% of patients; authors commented
that the success was mainly related to the presence
of the distal involvement and the older age of
obstruction. Recurrences were observed in 17.2%,
with a mean survival of 11 + 12.7 months. Moderate
bleeding occurred in ten patients, which was
stopped with an argon plasma coagulator.

Early Stage Lung Cancer

For early stage lung cancer, according to interna-
tional guidelines [16], the choice of cryotherapy
has an evidence level 3 and grade of recommenda-
tion D. Only few studies investigated the role of
cryotherapy in early stage lung cancer. Deygas and
coll. [37] described 35 patients with early superfi-
cial bronchogenic carcinoma treated with cryother-
apy through a rigid bronchoscope. A therapeutic
success was achieved in 91% of cases, local recur-
rences were observed in ten patients within 4 years,
and no complications were observed.

Metastatic Disease

No guidelines state a level of recommendation
for metastatic endobronchial tumor. Few report
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described this application: [20, 25] reported the
first use of cryotherapy in 35 patients with endo-
bronchial metastases from extrapulmonary tumor.
The 85% of patients improved their symptoms;
in over half of the patients, endoluminal patency
improved by >50% and survival ranged is from
10 days to 4 years and 8 months, with a median
survival of 34 weeks. One-year survival was
37.5%. No complications were observed.

Benign and Rare Tumor

Lipomas: A retrospective multicenter study [26]
reviewed the role of bronchoscopic techniques in
the management of endobronchial lipomas. Out
of 38 patients, 29 underwent laser therapy and
mechanical debulking, cryotherapy and mechani-
cal debulking in 7 patients, and mechanical deb-
ulking alone in 2 cases.

Hamartoma: Sarioglu et al. [27] reported a
case of a man with a polypoid mass arising from
the posterior wall of the anterior segment of the
right lower lobe. The histopathologic diagnosis
was lipomatous hamartoma, and it was resected
with an electrosurgical snare, and subsequently
cryotherapy was applied to residual lesion on the
surface of the bronchus. Ucar [38] reported a case
of hamartoma first cauterized using snare electro-
cautery probe and then removed with cryoextrac-
tion. Two other similar cases were reported by
Sim et al. [39] using flexible bronchoscopy with-
out complications.

Schwannoma: Le Rouzic et al. [28] reported a
case of a patient with a tracheal mass at the CT
scan; bronchoscopy revealed an endobronchial
multi-lobular tumor with a moderate degree of
vascularization. The patient underwent complete
resection with a rigid bronchoscope followed by
cryotherapy. No relapse was seen during the fol-
low-up period.

Tracheobronchial carcinoid tumors: Dalar
et al. [29] investigated the role of endobronchial
treatment in patients with tracheobronchial car-
cinoid tumors. Twenty-nine patients with carci-
noid tumor underwent endobronchial endoscopic
treatment with diode laser or argon plasma coag-
ulation. Cryotherapy was applied consecutively

in patients for whom there were good bron-
choscopic visualization of the distal and basal
tumor margins and no evidence of bronchial
wall involvement. There was no tumor-related
death and no recurrence during the following
49 months. There was no difference for survival
or recurrence between the surgical and the endo-
bronchial treatment group of patients. Bertoletti
et al. [40] studied safety and efficacy of cryo-
therapy via rigid bronchoscope for the treatment
of isolated endoluminal typical carcinoid tumors.
Eighteen patients were analyzed: all underwent
a complete removal of the tumor and received
cryotherapy on the implantation base. Only one
patient had a recurrence after 7 years. Thus,
cryotherapy was found to be safe and effective in
adjunct to endobronchial mechanical resection.
Finally, a recent case report by Chawla et al. [41]
reported a case of carcinoid tumor successfully
biopsied and treated with cryo-recanalization.

Foreign Body Removal

Fruchter et al. [42] investigated the cryo-
adherence of various commonly aspirated
objects. Organic objects like chicken and fish
bones were adherent to cryoprobe, and inorganic
objects like safety pin and paper clip were not
retrievable by cryo-adhesion. Conversely, several
inorganic objects like dental cup despite their low
water content were cryo-adhesive. Authors pro-
posed to test the cryo-adherence of the aspirated
body before performing the procedure on the
patient, if the nature of the aspirated body is not
known.

To our knowledge, Sriratanaviriyakul and
coworkers [32] described one of the largest case
series. They reviewed 38 cases of patients with
nonneoplastic tracheobronchial obstruction: the
cryoprobe successfully reestablished airway
patency in 32 of cases (84%), 24 blood clots, 4
mucous plugs, 2 foreign bodies, and 2 plastic
bronchitis. In 68% the procedure resulted in an
improvement in oxygenation or ventilation. No
complications related to the procedure occurred,
only one related to sedation. Lee et al. [31]
described a case of a 66-year-old woman admitted
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for acute respiratory failure due to an obstruction
of the left main bronchus from large blood clots.
Flexible bronchoscopy failed to remove the clots,
and they were removed using bronchoscopic
cryotherapy at bedside in intensive care unit.
Grosu et al. [34] reported a case of critical airway
obstruction due to  pseudomembranous
Aspergillus tracheitis: cryotherapy removed suc-
cessfully a 4 cm piece of tissue and the airway
patency was restored. A successful cryoextraction
of a chewing gum was reported by Rubio et al.
[31]. Maiwand and coworkers [33] described a
series of 16 patients with airway complications
arising from granulation stenosis after heart-lung
transplantation: cryotherapy was an effective
treatment for excessive granulation tissue and
reduced the need for endobronchial stenting and
limited recurrences.

Summary and Recommendations:
Highlight of the Development
During the Last 3 Years (2013 on)

To date, cryotherapy is an effective and safe
technique to treat endobronchial obstruction,
both from malignant and nonmalignant diseases.
Compared with other treatments, cryotherapy
has had a limited role due to its delayed effect
and due to the need in some cases to perform a
second procedure to achieve an optimal result.
Despite this disadvantage, it is safer and cheaper
compared to other techniques like Nd: YAG laser,
electrocautery, or photodynamic therapy [5]. The
introduction of flexible probes that can be used
through a flexible scope made the procedure more
familiar, and also the access to distal endobron-
chial lesions was possible. Cryo-recanalization
offered a new horizon, allowing the tumor
removal immediately without the need of further
procedures and with a low complication rate.
New devices or new applications of cryotherapy
or cryoextraction have been proposed.

Spray cryotherapy consists of a minimally
invasive device that delivers extremely cold lig-
uid nitrogen spray through a small catheter to
freeze structures inside the airways. Using a
flexible bronchoscope, after choosing the target

tissue, the operator inserts a special spray cryo-
therapy 7F catheter through the scope and sprays
liquid nitrogen on the diseased or obstructed tis-
sue, with a temperature of -196°C [36]. However,
arigid scope or an endotracheal tube is needed to
allow the nitrogen gas to come out. Nitrogen
retention is dangerous for two reasons [43]:
firstly, it has the potential to displace oxygen,
and this could lead to severe desaturation, espe-
cially in patients with underlying respiratory
failure; secondly, the nitrogen gas expands the
lungs to a volume that might exceed their capac-
ity, and this could lead to barotrauma and pneu-
mothorax. The knowledge and the recognition of
these side effects are mandatory for the patient’s
safety. The nitrogen gas during spray cryother-
apy is passively removed from the airways: if an
endotracheal tube is used, it should always be
disconnected from the ventilator and the cuff
deflated prior to the procedure, in order to let
nitrogen go passively out. A visual assessment
should be done, monitoring the chest movements
and the frosting mist venting from the mouth or
from the endotracheal tube. Browning et al.
reported recently [44] 27 patients with malignant
airway disease. Eighty procedures were per-
formed in the central airways, with either the tru-
Freeze system or with the G2 CryoSpray
Ablation System, alone or in combination
(n = 31 procedures) with other therapeutic
modalities, also in patients with stent (n = 45
procedures). The truFreeze is an adjustable
lower flow setting that allows for a wider margin
of safety in the airways by delivering the liquid
nitrogen at a slower rate, allowing more time to
recognize the buildup of trapped nitrogen gas
and make adjustments to the spray and/or the gas
ventilation route. Out of 27 patients, 3 complica-
tions occurred (transient hypoxemia). The same
authors [47] described a case series in which
spray cryotherapy with truFreeze was success-
fully used in malignant and nonmalignant steno-
sis. Two patients with central tracheobronchial
tumor were successfully treated with spray cryo-
therapy in conjunction with chemotherapy and
radiation therapy. In two patients, cryotherapy
was used to unblock an airway stent from tumor
tissue and from granulation tissue and to prevent
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relapses. One patient with cough caused by
extensive infiltrating tumor throughout the tra-
chea and the main bronchi was also successfully
treated with repeated application of spray cryo-
therapy. Moreover, spray cryotherapy was also
effective in a patient with post-intubation steno-
sis, in conjunction with balloon dilatation. No
complications were reported in all four patients.
The only prospective study about cryotherapy, to
our knowledge, is still ongoing: the study is per-
formed in the Netherlands [45] and aims to
investigate the feasibility, the efficacy, and the
safety of spray cryotherapy with the truFreeze
system, in malignant and nonmalignant central
airway diseases.

Another proposed use of cryoprobes in the air-
ways is in place of endobronchial biopsy to sam-
ple exophytic and flat airway lesions. A
randomized clinical trial [46] concluded that
endobronchial cryobiopsy is a safe technique
with superior diagnostic yield in comparison
with conventional forceps biopsy: out of 593
patients randomized, in 281 forceps biopsy was
done and in 282 cryobiopsies through a flexible
bronchoscope. The diagnosis was achieved in
85.1% of patients randomized to conventional
forceps biopsy and 95.0% of patients who under-
went cryobiopsy and there was no difference in
complications (bleeding). Recently, in the study
of Rubio et al. [47], cryobiopsy allowed sampling
of exophytic and flat lesions located centrally or
distally in the airways; specimens were larger
when compared with standard forceps biopsy.

Cryotherapy has been shown to have effects
also in systemic treatment, such as chemo- and
radiation therapy, making the tumor more sus-
ceptible to those treatments [19-22].

Finally, an interesting study by Chudasama
and coworkers [48] investigated the impact on
circulating tumor cell spread after cryotherapy:
they enrolled 20 patients scheduled for endo-
bronchial cryotherapy and sampled circulating
tumor cells at the baseline and post cryotherapy.
An increased level of circulating tumor cells was
observed after cryotherapy in the 75% of patients.

In conclusion, the use of new devices and
the proposed new applications of cryotherapy
make the procedure versatile, and in the near

future, there could be the possibility to extend
the indications and to minimize the complica-
tion rates.
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Introduction

Brachytherapy refers to a radiotherapy method
where the source of radiation is inserted into a
tumor or in close contact to it. In endobronchial
brachytherapy, the applicator is left inside the
bronchus or trachea to treat an endobronchial or
intratracheal tumor.

The first endobronchial brachytherapy treat-
ment was published in 1922 in the New York
Medicine Journal, reporting two cases success-
fully treated.

Since then, there have been great technological
advances, such as the introduction of the flexible
bronchoscope, the possibility of processing
images and planification in 3D with computerized
tomography, and also the application of new
sources of radiation, that are more active and safer
that can be introduced by afterloader devices. As
a consequence, treatments are administered by
high dose rate (HDR) mainly, while low dose rate
treatments (LDR) are no longer applied.
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In consequence, a better local control with
amelioration of symptoms has been obtained, as
well as a reduction in secondary effects.

Indications

Tumors that benefit the most with brachitherapy
are those with an endoluminal component with
minimal extraluminal compromise, less than 4
cm in length and less than 1 cm in depth. The
endobronchial light should allow passing the
treatment catheter. An evaluation bronchoscopy
should be performed beforehand, to evaluate the
compromized airway, with addition of some
other methods such as endobronchial fluores-
cence, ultrasonography or computerized tomog-
raphy as consider necessary.

Brachytherapy can be applied with curative
or palliative intention, as an only therapeutic
method (radical brachytherapy) or after external
radiotherapy, when local control has not been
achieved. Rarely, it can be indicated to control
symptoms such as hemoptysis, or as a bridge to
other treatments [1].

Brachytherapy Indications
Curative Intention: Tumors of any histollogy

except small cell carcinoma can be treated with
brachytherpay. In order to be curative, tumor
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should be limited to the lung, with negative
lymph nodes and abscense of distant metastasis.
Small tumors benefit the most. This method is
selected as an only therapy when patients are not
surgical candidates or have very poor lung func-
tion to allow external radiation.

A confirmation biopsy is mandatory, as well
as a complete staying to rule out secondary
compromise.

It can also be indicated when there is a relapse
after surgery [2] or radiotherapy, or when posi-
tive margins are found after a surgical procedure.

Brachytherapy with palliative intention: In
this scenario, the indication is related to symp-
tom control when there is cough, hemoptysis or
obstructive pneumonitis. Brachytherapy can be
indicated in primary or metastatic endoluminal
tumors that do not present esophageal infiltra-
tion (to avoid fistula formation). Dosing for all
listed situations are smaller than the used for a
curative treatment. Brachytherapy can be also
associated with other methods such as laser,
when the major obstruction has been relieved
and there is endoluminal tumor left. Other indi-
cation is relapse after surgery or external radio-
therapy in advanced lung cancer, to avoid airway
obstruction.

Technique

The patient must be fasting and can be premedi-
cated with codeine, benzodiazepines, and bron-
chodilators. Also local anesthesia with lidocaine
can be used.

Under sedation, both the pulmonary physi-
cian and the radiation oncologist start the proce-
dure (Figs. 10.1 and 10.2), under fluoroscopy
control (Figs. 10.3 and 10.4). It is important that
both can see the aspect of the lesion and changes
between fractions to evaluate response and pos-
sible complications. The bronchoscopist intro-
duces the flexible bronchoscope until reaching
the lesion to treat. Site of treatment must be
overpassed in at least 2 cm. We check the posi-
tion of the bronchoscope by fluoroscopy. Then
we introduce the treatment catheter (Fig. 10.5)

Fig. 10.1 Insertion under fluoroscopy guidance

through the bronchoscope and after that, we
withdraw the bronchoscope, leaving the catheter
in place, under fluoroscopy control. We attach
the connector and inside the catheter a dummy
source. Then, we fix the tube to the nostril with
tape, and mark the position at the level of the
nostril. After that, a CT scan is performed.
Images are transferred to the planning system,
and both the pneumologist and the radiation
oncologist determine the area to treat. A plan-
ning target length (PTL) is defined, that must
encompass what is called gross tumor volume
(GTV). Then, 2 additional centimeters are
added: one for the clinical target volume (CTV),
and another one to compensate for small move-
ments of the catheter during transferings,
changes in patient position, cough, etc.

We must be careful and delineate the possible
organs at risk (great vessels, esophagus, etc.) to
limit the dose they receive. When we use a simple
5F endoluminal tube, we must be aware that dis-
tance to the airway walls is not symmetrical,
unless we use a device equipped with a centering
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Fig.10.2 Monitor view [ > W

Fig. 10.3 Fluoroscopy
before introducing the
applicator

method (balloon, protective cover, etc.). With CT
planning, GTV is better covered and radiation of
critical structures reduced [3].

Usually PTL is between 4 and 6 cm, and the
targeted area is at 10 mm from the center of the

source. With CT planning, distance to the tar-
get zone can be pointed more accurately, rang-
ing between 5 to 10 mm [4] (Figs. 10.6, 10.7,
10.8, and 10.9). When there is an anatomical
curve, dose can be increased at the concave
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Fig. 10.4 Fluoroscopy
with applicator in
position

Gutiemaz
Térax
09-11-2011

Fig. 10.5 Catheter SF with dummy source

portion and decreased at the convex part. This
correction can be of benefit depending upon
tumoral location in the airway [4]. When a
metallic stent is in place, we must be aware
that the dose can increase in its immediate
vicinity.

Before administering the treatment, we must
check the ruler mark on the tube at the level of the
nostril. We can repeat fluoroscopy to check if the
catheter has moved or kinked. Then we connect
the tube to the HDR and administer the calcu-
lated dose during a short period of time, only few
minutes (Figs. 10.10 and 10.11). After the proce-
dure, the tube is easily removed. Patient should
be treated maintainig the same body position as
the used during CT scanning.

To standardize dose reporting and compari-
son, we must state not only the target volume
but also the dose at 1 cm from the catheter cen-
ter and the one applied to the sorrounding
organs at risk.

The use of appropriate dose reporting, such as
the equivalent dose in 2 Gy per fraction (EQD2),
should be encouraged when sharing results, par-
ticularly when EBRT and brachytherapy are used
in combination. This allows more accurate com-
parison between studies [4].
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Fig.10.6 Planning

Fig. 10.7 Dose distribution and histogram
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Fig. 10.8 Another case

Fig. 10.9 Shape of the -
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Fig. 10.10 Treatment
at the HDR bunker

Fig. 10.11 Detail of
HDR treatment

Fractionation

The fractionation varies: for curative intent, 6
weekly fractions of 5 Gy is the most commonly
used scheme, although there is a great variability
([3-5], see Tables 10.1 and 10.2). When combined

with external radiation, one of the most used is
50 Gy plus 3 fractions of 5 Gy [3]. For palliative
intention, we tend to administer less fractions and
more dose per fraction, in order to diminish patients
discomfort [6]. In that case, we would choose 1-2
fractions of 7.5-10 Gy (see Table 10.3).
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Table 10.1 Table of fractionations used

Distance External beam
First author Brachytherapy from source radiotherapy
Macha 3 x 10.0 Gy 10 mm -
Speiser (retrospective) 3x75Gy 10 mm -
3 x10.0 Gy 10 mm -
3 x 10.0 Gy 5 mm -
Bedwinek 3 x 6.0 Gy 10 mm -
Mantz (matched pair) 3 x5.0-7.0 Gy 10 mm 36 x 1.8 Gy (mean)
- - 36 x 1.8 Gy (mean)
Huber (randomized) 4 x 3.8 Gy 10 mm -
2 x 7.2 Gy 10 mm -
Mallick (randomized) 2 x 8.0 Gy 10 mm 10 x 3.0 Gy
1 x10.0 Gy 10 mm 10 x 3.0 Gy
1 x15.0 Gy 10 mm —
Stout (randomized) 1 x15.0 Gy 10 mm -
- - 30 x 2.0 Gy
Langendijk (randomized) 2x17.5 Gy 10 mm 10 x 3.0 Gy
30 x 2.0 Gy
- - 10 x 3.0 Gy
30 x 2.0 Gy

Treatment protocols for endoluminal brachytherapy alone and for combined endoluminal and external beam radio-
therapy (taken from Lung Cancer. Practical Handbook of Brachytherapy. V. Strnad, R. Potter, G. Kovacs. 1rs edition-
Bremen: UNI-MED 2014)

Table 10.2 Brachytherapy: curative intent

Point of observation Percentage Percentage of local

First author Patients (months) survival tumor control
Taulelle 22 30 46% 84%

Perol 19 12 78% 75%

Peiffert 33 14 53% 90%

Marsiglia 34 24 78% 85%

Bleichner 98 24 44.6% 62.5%

Freitag 32 24 100% 81%

Tredanial 29 23 55% 79%

Hennequin 106 24/60 47.4%124% 60.3%/51.6%

Results of endobronchial brachytherapy

Brachytherapy. V. Strnad, R. Potter, G. Kovacs. 1rs edition-Bremen: UNI-MED 2014)

Table 10.3 Brachytherapy: palliative intent

with curative intent (taken from Lung Cancer. Practical Handbook of

Improvement in symptoms
1-year Obstructional

First author Patients survival Cough (%) | Dyspnea (%) Hemoptysis (%) pneumonia (%)
Bedwinek 38 n.d. 81 71 81 71

Speiser 362 25 85 86 99 99

Gollins 324 26 62 60 88 46

Muto 280 approx. 45% 82 90 94 90

Mallick 15 n.d. 84.5 90.7 94.1 82.7
Kubaszewska 270 n.d. 77 76 92 82

Results of the clinical studies on endobronchial brachytherapy, palliative intent. (Taken from Lung Cancer. Practical

Handbook of Brachytherapy. V. Strnad, R. Potter, G. Kovacs. 1rs edition-Bremen: UNI-MED 2014)
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If we combine brachytherapy with external
radiotherapy, a good scheme would be 60 Gy
plus 3 weekly fractions of 5 Gy each. We must be
careful not to administer simultaneously external
radiation and brachytherapy in order to decrease
toxicity and chronic effects.

Results

Evaluation of treatment must be done at least
3 weeks after last procedure, to let the mucosa
recover from acute inflammation. Bronchoscopy
is usually indicated then, to assess brachy-
therapy effects and tumoral response. A 2012
Cochrane meta-analysis [7] examined 14 ran-
domized trials that used endobronchial brachy-
therapy, either alone or in combination with
other therapies, such as EBRT, chemotherapy,
or laser therapy. Results showed that a variety
of dosing and fractionation schedules used were
similar in overall survival. Also, it stated that
previous radiation treatment should be taken into
consideration when determining the dose and
fractionation schedule with HDR endobronchial
brachytherapy.

Curative Intent

Complete remission can be obtained in up to
85% of the cases, although very different
schemes have been applied, sometimes even dur-
ing the same study (see Table 10.2). When local
control is obtained, survival improves and 40 to
100% of patients are alive after 2 years. Relapses
appear usually during the first two years after

Table 10.4 Symptoms Improvement

treatment. Factors associated with local failure
are high tumor volume (size greater than 2 cm),
the presence of bronchial obstruction greater
than 25% of the light, and a tumor that can be
visualized on computerized tomography [2].
Having a previous endoscopic treatment is also
an indicator of treatment failure. As stated
before, the best candidates for brachytherapy
with curative intention are those patients with
tumors of less than 2 cm in length, not visible on
CT scan, occluding less than 25% of the tracheo
bronchial lumen.

Palliative Intent

In all series, a relief of symptoms is obtained in
most patients (see Table 10.3). Cough, hemopty-
sis, obstructive pneumonia, and dyspnea, are
diminished with brachytherapy, in 85% of patients
with no prior radiotherapy and in 70% of the cases
that had recurrence after external radiotherapy
(see Table 10.4). Quality of life is improved in
more than 60% of patients.

Side Effects
Side effects are more frequent when brachyther-

apy is applied after laser resection or external
radiation therapy.

Acute Side Effects

They are very similar to those that can appear after
a standard bronchoscopy. Due to inflammatory

Clinical end point Improvement in symptoms

Local I-year | 1-year Obstuctional
First author control survival Remission Cough Dyspnea Hemoptysis pneumonia
Huber 27% 25% n.d. n.d. n.d. n.d. n.d.
Langendijk 57% 25% n.a. 24% 46% 86% 57%
Sharma n.d. n.d. 80% 65% 63% 100% 60%
Mallick n.d. n.d. 82.8% 84.5% 90.7% 94.1% 82.7%

Results of clinical studies on combined external beam and endobronchial radiotherapy when used for palliation (in the
case of randomised studies, only the results of combined treatment), taken from Lung Cancer. Practical Handbook of

Brachytherapy. V. Strnad, R. Potter, G. Kovacs. 1rs edition-Bremen: UNI-MED 2014
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changes, the risk of infections is increased.
Development of pneumothorax is rare.

Mucosal ulceration can appear if the tube is
very close to the wall. CT can help deciding the
point of prescription. Distance to the bronchial
wall can be adjusted up to 4 to 10 mm in order to
avoid this particular side effect. White mem-
branes covering the mucosa are an acute indica-
tion of future development of fibrosis or airway
stenosis.

Late Side Effects

The most important one is fatal hemoptysis [2,
4] that can occur in up to 32% of cases, depend-
ing on the series. It can appear during treatment
or few days after the completion of the session.
Although it can also be produced by tumor
growth in case of progression, it is difficult to
distinguish. To avoid this severe side effect,
single doses greater than 10 Gy are not recom-
mended [8, 9].

Symptomatic stenosis or necrosis of the bron-
chial wall in the treated area can also occur [2], as
well as the development of tracheobronchiale-
sophageal fistula. The last one is less frequent
since treatments are designed by CT and take into
consideration the dosing to critical organs such as
the esophagous.
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Introduction and Principles
of Photodynamic Therapy

— Photodynamic therapy (PDT) is a minimally
invasive modality used in the treatment of pre-
malignant and malignant lung tumor. It’s a
proven antitumor modality, well tolerated and
with few negative effects. PDT uses photosen-
sitizing substance called photosensitizer (PS)
that accumulates selectively in tumor tissues
leading to harmful reactive oxygen species
formation and producing tissue death. In the
last years, indications of lung cancer treatment
have expanded, and PDT can be used as
unique, neoadjuvant, or palliative therapy in
the context of a multimodular treatment. It is
minimally invasive; it can be applied as
outpatient.

— PDT has many advantages:
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— It is selective, damaging tumor tissue and
sparing normal cells.

— It does not compromise additional of future
treatments.

— It does not produce long-term side effects.

— It can be repeated many times.

— It has Low systemic toxicity.

— It is not mutagenic.

Photodynamic reaction is obtained by the
association of light and a PS in the presence of
oxygen, and produces structural changes that
lead to tumor cell-selective killing. Cellular death
is obtained by more than one mechanism and
mainly involves apoptosis or necrosis, vascular
damage, inflammatory reaction, and immune
response. The surrounding normal tissue is basi-
cally respected, but it can be minimally damaged
regenerating afterwards [1, 2].

PDT has been studied from decades; its use-
fulness has been recognized for a large variety of
malignant tumors. However, the photosensitivity
phenomenon was already known in the early
twentieth century. Several PS are available with
different chemical properties and uses in medi-
cine. For more details in research please visit
www.clinical trials.gov.

In respiratory diseases, Photofrin® and Npe6
are the most studied PS. FDA (Food and Drug
Administration) approved the use of Photofrin®
for esophageal cancer in 1995 and early and
advanced lung carcinoma treatment in 1998.
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Most of the tumors treated by PDT under pro-
tocol are malignant melanoma, angiosarcoma,
squamous cell carcinoma, basal cell carcinoma,
Kaposi’s sarcoma, brain tumors such as glioblas-
toma, esophageal tumors, retinal tumors includ-
ing glioblastoma, bladder carcinoma, endometrial
and cervix tumors, and tumors of the tongue, lar-
ynx, nasopharynx, and vocal cords, among oth-
ers. The use in low-stage lung tumors had also
been supported by several published studies.
Cortese et al. in 1997 presented PDT as an alter-
native treatment method to surgery [3]. The com-
plete response to PDT in low stage depended on
tumor size, with a 97.8% success rate in tumors
smaller than 1 cm in length.

Principles and Photodynamic
Reaction

Three components act simultaneously in PDT:
photosensitizer, light source, and oxygen. The
principle of PDT is based on the photosensitive
molecule activation by a specific wavelength light
with the consequent creation of oxygen active
forms, being oxygen singlet the main one. This
reaction is known as photodynamic reaction
(Fig. 11.1).

light

2..

Fluorescence

Diagnostic PDT

Fig. 11.1 Type I and type II reactions in PDT (“photo-
dynamic reaction”). Schematic Jablonski diagram show-
ing PDT’s mechanism of action. Following light
absorption, the PS reaches an excited singlet state (PS*).
After an intersystem crossing, photosensitizer in a triplet
excited state (*PS*) can react in two ways: (1) it reacts
with biomolecules through a hydrogen atom transfer to

+

Singlet oxygen produces in cell membranes,
cytoplasm, and organelles peroxidative reactions
leading to damage and cell death.

The PS used in clinical and experimental stud-
ies accumulate selectively in abnormal or prolif-
eration cells, such as cancer cells or tumor tissues.
Its photoactivation produces a specific tissue
ablation [4]. After intravenous injection, the pho-
tosensitizer can be found in the liver, spleen, kid-
ney, bone marrow, and tumor tissue. Normal
organs remove quickly this substance, but in
tumoral cells it remains inside for more than
48 h.

The destruction process is quite complex, but
basically the damage of a specific subcellular tar-
gets depends on the location of the photosensi-
tizer, due to the reduced capacity of migration of
oxygen. Photofrin®, for instance, is accumulated
in the mitochondria and once activated causes
apoptosis. Other PS have empathy for determi-
nate organelles, like lysyl chlorin p6 for lyso-
somes and porphyrin for membranes. The damage
that PDT produces in cell membranes can be
observed with in few minutes after light exposure:
edema, blistering, ruptured vesicles containing
enzymes, reduction of active cell transport, plas-
matic membrane depolarization producing more
photosensitizer income, increased chromate per-
meability, and ATPase inhibition [1].

Biomolecules
‘ reactive oxygen species

/

Radical ions + O;
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2 \
cellular toxicity

2

Phosphorescence

Therapeutic PDT

form radicals, which react with molecular oxygen to gen-
erate ROS (type I reaction); (2) *PS* can react directly
with oxygen through energy transfer, generating singlet
oxygen ('0,) (type II reaction). PS photosensitizer, PS*
excited singlet, *PS* excited triplet singlet, ROS reactive
oxygen species, 'O, singlet oxygen, that ultimately pro-
duce tissue destruction
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Light delivery can be enhanced by using
wavelengths from 600 to 800 nm within the opti-
cal window [5] to activate PS, which passes from
a basal energy level to a “singlet” state. The “sin-
glet PS” can return to its basal state emitting a
photon and producing the fluorescence phenom-
enon or can go to a longer excitement level and
more stable state called “triplet PS.” To return to
its ground state, triplet PS can take two ways
reacting with different substances. Triplet PS can
react directly with oxygen through energy trans-
fer, generating singlet oxygen with cell toxicity
properties through a type II reaction (most com-
mon). Or it can react with biomolecules (i.e., lip-
ids, proteins, and nucleic acids) through type I
reaction. This reaction transfers hydrogen atoms
and generates free radicals and radical ions (radi-
cal type depends on the target biomolecule)
which along with oxygen result in reactive oxy-
gen species (ROS) generation.

ROS and singlet oxygen have a high reactivity
but a short half-life. Due to this, PDT directly
affects only those biological substrates that are
close to the region where these species are gener-
ated, usually within a 20 nm radius [6].

The balance between these two processes
(type I and II reaction) depends on the nature of
PS being used, the concentrations of oxygen and
substrate, and affinity of the PS with the sub-
strate. Both types of reactions result in cell death,
but in general, under hypoxic conditions primar-
ily a photodynamic reaction type I occurs, while
in oxygenated conditions type II reactions pre-
vail. Schematic Jablonski diagram showing
PDT’s mechanism of action is represented in
Fig. 11.1[7, 8].

PDT cytotoxic effects on tumor cells can be
reached by indirect and direct mechanism.
Indirect effect leads to changes in the tumor
microenvironment as anti-vascular effect (vaso-
constriction, thrombosis, or vessel leakage) and
antitumor immune response (release pro-
inflammatory cytokines and tumor-associated
antigens or fixation of complement). Direct cell
killing is due to macromolecule damage with
apoptosis and necrosis process. Apoptotic cell
death tends to predominate in the most PDT-
sensitive cell lines at lower light/photosensitizer

doses, and the necrotic mechanism tends to pre-
dominate at higher light/photosensitizer doses.

Tumor destruction is based on three steps: (1)
PS is distributed in all the cells after the intrave-
nous injection. (2) Because of the differences in
the vasculature and lymphatic drainage and the
uptake of photosensitizer, PS 1is selectively
retained in tumor cells and interstitial tissue. In a
couple of days, PS concentration is higher in the
tumor than in the surrounding tissues. (3) The
photosensitizing substance absorbs the light
energy and produces a photodynamic reaction [9].

Antitumor activity of inflammatory cells and
immune reactions are triggered by the sensitized
tumor. These two reactions contribute to more
complete tumor destruction. But there are some
factors that limit it, such as the uneven distribu-
tion of the PS agent inside the tumor or oxygen
availability.

Likewise, some drugs affect the final result of
photodynamic therapy, such as Adriamycin [10]
and corticosteroids [11, 12], both enhancing the
effects of PDT.

Animal studies by Diaz-Jimenez et al. have
shown that the photodynamic reaction, even
when it starts almost immediately after exposure
to light, continues to act slowly over a rather
long time. “In vivo” model showed that tumor
cells transplanted immediately after treatment
were able to be implanted and to reproduce,
while those transplanted 24 h after treatment
were not [13].

Technique

Administration of PS can be oral or topical or by
a slow intravenous injection (3—5 min), which is
the most used modality for lung cancer treat-
ment. Dose and window period until bronchos-
copy are variable depending on the PS. The PS
should be preferably excited by light of a wave-
length included in the therapeutic window
between 600 and 800 nm, which has greater
capacity for tissue penetration. Photofrin® is
used at a dose of 2 mg/kg 48 h before bronchos-
copy, and Npe6 is administered at doses of
40 mg/m? 4 h before.
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Fig.11.2 Diode laser of 630 nm

Bronchoscopy is performed under topical
anesthesia or conscious sedation. The tumoral
area is illuminated for 500 s with a 630 nm wave-
length laser light with nonthermal effect such as
the argon-dye laser or diode laser (Fig. 11.2).
Forty-eight hours after treatment, one or several
clean-up bronchoscopies should be performed to
remove viscous debris and detritus from the
tumor process destruction to avoid complications
such as infection, respiratory distress, or respira-
tory failure [14].

Two types of light fiber can be used: front
light microlens fiber (Fig. 11.3) or 360° diffusing
light cylindrical fiber (Fig. 11.4). The micro-
lenses are used for small and superficial tumors
such as “in situ” carcinomas. The cylindrical
fiber is appropriate for parallel bronchial lumen
tumors, tumors that involve small branches of the
bronchial tree and in exophytic tumors more than
5 mm in size. It’s also useful for large tumors in

Fig.11.3 Microlens fiber

Fig.11.4 Cylindrical fiber

which the fiber is inserted directly inside the
tumor. Current protocols use a power of 200-
400 mW/cm? to apply a total light dose of 100-
200 J/cm? in a treatment time of 500 s [5]. In
addition to argon-dye and diode lasers, other
types have been used such as gold vapor laser,
copper-dye laser, laser-dye excimer, and yttrium
aluminum garnet (YAG) laser with a crystal of
potassium titanyl phosphate laser and an optical
parametric oscillator [6].

Photosensitizers: Past and Present

The correct choice of PS is important for a suc-
cessful response to PDT treatment. PS must be
nontoxic for the cells in the absence of light
exposure and should be selectively retained by
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the target (malignant) cells. Ideally, PS should be
able to induce an immunogenic response over
treated cells such as changes of surface glycopro-
teins receptors and consequently activate a cas-
cade of immunologic cells response and
malignant cells death [15].

Most of PS were first derived from a molecule
called hematoporphyrin. Hematoporphyrins are
tetrapyrrolic pigments, whose base is the porphy-
rin molecule, formed by four pyrrolic units linked
by four methylic bridges.

Hematoporphyrin is obtained from the blood
by two consecutive steps. In a first step, hemin is
obtained by treating blood with sulfuric acid,
hydrochloric acid, and alcohol. In a second step,
the extracted iron is used to obtain crystallized
hematoporphyrin. This crystallized form of
hematoporphyrin is quite impure.

In 1961 Lipson, Baldes, and Olsen at the
Mayo Clinic treated hematoporphyrin by several
recrystallization processes, and they obtained a
new and pure compound suitable for human use
called hematoporphyrin derivative (HpD) [16,
17]. In 1983, Dougherty describes a new compo-
nent from the HpD called dihematoporphyrin
ether or ethyl 8 (DHE), which seemed to have the
ability tosensitize tumors [ 18]. Tetrafenilsulfonato
(TPPS) is another well-known PS but not used in
clinical practice due to its neurotoxicity and slow
serum elimination [19].

At the beginning of the 1980s, PDT was
specially used to treat early-stage squamous
cell lung cancer, but currently more than 3000
different locations and histological types have
been treated in over 32 countries [20]:

(a) Porfimer Sodium (Photofrin®): It is the most
extensively studied photosensitizer. In January
1998, the Food and Drug Administration
approved in the USA the use of Photofrin®
(porfimer sodium) for PDT in patients with
microinvasive lung tumor who are ineligible
for surgery or radiotherapy [21]. The pallia-
tion use of certain tumors was approved in
1997.

Photofrin® and its predecessor, hemato-
porphyrin derivative, are obtained by complex

(b)

mixtures of esters from hematoporphyrin.
The cytotoxic effect for PDT is limited by the
maximum penetration capacity of the laser at
630 nm wavelength light. This wavelength
has the highest power to penetrate tissue
from 3 to 5 mm.

Following treatment, there is a systemic
photosensitivity period that can last up to 6
weeks. Patients should avoid sunlight expo-
sure, artificial light, heat sources, or other
strong light sources during the treatment and
posttreatment period [4].

Benzoporphyrin Derivate (BPD): It is a sec-
ond generation PS. Chemically, is a hydro-
phobic molecule with a maximum absorbing
peak at 690 nm, higher than the absorption of
the hemoglobin. So it is not attenuated by the
blood and has a maximum tissue penetration.
Furthermore, BPD is quickly accumulated in
the target tissue allowing a PDT treatment
from 30 to 150 min after intravenous injec-
tion. It is also rapidly cleared from the body.
Photosensibility of the skin does not extend
more than few days [4].
5-Aminolevulinic Acid (ALA): Endogenous
photosensitization induced by ALA is a new
approach for photodynamic therapy and
tumors detection. It consists in a biosynthetic
reaction to produce endogenous porphyrins
heme and particularly protoporphyrin IX,
which is a very effective photosensitizer that
accumulates in mucosal surfaces, such as the
skin, conjunctiva, and oral, rectal, vaginal,
endometrial, and ureteral mucosa [1]. It has
been used with acceptable results to treat
superficial tumors of the skin, such as the
basal cell carcinoma, squamous cell carci-
noma, and adenocarcinoma. Residual photo-
sensitivity after treatment lasts about 48 h.

ALA has been also applied orally and by
aerosol inhalation via jet nebulizer, showing
that both modalities were well tolerated,
allowing tumor visualization, and after oral
administration it was possible to perform
photodynamic therapy. At 5 and 12 weeks
after PDT, marked reduction in tumor vol-
ume and recanalization of the bronchus were
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observed bronchoscopically, with no associ-
ated adverse effects [22].

ALA fluorescence can be used in detec-
tion of bladder lesions, early-stage “in situ”
lung carcinoma, and malignant gliomas.

N-Aspartyl Chlorin E6 (NPE6): It is a sec-
ond generation PS that stands out for its
excellent antitumor effects and rapid skin
clearance in laboratory animals. Npe6 has a
longer absorption band (664 nm) than
Photofrin®, so it has a slight advantage in
deep tumors treatment. The administered
dose is 40 mg/m? and laser power density
needed is 100 J/cm?2. Adverse effects are min-
imal, cutaneous photosensitivity disappears
within 2 weeks after administration. It is
approved by the Japanese authorities (Japan
Ministry of Health, Labor and Welfare) since
2004 for lung cancer treatment. In 2010 it
was approved for advanced lung cancer
treatment.

Chlorins have been extensively investi-
gated for their potential to treat oral cancer.
Extensive cellular damage and complete
tumor regression within a week treatment
have been reported [23]. Although chlorins
exhibit good water solubility and stability,
aqueous solutions did not represent the best
delivery system in many tumors such as oral
cavity or endobronchial tumors. A combina-
tion to a mucoadhesive delivery system shows
to increase the absorption in the target tissue
and improves the overall outcomes [24].
Recently, PS incorporation to nanoparticles
prepared from human serum albumin or hyal-
uronic acid brings new perspectives and chal-
lenges to this field [25]. Due to their
submicron size, nanoparticles as PS delivery
system have numerous advantages such as
protection against enzymatic PS degradation,
control of PS release allowing a constant and
uniform concentration into target cells, and
the ability to penetrate target cells [26].
Others Photosensitizers: Tin etiopurpurin,
SnET2 (Purlytin); lutetium texaphyrin (Lu-
Tex); benzoporphyrin derivative monoacid ring

A (BPD-MA); mesotetra (hydroxyphenyl)
chlorin, mTHPC (Foscan), that are under
investigation.

(d) Table 11.1: Summary of main photosensitizers.

Indications and Contraindications

Different tumors treated by PDT include can-
cers of the digestive tract, lesions of the head
and neck, lung cancer, cervix and bladder can-
cer, and skin cancer, among others. PDT treat-
ment is based on a standard dose of the drug, on
a specific light source (nonthermal laser), and
on a specific drug-light interval. However, clini-
cal outcomes vary extremely due to many vari-
ables: power and duration of light exposure,
tissue oxygenation and vascular supply within
the tumor; and finally, metabolism of the PS in a
particular patient [27]. Summary of curative and
palliative indications of photodynamic therapy
in the management of patients with non-small
cell carcinoma [28] is represented in Table 11.2.

A. Curative PDT Indications

Curative PDT indications are:

1. Carcinoma in situ (this is
indication).

2. Microinvasive and limited to the bronchial
wall non-small cell lung cancer:

(a) Early-stage intraluminal and central
tumors following definitive surgery or
radiation therapy

(b) Roentgenographically occult central
tumors

(c) Synchronous primary carcinomas

3. Recurrence of operated non-small cell lung
carcinoma (stump area) or treated by
radiotherapy.

4. Severe dysplasia.

Patient’s selection should be cautious taking
into account area and depth of tumoral extent.
The Japanese Lung Cancer Society defines
the criteria of early central lung tumor selec-
tion [29]: (1) subsegmentary bronchus loca-
tion as distal limit, (2) tumor margins must be

first-line
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