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    Preface 

    A revolution is taking place in the  fi eld of bronchoscopy. The strides made 
over the past decade in this  fi eld have exponentially improved the diagnostic 
as well as therapeutic capability of  fl exible bronchoscopy. It is now possible 
to see beyond the bronchial wall using endobronchial ultrasound and navigate 
to small peripheral lesions using virtual bronchoscopy and electromagnetic 
navigational bronchoscopy. The therapeutic role of bronchoscope is no lon-
ger limited to palliate symptoms of advanced lung cancer. There are exciting 
developments in the potential role of bronchoscopy in the treatment of bron-
chial asthma, chronic obstructive pulmonary disease (COPD), and bron-
chopleural  fi stula. 

 The advances in bronchoscopic techniques and re fi nement of knowledge 
in this  fi eld could not have come at a better time. We are in the midst of a 
worldwide lung cancer epidemic. With lung cancer screening we are expected 
to encounter increasing numbers of patients with lung nodules that are too 
small to reach with conventional bronchoscopic methods. Bronchial asthma 
and COPD continue to threaten the well-being of a signi fi cant proportion of 
the population around the globe. It is our belief that advanced bronchoscopy 
techniques have an important current and future role in diagnosis and man-
agement of many these patients. 

 In this book, we invited some of the world’s leading experts to critically 
review the important diagnostic and therapeutic bronchoscopic techniques 
that have emerged over the past decade. The book is written for pulmonolo-
gists, pulmonary fellows in training, and for all those who perform diagnostic 
and therapeutic bronchoscopy. We provide a balanced view of the current 
status, limitation, and the future of the new bronchoscopic techniques that 
have been adopted in mainstream practice over the past few years. 

 Rapid growth in any medical  fi eld raises many pertinent questions. 
Bronchoscopy is no exception. One must ask whether the new techniques are 
more effective in providing diagnosis or in improving outcome than the exist-
ing techniques. The safety issues as well as limitations of the new procedure 
must be understood. As most of the new bronchoscopic techniques are expen-
sive, the cost issues must be addressed. Presently, the economic implication 
of adopting any expensive technique cannot be overlooked. Society and third-
party payers alike are increasingly demanding economic justi fi cation for 
choosing a more expensive technique over an existing less expensive tech-
nique. In the global arena, many of the emerging techniques are simply out of 
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reach of resource-poor societies. Throughout the book the authors have 
addressed some of these issues to guide the reader to make informed and judi-
cious decisions in adopting new techniques and make sound decisions regard-
ing allocation of health care resources. 

 We strongly and unapologetically feel that the emergence of new tech-
niques in bronchoscopy does not imply that existing and conventional bron-
choscopic techniques such as transbronchial lung biopsy and conventional 
transbronchial needle aspiration have become obsolete and should be aban-
doned. In fact, the emergence of new techniques provides a unique opportu-
nity to re fi ne and rede fi ne the clinical role of the existing techniques. We 
 fi rmly believe that the intelligent and effective use of time-tested conven-
tional bronchoscopic methods still has and will continue to have an important 
role in routine bronchoscopy practice. It is essential for every bronchoscopist 
to have a sound understanding of the fundamental principles of the conven-
tional procedures before embarking upon more advanced techniques. Due to 
this reason, considerable sections have been devoted to the conventional 
bronchoscopic techniques in this book. 

 We sincerely thank all the contributing authors who share their expertise 
in this book. With their assistance, we have done our best to provide a bal-
anced and state-of-the art review of this rapidly expanding  fi eld. We hope the 
readers will  fi nd the information thought provoking, practical, and readily 
applicable in their clinical practice. We are excited about the advances in the 
 fi eld of bronchoscopy, but we truly believe that it is only the beginning. The 
best is yet to come. 

Cleveland, OH, USA Atul C. Mehta
Clarksburg, WV, USA Prasoon Jain  
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   Introduction 

 Interventional pulmonology (IP) has evolved 
over the last three decades into a multifaceted 
subspecialty of thoracic medicine and surgery that 

involves diagnostic and therapeutic bronchoscopy, 
pleuroscopy, and several other procedures out-
lined in Table  1.1 . Advances in technology and 
the epidemic of lung cancer in the later half of 
the last century were major stimuli in the devel-
opment of IP. In addition, emergence of lung 
transplantation as a therapeutic option in 
advanced and end-stage lung diseases over the 
past two decades also became an engine to stim-
ulate the research and development in the  fi eld of 
IP. Lung transplant recipients need to undergo 
multiple bronchoscopies for diagnosis and sur-
veillance for rejection and management of air-
way complications. It can be argued that 
the success of lung transplantation would not 
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     Department of Pulmonology ,  Hawaii Permanente 
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     P.  M.   Mathur ,  M.B.B.S.  
     Pulmonary/CCM Department ,  Inidana University 
Hospital ,   Indianapolis ,  IN ,  USA    
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  Abstract 

 This chapter outlines the development of interventional pulmonology over 
the last three decades beginning with the introduction of the Nd:YAG laser 
for use in therapeutic bronchoscopy. Mention will be made of early pio-
neers who set the stage for modern interventional pulmonology. The chap-
ter reviews the current scope of practice of interventional pulmonology 
with emphasis on newer bronchoscopy techniques for diagnosis and stag-
ing of thoracic malignancy. The current status of training in interventional 
pulmonology will be discussed along with issues regarding credentialing 
and the need for a formal 1-year interventional pulmonology fellowship.  

  Keywords 

 Interventional pulmonology  •  Flexible bronchoscopy  •  Rigid bronchos-
copy  •  Pleuroscopy (medical thoracoscopy)  •  Endobronchial ultrasound  • 
 Auto fl uorescence bronchoscopy  •  Lung cancer  •  Navigational bronchos-
copy  •  Electrocautery  •  Cryotherapy  •  Stents (airway)      

      Interventional Pulmonology: 
Current Status and Future Direction       

     John   F.   Beamis   Jr.        and    Praveen   M.   Mathur        

A.C. Mehta and P. Jain (eds.), Interventional Bronchoscopy: A Clinical Guide, Respiratory Medicine 10,
DOI 10.1007/978-1-62703-395-4_1, © Springer Science+Business Media New York 2013
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have been possible without the aid of expert 
bronchoscopy services.  

 IP is more than performance of procedures. It 
often involves total care of patients with advanced 
malignancies, critical central airway obstruction, 
and respiratory compromise from pleural effu-
sions. IP requires more training and experience 
than is available in most pulmonary fellowships 
or thoracic surgery residencies. While the num-
ber of IP practitioners has increased both in the 
USA and many other countries their distribution 
remains spotty. Many patients in need remain 
without access to the bene fi ts of IP. 

 In this chapter we review the current status of 
IP practice and training as the specialty has devel-
oped over the last three decades along with his-
torical perspective and comment on the future of 
the specialty.  

   De fi nition of Interventional 
Pulmonology 

 IP was  fi rst de fi ned in a monograph in 1995  [  1  ]  
and again in the European Respiratory Society/
American Thoracic Society guidelines  [  2  ] . 
Interventional pulmonology can be de fi ned as 

“the art and science of medicine as related to the 
 performance of diagnostic and invasive therapeu-
tic procedures that require additional training and 
expertise beyond that required in a standard pul-
monary medicine training program.” Although 
this de fi nition is over 20 years old it remains 
cogent despite the fact that the number of IP pro-
cedures has surged. In addition to therapeutic 
procedures for malignancies there has been more 
emphasis on diagnosis and increasing interest in 
treating benign disorders such as asthma and 
emphysema using IP techniques.  

   The Development of Interventional 
Pulmonology 

   The Pioneers 

 Dr. Gustave Killian, a German otolaryngologist, 
was the  fi rst to provide translaryngeal access to 
the tracheobronchial tree when in 1897 he per-
formed the  fi rst rigid bronchoscopy to remove a 
bone from the main bronchus of a patient. 
Killian’s procedure gained worldwide attention. 
Among his disciples was Chevalier Jackson   , a 
Pittsburgh otolaryngologist who was to be known as 
the “Father of American Bronchoesophagology” 
 [  3–  5  ] . Jackson moved to Philadelphia where he 
eventually became Professor of Otolaryngology 
at all  fi ve of the local medical schools. Jackson 
designed rigid bronchoscopes and accessories 
that have been the standard for over 100 years. 
His techniques of foreign body removal and dila-
tion of airway strictures have also stood the test 
of time. Possibly his greatest contributions were 
his development of strict safety standards and the 
instructional courses he organized which are a 
model for modern-day IP courses. 

 A major factor in the growth of pulmonary 
medicine as a subspecialty was the invention of the 
 fl exible  fi ber-optic bronchoscope by Dr. Shigeto 
Ikeda, a thoracic surgeon at Tokyo’s National 
Cancer Institute  [  6  ] . Originally designed as a diag-
nostic tool, the  fl exible bronchoscope has proven 
to be invaluable in therapeutic bronchoscopy  [  7  ] . 

 In the last century a number of technologies 
were developed that had potential for treatment 

   Table 1.1    The scope of interventional pulmonology 
components   

  Advanced diagnostic bronchoscopy  
 Auto fl uorescence bronchoscopy a ; narrow-band imaging a ; 
radial EBUS a ; linear EBUS-TBNA a , OCT b ; navigational 
bronchoscopy a  
  Therapeutic bronchoscopy  
 Rigid bronchoscopy a ; laser a ; electrocautery a ; argon 
plasma coagulation a ; cryotherapy a ; brachytherapy a ; 
photodynamic therapy a ; balloon bronchoplasty a ; 
stents a —silicone, SEMS (covered, uncovered); foreign 
body removal a ; bronchial thermoplasty a ; bronchoscopic 
lung volume reduction methods b ; airway valves for 
bronchopleural  fi stula a ; whole lung lavage a  
  Pleural procedures  
 Pleuroscopy a ; indwelling pleural catheter a  
  Critical care procedures  
 Percutaneous dilatational tracheotomy a  

   EBUS  endobronchial ultrasound,  TBNA  transbronchial 
needle aspiration,  OCT  optical coherence tomography 
  a  Clinically available 
  b  Investigational only  
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of airway disorders via bronchoscopy. In the 
1920s Yankauer reported on the implantation of 
radium into an endobronchial tumor using a bron-
choscope. The radium was placed in capsules 
attached to a string that exited through the mouth. 
Although effective, this technique exposed the 
treatment team to radiation  [  8  ] . Neel and 
Sanderson from Mayo Clinic used cryotherapy 
through rigid bronchoscopes or bronchotomy to 
treat airway tumors  [  9,   10  ] . Hooper and Jackson 
described early experience with endobronchial 
electrocautery  [  11,   12  ] . Laforet et al.  [  13  ]  
described the use of the carbon dioxide laser to 
treat an obstructing mucoepidermoid tumor of 
the trachea. All of these methods of treating 
endobronchial pathology showed promise in 
expert hands but were never widely embraced. 

 Just as therapeutic bronchoscopy has over 100 
years of history, medical thoracoscopy, an impor-
tant procedure within IP, has also been performed 
for over 100 years. Hans-Christian Jacobeus, a 
Swedish pulmonologist, is said to have performed 
the  fi rst thoracoscopy in 1910. His technique 
became widely accepted as a method to lyse 
pleural adhesions in the pre-antibiotic era of 
tuberculosis therapy  [  14,   15  ] . There is now evi-
dence that an Irish physician might have preceded 
Jacobeus in exploring the pleural space by 50 
years  [  16  ] . Once systemic therapy for tuberculo-
sis was introduced thoracoscopy procedures 
waned dramatically. However, aided by improved 
video technology and stimulated by the interest 
in minimally invasive surgery, a number of groups 
expanded the indications for thoracoscopy to 
other conditions such as treatment of empyema 
and malignant pleural effusions and diagnosis of 
pleural diseases  [  17,   18  ] .   

   Interventional Pulmonology 
Through the Decades 

   1980s 

 Many would date the dawn of IP to two reports 
from France in the early 1980s describing the 
utility of the neodymium:yttrium–aluminum–
garnet laser (Nd:YAG) laser for treating airway 

obstruction from lung cancer. Toty and associates 
performed laser therapy on 164 patients with 
benign and malignant airway stenosis. Excellent 
results in treating central airway tumors (benign 
and malignant) and iatrogenic stenosis using the 
laser through a rigid bronchoscope were reported. 
The authors felt that the main indication for laser 
therapy was “… in the treatment of asphyxiating 
and intractable forms of cancers, previously oper-
ated on and irradiated”  [  19  ] . Dumon et al.  [  20  ]  
from Marseilles described their experience treat-
ing 111 patients with a variety of benign and 
malignant airway disorders. The results were 
excellent and authors stated “serious complica-
tions have yet to occur.” Because of Dumon’s 
clinical skills, and his willingness to share his 
experience with others through speaking engage-
ments, hands-on courses, and in print, Marseilles 
quickly became the main attraction for those 
interested in therapeutic bronchoscopy. Other 
European physicians, many disciples of Dumon, 
quickly developed large series of laser-treated 
patients  [  21  ] . Within a short time laser bronchos-
copy crossed the Atlantic to centers in the USA 
 [  22–  25  ] . 

 Throughout the 1980s, stimulated by the con-
tinuing epidemic of lung cancer and improve-
ments in technology, multiple centers of laser 
bronchoscopy were established throughout 
Europe and North America. Safety standards 
were developed by Dumon  [  26  ]  and others. 
Despite the renewed interest in rigid bronchos-
copy for debulking airway tumors  [  27  ]  many US 
bronchoscopists preferred to use the laser through 
the  fl exible bronchoscope  [  28,   29  ] .  

   1990s 

 After 10 years of worldwide experience with 
laser bronchoscopy it became evident that other 
endobronchial therapies were needed to  fi ght the 
epidemic of lung cancer in its attack on the cen-
tral airway. Coagulating a central tumor with the 
Nd:YAG laser and resecting it with rigid or 
 fl exible bronchoscopy techniques resulted in 
immediate but often short-term airway patency. 
Patients with external compression or loss of 
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 cartilage support could not be treated with laser. 
Other methods to maintain or open the central 
airway obstruction were needed. A renewed 
interest in endobronchial brachytherapy surfaced. 
Compared to crude placement of radiation 
sources in prior decades, newer afterloading tech-
niques using Iridium-192 were developed  [  30  ] . 
Ever the innovator, Dumon developed a silicone 
stent that was deliverable via the rigid broncho-
scope and proved valuable for long-term treat-
ment of benign and malignant stenosis  [  31,   32  ] . 
A number of self-expandable metal stents became 
available. Wallstents ®  and Palmaz ®  stents  [  33, 
  34  ]  proved relatively easy to insert using  fl exible 
bronchoscopy but were soon replaced by 
Ultra fl ex ®  stents made of nitinol (Boston 
Scienti fi c, Natick, MA, USA)  [  35  ] . 

 Stimulated by the success of laser some older 
technologies were updated and proved successful 
in treating endobronchial disease. Electrocautery 
using probes or snares, often with  fl exible bron-
choscopy, proved to be as effective as laser in 
experienced hands and more cost effective 
 [  36–  38  ] . Homasson and others in Europe used 
new cryotherapy probes with rigid bronchoscopy 
to treat airway tumors  [  39,   40  ] . Mathur et al. 
introduced  fl exible cryoprobes that could be 
passed through the working channel of a  fl exible 
bronchoscope  [  41  ] . The argon plasma coagulator 
proved to be another tool to coagulate and ablate 
endobronchial tumors  [  42,   43  ] . All of these meth-
ods offered alternatives to laser therapy in that 
start-up costs were less, applications through 
 fl exible bronchoscopy were available, and in 
most cases effectiveness was similar, although no 
true comparison studies were reported. 

 In the 1990s there was renewed interest among 
North American pulmonologists in performing 
medical thoracoscopy (now called pleuroscopy) 
 [  44  ] . Advances in minimally invasive surgical 
technology along with techniques developed by 
European masters including Boutin  [  45  ]  and 
Loddenkemper  [  46  ]  facilitated this interest. 
Although the procedure was commonplace in 
Europe, the idea of internists performing surgery 
in the chest generated considerable controversy in 
the USA  [  47,   48  ] . The controversy was eventually 
resolved as differences between video-assisted 

thoracic surgery (VATS) and medical thoracoscopy 
were appreciated and most pulmonologists 
limited their scope of practice to performing pari-
etal pleural biopsy and talc pleurodesis. 

 Also in this decade, bronchoscopists, knowing 
the dif fi culties of treating airways obstructed 
with advanced cancers, began to look for early, 
possibly curable endobronchial cancers. Exciting 
work by Lam et al. showed that areas of severe 
dysplasia and cancer in situ could be detected 
with auto fl uorescence bronchoscopy using the 
lung imaging  fl uorescence endoscope (LIFE) 
 [  49,   50  ] . Dysplastic lesions could be followed 
and might resolve with smoking cessation; more 
invasive lesions could be treated with a variety of 
methods including photodynamic therapy, elec-
trocautery, or brachytherapy. 

 The introduction of endobronchial ultrasonog-
raphy in the early 1990s would, by the next 
decade, prove to be a major advance in IP and 
bronchology in general. Hürter and Hanrath 
passed balloon-tipped ultrasound catheters 
through the working channel of  fl exible broncho-
scopes to image airway walls to detect invasion, 
to study peripheral lesions, and to guide stent 
placement  [  51  ] . Shannon et al.  [  52  ]  demonstrated 
that this method of endobronchial ultrasound 
(now called radial EBUS) could image mediasti-
nal structures including vessels and lymph nodes 
and facilitate transbronchial lymph node aspira-
tion (TNBA) described earlier by Wang  [  53  ] .  

   2000s 

 The new century brought rapid advancements in 
the application of radial EBUS. Herth et al.  [  54  ]  
outlined the advantages of using EBUS in thera-
peutic bronchoscopy. Miyazu et al. used radial 
EBUS to assess the depth of airway wall invasion 
by early lung cancer to determine treatment with 
local photodynamic therapy versus surgical 
resection or radiation  [  55  ] . Herth’s group also 
showed that EBUS could be used to localize 
peripheral pulmonary nodules and lesions with 
results similar to those using  fl uoroscopy  [  56  ] . 
Kurimoto et al. passed the EBUS probe through a 
guided sheath to improve sampling of peripheral 
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pulmonary lesions  [  57  ] . In a systematic review 
and meta-analysis of the use of radial EBUS for 
diagnosing peripheral lesions Steinfort et al. 
noted an overall speci fi city of 100 % and a sensi-
tivity of 73 %. These authors concluded that, 
although the diagnostic yield was less than that 
using computed tomography-guided percutane-
ous biopsy, the favorable safety record of EBUS-
transbronchial lung biopsy (TBLB) was “… 
supporting initial investigation of patients with 
peripheral pulmonary lesions using EBUS-
TBLB”  [  58  ] . 

 Possibly more important than radial EBUS in 
the management of thoracic malignancy was the 
introduction by Olympus Ltd. (Tokyo, Japan) of 
the linear EBUS bronchoscope which allowed 
real-time ultrasound guidance for TBNA of medi-
astinal and hilar lymph nodes. This procedure was 
originally reported by Krasnik et al.  [  59  ]  in a small 
group of patients. Subsequently Yasufuku  [  60,   61  ]  
in Japan and the Heidelberg/Boston collaboration 
of Herth and Ernst  [  62–  64  ]  have validated linear 
EBUS-TBNA in large series of lung cancer 
patients. The linear EBUS-TBNA procedure has 
changed the way lung cancer is staged and has 
also been shown to be effective in diagnosing 
other conditions that present with mediastinal and 
hilar adenopathy such as lymphoma  [  65  ] , extra-
thoracic malignancy  [  66  ] , sarcoidosis  [  67  ] , and 
tuberculosis  [  68  ] . In a meta-analysis by Adams 
et al. linear EBUS-TBNA was shown to have a 
speci fi city of 100 % and an overall sensitivity of 
88 % when used to sample mediastinal lymph 
nodes in patients with known or suspected lung 
cancer  [  69  ] . In another systematic review Varela-
Lema et al. noted similar results and suggested 
that EBUS-TBNA could replace mediastinoscopy 
for lung cancer staging in many cases  [  70  ] . 

 In recent years the clinical presentation of 
lung cancer has shifted from central lesions to 
more peripheral lesions. This has stimulated 
bronchoscopists to develop methods to diagnose 
peripheral pulmonary nodules and masses that 
have improved diagnostic yields, improved com-
pared to classic techniques using  fl uoroscopy and 
transbronchial biopsies. In addition to radial 
EBUS new techniques of navigational bronchos-
copy and ultrathin bronchoscopy were developed 

in this decade. Schwarz et al.  [  71  ]  described the 
superDimension bronchus system (superDimen-
sion, Inc, Mineapolis, MN) which used virtual 
bronchoscopy and electromagnetic navigation to 
approach targeted peripheral lesions for sam-
pling. The Cleveland Clinic group used this sys-
tem to sample peripheral lesions with a mean size 
of 22.8 mm ± 12.6 mm in 60 patients and noted a 
yield of 74 %  [  72  ] . Asano described a virtual 
bronchoscopy navigation system (VBN System, 
Olympus Medical Systems, Tokyo, Japan) that 
gave similar yields  [  73  ] . Using an ultrathin bron-
choscope guided by the LungPoint navigation 
system (Bronchus Technologies Inc., Mountain 
View, CA) Eberhardt et al. had a diagnostic yield 
of 80 % in 25 patients with peripheral lesions 
with a mean size of 28 mm  [  74  ] . 

 Benign airway tumors and benign tracheal 
stenosis can be treated with methods similar to 
those used to treat cancer. A major development 
in this decade was the attempt to treat emphy-
sema and asthma with interventional bronchos-
copy techniques. However, treating asthma and 
emphysema required novel techniques. Bronchial 
thermoplasty, which utilizes radiofrequency 
energy delivered to the subsegmental and seg-
mental airways by a catheter passed through the 
working channel of a standard  fl exible broncho-
scope resulting in ablation of airway smooth 
muscle, has been shown in a multicenter, ran-
domized double-blind sham-controlled study to 
reduce severe exacerbations and healthcare utili-
zation in moderate and severe asthmatics  [  75, 
  76  ] . This technology has now been approved by 
the Federal Drug Administration (FDA) and is 
marketed as the Alair Bronchial Thermoplasty 
System (Boston Scienti fi c, Natick, MA). 

 Attempts at using bronchoscopy to treat severe 
emphysema have not been successful. Stimulated 
by the results of National Emphysema Treatment 
Trial  [  77  ]  several bronchoscopic lung volume 
reduction techniques have been studied including 
airway occlusion using valves, collapsing seg-
ments with biodegradable gels, and creating extra 
anatomic tracts between the bronchial tree and 
hyperin fl ated parenchyma. None of these tech-
niques have demonstrated suf fi cient ef fi cacy or 
safety pro fi les to warrant FDA approval  [  78  ] .   
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   Training in Interventional 
Pulmonology 

 When laser bronchoscopy was introduced in the 
early 1980s many US bronchoscopists traveled 
to Europe, particularly to Marseilles, to learn 
the technique. Dumon and his early disciples 
soon organized courses to share their experi-
ence with the pulmonology community. The 
 fi rst US course was at Lahey Clinic in 1983. 
Soon multiple courses were available through-
out the USA. All these courses offered didactic 
review of laser principle indications, technique 
and complications of the procedure, and hands-
on experience using inanimate and animal mod-
els  [  79  ] . Kvale  [  80  ]  outlined a typical laser 
bronchoscopy course and expressed concern 
regarding training and credentialing for this 
new procedure. Over the last three decades IP 
courses have expanded their scope dramati-
cally. Courses now cover multiple end-
obronchial therapies: laser, electrocautery, 
cryotherapy, stents, and balloon dilation and 
advanced diagnostic procedures: linear and 
radial EBUS, and auto fl uorescence. Simulation 
is often utilized. Some courses also cover pleu-
roscopy and percutaneous tracheotomy. But 
does a 2–5-day course provide enough experi-
ence for a pulmonologist to return home and 
perform a new procedure on a patient? 

 In questionnaire surveys of program direc-
tors of the US pulmonary/critical care medicine 
fellowships and af fi liate members of the 
American College of Chest Physicians (ACCP) 
Pastis et al.  [  81,   82  ]  reported that the US pulmo-
nary fellows were generally pleased with their 
training experience in routine  fl exible bronchos-
copy but did not have enough experience in 
“interventional” procedures to meet competency 
standards proposed in the ACCP guidelines 
 [  83  ] . Unlike their European colleagues who 
often have exposure to rigid bronchoscopy and 
pleuroscopy during fellowship, most American 
pulmonary and critical care medicine fellows 
will require further training to gain competence 
in IP procedures. This has prompted the devel-
opment of interventional pulmonology fellow-

ships. The  fi rst formal US IP fellowship was 
organized at Lahey Clinic in 1996. Currently 
there are 19 active IP fellowships in North 
America (Table  1.2 ). Gildea  [  84  ]  has argued 
that in a high-IP-volume institution such as 
Cleveland Clinic every fellow has an opportu-
nity for involvement in IP procedures and a 
speci fi c IP fellowship is not required. In con-
trast Feller-Kopman  [  85  ]  has outlined the 
bene fi ts of a formal 1-year IP fellowship which 
includes exposure to a greater variety and num-
ber of procedures, better research opportunities, 
networking, and a process similar to training in 
other interventional specialties such as cardiol-
ogy and gastroenterology. The authors favor a 
formal year of IP fellowship.  

   Table 1.2    Current North American interventional pul-
monology fellowships   

 Beth Israel Deaconess Medical Center, Boston, MA • 
 Cancer Treatment Centers of America, Philadelphia, • 
PA 
 Centre Hospitalier de l’University of Montreal, • 
Montreal, QB, CA 
 Chicago Chest Center, Elk Grove, IL • 
 Cleveland Clinic Foundation Respiratory Institute, • 
Cleveland, OH 
 Duke University Medical Center, Durham, NC • 
 Emory University School of Medicine, Atlanta, GA • 
 Henry Ford Hospital, Detroit, MI • 
 Johns Hopkins Hospital, Baltimore, MD • 
 Lahey Clinic, Burlington, MA • 
 McGill University Royal Victoria Hospital, Montreal, • 
QB, CA 
 National Jewish Health, Denver, CO • 
 Ohio State University, Columbus, OH • 
 University of Calgary, Calgary, AB, CA • 
 University of Texas MD Anderson Cancer Center, • 
Houston, TX 
 University of Arkansas for the Medical Sciences, • 
Little Rock, AK 
 University of Pennsylvania Medical Center, • 
Philadelphia, PA 
 Virginia Commonwealth University, Richmond, VA • 
 Washington University School of Medicine, St Louis, • 
MO 

  [Based on data from Fellowships. American Association 
for Bronchology and Interventional Pulmonology; 2007. 
  http://aabronchology.org/fellowships.php    . Last accessed 
18 Sept 2012]  

http://aabronchology.org/fellowships.php
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 Lamb et al.  [  86  ]  recently outlined principles 
and objectives of training in IP. The authors 
emphasized that, in addition to acquiring proce-
dural skills, IP fellows must develop a broad 
knowledge base in areas such as thoracic malig-
nancy, complex airway disorders, and pleural 
diseases along with a working understanding of 
the various technologies employed in IP and how 
they interact with benign and malignant tissue. 
2011 was a landmark year for IP fellowships as it 
was the  fi rst year that fellows were chosen 
through the National Resident Matching Program 
(  http://www.nrmp.org/fellow/match_name/
msmp/about.html    ). The goal is for IP fellowships 
to be eventually accredited by the American 
Council for Graduate Medical Education. In the 
more distant future a formal board examination 
may be developed which might facilitate IP rec-
ognition by the American Board of Medical 
Specialties.  

   Current Status of Interventional 
Pulmonology 

 The following chapters will address the current 
practice of many IP bronchoscopic procedures in 
detail. Here, we summarize our impression of the 
status of IP in the second decade of the twenty-
 fi rst century. Guidelines from the ERS/ATS  [  2  ]  
and the ACCP  [  83  ]  were based on expert consen-
sus and are now a decade old but remain valid 
and continue to re fl ect much of the current 
practice.

   Although laser and other endobronchial ther-• 
apies revitalized rigid bronchoscopy, the use 
of this versatile instrument, except in Europe, 
remains limited. Standard pulmonary critical 
care medicine fellowships and cardiothoracic 
surgery residencies in the USA offer limited 
or no exposure to this procedure. The  fl exible 
bronchoscope has become the main thera-
peutic bronchoscopy tool in many institu-
tions. At Lahey Clinic where both rigid and 
 fl exible bronchoscopies are performed there 
has been a shift to more  fl exible bronchos-
copy procedures (Fig.  1.1 )  [  87  ] . Recent 
British Thoracic Society Guidelines have 

reviewed the current practice for therapeutic 
and advanced diagnostic procedures using 
the  fl exible bronchoscope  [  88  ] .   
  There are many options for ablative endobron-• 
chial therapy: laser, electrocautery, brachy-
therapy, cryotherapy, and argon plasma 
coagulation. Laser remains the most powerful. 
As original Nd:YAG lasers wear out many 
groups have shifted to the new neodymium: 
yttrium–aluminum–perovskite (Nd:YAP) laser 
which is more portable and less expensive than 
the Nd:YAG laser and provides similar if not bet-
ter coagulation of endobronchial tumors  [  89  ] .  
  The Dumon-type silicone stent has stood the • 
test of time for the treatment of external air-
way compression or loss of cartilage support 
but still requires rigid bronchoscope insertion. 
The Ultra fl ex ®  stent was the most widely used 
self-expanding metal stent (SEMS) for a num-
ber of years but recently is becoming sup-
planted by the AERO ®  stent, a totally covered 
nitinol SEMS (Merit Medical Systems, Inc., 
South Jordon, UT). Both can be inserted with 
the  fl exible bronchoscope  [  90  ] .  
  Pleuroscopy by internists in the USA remains • 
an uncommon, underutilized procedure despite 
excellent experience in a relatively few US 
centers and throughout Europe. With the 
development of the semirigid thoracoscope 
 [  91,   92  ]  that has an appearance similar to that 
of a common video  fl exible bronchoscope and 
has been shown to be just as effective as rigid 
instruments in managing pleural diseases  [  93  ] , 
it is hoped that more pulmonologists will 
incorporate this safe and highly sensitive and 
speci fi c procedure into their practice. Janssen 
has stated, “any pulmonologist who deals with 
pleural disease nowadays should be able to 
perform thoracoscopy”  [  94  ] . We echo his 
statement. Despite the potential for local road-
blocks, the procedure, as described by Michaud 
with an accompanying video  [  95  ] , should be 
part of any IP program, at least at Level I prac-
tice as outlined in the British Thoracic Society 
Guideline of 2010  [  96  ] .  
  Auto fl uorescence bronchoscopy (AFB) is • 
another procedure that has been introduced to 
clinical practice but remains underutilized. 

http://www.nrmp.org/fellow/match_name/msmp/about.html
http://www.nrmp.org/fellow/match_name/msmp/about.html
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AFB has been shown to be highly sensitive but 
not particularly speci fi c in detecting preneo-
plastic airway lesions  [  97,   98  ] . Only one sys-
tem, the D-Light system, has been approved 
for use in the USA (Karl Storz Endoscopy 
America, Inc., El Segundo, CA). Other sys-
tems are available for use in Europe and Japan. 
Newer technologies, such as narrow-band 
imaging and optical coherence tomography, 
have been developed to improve the speci fi city 
of AFB. The recent evidence that CT screening 
for lung cancer improves mortality  [  99  ]  may 
spark the development of formal lung cancer 
screening programs that probably should incor-
porate AFB to screen for early airway lesions.  
  Linear EBUS is quickly becoming the stan-• 
dard of care for mediastinal staging of patients 
with lung cancer and for sampling mediastinal 
lymph nodes. Although this procedure can 
and should be performed by most bronchosco-
pists, the IP pulmonologist seems to be taking 
the lead in incorporating EBUS into day-to-
day practice. In addition to its role as a staging 
instrument linear EBUS-TBNA is being used 

to obtain more tissue in advanced or recurrent 
lung cancer cases to guide targeted lung can-
cer therapy in the new era of personalized can-
cer therapy  [  100  ] .  
  As the clinical presentation of lung cancer has • 
shifted from central squamous cancers to pre-
dominantly peripheral adenocarcinomas there 
has been an increasing use of IP techniques to 
diagnose peripheral lesions. Electromagnetic 
navigation, radial EBUS-TBNA, and ultrathin 
bronchoscopes are all being used to obtain tis-
sue from peripheral lesions. The preferred 
technique varies among institutions and often 
these techniques are used together. They are in 
competition with transthoracic needle aspira-
tion performed by interventional radiologists.     

   The Future of Interventional 
Pulmonology 

 The future if IP seems very bright. The lung can-
cer epidemic continues, only slightly abated in 
developed countries and on the rise in developing 

  Fig. 1.1    Number of interventional bronchoscopies per-
formed during study period demonstrating a shift toward 
 fl exible bronchoscopy.  FB   fl exible bronchoscopy,  RB  
rigid bronchoscopy [reprinted from Zias N, Chroneou A, 

Gonzalez AV, Gray AW, Lamb CR, Riker DR, Beamis JF. 
Changing patterns in interventional bronchoscopy. 
Respirology 2009;14:595–600. With permission from 
John Wiley and Sons]       
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countries. For the foreseeable future, patients will 
continue to present with cancerous central airway 
lesions that require ablative therapy or stenting. 
EBUS is here to stay, both for staging and diag-
nosis, and is rapidly being brought from the 
academic centers to the community. IP instru-
mentation is expensive but setting up an IP 
program at a local hospital or a cancer center can 
be accomplished as recently outlined by Colt 
 [  101  ] . A major concern is what to do in develop-
ing countries where cancer, particularly lung cancer, 
is being diagnosed more frequently. Volunteerism 
on the part of IP trained personnel and generosity 
on the part of industry will have to remain the 
only means of transporting IP to developing 
countries for the foreseeable future. 

 Although it was relatively easy to de fi ne IP in 
1995, it remains dif fi cult to de fi ne who is an 
interventional pulmonologist. Is it someone who 
has completed an IP fellowship? Is it someone 
who has taken a several day course and now feels 
able to perform EBUS and place an SEMS? Is it 
a recent pulmonary/CCM graduate who has 
enthusiastically followed the local IP doctor and 
now feels comfortable setting up a program in 
his/her new job? Is it someone in an academic 
center of excellence or someone in a community 
hospital? Is it a member of the American 
Association for Bronchology and Interventional 
Pulmonology? This is an important question that 
needs to be de fi ned in the future. Possibly a board 
exam will help answer the question but that seems 
many years away and may not be appropriate for 
those already in practice. 

 In the future IP practice must become more 
evidence based. Most of the medical literature in 
IP (and most of the articles quoted in this chap-
ter) is from single-institution case series. IP 
research is shifting to randomized, controlled 
multicenter studies, often with sham controls  [  75, 
  102  ] . This type of research can best serve patients 
and can only lead to improved stature of IP within 
the medical world. 

 We have been fortunate to be involved with 
the IP community since the beginning and have 
seen the specialty blossom and new generations 
of interventional pulmonologists join the ranks. 
Over the last three decades we have collaborated 

with and become friends with IP practitioners 
from many countries. IP is an international spe-
cialty. The diseases that IP confronts are global 
and in the future we must make sure that the care 
that IP offers is also global.      
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  Abstract 

 Transbronchial Lung biopsy (TBBx) also known as “Bronchoscopic Lung 
Biopsy” is one of the most important sampling procedures performed dur-
ing  fl exible bronchoscopy. In majority of cases, TBBx is performed under 
conscious sedation in an outpatient setting. TBBx is performed for obtain-
ing tissue specimen from peripheral lung masses and focal or diffuse lung 
in fi ltrates. The technique is useful in patients with suspected lung cancer, 
fungal and mycobacterial lung infections, unexplained in fi ltrates in immu-
nocompromised hosts and in patients with suspected pulmonary sarcoido-
sis, lymphangitic carcinomatosis, and in selected cases of pulmonary 
Langerhan’s cell histiocytosis, lymphangioleiomyomatosis, and crypto-
genic organizing pneumonia. TBBx also plays important role in assessment 
of rejection and infectious complications following lung transplantation. 
 TBBx is not useful for histological diagnosis of idiopathic pulmonary  fi brosis 
or for distinguishing histological subtypes of idiopathic interstitial pneumonia. 
The diagnostic yield is also suboptimal in lung nodules smaller than 2 cm in 
diameter. Several recent techniques such as radial probe endobronchial ultra-
sound with guide sheath, electromagnetic navigation bronchoscopy, and vir-
tual bronchoscopy navigation have been devised to improve the diagnostic 
yield of TBBx for solitary lung nodule. Hemoptysis and pneumothorax are the 
two leading complications of TBBx, occurring in less than 2 % of cases. Every 
bronchoscopists must be able to perform TBBx.  

      Transbronchial Lung Biopsy       

        Prasoon   Jain,       Sarah   Hadique,    and    Atul   C.   Mehta        
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   Introduction 

 Transbronchial Lung Biopsy (TBBx) also known 
as Bronchoscopic Lung Biopsy (BLBx) is one of 
the most important applications of  fl exible bron-
choscopy. A diagnostic TBBx may obviate the 
need for an open lung biopsy. Even though the 
procedure is generally safe, serious and some-
times life-threatening complications may occur 
during TBBx. Therefore, decision to proceed 
with TBBx should be taken only after a careful 
risk–bene fi t analysis. In this chapter, we discuss 
the technique, clinical applications, limitations, 
and complications of transbronchial biopsy.  

   Technique    

 Performing TBBx is an essential skill for every 
bronchoscopist. Apart from mastering the tech-
nique, all bronchoscopists must have a thorough 
understanding of indications, clinical uses, and 
the limitations of the procedure. Also, one must 
be ready to manage its immediate complications, 
such as bleeding and pneumothorax. Several 
studies have established the safety of TBBx in an 
outpatient setting under moderate sedation  [  1,   2  ] . 

   Patient Evaluation 

 A detailed history, physical examination, and 
chest roentgenograms (Chest X-Ray and 
Computed Tomography of Chest) are essential 
before TBBx. The purpose, risks, and the limita-
tions of TBBx should be thoroughly discussed 
with the patient before the procedure. The patients 
must understand that underlying diagnosis can-
not be con fi rmed in all instances with this tech-
nique. Routine complete blood counts, 
coagulation pro fi le, blood chemistry, arterial 

blood gas analysis, pulmonary function tests, and 
electrocardiogram are not required prior to the 
procedure. The decision to perform these tests 
should be based on individual clinical evaluation. 
For instance, evaluation of clotting mechanism is 
indicated for patients with bleeding diathesis, 
those receiving anticoagulation therapy and for 
those who are at a high risk of bleeding due to 
liver disease or renal insuf fi ciency. 

 General contraindications to TBBx are listed 
in Table  2.1 . Patients with low platelet count 
should receive platelet transfusion immediately 
before the procedure to increase platelet count to 
at least 50,000/mm 3 . We have also encountered 
excessive bleeding in presence of platelet count 
more than 1 million/mm 3 . Correction of clotting 
mechanism may need administration of vitamin 
K and fresh frozen plasma. There is no need to 
stop aspirin  [  3  ] , but a very high incidence of 
bleeding after TBBx has been reported in patients 
receiving clopidogrel  [  4  ] , which must be held for 
at least 5–7 days prior to TBBx. A practical 
approach to identi fi cation and correction of 
coagulopathy prior to TBBx is summarized in 
Table  2.2 .   

 Because of the higher risk of bleeding in ure-
mic patients after transbronchial biopsy, serum 
creatinine should be measured when renal 
insuf fi ciency is suspected. According to a survey, 

   Table 2.1    Contraindications for transbronchial biopsy   

 Refractory hypoxemia • 
 Uncorrected coagulopathy (see Table  • 2.2 ) 
 Uncontrolled cardiac arrhythmia • 
 Active myocardial ischemia • 
 Severe pulmonary hypertension • 
 Uncontrolled bronchospasm • 
 Uncooperative patient • 
 Inability to control cough • 
 Lack of adequate facilities for patient resuscitation • 
 Abnormal platelet counts (<50 K or >1 million) • 

  Keywords 

 Transbronchial biopsy  •  Lung cancer  •  Solitary lung nodule  •  Tumor–
bronchus relationship      
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about one-half of bronchoscopists consider ure-
mia a contraindication to transbronchial biopsies 
 [  5  ] . Speci fi cally, BUN level of >30 mg/dl and 
creatinine level of >3.0 mg/dl (both together) are 

thought to increase the risk of bleeding after 
TBBx due to associated platelet dysfunction. For 
example, in a study reported in 1977, signi fi cant 
bleeding was encountered in 45 % of immuno-
compromised uremic patients undergoing bron-
choscopic lung biopsy  [  6  ] . Somewhat more 
reassuring are results from a small retrospective 
study in which only 1 of 25 patients (4 %) with 
end stage renal disease had major and 1 (4 %) had 
minor bleeding after transbronchial biopsies  [  7  ] . 
Similarly, no association was found between the 
risk of bleeding and elevated serum creatinine in 
45 immunocompromised patient who underwent 
transbronchial biopsies for evaluation of lung 
in fi ltrates  [  8  ] . The risk of bleeding in uremic 
patients may be reduced by intravenous infusion 
of 0.3  m g/kg desamino-8- d -arginine (DDAVP) 
over 30 min, starting 1 h before the TBBx. The 
same medication can also be administered in 
form of a nasal spray at a dose of 3  m g/kg about 
30 min prior to the procedure (Table  2.2 ). 

 A vast majority of bronchoscopists consider 
pulmonary hypertension an absolute or relative 
contraindication to TBBx  [  5  ] . However, there is 
little evidence of excessive risk of bleeding after 
TBBx in these patients. For example, in a pro-
spective, blinded study, the presence of pulmo-
nary hypertension on echocardiography did not 
increase the risk of bleeding after TBBx  [  9  ] . 
However, patients with clinically evident pulmo-
nary hypertension or cor-pulmonale were 
excluded from the study. Similarly, in a retro-
spective study, there was no signi fi cant increase 
in bleeding complications with TBBx in 24 
patients with variable severity of pulmonary 
hypertension, as compared to 32 control subjects 
 [  10  ] . Since there were only a handful of patients 
with severe pulmonary hypertension in this study, 
the authors concluded that TBBx is safe in 
patients with mild to moderate pulmonary 
hypertension.  

   Radiologic Investigations 

 Chest radiograph is essential in all patients prior 
to transbronchial biopsies. Routine chest 
Computed Tomography (CT) scan is also useful 

   Table 2.2    General guidelines for detection and  correction 
of coagulopathy before transbronchial biopsy   

  History and physical examination  
 Known bleeding or clotting disorder • 
 Prior history of epistaxis, petechial hemorrhage, GI • 
bleed, hematuria, menorrahagia 
 Excessive bleeding during prior surgeries • 
 Transfusion of blood products • 
 Renal insuf fi ciency • 
 Liver disease • 
 Hematological malignancy • 
 Immunocompromised state • 
 Medications: aspirin, nonsteroidal anti-in fl ammatory • 
drugs (NSAIDs), clopidogrel (Plavix), ticlopidine 
(Ticlid), prasugrel (Ef fi ent), dabigatran (Pradaxa), 
rivaroxaban (Xarelto) Coumadin, unfractionated 
heparin, low-molecular-weight heparin 

  Laboratory tests (based on clinical assessment)  
 Platelet counts • 
 Prothrombin time (PT-INR) • 
 Activated partial thromboplastin time (aPTT) • 
 Renal functions • 
 Liver function tests • 

  Speci fi c recommendations a 
 Proceed with TBBx only when: PT-INR < 1.5, • 
aPTT < 50 s, platelet counts > 50 K 
 No need to stop aspirin or NSAIDs • 
 Stop clopidorel, ticlodipine, and prasugrel for 5–7 days • 
 Hold Coumadin for 3 days; check PT-INR before the • 
procedure 
 Hold unfractionated heparin for 6 h and check aPTT • 
before the procedure 
 Hold low-molecular-weight heparin for at least 12 h • 
 Hold dabigatran and rivaroxaban for 2 days (hold for • 
a longer period in presence of renal insuf fi ciency) 
 Transfuse platelets if counts are <50 K and check • 
counts immediately prior to TBBx 
 Reconsider decision to perform TBBx in patients • 
with uremia. For BUN >30 mg/dl and creatinine 
>3.0 mg/dl, administer DDAVP: 0.3  m g/kg    IV in 
50 ml of saline and administer over 30 min; start 
infusion 60 min prior to procedure, or 3  m g/kg 
intranasal spray 30 min prior to TBBx 

  a Consult prescribing physician (e.g., cardiologist) before 
holding anti-platelet agents or anticoagulants. Consider 
bridge therapy in selected patients using standard clinical 
guidelines. Discuss the risk of holding anticoagulation 
with the patient  
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in patients with localized lung in fi ltrates and in 
patients suspected to have lung cancer. In these 
cases, CT shows the location of lung in fi ltrate or 
mass and its relation with the bronchopulmonary 
segment, which is a useful information to have 
during TBBx  [  11  ]  One study reported higher diag-
nostic yield from TBBx when the site of biopsy 
was chosen on the basis of chest CT scan in human 
immunodefi ciency virus (HIV)-infected patients 
with localized lung in fi ltrates  [  12  ] .  

   Biopsy Forceps 

 More alveolar tissue is obtained when the TBBx 
is performed with a large as compared to the 
small biopsy forceps  [  13  ] . The difference in the 
size of the biopsy specimen does not always 
translate into higher overall diagnostic yield or 
complications  [  14  ] . One problem with large 
biopsy forceps is dif fi culty in opening its cusps in 
the small peripheral airways, thus reducing the 
likelihood of obtaining desired alveolar specimen 
of lung parenchyma  [  15  ] . Alligator forceps tend 
to provide larger lung tissue specimen than cup 
forceps of comparable size. Cusps of the alligator 
forceps tear the tissue while that of the cup for-
ceps cut the tissue; latter limiting the volume of 
the biopsy specimen. Our preference is to use 
alligator biopsy forceps for TBBx in most cases.  

   Fluoroscopic Guidance 

 Some investigators have performed TBBx with-
out  fl uoroscopic guidance  [  16  ] . However, we rec-
ommend performing the biopsy under  fl uoroscopic 
guidance. The use of  fl uoroscopy during TBBx 
clearly improves the diagnostic yield of TBBx 
for focal lung in fi ltrates and lung masses  [  17  ] . 
The diagnostic yield of TBBx is similar with or 
without  fl uoroscopic guidance for diffuse lung 
in fi ltrates. Nevertheless, even in diffuse lung dis-
ease,  fl uoroscopy helps the bronchoscopist to 
select different areas for biopsy and allows the 
operator to obtain biopsy from the periphery of 
lung near the pleural surface. Moreover, 
 fl uoroscopy reduces the risk of pneumothorax 

during TBBx. The main drawback of using 
 fl uoroscopy for TBBx is its availability in 
resource-limited settings and radiation exposure 
to the patient and the staff  [  18  ] . There is no evi-
dence that radiation exposure during diagnostic 
bronchoscopy has any long-term ill-effects on the 
patients or the bronchoscopy staff. The 
 fl uoroscopy time can be reduced with proper 
training and instructions  [  19  ] . Future health risks 
can be minimized with sound radiation hygiene 
practices  [  20  ] . Nevertheless, TBBx can be suc-
cessful performed without  fl uoroscopic guidance. 
This is a common practice when the procedure is 
performed on intensive care unit patients with 
diffuse parenchymal disease.  

   Biopsy Technique 

 The technical aspects of TBBx have been 
reviewed elsewhere  [  21,   22  ] . A thorough airway 
examination should precede the TBBx because 
bleeding after lung biopsy may preclude adequate 
airway examination. Adequate control of cough 
with topical application of lidocaine and sys-
temic administration of opiates is essential for 
optimal biopsy procedure and to reduce the risk 
of pneumothorax. 

 The choice of biopsy site depends on radio-
logical and  fl uoroscopic  fi ndings. Under no cir-
cumstance should TBBx be attempted from both 
lungs during the same bronchoscopic procedure 
on the same date due to delayed risk of bilateral 
pneumothorax. Selection of the site for the TBBx 
is simple while dealing with focal disease. 
However, in cases of diffuse,  fi ve lobe disease 
selection of the site for the TBBx requires some 
consideration. In the latter event, we prefer to 
perform the biopsy from the dependent parts of 
the lungs; right and left lower lobes. In an event 
of bleeding, the blood is at least contained in this 
area before spilling into the other lobes. Also we 
prefer left over the right lower lobe as the longer 
length of the left main bronchus allow more vol-
ume for blood to accumulate before it spills into 
the contralateral side. This also allows more time 
to recognize and react to the complication. On 
the contrary we try to avoid performing the biopsy 
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from the right upper lobe segments. Bleeding 
from this particular site soils both lungs and lim-
its the reactionary time. 

 Once the biopsy site is chosen, the distal end 
of the bronchoscope is wedged into the speci fi c 
segmental bronchus. Subsequent procedure is 
performed under  fl uoroscopic guidance when 
available. The assistant is asked to introduce and 
advance the forceps through the biopsy port into 
the working channel. Mild resistance is usually 
felt when the biopsy forceps reaches the distal 
end of  fl exible bronchoscope, especially during 
TBBx from the upper lobes and from the superior 
segment of lower lobes. This is because the distal 
bending section needs to be  fl exed at a sharp 
angle to reach these segments. In this situation, 
one should not apply excessive force to push the 
biopsy forceps out of the scope as it can damage 
the inner channel of the instrument. Instead, the 
operator should reduce the degree of  fl exion of 
the bending section by easing off from angulation 
control lever and gently advance the biopsy for-
ceps through the distal end. Although this simple 
maneuver is usually successful, it can compro-
mise the wedged position of bronchoscope. If 
this maneuver is unsuccessful, the best course is 
to pull the bronchoscope back into the lobar or 
main stem bronchus, and push the biopsy forceps 
a few centimeters beyond the distal end of the 
bronchoscope and push the biopsy forceps into 
the desired sub-segmental bronchus. The bron-
choscope can then be advanced onto the wedged 
position using the biopsy forceps as a guide wire. 
This maneuver allows the biopsy forceps to be 
introduced into the dif fi cult-to-reach bronchopul-
monary segments while minimizing the risk of 
damage to the bronchoscope. 

 To obtain the specimen from a diffuse lung 
in fi ltrate under  fl uoroscopic guidance, the biopsy 
forceps is advanced into the lung parenchyma 
towards the pleura till resistance is met. The for-
ceps is then pulled proximally by approximately 
1.5–2 cm and the patient is instructed to take a 
deep breath and hold breath at maximum inspira-
tion. This maneuver dilates the peripheral airway 
allowing cusps of the forceps open wide. While 
patient is holding breath, the assistant is instructed 
to open the biopsy forceps. The patient is then 

asked to breathe out and during expiration, the 
biopsy is gently advanced into the area of interest 
under  fl uoroscopic guidance, making sure that 
the forceps tip does not cross the pleural margins. 
While patient is breathing, resistance to advanc-
ing biopsy forceps is met. This is due to the fact 
that the open cusps are anchored at the bifurca-
tion of the respiratory or the terminal bronchi-
oles. At this stage the assistant is asked to close 
the biopsy cusps and the forceps is gently 
retracted. Usually a “tug” is felt when the lung 
tissue is sheared off. This sensation, however, 
does not guarantee that a good biopsy specimen 
has been retrieved. One should carefully look for 
actual movement of the lung in fi ltrate on 
 fl uoroscopy screen as the biopsy forceps is pulled 
back. In our experience, this movement of the 
in fi ltrate during TBBx strongly predicts the suc-
cessful sampling of the diseased lung paren-
chyma. Lung tissue is obtained by actually tearing 
off the respiratory/terminal bronchioles. There is 
no need to make forceful and jerky movements 
while withdrawing the biopsy forceps. 

 To obtain the biopsy from a focal lesion, such 
as a lung cancer, the forceps is advanced till the 
margin of the mass is reached (Fig.  2.1 ). At this 
time, resistance is felt and it is not possible to 
push the forceps any further. At this time, “C” 
arm of the  fl uoroscopy unit is rotated to look at 
the movement of biopsy forceps and the lung 
mass relative to each other on the  fl uoroscopy 
screen. If the forceps is seen to move away from 
the lung mass with this maneuver, the forceps 
need to be repositioned. The forceps is in good 
position for biopsy if lung mass and the forceps 
move together as  fl uoroscope is rotated. After 
con fi rming the proximity of biopsy forceps and 
lung mass, the biopsy forceps is pulled back 
0.5–1 cm and the assistant is asked to open the 
forceps cusps. The cusps of open biopsy forceps 
are pushed  fi rmly into the mass and the contact 
between the forceps and the mass is veri fi ed on 
 fl uoroscopic screen. The forceps is closed and is 
gently retracted. Respiratory maneuvers are usu-
ally unnecessary for the biopsy of lung masses. 
Again, as the biopsy forceps is retracted, the 
movement of lung mass on  fl uoroscopy predicts 
the successful sampling from the lung mass.  
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 Further biopsies should be obtained from the 
area of interest while maintaining the wedged 
position as much as possible. The purpose of 
wedging the bronchoscope is to create a tight seal 
around the distal part of the bronchoscope to tam-
ponade the bleeding source and to prevent blood 
from spilling into more proximal airways. It is 
prudent to keep the bronchoscope wedged for at 
least 4 min (normal bleeding time) after all biop-
sies are taken from a lung segment. No suction 
should be performed at this time.  

   Number of Biopsy Specimens 

 There is limited information on the optimal num-
ber of transbronchial biopsies. In general, four to 
six biopsy specimens are adequate in majority of 
patients with diffuse lung disease  [  24  ] . In one 
study, 53 % of diagnoses were provided with the 
 fi rst specimen, and 33 % of diagnoses were pro-
vided with the second specimen  [  25  ] . In patients 
with stage II and III sarcoidosis 4–6 TBBx speci-
mens provide optimal diagnostic yield  [  26  ] . 
However, for stage I sarcoidosis up to ten biopsy 
specimens may be needed for maximum diagnos-
tic yield  [  27  ] . For localized peripheral lung mass 
and lung infection, a minimum of 6 and if feasi-
ble, up to 10 biopsy specimens should be obtained 
 [  28  ] . In a large study, the diagnostic yield from 
localized lesions increased from 23 % with 1–3 
specimens to 73 % with 6–10 specimens  [  24  ] .  

   Post-biopsy Fluoroscopy 

 A  fl uoroscopic examination should be performed 
at the conclusion of the procedure to rule out 
pneumothorax. The patient should be observed in 
the recovery room for at least 1½ h. A routine 
chest radiograph has a low diagnostic yield for 
pneumothorax after uncomplicated TBBx proce-
dure in clinically stable patients  [  23  ] , but is indi-
cated for chest discomfort, dyspnea, excessive 
hemoptysis, or unexplained hypoxemia after the 
transbronchial biopsies.  

   Specimen Handling 

 The lung biopsy specimens are collected by open-
ing the cusps and gently shaking the forceps in 
sterile saline. A toothpick may be used to retrieve 
the specimen from the biopsy forceps. Due to 
infection control concerns, using a needle to 
remove biopsy specimens should be avoided. 
After all biopsies are obtained, the specimens can 
be transferred to a container with 10 % formalin 
for routine pathological examination. Undue 
delay in immersion of biopsy specimens in the 
 fi xative solution should be avoided as much as 
possible. When infectious disease is likely, one or 
more tissue specimen may be submitted to the 
 microbiology laboratory in sterile Ringer’s 
 lactate. Biopsy specimens for special studies 
such as electron microscopy, immunostaining 

  Fig. 2.1    ( a ) Chest CT showing right upper lobe lung nodule. ( b ) Biopsy forceps is advanced to the lesion under 
 fl uoroscopic guidance to obtain biopsy       
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and  fl owcytometry should be collected and 
 transported in consultation with the receiving 
pathology laboratory.  

   Quality of Biopsy Specimen 

 The quality and adequacy of transbronchial biop-
sies are dif fi cult to assess during the procedure. 
The usual size of tissue fragment from TBBx 
varies from 1 to 3 mm. Due to their small size, 
TBBx are inherently limited for assessment of 
disease processes such as interstitial pulmonary 
 fi brosis in which pathological diagnosis requires 
identi fi cation of typical architectural changes in 
the lung parenchyma. 

 Sometimes, the biopsy material contains pre-
dominantly bronchial mucosa with very little or 
no alveolar tissue. This happens when TBBx is 
obtained from proximal area of the lung. Of 
course, biopsies with little or no alveolar tissues 
are not expected to provide meaningful informa-
tion about the pathological process involving 
lung parenchyma. It is proposed that lung biopsy 
specimens with alveolar tissue are more likely to 
 fl oat when placed in 10 % formalin and show rep-
resentative pathological changes than biopsy 
specimen with no alveolar tissue. For example, in 
one study, the TBBx specimens with alveolar tis-
sue were more likely to  fl oat on 10 % formalin 
than specimens without alveolar tissue, and in 
patients with sarcoidosis, specimens containing 
non-caseating granuloma were more likely to 
 fl oat than specimens without non-caseating gran-
uloma  [  29  ] . However, the practical value of  fl oat 
sign remains unproven because another study 
that had more heterogeneous patient population 
could not reproduce these results  [  25  ] . Besides 
more proximal biopsy may cause more bleeding 
while too distal biopsy increases the risk for 
pneumothorax. 

 Most pathologists accept a kidney biopsy 
specimen containing 5 or more glomeruli as an 
adequate specimen. No such consensus exists for 
TBBx. One group has proposed that TBBx speci-
men containing 20 or more alveoli should be con-
sidered adequate as it is more likely to detect a 
pulmonary infection than a specimen with fewer 

alveoli  [  30  ] . However, this concept has not been 
validated for other diagnoses such as pulmonary 
malignancies and most experts continue to believe 
that diagnostic yield from TBBx is more closely 
related to the number of the specimens obtained 
rather than actual number of alveoli in each 
biopsy specimen.   

   Clinical Applications of TBB 

 Lung biopsy is required for appropriate diagnosis 
and management of a variety of pulmonary dis-
eases. Samples of lung tissue for diagnostic pur-
pose may be obtained through the TBBx, 
CT-guided  fi ne needle aspiration (CT-FNA), and 
video-assisted thoracoscopic or surgical lung 
biopsy. With few exceptions, surgical lung biopsy 
is the gold standard for obtaining lung tissue for 
patients with interstitial lung diseases but it is 
invasive, costly, requires general anesthesia and 
hospital admission. The application of CT-FNA 
is largely limited to peripheral pulmonary nod-
ules or masses. The specimen from CT-FNA is 
generally insuf fi cient for tissue diagnosis of 
benign disease processes. Pneumothorax devel-
ops in up to a quarter and chest tube is required in 
about 10 % of patients after CT-FNA  [  31  ] . In 
contrast, TBBx has wider clinical applications, 
the complication rate is low and the procedure 
can safely be performed in an outpatient bron-
choscopy suite under conscious sedation. Serial 
lung biopsies are also best obtained with the 
transbronchial approach. 

 Several large case series have addressed the 
diagnostic yield of TBBx in heterogeneous 
groups of patients with a variety of underlying 
disease processes  [  24,   32–  36  ] . Even though 
TBBx provided adequate lung specimen in 
70–90 % of cases, a speci fi c diagnosis could not 
be rendered in a signi fi cant proportion of the 
patients. The overall diagnostic yield for speci fi c 
diagnosis varies widely, depending on the size, 
location and extent of lung in fi ltrates, and the 
nature of underlying lung disease. The results of 
TBBx also depend on the experience and techni-
cal skills of the bronchoscopist. Caution is war-
ranted in interpreting the literature on diagnostic 
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yield of TBBx because most authors have 
included nonspeci fi c  fi brosis or organizing pneu-
monia in the diagnostic yield and only a few have 
applied more stringent criteria for pathologic 
interpretation of TBBx specimens. Nonspeci fi c 
 fi ndings on TBBx are often unhelpful and can 
lead to erroneous clinical decisions. Pulmonary 
disorders in which a con fi dent diagnosis is pos-
sible with TBBx are listed in Table  2.3 . In case of 
diffuse lung diseases, TBBx is more likely to 
establish the diagnosis of diseases such as sarcoi-
dosis and lymphangitic carcinomatosis than in 
pulmonary vasculitis and diffuse lung diseases 
such as idiopathic pulmonary  fi brosis for which 
low-magni fi cation architectural overview is 
essential for diagnosis. In pulmonary Langerhans’ 
cell histiocytosis (PLCH), and lymphangioleio-
myomatosis (LAM), the TBBx are reliable but 
have a low diagnostic yield due to sampling error. 
Therefore, the presence of typical histological 
 fi ndings in these conditions is suf fi cient for diag-
nosis, but their absence does not exclude the 
diagnosis. The diagnostic role of TBBx in selected 
conditions is discussed below.  

   Lung Cancer 

 Flexible bronchoscopy is the most widely used 
technique for diagnosis of peripheral lung cancer. 
Usually, a combination of sampling procedures 
such as bronchial washing, brush, TBBx and 
peripheral TBNA are performed in these patients 
to maximize the diagnostic yield. According to an 
evidence-based review, FB provided diagnostic 
specimen in 36–88 %, with an average of 78 % in 
16 studies of patients with peripheral lung cancers 
 [  37  ] . TBBx is the most useful sampling method 
for the diagnosis of peripheral lung cancer. The 
average diagnostic yield from TBBx is 57 % with 
a range of 17–77 % in patients with peripheral 
lung cancers. When performed in conjunction 
with bronchial washing and brushing, TBBx pro-
vides exclusive diagnosis in up to 19 % of the 
patients  [  38  ] . TBBx provides exclusive diagnosis 
in 7 % of patients if peripheral-transbronchial 
needle aspiration (P-TBNA) is also performed in 
addition to other sampling methods. 

 Although CT-guided  fi ne needle aspiration 
(CT-FNA) is the diagnostic procedure of choice, 
 fl exible bronchoscopy with TBBx will provide 
diagnosis in 30–40 % of patients with superior 
sulcus tumor  [  39,   40  ] . Bronchoscopy with TBBx 
has a high diagnostic yield in patients with lymp-
hangitic carcinomatosis  [  41,   42  ] . There is a lim-
ited data on usefulness of TBBx in metastatic 
pulmonary tumors but in one study the biospy 
provided diagnostic tissue in only 2 of 12 (17 %) 
of such patients  [  43  ] . 

 The diagnostic yield of TBBx for lung cancer 
increases with the number of biopsy specimens. 
In one study, the diagnostic yield was 21 % when 
1–3 TBBx specimens were obtained and 78 % 
when 6–10 specimens were obtained  [  24  ] . In 
another study, the diagnostic yield increased from 
45 % with the  fi rst specimen to 70 % with multi-
ple TBBx specimens  [  28  ] . Based on these stud-
ies, 6–10 TBBx should be obtained in these 
patients for an optimal diagnostic yield. 

 The size of the lesion is the single most factors 
affecting the sensitivity of bronchoscopy for 
diagnosis of peripheral lung cancers. Pooled data 
from ten studies shows a diagnostic yield of 34 % 

   Table 2.3    Pulmonary diseases in which transbronchial 
biopsies are useful   

  Malignancy  
 Lung cancer • 
 Metastasis • 

  Infections  
 Tuberculosis • 
 Non-tubercular mycobacterial infections • 
 Fungal infection • 
 Pneumocystis pneumonia • 
 Viral infections such as CMV pneumonitis • 

  Acute lung transplant rejection  
  Undiagnosed in fi ltrates in mechanically ventilated patients  
  Diffuse lung diseases  

 Sarcoidosis • 
 Lymphangitic carcinomatosis • 
 Pulmonary alveolar proteinosis • 
 Pulmonary Langerhan’s histiocytosis • 
 Alveolar microlithiasis • 
 Amyloidosis • 
 Lymphangioleiomyomatosis • 
 Bronchiolitis obliterans with organizing pneumonia • 
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for lesions <2 cm and 63 % for lesions  ³ 2 cm in 
diameter  [  37  ] . Due to a very low yield was 
reported for lesions  £ 2 cm in diameter located in 
outer one-third of the lung, some authors suggest 
an alternative approach such as CT-FNA for 
obtaining tissue diagnosis  [  44  ] . 

 Tumor–bronchus relationship also affects the 
diagnostic yield of TBBx in peripheral lung can-
cers. Tsuboi and associates examined surgically 
resected specimens in 47 patients and identi fi ed 
four types of tumor–bronchus relationship: type 
I, in which the bronchus is patent up to the tumor, 
type II, in which, the bronchus is contained within 
the tumor mass, type III, in which the bronchus is 
compressed, narrowed and displaced by the 
tumor mass, but the bronchial mucosa is intact, 
and type IV in which the proximal bronchus is 

narrowed by the submucosal and peribronchial 
spread of the tumor,  fi brosis, or enlarged lymph 
nodes  [  45  ]  (Fig.  2.2 ). The authors also noted that 
more than 60 % of tumors that were <3 cm in 
diameter had only one bronchus involved, 
whereas three or more bronchi could be identi fi ed 
approaching 60 % of tumors that were >3 cm in 
diameter  [  45  ] . High-resolution chest computed 
tomography demonstrates different types of 
tumor–bronchus relationship with a high degree 
of accuracy  [  46  ]  (Fig  2.3 ).   

 Bronchus sign on CT refers to the  fi nding of 
a bronchus leading directly to or contained 
within the peripheral lung mass  [  47  ] . The diag-
nostic yield of bronchoscopy for peripheral 
lesions is 0–44 % when the bronchus sign is 
absent, as compared with 60–82 % when it is 

  Fig. 2.2    Tumor–bronchus relationship: ( a ) Type I: bron-
chus is patent up to the tumor, ( b ) Type II: the bronchus is 
contained within the tumor mass, ( c ) Type III: the bron-
chus is compressed, narrowed and displaced by the tumor 

mass, but the bronchial mucosa is intact ( d ) Type IV in 
which the proximal bronchus is narrowed by the submu-
cosal and peribronchial spread of the tumor,  fi brosis, or 
enlarged lymph nodes       

  Fig. 2.3    Chest CT showing ( a ) Type I tumor–bronchus relationship, ( b ) Type II tumor–bronchus relationship       

 

 



24 P. Jain et al.

present  [  46–  50  ] . Peripheral-TBNA procedure 
has a higher success rate in obtaining tissue 
diagnosis from peripheral masses with type III 
or IV tumor–bronchus relationship than with 
conventional sampling procedure including 
TBBx  [  51  ] . In one study, P-TBNA provided 
diagnostic tissue from 20 of 26 (77 %) lesions, 
whereas TBBx provided diagnosis in 5 of 26 
(19 %) of lesions with type III or IV tumor–
bronchus relationship  [  48  ] . The higher success 
of P-TBNA in lesions with type III or IV tumor–
bronchus relationship may be related to the abil-
ity of TBNA needle to pierce the displaced 
bronchial wall or traverse the narrowed and 
stenotic segment of the bronchus to reach the 
core of the tumor, which may not possible with 
standard TBBx forceps (Fig  2.4 ).   

   Lung Infections 

   Non-resolving Pneumonia 
 Flexible bronchoscopy is frequently performed 
for further evaluation of non-resolving pneumo-
nia  [  52  ] . TBBx provides useful information in 
these cases. For example, in one study, TBBx 
provided diagnosis in 57 % of patients with 
community-acquired pneumonia who failed 
antimicrobial therapy  [  53  ] . TBBx specimens 
can demonstrate mycobacterial or fungal infec-
tion, and may provide tissue diagnosis of other 
conditions that can mimic pneumonia such as 

bronchioloalveolar cancer (Adenocarcinoma in 
situ), cryptogenic organizing pneumonia, and 
hypersensitivity pneumonitis. In cavitary lesions, 
obtaining biopsies from the wall of the cavity 
increases the chances of detecting underlying 
lung pathology (Fig  2.5 ).   

   Tuberculosis 
 Flexible bronchoscopy is frequently performed 
for patients with smear negative pulmonary 
tuberculosis. In most cases, a combination of 
bronchial washing, bronchoalveolar lavage and 
TBBx is performed to maximize the diagnostic 
yield. TBBx provides rapid diagnosis in 17–60 % 
of cases with con fi rmed active tuberculosis 
 [  54–  57  ]  and is the exclusive source of diagnostic 
specimen in 10–20 % of these patients  [  58–  60  ] . 
TBBx also provides rapid diagnosis in miliary 
tuberculosis. Furthermore, in a signi fi cant pro-
portion of patients, TBBx uncovers other disease 
processes such as lung cancer and fungal infec-
tion that can mimic tuberculosis. Therefore, it is 
appropriate to perform TBBx whenever  fl exible 
bronchoscopy is performed in patients suspected 
to have sputum negative tuberculosis.  

   Non-tubercular Mycobacteria 
 The diagnosis of non-tubercular mycobacterial 
infection is dif fi cult to establish because the NTM 
are shed intermittently in the sputum. Further, the 
presence of NTM in the sputum often raises the 
possibility of contamination or colonization 
rather than true infection  [  61  ] . 

 Flexible bronchoscopy with TBBx is fre-
quently needed to con fi rm the diagnosis in these 
cases. According to the current American 
Thoracic Society/Infectious Disease Society 
guidelines, in the presence of appropriate clini-
cal setting, the diagnosis of NTM requires one of 
the following microbiological criteria: (1) posi-
tive culture results from at least two separate 
sputum samples, or (2) positive culture results 
from at least one bronchial wash or lavage, or (3) 
transbronchial biopsies showing granulomatous 
in fl ammation, stainable acid-fast bacilli and pos-
itive NTM cultures or mycobacterial histo-
logical features and one or more sputum or 
bronchial wash culture positive for NTM  [  62  ] . 

  Fig. 2.4    ( a ) Biopsy forceps is displaced away from the 
lesion with type III tumor–bronchus relationship. ( b ) 
Transbronchial needle is seen to pierce the bronchial wall 
and obtain sample from the tumor       
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Accordingly, TBBx should be performed when-
ever bronchoscopy is needed in patients sus-
pected to have NTM infection.  

   Fungal Infections 
 Bronchial washing and bronchoalveolar lavage 
are the most valuable bronchoscopic procedures 
for the diagnosis of pulmonary fungal infections 
 [  63–  66  ] . A modest improvement in diagnostic 
yield is achieved with addition of TBBx in these 
patients  [  67–  69  ] . We routinely perform TBBx 
whenever FB is required for patients with sus-
pected fungal infection of the lung.   

   Infections in Immunocompromised 
Hosts (Non-HIV) 

 Immunocompromised hosts are subject to a wide 
spectrum of serious and life-threatening opportu-
nistic pulmonary infections. FB with BAL pro-
vides diagnostic information in up to two-third of 
these patients with minimum procedure-related 
complications. While the diagnostic value of BAL 
is well established, the role of TBBx in altering 
management and improving outcome in these 
patients is a matter of some controversy. TBBx 
provides diagnostic information in 15–68 % of 
immunosuppressed patients with pulmonary 
in fi ltrates  [  8,   70–  80  ] . Unfortunately, potential for 

serious procedure-related complications with 
TBBx limits its utility in these patients. 

 In a prospective study, Stover and associates 
performed bronchoscopy in 97 immunocompro-
mised patients with lung in fi ltrates  [  70  ] . 
Bronchoalveolar lavage was diagnostic in 61 of 
92 (66 %) diseases, whereas TBBx were diagnos-
tic in 36 of 57 (63 %) diseases, for a combined 
yield of 83 %. We performed bronchoscopy in 
104 immunocompromised patients with lung 
in fi ltrates  [  8  ] . TBBx was performed in 45 of these 
patients. The overall diagnostic yield of bron-
choscopy was 56 %. TBBx provided speci fi c 
diagnosis in 38 % of patients. The combined 
yield of BAL and TBBx (70 %) was better than 
diagnostic yield from BAL (38 %) alone. In this 
study, TBBx was exclusively diagnostic in 13 % 
of procedures and was more likely to detect non-
infectious causes of lung in fi ltrates in the immu-
nocompromised hosts than BAL. The 
procedure-related complications were encoun-
tered in 31 % of patients who underwent TBBx, 
but there were no procedure-related deaths. In a 
large retrospective study, Cazzadori and associ-
ated reviewed their experience with TBBx in 142 
immunocompromised patients with lung 
in fi ltrates  [  72  ] . Overall, the diagnostic yields of 
TBBx and BAL were 68 % and 36 %, respec-
tively. The only complications were pneumotho-
rax in 3 patients and bleeding in 1 patient. 

  Fig. 2.5    ( a ) Chest radiograph showing a left upper lobe cavitary lesion in an immunocompromised patient. ( b ) 
Transbronchial biopsy is obtained from the wall of cavitary lesion       
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 Notwithstanding, the limitations of TBBx in 
these patients must be noted. First, not all studies 
have found TBBx to be useful in immunocom-
promised with lung in fi ltrates. For example, in a 
retrospective study, White and associates 
reviewed the results of bronchoscopy in 52 bone 
marrow transplant (BMT) patients with lung 
in fi ltrates. A total of 68 bronchoscopies were per-
formed  [  81  ] . TBBx was performed in addition to 
BAL in 42 procedures. Only 1 additional diagno-
sis was made with TBBx in this study. 
Complications were encountered in 15 % of 
patients. In another study, TBBx was performed 
in 71 patients with hemopoietic stem cell trans-
plantation  [  82  ] . The pathologic  fi ndings were 
nonspeci fi c in 82 % of patients. Speci fi c diagno-
ses were obtained in less than 10 % of patients 
undergoing the procedure. Complications were 
encountered in 8 % of patients. These data cast 
some doubt on the value of routine TBBx in BMT 
patients with lung in fi ltrates. 

 Second, most immunocompromised patients 
who require bronchoscopy are critically ill and 
have associated comorbid conditions that place 
them at a high risk for procedure-related compli-
cations  [  8  ] . In many instances, TBBx cannot be 
performed in these patients due to safety consid-
erations. Studies have consistently shown higher 
complications rate with TBBx, than with bron-
choalveolar lavage in these patients. It can be 
clearly seen that in some reports TBBx is not pur-
sued in a vast majority of immunocompromised 
patients due to safety concerns  [  83–  85  ] . 

 Furthermore, nonspeci fi c in fl ammatory and 
 fi brosis are commonly reported on TBBx in 
immunocompromised patients with lung 
in fi ltrates. Clinicians need to interpret these 
nonspeci fi c  fi ndings with caution. Some authors 
 fi nd nonspeci fi c  fi ndings on TBBx to have a high 
negative predictive value for a treatable process. 
For example, in one study, speci fi c diagnoses 
were obtained in 16 of 35 (48 %) patients under-
going TBBx  [  86  ] . The majority of remaining 
patient who had nonspeci fi c histological  fi ndings 
either showed clinical and radiographic improve-
ment, or had an untreatable disease. The authors 
reported 84 % sensitivity and 100 % speci fi city 
of TBBx for a treatable opportunistic infection 

in these patients. Nevertheless, others have 
 experienced different results and have concluded 
that nonspeci fi c  fi ndings on TBBx do not assure 
absence of a treatable lung infection or a correct-
able noninfectious disease process in immuno-
compromised patients with lung in fi ltrates  [  87  ] . 
Therefore, a thorough clinical review is essential 
if TBBx shows nonspeci fi c  fi ndings in immuno-
compromised patients with pulmonary in fi ltrates. 
Surgical lung biopsy is often considered in this 
situation. The diagnostic yield of surgical lung 
biopsy is reported to vary from 46 to 85 % in 
immunocompromised patients with lung 
in fi ltrates  [  88–  96  ] . Surgical lung biopsies in 
these patients have shown both noninfectious 
diseases such as malignancy, lymphoma, drug 
toxicity and cryptogenic organizing pneumonia, 
and infectious diseases such as pneumocystis 
carinii pneumonia, legionella pneumonia, CMV 
pneumonia, invasive aspergillosis, gram-nega-
tive pneumonia, nocardiosis, and pulmonary 
toxoplasmosis. Many of these disease entities 
are expected to resolve with institution of appro-
priate therapy. Therefore, surgical lung biopsy 
should be considered when TBBx is non- 
diagnostic and the patient fails to improve with 
empirical treatment  [  97  ] .  

   Infections in HIV-Infected Patients 

 Pulmonary complications are very common in 
patients infected with human immunode fi ciency 
virus (HIV). Flexible bronchoscopy has played a 
critical role in the diagnosis and appropriate 
management of pulmonary complications of 
HIV infection  [  98  ] . In recent times, with 
advances in antiretroviral therapy, there is a clear 
decrease in the incidence of pulmonary compli-
cations and need for diagnostic bronchoscopy. 
Nonetheless, in resource poor areas, pulmonary 
complications continue to pose a serious threat 
to patients with HIV infection. A large retrospec-
tive study early in AIDS epidemic reported that 
91 % of all pulmonary infections could be 
 diagnosed by a combination of BAL and TBBx 
 [  99  ] . Subsequent studies have reported 65–96 % 
diagnostic yields when both BAL and TBBx are 
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performed  [  100–  104  ] . Stover and associates 
 performed BAL and TBBx in 72 patients with 
acquired immunode fi ciency syndrome  [  100  ] . 
Overall, the bronchoscopy provided diagnosis in 
65 % of patients. The diagnostic yield of FB was 
94 % for Pneumocystis pneumonia (PCP), 67 % 
for Cytomegalovirus pneumonia, and 62 % for 
Mycobacterium avium-intercellulare infection. 
The main value of TBBx over and above BAL in 
this series was for the diagnosis of PCP. Broaddus 
and associates reported results of FB with BAL 
and TBB in 171 patients with acquired 
immunode fi ciency syndrome  [  102  ] . The overall 
diagnostic yield of bronchoscopy was 96 %. 
BAL and TBBx had diagnostic yields of 86 % 
and 87 % respectively. BAL had a diagnostic 
yield of 89 % and TBB had a diagnostic yield of 
93 % in patients with PCP. TBBx was the sole 
mean of diagnosis in 11 % of these patients. 
Pneumothorax developed after 9 % of proce-
dures and chest tube was needed in 6 % of 
patients. Because BAL had high yield and TBBx 
was associated with complications, the authors 
concluded that TBBx could be avoided in patients 
at high risk of complications after bronchoscopy. 
Somewhat different results have been reported in 
a study from Rwanda in which FB with BAL and 
TBBx were performed in 111 HIV patients with 
lung in fi ltrates of unclear etiology  [  103  ] . In this 
study, BAL provided diagnosis in 26 % of 
patients, whereas TBBx provided diagnosis in 
82 % of patients. Final diagnoses were nonspeci fi c 
interstitial pneumonitis (NSIP) in 38 %, tubercu-
losis in 23 % cryptococcosis in 13 %, Kaposi 
sarcoma in 9 % and PCP in 5 % of study patients. 
Diagnosis remains unclear in 16 % of patients. 
TBBx and BAL were the only source of diagno-
sis in 74 % and 18 % respectively. Complications 
were encountered in 13 % of patients, including 
hemorrhage in 5 % and pneumothorax in 8 % of 
patients. The low yield of BAL in this series was 
clearly due to low incidence of PCP in the study 
patients. 

 TBBx has provided diagnostic material in as 
many as 58 % of patients with AIDS-related non-
Hodgkin’s lymphoma  [  105  ] . In contrast, TBBx 
has limited in pulmonary Kaposi’s sarcoma and 
surgical lung biopsy is frequently needed for 

diagnosis  [  100,   106,   107  ] . In some reports, a 
diagnosis of NSIP has been made on the basis of 
TBBx in HIV infected patients with lung 
in fi ltrates  [  108,   109  ] . NSIP is diagnosed on the 
basis of histologic evidence of diffuse alveolar 
damage in association with chronic in fl ammation 
in the interalveolar septa in the absence of micro-
bial pathogens on BAL stains, or cultures and on 
histopathological examination. Many of these 
patients show clinical and radiological improve-
ment with empirical treatment. 

 Some investigators have questioned the value 
of routine TBBx in HIV infected patients with 
lung in fi ltrates  [  110  ] . This conclusion is largely 
based on studies in which the majority of patients 
had pneumocystis carinii pneumonia. On the 
contrary, when the role of FB in HIV-infected 
patients with a wider spectrum of pulmonary 
complications is analyzed, TBBx clearly improves 
the overall diagnostic yield. Even in PCP, some 
authors have found a signi fi cant improvement in 
diagnostic yield of FB when TBBx is performed 
with BAL as a routine. For example, in a recent 
study, BAL had a diagnostic yield of 74 %, 
whereas TBBx and BAL had a yield of 95 % in 
patients with PCP infection  [  111  ] . TBBx also 
seems to increases the diagnostic yield of FB for 
the patients receiving aerosolized pentamidine 
prophylaxis as the diagnostic yield of BAL is 
signi fi cantly lower in these patients  [  112  ] . We 
recommend both TBBx and BAL during FB for 
HIV infected patients with pulmonary in fi ltrates 
whenever feasible. 

 The usefulness of surgical lung biopsy in face 
of a non-diagnostic BAL and TBBx in HIV-
infected patient is a debatable issue. Surgical 
biopsy is usually considered in these patients 
whenever the cause of lung in fi ltrate remains 
unclear and when the patient fails to respond to 
the treatment directed towards the diagnosis 
established with  fl exible bronchoscopy. In one 
study, the management was altered in only 1 of 
66 patients who underwent surgical lung biopsy 
for these indications  [  113  ] . More favorable 
results are reported in other studies in which 
management was changed in a substantial pro-
portion of carefully selected patients subjected to 
surgical lung biopsy  [  114,   115  ] . In one series, of 
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42 surgical lung biopsies, useful diagnosis was 
obtained in all 4 patients who had no preceding 
bronchoscopy, 13 of 18 patients who had non-
diagnostic TBBx and BAL, 8 of 11 patients who 
had non-diagnostic BAL, but only 1 of 9 patients 
who had deterioration despite appropriate treat-
ment for diagnosis established by bronchoscopy 
 [  116  ] . Based on these results, the authors did not 
support surgical lung biopsy on patients whose 
condition continued to worsen despite receiving 
appropriate therapy. We strongly recommend 
involvement of an expert in the  fi eld of HIV med-
icine before a decision is made to request surgi-
cal lung biopsy in these patients.  

   Lung Transplantation 

 TBBx plays a crucial role in the long-term man-
agement of lung transplant patients. A detailed 
discussion on the role of TBBx in lung transplant 
recipients is beyond the scope of this chapter and 
readers are referred to recent reviews for details 
 [  117,   118  ] . We brie fl y highlight a few important 
points. 

 In many centers, routine TBBx are performed 
for surveillance in asymptomatic lung transplant 
recipients, but their role for this purpose is con-
troversial. Several studies have found surveil-
lance bronchoscopy with TBBx to be a high-yield 
procedure. In an early study, 90 surveillance 
transbronchial biopsies were performed in 43 
lung transplant recipients. Speci fi c histological 
features of rejection or infection were found in 
57 % of procedures  [  119  ] . In another study, 836 
TBBx procedures were performed in 230 lung 
transplant recipients over a 5-year period  [  120  ] . 
Histological features of acute rejection, lympho-
cytic bronchiolitis, or infection were detected 
with 19 % of procedures. The yield of surveil-
lance TBBx between 4 and 12 months post lung 
transplant was 6.1 % for acute graft rejection. In 
another study, clinical utility of 353 surveillance 
bronchoscopy procedures was studied in 124 
lung transplant recipients  [  121  ] . High incidence 
of clinically important acute rejection was 
reported up to 1 year after the lung transplanta-
tion in these patients. 

 In contrast, others have found no bene fi ts of 
surveillance bronchoscopy and TBBx in lung 
transplant recipients  [  122–  124  ] . For example, in 
one study the outcome of 24 lung transplant 
recipients undergoing surveillance bronchoscopy 
was compared with 23 patients who underwent 
bronchoscopy for speci fi c clinical indications 
 [  125  ] . A total of 240 TBBx were performed in 47 
study patients. No acute rejection episode need-
ing therapeutic intervention was detected with 
true surveillance bronchoscopy. No signi fi cant 
differences in respiratory infection, acute rejec-
tion, bronchiolitis obliterans syndrome (BOS) or 
survival were found in two groups. 

 More favorable results have been reported 
with FB and TBBx in assessment of clinically 
suspected acute rejection or pulmonary infection 
in lung transplant recipients. In fact, TBBx is the 
diagnostic procedure of choice for suspected 
acute allograft rejection  [  126  ] . TBBx has a sensi-
tivity and speci fi city of 94 % and 90 % respec-
tively for this indication  [  127  ] . Most transplant 
centers obtain at least 6–10 satisfactory trans-
bronchial biopsies in these patients  [  128  ] . 

 The clinical reasons for performing bronchos-
copy with TBBx are >10 % decline in forced 
expiratory volume in 1 s (FEV1), >20 % decline 
in forced expiratory  fl ow between 25 and 75 % of 
vital capacity, radiographic in fi ltrates, clinical 
suspicion for infection and symptoms referable 
to respiratory tract. FB with TBBx has high diag-
nostic yield in these patients. The diagnostic yield 
of FB with TBBx is close to 70 % when the pro-
cedure is performed for clinical indications  [  119, 
  129  ] . Apart from detecting acute rejection, FB 
with BAL and TBBx is the premier investigation 
for lung transplant patients for the diagnosis and 
surveillance of respiratory infections. For exam-
ple, in one study, infection was diagnosed by 
bronchoscopy samples in 51 % of clinically indi-
cated FB and 12 % of surveillance bronchosco-
pies  [  130  ] . It must be noted that the majority of 
infections in this study were diagnosed with anal-
ysis of BAL sample. 

 TBBx is also performed for follow-up of 
patient after treatment of acute rejection. Several 
studies have shown persistence of ongoing rejec-
tion despite appropriate initial treatment in a 
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signi fi cant proportion of patients  [  119,   129,   131  ] . 
In one study, persistence of acute rejection was 
detected in as many as 26 % of patients on fol-
low-up TBBx  [  132  ] . Bronchoscopy with BAL 
and TBBx is also reported to have a diagnostic 
yield of 74 % in lung transplant patients with 
solitary or multiple lung nodules  [  133  ] . 

 Flexible bronchoscopy with TBBx is also per-
formed for suspected chronic allograft rejection 
but TBBx has low sensitivity for detecting oblit-
erative bronchiolitis, the characteristic histologic 
 fi ndings in chronic rejection  [  134,   135  ] . The 
main value of FB in these cases is exclusion of 
airway complications, lung infections and acute 
graft rejection. Another value of TBBx is in pre-
dicting the future risk of bronchiolitis obliterans 
syndrome (BOS). Acute rejection is an estab-
lished risk factor for BOS  [  136  ] . Recent studies 
seem to indicate that presence of minimal acute 
rejection (grade A 

1
 ) on multiple transbronchial 

biopsies is also associated with higher future risk 
of developing BOS  [  137  ] . A recent study has 
also established lymphocytic bronchiolitis on 
TBBx as a risk factor for BOS and mortality 
independent of acute rejection in lung transplant 
recipients  [  138  ] . Lymphocytic bronchiolitis on 
TBBx has also been linked to the occurrence and 
severity of acute cellular rejection in lung trans-
plant recipients  [  139  ] .  

   TBB in Mechanically Ventilated Patients 

 Flexible bronchoscopy with BAL is commonly 
performed in mechanically ventilated patients 
with diffuse pulmonary in fi ltrates. The proce-
dure is safe and provides useful diagnostic infor-
mation in a signi fi cant proportion of these 
patients. TBBx is seldom performed in mechani-
cally ventilated patients due to safety concerns. 
For example, in a prospective study TBBx was 
performed in only 7 of 147 bronchoscopy proce-
dures in mechanically ventilated patients  [  140  ] . 
Few data are available on precise clinical use-
fulness of TBBx in mechanically ventilated 
patients. Papin and associates performed TBBx 
in 15 patients requiring mechanical ventilation 

 [  141  ] . Transbronchial lung biopsies provided 
diagnosis in 5 of 15 (33 %) of patients and 
altered management in seven patients. Three 
patients had self limiting bleeding and 1 patient 
developed delayed pneumothorax. Pincus and 
associates performed TBBx in 13 mechanically 
ventilated patients  [  142  ] . TBBx established 
speci fi c diagnoses in 6 of 13 (46 %) of patients. 
The procedure was thought to have therapeutic 
implications in all 13 patients. Two patients 
developed pneumothorax after the procedure. 
Bulpa and associates performed FB with BAL 
and TBB in 38 mechanically ventilated patients 
 [  143  ] . All of the study subjects had unexplained 
pulmonary in fi ltrates. Diagnosis was established 
with TBB in 74 % of cases and management was 
altered in 63 % of patients. The procedure was 
complicated by pneumothorax in 9 (23 %) 
patients and self-limiting bleeding in 4 (11 %) of 
patients. In the largest series till date, O’Brien 
and associates reported the results of TBBx in 
71 mechanically ventilated patients  [  144  ] . 
Speci fi c histological diagnoses were made in 
35 % of cases and the management was changed 
in 41 % of patients. Findings on TBBx also led 
to an important management change in 26 % of 
lung transplant recipients. The results of TBBx 
were similar to those found on surgical lung 
biopsy or autopsy in 11 of 13 study patients. 
Pneumothorax developed in 14 % of patients. 

 Traditionally, surgical lung biopsies are per-
formed in critically ill patients with undiagnosed 
lung in fi ltrates. Surgical lung biopsy provides 
diagnostic information in 45–65 % of these 
patients  [  145,   146  ] . The results lead to an impor-
tant management change in up to 70 % of patients. 
However, surgical lung biopsy is more invasive 
than TBBx with a complication rate of at least 
20 %. In one study, surgical lung biopsy carried a 
mortality rate of 8.4 % in mechanically ventilated 
patients. TBBx may be safer but several impor-
tant issues need further clari fi cation. Should 
TBBx be performed as a routine or should it be 
done if the initial FB with BAL is non-diagnos-
tic? Do the results of TBBx alter patient out-
come? Only well designed prospective studies 
can answer some of these questions.  
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   Diffuse Lung Diseases 

   Sarcoidosis 
 Bronchoscopy with TBBx is very useful for 
patients with suspected sarcoidosis. In some 
reports, TBBx have provided diagnosis in 90–95 % 
of patients with sarcoidosis  [  26,   147  ] . The diag-
nostic yield of TBBx in sarcoidosis depends on 
the radiological stage varying from 50 to 65 % in 
stage I, 63 to 82 % for stage II, and 80 to 85 % for 
stage III disease  [  148–  150  ] . Ten biopsy specimens 
in stage I disease  [  27  ]  and four to six TBBx in 
stage II and III sarcoidosis  [  26  ]  are required to 
achieve optimal diagnostic yield from  fl exible 
bronchoscopy. Bronchial mucosa is frequently 
involved in sarcoidosis and endobronchial biop-
sies increase the diagnostic yield by as much as 
20 % over and above the diagnostic yield of TBBx 
 [  148,   151  ] . Addition of TBNA  [  148,   150,   152  ]  or 
EBUS-TBNA  [  153  ]  to TBBx also increases the 
diagnostic yield of bronchoscopy for sarcoidosis.  

   Pulmonary Langerhans’ Cell Histiocytosis 
 Although clinical features and HRCT  fi ndings 
may strongly suggest the diagnosis, histological 
con fi rmation is often needed in patients with sus-
pected PLCH. Surgical lung biopsy remains the 
gold-standard of diagnosis. However, distinctive 
histological features allow the diagnosis to be 
established with TBBx in some cases. The diag-
nostic yield of TBB for PLCH is reported to vary 
from 10 to 40 %  [  154,   155  ]  Low yield of TBBx is 
due sampling error secondary to patchy distribu-
tion of lung pathology in PLCH. Thus, absence of 
typical histological features on TBBx should not 
be considered conclusive and surgical biopsy 
should be performed for further evaluation. The 
presence of Langerhans’ cells staining for CD1a 
and S100 protein on immunocytochemistry of 
TBBx specimen further supports the diagnosis. 
False positive immunocytochemistry results can 
be observed in smokers. Therefore, stains for these 
markers should only be performed in the biopsy 
specimens with histological  fi ndings consistent 
with PLHC  [  156  ] . Increased number (>5 %) of 
Langerhans’ cells staining with antibodies to 
CD1a in bronchoalveolar lavage also support the 
bronchoscopic diagnosis of PLCH  [  157  ] .  

   Lymphangioleiomyomtosis 
 Surgical lung biopsy is usually performed for a 
de fi nitive diagnosis of LAM  [  158  ] . Transbro-
nchial biopsies may be suf fi cient for diagnosis in 
some cases of LAM but caution is needed because 
LAM cells in the lung parenchyma on TBBx can 
be misinterpreted as  fi brosis. Immunohis-
tochemical studies show positive staining of 
LAM cells for HMB-45 monoclonal antibodies. 
Positive staining for estrogen receptors and 
HMB-45 in the TBBx specimen strongly  supports 
the diagnosis of LAM  [  159,   160  ] .  

   Cryptogenic Organizing Pneumonia 
 The pathologic hallmarks of cryptogenic orga-
nizing pneumonia (COP) are proliferation of 
granulation tissue in the terminal and respiratory 
bronchioles and alveolar ducts along with exten-
sion of organization into alveoli and chronic 
in fl ammatory changes in the surrounding intersti-
tial space  [  161  ] . Large specimen of lung tissue 
obtained by thoracoscopic or surgical lung biopsy 
is needed to con fi rm the diagnosis and to exclude 
other conditions that mimic COP  [  162  ] . In some 
instances, TBBx is found to be adequate for diag-
nosis  [  163–  165  ] . Poletti and associates performed 
TBBx in 32 patients with suspected COP  [  165  ] . 
The sensitivity, speci fi city, positive predictive 
value and negative predictive values of TBBx 
were 64 %, 86 %, 94 % and 40 % respectively. 
Although the ideal approach remains open to 
debate, some leading experts in this area recom-
mend TBBx before subjecting the patients to 
more invasive approach  [  166  ] . However, surgical 
lung biopsy must be performed if the diagnosis 
remains uncertain after TBBx and when there is 
inadequate response to oral corticosteroids.  

   Hypersensitivity Pneumonitis 
 Hypersensitivity pneumonitis (HP) is fundamen-
tally a clinical diagnosis and routine histological 
con fi rmation is unnecessary. Lung biopsy is 
occasionally indicated when diagnosis is uncer-
tain despite a thorough clinical evaluation. The 
histologic triad of cellular bronchiolitis, diffuse 
interstitial in fi ltrates of chronic in fl ammatory 
cells and loosely formed scattered noncaseting 
granuloma is the usual  fi nding in subacute HP. 
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These  fi ndings are best demonstrated on surgical 
lung biopsy  [  167  ] . However, TBBx is reported to 
provide adequate specimen in some cases of 
acute  [  168  ]  and subacute HP  [  169  ] . Chronic HP 
is less likely to be diagnosed with TBBx  [  156  ] .  

   Others 
 Transbronchial biopsy is the diagnostic proce-
dure of choice for suspected lymphangitic carci-
nomatosis  [  41,   42,   170  ] . In patients with 
pulmonary alveolar proteinosis, TBBx may dem-
onstrate typical PAS-positive alveolar in fi ltrates 
 [  171  ] . Similarly, TBBx is a useful initial step for 
the diagnosis of diffuse pulmonary amyloidosis 
 [  172  ] . TBBx may provide diagnostic material in 
patients with suspected lipoid pneumonia and 
pulmonary alveolar microlithiasis  [  173  ] .    

   Limitations of Transbronchial Lung 
Biopsy 

   Low Yield in Diffuse Lung Diseases 

 In a large number of diffuse lung diseases, 
nonspeci fi c  fi ndings on TBBx do not allow a 
con fi dent pathological diagnosis  [  174  ] . A com-
mon example is idiopathic pulmonary  fi brosis 
(IPF) where the pathological diagnosis is mainly 
based on low-power architecture of the biopsy 
specimen that cannot be established with TBBx. 
In one study, transbronchial lung biopsies from 
22 patients with idiopathic pulmonary  fi brosis 
were retrospectively examined to determine if a 
diagnosis of UIP could be established  [  175  ] . All 
except one of the study patients had already 
undergone surgical lung biopsy that showed usual 
interstitial pneumonia (UIP). After examining 
several TBBx specimens from individual patients, 
the investigators reported that diagnosis of UIP 
was possible on TBBx in 7 of 22 (30 %) of 
patients. However, this study was seriously  fl awed 
because the interpreting pathologists were not 
blinded to the  fi ndings of surgical lung biopsy. In 
an earlier study, Wall and associates performed 
surgical lung biopsies in 33 patients who had 
 diffuse in fi ltrative disease with nonspeci fi c or 

non-diagnostic transbronchial biopsies  [  176  ] . 
Surgical lung biopsy provided speci fi c diagnosis 
in 92 % of patients. The  fi ndings on surgical 
biopsy specimen had little relationship to the 
TBBx results. For example, 9 of 21 patients 
reported to have normal lung or nonspeci fi c 
 fi ndings on TBBx had idiopathic interstitial pneu-
monia on surgical lung biopsy. Out of 9 patients 
thought to have idiopathic interstitial pneumonia 
on TBBx the diagnosis was con fi rmed in only 2 
patients on surgical lung biopsy. Furthermore, 
TBBx missed diagnosis of pulmonary Langerhans 
cell histiocytosis and sarcoidosis in 9 patients. In 
another study, the majority of patient with 
nonspeci fi c chronic interstitial in fl ammation and 
 fi brosis on TBBx had the disease process stabi-
lized or regressed contrary to the natural history 
expected on the basis of the TBBx  fi ndings  [  177  ] . 
Taken together, TBBx cannot be used to diagnose 
UIP or differentiate it from other histological 
subtypes of idiopathic interstitial pneumonia 
such as NSIP  [  178  ] . Current evidence based 
guidelines do not recommend TBBx in patients 
with idiopathic interstitial pneumonia  [  179  ] .

Transbronchial biopsy has occasionally pro-
vided the diagnostic material in Goodpasture’s 
syndrome, Wegener’s granulomatosis (WG), and 
Churg-Strauss syndrome (CSS)  [  180,   181  ] . 
However, in majority of patients, these diagnoses 
cannot be con fi rmed with TBBx. For example, in 
one study, even though adequate alveolar could be 
obtained in 17 of 19 patients, the histological diag-
nosis could be con fi rmed with TBBx in only 2 of 
19 patients with WG  [  182  ] . Nonspeci fi c  fi ndings 
were reported in majority of patients. Accordingly, 
surgical lung biopsy is usually recommended for 
the diagnosis of pulmonary vasculitis. Similarly, 
diffuse lung in fi ltrates due to occupational lung 
disease such as silicosis and asbestosis, collagen 
vascular diseases, and pulmonary drug toxicity 
also require surgical lung biopsy whenever the tis-
sue diagnosis is deemed necessary. 

 Small biopsy size and the tissue artifacts in 
the TBBx specimen  [  183  ]  create considerable 
diagnostic problems for the interpreting patholo-
gists. In order to obtain larger tissue samples, 
some investigators have recently used  fl exible 
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 cryoprobe to obtain TBBx. In one study, 41 
patients with diffuse lung disease underwent 
standard TBBx, followed by cryobiopsies from 
the same pulmonary segment  [  184  ] . All patients 
undergoing the procedure in this study had an 
endotracheal tube placed prior to bronchoscopy. 
The investigators used 2.4 mm  fl exible cryoprobe 
to obtain the biopsy. The cryoprobe was intro-
duced via the working channel of  fl exible bron-
choscope and was advanced to the area of interest 
under  fl uoroscopic guidance to a distance of 
10 mm from thoracic wall. The probe was cooled 
for about 4 s and was retracted along with the fro-
zen lung tissue. The median area of tissue speci-
men on the histologic slide was 15.22 mm 2  for 
the cryobiopsies compared to 5.82 mm 2  for stan-
dard transbronchial biopsies. The investigators 
found no artifacts in the cryobiopsy specimens. 
A con fi dent diagnosis of NSIP could be made in 
ten patients with cryobiopsies. However, 
con fi rmatory surgical lung biopsies were not per-
formed in any of the patient in this study. There 
was no signi fi cant bleeding after cryobiopsies. 
Similar results have been reported by another 
group of investigators in 15 patients with diffuse 
lung disease  [  185  ] . These studies have provided 
useful preliminary data on safety and feasibility 
of obtaining larger tissue specimens free of crush 
artifacts with the  fl exible cryoprobes. Prospective 
studies are now warranted to investigate the diag-
nostic accuracy of cryobiopsies in diffuse lung 
diseases using surgical lung biopsies as the refer-
ence criteria.  

   Low Yield in Solitary Lung Nodule 

 Establishing a tissue diagnosis of solitary lung 
nodule is one of the most dif fi cult challenges in 
pulmonary medicine. Traditional  fl exible bron-
choscopy with TBBx has a low diagnostic yield in 
these patients. For the lung nodules <2 cm, the 
data from ten studies shows the average diagnos-
tic yield of FB to vary from 11 to 76 % with an 
average of 34 %  [  37  ] . On multivariate analysis, 
the independent predictors of obtaining diagnos-
tic tissue sample from lung nodules with  fl exible 
bronchoscopy in a recent study were malignant 

etiology (odds ratio [OR] 4.8), diameter >2 cm 
(OR 3.6), and a positive bronchus sign (OR 2.4), 
again reinforcing the importance of size and bron-
chus sign as important determinants of diagnostic 
yield of conventional bronchoscopy in these 
patients  [  186  ] . Benign etiology of SPN is seldom 
established with transbronchial biopsies. 
Malignant etiology of SPN cannot be ruled out on 
the basis of negative bronchoscopy and transbron-
chial biopsies. The low yield of TBBx in SPN is 
mainly due to (1) inability to visualize the lesion 
on  fl uoroscopy,  [  187  ]  and (2) inability to maneu-
ver the biopsy forceps to its target in the absence 
of a favorable tumor–bronchus relationship. 

 Several attempts have been made in recent 
years to offset some of the limitations of tradi-
tional bronchoscopic methods to obtain biopsy 
specimen from SPN. The advanced techniques 
have been designed speci fi cally to address the 
dif fi culties encountered in obtaining biopsy spec-
imen from a small lung nodule. For example, 
CT- fl uoroscopy and radial probe EBUS have 
been used to improve the likelihood of visualiz-
ing the lesion before obtaining the biopsy speci-
men. Virtual bronchoscopy navigation and 
electromagnetic navigation bronchoscopy (ENB) 
have been used to help the bronchoscopist to 
select the most appropriate path to reach the tar-
get for biopsy. Improved maneuverability is 
made possible with the use of ultrathin broncho-
scope that can be advanced to seventh to ninth 
generation bronchi under direct operator control, 
steerable probe used with electromagnetic navi-
gation, and double-hinged curette used with 
radial probe EBUS. In many instances, combina-
tions of aforementioned techniques have been 
used to maximize the chances of obtaining diag-
nostic tissue from peripheral lesions smaller than 
2–3 cm in diameter. 

 Several studies have looked into the feasibil-
ity of using CT- fl uoroscopic guidance to obtain 
biopsy specimens from peripheral lung nodules. 
The main advantage is ability to localize the for-
ceps in axial plane and visually con fi rm the con-
tact between the forceps and the lesion  [  188  ] . In 
one study, a correct diagnosis could be estab-
lished in 8 of 12 (67 %) of peripheral lesions 
with an average diameter of 2.2 cm with TBBx 
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under CT- fl uoroscopy guidance  [  189  ] . In another 
study, for the lesions <15 mm diameter, diagno-
sis could be established in 22 of 45 (49 %) 
patients with TBBx under CT- fl uoroscopy guid-
ance compared to only 3 of 26 (12 %) under con-
ventional  fl uoroscopy guidance  [  190  ] . In contrast, 
in a recent randomized study, no difference was 
found in the diagnostic sensitivity of TBBx per-
formed under CT versus conventional 
 fl uoroscopic guidance  [  191  ] . Overall, only 33 % 
of lesions  £ 3 cm in size could be diagnosed with 
TBBx under CT or conventional  fl uoroscopic 
guidance in this study. 

 There are several problems with the use of 
CT- fl uoroscopy with conventional bronchoscopy. 
The ability to visualize the lesion does not guar-
antee that the operator will be able to advance the 
biopsy instrument to the target. Also, performing 
bronchoscopy in CT room poses major schedul-
ing and logistic dif fi culties. Bronchoscopy is 
often an awkward experience both for the patient 
and the operator, and the CT room may be ill-
equipped to manage a serious bronchoscopy-
related complication. Perhaps the most important 
drawback is the risk associated with excessive 
radiation exposure to the patients and the opera-
tors. According to current estimates, the radia-
tion exposure to the patients with CT- fl uoroscopy 
is 2–5 times that of conventional  fl uoroscopy 
 [  189,   191  ] . With the emergence of radiation neu-
tral alternatives such as radial probe endobron-
chial ultrasound with guide sheath (EBUS-GS) 
and virtual bronchoscopy navigation (VBN), 
excessive use of diagnostic radiation with 
CT- fl uoroscopy for this purpose is a direct con-
tradiction to the principle of justi fi cation, and 
optimization- the guiding principles of radiation 
use in clinical practice  [  192  ] . 

 Several studies have recently established use-
fulness of EBUS-GS to localize small lung nod-
ules prior to biopsy (Chap.   4    ). In one study, 
diagnostic tissue could be obtained from 116 of 
150 (77 %) of peripheral lesions using EBUS-GS 
technique  [  193  ] . Although the diagnostic yield 
for lesions >3 cm in size (92 %) was signi fi cantly 
higher than that for lesions  £ 3 cm in size (74 %), 
the investigators could establish diagnosis in 59 
of 81 (73 %) of lesions  £ 2 cm in size. Further, the 

investigators could obtain diagnosis in 40 of 54 
(74 %) lesions  £ 2 cm in size that could not be 
located on  fl uoroscopy. In a prospective random-
ized study, the diagnostic yield of EBUS-GS 
directed TBBx was compared with that of stan-
dard  fl uoroscopically guided TBBx in 221 
patients  [  194  ] . For patients with lung cancer, the 
diagnostic sensitivity in EBUS group (79 %) was 
signi fi cantly higher than that in standard TBBx 
group (55 %). On sub-group analysis, the diag-
nostic sensitivity was similar with either tech-
nique for lesions >3 cm. However, the diagnostic 
sensitivity was higher with EBUS-GS technique 
for lesions <3 cm in diameter (75 % vs. 31 %) as 
well as for lesions <2 cm in diameter (71 % vs. 
23 %) than with the standard TBB technique. 

 A major advantage of EBUS-GS is in biopsy 
of those lesions that are not visible on conven-
tional  fl uoroscopy. For example, in a prospective 
study, the investigators could obtain tissue diag-
nosis in 38 of 54 (70 %) of lesions with an aver-
age diameter of 2.2 cm that were not visible on 
 fl uoroscopy  [  187  ] . A additional advantage of 
this technique is better ability to navigate the 
biopsy instruments to the target lesions using the 
double-hinged curette introduced through the 
guide sheath  [  193  ] . It is typically used in those 
cases in which the lesion cannot be located with 
the EBUS. 

 Some limitations of this technique must also 
be noted. First, a high diagnostic yield for soli-
tary lung nodules <2 cm has not been reproduced 
in every study. For example, in one study, TBBx 
using EBUS-GS technique was performed in 100 
consecutive patients with lung nodules <2 cm in 
diameter  [  195  ] . The investigators could locate the 
lesions in 67 (67 %) patients with EBUS and 
obtain diagnostic tissue in 46 (46 %) of patients. 
Similarly, in another study, the diagnostic yield 
of TBBx with EBUS-GS technique for peripheral 
lesions >2 cm in diameter was 76 % but the diag-
nostic yield for lesions  £ 2 cm in diameter was 
only 30 %  [  196  ] . Moreover, a recent randomized 
trial that enrolled 246 patients failed to show any 
difference in the detection rate of cancer between 
the EBUS-GS group (36 %) and the conventional 
bronchoscopy group (44 %)  [  197  ] . In fact, for 
lesions <3 cm in diameter, the diagnostic yield 

http://dx.doi.org/10.1007/978-1-62703-395-4_4


34 P. Jain et al.

was higher with conventional TBBx under 
 fl uoroscopic guidance than with EBUS-GS 
directed biopsies in this study. Some of the varia-
tion in reported results with this technique may 
be related to experience and training of the opera-
tors performing the procedure. 

 Electromagnetic navigation bronchoscopy 
(ENB) is an image-guided localization system 
that allows real time navigation of the biopsy 
instruments to small peripheral lesions during 
 fl exible bronchoscopy (Chap.   6    ). Several studies 
have reported encouraging initial results in 
obtaining biopsy from small peripheral lesions 
with this technique. In a prospective study, inves-
tigators from The Cleveland Clinic Foundation 
have reported a diagnostic yield of 74 % in 54 
peripheral lesions with an average diameter of 
2.28 cm  [  198  ] . The diagnosis was established in 
23 of 31 (74 %) of lesions  £ 2 cm in diameter in 
this study. The overall diagnostic yield has ranged 
from 63 % to 84 % for lesions of all sizes and 
from 50 to 76 % for lesions  £ 2 cm in diameter in 
several other studies  [  199–  203  ] . The diagnostic 
yield of ENB is signi fi cantly higher for lesions 
with a CT bronchus sign than for those without a 
discernible CT-bronchus sign  [  202  ] . The tech-
nique appears to have a steep learning curve 
 [  203  ] . One disadvantage of the technique is that 
there is no real time con fi rmation that the biopsy 
is actually obtained from the lesion. The other 
disadvantages are high initial cost of the equip-
ment and high cost of the disposable accessories 
used during the procedure. 

 Virtual bronchoscopy navigation is emerging 
as an important method to facilitate accurate 
navigation of bronchoscope and biopsy instru-
ments to small peripheral lesions (Chap.   7    ). In 
this technique, virtual images of endobronchial 
tree are reconstructed from the CT data to simu-
late actual bronchoscopy. The display of most 
appropriate endobronchial route to the target 
lesion on virtual bronchoscopy images helps the 
operator to navigate the bronchoscope to the cor-
rect airways leading to the target lesion. Apart 
from navigational capabilities, the current VBN 
systems allow the images to be rotated and to go 
forward and backwards to emulate the actual 
bronchoscopy images. In most case series, the 

investigators have combined VBN with ultrathin 
bronchoscope in order to come as close to the 
lesion as possible. In some studies, biopsies have 
been performed under CT- fl uoroscopy  [  204  ]  and 
in others, under standard  fl uoroscopy guidance 
 [  205  ] . The overall diagnostic yield of TBBx 
using VBN with ultrathin bronchoscope have 
varied from 63 to 82 % and the diagnostic yield 
for peripheral lesions  £ 2 cm in diameter has var-
ied from 62 to 82 % in different studies  [  206–
  209  ] . The application of this technique during 
bronchoscopy does not need additional radiation 
exposure or costly accessories. However, the 
best results are achieved with the use of ultrathin 
bronchoscope which is not universally available. 
Further, the majority of data on application of 
VBN comes from investigators who are highly 
familiar with this technique. 

 To further improve the diagnostic yield of 
bronchoscopy for small peripheral lung nodules, 
several recent studies have combined ENB or 
VBN to navigate the bronchoscope and the acces-
sory instruments bringing them close to the target 
and radial probe EBUS to con fi rm that the target 
is reached before obtaining the biopsy specimen. 
Very encouraging results have been reported with 
this multi-modality approach. Eberhardt and 
associates studied the usefulness of combining 
ENB and EBUS-GS in a prospective randomized 
study  [  210  ] . Biopsies were performed using 
EBUS-GS alone in 39 patients, ENB alone in 39 
patients and combination of EBUS-GS and ENB 
in 40 patients. The diagnostic yield of 
EBUS-GS + ENB guided procedures (88 %) was 
signi fi cantly greater than the diagnostic yield of 
EBUS-GS guided procedures (69 %) or ENB-
guided procedures (52 %). In another study, 
Asano and associates studied the usefulness of 
combining VBN, ultrathin bronchoscope 
(BF-type P260F, external diameter 4.0 mm, 
working channel 2.0 mm, Olympus Corporation), 
and EBUS-GS to obtain specimens from 32 
peripheral lesions  [  211  ] . Diagnostic specimens 
could be obtained in 27 of 32 (84 %) of all lesions 
and 22 of 24 (79 %) of lesions  £ 3 cm in diameter. 
The preliminary results from this study were 
con fi rmed in a recent randomized trial in which 
the 199 patients with peripheral lesions  £ 3 cm in 
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diameter were randomized to undergo biopsy 
with assistance of VBN + EBUS-GS ( n  = 102) or 
EBUS-GS alone ( n  = 97)  [  212  ] . The diagnostic 
yield in VBN + EBUS-GS group (80 %) was 
signi fi cantly higher than that in EBUS-GS group 
(67 %). The diagnostic yield with the combined 
approach was 76 % and that with EBUS-GS 
alone was 59 % for lesions <2 cm in diameter. 
There can be no doubt that application of multi-
ple advanced techniques is increasing the ability 
to obtain biopsy specimen from lesions that can-
not be diagnosed with conventional TBBx under 
 fl uoroscopic guidance. Unfortunately, many of 
these techniques are expensive and vigorous 
cost-effectiveness studies are needed before they 
can be incorporated in routine clinical practice. 

 CT-guided  fi ne needle aspiration (CT-FNA) 
remains in common use for diagnosis of periph-
eral lung nodules. It has a diagnostic sensitivity 
of 90 % (range 65–94 %) but is associated with 
pneumothorax in 15–43 % (median 27 %) need-
ing chest tube in 4–18 % (median 5 %)  [  213  ] . 
The diagnostic sensitivity of CT-FNA depends on 
the size of the lesion. For the lesions <2.0 mm in 
diameter, the diagnostic sensitivity of CT-FNA 
has varied from 74 to 77 % with 22–28 % risk of 
pneumothorax after the procedure  [  214,   215  ] . In 
these patients, advanced bronchoscopic tech-
niques discussed above offer a safer alternative 
with a lower risk of pneumothorax and a similar 
or higher diagnostic yield compared to CT-FNA.   

   Complications of Transbronchial 
Biopsies 

 TBBx is generally safe, although severe and life-
threatening procedure-related complications are 
occasionally encountered. According to a recent 
nationwide survey from Japan, the complication 
rate after forceps biopsy for a peripheral pulmo-
nary lesion was 1.79 %  [  216  ] . In comparison, a 
review of 173 procedures from a university hos-
pital has reported a complication rate of 6.8 % 
after TBBx  [  217  ] . Two most common complica-
tions of TBBx are bleeding and pneumothorax. 

 The reported incidence of bleeding after 
 transbronchial biopsy has varied from 0 to 26 % 

in different series. Serious bleeding occurs in 
1–2 % of patients undergoing transbronchial 
biopsies  [  1,   218  ] . The risk of bleeding is 
signi fi cantly higher in immunocompromised 
patients and in patients with underlying renal 
insuf fi ciency  [  6,   8,   81  ] . Reports of deaths due to 
uncontrolled bleeding after TBBx are exceed-
ingly uncommon, but it is plausible that it is 
under-reported. In the Japanese survey mentioned 
above, 0.85 % of 57,199 patients experienced 
signi fi cant bleeding after TBBx, but there were 
no deaths  [  216  ].  

 A major bleeding complication after trans-
bronchial biopsy is unnerving, but the bleeding 
can be controlled in the majority of cases in the 
bronchoscopy room without adverse patient out-
come  [  219  ] . The main danger of bleeding after 
transbronchial biopsy is aspiration of blood into 
non-bleeding segments rather than risk of exsan-
guination. Therefore, the top priority is to prevent 
the  fl ooding of airways with large amounts of 
blood. As soon as signi fi cant bleeding is detected, 
tilt the bronchoscopy table so that bleeding side 
is dependent. The most effective way to control 
bleeding is to maintain the bronchoscope in 
wedged position into the bleeding segment till a 
blood clot is formed. Sometimes, the wedged 
position is compromised while pulling back the 
biopsy forceps. In these cases, the bronchosco-
pist should make every effort to immediately 
place the bronchoscope back into the bronchus. 
Fluoroscopic guidance may be needed in some 
cases as presence of blood may obscure the endo-
scopic view. After maintaining bronchoscope in 
wedged position for about 5 min, the broncho-
scope is gently withdrawn. Bronchoscopist 
should be ready to re-wedge the bronchoscope if 
sudden gush of blood is seen. Cold saline lavage 
and topical application of dilute epinephrine are 
usually unsuccessful in controlling bleeding after 
the TBBx due to diluting effect of blood and dis-
tal bleeding site. If signi fi cant bleeding continues 
despite local measures and if the bronchoscope 
has slipped out of the bleeding segment, it is best 
to secure the airway with endotracheal tube and 
consider either balloon tamponade or selective 
intubation of contralateral lung. The facilities for 
rigid bronchoscopy must be held in readiness to 
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manage a bleeding episode that cannot be con-
trolled with the  fl exible bronchoscope. Management 
of hemoptysis is further discussed in Chap.   14    . 

 Pneumothorax is reported in 1–6 % of patients 
after transbronchial biopsies  [  1,   24,   220  ] . Failure 
to control coughing during transbronchial biop-
sies greatly increases the risk of pneumothorax. 
Patients receiving positive pressure ventilation 
are also more likely to develop pneumothorax 
after transbronchial biopsies. Risk may also be 
higher in presence of bullous emphysema and in 
patients with pneumocystis pneumonia  [  102  ] . 
Appropriate  fl uoroscopic guidance during trans-
bronchial biopsies reduces the risk of pneu-
mothorax. Fluoroscopic examination detects 
pneumothorax immediately after the biopsies but 
in some case, slowly developing delayed pneu-
mothorax can manifest several hours after com-
pletion of procedure  [  1  ] . Tension pneumothorax 
is very uncommon after transbronchial biopsies. 
Nonetheless, mild to moderate pneumothorax 
may cause disproportionate symptoms due to 
underlying pulmonary limitation in some patients 
undergoing  fl exible bronchoscopy. If no symp-
toms develop for 4 h after completion of proce-
dure, a clinically signi fi cant pneumothorax is 
unlikely. Chest roentgenogram should be per-
formed after ½ to 1 h after completion of biopsies 
when the pneumothorax is clinically suspected 
despite normal  fi ndings on immediate post-bron-
choscopy  fl uoroscopy. Severity of symptoms and 
the extent on chest roentgenogram dictate the 
management of pneumothorax after bronchos-
copy. Supplemental oxygen and observation in 
the hospital is suf fi cient in most cases. Moderately 
symptomatic patients with signi fi cant pneumotho-
rax may be managed with Heimlich’s valve placed 
in the bronchoscopy suite. These patients can be 
discharged with Heimlich’s valve after 4–6 h of 
observation if repeat chest roentgenogram shows 
no further increase in pneumothorax. Patients 
who develop severe symptoms or tension pneu-
mothorax, and those who fail to show resolution 
of pneumothorax with Heimlich’s valve require 
chest tube placement. Chest tube should also be 
placed without further delay when pneumothorax 
develops in patients on mechanical ventilation.  

   Conclusions 

 Transbronchial biopsy is an essential skill for 
every bronchoscopist. Transbronchial biopsy is 
usually performed in outpatient setting under 
conscious sedation. A successful TBB may obvi-
ate need for surgical lung biopsy, which is more 
invasive and needs general anesthesia. The most 
common indication of TBBx is to obtain biopsy 
specimen from peripheral lung masses. The diag-
nostic yield of TBBx for peripheral lung cancer 
depends on the size of the tumor and the presence 
or absence of bronchus sign. TBBx is also useful 
in evaluation of patients with suspected tubercu-
losis, fungal infection, unexplained lung in fi ltrates 
in immunocompromised hosts and in post-lung 
transplant patients, both for surveillance as well 
as evaluation of rejection or opportunistic infec-
tions. Among noninfectious diseases, TBBx is 
most useful in diagnosis of sarcoidosis, lymphan-
gitic carcinomatosis, and in some cases of PLCH 
and LAM. Transbronchial biopsy is not useful for 
histological diagnosis of idiopathic pulmonary 
 fi brosis or for distinguishing histological sub-
types of idiopathic interstitial pneumonia. The 
diagnostic yield is also suboptimal in lung nod-
ules smaller than 2–3 cm in diameter. Several 
recent techniques such as radial probe endobron-
chial ultrasound with guide sheath, electromag-
netic navigation bronchoscopy and virtual 
bronchoscopy navigation have been used to 
improve the diagnostic yield of TBBx for solitary 
lung nodule. Hemoptysis and pneumothorax are 
the two leading complications of TBBx, occur-
ring in less than 2 % of cases. We believe that all 
bronchoscopists must develop pro fi ciency in per-
forming TBBx and managing complications that 
can arise after the procedure.      
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  Abstract 

 Transbronchial needle aspiration (TBNA) is a technique in which a 
 cytology or histology specimen is obtained during  fl exible bronchoscopy 
from beyond the con fi nes of the endobronchial tree. Mediastinal staging of 
lung cancer is the most common indication for TBNA. The procedure is 
also useful in diagnosis of sarcoidosis and tuberculosis as the cause of 
mediastinal lymph node enlargement. The procedure is performed under 
conscious sedation and does not need expensive guiding or tracking 
devices. The procedure is cost-effective, is easy to learn, and has an excel-
lent safety record. Unfortunately, many bronchoscopists never adopted 
this technique in their practice due to lack of training and widespread mis-
conceptions about the usefulness and safety issues. Endobronchial needle 
aspiration (EBNA) is a related technique in which the 22-gauge needle is 
used to obtain cytology specimen from endoscopically visible lesion. 
EBNA increases the diagnostic yield from submucosal and peribronchial 
lung tumors. Peripheral TBNA (P-TBNA) is a technique in which a 
 cytology specimen is obtained from a suspected malignant peripheral lung 
nodule under  fl uoroscopic guidance. Addition of P-TBNA to conventional 
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   Introduction    

 Transbronchial needle aspiration (TBNA) is an 
important technique in which a cytology or his-
tology specimen is obtained from beyond the 
con fi nes of the endobronchial tree including 
mediastinal and hilar lymph nodes during  fl exible 
bronchoscopy  [  1  ] . Mediastinal staging of lung 
cancer is the most common indication for the 
procedure  [  2,   3  ] . In selected cases, it is also found 
useful in diagnosis of lung cancer, sarcoidosis, 
and tuberculosis  [  4,   5  ] . Although mediastinos-
copy remains the gold standard for the mediasti-
nal staging of lung cancer, TBNA staging has 
several intuitive advantages over the invasive 
surgical staging. Mediastinoscopy is performed 
under general anesthesia, whereas TBNA is per-
formed under moderate sedation. TBNA is less 
costly, less invasive, and more comfortable for 
the patients than mediastinoscopy  [  6  ] . TBNA is 
an easy technique to learn and does not require 
any specialized equipment or guiding devices. 
A positive TBNA specimen obviates the need for 
mediastinoscopy or any additional invasive test-
ing for staging of lung cancer. 

 Yet, several prior surveys have consistently 
shown considerable reluctance to embrace TBNA 
due to lack of training and unsubstantiated views 
regarding the safety and clinical usefulness of 
this technique  [  7,   8  ] . With recent availability of 
endobronchial ultrasound (EBUS)-TBNA, even 
those with a sound knowledge in this  fi eld have 

started to cast some doubts on the future of this 
technique. 

 In this chapter, we discuss the technique, clini-
cal uses, and limitations of standard TBNA. One 
of our goals is to dispel some of the fears and 
hesitation that have prevented optimal clinical 
application of this technique. We discuss the cur-
rent evidence on usefulness of TBNA in medi-
astinal staging of lung cancer, and its role in 
improving the diagnostic yield of bronchoscopy 
for visible lung cancers and peripheral lung nod-
ules and masses. We also take this opportunity to 
highlight the circumstances in which EBUS-
TBNA offers a clear advantage over the conven-
tional TBNA technique.  

   Technique 

 Several reviews have addressed the technical 
aspects of TBNA procedure  [  9,   10  ] . In the fol-
lowing section, we brie fl y highlight the important 
aspects of the technique.  

   Chest Computed Tomography 

 TBNA involves sampling of an extra-luminal 
lymph node that is not visible to the operator. 
Therefore, it is essential for the operator to 
study the CT images for enlarged lymph nodes 
and their relationship to the airways and sur-
rounding blood vessels before the procedure. 

sampling techniques improves diagnostic yield of bronchoscopy, especially 
in patients with Tsuboi type III or IV tumor bronchus relationship. 
The role of conventional TBNA has further become a topic of hot debates 
with the emergence of endobronchial ultrasound (EBUS)-guided TBNA. 
The authors believe that even in the era of EBUS-TBNA, the standard 
TBNA technique maintains an important position in the diagnosis and 
staging of lung cancer.  

  Keywords 

 Transbronchial needle aspiration  •  Mediastinal staging  •  Lung cancer 
 staging  •  Endobronchial needle aspiration  •  Peripheral transbronchial nee-
dle aspiration      
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Once the lymph nodes are identi fi ed on the CT, 
the established anatomical endobronchial land-
marks corresponding to the enlarged mediasti-
nal and hilar lymph nodes guide the operator to 
select the appropriate site to puncture the air-
way. In this regard, carina is the most common 
landmark used to select the puncture site. 
Although a contrast-enhanced CT is more 
informative in this regard, a non-contrast CT is 
acceptable if contrast agent cannot be adminis-
tered. In some studies PET/CT has been 
reported to improve the sensitivity and nega-
tive predictive value of TBNA for mediastinal 
staging of lung cancer  [  11,   12  ] . However, from 
technical standpoint, PET/CT has no advantage 
over chest CT in directing the operator to the 
target lymph nodes. 

 Traditionally, clinicians have used Mountain 
and Dressler’s mapping system on CT to classify 
different groups of enlarged mediastinal and hilar 
lymph nodes  [  13  ] . Recently, International 
Association for Study of Lung Cancer (IASLC) 
has proposed modi fi ed lymph node de fi nitions on 
the CT, which are adopted in the seventh edition 
of the TMN classi fi cation for lung cancer  [  14  ] . 
The clinicians should now follow IASLC 
de fi nitions to identify the enlarged lymph node 
stations in lung cancer patients (see Fig. 5.1). 
Conventional TBNA method is most suitable for 
sampling of lymph nodes from 4R, 4L, and 7 that 
de fi ne N2 or N3 disease and 10R, 10L, 11R, and 
11L stations that de fi ne N1 disease. Common 
lymph node stations that can be accessed by 
TBNA are illustrated in Fig.  3.1 . One must note 

  Fig. 3.1    CT images showing enlarged mediastinal lymph 
nodes. ( a ) Right paratracheal lymph node (station 4R). ( b ) 
Left paratracheal lymph node (station 4L). Aorto-
pulmonary window lymph nodes (station 5) are also 
enlarged. Lymph nodes in station 5 cannot be accessed 

with TBNA. ( c ) Subcarinal lymph node (station 7). ( d ) 
Right interlobar lymph node (station 11R) and enlarged 
left interlobar lymph node (11L). Subcarinal lymph nodes 
are also enlarged       
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that lymph nodes in aorto-pulmonary window 
(station 5) that are lateral to the ligamentum arte-
riosum and medial to the origin of  fi rst branch of 
the left pulmonary artery cannot be sampled 
through TBNA. Enlarged 2R and 2L lymph nodes 
are accessible with TBNA, but due to proximity 
of surrounding vessels, it is preferable to use 
EBUS-TBNA to obtain specimens from these 
stations. Besides, sampling of the abnormalities 
from this location may lead to over-staging by 
misinterpreting lung lesion with mediastinal 
lymph nodes.  

   TBNA Needles 

 Several types of TBNA needles are available. 
The choice of TBNA needle is a matter of per-
sonal preference. Of greater importance is famil-
iarity with the needles used for the procedures. 
A 22-gauge TBNA needle (MW-222) is most 
commonly used for obtaining a cytology speci-
men (Fig.  3.2a, b ). It has a distal, retractable, 
sharp beveled 13-mm needle. When fully 
retracted, the sharp end of the needle is housed 
within a metal hub. The needle can be advanced 

  Fig. 3.2    ( a ) MW-222 
needle with distal 22-g 
needle fully within metal 
hub. Make sure that the 
needle is fully housed 
within the metal hub as the 
catheter is passing through 
the working channel. ( b ) 
The proximal control 
device is advanced and 
locked in place to deploy 
the TBNA needle       

 



493 Transbronchial Needle Aspiration

and retracted by the proximal control device. The 
outer diameter of the clear plastic catheter is 
1.9 mm. It can be passed through bronchoscopes 
with working channels of 2.2 mm or larger. The 
catheter is made stiff with a metal stylet that runs 
through the catheter. The stiffness of catheter pre-
vents the plastic catheter from kinking and bending 
while trying to penetrate the needle through the tra-
cheal wall. The suction is applied through the prox-
imal suction port using a 20- or 50-cc syringe.  

 The histology specimen requires the use of a 
19-gauge TBNA needle  [  15  ] . MW-319 is a com-
monly used needle for this purpose (Fig.  3.3a–d ). 
It consists of a 19-gauge retractable, beveled nee-
dle, housed within a metal hub. When fully 
deployed, the 19-g needle projects 15 mm beyond 
the distal end of the metal hub. The proximal end 
of the needle is attached to a hollow spring, which 
runs through the length of the catheter and con-
trols the movement of the 19-g needle. Another 
21-gauge beveled needle is housed within the 
19-gauge needle. It projects 3 mm beyond the 

distal end of 19-gauge needle when fully 
deployed. The proximal end of the 21-gauge nee-
dle is attached to a guide wire that lies inside the 
lumen of the hollow spring. The 21-gauge needle 
acts as a trocar for the larger 19-gauge needle and 
prevents its plugging by bronchial tissue and car-
tilage. To obtain a histology specimen, both 
19-gauge and 21-gauge needles are advanced 
into the target site. The 21-gauge needle pene-
trates the airways and anchors the catheter into 
the intended lymph node. Suction is applied to 
con fi rm that catheter is not in a major vessel. At 
this time, the 21-gauge needle is drawn back and 
the core tissue is obtained by partially moving the 
19-gauge needle in and out of the lymph node a 
few times while maintaining constant suction 
with the syringe. Both needles are then retracted 
and the TBNA catheter is withdrawn from the 
bronchoscope to retrieve the specimen. The oper-
ational aspects of this needle are somewhat cum-
bersome and complicated. Recent experience 
indicates that single-lumen 19-gauge TBNA 

  Fig. 3.3    MW-319 needle: 
( a ) Both 19-gauge and 
21-gauge needles within 
the catheter. ( b ) Both 
needles are advanced and 
locked. ( c ) Close-up of 
outer 19-gauge and inner 
21-gauge needle. ( d ) 
21-gauge needle is 
retracted back       
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(MWF-319) needles are equally successful in 
obtaining a histology specimen and are easier to 
use than MW-319.    

   Planning 

 All TBNA procedures should be preceded by a 
thorough clinical evaluation. It is a common prac-
tice to obtain tissue sample from the mediastinal 
lymph nodes for staging prior to that from the 
primary tumor for the diagnosis during the initial 
diagnostic bronchoscopy. All sampling proce-
dures and their sequence must be discussed with 
the assistant prior to bronchoscopy so that all 
accessory instruments needed during bronchos-
copy are kept in readiness. For staging TBNA, it 
is useful to have slides labeled prior to the proce-
dure to avoid any confusion as to the lymph node 
station from which the specimen is obtained. 
Nodes associated with the highest staging should 
be sampled before nodal stations associated with 
lower staging. Therefore, depending on the loca-
tion of primary tumor, the N3 nodes should be 
sampled before N2 nodes, and the N2 nodes 
should be sampled before N1 nodes. This prac-
tice prevents contamination of higher stations 
from tumor cells obtained from the lower ones 
using a single needle for the entire procedure. 

 To avoid inadvertent damage to the working 
channel, the operator must make sure that the 
beveled end of the needle is housed fully within 
the distal metal hub before the TBNA catheter is 
introduced into the working channel of the bron-
choscope. Proper and smooth deployment of 
needle must be ensured prior to every TBNA 
attempt. A kinked or damaged TBNA needle 
should be replaced.  

   Procedure 

 Nasal route is recommended for bronchoscopy as 
much as possible. Compared to oral route, the 
bronchoscope is held more  fi rmly when it is 
introduced through the nose. Less movement 
during the TBNA procedure increases the accu-
racy with which the bronchoscopist is able to 

puncture the desired endobronchial site. The 
operator must keep the insertion tube and the 
bending section of the bronchoscope as straight 
as possible during insertion of TBNA catheter 
through the working channel to prevent any inad-
vertent damage to the scope. Suction through the 
working channel of the bronchoscope should be 
avoided prior to performing staging of TBNA to 
minimize the risk of false positive results from 
contamination with respiratory secretions. 
Secretions overlying the puncture site may be 
washed away using sterile saline solution. TBNA 
should always be performed before a detailed air-
way inspection or any other sampling procedure 
in order to avoid contamination of the working 
channel with malignant cells present in the endo-
bronchial secretion. TBNA catheter should be 
advanced into the endobronchial tree while keep-
ing the tip of the bronchoscope in the neutral 
forward-viewing position. 

 The puncture sites for common lymph node 
stations are illustrated in Fig.  3.4  a–e. Once the 
target site for puncture is identi fi ed, the TBNA 
catheter is advanced beyond the distal end of the 
bronchoscope. It is important to clearly visualize 
the distal metal hub before the TBNA needle is 
deployed. However, only a few millimeters of 
catheter should be advanced beyond the tip of the 
bronchoscope (Fig.  3.5 ). In this fashion working 
channel of the bronchoscope is used to splint the 
TBNA catheter. The catheter must be retracted if 
excessive length is seen to project beyond the dis-
tal end of the bronchoscope. Failure to do so will 
kink the catheter during the procedure. Penetration 
of the needle into the target area and aspiration of 
material from the lymph node may not be feasible 
once the distal end of TBNA catheter is kinked 
during the procedure.   

 The needle should be deployed through the 
inter-cartilaginous space. Several techniques used 
to insert the needle into the airway wall are 
described in Table  3.1  and illustrated in Fig.  3.6 . 
In the absence of any comparative studies, the 
choice of technique is strictly a matter of personal 
choice. A combination of techniques may be 
needed in some cases. Regardless, one must 
maintain the TBNA needle as perpendicular, 
minimum at 45° angle to the airway wall as 
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 possible to maximize the chances of needle reach-
ing the core of the target lymph node (Fig.  3.7 ).    

 It is critical to make sure that the entire length 
of TBNA needle has penetrated the airway wall 
and the metal hub is  fl ushed against the airway 
mucosa (Fig.  3.8 ). Once con fi rmed, the assistant 

is requested to apply the suction using the syringe. 
In some instances a pink-colored  fl uid may be 
seen to enter the clear plastic catheter. This usu-
ally represents material from the lymph node. 
With suction maintained, the operator vigorously 
moves the TBNA catheter to and fro into the 
lymph node while making sure that needle is not 
pulled out of the lymph node and the airway wall. 
After a few seconds, the assistant is instructed to 
release the suction and retract the needle back 
into the catheter. It is important to release the suc-
tion before the needle is withdrawn from the 
lymph node. Failure to do so may contaminate 
the TBNA sample with the airway secretions, 
thereby increasing the risk of false positive 
results. The distal end of the bronchoscope should 
be straightened as the TBNA catheter is with-
drawn from the endobronchial tree.  

 Puncture of a blood vessel is implied if blood 
is seen to  fi ll the catheter as soon as suction is 
applied. In this event, the bronchoscopy assistant 
should release the suction and withdraw the nee-
dle back into the catheter.  

  Fig. 3.4    ( a ) TBNA site for station 4R is about 2 cm 
above main carina in second or third intercartilaginous 
space between 1 and 2 o’clock position. Do not insert 
needle at 3 o’clock position to avoid azygos vein. ( b ) 
TBNA site for station 4L is at lateral wall of trachea and 
left main bronchus at the level of carina at 9 o’clock posi-
tion. ( c ) TBNA site for station 7 lymph nodes is 3–5 mm 

below either side of the primary carina with the needle 
pointing in inferomedial direction. ( d ) TBNA site for the 
11R lymph nodes is immediately below the origin of right 
upper lobe bronchus at 3 o’clock position on lateral wall 
of bronchus intermedius. ( e ) TBNA site for 11L lymph 
nodes is the secondary carina between  left upper  and 
 lower  lobe bronchus at 12–2 o’clock position       

  Fig. 3.5    The distal metal hub should be visible before the 
TBNA needle is deployed       
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   Number of Passes 

 The diagnostic yield of TBNA is related to the 
number of TBNA attempts made per lymph node 
station. In a prospective study, Chin and cowork-
ers studied the number of passes on each lymph 
node station to achieve optimal yield from TBNA 
 [  16  ] . The authors found  fi rst sample to be diag-
nostic in 42% of patients. No further diagnoses 
were made after the seventh TBNA. Overall, 93% 
of diagnostic aspirates were obtained with 4 
passes at a single nodal station. For lymph nodes 
larger than 2 cm in short axis, diagnosis of malig-

nancy could be established in 92% of cases with 
initial two aspirates. The authors suggested at 
least 4 passes in a single nodal station and up to 7 
passes to maximize yield in mediastinal staging 
of lung cancer. In another study, the diagnostic 
yields with the  fi rst, second, third, and fourth 
passes were 64, 85, 95, and 98%, respectively 
 [  17  ] . The authors suggested three TBNA passes 
to establish tissue diagnosis and 4–5 TBNA 
passes for mediastinal staging of lung cancer. We 
usually make 3–4 passes at every lymph node 
station to optimize our yield.  

   Specimen Collection and 
Interpretation 

 Proper handling of specimen by a trained assis-
tant is a critical aspect of the procedure and is 
shown to improve diagnostic yield of TBNA. 
Direct method is the preferred method for sub-
mitting the cytology specimen. In this method the 
slides are prepared directly from the TBNA aspi-
rate in the bronchoscopy room. Using air from 
the empty syringe used to aspirate the specimen, 
the TBNA aspirate is placed onto a slide, covered 
with a second slide and with gentle pressure, the 
slides are drawn apart. A thin smear forms on 
both the slides, which are immediately  fi xed in 
95% alcohol solution or commercially available 
spray  fi xative. Any delay in this process leads to 
dif fi culties in interpretation due to development 
of drying artifacts. 

 Some bronchoscopists use  fl uid technique in 
which no slides are made and the TBNA aspirate 
is submitted to the cytology laboratory in 95% 
alcohol, to be processed in a standard fashion. In 
a prospective study the diagnostic yield was 
signi fi cantly lower with this method than with the 
direct technique of processing TBNA aspirate 
 [  18  ] . Based on these results, there is little reason 
to use  fl uid technique in preference to the direct 
method. 

 The specimen obtained with the histology 
needle should be submitted in formalin. Any vis-
ible tissue piece obtained with cytology needle 
should also be removed gently and placed in for-
malin solution. The leftover specimen within the 

   Table 3.1    Different techniques used for insertion of 
TBNA needle into airway wall   

  Jabbing method  
 Once the tip of TBNA catheter is seen, advance the • 
needle fully in the central airway 
 Retract most of the catheter and part of needle back into • 
working channel. Needle tip should be clearly visible 
 Advance the bronchoscope and needle towards the • 
intended puncture site 
 Position the needle perpendicular to airway wall • 
 Hold bronchoscope stationary at nose or mouth • 
 Thrust the catheter forward into the target • 

  Hub against the wall method  
 With TBNA needle fully retracted, advance the metal • 
hub through the distal end of bronchoscope 
 Place the hub against the intended puncture site at a 90° • 
angle 
 Hold bronchoscope stationary at nose or mouth • 
 Instruct the assistant to deploy the TBNA needle • 

  Piggyback method  
 Position the bronchoscope close to the intended • 
puncture site 
 Advance the catheter till distal metal hub is seen • 
 Deploy the needle and lock it in place • 
 Stabilize the TBNA catheter at the biopsy port of the • 
working channel using little  fi nger 
 Advance the bronchoscope and the TBNA needle en • 
block into the target area at a 90° angle 

  Cough method  
 Position the bronchoscope close to the intended • 
puncture site 
 Deploy the TBNA needle • 
 Stabilize the TBNA catheter at biopsy port • 
 Instruct the patient to cough. The inward movement of • 
airway wall towards the needle facilitates the insertion 
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TBNA needle and catheter should be  fl ushed into 
a container with normal saline, to be used in the 
laboratory for cell block preparation. 

 Careful interpretation of the specimen is 
mandatory for optimal application of TBNA 
technique. An adequate specimen obtained from 
the lymph node should have preponderance of 
lymphocytes and few if any bronchial epithelial 
cells. 

 Even with lymphocytes present, it is critical 
to interpret both positive as well as negative 
TBNA results with utmost caution. TBNA has a 
low negative predictive value in staging of lung 

  Fig. 3.6    Different techniques used for insertion of TBNA needle into the airway wall. ( a ) Jabbing method. ( b ) 
Piggyback method. ( c ) Cough method. ( d ) Hub against the wall method       

  Fig. 3.7    TBNA needle should approach the airway wall 
close to a 90° angle       

  Fig. 3.8    The entire needle is seen to penetrate airway 
wall and metal hub is  fl ushed against the wall       
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cancer. Therefore, surgical staging is always indi-
cated if a TBNA aspirate from mediastinal lymph 
nodes does not show malignant cells. On the 
other hand, a TBNA aspirate with clumps of 
malignant cells is diagnostic for lymph node 
metastasis and obviates the need for further stag-
ing procedures. However, the presence of an 
occasional malignant cell in the TBNA specimen 
is an insuf fi cient evidence of lymph node metas-
tasis. Any ambiguity in this regard needs further 
clari fi cation with additional testing. Incorrect 
staging due to false positive TBNA has serious 
implications as it may lead to an inappropriate 
denial of lung cancer surgery. Although it is reas-
suring to note that most studies have found TBNA 
to have 100% speci fi city for detection of lymph 
node metastasis, there are a few reports of false 
positive results. The bronchoscopists must take 
every precaution to minimize the false positive 
TBNA results (Table  3.2 ).   

   Factors Associated with Positive 
Results 

 Studies have consistently reported a higher yield 
from TBNA for lung cancer as compared to a 
benign disorder such as sarcoidosis  [  2  ] . Among 
malignant diagnoses, TBNA has a higher sensi-
tivity for small-cell lung cancer than for non-
small-cell lung cancers  [  19  ] . The diagnostic 
yield of TBNA increases with increase in the 
size of the lymph nodes. Other factors associ-
ated with a higher TBNA yield are listed in 
Table  3.3   [  20,   21  ] .   

   Complications 

 TBNA is a safe technique with a complication 
rate of 0.3%  [  22  ] . Bleeding after TBNA pro-
cedure is usually minor and insigni fi cant. 
Rarely, pneumothorax  [  23  ] , pneumomediasti-
num, and hemomediastinum  [  24  ]  have been 
reported after the procedure. A single case of 
purulent pericarditis has been reported after 
TBNA  [  25  ] . There are no reports of proce-
dure-related deaths.  

   Clinical Applications 

   Staging of Lung Cancer 

 The principal use of TBNA is in mediastinal 
staging of lung cancer. Common lymph node 
stations such as 4R, 4L, and seven that frequently 
harbor the malignant cells and de fi ne N2 or N3 
disease are easily accessible with TBNA. 
Identi fi cation of tumor cells in the TBNA speci-
men from these lymph nodes precludes the need 
for further invasive procedures, paving way for 
prompt initiation of nonoperative treatments. 
Sampling from hilar lymph nodes (stations 10, 
11) is also feasible as discussed above but the 
presence of tumor in this location de fi nes N1 dis-
ease that does not in fl uence the decision to per-
form curative surgical resection. 

 In a meta-analysis, TBNA had a sensitivity of 
39% and a speci fi city of 99% for mediastinal 
staging in patients with 34% prevalence of medi-
astinal metastasis. However, the sensitivity was 

   Table 3.2    Measures to reduce chances of false positive 
results   

 Perform TBNA before airway examination or other • 
sampling procedure 
 Do not apply suction until TBNA specimens are • 
obtained 
 Wash the target area with saline • 
 Obtain specimen from higher lymph node stations  fi rst. • 
So, aspirate N3 before N2 and N2 before N1 stations 
 Release suction before withdrawing the needle from • 
the lymph node 
 Obtain histology specimen as much as possible • 

   Table 3.3    Factors associated with positive TBNA 
results   

 Malignant disease • 
 Small-cell lung cancer • 
 Right paratracheal and subcarinal location • 
 Size of lymph node • 
 Use of histology needle • 
 Direct method of preparing slides • 
 High SUV value on PET scan • 
 Skills and experience of the operator and the • 
assistant 
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78% in studies in which the prevalence of medi-
astinal metastasis was 81%  [  22  ] . In another sys-
temic review, the sensitivity and speci fi city of 
TBNA for lymph node staging were 76 and 96%, 
respectively, in patients with 70% prevalence of 
mediastinal metastasis  [  26  ] . TBNA is a conve-
nient, cost-effective, and less invasive alternative 
to mediastinoscopy for staging of lung cancer  [  3, 
  27  ] . However, one must interpret the results with 
caution when the TBNA specimen does not show 
malignant cells and when insuf fi cient material is 
obtained. The average negative predictive value 
of TBNA is 71%  [  26  ]  but it depends on the prev-
alence of cancer in the lymph nodes. In one 
series, the negative predictive value of TBNA 
was only 40% for mediastinal lymph node metas-
tasis  [  28  ] . Therefore, as a general rule, a negative 
TBNA does not exclude mediastinal spread of 
tumor and further testing is warranted before 
offering a curative lung cancer surgery to these 
patients. Although mediastinoscopy has been a 
traditional next step, recent studies indicate that 
EBUS-TBNA may be a reasonable alternative 
for this purpose.  

   Restaging of Lung Cancer 

 There is limited data on the usefulness of TBNA 
in restaging of mediastinal nodes after chemo-
radiation therapy in stage IIIA NSCLC. In a 
small study, 14 patients with stage IIIA NSCLC 
had restaging of mediastinal lymph nodes with 
TBNA after chemotherapy or chemo-radiation 
therapy. The accuracy of TBNA was 71% and 
mediastinoscopy was avoided in 5 (36%) patients 
 [  29  ] . Recent experience appears to indicate that 
EBUS-TBNA is better than standard TBNA for 
this indication. For example, in one study, EBUS-
TBNA had a sensitivity, speci fi city, and accuracy 
of 76, 100, and 77%, respectively, for restaging 
of mediastinum after induction chemotherapy. 
However, due to low negative predictive value, 
surgical staging is still indicated whenever 
EBUS-TBNA sample from mediastinal lymph 
nodes does not reveal malignant cells in these 
patients  [  30  ] .  

   Diagnosis of Lung Cancer 

 In many instances, the tissue sampling from 
primary lung mass or nodule is non-diagnostic 
but the TBNA sample from the mediastinal or 
hilar lymph node provides the tissue diagnosis. In 
some reports, TBNA is found to be the sole 
method of tissue diagnosis in as many as 18–25% 
of patients with parenchymal lesions on initial 
bronchoscopy  [  3,   19,   27,   31  ] . TBNA obviates the 
need for further diagnostic as well as staging pro-
cedures in these patients. 

 TBNA is a suitable technique for tissue diag-
nosis in patients presenting with superior vena 
cava (SVC) syndrome secondary to lung cancer. 
In a prospective study, 27 patients with SVC syn-
drome underwent bronchoscopy with TBNA from 
right paratracheal and other accessible lymph 
nodes using a 22-gauge cytology needle  [  32  ] . 
Tissue diagnosis could be established in 96% of 
patients with the TBNA specimen. In 82% of 
patients with NSCLC and 47% of patients with 
small-cell lung cancer, TBNA was the exclusive 
source of diagnostic specimen. No procedure-
related complications were encountered.  

   Sarcoidosis 

 The overall diagnostic yield of TBNA in sarcoi-
dosis has varied from 53 to 94% in different 
series  [  33,   34  ] . For this indication, multiple 
EBB, TBBx, and TBNA samples should be 
obtained to maximize the diagnostic yield of 
bronchoscopy. With this approach, the diagno-
sis can be con fi rmed in >90% of sarcoidosis 
patients, with TBNA providing exclusive diag-
nosis in 20–60% of cases  [  33,   35  ] . TBNA sam-
pling of two separate lymph node stations is 
shown to be associated with a higher likelihood 
of establishing this diagnosis  [  34  ] . The yield of 
TBNA is found to be higher for stage I sarcoido-
sis than for stage II sarcoidosis in some  [  33  ]  but 
not in all studies  [  34  ] . Although some authors 
have achieved excellent results with Wang 
22-gauge cytology needle  [  36  ] , the majority of 
authors prefer a 19-gauge TBNA needle to 
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obtain a histology core specimen for a more 
con fi dent diagnosis. 

 EBUS-TBNA is emerging as an important 
diagnostic tool for sarcoidosis with a diagnostic 
sensitivity of 85% in stage I and II sarcoidosis in 
a recent report  [  37  ] . In a randomized study, the 
overall diagnostic yield of EBUS-TBNA for sar-
coidosis was 83.3%, compared to 53.8% yield 
from conventional TBNA  [  38  ] . However, even 
though EBB and TBB were performed in <50% 
of patients in this study, the overall diagnostic 
yield of bronchoscopy and the exclusive yields of 
TBNA for sarcoidosis were similar in both 
groups. Based on these data, it is reasonable to 
conclude that EBUS-TBNA is preferable to 
 conventional TBNA in suspected sarcoidosis if 
EBB and TBBx are not performed during 
bronchoscopy.  

   Tuberculosis 

 TBNA has a proven role in diagnosis of intratho-
racic tuberculous lymphadenitis. In one study, 
84 HIV-negative patients with mediastinal 
lymph node enlargement underwent TBNA with 
19-gauge histology needle  [  39  ] . The pre-bron-
choscopy sputum samples were negative for 
acid-fast bacilli in all subjects. The sensitivity, 
speci fi city, positive and negative predictive val-
ues, and accuracy for the diagnosis of tubercu-
losis were 83, 100, 100, 38 and 85% respectively. 
TBNA provided immediate diagnosis in 78% 
and was the exclusive source of diagnosis in 
68% of patients. Furthermore, the acid-fast 
bacilli were isolated by culture of TBNA speci-
men in 27% of patients. In another study, the 
diagnosis of tuberculosis could be established in 
65% of patients with the 22-gauge TBNA nee-
dle in 20 patients with tubercular mediastinal 
lymphadenitis  [  36  ] . 

 TBNA is also useful in diagnosis of mediastinal 
lymph node tuberculosis in HIV-infected patients. 
The utility of TBNA with 19-gauge histology nee-
dle was studied in 41 HIV-infected patients with 
mediastinal and hilar lymphadenopathy  [  40  ] . 
Overall and exclusive diagnostic yields of TBNA 
were 52 and 32%, respectively. Mycobacterial 

 disease was diagnosed with TBNA in 20 of 23 
(87%) of the study patients. Immediate diagnosis 
was achieved in 74% of patients, culture was posi-
tive in 61% of patients, and exclusive diagnosis 
was achieved with TBNA in 48% of patients with 
lymph node tuberculosis. 

 Recent studies have also reported high 
 diagnostic yield with EBUS-TBNA for patients 
with isolated tubercular mediastinal lymphadeni-
tis  [  41,   42  ] . No comparison between standard 
TBNA and EBUS-TBNA has been reported in 
the medical literature for these patients.   

   Limitations and Controversies 

   “Blind Technique” 

 The most critical limitation of standard TBNA 
technique is the inability to visualize the medi-
astinal lymph node in real time during the proce-
dure. Due to this reason, some authors have 
called conventional TBNA a “blind” technique. 
In reality, neither the operator nor the procedure 
is blind. The puncture site is chosen after a care-
ful review of the chest CT and the operator is 
aware of the location of lymph nodes in relation 
to the airways. Certainly, a successful puncture 
of lymph node requires a thorough review of CT 
anatomy, technical skills, and con fi dence. Still, 
as tracheobronchial tree is surrounded by sys-
temic and pulmonary vessels, many bronchosco-
pists have remained skeptical about the 
procedural safety even though the reports of 
bleeding and mediastinal hemorrhage after 
TBNA have been limited to a handful of case 
reports. Nevertheless, misconstrued view regard-
ing its safety has played an important role in 
underutilization of this technique. 

 Blood vessels bear a  fi xed relationship to the 
airways. Safe landmarks to perform TBNA for 
various stations have already been established 
 [  43  ] . Station 7, one of the most common sites of 
TBNA, has no surrounding blood vessels. 
Similarly, TBNA from station 4R has an excel-
lent safety record especially in the presence of 
large sized lymph nodes. One must concede that 
inability to visualize the targets does pose some 
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dif fi culties in approaching small lymph nodes 
located in 2R, 2L, and some hilar stations. 

 Several options have been explored over the 
past two decades to circumvent this limitation of 
standard TBNA technique. Some investigators 
have used CT- fl uoroscopy for real-time guidance 
during TBNA procedure. Although technical 
success could be achieved in nearly 80% of 
patients  [  44,   45  ] , it was never adopted in main-
stream bronchoscopy practice due to the radia-
tion safety issues, logistic dif fi culties, and 
emergence of superior alternatives to achieve the 
same goal. Another approach is electromagnetic 
navigation bronchoscopy (ENB) to localize the 
lymph nodes for TBNA sampling. This technique 
is mainly employed for obtaining biopsy from 
small peripheral lung nodules  [  46–  48  ] . However, 
it can also direct the operators to the mediastinal 
lymph nodes with a high degree of accuracy. 
Gildea and coworkers reported 100% success in 
obtaining adequate sample from 31 lymph node 
stations using this technique. The average lymph 
node size in this study was 2.8 cm. In another 
study, adequate sampling was possible with this 
technique in 94.3% of mediastinal lymph 
nodes with an average size of 1.8 cm  [  49  ] . 
Notwithstanding, in the absence of a control 
group, these data only establish the feasibility but 
not the superiority of EMN-guided TBNA over 
the conventional TBNA technique. An important 
but yet unanswered question of great importance 
is whether this technique is better than conven-
tional TBNA in obtaining specimens from small 
mediastinal lymph nodes. High cost of equip-
ment and accessories is another relevant issue 
surrounding this technique  [  50  ] . 

 Another approach is to use data from pre-pro-
cedural multi-detector CT to develop virtual 
bronchoscopy images to guide TBNA procedure. 
In this technique, the virtual bronchoscopy 
images are displayed on the screen during actual 
bronchoscopy and the target is displayed through 
the semitransparent wall to guide the bronchos-
copist during TBNA procedure. In one study, the 
diagnostic yield of TBNA from paratracheal and 
hilar nodes was increased from 69% with  standard 
technique to 100% with virtual bronchoscopy-
directed technique. The yield from subcarinal 

nodes was similar with either method  [  51  ] . 
Another CT bronchoscopic simulation software 
has been developed that not only displays the tar-
get lesion behind a transparent wall but also 
shows the most appropriate virtual needle path to 
the target in order to avoid the blood vessels and 
other vulnerable structures. In a prospective 
study, TBNA was performed sequentially with-
out and with the assistance of this software in 28 
patients with 50 lymph node targets  [  52  ] . The 
mean size of lymph nodes was 14 mm. The suc-
cess rate of TBNA with CT bronchoscopic simu-
lation was 58%, whereas the success rate was 
30% with the conventional technique. Although 
CT-bronchoscopic simulation is not a real-time 
guidance system, it certainly has some appeal as 
there is no need for additional sensing and track-
ing devices or expensive accessories, and there is 
no additional radiation exposure. The prelimi-
nary results from these studies require indepen-
dent validation by others. 

 EBUS is currently the most validated and clin-
ically proven tool to visualize the extramural 
mediastinal and hilar lymph nodes for TBNA 
procedure  [  53  ] . The sensitivity of EBUS-TBNA 
has varied from 88 to 100% in different meta-
analyses and systemic reviews  [  54–  56  ] . The pro-
cedure is safe and has rapidly gained acceptance 
among the bronchoscopists across the globe. 
However, it requires dedicated bronchoscope, 
which cannot be used for other sampling proce-
dures and the EBUS-TBNA needles are more 
cumbersome to use than Wang needles used with 
the standard technique. Further, the initial setup 
is expensive and is not universally available due 
to cost-constraints and lack of expertise. 
Nevertheless, with its ability to visualize lymph 
nodes and track the needle path in real time, 
EBUS-TBNA has provided most practical solu-
tion to the principal limitation of standard TBNA 
technique in approaching extramural structures.  

   Low Yield from Small Lymph Nodes 

 It is customary to consider all mediastinal nodes 
to be normal unless their size exceeds more than 
1 cm in diameter on CT. However, unexpected 
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metastases are detected in up to 15–20% of lung 
cancer patients on surgical dissection of <1-cm-
sized mediastinal lymph nodes  [  57,   58  ] . It is cru-
cial to detect N2 disease in these patients if a 
futile thoracotomy is to be avoided. The involve-
ment of N1 nodes and the central location of 
tumor are associated with a higher chance of 
occult N2 disease  [  59  ] . In the absence of enlarged 
mediastinal lymph nodes, mediastinal staging is 
recommended for patients with central lung can-
cer and N1 disease prior to thoracotomy to detect 
occult N2 disease  [  60,   61  ] . Standard TBNA is not 
useful in mediastinal staging of these patients. 
Several studies have reported a low to negligible 
diagnostic yield from TBNA for lymph nodes 
smaller than 1 cm in short axis in patients with 
lung cancer. For example, in one TBNA series, 
none of the 54 aspirates from lymph nodes 
<5 mm, and only 15% of aspirates from 5 to 
9 mm, were diagnostic of malignancy  [  19  ] . In 
another study, TBNA sample was diagnostic in 
only 1 of 75 patients with lymph nodes <10 mm 
in size  [  31  ] . There are several explanations for 
the low diagnostic yield of TBNA from small 
mediastinal lymph nodes. The absence of visual 
guidance is the most intuitive impediment to suc-
cessful sampling of small-sized lymph nodes 
with standard TBNA procedure. Respiratory 
movement of lymph nodes during TBNA proce-
dure is another important reason. Piet and associ-
ates have shown a signi fi cant movement of 
mediastinal lymph nodes in craniocaudal, medio-
lateral, and ventrodorsal directions with respira-
tion on thoracic imaging with four-dimensional 
CT  [  62  ] . The mean displacement of center of 
lymph node in this study was 6.2 ± 2.9 mm, move-
ment of carina was 6.5 ± 2.5 mm, and the lymph 
node movement relative to carina in craniocaudal 
direction was 5.3 ± 2.1 mm. Another factor limit-
ing the yield of TBNA in these patients is the size 
of metastatic foci in CT/PET-negative mediasti-
nal lymph nodes. For example, in one study, the 
mean size of the metastatic deposit in such lymph 
nodes was 3.7 ± 2.0 mm and 68% of foci were 
<4.0 mm on histological examination  [  63  ] . Taken 
together, a low yield from conventional TBNA is 
not entirely unexpected in these patients. 

 The ability to visualize the targets in real time 
is a clear advantage of EBUS-TBNA over stan-
dard TBNA in sampling of <1 cm mediastinal 
lymph nodes. Several recent studies have reported 
a high sensitivity, speci fi city, and accuracy with 
EBUS-TBNA for detecting the N2 disease in 
patients without any evidence of mediastinal 
involvement on CT or PET scan  [  64  ] . High suc-
cess is also reported with a combination of 
EBUS-TBNA and EUS-FNA in these patients 
 [  65  ] . It now appears that EBUS-TBNA will have 
a stronger claim as a less invasive alternative to 
mediastinoscopy in future guidelines for staging 
of lung cancer patients with small mediastinal 
lymph nodes.   

   Other Misconceptions 

 Ever since the initial description, many concerns 
have been raised about the TBNA procedure 
which are not based on any  fi rm grounds. 
Unsubstantiated safety concerns have already 
been addressed in prior sections. There is a wide-
spread perception that TBNA is a complicated 
procedure and has a long learning curve. There is 
no truth to it. Many motivated investigators have 
reported achieving results similar to those 
reported in the literature through simple self-
learning initiatives using books, teaching manu-
als, and videos, without going through any formal 
training  [  66,   67  ] . Furthermore, no evidence of a 
long curve for TBNA procedure was found in a 
recent study in which the TBNA yield of  fi ve 
operators pro fi cient in basic bronchoscopy skills 
was followed over a 32-month period  [  68  ] . The 
diagnostic yield was 77% at the start of learning 
curve and 82% after 32 months of experience. 

 Although many of these studies serve to dispel 
the misconceptions regarding dif fi culties in learn-
ing this procedure, it must not be implied that 
formal education and quality improvement initia-
tives are unimportant. In fact studies have consis-
tently shown that educational interventions and 
experience improve the diagnostic performance 
of TBNA. For example, in one study, comprehen-
sive and multifaceted educational interventions 
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directed towards bronchoscopists, technical sup-
port staff, and interpreting pathologists increased 
the TBNA yield from 21.4 to 47.6% over a 3-year 
period  [  69  ] . Several other studies have arrived at 
similar conclusions  [  70,   71  ] . A common theme 
that emerges from these studies is the importance 
of educating and training the bronchoscopy assis-
tant in the TBNA techniques and proper handling 
of the specimen. Appropriate patient selection, 
consistency in TBNA technique, familiarity with 
the needle, and direct communication with the 
cytopathologist are also helpful. Failure to 
address some of these issues may explain why 
some bronchoscopists could never achieve the 
diagnostic yield similar to that reported in the lit-
erature and abandoned the procedure  [  8  ] . 

 Concerns have also been raised regarding high 
risk of damage to the bronchoscope during TBNA 
procedure. Improper TBNA technique certainly 
has potential to damage the working channel 
needing expensive repair  [  72  ] . However, the dam-
age to the bronchoscope is rare and can be avoided 
in nearly all cases if the following simple rules 
are followed. First, make sure that the beveled 
end of needle is fully inside the distal metal hub 
every time TBNA catheter is introduced into the 
bronchoscope. If it is projecting beyond the hub, 
it will damage the working channel during inser-
tion. Also one must ascertain that the needle is 
not pulled back proximal to the metal hub where 
it can also perforate the overlying plastic catheter 
and damage the working channel during its for-
ward thrust. Second, the proximal as well as the 
distal sections of the bronchoscope should be 
kept as straight as possible during passage of 
TBNA catheter through the bronchoscope. If 
resistance is met, never force the TBNA catheter 
through the distal end of the bronchoscope. The 
correct action is to keep the distal end of the 
bronchoscope in neutral, forward-viewing posi-
tion. Third, never advance the needle unless the 
distal end of the TBNA catheter is clearly out of 
the bronchoscope and is seen within the airways. 
There is very high risk of damage to the scope if 
the needle is deployed while the TBNA catheter 
is still within the working channel. Finally, once 
the specimen is obtained, the bronchoscope 

should be straightened as much as possible to 
facilitate smooth withdrawal of needle. 

 Leak test must be performed after every TBNA 
procedure to make sure that the working channel 
is not damaged during the procedure.  

   Histology Versus Cytology Specimen 

 Several studies have established the feasibility of 
obtaining a histology sample from mediastinal 
lymph nodes with the TBNA technique  [  73,   74  ] . 
Because a histology specimen is better than a 
cytology specimen for benign diseases, it is prob-
ably wise to use 19-gauge needle for TBNA pro-
cedure as a routine, should sarcoidosis or 
tuberculosis feature strongly in the differential 
diagnosis. A histology specimen may also have 
some advantage over a cytology specimen in 
mediastinal staging of lung cancer. For instance, 
the presence of tumor in a TBNA histology spec-
imen eliminates the risk of false positive results 
in staging of lung cancer. In some studies, TBNA 
histology specimen is also found to be more sen-
sitive than TBNA cytology specimen in detection 
of lymph node metastasis. For example, in one 
study by Schenk and coworkers, the histology 
specimens had a sensitivity of 89.1% whereas the 
cytology specimens had a sensitivity of 52.7% in 
mediastinal staging of lung cancer  [  75  ] . Similar 
results were reported in a multicenter prospective 
study in which malignancy was detected in 57% 
of histology samples compared to 41% of the 
cytology samples  [  19  ] . Overall, a 14–35% 
increase in diagnostic yield with TBNA can be 
expected when histology sample is obtained in 
addition to cytology sample  [  76,   77  ] . Finally, 
switching from cytology to histology needle for 
routine TBNA procedures has also been shown to 
decrease the need for surgical procedures for 
mediastinal staging of lung cancer  [  2  ] . 
Nevertheless, there is some con fl ict in the litera-
ture in this regard, since in one study the increase 
in diagnostic yield for detection of lymph node 
metastasis did not reach statistical signi fi cance 
with the addition of 19-gauge needle to 22-gauge 
needle  [  78  ] . 
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 TBNA with 19-gauge needle has an excellent 
safety record. There is no evidence that a 19-gauge 
needle is associated with a higher risk of compli-
cations or a greater risk of damage to the bron-
choscope than a 22-gauge TBNA needle. 
However, it is more dif fi cult to pass a 19-gauge 
histology needle through the tracheal wall than a 
22-gauge needle. As a result, it is not possible to 
obtain an adequate histology specimen with the 
19-gauge TBNA needle in every patient  [  73,   79  ] . 
Since TBNA with 19-gauge needle is technically 
more challenging, switching to 19-gauge needles 
should be considered only after enough experi-
ence and pro fi ciency in TBNA with a 22-gauge 
needle have been achieved  [  2,   71  ] .  

   Rapid On-Site Evaluation 

 Rapid on-site evaluation (ROSE) is a strategy 
comparable to the intra-operative frozen section 
examination. Here, the cytopathologist and the 
technician are in attendance during the bronchos-
copy and provide immediate feedback to the 
bronchoscopist on the quality and the preliminary 
 fi ndings of TBNA specimen. ROSE has an intui-
tive and obvious appeal to the bronchoscopists 
 [  80  ] . Further attempts of TBNA procedure can be 
stopped if the presence of malignant cells is 
con fi rmed with ROSE. The bronchoscopist may 
choose to forego further sampling procedures 
such as brushing and TBBx if a de fi nite diagnosis 
is made with ROSE. On the contrary, the bron-
choscopists may elect to continue further 
attempts, readdress the anatomical landmarks, 
choose alternative sites, and change TBNA nee-
dles if an adequate specimen is not obtained with 
the initial attempts. Immediate feedback could be 
a useful tool for those who are trying to improve 
their skills and diagnostic yield with this proce-
dure. ROSE also gives opportunity to the pathol-
ogy technician and the consultant to process and 
prepare the specimen in a manner that best suits 
their preference and the laboratory techniques. 
The most obvious impediment to ROSE is the 
added cost due to the extra time spent by cyto-
pathologist in the bronchoscopy room. Due to 
time constraints and reimbursement issues, it is 

not unusual for the cytopathologists to decline 
the request for ROSE. Nevertheless, cost- analyses 
indicate that ROSE is a cost-effective strategy 
when used with TBNA procedures  [  81,   82  ] . 

 Early studies on ROSE showed a signi fi cant 
increase in the overall diagnostic yield, a higher 
chance of detecting cancer on TBNA specimen, 
and a signi fi cant drop in the proportion of inade-
quate specimens  [  83,   84  ] . However, contrary to 
expectation, in many of these studies ROSE had 
no effect on the number of needle passes per 
lymph node site  [  81,   84  ] . 

 However, the results of recent prospective 
randomized studies on ROSE are at odds with 
conclusions of the previous studies which were 
either retrospective or observational in design. In 
one such study, ROSE had no effect on TBNA 
diagnostic yield, cancer diagnoses, percent of 
adequate specimens, number of needle passes, 
procedure time, and the amount of sedatives used 
during the procedure  [  85  ] . However, the authors 
did notice a trend towards a reduction in the num-
ber of TBBx in the ROSE group. Similar  fi ndings 
were reported in another randomized study, but 
in this study, the complication rate was 
signi fi cantly lower in patients who were assigned 
to the ROSE group than those who had conven-
tional TBNA (6% vs. 20%,  P  = 0.01). Decrease in 
complication in the ROSE group resulted from 
avoidance of transbronchial biopsies once the 
diagnosis was con fi rmed with ROSE  [  86  ] . In 
light of these data, it now appears that a routine 
ROSE is unnecessary, especially when an experi-
enced operator is performing the TBNA proce-
dure. ROSE may still have an important role 
when a need is felt to secure the diagnosis with 
the TBNA technique that is less invasive than 
TBBx, especially in a high-risk patient.  

   Endobronchial Needle Aspiration 

 Endobronchial needle aspiration (EBNA) is the 
technique in which the transbronchial needle is 
used to obtain cytology specimen from endoscopi-
cally visible lesions. Several studies have shown a 
signi fi cant improvement in the diagnostic yield 
of bronchoscopy when EBNA is performed in 
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addition to conventional diagnostic procedures 
such as bronchial biopsies and brush. The added 
bene fi t of EBNA is greater in patients with submu-
cosal and peribronchial disease (SPD) (Fig.  3.9a ) 
than in those with exophytic mass lesion (EML) 
(Fig.  3.9b ). A further advantage is in selected 
patients with underlying small-cell lung cancers in 
which the crush artifacts in the forceps biopsy 
specimens can obscure the histological details 
needed to make a con fi dent diagnosis. EBNA has 
a clear advantage over conventional procedures in 
these cases, as there is no problem of crush artifact 
in EBNA cytology specimens  [  87  ] .  

   Technique 

 The technique of EBNA is simple and depends 
on the type of endobronchial tumor from which 
sample is needed. The procedure is usually per-
formed with a Wang’s transbronchial 22-g cytol-
ogy needle. To obtain specimen from SPD, the 
needle needs to be introduced into the submu-
cosal tumor at an oblique angle of approximately 
30–45° (Fig  3.10a ). In case of EML, the needle 
should enter the tumor at 90° to ensure maximum 
depth of penetration because the goal in these 
cases is to obtain cytology specimen from the 
core of the tumor as much as possible (Fig.  3.10b ). 
The optimal number of passes is not well de fi ned, 
but 2–3 passes should be suf fi cient in most 
cases.   

   Clinical Applications 

 EBNA is performed along with other sampling 
techniques to obtain a cytology specimen from 
endoscopically visible lung cancers. According 
to a review in 2002, the combined average diag-
nostic yield of EBNA from seven reported stud-
ies was 80% with a range of 68–91%  [  88  ] . Since 
then, several additional studies have reported 
similar results  [  89,   90  ] . In most of the studies, the 

  Fig. 3.9    ( a ) Submucosal 
and peribronchial tumor, 
( b ) exophytic mass lesion       

  Fig. 3.10    ( a ) TBNA needle entering into the submucosal 
tumor at 30–45° angle. ( b ) TBNA needle entering into the 
exophytic tumor at 90° angle       
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individual diagnostic yield of EBNA has exceeded 
the individual diagnostic yields from conven-
tional sampling techniques such as endobronchial 
biopsies and brushing  [  89,   91  ] . 

 Addition of EBNA to conventional sampling 
procedures increases the overall diagnostic yield 
of bronchoscopy for endoscopically visible lung 
cancer  [  89–  92  ] . For example, in a prospective 
study, our group reported an increase in the diag-
nostic yield of FB from 76% with conventional 
sampling procedures to 96% with EBNA and 
conventional procedures  [  91  ] . Govert and associ-
ates similarly reported increase in diagnostic sen-
sitivity of bronchoscopy from 82 to 95% when 
EBNA was performed in addition to conventional 
sampling procedures  [  92  ] . 

 EBNA is particularly useful for obtaining 
specimens from SPD where the tumor involve-
ment is predominantly in the submucosal plane. 
Conventional procedures such as forceps biopsy 
and brushing tend to sample the super fi cial 
mucosal areas and can miss the submucosal 
tumors and certainly the tumor located outside 
the bronchial wall. Another dif fi culty in obtain-
ing forceps biopsy in these patients is the ten-
dency of the forceps to slip over the bronchial 
wall because in many instances, the overlying 
mucosa is hardened and thickened due to submu-
cosal in fi ltration. It is also challenging to obtain 
good biopsy specimens when the biopsy forceps 
approaches tangentially towards the bronchial 
wall involved with the tumor. It is easier to intro-
duce endobronchial needle into the deeper layers 
of bronchial wall to obtain the specimens from 
submucosal and peribronchial tumors in these 
situations. In fact, studies have consistently 
shown a larger bene fi t in diagnostic yield with 
EBNA in patients with SPD than in patients with 
EMLs. For example, an increase in the diagnostic 
yield from 65% with conventional diagnostic 
procedures to 96% with EBNA and conventional 
diagnostic procedures was found in patients with 
SPD in one  [  91  ]  and from 64 to 94% in another 
study  [  89  ] . Based on these results, EBNA should 
be considered a standard technique for obtaining 
specimens from SPD, along with the conven-
tional procedures. 

 The added bene fi t of EBNA in patients with 
EML is less impressive and although a trend of 
increased diagnostic yield is reported, it did not 
reach statistical signi fi cance in most of the studies 
 [  89,   91  ] . Therefore, routine EBNA in addition to 
conventional diagnostic procedures cannot be 
recommended in these patients. In our experience, 
EBNA improves the diagnostic yield of FB in 
patients with large EML that appear white and 
pallid on bronchoscopy. In these patients, surface 
biopsies and brush may only yield necrotic tissue 
that may not be suf fi cient to render a con fi dent 
tissue diagnosis. The ability of endobronchial 
needles to penetrate the surface increases the like-
lihood of obtaining viable cells from the core of 
the tumor, thereby improving the diagnostic yield 
of bronchoscopy. EBNA is also preferred over 
conventional procedures for obtaining specimens 
from hemorrhagic tumors, since the risk of bleed-
ing appears to be lower with EBNA than with for-
ceps biopsies. Failure of the  fi rst bronchoscopic 
procedure that employed only conventional sam-
pling techniques would be another indication to 
perform EBNA in patients with EML.  

   Limitations 

 EBNA adds to the overall duration and the upfront 
cost of procedure. However, according to a cost 
minimization analysis, the combination of biopsy, 
brushing, and EBNA is more economical than 
biopsy and brush alone when the cost of EBNA is 
below Euro 250 and the increase in diagnostic 
yield with it is more than 5.2%  [  93  ] . Routine 
EBNA appears to be a sound economic decision 
at least in patients with SPD, who are expected to 
incur a greater bene fi t in diagnostic yield with it. 
Another potential disadvantage is a greater risk 
of damage to the bronchoscope with EBNA pro-
cedure than with conventional procedures. 
Clearly, the importance of training and experi-
ence cannot be overstated in this regard. Finally, 
the cytology specimen from EBNA is less suit-
able than histology specimen for immunohis-
tochemical and molecular studies to de fi ne the 
tumor characteristics further.   
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   Peripheral Transbronchial Needle 
Aspiration 

 Peripheral transbronchial needle aspiration 
(P-TBNA) is a safe and simple technique to 
obtain the cytology specimen from solitary lung 
nodules and lung masses under  fl uoroscopic 
guidance. Even though its role in the diagnosis of 
peripheral lung cancers is widely accepted, this 
technique appears to be underutilized. 

   Technique 

 P-TBNA should be performed prior to other 
sampling procedure. The procedure is usually 
performed using 22-gauge cytology TBNA nee-
dle. First, the lesion is identi fi ed on  fl uoroscopic 
imaging. The bronchoscope is then introduced 
into the bronchus corresponding to lesion. The 
TBNA needle is passed through the biopsy chan-
nel of the bronchoscope making sure that the dis-
tal end of the needle is fully retracted within the 
metal hub. In some instances, the distal end of 
the bronchoscope needs to be straightened and 
pulled back into the proximal airway to facilitate 
the passage of TBNA needle into the airways. 
Once the hub is visualized, the TBNA needle is 
advanced towards the peripheral edge of the 
target lesion under  fl uoroscopic guidance. 
Resistance is felt as the metal hub approaches 
the periphery of the lesion. Excessive force 
should never be applied during this process to 
avoid kinking of TBNA catheter, which essentially 

makes the procedure ineffective. The placement 
of needle is con fi rmed by rotating the c-arm of 
the  fl uoroscope. The location of the TBNA 
 needle is adequate when the hub and the mass 
lesion maintain a constant relation as c-arm is 
rotated. 

 Once adequate placement of hub is ensured, 
the assistant is instructed to deploy the 22-gauge 
needle that pushes the needle into peripheral 
mass (Fig.  3.11a, b ). After the needle position is 
con fi rmed on  fl uoroscopy, the assistant is 
requested to apply suction with the syringe while 
the operator gently moves the needle back and 
forth within the lesion to shear off cells. After 
obtaining the specimen, the needle is pulled back 
into the hub and the distal section of the broncho-
scope is straightened by removing the thumb 
from the angulation lever. Frequently, broncho-
scope needs to be retracted towards central air-
ways to straighten the distal segment of the 
bronchoscope. The needle is removed while 
keeping bronchoscope as straight as possible. 
The cytology specimen is collected using the 
standard methods. Two needle passes are 
suf fi cient for obtaining cytology specimens from 
the peripheral tumors. Fluoroscopy is advised at 
the termination of procedure to rule out the devel-
opment of pneumothorax.   

   Clinical Applications 

 P-TBNA is mainly performed in patients 
 suspected to have primary lung cancer. The 

  Fig. 3.11    ( a ) Chest CT showing a  right upper lobe  mass. ( b ) TBNA needle is seen within the mass. Pathological 
examination showed adenocarcinoma of lung       
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 diagnostic yield of P-TBNA has varied from 36 
to 69% with a combined average yield of 60% 
 [  88  ] . The majority of individual studies on this 
subject have shown a higher diagnostic yield 
from P-TBNA than from any other sampling 
technique such as brushing or biopsy. Being an 
exclusive source of diagnosis in 8–35% of 
patients, addition of P-TBNA to conventional 
diagnostic procedures is shown to increase the 
overall diagnostic yield from  fl exible bronchos-
copy for peripheral lung cancers. For example, in 
one study, addition of P-TBNA to bronchial 
washings, brushing, and transbronchial biopsies 
increased the diagnostic yield of FB from 46 to 
70%  [  94  ] . 

 A large prospective study from Italy has 
recently reaf fi rmed the important role of P-TBNA 
in diagnosis of peripheral lung tumors  [  95  ] . In this 
study, 218 patients with peripheral nodules or 
lung masses underwent BW, TBB, and P-TBNA 
during the same examination. Nearly 60% of 
lesions in this study were <3 cm in size. The 
majority (88%) of lesions were malignant in etiol-
ogy. The diagnostic yields were 65% from 
P-TBNA, 45% from TBB, and 22% from BW. 
P-TBNA was an exclusive source of diagnosis in 
21% of the patients. Major complications were 
encountered in eight (3.7%) patients, including 
pneumothorax in four patients and major bleeding 
in four patients. It is uncertain as to which proce-
dure led to the major complications in this study. 

 Size of the lesion is an important factor affect-
ing the diagnostic yield of P-TBNA. In one study, 
the diagnostic yield of P-TBNA was 27.5% for 
<3 cm and 65.5% for >3 cm malignant tumors 
 [  96  ] . Similarly, the diagnostic yield was 46.7% 
for lesions <3 cm and 80% for lesions >3.0 cm in 
another study by Wang and associates  [  97  ] . The 
odds ratio of establishing diagnosis was 0.25 
(95% CI 0.12 to 0.7) in lesions <2.0 cm than in 
lesions >2.0 cm in the study by Trisolini and 
associates  [  95  ] . In fact, there is no evidence that 
P-TBNA increases the diagnostic yield of bron-
choscopy over and above the conventional diag-
nostic procedures in peripheral tumors that are 
smaller than 2 cm in diameter  [  95,   97,   98  ] . 

 Tumor–bronchus relationship is another impor-
tant factor affecting the diagnostic yield of differ-

ent sampling procedures from peripheral lung 
tumors. For example, in one study, P-TBNA was 
diagnostic in 20 of 26 (77%) whereas TBB was 
positive in 5 of 26 (19%) of peripheral tumors 
with type 3 or 4 tumor–bronchus relationship as 
determined with high-resolution chest CT  [  99  ] . 
High success of P-TBNA in type 3 and 4 lesions 
appears to be due to the ability of TBNA needle to 
penetrate through the distorted or narrowed seg-
ment of the bronchus to reach deep into the tumor 
mass, whereas the biopsy forceps is either pushed 
away (in type 3 relation) or is unable to reach the 
intended target (in type 4 relation). Therefore, 
P-TBNA should be strongly considered when a 
type 3 or 4 tumor–bronchus relation is detected on 
pre-bronchoscopy chest CT.  

   Limitations of P-TBNA 

 Several limitations of P-TBNA should be noted. 
First, P-TBNA obtains a cytology specimen, 
which is less suitable than a histology specimen 
for the immunohistochemical studies or molecu-
lar studies. Second, the diagnostic value of 
P-TBNA is more or less limited to identi fi cation 
of malignant lesions  [  95  ] . Histology specimens 
obtained with TBB have a clear advantage over 
cytology specimens obtained with P-TBNA in 
diagnosis of benign pathology. Perhaps the most 
important limitation of P-TBNA is its inability to 
improve the diagnostic yield for peripheral 
lesions smaller than 2 cm in size. More wide-
spread use of CT has resulted in a clear increase 
in detection of small lesions of uncertain 
signi fi cance with an attendant increase in refer-
rals for obtaining tissue diagnosis with bronchos-
copy. In these patients, conventional diagnostic 
procedures, including P-TBNA, have a low yield. 
Guidance with radial probe endobronchial ultra-
sound, virtual bronchoscopy navigation, and 
ENB to obtain tissue specimen is very helpful in 
these patients. With each of these techniques, the 
specimens from the peripheral lesions are 
obtained using standard bronchoscopic tech-
niques such as transbronchial biopsy and brush-
ing. In a randomized prospective trial, Chao and 
associates compared the diagnostic yields of 
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radial probe EBUS-guided conventional diag-
nostic procedures with or without EBUS-guided 
P-TBNA in 202 patients with peripheral lesions 
 [  100  ] . The average size of the peripheral lesions 
in patients undergoing EBUS P-TBNA was 
3.5 cm and the investigators did not use the guide 
sheath during the procedure. The diagnostic yield 
was signi fi cantly higher in patients who had 
P-TBNA plus conventional procedures than in 
those who only had conventional diagnostic pro-
cedures (78.4% vs. 60.6%). The diagnostic yield 
of EBUS-guided P-TBNA was 62.5% whereas 
that of EBUS-guided TBBx was 48.9%. Although 
a higher overall diagnostic yield was achieved 
with bronchoscopy when the EBUS probe was 
located within the lesion (78.3%) than when it 
was located adjacent to the lesion (47.2%), the 
diagnostic yield of EBUS-guided P-TBNA was 
not affected by the location of EBUS probe rela-
tive to the lesion. No procedure-related compli-
cations were experienced with EBUS P-TBNA. 

 The preliminary results from this study are 
encouraging, but more work is needed for inde-
pendent validation of these  fi ndings. It would also 
be worthwhile to study the potential role of EBUS-
guided P-TBNA in improving diagnostic yield 
from lung lesions smaller than 3 cm in size.  

   Current Status of TBNA 

 Increasing popularity of EBUS-TBNA has incited 
some discussion on the current value of standard 
TBNA in bronchoscopy practice  [  101  ] . We argue 
that a simple, safe, and inexpensive technique 
with proven clinical value should not be aban-
doned without an indisputable reason to do so. 
There are many reasons to learn standard TBNA 
technique and apply it effectively in everyday 
practice of bronchoscopy. 

 No study has directly compared the diagnostic 
yield of convex-probe EBUS-TBNA with the 
conventional TBNA technique in mediastinal 
staging of lung cancer. One must also point out 
that in a large number of studies, EBUS-TBNA 
has been performed under general anesthesia 
using an endotracheal tube or laryngeal mask air-
way, whereas the conventional TBNA is always 

performed under moderate sedation during initial 
bronchoscopy. EBUS-TBNA is more costly than 
standard TBNA and local availability of equip-
ment and expertise are important issues that limit 
its widespread application. If diagnosis and stag-
ing are to be accomplished in a single session, the 
operator has to withdraw the EBUS scope after 
TBNA procedure and obtain other specimens 
using standard  fl exible bronchoscope, which 
increases the cost and duration of bronchoscopy. 

 Lung diseases including bronchogenic carci-
noma are more prevalent in the Third World 
countries. Cost and required training for perform-
ing EBUS-TBNA remain quite prohibitive for 
pulmonologists from this part of the world. 
Besides, one has to acquire skills of using the 
convex-probe US bronchoscope, familiarize with 
complex design of EBUS-TBNA, gather the 
know-how of using the ultrasound system, and 
learn how to read the ultrasound images. It 
requires approximately 50 procedures to be 
con fi dent with the technique. This may require as 
long as a year for a community bronchoscopist to 
overcome the learning curve. It also takes more 
than 25 procedures a year to maintain proper 
skills at the procedure. The latter may be possible 
mainly at the tertiary care centers or the so-called 
Centers of Excellences. In this respect conven-
tional TBNA still remains a procedure of choice 
for conventional pulmonologists. 

 We hold a  fi rm belief that conventional TBNA 
remains at the forefront of mediastinal staging in 
contemporary practice and will continue to 
remain so in the future. For bulky lymph nodes in 
TBNA-accessible stations such as 4R and 7, 
EBUS-TBNA offers no advantage over the stan-
dard technique. Staging with conventional TBNA 
would be suf fi cient in an overwhelming majority 
of these patients. To subject these patients to 
EBUS-TBNA as a habit is ill advised and would 
only increase the duration and the cost of proce-
dure. Nevertheless, EBUS-TBNA would be a 
reasonable next step if the conventional TBNA 
fails to establish N2 or N3 disease in these 
patients. 

 On the other hand, in the presence of normal 
or minimally enlarged mediastinal nodes on CT 
or PET/CT, conventional TBNA is less likely to 
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provide staging information. In this situation, it is 
prudent to forego conventional TBNA and per-
form EBUS-TBNA during initial bronchoscopy. 
EBUS-TBNA is also preferable to conventional 
TBNA for small lymph nodes located in 2R and 
2L stations. 

 TBNA with the 19-gauge needle along with 
endobronchial and transbronchial biopsies is a 
reasonable approach in patients with suspected 
stage I or II sarcoidosis. However, EBUS-TBNA 
is preferable to conventional TBNA if the bron-
choscopic lung biopsies cannot be performed. 
TBNA is also recommended for suspected tuber-
culous mediastinal lymphadenitis. EBUS-TBNA 
is also useful in these patients, but it is unclear if 
it is better than standard TBNA for this indica-
tion. The role of TBNA as a stand-alone test for 
lymphoma has not been validated. 

 EBNA has a proven role in improving the 
diagnostic yield of bronchoscopy for submucosal 
and peribronchial tumors. In EMLs, EBNA is use-
ful when the bronchoscopy shows the presence of 
extensive necrosis on the surface. Routine appli-
cation of EBNA in EML is not recommended. 

 P-TBNA improves the diagnostic yield of 
bronchoscopy in patients with peripheral lung 
tumors. It is recommended for all patients under-
going diagnostic bronchoscopy for peripheral 
lung tumors. The technique is most useful when 
the pre-bronchoscopy CT shows a type 3 or 4 
tumor–bronchus relationship.       
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   Introduction    

 Endobronchial ultrasonography (EBUS) is a 
diagnostic modality in which a miniature ultra-
sonic probe is introduced into the tracheobron-
chial lumen to provide the sonographic images of 
the peribronchial tissue. 

 Radial probe EBUS is most commonly used for 
localization of peripheral lung nodule before 
obtaining tissue sample during bronchoscopy. Our 
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  Abstract 

 Radial probe endobronchial ultrasound is a technique in which a small 
ultrasound probe is introduced into the tracheobronchial lumen to obtain 
sonographic images of peribronchial tissues. Using a water- fi lled balloon 
around the probe,  fi ve-layered structure of the tracheal and bronchial wall 
can be identi fi ed with this technique in normal subjects. In the central air-
ways, this technique is most useful in determination of the depth of inva-
sion of endobronchial tumor into the airway wall. Endobronchial ultrasound 
with guide sheath is a modi fi ed technique in which the radial probe ultra-
sound is introduced via a guide sheath and is advanced into the peripheral 
pulmonary lesion. A diagnostic yield of 74 % has been reported with this 
technique for peripheral pulmonary lesion smaller than 3 cm in size. In 
recent years, efforts have been made to utilize electromagnetic navigation 
or virtual bronchoscopy navigation for more accurate placement of ultra-
sound probe and guide sheath into the tumor, in order to further improve 
diagnostic yield from peripheral pulmonary nodules using this technique.  
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group started using radial probe EBUS in August 
1994. Initially, we performed EBUS using a radial 
probe without a guide sheath for the diagnosis of 
peripheral pulmonary lesions. From 1996, we have 
been using guide sheaths to identify the accurate 
location of peripheral pulmonary lesions prior to 
biopsy. Another application of EBUS using a 
radial probe with a balloon is to visualize the struc-
tural layers of the tracheobronchial wall  [  1  ] .  

   Scienti fi c Basis 

   Ultrasound 

 There is a considerable variation in the range of fre-
quencies audible to human ear. Ordinarily, the 
sounds with a frequency of 20–20,000 hertz (Hz) 
are audible to human ears. In general,  ultrasound  
refers to sounds with frequency greater than 20 KHz 
that cannot be heard by human beings. Therefore, 
we often de fi ne sounds in terms of their purpose. 
Ultrasound is not intended for humans to hear. The 
 frequency  of a sound tells us whether it is high or 
low in pitch. The unit of frequency is hertz, which is 
de fi ned as the number of oscillations per second. 
For example, a sound with a frequency of 20 KHz 
has 20 × 10 3  oscillations per second. A sound with a 
frequency of 1 megahertz (MHz) has 1 × 10 6  oscil-
lations per second. Medical ultrasound equipment 
produces sounds with a frequency between 2 and 
50 MHz. The  wavelength  is the distance between 
any successive identical part of the sound wave, and 
varies inversely with the frequency; so, the higher 
the frequency the shorter the wavelength. Sound 
can travel through a variety of materials such as air 
and water (hereafter media), and the speed at which 
it travels through each medium is the speed of sound 
for that medium. The speed of sound through the 
human body is generally considered to be 1,530 m/s, 
although the actual speed of passage varies for dif-
ferent organs and tissues. For example, the actual 
speed of sound in the fat tissues is 1,450 m/s.  

   Production of Ultrasound Images 

 Ultrasonic probes used in medical ultrasonogra-
phy use a piezoelectric transducer that transforms 

electrical signals into ultrasound, and ultrasound 
into electrical signals. When an electric signal is 
applied to the electrode of the ultrasonic trans-
ducer (also oscillator/transformer), ultrasound 
waves are transmitted from the surface of the 
device, and when the returning ultrasound waves 
are received by the device surface, an electrical 
signal is generated.  Propagation  refers to the travel 
of the ultrasound waves produced by the ultrasonic 
transducer through a medium. As the sound wave 
is propagated, the energy of its oscillations is 
absorbed and scattered, and becomes steadily 
weaker. This phenomenon is called  attenuation . In 
general, the higher the frequency of ultrasound 
waves, the greater is the attenuation rate. 

 As with light, a proportion of ultrasound waves 
are  re fl ected  at the boundary between different 
media, and a proportion penetrate the boundary 
and continue to travel forward. The ultrasonic 
transducer emits pulses of ultrasound, and 
receives the ultrasound pulses re fl ected from the 
boundaries between media. The ultrasonic pro-
cessor analyzes these re fl ections to construct 
images. The ultrasonic processor calculates the 
positions (distance from the probe) of boundaries 
between media based on the time between trans-
mitting and receiving ultrasound pulses, and con-
verts the strength of the returning pulses into the 
brightness of the image.  

   Depth Penetration 

 As mentioned above, the ultrasound waves are 
attenuated as they propagate through a medium. As 
a consequence, these waves can only reach a cer-
tain distance from their source. Ultrasound images 
can therefore only be attained for a certain distance 
from the ultrasonic probe. This distance is called 
 the depth penetration . For a given medium, the 
depth penetration depends on the frequency and the 
transducer size (aperture area). The attenuation rate 
of an ultrasound wave increases as its frequency 
increases, so depth penetration increases as the fre-
quency decreases. As the aperture area of the ultra-
sonic transducer increases, it can emit a stronger 
pulse, and it can also convert weaker received 
pulses into electrical signals. Depth penetration 
therefore increases as the transducer size increases.  
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   Clinical Applications 

 Based on many studies, the present applications 
of radial probe EBUS are as follows: (a) determi-
nation of the depth of tumor invasion of the tra-
cheal/bronchial wall, (b) analysis of the structure 
of the bronchial wall for airway diseases such as 
tracheobronchomalacia, (c) identi fi cation of the 
location of a peripheral lung lesion during bron-
choscopic examination. Radial probe EBUS is 
more accurate than  fl uoroscopy in determining 
contact between lesion and bronchus. Therefore 
it reduces the time to determine the biopsy sites 
and the duration of  fl uoroscopy, (d) qualitative 
analysis of peripheral lung lesions to differentiate 
between benign and malignant lesions, (e) guid-
ance for transbronchial needle aspiration-radial 
probe EBUS is largely replaced by convex-probe 
EBUS for this indication.   

   Procedure 

   Balloon Probes for Central Lesions 

 Air interferes with the visualization of ultrasound 
images. Consequently, a saline- fi lled balloon that 
surrounds the EBUS probe is needed to obtain 
ultrasound images of central lesions located in 
relation to the trachea, main-stem bronchi, seg-
mental bronchi, and sub-segmental bronchi. 
Beyond the sub-segmental bronchi, the outer sur-
face of the ultrasonic probe usually  fi ts snugly to 
the bronchial surface so that the ultrasound 
images of the bronchial wall and peribronchial 
structures can be obtained without needing saline-
 fi lled balloon around the EBUS probe.  

   Equipment 

 For some time, we employed a 20 MHz mechani-
cal radial ultrasonic probe (UM-3R, Olympus 
Optical Co., Ltd, Tokyo, Japan) with a balloon-
tip sheath (MH-246R, Olympus). The diameter 
of this sheath is 3.6 mm that can only be accom-
modated in a bronchoscope with a large working 
channel (BF-ST40, working channel diameter: 
3.7 mm). In recent years, we have switched to a 

thinner 20 MHz mechanical radial ultrasonic 
probe (UM-BS-20-26R, Olympus) with a bal-
loon-tip sheath (MH-676R, Olympus) that can be 
introduced through the 2.8 mm diameter working 
channel of a  fl exible bronchoscope (BF-1T260, 
Olympus) (Fig.  4.1 ). These probes are connected 
with the Endoscopic Ultrasound System (EU-
ME1 and EU-M 2000, Olympus) to obtain EBUS 
images.   

   Preparation of the Balloon Probe 

 The ultrasonic probe is inserted into the balloon 
sheath. The probe and sheath are  fi xed in place by 
the connecting unit. A 20 ml syringe containing 
about 15 ml of saline is connected to the injection 
port in the connecting unit. Most of the air between 
the inner surface of the sheath and the outer sur-
face of the probe is removed in two or three aspi-
rations using the same 20 ml syringe. Saline is 
injected from the syringe into the sheath and the 
balloon at its tip, in fl ating the balloon to a diam-
eter of about 15 mm with saline. A small amount 
of air collected in the uppermost part of the bal-
loon is  fl ushed out of the open end of the balloon. 
The open end of the balloon is pushed back into 
the hollow portion of the ultrasonic probe.  

   Performing EBUS Using a Balloon Probe 

 We use  fl exible bronchoscopes (1T-40, 1T-240R, 
Olympus) with a working channel 2.8 mm in 

  Fig. 4.1    Radial probes for EBUS. Balloon method for 
central lesions: We use a thinner 20 MHz mechanical 
radial ultrasonic probe (UM-BS-20-26R, Olympus) with a 
 balloon-tip  sheath (MH-676R, Olympus) through the 
2.8 mm diameter working channel of a  fl exible broncho-
scope (BF-1T260, Olympus)       
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diameter for all EBUS procedures using a bal-
loon probe. We should press the “Image Direction” 
switch to change the monitor image from normal 
to inverse (Fig.  4.2 ). This inverts the ultrasonog-
raphy image so that left and right are the same as 
the endoscopic image seen from the head end of 
the patient. In gastrointestinal endoscopic ultra-
sound (EUS), the normal ultrasonography image 
is seen from the caudal direction, for easy com-
parison with computer tomography (CT) scans, 
but in EBUS it is desirable for the directions in 
the ultrasound image to coincide with the image 
from the bronchoscope, for visualization of cen-
tral lesions from the tracheobronchial lumen. The 
normal mode is only used in special situations, 
such as for comparison with CT images.  

 In order to avoid excessive coughing, suf fi cient 
local anesthetic must be applied to the bronchi 
with which the balloon probe will make contact 
during the procedure. The balloon probe is 
inserted into the working channel of the broncho-
scope, advanced beyond the lesion, and then 
in fl ated with the minimum amount of saline 
required to obtain an EBUS image of the entire 
circumference of the bronchial wall. Scanning is 

performed while retracting the probe slowly. 
Advancing the probe from proximal to distal air-
ways can cause damage to the probe, and should 
be avoided. 

 Orientation of the 12 o’clock position on 
EBUS images does not correspond to the bron-
choscopic 12 o’clock orientation. Comparison of 
bronchoscopic images and the EBUS images 
makes it expedient to rotate the EBUS image. As 
we angulate the bronchoscope upwards, we 
should check the angle which the probe moves to. 
We routinely rotate the EBUS image to give the 
same orientation as the bronchoscopic image. The 
balloon probe should be withdrawn gradually to 
enable acquisition of EBUS images in the short 
axis of lesions and the tracheobronchial wall. 

 We offer the following two tips for successful 
EBUS using a balloon probe: (a) keep the probe 
in the center of the balloon, and (b) assess the 
depth of the tumor at a site where the  fi rst layer is 
thick and hyperechoic. 

 Using a 20 MHz probe,  fi ve layers can be 
identi fi ed on ultrasound images of the cartilagi-
nous portion of extrapulmonary and intrapulmo-
nary bronchi (Fig.  4.3 )  [  1  ] . The  fi rst layer 

  Fig. 4.2    Inverse image. 
We should press the “Image 
Direction” switch to change 
the monitor image from 
normal to inverse. 
This inverts the ultrasound 
image so that  left  and  right  
are the same as the 
endoscopic image to an 
image seen from the 
rostral direction       

 



774 Radial Probe Endobronchial Ultrasound

(hyperechoic) is a marginal echo, the second 
layer (hypoechoic) represents submucosal tissue, 
the third layer (hyperechoic) is the marginal echo 
on the inner aspect of the bronchial cartilage, the 
fourth layer (hypoechoic) represents bronchial 
cartilage, and the  fi fth layer (hyperechoic) is the 
marginal echo on the outer aspect of the bron-
chial cartilage. In the membranous portion, the 
 fi rst layer (hyperechoic) is a marginal echo, the 
second layer (hypoechoic) represents submucosal 
tissue, and the third layer (hyperechoic) is the 
adventitia.  

 For determination of the depth of tracheo-
bronchial tumor invasion using EBUS, one must 
carefully examine the third and fourth layers 
that correspond to the bronchial cartilage. An 
important limitation of preoperative EBUS in 
determination of the depth of tumor invasion is 
dif fi culty in distinguishing lymphocytic 
in fi ltration from tumor invasion. As ultrasonog-
raphy visualizes tissues according to the speed 
of propagation of ultrasound waves, it would 

appear that the speed of ultrasound waves from 
the 20 MHz probe passing through invasive can-
cer is similar to that through lymphocytic 
in fi ltrates and hypertrophied bronchial glands. 
Similar dif fi culty in differentiating  fi brotic reac-
tion and lymphoid hyperplasia from tumor inva-
sion has also been reported with endoscopic 
ultrasonography (EUS) for patients with esopha-
geal    cancer  [  2,   3  ] . For example, Arima et al. 
noted that changes in the tissues such as hyper-
plasia of lymphoid follicles, cellular in fi ltration, 
and  fi brosis in vicinity of esophageal cancer 
were often misinterpreted as tumor  [  2  ] . Similarly, 
Kikuchi et al. attributed misdiagnosis of the 
depth of invasion of colorectal cancers using 
EUS to attenuation of ultrasound waves related 
to tumor thickness, as well as dif fi culty in dif-
ferentiating between cancer invasion and lym-
phocytic in fi ltration, lymphoid follicles, or 
submucosal  fi brosis  [  4  ] . Menzel and Domschke 
 [  5  ]  have reported that there is potential for ultra-
sonographic over-staging of esophageal cancers 
due to misinterpretation of submucosal 
in fl ammation as tumor. Thus, it is essential that 
operators realize this limitation of radial probe 
EBUS in assessment of the extent of involve-
ment of airway wall with the tumor.   

   EBUS for Peripheral Lesions 

 In recent years, radial probe EBUS has become 
an important bronchoscopic technique in patients 
with solitary pulmonary nodules. Radial probe 
EBUS has been found useful in assessing the 
internal structure of the peripheral lung nodules 
and in localizing the lesions before obtaining 
biopsy specimens for the tissue diagnosis.  

   Analysis of the Internal Structures 
of Peripheral Pulmonary Lesions 

 Several investigators have used miniature ultra-
sound probes for assessment of peripheral pul-
monary lesions. Hürter et al. reported successful 
visualization of peripheral lung lesions in 19 out 

  Fig. 4.3    Bronchial wall layers delineated by endobron-
chial ultrasonography. Extrapulmonary bronchus: The 
cartilaginous portion of the trachea and the extrapulmo-
nary bronchi have  fi ve layers, and the membranous por-
tion has three layers. The  fi rst layer (hyperechoic) is a 
marginal echo, the second layer (hypoechoic) represents 
submucosa, the third layer (hyperechoic) is the marginal 
echo on the inner side of the bronchial cartilage, the fourth 
layer (hypoechoic) represents bronchial cartilage, and the 
 fi fth layer (hyperechoic) is the marginal echo on the outer 
side of the cartilage. In the membranous portion of the 
extrapulmonary bronchi, the  fi rst layer (hyperechoic) is a 
marginal echo, the second layer (hypoechoic) represents 
the submucosa, and the third layer (hyperechoic) is the 
adventitia.       
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of 26 cases  [  6  ] , and Goldberg and colleagues 
reported that EBUS provided unique information 
that complemented other diagnostic modalities in 
18 out of 25 cases that included 6 peripheral 
lesions and 19 hilar tumors  [  7  ] . 

 We developed a classi fi cation system with the 
goal of distinguishing between benign and malig-
nant lesions, identifying the type of lung carci-
noma, and determining the degree of 
differentiation  [  8  ] . On ultrasound imaging of 
peripheral lung nodules, the lesions are classi fi ed 
on the basis of internal echo pattern (homoge-
neous or heterogeneous), vascular patency, and 
morphology of hyperechoic areas (re fl ecting the 
presence of air and the state of the bronchi). Type 
I lesions have homogeneous pattern, 92 % of 
which are benign; type II lesions have hyper-
echoic dots and linear arcs pattern, 99% of which 
are malignant, and type III lesions have a hetero-
geneous pattern, 99 % of which are malignant. 

 Hosokawa et al. reported that a typical EBUS 
pattern of neoplastic disease has the following 
features: (1) continuous marginal echo, (2) rough 
internal echoes, and (3) no hyperechoic spots 
representing bronchi, or no longitudinal continu-
ity if present  [  9  ] . Kuo et al. assessed the feasibil-
ity of EBUS in differentiating between benign 
and malignant lesions using the following three 
characteristic ultrasonic features indicating 
malignancy: (1) continuous margin, (2) absence 
of a linear–discrete air bronchogram, and (3) het-
erogeneous echogenicity  [  10  ] . The negative pre-
dictive value for malignancy of a lesion when 
none of these three echoic features was present 
was 93.7 %. The positive predictive value for 
malignancy of a lesion with any two of these 
three echoic features was 89.2 %. 

 Although CT and MRI scans have been used 
for qualitative diagnosis of peripheral pulmonary 
lesions, bronchoscopic EBUS evaluation has sev-
eral advantages. With EBUS, (1) patency of vas-
culature can be seen within the lesion, (2) the 
distribution of pneumatosis seen as small white 
dots within the lesion can be visualized, (3) the 
existence of anechoic areas corresponding to 
necrosis within the lesion can be seen, and (4) the 
echogenic strength within the lesion can be seen. 

 In particular, the echogenic strength within 
lesions visualized by 20 MHz high-frequency 
ultrasonography varies according to factors 
such as the distribution and density of tumor 
cells, presence of mucus, and interstitial hyper-
plasia within the lesion. The echo strength 
depends on the extent that ultrasound waves are 
re fl ected at interfaces between tissue types. 
Bronchioloalveolar carcinoma (mucinous type), 
which is dif fi cult to distinguish from pneumo-
nia using CT scanning, produces a stronger 
echo than pneumonia on high-frequency ultra-
sonography at 20 MHz. The reason for this is 
unclear, but is suspected to be due to viscous 
mucous, or increased re fl ection from neoplastic 
tissue in the alveolar septa. 

 Based on above, EBUS has provided an excit-
ing new way to visualize the internal structure of 
peripheral pulmonary lesions. Although more 
work is needed,  fi ndings on the EBUS imaging 
may suggest the underlying pathology and 
histology.  

   Endobronchial Ultrasound 
with a Guide Sheath for Biopsy 
of Peripheral Lesions 

 Since 1996, we have deployed the ultrasonic 
probe through a guide sheath with the active part 
of the probe protruding from the tip to identify 
the location of the lesion on ultrasound imaging; 
remove the ultrasound probe, leaving the guide 
sheath in place; and then pass the instruments 
such as brushes and biopsy forceps down the 
guide sheath to collect cytology or tissue speci-
mens  [  11  ]  (Fig.  4.4 ). The technique is brie fl y dis-
cussed below.  

   Equipment 

 We use two miniature ultrasonic probes (UM-
S20-20R, UM-S20-17R; 20 MHz, mechanical 
radial, Olympus) with outer diameters of 1.7 and 
1.4 mm, respectively. Probes are connected 
to an Endoscopic Ultrasound System (EU-ME1, 
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EU-M2000, Olympus Optical Co., Ltd). The 
Guide Sheath Kit (K-201-202, K-203-204, 
Olympus Optical Co., Ltd.) contains a guide 
sheath (1.95 and 2.55 mm outer diameter, respec-
tively), a disposable brush (BC-204D-2010, 
BC-202D-2010: 1.4 and 1.8 mm outer diameter, 
respectively), and disposable biopsy forceps 
(FB-233D, BC-231D-2010: 1.5 and 1.9 mm outer 
diameter, respectively).  

   Preparation for EBUS-GS 

 First, a bronchial brush (BC-202D-2010, 
BC-204D-2010, Olympus Optical Co., Ltd), or a 
biopsy forceps (FB-231D, FB-233D, Olympus 
Optical Co., Ltd) for transbronchial biopsy 
(TBBx), is introduced into the guide sheath so 
that the tip of the forceps reaches the far end of 
the sheath. At this time, the brush or the forceps 
are marked at the near end of the sheath using a 
stopper. This will facilitate insertion of appropri-
ate length of the brush and the biopsy forceps 
through the guide sheath during bronchoscopy. 

 Then, a miniature ultrasound probe is intro-
duced into the guide sheath (SG-201C, SG-200C, 
Olympus Optical Co., Ltd) until the tip of the probe 
protrudes about 2 mm from the far end of the guide 
sheath. At this time, the probe and the sheath are 
bound together at the proximal end of the sheath 
with the stopper so that the tip of the probe remains 
positioned beyond the far end of the sheath.  

   Performing EBUS-GS 

 We use a  fl exible bronchoscope (BF 1T-30, 40, 
240R, 260, or P260F) for all procedures. In the 
recent years, our preference is to use a 4 mm 
bronchoscope with a working channel of 2 mm. 
After the bronchoscope is advanced beyond the 
vocal cords, all segments of the bronchial tree are 
visualized. Based on the radiographic  fi ndings, 
the miniature probe with the guide sheath is 
negotiated into the bronchus of interest. The sub-
tending bronchus is chosen on the basis of careful 
study of the chest CT prior to bronchoscopy. With 
small lesions, choosing the correct bronchus can 
pose considerable dif fi culties. It is useful to make 
a list of possible  fi fth- or sixth-order candidate 
bronchi through which the lesion in question can 
be approached before the procedure. 

 The probe is advanced until it reaches a point 
where the operator feels resistance, and is then 
pulled back for scanning (Fig.  4.4a ). Once an 
EBUS image of the lesion has been obtained 
and the location of the lesion has been identi fi ed 
precisely using EBUS, the probe is withdrawn, 
leaving the guide sheath in place (Fig.  4.4b ). 

  Fig. 4.4    Procedure for EBUS-GS. ( a ) The probe is 
advanced until it reaches a point where the operator feels 
resistance, and is then pulled back for scanning. ( b ) Once 
the location of the lesion has been identi fi ed precisely 
using EBUS, the probe is withdrawn, leaving the guide 
sheath in place. ( c ) Biopsy forceps or a bronchial brush is 
introduced into the sheath until the point marked by stop-
per reaches the proximal end of the sheath. A few vigor-
ous back-and-forth movements of the brush are made 
under  fl uoroscopic guidance to collect a sample on the 
brush. Multiple biopsies are obtained from the tumor by 
passing biopsy forceps repeated through the guide sheath       
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 Biopsy forceps or a bronchial brush is intro-
duced into the sheath until the point marked by 
the stopper reaches the proximal end of the sheath 
(Fig.  4.4c ). A few vigorous back-and-forth move-
ments of the brush are made under  fl uoroscopic 
guidance to collect a sample on the brush. 

 After the brush is withdrawn, the biopsy for-
ceps is introduced into the sheath until the stop-
per over the forceps reaches the end of the sheath. 
After the forceps cusps are opened, the forceps 
are advanced 2 or 3 mm into the lesion and the 
cusps closed under imaging guidance. After an 
adequate biopsy specimen is obtained, it is sub-
mitted to the laboratory in formalin for histologi-
cal analysis. 

 The guide sheath is left in place for about 
2 min that puts pressure on the biopsy site to con-
trol the bleeding. The procedure is concluded 
after it is con fi rmed that hemostasis has been 
achieved.  

   Diagnostic Yield 

 We previously reported the overall yield of 
EBUS using a thick guide sheath (EBUS-thick 
GS) to be 77 % (116/150), and the diagnostic 
yield of EBUS-GS in malignant and benign 
lesions to be 81 % (82/101) and 73 % (35/49), 
respectively  [  11  ] . Lesions in which the probe 
was advanced to within the lesion, as deter-
mined from the EBUS image, had a 
signi fi cantly higher overall diagnostic yield 
(105/121, 87 %) than when the probe was 
adjacent to the lesion on the EBUS image 
(8/19, 42 %). The diagnostic yield using TBBx 
for lesions in which the probe was located 
within the lesion (85/104, 82 %) was also signifi-
cantly higher than when the probe was adjacent 
to the lesion (1/15, 7 %). 

 The diagnostic yield using EBUS-GS for 
lesions de fi ned as a mass (>30 mm; 24/26, 
92 %) was signi fi cantly higher than that for 
lesions de fi ned as nodules ( £ 30 mm; 92/124, 
74 %). However, the diagnostic yields using 
EBUS-GS for lesions  £ 10 mm (16/21, 76 %), 
>10 and  £ 15 mm (19/25, 76 %), >15 and 
 £ 20 mm (24/35, 69 %), and >20 and  £ 30 mm 

(33/43, 77 %) were similar. In other words, for 
lesions  £ 30 mm, size did not affect the diagnos-
tic yield using EBUS-GS, and the yield was not 
decreased for lesions  £ 10 mm. It was impossi-
ble to con fi rm on  fl uoroscopy that biopsy for-
ceps had reached the lesion in 54 out of 81 
lesions  £ 20 mm in size. Still, the diagnostic 
yield in these lesions was 74 % (40/54), which 
was similar to the yield when it was possible to 
determine  fl uoroscopically that the forceps had 
reached the lesion (18/27, 67 %). Moderate 
bleeding was seen in 2 (1 %) out of 150 patients. 
There were no deaths, pneumothorax, or other 
clinically signi fi cant morbidities. 

 Using EBUS-GS technique, it is now possible 
to obtain tissue specimens from lesions which 
could only be approached with CT-guided  fi ne 
needle aspiration in the past. In one study, 
Fielding et al.  [  12  ]  compared EBUS-GS to 
CT-guided percutaneous core biopsy. In lesions 
<2 cm, CT-guided biopsy had higher yield; how-
ever, EBUS-GS had better tolerability and fewer 
complications.  

   Tips for Successful EBUS-GS 

 These comprise tips for con fi rming that the guide 
sheath is placed within the lesion, and for moving 
the probe from adjacent location to within the 
lesion prior to the biopsy procedure.
    1.     Use of signal attenuation caused by the guide 

sheath  
 As mentioned above, the diagnostic yield is 
higher when the guide sheath and the ultra-
sound probe are located within the lesion than 
when these are located adjacent to the tumor 
 [  11  ] . Signal attenuation method can be used to 
con fi rm that guide sheath is located within a 
peripheral pulmonary lesion. Once a peripheral 
lesion has been delineated using EBUS, at the 
point the lesion appears at its largest and clear-
est, the assistant should keep the guide sheath 
stationary and after undoing the connection of 
the ultrasound probe to the guide sheath with-
draw the ultrasonic probe 2 mm at a time until 
the probe transducer enters the sheath. When 
the transducer completely enters the guide 
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sheath, the ultrasonic pulse will be blocked by 
the guide sheath, and the ultrasound image will 
suddenly become darker. If the lesion can still 
be seen while the ultrasound probe is fully 
within the guide sheath, it indicates that the tip 
of the guide sheath is placed precisely within 
the peripheral pulmonary lesion.  

    2.     Moving the guide sheath from adjacent to the 
lesion to within the lesion  
 If the guide sheath is located adjacent to the 
target lesion, efforts should be made to move 
it within the lesion prior to the biopsy proce-
dures. However, moving the guide sheath from 
adjacent location to within the tumor can be 
challenging. Several techniques can be used to 
achieve this goal: (1) Another bronchus can be 
chosen for introduction of guide sheath on the 
basis of bronchoscopic  fi ndings. This is made 
possible with 4-mm-diameter bronchoscopes, 
which allow direct inspection of more distal 
branches of bronchi that cannot be seen with 
the standard sized  fl exible bronchoscopes. If 
the initial choice of bronchus leads the ultra-
sound transducer and the guide sheath to an 
adjacent location, the guide sheath may be 
withdrawn and the probe can be introduced 
into another sub-segmental bronchus under 
direct bronchoscopic vision in an attempt to 
place the probe within the lesion. (2) 
Fluoroscopic guidance can also be used to 
select a different bronchus to place the guide 
sheath within the lesion. When the probe is 
located adjacent to the lesion on EBUS image, 
the probe should be pulled back, and angula-
tion lever of the bronchoscope should be used 
to push the probe towards the direction of the 
target lesion as seen on  fl uoroscopy. (3) 
Another simple technique to select a different 
bronchus is to use the up and down angle of 
the bronchoscope. When the probe is adjacent 
to the lesion on EBUS image, the probe should 
be moved using the up and down angle of the 
bronchoscope. For example, using up angle, if 
the probe is seen to move into the lesion on the 
EBUS image, the guide sheath and the probe 
should be pulled back, and reintroduced into 
the target lesion while continuing to use the up 
angle. (4) A different bronchus may also be 

selected using a guiding device called double-
hinged curette. When a lesion cannot be delin-
eated using EBUS, the ultrasonic probe should 
be removed without moving the guide sheath, 
and hinged curette should be introduced into 
the guide sheath until its tip is seen to protrude 
from the distal end of the guide sheath. The tip 
of the hinged curette is then bent in the direc-
tion of the lesion and the guiding device is 
then withdrawn slowly, till it moves slightly 
towards the lesion as seen under  fl uoroscopic 
guidance. The aim of this maneuver is to enter 
that branch of the bronchus that is directly 
leading to the target lesion. If the tip of the 
curette is advanced in this direction, the guide 
sheath will follow and will reach the lesion. 
Sometimes such a branch point is felt as a 
slight “crank” as the curette drops into a bron-
chial opening. This allows accurate placement 
of the guide sheath within the peripheral lung 
lesion. The curette is then removed, the ultra-
sonic probe is reintroduced, and the lesion is 
delineated and biopsied using standard tech-
nique as discussed above.       

   Advantages of EBUS-GS Technique 

 The main bene fi ts of using EBUS-GS technique 
to obtain biopsy specimen from peripheral pul-
monary lesion are as follows: (1) the position of 
lesions can be accurately determined prior to 
biopsy, which is not feasible for small lesions 
when biopsy is performed under  fl uoroscopy; (2) 
forceps can be introduced any number of times to 
the same bronchial segment; (3) the internal 
structure of lesions can be analyzed; and (4) there 
is very little post-transbronchial biopsy bleeding.  

   How to Identify the Bronchus Leading 
to the Target Lesion 

 An accurate identi fi cation of the bronchus that 
corresponds to the target lesion is a key determi-
nant of successful tissue sampling using 
EBUS-GS technique. This can be accomplished 
by a review of pre-bronchoscopy CT or with 
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the help of virtual bronchoscopy navigation or 
electromagnetic navigation system. 

   Using CT Imaging 

 On careful review of CT scan, it is feasible in 
many cases to identify the bronchus entering the 
lesion, and follow it backwards towards the 
hilum. With this information, the bronchial 
branch, its bronchial segment and subsegment, 
and subsequent branches that lead to the target 
lesion can be identi fi ed. The path constructed on 
CT images helps delineate the bronchial path to 
the target lesion during bronchoscopy. For exam-
ple, if the candidate bronchus is the right B6c 
bronchus, and the B6c lesion is next to the region 
of segment B6b on the CT, at bronchoscopy we 
should introduce the ultrasonic probe into the 
bronchus branches of the right B6c bronchus 
which are closest to the B6b bronchi.  

   Using Navigation Systems 

 In recent years, two methods of navigation for 
PPLs have been developed. The electromagnetic 
navigation system is a localization device that 
assists in placing endobronchial equipment in the 
desired areas of the lung. This system uses low-
frequency electromagnetic waves, which are 
emitted from an electromagnetic board placed 
under the bronchoscopy table mattress  [  13  ] . The 
system allows operator to navigate the probe sen-
sor and extended working channel towards the 
lesion. Once the target is reached, radial probe 
EBUS can be performed to con fi rm the location 
of extended working channel within the lesion. 
Higher diagnostic yield has been reported with 
combined use of electromagnetic navigation and 
radial probe EBUS than with either technique 
alone  [  14  ] . Harms et al.  [  15  ]  have proposed a new 
approach to the treatment of inoperable periph-
eral lung tumors combining an electromagnetic 
navigation system and EBUS for 3-D-planned 
endobronchial brachytherapy. Asano et al.  [  16–  18  ]  
have developed a bronchoscope insertion guid-
ance system that produces virtual images by 

extracting the bronchi by automatic threshold 
adjustment, and searching for the bronchial route 
to the determined target. They used this system in 
combination with a thin bronchoscope and 
EBUS-GS. This system automatically produced 
virtual images to  fi fth-order bronchi on average. 
EBUS visualized 93.8 % of cases successfully, 
providing a tissue diagnosis in 84.4 %. Using this 
bronchoscope insertion guidance system, virtual 
images can be readily produced, successfully 
guiding the bronchoscope to the target. This 
method shows promise as a routine part of PPL 
biopsy techniques.  

   Future Directions 

 At present, we use a 4 mm diameter endoscope 
with a 2 mm working channel, through which we 
pass a guide sheath and ultrasonic probe which is 
1.4–1.7 mm in outer diameter. In the future, we 
hope to pass even thinner bronchoscopes into 
ever more peripheral bronchi, detecting early 
lesions using thinner gauge guide sheaths and 
ultrasonic probes. 

 Cytology and tissue biopsies are presently 
taken under  fl uoroscopic control, but it would be 
useful to watch the real-time EBUS image as we 
obtain the specimens using thinner bronchoscope 
with the convex probe.   

   Conclusions 

 EBUS using a high-frequency ultrasonic probe 
allows determination of the depth of invasion of 
tracheobronchial tumors, which is not possible 
with other diagnostic imaging methods. 
Preoperative EBUS using a 20 MHz probe clearly 
visualizes the presence of bronchial cartilage 
within the tumor mass when the adventitia has 
been invaded. Although this technique has shown 
great potential, some problems persist with the 
use of radial probe EBUS for the determination 
of the depth of tumor invasion. The main problem 
remains its inability to visualize carcinoma in situ 
and dif fi culty in distinguishing tumor invasion 
from lymphocytic in fi ltration and hypertrophied 
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bronchial glands. EBUS-GS permits more accu-
rate collection of samples from PPLs than other 
methods. This method facilitates multiple biop-
sies from the same site, protects against bleeding 
into the proximal bronchus from the biopsy site, 
and can delineate the inner structure of PPLs.      
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   Introduction 

 Over the past 20 years endobronchial ultrasound 
(EBUS) technology has become a major diag-
nostic modality in the workup and evaluation 
of  diseases of the lung, speci fi cally disorders of 
the mediastinum. From its  fi rst description in the 
early 1990s  [  1  ]  its use and popularity have 
increased exponentially across the world. 
Initially EBUS was performed by placing radial 
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  Abstract 
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EBUS-TBNA are also discussed.  
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ultrasound probes through the working channel 
of a standard bronchoscope and making contact 
with the bronchial wall  [  1  ] . The radial probe 
EBUS has remained useful for a variety of pur-
poses: to identify the location of mediastinal 
nodes before performing transbronchial needle 
aspiration (TBNA) procedures  [  2  ] ; to evaluate 
the depth of tumor invasion into the tracheobron-
chial wall  [  3  ] ; and to guide bronchoscopic tools 
to obtain tissue specimen from solitary pulmo-
nary nodules and peripheral lesions  [  4  ] . Although 
radial probe EBUS allows the operator to visual-
ize the structures outside the bronchial wall, real-
time guidance for the biopsy of lesions beyond 
the airway wall is not feasible. To overcome this 
limitation, a convex probe EBUS which is built 
directly onto the distal tip of the bronchoscope 
has been developed that allows for real-time 
visualization and guided biopsy of mediastinal 
structures  [  5  ] . The development of this scope, 
classically called the “EBUS puncture scope,” 
has led to broad application of this technology for 
sampling of mediastinal lymph nodes and masses 
both by pulmonologists and thoracic surgeons 
 [  6  ] . Owing to ease of use and low complication 
rate, this technology has been adopted rapidly in 
both academic as well as community health care 
settings. In this chapter, we discuss the technical 
aspects and current clinical status of EBUS-
TBNA for staging of lung cancer. We also discuss 
the usefulness of EBUS-TBNA for diagnosis of a 
variety of other mediastinal disorders. Use of the 
radial probe EBUS in peripheral lesions is 
 discussed in Chap.   4     and has been reviewed 
 elsewhere  [  7–  11  ] .  

   Options for Mediastinal Sampling 

 Historically, mediastinoscopy has been the gold 
standard to evaluate disease within the mediasti-
num. However, it is an invasive procedure with a 
small but measurable complication rate  [  12,   13  ] . 
Moreover, mediastinoscopy cannot reach all 
areas of the mediastinum and is most suitable to 
approach the lymph nodes in paratracheal (sta-
tions 2, 3, and 4) and subcarinal regions (station 
7)  [  14,   15  ] . The lymph nodes in the posterior 

 subcarinal region are dif fi cult to access with 
mediastinoscopy. The aortopulmonary window 
(station 5), para-aortic (station 6), para-esopha-
geal (station 8), and pulmonary ligament (sta-
tion 9) lymph nodes are beyond the reach of 
standard cervical mediastinoscopy. Indeed, in 
the setting of lung cancer staging, much of the 
reduced sensitivity of mediastinoscopy appears 
to be due to failure to detect involved lymph 
nodes in regions not accessible by the mediasti-
noscope  [  16  ] . Furthermore, even though this 
technique is readily available, in actual practice, 
it is not always performed for preoperative lung 
cancer staging, even when clinically indicated 
 [  17  ] . The yield of mediastinoscopy has varied in 
different studies, depending on the indications 
 [  16–  22  ] . In lung cancer staging, cervical medi-
astinoscopy is reported to have an average 
pooled sensitivity of approximately 80 %  [  16  ] . 
Video-assisted mediastinoscopy may improve 
the sensitivity, with an average pooled sensitiv-
ity of approximately 90 %, as video-assisted 
mediastinoscopy allows for more diligent 
inspection of the mediastinum with more lymph 
nodes being able to be sampled compared to 
conventional mediastinoscopy  [  23  ] . 

 Over the past three decades, several techniques 
that are less invasive than mediastinoscopy have 
emerged for mediastinal staging of lung cancer. 
Conventional TBNA is one of such techniques in 
which a needle is passed through the bronchial 
wall into a lymph node for aspiration (Chap.   3    ). 
The TBNA technique was  fi rst described by 
Eduardo Schieppati in 1949  [  24  ] , who performed 
transbronchial puncture of mediastinal lymph 
nodes using a rigid bronchoscope. The method was 
found to be safe and useful for staging of intratho-
racic malignancies, and for obtaining tissue sample 
from mediastinal tumors, and other disease entities 
causing lymphadenopathy  [  25  ] . Following the 
same principle, Ko Pen Wang pioneered a TBNA 
technique using the  fl exible bronchoscope in the 
early 1980s  [  26  ] . Lymph nodes in stations 2, 4, 7, 
10, and 11 are readily accessible via TBNA. 
Although the procedure is safe, it is limited by 
inability to visualize the target beyond the airway 
wall and therefore, the yield of this technique has 
been variable  [  27  ] . The success rate of TBNA is 
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dependent upon several factors: the size of the 
nodes sampled, with higher yield occurring with 
nodes >20 mm in short axis diameter  [  27  ] ; the 
lymph node station, with 4R and 7 being associ-
ated with the best yield  [  27  ] ; malignant involve-
ment of the node  [  16  ] ; the number of aspirates 
performed  [  28,   29  ] ; and the use of rapid on-site 
cytologic evaluation (ROSE)  [  29  ] . In the setting of 
malignant disease the TBNA has high speci fi city, 
but a relatively modest pooled sensitivity of 78 % 
 [  16,   27  ] . Low yield of TBNA in the setting of 
benign disease has also limited its use as a diagnos-
tic modality. Furthermore, many pulmonologists 
never embraced this technique due to lack of train-
ing and many misconceptions surrounding the 
safety and clinical usefulness of this technique, as 
discussed in Chap.   3    . 

 EBUS-TBNA has emerged as a technique that 
combined the high yield of mediastinoscopy with 
the minimal invasiveness of TBNA. The ability 
to locate lymph nodes and obtain the sample 
under direct visualization is the main advantage 
of EBUS-TBNA over the conventional TBNA 
technique. All mediastinal lymph node stations 
accessible via conventional TBNA are also suit-
able for EBUS-TBNA. However, EBUS-TBNA 
has a clear advantage over standard technique in 
obtaining specimens from mediastinal lymph 
nodes smaller than 1 cm in size, which are 
dif fi cult to approach with the conventional TBNA 
technique. There are also some data in the litera-
ture to suggest that EBUS-TBNA is more sensi-
tive than conventional TBNA for mediastinal 
staging, although no well-designed randomized 
study has directly compared the usefulness of 
these techniques in mediastinal staging of lung 
cancer.  

   EBUS-TBNA Technique 

 The EBUS scope is used to visualize and access 
structures within the mediastinum. When access-
ing lymph nodes within the mediastinum, it is 
conventional to describe these nodes as they 
pertain to the lymph node “station” in which 
they are located, as de fi ned by the IASLC lymph 
node map. The proposed IASLC lymph node 
map and anatomic de fi nitions for each of the 

lymph node stations are shown in Fig.  5.1 . This 
includes the proposed grouping of lymph node 
stations into “zones” for the purposes of prog-
nostic analyses     [  30  ] .  

 The EBUS scope is generally larger and stiffer 
than a standard bronchoscope (Fig.  5.2 ). The 
external diameter of the Olympus EBUS scope is 
6.2 mm and the tip of EBUS scope is 6.9 mm, as 
compared with the typical 5–6 mm uniform 
diameter of standard bronchoscopes. It has a 
2.0 mm instrument channel for introducing a 
dedicated 22-gauge or 21-gauge TBNA needle 
for the procedure. The scope allows simultaneous 
display of two images: an ultrasound image and 
an airway image. The ultrasound image is at 90 
degrees to the EBUS tip shaft, and encompasses 
a 50-degree slice of this region. The probe has a 
frequency of 7.5 MHz that can obtain images 
from a depth of penetration of up to 9 cm. 
Utilizing properties of ultrasound imaging, the 
new-generation scopes have Doppler image 
capability that allows differentiation of vascular 
structures from nonvascular structures. Doppler 
imaging comes in two modes: power Doppler 
and color Doppler. Power Doppler is sensitive for 
the detection of blood  fl ow within the lymph 
node, although it does not detect directionality of 
the  fl ow (Fig.  5.3 ). Color Doppler is less sensi-
tive for detection of  fl ow, but has the ability to 
determine directionality of  fl ow in the lymph 
node when detected (Fig.  5.4 ). Use of power and 
color Doppler imaging has been reported to be 
useful in the evaluation of vascular patterns 
within the lymph node, which may have diagnos-
tic utility  [  31  ] . The optical view of the EBUS 
scope is 30 degrees to the horizontal, not the typi-
cal 0-degree view of a standard scope. This has 
practical implications in that to obtain a forward 
0-degree view, the scope must be  fl exed to −30 
degrees; otherwise one can unknowingly injure 
the vocal cords or bronchial wall if the broncho-
scope is advanced in neutral position. The size 
and vision of the scope may limit the evaluation 
of the airway only to the segmental or subseg-
mental level, and therefore a standard broncho-
scope must be used for a thorough endobronchial 
inspection. The needle channel is built such that 
the EBUS-TBNA needle placed through the 
scope extends at an angle of 20 degrees to its axis 
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  Fig. 5.1    The International Association for the Study of 
Lung Cancer (IASLC) lymph node map, including the 
proposed grouping of lymph node stations into “zones” 
for the purposes of prognostic analyses [reprinted cour-

tesy of the International Association for the study of Lung 
Cancer and with permission of Aletta Frazier, MD. 
Copyright © 2009, 2010 Aletta Ann Frazier, MD]       
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as it emerges out of the distal tip. The channel 
angulation is needed to ensure real-time ultra-
sound visualization of the biopsy needle as it is 
advanced through the airway and into the lymph 
node (Fig.  5.5 ). One must only use a dedicated or 
proprietary TBNA needle with the EBUS scope. 
EBUS-TBNA needles are contained within a 
sheath similar to standard TBNA needles. 
However, EBUS-TBNA needles are longer 
(40 mm) than standard TBNA needles (13 mm) 
and are grooved at their distal end (Fig.  5.6 ) to 
make them hyperechoic that allows it to be seen 
more readily on ultrasound images. The EBUS-
TBNA needle also has an inner stylet that pre-
vents its contamination with bronchial cells 
during insertion into the lymph node. The EBUS 
scope is  fi tted with a balloon at the tip that can be 
 fi lled with varying amounts of saline to achieve 
better contact between the ultrasound probe and 
the airway wall (Fig.  5.7 ). This may allow better 
visualization of structures outside the bronchial 

  Fig. 5.2    Comparison of the EBUS-TBNA bronchoscope 
with a standard bronchoscope       

  Fig. 5.3    Power Doppler  fl ow 
within the lymph node       
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lumen in some instances. The balloon is made up 
of latex material, and should not be used in 
patients known to have a latex allergy.        

   Procedure Technique 

 The scope can be introduced into the airway 
through the mouth, through a supraglottic airway 
(SGA) such as laryngeal mask airway (LMA), or 

  Fig. 5.4    Color Doppler  fl ow 
within the lymph node       

  Fig. 5.5    The tip of the EBUS-TBNA scope and inserted 
TBNA needle       

  Fig. 5.6    Grooves on the EBUS-TBNA needle make it to 
be hyperechoic that allows it to be seen more readily on 
ultrasound images       

  Fig. 5.7    EBUS-TBNA scope with in fl ated balloon  fi lled 
with saline       
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through an endotracheal tube (ETT). Although 
some operators have placed the scope through 
the nose, the larger outer diameter of the EBUS 
scope makes the passage dif fi cult and causes 
local trauma especially in subjects with narrow 
nasal passages. Therefore, it is best to use the oral 
passage for introduction of the EBUS scope in 
most circumstances. 

Although optimal methodology for EBUS-
TBNA has been suggested  [  32  ] , there is no stan-
dardized technique, and approaches differ slightly 
across operators and institutions. In general, the 
following principles should be used. Identi fi cation 
of the node is made using the ultrasound image. 
Proper identi fi cation of the nodal station can be 
carried out through both direct visualization of 
where the tip of the scope lies as well as through 
the visualization of anatomic structures within 
the ultrasound image’s  fi eld of view (Fig.  5.8 ). 
Once the node is identi fi ed, the EBUS needle 
catheter is advanced through the working chan-
nel and locked in position. To perform the proce-
dure with pro fi ciency, the operators must be 
thoroughly familiar with the operational aspects 
of the dedicated TBNA needle used during 
EBUS-guided TBNA (Fig.  5.9 ). Step-by-step 
approach to obtaining specimen from the target 
lymph nodes is summarized in Table  5.1 . 
Advancement of the TBNA needle through the 
scope into its  fi nal position should be performed 
while the EBUS scope is held in neutral position. 
The distal part of the needle is relatively rigid and 
can cause damage to the EBUS scope if the oper-
ator inadvertently tries to force it through the dis-
tal end with the scope in  fl exed position. Once the 
needle is fully advanced and locked into place, 
the needle sheath is advanced until it can be seen 
protruding out of the distal end of the scope. 
Since the needle is somewhat rigid, the angulation 
from maximal  fl exing may be reduced compared 
to when the needle was not in the scope, thus 
changing the ultrasound view of the node com-
pared to the prior view without the needle. Due to 
this reason, the EBUS scope often needs to be 
repositioned to visualize the lymph node to be 
biopsied. Once compensation has been accom-
plished and the node is ready for biopsy, the nee-
dle should be advanced through the airway wall 
into the lymph node (Fig.  5.10 ). The advancement 

of the needle into a lymph node is de fi ned as an 
“excursion” in the cytology literature; a needle 
“pass” is a series of excursions starting from 
advancement into the node until withdrawal of 
the needle from the node. Once within the node, 
the inner stylet should be tapped or slightly with-
drawn and advanced several times to eject any 
debris that may have collected during insertion 
through the bronchial wall. There is no general 
consensus regarding how many needle excur-
sions should occur  during each pass, how vigor-
ous to make the needle excursions, where to make 
the needle excursions (cortical, medullary, or 
both parts of lymph node), or whether suction 
should be used during needle excursions in all 
cases. Once the biopsy is completed, the needle 
should be removed with the scope again in neu-
tral position to avoid damage to the scope chan-
nel. Regardless of needle technique, the ideal 
result of a needle pass should be acquisition of 
lymphoid tissue and/or malignant cells that may 
have replaced the lymph node. The processing 
and interpretation of samples are discussed in the 
next section.      

   Specimen Handling 

 Each needle pass should provide suf fi cient mate-
rial to make several slides with enough remain-
ing to be placed into a preservative solution for 
cell block preparation. Depending on the prefer-
ence of the cytopathologist, the slides can be air 
dried,  fi xed in alcohol, or both. After the needle is 
removed from the scope, the stylet is placed back 
into the TBNA needle, expressing the contents of 
the needle onto a slide for preparing smears. 
Smear(s) can be put into 95 % ethanol and/or air 
dried. At our institution, two smears are prepared 
from each pass; one slide is  fi xed in alcohol, and 
the other slide is air dried for rapid staining using 
a Diff-Quik stain. The remainder of the sample is 
placed in Cytolyt ® . After the stylet is removed, 
the TBNA needle is  fi rst  fl ushed with approxi-
mately 0.5 ml of normal saline and subsequently 
with air until all the saline has been  fl ushed 
through the TBNA needle; this sample is also 
placed into Cytolyt ®  solution. The material col-
lected in the Cytolyt ®  is used to make both a 
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ThinPrep slide and a cell block. There are some 
centers that prefer to place the initial sample into 
preservative solution, leaving the remainder for 
smear preparation. The goal of this approach is to 
minimize peripheral blood contamination on the 
smears. Once the specimen is obtained, the stylet 
is wiped with wet gauze (saline or ethanol) and 
placed back into the TBNA needle for the next 
biopsy pass. 

 If facility for on-site cytology review is avail-
able (also known as ROSE: rapid on-site evalua-
tion), several staining methods can be used for 
immediate assessment of the adequacy and tri-
age of the sample obtained with EBUS-TBNA. 
These include rapid H&E ( » 4-min preparation 
time), rapid Papanicolaou ( »  6–8-min preparation 
time), and Diff-Quik ( » 1-min preparation time). 
Aspirated samples may be triaged for  fl ow cytom-
etry, microbiologic cultures, molecular testing, 

  Fig. 5.8    EBUS images and corresponding broncho-
scopic landmarks for different lymph node stations 
[reprinted from Yasufuku K. EBUS-TBNA Bronchoscopy. 
In: Ernst A, Herth FJX (eds.). Endobronchial Ultrasound: 

An Atlas and Practical Guide. New York: Springer 
Science + Business Media; 2009. With permission from 
Springer Science + Business Media]       
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etc. ROSE results should serve to assess sample 
adequacy and for triage and not the  fi nal  diagnosis. 
These results are analogous to a frozen section 
result on a surgical specimen. Although some 

studies have found ROSE to be bene fi cial when 
used in the setting of conventional TBNA  [  33–  36  ] , 
there is no evidence in the literature to date that 
ROSE improves yield in EBUS-TBNA. It would 

  Fig. 5.9    Use of dedicated EBUS-TBNA needle for 
obtaining cytology specimen from lymph nodes. ( a ) The 
needle is attached to the working channel place by sliding 
the  fl ange and locking it in place. ( b ) The sheath adjuster 
knob is unscrewed and the length is adjusted. ( c ) The 
needle adjuster knob is unscrewed. ( d ) Needle is advanced. 
( e ) After lymph node puncture, the internal stylet is moved 

in and out a few times to remove the debris. ( f ) Suction is 
applied using Vaclok syringe [reprinted from Yasufuku K. 
EBUS-TBNA Bronchoscopy. In: Ernst A, Herth FJX 
(eds.). Endobronchial Ultrasound: An Atlas and Practical 
Guide. New York: Springer Science + Business Media; 
2009. With permission from Springer Science + Business 
Media]       
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seem intuitive to extrapolate from conventional 
TBNA data that ROSE can decrease the number 
of passes taken per lymph node station (due to 
sample adequacy analysis) and perhaps reduce 
procedure time when used in conjunction with 
EBUS-TBNA  [  37  ] . Furthermore, it would also 
seem that ROSE could decrease procedure cost by 
triaging specimens in a more targeted way, thus 
reducing unnecessary testing and potentially spar-

ing the patient from additional procedures. Future 
studies need to address these issues. 

 In the absence of ROSE, there should be 
enough biopsy samples to ensure adequate 
 specimen that is representative of the lymph 
node. In the setting of lung cancer staging, it has 
been suggested that three biopsy samples per 
lymph node should be adequate, and if tissue 
fragments have been acquired then only two 

   Table 5.1    Steps to performing EBUS-TBNA   

 Step 1  Advance EBUS biopsy needle through the working channel in neutral position 
 Step 2  Secure the needle housing by sliding the  fl ange and locking it in place 

 Step 3  Release the sheath screw 
 Step 4  Advance and lock the sheath when it is visualized at the top right corner of the monitor 
 Step 5  Release the needle guard 
 Step 6  Locate the target lymph node to be biopsied using ultrasound imaging 
 Step 7  Advance the needle using the quick “jab” technique 
 Step 8  Visualize needle entering target node 
 Step 9  Move the stylet in and out a few times to dislodge debris within the needle 
 Step 10  Withdraw the stylet 
 Step 11  Attach suction syringe to the biopsy needle 
 Step 12  Apply suction 
 Step 13  Pass the needle in and out of the node 10–15 times under ultrasound visualization 
 Step 14  Release suction 
 Step 15  Retract the needle into the sheath 
 Step 16  Unlock and remove the needle and sheath and prepare slide smears 

  Fig. 5.10    EBUS-TBNA image 
showing an enlarged mediasti-
nal lymph node with the biopsy 
needle clearly visible within it       
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passes are necessary  [  38  ] . Slides placed into eth-
anol can be processed with a Papanicolaou stain 
that allows for more robust evaluation of cell 
morphology. Specimen that is placed into preser-
vative solution is concentrated for processing as 
a ThinPrep and cell block. The samples should be 
placed in the appropriate media for immunophe-
notyping and  fl ow cytometry when a diagnosis 
other than lung cancer is suspected. For instance, 
if lymphoma is expected, Roswell Park Medical 
Institution (RPMI) media or its equivalent should 
be used. If infection is suspected, the aspirate 
should be submitted into sterile saline for 
cultures.  

   Anesthesia for EBUS-TBNA 

 There have been no studies addressing the opti-
mal anesthesia for EBUS-TBNA. General anes-
thesia or deep sedation with short-acting agents 
such as propofol and fentanyl and/or short-act-
ing paralytics (rocuronium) allows immobiliza-
tion for better operating conditions, enhances 
patient comfort, and minimizes use of topical 
anesthetics. This form of anesthesia may shorten 
the procedure by optimizing scope placement 
and specimen procurement while the patient is 
immobilized. It may also shorten recovery time 
as most of the medications used for this purpose 
have a short half-life. However, general anes-
thesia is not available in most bronchoscopy 
suites, and if available, requires extra staf fi ng 
and monitoring, and increases overall cost for 
the procedure. In many instances, EBUS-TBNA 
is performed in the operating rooms, which is 
associated with scheduling dif fi culties and cost 
issues. Conscious sedation is more readily avail-
able in a bronchoscopy suite, and can achieve 
levels of sedation that allow for EBUS-TBNA. 
There is no need for an arti fi cial airway with 
conscious sedation, nor is there a need for dedi-
cated anesthesia staff. It is unclear if EBUS-TBNA 
 performed under conscious sedation has lower 
diagnostic yield than performed under deeper 
sedation, especially in experienced hands  [  39  ] . 
More studies are needed to assess if other proce-
dure variables such as procedure time, patient 

comfort, number of passes needed to obtain a 
diagnosis, etc. are affected by the choice of 
anesthesia. 

 If general anesthesia is used, total intravenous 
anesthesia (TIVA) is preferred over the volatile 
anesthetics because frequent suctioning can lead 
to inconsistent delivery of volatile anesthetic gas 
levels to the patient  [  40  ] . Further, there is poten-
tial to contaminate the procedure room environ-
ment with volatile anesthetics, thus exposing 
operating room personnel to anesthetic vapors. To 
achieve TIVA, propofol is administered at a 
 continuous rate between 75 and 250 mcg/kg/min 
 [  41  ] , with or without intermittent administration 
of short-acting narcotics such as fentanyl or 
remifentanil. The doses of these agents should be 
titrated to maintain an adequate depth of anesthe-
sia during the procedure. Muscle relaxation can 
be achieved through short-acting agents such as 
rocuronium or cisatracurium. Muscle relaxation 
during the procedure provides the advantage of 
mitigating patient movement and coughing, which 
if present can result in dif fi culty obtaining an ade-
quate lymph node view and accurate insertion of 
the needle into the lymph node. Muscle relaxation 
also facilitates both SGA such as LMA and ETT 
insertion, and minimizes trauma to the vocal cords 
caused by frequent insertion and removal of the 
bronchoscope against contracted vocal cords. 
During muscle relaxation, the Bispectral index 
monitor (BIS Monitor ® ) (Covidien, Dublin, 
Ireland) can be used to help monitor the depth of 
anesthesia to minimize the chances of intraopera-
tive recall  [  42  ] . The use of the BIS monitor can 
also help the anesthesiologist to titrate the doses 
of medication so as to avoid excessive anesthesia 
and hemodynamic compromise due to excessive 
doses and light anesthesia and possibly recall due 
to suboptimal doses. 

 If general anesthesia or deep sedation is used, 
it is advisable to use an LMA or an ETT. 
Consultation with the anesthesiologist to choose 
the ideal airway device prior to the procedure is 
recommended, as both airways have advantages 
and disadvantages that should be considered for 
each individual patient. 

 SGA is an ideal airway device for EBUS-
TBNA procedures. The size 4 LMA has a large 
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enough shaft diameter to allow for easy insertion 
of the relatively large EBUS bronchoscope and to 
ventilate around the bronchoscope (Fig.  5.11 ). 
Additionally, the SGA allows free mobility of the 
bronchoscope in the airway to bring the tip of the 
scope into close proximity of the bronchial wall, 
which is especially important in evaluating para-
tracheal lymph node stations. SGAs should be 
used with caution in patients who are at risk for 
aspiration of gastric contents, such as those with 
severe gastroesophageal re fl ux or hiatal hernias.  

 If an ETT is used, it must be large enough 
to accommodate the size of the EBUS scope 
(generally 8.5 and larger). The ETT should also 
be placed high in the trachea so that it does not 
interfere with paratracheal node evaluation 
(Fig.  5.12 ). As a general principle, ETT provides 
a more secure airway, which is helpful in patients 
with severe gastroesophageal re fl ux disease or 
hiatal hernia. Of note, the ETT will also provide 

protection to the vocal cords against repeated 
trauma and friction with the outer surface of 
the bronchoscope during long procedures that 
require multiple insertions and retractions of the 
instrument.  

 If conscious sedation is used, an adequate 
level of sedation should be attained to provide 
patient and operator comfort during the proce-
dure. Sedation is typically achieved through the 
combination use of anxiolytics (i.e., midazolam) 
and narcotics (i.e., fentanyl). Randomized studies 
have reported better comfort, tolerance, and 
improved cough control with the combination of 
benzodiazepines and opiates over benzodiaz-
epines alone  [  43  ] . Dif fi culties with this approach 
are commonly encountered due to the extended 
length of the procedure and lower tolerance of 
the large-diameter EBUS bronchoscope by the 
patient. As a result, larger doses of sedation than 
commonly used during routine bronchoscopy 

  Fig. 5.11    Placement of the 
EBUS-TBNA scope within 
a laryngeal mask airway 
(LMA)       
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may need to be given to achieve better patient 
tolerance. The use of topical anesthetics should 
be used to adequately control cough during the 
procedure. The longer  duration of the procedure 
and the need to mitigate cough may necessitate 
the use of larger total doses of topical anesthetics 
compared to a standard bronchoscopy, which 
increase the risk of toxicity to these agents  [  44  ] . 
One must be careful to limit the total lidocaine 
dose to under 7 mg/kg  [  45  ] . Lidocaine toxicity 
may result in involuntary movements, altered 
mental status, seizures, respiratory depression, 
unplanned intubation, hospital admission, and 
prolonged recovery time. Prolonged procedural 
time may especially be observed during proce-
dures in which more than one lymph node station 
are being sampled, procedures in which smaller 
nodes are targeted, or procedures that are aimed 
at staging the mediastinum.  

   Indications of EBUS-TBNA 

 The main indications of EBUS-TBNA are the 
mediastinal and hilar staging of non-small-cell 
lung cancer (NSCLC), diagnosis of suspected 
cancer when no endobronchial lesion is present in 
patients with lymphadenopathy, and recurrence 
or restaging of NSCLC after chemotherapy or 
radiation. Other indications include any causes of 
mediastinal lymphadenopathy such as suspected 
sarcoidosis, infections such as tuberculosis, medi-
astinal lymphoma, thymoma, and mediastinal 
cysts. In addition, EBUS-TBNA can assist in 
guiding therapy by measuring the depth of tumor 
invasion into the airway wall, or for tissue bank-
ing and molecular testing. Future applications 
may include its  utility in pulmonary vascular dis-
ease and assessing for airway remodeling.  

  Fig. 5.12    Placement of the 
EBUS-TBNA scope within an 
endotracheal tube (ETT)       
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   Complications and Safety 
of EBUS-TBNA 

 EBUS-TBNA is well tolerated and is as safe as 
conventional TBNA  [  46,   47  ] . The procedure is less 
invasive and more safe than mediastinoscopy. Still, 
there have been few reports of  pneumomediastinum, 
pneumothorax, hemomediastinum, mediastinitis, 
and bacteremia  following EBUS-TBNA  [  48–  50  ] . 
Similar to  conventional TBNA procedure, bleed-
ing complications are rare, even if major vessels 
are punctured inadvertantly.  

   Diagnostic Yield 

   Lung Cancer Staging 

 A full discussion of mediastinal staging of 
NSCLC is beyond the scope of this chapter. 
However, EBUS-TBNA has shown to be a pow-
erful tool for the assessment of nodal metastases 
in the hilum and mediastinum in patients with 
NSCLC  [  47,   51  ] . Systematic mediastinal node 
sampling strategies have been proposed and vali-
dated for mediastinoscopy in patients with 
NSCLC. No such validated sampling strategy 
exists for EBUS-TBNA  [  14,   16,   52  ] , although it 
would seem intuitive to extrapolate the mediasti-
noscopy strategies to EBUS-TBNA procedure 
when performed for the similar indication. 
Studies are needed to identify the most cost-
effective strategy for EBUS-TBNA staging of 
lung cancer. Furthermore, it is unclear if N1 nodal 
data, which unlike mediastinoscopy can be sam-
pled by EBUS-TBNA, should be incorporated 
into EBUS-TBNA staging strategies. Additionally, 
there seems to be no clear consensus on what 
lymph node size cutoff should be used for deter-
mination of biopsy; indeed there is a wide varia-
tion of size cutoffs used in the medical literature, 
with some using short axis diameters of 10 mm 
and others using 5 mm. The use of the 10 mm 
short axis cutoff is extrapolated from the CT scan 
literature  [  53–  55  ] ; however it has been shown 
that the biopsy of nodes using a short axis cutoff 
of 5 mm is not only feasible but also adds to the 

yield of EBUS-TBNA in staging of patients with 
NSCLC  [  37,   56,   57  ] . 

 There has been some speculation that the 
appearance of the lymph node during EBUS 
imaging can be predictive of the involvement of 
lymph node with metastatic disease  [  58  ] , 
although recent studies have cast doubt on this 
 fi nding  [  37  ] . Some studies also suggest that 
Doppler imaging during EBUS-TBNA may have 
a role in predicting the spread of malignancy 
 [  31,   58,   59  ]  by evaluating the vascular patterns 
within the mediastinal lymph nodes, as described 
in the endoscopic ultrasound (EUS) literature 
 [  60,   61  ] . 

 EBUS as a staging modality was initially com-
pared to radiographic staging, speci fi cally posi-
tron emission tomography (PET) and computed 
tomography (CT) scanning. In the mediastinum, 
PET is more sensitive than conventional CT for 
assessing lymph nodes, although the negative 
predictive value of PET for mediastinal metasta-
sis is determined by avidity for  fl uorodeoxy glu-
cose (FDG) and tumor location  [  62  ] . Multiple 
studies  [  56,   63–  68  ]  have compared EBUS-TBNA 
with preoperative radiographic staging in patients 
with either a normal mediastinum or enlarged 
lymph nodes, which appear pathologic based on 
radiologic criteria  [  53–  55  ]  for both CT and 
PET-CT scans (Table  5.2 ). In these studies, 
EBUS-TBNA was shown to be superior to radio-
graphic staging. EBUS-TBNA has also been 
shown to be superior to radiological staging for 
nodes between 5 and 20 mm, especially for ade-
nocarcinoma, which is known to have a higher 
rate of mediastinal metastasis and lower PET 
activity  [  64  ] . In addition, combined EBUS-
TBNA + EUS-FNA was superior to either EBUS-
TBNA or EUS-FNA alone for sub-centimeter 
nodes on CT scans  [  68  ] .    

   EBUS-TBNA Versus Conventional TBNA 

 The yield for TBNA for detection of mediastinal 
metastases varies widely in the literature (20–89 %) 
and appears to be related to the size and location 
of the lesion as well as operator experience 
 [  26,   69  ] . There have been a few trials  comparing 
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 conventional TBNA with EBUS-TBNA in the 
setting of lung cancer staging. In the large com-
parative prospective trial, EBUS-TBNA yield 
was superior to conventional TBNA (84 % vs. 
58 %) at stations other than station 7 in 
200 patients with suspected NSCLC. There was 
no statistically signi fi cant difference in the 
 diagnostic yield from station 7, although a trend 
favoring EBUS-TBNA over conventional TBNA 
(86 % vs. 74 %) was pointed out by the authors 
 [  46  ]  One must note, however, that in this study, 
the radial probe EBUS was used to locate the 
lymph nodes and the TBNA procedure was per-
formed using the standard TBNA needle and con-
ventional technique. In other words, this study 
was not a comparison between the convex probe 
EBUS-TBNA and the conventional TBNA. In 
fact, the use of radial probe EBUS for this pur-
pose has more or less been abandoned in the 
recent times in favor of convex probe EBUS-
TBNA. The second comparative prospective trial 
included 138 patients with known or suspected 
lung cancer based on lung or mediastinal abnor-
mality on CT  [  67  ] . EBUS-TBNA and EUS-FNA 
were compared to conventional TBNA. EBUS 
and EUS revealed the same sensitivity (69 %) 
and NPV (88 %). However, conventional TBNA 

had lower values with regard to both sensitivity 
(36 %) and NPV (78 %). This study suggests that 
EBUS-TBNA has a higher sensitivity than con-
ventional TBNA for the detection of metastatic 
disease in the mediastinal and hilar lymph 
nodes.  

   EBUS-TBNA Versus Mediastinoscopy 

 Several studies have established the usefulness of 
EBUS-TBNA in staging of lung cancer 
(Table  5.3 ). High success of EBUS-TBNA in 
cancer staging has started a debate over the abil-
ity of EBUS-TBNA to supplant mediastinoscopy 
as the procedure of choice for mediastinal stag-
ing  [  6,   70  ] . Numerous studies have shown robust 
sensitivity and negative predictive values  [  63, 
  71–  73  ]  which are comparable to mediastinos-
copy  [  57,   74–  76  ]  (Table  5.4 ).   

 EBUS-TBNA as an initial procedure for medi-
astinal staging has been shown to reduce the need 
for subsequent mediastinoscopy  [  77  ] . The ACCP 
guidelines published in 2007 for mediastinal 
staging of lung cancer suggest EBUS-TBNA as 
one of the options for initial staging. If the 
 EBUS-TBNA samples do not show metastasis it 

   Table 5.3    Studies evaluating the usefulness of EBUS-TBNA in staging of lung cancer   

 Study  Year 
 No. of 
patients  Study design 

 Sensitivity  Speci fi city  NPV  Disease 
prevalence  EBUS  EBUS  EBUS 

 Szlubowski  2009  206  Prospective cohort  89 %  100 %  84 %  61 % 
 Rintoul  2009  109  Retrospective  91 %  100 %  60 %  71 % 
 Hwangbo  2010  150  Prospective  84 %  100 %  93 % 
 Andrade  2010  98  Retrospective  88 %   97 %  84 % 

   Table 5.4    Studies comparing EBUS-TBNA and mediastinoscopy (MED) for staging of lung cancer   

 Study  Year 
 No. of 
patients  Study design 

 Sensitivity 
 Speci fi city 

 NPV  Disease 
prevalence  EBUS  MED  EBUS  MED 

 Ernst  2008  66  Prospective 
crossover 

 87 %  68 %  100 %  78 %  59 %  89 % 

 Annema  2010  241  Randomized 
controlled 

 94 % 
EBUS + EUS 

 79 %  100 %  93 % 
EBUS + EUS 

 86 %  49 % 

 Defranchi  2010  494  Retrospective  100 %  72 %  81 % 
 Yasufuku  2011  153  Prospective 

crossover 
 87 %  68 %  100 %  91 %  90 %  35 % 
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is recommended that a con fi rmatory mediastinos-
copy is performed as EBUS-TBNA does not have 
100 % negative predictive value. For example, in 
one study from Mayo Clinic, 29 patients with 
suspected or con fi rmed lung cancer who had a 
negative EBUS-TBNA result underwent medias-
tinoscopy for suspected N2 disease  [  74  ] . 
Metastatic disease was found in 8 of 29 (28 %) 
patients. Based on these results, the authors con-
cluded that mediastinoscopy should be performed 
in lung cancer patients with suspicion for N2 dis-
ease but a negative EBUS-TBNA. In contrast, 
other studies have suggested that a con fi rmatory 
mediastinoscopy may not be necessary in all of 
these cases  [  57,   77  ] . Clearly, EBUS-TBNA per-
formance, speci fi cally negative predictive value, 
is the determining factor if a con fi rmatory medi-
astinoscopy is routinely withheld after a negative 
EBUS-TBNA. The NPV of EBUS-TBNA is 
affected by several factors including operator 
skill, cytologist skill, pre-procedure probability 
of malignancy, and incidence of benign disease 
in the population (i.e., histoplasmosis). Therefore, 
until further data are available, con fi rmatory 
mediastinoscopy in an EBUS-TBNA-negative 
mediastinum is recommended in the proper clini-
cal setting. 

 It should be stressed that EBUS-TBNA and 
mediastinoscopy should be seen as complemen-
tary procedures and not mutually exclusive of 
each other. As such, each individual institution 
should take into account all factors such as yield, 
operator experience, cytologist skill, and surgical 
expertise before setting up local standards of 
mediastinal staging.  

   EBUS-TBNA for Lymphoma 

 The diagnosis of lymphoma is based upon a mul-
timodality approach as outlined by the WHO in 
2008  [  78  ] . This approach combines clinical, mor-
phologic, immunophenotypic, and genotypic data 
to establish the diagnosis. Whereas historically 
the classi fi cation of lymphoma was based pri-
marily on cytomorphologic analysis, recent 
advances in immunophenotyping (speci fi cally 
 fl ow cytometric analysis) and genotype analysis 

have led to less reliance upon cytomorphology 
for diagnosis and classi fi cation. While analysis of 
morphologic features generally requires more tis-
sue than what can be obtained by FNA alone, it 
has been established that the amount of tissue 
obtained in FNA samples can be adequate for 
phenotypic and genotypic analyses  [  79–  81  ] . 
Accordingly, several studies have shown that 
EBUS-TBNA is a viable option for the diagnosis 
of lymphoma  [  82–  84  ] . The overall sensitivity of 
detecting lymphoma is approximately 76 %; 
however the sensitivity for detecting its subtype 
is lower, owing to the fact that certain lymphoma 
subtypes such as marginal cell, some follicular 
cell, and Hodgkin’s lymphoma  [  85  ]  are dif fi cult 
to diagnose with small-volume specimens. 
Furthermore, despite advances in  fl ow cytometry 
and genetic testing, several lymphoma subtypes 
such as diffuse large B-cell lymphoma, mantle 
cell lymphoma, Burkitt’s lymphoma, several sub-
types of follicular lymphoma, and Hodgkin’s 
lymphoma remain dif fi cult to diagnose using a 
cytology specimen  [  86  ] . In case of Hodgkin’s 
lymphoma, the characteristic Reed–Sternberg 
cells are present in small numbers and lack cell 
markers that can be identi fi ed by  fl ow cytometry 
 [  86  ] . Still, newer assays are in development that 
may make Hodgkin’s lymphoma more readily 
detectable by  fl ow cytometry  [  87  ] .  

   EBUS-TBNA for Benign Diseases 

   Sarcoidosis 

 The diagnosis of sarcoidosis can be enigmatic 
since the hallmark pathology of the disease—the 
epithelioid non-necrotizing granulomata—is a 
nonspeci fi c  fi nding that can be seen in many other 
disease states. The diagnosis of sarcoidosis is 
based on clinical symptoms and radiographic 
 fi ndings, supported by pathologic  fi ndings on tis-
sue biopsy. Bronchoscopy and transbronchial 
biopsy have high diagnostic yield for pulmonary 
sarcoidosis (Chap.   2    ). Similarly, several studies 
have shown feasibility of obtaining specimen 
from enlarged mediastinal lymph nodes with 
conventional TBNA to establish the diagnosis of 

http://dx.doi.org/10.1007/978-1-62703-363-3_2
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sarcoidosis. Lymphocytosis and CD4/CD8 ratio 
of >3.5 on BAL  fl uid may provide for supportive 
evidence but are not considered diagnostic for 
sarcoidosis  [  88  ] . Variable yield of conventional 
TBNA to obtain diagnostic specimen for sarcoi-
dosis from mediastinal nodes has been reported 
 [  89,   90  ] , depending on the experience of the 
operator and whether or not a 19-G TBNA histol-
ogy needle is used. EBUS-TBNA has been 
applied to the acquisition of nodal tissue for diag-
nosis of sarcoidosis with reported yields of up to 
93 %  [  91  ]  and pooled yields of approximately 
80 %  [  92  ] . In some studies, EBUS-TBNA has 
seemingly outperformed conventional TBNA 
 [  93  ]  and also transbronchial biopsy  [  94  ] . Based 
on these studies, it is reasonable to use EBUS-
TBNA as an initial diagnostic test for Stage I and 
II sarcoidosis, especially when transbronchial 
biopsy cannot be performed or is non-diagnostic.  

   Infection 

 Several studies have shown EBUS-TBNA to be 
useful in the diagnosis of tuberculosis, speci fi cally 
in smear-negative disease when combined with 
bronchoalveolar lavage culture and nucleic acid 
ampli fi cation testing  [  95,   96  ] . Additionally, 
EBUS-TBNA was shown to have a high sensitiv-
ity for diagnosis of isolated mediastinal tubercu-
lous lymphadenitis, which may occur in up to 
9 % of all cases  [  97  ] .   

   Miscellaneous 

 Although the data is limited, EBUS-TBNA has 
been reported to have a high diagnostic yield in 
mediastinal masses of unknown origin  [  98  ] , espe-
cially if the etiology is benign. EBUS-TBNA 
may also play a role in the diagnosis and treat-
ment of bronchogenic cysts  [  99,   100  ] .  

   Limitations of EBUS-TBNA 

 EBUS-TBNA is an exciting new technology, but 
it is still evolving. Many challenges and limita-
tions need to be addressed to further enhance the 

clinical utility of this technique. The EBUS scope 
is larger than standard bronchoscope and it can-
not be used for a thorough endobronchial exami-
nation or for obtaining bronchoscopic specimens 
other than TBNA sample. Therefore, standard 
bronchoscopy is needed along with the EBUS-
TBNA procedure, which increases the cost and 
duration of the procedure. A sleeker design with 
the capability to perform standard bronchoscopy 
using the same scope will greatly enhance its 
clinical utility. Also, some operators routinely 
perform EBUS-TBNA under general anesthesia, 
which adds to the cost, scheduling con fl icts, and 
risk of anesthesia. A better design of the broncho-
scope may obviate the need for general anesthe-
sia for this procedure. Another major issue is the 
current design of the dedicated TBNA needle, 
which is signi fi cantly more complicated and 
cumbersome to use than the TBNA needle used 
for the conventional procedure. Innovation in the 
TBNA needle design to make it more user friendly 
may help eliminate some of the steps needed dur-
ing acquisition of TBNA specimen. Finally, the 
issue of cost must be mentioned. The initial capi-
tal needed for EBUS can be an important consid-
eration in a resource-limited setting. Further, the 
need for general anesthesia, operating and recov-
ery room time, and anesthesia charges may add 
signi fi cantly to the overall cost of the procedure. 
It must also be pointed out that the maintenance 
and repair cost of EBUS-TBNA scopes per pro-
cedure is signi fi cantly higher than the repair cost 
of standard  fl exible bronchoscopes per procedure 
 [  101  ] . Lastly, most pulmonologists are not trained 
in ultrasound imaging and there is a signi fi cant 
need for education and training before an opera-
tor can perform this procedure with suf fi cient 
pro fi ciency.  

   Conclusions 

 In summary, EBUS-TBNA is an innovative pro-
cedure, which is increasingly used across the 
world in the diagnosis of both malignant and 
benign disorders. EBUS-TBNA offers a mini-
mally invasive procedure which allows reliable 
access to lymph nodes within the hilum and 
mediastinum, and real-time sampling of lymph 
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node tissue. As compared to conventional TBNA 
and mediastinoscopy, EBUS-TBNA may be more 
suitable to reach smaller and more distant nodes 
in the hilum and mediastinum. The yield of EBUS 
is robust in both the benign and malignant 
 settings, and approaches that of mediastinoscopy. 
While mediastinoscopy still plays an important 
role in the diagnosis of mediastinal diseases, the 
use of EBUS-TBNA in these settings will con-
tinue to increase as expertise and availability of 
EBUS-TBNA increase.      
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   Introduction 

 Solitary pulmonary nodules (SPNs) are common 
incidental  fi ndings, and their incidence is rising, 
which is likely due to the increased use of chest 
CT, which is more sensitive at discovering a SPN 
than traditional plain chest radiography  [  1  ] . The 
detection of SPNs is likely to increase since the 
advent of the National Lung Screening Trial (NLST) 
 [  2  ] . The majority of SPNs is not malignant; even in 
high-risk patients only 1 % of SPNs are malignant  [  2  ] . 
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  Abstract 

 Electromagnetic navigation bronchoscopy (ENB) has been in continuous 
evolution since its introduction in 2004. The basic components of this 
global positioning system-like technology include a magnetic  fi eld gen-
erator, a sensor and computer integration, and a computed tomography 
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literature and our own expertise.  
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Therefore, minimizing invasiveness while maxi-
mizing accuracy can impact the diagnosis-related 
morbidity in profound ways. In broad terms, the 
approach to the SPN can be broken down into 
three strategies: (1) serial imaging to detect inter-
val changes in the nodule (“watchful waiting”), 
(2) minimally invasive diagnostic procedures 
(bronchoscopy and transthoracic needle biopsy), 
and (3) surgical excision. The pretest probability 
of the malignant potential of the SPN in addition 
to the patient’s ability to withstand morbidity 
should impact which strategy to be followed  [  3  ] . 

 Computed tomography-guided  fi ne needle 
aspiration (CT-FNA) is a common strategy of tis-
sue procurement, with a pooled sensitivity for 
malignancy of approximately 90 %  [  4,   5  ] . 
However, the procedure is complicated by pneu-
mothorax in up to 30 %, with the need for a chest 
tube in up to 6 %  [  5  ] . Risk factors for pneumotho-
rax include older age, the presence of underlying 
COPD or emphysema, distance from the pleura, 
and smaller lesion size  [  5  ] . Of SPNs that result in 
surgical resection, up to 20 % are subsequently 
found to be benign  [  6  ] . This high rate of nonther-
apeutic thoracotomy may expose patients to 
unnecessary morbidity and mortality. 

 The diagnostic yield of conventional bronchos-
copy has historically been disappointing, with sen-
sitivities for malignancy ranging from 14 to 63 % 
 [  7,   8  ] , with multiple factors affecting yield. These 
factors include nodule size (> or <  2 cm), biopsy 
method, number of biopsies taken, and the pres-
ence of an air bronchus sign  [  9  ] . 

 The addition of radial-probe ultrasound  [  10, 
  11  ]  has improved yield of conventional broncho-
scopic biopsy to about 70 %  [  12  ] . However broad 
application of this technology is highly depen-
dent on operator skill and availability of the tech-
nology. Additionally, its yield drops signi fi cantly 
as the size of the nodule decreases  [  11  ] . The abil-
ity of the probe to articulate with an accessible 
airway is likely related to the nodule size, and as 
such, smaller nodules may be dif fi cult to reach 
with ultrasound guidance alone if a steerable 
catheter is not used. 

 Electromagnetic navigation bronchoscopy 
(ENB) was cleared for use in the United States 
via FDA 510 K in 2004. The basic principles of 

the technology are the use of the CT scan as a 
three-dimensional map and the use of sensors in 
a low-power electromagnetic  fi eld to give posi-
tional information. The addition of catheter steer-
ing capacity and computer feedback of relative 
position functions similarly to global positioning 
system (GPS)-like technology. The locatable 
guide sensor can be removed from the extended 
working channel (EWC) leaving a direct pathway 
to the target through which standard biopsy 
instruments can be passed. There have been sev-
eral studies over time and multiple software and 
hardware evolutions. Studies have been done in a 
number of different clinical environments using 
different biopsy techniques, anesthesia tech-
niques, adjunctive imaging techniques, and dif-
ferent thresholds for error. Despite all these 
differences there is a surprising consistency of 
yield around 70 %. This chapter addresses the 
basics of ENB and the latest version of the tech-
nique as well as a description of the method we 
use at the Cleveland Clinic.  

   System Components 

 The superDimension system is composed of 
both hardware and software components, collec-
tively known as the iLogic ®  system. The system 
is composed of both planning and procedure sta-
tions. The planning station consists of a laptop 
computer. The laptop allows for portability and 
obviates the need to perform planning functions 
on the procedural tower. CT data, in the form of 
DICOM  fi les, can be loaded into the laptop either 
through a CD-ROM or networked directly into 
the computer via an Ethernet (or similar) con-
nection. The procedure station consists of a cen-
tral processing unit (CPU), video screen, location 
ampli fi er, location board, locatable guide, and 
patient sensor triplets. The software used for the 
procedure is composed of planning and proce-
dural/navigation components. The planning 
component of the software is placed on both the 
laptop computer and procedure CPU. The proce-
dural tower CPU contains both planning and 
navigation software elements. Additionally it con-
tains a location ampli fi er that serves to integrate 
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the peripheral system components used during 
the procedure, processing, and sending of naviga-
tion data to the CPU. The location board generates 
a low-frequency electromagnetic  fi eld known as 
the “sensing volume” through which the naviga-
tional procedure takes place and is positioned 
under the patient, typically between the mattress 
and stretcher, and should extend generally from 
the thoracic inlet to the diaphragm (Fig.  6.1 ). 
The sensing volume created by the location board 
is approximately 40 cm × 40 cm in the  x - and 
 y -axes, and 23 cm in the  z -axis, with the  z -axis 
beginning 5 cm above the board. The patient’s 
thoracic space must  fi t in this volume for the 
procedure to occur which can present challenges 
for morbidly obese patients. Patient sensor triplets 
are connected to the patient to assess for patient 
movement and to correct for this during the pro-
cedure. Typically these are placed near the sternal 
notch and along the lower rib cage in a triangular 
fashion. The locatable guide (LG) is a miniatur-
ized sensor that feeds positional data to the CPU. 
Positional data includes  x -,  y -, and  z -coordinates 
in addition to roll, pitch, and yaw; data is deliv-
ered to the CPU 166 times per second. During 
navigation, the LG  fi ts into a catheter known as 
the extended working channel (EWC) (Fig.  6.2a ); 
the EWC allows for steerability. There are two 
iterations of the EWC: the classic EWC with man-
ual 8-direction steerability (achieved through 

struts within the LG device), and the more 
recent Edge catheters that have inherent distal 
curvatures of 45°, 90°, and 180° (Fig.  6.2b ). 

  Fig. 6.1    Electromagnetic location board, placed at the 
head end of the table       

  Fig. 6.2    (a) Extended working channel (EWC) ( blue ) 
through which locatable guide (LG) has been placed. 
Both EWC and LG are navigated to the lesion after the tip 

of the bronchoscope is wedged into the chosen bronchus. 
(b) The edge catheter comes in 45, 90 and 180 degree 
angulations       
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These Edge catheters are designed similar to vas-
cular catheters that use torquability properties to 
facilitate smoother steerability. The distal curves of 
the Edge catheters may also allow for directional 
biopsies if the lesion does not articulate directly 
with the airway.    

   CT Scan Formats 

 The CT scan is the basic map from which all 
ENB can occur. It requires some speci fi c 
con fi guration that has changed over time. Initially 
a CT with 3 mm cuts at 1.5 intervals was the ideal 
used for optimal virtual airway rendering. 
However, since the migration to the new version, 
higher resolution scans are now preferable. The 
interval and slice thickness should have 25–50 % 
overlap and the soft tissue kernel is best to reduce 
CT artifact. We have noted some initial issues 
with some of the dose reduction protocols for los-
ing some of the small airways, but for the initial 
planning and target acquisition these have been 
adequate. Ideal CT acquisition and reconstruc-
tion speci fi cations vary across manufacturers. 
These speci fi cations have been validated by 
superDimension, and are available from them 
upon request.  

   Procedure Planning 

 For the purposes of this chapter, we will be 
describing planning on the most current software 
version, which according to most estimates have 
approximately 90 % market penetration. In the 
past, registration was done manually using regis-
tration points selected during the planning 
process; currently registration is performed auto-
matically in the most current software iteration. It 
is still recommended, however, to prepare for a 
manual registration in case the automatic regis-
tration cannot be achieved. We discuss each reg-
istration technique below; however it will be 
discussed from the standpoint of the most current 
software version at the time of this writing. 
Procedure planning occurs most commonly on a 
freestanding laptop computer with the dedicated 

planning software. The planning process begins 
with the patient’s CT data being uploaded from 
DICOM  fi les to the laptop via a CD-ROM or 
directly off a  picture archiving and communica-
tion system  (PACS). If the CT scan is appropri-
ately con fi gured and in the proper format, each 
image series with its corresponding parameters 
will show up on the import page. The image series 
that conform to the ideal recommended parame-
ters will be identi fi ed by the software; image 
series with acceptable but not ideal parameters 
will also be listed; however there will be a warn-
ing message stating that these images may result 
in suboptimal reconstructions for the procedure. 
The operator will then select the image series to 
be processed. As the images are  processed, the 
software will construct a virtual 3D tracheo-
bronchial tree for the operator to approve. 
Ideally this tree should include a minimum of 
four generations of bronchi. Once the 3D tree is 
approved, the screen will generally show three 
panels of multiplanar CT reconstructions (axial, 
coronal, and sagittal planes) and a fourth panel 
with a virtual airway reconstruction with stan-
dard tool bars for interacting with the software 
and CT data (Fig.  6.3 ).  

 Typically we then next identify registration 
points in case a manual registration needs to be 
performed during the procedure. This is accom-
plished by identifying points on the virtual bron-
choscopy that can be easily identi fi ed during 
bronchoscopy procedure. Typically these points 
include the main carina, the upper, middle, and 
one lower lobe segmental carina on the right; the 
carina separating the left upper and left lower 
lobe; and one segmental left lower lobe bifurca-
tion. These registration points should be spatially 
separated, and should extend into the lower lobes. 
After registration points are selected and marked, 
the target is then identi fi ed, marked, and sized. 
Once the target has been identi fi ed the software 
will generate a tentative pathway to the closest 
central airway to the lesion (Fig.  6.4 ). This will 
be represented as a gray dot on the screen, which 
represents a proposed exit point of the airway to 
the lesion. At this stage we examine this pathway, 
and if validated, we save the pathway. The path-
way may not be able to be validated for several 
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  Fig. 6.3    Computer interphase showing the coronal, axial, and sagittal views of chest computed tomography and the 
virtual bronchoscopy image       

  Fig. 6.4    Automatic pathway to the lesion ( shown as green dot )       
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reasons: the software may not identify distal air-
ways to the lesion; there may be a closer or dif-
ferent airway path to the lesion, among other 
things. If a closer airway or a completely differ-
ent airway is identi fi ed, we can manually place 
intermediate points within this airway, sometimes 
called “bread crumbs,” and con fi rm the new exit 
point by clicking on the gray dot. Once the exit 
point is con fi rmed the pathway then turns purple 
and we can review the pathway in a virtual bron-
choscopic “ fl y through.” At this point additional 
targets may be chosen in a similar fashion. 
Although more than one target can be selected 
given the clinical circumstance, we do not 
approach targets in contralateral lung due to the 
risk of potentially causing bilateral pneumothoraces. 
Once planning is completed, the data is saved 
 fi rst on the laptop, and then can be exported to a 
 fl ash drive for the procedure.  

 Also, there is the potential for planning medi-
astinal biopsies. In this work  fl ow it is important 
to place the virtual camera facing the general 
direction of the mediastinal lymph node we wish 
to biopsy and after target selection, where the 
size of the target center actually is important, we 
can make the airway translucent by changing the 
slide bar to the right of the image. During the pro-
cedure, this image will be available on the navi-
gation screen for directing the approach of the 
needle biopsy.  

   Procedure Registration 

 Once planning is accomplished and the data 
saved, the procedure can be commenced. The 
procedure begins by laying the patient on the pro-
cedure table (or stretcher) which has the location 
board attached to it. The patient should be posi-
tioned so that they are aligned properly with the 
location board, and that their thorax will be con-
tained within the sensing volume. At our institu-
tion, we have a preset position for the board to be 
attached to the stretcher, and the stretcher is also 
marked to allow for proper patient positioning, so 
that patient repositioning during the procedure is 
minimized. Once the patient is positioned, patient 
sensors are placed on the patient to ensure place-

ment within the sensing volume, and to detect 
and correct for patient movement during the pro-
cedure. Typically these sensors are placed on the 
cephalad sternum, and in the midaxillary lines 
bilaterally. For the procedure to commence, all 
connections to the procedure CPU must  fi rst be 
veri fi ed by the software; once this is accom-
plished the operator will move forward with the 
registration procedure.  

   Automatic Registration 

 When the registration component is begun, the 
locatable guide is placed through the working 
channel of the bronchoscope until its tip can be 
seen protruding out of the distal end of the scope. 
The bronchoscope is then advanced through the 
airways starting in the mid-trachea; as the bron-
choscope is advanced through the airways, it is 
placed into each lobar bronchus (to ensure best 
accuracy, the bronchoscope should be advanced 
an equal distance into each lobar bronchus). 
During this process, the LG passively makes 
several hundred position ascertainments as it 
moves through the central airways and matches 
this to the volume of the virtual 3D tracheobron-
chial tree. Once the software has enough data 
points to create an accurate registration, a virtual 
bronchoscopic image (with its panel outlined in 
a green border) will appear on the screen. At this 
point the scope should be withdrawn and placed 
at the main carina, and the virtual bronchoscopic 
image should be manually rotated on the screen 
to match the orientation of the real-time bron-
choscopic image. Once this is performed, the 
operator presses “registration complete” manu-
ally on the screen and navigation procedure can 
be commenced.  

   Manual Registration 

 There are instances where automatic registration 
cannot be completed, or there is concern regard-
ing accuracy of the registration process. If this 
occurs, then a manual registration can be per-
formed. This process is similar to the original 
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registration process required in prior software 
versions. In this technique, the LG is placed seri-
ally upon preset registration points identi fi ed and 
saved during the planning process (see above). 
Each point’s coordinate within the sensing vol-
ume will be correlated with the preset point in the 
CT volume. This process should include at least 
 fi ve registration points, with one of the points 
being the main carina, and two of the points being 
in each lower lobe bronchi. The effect should be 
to create a triangle that extends out from the main 
carina. Because this is not a dynamic process, the 
registration algorithm will incur variable CT to 
body error also known as average  fi ducial target 
registration error (AFTRE), and will be reported 
by the software once registration is completed. If 
the AFTRE score is acceptable (<5 mm), the 
operator will accept the registration and move on 
to the navigation phase of the procedure. If the 
AFTRE score is not acceptable, the manual regis-
tration process can be restarted. 

 The AFTRE is the average of the sum of all 
the variances between the observed and expected 
distances between each of the registration points 
in the virtual patient compared to those mea-
sured in the actual patient. The end result is a 
value in millimeters that represents a sphere of 
uncertainty about the location of tip of the probe 
in the actual patient and the location in the vir-
tual patient. Beyond that sphere there is poten-
tial of two other kinds of error. Translational 
error is the possibility that all the registration 
points are systematically moved in the same 
direction so that the error and its correction may 
be a matter of a linear adjustment. There is also 
the potential for rotational error where there 
may be asymmetric error: anteriorly on one side 
and posteriorly on the other. In this case there is 
a magnifying effect and the error increases as 
one moves away from the mediastinum and the 
central airways. The last kind of error is the 
inability to account for the complexity of lung 
movement. Although there is a tracking mecha-
nism for anterior and subtle other movements of 
the thorax, these do not account for diaphragm 
excursion. This is particularly troubling in indi-
viduals with normal lung function where a 
breath hold CT and a CT at functional residual 

capacity (FRC) may vary with as much as 5 cm 
of diaphragm movement in the cephalad direc-
tion but also may slide forward or backward as 
the lesion slides in the lung over the diaphragm. 
Adjusting and recognizing error are relatively 
simple when there is a signi fi cant translational 
error that one can check at the end of registra-
tion making sure that the probe is not signi fi cantly 
different in location in the virtual and actual 
endobronchial images. The impact of error on 
yield was noted by Makris and colleagues where 
a CT–body error of <4 mm was associated with 
higher diagnostic yield  [  13  ] .  

   Difference in Registration Processes 

 The release of iLogic ®  introduced the automatic 
registration process, which has several advantages 
over manual registration. The automatic registra-
tion process is dependent on the availability of a 
good virtual bronchoscopic image and the balance 
of the airway survey. Unlike manual registration, 
automatic registration does not require the manual 
planning and acquisition of prede fi ned anatomical 
landmarks in the tracheobronchial tree. In auto-
matic registration, instead of individually regis-
tering each point the LG passively makes several 
hundred-position ascertainments as it moves 
through the central airways and matches this to 
the volume of the virtual 3D tracheobronchial 
tree. In automatic registration an actual measure 
of error is not reported but according to the manu-
facturer, it is in between 3 and 4 mm or it will not 
register, thus ensuring that a procedure will not 
commence without an accurate registration.  

   Anesthesia Techniques 

 Anesthesia for ENB is not uniform in any pub-
lished data. The earliest trials in Europe were 
performed under general anesthesia with rigid 
bronchoscopy as is typical of those clinics  [  14,   15  ] . 
In the  fi rst US trial and our center, all procedures 
were done under conscious sedation using mor-
phine and midazolam and lidocaine sedation and 
analgesia  [  16  ] . Other centers have tried alternative 
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techniques including nitrous oxide  [  17  ] . Although 
not speci fi cally compared, there is no signi fi cant 
difference in yields or complications in centers 
that use one particular type of anesthesia versus 
another, with potential bene fi ts and risks on both 
sides. It is theoretically possible to have an 
increased risk of pneumothorax while on positive 
pressure ventilation during transbronchial biop-
sies; conversely, the patient is likely to cough 
unexpectedly during transbronchial biopsies if 
only under moderate sedation. Also, there is a 
potential for change in the severity of the planned 
versus actual lung of individuals under sedation. 
The CT scan obtained for procedure planning is 
typically performed with a deep inspiratory breath 
hold where as under sedation the patients breathe 
close to functional residual capacity with small 
tidal volumes. In patients with normal lung func-
tion there may be signi fi cant difference in thoracic 
volume and movement of the diaphragms such 
that lower lung lesions may be much more mobile 
than upper lobe lesions. In individuals with severe 
obstructive lung disease and emphysema this 
movement is minimized. During general anesthe-
sia it is possible to instill a large breath and to 
mimic the CT scan. It may be dif fi cult to repro-
duce this mechanism with the patient under mod-
erate sedation. Overall, choice of anesthesia still 
depends on the center as it has not been shown 
that differences in anesthesia techniques are asso-
ciated with different outcomes or complications.  

   Fluoroscopy Versus No Fluoroscopy 

 In the user’s manuals, the use of biplane 
 fl uoroscopy is recommended during the perfor-
mance of ENB. We have found single-plane 
 fl uoroscopy to be useful in our center. Most 
European centers published data speci fi cally not 
using  fl uoroscopy, and these show very similar 
yields and complications. It is our experience 
that using  fl uoroscopy is helpful identifying how 
and if the EWC becomes displaced during biopsy 
procedures because the instrument passing 
through the working channel has varying charac-
teristics of stiffness and trackability, which may 
increase the possibility of a non-diagnostic 

biopsy. If  fl uoroscopy is going to be used, it is 
important to know that the  fl uoroscope cannot be 
in position during registration and navigation 
since the c-arm itself may represent a form of 
ferromagnetic interference with the location 
board. Only after navigation is completed should 
the  fl uoroscopy unit be brought into the  fi eld to 
localize the lesion relative to the working chan-
nel and probe.  

   Adjunctive Imaging 

 There has been a good deal of interest in using 
radial probe endobronchial ultrasound (R-EBUS) 
as a real-time imaging technique that can con fi rm 
accurate navigation. R-EBUS has an advantage 
over  fl uoroscopy in that it does not depend on 
planar images, and that it can detect small lesions 
that cannot be seen on  fl uoroscopy. In a prospec-
tive randomized trial there was a bene fi t of using 
both R-EBUS and EMB together with 88 % yield 
 [  18  ]  but in subsequent trials by the same group 
the combined yield was 75 %  [  19  ] . Furthermore, 
it is estimated that fewer than 5 % of centers with 
superDimension systems in the United States 
have R-EBUS availability. Despite this, R-EBUS 
is used routinely at our institution to assess for 
navigational success. Additionally, with the use 
of the curved Edge catheters, R-EBUS can aid in 
obtaining the ideal catheter orientation for biopsy 
(by torquing the catheter until the image shows 
the lesion in greatest dimension), especially in 
those lesions which do not articulate directly with 
the airway (i.e., those lesions without an air bron-
chus sign).  

   Navigation and Tissue Acquisition 

 The bronchoscope is wedged into the subsegment 
leading to the target lesion. The EWC and LG are 
then slowly advanced toward the lesion. The 
objective during navigation is to steer and 
advance the LG along the pathway (purple line in 
Fig  6.5 ) generated on virtual bronchoscopy 
images to the target. The LG can either be steered 
with the directional instrument in the old system 
or now directed with rotation of the Edge catheter 
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along the pathway. The lesion is represented as a 
green sphere. The lesion is represented as a green 
sphere on all of the system viewports (Fig.  6.5 ). 
As the distal LG gets closer to the lesion, the 
green dot continues to get larger in a relative 
fashion. Once the LG reaches the desired loca-
tion close to the target, the EWC or edge catheter 
is fi xed at the proximal end of the biopsy channel 
of the bronchoscope by a locking mechanism and 
the LG is withdrawn. Fluoroscopy can be per-
formed to view the LG in the desired location 
before its removal. Bronchoscopic accessories 
such as a biopsy forceps, transbronchial aspira-
tion needle, and endobronchial brush can be 
inserted via the EWC to obtain a tissue specimen. 
An endobronchial ultrasound probe can also be 
inserted for additional location con fi rmation. The 
EWC can accommodate all standard broncho-
scopic biopsy tools. There is some dif fi culty 
advancing standard Wang needles if the bend in the 
EWC is toward the upper lobes or in the superior 
segment of the lower lobes due to the angulation. 
Several centers have reported yields based on 
TBBx alone while others have used a variety of 

tools such as cytology brushes, cytology needles, 
transbronchial biopsy forceps, needle-brush, and 
cytology aspirates. There is clearly no best instru-
ment but they are complementary in that in some 
cases one instrument yields a diagnosis while 
others are negative and a different combination in 
different cases. It has been our protocol to obtain 
as many types of specimens as possible. There 
has been one paper looking at the yield of a cath-
eter aspiration vs. transbronchial biopsy. There is 
a clear bene fi t to the catheter aspiration even in 
cases where there is a 50 % yield even in the 
absence of identi fi able EBUS images  [  19  ] .  

  Diagnostic Yield . There is a very large amount of 
variation in several factors of the technique that 
may have an effect on yield and yet there is a sur-
prising similarity across centers. A recent meta-
analysis pooled yield prior to 2010 was 70 % 
 [  12  ] . There is a trend toward higher yields in 
more recent literature that may have to do with 
the various technical upgrades, changes in biopsy 
tools, and better patient selection with a positive 
bronchus sign  [  9  ] . Table  6.1  summarizes the 

  Fig. 6.5    The 6 panel navigation view using the edge 
catheter has the multiplanar CT views but also options for 
maximum intensive projection MIP (bottom center) and a 

dynamic airway view top right as well and the standard 
target window noting distance to lesion center with a 
graphic view of lesion relation to probe tip       
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results of studies addressing the diagnostic role 
of ENB in patients with peripheral pulmonary 
nodules.   

   Use of ENB in Therapeutic 
Interventions 

 ENB is becoming increasingly popular in bron-
choscopic placement of  fi ducial markers prior to 
stereotactic radiosurgery or cyberknife treatment. 
This treatment option is generally reserved for 
patients who have a localized lung cancer but are 
medically un fi t to undergo lung tumor resection 
 [  28  ] . With this technology, the tumor is exposed 
to a more concentrated doses of radiation while 
sparing the surrounding structures, thereby reduc-
ing the risk of collateral radiation-induced dam-
age. For an exact tumor ablation, cyberknife 
requires  fi ducial marker placement in and close to 
the tumor. Traditional method of placing  fi ducials 
via transthoracic route under CT guidance is 
associated with high risks of pneumothorax. For 
example, in one series 47 % of patients developed 
pneumothorax and required chest tube drainage 
after transthoracic placement of  fi ducial markers 
 [  29  ] . The risk of pneumothorax is signi fi cantly 
lower when  fi ducials are placed via broncho-
scopic route. However, bronchoscopic placement 
of  fi ducials requires a navigation tool for accurate 
localization of peripheral tumors  [  30  ] . Several 
studies have attested to the feasibility of using 
ENB to facilitate accurate placement of  fi ducials. 
In one study, a total of 39  fi ducial markers were 
deployed in 8 of 9 patients using ENB guidance 
without any signi fi cant complications  [  31 ,  32  ] . In 
another study,  fi ducials were placed in 15 patients 
via transthoracic route and in 8 patients via trans-
bronchial route with ENB guidance. Pneumothorax 
developed in 8 of 15 patients who had  fi ducials 
placed via transthoracic route, 6 of which required 
chest tube drainage. No pneumothorax developed 
in patients who had  fi ducial markers placed via 
ENB-guided bronchoscopy  [  33  ] . 

 There is a potential for bronchoscopically 
deployed  fi ducials to dislodge from their original 
location. Linear gold  fi ducial markers have a 
smooth surface and have been reported to 

 dislodge in 10–30 % of cases when placed using 
ENB guidance  [  32,   34  ] . Better results have been 
reported with the use of coil-spring  fi ducial 
markers in nonoperative lung cancer patients 
undergoing cyberknife treatment  [  35  ] . In one 
study, a total of 52 consecutive patients under-
went  fi ducial marker placement using ENB. Of 
these, 4 patients received 17 linear  fi ducial mark-
ers and 49 patients with 56 tumors received 217 
coil-spring  fi ducial markers. At cyberknife plan-
ning, 215 (99 %) of 217 coil-spring  fi ducial 
markers were still in place whereas only 8 (47 %) 
of 17 linear  fi ducial markers remained in their 
original location ( P  = 0.0001). Two of the four 
patients who had initially received linear  fi ducial 
markers required additional  fi ducial placements 
while none of the patients with coil  fi ducial 
markers required additional procedures. 
Pneumothorax developed in 3 (5.8 %) study 
patients. These results suggest that coil-spring 
markers may be more suitable for bronchoscopic 
placement under ENB guidance than the linear 
gold  fi ducial markers. 

 ENB has also been used to place  fi ducial 
markers in sub-pleural location in vicinity of 
small pulmonary nodules, which can be helpful 
in locating non-visible and non-palpable lesions 
during video-assisted thoracoscopic surgery  [  36  ] . 

 In recent years, interstitial brachytherapy has 
been explored as one of the therapeutic options for 
localized but inoperable lung cancer. In one study, 
use of ENB was described to facilitate brachyther-
apy for treatment of a medically inoperable 
peripheral non-small-cell lung cancer patient  [  37  ] . 
The investigators  fi rst localized the right upper 
lobe tumor using ENB guidance. After successful 
localization of the lesion, EBUS was performed 
and a brachytherapy catheter was placed directly 
within the tumor. A repeat EBUS and CT after the 
application of high-dose-rate brachytherapy dem-
onstrated a partial while histology showed a com-
plete remission of the tumor. Similarly, with the 
ENB and EBUS guidance, Becker and associates 
treated 18 inoperable peripheral lung cancer 
patients with interstitial brachytherapy. A com-
plete remission was achieved in 9 of 18 patients 
(50 %), and the majority of the remaining patients 
achieved a partial remission  [  38  ] .  
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   Complications 

 Pneumothorax is the most common complication 
of ENB with an incidence of 0–10 % in different 
studies (Table  6.1 ). No study has speci fi cally 
addressed the factors associated with increased 
risk of pneumothorax after ENB procedure. In 
theory, the rate of pneumothorax could be affected 
by AFTRE because an error of even a few milli-
meters could be crucial in the small peripherally 
located or sub-pleural lesions. This is especially 
true if the  fl uoroscopic guidance is not employed 
during the procedure. 

 Self-limiting bleeding may be encountered in 
some cases  [  15,   22  ] . Possibly, the presence of 
EWC is helpful in controlling the bleeding by 
allowing the scope to remain wedged at the 
 subsegmental bronchus throughout the process 
 [  16,   18  ] . In a single case, repeated insertion 
and removal of biopsy forceps perforated the 
EWC  [  14  ] .  

   Limitations 

 Despite an elegant navigational software and 
locatable guide system, the diagnostic yield of 
this technique has remained in the range of 70 %. 
There are several explanations for inability to 
achieve a higher diagnostic yield. First, there is 
always some difference in CT-based virtual and 
actual patient anatomy. Second, the biopsy in this 
technique is not performed under a real-time 
guidance. This is especially true when  fl uoroscopy 
is not used. Third, the respiratory movements 
tend to hinder the biopsy procedure, especially 
from lower lobes. Four, some areas of lung are 
simply dif fi cult to reach with the  fl exible bron-
choscope and the navigational catheter. Finally, 
there is always a possibility that EWC is dis-
lodged from its primary site during the sampling 
of the tissue. The bronchoscopist must be vigilant 
for this possibility and if suspected, repeat the 
navigational stage of the procedure. 

 Another important issue relates to the learning 
curve of the technique. Successful application of 
this technique requires a well-trained team of 

bronchoscopist and bronchoscopy assistants. The 
procedure is relatively complicated and requires 
a careful pre-procedural planning. Still, some 
studies have reported a very steep learning curve 
 [  13  ] . It is unclear as to how many procedures are 
needed before a bronchoscopist can be consid-
ered pro fi cient in the technique. In this regard, it 
is encouraging to note that this technique has 
been used successfully in community hospital 
setting with minimal formal training  [  22,   27  ] . 
Clearly, it is important to have training and mas-
tery in basic bronchoscopy skills before ENB is 
adopted in bronchoscopy practice. As a matter of 
common sense, the diagnostic yield is likely to 
improve as the bronchoscopists gain more 
experience in the technique. 

 Another issue relates to the total duration of 
procedure when ENB is used for obtaining speci-
men from peripheral pulmonary nodule. As shown 
in Table  6.1 , the average duration of bronchos-
copy has varied from 25 to 70 min. Most studies 
do not explicitly report additional time required 
during the planning phase, but with experience, it 
can be achieved in less than 10 min. 

 The presence of pacemakers and automatic 
implanted cardiac de fi brillators (AICD) is con-
sidered a relative contraindication to the use of 
ENB due to potential risk of malfunction under 
the magnetic  fi eld that is used during the proce-
dure. In a recent study, ENB was performed in 24 
subjects with a pacemaker and AICD, with car-
diac electrophysiologist in attendance during the 
procedure  [  38  ] . None of the patients experienced 
cardiac arrhythmia or pacemaker dysfunction 
during the procedure. The authors concluded that 
ENB is safe when performed in patients with 
pacemakers and AICDs. Notwithstanding, 
extreme caution is warranted in these cases, and 
we believe that further studies are needed to inde-
pendently validate these results. 

 Finally, and most importantly, EBN is an expen-
sive technique. The initial setup requires a sub-
stantial investment. The locatable guide and EWC 
are disposable and add very signi fi cantly to the 
cost of an individual procedure. As such, the pro-
cedure is not adequately reimbursed by the third-
party payers. The cost is further increased if the 
procedure is performed under general anesthesia, 
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and if multi-modality approach using radial probe 
EBUS in addition to ENB is used to optimize the 
diagnostic yield. Routine addition of ROSE 
comes with its own price tag. Clearly, the cost of 
the procedure is prohibitive for resource-limited 
areas.  

   Conclusion 

 ENB is one more modality of the new class of 
advanced diagnostic bronchoscopy techniques 
designed for improving accuracy in diagnosing 
peripheral lung lesions. This and the other 
 procedures are now considered standard of care 
in our institution for individuals with high risk 
for CT-FNA or those for whom a biopsy is desir-
able for those inoperable patients. Over time the 
yield of ENB in the published literature contin-
ues to increase in part due to patient selection 
(i.e., presence of a bronchus sign) and possibly 
related to availability of the newer generation of 
software and the better design of the locatable 
guide. Exciting new developments are also tak-
ing place in the application of ENB to facilitate 
advanced nonsurgical therapies for patients with 
localized lung cancers who cannot undergo cura-
tive resection. We believe that innovation in this 
area will continue to advance the diagnostic and 
therapeutic uses of ENB.      
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  Abstract 

 Transbronchial biopsy (TBBx) for peripheral pulmonary lesions (PPLs) is 
associated with fewer complications than percutaneous biopsy. However, 
the diagnostic yield using TBBx can be inadequate, and depends on the 
operator’s skill. Virtual bronchoscopic navigation (VBN) is a method in 
which a bronchoscope is guided using virtual bronchoscopy (VB) images 
on the bronchial route to a peripheral lesion. A system that allows auto-
matic search for the route to the target, production of VB images, and 
matched display with real images has been developed. This system is used 
for diagnosis of peripheral lesions, marker placement for surgery or radio-
therapy, and education and training. VBN is used in combination with 
CT-guided ultrathin bronchoscopy, endobronchial ultrasonography with a 
guide-sheath (EBUS-GS), and bronchoscopy with or without X-ray 
 fl uoroscopy. Based on prospective studies, the diagnostic yield is 74 % for 
all PPLs and 68 % for lesions £2 cm. In a recent randomized study, use of 
VBN in association with EBUS-GS increased the diagnostic yield for 
 £ 3 cm lesions from 67 to 80 %, and shortened the total examination time. 
A meta-analysis has also revealed the usefulness of VBN. There are many 
advantages of VBN. Even beginners can readily use this technique for 
peripheral lesions, and a high diagnostic rate can be obtained. To increase 
the diagnostic yield using VBN, it is important to clarify the relationship 
between the lesion and extracted bronchi, select appropriate broncho-
scopic techniques, and combine them with VBN. CT should be performed 
under appropriate conditions. VBN is a useful method to support bron-
choscopy; wider use and further development of this system are 
expected.  

      Practical Application of Virtual 
Bronchoscopic Navigation       

     Fumihiro   Asano           
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  Abbreviations  

  EBUS    Endobronchial ultrasonography   
  EBUS-GS     Endobronchial ultrasonography 

with a guide-sheath   
  EMN    Electromagnetic navigation   
  PPL    Peripheral pulmonary lesion   
  TBBx    Transbronchial biopsy   
  VB    Virtual bronchoscopy   
  VBN    Virtual bronchoscopic navigation         

   Introduction    

 Peripheral pulmonary lesion (PPL) is a common 
 fi nding on chest computed tomography (CT). 
Due to the widespread use of CT in clinical prac-
tice, it is common to encounter small PPL as an 
incidental  fi nding  [  1  ] . Based on the results of the 
National Lung Screening Trial (NLST), many 
physicians are expected to adopt lung cancer 
screening using CT in their clinical practice  [  2  ] . 
The majority of lung nodules detected on CT 
have a benign etiology. The challenge is to detect 
lung cancer at an early stage among these small 
peripheral lesions. This is a dif fi cult task. 
Pathological con fi rmation is essential for diagno-
sis of lung cancer. The options for collecting speci-
men from the lung nodules include surgical biopsy, 
percutaneous needle biopsy, and transbronchial 
biopsy (TBBx)  [  3  ] . Although surgical biopsy is 
most accurate, it is also the most invasive method. 
Since most of PPLs detected incidentally or on 
screening are benign and do not require resection, 
it is unacceptable to subject all of these patients to 
a major thoracic surgery with its attendant cost and 
complications. The American College of Chest 
Physicians (ACCP) guidelines recommend percu-
taneous needle biopsy as a preferred diagnostic 

method for small lesions, which has a sensitivity 
of 90 % and a speci fi city of 97 %  [  4  ] . However, 
the diagnostic sensitivity of percutaneous needle 
biopsy differs according to whether CT is used, 
the lesion size, and whether the lesion is malig-
nant or benign  [  4  ] . In addition, the incidence of 
complications is high; pneumothorax develops in 
21 %, and hemoptysis in 5 %  [  5  ] . In Japan, 
Tomiyama et al. investigated 9,783 CT-guided 
needle biopsy cases in 124 institutions, and 
reported a mortality rate of 0.07 %, severe com-
plication (tension pneumothorax, hemopneu-
mothorax, air embolism, and dissemination) rate 
of 0.75 %, and pneumothorax rate of 35 %  [  6  ] . 
TBBx has a better safety pro fi le. According to a 
survey by the Japanese Society for Respiratory 
Endoscopy that included 37,485 cases, TBBx 
was associated with a mortality rate of 0.003 % 
and an overall complication rate of 1.79 % (bleed-
ing, 0.73 %; pneumothorax, 0.63 %)  [  7  ] . Even 
though these investigations are not directly com-
parable, these studies were performed under sim-
ilar conditions and on similar patient population 
in Japan and their results suggest that TBBx has a 
better safety pro fi le than CT-guided percutaneous 
biopsy. However, the diagnostic yield of standard 
bronchoscopy for peripheral lesions is inade-
quate. According to the evidence-based review 
published by ACCP, the diagnostic yield of TBBx 
was 78 % for all lesions and 34 % for lesions 
 £ 2 cm  [  4  ] . Therefore, the ACCP guidelines do 
not recommend bronchoscopic examination for 
these lesions. In bronchoscopic diagnosis of 
peripheral solitary lesions, the major lesion-asso-
ciated factors that affect the diagnostic yield are 
size  [  8,   9  ] , location  [  8  ] , presence or absence of 
involved bronchi  [  10  ] , and whether the disease is 
benign or malignant  [  9  ] . The major operator-
associated factors that affect the yield are the 
operator’s skills and experience  [  11  ] . At present, 

  Keywords 
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•  Navigation system  •  Peripheral pulmonary lesions  •  Transbronchial 
biopsy  •  Ultrathin bronchoscope  •  Virtual bronchoscopy  •  Virtual broncho-
scopic navigation  



1237 Practical Application of Virtual Bronchoscopic Navigation

PPLs are approached using a bronchoscope with 
an external diameter of about 5–6 mm under 
X-ray  fl uoroscopy guidance. A major problem 
that limits the usefulness of TBBx in these 
patients is the dif fi culty in guiding the broncho-
scope and biopsy instruments toward the lesion. 
To reach peripheral lesions, correct guidance of 
the bronchoscope and biopsy instruments through 
the bronchi is needed as the instruments must 
pass through many bronchial branching sites. For 
this, bronchoscopists generally select the bron-
chial path toward the lesion during the examina-
tion by mentally reconstructing the bronchial 
arrangement in three dimensions using two-
dimensional (2D) planar axial CT data obtained 
before procedure. Unfortunately, as expected, 
this method often proves inaccurate  [  12  ]  and is 
not applicable to more peripheral bronchi that 
cannot be traced on CT and can only be observed 
directly using a thin or an ultrathin bronchoscope. 
Therefore, there is a need for an accurate naviga-
tion method that can be used to approach periph-
eral lesions with a greater degree of accuracy. 

 Virtual bronchoscopy (VB) is a method that 
can produce images from three-dimensional (3D) 
helical CT data that simulate real bronchoscopic 
images  [  13  ] . This method is noninvasive, and has 
been used for evaluation and treatment planning 
of central airway stenosis  [  14,   15  ] , but not for 
PPLs. Virtual bronchoscopic navigation (VBN) 
is a technique that is designed to guide the bron-
choscopist to peripheral lesions on the basis of 
VB images of the bronchial tree  [  16  ] . Under 
direct visualization of the bronchial path to the 
lesion displayed on the VB images, this technique 
allows the bronchoscope to be readily guided to 
the target in a short time, irrespective of the bron-
choscopist’s skill level. In addition, the systems 
that automatically searches for the bronchial 
route to the target when the target is set, produces 
VB images on the route, and displays VB images 
matched with real images, have been developed 
and clinically    applied  [  17,   18  ] . VBN has been 
used in conjunction with CT-guided ultrathin 
bronchoscopy and endobronchial ultrasonogra-
phy with a guide-sheath (EBUS-GS), and excel-
lent results have been reported  [  17–  22  ] . A 
randomized study has shown improvement in the 

diagnostic yield and decreases in the broncho-
scope guidance time and total examination time 
using VBN with EBUS-GS  [  23  ] . Likewise, a 
meta-analysis of previous studies has also shown 
the usefulness of VBN  [  24  ] . In this chapter, the 
scienti fi c basis, clinical applications, clinical 
results, procedures, measures that can be taken to 
improve diagnostic yield, and limitations of VBN 
are discussed.  

   Scienti fi c Basis 

   Virtual Bronchoscopy 

 Helical CT provides continuous 3D volumetric 
data. There are various 3D display methods for 
these data. VB is a method for 3D display of images 
of the bronchi and bronchial lumen, and simulates 
the live view of an actual bronchoscopy  [  13  ] . 

 VB images re fl ect real anatomical  fi ndings 
 [  25  ] , and may provide useful information for 
bronchoscope guidance such as the branching 
patterns as observed from the bronchial lumen. 
This information includes the shapes of the bron-
chial ori fi ces, sizes of bronchi at the branching 
sites, branching angles, and the bronchial arrange-
ment after branching. 

 VB has several advantages. (1) Unlike actual 
bronchoscopy, VB is noninvasive. (2) Since 
observation from any viewpoint or direction is 
possible, thin bronchi and bronchi distal to steno-
sis that cannot be evaluated with a real broncho-
scope can be observed on virtual bronchoscopy. 
(3) Semitransparent display of bronchial wall 
allows visualization of structures beyond the 
bronchial wall. (4) The length, area, and volume 
of the bronchi can be accurately measured. The 
disadvantages of VB are as follows. (1) The reso-
lution of VB images depends on the CT images. 
(2) Subtle changes in mucosal lining cannot be 
detected with VB images. (3) Specimen for tissue 
diagnosis cannot be collected. 

 VB has been used for evaluation of airway 
stenosis  [  14,   15  ] , and for planning of interven-
tional procedures such as stent insertion  [  26  ] , 
detection of foreign matters in the airway  [  27  ] , 
and bronchoscopy training  [  28,   29  ] . However, 
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VB had not previously been used for peripheral 
lesions because of dif fi culty in producing VB 
images of peripheral bronchi. This limitation was 
not only due to the performance of CT but also 
due to nonavailability of thin or ultrathin bron-
choscopes that could be advanced into peripheral 
areas. Recently, multi-detector CT has allowed 
high-speed detailed scanning of the chest region 
during a single breath-hold, removing the arti-
facts due to respiration and cardiac motion and 
improving temporal and spatial resolution. Using 
data from multi-detector CT, it is now feasible to 
construct bronchial path to the peripheral lesion 
in majority of cases.  

   Ultrathin Bronchoscope 

 In recent years, bronchoscopes have become 
thinner. In particular, ultrathin bronchoscopes 
can be advanced into more distal bronchi under 
direct observation  [  30  ] . An ultrathin broncho-
scope with an external diameter of 2.8 mm and 
forceps channel of 1.2 mm that allows biopsy 
procedure is also commercially available  [  31  ] . 
Ultrathin bronchoscopes are useful for diagnosis 
of PPLs because they can be advanced to close to 
the lesion, thereby facilitating guidance of biopsy 
instruments with greater accuracy  [  32  ] . Lesions 
such as those on the mediastinal side of the lung 
apex that are dif fi cult to reach using conventional 
bronchoscopes can also be reached using the 
ultrathin bronchoscopes  [  33  ] . A survey in 2010 
reported the use of ultrathin bronchoscopes in 
44 % of board-certi fi cated institutions of the 
Japanese Society for Respiratory Endoscopy.   

   Virtual Bronchoscopy Navigation 

 Virtual bronchoscopy navigation is a more 
advanced clinical application of VB for periph-
eral lesions. In this technique, VB images of the 
bronchial path to the lesion are produced and dis-
played simultaneously with the corresponding 
real bronchoscopic images, helping the operator 
to navigate the bronchoscope to the chosen tar-
get. We reported our initial experience in 2002 

 [  16  ] . In this report, VB images were produced to 
the tenth-generation bronchi delineating the 
bronchial path to the target. VB images were dis-
played simultaneously with real images, and an 
ultrathin bronchoscope was advanced to sites 
close to the lesion according to the path  [  16  ] . In 
the studies from Japan, including this study, the 
Japanese nomenclature of bronchial branches has 
been used. According to this system, all subseg-
mental bronchi are regarded as third-generation 
bronchi, and the bronchial generation is calcu-
lated by adding a number for each subsequent 
branch  [  34  ] . Therefore, caution is necessary when 
studies from Japan are compared with those from 
western countries. 

 VB can be performed using software provided 
with the CT system in each institution, but there 
are some cautionary items when it is clinically 
used as VBN. There are surface rendering and 
volume rendering VB methods. In the production 
of VB images, determination of the threshold is 
important. The border between the air within the 
bronchus and the bronchial wall is determined by 
selecting the threshold. This is important because 
the VB images are altered with change in the 
threshold. As a result, sometimes the operator 
may receive inaccurate information because some 
branches are missed, while holes that resemble 
opening of a branch in the absence of an actual 
branch may form on some VB images, particu-
larly those from peripheral airways  [  15,   35  ] . 
Whenever there is a difference in the number of 
branches on the route between the VB and real 
images, the bronchoscope might be guided to an 
incorrect site. When a virtual bronchoscope is 
advanced toward a lesion using  fl y-through dis-
play, it is important to produce the correct VB 
images that re fl ect each branching. It is also pru-
dent that the presence or the absence of branch-
ing is con fi rmed on axial, sagittal, or coronal 
images. The other cautionary item is related to 
rotation of images at the time of bronchoscopy. 
Unlike VB that can be manipulated in several dif-
ferent ways, the bronchoscope tip can only be 
moved up and down, and therefore, appropriate 
rotation is always necessary at the time of 
advancement. When the bronchoscope is rotated, 
real images shift from previously produced VB 
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images. Since bifurcation into two bronchi is 
frequently observed in the peripheral area, rota-
tion of  ³ 90° causes considerable dif fi culty in 
determining the bronchus into which the bron-
choscope should be advanced to reach target. This 
bifurcation pattern is repeatedly observed on the 
route. Therefore, correction of VB image is fre-
quently necessary to achieve consistency between 
VB and real images at each branching site in order 
to avoid taking an incorrect bronchial route.  

   VBN System 

 VBN using conventional VB software has two 
serious problems. First, the production of VB 
images on the route while a virtual bronchoscope 
is advanced to the target using  fl ight-through dis-
play is time-consuming, and requires skill to 
select the threshold. Second, rotation cannot be 
accommodated, which introduces inaccuracies as 
discussed above. To overcome these problems, 
we developed a navigation system that allows 
automatic production of VB images in the bron-
chial path (called automatic VB image production 
function)  [  18  ]  and displays VB images in com-
parison with real images (called navigation func-
tion)  [  17  ] . This system became commercially 
available as Bf-NAVI ®  (Cybernet systems, Tokyo, 
Japan) in Japan in 2008, and was used in 12 % of 
board-certi fi ed and -related institutions in Japan 
in    2010. In the United States, LungPoint ®  
(Bronchus Technologies, Inc., CA, USA) has 
been commercially available since 2009, and sub-
sequently began to be covered by health insurance 
as a type of navigational bronchoscopy  [  36  ] . 

 The navigation system has two important 
functions. First is VB image production and pro-
vision of information, called the editor or plan-
ning function. Both Bf-NAVI ®  and LungPoint ®  
systems automatically select the route and pro-
duce VB images, but LungPoint ®  searches for the 
route only after setting the target at the lesion, 
and therefore, can be more readily used. 
Composite display of three cross-sectional CT 
images (axial, sagittal, and coronal images) and 
the bronchial tree is also possible  [  37  ] . Using 
Bf-NAVI, the end point other than the target 

should be set. When the end point is set, the 
bronchial lumens that are automatically extracted 
are displayed in blue on the three cross-sectional 
CT images, and extraction of the bronchi can be 
con fi rmed. Since bronchi that have not yet been 
extracted are not visualized on VB images and 
their branches are also not displayed, accurate 
navigation cannot be performed. Therefore, 
con fi rmation of extracted bronchi is a very impor-
tant prerequisite for increasing navigation accu-
racy. In addition, using Bf-NAVI, when there are 
bronchi that are not automatically extracted (such 
as peripheral bronchi near the lesion or bronchi 
peripheral to stenosis), the bronchi can be manu-
ally extracted. In this way, the end point can be 
established as a pinpoint in the extracted bron-
chus near the lesion. Such establishment of the 
end point seems to be complicated, but using this 
procedure, the route to a site near the lesion can 
be accurately displayed. If the end point is estab-
lished in a range that overlaps with the target, but 
has a longer radius than the target, Bf-NAVI (as 
with LungPoint) automatically searches for 
extracted bronchi in the end of the range. This is 
done in the order of increasing distance to the 
lesion, and displays multiple routes. Although 
VB images are produced prior to bronchoscopy, 
image production time depends on the quantity 
of CT data and the speci fi cation of the processing 
computer. 

 The other important function of VBN systems 
is the navigation function, also called the viewer 
or procedure function. The navigation function 
can be manual or automatic. Manual navigation 
systems display VB images at each branching 
site, and show the appropriate bronchus for bron-
choscope advancement on the route to the lesion 
as reference images. The operator advances the 
bronchoscope by manually matching VB images 
with real images. When VB images matched with 
real bronchoscopic images are displayed, the 
bronchoscope tip is displayed in the bronchial 
tree and corresponding CT images. Bf-NAVI is a 
representative manual navigation system. 
Automatic navigation systems automatically 
acquire information on the position of the bron-
choscope tip, and display the real-time position 
of the bronchoscope on CT images. For automatic 
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tracking of the bronchoscope, tracking of posi-
tion information on the bronchoscope tip needs 
to be performed by a reliable method. At present, 
there are two position information tracking meth-
ods: image registration  [  38–  41  ]  and magnetic 
position sensors  [  42  ] . The image registration 
method predicts bronchoscope motion based on 
similarity between real and virtual images. A VB 
image that is the most similar to the real image is 
automatically selected by pattern recognition. 
Based on information on the viewpoint and view 
direction of the VB image, bronchoscope motion 
is predicted and the bronchoscope is tracked. 
LungPoint has this function. Information on VB 
images such as the route and distance to the target 
lesion, bronchial names, and major blood vessels 
outside the bronchi can be superimposed on the 
live bronchoscopic view captured in the system. 
This method is more straightforward and accu-
rate than the magnetic sensor method described 
below. However, matching of VB images with 
the real images requires time due to the computer 
processing, and the bronchoscope needs to be 
manipulated considerably slowly. In addition, 
when the bronchial lumen becomes invisible due 
to conditions such as coughing, tracking is inter-
rupted, and there are still many other problems 
that require improvement. An option of manual 
navigation is also available in these systems. The 
magnetic sensors provide position information 
using a magnetic sensor incorporated into the 
bronchoscope tip or a specially designed bron-
choscopic accessory. Concretely, multiple land-
marks established on VB images are directly 
touched during actual bronchoscopy using a 
magnetic sensor, information is acquired, and the 
position information from the magnetic sensor is 
superimposed on the CT information. This 
enables real-time display of the position of the 
bronchoscope tip on CT images. This method is 
called electromagnetic navigation (EMN) which 
was approved by the FDA in 2004  [  43,   44  ] . This 
method differs from VBN because in EMN sys-
tem, the VB images of the central bronchi are 
used only for calibration, not for navigation, and 
guidance is performed using a magnetic position 
sensor. Errors during calibration and those due 
to respiratory motion are problems. In recent 

years, for calibration, EMN has used informa-
tion on the centerline of the bronchi obtained 
from CT images, not VB images. Assuming 
that the bronchoscope is advanced on the bron-
chial centerline, the position information on the 
magnetic sensor obtained during actual bron-
choscopy is concretely matched with CT 
images. Presently, iLogicTM (SuperDimension, 
Herzliya, Israel) and Spin DriveTM (Veran 
Medical Technologies, St. Louis, USA) are 
commercially available as EMN systems.  

   Clinical Applications 

 The clinical applications of VBN include diagno-
sis of peripheral lesions, marker placement for sur-
gery and radiotherapy, and educational training. 

   Diagnosis of Peripheral Lesions 

 Since VBN does not allow con fi rmation of arrival 
of the biopsy instruments at the lesion, it is often 
used in combination with CT, X-ray  fl uoroscopy, 
or endobronchial ultrasonography (EBUS). The 
results of each combination in previous studies 
on the diagnosis of PPLs using VBN and its sys-
tem are summarized in Table  7.1  and are dis-
cussed brie fl y in the following section.   

   CT-Guided Ultrathin Bronchoscopy 

 Real-time CT imaging during bronchoscopy can 
con fi rm the arrival of biopsy instruments at the 
lesion even if it cannot be observed using 
 fl uoroscopy. In some studies, it is found useful 
for the diagnosis of PPLs  [  45,   46  ] . Since VBN is 
performed on the basis of CT data, CT during 
examination can also accurately con fi rm the 
accuracy of VBN. The diagnostic yield using 
VBN in combination with CT-guided ultrathin 
bronchoscopy has been reported to be 65–86 % 
for all lesions and 65–81 % for lesions  £ 2 cm in 
diameter  [  17,   19,   20,   22  ] . A retrospective com-
parison also showed shortening of the time until 
arrival at the lesion using a VBN system  [  22  ] . 
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 Ground glass opacities (GGO) are dif fi cult to 
visualize on  fl uoroscopy or EBUS-GS. In com-
parison, GGO is readily identi fi ed on CT images. 
Therefore, VBN with CT-guided ultrathin bron-
choscopy may be the most suitable technique to 
obtain biopsy specimens from lesions that show 
predominantly ground glass changes on the CT. 
However, because of radiation exposure issues 
and extra cost associated with the occupation of 
the CT room, this combination of diagnostic 
strategy should be limited to a few highly selected 
cases. The factors contributing to diagnosis have 
been reported to be the presence or the absence of 
the involved bronchi and the advancement range 
of the ultrathin bronchoscope  [  47  ] . In addition, 
the amount of specimen collected with an ultra-
thin bronchoscope is limited and may only be 
suf fi cient for cytodiagnosis  [  48  ] .  

   EBUS with a Guide Sheath 

 In recent years, studies have shown the useful-
ness of radial type EBUS for identi fi cation of the 
location of the lesion during bronchoscopy for 
PPLs  [  49  ] . With EBUS-GS, the arrival at the 
lesion is con fi rmed using an ultrasonic probe, and 
biopsy of the lesion is performed through a guide 
sheath placed in the lesion  [  50  ] . The diagnostic 
yield of VBN in combination with EBUS-GS has 
been reported to be 63–84 % for all lesions and 
44–73 % for lesions  £ 2 cm in diameter  [  18,   21, 
  23  ] . To objectively con fi rm the usefulness of the 
VBN system with EBUS-GS, we performed a 
multicenter joint randomized study (NINJA 
Study)  [  23  ] . Biopsy was performed using 
EBUS-GS after randomizing 200 patients with 
PPLs  £ 3 cm in diameter into VBN-assisted 
(VBNA) and non-VBN-assisted (NVBNA) 
groups. A thin bronchoscope was guided using a 
VBN system in the VBNA group and guided 
using previously obtained axial CT images as a 
reference in the NVBNA group. In the VBNA 
group, VB images to the fourth- through the 
twelfth (median, sixth)-generation bronchi could 
be acquired, and the rate of consistency between 
the VB and real images was 98 %. The diagnostic 

yield in the VBNA group (80 %) was signi fi cantly 
higher than that in the NVBNA group (67 %). In 
addition, the time until the initiation of biopsy 
and the total duration of bronchoscopy were 
signi fi cantly shorter in the VBNA group (median, 
8.1 and 24.0 min, respectively) than in the 
NVBNA group (9.8 and 26.2 min, respectively). 

 An EBUS system is necessary for this method. 
However, the system is not expensive to purchase, 
and the procedure is straightforward. In addition, 
lesions that cannot be observed using  fl uoroscopy 
can be identi fi ed, and specimens can be collected 
through the guide sheath accurately and repeat-
edly. The results of the above randomized study 
and the high diagnostic yield suggest that the 
combination of the VBN system, a thin broncho-
scope, and EBUS-GS has a potential to become a 
routine approach to PPLs. Recently, use of 
EBUS-GS without  fl uoroscopy was also reported 
 [  51  ] . Since accurate bronchoscope guidance 
without X-ray  fl uoroscopy is possible using a 
VBN system, a high diagnostic rate may be 
obtained even without X-ray  fl uoroscopy.  

   X-Ray Fluoroscopy 

 Tachihara et al.  [  52  ]  used a navigation system in 
96 lesions with PPLs  £ 3 cm, and reported a diag-
nostic yield of 63 % for all lesions and 55 % for 
lesions  £ 2 cm and an examination time of 
24.1 min. Their study is the only study on VBN 
under X-ray  fl uoroscopy. However, since 
 fl uoroscopy-guided bronchoscopy is a straight-
forward and a widely used method for TBBx, fur-
ther studies on its usefulness in conjunction with 
VBN are necessary.  

   No Fluoroscopic Assistance 

 Eberhardt et al.  [  37  ]  used ultrathin broncho-
scope with VBN guidance without X-ray 
 fl uoroscopy to obtain biopsy specimens from 
25 PPLs with a median size of 28 mm. The 
investigators reported a high diagnostic rate of 
80 % with this technique.   
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   Diagnostic Yield Using VBN 
for Peripheral Lesions 

 Based on the above prospective studies on VBN, 
the diagnostic yield is 74 % for all PPLs and 68 % 
for lesions that are  £ 2 cm in size  [  53  ] . Since the 
diagnostic yield is affected by not only the lesion 
size but also the underlying disease process, the 
location of the lesion, and the presence/absence 
of the involved bronchi, comparison with tradi-
tional methods is generally dif fi cult. Still, these 
diagnostic yields are signi fi cantly higher com-
pared with 34 % diagnostic yield according to the 
ACCP guidelines  [  4  ] . Memoli and her colleagues 
undertook a meta-analysis to determine the over-
all diagnostic yield of guided bronchoscopy for 
pulmonary nodules using one or a combination 
of electromagnetic navigation bronchoscopy 
(ENB), VB, radial endobronchial ultrasound 
(R-EBUS), ultrathin bronchoscope, and guide 
sheath  [  24  ] . A total of 3,004 patients with 3,052 
lesions from the 39 studies were included. The 
yield for VB was 72 % (95 % con fi dence interval, 
66–79 %), although one study for mediastinal 
and hilar lesions (not for peripheral lesions) and a 
retrospective study were included. 

   Marker Placement for Peripheral 
Lesions 

 VBN can be applied not only to diagnosis but also 
to treatment  [  54  ] . We performed CT-guided trans-
bronchial marker placement to show the location 
of the lesion and resection range during thoraco-
scopic surgery for 31 lesions ( £ 1 cm) with a pure 
GGO pattern that could not be visualized on X-ray 
 fl uoroscopy  [  55  ] . After an ultrathin bronchoscope 
was guided to a median of a sixth-generation bron-
chus using VBN, barium markings were placed 
near the lesion using a special catheter under CT 
guidance. The median distance between the marker 
and lesion was 4 mm, and the marker could be 
placed within 1 mm for 27 lesions. No complica-
tions developed in any patient. In thoracoscopic 
partial resection, all lesions could be resected 
along with the barium markers. As this method 

does not cause pneumothorax or bleeding, it can 
be used for multiple lesions. Since the procedure is 
straightforward, multiple markers can be placed 
for one lesion to show the resection range in 3D. 
VBN is also applicable to  fi ducial marker place-
ment for stereotactic radiotherapy.   

   Education and Training 

 Display of the bronchial tree and naming of bron-
chi can increase anatomical knowledge of the air-
way, and is useful for education. VBN can also be 
used in the education of patients to help them 
understand the outline of bronchoscopy. For 
operators, VBN improves the understanding of 
the relationship between the lesion and airways 
with a 3D target view, allowing bronchoscopy 
simulation.  

   Comparison with Other Methods 

 As discussed above, EMN is another navigation 
method  [  43,   44,   56  ] . (See Chap.   6    .) With EMN 
system, arrival at the lesion can be con fi rmed 
since a magnetic sensor is incorporated into a 
biopsy instrument and not the bronchoscope. 
However, there are errors between information 
on the position of the EM sensor and CT images. 
In addition, arrival is con fi rmed using CT images 
obtained prior to examination. Therefore, the 
diagnostic sensitivity was reported to increase 
using EMN combined with methods allowing 
real-time con fi rmation of the lesion such as 
EBUS  [  57  ] . A meta-analysis has shown a diag-
nostic yield of 67 % (range 46–88 %) using EMN, 
which appears to be similar to that using VBN 
 [  24  ] . Since EMN requires a disposable EM sen-
sor, the cost per patient is high. In addition, unlike 
conventional bronchoscopy, guidance using an 
EM sensor requires certain training. In comparison, 
VBN requires only the cost of the VBN system, 
and its technique can be more readily mastered. 
Even beginners can readily perform bronchos-
copy for peripheral lesions, and a high diagnostic 
rate can be obtained.  

http://dx.doi.org/10.1007/978-1-62703-395-4_6
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   Procedure 

  Selection of Patients : VBN is indicated in patients 
with peripheral lesions requiring TBBx. Most 
suitable lesions are those that clearly show an 
involved bronchus on CT images. VBN is also 
indicated in patients with peripheral lesions 
requiring marker placement for thoracoscopic 
surgery or radiotherapy. 

  Instruments : Bronchoscopy under VBN guidance 
requires DICOM data of helical CT, a VBN sys-
tem (LungPoint or Bf-NAVI), a bronchoscope 
(preferably a thin bronchoscope), and a set of 
standard bronchoscopy accessories. When neces-
sary, a radial type EBUS probe and EBUS system 
can also be used alongside VBN system to obtain 
biopsy from PPL.

  Procedure:  
  (a)     Preparation of CT DICOM data : CT is per-

formed under the conditions recommended by 
each VBN system, and images are recon-
structed. A recommended slice thickness (as 
well as reconstruction interval) is  £ 1 mm. In 
general, with thinner slices, VB images of 
more peripheral areas can be produced. When 
images are poor due to respiratory artifacts, the 
accuracy of VB images cannot be expected.  

    (b)     Production of VB images on the route to the 
lesion: 
   For LungPoint   
 1.    Import a CT scan: DICOM data of thin-sec-

tion CT is imported into the system, with 
which bronchi are automatically extracted.  

   2.    De fi ne any object or area as the target: 
The lesion is de fi ned as the target, and is 
semiautomatically traced (Fig.  7.1 ).   

   3.    Review the interactive VB animation and 
airway paths to the target: A maximum of 
three routes to the lesion are displayed. 
Each branching on the route is automati-
cally registered. 3D-CT cross-sectional 
images (axial, sagittal, and coronal 
images), a 3D-bronchial tree, and a VB 
image corresponding to the position of the 
virtual bronchoscope are simultaneously 
displayed, and the screen can be changed 
by switching (Fig.  7.2 ). While observing 
these images, the route that is the closest 
to the lesion is selected. Markedly bent 
routes on the bronchial tree or VB images 
are avoided due to dif fi culty in the guid-
ance of the bronchoscope and biopsy 
instruments. When the lesion is away from 
the end point of the route, navigation can-
not be performed in this interval, resulting 
in a decrease in the diagnosis rate 
(Fig.  7.3 ). Version 3 of LungPoint is 

  Fig. 7.1    LungPoint target setting. There is a lesion (2.5 cm) in the right S3. In this area, a  purple circle  is set as the 
target. The right lower image shows the extracted bronchial tree. The aorta is shown in  red        
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applicable to  fi ducial marker placement 
for  stereotactic body radiation therapy. 
With  fl uoroscopic rendering, the target 
and route can be displayed on a  fl uoroscopic 
type image (virtual  fl uoroscopy view) 
(Fig.  7.4 ).       

   For Bf-NAVI   
 1.    CT DICOM data are imported into the 

system.  

   2.    Target is set: The target is set so that it can 
surround the lesion on each cross section. 
When the target is set, bronchi automati-
cally extracted are shown in blue.  

   3.    End point is set (Fig.  7.5 ): An end point 
is placed in the extracted bronchus that is 
the closest to the lesion. When an 
involved  bronchus reaching the lesion is 
present, but is not automatically 

  Fig. 7.2    Route display. The left image is a VB image. 
The bronchial centerline to the target lesion is shown in 
 light blue  and the target as a  pink circle . The lower image 
at the center shows the bronchial tree on which the route 
to the target is indicated in  blue . The right lower image is 

a composite image of a sagittal CT slice of the lesion area, 
the bronchial tree, and the location of the virtual broncho-
scope, allowing the understanding of the relationship 
between the lesion and bronchial tree       

  Fig. 7.3    Interval between the lesion and the end point of 
the route. When the lesion is apart from the end point of 
the route as shown in the lower image at the center, navi-

gation of this interval is impossible, and the diagnostic 
yield decreases       
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  Fig. 7.4    Fiducial marker placement. The  purple circle  indicates the lesion, and the four small  yellow circles  around it 
indicate the recommended sites for  fi ducial marker placement. A virtual  fl uoroscopy view is shown on the right side       

  Fig. 7.5    Bf-NAVI setting of the end point. The larger  red broken line  indicates the target. The smaller  red broken line  
represents the end point. The extracted bronchi are shown in  blue        
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extracted, additional extraction is possi-
ble. The screen is scrolled, and the 
involved bronchus is tracked centrally 
from the end point to con fi rm whether all 
bronchi branching from the involved 
bronchial route have been extracted. 
When they have not been extracted, their 
branching sites are not recognized on 
VB images, and therefore, additional 
extraction using the below-described 
method is always necessary.   

   4.    The route is con fi rmed (Fig.  7.6 ): When 
the end point is set, the route to the end 
point is instantly displayed on each cross 
section. The route can also be con fi rmed 
on the bronchial tree.   

   5.    Thumbnails are registered (Fig.  7.7 ): While 
VB images on the route are moved from 
the start point to end point, each branching 

site is registered as a thumbnail. During 
VBN, when VB images are advanced, the 
advancement stops at each thumbnail. 
According to the operator’s preference, 
each branching site is registered. When 
multiple branching sites can be observed, 
marking/registration of only the innermost 
bronchus for advancement is performed.   

   6.    Additional extraction of bronchi is pro-
cessed (Figs.  7.8  and  7.9 ): When the dis-
tance between the terminal end of the 
extracted bronchus and the lesion is long, 
VB image information in this interval is 
absent, and the diagnostic yield decreases. 
Using Bf-NAVI, VB images close to the 
lesion can be generated by additional 
extraction. Automatic additional extrac-
tion is performed from the end of the 
extracted bronchus. Manual additional 

  Fig. 7.6    Con fi rmation of the route. The  red line  indicates the route to the end point. The  green point  is the position of 
the virtual bronchoscope, and corresponding cross-sectional images are shown       
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extraction is forced extraction and is used 
for stenotic or bent areas. For example, 
when there is a bronchus branching from 
the route reaching the lesion, information 
that there is branching is indispensable. If 
this information is absent, this branching 
is not displayed on VB images, resulting 
in inconsistency between VB images and 
real bronchial branching. However, infor-
mation on the periphery of the branching 
bronchus is not necessary for navigation. 
Therefore, only the bronchus immediately 
after branching is forcefully extracted 
using manual additional extraction. VB 
images added by manual extraction are 
shown in yellow.        

    (c)     Bronchoscope guidance (Navigation) 
   For LungPoint  
  Using the procedure (VBN), the broncho-
scope is  advanced based on the route infor-
mation  superimposed on virtual or real 

images (Fig.  7.10 ). For manual navigation, 
see the procedure for Bf-NAVI.    
   For Bf-NAVI  
  In the examination room, the Bf-NAVI 
viewer is placed as close as possible to the 
bronchoscope monitor. VB data produced 
using the editor are imputed into the viewer, 
and the assistant (navi operator) controls 
VB images using the forward, backward, 
and rotation buttons. It is important to 
advance VB images forward and rotate them 
to match them with real images at each 
branching site. When becoming familiar 
with the procedure, the operator should keep 
the assistant informed about the rotation 
direction, and the location of the broncho-
scope so that VB images can be matched 
with real images. When the operator and 
assistant begin to work together smoothly, 
VB and real images can be displayed as if 
they were synchronized.       

  Fig. 7.7    VB images and thumbnail registration. The lower column shows registered thumbnails       
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  (d)     TBBx  
 Biopsy (such as forceps biopsy, needle aspi-
ration biopsy, brush cytology, and lavage 
cytology) is performed from the target area. 
See Chap.   4     for EBUS-GS procedure.      

   Tips for Increasing Diagnostic Yield 

 A higher diagnostic yield is expected for lesions 
that show type I or type II tumor–bronchus rela-
tionship  [  58 ,  59  ] . It is important to evaluate the 
relationship between the lesion and involved 
bronchus on the CT, and con fi rm the correct pro-
duction of VB images to a site near the lesion. In 
particular, extraction of bronchial branching from 
the route should be con fi rmed on each cross-sec-
tional image. Using Bf-NAVI, when extraction is 
 inadequate, additional extraction should be 

 performed, and the end point should be placed as 
close to the lesion as possible. When VB images 
are generated, techniques for combined use are 
selected, and the dif fi culty level is estimated 
based on the presence/absence of the involved 
bronchi, the number of bronchial branches 
approaching the target, and the degree of their 
bending. For VBN, a bronchoscope as thin as 
possible is desirable, but the amount of collected 
specimens becomes smaller as the bronchoscope 
becomes thinner due to the small forceps channel. 
In our hospital, a thin bronchoscope with an exter-
nal diameter of 4.0 mm (P260, Olympus, Tokyo, 
Japan) and a working channel of 2 mm that can 
accommodate a guide sheath with an external 
diameter of 2.0 mm for EBUS-GS is now used for 
routine examination. When there are only a few 
branches beyond the bronchoscopic view, and the 
degree of bronchial bending is slight, the lesion 

  Fig. 7.8    Manual extraction. The point ( red point ) is placed at the end of the extracted bronchus, and continuously 
placed in the bronchus requiring further extraction       

 

http://dx.doi.org/10.1007/978-1-62703-395-4_4
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  Fig. 7.9    Additional extraction. The left image is before 
additional extraction, and the right image is after addi-
tional extraction. Additional extraction allows extraction 

of the bronchi to a site immediately before the lesion, and 
the end point of the bronchial tree comes into contact with 
the lesion       

  Fig. 7.10    Navigation. The right and left images show 
VB and real images, respectively. Both images are syn-
chronized, and a VB image matched with the real image is 

displayed. On the real image, the bronchial  centerline  and 
route are superimposed       
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can be frequently visualized only by inserting 
an EBUS probe, thus allowing biopsy. In the 
 randomized study mentioned above,  [  23  ]  we were 
able to visualize the target lesions in 92 % of 
cases using EBUS in the VBNA group. In some 
of these cases, guidance from EBUS probe may 
not be necessary when a correct bronchial path is 
chosen with VBN and thin bronchoscope is 
employed to navigate toward the lesion. However, 
for sixth-generation and higher bronchi and in 
markedly bent bronchi (such as B6), bronchos-
copy should be performed using an ultrathin 
bronchoscope under X-ray  fl uoroscopy.  

   Complications 

 Pneumothorax was observed in 2 (0.4 %) of 
453 previously reported cases. This complica-
tion rate is similar to that for conventional TBBx. 
There are no special  complications due to the 
VBN itself.  

   Limitations 

  CT conditions : The level of anatomical details 
visualized by VB depends on the volume data 
obtained with chest CT. Therefore, CT needs to 
be performed under conditions appropriate for 
individual VBN system. CT parameters for acqui-
sition of volume data differ among scanners, but 
generally, minimizing collimation and overlap-
ping the image reconstruction by at least 50 % 
will be suitable for use with VBN systems. 

  Cost : The necessary recurring cost is only that of 
CT examination. Due to the patient’s exposure to 
radiation, CT examination is performed only 
once whenever possible. 

  Procedure time : The time required for bronchos-
copy clearly decreases with the use of VBN guid-
ance  [  23  ] . However, production of VB images 
requires 10–15 min of extra time prior to 
bronchoscopy. 

  Learning curve : Since only a bronchoscope is 
guided according to VB images, no special 

 training is necessary. Familiarity with VB image 
production and procedure in a few cases is 
necessary. 

  Contraindication : There are no contraindications 
to VBN in patients in whom bronchoscopy and 
TBBx are otherwise indicated. 

  Indications for other measures : Even when there 
is no involved bronchus on CT images, the bron-
choscope can be guided to the bronchus that is 
the closest to the lesion using VBN. However, in 
some patients, the subsequent guidance of for-
ceps to the lesion is dif fi cult and the diagnostic 
yield is low. In such patients, transbronchial nee-
dle aspiration biopsy might be useful, but there 
are no data. Alternatively, in patients in whom 
neither the bronchus nor pulmonary arteries 
involved in the lesion are con fi rmed, CT-guided 
percutaneous biopsy or surgical biopsy should be 
considered.  

   Future Directions 

 Randomized studies and meta-analysis have 
shown that VBN improves diagnostic yield and 
reduces examination time. Since its cost is also 
low, VBN may be widely used in the future. 
Bronchoscopy is associated with a lower compli-
cation rate than percutaneous biopsy. However, 
further studies are necessary to determine whether 
the diagnostic yield using VBN is comparable to 
that using percutaneous biopsy, and to identify 
the lesions for which VBN is most useful. More 
work is also needed to improve the accuracy of 
the automatic tracking and image registration 
with VBN.  

   Conclusions and Summary 

 TBBx for PPLs is associated with fewer compli-
cations than percutaneous biopsy. However, the 
diagnostic yield using TBB can be inadequate, 
and depends on the operator’s skill. VBN is a 
method in which a bronchoscope is guided using 
VB images on the bronchial route to a peripheral 
lesion. A system that allows automatic search for 
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the route to the target, production of VB images, 
and matched display with real images has been 
developed. This system is used for diagnosis of 
peripheral lesions, marker placement for surgery 
or radiotherapy, and education and training. VBN 
is used in combination with CT-guided ultrathin 
bronchoscopy, EBUS-GS, and bronchoscopy 
with or without X-ray  fl uoroscopy. Based on pro-
spective studies, the diagnostic yield is 74 % for 
all PPLs and 68 % for lesions  £ 2 cm. In a recent 
randomized study, use of VBN in association 
with EBUS-GS increased the diagnostic yield for 
 £ 3 cm lesions from 67 to 80 %, and shortened the 
total examination time. A meta-analysis has also 
revealed the usefulness of VBN. There are many 
advantages of VBN. Even beginners can readily 
use this technique for peripheral lesions, and a 
high diagnostic rate can be obtained. To increase 
the diagnostic yield using VBN, it is important to 
clarify the relationship between the lesion and 
extracted bronchi, select appropriate broncho-
scopic techniques, and combine them with VBN. 
CT should be performed under appropriate con-
ditions. VBN is a useful method to support bron-
choscopy; wider use and further development of 
this system are expected.      
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 There are in fact two things, science and opinion; the  former begets knowledge, the latter 
ignorance. 

 Hippocrates 

  Abstract 

 Central airway obstruction (CAO) results from a variety of malignant and 
nonmalignant causes. Advanced lung cancer is the most common etiology. 
The clinical presentation varies from slowly progressive cough and  dyspnea 
to rapidly developing respiratory distress and asphyxia. A close collabora-
tion among interventional pulmonologists, radiologists, anesthesiologists, 
and thoracic surgeons is essential for optimal outcome in these challenging 
situations. Immediate goals of the therapy are to secure the airway and to 
restore the patency of airway lumen. Several therapeutic bronchoscopy 
techniques are available using  fl exible or rigid bronchoscope to achieve 
these goals. The choice of technique depends on the underlying cause, type 
of obstruction, severity of CAO and availability of the instruments and 
expertise. Immediate relief in symptoms can be achieved with mechanical 
debridement, laser photoresection, electrocautery, argon plasma coagula-
tion, cryorecanalization, and balloon dilation (Balloon bronchoplasty). 
Brachytherapy, photodynamic therapy, and cryotherapy have delayed 
effects and therefore are not suitable when immediate relief in symptoms 
is needed.Airway stents are helpful in patients with extrinsic central airway 
compression. A combination of these procedures is usually successful in 
rapid palliation of symptoms and in selected cases paves way for further 
treatments such as external beam radiation, chemotherapy, and surgery.  
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      Introduction 

 Central airway refers to the trachea, the main-
stem and lobar bronchi. Obstruction of central 
airways results from a variety of malignant or 
nonmalignant causes (Table  8.1 ). The obstructing 
lesions are classi fi ed into endo-luminal, extrinsic, 
or a combination of both (Fig.  8.1 )  [  1  ] . Primary 
lung cancer is the most common cause of central 
airway obstruction (CAO). The rising incidence 
of lung cancer suggests that interventional pul-
monologists will continue to encounter increasing 

number of patients with advanced CAO in the 
future. Obstruction of the central airways causes 
a variety of symptoms such as dyspnea, cough, 
hemoptysis, wheezing, atelectasis, and post-
obstructive pneumonia. Dyspnea in these patients 
is due to air fl ow limitation and increased work of 
breathing. In some of these patients the symp-
toms are acute in onset with severe respiratory 
distress and imminent suffocation. In other 
instances, the symptoms develop slowly, simulat-
ing the clinical features of asthma or chronic 
obstructive pulmonary disease (COPD). For this 

  Fig. 8.1    Types of central airway obstruction: ( a ) endoluminal, ( b ) extrinsic, ( c ) mixed endoluminal and extrinsic       

   Table 8.1    Causes of Malignant and nonmalignant central airway obstruction (CAO)   

 Malignant  Nonmalignant 

  Primary lung tumors  
  Primary airway tumor  

 Squamous cell carcinoma • 
 Adenoid cystic carcinoma • 
 Mucoepidermoid cancer • 
 Carcinoid tumors • 

  Metastatic tumors  
 Thyroid • 
 Colon • 
 Breast • 
 Renal • 
 Melanoma • 
 Kaposi’s sarcoma • 

  Adjacent tumor  
 Esophageal cancer • 
 Laryngeal cancer • 
 Mediastinal tumors • 
 Lymphoma • 

  Acquired  
 Post endotracheal tube • 
 Post tracheostomy • 
 Thermal or chemical airway burns • 
 Foreign body • 
 Airway stents • 
 Surgical anastomosis • 
 Post radiation  fi brosis • 

  Systemic diseases  
 Tuberculosis • 
 Sarcoidosis • 
 Amyloidosis • 
 Fibrosing medisatinitis • 
 Wegners granulomatosis • 
 HPV papillomatosis • 

  Miscellaneous  
 Mucous plug • 
 Blood clot • 
 Hemartoma • 
 Epiglottitis • 
 Goiter • 
 Idiopathic • 

  Congenital  
 Tracheomalacia • 
 Bronchomalacia • 
 Vascular sling • 
 Membranous web • 
 Relapsing polychondritis • 
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reason, physicians often fail to recognize the cor-
rect diagnosis in many patients with CAO in the 
early stages.   

 The management of CAO poses unique chal-
lenges and requires a multidisciplinary approach 
 [  2–  4  ] . Having a dedicated airway team in place 
for rapid evaluation and treatment of these 
patients is very effective but such teams are avail-
able only at the centers of excellances  [  5  ] . Relief 
of CAO should be expeditious and should ini-
tially focus on securing the airway  [  6  ] . Once the 
airway is secured, a variety of airway interven-
tions can be offered to restore the patency of 
 central airways. 

 A variety of techniques such as mechanical 
debridement, balloon bronchoplasty, cryotherapy, 
laser photoresection, electrocautery and argon 
plasma coagulation, brachytherapy, photody-
namic therapy, and stent placement are available 
to interventional bronchoscopist  [  7–  9  ] . The 
choice of the intervention depends on the type 
and location of lesion, and the urgency of the pro-
cedure. In addition, the clinical stability, the 
nature of the underlying diagnosis, and the over-
all prognosis and quality of life also impact the 
choice of the preferred intervention. In the 
absence of large randomized controlled trials in 
this  fi eld to guide the therapy, the choice of ther-
apy also depends on the availability of trained 
personnel and equipment at the facility, personal 
preference, and institution-speci fi c protocols. In 
many instances a combination of procedures are 
employed to achieve optimal results. 

 In this chapter we review the diagnostic and 
therapeutic approach to CAO secondary to malig-
nant conditions. We discuss the causes, clinical 
evaluation, imaging and the therapeutic options 
available to the interventional pulmonologists for 
the management of malignant CAO. We also 
highlight the current trends and recent develop-
ments in this area.  

   Causes of Central Airway Obstruction 

 Malignant airway obstruction can result from pri-
mary airway tumors, extension of adjacent malig-
nancies or the metastatic disease to the airway 
(Table  8.1 ). 

 Lung cancer is the leading cause of malignant 
CAO. According to some estimates, CAO occurs 
in approximately 20–30 % of lung cancer patients 
and up to 40 % of lung cancer deaths are related 
to advanced local or regional disease  [  10  ] . Other 
common etiologies include esophageal, thyroid, 
and primary mediastinal malignancies. Many 
centrally located malignant tumors not only 
encase and compress the airways causing extrin-
sic compression but also invade the wall of the 
airway causing endoluminal disease. Mostly, the 
CAO in these patients results from a combination 
of both an endoluminal spread and an extrinsic 
compression  [  2  ] . 

 Endobronchial metastasis is most frequently 
observed in patients with breast cancer, colorec-
tal cancer, melanoma, and renal cell carcinoma 
 [  11  ] . According to postmortem studies, isolated 
endobronchial metastases without involvement 
of pulmonary parenchyma occur in up to 2 % of 
patients with extra-thoracic malignancies  [  12  ] . In 
contrast, patients with pulmonary metastasis are 
shown to have endobronchial lesions in 18–42 % 
of cases  [  13,   14  ] . On this background, physicians 
must have a low threshold to perform a diagnos-
tic bronchoscopy when a patient known to have 
extra-thoracic malignancy develops cough, dysp-
nea, hemoptysis, or atelectasis. 

 Kaposi’s sarcoma (KS) is the most common 
malignant complication of human immuno-
de fi ciency virus (HIV) infection. Pulmonary 
involvement may occur in up to 20 % of HIV-
infected patients with cutaneous Kaposi’s sarcoma 
 [  15  ] . In many instances, KS involves the airways 
and present with symptoms of CAO  [  16  ] . On 
bronchoscopy, multiple rounded cherry-red or 
purpuric raised lesions are seen throughout the air-
way mucosa, sometimes causing complete lobar 
or segmental endobronchial obstruction  [  17  ] . 

 Primary airway tumors are less common and 
pose considerable diagnostic and therapeutic 
challenge. About 600–700 cases are estimated to 
occur in USA every year  [  2  ] . Nearly three-quar-
ters of primary airway tumors of trachea and 
carina are squamous cell carcinoma and adenoid 
cystic carcinoma. In a 60-year review of tracheal 
tumors from MD Anderson Cancer Center in 
Texas, 74 patients were diagnosed with primary 
tracheal cancers. Among these, 34 (45.9 %) were 
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squamous cell carcinomas, 19 (25.7 %) were 
adenoid cystic carcinomas, and the remaining 21 
(28.4 %) were of other histologic types  [  18  ] . 
Squamous cell tracheal carcinoma usually devel-
ops in the sixth or seventh decade and is more 
common in men and smokers. In contrast, ade-
noid cystic carcinoma affects younger patients, is 
not related to smoking, and is equally distributed 
between men and women  [  19  ] . 

 Carcinoid tumor is the most common tumor 
etiology distal to the carina  [  20  ] . Most patients 
with endobronchial carcinoids present with 
cough, hemoptysis, and unilateral wheeze and 
not with carcinoid syndrome. 

 Tracheal tumors are often slow growing and 
their symptoms and signs are insidious in onset. 
Patients are often misdiagnosed as adult onset 
asthma for several months before the correct 
diagnosis is established  [  21  ] . Physicians must be 
keenly aware of the possibility of tracheal tumors 
as the cause of dyspnea and wheezing that are not 
responsive to usual asthma therapies. 

 CAO can also be caused by many nonmalig-
nant causes (Table  8.1 ). The most common non-
malignant cause among adults is formation of 
granulation tissue and  fi brous stricture secondary 
to trauma induced by prolonged endotracheal 
intubation, or tracheostomy. Other common non-
malignant causes include foreign bodies and tra-
cheobronchomalacia. The term “nonmalignant” 
is more appropriate than “benign” since the signs 
and symptoms caused by these lesions are as 
ominous and life-threatening as those caused by 
malignant CAO. The detailed discussion of non-
malignant CAO is beyond the realm of this chap-
ter and has been reviewed elsewhere  [  22–  25  ] .  

   Clinical Assessment 

 The clinical presentation of airway obstruction 
depends on the severity and location of airway 
obstruction. Moreover, the patient’s underlying 
health status and ability to compensate for 
decreased air fl ow will in fl uence the extent to 
which the symptoms appear. The presentation 
can range from asymptomatic radiological abnor-
mality to a life-threatening airway obstruction. 

 Dyspnea is the most common symptom. Early 
symptoms may go unnoticed because many 
patients become increasingly accustomed to their 
dyspnea on exertion or cough by imposing a grad-
ual limitation to their physical activity. Dyspnea 
on exertion, typically, does not develop until the 
trachea is narrowed to about 8 mm or 50 % of 
diameter. Dyspnea at rest can be expected when 
the lumen is narrowed to about 5 mm or 25 % of 
diameter  [  26,   27  ] . Accordingly, the majority of 
patients who experience symptoms of CAO 
already have advanced airway disease at the time 
of presentation. Airway narrowing to such a criti-
cal degree further increases their susceptibility to 
develop complete airway obstruction from 
mucous plugging, blood clots, or airway 
in fl ammation. Hence, it is not surprising that acute 
respiratory distress is the presenting symptom in 
more than one-half of patients with CAO  [  25  ] . 

 Hemoptysis is the second most common 
symptom, occurring in up to 50 % of patients 
with CAO  [  28  ] . Other symptoms of CAO are 
cough, wheezing, stridor, recurrent respiratory 
tract infections and atelectasis. Post-obstructive 
pneumonia can be found in approximately one-
third of these patients on initial presentation. 
Symptoms of hoarseness or coughing with swal-
lowing suggest vocal cord paralysis or laryngeal 
dysfunction, or esophageal cancer. 

 Many of these patients carry a diagnosis of 
asthma or COPD with recurrent exacerbation. 
Indeed some of these patients have already devel-
oped cushingoid features from prolonged and 
frequent use of corticosteroids. Any of the afore 
mentioned symptoms including atypical and 
medically refractory adult-onset asthma or fre-
quent COPD exacerbation should raise the suspi-
cion of a central airway pathology that requires 
further work up with radiographic imaging and a 
bronchoscopy. 

 A detailed history from the patient or the fam-
ily provides useful information regarding the acu-
ity of the problem and the performance status of 
the patient prior to the clinical presentation. Such 
information is helpful in predicting the treatment 
outcome for the individual patient. Although acute 
airway obstruction is  fi rst manifestation of malig-
nancy in some patients, the majority of patients 
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with malignant CAO are already known to have a 
thoracic tumor. Therefore, history of current or 
remote malignancy, and any history of receiving 
chemotherapy or radiation therapy must be sought. 
Since many patients with CAO are seriously ill 
with limited cardiopulmonary reserves, a meticu-
lous assessment of operative risks is essential in 
every patient. A thorough evaluation for comorbid 
medical conditions like heart disease (which may 
in fl uence anesthesia administration), coagulopa-
thy, renal failure, obstructive sleep apnea, and cer-
vical arthritis (which may pose dif fi culty with 
rigid bronchoscopy) are essential in formulation 
of appropriate treatment plan. It is also important 
to seek any prior history of problems during intu-
bation or bronchoscopy as it will alert the treating 
team to maintain a heightened state of readiness 
to deal with dif fi cult airways during the interven-
tional procedure. 

 Physical examination may be unremarkable in 
early stages. Chest examination may reveal evi-
dence of tracheal deviation, stridor, localized or 
diffuse wheezing, hoarseness, decreased breath 
sounds or signs of retained secretions, and 
obstructive pneumonia. In rare instances, patients 
may present with subcutaneous emphysema or 
superior vena cava syndrome with facial and 
upper extremity edema and dilated super fi cial 
veins over the chest wall. Patients with acute 
respiratory distress can be seen to use accessory 
muscles of respiration and often demonstrate 

signs of tachycardia, tachypnea, diaphoresis, and 
restlessness. Bradycardia, cyanosis, and obtunda-
tion are more ominous and suggest that the air-
way lumen is severely compromised. Immediate 
intervention is needed in these patients in order to 
avoid imminent asphyxia and death.  

   Pulmonary Function Tests 

 Many patients are too ill to perform pulmonary 
function tests in the acute setting. Forced expira-
tory maneuvers can worsen the air fl ow obstruc-
tion and should not be attempted in the presence 
of critical narrowing of large airways. In these 
patients, meticulous history and physical exami-
nation bolstered by chest imaging and bronchos-
copy are suf fi cient for diagnosis and treatment 
planning. 

 In more stable patients, pulmonary function 
tests provide useful information. Spirometry has 
a low sensitivity for early detection of CAO. In 
contrast,  fl ow-volume loop helps de fi ne the loca-
tion of obstruction and provides invaluable clini-
cal information  [  29  ] . A plateau in the inspiratory 
limb of the  fl ow-volume loop indicates variable 
extra-thoracic obstruction, commonly caused by 
vocal cord paralysis, extra-thoracic goiter, and 
laryngeal tumors (Fig.  8.2a ). Flattening of the 
expiratory limb of the loop indicates variable 
intra-thoracic obstruction (Fig.  8.2b ). Fixed large 

  Fig. 8.2    Flow-volume loops showing ( a ) Variable extrathoracic obstruction, ( b ) Variable intrathoracic obstruction, 
( c ) Fixed obstruction       
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airway obstruction due to tracheal stenosis or to 
tracheal compression by large tumors demon-
strates  fl attening of both the inspiratory and expi-
ratory phases of the  fl ow (Fig.  8.2c )  [  30  ] .   

   Chest Imaging 

 Imaging studies plays a pivotal role in the proce-
dural preparation and bronchoscopic planning. 
Technological advancement in radiology, most 
notably in Computed Tomography (CT) imaging 
has revolutionized noninvasive imaging of the 
central airways. CT imaging should be obtained 
as much as possible but may not be feasible in 
acutely ill patients who are unable to hold breath 
or lay supine during the procedure  [  31  ] . 

 Chest radiograph has low sensitivity but may 
suggest possibility of central airway or bronchial 
obstruction in some cases. A narrowing of the tra-
cheal or bronchial air column, and tracheal dis-
tortion or signi fi cant deviation should raise the 
suspicion for CAO (Fig.  8.3 ). A chest radiograph 
may also disclose a mass or mediastinal lymph-
adenopathy. A more distal obstruction may be 
associated with the radiological  fi ndings of 
atelectasis, consolidation, effusions, and eleva-
tion of the hemi-diaphragm. Chest radiograph 
must also be obtained upon completion of inter-
ventional procedure to assess the results, and to 

rule out the procedure related adverse event such 
as pneumothorax or atelectasis. Postoperative 
chest radiograph is also useful for the future 
reference.  

 The advent of helical CT in 1991 and more 
recently, multidetector helical CT (MDCT) scan-
ners have dramatically improved the quality of 
axial imaging and 2D or 3D reformation images 
by signifcantly reducing the motion artifacts. 
With the latest CT scanners, thin section images 
of the central airways can be obtained during a 
short breath hold. The most attractive feature of 
CT imaging is its ability to demonstrate the air-
way distal to the site of stenosis beyond which 
the bronchoscope cannot be passed. Intravenous 
contrast is not essential but is recommended for 
better assessment of enlarged paratracheal lymph 
nodes or thyroid mass. 

 Imaging of the central airways and related 
thoracic structures with axial CT plays a key role 
in initial assessment and treatment planning 
(Fig.  8.4 ). However, it has several limitations that 
must be considered. First, the true cranio-caudal 
extent of the disease is underestimated on axial 
images. second, it has a limited ability to detect 
subtle and early airway stenoses. Finally, axial 
images are unable to display complex 3D rela-
tionships between the obstructing lesion and the 
airway. Many of the aforementioned limitations 
of axial images are overcome by multiplanar and 

  Fig. 8.3    Chest radiograph showing narrowing of lower 
part of trachea secondary to compression from a right 
upper lobe lung cancer       

  Fig. 8.4    Chest computed tomography (CT) showing nar-
rowing and distortion of trachea from extrinsic 
compression       
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3D reconstruction of CT images  [  32  ] . Axial 
 imaging of the central airways and reformatted 
multiplanar images provide complimentary infor-
mation  [  33  ] . Information from multidetector CT 
with 3D reconstruction is helpful in selecting the 
length and size of airway stent  [  34  ] . Several stud-
ies have also established the usefulness of MDCT 
in evaluation of stent related complications  [  35, 
  36  ] . In one such study, MDCT detected 29 of 30 
(97 %) stent related complications diagnosed by 
bronchoscopy  [  36  ] . MDCT images with 3D 
reconstruction are also found useful in evalation 
of patient prior to other interventional therapies 
and surgery for CAO  [  37  ] .  

 There are two fundamental types of 3D recon-
struction: external rendering and internal render-
ing. External 3D rendered images demonstrate 
the external surface of the airway (Fig.  8.5 ) and 
its relationship to adjacent structures. Several 
studies have attested to the usefulness of external 
3D rendered images prior to interventional pro-
cedures in patients with CAO. In one such study, 
addition of 3D external randering to axial imaging 
provided further information on the shape, length 

and degree of airway stenosis in one-third of 
patients with nonmalignant tracheobronchial 
stenosis and corrected the interpretation of axial 
CT in 10 % of patients  [  38  ] .  

 Internal rendering uses the helical CT data to 
produce images of the internal lumen of the air-
way as seen during conventional bronchoscopy. 
Virtual bronchoscopy allows evaluation of air-
ways beyond the high-grade lesions that are not 
accessible with standard bronchoscopy  [  39  ] . In 
one study, virtual bronchoscopy images of diag-
nostic quality could be obtained in 19 of 20 
patients with high-grade airway stenosis but the 
subtle external compression was underestimated 
in 25 % of patients  [  40  ] . According to another 
report, virtual bronchoscopy has a sensitivity of 
90–100 % for endoluminal or obstructive lesions, 
but only 16 % for mucosal lesions  [  41  ] . In a 
recent study, virtual bronchoscopy  fi ndings were 
compared with  fl exible bronchoscopy  fi ndings in 
50 patients with tracheobronchial lesions. Virtual 
bronchoscopy was superior to  fl exible bronchos-
copy in showing the airways distal to the obstruct-
ing lesion whereas  fl exible bronchoscopy was 
superior to virtual bronchoscopy in detecting the 
early tumor in fi ltration and subtle mucosal altera-
tions  [  42  ] . The utility of virtual bronchoscopy is 
limited by false positive results since thick secre-
tions or blood clots can be miskaten for endo-
bronchial tumors  [  43  ] . Nevertheless, the false 
positive result with virtual bronchoscopy is more 
of a problem for the segmental bronchi than for 
the central airways where the majority of inter-
ventional procedures are needed  [  44  ] . 

 Optical coherence tomography (OCT) is an 
imaging technique similar to ultrasound, but 
instead of using sound waves uses infrared light 
to obtain the images. Preliminary experience 
indicates that OCT has a higher spatial resolution 
than ultrasound and therefore provides a more 
detailed insight into the depth of airway invasion 
by the tumor  [  45  ] . Anatomic optical coherence 
tomography (aOCT) is a modi fi cation of OCT 
technology, designed to allow accurate real-time 
measurement of size and diameter of central air-
ways. The aOCT unit is introduced through the 
working channel of the bronchoscope and is 
advanced beyond the obstructing lesion to assess 

  Fig. 8.5    External 3D rendered image showing narrowing 
of distal trachea and right main bronchus       
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the extent of stenosis. Images are obtained as the 
aOCT catheter is slowly retracted back towards 
the bronchoscope. The technique had been vali-
dated for measurement of diameter of airway 
models, excised pig airways, and normal human 
airways  [  46  ] . The clinical experience in CAO is 
limited to a single report in which useful infor-
mation was obtained with aOCTin all three 
patients who underwent the procedure  [  47  ] . In 
one patient, aOCT guided the choice of stent, in 
the second patient, it assessed the extent of tumor 
obstructing the left main bronchus and in third 
patient it assessed the dynamic properties of the 
airway in presence of severe tracheobronchomal-
acia. There is potential for this technique to be 
used alongside CT imaging in evaluation of 
patients considered for therapeutic bronchoscopy 
but this is an area where further work is needed. 
The key question to be addressed is whether or 
not the added perspective with aOCT will trans-
late into tangible bene fi ts to these patients.  

   Bronchoscopy 

 Bronchoscopy gives the most essential informa-
tion in the pre-interventional assessment of 
patients with CAO. Direct visualization not only 
identi fi es the lesion, its location, and the extent of 
airway involvement but also highlights the vascu-
larity and fragility of the lesion (Fig.  8.6 ). In addi-
tion it provides tissue diagnosis and allows the 
operator to assess the extent of mucosal in fi ltration 
and any extrinsic compression of the airway by 
the tumor. It also permits the assessment of the 
diameter of the stricture for the appropriate choice 
of the stent  [  48  ] . Bronchoscopy in these patients 
is not without risks. There is potential for patients 
to develop complete airway obstruction due to 
physical presence of the bronchoscope in the crit-
ically narrowed central airways. Local bleeding 
and mucosal trauma during bronchoscopy may 
further compromise the airway lumen increasing 
the risk of sudden development of ventilatory 
failure and asphyxiation. Therefore, it is essential 
that the procedure is performed with utmost care 
by the most experienced operator with ready 
access to full resuscitation capabilities.  

 In some instances, the standard bronchoscope 
cannot be negotiated through the critically 
stenosed airways. In these patients, examination 
of distal airways can be accomplished using 
ultrathin bronchoscopes, which have a diameter 
of 2.8–3.5 mm. Successful inspection of distal 
airway with ultrathin bronchoscopes has been 
possible in more than 80 % of cases in which 
standard bronchoscope could not be passed 
beyond the obstructing lesion  [  49,   50  ] . 

 Choice of a  fl exible or rigid bronchoscope for 
interventional procedure is an important consid-
eration. Many of those with an in-depth knowl-
edge in this  fi eld prefer rigid scope for therapeutic 
bronchoscopy in majority of patients with CAO. 
Unfortunately, the availability of rigid bronchos-
copy is limited to a handful of tertiary care centers. 
Only a few pulmonologists have received any 
training or have any experience in rigid bron-
choscopy. However, this trend seems to be chang-
ing. In fact it is the greater appreciation of rigid 
bronchoscope in management of CAO that is 
behind the revival of this forgotten skill in recent 
times  [  51  ] . 

 Rigid bronchoscope has several advantages 
over  fl exible bronchoscope in therapeutic bron-
choscopy (Table  8.2 )  [  52  ] . It allows better airway 

  Fig. 8.6    Bronchoscopic image showing signi fi cant nar-
rowing and distortion of trachea from external compres-
sion and in fi ltration of tumor from right side       
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protection and concurrent ventilation. It has a 
wider working channel, which does not occlude 
the airway and permits ef fi cient suctioning and 
instrumentation. In some patients immediate res-
toration of airway lumen can be achieved via a 
rigid bronchoscope as the barrel can be used to 
dilate the narrowed airway, and to core out the 
lesion. Rigid bronchoscope is more useful than 
 fl exible bronchoscope if the procedure is compli-
cated by massive hemorrhage. Finally, some 
interventions such as placement of silicone stent 
and debulking with microdebrider can only be 
accomplished using a rigid bronchoscope.  

 The usefulness of therapeutic bronchoscopy 
with the rigid bronchoscope was illustrated in ret-
rospective review of 32 patients with central air-
ways obstruction who required admission to the 
intensive care unit prior to the intervention. 
Emergent interventions such as dilatation, laser 
photoresection, or silicone stent insertion were 
performed in the operating room under general 
anesthesia. Immediate extubation was possible in 
10 of 19 (52.6 %) patients who were receiving 
mechanical ventilation prior to the therapeutic 
bronchoscopy and 20 of 32 (62.5 %) could be 
transferred to a lower level of care immediately 
after intervention  [  53  ] . 

 Unlike rigid bronchoscopy,  fl exible bronchos-
copy is performed under conscious sedation and 
is more widely available. Many interventional 
procedures such as laser photoresection, electro-
cautery, argon plasma coagulation, cryotherapy, 
photodynamic therapy, and metal stent insertion 

can be performed using  fl exible bronchoscope. 
However,  fl exible bronchoscopy carries 
signi fi cant risk in presence of severe CAO. As 
discussed above, the presence of bronchoscope 
may convert incomplete CAO into complete air-
way obstruction. Furthermore, relaxation of 
respiratory muscle and central nervous system 
depression due to sedative medications may 
cause the airway to become more unstable during 
 fl exible bronchoscopy. It is therefore essential to 
have immediate access to advance airway man-
agement, including ready availability of rigid 
bronchoscopy in these cases. If such facilities are 
not available, transferring the patient to a special-
ized center with a dedicated airway team should 
be given a serious consideration after the initial 
resuscitation. 

 Endobronchial ultrasound (EBUS) is rapidly 
emerging as an important adjunct to bronchos-
copy in management of patients with CAO. 
EBUS allows better evaluation of submucosal 
and peri-bronchial tumors, the true extent of 
which is dif fi cult to determine during broncho-
scopic examination. EBUS is highly accurate in 
estimating depth of invasion of the tracheobron-
chial wall in patients with endobronchial tumors. 
In one study, EBUS  fi ndings were con fi rmed in 
23 of 24 (95.8 %) of such patients upon examina-
tion of the surgical specimens. In the single case 
in which the  fi ndings were different, lymphocytic 
in fi ltration between the cartilage rings was misin-
terpreted as tumor in fi ltration  [  54  ] . In another 
study, EBUS was helpful in selecting appropriate 

   Table 8.2    Comparison of rigid and  fl exible bronchoscope for therapeutic bronchoscopy   

 Rigid bronchoscope  Flexible bronchoscope 

 Availability  Limited  Unlimited 
 Airway protection  ++  None 
 Working channel  Wide  Narrow 
 Suction capability  Superior  Limited 
 Control of bleeding  More effective  Less effective 
 Anesthesia  General  Conscious sedation 
 Reach  Limited to trachea and main stem 

bronchus 
 Also suitable for lobar and segmental 
bronchi 

 Mechanical debulking  Rapid  Less effective and more time consuming 
 Unique capabilities  Silicone stent placement 

and microdebrider 
 Ultrathin bronchoscopy and EBUS 

 Risk of  fi re during LPR  Lower  Higher 
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candidates with centrally located early-stage lung 
cancer for photodynamic therapy with curative 
intent  [  55  ] . Based on the evidence of extra-
cartilaginous spread of tumor on EBUS, the 
investigators chose alternative therapies to nine 
patients who were initially thought to be appro-
priate candidates for PDT. The estimated depth 
of tumor invasion by EBUS was accurate in six of 
the nine surgical specimens. EBUS is also found 
useful prior to placement of airway stents. 
Miyazawa and associates studied the functional 
outcome of patients after placement of an airway 
stent at choke point which were detected using 
 fl ow-volume loop,  fl exible bronchoscopy, EBUS, 
CT, and ultrathin bronchoscopy  [  56  ] . Choke point 
is the area of greatest  fl ow limitation and is usu-
ally found where the airways are maximally 
stenosed. All patients with extrinsic compression 
from non-operable lung cancer in this study had 
balloon dilation followed by airway stent place-
ment using rigid bronchoscope. These interven-
tions provided immediate improvement in 
dyspnea and  fl ow-volume loops in all study sub-
jects. Patients with extensive stenosis showed 
partial response and repeat evaluation showed 
that the choke point had migrated downstream 
from the initially stented segment. EBUS showed 
presence of cartilage destruction at the new choke 
points. Additional stenting in these areas was fol-
lowed by improvement in dyspnea,  fl ow-volume 
loop, and pulmonary function tests. The study 
illustrates the potential role of EBUS in improv-
ing the functional results of airway stent place-
ment in patients with CAO. 

 EBUS is also found useful in patients under-
going therapeutic bronchoscopy for advanced 
CAO. Herth and associates performed EBUS in 
1,174 of 2,446 therapeutic bronchoscopies over a 

3-year period  [  57  ] . EBUS was used in conjunction 
with mechanical tumor debridement, airway stent 
placement, laser photoresection, argon plasma 
coagulation, brachytherapy, foreign body removal 
and endoscopic abscess drainage. Overall, guid-
ance from EBUS in fl uenced the therapeutic 
approach in 43 % of cases. The most common 
management changes were adjustment of size of 
the stent and termination of procedure after 
 fi nding a large blood vessel in close proximity. In 
some instances EBUS  fi ndings suggested need 
for surgical interventions rather than endoscopic 
therapy. No patient in the EBUS group experi-
enced severe bleeding or  fi stula formation after 
completion of the procedure.  

   Anesthesia and Ventilation 

 Appropriate anesthesia management is a crucial 
part of interventional bronchoscopy. An in-depth 
discussion on this subject is beyond the scope of 
this chapter and readers are referred to several 
excellent reviews for details  [  58,   59  ] . The major-
ity of patients who need urgent intervention for 
central airway stenosis are at high-risk of devel-
oping anesthesia-related complications due to 
associated severe respiratory distress, hypox-
emia, pulmonary sepsis, and superior vena cava 
obstruction. Many of these patients are in class 
IV or V risk category of the American society of 
anesthesiologists classi fi cation of physical status 
(Table  8.3 ). Availability of experienced anesthe-
sia personnel for airway management and for 
monitoring oxygenation, ventilation, and circu-
lation is very helpful and is strongly recom-
mended during therapeutic bronchoscopy in 
these patients.  

   Table 8.3    American Society of Anesthesiologists (ASA) classi fi cation of physical status   

 ASA class  Description 

 Class I  A normal, healthy patient 
 Class II  A patient with mild systemic illness 
 Class III  A patient with severe systemic disease that limits activity but is not incapacitating 
 Class IV  A patient with incapacitating systemic disease that is a constant threat to life 
 Class V  A moribund patient not expected to survive 24 h with or without operation 
 E  In the event of an emergency operation, precede the number with an “E” 
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 Aggressive supportive therapy must be started 
while interventional procedure is being planned. 
Many patients experience symptomatic relief 
with administration of humidi fi ed oxygen and 
inhaled bronchodilators. Although used com-
monly, systemic steroids have no proven value in 
these patients. Temporary bene fi t has been 
reported with inhalation of 70 % helium and 
30 % oxygen (heliox) symptomatic patients with 
severe CAO  [  60  ] . 

 Several interventional procedures such as cry-
otherapy, electrocautery, APC, and airway stent-
ing in noncritical patients can be performed under 
conscious sedation using  fl exible bronchoscope. 
In some instances, deep sedation or general anes-
thesia is needed for patient comfort and better 
control of cough. General anesthesia is also 
needed during  fl exible bronchoscopy for the pro-
cedures such as laser photoresection that require 
patients to remain still for a prolonged period of 
time. Airway can be established with a size-8 or 
larger endotracheal tube or a laryngeal mask air-
way in these patients. Rigid bronchoscopy is 
always carried out under general anesthesia. The 
rigid bronchoscope is the most reliable airway for 
the anesthesiologists to maintain the ventilation 
during complex and prolonged interventional 
bronchoscopy procedures. 

 The intubation can be performed with the 
patient either awake with a topical anesthetic 
agent or with an inhalational or intravenous agent 
with or without non-depolarizing muscle relax-
ants. Loss of airway control has been reported 
using all types of induction. It is essential to have 
the trained operators and the equipment in a state 
of readiness at the time of induction, should an 
urgent rigid bronchoscopy is needed to secure the 
airway  [  61  ] . 

 Some anesthesiologists prefer intravenous 
agents because of rapid and smooth induction 
with less airway irritation  [  62  ] . Others prefer 
inhalational agents such as halothane  [  63  ]  or 
sevo fl urane for induction in these patients  [  64  ] . 
Many of the inhalational agents have a broncho-
dilator effect that is helpful in patients with con-
comitant reactive airway disease. 

 Maintenance of anesthesia can also be 
 accomplished with either inhalational agents of 

with intravenous agents. Recent trend is to use 
total intravenous anesthesia (TIVA) for these pro-
cedures  [  65  ] . Continuous administration of intra-
venous agents to maintain anesthesia is possible 
during suctioning, dilation and stenting whereas 
administration of inhalational agent must be 
interrupted during these procedures  [  66  ] . Propofol 
is the most preferred intravenous agent due to its 
short onset of action (30 s) and rapid recovery 
time of 15 min after a 2 h infusion. Remifentanil 
is the preferred narcotic agents due to its rapid 
onset (60 s) and short duration of action 
(3–10 min). Long acting opioids must be avoided 
to prevent postoperative respiratory depression. 

 Ventilation can be dif fi cult to maintain in many 
patients with high-grade CAO. Positive pressure 
ventilation can be delivered during  fl exible bron-
choscopy through the side-port of the adapter 
over the endotracheal tube (ETT). The broncho-
scope is placed through a self-sealing diaphragm 
of the adapter that minimized the loss of tidal vol-
ume. Because the presence of bronchoscope 
invariably increases the resistance to air fl ow, a 
minimum of size 8 and preferably larger ETT is 
recommended for therapeutic bronchoscopy. 

 A rigid bronchoscope has a side arm adapter 
that allows administration of anesthetic agent and 
assisted ventilation during therapeutic bronchos-
copy. An eyepiece occludes the proximal end of 
bronchoscope and allows controlled ventilation, 
but the gas leak cannot be prevented whenever 
the eyepiece is removed, thus placing the opera-
tors at some risk of inhalation of anesthetic agents 
during the procedure. 

 High frequency jet ventilation (HFJV) allows 
uninterrupted ventilation during rigid bronchos-
copy. A small 2.0-mm catheter can provide a safe 
level of oxygenation. The HFJV catheter is typi-
cally placed beyond the stenosis in patients with 
tracheal obstruction  [  67  ] . There is a potential for 
development of dynamic hyperin fl ation during 
HFJV because the resistance to air fl ow is more 
pronounced during the expiration than during 
inspiration. However, the airway pressures (Paw) 
with HFJV during rigid bronchoscopy generally 
does not exceed the safe limits and is unlikely to 
cause severe lung distension or barotrauma in 
subjects with normal lungs  [  68  ] . 



154 S. Hadique et al.

 The anesthesiologist and bronchoscopist must 
be ready to manage the complications of the pro-
cedure such as massive hemorrhage and 
barotrauma, and perforation of the airways. 
A thoracic surgeon on standby is always prudent, 
although emergent thoracotomy is seldom needed 
 [  69  ] . Careful monitoring is essential during the 
immediate postoperative period, as there is dan-
ger of redevelopment of CAO from mucous 
plugs, edema, aspiration, blood clots, sloughed 
tissue and migrated stents. 

 Airway  fi re is an important concern during 
laser photoresection, electrocautery, and argon 
plasma coagulation. The predisposing factors 
include use of  fl ammable anesthetic agents, high 
FiO 

2
  during procedures, and presence of combus-

tible material such as ETT in the airway. The risk 
of endobronchial ignition can be reduced by 
decreasing the FiO 

2
  to at or below 0.4 and hold-

ing the jet ventilation for a few seconds during 
these procedures  [  70,   71  ] .  

   Management of Central Airway 
Obstruction 

 All patients with CAO should be identi fi ed as 
high risk patients. A recent database has reported 
a complication rate of 19.8 % and a 30-day mor-
tality of 7.8 % after the therapeutic bronchoscopy, 
re fl ecting the severity of illness and poor under-
lying health status  [  72  ] . The importance of hav-
ing an experienced and dedicated airway team in 
place for managing such challenging patients 
cannot be overstated. 

 At the outset, the goals of the therapy must be 
de fi ned for every individual patient. The funda-
mental purpose of therapeutic bronchoscopy is 
palliation of symptoms. There can be no doubt 
that a successful procedure in these patients is 
highly effective in achieving the relief of symp-
toms and in improving the quality of life. For 
example, in a prospective study, 85 % of partici-
pants experienced improvement in dyspnea and 
65 % of participants experienced improvement in 
quality of life after undergoing therapeutic bron-
choscopy for advanced CAO related to malignancy 
 [  73  ] . Similar results were reported in another study 

in which 6-min walk distance increased by 99.7 m, 
FEV1 increased by 448 ml, and FVC increased by 
416 ml at 30-day after undergoing bronchoscopic 
intervention for advanced malignant airway 
obstruction  [  74  ] . More importantly, the majority 
of patients also experienced improvement in dysp-
nea after the procedure. Temporary control of 
hemoptysis has been achieved in up to 94 % of 
patients with central airway tumors undergoing 
therapeutic bronchoscopy  [  75  ] . 

 On the other hand, it is debatable whether 
therapeutic bronchoscopy improves the overall 
survival of patients with malignant CAO. This 
question has fueled much discussion but remains 
largely unanswered due to lack of prospective 
randomized trials. Performing a prospective, 
blinded, randomized study on such patient popu-
lation is neither feasible nor ethical. In the absence 
of high quality evidence from prospective ran-
domized trial, the majority of information in this 
context has been obtained from extrapolation of 
data from case series, retrospective studies, and 
comparison with historical control  [  75,   76  ] . 
Notwithstanding, we argue that survival is an 
inappropriate end point for an intervention which 
is primarily designed to relieve the unpleasant 
and highly distressing symptoms of choking and 
asphyxia. Furthermore, expecting improvement 
in the overall survival with the local relief in 
obstructive lesions alone is unrealistic since most 
patients with malignant CAO have not only an 
advanced and inoperable malignancy but also 
suffer from serious comorbidities such as 
advanced COPD and coronary artery disease. 

 Still, it is encouraging to note that many 
patients who initially present with advanced CAO 
are able to receive additional anticancer therapies 
after experiencing improvement in symptoms 
and Karnofsky performance status with therapeu-
tic bronchoscopy  [  77  ] . Control of pulmonary 
sepsis after interventional treatment is helpful in 
improving the ability of many of these patients to 
withstand the cancer chemotherapy. In one study, 
there was no difference between the survival 
rates of NSCLC patients who required therapeu-
tic bronchoscopy for CAO before receiving 
chemotherapy and the patients who received che-
motherapy for advanced lung cancer but had no 



1558 Therapeutic Bronchoscopy for Central Airway Obstruction

evidence of CAO at initial presentation  [  78  ] . In 
some reports, the early and rapid palliation with 
endoscopic therapy and subsequent administra-
tion of chemotherapy has allowed some of these 
patients to undergo surgery with curative intent 
 [  79,   80  ] . In highly selected patients, longer sur-
vival has been possible after the surgical treat-
ment. For example, the 3-year survival after 

induction chemotherapy and surgery was 52 % 
whereas the median survival after palliative treat-
ment alone was 12.1 months in one study  [  80  ] . 

 A simpli fi ed treatment algorithm is summa-
rized in Fig.  8.7 . Broadly, the ablative techniques 
are categorized into those with immediate effects 
and those with delayed effects. Mechanical deb-
ulking, laser photoresection (LPR), electrocautery 

  Fig. 8.7    Treatment algorithm for malignant central airway obstruction       
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and argon plasma coagulation (APC) and cryore-
canalization have an immediate effect  [  81  ]  
whereas cryotherapy, brachytherapy and photo-
dynamic therapy (PDT) have delayed effects 
 [  82  ]  and are more suitable when urgent relief in 
symptoms is not essential. Airway stents are 
mainly indicated for extrinsic compression and 
their successful deployment immediately 
improves the airway diameter. Balloon broncho-
plasty is particularly effective in preparing 
stenotic airways for stent placement, in expand-
ing metallic stents after insertion, and in the 
placement of brachytherapy catheters that would 
otherwise be impeded by high-grade stenoses. In 
majority of instances, combination of several 
interventional procedures is needed for the most 
optimal results. In the following section, we 
brie fl y discuss the scienti fi c basis, clinical appli-
cation, complications and limitations of various 
interventional procedures used in management 
of patients with malignant CAO.   

   Mechanical Debulking 

 Mechanical debulking using rigid bronchoscope 
is an effective method to achieve rapid recanali-
zation of central airways. In this technique, the 
beveled end of the rigid bronchoscope is used as 
a chisel to shave off large parts of the obstructing 
endobronchial tumors. The procedure is also 
referred to as “core out.” This technique is most 
suitable for patients with an intrinsic tumor 
involving tracheal or main-stem bronchi causing 
critical airway stenosis. Rigid bronchoscope is 
ideally suited for this procedure because of its 
ability to control airways, better suction capabil-
ity, ability to introduce forceps of larger size to 
grasp the tumor fragments, and ability to manage 
hemorrhage more effectively as compared to the 
 fl exible bronchoscope. 

 The majority of patients undergoing this pro-
cedure have acute respiratory distress due to criti-
cal airway stenosis. The airway team must be in 
attendance, ready to perform rigid bronchoscopy 
to secure the airway before any attempt is made 
to initiate anesthesia induction. In many instances, 
there is no time for imaging procedures. Still, it is 

important to visualize and assess the lesion and 
examine the distal airways before performing the 
procedure. Also, the accumulated secretions and 
blood must be removed from the airways as much 
as possible to improve the visibility. A  fl exible 
bronchoscope introduced via rigid scope is used 
for this purpose. It is imperative that the axis of 
airway is determined before making any attempt 
to core-out the lesion. The mechanical coring out 
of the tumor is accomplished by engaging the 
base of the tumor with the tip of bronchoscope 
and dissecting off the lesion. In order to reduce 
the risk of perforation of airways or adjacent 
blood vessels, the operator must keep the rigid 
bronchoscope parallel to the axis of the airway 
throughout the procedure. The tumor fragments 
are removed using graspers, suction and in some 
instances with the assistance of cryotherapy 
probe. Flexible bronchoscope should be used to 
remove the tumor fragments downstream from 
the lesion obstructing the proximal airways. 
Bleeding is rarely severe and can be managed by 
irrigation with ice-cold saline, topical application 
of epinephrine, and applying direct pressure 
using the rigid bronchoscope. Argon plasma 
coagulation may be used if oozing of blood per-
sists despite the aforementioned measures. 
Balloon tamponade may be needed to control 
bleeding from distal airways. In some instances, 
initial devascularization of tumor with applica-
tion of thermal energy may reduce the risk of 
bleeding after the core-out procedure. 

 Most patients undergoing this procedure expe-
rience an immediate relief in symptoms. For 
example, in one study, a signi fi cant improvement 
in endoscopic appearance, subjective symptoms 
and radiological  fi ndings was achieved in 51 of 
56 patients undergoing this procedure  [  63  ] . 
Successful debulking of tumor in this study was 
followed by surgical intervention in 16 (29 %) of 
patients and other interventions such as external 
beam radiation therapy or chemotherapy in 34 
(62 %) of patients. 

 The main advantages of debulking with rigid 
bronchoscope are low cost and immediate results. 
A successful procedure paves way for additional 
interventions in more controlled and secure set-
tings at a future date. The most obvious limitation 
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of the procedure is the availability of operators 
trained in rigid bronchoscopy. Mechanical deb-
ulking has also been described using a rotating 
airway microdebrider, which is an electrically 
powered instrument with a rotating blade and 
suction capability. It is used in conjunction with 
either rigid bronchoscopy or suspension laryn-
goscopy. Preliminary experience is encouraging, 
but more studies are needed before it can be rec-
ommended for general use  [  83,   84  ] .  

   Balloon Bronchoplasty 

 Balloon dilatation is a simple technique in which 
a pressurized balloon is used to provide immedi-
ate relief in symptoms due to CAO. In malignant 
tracheobronchial stenosis, balloon dilation is 
most commonly used for dilating airways before 
placement of stents in patients with predomi-
nantly extrinsic compression  [  85  ] . It is also used 
for dilation of previously placed airway stents 
and for opening folded Dumon’s stents  [  86  ] . 
Balloon dilation has also been used to facilitate 
placement of brachytherapy catheter across the 
obstructing lesion. Balloon dilation also has an 
established role in management of airway steno-
sis secondary to a variety of benign causes such 
as post lung transplantation anastomotic stric-
tures, post-intubation tracheal stenosis, and tuber-
culosis  [  87–  89  ] . 

 In the past, balloon dilation was accomplished 
using rigid bronchoscopes or with guide-wires 
under  fl uoroscopy guidance  [  85  ] . However, sev-
eral studies have established the feasibility and 
safety of the procedure in non-critically ill 
patients using  fl exible bronchoscope under con-
scious sedation  [  88,   90  ] . Here, the de fl ated bal-
loon is introduced via the working channel, 
placed across the obstruction, and is in fl ated 
using a pressure syringe device under direct 
vision. The in fl ation diameters of balloons vary 
from 4 to 20 mm and the length of balloons vary 
from 4 to 8 cm. In many instances, the operator 
has to use several balloons of increasing diameter 
to achieve the desired results. 

 Immediate relief in symptoms is achieved in 
the majority of patients undergoing airway 

 balloon dilation  [  87,   90  ] . In many instances, there 
is resolution of post-obstructive pneumonia and 
atelectasis. In one series, an average of 10 % 
improvement in FEV1 was found 1 month after 
the procedure  [  91  ] . Effective dilation of airways 
clearly facilitates airway stent placement and 
allows effective application of other modalities 
such as brachytherapy in many patients. Balloon 
dilation has a useful role in management of 
patients with benign airway stenosis who are not 
suitable for surgery or have failed prior surgical 
attempts. The procedure is inexpensive and the 
technique is easy to learn. Unfortunately, despite 
excellent initial results, the bene fi ts are not sus-
tained and a majority of patients either require 
further airway dilation or need an additional pro-
cedure such as stent placement for relief of symp-
toms  [  87,   88,   91  ] . Generally, the procedure is 
safe and no major complications are encountered 
but rarely, it is complicated by bleeding, airway 
perforation and pneumomediastinum. In one 
study, super fi cial mucosal tears occurred in 60 
patients and deep mucosal tears occurred 4 of 
124 patients undergoing balloon dilation  [  92  ] . 
All mucosal tears healed without any adverse 
clinical consequences. Most experts believe that 
sequential balloon dilation is less traumatic to the 
airways than the mechanical dilation with the 
rigid bronchoscopes.  

   Electrocautery 

 Electrocautery has become a popular option for 
immediate palliation of malignant CAO because 
of its ability to restore airway lumen with rapid 
ablation of tumors. Electrocautery uses the elec-
trical energy to heat the tissues to achieve desired 
results such as coagulative necrosis at low tem-
peratures or tissue vaporization at high tempera-
ture. The electrical energy is delivered to the 
endobronchial tissue using a variety of probes 
applied through rigid or  fl exible bronchoscope. 
Owing to the difference in the voltage, there is 
 fl ow of electrons from the probe to the target tis-
sue. Heat is generated as electrons  fl ow through 
the tissues with high electrical impedance. The 
biological effect on the tissues depend on the 
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amount of heat generated, which in turn depends 
on the type of current, surface area of contact, 
power, duration of contact, and tissue character-
istics. In coagulation mode, low voltage, low 
power and high current settings are used to cause 
coagulative necrosis, as the tissue temperature 
approaches 70 °C. In contrast, the cutting mode 
involves application of high voltage and low cur-
rent to causes the tissue temperature to approach 
200 °C, which causes vaporization or carboniza-
tion. In many instances, a blend of coagulation 
and cutting mode is used to achieve desired 
results. A good correlation has been found 
between the visible changes on the mucosal sur-
face and the histological extent of coagulation 
necrosis after application of electrocautery  [  93  ] . 
Highly vascular lesions require higher settings 
due to “heat sink” effect. Lesions covered by 
secretions or  fl uids of any kind also require higher 
energy as they offer much less resistance to the 
 fl ow of electrons. 

 The technique requires a high frequency elec-
trical generator, insulated bronchoscope and an 
array of accessory instruments to deliver the elec-
trical energy to the tissues. A grounding plate is 
applied in the close proximity of the treatment 
site to complete the circuit. Placing grounding 
plate away from the treatment site may require 
higher setting to complete the circuit and increase 
posiibiltiy of detouring the current to the metallic 
prosthesis, if present. 

 The electrocautery accessories include 
polypectomy wire snare, coagulation probe, cut-
ting knife and hot biopsy forceps. The choice of 
accessory depends on the endoscopic appearance 
of the tumor. Snare is most useful for the removal 
of pedunculated lesion. Here, the snare is looped 
over the lesion and tightened slowly as electro-
cautery is activated to provide a combination of 
cutting and coagulation mode at the base of the 
lesion. The tissue is severed by the heat generated 
by the electrical current and not by the mechani-
cal force of the snare. Coagulation probe is useful 
for sessile or  fl at lesions. Cutting blade is used for 
making radial cuts on concentric web-like stric-
tures in the trachea or main-stem bronchi. 
Mechanical debulking may be needed in asso-
ciation with a combination of coagulation, 

cutting and vaporization to achieve rapid airway 
recanalization. The tissue pieces are removed 
with biopsy forceps, suction, or cryoprobe. It is 
essential to the remove the blood and carbonized 
tissue and debris on a frequent basis in order to 
maintain the operative  fi eld as clean as possible. 

 Several studies have established the useful-
ness of electrocautery for rapid palliation of 
CAO. Sutedja and associates performed broncho-
scopic electrocautery in patients with locally 
advanced central lung cancers using  fl exible 
bronchoscope and conscious sedation  [  94  ] . 
A greater than 75 % opening of airway diameter 
was achieved in 11 patients and dyspnea improved 
in 8 of 17 study patients. Coulter and Mehta per-
formed a total of 47 electrocautery procedures in 
38 patients with central airway tumors or benign 
web like lesions using  fl exible bronchoscope 
 [  95  ] . Successful results were achieved in 89 % of 
procedures, thus obviating need for laser photo-
resection (LPR). One must note that no patient 
included in this series was in extremis and to be 
included in the study, the patients were required 
to have a <50 % luminal obstruction and a tumor 
size had to be <2 cm in greatest dimension. 
Nonetheless, the investigators found electrocau-
tery to be an attractive alternative to LPR in a 
carefully selected patient population. A large ret-
rospective study from Duke Medical Center has 
recently addressed the ef fi cacy and safety of elec-
trocautery in patients with benign or malignant 
airway obstruction  [  96  ] . In this study, 117 elec-
trocautery procedures were performed in 94 
patients over a 5-year period. Rigid bronchoscope 
was used in 62 %. Endoscopic improvement was 
achieved in 94 % of patients. Symptoms improved 
in 71 % of patients. Radiological improvement 
was also reported in a signi fi cant proportion of 
patients. These results clearly establish the impor-
tant role of electrocautery in palliative treatment 
of advanced CAO. In some instances, electrocau-
tery has also been used to treat occult central air-
way cancers that are not suitable for radical 
surgery  [  97  ] . 

 Electrocautery achieves results similar to LPR 
in a signi fi cant proportion of carefully selected 
patients with CAO  [  98  ] . Its main advantages over 
LPR are lower cost and ability to perform the 
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procedure under conscious sedation using 
 fl exible bronchoscope. In fact, electrocautery has 
replaced LPR to become the  fi rst-line heat ther-
apy for CAO in many institutions. The procedure 
is generally safe and major complications are sel-
dom encountered  [  99  ] . However, there are sev-
eral drawbacks. There is risk of endobronchial 
 fi re if appropriate precautions are not taken. To 
reduce the risk of  fi re, the FiO 

2
  must be main-

tained  £ 0.4 during the procedure and one must 
make sure that there are no combustible sources 
such as endobronchial tubes or silicone stents 
within the airways. The procedure cannot be per-
formed if high- fl ow oxygen is needed to maintain 
adequate oxygenation. The procedure should be 
avoided in patients with permanent pacemaker or 
defbrillator. Electrocautery is not suitable for 
control of airway hemorrhage and it loses its 
effectiveness in the presence of signi fi cant airway 
bleeding.  

   Argon Plasma Coagulation 

 Argon plasma coagulation (APC) is a noncontact 
form of electrosurgical technique used in man-
agement of CAO and hemoptysis from a visible 
endobronchial source  [  100  ] . Plasma, sometimes 
considered a fourth state of matter, is a gas of 
charged particles with special physical proper-
ties. Plasma is produced in the endobronchial tree 
when a high-frequency, high-voltage current 
delivered to a tungsten-tip electrode ionizes the 
argon delivered through the Te fl on catheter at a 
rate of 0.3–2 L/min. Argon plasma emerges from 
the catheter tip as a spray of monopolar current 
seeking and causing the coagulative necrosis of 
the nearest grounded tissue. Similar to the stan-
dard electrocautery, a grounding pad is placed in 
close proximity of the treatment site to complete 
the circuit. The passage of electrical current 
through the bronchial mucosa leads to tissue 
heating, dessication and coagulation. The electri-
cal resistance increases as the tissue coagulates, 
which suppresses the further current  fl ow, thereby 
limiting the depth of coagulation to about 2 mm 
after about 2 s of application. The self-limiting 
effect of APC on tissue coagulation limits its 

ef fi cacy in rapid palliation of large and bulky 
endobronchial tumors, but at the same time also 
reduces the risk of perforation of tracheobron-
chial wall. A further advantage of APC is its abil-
ity to reach the lesions located lateral to the probe 
or around the bends and corners that are not suit-
able for LPR. 

 Patients with predominantly intraluminal 
lesions located in the trachea or main-stem bron-
chus, with a patent distal lumen and functional 
lung are the most suitable candidates for APC 
treatment. APC is delivered to the endobronchial 
tissue through the  fl exible bronchoscope. In 
unstable patients, it is better to secure the airways 
with a rigid bronchoscope or endotracheal tube, 
and use the arti fi cial airway to introduce the 
 fl exible bronchoscope into the tracheobronchial 
tree. Standard  fl exible bronchoscopy technique is 
suf fi cient in a stable patient. The electrical cur-
rent is generated by a high-frequency current 
generator. The diameter of the  fl exible probe var-
ies from 1.5 to 2.3 mm and it is introduced into 
the airways through the working channel of the 
bronchoscope. In order to prevent thermal dam-
age to the instrument, the tip of the APC probe 
should be pushed several centimeters beyond the 
distal end of bronchoscope. One must make sure 
that the probe tip is within 1 cm of target lesion 
before the plasma spray is generated. An argon 
 fl ow of 0.8–1 L/min and a power setting of 30 W 
are suitable initial settings. Argon plasma should 
be applied in bursts of 1–3 s to achieve the suit-
able results. In debulking an endobronchial 
tumor, the coagulated tissue and the eschar 
formed with the application of APC needs to be 
removed on a regular basis using biopsy forceps 
or cryoprobe. Further APC is applied on the via-
ble underling tissue and the cycle is repeated till 
desired results are obtained. 

 Several case-series have addressed the useful-
ness of APC in management of airways diseases. 
Reichle and associates performed 482 APC pro-
cedures in 364 patients for a variety of indica-
tions  [  100  ] . APC was performed for management 
of central airway tumors in 186 patients. The 
 airways patency could be restored in 67 % of 
patients. Rigid bronchoscope was used for 
 application of APC in 90 % of these patients. 
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The procedure was performed for control of 
hemoptysis arising from a visible endobronchial 
source in 119 patients. Adequate hemostasis 
could be achieved in 118 of these patients. In 34 
patients, the investigators successfully used APC 
to restore the patency of airway stents, which 
were occluded due to in-growth of cancer or 
granulation tissue. Similarly, Morice and associ-
ates performed 70 APC procedures in 60 patients 
for management of neoplastic airway obstruction 
and for control of hemoptysis  [  101  ] . All except 
four procedures were performed under conscious 
sedation without endotracheal intubation. All 31 
patients with hemoptysis experienced complete 
resolution of airway bleeding. From the mean 
pretreatment airway obstruction of 76 %, the 
mean residual obstruction was reduced to 18 % 
after completion of the procedure. All patients 
undergoing APC for CAO experienced improve-
ment in symptoms. Similar experience with APC 
has been reported by others for both malignant 
and benign CAO  [  102–  104  ] . 

 The main advantages of APC are low cost and 
excellent ef fi cacy in control of super fi cial hemor-
rhage from endobronchial lesions. Ability to 
deliver argon plasma through a standard  fl exible 
bronchoscope is another attractive feature. 
However, the technique may not be suitable for 
bulky endobronchial tumors causing a critical 
airway stenosis. Further, there is risk of endo-
bronchial  fi re if the FiO 

2
  cannot be maintained at 

a concentration  £ 0.4 during the procedure. In 
addition, a recent report has drawn attention to 
three cases of gas embolism after the APC proce-
dure over a 3 year period for an estimated inci-
dence of 1.5–2 %  [  105  ] . The risk of gas embolism 
can be minimized by maintaining the argon  fl ow 
to as low as possible during the procedure.  

   Laser Photoresection 

 Laser photoresection (LPR) is a highly effective 
technique for immediate relief of CAO. Even 
though the application of LPR has declined since 
the availability of electrocautery and APC, it still 
maintains a useful role in clinical practice. The 
acronym laser stands for light ampli fi cation by 

stimulated emission of radiation. Laser is an 
arti fi cially produced electromagnetic radiation 
that does not exist in nature. Laser is produced by 
exciting the electrons of a substance to higher 
energy level. When the electrons fall back to the 
ground energy level, the packets of energy called 
photons are released that constitute the laser 
beam. The substance used for producing laser is 
called medium. The wavelength of laser depends 
on the medium used. Laser differs from ordinary 
light in three important ways. (1) As compared to 
the white light, which is a mix of wavelengths 
varying from 390 to 800 nm, laser light is mono-
chromatic with all waves having the same wave-
length. (2) The crests and troughs of all laser 
waves are in phase with each other—a property is 
called coherence. (3) The laser waves travel in 
the same direction in a narrow beam with mini-
mal divergence. This property is called collima-
tion. Due to these properties, the energy carried 
with laser light can be carried in form a narrow 
beam that can be focused on the target with 
intense power. 

 Due to these unique properties, laser has 
found many medical uses. Laser energy can cut, 
coagulate or vaporize the biological tissues. In 
interventional bronchoscopy, it is mainly used 
in management of CAO. Neodymium:yattrium-
aluminum-garnet (Nd:YAG) is the most com-
monly used medium for production of laser 
during bronchoscopy. Nd:YAG laser has a wave-
length of 1064 nm, which is in infrared zone, 
invisible to human eye. Thus, it needs to be car-
ried with a pilot red light so that the operator 
can visualize the laser beam as it is applied in 
the tracheobronchial tree. Because Nd:YAG 
laser is poorly absorbed by quartz material, it 
can be delivered to the tracheobronchial tree 
with the  fl exible bronchoscope. Penetration of 
up to 10 mm can be achieved with Nd:YAG 
since it is poorly absorbed by hemoglobin as 
well as the water content of the tissue. Nd:YAG 
laser causes coagulation of tissues at low power 
settings and vaporization of tissues at high-
power settings. Precise cutting of tissues, which 
is feasible with CO 

2
  laser, cannot be achieved 

with Nd:YAG laser. More recently, many 
 interventional bronchoscopists have started to 



1618 Therapeutic Bronchoscopy for Central Airway Obstruction

use Neodymium:yttrium-aluminum-perovskite 
(Nd:YAP) laser during bronchoscopy, as it is 
cheaper, more portable and has better coagulat-
ing properties than Nd:YAG laser. Preliminary 
studies show it to be as effective as Nd:YAG laser 
in management of malignant CAO. 

 Palliation of unresectable and symptomatic 
exophytic central airway tumor is the most com-
mon indication for the use of LPR. Bronchoscopic 
management of subglottic and tracheal stenosis is 
the most common nonmalignant indication. Less 
commonly, LPR has also been used for manage-
ment of endobronchial granuloma, broncholiths, 
and in fl ammatory polyps. In palliative treatment 
of central airway tumors, it is important to recog-
nize the factors that are associated with favorable 
or unfavorable results from LPR (Table  8.4 ). 
Most important among these are the location of 
the obstructing lesion and the status of airways 
beyond the obstruction. Lesions located in the 
trachea and main-stem bronchi are more suitable 
for LPR than the lesions in more distal location. 
The success rate is considerably lower for the 
tumors located in the lobar and segmental bron-
chi. Most suitable for LPR are tumors that are 
<4 cm in length with patent and tumor-free distal 
airways. LPR would be futile if the distal airway 
and the lung parenchyma are diffusely in fi ltrated 
with the tumor. Removal of obstructing mass 

from the proximal airways would not lead to any 
meaningful bene fi t to the patient in this situation. 
Certain  fi ndings on chest CT provide useful 
information regarding the outcome of LPR. 
Direct in fi ltration or compression of the corre-
sponding pulmonary artery by the tumor mass on 
chest CT is a contraindication to LPR because 
restoration of airway patency could lead to wors-
ening of dead-space ventilation and may actually 
cause worsening rather than improvement in dys-
pnea and hypoxemia. Similarly, to avoid creating 
a  fi stula, LPR should not be attempted if the CT 
shows contiguous involvement of the esophagus 
and bronchus with the tumor. Extreme caution is 
also warranted if there is signi fi cant distortion of 
mediastinal anatomy and a large thoracic vessel 
is seen in close proximity to the target lesion. 
LPR is contraindicated in patients with extrinsic 
airway compression.  

 LPR can be performed using either a rigid or a 
 fl exible bronchoscope. The end results and the 
complication rates are similar with both types of 
scopes  [  106  ] . Therefore, the choice is largely a 
matter of personal preference and training. 
Operators pro fi cient in rigid bronchoscopy prefer 
to use the rigid scope because of its ability to per-
form mechanical debulking and superior suction 
capability  [  107  ] . Using rigid bronchoscope also 
improves the ability to manage a major bleeding 

   Table 8.4    Factors affecting the outcome of laser photoresection   

 Factors  Favorable  Unfavorable 

 Location  Trachea and right or left main-stem 
bronchi 

 Lobar and segmental bronchi 

 Type of lesion  Predominantly endobronchial  Predominantly extrinsic 
 Endoscopic appearance  Exophytic  Submucosal 
 Length of lesion  <4 cm  >4 cm 
 Distal lumen  Visible and free of tumor  Not visible or diffusely in fi ltrated with 

the tumor 
 Duration of atelectasis  <4–6 weeks  >4–6 weeks 
 Mediastinal anatomy  Normal  Distorted 
 Pulmonary vascular supply  Intact  Compromised due to in fi ltration or 

compression by the tumor 
 Hemodynamic status  Stable  Unstable 
 Performance status  Good  Poor 
 Cardiopulmonary reserve  Adequate to withstand anesthesia  Inadequate 
 Oxygen requirement   £ 40 %  >40 % 

 Coagulation pro fi le  Normal  Abnormal 
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complication during the procedure. Accordingly, 
rigid bronchoscope is always preferred over the 
 fl exible bronchoscope for highly vascular lesions. 
In many centers, majority of LPR procedures are 
performed with the  fl exible bronchoscope, which 
is introduced through an endotracheal tube or 
laryngeal mask airway. An important advantage 
of using  fl exible bronchoscope is in treatment of 
distal tumors affecting the lobar bronchi that are 
dif fi cult to reach with the rigid scope. However, 
the duration of LPR is signi fi cantly longer with 
the  fl exible bronchoscope because removal of 
debris and debulking of tumor with the biopsy 
forceps is more time consuming. Also, compared 
to the rigid technique, the risk of endobronchial 
 fi re is signi fi cantly higher with the  fl exible tech-
nique because the bronchoscope, endotracheal 
tube, and laser  fi ber are  fl ammable, whereas the 
rigid bronchoscope is non fl ammable. 

 When using the rigid bronchoscope, it is cus-
tomary to coagulate the tumor with low power 
settings followed by mechanical debulking with 
the bevel of the rigid bronchoscope  [  108  ] . After 
removing the main bulk of the tumor, laser can be 
used to further vaporize the residual tumor and to 
control the bleeding. With the  fl exible technique, 
a combination of mechanical debulking with the 
biopsy forceps and laser photocoagulation is used 
to achieve the similar results. To minimize the 
risk of airway perforation, the laser beam must 
always be  fi red parallel to the wall of the airway 
and not directly at it  [  109  ] . The laser tip must be 
kept 3–4 mm away from the target at all times. 
Smoke, debris, blood, and respiratory secretions 
must be removed on a regular basis to keep the 
operative  fi eld as clean as possible. Inspired oxy-
gen should be limited to  £ 40 % at all times to 
reduce the risk of endobronchial  fi re. For LPR 
with the  fl exible bronchoscope, the authors have 
developed general guidelines, designated as “rule 
of four” to achieve the optimal results and to min-
imize the complications with the procedure 
(Table  8.5 ).  

 Immediate improvement in airway caliber and 
relief in symptoms is reported in 70–90 % of 
patients undergoing LPR  [  110–  114  ] . The success 
rate depends on the location of tumor in the tra-
cheobronchial tree. For example, Cavaliere and 

associates achieved successful results in more 
than 90 % of tumors involving trachea or main-
stem bronchi, compared to 50–70 % success in 
tumors involving the lobar bronchi  [  108  ] . 
Similarly, Hermes and associates reported the 
success rates of 95 % for tumors involving tra-
chea, 80 % for tumors involving main-stem bron-
chi, and 68 % involving lobar bronchi  [  115  ] . 
Successful LPR has led to a dramatic improve-
ment in symptoms of critical airway stenosis and 
impending asphyxia in many patients with CAO 
 [  116,   117  ] . In one report, 9 of the 17 patients with 
inoperable central airway tumors who required 
ventilator assistance for acute respiratory failure 
were extubated after successful LPR and many of 
them were able to receive further treatments for 
lung cancer  [  118  ] . Successful LPR is also associ-
ated with control of hemoptysis, and improve-
ment in pulmonary functions, pulmonary 
ventilation and perfusion, radiological  fi ndings 
of atelectasis, Karnofsky performance status, and 
quality of life  [  119–  121  ] . Many patients have 
undergone surgery and have received additional 
palliative treatment for lung cancer after experi-
encing relief of CAO with LPR  [  122  ] . The effect 
of LPR on survival remains speculative due to 
lack of prospective randomized studies. However, 
some authors have reported a better survival for 
patients undergoing successful LPR compared 
with the historical control  [  123  ] . For instance, in 

   Table 8.5    Mehta’s rule of four for application of 
Nd:YAG Laser with  fl exible bronchoscope   

 Length of lesion  <4 cm 
 Duration of atelectasis  <4 weeks 
 Initial setting 

 Power (noncontact) •  40 W 
 Pulse duration •  0.4 s 

 Distances 
 Endotracheal tube to lesion •  >4 cm 
 Fiber tip to lesion •  4 mm 
 Distal end of scope to  fi ber tip •  4 mm 

 Fraction of inspired oxygen   £ 0.4 
 Number of pulses between cleaning  <40 
 Procedure time  <4 h 
 Total number of laser treatments  <4 
 Life expectancy  >4 weeks 
 Laser team   ³ 4 
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one report, no patient in the historical control 
group survived beyond 7 months whereas the 
survival rates were 60 % and 28 % at 7 months 
and 1 year respectively after LPR  [  113  ] . Survival 
is also reported to be longer in patients with suc-
cessful LPR than in patients with unsuccessful 
treatment  [  124  ] . However, this may have been 
related to a higher tumor burden in patients who 
failed to achieve good results with initial LPR. In 
one study, the survival of patients receiving emer-
gent Nd:YAG laser therapy was signi fi cantly lon-
ger than that of historical control subjects who 
received only emergent external beam radiation 
therapy  [  125  ] . In addition, according to one 
study, patients who undergo brachytherapy in 
combination with Nd:YAG laser have a better 
survival than those who undergo only laser pho-
toresection  [  126  ] . 

 A review of 14 case series has reported proce-
dure related complications in up to 4.4 % of 
patients undergoing LPR  [  127  ] . Careful selection 
of patients and the experience of operator are 
important factors affecting the complication rate 
and patient outcome. In a large series, complica-
tions included massive hemorrhage in 1 %, and 
pneumothorax in 0.4 % of patients undergoing 
LPR  [  111  ] . Fatal outcome has been reported in up 
to 1–2 % of patients in some series  [  112,   116  ] . 
Massive hemorrhage due to perforation of major 
thoracic vessel by the laser beam is the most seri-
ous complication of LPR  [  113  ] . Such an event 
de fi es all local measures to control bleeding and is 
rapidly fatal in majority of cases. Airway  fi re is 
another serious but less common complication. 
Prevention of  fi re hazard is of utmost importance 
 [  128,   129  ] . The risk of airway  fi re can be reduced 
by maintaining the FiO 

2
  to  £ 0.4, using single pulse 

setting on laser, keeping the scope and laser  fi ber 
as clean as possible, and avoiding use of combus-
tible anesthetic gas during the procedure. Silicone 
tubes are more resistant to  fi re than standard PVC 
endotracheal tubes. The risk of  fi re can also be 
lowered by maintaining maximum possible dis-
tance between the endotracheal tube and the surgi-
cal  fi eld  [  128  ] . Patients with airway thermal injury 
must be kept under surveillance for future devel-
opment of granulation tissue and airway stenosis 
 [  128,   130  ] . The equipment for LPR is expensive 

and is not universally available [ 131 ]. All person-
nel involved in LPR need thorough education and 
training in laser safety issues. The procedure is 
perhaps best performed by a dedicated airway 
team with an experienced anesthetist.  

   Cryotherapy 

 Exposing biological tissues to the cycles of freez-
ing and thawing causes cellular injury and death. 
Bronchoscopic cryotherapy uses nitrous oxide 
gas and rigid or  fl exible probes to freeze the endo-
bronchial tissues. Cooling is governed by Joule-
Thompson principle according to which, there is 
decrease in temperature with expansion of gas as 
it moves from an area of high pressure to an area 
of low pressure. Nitrous oxide used for this tech-
nique is stored at room temperature under high 
pressure in cylinders. Rapid decrease in pressure 
as the gas is released from the tip of the probes 
causes rapid cooling to a temperature below 
−70 °C that causes the tissue surrounding the 
probe to freeze within a period of few seconds. 

 There are several mechanisms of cell injury 
when exposed to cycles of freezing and thawing. 
The intracellular ice crystals damage vital cell 
organelles such as mitochondria. Extracellular 
ice crystals cause osmotic injury and cellular 
dehydration due to alteration of ion concentration 
across the biological membranes. Tissues exposed 
to freezing and thawing also display delayed 
ischemic injury due to vasoconstriction, platelet 
aggregation and vascular thrombosis that develop 
6–12 h after the procedure. Further, it is specu-
lated that cryotherapy also induces immunologi-
cal injury to the tissues through activation of 
natural killer cells. 

 The extent of cellular death depends on speed 
of freezing and thawing. Maximum damage is 
observed when the tissue is frozen at a rapid 
speed and thawed at a slow speed. Cellular injury 
decreases with the distance from the center of 
application. Other important determinants of 
 ultimate effect are the number of freeze-thaw 
cycles and the water content of the tissue 
treated with cryotherapy. Because of their low 
water content,  fi brous tissue, and cartilage are 
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inherently resistant to cryodestruction, which 
explains a very low likelihood of airway perfora-
tion after cryotherapy. 

 Both rigid and  fl exible cryoprobes are avail-
able and the choice is a matter of personal prefer-
ence. An important difference is in the process of 
thawing, which is active with the rigid technique 
and passive with the  fl exible technique. Due to 
this reason, the procedure with  fl exible probe 
requires a longer duration as compared to the 
procedure performed with the rigid instrument. 
Cryotherapy with  fl exible technique is performed 
under conscious sedation. Flexible cryoprobe is 
advanced through the working channel. The tip 
of the probe is applied tangentially onto the 
in fi ltrating tumors or is directly driven into the 
tumor mass in exophytic lesions. Freezing is acti-
vated using a foot pedal and is continued for a 
period of 20–30 s until an ice ball is seen sur-
rounding the probe. The tissue starts to thaw as 
soon as the foot is removed from the pedal. 
Typically, 1–3 freeze-thaw cycles, each lasting 
for about 60 s are applied at each area. Probe is 
then moved 5 mm away and the same procedure 
is carried out at an adjacent part of tumor. Entire 
tumor must be covered as much as possible. At 
the end of the procedure, the tumor appears 
unchanged. In conventional cryotherapy, no 
attempt should be made to mechanically remove 
any parts of tumor at the completion of the proce-
dure. Immediate bleeding is seldom a problem. 
Delayed necrosis of tumor occurs over next 5–10 
days. A clean up bronchoscopy is needed at this 
time to remove the necrotic tissue with the biopsy 
forceps and the bronchoscopic suction. 
Sometimes, large parts of tumor are eliminated 
by spontaneous expectoration. 

 Cryotherapy is suitable for destruction of both 
exophytic tumors as well as the tumors with a 
predominant submucosal and in fi ltrative growth. 
Overall response rate is reported to be in the 
range of 75–80 %  [  132–  134  ] . Majority of patients 
experience improvement in dyspnea, exercise 
capacity, pulmonary functions and performance 
status  [  135–  137  ] . Hemoptysis is reported to 
resolve in up to 90 % of patients  [  138  ] . However, 
because the maximum effects of cryotherapy are 
delayed for several days, it cannot be used for 
immediate debulking of large airway tumors 

causing acute and severe CAO. Cryotherapy is 
suitable for treatment of highly vascular tumors 
such as adenoid cystic carcinoma and bronchial 
carcinoids  [  139  ] . Cryotherapy has also been used 
in treatment of carcinoma-in-situ and micro-invasive 
cancers. For instance, in one study, 35 patients 
with early lung cancer were treated with cryo-
therapy. Complete response rate at 1 year was 
91 %. Ten patients (28 %) developed recurrence 
of tumors within 4 years of treatment  [  140  ] . 
Cryotherapy can be used for control of granula-
tion tissue that develops after placement of airway 
stent. Cryotherapy has also been used for removal 
of airway foreign bodies and obstructing blood 
clot. A organic foreign body with high water content 
is most suitable for removal with this technique. 
A small clinical study has suggested synergistic 
effect of cryotherapy and external beam radiation 
therapy for the treatment of unresectable lung 
cancers  [  141  ] . Independent studies by others are 
needed to validate these data. Animal studies 
have also suggested an exciting possibility of 
synergy between cryotherapy and chemotherapy 
in non-small-cell lung cancer model  [  142,   143  ] . 
Humans studies are yet to address these  fi ndings. 

 Bronchoscopic cryotherapy has an excellent 
safety record. Complications such as bleeding, 
bronchospasm and cardiac arrhythmia are seldom 
encountered. There is minimal, if any risk of air-
way perforation. There is no risk of airway  fi re, 
and the procedure can be performed regardless of 
need for high- fl ow oxygen therapy. The initial 
setup and the individual procedure are less expen-
sive than most other bronchoscopic interventional 
procedures. The main downside is the delay in 
treatment response that makes it an unsuitable 
choice when immediate results are desired. 
Recently, a novel extension of cryotherapy tech-
nique called cryorecanalization has been devel-
oped that is effective in immediate relief of CAO.  

   Cryorecanalization 

 The  fl exible cryoprobes used in the past were not 
designed to withstand the traction needed for 
extraction of large pieces of tumors. New design 
of cryoprobes have a greater freezing power and 
a more stable joint between the gas channel and 



1658 Therapeutic Bronchoscopy for Central Airway Obstruction

the tip, which is able to withstand traction of up to 
50 N without showing structural disintegration. 
Use of these probes allows immediate recanaliza-
tion of obstructed airways. The probe is 2.3 mm 
in diameter and can be used with any standard 
therapeutic bronchoscope. The procedure is per-
formed under conscious sedation with endotra-
cheal intubation. The cryoprobe is introduced 
through the working channel and is guided into 
the tumor. The probe tip is cooled for a period of 
5–20 s. Once the ice ball forms, the frozen tumor 
is extracted from the surrounding tissue by pull-
ing the probe and the bronchoscope as a unit. The 
frozen tissue attached to the cryoprobe tip is 
removed from the airways along with the bron-
choscope. The attached tumor is removed from 
the tip by placing it in water bath. The process is 
repeated till most of the tumor is extracted and 
the airway patency is restored. The results are 
immediate. No clean up bronchoscopy is needed. 

 Hetzel and associates performed cryorecanali-
zation in 60 patients using this technique  [  144  ] . 
Complete recanalization was achieved in 37 
(61 %) of study patients. Additional 13 patients 
(22 %) experienced partial recanalization. 
Signi fi cant endobronchial bleeding requiring 
argon plasma coagulation to achieve hemostasis 
was needed in 6 (10 %) patients. The same inves-
tigators have recently updated their experience 
with cryorecanalization and have reported suc-
cessful results in 205 (91 %) of 225 patients 
 [  145  ] . In this study, the procedure was least effec-
tive in patients who had a long segment of airway 
stenosis secondary to an in fi ltrative tumor. Mild 
bleeding, treated with ice cold saline or topical 
epinephrine was encountered in 9 (4 %) of 
patients. Moderate bleeding requiring balloon 
blocker or APC for control was encountered in 
18 (8 %) of patients. 

 Cryorecanalization has several advantages. It 
is an inexpensive procedure, and does not needed 
rigid bronchoscopy or general anesthesia. There 
is no need for clean up bronchoscopy. The results 
are immediate. The duration of procedure is gen-
erally shorter than that needed for LPR. However, 
safety is a concern. Airway bleeding is the most 
important consideration. The operators must be 
ready to manage the bleeding complications, 

which may be expected in as many as 10 % of 
patients.  

   Photodynamic Therapy 

 Photodynamic therapy uses a photosensitizing 
agent followed by exposure to nonthermal laser 
of appropriate wavelength to destroy the central 
airway tumors. Por fi mer sodium (Photofrin) is 
the most commonly used photosensitizing agent 
for this purpose. After an intravenous administra-
tion, por fi mer sodium is cleared from most organs 
within a period of 72 h but is preferentially 
retained in the endobronchial tumor, liver, spleen 
and skin for a longer period of time. Tumor selec-
tivity is fundamentally a function of difference in 
the concentration of this agent between the tumor 
cells and the normal bronchial mucosa. Por fi mer 
sodium is a light absorbing molecule that pro-
duces highly reactive singlet oxygen species in a 
Type II photooxidation reaction when exposed to 
the light of the wavelength that corresponds to its 
absorption spectrum. Intracellular generation of 
highly reactive oxygen species causes direct 
cytotoxic injury to the tumor cells  [  146  ] . 
Endothelial injury and tissue ischemia also con-
tribute to regression of tumor. There is also evi-
dence of immunological and complement 
mediated injury to the tumor cells  [  147  ] . Typically, 
the regression of the tumor occurs after a delay of 
several days. Accordingly, PDT is not suitable for 
immediate relief of symptoms due to CAO. 

 Por fi mer sodium is administered at an intrave-
nous dose of 2 mg/kg. Approximately 48 h later, 
 fl exible bronchoscopy is performed and the tumor 
is exposed to the light in order to activate the pho-
tosensitizing agent. The light used for this pur-
pose is in red region of spectrum with a wavelength 
of 630 nm that can penetrate to a depth of 
5–10 mm below the surface of the tumor  [  148  ] . 
Potassium titanyl phosphate (KTP) pumped dye 
laser is the most commonly used light source. 
Being a nonthermal laser, it can be carried via a 
quartz  fi ber and is suitable for use with  fl exible 
bronchoscope. Standard laser precautions, such 
as eye protection are essential, but there is no risk 
of endobronchial  fi re. Illumination can be 
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achieved with two different techniques. 
Cylindrical diffusers distribute the light circum-
ferentially in 360°. These are used for interstitial 
illumination of tumor in which the tip of the 
quartz  fi ber is placed directly into the tumor. In 
contrast, microlens has a forward emitting light, 
which is suitable for surface treatment of a  fl at or 
super fi cial tumor. The light energy of 200 J/cm, 
corresponding to 400 mW/cm length of diffuser 
for 500 s is recommended for the initial treatment 
session  [  149,   150  ] . The light exposure time for 
this dose lasts for a period of about 8 min. 
Necrotic tumor and debris accumulates at the site 
of treatment over a period of 48 h after the initial 
treatment session. Some patients may develop 
atelectasis and post-obstructive pneumonia and 
may require an emergent bronchoscopy. A clean 
up bronchoscopy is indicated 48 h after the initial 
session to remove the necrotic tumor, mucus, and 
debris. At times, the necrotic tumor tends to have 
a gelatinous consistency and may be dif fi cult to 
remove  [  151  ] . Use of rigid scope or cryoprobe 
may be needed for airway clearance in those 
cases. After removal of necrotic tumor and 
mucus, the airways should be reevaluated for the 
presence of residual tumor. Re-illumination may 
be performed if residual tumor is found. There is 
no need to administer photosensitizing agents at 
this time since the tumors are known to retain the 
por fi mer sodium up to a period of 7 days. 

 PDT has an established role in palliative treat-
ment of advanced central airway cancers. Patients 
with advanced stage non-resectable and predomi-
nantly intraluminal central tumor are the most suit-
able candidates for PDT. A successful PDT in 
these patients is associated with a signi fi cant relief 
in symptoms, decrease in endobronchial obstruc-
tion and improvement in pulmonary function tests. 
In one series, PDT was performed in 100 patients 
with inoperable lung cancer  [  149  ] . Endobronchial 
obstruction decreased from 86 to 18 %, and FVC 
and FEV1 improved by 430 ml and 280 ml respec-
tively. The median survival after PDT was 
signi fi cantly longer for patients with a WHO per-
formance score of  £ 2 than for those with perfor-
mance score of >2. Others have reported similar 
results with PDT in advanced central lung cancer 
 [  152,   153  ] . Photodynamic therapy has also been 

used in combination with other treatment modali-
ties such as LPR  [  154  ]  and brachytherapy  [  155  ]  
with favorable clinical response in patients with 
malignant CAO. Although sequential therapies 
were separated by a period of 4–6 weeks in these 
studies, further work is needed to determine the 
most effective sequence and the most optimal 
interval between different bronchoscopic modali-
ties in these patients. Few studies have compared 
the results of LPR with those of PDT in head-to 
head comparison. Compared to LPR, the clinical 
response with PDT is delayed but the bene fi ts last 
for a longer period of time  [  156  ] . In a randomized 
study, patients treated with PDT had a longer time 
until treatment failure and better median survival 
than in patients treated with LPR  [  157  ] . However, 
this study was limited by a small sample size and 
difference in the tumor staging at the time of ran-
domization, with the PDT group having fewer 
patients with advanced central lung cancer. Several 
studies have also established the usefulness of 
PDT in treatment of patients with early stage cen-
tral airway lung cancer who are not suitable for 
surgical treatment  [  158,   159  ] . In fact, PDT has 
been suggested as the option of  fi rst choice for 
treatment of these patients according to the 2003 
ACCP evidence-based clinical practice guidelines 
for lung cancer  [  160  ] . 

 The most common adverse effects associated 
with PDT are respiratory symptoms such as 
cough, expectoration of necrotic tumor, dyspnea 
and atelectasis  [  161  ] . In some instances, an emer-
gent bronchoscopy is needed. Nonfatal hemopty-
sis is reported in up to 18 % of patients. An 
important side effect of PDT is skin photosensi-
tivity. However, it is preventable and in one series, 
only 4 % of patients undergoing PDT experi-
enced mild skin photosensitivity  [  149  ] . 

 PDT has several advantages over other bron-
choscopic techniques for the treatment of CAO. 
The procedure is technically easy and is performed 
under conscious sedation using  fl exible broncho-
scope. The procedure has an excellent safety 
record. There is low risk of airway perforation and 
hemorrhage. There is no risk of endobronchial 
 fi re. However, several limitations of PDT must 
also be highlighted. The procedure is expensive. 
There is need for repeat clean up bronchoscopy. 
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Some patients require rigid bronchoscopy for air-
way toilet. Most importantly, photosensitivity 
seriously limits the outdoor activities for a period 
of nearly 6 weeks, which may be unacceptable to 
the patient. The patients must wear protective 
clothes and eyewear and must avoid direct expo-
sure to sun light for a period of 4–6 weeks. This 
is an important drawback for patients with a lim-
ited life expectancy.  

   Brachytherapy 

 Brachytherapy refers to a technique in which 
irradiation source is placed within or close prox-
imity to the target to deliver the maximum dose 
to the tumor while sparing the normal surround-
ing tissues. In case of central airway tumors, 
the irradiation source is placed directly inside the 
endobronchial tree close to the tumor with the 
assistance of  fl exible bronchoscope. The radia-
tion dose to the surrounding tissue is dictated by 
inverse square law, according to which, the dose 
rate decreases as a function of the inverse square 
of the distance from the center of the source. 
Accordingly, this mode of radiation therapy allows 
the tumor to receive signi fi cantly higher radiation 
doses than the surrounding healthy structures such 
as lung parenchyma and mediastinum. Typically, 
it requires up to 3 weeks for the tumor to regress 
after the application of radiation therapy. 
Therefore, brachytherapy is not suitable for 
immediate relief of obstructive symptoms. 

 The fundamental goal of brachytherapy is pal-
liation of symptoms such as cough, dyspnea and 
hemoptysis in patients with central airway tumor 
who cannot undergo curative surgery. Brachy-
therapy is most useful for endobronchial tumors 
with a signi fi cant component of submucosal and 
peribronchial disease. Brachytherapy is a useful 
option for recurrent tumors after patient has 
already received maximally tolerated external 
beam radiation therapy. To be able to offer 
brachytherapy, the bronchoscopists should be 
able to pass the catheter beyond the obstructing 
lesion. In patients with near-total stenosis, partial 
recanalization of airway is needed using other 
techniques such as LPR, electrocautery or  balloon 

dilation before brachytherapy can be offered. 
Brachytherapy is suitable for control of tumor 
located external to cartilage and the bronchial 
wall that cannot be treated with aforementioned 
bronchoscopic techniques. Treatment is also 
effective against endobronchial metastasis. 
Brachytherapy is not suitable for predominantly 
extrinsic airway compression where airway stent 
is the most logical choice. Caution is also war-
ranted if there is imminent danger of develop-
ment of  fi stula between the bronchial wall and 
the surrounding structures. 

 The dose delivered to the tumor depends on 
the choice of radioactive source and the dwelling 
time. The dose is calculated at a distance of 
10 mm from the source axis. The low dose rate 
(LDR), intermediate dose rate (IDR), and high 
dose rate (HDR) treatments imply a dose of 
<2 Gy/Hr, 2–12 Gy/Hr and >12 Gy/Hr respec-
tively to a target at a distance of 10 mm. The 
majority of centers have adopted high dose rate 
brachytherapy, which uses Iridium-191 (Ir-192) 
as the radiation source. The American 
Brachytherapy Society recommends either three 
weekly fractions of 7.5 Gy each, two weekly 
fractions of 10 Gy each, or four weekly fractions 
of 6 Gy each when using HDR brachytherapy as 
the primary modality for palliation of symptoms 
 [  162  ] . Each treatment sessions lasts for a period 
of 5–30 min and is easily administered on an out-
patient basis. 

 Brachytherapy requires a close collaboration 
between the bronchoscopist and the radiation 
oncologist. The role of the bronchoscopist is to 
identify a suitable candidate and place an after-
loading catheter into the tracheobronchial tree to 
facilitate local delivery of radiation source. 
Radiation oncologist is involved in the calcula-
tion of radiation dose and in actual delivery of 
radiation to the tumor by placing the radiation 
seeds inside the afterloading catheter in locations 
appropriate to the tumor. Bronchoscopy is per-
formed through the nose under conscious seda-
tion and topical anesthesia. During bronchoscopy, 
 fl uoroscopic guidance is used for placement of 
radio-opaque markers on the skin corresponding 
to the distal and the proximal end of the tumor to 
assist the radiation oncologist in delineation of 
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the irradiation length. An afterloading catheter of 
2–3 mm external diameter with a guide wire is 
placed beyond the distal end of the tumor and the 
bronchoscope is withdrawn. The afterloading 
catheter is secured at the nose. The radiation 
oncologist now places the dummy seeds consist-
ing of radio-opaque markers into the catheter and 
obtains orthogonal chest radiographs to simulate 
the pathway of the radiation source. Once the 
 fi nal treatment plan is made, the patient is trans-
ferred to a shielded room and dummy seeds are 
removed. The radiation seeds are then introduced 
through the afterloading catheter and advanced 
into the intended location under computer con-
trol. Irradiation length is de fi ned by the  fi rst and 
the last dwell point of the radiation seeds, as 
guided by the skin markers placed by the bron-
choscopist. It is usual to extend the radiation  fi eld 
to 1-cm at beyond each end of the tumor. Catheter 
is removed after the radiation dose is delivered 
and the patient is discharged after a short period 
of observation. The use of HDR with afterload-
ing technique eliminates any risk of radiation 
exposure to the medical personnel. 

 Brachytherapy is shown to be effective for 
palliation of both previously untreated  [  163–  165  ]  
and treated  [  166  ]  lung cancer patients with CAO. 
Studies have shown improvement in symptoms 
as well as bronchoscopic  fi ndings  [  164  ] . Cough 
is reported to improve in 20–70 %, dyspnea in 
25–80 % and hemoptysis in 70–90 % of patients 
 [  167  ] . As expected, bronchoscopic response to 
brachytherapy is shown to correlate with resolu-
tion of symptoms  [  168  ] . Atelectasis is said to 
resolve in 25 % of patients  [  166  ] . Studies have 
also shown improvement in quality of life, pul-
monary functions and ventilation-perfusion scans 
after brachytherapy  [  169,   170  ] . Survival bene fi t 
with brachytherapy has not been shown. However, 
in a randomized study, the symptom free period 
increased from 2.8 months with LPR alone to 8.5 
months with a combination of LPR and HDR 
brachytherapy  [  171  ] . For the patients who have 
not received prior treatment, the duration of 
response and survival is better with external beam 
radiation therapy than with brachytherapy  [  172  ] . 
Therefore, brachytherapy should not be chosen 
as the  fi rst line therapy over EBRT for these 

patients. However, brachytherapy can be offered 
to the patients who have already received maxi-
mally allowable EBRT and have developed recur-
rence of cancer. The combination of external 
beam radiation and brachytherapy has been com-
pared with external beam radiation alone in 
patients with inoperable central airway cancers. 
In one such study, for patients with an obstruct-
ing tumor of main-stem bronchus, the re-expan-
sion of collapsed lung was observed in 57 % of 
patients with the combination therapy as com-
pared to 35 % of patients with external beam 
radiation therapy alone  [  173  ] . Moreover, the radi-
ation exposure to normal lung parenchyma could 
be decreased by 32 % in a study in which adjunc-
tive brachytherapy was added to the EBRT for 
the local control of tumor  [  174  ] . 

 Brachytherapy is a therapeutic option for 
occult early stage central lung cancers if surgery 
cannot be performed. Complete endoscopic 
response in 60–90 % and 5-year survival rate of 
30–80 % is reported with brachytherapy in these 
patients  [  163,   175,   176  ] . A median survival of 
nearly 2 years has been achieved with brachyther-
apy in patients with central lung cancers not eli-
gible for surgery in recent case series  [  177,   178  ] . 
Brachytherapy has also been used in manage-
ment of excessive granulation tissue in lung 
transplant recipients  [  179–  182  ] . 

 Endobronchial brachytherapy is associated 
with many side effects. Of most concern are 
hemoptysis and formation of airway  fi stula. Fatal 
hemoptysis has been reported in 5–10 % of 
patients undergoing brachytherapy  [  163,   164, 
  178  ] . Persistence of malignancy after brachyther-
apy, direct contact between the brachytherapy 
applicator and airway wall, presence of major 
blood vessel in vicinity and concomitant LPR are 
associated with higher risk of massive hemor-
rhage after brachytherapy  [  183,   184  ] . A dose of 
>10 Gy per fraction is also associated with 
higher risk of bleeding complications  [  185  ] . 
Brachytherapy for upper lobe tumors has been 
associated with higher risk of hemoptysis in some 
studies. This is most likely due to close proximity 
of the pulmonary artery with the anterior segment 
of the right upper lobe and apical-posterior 
 segment of the left upper lobe respectively  [  186  ] . 
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In some instances, bleeding is simply a re fl ection 
of natural progression of the disease. Radiation 
bronchitis and airway stenosis occurs in up to 
10 % of patients after brachytherapy  [  187  ] . The 
histological changes vary from mucosal 
in fl ammation to severe bronchial wall  fi brosis. 
The risk of radiation bronchitis is associated 
with large cell lung cancer histology, prior LPR, 
concomitant external beam radiation therapy 
and application of brachytherapy for curative 
purpose  [  188  ] . 

 Brachytherapy has several advantages over 
other bronchoscopic techniques. For a broncho-
scopist, it is a straightforward procedure. 
Brachytherapy can be offered for the lesions 
located at obtuse angles and in the segmental 
bronchi, which are not suitable and in many 
instances off-limits for LPR. The procedure 
retains effectiveness for the peribronchial 
tumors as well. The main disadvantages are 
potential for serious adverse effects and high 
cost of the equipment needed to deliver radia-
tion source to the endobronchial location. 
Accordingly, the facilities of brachytherapy are 
limited to large tertiary care centers. Moreover, 
a close collaboration between the bronchosco-
pists and the radiation oncologist is needed, 
which can cause interdisciplinary scheduling 
con fl icts.  

   Airway Stents 

 Airway stents have a critical role in maintaining 
airway patency in patients with extrinsic airway 
compression  [  189–  191  ] . Successful deployment 
of airway stents is associated with immediate 
relief in dyspnea and asphyxia. In many instances, 
stent placement has allowed successful weaning 
and extubation in ventilator dependent patients 
 [  192  ] . Frequently, stents are placed for the man-
agement of extrinsic airway compression after 
the intra-luminal component of the tumor is 
treated with other bronchoscopic techniques such 
as LPR or electrocautery  [  193  ] . For a detailed 
discussion on airway stent, readers are referred 
to Chap. 9.  

   External Beam Radiation 

 External beam radiation therapy has an important 
place in treatment of advanced and inoperable 
lung cancer. In a recent study of 1,250 patients, 
palliation of symptoms was achieved in 68 % for 
hemoptysis, 54 % for cough, 51 % for pain, and 
38 % for dyspnea  [  194  ] . However, the results are 
delayed and mucosal edema and in fl ammation 
from radiation therapy have a potential to cause 
worsening of symptoms in the patients who 
already have a critically narrowed central air-
ways. External beam radiation in such patients 
can only be offered once the airway lumen is 
restored with the bronchoscopic techniques. 
Several studies have established the usefulness of 
external beam radiation in management of 
atelectasis due to obstructing endobronchial 
tumors. Radiological response and aeration of the 
collapsed lung has been reported in 21–74 % of 
patients with external beam radiation therapy 
 [  195–  197  ] . In one of these studies, 71 % of 
patients who received radiation within 2 weeks 
of developing atelectasis had a complete re-
expansion of their lungs, whereas only 23 % of 
those who received radiation therapy after 2 
weeks had a similar response  [  197  ] .  

   Multimodality Treatment 

 It cannot go unnoticed from the aforementioned 
discussion that a single modality of broncho-
scopic therapy will not be suf fi cient for every 
patient with malignant CAO. A comprehensive 
treatment plan is needed in majority of these 
patients to achieve the most satisfactory results. 
Several recent case-series have established the 
value of such multi-modality therapy that com-
bines interventional bronchoscopy with external 
beam radiation, chemotherapy and surgery for 
most effective palliation and treatment of patients 
with advanced CAO  [  5,   75,   96,   198–  200  ] . 
Multimodality treatment has been reported to 
reestablish satisfactory airway lumen in up to 95 % 
of patients with CAO  [  96,   199  ] . In majority of 
patients included in these studies, a combination 
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of mechanical debulking and thermal ablation 
with laser or electrocautery was used for endo-
bronchial component of tumors and airway stent-
ing was used for extrinsic airway compression. 
There is suggestion that multimodality treatment 
confers a modest survival advantage to these 
patients as compared to single modality treat-
ment. For example, in one report, compared with 
Nd:YAG treatment alone, multimodality treat-
ment prolonged survival by 4.9 months in NSCLC 
patients with CAO. In another study, 3-year sur-
vival rate was 2.3 % in patients treated with single 
modality treatment and 22 % in patients who 
received multimodality therapy  [  198  ] . Although 
we are aware of limitations of survival analysis 
on retrospective data, these results further under-
score the need to have a team of dedicated health 
care providers with expertise in different modes 
of therapies to achieve the desired results in 
patients with  malignant CAO.  

   Conclusion 

 Multiple options exist for management of patients 
with CAO.   Selection of a technique in an indi-
vidual patient depends upon the severity and type 
of CAO, rapidity with which the relief is needed, 
availability of expertise, patient preference and 
the cost. Regardless, it is important to realize that 
the fundamental aim of bronchoscopic interven-
tions is to palliate distressing symptoms such as 
dyspnea, and hemoptysis to improve quality of 
remaining life and not essentially prolongation of 
survival. Many of the bronchoscopic techniques 
are costly and in some instances provide a lim-
ited, if any meaningful bene fi t to the patient. 
Hence, patients with limited expected survival of 
<3 months due to an advanced and metastatic 
cancer or a serious and terminal systemic disease 
should be subjected to these procedures with 
great caution. This is especially true if adequate 
palliation of symptoms can be achieved with non-
bronchoscopic means. Furthermore, it is impor-
tant to realize that majority of these patients are 
fragile with limited cardiorespiratory reserves. 
Therefore, it is essential that every effort is made 
to avoid major procedure-related complications. 

Most bronchoscopic modalities are expensive 
and should be chosen keeping the cost of medical 
care in mind. We cannot overstate that approach 
to these patients should be cautious, conservative 
and cost effective.      
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   Introduction 

 A stent is a hollow, cylindrical prosthesis that 
maintains luminal patency and provides support 
for a graft or anastomosis. It is named after 
Charles Stent, a British dentist who developed 
the  fi rst dental splints in the nineteenth century. 
Airway stenting has been practiced for over a 
century and the indications for stent placement 
are to protect the airway lumen from tumor or 
granulation tissue ingrowth, counterbalance the 
extrinsic pressure exerted on the airway, or both 
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  Abstract 

 Stenting is commonly used as a method of palliation for patients with 
central airway obstruction due to malignancy. Stents are also used to main-
tain airway patency following dilatation of post-in fl ammatory and infec-
tious strictures, for airway dehiscence after lung transplantation as well as 
in the management of tracheo-bronchomalacia. Covered stents can be 
applied to seal  fi stulas between trachea or bronchi and the esophagus, and 
dehiscence of pneumonectomy stump. Careful patient selection, charac-
teristics of the airway stenosis, physician’s expertise, and availability of 
equipment determine the type of stent used. Placement of tube stents 
requires rigid bronchoscopy and dilatation of strictures beforehand while 
metal stents can be applied using a  fl exible bronchoscope. Advantages and 
disadvantages of commonly used airway stents, techniques as well as the 
complications associated with stent placement are discussed.  

  Keywords 

 Airway stents  •  Covered stents  •  Central airway obstruction  •  Rigid 
bronchoscopy      
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 [  1  ] . The covering of the stent provides the barrier 
effect, while dynamic and static properties deter-
mine the splinting effect  [  2  ] . 

 The  fi rst stents were implanted surgically by 
Trendelenburg  [  3  ]  and Bond  [  4  ]  for the treatment 
of airway strictures, which quickly progressed to 
endoscopic application by Brunings and Albrecht 
in 1915  [  5  ] . In 1965, Montgomery designed a 
T-tube with an external side limb made of sili-
cone and rubber for subglottic stenosis. Silicone 
has become the most commonly used material 
for stents  [  6  ] ; however, the designs of the silicone 
stents at that time abolished the innate mucocili-
ary mechanisms essential to clear the airway of 
secretions. The real breakthrough came when 
Dumon presented a dedicated tracheobronchial 
prosthesis that can be introduced with the rigid 
bronchoscope  [  7  ] . These straight stents are made 
of silicone with studs on the outer wall that allow 
ciliary action, are relatively inexpensive, and can 
be easily removed and exchanged when needed. 
An important factor limiting their widespread use 
is the need for rigid bronchoscopy, and based on 
ACCP survey only 5 % of pulmonologists in 
North America are trained in rigid bronchoscopy 
 [  8  ] . Moreover, silicone stents are poorly tolerated 
in the subglottis and tend to migrate when 
deployed for complex tracheal strictures. These 
disadvantages have led to modi fi cations of metal 
stents originally developed for the vascular sys-
tem for use in the tracheobronchial tree  [  9,   10  ] . 
Although metal stents are easy to apply with the 
 fl exible bronchoscope they cause signi fi cant 
granulation tissue ingrowth around the struts, and 
epithelialization into the airway wall makes their 
removal dif fi cult and challenging  [  10  ] . Metal and 
tube stents can be used for malignant strictures, 
whereas in benign diseases silicone and hybrid 
stents are preferred to avoid long term complica-
tions associated with their metal counterparts. 
Therefore, an ideal stent is one that is easy to 
insert and remove, that can be customized to  fi t 
the dimensions and shape of the stricture, that 
reestablishes luminal patency by resisting com-
pressive forces but suf fi ciently elastic to conform 
to airway contours without causing ischemia or 
erosion into adjacent structures, that is not prone 
to migration, that is biocompatible, nonirritating, 

and that does not precipitate infection, promote 
granulation tissue, nor interferes with airway cili-
ary action necessary to clear secretions, and that 
is affordable. The search for an ideal stent has 
become the holy grail of interventional pul-
monologists, radiologists, thoracic surgeons and 
otolaryngologists involved in the management of 
patients with central airway obstruction.  

   Indications for Airway Stenting 
(Table  9.1 )    

 Approximately 30 % of patients with lung cancer 
will present with central airway obstruction, of 
which 35 % will die as a result of asphyxia, 
hemoptysis, and postobstructive pneumonia  [  11  ] . 
Airway stenting is a valuable adjunct to other 
bronchoscopic techniques (see Chap.   8    ) and the 
indications are to reestablish patency of the 

   Table 9.1    Indications for airway stenting   

  Malignant neoplasm  
 1. Airway obstruction from extrinsic bronchial compres-

sion or submucosal disease 
 2. Obstruction from endobronchial tumor when patency 

is <50 % after bronchoscopic laser therapy 
 3. Aggressive endobronchial tumor growth and 

recurrence despite repetitive laser treatments 
 4. Loss of cartilaginous support from tumor destruction 
 5. Sequential insertion of airway and esophageal stents 

for tracheoesophageal  fi stulas 
  Benign airway disease  
 1. Fibrotic scar or bottleneck stricture following 

 (a) Post-traumatic: intubation, tracheostomy, laser, 
balloon bronchoplasty 

 (b) Post-infectious: endobronchial tuberculosis, 
histoplasmosis- fi brosing mediastinitis, herpes 
virus, diphtheria, klebsiella rhinoscleroma 

 (c) Post-in fl ammatory: Wegener’s granulomatosis, 
sarcoidosis, in fl ammatory bowel disease, foreign 
body aspiration 

 (d) Post-lung transplantation anastomotic 
complications 

 2. Tracheobronchomalacia 
 (a) Diffuse: idiopathic, relapsing polychrondritis, 

tracheobronchomegaly (Mounier-Kuhn 
syndrome) 

 (b) Focal: tracheostomy, radiation therapy, post-lung 
transplantation 

 3. Benign tumors 
 (a) Papillomatosis 
 (b) Amyloidosis 

http://dx.doi.org/10.1007/978-1-62703-395-4_8
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 compressed or stenosed airway, to support weak-
ened cartilages in tracheo-bronchomalacia as well 
as seal tracheobronchial esophageal  fi stula  [  11, 
  12  ] . Although primary tumor resection and air-
way reconstruction provide the most reliable 
treatment option, most central airway obstruc-
tions due to malignancy are advanced at the time 
of diagnosis. Therefore, therapeutic bronchos-
copy coupled with airway stenting not only results 
in rapid relief of symptoms and improved quality 
of life, it also allows time for adjuvant chemo-
radiotherapy that might lead to prolonged sur-
vival  [  1,   11–  14  ] . Contrary to previous perception, 
malignant airway obstruction is not a poor prog-
nostic sign if treated appropriately. Chhajed and 
coworkers demonstrated no survival difference 
between patients with malignant central airway 
obstruction treated with laser, stent or both fol-
lowed by chemotherapy (8.2 months) versus 
those without airway obstruction on palliative 
chemotherapy (median 8.4 months)  [  15  ] . 

 Benign strictures secondary to post-intubation 
injury, in fl ammatory and infectious disease may 
require stenting if the patient’s underlying  disease 
or associated comorbidity prohibits de fi nitive 
surgical repair. Lung transplant recipients who 
develop airway dehiscence in the immediate 
postoperative period may bene fi t from placement 

of endobronchial stents. The Cleveland clinic 
experience of using uncovered metal stent as 
alternative treatment for high grade anastomotic 
dehiscence after lung transplantation has demon-
strated not only satisfactory airway healing, stent 
removal is also not dif fi cult if performed within 8 
weeks of placement, before epithelialization with 
the airway wall occurs  [  16  ] .  

   Types of Stents 

 A myriad of stents are available and the biome-
chanical properties depend on the materials used 
as well as how they are constructed. They are 
divided into three groups: (1) tube (polymer): 
Montgomery T-tube, Dumon, Poly fl ex, Noppen, 
Hood; (2) metal (covered or uncovered): Gianturco, 
Palmaz, Ultra fl ex; and (3) hybrid (silicone 
 reinforced by metal rings): Orlowski, Dynamic 
(Figs.  9.1  and  9.2 ). Tube stents are inexpensive 
and can be repositioned and removed without 
dif fi culty. Their disadvantages include stent 
 migration, granuloma formation, mucus plugging, 
unfavorable wall to inner diameter thickness; 
insuf fi cient  fl exibility to conform to irregular 
 airways; dif fi cult to position in distal airways; 
interference with mucociliary clearance, and need 

  Fig. 9.1    Types of tube 
and hybrid stents. 
( a ) Rusch stent, ( b ) Dumon 
tracheal stent, ( c ) Dumon 
bronchial stent, 
( d ) Montgomery T-tube, 
( e ) Hood bronchial stent, 
( f ) Orlowski stent, 
( g ) Hood custom 
tracheobronchial stent       
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for rigid bronchoscopy for placement. Rigid bron-
choscopy poses a major obstacle since pulmonolo-
gists’ training in this technique has dramatically 
declined worldwide  [  8  ] .   

 Metal stents have gained popularity because 
of ease of insertion. They can be deployed at an 
outpatient setting with  fl exible bronchoscopy 
 [  17,   18  ] , and are categorized by the method of 
deployment. A balloon-expandable stent relies on 
the balloon to dilate it to its correct diameter at 
the target site (Fig.  9.3 ) while self-expanding stent 
has a shape memory to assume its predetermined 

con fi guration after release from delivery catheter 
(Fig.  9.4 ). Other advantages include their 
radiopaque nature that allows radiographic 
identi fi cation, greater airway cross-sectional 
diameters, ability to conform to tortuous airways, 
preservation of mucociliary clearance, and venti-
lation when placed across a lobar bronchial 
ori fi ce. Major disadvantages as indicated above 
are granulation tissue formation within the stent, 
infection, and dif fi culty in removal or reposition-
ing following epithelialization which occurs in 
6–8 weeks (Fig.  9.5a, b ).     

  Fig. 9.2    Types of metallic 
stents. From  left  to  right : 
Palmaz stent, Strecker 
stent, uncovered Ultra fl ex 
stent, covered Ultra fl ex 
stent, uncovered Wallstent, 
covered Wallstent       

  Fig. 9.3    Balloon 
expandable Palmaz and 
Strecker stents. A balloon 
expandable stent consists 
of a stent balloon 
assembly and relies on 
the balloon to dilate the 
stent to its correct 
diameter       
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   Choice of Stent (Table  9.2 ) 

    Besides the site, shape and length of stricture, 
presence or absence of tracheobronchial malacia 
or  fi stula determine choice of stent. Proper siz-
ing of the stent in relation to the dimensions of 
the trachea or bronchus is of utmost importance 
to avoid complications such as migration, mucus 
plugging, granulation, and tumor ingrowth. Tube 
stent placement requires specialized equipment, 
training and competency in rigid bronchoscopy, 
while metal stents can be inserted via  fl exible 
bronchoscopy in an outpatient setting. The ease 
of placement should not lead to the erroneous 
choice of the easiest stent over the best one for a 
given condition. The endoscopist should 
 consider the patient’s prognosis and airway 

pathology before deciding type of stent and its 
dimensions notably if the stent will confer bene fi t 
or prohibit curative surgical procedure later as 
well as expertise, equipment and team to place 
the stent. Tube stents are preferred for benign 
strictures since they are easy to remove and 
replace with minimal mucosal damage which 
might preclude subsequent surgery. In malacia 
secondary to relapsing polychondritis or trache-
omegaly syndrome, uncovered metal stents are 
preferred as they do not interfere with mucocili-
ary clearance and have low migration rate  [  19, 
  20  ] . In expiratory dynamic airway  collapse asso-
ciated with chronic obstructive  pulmonary dis-
ease, a removable stent is considered only after 
standard therapy including  noninvasive ventila-
tion fails  [  21  ]  while both covered metal and tube 

  Fig. 9.4    Self-expanding ultra fl ex stent deployment system: Ultra fl ex stent is mounted on introduction catheter with 
crochet knots, pulling the thread releases stent       

  Fig. 9.5    Stent-related complications. ( a ) Obstructing granuloma distal to silicon Dumon stent ( b ) Obstructing granu-
loma distal to Ultra fl ex stent with  Pseudomonas  infection       
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stents can be applied for malignant stenoses 
 [  11,   14,   15,   17,   18  ]  and tracheoesophageal 
 fi stulae (Fig.  9.6 )  [  22,   23  ] .   

   Stent Insertion Techniques 

 Prior to stent insertion, dilatation of the stricture 
to its optimal diameter should be attempted with 
rigid bronchoscope, bougie or balloon. Tumor 
tissue should be removed either with laser or 
electrocautery, and the largest possible prosthesis 
should be selected as it can be opened with bal-
loon or forceps. Rigid bronchoscopy is employed 
for tube stents and  fl exible bronchoscopy for 
metal stents.  

   Tube Stents 

   Montgomery T-Tube 

 Since its inception the Montgomery T-tube has 
undergone only slight modi fi cations, and contin-
ues to be used for the treatment of subglottic and 
tracheal stenosis  [  6  ] . Early acrylic models were 
replaced by silicone rubber and are available in 
different diameters and variable lengths for the 
three limbs. The prerequisite for this stent is a tra-
cheostomy and can be placed during tracheostomy 
procedure or rigid bronchoscopy. The limb pro-
truding out of the tracheostoma is left open for 
cricoid or glottic stenosis, unplugged for bronchial 
toilet or closed for speech. Migration is rarely 
encountered as one limb is  fi xed in the tracheos-
toma. High mucosal pressure is not required to 
hold the stent in position and therefore blood and 
lymphatic  fl ow to the sensitive upper trachea is not 
compromised, thereby making the Montgomery 
T-tube safe for high tracheal stenosis.  

   Table 9.2    Comparison of the Dumon stent and the 
 covered Ultra fl ex stent   

 Characteristics 
 Dumon 
stent 

 Covered 
Ultra fl ex stent 

  Mechanical considerations  
 High internal to external 
diameter ratio 

 −  +++ 

 Resistant to recompres-
sion when deployed 

 +  ++ 

 Radial force exerted 
uniformly across stent 

 +  ++ 

 Absence of migration  −  ++ 
 Suitable for use in 
tortuous airways 

 −  +++ 

 Removable  +++  − 
 Dynamic expansion  −  ++ 
 Can be customized  +++  − 
  Tissue–stent interaction  
 Biologically inert  ++  ++ 
 Devoid of granulation 
tissue 

 +  − 

 Tumor ingrowth  ++  + 
  Ease of use  
 Can be deployed with FB  −  +++ 
 Deployed under local 
anesthesia with conscious 
sedation 

 −  ++ 

 Radiopaque for position 
evaluation 

 −  +++ 

 Can be easily repositioned  ++  − 
  Cost  
 Inexpensive  +  − 
  −: poor; +: fair; ++: good; +++: best  

  Fig. 9.6    Tracheoesophageal  fi stula of left main bronchus with in fi ltration of right main bronchus by esophageal carci-
noma. Two covered self-expanding metallic stents are placed via  fl exible bronchoscopy       
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   Dumon Stent 

 A dedicated tracheobronchial prosthesis made of 
silicone with studs, and deployed using rigid 
bronchoscope and stent applicator set (Dumon-
Efer, France) was  fi rst described by Dumon  [  7  ] . In 
many instances, Dumon stent is placed after 
restoring the patency of airway with laser photo-
resection (Fig.  9.7 ). In a multicenter trial, 1,574 
stents were deployed in 1,058 patients, out of 
which 698 were for malignant airway obstruction. 
Stent migration occurred in 9.5 %, granuloma for-
mation in 8 % and stent obstruction by mucus in 
4 % during 4 months follow up for malignant 
strictures and 14 months for benign disease  [  24  ] . 
Similar complication rates were observed by 
Diaz-Jimenez  [  25  ]  and Cavaliere  [  11  ] . Since its 
introduction, the Dumon stent (Novatech, France) 
has become the most frequently used stent world-
wide, and is regarded as the “gold standard” by 
many experts. Different diameters and lengths are 
available for stenoses of the trachea, mainstem 
bronchus and bronchus intermedius of adults and 
children. A recent addition is a bifurcated model 
known as Dumon Y stent (Tracheobronxane Y, 
Novatech, Grasse, France) which can be applied 
to palliate lower tracheal and/or main carinal 
stenoses (Fig.  9.8 ). The Dumon stent is not ideal 
for tracheo- bronchomalacia or to bridge tracheoe-
sophageal  fi stula since good contact pressure 
between the airway wall and the studs is required 
to prevent migration.    

   Noppen Stent 

 The Noppen stent is made of Tygon (Reynders 
Medical Supplies, Belgium) and has outer 
wall shaped like cock-screw and needs a special 
introducer. A study demonstrated lower migra-
tion rate with Noppen stents for benign tracheal 
stenoses  [  26  ] .  

   Poly fl ex Stent 

 The Poly fl ex stent (Boston Scienti fi c, USA) is a 
self-expanding stent made of cross-woven poly-
ester threads embedded in silicone. Incorporation 
of tungsten makes the stent radiopaque. It has a 
thinner wall to inner diameter compared with 
Dumon or Noppen stent, and with the pusher sys-
tem it is deployed via rigid bronchoscopy. 
Different lengths and diameters are available, 
and are indicated for benign or malignant stric-
tures as well as tracheobronchial  fi stulae. The 
tapered models can be used for sealing stump 
 fi stulae. However, the smooth outer surface is 
prone for migration. In a series of 12 patients 
where 16 Poly fl ex stents were used for anasto-
motic stenoses after lung transplantation, tracheal 
stenoses, tracheobronchomalacia, tracheobron-
chopathia osteochondroplastica, relapsing poly-
chondritis, and bronchopleural  fi stula, migration 
rate was alarmingly high at 75 % and occurred as 
early as 24 h to 7 months of deployment  [  27  ] . 

  Fig. 9.7       ( a ) Adenoid cystic carcinoma of trachea with near total obstruction. ( b ) Laser photoresection of tumor and 
silicone stent insertion via rigid bronchoscopy       
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The authors have since abandoned Poly fl ex stent 
in their practice.  

   Dynamic Stent 

 The dynamic stent (Rüsch Y stent, Rüsch AG 
Duluth, GA) is a bifurcated silicone stent that is 
constructed to simulate the trachea. It is rein-
forced anteriorly by horseshoe shaped metal rings 
that resemble tracheal cartilages and a soft poste-
rior wall that behaves like the membranous tra-
chea by allowing inward bulge during cough. Stent 
fracture from fatigue and retained secretions are 
rarely encountered, and the stent is used for stric-
tures of the trachea, main carina, and/or main 
bronchi; tracheobronchomalacia; tracheobron-
chomegaly and esophageal  fi stula. Placement of 
dynamic bifurcated stent is facilitated with dedi-
cated forceps and rigid laryngoscope (Fig.  9.9 ).    

   Metal Stents 

   Balloon Expandable Stents 

 Palmaz and Strecker stents can be dilated to 
11–12 mm, and are restricted to children. The 
Palmaz stent is not indicated for adults as it 
exhibits plasticity without radial force and any 
strong external force from vigorous cough or 
compression from enlarging tumor or vascular 
structure can cause collapse, obstruction, and 
migration  [  28  ] . The Strecker stents are available 
20–40 mm and used in adults for precise stent-
ing of short segment stenoses as they do not 
foreshorten on deployment  [  29  ] . Palmaz and 
Strecker stents are uncovered and therefore 
unsuitable for malignant strictures, and may 
become loose following response to chemo-
radiotherapy.  

  Fig. 9.8    Dumon Y stent 
placed via rigid bronchos-
copy to relieve compression 
of the main carina by bulky 
lymph nodes due to 
metastases       
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   Self-Expanding Stents 

 Ultra fl ex stens (Boston Scienti fi c, USA) are most 
commonly used self-expanding stents that exert 
uniform radial force which stabilizes the stent 
and reduces the risk of mucosal perforation. They 
are available in covered and uncovered forms. 
The Ultra fl ex is made of nitinol (Fig.  9.10 ), an 
alloy with shape memory that deforms at low 
temperature and regains its original shape at 
higher temperatures. Miyazawa and coworkers 
deployed 54 Ultra fl ex stents in 34 patients with 
inoperable malignant airway stenoses. Immediate 
relief of dyspnea was achieved in 82 % of patients. 
Retained secretions and migration were not 
observed; stent removal and repositioning was 
possible and the Ultra fl ex stent was safe for sub-
glottic stenosis  [  30  ] . They could also be placed 
satisfactorily without  fl uoroscopy thereby mini-
mizing radiation exposure  [  31  ] . Common com-
plications included infectious tracheobronchitis 
(15.9 %); obstructing granuloma (14.6 %) 
 requiring multiple interventions to restore airway 
 patency; tumor ingrowth (6.1 %); migration in 
four patients treated with Wallstents; and metal 
mesh fatigue in one patient after 2 years  [  32  ] .    

   Alveolus Stent 

 Alveolus stent (Fig.  9.11 ) (Alveolus Inc, Charlotte, 
NC) is a polyurethane-covered metal stent designed 
for use in non-neoplastic airway strictures as it can 

be easily removed. It can be deployed with rigid 
and  fl exible bronchoscopy. Accurate sizing for the 
stent is achieved with Alveolus stent-sizing device 
(Alveolus Inc, Charlotte, NC) introduced through 

  Fig. 9.9    Rusch Y stent reinforced anteriorly by metal rings to simulate tracheal cartilages with soft posterior wall like 
membranous trachea for carinal compression       

  Fig. 9.10    Covered and uncovered Ultra fl ex stents       
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the working channel of therapeutic  fl exible bron-
choscope. The sizing device has a measuring tool 
on one end and a handle on the other. When the 
internal wire is retracted from the handle, the 
wings of the measurement device open and are 
capable of measuring diameters from 6 to 20 mm. 
Once tissue contact is made, the color bars that 
code for speci fi c lumen  diameters will show which 
aid the bronchoscopists in the selection of appro-
priate stents. Alveolus stent is laser constructed 
from a single piece of nitinol with concentric rings 
held in position by nitinol strands. Due to its struc-
ture, it is amenable to length modi fi cation and does 
not foreshorten with deployment  [  33  ] . Despite its 
advantages, stent collapse causing hemoptysis and 
dyspnea has been reported  [  34  ] .   

   Stent Alert Card 

 Following the procedure, a stent alert card detail-
ing the type and dimensions of the stent and loca-
tion within the tracheobronchial tree should be 
given to the patient. It should also indicate appro-
priate size of endotracheal tube to use if emergent 
intubation is required with the stent in situ. The 
search for the ideal stent continues.      
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  Abstract 

 Bronchial thermoplasty (BT) is a new therapeutic modality for the 
 treatment of severe asthmatics refractory to optimal medical therapy. 
Individuals with uncontrolled symptoms despite treatment with high dose 
inhaled corticosteroids and long-acting bronchilator therapy are eligible 
for this procedure. BT uses radiofrequency energy to reduce the excess 
airway smooth muscles that can occur in asthma. Since airway smooth 
muscle is implicated in hyperreactivity and bronchoconstriction, BT can 
be adjunctive to anti-in fl ammatory therapy. Thermal treatment is delivered 
distal to mainstem bronchi to visible airways between 3 and 10 mm in 
diameter, excluding the right middle lobe. Treatments occur in three sepa-
rate sessions with careful monitoring before and after the procedure, as the 
most frequent complication is exacerbation of asthma symptoms. Clinical 
trials have demonstrated an acceptable safety pro fi le while improving 
asthma quality of life scores, symptoms, and health care utilization, result-
ing in FDA approval of this procedure in 2010. More recent evidence dem-
onstrates persistence of bene fi cial effects up to 2 years after the procedure. 
Proper patient selection, optimization of confounding conditions, and 
ongoing asthma management are key factors in improving outcomes and 
minimizing adverse respiratory events. As experience with the procedure 
increases, better characterization of asthmatics that may bene fi t from this 
procedure will become available.  

  Keywords 

 Severe asthma  •  Refractory asthma  •  Bronchial thermoplasty  • 
 Radiofrequency ablation      

      Bronchial Thermoplasty 
for Severe Asthma       

     Sumita   B.   Khatri        and    Thomas   R.   Gildea        
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   Introduction 

 Bronchial thermoplasty (BT) is a novel non- 
pharmacologic therapy for patients with severe 
persistent asthma who remain uncontrolled despite 
maximal medical therapy. Approved for use in 
severe asthma by the Food and Drug Administration 
(FDA) in 2010, BT uses radiofrequency energy in 
a controlled manner to provide thermal treatment 
to smooth muscle in visible conducting airways 
 [  1,   2  ] . The entire treatment is performed over 3 
sessions each separated by at least 3 weeks, and is 
usually an outpatient procedure. Treatments occur 
by introducing a catheter through the channel of a 
 fl exible bronchoscope to apply thermal energy to 
visible airways between 3 and 10 mm in diameter. 
Treatments are delivered sequentially in a distal to 
proximal fashion. Initially the right lower lobe is 
treated, then the left lower lobe, and lastly bilateral 
upper lobes. The right middle lobe is not treated 
due to potential for development of atelectasis and 
right middle lobe syndrome. Clinical trials of fea-
sibility and ef fi cacy demonstrated that in appro-
priately selected severe asthmatics not well 
controlled with currently available medical thera-
pies, bronchial thermoplasty is safe and has a posi-
tive impact on the clinical metrics of asthma 
including symptoms, quality of life, and health-
care utilization. The most common adverse events 
are respiratory complications, such as an exacer-
bation of asthma  [  2–  5  ] . Proper patient selection 
and optimization of asthma management are 
important for the success of this procedure. The 
procedure is most suitable for those individuals 
who remain symptomatic despite maximal medi-
cal therapy but well enough to tolerate it. In this 
chapter, we discuss the scienti fi c basis, clinical 
applications, procedure, and complications asso-
ciated with this emerging technology.  

   Scienti fi c Basis: Asthma 
Pathophysiology and Potential 
Mechanisms of Therapeutic Effect 

 Asthma is associated with chronic airway 
in fl ammation, increased airway reactivity and 
air fl ow obstruction. Various cells play a role in 

pathogenesis of asthma, including eosinophils, 
mast cells, T lymphocytes, macrophages, neutro-
phils, and epithelial cells  [  6  ] . Episodic shortness 
of breath and symptoms of bronchoconstriction 
are common and can be a result of mediators such 
as histamine, leukotrienes, and prostaglandins 
from allergic or nonallergic triggers. Persistent 
in fl ammation can result in airway wall remodel-
ing causing thickening of basement membrane 
due to deposition of collagen, goblet cell hyper-
plasia with excess mucus secretion, blood vessel 
proliferation, and smooth muscle hypertrophy 
 [  6,   7  ] . These changes can lead to irreversible nar-
rowing of the airways with persistent symptoms 
of air fl ow obstruction that may be dif fi cult to 
manage, even with the best available medical 
therapies  [  6  ] . In patients with chronic and refrac-
tory asthma, there is excessive hyperplasia and 
hypertrophy of airway smooth muscles that can 
predispose to abnormal bronchoconstriction and 
airway closure in some instances. Although air-
way sensitivity and hyperresponsiveness can be 
temporarily reversed with bronchodilator and 
anti-in fl ammatory therapies, prevention of pro-
gressive airway remodeling and smooth muscle 
hypertrophy can be challenging. Bronchial ther-
moplasty targets this potential gap in asthma 
treatment. 

 The role of airway smooth muscle in asthma 
is not fully elucidated. Early investigations into 
the mechanisms of air fl ow obstruction and air-
way resistance have demonstrated that 75 % of 
postnasal air fl ow resistance occurs in the  fi rst 
6–8 generations of airways, indicating that larger 
airways are involved  [  8  ] . In normal airways, 
smooth muscle has a role in providing structural 
support, distribution of ventilation, propulsion 
of mucus for clearance, cough mechanism, and 
in promotion of lymphatic  fl ow. In asthma, how-
ever, airway smooth muscle is involved in bron-
choconstriction and in promoting bronchial 
hyperresponsiveness through signaling of 
in fl ammatory mediators. Furthermore, airway 
smooth muscle mediates airway in fl ammation 
and remodeling through cytokine synthesis and 
mast cell in fi ltration  [  9–  11  ] . Its putative nones-
sential role has led some to dub airway smooth 
muscle as “the appendix of the lung”  [  12  ] . There 
are no studies to demonstrate that elimination of 
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these physiological roles of airway smooth mus-
cle greatly inhibit the normal airway function, 
but there is evidence to suggest that abnormal 
airway smooth muscle mass contributes to 
asthma severity. Therefore, hypertrophied air-
way smooth muscle is an appropriate target for 
intervention in severe persistent asthma  [  13  ] .  

   Clinical Applications: Severe 
Refractory Asthma and Candidates 
for Bronchial Thermoplasty 

 Asthma is a chronic in fl ammatory condition of 
the airways characterized by episodic symptoms 
of breathlessness, cough, and wheezing. Asthma 
is common, affecting approximately 8% of the 
population  [  6  ] . Regardless of severity at presenta-
tion, most patients with asthma are able to gain 
control of their symptoms with anti-in fl ammatory 
therapy, behavioral changes, and trigger manage-
ment. Since the publications of National Asthma 
Education and Prevention Program (NAEPP) 
clinical practice guidelines in 1991, 1997 and 
2002, there have been signi fi cant gains in the 
understanding of asthma pathophysiology and 
treatment  [  14–  16  ] . The latest guidelines published 
in 2007 emphasize the importance of categorizing 
asthma severity. However assessing asthma con-
trol which involves evaluation of impairment 
(symptoms and limitations) and risk (exacerba-
tions) is equally important. Severe asthma is pres-
ent in about 10 % of all asthma patients and these 
patients experience frequent symptoms and 
exhibit disease-related morbidity. Patients with 
severe asthma also disproportionately utilize 
heath care resources due to frequent exacerba-
tions, emergency room visits and hospital admis-
sions. The burden of hospitalizations for asthma 
remains high, with more than 456,000 hospital-
izations and 14 million missed days of work annu-
ally according to some estimates  [  6,   17  ] . 

 In most cases, individuals with asthma are 
able to control their symptoms with proper adher-
ence to anti-in fl ammatory therapies and avoid-
ance of triggers. However, a subset of this 
population has severe asthma that becomes 
dif fi cult to control despite all medical therapies 

available. To address the challenges in 
identi fi cation and management of these patients 
with severe and refractory asthma, the American 
Thoracic Society (ATS) hosted a workshop to 
characterize this condition (Fig.  10.1 )  [  18  ] . 
Individuals with severe refractory asthma were 
de fi ned as those who are adherent to and require 
treatment with continuous or near continuous 
(>50 % of year) oral corticosteroids or high-dose 
inhaled corticosteroids to control asthma symp-
toms. In addition, two minor criteria are needed 
that include persistent airway obstruction and 
peak expiratory  fl ow (PEF) variability, additional 
daily controller medication, deterioration with 
reduction in inhaled/oral steroid dose,  ³ 3 oral 
steroid bursts/year, urgent care visits for asthma, 
or near-fatal asthma event in the past  [  19  ] . These 
severe asthmatics may be good candidates for 
bronchial thermoplasty .    

   Clinical Trials: Development and 
Evaluation of Bronchial Thermoplasty 
for Asthma 

 Radiofrequency ablation therapy has been used 
in a variety of medical conditions such as lung 
cancer and cardiac arrhythmias  [  20,   21  ] . The use 
of this technology to treat airway smooth muscle 
was initially evaluated in animal studies which 
showed feasibility of using radiofrequency 
energy to decrease airway smooth muscle mass 
 [  1  ] . Subsequently, clinical studies and trials in 
non-asthmatics, mild to moderate asthmatics, 
and  fi nally moderate to severe refractory asth-
matics were performed to help identify appropri-
ate candidates, adverse events, and expected 
outcomes  [  2–  5  ] . 

 Early animal studies in dogs demonstrated that 
applying thermal energy to the airways at 65 and 
75 °C attenuated methacholine responsiveness 
for up to 3 years after the treatment  [  1  ] . Altered 
airway smooth muscle, de fi ned as degenerating 
or absent muscle, were seen as early as 1 week 
after treatments, and these changes were inversely 
proportional to the airway hyper-responsiveness. 
The post-procedure adverse effect in these ani-
mals were cough, in fl ammatory edema of the 
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airway wall, retained mucus, and blanching of 
airway wall at site of catheter contact. Over 3 
years of this study, there was no evidence of a 
regenerative muscle response. 

 A pilot study was subsequently performed in 
individuals scheduled for resections for lung can-
cer  [  2  ] . Eight individuals (mean age 58 ± 8.3 
years) underwent thermoplasty treatments to vis-
ible airways 1 cm from known tumor area and 
within areas to be resected. Thermoplasty with 
55 and 65 °C was performed at 3–9 treatment 
sites in each patient 5–20 days prior to planned 
lung resection. At the time of resection, bron-
choscopy was generally unremarkable, except for 
some airway narrowing or linear blanching. 
Histological review of the resected airways 
showed an average of 50 % reduction in smooth 
muscle mass in the airways treated at 65 °C as 
compared to the untreated airways. There were 
no signi fi cant adverse events such as hemoptysis, 
respiratory infections or excessive bronchial 
irritation. 

 The  fi rst prospective observational study of 
bronchial thermoplasty in asthmatics was per-
formed in 16 individuals with mild to moderate 
disease  [  22  ] . All patients were treated with 
30–50 mg prednisone the day prior and day of the 
procedure. Three bronchial thermoplasty treat-
ments were spaced 3 weeks apart, and the right 
middle lobe was spared. Pre-bronchodilator    FEV

1
 

improved at 12 week and 1 year but showed no 
signi fi cant change from baseline to 2 years post 
bronchial thermpoplasty. Symptom-free days 
increased between baseline and 12 weeks after 
treatment (50–73 %,  p  = 0.015) and a signi fi cant 
decrease in airway hyper-responsiveness as mea-
sured by methacholine was observed over the 
next 2 years. The most frequent side effects were 
cough, dyspnea, wheezing, and bronchospasm, 
which developed within 2–5 days after the proce-
dure, though not severe enough for hospitaliza-
tion. Chest computed tomography performed 1 
and 2 years after the treatment showed no changes 
in parenchyma or bronchial wall structure. This 

  Fig. 10.1    The American Thoracic Society consensus 
defi nition of severe and refractory asthma. (Reprinted 
with permission of the American Thoracic Society. 
Copyright © 2012 American Thoracic Society. Proceedings 
of the ATS workshop on refractory asthma: current under-

standing, recommendations, and unanswered questions. 
American Thoracic Society. Am J Respir Crit Care Med. 
Dec 2000;162(6):2341–2351. Of fi cial journal of the 
American Thoracic Society)       
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pilot study demonstrated the safety and feasibil-
ity of using this technology in mild to moderate 
asthma. 

 The  fi rst large multicenter trial of bronchial 
thermoplasty (Asthma Intervention Research 
[AIR] trial) was a prospective randomized non-
blinded study in moderate to severe asthmatics 
treated with inhaled corticosteroids (ICS) and 
long-acting B-agonists (LABA)  [  3  ] . Asthmatics 
requiring 200  m g or more of beclomethasone-
equivalent ICS dose who demonstrated respira-
tory impairment with LABA withdrawal were 
randomized to receive either BT with ICS and 
LABA or usual care with ICS and LABA alone. 
One hundred twelve patients between the ages of 
18 and 65 years with percent predicted FEV 

1
  of 

60–85 %, and airway hyper-responsiveness as 
demonstrated by a concentration of methacho-
line to decrease FEV1 by 20 % (PC 

20
 ) of <8 mg/

ml and stable asthma for 6 weeks prior to enroll-
ment were recruited for the study. Treatments 
occurred in 3 sessions over 9 weeks, followed by 
attempts to discontinue LABA at 3, 6, and 9 
months post-procedure. With BT treatment, the 
number of mild exacerbations and rescue medi-
cation use were signi fi cantly lower at 3 and 12 
months, and changes in morning peak  fl ow at 3, 
6, and 12 months were improved from baseline 
in the treatment group. Symptom free days as 
well as asthma quality of life scores, assessed 
using Asthma Quality of Life Questionnaire 
(AQLQ) and Asthma Control Questionnaire 
(ACQ), also showed a signi fi cant improvement 
compared to the baseline. However, the study 
group also experienced more respiratory adverse 
events around the time of thermoplasty than 
patients in the control group. There were also 
more hospitalizations in the treatment group, 
including for asthma exacerbations, lower lobe 
atelectasis, and pleurisy  [  3  ]  .  Further ,  no 
signi fi cant change in FEV1 or methacholine 
reactivity was noted in BT group. Therefore, 
although the AIR trial demonstrated improve-
ment in asthma symptoms and incidence of mild 
exacerbations, the non-blinded study design and 
the presence of a strong placebo effect in asthma 
highlighted a need for a randomized trial with a 
sham treatment arm  [  3  ] . 

 To evaluate the safety and ef fi cacy of bron-
chial thermoplasty in more severe asthmatics, 
Pavord and associates performed the Research in 
Severe Asthma (RISA) trial  [  4  ] . In this study, 
asthmatics on high dose inhaled steroids (>750  m g 
 fl uticasone-equivalent/day), on prednisone 
 £ 30 mg/day, pre-bronchodilator FEV 

1
  percent 

predicted of  ³ 50 % and positive methacholine 
tests were randomized to receive either a bron-
chial thermoplasty ( n  = 17) or medical manage-
ment ( n  = 17). For 16 weeks after the completion 
of bronchial thermoplasty, inhaled and oral ste-
roid doses were not changed, after which a proto-
col driven 14-week corticosteroid wean phase 
was initiated (20–25 % reduction every 2–4 
weeks). Adverse effects included seven hospital-
izations for worsening asthma control (4 patients), 
lobar collapse (2 patients). After the short term 
increase in asthma-related morbidity in the imme-
diate posttreatment period, there was signi fi cant 
reduction in rescue inhaler use, improvement in 
pre-bronchodilator FEV 

1
 , as well as improved 

AQLQ and ACQ scores during the steroid stable 
phase in the BT group. Up to 1 year after treat-
ment, there was continued decrease in rescue 
medication use and improvement in AQLQ/ACQ 
scores. Although the potential for placebo effect 
in asthma treatments exist, those who received 
treatment did have improvement in asthma  [  4  ] . 

 The clinical trial that followed the AIR study 
(the AIR2 trial) addressed the placebo effect  [  5  ] . 
In this study, a subset of participants were ran-
domized to a sham control arm in which bron-
choscopy was performed, but no radiofrequency 
treatment was administered. All patients as well 
the investigators, except for the operators per-
forming the bronchoscopy, were blinded to study 
allocation allowing it to be a true randomized 
double-blind clinical trial with sham controls. 
The primary outcome was to evaluate the changes 
in AQLQ scores from baseline to 6, 9, and 12 
months in the treatment vs. sham group. 
Secondary outcomes included absolute changes 
in the asthma control scores, symptom scores, 
peak  fl ows, rescue medication use, and FEV 

1
 . 

There were 196 participants in BT group and 101 
participants in the sham control group. The base-
line characteristics were similar in both groups. 
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More than 80% participants in each arm met ATS 
criteria for severe refractory asthma  [  19  ] . 
However, patients with a history of three or more 
hospitalizations for asthma exacerbation, three or 
more lower respiratory tract infections, and four 
or more pulse steroid doses over the preceding 
year were excluded from the study. Results 
showed a statistically signi fi cant increase in 
AQLQ from baseline to the average of 6, 9, and 
12 months in the BT vs. sham group (Fig.  10.2 ). 
Though, difference in the improvement in AQLQ 
score between two groups was lower than clini-
cally meaningful change of 0.5 or greater. The 
BT group experienced reduction in severe exac-
erbations as compared with the sham group (0.48 
vs. 0.70 exacerbations/subject/year, posterior 
probability of superiority of 96 %). Patients 
treated also had 84% risk reduction in Emergency 
Department (ED) visits (Fig.  10.3 ). Adverse 
events occurred in both groups; however, during 
the treatment phase, 16 patients in BT group 
needed hospitalizations for respiratory symptoms 
including worsening asthma, atelectasis, lower 
respiratory tract infections, decreased FEV 

1
 , and 

an aspirated tooth. One episode of hemoptysis 
required bronchial artery  embolization. In contrast, 

only 2 in the sham group needed hospitalization. 
Interestingly, there was a signi fi cant and clini-
cally meaningful improvement in AQLQ in 64 % 
of the sham group, highlighting the relative 
importance of placebo effect in asthma popula-
tions  [  23  ] . However, a larger proportion (79 %) of 
BT treated group had a  clinically meaningful  
improvement in AQLQ (>0.5 change) than in the 
sham group. Therefore, this large multicenter 
randomized blinded sham-controlled study dem-
onstrated long-term improved asthma quality of 
life and decreased healthcare utilization in 
patients with severe asthma treated with bron-
chial thermoplasty  [  5  ] . These bene fi ts, however, 
were achieved at the cost of signi fi cantly higher 
incidence of early complications in the BT 
group.    

   FDA Clearance and Long-Term 
Follow-Up 

 The FDA approved the Alair ®  system (Boston 
Scienti fi c, MA) in 2010 for the treatment of 
severe persistent asthma in patients 18 years and 
older whose asthma is not well controlled with 

  Fig. 10.2    Change in asthma quality of life by treatment 
group. Change in asthma quality of life questionnaire 
(AQLQ) score over 12 months after treatment with bron-
chial thermoplasty (BT) ( diamonds ) or sham control 
( squares ) in the per protocol population. *Posterior prob-
ability of superiority = 97.9 % (reprinted with permission 
of the American Thoracic Society. Copyright © 2012 

American Thoracic Society. Castro M, Rubin AS, 
Laviolette M, et al. Effectiveness and safety of bronchial 
thermoplasty in the treatment of severe asthma: a multi-
center, randomized, double-blind, sham-controlled clini-
cal trial. Am J Respir Crit Care Med. Jan 15 
2010;181(2):116–124. Of fi cial Journal of the American 
Thoracic Society)       
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inhaled corticosteroids and long-acting beta ago-
nists  [  24  ] . Patient selection at most institutions is 
based on the study populations described in the 
published trials. Individuals who have well-doc-
umented severe persistent asthma not well con-
trolled on ICS and LABA can be considered for 
bronchial thermoplasty. As part of the  fi nal con-
ditions of approval, the FDA has required a post 
approval study based on the long-term follow-up 
of the AIR2 trial. There is a speci fi c need to 
identify the features that predict higher likeli-
hood of desirable long-term outcomes after BT 
as compared to those who do not achieve any 
meaningful bene fi ts from it. A 2-year follow-up 
study from AIR2 demonstrated that individuals 
who received BT continued to have sustained 
bene fi t 2 years after the procedure with persis-
tence of lower exacerbation rates, asthma adverse 
events, emergency department visits, and hospi-
talizations. Unfortunately this could not be com-
pared with the sham arm as patients in this group 
were not followed beyond 1 year post bronchial 

thermoplasty. Furthermore, asthma quality of 
life information was not collected  [  25  ] . A second 
post approval study will be a prospective, open 
label, single arm, multicenter study conducted in 
the USA to assess the treatment effect and short-
term and long-term safety pro fi le.  

   Procedural Aspects: Bronchial 
Thermoplasty Instruments 
and Protocols 

 Bronchial thermoplasty is performed with a 
Alair ®  system (Boston Scienti fi c, MA) which is 
designed to deliver a speci fi c amount of radiofre-
quency (thermal) energy through a dedicated 
catheter (Fig.  10.4 )  [  26  ] . The catheter is deployed 
through a 2.0 mm working channel of an adult or 
pediatric sized  fl exible bronchoscope. Under 
direct vision, the electrode array is deployed 
treating distal airways measuring as small as 
3 mm in diameter and working proximally to 

  Fig. 10.3    Healthcare utilization events during the post-
treatment period. Severe exacerbations (exacerbation 
requiring treatment with systemic corticosteroids or dou-
bling of the inhaled corticosteroids dose), emergency 
department visits, and hospitalizations occurring in the 
posttreatment period.  Open bars , sham;  shaded bars , 
bronchial thermoplasty. All values are means ± SEM. 
*Posterior probability of superiority = 95.5 %.  † Posterior 
probability of superiority = 99.9 % (reprinted with permis-

sion of the American Thoracic Society. Copyright © 2012 
American Thoracic Society. Castro M, Rubin AS, 
Laviolette M, et al. Effectiveness and safety of bronchial 
thermoplasty in the treatment of severe asthma: a multi-
center, randomized, double-blind, sham-controlled clini-
cal trial. Am J Respir Crit Care Med. Jan 15 
2010;181(2):116–124. Of fi cial Journal of the American 
Thoracic Society)       
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sequentially treat all airways to the lobar bronchi. 
The electrode array is manually expanded to 
make contact with the airway walls and has a 
5 mm treatment area of exposed electrodes on 
each of the four struts. As the energy is delivered 
via the electrodes, the control unit measures elec-
trical resistance converted to thermal energy and 
will stop when an appropriate dosage is given. 
This thermal energy is what is responsible for 
altering the airway smooth muscle.  

 A thorough patient evaluation is essential prior 
to the procedure. Important aspects of pre and 
post-procedure care are summarized in Table  10.1 . 
Potential candidates for bronchial thermoplasty 
are those with the following: (1) a con fi rmed 
diagnosis of asthma which is established to be 
refractory to current maximal medical therapy, 

(2) a current nonsmoking status (for at least 1 
year), (3) no signi fi cant contraindications to bron-
choscopy and radiofrequency ablation, (4) ability 
to temporarily suspend anticoagulation therapy, 
and (5) control of confounding conditions such as 
gastroesophageal re fl ux disease, sinus disease, 
obstructive sleep apnea, and vocal cord dysfunc-
tion. Patients with pacemakers or de fi brillators 
are not eligible, and women of childbearing age 
need to undergo pregnancy test prior to the 
procedure.  

 To minimize the development of airway 
in fl ammation, patients should receive prophylac-
tic prednisone at a dose of 50 mg per day 3 days 
before, on the day of and 1 day after the proce-
dure. The procedure should be delayed if there 
has been an asthma exacerbation within past 

  Fig. 10.4    Bronchial thermoplasty involves delivery of 
radiofrequency energy to the airway wall, which ablates 
the smooth muscle layer, lessening bronchoconstriction 
and improving symptoms. Treatments are done in three 
separate procedures, with meticulous mapping of the 
areas treated. The right lower lobe is treated in the  fi rst 
procedure, the left lower lobe in the second, and the two 

upper lobes in the third. The right middle lobe is not 
treated (from: Gildea TR, Khatri SB, Castro M. Bronchial 
thermoplasty: A new treatment for severe refractory 
asthma. Cleve Clin J Med 2011; 78:477–485. Reprinted 
with permission. Copyright © 2011 Cleveland Clinic 
Foundation. All rights reserved)       
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6 weeks that required systemic steroids, a history 
of lower respiratory tract infection within the last 
6 weeks, or an upper respiratory infection in the 
last 1–2 weeks. Individuals should be assessed 
prior to and on the day of the procedure to ensure 
asthma stability. Nebulized albuterol (2.5–5.0 mg) 

is given prior to the procedure and screening 
spirometry is performed to ensure stable pulmo-
nary functions. Patients should be  within 10–15 % 
of their baseline FEV 

1
  on the day of procedure. A 

full course of treatment requires three separate 
bronchoscopic sessions at 2–3-week intervals. 
Most commonly, right lower lobe is treated in the 
 fi rst session, followed by left lower lobe in sec-
ond session, and  fi nally both upper lobes in the 
third session (Fig.  10.5 ). The treatments are per-
formed via a standard sized  fl exible bronchoscope 
with a minimum 2 mm working channel. Moderate 
sedation (e.g., fentanyl, midazolam, and topical 
lidocaine) is typically used; however, in certain 
instances of protracted coughing or dif fi culty 
obtaining adequate level of comfort, deeper seda-
tion via general anesthesia can be used. Important 
safety elements of the procedure include main-
taining oxygen at or less than 40 % FiO 

2
  and plac-

ing the appropriate gel grounding pad on the 
patient’s torso.  

 Technical expertise and ability to navigate the 
small airways with meticulous mapping of treated 
areas is essential to ensure that treatment sites are 
not skipped or overlapped. Each procedure usu-
ally requires approximately 50–75 activations of 
the device and up to 40–60 min of procedure 
time. Recovery time of 3-4 hours post procedure 
and ensuring post-procedure spirometry is within 
20% of pre-procedure baseline is recommended. 
An additional 50 mg dose of prednisone is pre-
scribed for the day after the procedure  [  27  ] .  

   Complications 

 The most common complication of the procedure 
is an exacerbation of asthma symptoms that usu-
ally occurs within the  fi rst to seventh day after a 
procedure. Adverse events were more common in 
the study arms of active treatment and included 
hospitalizations for worsening asthma, atelecta-
sis, lower respiratory tract infections, and pleu-
risy  [  3 ,  6  ] . To ensure patient safety, proper patient 
selection, active monitoring throughout and after 
the procedure, and appropriate followup, and 
delaying further procedures until adequate stabi-
lization is necessary (Table  10.1 ).  

   Table 10.1    Overview of care of patients undergoing 
bronchial thermoplasty treatment   

 Patient selection 

 Con fi rmed diagnosis of asthma • 
 Asthma refractory to maximal medical therapy • 
 Pre-bronchodilator FEV1 > 60 % • 
 Control of confounding conditions such as • 
gastroesophageal re fl ux disease, obstructive sleep 
apnea, sinus disease 
 No signi fi cant coronary artery disease or arrhythmias • 
 Ability to tolerate cessation of anticoagulation • 
therapy 
 Nonsmoker for 1 year or more • 
 No pacemaker or de fi brillator • 
 Ability to undergo bronchoscopy • 

 Pre-procedure measures 
 Maximize asthma treatment • 
 Oral prednisone 50 mg/day starting 3 days prior to • 
procedure, and day of procedure 
 Rule out pregnancy. Perform pregnancy test in • 
childbearing age group 
 Administer nebulized albuterol before bronchoscopy • 

 Delay treatment if 
 Uncontrolled bronchospasm • 
 SpO • 

2
  < 90 % on room air 

 Any recent exacerbation within last 6 weeks • 
requiring increase in dose of steroids 
 Previously treated airways showing persistence of • 
airway in fl ammation and erythema, or infection 
 Upper respiratory infection within past 2 weeks • 
 Lower respiratory tract infection within past 6 weeks • 

 During procedure 
 Place grounding pad • 
 Keep FiO • 

2
  less than 40 % 

 Have at least two catheters available • 
 Control cough during bronchoscopy • 

 Post-procedure care 
 Observe for 3–4 h in recovery room • 
 Discharge if patient is stable and the post-procedure • 
FEV1 is within 80 % of pre-procedure value 
 Take 50 mg of prednisone on day after the procedure • 
 Contact patient via phone call in 24–48 h • 
 Of fi ce visits at 2–3 weeks to assess response and • 
schedule subsequent BT session 



198 S.B. Khatri and T.R. Gildea

   Limitations 

 Bronchial thermoplasty should be reserved for a 
select group of severe asthmatics as all are not 
eligible. In most instances, asthma can be well 
controlled with the available medical anti-
in fl ammatory therapy and trigger avoidance. In 
those individuals with persistent symptoms 
despite maximal medical therapy, confounding 
conditions need to be considered. Patients with 
severely impaired lung function or current insta-
bility of symptoms are not appropriate candidates 
due to the known complications that can occur 
with the procedure. 

 Bronchial thermoplasty is an expensive treat-
ment. High cost is a major impediment to the 
wider use of this technology. Formal cost-effective 
analysis is not available. High cost, unknown 

durability, and long-term effects of bronchial 
thermoplasty warrant careful patient selection for 
the most appropriate candidates. 

 It should also be noted that bronchial thermo-
plasty has only been evaluated in asthma, and 
that experience cannot be extrapolated to COPD 
or bronchiectasis. Current smokers are not 
included in clinical trials and in most instances, 
are not considered for this treatment. Other con-
siderations include the need to be able to tolerate 
bronchoscopy, be off of anticoagulant therapy 
temporarily around the procedure, presence of 
other respiratory diseases such as interstitial lung 
disease, emphysema, or cystic  fi brosis. People 
with uncontrolled hypertension, clinically 
signi fi cant cardiovascular disease, and internal or 
external pacemaker or de fi brillators are not suit-
able candidates for this technique.  

  Fig. 10.5    Bronchial thermoplasty is performed in three 
bronchoscopic sessions as depicted. Right middle lobe is 
not treated. Careful mapping is needed to make sure that 

treated areas are not skipped or overlapped (image pro-
vided courtesy of Boston Scienti fi c Corporation)       
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   Future Directions 

 Since bronchial thermoplasty is a relatively new 
procedure in the treatment of asthma, ongoing 
clinical experience will help inform those per-
forming the procedure which patients are likely 
to gain most bene fi t. Although not a cure, this 
mode of therapy directly affects airway smooth 
muscle, the vehicle of bronchospasm and hyper-
responsiveness. Having trained and meticulous 
operators and close patient follow-up certainly 
will be bene fi cial for patients. In addition, obser-
vational studies to identify patient characteristics 
and biomarkers that predict successful outcome 
are needed so that bronchial thermoplasty may be 
targeted to those patients who will be helped most 
by this procedure.  

   Conclusions and Summary 

 To summarize, several clinical trials demonstrate 
the feasibility, safety, and improved clinical out-
comes in patients with severe asthma who 
undergo bronchial thermoplasty when medical 
therapies do not control their symptoms. The 
series of trials outlined here demonstrate that 
although asthma is a disease of the airways, 
including the small airways, treatment of airways 
at 3 mm or larger has demonstrated improvement 
in asthma symptoms, quality of life and health 
care utilization  [  5  ] .      
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  Abstract 

 Chronic obstructive pulmonary disease (COPD) is one of the leading causes 
of respiratory morbidity and mortality worldwide. Lung volume reduction 
surgery has been shown to be useful in selected COPD patients with upper 
lobe predominance and low exercise capacity, but is associated with 
signi fi cant complications, prolonged hospital stay and high cost. In recent 
years, several bronchoscopic techniques have been tried to achieve similar 
bene fi ts while aiming to reduce the complications and cost. Modest clinical 
bene fi ts have been reported with placement of unidirectional bronchial 
valves in the airways in heterogeneous emphysema. Better functional results 
are achieved in patients with complete lobar occlusion and in the absence of 
collateral ventilation. Airway bypass using specially designed stents has 
been attempted in homogeneous emphysema, but stent occlusion remains a 
signi fi cant problem. Studies are also emerging on the use of bronchial lung 
volume reduction coils, endobronchial sealants and bronchoscopic thermal 
vapor ablation to achieve similar goals. The  fi eld of bronchoscopic lung 
volume reduction is rapidly evolving and more clinical studies are needed 
to identify the ideal patient and the most effective technique.  

  Keywords 

 Bronchoscopic lung volume reduction  •  Chronic obstructive pulmonary 
disease  •  Bronchial valves  •  Airway bypass  •  Bronchoscopic thermal vapor 
ablation  •  Lung volume reduction coils      

      Bronchoscopic Lung Volume 
Reduction       

     Cheng   He     and    Cliff   K.  C.   Choong           

   Introduction 

 Emphysema is an irreversible, progressive, debilitat-
ing disease characterised by loss of lung tissue. 
Current treatment modalities for severe emphysema 
include medical and surgical therapy. Despite 
bene fi ts from optimal medical therapy involving 

    C.   He ,  M.B.B.S., B.Med.Sc., P.G.Dip.Surg.Anat.  
     Department of Surgery (MMC) ,  Monash University, 
Monash Medical Center ,   Clayton ,  VIC ,  Australia  

      C.  K.  C.   Choong ,  M.B.B.S., F.R.C.S., F.R.A.C.S.   (*)
     Department of Surgery (MMC) ,  Monash University, 
The Valley Hospital ,   Melbourne ,  VIC ,  Australia    
e-mail:  cliffchoong@hotmail.com   



202 C. He and C.K.C. Choong

inhaled therapies and pulmonary rehabilitation, 
many patients remain signi fi cantly disabled. Surgical 
options include lung volume reduction surgery 
(LVRS) and lung transplantation. Lung transplanta-
tion is performed only in highly selected patients and 
is limited by a lack of donors, the requirement for 
lifelong immune-suppressive therapy and the per-
manent risk of rejection, bronchiolitis obliterans and 
infection. The National Emphysema Treatment Trial 
(NETT) demonstrated that in appropriately selected 
patients, with predominant heterogeneous pattern of 
emphysema with upper lobe predominance and low 
exercise capacity, LVRS signi fi cantly improved lung 
function, exercise tolerance, quality of life and sur-
vival  [  1  ] . However, owing to the highly strict LVRS 
selection criteria and the potential morbidity and 
mortality associated with surgery, a search for newer 
and safer approaches to produce lung volume reduc-
tion has been underway. 

 Endobronchial treatment of severe emphy-
sema has emerged over the past 10 years. Various 
approaches, from bronchial valves and coils, as 
well as biological agents to induce reactionary 
scarring, in addition to bronchoscopically placed 
airway bypass stents, have been described  [  2–  9  ] . 
The aims of these novel approaches are to provide 
a minimally invasive method of treating severe 
emphysema without the morbidity, mortality and 
costs of traditional surgical therapy. It is also 
hoped that these different therapies can be applied 
to a wider patient population, in comparison to 
the relatively few highly select patients consid-
ered for LVRS or lung transplantation. The choice 
of technique is dependent upon the emphysema 
subtype, either homogeneous or heterogeneous, 
based on computed tomography (CT) morphol-
ogy. We shall provide an overview of the various 
bronchoscopic techniques and the current data.  

   Concept One: One-Way Valves Placed 
Within Lumen of Bronchial Airways 
for Heterogeneous Emphysema 

 The  fi rst concept is the usage of one-way valves 
which are placed within the lumen of airways, 
allowing air to  fl ow only uni-directionally out of 
the airways (i.e. air fl ow in the direction of expi-

ration) but does not allow air to be inspired 
through the valves. The aim is to place several 
bronchial valves to occlude all the segmental or 
subsegmental airways supplying a speci fi c 
hyperin fl ated segment or lobe of the lung, thereby 
producing effective volume reduction. The bron-
chial valves are of variable sizes to allow place-
ment within different bronchial lumen sizes. 
They are deployed via the working channel of a 
 fl exible bronchoscope and can be removed if nec-
essary  [  10,   11  ] . 

 This treatment is targeted at patients with het-
erogeneous emphysema, a similar population as 
that considered for LVRS. Two different compa-
nies, Pulmonx Inc. and Spiration Inc., produce 
the Zephyr ®  endobronchial valves (EBV) 
(Fig.  11.1 ) and the Intrabronchial Valve ®  (IBV), 
respectively (Fig.  11.2 )  [  12,   13  ] . Despite the dif-

  Fig. 11.1    Zephyr ®  endobronchial valves (EBV) [cour-
tesy of Pulmonx Inc., California]       

  Fig. 11.2    Spiration intra-bronchial valve       
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ferent designs, both valves share the common 
features described above. The speci fi c designs 
and features of the valves can be found on their 
respective company Websites  [  12,   13  ] .   

   Zephyr Pulmonx Valve 

 The Zephyr ®  implant is a one-way silicone duck-
bill valve mounted on a nitinol self-expanding 
retainer that is covered with a silicone membrane 
 [  12  ] . It can be deployed via a 2.8 mm instrument 
of a  fl exible bronchoscope. The purpose of this 
device is to isolate a diseased (hyperin fl ated) part 
of lung, allowing only venting of expired gas and 
secretions from that portion of lung, without air 
entering the blocked segment. A reduction in lung 
volume from the induced atelectasis of the iso-
lated emphysematous segments would ideally be 
achieved, thereby shifting lung functions towards 
more physiological values. 

 Two randomised trials were conducted fol-
lowing promising results from several individual 
case series and a multicentre registry  [  3,   14–  17  ] . 
The Endobronchial Valve for Emphysema 
Palliation Trial (VENT) was a randomised, pro-
spective, multicentre study which examined the 
safety and ef fi cacy of Zephyr EBV endobronchial 
valves (Pulmonx) in comparison to optimal med-
ical care, in patients with advanced heteroge-
neous emphysema. Co-primary ef fi cacy endpoints 
were percent changes (baseline to 6 months) in 
FEV 

1
  and 6-min walk test (6MWT) by multiple-

imputation, intent-to-treat analysis. In the US 
VENT study 321 subjects were enrolled, with 
220 subjects randomised to EBV and 101 to con-
trol (standard medical care). Modest improve-
ments in FEV 

1
  (mean difference between groups 

was 6.8 %,  p  = 0.002) and 6MWT (median differ-
ence was 5.8 %,  p  = 0.019) in the treatment com-
pared to control group were observed, in favor of 
EBV  [  3  ] . These modest improvements in lung 
function, exercise tolerance and symptoms came 
with a cost of more frequent exacerbations of 
chronic obstructive pulmonary disease (COPD), 
pneumonia and haemoptysis. Overall results 
were similarly observed in the European VENT 
study  [  14  ] . 

 Findings from both the US and European 
arms of the VENT study have offered valuable 
insight into key patient factors in fl uencing posi-
tive physiological and clinical outcomes. In sub-
group analyses, two factors in achieving optimal 
lung volume reduction and clinical response 
were identi fi ed: (1) complete lobar occlusion and 
(2) the presence of greater heterogeneity and 
complete  fi ssures between treated and adjacent 
lobes. 

 High-resolution CT (HRCT) was used to 
quantify volumetric changes in the target treat-
ment lobe, to determine inter-lobar  fi ssure integ-
rity and to identify lobar occlusion following 
EBV therapy. In both VENT studies, patients 
with complete  fi ssures who received EBV had a 
signi fi cantly better improvement in FEV 

1
  than 

patients with incomplete  fi ssures (the US VENT 
study: 16.2 vs. 2 %, at 6 months). Optimal isola-
tion of the target lobe from its segmental airways 
using EBVs would theoretically lead to the 
desired volume reduction effect. Indeed, of the 
EBV patients possessing  fi ssure integrity on CT, 
those classi fi ed as having lobar occlusion (i.e. 
those with optimal valve placements) demon-
strated even better outcomes compared with EBV 
patients without lobar occlusion: target lobe vol-
ume decreased by a mean 80 vs. 29 % and FEV 

1
  

increased by 26 vs. 6 %, at 6 months (European 
VENT study). Not surprisingly, further analysis 
of the European VENT cohort found that the 
clinical response was directly related to the 
degree of lung volume reduction  [  18  ] . 

 It is clear that some patients do not achieve 
signi fi cant volume reduction irrespective of opti-
mal valve placement. This has been attributed to 
the phenomenon known as collateral ventilation 
(CV)  [  18,   19  ] . Studies on excised human lungs 
identi fi ed major defects in inter-lobar  fi ssures 
across 21–30 % of oblique and up to 88 % of 
right horizontal  fi ssures and CV can occur 
through these areas of incomplete  fi ssures  [  20, 
  21  ] . In normal lungs, resistance in these collat-
eral channels is high, resulting in minimal CV. In 
contrast, resistance across these channels in 
emphysema is low relative to airway resistance, 
allowing CV to occur between lobes. Where CV 
is present, atelectasis is unlikely to be achieved 
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following EBV placement due to air entering the 
targeted lobe via collateral channels. Thus, the 
ability to identify these “back-door” channels 
and target only lobes of lung where CV is low or 
absent would optimise lobar isolation, leading to 
markedly improved outcomes with bronchial 
valves  [  18  ] . 

 In VENT study, a correlation was noted 
between complete inter-lobar  fi ssure on chest CT 
and the magnitude of lobar volume change and 
improvement in FEV 

1
  after endobronchial valve 

placement. Based on this observation, it is specu-
lated that  fi ssure completeness on CT may be 
used as a marker of absence of CV while select-
ing patients for bronchoscopic lung volume 
reduction. Greater heterogeneity of emphysema 
on high-resolution CT is also considered as an 
imaging biomarker for low or absent collateral 
ventilation. 

 A bronchoscopic system for detecting CV has 
also been developed (Chartis), consisting of a 
single-patient-use catheter with a compliant bal-
loon component at the distal tip, which upon 
in fl ation blocks the airway  [  12  ] . Air can then  fl ow 
out from the target compartment into the environ-
ment only through the catheter’s central lumen. 
By connecting to a console, airway  fl ow and pres-
sure can be displayed (Fig.  11.3 ). Airway resis-
tance can be calculated and the presence or the 

absence of CV in isolated lung compartment can 
then be measured. A gradual reduction of mea-
sured air fl ow would indicate the absence of CV 
feeding the airways distal to the point of balloon 
occlusion, whilst a continuous  fl ow reading 
would indicate the presence of CV in the target 
lobe. The effectiveness of this system in identify-
ing those who would bene fi t from bronchial valve 
therapy was assessed in a recent study of 80 
patients  [  18  ] . The HRCT was used to identify the 
lobe with the greatest emphysematous destruc-
tion, deemed the target lobe for bronchial valve 
placement, and that lobe was assessed with 
Chartis. Chartis was attempted prior to valve 
deployment but did not affect the choice of the 
target lobe. The primary endpoint was  ³ 350 ml 
target lobe volume reduction (TLVR), which was 
derived from the VENT study observation that 
the maximum TLVR in the control (medical ther-
apy only) group rarely exceeded this level  [  3,   18  ] . 
Chartis achieved an accuracy of 75 % in predict-
ing a signi fi cant volume reduction in response to 
valve placement: 36 of 51 patients classi fi ed as 
CV negative achieved TLVR  ³ 350 ml. This was 
equivalent to HRCT  fi ssure analysis alone, where 
the accuracy was 77 %  [  22  ] . Technical issues 
were encountered resulting in some patients hav-
ing no measurements displayed  [  23  ] . The Chartis 
system may be a valuable supplement to HRCT 
in identifying suitable target lobes where mini-
mal CV exists, to ensure optimal response to 
bronchial valve therapy. However, further higher 
powered randomised assessments of its predic-
tive potential would be useful.   

   IBV ®  Spiration Valve 

 The IBV, similar to the Zephyr valve, is also an 
indwelling endobronchial device, designed to 
obstruct air fl ow into targeted segments of dis-
eased emphysematous lung. This one-way valve 
is built upon six nitinol struts covered by poly-
urethane in the shape of an umbrella to allow 
conformation and sealing to the airways, with 
minimal pressure exerted on the mucosa 
(Fig.  11.4 )  [  13  ] . IBV are readily visible on chest 
radiographs (Fig.  11.5 ) and in many cases, a 

  Fig. 11.3    Chartis system [courtesy of Pulmonx Inc., 
California]       
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 follow-up radiograph reveals a signi fi cant 
 reduction in air trapping (Fig.  11.6 ).    

 The IBV ®  Valve Pilot Trials Research Team 
published a report in 2009 on 98 patients with 
upper-lobe predominant heterogeneous emphy-
sema, who were treated at 13 international sites 
during the 3-year single-arm series, open-label 
study, with EBV placed bilaterally into upper 
lobes  [  10  ] . 56 % of subjects had a clinically 
meaningful improvement in health-related qual-
ity of life, but this did not correlate to improve-
ments in standard pulmonary function and 
exercise    studies. TLVR were demonstrated in 
over 85 % of subjects on CT. A comparable pro-
portion of patients also experienced an increase 
in non-targeted (i.e. non-UL) lobe volumes so 
that total lung volume remained unchanged. 
A redirection of inspired air, involving an inter-
lobar shift of inspired volume to healthier lung 
tissue, corroborated by perfusion scan changes, 
suggested an improved ventilation and perfusion 
matching in non-upper (non-treated) lobe lung 
parenchyma as the mechanism for the improved 
clinical outcomes. 

 The most common device-related adverse 
effect was pneumothorax ( n  = 8), presumably due 
to tension on adjacent tissue, overexpansion of 
blebs or bullae or adhesions when lobar or seg-
mental lung volume reduction occurred. The 

association between induction of lobar atelectasis 
and development of pneumothorax was most evi-
dent when treatment of the lingular segment was 
added to left upper lobe (UL) treatment, resulting 
in 6 of 18 subjects developing left-sided pneu-
mothorax. Further episode of left-sided pneu-
mothorax was not observed following 
discontinuation of lingular targeting. There were 
no procedural related deaths and the 30-day mor-
tality was 1.1 %, which compared favorably with 
LVRS (16 % 30-day mortality from the NETT 
 [  24  ] ). And with a 99.7 % technical success of 
stent placement, no stent migration nor erosion 
and a rate of associated infection <2.5 %, the 
authors concluded successful achievement of the 
primary safety outcome goal  [  10  ] . 

 The US multicentre data, which included 91 
of 98 subjects from the above study, was pub-
lished in 2010, with expectantly similar  fi ndings 
and conclusions  [  4  ] . 

 The  fi rst blinded, controlled evaluation of 
bronchial valve therapy was published in 2012 
by Ninane et al.  [  25  ] . This randomised study uti-
lised the IBV valve, using a strategy of bilateral 
treatment with incomplete occlusion of the tar-
get lobes. 37 patients received valves whilst 36 
had a sham bronchoscopy. A positive responder 
was based on a composite endpoint of St 
George’s Respiratory Questionnaire (SGRQ) 
change  ³ 4 points and lung volume changes 
measured by CT (volume decrease in upper 
lobes with a compensatory volume increase in 
non-treated lobes of  ³ 7.5 %). After 3 months, 
24 % of patients in the treatment arm and none 
in the control arm were identi fi ed as positive 
responders. There was a signi fi cant shift in vol-
ume in the treated group from the upper lobes 
(mean ± SD, −7.3 ± 9.0 %) to the non-treated 
lobes (6.7 ± 14.5 %), with no signi fi cant change 
in control group ( p  < 0.05). However, no statisti-
cally signi fi cant differences in lung function, 
breathlessness and SGRQ was evident between 
the groups. Furthermore, owing to the presence 
of a control group, a signi fi cant placebo effect 
was demonstrated, with both arms having an 
~4-point improvement in SGRQ. This raises 
questions about the validity of  fi ndings of clini-
cal ef fi cacy in the absence of functional changes 

  Fig. 11.4    Endoscopic appearance of spiration valve 
placed into segmental bronchi       
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 [  10  ] . Importantly, this randomised- control study 
showed that a non-complete lobar occlusion 
approach was safe but not effective in the major-
ity of patients undergoing bronchial valve treat-
ment for heterogeneous emphysema. This is 
further supported by a recent small, randomised 
study that showed that IBV valves were indeed 
superior in providing both clinically and physi-
ologically signi fi cant improvements when a 
single-lobe complete occlusion approach was 
undertaken, as compared to bilateral-partial lobe 
treatment  [  26  ] .   

   Concept Two: Airway Bypass 
for Homogeneous Emphysema 

 The second concept is the usage of airway bypass 
stents. As previously mentioned, the ability of 
gas to move from one part of the lung to another 
part (within the lung) through nonanatomic path-
ways is termed “collateral ventilation”, and was 
 fi rst observed by Van Allen and colleagues in 
1930  [  27  ] . In contrast to normal lungs, where 
high resistance in collateral channels abolishes 

  Fig. 11.6    Chest radiographs before ( a ) and after ( b ) placement of spiration valve. A signi fi cant decrease in hyperin fl ation 
and air trapping is observed in post-procedure radiograph       

  Fig. 11.5    Chest radiograph showing placement of spiration valves in both upper lobes       
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any CV, in emphysematous lungs CV tends to 
exist and provides important channels for gas dis-
tribution. Whilst CV is a hindrance to the success 
of EBV therapy in preventing complete lobar 
occlusion, it may also be used to therapeutic 
advantage. Experimental and clinical work has 
demonstrated that creation of direct passages 
between emphysematous pulmonary parenchyma 
and bronchial airways (i.e. airway bypass) could 
take advantage of the extensive CV present in 
emphysema to provide improvement in expira-
tory  fl ow and volume, which is otherwise limited 
by the collapse of the small, peripheral airways 
during expiration  [  6,   8  ] . 

 Airway bypass involves transbronchial fenes-
tration followed by placement of an airway 
bypass stent device  [  6,   9,   28,   29  ] . The stent is 
made of stainless steel embedded within silicone 
rubber, which is impregnated with paclitaxel to 
improve stent patency  [  9  ] . It is mounted on a 
delivery device and delivered endoscopically 
through a 2 mm working channel of a  fl exible 
bronchoscope. The stent is placed through seg-
mental or sub-segmental airways to provide an 
extra-anatomic airway for trapped gas to escape, 
thereby reducing hyperin fl ation. 

 Airway bypass stents are targeted at patients 
with severe homogeneous emphysema, unlike the 
unidirectional bronchial valves (EBV and IBV), 
which are targeted at patients with heterogeneous 
emphysema. The airway bypass stent (Exhale 
Emphysema Treatment System) is manufactured 
by Broncus Technologies Inc., Mountain View, 
California, USA. Its design and features can be 
viewed at the company Website  [  30  ] . 

   The EASE Trial: Exhale Airway Stents 
for Emphysema Trial 

 The  fi ndings of the Exhale Airway Stents for 
Emphysema (EASE) randomised trial, which 
aimed to evaluate the safety and clinical ef fi cacy 
of bronchoscopic airway bypass in patients with 
severe homogeneous emphysema, were pub-
lished in 2012  [  5  ] . 315 patients with severe 
hyperin fl ation (ratio of residual volume to total 
lung capacity  ³ 0.65) secondary to homogeneous 

pulmonary emphysema were randomised to 
either airway bypass or a sham surgical control. 
The 6-month primary endpoint was based on a 
composite of lung function and clinical ef fi cacy 
measure:  ³ 12 % in FVC and a  ³ 1-point decrease 
in the modi fi ed Medical Research Council 
(mMRC) dyspnoea score. 

 Signi fi cant improvements in lung function 
were observed in airway bypass patients com-
pared to the control group at day 1 post bronchos-
copy. However, these acute bene fi ts declined by 
month 1, and continued to do so until the  fi nal, 
12-month follow-up. Mean mMRC scores in the 
stent group were better than the control through-
out follow-up, but in the absence of improve-
ments in lung function parameters, these clinical 
measures may be of limited signi fi cance. 

 All primary and secondary measures, except 
mMRC, returned to baseline by 6 months. Loss 
of the initial bene fi ts was attributed to a combina-
tion of factors, including passages that were cre-
ated but not stented, stents that were expectorated 
and loss of stent patency. CT analyses showed 
that, in lobes in which stents placed were free of 
tissue density (a surrogate for stent patency), 
observed RV reduction at 6 months (−8.4 %) was 
comparable to results at day 1 (−10 %). Therefore, 
the paclitaxel–silicone polymer dose-release 
combination appeared inadequate at preserving 
stent patency, with only 21 % of stents deemed 
patent on CT analyses at 6 months, compared 
with 66 % on day 1. 

 Higher rates of pneumothorax, haemoptysis 
and COPD exacerbations were observed in 
patients assigned to airway bypass. However, at 
12 months, rates of COPD exacerbation and pul-
monary infection were similar between the two 
treatment groups. Mortality at 12 months was 
6.7 % in the airway bypass arm and 6.5 % in the 
sham control, exhibiting similar Kaplan–Meier 
curves. 

 Paclitaxel did not appear as effective in main-
taining stent patency as it did in animal studies 
 [  9  ] . Despite an acceptable safety pro fi le, the 
EASE trial failed to show sustained long-term 
bene fi ts in patients with severe homogeneous 
emphysema who underwent airway bypass 
stenting.   
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   Other Concepts 

 Several other bronchoscopic approaches to lung 
volume reduction have been described. 

   Bronchial Lung Volume Reduction Coils 

 The bronchial lung volume reduction coils 
(LVRC) (RePneu ®  LVRC) are made from nitinol 
wires that result in parenchymal compression fol-
lowing bronchoscopic deployment (Fig.  11.7 ). 
The LVRC approach has no dependency upon the 
absence of collateral ventilation to achieve 
ef fi cacy, unlike the unidirectional bronchial 
valves. A feasibility study evaluating LVRC per-
formed on 11 patients observed no severe adverse 
effects after 3 months. Patients with either het-
erogeneous or homogeneous emphysema were 
included in the study. Despite the small cohort, 
patients with heterogeneous disease appeared to 
show better clinical ef fi cacy post procedure than 
patients with homogeneous emphysema  [  2  ] .   

   Sealant 

 Bronchoscopic lung volume reduction using 
direct application of a sealant to collapse areas of 
emphysematous lung has been reported. Initial 
tests of a synthetic polymeric foam sealant 
(emphysematous lung sealant, ELS, Aeriseal) 
were performed in 25 patients with severe (Global 
Initiative for Chronic Obstructive Lung Disease, 

GOLD stage III and IV) heterogeneous emphy-
sema  [  7  ] . After 6 months, ELS treatment corre-
lated with improvements in pulmonary function, 
exercise capacity and quality of life measures. 
CT analysis indicated induction of local atelecta-
sis at sites of treatment. Interestingly, patients 
with GOLD stage III disease showed greater 
physiological gains than stage IV patients. This 
may re fl ect the greater extent of tissue destruc-
tion in stage IV patients, presumably requiring 
additional volume reduction to produce improve-
ments comparable to stage III patients. Despite 
the encouraging early results it must be remem-
bered that ELS therapy, in contrast to EBV, is an 
irreversible procedure.  

   Bronchoscopic Thermal Vapor 
Ablation 

 Bronchoscopic thermal vapor ablation (BTVA) 
involves delivery of precise amounts of steam 
water vapor directly into target lung segments via 
a specialised catheter. The thermal reaction leads 
to a localised in fl ammatory response, resultant 
permanent  fi brosis, and atelectasis in order 
to achieve targeted, complete and permanent 
LVR in patients with heterogeneous emphysema. 
A potential advantage of BTVA is that success is 
independent of CV. Snell et al.  [  31  ]  reported out-
comes in 44 patients with upper-lobe predomi-
nant heterogeneous emphysema who underwent 
unilateral BTVA. Adverse events were reported 
in 19 patients, with COPD exacerbation being the 
most common. Most adverse events (62 %) 
occurred within the  fi rst 30 days following BTVA. 
An average of 48 % LVR in the target lobar and 
17 % improvement in FEV 

1
  were achieved at 3 

months, both of which were sustained at 6 months 
follow-up. The majority of patients (73 %) also 
reported a signi fi cant improvement in functional 
measures (SGRQ) at 6 months.   

   Conclusion 

 It is increasingly pertinent to separate emphyse-
matous patients by their pattern of disease. Recent 
evidence demonstrates signi fi cant physiological 

  Fig. 11.7    RePneu ®  lung volume reduction coil [courtesy 
of PneumRx Inc., California]       
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and clinical bene fi ts from the use of bronchial 
valves in patients with heterogeneous emphy-
sema. Importantly, this effect appeared most 
marked when valve placement resulted in total 
lobar occlusion and was symbiotically related to 
the absence of collateral ventilation, of which the 
presence of complete  fi ssures on CT was an indi-
rect marker    for. In practice, this highlights the 
need for routine utilisation of HRCT, not only to 
appropriately select patients for the different 
bronchoscopic techniques but also to more accu-
rately identify positive responders, by targeting 
lobes where complete  fi ssures exist to ensure 
complete lobar occlusion, thereby resulting in 
effective TLVR. Two recent reports also suggest a 
survival advantage in those patients with a good 
response to bronchial valve treatment  [  15,   16  ] . 
Additionally, as new developments such as the 
Chartis ®  system are re fi ned, we will have tools by 
which the presence or the absence of collateral 
ventilation may be gauged, thus facilitating 
improvement in patient selection. Disappointingly, 
the EASE trial failed to report sustained bene fi ts 
of airway bypasses for patients with homogeneous 
emphysema. However, this should not negate the 
positive acute-term bene fi ts demonstrated, which 
suggests that it could be a worthwhile approach if 
the issue of stent occlusion can be mitigated. 

 The role of bronchoscopic LVR techniques 
will continue to evolve as better understanding of 
their effects in different emphysema phenotypes 
becomes more apparent and a clearer de fi nition 
of patient characteristics determining successful 
responses emerges. Newer approaches, such as 
bronchoscopic coils, biological agents and ther-
mal methods, show promise but need further 
investigation involving randomised control stud-
ies. A key issue will be to reach a consensus about 
endpoints that are clinically relevant yet physio-
logically practical, in order to offer a platform 
with which to compare the different endoscopic 
treatment modalities.      
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   Introduction    

 Bronchopleural  fi stula (BPF) is de fi ned as a 
 communication between the tracheobronchial 
tree and the pleural space  [  1,   2  ] . The incidence 
of BPF has decreased signi fi cantly since the 
availability of effective antimicrobial and antitu-
bercular treatment, and with advances in surgi-
cal techniques. The incidence of BPF after 
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  Abstract 

 Bronchopleural  fi stula (BPF) refers to a direct communication between 
the bronchial tree and pleural space. Lung resection is the most common 
cause of bronchopleural  fi stula. Other common causes include pulmonary 
infections, tuberculosis, spontaneous pneumothorax, and trauma. BPF is 
one of the most serious complications of lung surgery, associated with 
high morbidity and mortality. Chest computed tomography (CT) and bron-
choscopy are useful in establishing diagnosis, identifying the cause and 
localization of  fi stulous track. The management of BPF is dif fi cult and 
depends on underlying cardiopulmonary reserve, nutritional status,  fi tness 
to undergo a major surgical procedure, expertise available, and the size 
and location of  fi stula. Patients with >5 mm sized centrally located  fi stula 
are most likely to bene fi t from surgery. Several bronchoscopic techniques 
have also been described for management of BPF. Bronchoscopic inter-
ventions may be considered for  £ 5 mm peripheral BPF, especially in 
debilitated and high-surgical-risk patients. In recent years, endobronchial 
valves have successfully resolved BPF in many such patients.  
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pulmonary resection ranges from 1.5 to 28 % 
 [  3–  7  ] . The incidence after lobectomy is lower 
(0.5 %)  [  6  ] . It is also affected by the method of 
the bronchus closure and the underlying disease 
process for which the surgery is performed  [  8–
  10  ] . In this chapter, the etiology, risk factors, 
diagnosis, and treatment of BPF are discussed. 
The main focus is on the emerging role of bron-
choscopy in the management of BPF. A detailed 
discussion of surgical options and techniques is 
beyond the scope of this review.  

   Etiologies and Risk Factors 

 More than two-thirds of BPFs occur as a postop-
erative complication after pulmonary resection, 
including pneumonectomy  [  7,   11  ] . Other causes 
include pulmonary infections, spontaneous pneu-
mothorax, chest trauma, chemotherapy or radio-
therapy for lung cancer, tuberculosis (TB), and as 
a complication of mechanical ventilation  [  2,   7, 
  11  ] . In lung cancer surgeries, right pneumonec-
tomy is associated with signi fi cantly increased 
risk of BPF, especially when mediastinal lymph 
node dissection is performed and there is residual 
carcinoma at the bronchial stump  [  12  ] . BPF is 
well described after pulmonary resections are 
performed due to in fl ammatory lung conditions, 
especially active TB  [  13  ] . Other risk factors 
include acute respiratory distress syndrome 
(ARDS), malnutrition, and emphysema  [  4,   14–
  18  ] . Radiofrequency ablation (RFA) used to treat 
pulmonary malignancies can be complicated by 
 fi stula formation  [  19  ] . BPFs may also occur 
spontaneously. 

 The most common location for BPF to develop 
in lung cancer patients after resection is the surgi-
cal stump  [  20  ] . Certain factors increase the risk 
to develop BPF in these patients. These factors 
include fever, steroid use, elevated erythrocyte 
sedimentation rate, leukocytosis, anemia, and 
bronchoscopy for mucus suctioning  [  20  ] . In one 
study that included 221 pneumonectomies for 
non-small-cell lung cancer (NSCLC),  fi ve 
patients (2.3 %) developed BPF  [  21  ] . Univariate 

analysis revealed that perioperative blood trans-
fusion, preoperative respiratory infection, neoad-
juvant therapy, right pneumonectomy, manual 
closure of the bronchus, days of postoperative 
hospitalization, and mechanical ventilation are 
signi fi cant risk factors for BPF development. On 
multivariate analysis, preoperative respiratory 
infection and right pneumonectomy were the 
only independent risk factors  [  21  ] . Local factors 
have been identi fi ed as risk factors for develop-
ment of post-pneumonectomy BPF. These include 
residual carcinoma at the bronchial-stump mar-
gin, long bronchial stump, disrupted bronchial 
blood supply, inadequate technique of stump clo-
sure, presence of empyema, extended resection, 
and preoperative radiation  [  22–  24  ] . 

 The association between TB and BPF remains 
signi fi cant  [  16,   25,   26  ] . These  fi stulae can occur 
after pulmonary resections for TB or spontane-
ously from the cavitary disease  [  16,   26,   27  ] . 
Pomerantz et al. noted an incidence of 10.5 % 
after resections in 85 patients with drug-resistant 
mycobacterial infection  [  28  ] . Almost all BPFs 
occurred after right pneumonectomy in patients 
with multiple resistant TB. 

 The best bronchial closure technique to pre-
vent BPFs has been debated. One report assessed 
bronchial closures in 625 consecutive patients 
 [  29  ] . BPF rate was 3.8 % and was more common 
among patients who had stapler closure than in 
patients who had manual closure of the bronchial 
stump. In one series of 209 pneumonectomies 
performed because of malignant disease, Hubaut 
et al.  [  30  ]  found the incidence of BPF with man-
ual closure of stump to be 2.4 %. Others have 
similarly reported a low incidence of  fi stula 
development by manual closure as well  [  12,   23, 
  31  ] . Still, considerable controversy continues as 
some experts prefer routine stapler use while oth-
ers suggest manual closure  [  32  ] . The stated 
bene fi ts of using staplers in pulmonary resections 
include minimizing contamination of operation 
area, reducing the time required for closure, and 
their safety in vascular divisions  [  32–  34  ] . Due to 
these considerations, some authors continue to 
advocate the routine use of stapling in these 
patients  [  33–  35  ] .  
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   Morbidity and Mortality 

 BPF is one of the most feared complications after 
pulmonary resection for NSCLC. It is still associ-
ated with a high mortality rate ranging from 25 to 
71.2 %, with death most commonly resulting 
from aspiration pneumonia and subsequent 
ARDS  [  12,   16,   23,   36–  38  ] . Pneumonia can also 
develop from the contamination of normal lung 
by empyema material via the  fi stula  [  36,   39,   40  ] . 
BPFs are also associated with high morbidity  [  6  ] . 
Delayed closure of the BPF may lead to empy-
ema, need for surgical drainage, and prolonged 
antibiotics therapy  [  41  ] . Not unexpectedly, many 
patients develop signi fi cant malnutrition and low 
albumin levels. Factors that add to worsening 
outcome include impaired respiratory mechanics, 
contralateral lung contamination, and chronic 
pleural infection  [  42  ] . Apart from prolonged hos-
pital stay, other complications include atelectasis, 
hospital-acquired pneumonia, and thromboem-
bolic disease  [  19,   39  ] . 

 Mechanical ventilation is an established risk 
factor for development of BPF. One study 
reviewed all instances of mechanical ventilation 
during a 4-year period and found that 39 of the 
1,700 patients developed BPF  [  17  ] . The mortality 
rate in these 39 patients was 67 % and was higher 
when BPF developed late in the illness. All eight 
patients whose maximum air leak exceeded 
500 ml per breath succumbed to the illness  [  17  ] . 
The management of BPF in ventilator-dependent 
patients is especially challenging because positive 
airway pressure interferes with closure of the 
 fi stulous track between the airways and pleura. 
According to one report, timely intervention in 
patients with chronic empyema and BPF with 
omentopexy and muscle transposition is associ-
ated with decreased morbidity and mortality  [  43  ] .  

   Presentation 

 BPF patients can have either an early acute pre-
sentation or a delayed insidious onset. Acutely, 
BPF can be life-threatening secondary to tension 
pneumothorax or pulmonary  fl ooding  [  2  ] . BPF 

may cause sudden entry of potentially infected 
material into the airways and lung parenchyma 
from the pleural space  [  1,   44  ] . This exudate may 
 fl ood the airways of both lungs leading to acute 
respiratory deterioration. Other acute manifesta-
tions of BPF include subcutaneous emphysema, 
and decrease or disappearance of pleural effusion 
on the chest radiograph in postoperative cases. 
A persistent air leak from the chest tube postop-
eratively may indicate a BPF. Postoperatively, 
and after chest tube removal, the diagnosis of 
BPF can be suspected in the face of fever, cough 
productive of purulent sputum, and new or 
increasing air  fl uid level in the pleural space  [  3  ] . 

 Alternatively, patients with a BPF may present 
with a slow deterioration associated with fever, 
weight loss, and cough. The pleural space in these 
cases is usually  fi brotic and chronically infected 
 [  1,   15,   16  ] .  

   Diagnosis and Localization of BPF 

 Chest computed tomography (CT) scan can be 
useful in detecting the etiology of BPF. Ricci 
et al.  [  45  ]  reported that CT scan was useful in 
identifying and localizing the cause of BPF in 
55 % of their patients who required surgical man-
agement of their patients with BPFs. Methylene 
blue has been used to localize BPF in patients 
with chest tube  [  46  ] . This is done by injecting the 
material into the bronchial stump and observing 
if it would be seen in the chest tube  [  47  ] , but this 
method for localizing BPF is no longer favored. 

 Bronchoscopy allows not only direct visual-
ization of central BPFs but also adequate localiza-
tion of peripheral ones in many instances  [  48–  50  ] . 
The localization of distal BPF requires passing a 
balloon catheter to the bronchial segment leading 
to the  fi stula using the balloon-catheter occlusion 
method  [  51–  54  ] . In this technique, a balloon is 
systematically passed through the working chan-
nel of the bronchoscope and into each bronchial 
segment in question and then in fl ated for a period 
of 30–120 s. A reduction in air leak in the collec-
tion chamber indicates localization of a bronchial 
segment communicating with the BPF  [  51–  54  ] . 
A 5-F Fogarty catheter can be used; however, 
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other catheters have also been described  [  55  ] . If a 
proximal BPF cannot be visualized directly or 
occlusion of a distal BPF does not signi fi cantly 
decreases or stops the air leak, bronchoscopic 
methods will not be suitable to manage these 
 fi stulae.  

   Management 

 Management options of BPF include both surgi-
cal and medical therapies, in addition to different 
bronchoscopic interventions. The  fi rst step in the 
management of patients with BPF should be 
directed to any urgent condition like tension 
pneumothorax  [  56,   57  ] . Other important compo-
nents of the treatment are proper drainage of the 
pleural space, adequate antibiotic therapy, nutri-
tional support, and treatment of underlying disor-
der leading to development of BPF  [  58–  61  ] . 

 Different surgical procedures directed at clos-
ing BPFs have a success rate between 80 and 
95 %; however, they are associated with high 
morbidity and mortality  [  43,   62,   63  ] . Surgical 
procedures focus on empyema drainage and rein-
forcement of the bronchial stump with different 
 fl aps. Chronic empyema may need thoracoplasty 
with removal of part of the chest wall  [  64,   65  ] . 
Completion of bronchial resection is usually nec-
essary when BPF complicates lobectomy  [  66  ] . 
Video-assisted thoracoscopy surgery (VATS) has 
been increasingly used to manage prolonged BPF 
with a high rate of success  [  67  ] . One recent surgi-
cal technique includes debridement of the pleural 
space followed by suturing of the bronchial stump 
and reinforcement by intrathoracic transposition 
of omentum or muscle  fl aps  [  68,   69  ] . If the BPF 
cannot be identi fi ed, then open-window thoraco-
tomy and daily dressing may be    helpful. 

 In the past, the role of bronchoscopy in the 
management of BPF was limited to evaluation of 
the bronchial stump and for exclusion of different 
infections. More recently, bronchoscopy has 
gained a more prominent role in the treatment of 
patients with BPF. Bronchoscopic interventions 
now  provide an option to manage those patients 
with BPF who are poor surgical candidates, unable 
to tolerate major thoracic surgeries  [  37,   70  ] . 

Bronchoscopy can also be used as a bridge in 
very sick patients until their condition improves 
and can undergo surgical correction of the  fi stula 
 [  71  ] . In one report,  fi beroptic bronchoscopy has 
been also used percutaneously to visualize and 
investigate broncho-pleuro-cutaneous     fi stula 
 [  72  ] . Unfortunately, the overwhelming data on 
bronchoscopic interventions are limited to iso-
lated case reports or short case series. The current 
literature does not allow adequate comparison of 
different bronchoscopic options available. The 
interventionists need to use clinical judgment in 
selecting the patient and the speci fi c intervention 
in management of these patients. 

 Hartmann and Rausch  [  73  ]  were the  fi rst to 
report closure of a postoperative peripheral BPF 
using methylcyanoacrylate in 1977. In the same 
year, Ratliff et al.  [  54  ]  reported bronchoscopic 
control of a BPF by placement of lead shot. Since 
then, many reports using different devices have 
appeared for management of BPF via bronchos-
copy. Bronchoscopic interventions are usually 
reserved for small  fi stulas or for patients with poor 
general condition  [  2,   7  ] . The ef fi cacy of the bron-
choscopic techniques in controlling BPF decreases 
as the diameter of the  fi stula increases  [  12,   74  ] . 

 In a review of 96 cases describing the natural 
history of BPF after pneumonectomy  [  36  ] , surgi-
cal procedures achieved closure of BPFs in 21 
patients while bronchoscopic techniques were 
successful in 11 patients. Nonetheless, the over-
all postoperative mortality rate was 31 %. 
Another major review was performed to compare 
bronchoscopic approaches for closure of BPFs to 
conventional thoracotomy in post-pneumonec-
tomy BPFs  [  42  ] . The search identi fi ed six case 
series with greater than two post-pneumonec-
tomy BPF  fi stula patients. There were 85 patients 
with post-pneumonectomy BPFs who underwent 
bronchoscopic procedures to manage BPF. The 
success rate of different bronchoscopic tech-
niques was 30 %. The mortality was 40 %, again 
re fl ecting a very high mortality rate in this 
patient’s population. 

 No studies compared different bronchoscopic 
interventions in managing BPFs. BPF size is an 
important factor in predicting the outcome of the 
procedure as bronchoscopic options usually do 
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not have a good success rate in  fi stulas larger than 
5 mm  [  75–  77  ] . Reports of successful treatment 
using bronchoscopic techniques are with BPF 
size not exceeding 5 mm  [  75–  78  ] . Taken together, 
the most suitable candidate for bronchoscopic 
closure of a BPF is a patient who is at high surgi-
cal risk with a  fi stula <5 mm  [  79  ] . In cases of 
large BPFs, open surgery is often required  [  80  ] . 

 Bronchoscopic management of BPF is based 
on the delivery of different materials and small 
devices into the BPF sites. Examples include 
using different glues, gel foam, antibiotics, etha-
nol injections, silicone  fi llers, coils, airway stents, 
amplatzer devices, endobronchial valves, among 
others  [  50–  55,   81–  100  ] . 

   Synthetic Glue 

 Cyanoacrylate glue is a commonly used sealant 
to treat BPFs. Once the glue comes in contact 
with tissue, it forms a polymer and solidi fi es. 
Used in this manner, the glue acts like a barrier 
and later on induces in fl ammation followed by 
 fi brous tissue formation. During bronchoscopy, 
after BPF is localized using aforementioned tech-
niques, a catheter is passed through the working 
channel in proximity to the BPF location. The 
next step is to inject 0.5–1 ml of the glue into the 
 fi stula  [  37,   50,   101–  105  ] . Glue treatment is con-
sidered a low-cost intervention and can be done 
on outpatient basis  [  103  ] . One report used methyl-
2-cyanoacrylate to close post-resection BPF 
bronchoscopically  [  106  ] . Of the 12 patients 
included, the success rate was 83 %. Another 
series of nine cases used bronchoscopic injection 
of  N -butyl-cyanoacrylate glue to close BPF  [  103  ] . 
In eight patients, the glue was able to success-
fully seal the  fi stulae. There were no complica-
tions in this study which made the authors 
recommend this approach in high-risk surgical 
patients. Histo-acryl glue has also been used in 
the form of submucosal injection to treat BPF 
 [  107  ] . In this report, the patient had BPF after 
right pneumonectomy for NSCLC. The submu-
cosal injection of glue helped in closing the  fi stula 
by reducing the diameter of the  fi stula. The glue 
also enhanced granulation tissue formation. 

Despite these successful reports, Belda-Sanchís 
et al.  [  108  ]  published a Cochrane review on the 
use of surgical sealants in air leaks after pulmo-
nary resection in patients with lung cancer that 
did not recommend their use. The 2010 review 
included 16 trials that showed decrease in post-
operative air leaks but no consistent reduction in 
the hospital length of stay  [  108  ] .  

   Fibrin Glue 

 Fibrin glue has been used successfully to close 
small post-resection BPFs via bronchoscopy  [  70, 
  96,   109–  112  ] . It is used in the management of 
proximal  [  70,   96,   109  ]  and peripheral BPF  [  51  ] . 
The procedure involves injection of 1 ml of 
 fi brinogen via a catheter at the desired site fol-
lowed rapidly by injecting another ml of throm-
bin (1,000 U/ml). The resulting mixture forms a 
 fi brin clot and seals the  fi stula. In an animal study, 
the effectiveness of  fi brin glue in reducing exper-
imental pulmonary air leak was evaluated  [  113  ] . 
The glue was applied to the pleural side of a BPF. 
Postoperative evaluations disclosed no increased 
adhesions in the glue-treated animals and com-
plete resorption of the glue at 3 months.  

   Tissue Adhesives 

 One report examined the use of albumin–glutar-
aldehyde tissue adhesive in the management of 
BPFs in 38 patients who underwent thoracic sur-
geries  [  114  ] . The adhesive was able to close the 
pulmonary  fi stulae and prevent air leakage from 
surgical stumps. Another report of successful 
closure of complicated BPFs with the same mate-
rial in two patients is also published  [  115  ] .  

   Gel Foam 

 The technique for occlusion of peripheral BPFs 
using gel foam as a temporary endobronchial 
blocker has been described by Jones et al.  [  97  ] . 
Gel foam is readily available and easily adminis-
tered. It is totally absorbed within 1 month  [  3  ] .  
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   Tissue Expander 

 A successful technique that uses submucosal 
injection of a tissue expander for bronchoscopic 
occlusion of BPFs has been reported. This method 
may be used either alone or in combination with 
bronchoscopic instillation of  N -butyl-
cyanoacrylate glue  [  74  ] . In one report, successful 
treatment of two patients with BPF was described 
 [  74  ] . The tissue expander used was a biocompat-
ible agent composed of pyrolytic carbon-coated 
beads suspended in a water-based carrier gel con-
taining beta-glucan. The carbon-coated beads 
acted as physical  fi ller which kept the  fi stula 
closed. Another report on using a tissue expander 
for management of persistent alveolar  fi stula after 
lobectomy had a successful outcome  [  116  ] . In 
that report, the patient developed a thoracic 
empyema after right bi-lobectomy for lung can-
cer. After draining the empyema, a muscle  fl ap 
was used to close the  fi stula. However, a residual 
space remained, and air leak persisted. Implanting 
a tissue expander was able to tightly  fi x the  fl ap 
and solve the air leak.  

   Antibiotics 

 Doxycycline has been used successfully as a 
pleural sclerosing agent when given through a 
chest tube for persistent BPFs  [  117  ] . In one case 
report, doxycycline was used for management of 
BPF in a patient with severe pneumonia resulting 
in chronic  fi stula formation and respiratory fail-
ure  [  90  ] . Intrabronchial instillation of tetracycline 
caused the  fi stula to close and improvement in 
the patient condition. Similar case reports have 
been published  [  52  ] .  

   Ethanol 

 Initially, alcohol was used for the treatment of 
protuberant lesions of the stomach by intramural 
injection under direct vision  [  118  ] . There are 
reports of intra-tumoral ethanol injection to man-
age malignant tracheobronchial lesions via bron-
choscopy  [  95  ] . Local injection of absolute alcohol 
has also been used for bronchoscopic closure of 

BP  fi stula. The swelling of the mucosa caused by 
the injection is responsible for the initial control 
of the BPF. At a later date, granulation tissue 
develops which keeps the  fi stula closed  [  118, 
  119  ] . One report included  fi ve patients with cen-
tral BPFs who were successfully treated by 
injecting absolute ethanol directly into the sub-
mucosal layer of the  fi stula under bronchoscopy 
 [  89  ] . No complications occurred as a result of 
this treatment. This intervention allowed reduc-
tion in the cost and duration of hospitalization 
and improved the patients’ quality of life.  

   Argon Plasma Coagulation 
and Nd:YAG Laser 

 One report presented a case that used argon plasma 
coagulation (APC) for the management of BPF 
developed secondary to tracheobronchial anasto-
mosis failure  [  120  ] . It aimed at providing an alter-
native treatment for small uncomplicated  fi stulae 
that develop after pneumonectomy. In this report, 
a 56-year-old patient underwent a sleeve pneumo-
nectomy for NSCLC. The patient developed cough 
and productive sputum 3 months after surgery. He 
was found to have two small  fi stulae at the anasto-
mosis junction with no evidence of tumor recur-
rence. APC was applied using bronchoscopy under 
local anesthesia with no complications. The patient 
was followed up for 18 months without any symp-
toms. The healing of the  fi stula can be attributed to 
mechanical trauma and wound healing resulting in 
 fi brosis. Kiriyama et al. reported the use of endo-
bronchial neodymium:yttrium–aluminum–garnet 
(Nd:YAG) laser for noninvasive closure of small 
proximal BPF after lung resection  [  121  ] .  

   Silicone Fillers 

 Silicone  fi llers have been used successfully in the 
management of BPF caused by intractable pneu-
mothorax. Watanabe et al.  [  93  ]  reported their 
experience in using bronchial occlusion with 
endobronchial spigots (Fig.  12.1 ) in patients with 
prolonged BPFs. The air leak either stopped or 
was markedly reduced in 77.6 % of all patients 
(Fig.  12.2 ). Endoscopic bronchial occlusion with 
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silicone embolic material has also been used to 
control an intractable BPF caused by RFA  [  122  ] . 
In this report, a 58-year-old man with NSCLC 
underwent RFA that was complicated by a pneu-
mothorax. Air leak continued despite prolonged 
chest drainage. Bronchial occlusion was per-
formed with a silicone embolus, causing cessa-
tion of the air leakage.    

   Coils 

 There are several published reports on using coils 
to control BPFs  [  99,   100,   123  ] . In one such report, 
bronchoscopy was used to place angiographic 
occlusion coils over large bronchopleural  fi stula 
with good control of the leak  [  99  ] . Another case 
series reported a method of permanently blocking 
small peripheral airways using vascular occlu-
sion coils placed endobronchially by modi fi ed 
angiographic techniques  [  100  ] . The procedure 
was applied in  fi ve cases of complicated paren-
chymal air leaks. Complete or substantial partial 
control was achieved in all cases with no compli-
cations. The technique for endobronchial occlu-
sion of BPF with metallic coils and glue applied 
using bronchoscopy under local anesthesia has 
been described  [  91  ] . In this technique, after 
anchoring the vascular embolization coils at the 
 fi stula bronchus, cyanoacrylate glue was sprayed. 
The sprayed glue obliterates gaps between the 
coils and stabilizes them. The procedure was suc-
cessful in all patients except one case with large 
 fi stula  [  91  ] . Another report of a woman with BPFs 
treated with the endobronchial placement of vas-
cular embolization coils was published by Uchida 
et al.  [  124  ] . She developed multiple BPFs after 
surgical treatment for empyema. These  fi stulae 
were occluded endobronchially by the placement 
of vascular embolization coils. Soon after the 
procedure, air leak from the  fi stulas stopped and 
the drainage tube was removed 2 days later.  

   Airway Stents 

 Airway stents are commonly used to manage tra-
cheal or bronchial  fi stulae communicating with 

  Fig. 12.1    Endobronchial Watanabe spigots (courtesy of 
Dr. Sukagawa and Dr. Watanabe)       

  Fig. 12.2    Endobronchial Watanabe spigot placed via 
 fl exible bronchoscope (courtesy of Dr. Sukagawa and 
Dr. Watanabe)       
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the esophagus  [  125–  128  ] . Their use has been 
extended to management of BPFs after pulmo-
nary resections  [  129–  133  ] . Watanabe et al.  [  129  ]  
described successful management of a BPF with 
bronchial stent placement combined with irriga-
tion of the empyema cavity. The BPF developed 
in a 67-year-old man after lobectomy for lung 
cancer. Re-suturing of the bronchial stump and 
using different  fl aps were not effective. Placement 
of a Dumon stent in the bronchus to close the 
stump was able to control the  fi stula. Another 
report by Tayama et al.  [  130  ]  described a similar 
case where a BPF developed after pneumonec-
tomy for lung cancer. It involved placement of 
modi fi ed Dumon which effectively closed the 
stump. The high incidence of silicone stent migra-
tion causing recurrence of the BPF may make a 
case to use the fully covered self-expandable 
metallic stents (SEMSs) in order to provide better 
control over the  fi stula. Takahashi et al.  [  134  ]  
reported using the Ultra fl ex expandable stent in 
the management of large post-pneumonectomy 
BPF  [  134  ] . The patient developed postoperative 
empyema and aspergillosis. A covered Ultra fl ex 
expandable stent was implanted to block a major 
air leak from the BPF. The patient’s general con-
dition improved and he was discharged 1 month 
after stenting. Recently, the ef fi cacy and outcome 
of using customized conical tracheobronchial 
SEMSs were evaluated in the multidisciplinary 
management of large post-pneumonectomy 
 fi stulae  [  132  ] . These stents were used in seven 
patients with post-pneumonectomy BPFs that are 
larger than 6 mm in diameter. Air leak was 
stopped in all patients after the procedure but 
mortality remained high at 57 %, mainly second-
ary due to sepsis. Another recent study aimed at 
assessing the feasibility, ef fi cacy, and safety of 
conical SEMSs in the treatment of post-pneumo-
nectomy BPFs had positive results  [  80  ] . Six 
patients underwent the procedure with the aim of 
excluding the bronchial dehiscence from the 
air fl ow. Five patients presented with a BPF larger 
than 5 mm following pneumonectomy. One 
patient had an anastomotic dehiscence after tra-
cheal sleeve pneumonectomy. The prosthesis was 
secured to tracheal mucosa with titanium helical 
fastener tacks. Immediate resolution of the 

 bronchial air leak was obtained in all patients. 
Permanent closure of the bronchial dehiscence 
was achieved in all the patients followed by suc-
cessful removal without complications.  

   Amplatzer Devices 

 Amplatzer devices (ADs) are usually used to treat 
congenital heart defects  [  135–  138  ] . 

 One report described three patients who under-
went bronchoscopic control of their  fi stulae by 
inserting atrial septal defect occluders  [  139  ] . Two 
of the  fi stulae were larger than 10 mm in diame-
ter. The procedure was minimally invasive and 
resulted in resolution of BPFs. Another case 
report described successful closure of the BPF 
using bronchoscopic implantation of an AD in a 
patient with a right main stem BPF following 
pneumonectomy  [  140  ] . Similarly, an atrial septal 
defect occluder was used to close a bronchial 
 fi stula that developed after lobectomy for asperg-
illoma with immediate reduction in the air leak 
 [  141  ] . On follow-up bronchoscopy examination, 
the device was almost covered by granulation tis-
sue. This endobronchial technique seems to be 
safe and effective to manage large BPFs. Passera 
et al.  [  142  ]  presented a case of lower bi-lobec-
tomy complicated by a large BPF and empyema 
1 month after primary surgery. The patient was 
immediately treated with an open-window thora-
costomy. After surgical debridement, an AD was 
positioned to close the  fi stula. Thereafter, the tho-
racostomy was rapidly closed with vacuum-
assisted closure therapy. The combined approach 
led to a successful outcome. 

 A recent series describing the management of 
10 patients with 11 BPFs using ADs was pub-
lished by Fruchter et al.  [  86  ] . Procedures were 
done under conscious sedation. A nitinol double-
disk occluder device was delivered under direct 
bronchoscopic guidance over a guide-wire caus-
ing occlusion of the  fi stula. The procedure was 
successful in nine patients and symptoms related 
to the BPF disappeared. It was well tolerated by 
patients with no side effects or complications. 
The results were maintained over a median 
 follow-up of 9 months. Compared to SEMSs, the 



21912 Role of Bronchoscopy in Management of Bronchopleural Fistula

ADs leave the airway free from foreign material 
which avoids the issue of mucous impaction. The 
AD does not need to be removed as usually 
required for a metallic stent.  

   Endobronchial Valves 

 Endobronchial valves (EBVs) are one of the 
recent additions to different devices for the man-
agement of BPF. They were initially designed to 
perform bronchoscopic lung volume reduction in 
selected emphysema patients  [  143  ] . The EBV 
functions as a unidirectional valve allowing both 
expiratory air and secretions to  fl ow but stopping 
inspiratory  fl ow. It is anchored within the airway 
creating an airtight seal against the bronchial 
wall, hence preventing any air leak around the 
device itself. Early case reports described the use 
of EBVs to control intractable pulmonary-pleural 
 fi stulas  [  55,   66,   144  ] . These reports included 
patients who developed empyema but surgical 
treatment could not close the BPF. Other patients 
were too sick to undergo surgery  [  19,   145–  150  ] . 
A large group of cases was published by Travaline 
et al. that included 40 patients with prolonged air 
leak  [  151  ] . Patients underwent EBV insertion as 
the primary method to manage their BPFs. The 
rates of complete and partial resolution of air leak 
were 47.5 and 45 %, respectively. Chest tubes 
remained for a mean time of 21 days (median 7.5; 
interquartile range [IQR] 3–29 days) after EBV 
insertion. The mean time from valve procedure to 
hospital discharge was 19 ± 28 days (median 11; 
IQR 4–27 days). Another report presented the 
results of seven consecutive patients who had 
complex BPFs and were managed successfully 
with EBVs  [  152  ] . El-Sameed et al.  [  153  ]  reported 
their successful experience in managing persis-
tent BPFs with EBVs and included a review of 
the literature. They treated four patients who pre-
sented with varying forms of prolonged air leak 
(Figs.  12.3  and  12.4 ). Two of their patients had 
TB as a cause of the BPF. All patients had 
improvement after the procedure and all valves 
were removed successfully with no complica-
tions. These reports show that EBVs can be 
placed easily using  fl exible bronchoscopy and 

under conscious sedation. Currently, Emphasys 
bronchial valves (EBV) and Spiration intrabron-
chial valve (IBV) are available for use. The Food 
and Drug Administration (FDA) has granted 
Spiration IBV humanitarian use designation since 
2006 under the Humanitarian Device Exemption 
Program that allows it to be used for any patient 
who has undergone lung resection surgery or 

  Fig. 12.3    Chest radiograph showing three endobronchial 
valves in the right upper lobe in a patient who had pro-
longed bronchopleural  fi stula from advanced bronchiecta-
sis (reprinted from  [  153  ]  with permission from Springer 
Science + Business Media)       

  Fig. 12.4    A bronchoscopic image showing an endobron-
chial valve placed in a disrupted bronchial stump       
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lung volume reduction operation with a pro-
longed air leak present 7 or more days after the 
surgery  [  154  ] . While this is an attractive option 
for some of these patients, larger studies are 
needed to de fi ne the exact role of EBVs in the 
management of BPF.     

   Summary 

 There are multiple bronchoscopic interventions 
that can be offered to manage BPF. However, 
most publications are case series or limited case 
reports with no de fi nite guidelines on the best 
approach to manage dif fi cult BPFs. Bronchoscopic 
procedures seem bene fi cial in high-risk surgical 
patients. The size and the ability to localize the 
 fi stula can help in determining the choice between 
surgical and bronchoscopic options. There are no 
comparative studies to support any particular 
bronchoscopic intervention over the other. Along 
with the patient’s condition and the BPF assess-
ment, availability of resources and the bronchos-
copist expertise remain important factors in 
choosing a particular technique. Future research 
is de fi nitely necessary in this  fi eld to help guide 
the management of such challenging condition.      
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  Abstract 

 Suspected airway foreign body aspiration is an important indication for 
bronchoscopy. The clinical presentation of airway foreign body aspiration 
varies from asymptomatic and incidental  fi nding to acute and life-threat-
ening central airway obstruction. Most cases of foreign body aspiration 
are encountered in children and elderly patients. Several comorbid condi-
tions such as alcohol intoxication, dementia, and other chronic neurologi-
cal disorders increase the risk of foreign body aspiration. A high index of 
suspicion is essential in order to avoid delay in diagnosis. Bronchoscopy 
is the gold standard for diagnosis and management of patients with sus-
pected aspiration of foreign bodies. Rigid bronchoscope is superior to 
 fl exible bronchoscope in removal of large airway foreign bodies, espe-
cially in pediatric patients. However, due to lack of training and expertise 
in rigid bronchoscopy, it is usual to employ  fl exible bronchoscope for air-
way foreign body removal, especially in adult patients. Several accessory 
instruments are available to facilitate removal of foreign objects from the 
airways using  fl exible bronchoscope. In recent years, the cryoprobe has 
become a useful adjunct for removal of organic foreign bodies. Experienced 
and skillful operators are able to remove the majority of airway foreign 
bodies using the  fl exible scope. In this chapter, we discuss the clinical 
presentation, accessory instruments, and technical aspects of airway for-
eign body removal using  fl exible bronchoscope.  

      Bronchoscopy for Foreign 
Body Removal       

     Erik   Folch        and       Adnan   Majid        
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   Introduction    

 The use of bronchoscopy in its rigid and  fl exible 
forms has become the standard for the diagnosis 
and treatment of patients with foreign body aspi-
ration  [  1  ] . The debate whether to use  fl exible or 
rigid bronchoscope frequently depends on local 
resources and expertise. The advantages of rigid 
bronchoscopy include better protection of the air-
way and ability to use tools that allow removal of 
large foreign bodies (FB), thus making it the safer 
technique for FB removal. In children, rigid bron-
choscope with or without adjuvant  fl exible bron-
choscope is often needed for successful removal 
of airway foreign bodies. However, in the United 
States the availability of operators trained in rigid 
bronchoscopy is highly variable  [  2–  4  ]  and for 
this reason in adult patients,  fl exible bronchos-
copy with moderate sedation is frequently 
employed for FB removal from airways  [  5  ] , as it 
is more widely available. Unfortunately, even the 
expertise, skill, and the facilities for  fl exible 
bronchoscopy and the accessory instruments 
needed for foreign body retrieval may not be 
available in smaller institutions or in many cen-
ters in the developing world. In this situation, an 
early referral to tertiary care centers is recom-
mended for timely removal of aspirated foreign 
body. 

 Aspiration of foreign bodies occurs most com-
monly in the young and the elderly. Several risk 
factors for foreign body aspiration have been 
identi fi ed (Table  13.1 ). Although it is not uncom-
mon for patients to present with nonspeci fi c 
symptoms, a detailed history and physical exami-
nation, as well as chest imaging, are invaluable 
(Table  13.2 ). Occasionally, the patient will not 
recall the event and a high index of suspicion is 
needed to establish diagnosis in a timely fashion. 
Not surprisingly, in a signi fi cant number of 
patients the diagnosis can only be made through 

direct visualization with a bronchoscope. In the 
majority of these cases, the removal can be 
accomplished during the initial bronchoscopic 
procedure.   

 It is important to realize that each case of for-
eign body aspiration follows a different clinical 
course. The variables include the type of object 
and its location in the airway, time interval from 
aspiration to removal, and host’s reaction to the 

   Table 13.1    Risk factors for foreign body aspiration in 
adults   

 Alcohol intoxication 
 Sedative or hypnotic drug use 
 Poor dentition 
 Senility 
 Mental retardation 
 Parkinson’s disease 
 Primary neurologic disorders with impairment of 
swallowing or mental status 
 Trauma with loss of consciousness 
 Seizure 
 General anesthesia 
 Zenker’s diverticulum 

   Table 13.2    Signs and symptoms of foreign body 
aspiration   

 History of choking episode 
 Chronic cough 
 Unilateral decrease in breath sounds 
 Atelectasis 
 Unilateral hyperin fl ation 
 Recurrent pneumonia 
 Unilateral or bilateral wheezing 
 Hemoptysis 
 Pneumothorax 
 Pneumomediastinum 
 Subcutaneous emphysema 
 Bronchiectasis 
 Lung abscess 
 Pleuritic chest pain 

  Keywords 

 Airway foreign body  •  Foreign body aspiration  •  Rigid bronchoscopy  
•  Pediatric airway foreign body      
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foreign body. The physical characteristics of the 
object, the clinical presentation, and the expertise 
of the bronchoscopist will also determine the 
ultimate outcome. For both patient and broncho-
scopist, foreign body removal can be a very 
rewarding procedure, as the success rate is high 
and the complication rate is low. 

 Still, the removal of airway foreign body using 
bronchoscope remains a challenging task. In this 
chapter, we discuss the principles of diagnosis 
and removal of airway FB and provide a pathway 
that can be adapted to the speci fi c setting, avail-
able local expertise, and    technology.  

   Clinical Presentation 

 In adults, the swallowing re fl ex protects the air-
way from aspiration of foreign bodies. Whenever 
this protective mechanism fails, the cough re fl ex, 
which is reliably forceful, will likely be respon-
sible for the self-resolution of most episodes of 
airway foreign body aspiration. 

 The clinical presentation of foreign body aspi-
ration is highly variable, from trivial to life threat-
ening, depending on the location and size of the 
object (Table  13.2 ). For example, even a small 
object will cause signi fi cant irritation and cough 
if it is located in the vicinity of the vocal cords, 
whereas a moderate size or occlusive object in 
the distal airway of the adult may cause only 
cough and obstructive pneumonitis. Therefore, a 
high degree of suspicion is critical in identifying 
patients at risk and when in doubt, a proactive 
approach will prevent serious future complica-
tions  [  6  ] . Approximately one-third of all objects 
are located proximal to the glottis after an epi-
sode of choking. These are usually large and can 
easily occlude the larynx. Patients, if alert, will 
present with severe cough, choking, hoarseness, 
and gagging. 

 In children, a witnessed or a reported episode 
of choking is the most common presentation. In 
some instances, children with foreign body aspi-
ration present in extremis, and are found to have 
a radio-opaque object or unilateral hyperin fl ation 
on radiograph. On the other hand, in adults, 

 aspiration of foreign bodies usually presents with 
chronic cough in the absence of a history of chok-
ing  [  7  ] . In acute episodes, Baharloo et al. 
described a “penetration syndrome” in which the 
patients present with sudden onset of choking 
and intractable cough with or without vomiting 
with less common symptoms being cough, fever, 
dyspnea, and wheezing  [  8  ] . It is important to 
remember that 39 % of patients with a foreign 
body aspiration will have no physical  fi ndings 
 [  9  ] , and chest radiograph may be normal in 
6–38 % of patients  [  9–  15  ] . A signi fi cant, but 
unknown, number of patients expectorate the for-
eign body before presenting to the hospital, and 
some objects are even swallowed. 

 In the presence of a suggestive clinical sce-
nario of aspiration, approximately 50 % of chil-
dren with a history of choking have no foreign 
body in their airways. In these cases, it is dif fi cult 
to determine whether the FB was ever aspirated 
or whether it is the result of spontaneous cough-
ing out or swallowing of the foreign body.  

   Location 

 The majority of aspirated FB in adults tends to 
lodge in the right lower lobe. This is not seen in 
children as the size of the left main bronchus, and 
the angle of branching, is not acute, as is the case 
in adults  [  8,   16  ] .  

   Mechanism 

 It is proposed that an inspiratory suction force 
frequently used while eating with chopsticks, 
drinking soup, or sucking on plant material may 
be responsible for propelling the food towards 
the epiglottis and predisposing to aspiration 
    [  17–  19  ] . In the case of children, the use of inci-
sors can propel the object into the retro-pharynx. 
Their natural curiosity during the oral phase as 
well as the habit of crying, laughing, and play-
ing during meals are responsible for the 
increased incidence of FB aspiration among 
young children  [  5,   18  ] .  
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   Timeline 

 The time interval from aspiration to medical eval-
uation is variable among patients. Several authors 
describe a longer lag time for adults when com-
pared to children. The average delay in presenta-
tion and diagnosis is also shorter for inorganic as 
compared with the organic foreign body aspira-
tion  [  8  ] . Clearly, the timeliness of diagnosis also 
depends on the experience and clinical acumen of 
the clinician.  

   Radiologic Evaluation 

 The chest radiograph is often the initial diagnos-
tic test whenever FB aspiration is suspected. 

 Most aspirated objects are radiolucent, thus 
limiting the role of standard X-rays for diagno-
sis. However, the use of inspiratory and expira-
tory  fi lms may show subtle signs such as air 
trapping, atelectasis, mediastinal shift, or pul-
monary in fi ltrates that may suggest airway FB 
aspiration. In published studies, chest radio-
graph has a sensitivity of 70–82 %, speci fi city 
of 44–74 %, positive predictive value of 
72–83 %, and negative predictive value of 
41–73 % for detection of airway foreign bodies 
 [  11,   12  ] . Therefore, the presence of a radiopaque 
object on chest radiograph is diagnostic, but the 
normal or the subtle chest X-ray  fi ndings do not 
exclude the diagnosis and should be interpreted 
with caution in the context of the clinical his-
tory. In fact, whenever the possibility of foreign 
body aspiration is considered in the differential 
diagnosis, the clinician should have low thresh-
old to advise the bronchoscopic examination, 
which is the cornerstone of the diagnostic 
workup in such patients. 

 In children, the presence of pneumomediasti-
num or subcutaneous emphysema should also 
alert the clinicians to consider the possibility of a 
foreign body aspiration  [  20,   21  ] . Lateral neck 
 fi lms revealing a subglottic density or swelling 
may suggest the presence of laryngotracheal 
 foreign body  [  22  ] . The presence of a calci fi ed 

foreign body on X-rays suggests the possibility 
of a previously missed airway foreign body or a 
broncholith, as vegetable materials in the airways 
can calcify over time  [  23  ] . 

 In chronic obstruction, the computed tomog-
raphy (CT) of the chest can show the late com-
plications of FB aspiration, which include 
bronchial stenosis, bronchiectasis, endobron-
chial masses, or granulation tissue. The use of 
MRI to identify peanut aspiration has been 
described  [  24–  26  ] . The presence of fat within 
the peanut produces a high signal on T1-weighted 
imaging. Sometimes the presence of mucus in 
the airway mimics the clinical and radiological 
features of airway foreign body. However, mucus 
on computed tomography appears to have a low-
attenuation, bubbly appearance, in the dependent 
airways, and frequently can be mobilized by 
forceful coughing  [  27  ] . 

 Recently, the use of virtual bronchoscopy 
(VB) in the diagnosis of suspected foreign body 
aspiration in 60 children was investigated  [  28  ] . 
The multidetector CT generated virtual bron-
choscopy and demonstrated a lesion suggestive 
of foreign body in 40 cases and 33 objects were 
identi fi ed and removed with bronchoscopy. The 
authors suggest that VB can be used to determine 
the presence and localization of an FB, which 
can help with pre-procedural planning. In this 
series, foreign body was not detected on rigid 
bronchoscopy in any of the seven patients who 
had a negative VB, suggesting a high negative 
predictive value of VB in evaluation of airway 
FB. Unfortunately, virtual bronchoscopy is not 
therapeutic and is not available in most hospi-
tals. It may also delay necessary interventions. A 
report from Sudan highlights the reach of com-
puted tomography airway reconstruction as a 
diagnostic tool in centers that lack bronchoscopic 
equipment  [  29  ] . 

 It is important to remember that both in chil-
dren and adults, aspirated foreign bodies are fre-
quently misdiagnosed as croup, recurrent 
laryngitis, asthma, recurrent pneumonia, or pri-
mary airway tumors, leading to unnecessary and 
inappropriate diagnostic and therapeutic inter-
ventions  [  30,   31  ] .  
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   Aspiration in Children 

 When compared to adults, children have a 
signi fi cantly higher rate of aspiration events, and 
life-threatening complications. The incidence of 
aspiration is highest from 1 to 3 years of age as 
curiosity and independent exploration expose 
infants to small objects in the prime of the oral 
phase  [  8  ] . This is coupled with poor airway pro-
tection mechanisms and forceful propulsion of 
the object to the retro-pharynx after biting with 
the incisors. Furthermore, children may cry, 
laugh, and play while attempting to swallow. The 
most common aspirated objects among children 
are peanuts, seeds, small foods, or toys.  

   Aspiration in Adults 

 The type of foreign bodies aspirated by adults 
vary widely and in many instances re fl ect cultural 
and lifestyle variations. The most common cause 
of aspiration in adults is meat  [  32  ] . However, a 
signi fi cant number of cases have retention of the 
foreign particle at the level of the glottis, which is 
coughed or amenable to postural drainage. Other 
common food particles aspirated by adults 
include nuts, pumpkin seeds  [  33  ] , melon seeds 
 [  34,   35  ] , watermelon seeds  [  35  ] , dental  fi xtures, 
dental  fi llings, coins, safety pins, ear plugs, glass, 
fragments of tracheostomy tubes  [  36  ] , and medi-
cation tablets  [  37  ]  among others (Fig.  13.1 ). In 
the United States, the aspiration of nails and pins 
is seen in healthy young adult males  [  38,   39  ] . In 
Middle Eastern countries, the aspiration of prayer 
beads, worry beads, and pins are relatively com-
mon  [  35,   40,   41  ] . Notably, aspiration of foreign 
bodies in adults is seen in all age groups, but is 
most common in elderly patients with dental 
problems, swallowing dif fi culties, and altered 
mental status or dementia (Table  13.1 ). Some 
case series show a signi fi cant number of cases of 
aspiration of bones contained in food  [  42  ] . 
Aspiration of foreign bodies has also been 
described during medical or dental procedures 

such as esophagogastroduodenoscopy with band 
ligation  [  43  ] .   

   Success Rates 

 Bronchoscopy is the frontline procedure for 
retrieval of airway foreign bodies. Several studies 
suggest high rates of success, 97–99 %, particu-
larly when using a combination of rigid and 
 fl exible bronchoscope. Table  13.3  summarizes 
several studies of  fl exible and rigid bronchoscopy 
use for removal of foreign bodies. This list is not 
exhaustive and is just a representative sample of 
the published evidence.  

 All airway foreign bodies cannot be retrieved 
with rigid or  fl exible bronchoscopy. Failure to 
remove foreign bodies in some instances is 
related to deep impaction of FB in the airway that 
is not amenable to balloon dislodgement. Other 
cause is an externally impaled object, such as 
metal debris after an explosion  [  42  ] . Interestingly, 
several reports include failed initial bronchosco-
pies at outside institutions or by less experienced 
bronchoscopists that were later successful  [  8, 
  42  ] , which attests to the importance of experi-
ence and proper training in this procedure.  

  Fig. 13.1    Successful removal of tracheostomy brush 
accidentally aspirated during cleaning       
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   Therapeutic Approach to the Patient 
with Foreign Body Aspiration 

 All patients with suspected foreign body aspira-
tion should remain in close observation until the 
diagnosis has been con fi rmed or excluded, and 
the foreign material has been removed. Even 
clinically stable patients can have a sudden 
change in their condition as a result of migration 
of the object, or occurrence of complications 
such as bleeding, or pneumothorax  [  44,   45  ] . 

 The likelihood and extent of tissue reaction 
increase the longer a foreign body remains in the 
airway  [  13,   46,   47  ] . The delay in starting the pro-
cedure can only be justi fi ed in order to coordinate 
the necessary personnel and equipment, or to 
facilitate prompt transfer to another institution 
with capabilities to deal with foreign body aspi-
ration. It is important to remember that during the 
 fi rst 24 h, the endobronchial mucosa suffers mild 
in fl ammation, erythema, and granulation tissue 
formation  [  13  ] . However, the degree of 
in fl ammatory response depends on the content of 

   Table 13.3    Case series of airway foreign body removal by  fl exible and rigid bronchoscopy   

 Author 
 Flexible(F), 
rigid(R), or both(B) 

 Total number 
of patients ( N ) 

 Successful 
removal  % of Success 

 Hiller  [  91  ]   F  7  6  86 
 Cunanan  [  92  ]   F  300  267  89 
 Clark  [  93  ]   F  3  3  100 
 Nunez  [  94  ]   F  17  12  71 
 Lan  [  95  ]   F  33  32  97 
 Limper  [  50  ]   F  23  14  61 
 Chen  [  18  ]   F  43  32  74 
 Moura e sa  [  96  ]   F  2 a   2 a   100 
 Ali Ali  [  41  ]   F  16  9  57 
 Gencer  [  40  ]   F  23  21  91 
 Debeljak  [  42  ]   B  63  61  97 
 Donado Uña  [  97  ]   F  56  53  95 
 Baharloo  [  8  ]   R  112  103  92 
 Kalyanappagol  [  98  ]   R  206  206  100 
 Lima  [  99  ]   ?     83  83  100 
 Blanco-Ramos  [  100  ]   B  32  24  75 
 Saki  [  87  ]   R  967  967  100 
 Oguzkaya  [  101  ]   R  500  498  99 
 Rahbarimanesh  [  102  ]   R  44  44  100 
 Metrangelo  [  103  ]   R  70  70  100 
 Martinot  [  11  ]   R  40  40  100 
 Chik  [  104  ]   R  27  27 b   100 
 Yetim  [  105  ]   R  38  37  97 
 Tang  [  106  ]   F  1027  938  91 
 Boyd  [  107  ]   F  20  18  90 
 Weissberg  [  108  ]   R  66  55  83 
 Zhijun  [  109  ]   R  1428  1424  99 
 Paşaoğlu  R  639  639  100 
 Skoulakis  [  110  ]   R  130  130  100 
 Maddali  [  111  ]   R  140  140  100 
 Kiyan  [  112  ]   R  153  153  100 

   a Two cases of a series of 77 patients in which the FB could not be removed with RB 
  b Four patients required repeated bronchoscopy for residual fragments  
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the FB aspirated. Nuts, peanuts, and grass are 
particularly irritating. Our group has removed 
peanuts and other nuts with various degrees of 
granulation tissue formation (Fig.  13.2 ). 
Unfortunately, the humid environment of the air-
ways increases the probability of the peanuts to 
fragment and occlude the airways distally.  

 The overall management can be broken down 
into postural drainage, rigid bronchoscopy, and 
 fl exible bronchoscopy. Many accessory instru-
ments speci fi cally designed to facilitate retrieval 
of airway foreign body are available. In recent 
years, cryoprobe has emerged as the most suit-
able method for removal of organic material as 
discussed below. 

   Non-endoscopic Therapies 

 Bronchodilator inhalation and postural drainage 
are not recommended in the initial management 
of foreign body aspiration as proximal migra-
tion of the object may lead to cardiopulmonary 
arrest in a small percentage of patients  [  48  ] . 
A delay in proceeding to bronchoscopy increases 
the risk of complications such as pneumonia, 
atelectasis, and cardiopulmonary arrest while 
decreasing the likelihood of successful bron-
choscopic removal. At least one clinical trial of 
bronchodilator inhalation and postural drainage 
for the treatment of FB aspiration has described 
cardiopulmonary arrest, while others have 
pointed out the potential for extended hospital 

stay and more complications with the use of 
such protocols  [  46,   48,   49  ] . 

 Another technique seldom employed is the 
use of therapeutic percussion while the patient 
coughs. Nevertheless, despite anecdotal 
reports of success, these efforts should never 
delay a clearly safer and more effective thera-
peutic maneuver such as rigid or  fl exible 
bronchoscopy. 

 In patients with foreign bodies located in the 
oropharynx, it is important to have access to a 
Magill forceps since it facilitates extraction  [  5  ] .  

   Rigid Bronchoscopy 

 In the most recent series, the reported success 
rate using rigid bronchoscopy for removal of 
aspirated foreign bodies is between 95 and 99 % 
 [  33–  35,   44,   47,   50,   51  ] . The rigid bronchoscope 
offers several advantages. These include ability 
to maintain adequate ventilation, better visual-
ization, and superior suctioning capabilities. 
With appropriate technique and under general 
anesthesia, rigid bronchoscopy is safe and effec-
tive while providing maximal comfort to the 
patient. A wide variety of instruments such as 
optical forceps, alligator forceps, four-prong 
hooks, baskets, cryotherapy probes, and several 
types of balloons are available for FB retrieval 
using rigid bronchoscope. The type and location 
of FB should dictate the type of instrument 
employed. In some instances more than one 

  Fig. 13.2    ( a ) Localized endobronchial in fl ammation as a result of peanut aspiration ( b ) shows normal unaffected air-
ways on the same patient. ( c ) Successful removal of two peanuts from the bronchi showing in fl ammatory changes       
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instrument may be needed for successful removal 
of airway foreign body. The rigid bronchoscope 
is particularly useful in the removal of sharp 
objects. However, several series describe suc-
cessful removal of pins with the  fl exible bron-
choscope  [  40,   41  ] . 

 Unfortunately, rigid bronchoscopy is not 
widely available and only practiced by 4–8 % of 
pulmonologists in the United States  [  2–  4  ] .  

   Flexible Bronchoscopy 

 In the evaluation of foreign body aspiration in 
adults, the  fl exible bronchoscope is the usual ini-
tial diagnostic tool. Whenever foreign body is 
suspected,  fl exible bronchoscope should be 
introduced via oral route. A comprehensive 
examination is essential in every case because 
sometimes the foreign object is not immediately 
obvious to the examiner. This dif fi culty arises in 
some cases because the FB is covered by blood 
or granulation tissue. Less frequently, the for-
eign object is fragmented and is located in more 
than one distal airway. 

 Once the object type, size, and location have 
been identi fi ed, removal can be attempted. 
Whenever removal is attempted, several instru-
ments should be readily available, ideally includ-
ing a rigid bronchoscope. Instruments that have 
been developed for removal of FB through  fl exible 
bronchoscope include  fl exible forceps, ragged-
tooth forceps, snares, Dormia basket,  fi shnet bas-
ket, cryotherapy probes (Fig.  13.3 ), balloon 
catheters (Fogarty), and magnet extractor.  

 A successful removal with the  fl exible bron-
choscope spares the patient of a subsequent 
rigid bronchoscopy and its associated cost. 
Several reports attest to the successful applica-
tion of the  fl exible bronchoscope to remove for-
eign bodies. These reports show a success rate 
of >90 % in experienced hands  [  42,   52,   53  ] . The 
list of FB removed is extensive and includes 
teeth, windscreen glass, earplugs, pins, nails, 
 fi sh bone, peanuts, coins, and endodontic nee-
dles  [  40,   41,   54–  59  ] . 

 Some authors recommend the use of an endo-
tracheal tube when removing some objects with 
 fl exible bronchoscope in order to minimize the 
injury risk to the upper airway  [  42  ] . 

 Intense debate surrounds the use of  fl exible or 
rigid bronchoscope for removal of foreign bodies 
in the literature, partly fueled by the personal pref-
erence and individual expertise, and partly from 
the available instruments and technology at the 
time of such debate. It is the opinion of the authors 
that  fl exible bronchoscopy has acquired paramount 
importance in the diagnosis and removal of for-
eign bodies in adults. Rigid bronchoscope has an 
important complementary role and should be read-
ily available whenever an FB removal is planned 
 [  2,   42,   60  ] . It is essential for all operators who use 
 fl exible bronchoscope to retrieve airway FB to 
understand the potential consequences of a failed 
procedure. Not every pulmonologist who performs 
 fl exible bronchoscopy is comfortable managing 
the potential consequences of a failed procedure. 
When in doubt, it is best to stabilize the patient and 
refer to an institution that has expertise in both 
 fl exible and rigid bronchoscopy.  

  Fig. 13.3    Cryoprobe and application in benign airway disease       
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   Anesthesia and Analgesia 

 The  fl exible bronchoscope allows removal of the 
foreign body with local anesthesia under moder-
ate sedation, unlike the rigid bronchoscope, 
which is performed under general anesthesia. An 
advantage of performing foreign body removal 
with moderate sedation is that it preserves the 
cough re fl ex, which can further facilitate the 
removal. An object brought forward to the tra-
chea by bronchoscopic techniques can often be 
coughed out on command given to the patient. 

 The fact that foreign body removal by  fl exible 
bronchoscopy is done with moderate sedation 
and without a secure airway has led to much criti-
cism. There has been some concern about the 
possibility of losing the object in a narrow sub-
glottic area leading to potential asphyxiation. To 
our knowledge, no incident of this kind has been 
reported in the medical literature. Notwithstanding, 
in the rare event of this occurring, immediate 
intubation—either with bronchoscopic guidance 
or with a direct laryngoscope—can always be 
performed to secure the airway. Varying sizes of 
endotracheal tubes (ETT) and laryngoscopes 
should be readily available in most bronchoscopy 
suites for the rare happenstance of this complica-
tion occurring with bronchoscopy. Extraction can 
then proceed via ETT. Another approach (aside 
from emergent intubation) would be to reintro-
duce the  fl exible bronchoscope and push the for-
eign body into the distal airways, thus clearing up 
the upper-airway obstruction. 

 In dif fi cult cases, when moderate sedation 
cannot be achieved adequately, proceeding with 
rigid bronchoscopy under general anesthesia is 
the best option. In those instances where the 
object is too distal and inaccessible to removal 
with the rigid bronchoscope, the foreign body 
can be removed with a  fl exible bronchoscope 
introduced via the ETT or the rigid barrel. When 
the object is larger than the diameter of the tube, 
the ETT or the rigid barrel may need to be with-
drawn in conjunction with the bronchoscope and 
the secured foreign body  [  61,   62  ] . This should be 
followed by prompt reintubation and repeat 
inspection of the airway. An alternative to the use 
of ETT with general anesthesia is the laryngeal 

mask airway  [  63  ] . Flexible bronchoscopy can be 
performed with reasonable airway control even 
with deeper sedation  [  64,   65  ] . Recent experience 
with fospropofol, a prodrug of propofol, has 
proven it to be safe and effective during  fl exible 
bronchoscopy  [  66  ] . Interestingly, fospropofol is 
not a general anesthetic, and has distinct pharma-
cokinetic and pharmacodynamic characteristics 
and should not require anesthesia monitoring 
 [  67  ] . However, its use in therapeutic broncho-
scopic procedures is yet to be described. 

 In children, there is no consensus on anesthe-
sia. However, a very large review of 12,979 
patients found that induction with maintenance 
of spontaneous ventilation is commonly prac-
ticed to minimize the risk of converting a partial 
proximal obstruction to a complete obstruction. 
Adequate ventilation combined with intravenous 
drugs and paralysis allows for appropriate rigid 
bronchoscopy conditions and a desired level of 
anesthesia  [  68  ] .   

   Accessories for the Flexible 
Bronchoscope 

 Multiple instruments for the removal of foreign 
bodies with the  fl exible bronchoscope are avail-
able. The instrument of choice is largely dictated 
by the location, type of foreign body, and the 
accompanying host tissue reaction. 

   Grasping Forceps 

 The forceps is the most widely available and used 
instrument. These have different designs includ-
ing a wide range of cup sizes and shapes, rotation 
mechanisms, presence or absence of teeth, and 
accessories such as central fenestrations or nee-
dles. Among the grasping forceps are the 
w-shaped, alligator jaw, rat-tooth, shark-tooth, 
and covered-tip forceps. 

 The selected forceps should have a jaw size 
large enough to enclose the full diameter of the 
foreign body. In cases where a  fi rm grip is 
needed to prevent a hard object from slipping 
the alligator jaws, rat-tooth or shark-tooth 



236 E. Folch and A. Majid

 forceps are recommended. For more delicate 
manipulations, a w-shaped or a covered-tip for-
ceps may be used. In general, grasping forceps 
are only used for the removal of  fl at or thin 
inorganic (e.g., coins, pins, screws, clips) or 
hard organic objects (e.g., bone), as attempted 
removal of friable organic foreign body will 
cause it to fracture, disintegrate, and disperse 
into the distal airways.  

   Balloon Catheters 

 In fl atable balloon catheters are probably the most 
useful but clearly underutilized tool available for 
removal of foreign objects (Fig.  13.4 ). Although 
there are a few commercially available, the 
Fogarty catheter remains the most frequently 
used. It has different sizes (4–7 F) and can be 
passed through the working channel of the 
 fl exible bronchoscope. The catheter is advanced 
distal to the object, then the balloon is in fl ated 
with 1–3 cc of saline, and the catheter is pulled 
until the object is dislodged proximally to facili-
tate removal.   

   Dormia Basket 

 A modi fi ed version of the Dormia basket used by 
gastroenterologists and urologists for the removal 
of calculi from the common bile duct and blad-
der is also available for the bronchoscopic 
removal of foreign bodies in the airway. The 
wings of the basket are normally retracted within 
a 1.6 mm diameter Te fl on catheter. The basket is 
opened in the airway and maneuvered to allow 
its “wings” to surround and entrap the foreign 
body. The basket is most useful in the removal of 
large and bulky objects.  

   Fishnet Basket 

 The  fi shnet basket is a modi fi ed version of a 
polypectomy snare, in which a mesh of thin 
thread is attached to the snare wire for easy fold-
ing and unfolding (Fig.  13.5 ). The net is normally 
retracted within the catheter for easy passage 
through the channel of the  fl exible bronchoscope. 
When the snare is advanced, the  fi shnet is slowly 
released to surround the object. The snare is then 

  Fig. 13.4    Fogarty balloon 
catheter used as an aid 
to move foreign bodies 
to proximal airways       
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slowly retracted to enclose the foreign object 
within the  fi shnet. Once this is accomplished, the 
basket, the captured object, and the bronchoscope 
are then removed as a unit. This  fi shnet basket is 
also most useful in the removal of bulky objects.   

   Three- or Four-Prong Snares 

 The snares are usually squeezed together inside 
the catheter. Whenever they are deployed, the 
snares are released surrounding the foreign 
object. When the operator squeezes the handle of 
the device, the prong’s distal ends come together 
capturing the object. Once secured, the foreign 
body, snare, and  fl exible bronchoscope are with-
drawn carefully as a single unit. Because the 
prongs are very  fl imsy, it is not advisable to use 
this accessory in the removal of hard, solid 
objects.  

   Magnet Extractor 

 A magnetic extractor consists of a  fl exible probe 
with a magnetic cylinder at its tip. This accessory 
is specially designed for passage through the 
working channel of the  fl exible bronchoscope. 
Small and mobile metallic foreign bodies, such 
as broken forceps or cytology brushes, can be 
removed easily with this instrument  [  69,   70  ] .  

   Cryotherapy Catheter 

 The adhesive properties of the cryoprobe make it 
an ideal instrument for the removal of foreign 
bodies rich in water content. The system has a 
cryogen tank (e.g., nitrous oxide or nitrogen) that 
by rapid gas-decompression or principle of 
Joule–Thomson generates an extremely low tem-
perature (−15 to −40 °C) at the tip of the specially 
designed cryoprobe (Fig.  13.3 ). When the cryo-
probe is placed in direct contact with the object, 
the two become attached and the operator then 
removes the  fl exible bronchoscope along with the 
cryoprobe and the foreign body. This technique is 
extremely useful for the removal of blood clots, 
mucus balls, organic materials, and small inor-
ganic objects  [  71  ] . 

  Fig. 13.5    Endoscopic use of  fi shnet basket to remove 
foreign body       
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 In our experience, this is one of the most use-
ful instruments for the removal of organic materi-
als. We recently removed a fragmented peanut 
from the airway of a 2-year-old through the com-
bined use of rigid bronchoscope, pediatric  fl exible 
bronchoscope, and pediatric cryoprobe. 

 The bronchoscopist should be careful to keep 
a clear  fi eld of view in order to prevent contact 
with the surrounding mucosa, and to inadver-
tently remove attached normal tissue.   

   Removal with the Flexible 
Bronchoscope 

 Whenever foreign body aspiration is suspected, 
the  fl exible bronchoscopy is performed through 
the oral route, in order to avoid the narrow nasal 
passage  [  72  ] . Initially, a thorough airway exam 
should be done, starting with the unaffected lung. 
The suspicious area of aspiration is examined 
last. This thorough and careful exam is done to 
assure that there is only one foreign object, or 
that fragments have not been dispersed to other 
airways. When the object is visualized, the shape 
and structure of the foreign body in relation to the 
surrounding areas are carefully examined before 
an extraction attempt is made. The entire foreign 
body may not be visible bronchoscopically and a 
review of radiologic  fi lms may be necessary dur-
ing the procedure to determine the position of the 
unseen portion. The appropriate bronchoscopic 
accessory is then determined based on the size, 
shape, position, and density of the object. 

 Whenever the  fl exible bronchoscope is used, 
utmost care should be taken not to push the object 
farther down the airway. In general, we use the 
Fogarty balloon to dislodge the foreign body and 
to bring it proximally to the trachea, before 
attempting removal  [  54  ] . The Fogarty balloon 
catheter is positioned distal to the object. The bal-
loon is then in fl ated and the foreign body is pulled 
out from the segmental or the lobar airways to the 
trachea (Fig.  13.4 ). Once in the trachea, the object 
is easily amenable to removal. We have often 
asked the patient to sit up and cough up the for-
eign body once it has been dislodged to the upper 
trachea. We usually employ this technique for 

small and soft objects and have had successful 
results in approximately 90 % of our cases. 

 The key to successfully removing a foreign 
body lies in being able to adequately secure the 
object by either grasping or enclosing it with the 
bronchoscopic accessory. Once the object is snared 
or trapped, all three (bronchoscope, grasping 
instrument, and object) are removed simultane-
ously from the patient as a unit. During removal, 
the bronchoscopist must make every attempt to 
continuously visualize the object and keep it in the 
center of the airway. Removal of a sharp object is 
a challenging task. The key to removing this type 
of object is to locate the sharp end and to attempt 
its dislodgement. Once the sharp end is freed, the 
object can be grabbed and removed. Grasping the 
shaft or the other end of a pointed instrument 
increases the dif fi culty of removal because this 
will most likely be caught in the mucosa. 

 Similarly, dif fi culty is also encountered when 
the tissue reaction surrounding the foreign body 
interferes with the removal process. Sometimes 
the surrounding granulation tissue has to be 
cleared prior to removal of the object. In some of 
these cases, bronchoscopic removal under gen-
eral anesthesia may be necessary. Sometimes 
ablative therapies such as laser photoresection 
may help vaporize the surrounding granulation 
tissue. Laser may also be used to break a larger 
FB into smaller and more manageable pieces that 
can be easily removed with the bronchoscopic 
techniques  [  73–  75  ] . Other modalities, such as 
bronchoscopic electrocautery, can also be used to 
similarly vaporize surrounding granulation tis-
sue. Some authors suggest the use of a short 
course of steroids prior to removal of airway for-
eign bodies although the ef fi cacy of this practice 
remains untested  [  14,   76  ] . 

 Massive hemoptysis is a rare complication of 
foreign body removal and is better controlled 
with rigid bronchoscopy  [  74  ] . Whenever hemop-
tysis does occur, our practice is to instill an epi-
nephrine solution (1:10,000 to 1:20,000) through 
the bronchoscope to achieve topical vasoconstric-
tion with decrease in blood  fl ow and eventual 
thrombosis of the bleeding vessels. We also  fi nd 
cold saline (4 °C) instillation to be effective in 
bleeding cessation. Cold saline causes hypothermic 
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vasoconstriction and eventual thrombosis of the 
bleeding vessel.  

   Elusive Foreign Body Aspirations 

 Almost everyone who has signi fi cant experi-
ence with foreign body removal can describe a 
case in which the foreign body was not found, 
lost during the removal at the mouth, or seems 
to have disappeared after it was seen on radio-
logic imaging. The most common cause is 
spontaneous expectoration of the foreign body 
without patient’s knowledge. However, it is 
very important to do a thorough airway exami-
nation for small fragments of the original object, 
or for missing objects. Whenever removed, the 
object should preferably be sent for pathologic 
analysis as some have described the presence of 
concomitant malignancy as an incidental  fi nding 
on pathologic samples  [  18  ] . And then there is 
the case of the dissolved aspirated pill. Lee 
et al. have described a case of iron pill aspira-
tion that was not found on bronchoscopy 2 
months after the aspiration event, but endobron-
chial biopsies con fi rmed the residue of iron 
being responsible for severe granulation tissue 
 [  37  ] . A recent report by Parray et al. also 
describes the migration of a foreign body from 
the right to the left  [  77  ] .  

   About Multidisciplinary Teams 

 It has been our experience as well as that of others 
 [  11,   42  ]  that an excellent working relationship 
with specialists from pulmonary, otolaryngology, 
and thoracic surgery is an asset that expedites and 
improves favorable outcomes in the management 
of airway foreign bodies.  

   Rare Cases Where the Object 
is Left Behind 

 The medical literature has a few case reports 
where the foreign object was left behind due to 
the inability to be removed or the clinical deterio-

ration of the patient that prompted the interrup-
tion of the foreign body removal  [  78  ] . Although 
these situations may happen, we would like to 
emphasize that the long-term complications of 
foreign objects in the airway warrant that every 
effort should be made to guarantee its removal, 
including referral to a specialized center. In 
extraordinarily rare cases, the patient would 
expectorate the foreign body left behind  [  79  ] . 
Also, in rare cases, the unsuccessful endoscopic 
removal is followed by a surgical approach  [  80  ] .  

   Respiratory Equipment Malfunction 
Causing Foreign Body Aspiration 

 Unfortunately, the progress of respiratory ther-
apy and mechanical ventilation has been accom-
panied by an increase in the number of cases of 
aspiration of foreign bodies. Examples of this 
include aspiration of intubation stylets  [  81  ] , 
suction catheters  [  81,   82  ] , and tracheostomy 
brushes (Fig.  13.1 ).  

   Aspiration of Medication Tablets 

 A relatively more common occurrence is the 
aspiration of pills in the airway. The conse-
quences of such events can be dramatic, and due 
to the quick expansion of the tablet when 
humidi fi cation occurs, it can cause acute airway 
obstruction as has been described with sucralfate 
 [  83  ] . In other cases, the medication can quickly 
dissolve and have long-term consequences due to 
in fl ammation and  fi brosis as those described with 
iron tablet aspiration  [  37  ] . Our group recently 
reported experience with two cases, with met-
formin and pomegranate tablets  [  84  ] .  

   Complications of Foreign Body 
Aspiration 

 The aspiration of foreign bodies carries a high risk 
of short- and long-term complications. All of these 
have been extensively described in the literature 
and include acute respiratory failure and asphyxia 
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 [  72  ] , pneumonia, empyema  [  85  ] , atelectasis, car-
diopulmonary arrest, hemoptysis, granulation tis-
sue formation, laryngeal edema, pneumothorax, 
pneumomediastinum, tracheobronchial rupture, 
trachea-esophageal  fi stula, bronchial stricture, 
localized bronchiectasis  [  86  ] , mediastinitis, lung 
torsion  [  18  ] , and anoxic brain injury  [  87  ] . An 
interesting report by Aziz  [  85  ]  demonstrated the 
potential cascade of events leading from a foreign 
body aspiration including airway obstruction, 
post-obstructive pneumonia, and empyema.  

   The Case for ECMO and Foreign Body 
Aspiration 

 Treatment of near-fatal foreign body aspiration 
treated with ECMO has been reported in the 
medical literature  [  88,   89  ] . Recently, a compli-
cated bronchoscopic removal of a foreign body 
required ECMO support due to worsening 
 respiratory failure in the setting of purulent secre-
tion aspiration and overwhelming sepsis  [  90  ] . 
Although rarely used, these cases support the 
advantages of rapid referral to specialized airway 
centers, whenever it is clinically feasible.  

   Conclusions 

 The clinical presentation of aspirated foreign bod-
ies may vary from an asymptomatic and inciden-
tal  fi nding to an acute and life-threatening airway 
obstruction. Regardless, removal of foreign bod-
ies from tracheobronchial tree should always be 
attempted in order to relieve the current symptoms 
and to prevent future complications. Bronchoscopy 
remains the premier diagnostic as well as thera-
peutic option in these patients. Most experts 
would agree that rigid bronchoscopy is more 
effective than  fl exible bronchoscopy in removing 
large airway foreign bodies. In pediatric popula-
tion, rigid bronchoscope is clearly preferred over 
 fl exible bronchoscope. Unfortunately, the facili-
ties for rigid bronchoscopy are seldom available 
due to lack of training and expertise. Therefore, in 
practical terms,  fl exible bronchoscope is the most 
commonly employed tool for retrieval of airway 

foreign bodies in adults. In the hands of experi-
enced and skillful operators, the majority of air-
way foreign bodies can be retrieved using  fl exible 
bronchoscopy techniques. It is essential for the 
operators to be familiar with a variety of acces-
sory instruments that are available to facilitate 
removal of airway foreign bodies. Failure to 
remove foreign body with the  fl exible broncho-
scope should be promptly followed by rigid bron-
choscopy. Early referral to a tertiary care center is 
indicated if such facility is not locally available.      
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  Abstract 

 Hemoptysis is a common and alarming symptom. There are no accepted 
volume-based de fi nitions of non-massive or massive hemoptysis. For 
practical purposes, massive hemoptysis is better de fi ned on the basis of 
magnitude of effect rather than the amount of expectorated blood. Acute 
bronchitis is the most common cause of non-massive hemoptysis. The 
common causes of massive hemoptysis include bronchiectasis, tubercu-
losis, lung cancer, and mycetoma. Bronchoscopy plays a central role in 
the evaluation and management of hemoptysis. Direct inspection allows 
localization of the bleeding site and isolation of bleeding segment to pre-
vent  fl ooding of non-bleeding lung and asphyxiation. Rigid bronchoscope 
is preferred over  fl exible bronchoscope for management of massive 
hemoptysis but its utility is limited by lack of trained personnel in major-
ity of medical centers. In the absence of facilities for rigid bronchoscopy, 
it is prudent to secure airway with a large endotracheal tube, perform 
early  fl exible bronchoscopy, and initiate aggressive resuscitative mea-
sures. Several bronchoscopic techniques such as balloon tamponade, 
topical application of cold saline, vasoconstrictors, and pro-coagulant 
substances may be applied for temporary control of bleeding. Interventional 
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   Introduction 

 Hemoptysis is one of the alarming symptoms of 
an underlying pulmonary problem. It may pres-
ent as minimal blood-streaked sputum or a mod-
erate to massive hemoptysis compromising the 
airway and hemodynamic status, endangering 
life. It is estimated that 6.8 % of chest clinic visits 
and 11 % of thoracic surgical admissions are due 
to hemoptysis  [  1  ] . Although mortality rate may 
be as high as 80 % in a massive hemoptysis, usu-
ally mortality ranges from 7 to 30 %  [  2–  4  ] . 
Asphyxia rather than exsanguination is usually 
the cause of death  [  5  ] , and it is commonly accom-
panied by cardiovascular collapse. Like any other 
life-threatening condition, initial management in 
hemoptysis would be aiming at a patent airway 
and resuscitation of the patient to obtain stable 
hemodynamic status. Once the airway patency is 
obtained, bronchoscopy plays a pivotal role with 
regard to localization of the anatomic site of 
bleeding, isolation of the involved airway, control 
of hemorrhage, and treatment of the underlying 
cause of hemoptysis in case of visible endolumi-
nal lesions  [  6  ] . In this chapter we focus on role of 
bronchoscopy in the management of hemoptysis 
and review the de fi nition, blood supply, etiology, 
assessment, and management of hemoptysis.  

   De fi nition 

 Hemoptysis may be classi fi ed as non-massive 
and massive hemoptysis. There is no consensus 
de fi nition made so far on massive hemoptysis 

even though various volumetric and magnitude-
related de fi nitions have been quoted in different 
studies. The volumetric de fi nitions mainly focus 
on the amount of expectorated blood ranging 
from 100 to 1,000 ml in 24 h accounting for a 
massive hemoptysis whereas expectoration of 
less than 100 ml in 24 h has been accepted as 
non-massive hemoptysis  [  6  ] . A widely accepted 
de fi nition of massive hemoptysis is witnessing 
 ³ 600 ml of expectorated blood in 24 h, based on 
a study by Crocco et al.  [  7  ]  in which >600 ml of 
blood expectorated in 4 h led to 71 % mortality 
whereas less than 600 ml of expectorated blood 
in 24–48 h was associated with a mortality rate of 
only up to 5 %. It is estimated that more than 
400 ml of blood in the alveolar space is suf fi cient 
to cause impairment of oxygenation  [  8  ] . As the 
above de fi nitions lack a consensus cutoff volume 
and do not consider other major determinants 
like rate of bleeding, patient’s cardiopulmonary 
reserve, and ability to protect airway, a more reli-
able de fi nition could be based on magnitude of 
effect on the patient due to hemoptysis in which 
the following parameters are included: need for 
transfusion, hospitalization, intubation, or caus-
ing aspiration and airway obstruction, hypoxemia 
(PaO 

2
  <8 kPa or 60 mmHg), or death.  

   Blood Supply 

 The respiratory system receives blood supply 
from two different sources: a high-pressure (sys-
temic) bronchial circulation which supplies the 
airway down to the terminal bronchioles and a 

techniques such as laser photoresection and argon plasma coagulation 
may be helpful in selected cases. Temporary control of bleeding may 
facilitate institution of de fi nitive therapies such as bronchial artery embo-
lization and surgery in selected patients.  

  Keywords 

 Hemoptysis  •  Bronchoscopy  •  Rigid bronchoscopy  •  Massive hemoptysis  
•  Bronchial artery embolization         
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low-pressure pulmonary circulation which sup-
plies the alveolar ducts and sacs  [  9  ] . Bronchial 
arteries originate from the descending aorta, most 
often at the T5, T6 level and the most common 
pattern is single artery on right side and two bron-
chial arteries on left side. In about 20 % of cases, 
bronchial arteries have an aberrant origin from 
other systemic arteries. In 5 % of patients, a spinal 
artery originates from a bronchial artery  [  10  ] .  

   Etiology 

 It is important to establish that lung is the source 
of bleeding as bleeding arising from nasopharyn-
geal and gastrointestinal sources may mimic 
hemoptysis. Most important causes of hemoptysis 

are listed in Table  14.1 . Chronic in fl ammatory 
conditions such as bronchiectasis, tuberculosis, 
and lung abscess, and lung malignancies, are the 
most common causes of massive hemoptysis  [  11  ] . 
Bleeding may also occur from mycetoma forming 
in patients with a preexisting cavitating lung dis-
ease  [  12  ] .  

 In older studies tuberculosis accounted for 
73 % of all causes of hemoptysis  [  7  ] . These 
included both new and inactive cases. In tubercu-
losis various underlying pathophysiological 
mechanisms account for hemoptysis such as (1) 
direct extension of infection and in fl ammation 
into the bronchial arterioles; (2) bronchiectasis 
due to chronic in fl ammation leading to dilated, 
tortuous, and fragile blood vessels that bleed 
spontaneously; (3) mycetomas formed inside 

   Table 14.1    Causes of hemoptysis   

 Infections 
 Mycobacteria, particularly tuberculosis • 
 Fungal infections (mycetoma) • 
 Lung abscess • 
 Necrotising pneumonia (Klebsiella, • 
Staphylococcus, Legionella) 

 Vascular 
 Pulmonary embolism and infarction • 
 Mitral stenosis • 
 Arteriobronchial  fi stula • 
 Arteriovenous malformations • 
 Bronchial telangiectasia • 
 Left ventricular failure •  Iatrogenic 

 Bronchoscopy • 
 Swan–Ganz catheterization • 
 Transbronchial biopsy • 
 Transtracheal aspirate • 

 Coagulopathy 
 Von Willebrand’s disease • 
 Hemophilia • 
 Anticoagulant therapy • 
 Thrombocytopenia • 
 Platelet dysfunction • 
 Disseminated intravascular coagulation • 
 Vasculitis • 
 Behcet’s disease • 
 Wegener’s granulomatosis • 

 Parasitic 
 Hydatid cyst • 
 Paragonimiasis • 

 Trauma 
 Blunt/penetrating injury • 
 Suction ulcers • 
 Tracheoarterial  fi stula • 

 Neoplasm 
 Bronchogenic carcinoma • 
 Bronchial adenoma • 
 Pulmonary metastases • 
 Sarcoma • 

 Pulmonary 
 Bronchiectasis (including cystic  fi brosis) • 
 Chronic bronchitis • 
 Emphysematous bullae • 

 Miscellaneous 
    Lymphangioleiomyometosis • 
 Catamenial (endometriosis) • 
 Pneumoconiosis • 
 Broncholith • 
 Idiopathic • 

 Hemoptysis in children 
 Foreign body aspiration • 
 Bronchial adenoma • 
 Vascular anomalies • 

 Spurious 
 Epistaxis • 
 Hematemesis • 
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large parenchymal cavities forming granulation 
tissue and neovascularization (Rasmussen’s 
aneurysms); and (4) extension of tuberculous 
infection into pulmonary artery leading to rup-
ture of the vessel. 

 Bronchiectasis resulting from various causes 
such as chronic in fl ammation, cystic  fi brosis, and 
immotile cilia syndrome and immunoglobulin 
de fi ciency may account for a signi fi cant percentage 
of hemoptysis  [  13  ] . The underlying pathophysio-
logical mechanism in these patients is enlarged, 
dilated, tortuous bronchial arteries forming collat-
erals. Pulmonary malignancies including both pri-
mary as well as metastatic disease with 
endobronchial involvement are usually highly vas-
cular and bleed spontaneously and may give rise to 
massive hemoptysis. Although the bronchial circu-
lation accounts for most cases of massive hemopty-
sis, pulmonary arteries (PA) remain the source of 
bleeding in a substantial number of patients. Several 
etiologies such as necrotizing pulmonary infec-
tions, malignancies, vasculitis, trauma from Swan–
Ganz catheterization, and pulmonary A-V 
malformations cause bleeding to originate from the 
pulmonary circulation. Although alveolar hemor-
rhage is a well-recognized cause of hemoptysis, it 
rarely presents with massive bleeding since the 
alveoli can accommodate a large amount of blood. 
Curiously, despite extensive diagnostic workup, 
cryptogenic massive hemoptysis has been reported 
in 11–19 % of cases in the recent literature  [  14  ] . 
Pulmonary veno-occlusive disease, pulmonary 
endometriosis, pulmonary arteriovenous malfor-
mations, and broncho-vascular  fi stula are other rare 
sources for massive hemoptysis.  

   Diagnosis 

 After achieving airway protection and hemody-
namic stabilization, diagnostic workup may be 
initiated in massive hemoptysis where as in mild 
to moderate hemoptysis a conservative approach 
might be suf fi cient initially. A thorough history 
and clinical examination may be useful in differ-
entiating hemoptysis from hematemesis and 
upper airway bleed. There is no consensus on 
diagnostic approach of hemoptysis. However 

chest imaging including radiography and com-
puted tomography scan (CT scan) combined with 
a diagnostic bronchoscopy is usually needed to 
reach a de fi nitive diagnosis in majority of cases. 
Coagulation and vasculitis pro fi le should be 
obtained in appropriate situations. Chest radiog-
raphy can identify the site of bleeding in 33–82 % 
of cases of massive hemoptysis  [  15  ] , and may 
reveal the underlying cause in 35 % of patients. 
CT scan is superior to radiography in localizing 
pathology and identifying the etiology as well as 
guiding the future de fi nitive therapy. The yield 
for localization of bleeding site with CT is up to 
88 %  [  16  ] . It has been a long debate whether CT 
should be done  fi rst before bronchoscopy or the 
reverse. While some authors suggest that CT can 
replace bronchoscopy as a  fi rst-line investiga-
tional approach in patients with massive hemop-
tysis because of its higher diagnostic yield  [  17  ] , 
others advocate it as complementary to  fl exible 
bronchoscopy for bleeding site identi fi cation 
 [  18  ] . Recently multidetector CT has been proven 
to be more precise in delineation of bronchial and 
pulmonary vessels  [  19,   20  ] . However imaging 
techniques may also have limitations in certain 
scenarios. For example, in patient with bilateral 
lung disease, bronchoscopy is more likely to 
reveal and localize the site of bleeding than chest 
CT. Bronchoscopy can also be useful in hemody-
namically unstable patients who cannot be moved 
to the CT scan department. 

 Flexible bronchoscopy is more useful in large 
or massive hemoptysis for localization (diagnos-
tic yield: 73–93 %) where as in mild to moderate 
hemoptysis the diagnostic yield is lower  [  21,   22  ] . 
While optimal timing of bronchoscopy (early vs. 
late) remains a controversial issue, there is no dif-
ference in outcome and therapeutic decisions 
whether an early or a late bronchoscopy is per-
formed in a case of non-massive hemoptysis  [  23, 
  24  ] . But it is essential to understand that  fl exible 
bronchoscopy may not be a right choice in mas-
sive life-threatening hemoptysis due to its limita-
tions in obtaining airway control and ventilation 
while rigid bronchoscopy is more ef fi cient at 
safeguarding airway patency, preserving ventila-
tion, and allowing better clearance of the airways, 
therefore improving visualization  [  25  ] .  
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   Management of Hemoptysis 

   Non-massive hemoptysis 

 The overall goals of management of the patient 
with hemoptysis are threefold: cessation of bleed-
ing, prevention of aspiration, and treatment of the 
underlying cause. Acute bronchitis remains the 
most common cause of acute, mild hemoptysis. 
In majority of cases, hemoptysis is transient and 
self-limiting in these patients. Low-risk patients 
with normal chest radiographs can be treated on 
an outpatient basis with close monitoring and 
appropriate oral antibiotics, if clinically indi-
cated. An abnormal mass on a chest radiograph 
warrants an outpatient bronchoscopic examina-
tion. For patients with a normal chest radiograph 
and risk factors for lung cancer or recurrent 
hemoptysis, high-resolution computed tomogra-
phy is indicated prior to bronchoscopy, except in 
urgent situations when immediate bronchoscopy 
is needed.  

   Management of Massive Hemoptysis 

 It may not be possible to follow a stepwise 
approach in a patient with massive hemoptysis 
because multiple interventions need to be done 
simultaneously to achieve cardiopulmonary sta-
bility. However airway protection and hemody-
namic resuscitation are the top priorities. If the 
bleeding side is known patient should be kept in 
lateral decubitus position with the bleeding side 
down. The patient should be transferred to inten-
sive care unit as soon as possible. Urgent  fl uid 
resuscitation and blood transfusion should be 
done as required. Coagulopathy if identi fi ed 
should be corrected. Rigid bronchoscopy is the 
most effective means of clearing the airways 
from secretions and blood clots, ensuring effec-
tive tamponade of airways and isolation of the 
non-affected lung and thereby preventing 
asphyxia and preserving ventilation. However 
rigid bronchoscopy is not feasible always, as the 
skilled rigid bronchoscopist may not be available 
at the time of massive hemoptysis or operating 

room may not be in a state of readiness to receive 
a collapsing patient for immediate management. 
In such cases urgent endotracheal intubation and 
airway stabilization could prevent imminent 
death from asphyxia.   

   Airway Protection and Resuscitation 

 If immediate rigid bronchoscopy cannot be done, 
urgent endotracheal (ET) intubation with a large-
size tube (preferably eight or more) should be 
done and  fl exible bronchoscopic suctioning and 
clearance should be attempted through the endo-
tracheal tube. Selective unilateral intubation of 
non-bleeding bronchus may be considered under 
 fl exible bronchoscopy guidance (Fig.  14.1 ); how-
ever selective right main bronchial intubation 
should be avoided as it can cause occlusion of 
right upper lobe bronchus and further compro-
mise ventilation. In such circumstances, tracheal 
intubation can be done initially and a balloon 
catheter may be passed beside the ET tube via the 

  Fig. 14.1    Selective intubation of left main bronchus for 
management of bleeding arising from right lung (reprinted 
from Lordan JL, Gascoigne A, Corris PA. The pulmonary 
physician in critical care—illustrative case 7: assessment 
and management of massive haemoptysis. Thorax. 
2003;58(9):814–9. With permission from BMJ Publishing 
Group Ltd.)       
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vocal cords or through ET tube itself and 
directed into the left main bronchus followed by 
balloon in fl ation (Fig.  14.2 ). In rare instances, 
double-lumen endotracheal tube may be placed 
which isolates the bleeding lung and simultane-
ously ventilates the normal lung (Fig.  14.3 ). 
Standard resuscitative techniques should go 
hand in hand with the above-mentioned bron-
choscopic measures. Fluid resuscitation, vaso-
pressor medications, and blood products should 
be administered as indicated. Appropriate labo-
ratory and serologic studies are performed. 
Disease-speci fi c therapies such as immunosup-
pressive therapy for vasculitis, connective tissue 
disorders, and Wegener’s granulomatosis may 
be initiated, depending on the underlying diag-
nosis. Corticosteroids and plasmapheresis may 
be useful in the setting of Goodpasture syn-
drome. Once hemodynamic and respiratory 
conditions are stabilized, urgent endovascular 
therapy should be considered. In the setting of 
massive hemoptysis from a local source, early 
thoracic surgical consultation should be sought 
in case urgent surgical lung resection is needed 
to control the hemorrhage.     

   Bronchoscopic Interventions 

 Utilization of bronchoscopy in appropriate situa-
tions may either stabilize the patient temporarily 
by achieving hemostasis or in certain circum-
stances provide a long-lasting control of hemopty-
sis. Although it has been a long debate whether to 
use  fl exible bronchoscopy or rigid bronchoscopy 
there is no randomized control trial to support 
either of them. But it is clear that choice of the 
bronchoscopy depends on availability, operator’s 
preference and technical skills, and available facil-
ities. Both  fl exible and rigid bronchoscopes have 
their merits and limitations (Table  14.2 ). However 
rigid bronchoscopy is more ef fi cient and safer 
when performed by a skilled bronchoscopist. 
Moreover it has several advantages over  fl exible 
bronchoscope which must be highlighted. The 
rigid bronchoscope has tracheobronchial ventilat-
ing ports which allow ventilation of normal lung 

  Fig. 14.3    Double-lumen endotracheal tube with in fl ated 
tracheal and bronchial cuffs (reprinted from Lordan JL, 
Gascoigne A, Corris PA. The pulmonary physician in 
critical care—illustrative case 7: assessment and manage-
ment of massive haemoptysis. Thorax. 2003;58(9):814–9. 
With permission from BMJ Publishing Group Ltd.)       

  Fig. 14.2    Placement and in fl ation of a balloon catheter in 
bleeding left main bronchus (reprinted from Lordan JL, 
Gascoigne A, Corris PA. The pulmonary physician in 
critical care—illustrative case 7: assessment and manage-
ment of massive haemoptysis. Thorax. 2003;58(9):814–9. 
With permission from BMJ Publishing Group Ltd.)       
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simultaneous with a therapeutic procedure. Rigid 
scope is attached with separate suction and thera-
peutic channels for clearing airways and passage 
of electrocautry or laser  fi ber, respectively. An 
important component is the ventilating side port 
that allows the administration of general anesthe-
sia. The light source and telescope allow for both 
direct and video-assisted visualization. Through 
the wide bore channel, a number of endoscopic 
devices and therapeutic agents could be intro-
duced. Therefore rigid bronchoscope allows stabi-
lization of patient’s hemodynamic and respiratory 
conditions before proceeding with further diag-
nostic or therapeutic interventions. However visi-
bility through rigid bronchoscope is limited to 
central airways only. This limitation is easily over-
come by placing a  fl exible bronchoscope through 
the lumen of the rigid bronchoscope for the inspec-
tion of distal airways. Various endoluminal bron-
choscopic methods have been described in 
literature.   

   Topical Agents 

 Endoscopically applied topical vasoconstrictive 
or procoagulant agents can secure a temporary 
hemostasis until a de fi nitive procedure is under-
taken. These agents include cold saline, epineph-
rine, vasopressin and its analogues, for their 
vasoconstrictive effect, as well as thrombin–
 fi brinogen and tranexamic acid, for their proco-
agulant action. 

   Cold Saline 

 Topically applied ice-cold saline induces hypo-
thermia and thus vasoconstriction leading to 

reduction in active bleeding. First study on cold 
saline was reported in 1980 by Conlan et al. in 
which cold saline irrigation stopped bleeding in 
23 patients with massive hemoptysis temporarily 
until patients were taken for de fi nitive surgical 
procedure  [  25  ] . Rigid bronchoscope was used 
and 50 ml aliquots of 4 °C saline up to maximum 
of 500 ml were applied to the tracheobronchial 
tree to achieve hemostasis. Utilization of rigid 
bronchoscope improved visualization and airway 
clearing. There were no signi fi cant complications 
except for transient bradycardia in one patient.  

   Epinephrine and Vasopressin 

 Topical irrigation with diluted epinephrine 
(1:10,000–1:20,000) may prove to be a tempo-
rary measure in cases of mild to moderate bleed 
following biopsy or brushing procedures  [  26  ] . 
However endobronchial irrigation of epineph-
rine may complicate with high plasma epineph-
rine levels leading to cardiac arrhythmias and 
tachycardia in a few patients  [  27,   28  ] . 
Alternatively some investigators have found the 
vasopressin analogues such as terlipressin and 
ornipressin to be as ef fi cacious as epinephrine in 
obtaining hemostasis but without much cardio-
vascular adverse effects. However no random-
ized reports are available to support the use of 
these agents  [  29–  31  ] .  

   Topically Applied Procoagulants 

 Use of the anti fi brinolytic agent tranexamic 
acid is well known for long time in achieving 
hemostasis in patients with mucosal bleeding, 
postsurgical bleeding, and bleeding disorders. 

   Table 14.2    Merits and demerits of  fl exible and rigid bronchoscope in management of hemoptysis   

 Flexible bronchoscopy  Rigid bronchoscopy 

 Advantage  Technically easy to perform 
 Ability to navigate smaller segments 
 Can be done at bedside in ICU 

 Airway protection 
 Better ventilation 
 Better blood suctioning 
 More therapeutic options 

 Disadvantage  Poor ability to suction blood 
 Less interventions 

 Needs operating room 
 Needs more skills 
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Systemic (intravenous and oral) administration 
of tranexamic acid showed good ef fi cacy for con-
trol of hemoptysis in patients with cystic  fi brosis 
and recurrent hemoptysis in patients with multi-
ple aberrant bronchial arteries  [  32–  34  ] . Recently 
topical irrigation with tranexamic acid (500–
1,000 mg) has been reported to be ef fi cient in 
bleeding that occurs following endobronchial 
procedures  [  35  ] . 

 Topical application of  fi brin–thrombin combi-
nation seems to be a promising method in moder-
ate to massive hemoptysis in circumstances 
where immediate endovascular procedures are 
not feasible or contraindicated. Even though a 
few case reports  [  36,   37  ]  established encouraging 
effects of these agents in the recent past, further 
large studies are needed to support their clinical 
use on a routine basis.  

   Bronchial Blocking Devices 

 In a circumstance of moderate to massive hemop-
tysis not responding to the above topical agents, 
blockade of the segmental or subsegmental bron-
chus at a level proximal to the bleeding site would 
give a tamponade effect and may stop bleeding 
completely (Fig.  14.4 ). In some instances, bal-
loon tamponade stabilizes the patients prior to 
bronchial artery embolization. Tamponade or 
blockade effect might be created by using various 
techniques mentioned below.  

 Various types of balloon devices have proven 
to be effective in achieving temporary hemosta-
sis until a de fi nitive procedure is undertaken. 
These devices could be left in place for a period 
of up to 48–72 h before a de fi nitive procedure. 
On the other hand, if left for a period more than 5 
days, patients may develop postobstruction pneu-
monia of the occluded segment or lobe, vocal 
cord granulomas due to continuous contact with 
catheter, and recurrent bleeding due to disloca-
tion of device from the original site. Frietag et al. 
have developed a double-lumen balloon catheter 
introduced through the working channel of 
 fl exible bronchoscope with the second lumen 
being utilized for administration of topical agents. 
Tamponade was successful in 26/27 patients with 

moderate hemoptysis using this catheter  [  38  ] . 
Dutau et al. developed a silicone spigot which is 
placed endobronchially with the use of rigid and 
 fl exible bronchoscope under direct vision and left 
in place at the bleeding segment for a few hours 
until bronchial artery embolization is undertaken 
 [  39  ] . Recently, Valipour and his colleagues placed 
oxidized regenerated cellulose mesh in the endo-
bronchial segments using  fl exible bronchoscope 
and achieved immediate arrest of hemoptysis in 
56/58 patients  [  40  ] .  

   Endobronchial Sealing with 
Biocompatible Glue 

 Endobronchial sealing with  N -acetyl cyanoacry-
late, a bioadhesive material that solidi fi es on 
 contact with humidity, is an ef fi cient, safe, and 
simple method, described recently. Bhattacharyya 
et al.  [  41  ]  described this method using  fl exible 

  Fig. 14.4    Bronchoscopically guided placement of bal-
loon catheter in a segmental bronchus (reprinted from 
Lordan JL, Gascoigne A, Corris PA. The pulmonary 
 physician in critical care—illustrative case 7: assessment 
and management of massive haemoptysis. Thorax. 
2003;58(9):814–9. With permission from BMJ Publishing 
Group Ltd.)       
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bronchoscopy in 67 patients with a 6-month fol-
low-up. The success rate of long-term follow-up 
was 79 %. There were procedure failures in 22 %, 
the cause being false localization (46 %), proxi-
mal or inappropriate placement of the glue 
(31 %), and dif fi cult cannulation (23 %).  

   Laser Bronchoscopy 

 Bronchoscopic CO 
2
  laser was originally used in 

1970s by Strong and his colleagues  [  42  ] . 
Utilization of neodymium–yttrium–aluminum–
garnet (Nd–YAG) laser for bronchoscopic coagu-
lation was  fi rst reported by Dumon et al. in 1985 
 [  43  ] . Wavelength of Nd–YAG laser (1,064 nm) 
imparts tissue–laser interactions making it opti-
mal for bronchoscopic use. The Nd:YAG laser 
has a lower absorptive coef fi cient than scatter 
coef fi cient allowing for deeper penetration and a 
wide coagulation zone and it is an effective treat-
ment option for hemoptysis when the source of 
bleeding is bronchoscopically visible. It allows 
photocoagulation of the bleeding mucosa with 
resulting hemostasis, and can help achieve photo-
resection and vaporization of the underlying 
lesion, thus providing a de fi nitive approach to 
hemoptysis management. Laser probe is inserted 
through working channel of the  fl exible broncho-
scope or the rigid bronchoscope and the tip of 
probe is kept beyond the distal end of the scope 
and approximately 5 mm proximal to the lesion. 
FiO 

2
  is reduced below 40 % and initially low 

wattage of laser (20 W) is used in a pulsed fash-
ion. Strength of laser could be increased slowly 
depending upon the tissue response. After com-
plete coagulation, tissue can be debulked and 
removed using forceps. Various studies have 
shown that laser photocoagulation is an effective 
method for control of bleed from tumor vessels 
and for debulking the lesions. Han et al. reported 
improvement in hemoptysis in 94 % of cancer 
patients who underwent endobronchial Nd–YAG 
laser treatment, with complete cessation of bleed-
ing in 74 %  [  44  ] . In another study Hetzel and 
smith noticed arrest of bleed from inoperable 
tumors for a month after laser treatment  [  45  ] . 

 In recent years Nd:YAP (yttrium–aluminum–
perovskite) laser has been introduced to the arma-
mentarium of the Interventional Pulmonologists. 
Its wavelength of 1,340 nm is 20 times more 
absorbed by water than standard 1,064 nm YAG 
lasers providing a better effectiveness-to-power 
ratio. Theoretically it should be highly effective 
in producing photocoagulation of the endobron-
chial lesion. More experience is being gathered 
with the use of this novel laser device.  

   Argon Plasma Coagulation 

 Argon plasma coagulation (APC) has several 
advantages over conventional electrocautery and 
Nd–YAG laser (Table  14.3 ). It is a noncontact 
electrocoagulation tool, uses high-frequency 
electrical current rather than thermal energy, is 
more accessible to laterally located tissue or 
around anatomic corners, and tissue desiccation 
is homogenous than that achieved with lasers. 
Blood is a good conductor of electrical energy 
and once the bleeding bronchus becomes desic-
cated it becomes less conductive of electrical 
energy and deeper tissue penetration is prevented 
 [  46,   47  ] .  

 Several studies have demonstrated that APC is 
an effective tool in de fi nitive management of 
endobronchial lesions causing hemoptysis, help-
ful in obtaining hemostasis as well as debulking 
the tumor lesion. Morice and his colleagues have 
documented an immediate arrest of bleed from 
an endoluminal source in 31/31 patients with the 
help of APC with no recurrence of bleeding 
observed after a mean follow-up period of 97 

   Table 14.3    Comparison between Nd–YAG laser and 
argon plasma coagulation   

 Nd–YAG laser  Argon plasma coagulation 

 Noncontact laser  Noncontact coagulation 
 Uses thermal energy  Electrical energy 
 Deeper tissue 
penetration 

 Super fi cial and lateral spread 

 High temperature  Access to remote location and 
lateral lesions 
 Homogenous tissue desiccation 
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days  [  47  ] . Keller et al. reported a case of endo-
bronchial polypoidal lesion in a patient of heart 
transplantation who was successfully treated with 
APC and there was no recurrence of hemoptysis 
until 10-month follow-up  [  46  ] .  

   Electrocautery 

 Electrocautery can be used through the  fl exible 
bronchoscope. Homasson has reported a case 
series of 56 patients of advanced tracheobron-
chial malignancies and benign tumors having 
hemoptysis in which electrocautery helped con-
trol hemoptysis in 75 % of patients  [  48  ] .  

   Other Modalities 

 Freezing has been shown to produce vasocon-
striction and microthrombi formation in capillar-
ies and venules, thus achieving hemostasis  [  49, 
  50  ] . Accordingly, bronchoscopic cyrotherapy 
may control chronic hemoptysis in some patients 
with endobronchial tumors. Similarly, brachyther-
apy, although effective as a palliation treatment 
for hemoptysis in advanced lung cancer, is not a 
treatment option for massive hemoptysis  [  51  ] . 
Photodynamic therapy (PDT) has been suggested 
in the management of hemoptysis. Due to the 
need for the protoporphyrin injected 48 h prior to 
the nonthermal laser application, it has no role in 
the management of massive hemoptysis. However, 
it can be used for control of low-grade chronic 
hemoptysis in suitable candidates with endobron-
chial tumors.   

   Non-bronchoscopic Interventions 

 Even though with advanced technology broncho-
scopic interventions have proven to be promising 
in achieving control of hemoptysis in all types of 
patients, in a subgroup of patients who have a 
refractory bleed or a recurrent hemoptysis, endo-
vascular interventions such as bronchial artery 
embolization (BAE) might be necessary to arrest 
the bleeding. As described earlier, bronchial 

arteries are commonly the source of bleeding. 
Angiographically these vessels are dilated and 
ectatic and often have extensive collateral forma-
tion. Rupture of these friable vessels may result 
in massive hemoptysis. Angiographic placement 
of gelfoam, absorbable gelatin sponges, cyano-
acrylates, steel coils, polyvinyl alcohol, and other 
sclerosing agents have been used to occlude ves-
sels in areas of localized bleeding. This method is 
useful in hemoptysis with bronchoscopically 
non-visible bleeding site and in those with bron-
chiectasis, tuberculosis, aspergilloma, and situa-
tions where endobronchial methods are less 
satisfactory  [  52,   53  ] .  

   Summary and Conclusion 

 Hemoptysis is a common and alarming symptom. 
There are no accepted volume-based de fi nitions 
of non-massive or massive hemoptysis. For prac-
tical purpose, it is better to de fi ne massive hemop-
tysis on the basis of magnitude of effect rather 
than the amount of expectorated blood. Acute 
bronchitis is the most common cause of non-
massive hemoptysis. The common causes of 
massive hemoptysis include bronchiectasis, 
tuberculosis, lung cancer, and mycetoma. 
Bronchoscopy plays a central role in diagnostic 
evaluation and management of hemoptysis. 
Direct inspection allows localization of the bleed-
ing site and isolation of bleeding segment to pre-
vent  fl ooding of non-bleeding lung and 
asphyxiation. Rigid bronchoscope is preferred 
over  fl exible bronchoscope for management of 
massive hemoptysis but its utility is limited by 
nonavailability of trained personnel in majority 
of medical centers. In the absence of facilities for 
rigid bronchoscopy, it is prudent to secure airway 
with a large endotracheal tube, perform early 
 fl exible bronchoscopy, and initiate aggressive 
resuscitative measures. Several bronchoscopic 
techniques such as balloon tamponade, topical 
application of cold saline, vasoconstrictors, and 
procoagulant substances may be applied for tem-
porary control of bleeding. Interventional tech-
niques such as laser photoresection and APC may 
be helpful in selected cases. Temporary control of 
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bleeding may facilitate institution of de fi nitive 
therapies such as bronchial artery embolization 
and surgery in selected patients.      
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