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1

Introduction

Momen M. Wahidi and David E. Ost

1

INTERVENTIONAL PULMONOLOGY

Interventional pulmonology (IP) has evolved over the 
past decade to become a recognized discipline oer-
ing advanced consultative and procedural services to 
patients with thoracic malignancy, anatomic airway dis-
ease, and pleural disease. As with many procedurally 
oriented medical disciplines, there are not always data to 
inform every aspect of how to perform a given IP pro-
cedure. Consequently, there exists signicant variation 
between physicians in how procedures are performed. 
Many publications focus on the evidence of ecacy of IP 
interventions but fail to provide practical advice on how 
to perform the procedures. Procedural details are oen 
relegated to a single paragraph in the methods section of 
original research. is leaves trainees and practicing phy-
sicians who are learning a new procedure with a paucity 
of practical information on how to actually do them.

In this book, we aim to present a practical approach 
to IP procedures with a focus on patient selection, pre-
procedural preparation (including equipment, sta, and 
setting), procedural techniques, complications, and a 
brief summary of the evidence. e book is organized in 
chapters covering diagnostic and therapeutic IP proce-
dures, as well as multimodality approaches to malignant 
and benign airway obstruction, and nishes with some 
practical advice on how to build and lead an IP program. 
We designed the procedural chapters to ow in a similar 

fashion and consistently cover the aforementioned prac-
tical steps of IP procedures. We further supplemented 
the book with colored images and original illustrations.

e goal of this book is to capture the procedure 
“cra” of IP practice as well as the science. Procedure 
cra in this context really refers to how to do a proce-
dure. It includes tips and tricks from experienced physi-
cians that may not reach the level of evidence necessary 
for a guideline but are nonetheless helpful and oen 
essential for everyday practice. To achieve this goal, each 
chapter is written by experts in the eld who use these 
techniques in their everyday practice. Aer all, when 
learning to y a plane, who would you rather learn from: 
a PhD aerospace engineer or an experienced pilot who 
ies the same type of plane you are going to y?

is book covers the most frequently performed IP 
procedures, but some rare IP procedures are not included. 
Although the content may be viewed as ideal for begin-
ners in IP procedures, such as trainees in pulmonary 
medicine, interventional pulmonology, and thoracic 
surgery, it is truly a fantastic review for clinicians already 
performing these procedures. It is an opportunity to 
evaluate whether there are dierent styles of performing 
certain procedures or just a refresher on the entire spec-
trum of IP procedures: old and new. Grab that cup of 
coee or tea this Sunday morning and immerse yourself 
in easy-to-read rich content with tips and tricks from 
experts in the eld.
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5

Linear Endobronchial Ultrasound

Kazuhiro Yasufuku, Terunaga Inage, 
Alexander Gregor, and Tsukasa Ishiwata

2

INTRODUCTION

In 2002, a new bronchoscope was developed by integrating 
a convex-type ultrasound probe on its tip and introduced 
into clinical practice.1 e convex probe endobronchial 
ultrasound (CP-EBUS), also known as linear EBUS, can 
be combined with a dedicated biopsy needle for real-time 
endobronchial ultrasound-guided transbronchial needle 
aspiration (EBUS-TBNA) of centrally located peribron-
chial lung lesions, mediastinal lymph nodes, and hilar 
lymph nodes. EBUS-TBNA using a linear transducer is 
a well-established minimally invasive modality for diag-
nosis and staging of lung cancer. Lung cancer guidelines 
recommend combined EBUS-TBNA with endoscopic 
ultrasound-ne-needle aspiration (EUS-FNA, also called 
EUS-B-FNA if an EBUS bronchoscope is used in the com-
bined procedure) as the best rst test for mediastinal nodal 
staging in lung cancer. Over the past 20 years, the role of this 
minimally invasive modality has been expanding to include 
restaging aer neoadjuvant therapy and additional sample 
acquisition for biomarker testing. Advances in ultrasonog-
raphy image analysis have expanded the capabilities of lin-
ear EBUS. As such, EBUS-TBNA has now also become a 
minimally invasive diagnostic tool for lymphoma, sarcoid-
osis, tuberculosis, mediastinal cysts, and other intrathoracic 
malignancies. New biopsy needles will further expand the 
potential capabilities of EBUS-TBNA in pulmonary med-
icine. Use of linear EBUS as a therapeutic modality, via 
transbronchial injection, has likewise seen growing interest 
and evidence. Linear EBUS continues to play an essential 
role in disease diagnosis but is taking on novel indications 
with potentially signicant clinical implications.

PREPROCEDURE PREPARATION

Indications for Linear Endobronchial 
Ultrasound
e initial indication for linear EBUS is diagno-
sis and nodal staging of lung cancer.2 Suspicion for 
other intrathoracic malignancies, such as lymphoma,3

sarcoma,4 mesothelioma,5 and other mediastinal 
metastases,6,7 as well as benign conditions, such as sar-
coidosis,8 tuberculosis,9 and mediastinal cysts,10 can 
also be considered as indications for biopsy by EBUS-
TBNA. EBUS-guided therapeutic interventions11 are 
under investigation. Several EBUS bronchoscopes 
exist. However, in general, the size and exibility of 
currently available EBUS bronchoscopes most reli-
ably provide access to central lesions and in many 
circumstances the mid-lung of the lower lobes. e 
accessibility of current EBUS bronchoscopes to spe-
cic bronchi is more limited than that of regular bron-
choscopes, especially when a biopsy needle is inserted 
into the working channel. Acce ss to the upper lobes, 
particularly the peripheral upper lobe, can be more 
challenging. More exible EBUS bronchoscopes and 
needles with improved access to the periphery are 
under development.

Equipment
• Linear endobronchial ultrasound bronchoscope
• Universal ultrasound processor
• EBUS-TBNA needle (19-gauge [G], 21-G, 22-G, and/

or 25-G)
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Staff
• Bronchoscopist
• Endoscopy/respiratory technician
• Sedation nurse or anesthesia team
• Cytopathologist (optional)
• Cytopathology technician (optional)

Setting
e procedure can be performed in an endoscopy suite 
or operating room, with either moderate/conscious 
sedation or general anesthesia. e linear endobronchial 
ultrasound bronchoscope may be inserted into the air-
way via the oral route. An endotracheal tube or laryn-
geal mask airway can be selected optionally.

PROCEDURAL TECHNIQUES

General Linear EBUS/EBUS-TBNA 
Preparation

A dedicated latex balloon is attached to the probe tip of 
the EBUS bronchoscope using the balloon applicator 
and inated with normal saline during EBUS-TBNA. A 
20-mL syringe and extension tube lled with saline is 
connected to the balloon channel. Approximately 0.3 to 
0.5 mL of saline is needed to achieve appropriate balloon 
ination. Because the balloon is made of latex, it cannot 
be used in patients with allergy to latex.

EBUS-TBNA can be performed under either local 
anesthesia with mild conscious sedation or general 
anesthesia. With local anesthesia, the EBUS scope is 
inserted orally and 1% lidocaine (a 2-mL bolus dose) is 
gently administered into the airway through the instru-
ment channel. With general anesthesia, an endotracheal 
tube (at least 8.0 mm in internal diameter) or a laryngeal 
mask airway (#4) is generally used. General anesthesia 
with these airway devices provides some advantages 
such as easier EBUS scope insertion and reduced cough-
ing. is must be balanced against the logistic and safety 
considerations of general anesthesia.

Aer sedation or induction of anesthesia, a regu-
lar exible bronchoscope is rst inserted into the air-
way. e initial diagnostic bronchoscopy facilitates safe 
EBUS through clearance of secretions, identication of 
airway lesions, verication of bronchial tree anatomy, 
and administration of additional local anesthetic, if 
required. Once complete, the exible bronchoscope is 
removed, and EBUS-guided biopsy can begin. Insertion 

and manipulation of the EBUS bronchoscope can be 
more challenging than a conventional exible broncho-
scope. e EBUS bronchoscope optical system is limited 
by the forward oblique angle relative to the scope neu-
tral position and ultrasound probe. Flexing the bron-
choscope downward to provide a traditional “end-on” 
view during EBUS scope advancement can result in 
inadvertent injury from forceful dragging of the ultra-
sound probe. Rather, the EBUS bronchoscope should 
be advanced in a neutral position, with intermittent 
pausing and downward exion to conrm position, if 
needed.

EBUS/EBUS-TBNA of Specic Lesions
If EBUS is being performed to acquire tissue from a spe-
cic lung or mediastinal lesion, the EBUS bronchoscope 
is navigated to the planned area identied on prepro-
cedural imaging review. e ultrasound balloon should 
be gently inated and the bronchoscope upward exed 
to maximize contact with the bronchial wall. Once the 
lesion is centered on the ultrasound image, the EBUS 
needle sheath is advanced beyond the working channel, 
followed by the biopsy needle. Care should be made 
to monitor both the white-light and ultrasound image 
during advancement, as the bronchoscope may move 
as the needle is pushed forward. Ideally, for mediasti-
nal lesions, the needle should be deployed in the gaps 
between cartilage rings.

EBUS/EBUS-TBNA of Lymph Nodes for Lung 
Cancer Staging
Lymph node staging should be performed in a consistent, 
systematic fashion to promote accurate staging. Lymph 
nodes are examined by EBUS for documentation of their 
station, size, and other ultrasound features (see later), 
in accordance with the American Joint Committee on 
Cancer (AJCC)/Union for International Cancer Control 
(UICC) staging systems. EBUS-TBNA has limited 
access to lymph nodes far from the central airways such 
as the prevascular nodes (station 3a), subaortic/paraaor-
tic nodes (stations 5 and 6), and paraesophageal/pulmo-
nary ligament nodes (stations 8 and 9). However, both 
transbronchial and transesophageal endosonographic 
procedures can be performed with a single EBUS scope, 
oen referred to as EUS-B-FNA, which can facilitate 
access to stations 8 and 9 as well as alternative access 
routes for other stations.12,13 EUS-B-FNA oers potential 
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logistic advantages. However, if EUS-B-FNA is being 
considered, we recommend performing the esophageal 
portion aer the bronchoscopic portion of the proce-
dure to avoid contamination of the respiratory system.

A dedicated TBNA needle is inserted through the 
working channel of the EBUS bronchoscope, and the 
designated lymph node is punctured under real-time 
EBUS guidance. e aspirated material can then be sub-
mitted for cytologic/pathologic diagnosis. ere is a the-
oretical risk for contamination of the biopsy needle or 
channel as the bronchoscope is moved from one lymph 
node to the next, risking over-staging. It is therefore 
generally recommended that N3 nodes be biopsied rst, 
then N2, then N1. Although not necessary, an on-site 
cytopathologist may be able to provide immediate feed-
back on the quality of the biopsy specimen and poten-
tially a preliminary diagnosis. is information may be 
used to inform decisions on repeating a biopsy during 
the same procedure.

COMPLICATIONS

EBUS-TBNA with linear EBUS is a safe and well-estab-
lished minimally invasive modality for sampling cen-
trally located peribronchial lesions. Complication rates 
are very low, but major complications including bleed-
ing, infection, recurrent nerve paralysis, and mortality 
have been reported.14,15

EVIDENCE

Lung Cancer
Nodal Staging in Lung Cancer

e prognosis and operability of a lung cancer patient is 
inuenced by the presence of mediastinal lymph node 
metastases. One meta-analysis calculated a pooled sen-
sitivity of 0.93 (95% condence interval [CI], 0.91–0.94) 
and a pooled specicity of 1.00 (95% CI, 0.99–1.00) for 
detection of mediastinal nodal disease across 11 stud-
ies.2 e sensitivity, specicity, and accuracy of EBUS-
TBNA were superior to positron emission tomography 
(PET) or PET-computed tomography (PET-CT) in two 
prospective trials.16,17 e combination of EBUS-TBNA 
and EUS-FNA has a higher staging accuracy than either 
procedure alone for patients with lung cancer, with a 
sensitivity of 0.86 (95% CI, 0.82–0.90) and a specicity 
of 1.00 (95% CI, 0.99–1.00) in a meta-analysis covering 

eight studies.18 In the ASTER trial, combined staging 
with upfront EBUS-TBNA plus EUS-FNA followed by 
surgical staging showed higher diagnostic yield and 
fewer unnecessary thoracotomies than surgical stag-
ing alone.19 Recently published guidelines for primary 
mediastinal staging in lung cancer recommend that 
ultrasonography-guided needle biopsy (EBUS-TBNA 
and/or EUS-FNA) be the rst-choice modality over sur-
gical staging.20–22 However, if EBUS/EUS biopsy results 
are negative, surgical staging via mediastinoscopy or 
video-assisted mediastinoscopy is recommended.

Ultrasound Image Analysis of Lymph Nodes

During EBUS-TBNA, ultrasonographic features are 
helpful to dierentiate malignant and benign lymph 
nodes. Several features on B-mode imaging, such as size 
(short axis), shape (oval vs. round), margin (indistinct 
vs. distinct), echogenicity (homogeneous vs. heteroge-
neous), central hilar structure (CHS) (present vs. absent), 
and coagulation necrosis sign (present vs. absent), have 
been shown to be good predictive markers for lymph 
node metastasis in non–small cell lung cancer (NSCLC). 
Fujiwara et al. reported round shape, distinct margin, 
heterogeneous echogenicity, and presence of coagula-
tion necrosis sign as independent risk factors for metas-
tasis.23 Alici et al. integrated grayscale texture (anechoic, 
hypoechoic, isoechoic, or hyperechoic) with the previ-
ous six features to create a modied algorithm.24 is 
algorithm’s sensitivity, specicity, positive predictive 
value (PPV), negative predictive value (NPV), and diag-
nostic accuracy for detecting metastatic lymph nodes 
were 100%, 51.2%, 50.6%, 100%, and 67.5%, respec-
tively.24 Doppler imaging permits assessment of blood 
ow and nodal vascular patterns. Nakajima et al. classi-
ed lymph nodes by Doppler ndings: grade 0, no blood 
ow or small amounts of ow; grade I, a few main ves-
sels running toward the center of the lymph node from 
the hilum; grade II, a few cuneiforms or rod-shaped ow 
signals, or a few small vessels found as a long strip of 
a curve; and grade III, rich ow with more than four 
vessels of diering diameters and/or twist-/helical-low 
signal.25 e sensitivity, specicity, and diagnostic accu-
racy of this grading system (grade 0/I benign vs. grade 
II/III malignant) were 87.7%, 69.6%, and 78.0%, respec-
tively. Wang et al. classied Doppler vascular patterns 
into avascular, hilar, and nonhilar (central, capsular, or 
mixed); the authors combined these vascular features 
with the previous six sonographic features to predict 
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benign lymph node status.26 e sensitivity, specicity, 
PPV, and NPV for predicting benign lymph nodes were 
81.3%, 90.9%, 85.3%, and 88.2%, respectively.

Elastography is a strain imaging technique to assess 
tissue stiness, which is displayed as a color overlay 
on the B-mode ultrasound image. Most systems iden-
tify hard, intermediate, and so tissues as blue, green, 
and yellow/red, respectively.27 Izumo et al. categorized 
elastography image patterns into type 1 (predominantly 
nonblue), type 2 (part blue, part nonblue), and type 3 
(predominantly blue). e sensitivity, specicity, PPV, 
NPV, and diagnostic accuracy of this classication sys-
tem (type 1 benign vs. type 3 malignant) were 100.0%, 
92.3%, 94.6%, 100.0%, and 96.7%, respectively. Nakajima 
et al. compared nodes by sti area ratio (sti blue area 
divided by total lymph node area) and found the mean 
stiness ratios were signicantly greater for metastatic 
lymph nodes (0.48) than benign lymph nodes (0.22, 
P = 0.0002).28 When a cut-o ratio of 0.31 was used, sen-
sitivity and specicity were 81% and 85%, respectively.

A growing area of focus is the application of articial 
intelligence technologies to risk-stratify EBUS images by 
malignant potential. A 2008 study by Tagoya et al. devel-
oped an articial neural network to predict the presence 
of nodal metastases using linear EBUS B-mode images, 
which ultimately developed a 91% diagnostic accuracy.29

e sensitivity, specicity, and accuracy of this system 
were 87.0%, 82.1%, and 85.4%, respectively. e appli-
cation of articial intelligence may enable signicant 
future advances in EBUS image analysis.

Restaging After Neoadjuvant Therapy

At present, the recommended treatment for stage 
IIIA-cN2 NSCLC is chemoradiotherapy.30 However, 
surgical resection aer neoadjuvant chemotherapy or 
chemoradiotherapy may improve the survival of patients 
with stage IIIA-cN2 disease.31,32 Accurate restaging of 
the mediastinal lymph nodes in these cases is critical 
to conrm mediastinal down-staging prior to consider-
ation for surgery. Repeat mediastinoscopy may also be 
considered; however, mediastinoscopy following neo-
adjuvant therapy can be challenging and the diagnos-
tic yield is reduced due to development of brosis and 
adhesions.33–35 A systematic review of ve studies calcu-
lated the pooled sensitivity, specicity, and false-negative 
rate of remediastinoscopy aer neoadjuvant therapy 
as 63%, 100%, and 22%, respectively.36 Transcervical 
extended mediastinal lymphadenectomy has shown a 

sensitivity of 96.6% for mediastinal restaging in patients 
with NSCLC aer neoadjuvant therapy.37 Mortality and 
morbidity were 0.3% and 6.4%, respectively. Similarly, 
restaging with EBUS-TBNA aer neoadjuvant therapy 
has been reported to have lower sensitivity compared 
with EBUS-TBNA used during initial lung cancer stag-
ing.38,39 A systematic review and meta-analysis includ-
ing 10 studies found that endosonographic-guided 
needle biopsy (EBUS-TBNA, EUS-FNA, or combined 
endoscopic and endobronchial ultrasound [CUS]) for 
mediastinal restaging has a pooled sensitivity of 67% 
(95% CI, 56–77) and pooled specicity of 99% (95% 
CI, 89–100).40 e discrepancy of diagnostic yields 
between initial staging and restaging may relate to dif-
culty obtaining adequate samples from down-staged 
nodes, which may be smaller, brotic, and/or necrotic 
following neoadjuvant therapy. ere is also diculty 
dierentiating the sonographic appearance of metasta-
ses from postinammatory adhesions and degenerative 
changes. Combined EBUS-TBNA and EUS-FNA could 
enable more accurate minimally invasive mediastinal 
restaging. Current guidelines recommend EBUS-TBNA 
and/or EUS-FNA for mediastinal restaging aer neoad-
juvant therapy, avoiding remediastinoscopy.21,22

Molecular Testing Using EBUS-TBNA Samples

As the treatment of advanced NSCLC has shied toward 
molecular targeted therapy, biomarker testing has 
become necessary for determining the optimal treatment 
of patients newly diagnosed with NSCLC. Sensitizing 
mutations in the EGFR gene were rst described in 2004, 
serving as the rst class of molecular targeted therapy.41

Since then, anaplastic lymphoma kinase (ALK) gene 
fusion,42 ROS1 gene rearrangements,43 and BRAF muta-
tions44 were identied as potential treatment targets. 
Combination therapies, including cytotoxic chemother-
apy and targeted gene therapy, have improved overall 
response rates, increased progression-free survival, and 
may be associated with improved overall survival in 
advanced NSCLC when compared with cytotoxic che-
motherapy alone.45 e National Comprehensive Cancer 
Network (NCCN) 2018 Clinical Practice Guidelines for 
NSCLC recommend concomitant diagnosis, staging, 
and acquisition of adequate material for molecular pro-
ling to improve care of patients with NSCLC.46 e 
importance of obtaining tissue for molecular proling 
is clear. A systematic review and meta-analysis includ-
ing 33 studies (2698 participants in total) found that 
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use of EBUS-TBNA for molecular proling of EGFR

mutation status had a pooled probability of obtaining 
sucient tissue of 94.5% (95% CI, 93.2%–96.4%). For 
identication of ALK mutations, the pooled probability 
was 94.9% (95% CI, 89.4%–98.8%).47 ere are several 
emerging molecular targets and therapies in NSCLC, 
such as PIK3CA mutation, AKT1 KRAS mutation, RET

rearrangements, MET exon 14 skipping mutations, 
and activating HER2 mutations. erefore, the NCCN 
2018 guidelines recommend testing using broad-based 
genomic sequencing, such as next-generation sequenc-
ing (NGS). A study including 54 TBNA/FNA samples 
showed a 50-gene assay panel was successful in 97.5% 
and 100% of 22-G and 25-G samples, respectively. 
A larger 1231-gene panel was successful in 91.3% 
and 100% of 22-G and 25-G samples, respectively.48

Another study including 115 samples undergoing a 
large (341–469 gene) NGS-based panel found EBUS-
TBNA obtained sucient tissue in 86.1% of samples.49

Rebiopsy by EBUS-TBNA for follow-up molecular pro-
ling can be performed safely aer initial treatment. In 
the era of biomarker-driven management of cancer, the 
ability to analyze EBUS-TBNA specimens for multiple 
biomarkers is critical in selecting an optimal, person-
alized treatment plan for each patient.

Lymphoma
Approximately 10% of lymphomas are rst diagnosed in 
the chest, oen as a mediastinal tumor. Subclassication, 
which guides treatment and prognosis, is based on mor-
phologic, phenotypic, genotypic, and molecular features. 
Early diagnosis and staging are key to improving patient 
survival in those diagnosed with lymphoma. When 
available, EBUS-TBNA is a useful alternative approach 
for the diagnosis and subclassication of intrathoracic 
lymphoma compared to “gold standard” approaches of 
mediastinoscopy, thoracoscopy, and/or thoracotomy. 
In a systematic review and meta-analysis including 14 
studies, the overall sensitivity and specicity of EBUS-
TBNA for diagnosis of lymphoma were 66.2% (95% CI, 
55%–75.8%) and 99.3% (95% CI, 98.2%–99.7%), respec-
tively.3 In subgroup analysis, sensitivity and specicity 
of EBUS-TBNA for the initial diagnosis of lymphoma 
were 67.1% (95% CI, 54.2%–77.9%) and 99.6% (95% CI, 
99.1%–99.8%), respectively. EBUS-TBNA performed 
slightly better for diagnosing lymphoma recurrence, 
with a sensitivity of 77.8% (95% CI, 68.1%–85.2%) 
and specicity of 99.5% (95% CI, 98.9%–99.8%). ese 

diagnostic metrics are comparable to historical data on 
using mediastinoscopy for the diagnosis of mediastinal 
lymphoma.50 For subtyping lymphoma, EBUS-TBNA 
obtained sucient samples for ancillary testing (e.g., 
ow cytometry, uorescence in situ hybridization) in 
63% of histologically positive samples.3 is suggests 
that EBUS-TBNA is an appropriate rst-choice modal-
ity in patients with suspected lymphoma for the diagno-
sis of both initial and recurrent disease.

Sarcoidosis
e diagnosis of sarcoidosis requires the following crite-
ria be met: a compatible clinical and radiologic presen-
tation, pathologic evidence of noncaseating granulomas, 
and exclusion of other diseases with similar ndings 
(e.g., infections, malignancy).51 Conventional trans-
bronchial biopsy (TBB) and TBNA were historically the 
most common procedures for obtaining pathologic evi-
dence of noncaseating granulomas. e diagnostic yields 
of TBNA and TBNA + TBB are reported to be 62% and 
83%, respectively.52 EBUS-TBNA is particularly useful 
for stage I/II sarcoidosis, for which lymphadenopathy is 
a common feature. A meta-analysis including 15 stud-
ies found that EBUS-TBNA had a pooled diagnostic 
accuracy of 79% (95% CI, 71%–86%).53 Performance 
of EBUS-TBNA was superior to TBNA or TBB alone.51

However, a separate meta-analysis including 16 studies 
found the diagnostic yield of combined EBUS-TBNA 
+ TBB + endobronchial biopsy (EBB) was 89.7% and 
more eective than EBUS-TBNA alone (82.7%) for the 
diagnosis of sarcoidosis.54 e pooled diagnostic odds 
ratio for the two groups was 0.55 (95% CI, 0.39–0.78, 
P = 0.0007). ese results suggest EBUS-TBNA, when 
combined with TBB and/or EBB, can be an eective 
minimally invasive approach for conrming the diagno-
sis of sarcoidosis.

Tuberculosis, Mediastinal Cysts, and Other 
Malignant Diseases
Pulmonary tuberculosis is oen associated with medi-
astinal or hilar lymphadenopathy. e potential utility 
of EBUS-TBNA for diagnosis of tuberculosis has been 
previously reported.55 A recent meta-analysis revealed 
the pooled sensitivity and specicity of EBUS-TBNA 
for diagnosis of intrathoracic tuberculosis were 80% 
(95% CI, 0.74–0.85) and 100% (95% CI, 0.99–1.00), 
respectively.9
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A systematic review including 26 studies and 32 cases 
outlined the utility of diagnostic and therapeutic trans-
bronchial ultrasound approaches for the diagnosis of 
mediastinal cysts.10 However, four cases of postproce-
dural infection were identied aer TBNA.

Rice et al. reported a cases series of nodal staging 
by EBUS-TBNA in malignant pleural mesothelioma, 
including 38 EBUS-TBNA and 50 mediastinoscopy 
cases.5 e sensitivity and NPV were 28% and 49% for 
mediastinoscopy versus 59% and 57% for EBUS, respec-
tively. Czarnecka-Kujawa et al. likewise published a 
case series including 48 patients with malignant pleural 
mesothelioma who underwent EBUS-TBNA for nodal 
staging.56 e sensitivity, specicity, PPV, NPV, and diag-
nostic accuracy were 16.7%, 100%, 100%, 68.8%, and 
70.6%, respectively. Although there is no large cohort 
study investigating the performance of EBUS-TBNA for 
the diagnosis of sarcoma, several authors have described 
successful tissue acquisition in small case series.4,57,58

EBUS Needles

Several EBUS needles are currently available across a 
range of sizes (25-, 22-, 21-, or 19-G). e size of the 
needle may aect the quantity of tissue obtained, degree 
of tissue trauma, amount of aspirated blood (which can 
aect the quality of the specimen), diagnostic yield, 
and maximal angulation range of the EBUS bron-
choscope (Fig. 2.1). e increasing number of EBUS-
TBNA needles has prompted several investigations 

on their comparative diagnostic performance. e 
most common needles are 22-G and 21-G needles; 
however, there are little data supporting the use of one 
over another for its size. A large cohort of 1299 patients 
showed no dierences in the diagnostic yield of 22-G and 
21-G needles for the diagnosis and staging of NSCLC.59

Adequate samples were obtained in 94.9% of the 22-G 
needle group and in 94.6% of the 21-G needle group 
(P = 0.81). A pathologic diagnosis was obtained in 
51.4% of the 22-G group and 51.3% of the 21-G group 
(P = 0.98). ese results suggest there is little dierence 
when selecting between 22-G and 21-G needles for 
cytologic evaluation via TBNA.

19-G EBUS-TBNA Needle

e 19-G EBUS-TBNA needle is considered a histol-
ogy needle, with the hypothesis that obtaining a core 
biopsy could improve diagnostic yield. Kinoshita et al. 
retrospectively evaluated two prototype 19-G EBUS-
TBNA needles.60 In this study, including 82 target 
lesions (72 lymph nodes and 10 lung tumors) in 45 
patients, the authors found the pooled diagnostic yield 
of the 19-G EBUS-TBNA needles was 100%, with 28% 
of specimens being sucient for histopathologic diag-
nosis. Recently, an EBUS-TBNA-specic 19-G nee-
dle (NA-U402SX-4019; Olympus, Tokyo, Japan) has 
become commercially available. is needle has a exi-
ble tip segment that better preserves scope angulation61

while maintaining a larger inner diameter (0.69 mm vs. 

A B C D E F

Fig. 2.1 Flexibility of endobronchial ultrasound-guided transbronchial needle aspiration (EBUS-TBNA) needles and max-

imal up-angulation of an EBUS bronchoscope (BF-UC180F, Olympus, Tokyo, Japan). (A) BF-UC180F without a needle. 

(B) ViziShot2 FLEX 19-G needle (Olympus Surgical Technologies America, Westborough, MA, USA). (C) ViziShot 22-G 

needle (Olympus, Tokyo, Japan). (D) ViziShot2 25-G needle (Olympus, Tokyo, Japan). (E) Expect Pulmonary 25-G needle 

(Boston Scientic, Marlborough, MA, USA). (F) EchoTip ProCore HD 25-G (Cook Medical, Bloomington, IN, USA).
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0.41 mm with 22-G needles).62 Several studies have since 
reported on the performance of this commercial 19-G 
needle (Table 2.1). Doom et al. demonstrated excellent 
diagnostic yield (39/39 100%) that was identical to using 
a 21-G needle (39/39 100%) in a randomized control 
trial.62 In this study, they found that the 19-G tissue spec-
imens were bloodier and had a larger tissue surface area 
than 21-G specimens. Another prospective randomized 
trial including 107 patients similarly found that 19-G 
samples contained signicantly more tissue than 21-G 
samples (20.0 vs. 10.2 mg, P = 0.0119).63 However, the 
larger needle size was once again associated with sig-
nicantly bloodier samples (P = 0.029). e diagnos-
tic yields were similar with both needles. ese results 
suggest that, given the already excellent performance 
of cytologic 22- and 21-G needles, the added benet of 
19-G needles is not related to improved diagnostic yield. 
Rather, the reliable acquisition of greater tissue volumes 

may facilitate use of multiple molecular (e.g., NGS) and 
pathologic tests (e.g., programmed death-ligand 1 [PD-
L1] staining). Further investigation is needed to evaluate 
such use.

25-G EBUS-TBNA Needle

Currently, three types of 25-G EBUS-TBNA needles are 
commercially available: the EchoTip ProCore HD (Cook 
Medical, Bloomington, IN, USA), the Expect Pulmonary 
needle (Boston Scientic, Watertown, MA, USA), and 
the ViziShot2 (Olympus, Tokyo, Japan) (Fig. 2.2). e 
underlying justication for the development of these 
needles was to reduce injury to biopsied nodal and 
lung tissue, as well as reduce contamination. However, 
only a limited number of studies have been published 
(Table 2.2). A retrospective study by Di Felice et al. 
evaluated 158 lymph nodes, nding that 25-G and 22-G 
needles achieved comparable specimen adequacy (P = 1) 

TABLE 2.1 Studies on the Diagnostic Performance of 19-G Needles

Reference Year Study Design Number

Overall 

Diagnostic 

Yield

Diagnostic 

Yield for 

Malignancy

Diagnostic 

Yield for 

Nonmalignancy Complication

Pickering 

et al.64

2019 Prospective 

observational

47 16/47 (97%) N/Aa N/Aa None

Dooms 

et al.62

2018 Randomized 

control trial

39 39/39 

(100%)

32/32 

(100%)

7/7 (100%) None

Tremblay 

et al.65

2018 Retrospective 154 119/154 

(77%)

N/Aa N/Aa One moderate 

bleeding

Jones 

et al.66

2018 Retrospective 100 96/100 

(96%)

N/Aa N/Aa None

Balwan 

et al.67

2018 Retrospective 15 14/15 (93%) N/Aa 14/15 (93%) None

Garrison 

et al.68

2018 Retrospective 48 45/48 (94%) N/Aa N/Aa None

Minami 

et al.69

2018 Retrospective 11 9/11 (81%) N/Aa N/Aa None

Chaddha 

et al.70

2017 Prospective 

observational

56 lymph 

nodes

52/56 (93%) N/Aa N/Aa None

Tyan 

et al.61

2017 Retrospective 47 42/47 (89%) 24/27 (89%) 18/20 (90%) One moderate 

bleeding

Gnass 

et al.71

2017 Retrospective 22 22/22 

(100%)

15/15 (100%) 7/7 (100%) None

Trisolini 

et al.53

2017 Retrospective 13 13/13 

(100%)

12/12 (100%) 1/1 (100%) One mild 

bleeding

Pooled diagnostic yield n = 552 84.6%

aN/A, not assessed
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with similar diagnostic accuracy (P = 0.7); the sensi-
tivity, specicity, NPV, and diagnostic accuracy of the 
25-G needle were 88.9% (95% CI, 51.8%–99.7%), 100% 
(95% CI, 92.1%–100%), 97.8% (95% CI, 87.6%–99.7%), 
and 98.2% (95% CI, 90.1%–100%), respectively.72 By 
comparison, the sensitivity, specicity, NPV, and diag-
nostic accuracy in the 22-G group were 77.8% (95% CI, 
40%–97.2%), 100% (95% CI, 86.8%–100%), 92.9% (95% 
CI, 79.3%–97.8%), and 94.3% (95% CI, 80.8%–99.3%), 
respectively. Another retrospective study also found 
similar diagnostic accuracy with 25-G (100%, 25/25) 
and 22-G (90.7%, 68/75) needles.73 Stoy et al. retrospec-
tively evaluated 104 patients, nding that 25-G needles 

provided adequate samples for NGS as frequently as 
22-G needle samples.48 Further study evaluating more 
detailed features of the 25-G needle and biopsy samples 
is needed.

Therapeutic Endobronchial Ultrasound-Guided 
Transbronchial Needle Injection

Transbronchial needle injection (TBNI) via con-
ventional bronchoscope has been previously used to 
administer various therapeutic agents for the treatment 
of bronchial malignancies or stulas.76 EBUS-TBNI 
is a relatively new technique that has been described 
for the treatment of recurrent NSCLC.77 Mehta et al. 

A B

Fig. 2.2 Comparison of endobronchial ultrasound-guided transbronchial needle aspiration (EBUS-TBNA) needles. (A) 

From top to bottom, the Expect Pulmonary 25-G needle (Boston Scientic, Marlborough, MA, USA), EchoTip ProCore 

HD 25-G (Cook Medical, Bloomington, IN, USA), and ViziShot2 25-G needle (Olympus, Tokyo, Japan) are shown. 

(B) From top to bottom, Expect Pulmonary 25-G needle (Boston Scientic, Marlborough, MA, USA), the EchoTip 

ProCore HD 25-G (Cook Medical, Bloomington, IN, USA), ViziShot2 25-G needle (Olympus, Tokyo Japan), ViziShot 

22-G needle (Olympus, Tokyo, Japan), and the ViziShot2 FLEX 19-G needle (Olympus Surgical Technologies America, 

Westborough, MA, USA).

TABLE 2.2 Studies and Cases of 25-G Needles

Reference Year Study Design Number Diagnostic Yield Complication

Di Felice et al.72 2018 Retrospective 79 73/79 (92%) None

Matsumoto et al.73 2017 Retrospective 29 29/29 (100%) N/a

Okubo et al.74 2017 Case report 1 1/1 (100%) None

Waheed et al.75 2017 Case report 1 1/1 (100%) None

aN/A, not assessed
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described cisplatin injection into a total of 41 sites 
in 36 patients by EBUS-TBNI.78 Complete or partial 
response was observed in 69% (24/35) and median 
survival for the group was 8 months (95% CI, 6–11 
months). EBUS-TBNI may potentially have utility for 
benign conditions as well, though data are also limited 
to case reports. Parikh et al. described a 71-year-old 
female with an aspergilloma who received intrale-
sional amphotericin B (total dose 175 mg; 2.5 mg/kg) 
by EBUS-TBNI.79

S U M M A RY

EBUS-TBNA via linear EBUS brought about a paradigm 
shi in nodal staging in lung cancer. e use of EBUS-
TBNA has since expanded to include tissue acquisition 
for the diagnosis of a growing number of intrathoracic 
diseases and biomarker testing for precision medicine. 
More recently, the potential utility of linear EBUS as a 
therapeutic modality (via TBNI) has received growing 
attention. Its broad indications and low complication 
rate make EBUS a vital technical skill for physicians spe-
cializing in interventional pulmonary procedures.
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Radial Endobronchial Ultrasound

Alexander Chen and Kevin Haas

3

INTRODUCTION

Radial probe endobronchial ultrasound (rEBUS) is a 
small ultrasound probe placed through the working 
channel of a bronchoscope used to locate peripheral 
lung abnormalities, such as pulmonary nodules. e 
probe provides a circumferential 360-degree view of its 
surrounding structures (Fig. 3.1).

Normal lung is lled with air, which is highly reec-
tive of ultrasound waves (Fig. 3.2). When the radial 
probe is placed within or adjacent to a solid lesion in 
the periphery of the lung, a hyperechoic image with a 
clear border will be seen. If the radial probe is placed 
within the lesion, a concentric ultrasound view will be 
obtained (Fig. 3.3). If the radial probe is placed adja-
cent to the lesion, an eccentric ultrasound view will be 
obtained (Fig. 3.4). Radial EBUS allows for real-time 
localization of the target lesion. e rEBUS probe 
must be removed from the working channel prior 
to sampling. It is important to recognize that rEBUS 
does not provide the bronchoscopist with a road map 
to the target nodule; rather, the bronchoscopist will 
have to charter a path based on their own review of 
the chest computed tomography (CT) or use a guid-
ance system such as navigational bronchoscopy. Radial 
EBUS is used once the bronchoscopist feels that the tip 
of the scope or guide sheath is close to the lesion and 
can conrm in real time whether the nodule has been 
reached based on an ultrasound image.

e American College of Chest Physicians Lung 
Cancer Guidelines recommend rEBUS as an adjunct 
imaging modality for patients suspected of having lung 
cancer, who have a peripheral lung nodule, and a tissue 
diagnosis is required due to uncertainty of diagnosis or 
poor surgical candidacy.1

PREPROCEDURE PREPARATION

Patient Selection
Patient selection is dependent on the location and size 
of the lesion, the experience of the bronchoscopist, and 
weighing the risk of complications versus the probability 
of a diagnosis. e presence of a bronchus sign, a visible 
airway on the CT scan leading to the peripheral lesion, 
should favor the use of rEBUS because of the higher 
probability of nding and diagnosing the lesion (Fig. 
3.5). Lesions located adjacent to the chest wall should 
be considered for CT-guided percutaneous needle aspi-
ration, though the decision to proceed with rEBUS is 
dependent on the comfort level of the bronchoscopist. 
Operator inexperience and inability to tolerate proce-
dural sedation are contraindications to rEBUS.

Equipment
• Radial endobronchial ultrasound probe
• Probe driving unit
• Universal ultrasound processor
• Bronchoscope
• Fluoroscopy
• Sampling instrument (forceps, brush, needle)
• Guide sheath kit (optional)
• Guiding double-hinged curette (optional).

Staff
• Bronchoscopist
• Endoscopy/respiratory technician
• Sedation nurse or anesthesia team.

Setting
The procedure can be done in an endoscopy suite 
or operating room. Anesthesia can be with either 
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moderate/conscious sedation, monitored anesthesia 
care, or general anesthesia. The bronchoscope can be 
inserted into the airway with a nasal or oral approach. 
The use of an endotracheal tube or laryngeal airway 
mask is optional. These practices are variable among 
institutions.

PROCEDURAL TECHNIQUES

Radial EBUS Without Guide Sheath

Prior to starting the bronchoscopy, the operator will 
need to determine where the lesion is located. Lesion 
localization can be performed with navigational 

Fig. 3.1 Radial probe endobronchial ultrasound through 

the working channel of a bronchoscope.

Fig. 3.2 Radial probe endobronchial ultrasound sur-

rounded by normal lung.

Fig. 3.3 Concentric radial probe endobronchial ultra-

sound view. The radial probe is placed within the lesion.

Fig. 3.4 Eccentric radial probe endobronchial ultrasound 

view. The radial probe is placed adjacent the lesion.
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assistance or by CT-anatomic correlation using coronal, 
sagittal, and axial planes. If navigation is being used for 
localization, the rEBUS probe can be used to conrm in 
real time the lesion location prior to sampling. When 
using CT imaging as a reference for lesion localization, 
the majority of nodules can be identied with rEBUS. 
A retrospective review of 467 peripheral nodule bron-
choscopy cases found that when using CT imaging for 
lesion localization, 96% of nodules were identied with 
rEBUS; however, this level of expertise requires ample 
practice.2

e bronchoscope is inserted into the target lobe and 
segment. e proceduralist will need to be in eyesight 
of their endoscopic, radial ultrasound, and uoroscopic 
views (uoroscopy is optional but recommended). Using 
the endoscopic and uoroscopic views, the radial probe 
is inserted sequentially into the preplanned target air-
ways until a lesion is identied with radial ultrasound. 
e bronchoscopist should aim to obtain a concentric 
ultrasound image because of the increased diagnostic 
yield compared with an eccentric ultrasound image. 
If an eccentric image is obtained, the bronchoscopist 
should attempt to reposition the radial probe in nearby 
airways seeking to obtain a concentric ultrasound view. 
Unfortunately a concentric ultrasound view is not 
always achievable, and an eccentric ultrasound image 
may occur in nearly half of patients.2 When satised 

with the rEBUS image, the bronchoscope is positioned 
a few centimeters proximal to the lesion if possible. e 
closer the bronchoscope is to the lesion, the more likely 
the sampling instruments will follow the same path as 
the radial probe.

Before removing the radial probe to sample the 
lesion, a static or “still frame” of the uoroscopic image 
may be captured and projected adjacent to the “live” 
uoroscopy. e still frame of the radial probe local-
izing the lesion can be used as a template for sampling 
the lesion. e radial probe is then removed and a sam-
pling instrument is placed into the working channel. 
Using “live” uoroscopy, the sampling instrument is 
advanced to the lesion in a similar manner as the radial 
probe, aiming to replicate the still frame. When sam-
pling, the goal is to place the sampling tool (with live 
uoroscopy) in the same location as the radial probe 
(still frame).

rEBUS can also be done without uoroscopy. Once 
the lesion is located, the radial probe is removed and 
the length can be measured from the working channel 
insertion site. A sampling tool is then placed into the 
working channel and samples are taken at the same 
length of the radial probe.

rEBUS can be done with any size bronchoscope, 
though thinner bronchoscopes improve access deeper 
into the periphery of the lung. Ultrathin bronchoscopes 
with a 3-mm outer diameter are also an option and have 
been shown to increase diagnostic yield.3

Radial EBUS Plus Guide Sheath

If the bronchoscope cannot be placed in close proxim-
ity to the peripheral lesion, a guide sheath can be used. 
A guide sheath is an optional tool that can be utilized 
with rEBUS. e guide sheath is a plastic catheter with a 
distal radio-opaque marker placed through the working 
channel of the bronchoscope. e radial probe and sam-
pling instruments can then pass independently through 
the guide sheath. Only one instrument can be placed 
in the guide sheath at a time. Once the target lesion is 
identied with rEBUS, the radial probe is withdrawn 
and the guide sheath is kept in place just proximal to 
the lesion. Fluoroscopy is optional and can be used 
to guide sampling. Transbronchial needle aspiration, 
forceps biopsy, and brushings can be placed through 
the guide sheath. Two guide sheath sizes are available, 
with the smaller size being compatible with a working 
channel of 2 mm.

Fig. 3.5 CT bronchus sign.



20 SECTION 1 Advanced Diagnostic Bronchoscopy Procedures

Radial EBUS Plus Guide Sheath and 

Guiding Curette

If there is diculty locating a peripheral lesion, a guid-
ing curette can be used to enter airways not directly 
accessible with the radial probe or bronchoscope. e 
guiding curette is placed through the guide sheath and 
can be exed, extended, or rotated to access more acutely 
angled airways. is is most easily performed using u-
oroscopic guidance. Once the curette has accessed the 
airway, the guide sheath is advanced over the curette 
into the airway. e curette is then withdrawn and the 
radial probe is inserted into the guide sheath to examine 
the newly accessed airway (Fig. 3.6).

COMPLICATIONS

Radial EBUS itself is very safe due to the so and 
pliable end of the radial probe. Complications can result 
from transbronchial biopsies, needle aspirations, and 
brushings. ese sampling methods are performed no 
dierently than conventional sampling, and therefore 
have the same rate of complications. Complications pri-
marily include bleeding that does not require interven-
tion and pneumothorax in 1%–2.8% of cases.4–6 Many 
of the pneumothorax cases do not require chest tube 
placement.

EVIDENCE

e reported diagnostic yield of rEBUS is variable. 
Meta-analyses report a diagnostic yield between 71% 
and 73%.5,6 A more recent, multicenter, prospective, 
randomized trial reported a diagnostic yield of 49%.7

Larger lesion size, a visible airway on CT leading to the 
lesion, use of needle aspiration, and concentric ultra-
sound views have been shown to increase the diagnostic 
yield of rEBUS.4,8,9 Using thinner bronchoscopes also 
increases diagnostic yield, likely due to their ability to 
reach farther into the periphery of the lung.3 ecom-
bination of rEBUS with evolving technologies such as 
ultrathin bronchoscopy, electromagnetic navigation, 
virtual bronchoscopic navigation, and robotic bron-
choscopy in addition to dierent biopsy tools is being 
actively investigated.

S U M M A RY

rEBUS is a safe imaging modality used to conrm 
the location of peripheral lung lesions in real time. 
Conrming lesion localization may improve condence 
prior to sampling and may improve the diagnostic yield 
of procedures. rEBUS continues to be explored in combi-
nation with additional technologies to potentially further 
improve the diagnostic yield for peripheral lung lesions.

Fig. 3.6 Guiding curette. Arrows indicate guide sheath tip.
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Electromagnetic Navigation 

Bronchoscopy

4

INTRODUCTION

Electromagnetic navigation bronchoscopy (ENB) uti-
lizes an electromagnetic eld created around the patient 
to detect and display spatially tracked devices within the 
magnetic eld superimposed over the three-dimensional 
(3D) virtual bronchoscopic route, i.e., an integrated 
electromagnetic tracking system within virtual naviga-
tional bronchoscopy. e nal product is a dynamic, 
spatially, and temporally tracked virtual representation 
of the device within the preplanned, patient-specic 
anatomic “map.”

In the United States, there are two commercially avail-
able ENB systems: SPiN Drive (VSPN, Veran Medical 
Technologies, St. Louis, MO, USA), and superDimen-
sion/ILLUMISITE (iSD, Medtronic, Minneapolis, MN, 
USA). Both systems require thin-cut computed tomog-
raphy (CT) imaging with a specic protocol to plan 
biopsy targets and overlay/match the magnetic eld to 
CT scan anatomy. ere are three primary dierences 
between the systems. e rst is the VSPN system’s use of 
inspiratory and expiratory CT images to add respiratory 
gating versus a static inspiratory breath hold (SD). e 
second is which devices are tracked during ENB (iSD—
locatable guide [LG] via an extended working channel 
[EWC]; VSPN—tip-tracked biopsy instruments). e 
SD LG is similar to a tracked probe that passes through 
the EWC. e EWC is oered with various tip angles 
(45, 90, and 180 degrees), which allows for steerabil-
ity during navigation. Once the lesion is reached, the 
EWC is locked in place and the LG is removed, allowing 
peripheral biopsy instruments to be used to sample the 

lesion in question and/or radial probe endobronchial 
ultrasound (rEBUS) is used for real-time conrma-
tion of the target lesion. ough the VSPN system has 
recently introduced their own version of an LG/EWC 
combination, the platform’s performance is predicated 
on the use of “always-on” tipped track biopsy instru-
ments (forceps, brush, and needle) allowing for con-
tinuous direct bronchoscopic navigation of the biopsy 
instrument. e third dierence between the systems is 
a percutaneous approach option provided by the VSPN 
not found on the iSD system. e percutaneous modal-
ity uses a preplanned chest wall entry point to allow for 
passage of a tracked needle through the chest wall and 
into the peripheral lung parenchyma/target lesion. Both 
platforms use similar planning systems and computer 
soware to generate 4D reconstructions of the patient’s 
chest CT and allowing for peripheral lesion targeting 
and pathway building.

PREPROCEDURAL PREPARATION

Guidelines recommend that nonsurgical biopsy be per-
formed in patients who have an indeterminate nodule 
>8 mm in diameter in the following situations1:
• When clinical pretest probability of malignancy and 

imaging results are discordant.
• When the overall probability of malignancy is low to 

moderate (~10%–60%).
• Suspicion of a benign diagnosis, in which diagnostic 

conrmation would aect management decisions.
• In high-malignancy risk-patients who desire biopsy 

of proof of malignancy prior to undergoing surgery.

Allen Cole Burks and Jason Akulian
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• In high-surgical-risk patients, in whom a diagnosis is 
requested prior to initiation of radiosurgery or other 
nonsurgical ablative therapies.

• Part-solid nodules >8 mm in diameter, persistent on 
radiographic follow-up; based on pretest probability, 
surgical risk factors, and patient preference.
Endoscopic-guided peripheral lung biopsy is gen-

erally preferred over transthoracic approaches in 
low-to-moderate malignancy probability patients with 
mediastinal or hilar lymphadenopathy measuring ≥1 cm 
in diameter in the short axis (regardless of udeoxyglu-
cose [FDG] avidity on positron emission tomography 
[PET] scan within the lymph nodes) due to the ability 
to stage the mediastinum with EBUS-guided transbron-
chial needle aspirations (TBNAs, see Chapter2) within 
a single procedure and anesthesia session.

Equipment Needed for Electromagnetic 
Navigation Bronchoscopy
• Veran SPiN Drive

• Veran patient tracking pad (vPad) positioned on 
the chest ipsilateral to the nodule of interest in a 
Tor L shape (Fig. 4.1)

• CT scan requirements
• Inspiratory and expiratory images

• Slice thickness and interval: thickness 
(0.75 mm), interval (0.5 mm)

• Planning station computer with SPiN Drive 
Planning soware installed and USB drive
• Either connected to intranet for DICOM CT 

scan upload or with CD-ROM/USB reading 
capabilities

• USB drive for transitioning the procedure plan 
to the SPiN Drive electromagnetic navigation 
(EMN) Platform

• Always-On Tip Tracked instruments (Fig. 4.2)
• Bronchoscope with at least a 2-mm working channel
• For SPiN Perc

• SPiN Perc Kit
• Always-On Tip Tracked 19 gauge (G) ×

105 mm or 155 mm biopsy needle
• 20 G × 15 cm or 20 cm ne-needle aspira-

tion (FNA) needle
• 20 G × 15 cm or 20 cm biopsy gun

• superDimension/ILLUMISITE Navigation System
• CT scan requirements

• Full inspiratory images
• Slice thickness and interval: thickness (1.0–

1.25 mm), interval (0.8–1.0 mm)
• Planning station computer with iSD Planning 

soware installed and USB drive
• Either connected to intranet for DICOM CT 

scan upload or with CD-ROM/USB reading 
capabilities

• USB drive for transitioning the procedure plan to 
the ILLUMISITE platform

• iSD electromagnetic generator and board
• Bronchoscope with at least a 2.6-mm working 

channel
• ILLUMISITE extended working channel (IEWC—

0-, 45-, 90-, and 180-degree angulation) (Fig. 4.3)
• Biopsy instruments
• For uoroscopic navigation technology

• Fiducial board

Fig. 4.1 Example of Veran patient tracking pad (vPad) placements and conrmation.
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• A qualied C-arm uoroscope for use with the 
navigation system (determined by Medtronic 
technical service representative)
• Creates a uoroscope conguration le 

installed on the navigation system that 
corrects uoroscopic image distortion, al-
lowing recreation of the 3D volume. Each 
le is specic to the geometric properties of 
the individual uoroscope used.

• ENB-guided ducial placement
• Fiducial markers (for examples, see Fig. 4.4)

• SuperLock—0.8 × 3.5 mm gold seed with 
an attached 4-mm nitinol wire (Medtronic, 
Dublin, Ireland)

• Visicoil—0.5 × 5-mm linear gold wire (IBA 
Dosimetry, Bartlett, TN, USA)

• Bone wax or surgical lube
• For iSD:

• iSD Marker Delivery Kit, or
• Cytology brush

• For Veran SPiN:
• Always-On Tip Tracked cytology brush, or
• SPiN EWC/access catheter with Always-On 

Tip Tracked guidewire

Staff

• Bronchoscopy technician/nurse for equipment assis-
tance and sample handling

• Anesthesia sta

PROCEDURAL TECHNIQUES

Veran SPiN System

Planning

With the vPad patient trackers appropriately positioned 
in a T or L conguration, the patient undergoes a non-
contrasted CT scan of the chest during end inspiration 
and expiration. e patient must remain supine until 
completion of the scan to decrease registration error. 
Once uploaded to the planning station, the identica-
tion of 6 vPad sensors is conrmed (Fig. 4.1). en the 
main and secondary carinas ipsilateral to the lesion of 
interest are marked virtually by right-clicking on the 

Fig. 4.2 Veran Always-On Tip Tracked tools. (A) 

Always-On Tip Tracked 21-G ANSO cytology needle. (B) 

Always-On Tip Tracked 22-G SPiN Flex ANSO nitinol nee-

dle. (C) Always-On Tip Tracked forceps. (D) Always-On Tip 

Tracked brush. (E) Always-On Tip Tracked triple needle 

brush. (F) SPiN access catheter.

Fig. 4.3 superDimension ILLUMISITE locatable extended 

working channel.
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corresponding carina in the program’s generated airway 
map. e lesion of interest is then chosen by right-click-
ing, holding, and dragging across the largest diameter 
of the lesion and clicking save. e soware then seg-
ments the target lesion and airways creating a high-de-
nition virtual airway map with a proposed pathway to 
the lesion. Following this, the user will conrm registra-
tion by evaluating the overlay of the planned navigation 
over the expiratory images. If there is signicant diver-
gence between the planned route and expiratory images, 

this is rectied by selecting the “rene airways” button, 
aligning the inspiratory and expiratory images side by 
side, and dropping a point on the main carina on the 
expiratory images by right-clicking, and then placing 
a second point on the lesion of interest on expiratory 
images with a right-click. e soware then adjusts the 
overlay, which the user conrms once appropriate. e 
next screen is the SPiN Perc planning stage, which can 
be skipped if desired or the target location is not amena-
ble to percutaneous sampling.

A

B C

Fig. 4.4 Preparation for endobronchial ducial marker placement. (A) Fiducial marker (double 

black arrows) loaded into a cytology brush (white arrow). (B) SuperLock nitinol coil ducial marker. 

(C) Visicoil ducial marker.
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If the nodule is in the peripheral one-third of the 
lung parenchyma and located in an anterolateral posi-
tion, then electromagnetic-guided transthoracic needle 
aspiration/biopsy (EMTTNA) can be considered. When 
planning for EMTTNA, a needle insertion site is selected 
by right-clicking at the level of the skin such that a nee-
dle entry path is created that is the shortest distance from 
visceral pleura to target and avoids overlying bony struc-
tures, pleural ssures, and is less than 10.5 to 15.5cm from 
insertion site to targeted lesion (the working distance of 
the available SPiN Perc Always-On Tip Tracked TTNA 
needles). e plan then is uploaded to a USB drive, taken 
to the SPiN Drive navigation platform and uploaded.

Registration

Once the patient is appropriately sedated and anes-
thetized, position the magnetic eld generator over 
the vPads such that all six markers are recognized by 
the system. Using one of the Tip Tracked instruments, 
place the tip of the instrument on the main carina and 
conrm by clicking “set main carina.” e registration 
is conrmed by placing the tip of the instrument on 
the selected secondary carina and arming that the 
system is appropriately sensing its location within the 
virtual map. If there is signicant error in the location 
of the instrument in relation to the secondary or main 
carina, a point cloud should be created by clicking “cre-
ate point cloud” and passing the instrument sequentially 
throughout the right lung, le lung, and trachea. e 
system collects points in expiration and overlays them 
on the virtual map; once a system-determined thresh-
old of accuracy is met, the checkmark turns green. Once 
all three checkmarks have turned green, click “stop col-
lecting,” accept registration, and then reassess accuracy 
by placing the tip of the instrument physically on the 
respective carinas and conrming their location within 
the virtual image.

Navigation and Biopsy

Once airway registration is conrmed, the navigation 
phase of the procedure begins (Fig. 4.5). Using a Tip 
Tracked needle positioned at the end of the broncho-
scope working channel, the proceduralist drives the 
bronchoscope according to the virtual route and proce-
duralist’s knowledge of the anatomic location of the target 
lesion. e target will appear purple until the instrument 
is within 1 cm of the lesion and is aligned such that the 
lesion is within the throw of the needle, at which point 

it will turn orange. e lesion will turn green when the 
tip of the needle is virtually within the target. An assist-
ing physician, technician, or nurse extends the needle 
during expiration. Once the needle is deployed, suction 
can be applied as the needle is agitated within the lesion 
during expiration—“green on green” (when the tip of the 
tool is virtually within the lesion and the system senses 
that the respiratory cycle is in expiration). Aer approxi-
mately 10 agitations, remove suction and retract the nee-
dle. Remove the instrument from the working channel 
and process the sample by institutional protocols. When 
using the Always-On Tip Tracked biopsy forceps, we 
recommend opening the forceps at the proximal edge of 
the virtual representation of the lesion (while the lesion 
appears orange), advancing the open forceps during 
expiration into the lesion and closing the jaws of the for-
ceps during “green on green.” Transbronchial brushing 
can be performed in a similar manner.

Alternatively, navigation can be performed through 
a lockable SPiN access catheter with an Always-On Tip 
Tracked guidewire. Target lesion location conrmation 
can then be performed with rEBUS, prior to insertion of 
the biopsy tools through the catheter.

EMTTNA

First, conrm presence of lung slide and b-lines (verti-
cal hyperechoic ultrasound reverberations that move in 
sync with lung parenchymal sliding) with ultrasound to 
rule out a pneumothorax complicating the ENB-guided 
TBNA and biopsies. Recheck registration of the main and 
secondary carinas prior to EMTTNA, in order to ensure 
accuracy of the procedure. Using a nonsterile Tip Tracked 
TTNA needle, identify the insertion site on the patient 
with the use of the SPiN Perc soware. Mark the inser-
tion site and prepare the site in a sterile fashion. Carefully 
insert the sterile Tip Tracked TTNA needle into the skin, 
maintaining the trajectory of the needle by ensuring a 
green circle within a green square in the heads-up dis-
play (HUD) and that the needle trajectory lines transect 
the target lesion in both oblique and oblique-90 degree 
views (Fig. 4.6). Once at the virtual pleural edge, an expi-
ratory hold is performed and a single needle insertion is 
performed across the pleura, then advanced to the prox-
imal edge of the lesion. At this point, it is vitally import-
ant to keep the trocar stationary while removing the Tip 
Tracked stylet. e FNA needle and/or core needle gun 
is then introduced through the trocar. When performing 
needle aspirates, the depth of needle throw can be set up 
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to 2cm with the spring-loaded marker prior to the pro-
cedure. Aspirate and agitate within the nodule approxi-
mately 10 times (with or without suction), then process 
the sample according to institutional protocols. Between 
aspirations, we replace the Tip Tracked stylet to recon-
rm location of the trocar’s position as it relates to the 
target lesion. Aer the last FNA pass, reconrm trocar 
location and replace the stylet with the 19-G core needle 
gun set at the appropriate depth (1–2cm) based on lesion 
size and location. Fire the core needle four consecutive 
times, orienting the needle edge 90 degrees from each 
prior pass aer processing each sample and conrming 
location of the trocar tip and lesion between res. Once 
all needle and core passes have been obtained, 2–4mL of 
warm saline or patient’s own blood is injected, starting at 
the proximal edge of the nodule while the needle is with-
drawn, to deposit saline or blood throughout the needle 
tract in an attempt to decrease risk of pneumothorax.

superDimension Navigation System
Planning

A preprocedure, same-day thin-slice noncontrasted 
CT scan with full inspiratory and expiratory phases is 

preferred for the iSD system. Once obtained, the CT 
scan is uploaded to the iSD or ILLUMISITE planning 
station, where it appears in a patient list. e opera-
tor then chooses the patient of interest to create a new 
plan. is generates a 3D-segmented airway map of 
the patient’s airways. e user then evaluates the auto-
mated 3D map for the appropriate number of subseg-
ment divisions, especially in the region of interest. e 
segmented airways should extend to within 2.5–5 cm of 
the target. If this is the case, the user clicks “Accept 3D 
map.” In the event the map lacks the desired number of 
airway segmentations, the user declines the automated 
map by clicking “Decline map.” e system will then 
prompt the user to complete a series of steps to select the 
main carina, trachea, and secondary carinas; then click 
“Generate map.” Based on these user inputs, the system 
then regenerates the segmented airway map. Once the 
user is satised and the map is accepted, the planning 
station will prompt the user to select (right-click) the 
target of interest. Aer target selection, the user will 
select “Add target”—preferentially selecting the periph-
eral versus central target buttons based on the target’s 
location in either the outer two-third of the lung paren-
chyma or within the inner one-third. e user will then 

Fig. 4.5 VSPN navigation screen.
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proceed to “draw” a pathway back to the distal-most rec-
ognized airway, generating a virtual airway navigation 
pathway, which is then reviewed and compared to user’s 
preprocedure expected pathway based on detailed CT 
review and CT-anatomic correlation. Once complete, 
the plan is exported to a USB drive and uploaded onto 
the iSD navigation platform.

Procedural Registration

Prior to anesthesia, the patient is positioned atop the iSD 
electromagnetic generator and location board (if uoro-
scopic navigation is being used, an iSD ducial board is 

secured to the location board prior to patient position-
ing). Aer appropriate sedation/anesthesia and airway 
placement, the patient plan is selected on the procedural 
platform and the plan is activated. e bronchoscope 
with the IEWC inserted is then driven to the main carina 
where the EWC is extended 0.5–1 cm. e iSD soware 
in combination with the EWC then “automatically” 
registers the airways while the proceduralist drives the 
scope and EWC into each lobar airway. In the event there 
is signicant registration error or CT-patient divergence, 
manual registration is performed by touching the iSD 
EWC to each of the preselected registration points.

A

B C

Fig. 4.6 Electromagnetic-guided transthoracic needle aspiration/biopsy. (A) Heads-up display (HUD) example with 

planned needle track. (B) Identication of insertion site with nonsterile tip-tracked needle. (C) Core needle biopsy.
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Navigation, Local Reregistration With Fluoroscopic 
Navigation Technology, and Biopsy

e navigation phase of the procedure begins aer reg-
istration by following the virtual pathway through the 
airways to the “take-o ” lobar bronchus. e broncho-
scope is wedged into that distal-most airway and EWC 
is manually advanced and turned (as needed) down the 
virtual path to the target lesion (Fig. 4.7). e navigation 
phase can be displayed in up to six dierent views by 
the procedural platform including all three standard CT 
views (axial, sagittal, and coronal), 3D views (virtual—
static and dynamic, CT map), and tip view based on user 
preference.

Following initial airway registration and navigation 
to within 2.5 cm of the target lesion, local reregistration 
can be performed using uoroscopic navigation tech-
nology. A series of 2D uoroscopic images of the ducial 
markers within the ducial board are captured across a 
50-degree rotation of the C-arm in an arc around the 
region of interest, which is marked by the physician on 
screen. An algorithm within the iSD system then gener-
ates a tight cross-sectional, 3D volume by determining 
the various angles of the C-arm based on the angle of 
the ducial grid within the images and automatically 
removing overlying structural and metal artifacts to 
improve contrast (Fig. 4.8). is process takes 3–4 min. 
Using the updated local registration, the EWC is 
repositioned according to the new virtual map, and 
reconrmed with uoroscopy and/or rEBUS imaging. 

At this point, the LG is removed from the EWC and the 
rEBUS probe is inserted. Upon rEBUS conrmation of 
EWC relationship with target lesion, the EWC is locked 
in place, and TBNA and transbronchial biopsy (TBBx) 
forceps of the proceduralist’s choice are then inserted 
into the EWC and FNAs and forceps biopsies are 
acquired in a similar fashion to that described earlier. 
is system allows the EWC to remain locked in place 
between biopsy passes (without the need for repeated 
tool navigation with each biopsy), and proprietary 
biopsy tools are not required.

Electromagnetic Navigational 
Bronchoscopy-Guided Fiducial Placement
Some forms of stereotactic body radiation therapy 
(SBRT) require the placement of two to three du-
cial markers to allow for lesion tracking throughout 
the respiratory cycle. Both EMN systems can be used 
to accurately place ducials for SBRT simulation 
and nodule tracking. When using the VSPN, the tip-
tracked brush can be employed for deployment of du-
cials in and around the target lesion. With the brush 
completely retracted, the ducial marker of choice 
is inserted into the empty tip of the brush catheter 
(Fig. 4.4). A small amount of bone wax or surgical 
lubricant is inserted over the ducial to secure it in 
place during transit through the bronchoscope work-
ing channel and airways. e iSD system has a cathe-
ter specically designed for ducial marker placement 

Fig. 4.7 superDimension navigation system. (A) Navigation pane for superDimension. (B) Local registration with u-

oroscopic navigation technology and radial endobronchial ultrasound (EBUS) integration.
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with a so tip into which a marker (SuperLock ducial, 
Medtronic, Dublin, Ireland) is loaded. Once loaded, 
the catheter is placed through the EWC to the prede-
termined placement location, and a deployment wire is 
used to push the marker out into the lung parenchyma. 
Alternatively, a cytology brush can be used to deploy 
markers into the parenchyma via the EWC, similar to 
the method described earlier for the VSPN, with the 
main dierence being the use of the EWC compared to 
an electromagnetically tracked brush. Similarly, VSPN 
system also has available SPiN access catheters that can 
be used as an EWC through which a marker-loaded 
brush can be directed to the desired location.

Once the ducial is loaded in the deployment tool 
of choice, the tool is then navigated in a similar fash-
ion as mentioned earlier for the specic system being 
used, with the caveat that the goal is to leave at least two 
ducials within 2–5 cm of each other and in relation to 
the lesion itself. We oen will use the original naviga-
tion plan to place the rst ducial as close to, or within, 
the lesion as possible. e tool is navigated to the target 
lesion and then extended just to the end of the cathe-
ter, thus pushing the ducial into the parenchyma. e 
bronchoscope technician/nurse simultaneously marks 
the virtual location of the ducial with the navigation 
soware. e tool is then retracted and reloaded with 
the second ducial. e second ducial is then navi-
gated in a similar fashion, choosing an alternative distal 
airway that places the tip of the tool within 2–5 cm of the 
lesion and/or the rst ducial. Again the tool is deployed 

just enough to cause the ducial to exit the catheter into 
the parenchyma. A third or more ducials can be placed 
in a similar fashion depending on institutional radiation 
oncology preferences.

PRECAUTIONS AND CAVEATS

• Same-day planning CT scan is recommended to 
improve registration; however, it should always be 
compared to the referral CT scan, as the incidence 
of nodules that decrease in size or resolve between 
referral CT scan and day-of-procedure scan is signif-
icant and can prevent unnecessary procedures.2

• We recommend using CT-anatomic correlation in con-
junction with ENB, as we nd this decreases the time to 
selection of the correct airway and rst biopsy attempt.3

• Under anesthesia, atelectasis increases with length 
of procedure and can aect registration. Positive 
end-expiratory pressure and muscle relaxants have 
been used in an attempt to reduce this eect; how-
ever, data are limited on their eect on diagnostic 
yield or procedural success.

• e use of radial ultrasound (see Chapter 3) via a guide 
sheath or EWC as conrmation of target nodule and 
proximity to navigation has been shown to increase 
the diagnostic yield of peripheral bronchoscopy.4,5

• e VSPN soware provides a virtual tooltip exten-
sion. Be aware that this does not represent the tip of 
the tool; however, the anticipated throw of the tool is 
based on the depth entered into the soware (1–2-cm 

A B C

Fig. 4.8 Fluoroscopic navigation technology. (A) A 50-degree arc of images is obtained around the target region. (B) 

Fluoroscopic image with ducial board and extended working channel (EWC) before superDimension enhanced visu-

alization. (C) Fluoroscopic image after superDimension enhanced visualization.
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throws). When the tool is aligned with the target and 
the target is within range of that throw, it will appear 
orange in color.

• Conrm lack of pneumothorax prior to proceeding 
with EMTTNA either with ultrasound, uoroscopy, 
or chest x-ray.

• When performing EMTTNA, do not remove the tro-
car from the parenchyma once placed.

• Avoid more than one visceral pleural puncture as 
multiple punctures of the visceral pleura are associ-
ated with an increased risk of pneumothorax.6–9

• Injection of 2–4 mL of warmed saline or patient’s own 
blood throughout the tract as the trocar is withdrawn 
during an expiratory hold can decrease rate of pneu-
mothorax during transthoracic biopsy by 3–6-fold.10

• When advancing the iSD EWC and utilizing “tip 
view,” keep the target lesion centered in the ring/
tip. Follow the arrows’ instruction to turn the EWC 
appropriately to maintain the central relationship.

• When advancing the iSD EWC using the 3D CT 
view, keep the purple ribbon/pathway “bright” and 
to the right of the virtual catheter.

COMPLICATIONS

• Pneumothorax
• 2%–7% with peripheral TBNA and TBBx5,11–13

• 10%–20% with EMTTNA14

• 50% of the pneumothoraces require intervention 
(hospitalization or tube thoracostomy)11,12

• Hemorrhage
• <1%–2.5%5,13

• Hypoxemia/respiratory failure
• <1%5,13

EVIDENCE

A plethora of studies have sought to dene the clinical 
eectiveness of ENB in peripheral lung lesion sampling 
and reported diagnostic yields have ranged from 39% to 
94%.5,11 Two meta-analyses have been done on ENB for 
peripheral pulmonary nodules—both of which included 
many studies of poor methodologic quality. Gex et al. 
found the pooled diagnostic yield of ENB to be 64.9% 
(95% condence interval [CI], 59.2–70.3) and a neg-
ative predictive value of 52.1% (95% CI, 43.5–60.6), 
while Zhang et al. reported the pooled sensitivity, spec-
icity, positive- and negative-likelihood ratios to be 

82%, 100%, 19.36, and 0.23, respectively, indicating a 
prohibitively high false-negative rate when attempting 
to rule out malignant disease.11,12 e largest prospec-
tive randomized controlled trial with three arms com-
paring ENB, rEBUS, and combined ENB with rEBUS 
found similar results for ENB and rEBUS with diagnos-
tic yields of 59% and 69%, respectively. However, the 
combined technology arm had a signicant increase in 
diagnostic yield (88%) when compared to either rEBUS 
or ENB alone.4 A recent prospective, multicenter trial 
utilizing the iSD platform with rate of pneumothorax as 
the primary outcome measured a 12-month follow-up 
of 1157 patients at 37 institutions with a median lesion 
size of 20.0 mm. e authors reported a 4.3% pneumo-
thorax rate (2.9% requiring hospitalization or interven-
tion), a 2.5% hemorrhage rate (1.5% grade 2 or greater), 
and 0.7% grade 4 or greater respiratory failure rate—
comparable to prior data. Although this study included 
a large proportion of high pretest probability nodules, 
a high number of patients had stage II–IV non–small 
cell lung cancer (NSCLC), and was not powered for 
diagnostic yield as the primary outcome, however; 
it reported a 73% diagnostic yield at 12 months and a 
sensitivity, specicity, positive, and negative predictive 
values of 69%, 100%, 100%, and 56%, respectively.13,15

Overall, these data add to the growing body of litera-
ture speaking to the safety of ENB. To date, there have 
been no multicenter prospective trials of ENB with the 
Veran platform published; however, one such study has 
completed enrollment and is currently undergoing data 
review at the time of this publication (ClinicalTrials.gov 
ID NCT03338049). ENB has a comparable risk prole 
to that of peripheral lung biopsy using a standard FB 
and is superior to CT needle biopsy in regard to inci-
dence of pneumothorax.11–13,16,17

Several factors have been identied that may pos-
itively inuence ENB yield: (1) target location in the 
upper or middle lobe, (2) presence of a bronchus sign 
on CT imaging, (3) combined use of rEBUS, (4) catheter 
suctioning as a sampling technique, (5) lower registra-
tion error, (6) deep sedation, and (7) larger lesion size 
(>2 cm).12,18 Of note, nodule size has been a consistent 
determinant of biopsy success, with a signicant decre-
ment in diagnostic yield reproducibility seen in lesions 
<20 mm.19–21

Regarding the feasibility and utility of ENB-placed 
ducial markers for SBRT, a single-center study of ENB-
guided ducial marker placement reported a retention 
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rate of 98.1%, accompanied by a low (6%) pneumo-
thorax rate. Over the course of a ve-fraction SBRT 
treatment, ducial migration was <7 mm in 98% of 
the ducials.22 In a more recent, retrospective review of 
ENB-placed ducial markers, 133 markers were placed 
in 65 patients, with 132 (99%) conrmed durable on fol-
low-up imaging/resection.23

e clinical utility of the same-day planning CT scan 
in reducing unnecessary procedures is illustrated by a 
study that showed, in the lung cancer screening pop-
ulation, up to 7.7% of nodules will decrease in size or 
resolve on follow-up.24 In a subsequent single-center, 
prospective case series, 6.9% of patients undergoing 
same-day planning CT scan for ENB of a peripheral 
lesion reported a decrease in nodule size or resolution 
leading to procedure cancellation. e study further 
reported the number needed to screen was 15, with 
mean time between referral scan and procedure day of 
53 days.2

S U M M A RY

ENB presents additional guidance to the chest physician 
and has been shown to hold potential advantage over 
conventional bronchoscopy. While ENB has been asso-
ciated with improved peripheral lung diagnostic yields, 
there remains a signicant need for practical, aord-
able, real-time imaging conrmation of tool localization 
within the target lesion. Given the learning curve associ-
ated with ENB-guided peripheral lung biopsy, this prac-
tical guide outlines methods and tips for maximizing the 
use of readily available ENB systems. Arguably, the sin-
gle most important tip for maximization of diagnostic 
yield is proper patient selection. Intermediate- to high-
risk patients who are poor surgical candidates or prefer 
a tissue diagnosis prior to surgery are the preferred pop-
ulation, as a higher pretest probability will aect overall 
diagnostic yield by increasing the incidence of cancer 
in the procedural population group. Centrally located 
nodules greater than 2 cm with a clear bronchus ending 
within the lesion have further been shown as predictors 
of successful biopsy. Alternatively, peripherally located 
nodules less than 2 cm in size without radiographic evi-
dence of mediastinal lymphadenopathy should be con-
sidered for primary resection or percutaneous needle 
biopsy.25 Such thoughtful screening of patients being 
considered for ENB can serve to ensure proper guide-
line-directed workup of CT-detected lung abnormalities 

and maximize initial rst-test evaluation diagnostic 
yield, possibly avoiding unnecessary procedures and 
delays in diagnosis.
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Transbronchial Cryobiopsy for 
Diffuse Lung Diseases

5

INTRODUCTION

Transbrnhia rybipsy (TBCB) is a reativey new 
tehnique in the diagnsis f diuse parenhyma ung 
disease (DPLD). e basi ratinae fr devepment 
f TBCB is based n the inferirity f standard freps 
transbrnhia bipsies (TBBx) fr diagnsis f DLPD 
as mpared t surgia ung bipsies (SLBs). is is due 
t the sma speimen sizes and resutant samping errr 
with TBBx. As a resut, it is remmended that TBBx 
nt be perfrmed in the diagnsti evauatin f usua 
interstitia pneumnia (UIP), the pathgi rreate 
t idipathi pumnary brsis (IPF).1 In additin, it 
has been inreasingy regnized that SLB arries a risk 
f mrbidity and mrtaity that may be unaeptabe t 
bth iniians and patients.2,3 TBCB was deveped with 
three bjetives in mind: (1) btain arge enugh tissues 
sampes that wud be representative f the underying 
disease press and psitivey inuene the diagns-
ti deisin-making f a mutidisipinary disussin 
(MDD), (2) prvide diagnsti auray apprahing 
that f SLB, and (3) arry ess mpiatins than SLB.

e predure has grwn in ppuarity, with reent 
data suggesting a gd rreatin with SLB.4,5 It has 
reenty been remmended as a suggested diagnsti test 
in the evauatin f brti hypersensitivity pneumnitis.6

TBCB is a predure perfrmed via either exibe r 
rigid brnhspy under genera anesthesia in whih a 
exibe ryprbe is advaned t prepanned diseased 
atins within the ung based n the high-resutin 
mputed tmgraphy (HRCT) san. e ryprbe is 
then frzen fr 3–5 s (smetimes nger depending n 
the time taken t generate a 5-mm ie ba at the tip f 

the ryprbe) and adherent tissue is extrated en b 
with the ryprbe. is methd has awed fr n-
sistenty arger and mre intat sampes withut rush 
artifat than traditina TBBx freps (Fig. 5.1).7

Guideines have been reenty deveped t faiitate 
standardizatin f TBCB t ensure patient safety and 
ptimize diagnsti yied.8,9

PREPROCEDURE PREPARATION

Genera prinipes fr perfrming TBCB nsist f (1) 
apprpriate training in the tehnique, (2) apprpriate 
patient seetin, (3) genera anesthesia with either an 
endtrahea tube (ETT) r rigid brnhspy, (4) a 
prphyati ban bker paement, and (5) ur-
spi guidane.

e imprtane f prper training in the tehnique, 
either within a dediated interventina pumngy 
fewship r with mentring ver severa predures 
by an experiened brnhspist, annt be verem-
phasized. In rder t safey perfrm this predure and 
maintain a mpiatin rate that is mparabe t that 
reprted in the peer-reviewed iterature, brnhs-
py teams shud have expertise in the management 
f ife-threatening airway hemrrhage and tensin 
pneumthrax. Famiiarity with ban brnhia 
bkers is mandatry, as we as expertise with rigid 
brnhspy.

Patient Selection

Whie n spei riteria exist fr patient seetin in 
evauating smene fr TBCB, in genera, patient see-
tin shud mirrr that fwed fr SLB. Deveping a 

Fabien Maldonado, Otis B. Rickman and Matthew Aboudara
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simpe prepredure evauatin hekist wi hep ensure 
prper patient seetin and patient safety (Tabe5.1):
1. Cinia stabiity: A genera rue f thumb is that if a 

patient is unsuitabe fr SLB, then they are prbaby 
unsuitabe fr TBCB. If the patient has inia signs r 
symptms nsistent with wrsening DPLD, partiu-
ary if an aute exaerbatin f IPF is suspeted, then 
the predure shud be aneed. Wrsening dys-
pnea, prgressive r rapid deine in diusing apaity 
fr arbn mnxide (Dlco), r signs f prgressive 
grundgass paities are a suggestive f wrsening 
disease press.10,11 Whie TBCB has been perfrmed 
in patients n mehania ventiatin, we suggest 
that in the absene f data demnstrating imprved 
patient utmes, this shud nt be nsidered.12

2. Mediatins: Antiaguants, pidgre, tiagrer, 
ther antipateet drugs, aspirin, and herba suppe-
ments that inrease beeding shud be stpped.

3. Labratry data: Internatina nrmaized rati 
(INR) shud be <1.5 and pateet unt >50,000. 
N spei ut- vaue fr reatinine and bd 
urea nitrgen has been estabished, but it is pru-
dent t avid TBCB in patients with end-stage 
rena disease (ESRD) n diaysis unti mre data are 
avaiabe.

Fig. 5.1 Size difference between transbronchial cryobi-

opsy and transbronchial biopsy specimens. Specimens 

prepared on hematoxylin and eosin slide. Transbronchial 

cryobiopsy specimens on left; standard transbronchial 

biopsy on right

TABLE 5.1 Patient Selection Checklist

Patient Criteria Yes No

Clinical stability (outpatient status 

and not hospitalized or with signs/

symptoms consistent with worsening 

of lung disease)

Anticoagulant and antiplatelet therapy

Laboratory data:

1. INR <1.5

2. Platelets >50, 000 Th/μL

3. BUN <45mg/dL17

Pulmonary function data:

1. Dlco >35%

2. FVC >50%

3. TLC >50%

Hypoxia (≤2L by nasal cannula):

1. Pao
2

>55–60mmHg

2. Spo
2

>90%

BMI <35kg/m2

Pulmonary hypertension (PASP 

<50mmHg by echocardiogram)

Comorbidities:

1. Uncontrolled hypertension

2. Congestive heart failure

3. Ischemic heart disease

4. End-stage renal disease on dialysis

5. Severe aortic stenosis

6. Bullous lung disease or signicant 

emphysema in the area of biopsy

7. Thromboembolic disease and unable 

to stop anticoagulation

BUN, Blood urea nitrogen; Dlco, diffusing capacity for carbon 

monoxide; FVC, forced vital capacity; INR, International 

normalized ratio; PASP, pulmonary artery systolic pressure; 

TLC, total lung capacity.

ALGrawany



37CHAPTER 5 Transbronchial Cryobiopsy for Diffuse Lung Diseases

4. Pumnary funtin tests: Dlco shud be >35%, 
fred vita apaity (FVC) > 50%, and tta ung 
apaity (TLC) > 50% prediated.4 A Dlco f <35% 
inreases the prbabiity f adverse utmes and 
mrtaity at 30 and 90 days.13

5. Hypxia: Pao
2

> 55–60 r an Spo
2

> 90% whie n 2 L 
f xygen via nasa annua is nsidered a require-
ment by sme, whie thers nsider any use f sup-
pement xygen a ntraindiatin. Intrapredura 
tehniques t assess the patient’s abiity t safey ter-
ate transient peribipsy hypxia are detaied ater.4,14

6. Obesity: ere shud be n signiant abdmina 
besity. A BMI <35–40 kg/m2 is nsidered by sme 
t be a reasnabe ut- vaue. Signiant abdmi-
na besity may make it diut t mpete the pr-
edure due t the rapid devepment f ateetasis 
and inreased risk f peripredura hypxemia.

7. Pumnary hypertensin: A transthrai ehar-
digram is usuay suient and is remmended t 
btain befre the predure as many patients with 
DPLD may have existent pumnary arteria hyper-
tensin. Pumnary artery systi pressure ess than 
50mmHg with nrma right ventriuar funtin is 
remmended.8,9,15 Sme enters use BNP as a surrgate 
marker t exude signiant pumnary hypertensin.16

8. Cmrbid media nditins: Unntred hyper-
tensin, ngestive heart faiure, ishemi heart 
disease, ESRD n diaysis, severe arti stensis, 
signiant entribuar emphysema r buus ung 
disease in the area f bipsy, and thrmbembi 
disease unabe t stp antiaguatin r with signif-
iant right heart dysfuntin are nsidered ntra-
indiatins t TBCB.4

Equipment
1. 1.9 mm r 2.4 ERBE ryprbe (ERBE, Marietta, 

GA, USA)
2. ERBE ry mahine with CO

2
 r N

2
O gas

3. Fexibe brnhspe with minimum 2.8-mm 
wrking hanne fr 2.4-mm prbe (arger wrking 
hanne remmended fr greater sutin apaity 
if nt using rigid brnhspy)

4. Rigid brnhspe (peratr dependent)
5. Rigid sutin atheter (peratr dependent)
6. Brnhia bker (Arndt r Fgarty ban; Arndt 

7 r 9 Frenh; the ban shud be arge enugh 
that, when inated, it bstruts the segmenta r 
mainstem brnhi prxima t the site f the bipsy)

7. Endtrahea tube (standard r wire-reinfred)
8. C-arm urspy mahine
9. Basin with nrma saine

10. Frmain speimen etin ntainers
11. Ied saine r ther vasnstritr agent

Staff
1. Brnhspist
2. Send brnhspist r trained brnhspy 

tehniian t assist with prphyati ban 
inatin

3. Brnhspy tehniian t assist with speimen 
etin

4. Anesthesia prvider
5. Brnhspy nurse t administer sedative media-

tins and mnitr the patient, if required

Setting
Latin suitabe fr genera anesthesia (brnhspy 
suite r peratr rm).

PROCEDURAL TECHNIQUES

Flexible Bronchoscopy Approach
• Anesthesia, ventilation, and airway

Genera anesthesia, with r withut neurmusu-
ar bkade with paement f an ETT, prvides a 
seure airway in the event f massive airway hemr-
rhage. By eiminating the ugh reex, risk f map-
sitin f the ryprbe during the predure with the 
unintended nsequene f mving the prbe either 
t far int the periphery r t prxima in the hest 
is redued. Psitive end-expiratry pressure shud 
be kept at a minimum (maximum 5 mH

2
O).

One f the benets f using an ETT is the appr-
priate paement f an endbrnhia ban 
bker. ere are tw methds fr paement f 
the endbrnhia bker in reatin t the ETT: 
(1) within the ETT r (2) externa t the ETT. If the 
endbrnhia bker is passed within the ETT, the 
patient is rst intubated in the standard manner. An 
Arndt endbrnhia bker is passed thrugh the 
ETT nnetr and seured t the tip f the exibe 
brnhspe. e nnetr with the endbrn-
hia bker attahed t the brnhspe is then 
attahed t the ETT and the ban bker is guided 
thrugh the ETT and psitined prxima t the 
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airway segments being bipsied (Figs. 5.2 and 5.3). 
One ptentia imitatin t this apprah is that the 
ban may ause partia bstrutin f the ETT and 
impair remva f the brnhspe and ryprbe 
fwing bipsy, raising the risk f ban disdge-
ment. Aternativey, the endbrnhia bker may 
be externa t the ETT. With this methd, the patient 
is berptiay intubated (either awake berpti 
intubatin, fwed by tta intravenus anesthesia 
[TIVA] ne the tube has been seured r berpti 
intubatin fwing indutin with anesthesia) with 
an Arndt endbrnhia bker psitined “piggy-
bak” angside the ETT (Fig.5.4). is aws ease f 
paement f the ban bker at time f anesthesia 
indutin withut bstruting the ETT (Fig. 5.5).18

One ptentia advantage f the ETT with an externa 
bker tehnique is the abiity t seetivey intubate 
the ntraatera ung in the setting f severe hem-
rrhage whie eaving the ban in pae n the 
beeding side. If the ban is paed in the umen f 
the ETT, the ban wud have t be deated and 
retrated in rder t pass the ETT int the ntra-
atera mainstem brnhi. A exibe spira, wire-rein-
fred ETT (Fig. 5.6) is usefu in these irumstanes 
and faiitates easy insertin int the mre anguated 

Fig. 5.2 Placement of Arndt endobronchial balloon 

blocker. The Arndt balloon blocker kit comes with an 

endotracheal tube (ETT) connector (yellow star) that 

attaches to the ETT. The endobronchial balloon blocker 

is passed through the connector (blue arrow) and meets 

the bronchoscope that was passed through the connec-

tor (red arrow). The blocker is secured to the tip of the 

bronchoscope (yellow arrow). The entire apparatus is 

then attached to the ETT.

A B

Fig. 5.3 Position of the bronchial blocker in the bronchus intermedius. (A) Correct positioning 

of the bronchial blocker in the bronchus intermedius. Right middle lobe (white arrow), superior 

segment (black arrow), remaining right lower lobe segments (red arrow). (B) Fully inated bal-

loon occluding all segments. This is a test ination for (1) balloon integrity and (2) assessment 

of patient’s physiologic response to balloon occlusion. If the patient becomes hypoxic with this 

maneuver, the procedure is aborted.
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A

B C

Fig. 5.4 Conguration of bronchial blocker external to the tube. (A) The bronchial blocker secured 

at the distal end of the bronchoscope. (B) Endotracheal tube loaded on bronchoscope and secured 

with tape. (C) Bronchial blocker attached to suction apparatus on bronchoscope with hemostat. 

Hemostat maintains cinch attachment of blocker to bronchoscope.

A B

Fig. 5.5 Bronchial blocker positioned external to the endotracheal tube. (A) Patient intubated with 

endotracheal tube. Bronchial blocker is passing external to the endotracheal tube (black arrow). 

Syringe attached to blocker to inate the balloon (white arrow). (B) Bronchoscopic view of distal 

end of endotracheal tube. Yellow bronchial blocker catheter is passing external to the endotracheal 

tube and is directed into the right mainstem.
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e mainstem brnhus if bipsies are taken in the 
right ung and massive beeding is enuntered.

• Use of prophylactic balloon blocker and bleeding 
prevention
Beeding is a majr nern with this predure and 
preventin and expertise in ntring airway hem-
rrhage is f primary imprtane. One apprpri-
ate patient seetin has been dne and the airway 
seured with either an ETT r rigid brnhspe, 
the prphyati endbrnhia bker is psitined 
prxima t the segment t be bipsied (Fig. 5.3). e 
use f a brnhia bker (Arndt r Fgarty ban) 
is nsidered mandatry by guideines. Beause the 
arge size f the bipsy speimens requires the brn-
hspe and ryprbe t be remved en b aer 
a bipsy is taken, the airway remains unprteted 
and withut a brnhia bker in the airway at the 
start f the predure, vauabe sends are st as 
bd rapidy s the anatmi dead spae with risk 
f asphyxiatin and death. It is imprtant t test the 
ban prir t airway insertin t detet defets 
that wud prevent prper ban usin during 
the predure. One the ban is in psitin, a 
test inatin shud be perfrmed t determine the 
patient’s physigi respnse t ban usin. If 
the patient bemes hypxi during the test inatin, 
the predure shud be abrted. One the bipsy is 
taken, the ban is then immediatey inated by a 
send brnhspist r trained assistant. Aer the 
bipsy is transferred t a saine basin, the brnh-
spe is rapidy reinserted int the airway and the 

ban is deated aer the spe is psitined in 
frnt f the inated ban (Fig. 5.7). e speimen 
is then transferred frm the saine basin t the xa-
tive f hie, typiay frmain. Mid-t-mderate 
beeding an then be ntred with sutin, spe 
tampnade, r ied saine at the disretin f the 
brnhspist. If beeding is severe and ntinues 
with these measures, then the ban is reinated 
t tampnade the beeding and prevent siing f 
additina airways. is tehnique was riginay 
desribed with rigid brnhspy but then was 
adpted t aw paement f the ban externa t 
the ETT as desribed earier.18,19

e appiatin f urspy is essentia t ensure 
that bipsies are taken as se t the peura as ps-
sibe t ensure representative samping f diseased 
ung parenhyma (within 1m f the peura is re-
mmended) whie as making sure that the prbe is 
nt t prxima s as t avid arge bd vesses and 
ause severe beeding. Withut the use f urspy, 
the sti ryprbe may beme dged mre prxi-
may than reaized due t distrted airways r airway 
bifuratins if the brnhspist sey reies n tatie 
feedbak. Sme degree f beeding shud be expeted 
with TBCB but the use f urspy may hep miti-
gate this risk. Reprts f severe beeding have urred 
in situatins in whih urspy was nt empyed.20

e use f radia endbrnhia utrasund (rEBUS) 
has been suggested as a means t redue beeding by 
identifying vesses and thus direted the ryprbe t 
ung tissue devid f vasuature. Currenty the data 
are niting n its use in reduing beeding and this 
remains an area f ative investigatin.21,22

• Cryoprobe size and freezing time
One the airway has been seured and the prphy-
ati ban bker has been rrety psitined, 
the ryprbe is advaned int the segment f hie 
under urspi guidane. e size f ryprbe 
used (1.9mm vs. 2.4mm) is peratr dependent but 
there may be a higher risk f pneumthrax with the 
2.4-mm prbe.23 N signiant dierenes in diagns-
ti yied have been identied. Current guideines re-
mmend use f the 1.9-mm prbe fr this reasn.9 e 
smaer size may prvide easier tatie feedbak when 
the prbe makes ntat with the peura.

e size f the sampe wi depend n the surfae 
area f the prbe and the duratin f prbe ativa-
tin. As a genera rue, the nger the ativatin time, 

Fig. 5.6 Spiral wire reinforced endotracheal tube. An 

8.5-mm internal diameter endotracheal tube.
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the greater the sampe size. Mst freezing times are 
between 4 and 7 s with wide ranges f tissue sampe 
sizes (9–64.2 mm).7

An en frgtten but imprtant step befre the 
rst bipsy is taken is t test the time it takes fr the 
prbe t generate a 5-mm ie ba (Fig. 5.8). Beause 
the pressure f the gas (CO

2
 r N

2
O) in the yinder 

direty impats the rapidity with whih the tip f 

the prbe freezes, it is nt unmmn fr a fu CO
2

tank t frm a arge ie ba within 3–4 s. If the prbe 
freeze time is up t 7 s in this situatin, a substantiay 
arger speimen than antiipated may be btained, 
inreasing risk f mpiatins.

• Cryoprobe distance to pleura
One the patient has a seure airway, the prphya-
ti ban bker is in pae, and the urspy 

A B

Fig. 5.7 Prophylactic bronchial blocker inated immediately after biopsy. (A) Fully inated bron-

chial blocker immediately after biopsy was taken from the right lower lobe. (B) Balloon is deated 

once the bronchoscope is repositioned in the airway and careful inspection can be performed. 

Suctioning, scope tamponade, administration of vasoconstrictor agents, or immediate reination 

of the balloon can be performed for bleeding control if needed.

A B

Fig. 5.8 Test freezing the cryoprobe. (A) Test freezing the cryoprobe. (B) Freeze ball should be 

approximately 5mm in size. Freezing times vary to achieve this size.
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C-arm is in psitin, the ryprbe is advaned 
thrugh the wrking hanne f the therapeuti 
brnhspe, int the target segment and direted 
se t the edge f the peura under urspi 
guidane. e ptima distane between the prbe 
and the peura is essentia fr bth safety and diag-
nsti yied, as sampes <1 m frm the peura sig-
nianty inrease pneumthrax rates apprahing 
30%.19,23,24 Adjusting the ryprbe within 2 m f 
the peura has the added advantage f samping 
sma airways and with ptentia gd suess in 
diagnsing nstritive brnhiitis.25 e pti-
ma distane f ryprbe that is urrenty rem-
mended is 1 m frm the peura. Latera airways are 
preferabe whenever pssibe t assist with aurate 
psitining f the prbe t the peura. Under diret 
urspi guidane, the ryprbe shud be 
advaned unti resistane is fet (nsidered t be in 
ntat with the peura). One the edge f the peura 
has been reahed, the prbe is retrated 1 m, whih 
an be estimated frm the ength f the metai tip 
f the ryprbe, whih measures 1 m (Fig. 5.9).

• Location and number of biopsies
e atin f the bipsy wi vary between patients 
and is dependent n the atin and extent f disease 
as we as tehnia fatrs in advanement f the ry-
prbe and psitin f the ban bker. It is rem-
mended that bipsies be taken frm tw dierent sites: 
either a dierent segment within the same be r a 

dierent ipsiatera be. is paraes vide-assisted 
thraspi surgery (VATS)-SLB tehnique.26 It as 
redues hanes f misdiagnsis sine tw dierent 
histgi diagnses may be seen in dierent bes.27,28

It shud be kept in mind that the risk f pneumth-
rax may inrease if tw dierent sites are hsen.

e number f bipsies per segment r be is nt 
standardized and is generay peratr dependent. 
Hwever, it is remmended that three t ve bip-
sies be btained.8

• Processing and collection of the specimen
e TBCB sampes shud be handed with are t 
prevent rush artifat and aw pattern regnitin. 
One the bipsy is taken and the spe is remved 
frm the airway en b, the ryprbe with the sam-
pe attahed is paed int saine. e bipsy is then 
mved genty frm saine and paed int frmain 
(Fig. 5.10). e bipsy shud then be embedded and 
riented int paran t maximize surfae area n 
the sides.

Rigid Bronchoscopy Approach
In genera, the prinipes fr eah mpnent f the pr-
edure as detaied earier fr the exibe brnhspy 
apprah are the same as fr rigid brnhspy with 
the exeptin f sme detais as it reates t ventiatin 
and ban bker. e ptentia advantages t the 
rigid brnhspy apprah inude the additin f a 
arge sutin devie in the event f severe beeding and 

A B

Fig. 5.9 Positioning of cryoprobe with uoroscopy. (A) Cryoprobe is advanced until the pleural 

edge is reached. (B) The probe is pulled back 1cm from the pleural edge. This is estimated based 

upon the metallic tip of the cryoprobe being 1cm in length. This is the location where the biopsy 

is taken.
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a arge ventiating umen that aws passage f a thera-
peuti brnhspe, endbrnhia brnhia bker, 
and sutin.
• Anesthesia, ventilation, and airway

With the rigid brnhspy apprah, the patient 
shud be intubated as per institutina standard 
perating predures. Sanders’ jet ventiatin has 
mst en been reprted in the iterature as this 
aws fr an pen system and permits rapid entry 
int and ut f the airway, whih is ritia with 
this predure. Sedatin is ahieved with TIVA 
and administratin f paraytis. It is imprtant 
t aw fr adequate exhaatin time in rder t 
prevent aumuatin f psitive pressure, thus 
inreasing the risk fr pneumthrax. Bipsies 
shud be taken between breaths if pssibe t 
redue this risk as we. If nventina ventia-
tin is used with rigid brnhspy, then the 
same ventiatry prinipes appy as fr exibe 
brnhspy.

• Use of prophylactic balloon blocker and bleeding 
prevention
A prphyati ban bker is sti required with 
rigid brnhspy. An endbrnhia ban 
bker an be passed dwn the umen f the rigid 
spe and psitined prxima t the segment t be 

bipsied. e same predures fr test inatin and 
ban inatin pstbipsy are the same as detaied 
earier.

• Performing biopsies
e ryprbe is tested fr the exat freeze time 
t ahieve a 5-mm ie ba. e ryprbe is then 
advaned thrugh the umen f a therapeuti exibe 
brnhspe. e exibe spe is then advaned 
thrugh the rigid brnhspe and t the segment 
t be bipsied. e rybipsies are perfrmed under 
urspi guidane and the exibe spe with the 
ryprbe and speimen is remved en b thrugh 
the rigid brnhspe. e speimen is freed frm 
the ryprbe in saine and then transferred t fr-
main. e exibe brnhspe is then passed 
thrugh the rigid brnhspe, paed immediatey 
in frnt f the inated ban, and then the ban 
is deated and evidene fr beeding is bserved. 
Beeding may then be ntred with sutin, ex-
ibe spe tampnade, r reinatin f the ban if 
beeding is brisk.

COMPLICATIONS

e safety f rybipsy has been a ntentius issue 
with high reprts f mpiatin rates seen in situatins 

A B

Fig. 5.10 Collection of cryobiopsy specimen. (A) Transfer of cryobiopsy specimen from saline con-

tainer to formalin with blunt tip needle and syringe. (B) Freshly obtained cryobiopsy specimens.
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in whih the predure was nt standardized. With the 
intrdutin f guideine statements undersring key 
eements t standardize the tehnique t imprve safety, 
this shud beme ess f a hindrane t perfrming 
the predure.

In tta, mpiatins ur in rughy 25% f ases, 
with the mst mmn being beeding and pneumth-
rax (Tabe 5.2).29 Sme degree f beeding is expeted 
with TBCB and ak f a unifrm beeding severity sre, 
dierenes in perfrming the predure, and dierenes 
in size f the ryprbe used have made it prbemati 
in determining its preise prevaene and assiated 
risk fatrs. Mderate beeding, as dened by ntr f 
beeding with endbrnhia bker r administratin 
f ied saine, urs in apprximatey 9%–14% f sub-
jets; severe beeding (hemdynami mprmise, ICU 
admissin, surgia interventin, r ative tampnade 
interventins) has an inidene f 1%.9,29 Severe beed-
ing is fet t be mre ikey when bipsies are taken in 
the entra znes due t the size f adjaent brnhia 
arteries. Frm a pratia standpint, hwever, it an be 
diut t determine the exat atin f the ryprbe 
in the hemithrax n a tw-dimensina (2D) urs-
py C-arm depending n the be and segment being 
bipsied and the rientatin f the C-arm t the thrax.

Pneumthrax urs in 9% f patients. e rate 
appears t be reated t (1) the number f sampes 
taken, (2) prximity f the prbe t the peura, (3) use f 
a 1.9-mm r 2.4-mm ryprbe, (4) UIP pattern n his-
tpathgy, (5) brti retiuatin n HRCT, and (6) 
whether the bipsy was in the upper r wer bes. e 
2.4-mm prbe, mre than ne bipsy site, and bipsy 
f the wer bes is assiated with a higher pneum-
thrax rate.23 Chest tube paement is mmn in these 
situatins (70%).

Exaerbatin f underying interstitia ung disease 
(ILD) urs in 0.3% f TBCB and is prbaby mre 
prevaent in individuas wh are hspitaized due t an 
exaerbatin f their ILD.13,24 is rate remains wer 
than fr SLB (3%).

e vera predura mrtaity rate has been n-
sistenty reprted ess than 1% with ped rates vary-
ing between 0.3% and 0.5%.5,29–32 e 30- and 90-day 
mrtaity rate may apprah 2.0%, with at-risk indi-
viduas being thse wh are hspitaized and/r had a 
wrsening f their disease befre bipsy, severe intrap-
redura hemrrhage, and a Dlco f ess than 35%.13

With gd patient seetin, this mrtaity rate shud 
imprve.

Rare mpiatins inude avitary absess, pneum-
mediastinum, brnhia aeratin, and seizures.24,33–35

EVIDENCE

Overall Pooled Diagnostic Yield of 
Transbronchial Cryobiopsy
Diagnsti yied is variabe between studies ranging 
frm 44% t 90% and is dependent n whether diag-
nsis was nrmed by histpathgy r MDD.23,36 In 
genera, the ped diagnsti yied is 72%.29 e n-
tributin f the MDD annt be verstated as denite 
diagnsis may imprve by as muh as 24% when input 
frm an MDD is nsidered (e.g., 44% t 68%).36 is is 
ritia as the MDD (with a inia, radigraphi, and 
pathgi data) remains the gd standard fr diagnsis 
and, nt infrequenty, the histpathgi diagnsis may 
dier frm the na MDD diagnsis.

Transbronchial Cryobiopsy Versus 
Transbronchial Biopsy
Cnventina TBBx has a pr histpathgi n-
rdane with SLB and a reativey w diagnsti yied 

TABLE 5.2 Complications of 

Transbronchial Cryobiopsy

Complication Rate

Moderate bleeding 9%a

Severe bleeding 1%a

Pneumothorax 9.4%

Exacerbation of IPF 0.3%

Prolonged air leak 0.3%

Transient respiratory failure 0.7%

Seizures 0.7%

Pneumomediastinum One case reported

Cavitary abscess Three cases reported

Bronchial laceration One case reported

Death 0.5%

aHighly variable and dependent on bleeding classication 

used; one meta-analysis found rate of combined moderate 

and severe bleeding of 14%.29

IPF, Idiopathic pulmonary brosis.
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(36%) in DPLD.1,37–39 In the ny randmized tria m-
paring TBCB t TBBx, mre histpathgi diagnses 
were made in the TBCB grup than in the TBBx grup 
(74.4% vs. 34.1%, P < 0.001).14 As suh, TBBx is nt re-
mmended in the diagnsis f IPF.1 Tissue speimens 
were signianty arger with TBCB (mean area size 
f 14.7 [±11 mm2] vs. 3.3 ± 4.1 mm2, P < 0.001). is 
arger speimen size with TBCB has been nsistenty 
reprted arss the iterature (Fig. 5.1).

Transbronchial Cryobiopsy Versus SLB
e best data t date mparing TBCB t SLB me 
frm a study f 65 patients wh were deemed by an 
MDD t need a tissue sampe and wh underwent 
TBCB f tw dierent bes fwed by VATS-SLB 
bipsy f the same bes during the same anesthesia.4

ree pathgists were binded t the aquisitin f the 
speimens and they were anayzed randmy in a nn-
sequentia manner (a tta f 130 sides). ey were then 
disussed by an expert MDD, with a members binded 
tward the type f bipsy. ey reprted a raw hist-
pathgi agreement fr guideine-rened patterns f 
70.8% between TBCB and SLB (ƙ = 0.7 [95% CI, 0.55–
0.86]). Fr the na MDD diagnsis, the raw agreement 
between the tw methds was 76.9% (ƙ = 0.62 [0.47–
0.78]). Fr thse that were assied as having a highy 
ndent r denite diagnsis by MDD, 60% (39/65) 
were by TBC and 74% (48/65) by SLB (P = 0.09). Using 
MDD as the gd standard, the diagnsis was hanged 
frm a w ndene t high ndene/denite in 
74% (48/65) and 77% (50/65), P = 0.55 f TBCB and 
SLB, respetivey, and msty by hanging frm an 
unassiabe diagnsis t a mre spei diagnsis. 
Interestingy, neither TBCB nr SLB was abe t prvide 
additina diagnsti ariatin in 12% f ases. ese 
resuts prvide nvining evidene that the additin f 
TBCB data t an MDD mprmised f experts in ILD 
prvides as usefu infrmatin as SLB and, assuming the 
safety pre and perfrmane f the predure an be 
standardized, make TBCB an attrative and reasnabe 
rst-ine bipsy tehnique in the evauatin f ILD.

FUTURE DIRECTIONS

Whie TBCB hds prmise as a nnsurgia aternative 
in the diagnsis f DPLD, questins remain. Safety f 
the predure sti remains a nern and the ak f 
predura standardizatin within and arss enters 

remains a prbem that guideine statements hpe t 
mitigate. Optima patient seetin, prbe size, num-
ber f segments and bes t bipsy, use f REBUS, 
and training mpeteny as remain areas f ative 
researh. It is as unknwn what re genmi testing 
wi pay in the diagnsti agrithm f UIP/IPF and 
the interfae this wi have with bipsy speimens. e 
devepment f a rybipsy registry is needed t trak 
the utmes f these predures and prvide quaity 
and safety feedbak t enters, brnhspists, institu-
tins, and the pubi. In the meantime, it wud be wise 
fr interventina pumngists t devep institu-
tina predura prts t ensure maximum diag-
nsti yied and safety.

S U M M A RY

TBCB is a reativey new bipsy tehnique in the diag-
nsis f DPLD. It prvides usefu histpathgi 
infrmatin that an be inrprated int the MDD 
disussin t psitivey inuene a denitive diagns-
ti utme. e diagnsti ntributin f TBCB is 
superir t TBBx and is gd when mpared t SLB. 
As suh, it remains a gd initia diagnsti predure 
in patients with DPLD. e safety pre f TBCB has 
been ntentius with severe beeding being the mst 
nern. With the institutin f guideine statements 
that stress the rutine use f genera anesthesia, ETT r 
rigid brnhspy, urspy, and a prphyati ba-
n bker, the safety pre is expeted t inrease.
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Rigid Bronchoscopy

6

RIGID BRONCHOSCOPY

Background

Rgd brnchscpy has seen a recent resurgence, pr-
marly fr therapeutc ndcatns, n management f 
patents wth cmplex arway dsrders.1 e rgd brn-
chscpe wes ts cnceptualzatn t Gustav Kllan, 
a German tlarynglgst, wh adapted an esphag-
scpe fr evaluatn f the trachea and manstem brn-
ch,,3 and perfrmed the rst dcumented successful 
remval f an arway fregn bdy, a prk bne frag-
ment, n 1897.4 Snce then, evlutn n brnchscpe 
technlgy and advancements f exble brnchscpc 
technques have catapulted brnchscpy nt the man-
stream fr the general practcng pulmnlgst; hw-
ever, the rgd brnchscpe retans several specc 
ndcatns and sklls that wll be dscussed n ths 
chapter.

Indications
Evaluatn f the arways va brnchscpy serves tw 
prmary purpses: dagnstc evaluatn and thera-
peutc nterventn. Whle there have been numerus 
technlgcal advances n the exble brnchscpe 
and many nstruments adapted fr use wth t, the rgd 
brnchscpe remans the tl f chce fr therapeu-
tc nterventns as t smultaneusly prvdes a large 
cndut fr ventlatn and nstruments.3,5,6 Speccally, 
the prmary ndcatns fr rgd brnchscpy nclude 
therapeutc nterventn fr bengn and malgnant 
central arway bstructn (CAO), ncludng applca-
tns such as crytherapy, heat ablatve therapes, stent 
deplyment, fregn bdy remval, management f 
massve hemptyss, and large dagnstc tssue bpsy 

(Bx 6.1). e use f the rgd brnchscpe s generally 
cmbned wth the exble brnchscpe, allwng fr 
smultaneus therapeutc nterventn n the large, cen-
tral arways as well as smaller, dstal arways.

Preprocedural Planning
Patient Assessment

A thrugh hstry and physcal examnatn s para-
munt when evaluatng a patent fr rgd brnchscpy 
t revew the ndcatn, plan the prcedure, and assess 
and mtgate rsks. Patents undergng rgd brnchs-
cpy may carry sgncant cardpulmnary cmrbd-
tes that can adversely aect prcedural utcmes f 
nt carefully cnsdered.3 It s recmmended that rgd 
brnchscpy be perfrmed under general anesthesa, 
and thus all patents beng cnsdered fr the prcedure 
shuld underg a standard cardpulmnary preper-
atve assessment and ptmzatn as the clncal stua-
tn allws.3,6 Basc labratry tests ncludng a cmplete 
bld cunt, chemstres, and cagulatn studes may 
be cnsdered prr t the prcedure.

Durng the physcal examnatn, specal attentn 
shuld be pad t the fllwng upper arway examna-
tn parameters (Bx 6.):
• Oral cavty and Mallampat scre
• Degree f muth penng
• yrmental dstance
• Neck mblty
• Teeth and dentures.

Lmtatns n muth penng, neck mblty, r a 
hgh Mallampat scre shuld alert the prceduralst 
t the ptental fr a mre challengng ntubatn wth 
the rgd brnchscpe. e patent shuld be evaluated 

Coral X. Giovacchini and Kamran Mahmood
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fr any lse teeth and remval f any dentures r ther 
remvable dental apparatus. In addtn, all patents 
beng cnsdered fr rgd brnchscpy requre an eval-
uatn f neck mblty, bth exn and extensn as 
well as lateral head mvements, as apprprate pstn-
ng durng bth the ntal rgd brnchscpe ntubatn 
and subsequent maneuverng f the rgd brnchscpe 
nt the rght and le manstem requres neck hyperex-
tensn and lateral rtatnal mvements f the head, 
respectvely. s s easly accmplshed by askng the 
patent t tuch ther chn t chest, then rase the chn 
t extend the neck back as far as pssble, and nally t 
return the chn t a neutral pstn and rtate the head 
90 degrees t lk tward each shulder. Shuld a patent 
demnstrate severe lmtatns n neck mblty, r cer-
vcal spne nstablty s suspected, as wth rheumatd 
arthrts r cervcal spne trauma, rgd brnchscpy 
shuld be avded n favr f alternatve technques. If a 
patent’s examnatn s cncernng fr a hgher rsk ntu-
batn, these ssues as well as pssble alternatve plans 
fr arway management and ntubatn shuld be ds-
cussed wth the anestheslgst prr t the prcedure.

Equipment

e rgd brnchscpe s a rather smple but versatle 
tl, nt havng changed much n basc desgn frm the 
tme f ts rgnal desgn n the early 0th century.,3

Whle there are several manufacturers f rgd brn-
chscpes, the three essental cmpnents f the rgd 
brnchscpe reman cnsstent: the barrel; the mult-
functnal head cnnectr(s); and the rgd telescpe, 
lght surce, and/r vde ptcs (Bx 6.3). Numerus 
addtnal tls and accessres have been develped t 
wrk wthn the wrkng channel f the rgd brnch-
scpe durng the prcedure:

• Barrel: Barrels are manufactured n tw general 
lengths: shrter rgd trachescpes and lnger 
rgd brnchscpes (Fgs. 6.1 and 6.). Whle the 
trachescpe s made t smply ntubate t the 
md t dstal trachea, the lnger rgd brnch-
scpe allws access fr ntubatn f the rght r 

BOX 6.2 Preprocedure Upper Airway 

Assessment

Modied Mallampati Score

(Assessed by asking the patient, preferably in a sit-

ting posture, to open the mouth and protrude the 

tongue as much as possible, without phonation)

Class 1: Soft palate, uvula, fauces, pillars visible

Class 2: Soft palate, uvula, fauces visible

Class 3: Soft palate, base of uvula visible

Class 4: Only hard palate visible

Mouth Opening

(Distance between incisors)

Normal: Three or more ngers

Narrow: Less than three ngers

Thyromental Distance

(Measured from the thyroid notch to the tip of the jaw 

with the head extended and mouth closed)

Normal: Equal or more than three ngers’ breadth

Limited: Less than three ngers’ breadth

Neck Range of Motion

Normal (>90 degrees)

Limited (<90 degrees)

Teeth

Full

Absent

Missing/loose

Buck teeth (Prominent upper incisors/upper incisors 

protrude >0.5cm from the lower incisors when 

teeth put together)

BOX 6.1 Indications for Rigid 

Bronchoscopy

Therapeutic Management of Malignant Central 

Airway Obstruction

Debridement

Core debulking using rigid bronchoscope

Forceps debulking

Microdebrider

Heat ablative therapies

Argon plasma coagulation

Electrocautery

Laser therapies

Cryotherapy/cryodebridement

Stent deployment, especially silicone stents

Therapeutic Intervention for Benign Central Airway 

Obstruction

Direct and balloon airway dilation

Heat ablative therapies or cryotherapy

Stent deployment, especially silicone stent

Complex Foreign Body Removal

Management of Massive Hemoptysis

Direct tissue tamponade

Airway isolation

Large Diagnostic Tissue Biopsy
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le manstem and has fenestratns n the dstal 
prtn f the barrel t allw fr cntralateral 
lung ventlatn durng the prcedure. Rgd 
brnchscpes typcally range n uter dameter 
frm 7 mm t 14 mm fr general adult applca-
tns, wth a wall thckness f 1– mm and, due 
t varatns between manufacturers, lengths wll 
vary typcally between 33 and 43 cm.3,5 Sme cm-
panes clr cde the sze f the barrels makng 

t easer fr the prceduralst t dentfy the sze 
n basc nspectn. e barrel tself s essentally 
a hllw metal tube wth a beveled dstal tp, 
whch helps wth lng the tngue and epgltts, 
and atraumatc passage between the vcal crds 
durng ntubatn. Further, the beveled tp tself 
can be used fr crng the endbrnchal cen-
tral arway tumrs. e prxmal end f the rgd 
barrel can cnnect t the multfunctnal head, 
allwng fr ventlatn cnnectns, passage f 
nstruments, and supprt fr the lght surce and 
vde ptcs. Selectn f the apprprately szed 
barrel(s) s crtcal, as derent-szed barrels wll 
accmmdate derent needs and nstruments, 
and multple-szed barrels may be necessary fr a 
sngle case. Fr example, a smaller barrel may be 
necessary n the case f ntally securng the ar-
way durng the management f a severe tracheal 
stenss; hwever, a larger barrel wll be necessary 
later f slcne stent placement s planned.

• Multifunctional head connectors: e head s a small, 
separate pece that attaches t the prxmal end f the 
barrel and generally huses multple prts (Fgs.6.1 
and 6.). e sde prt allws fr attachment f a 
standard ventlatr r self-natng ventlatn bag 
whle stll accmmdatng fr passage f multple 
tls thrugh the man wrkng channel. Mst head 
cnnectrs nclude an addtnal prt fr a jet vent-
latr attachment.6 Slcne caps can be attached t the 
prxmal end f the head cnnectrs t mnmze the 
leak n the system and have prts fr passage f tls 
and a lght surce.

BOX 6.3 Equipment for Rigid 

Bronchoscopy

Rigid Barrel(s)

Consider different sizes and lengths depending on 

indication

Multifunctional Head Connector(s)

Rigid Telescope

Light Source and Video Optics

Tooth Guard

Adjunct Tools

Rigid or exible suction catheter

Rigid forceps

Stent deployer

Airway stents

Cryoprobe

Electrocautery

Argon plasma coagulation

Microdebrider

Ventilation Equipment

Traditional or jet ventilator

Gauze for airway packing

Silicone caps for rigid bronchoscope

Self-inating bag-valve-mask for manual ventilation

Fig. 6.1 Rigid telescope (a). Rigid bronchoscope with side fenestrations attached to the head connector (b). Jet ven-

tilator connector (c). Rigid tracheoscope (d).
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• Light source and optics: Mst mdern rgd brnch-
scpes use a lng, rgd telescpe wth a camera head 
attached prxmally, and the mage s dsplayed n a 
vde mntr (Fgs. 6.1 and 6.). Several ntegrated 
rgd brnchscpes have mre recently been devel-
ped that nclude ptcs embedded n the dstal end 
f the rgd brnchscpe barrel. Further durng the 
prcedure, vsualzatn can be accmplshed usng a 
hst f alternatve vsualzatn tls ncludng a ex-
ble brnchscpe, ptcal frceps, etc.

• Additional tools and accessories: Numerus addtnal 
tls and accessres have been develped t wrk 

wthn the rgd brnchscpe t ad n the prce-
dure, ncludng rgd frceps, dlatrs, graspers, scs-
srs, suctn catheters, stents and stent deplyers, and 
many thers lmted nly by the magnatn f the 
prceduralst (Fg. 6.3). All equpment fr any antc-
pated adjunct prcedures ncludng crytherapy, heat 
therapes, and stents shuld be avalable at the tme f 
the prcedure. We wuld suggest ncludng a exble 
brnchscpe n ths arsenal t cmplement the rgd 
brnchscpe durng the prcedure. Gatherng and 
assemblng all necessary equpment prr t nduc-
tn f anesthesa and begnnng the prcedure wll 

Fig. 6.2 Rigid telescope (a) connected to camera head (b) and light source (c) inserted in the rigid bronchoscope. Jet 

ventilator connector (d) and suction catheter (e) are attached to the rigid bronchoscope.

Fig. 6.3 Instruments that are used during rigid bronchoscopy. Rigid forceps (a). Rigid electrocautery (b). Rigid forceps 

with rotatable jaws (c). Silicone stent deployers (d). Silicone stent loaders (e).
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allw fr ptmzatn f the prcedure fr bth the 
prceduralst and the patent (Bx 6.3).

STAFFING AND PROCEDURAL SETTING

Whle rgd brnchscpy can be perfrmed n an 
endscpy sute equpped wth apprprate sta, anes-
thesa supprt, and maxmum mntrng capabltes, 
the vast majrty f rgd brnchscpes are perfrmed 
n the peratng rm as ths allws fr the mst cn-
trl arund the prcedure, stang, and apprprate 
management f any cmplcatns.7 Sta fr the rgd 
brnchscpy prcedure shuld nclude the brnchs-
cpst, an anestheslgst, r certed nurse anesthetst 
cmfrtable wth cmanagement f the arway durng 
rgd brnchscpy, and a traned brnchscpy asss-
tant knwledgeable n rgd brnchscpy equpment, 
tls, accessres, and the prcedure tself.

Beynd stang, the prcedural settng shuld 
nclude mntrs capable f prvdng adequate vsual-
zatn f the brnchscpe ptcs used durng the pr-
cedure, as well as real-tme data fr apprprate patent 
vtal sgn mntrng ncludng bld pressure, heart 
rate, and perpheral pulse xmetry.

ANESTHESIA AND VENTILATION

Anesthetics

Due t the nature f the rgd brnchscpe’s largely 
pen system and sgncant ar leak even when sl-
cne-capped systems are utlzed, ttal ntravenus 
anesthesa (TIVA) s preferred fr sedatn durng the 
prcedure and the use f vlatle gases shuld be avded.6

We recmmend that the brnchscpst be physcally n 
the prcedure rm and present at the tme f anesthe-
sa nductn, and gd cmmuncatn between the 
brnchscpst and anestheslgst prr t and durng 
the prcedure s crtcal. Deep sedatn at a mnmum 
s requred fr patent tlerance f rgd brnchscpe 
ntubatn; hwever, the addtn f a shrt-actng neu-
rmuscular blckng agent may ptmze cndtns fr 
rgd ntubatn and allw fr a mre balanced anes-
thetc apprach and lwer dses f shrt-actng hyp-
ntc agents.6 Further, n a large database f patents 
undergng rgd brnchscpy fr CAO, general anes-
thesa was asscated wth a lwer rate f cmplcatns 
when cmpared t deep r mderate sedatn.8 As the 
majrty f rgd brnchscpy prcedures are able t be 

cmpleted wthn apprxmately 60–90 mn, rapd nset 
and reversble agents shuld be cnsdered n patents 
undergng rgd brnchscpy.

Conventional Ventilation

Ventlatn durng rgd brnchscpy can be accm-
plshed usng a varety f methds va cnventnal 
ventlatn r jet ventlatn, each wth ther wn advan-
tages and dsadvantages.

Cnventnal ventlatn methds nclude asssted 
spntaneus ventlatn r anesthetst-cntrlled vent-
latn. Durng asssted spntaneus ventlatn, the level 
f sedatn s carefully ttrated by the anestheslgst t 
allw fr ngng patent spntaneus respratns, whle 
supplemental xygen and asssted breaths are prvded 
by the anesthetst as needed thrughut the prcedure 
va the sde prt f the rgd brnchscpe.6 Whle ths 
methd can be eectve, t requres a hgh level f nvlve-
ment by the anesthesa practtners and neurmuscular 
blckade shuld be avded, ptentally makng rgd 
brnchscpe ntubatn and the prcedure tself mre 
challengng due t arway mvement. Cntrlled cn-
ventnal ventlatn can be accmplshed by allwng 
the rgd brnchscpe t act lke an endtracheal tube 
and attachng the ventlatr sde prt t a cnventnal 
ventlatr r a self-natng ventlatn bag fr manual 
ventlatn. Whle ths methd allws fr utlzatn 
f equpment already hused n the peratng rm, t 
can be challengng n that ne has t vercme system 
leaks, by packng the muth and nse f the patent, as 
well as usng a slcne cap ver the prxmal end f the 
rgd brnchscpe. Despte the mst thrugh packng 
attempts, leaks n ths system are cmmn due t the 
uncued rgd brnchscpe; thus measurement and 
delvery f supplemental xygen, cnsstent tdal vl-
umes, and arway pressures can be naccurate.6 Sme 
peratrs have descrbed passng the rgd brnchscpe 
alngsde a small endtracheal tube t allw fr a small 
cu n the upper trachea and mnmze the system leaks. 
Imprtantly, durng any cnventnal ventlatn strat-
egy, vsualzatn f chest rse durng ventlatn and 
mntrng f pulse xmetry s essental.

Jet Ventilation

Jet ventlatn, by ether a manual r autmated sys-
tem, prvdes an alternatve t cnventnal ventlatn 
strateges and allws the arway crcut t reman pen 
fr prcedural manpulatn durng the entrety f the 
rgd brnchscpy prcedure whle prvdng adequate 
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ventlatn. In ths mde, hgh-pressure xygen s delv-
ered t the arway. As the system s pen, rm ar s 
entraned wth the gas jet va Ventur eect. Durng 
hgh-frequency jet ventlatn (HFJV), tdal vlumes fall 
belw dead space vlume and nstead f bulk w, there 
s lamnar ar w, drect alvelar ventlatn, lngtudnal 
dspersn, pendellu, and mlecular dusn near the 
alvelar capllary membrane.6,9 In bth manual and aut-
mated jet ventlatn technques, the peratr attaches 
the ventlatr t ne f the rgd brnchscpe sde prts, 
typcally va a luer-lck mechansm, determnng a resp-
ratry rate, ventlatr drvng pressures, nspratry tme, 
and supplemental Fio2.6 Each jet ventlatr (Fg. 6.4) 
carres a derent range f manufacturer-recmmended 
settngs that bth the brnchscpst and anesthesl-
gst shuld famlarze themselves wth. e manual jet 
ventlatn requres ntermttent hand-trggered delvery 
f the hgh-pressure xygen at a rate f arund 8–10 per 
mnute, allwng fr adequate passve exhalatn at an 
apprprate nterval. Careful attentn must be pad t 
patent chest rse and recl when usng manual jet ven-
tlatn. On the ther hand, the autmated jet ventlatr 
delvers a respratry rate f 60–150 per mnute. Intal 
settngs f HFJV may nclude drvng pressure f 15–5 
punds per square nch (ps), nspratry fractn f 
30–40% and FIO


 f 1. Inspratry fractn s the  nsp-

ratry tme dvded by the sum f nspratry and expra-
try tmes. Oxygenatn can be ncreased by ncreasng 
the  drvng pressure and nspratry fractn. Carbn 
dxde remval can be facltated by ncreasng the 

drvng pressure and nspratry fractn as well. Durng 
autmated jet ventlatn, patent chest rse may nt be 
vsble due t the rapdty f breaths; hwever, percussve 
mvements shuld always be detectable by placng a hand 
ver the patent’s chest. Advantages f the autmated jet 
ventlatr nclude ngng hgh-frequency ventlatn 
and passve exhalatn thrughut the case, enablng the 
anestheslgst t fcus n ther aspects f patent man-
agement durng the case. Cmpared t cnventnal ven-
tlatn methds, bth methds f jet ventlatn allw 
fr decreased daphragmatc excursn, and lwer mean 
and peak arway pressures allwng fr greater arway sta-
blty durng rgd brnchscpy prcedures and pssbly 
shrter prcedural duratn.10 Hwever, ptental dsad-
vantages nclude hypercapna as a functn f the lwer 
tdal vlumes btaned durng jet ventlatn. Because 
end-tdal CO


 s nt relably assessed n the settng f an 

pen system, the team may elect t serally mntr arte-
ral bld gases t evaluate adequacy f the gas exchange. 
Hypercapna can be managed by ensurng an adequate 
expratry tme and ncreasng drvng pressures wth 
r wthut decrease n the respratry rate.6 Other lm-
tatns nclude the develpment f atelectass due t the 
lw tdal vlumes and mean arway pressures durng jet 
ventlatn. Specc patent ppulatns, ncludng thse 
wth restrctve lung physlgy, nncmplant chest 
walls, and besty, can be challengng t ventlate wth a 
hgh-frequency jet strategy. Increased arway pressures 
and respratry frequency may be necessary t prvde 
adequate xygenatn fr these patents.6 Obese patents 
can als be placed nt the reverse Trendelenburg ps-
tn, whch asssts n -ladng the chest by pushng 
the daphragm and abdmen dwn. Nevertheless, man-
ual ventlatn wth large tdal vlumes may be requred 
ntermttently n sme challengng cases. Prr t the 
rgd brnchscpy, the prceduralst and anesthesl-
gst shuld dscuss any cncerns regardng ventlatn 
strateges and pssble backup accmmdatns arranged 
t ptmze patent safety and prcedural success.

PROCEDURAL TECHNIQUES

Procedure

All patents shuld be prexygenated prr t the nduc-
tn f anesthesa wth 100% xygen as s typcally 
dne prr t any ntubatn. Once the desred level f 
sedatn s acheved, any rpharyngeal secretns are 
suctned, and a tth guard s placed ver the upper 

Fig. 6.4 Automated jet ventilator (Acutronic Monsoon 

Jet Ventilator, Acutronic Medical Systems AG, Hirzel, 

Switzerland).

ALGrawany
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teeth. ere are a varety f tth guard devces that can 
be used, ncludng plastc muth guards, fam rubber 
guards, r gauze pads.

Apprprate patent pstnng s crtcal t the 
success f rgd brnchscpe ntubatn. e patent 
s lad n the supne pstn and the neck s hyperex-
tended carefully by allwng the head f the peratng 
rm table t drp (Fg. 6.5A). e patent’s head shuld 
always be supprted and nt atng  the bed aer 
algnment s acheved. Each ndvdual patent wll have 
slghtly derent anatmy and requre a slghtly derent 
manpulatn t acheve ptmal pstnng.

Rgd brnchscpy ntubatn can be acheved 
usng a varety f technques: drect ntubatn, laryn-
gscpy-asssted ntubatn, ntubatn alngsde a 
prevusly placed endtracheal tube, r ntubatn va a 
preexstng trachestmy:
• Direct intubation: e mst cmmn methd s 

drect ntubatn, typcally accmplshed wth the 
assstance f a rgd telescpe hused wthn the rgd 
brnchscpe barrel. e rgd brnchscpe shuld 
never be blndly advanced. Utlzng ths technque, 
the peratr stands drectly behnd the head f the 
bed f the supne patent. e assembled rgd brn-
chscpe shuld be held wth the bevel up n the dm-
nant hand f the brnchscpst whle bracng the 
rgd telescpe wthn the barrel s that any unneces-
sary mvements are avded, apprprate rentatn 
f the ptcs s mantaned, and the entrety f the 

dstal rm f the rgd brnchscpe barrel s vsble. 
e nndmnant hand s used t brace pen the 
patent’s muth and prtect the upper and lwer lps 
and teeth (Fg. 6.5B). e nndmnant thumb n 
partcular shuld be placed ver the upper teeth as an 
addtnal sheld frm the rgd brnchscpe durng 
ntubatn. e rgd brnchscpe s then ntr-
duced nt the patent’s muth at a 90-degree angle 
and perpendcular t the bed, mantanng the rgd 
barrel bevel n the anterr pstn (Fg. 6.5B and 
C). e rgd brnchscpe shuld then be advanced 
alng the upper arway, fllwng the medan sulcus 
f the tngue and the uvula, takng care t mantan 
a mdlne pstn wthn the arway. As the rgd 
brnchscpe s advanced, the peratr slwly drps 
the angle f the rgd brnchscpe makng t almst 
parallel t the bed, usng the nndmnant thumb as 
a fulcrum pressure pnt fr the rgd brnchscpe 
barrel, takng care t mantan prtectn f the 
upper teeth. Aer passng the uvula and base f the 
tngue, the epgltts wll cme nt vew. e bevel 
f the rgd brnchscpe shuld be used t gently 
l the epgltts s that the barrel f the brnch-
scpe gldes as t advances alng the arway, takng 
care t avd trauma t the psterr wall f the phar-
ynx. Once the epgltts s elevated, a full vew f the 
vcal crds can be btaned. Wth the vcal crds 
n vew, the rgd brnchscpe s advanced whle 
rtatng the bevel f the rgd brnchscpe barrel by 

A B C

Fig. 6.5 Rigid bronchoscopic intubation. (A) Neck is hyperextended. (B) Lips and upper teeth are protected by the 

thumb of the nondominant hand, while the ngers move the tongue away from the bronchoscope. (C) Bronchoscope 

is held by the dominant hand and advanced into the airways.
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90 degrees, allwng the bevel f the rgd brnch-
scpe t pass thrugh the arway parallel t the vcal 
crds s as t mnmze any trauma. As the barrel 
passes thrugh the vcal crds, the peratr shuld 
be aware f the lcatn f the arytends nferrly 
and avd any damage t these whle advancng the 
rgd brnchscpe thrugh the arway, as the bev-
eled edge f the rgd brnchscpe barrel can eas-
ly nduce njury wth a cuttng edge n ths pstn. 
Once the vcal crds and arytends have been safely 
bypassed, the peratr shuld rtate the barrel f the 
brnchscpe anther 90 degrees s that the bevel 
turns psterrly and ultmately cmes t rest alng 
the psterr tracheal membrane. Care shuld be 
exercsed t advance the brnchscpe n mdlne 
and avd cntact wth the arway wall. e brn-
chscpst shuld ensure that the dstal lateral vent-
latn prts f the rgd brnchscpe barrel are well 
wthn the arway prr t cnnectng the prxmal 
head cnnectr sde prts t the ventlatn methd 
f chce. Ultmately pstnng the rgd barrel n 
the md t dstal trachea at the cmpletn f the 
ntubatn shuld easly accmplsh ths apprprate 
pstnng. In the case f upper tracheal masses that 
wuld lmt apprprate pstnng f the dstal rgd 
brnchscpe ventlatn prts, the brnchscpst 
shuld use a rgd trachescpe, wth a shrter barrel 
that allws fr a hgher restng pstnng wthn the 
arway. Please access Vde 6.1 (Rgd Brnchscpe 
Intubatn) nlne

• Laryngoscopy-assisted intubation: Sme peratrs 
may be mre cmfrtable btanng a vew f the 
vcal crds wth a laryngscpe t assst rgd brn-
chscpe ntubatn. s methd can als be utlzed 
f there s dculty btanng an apprprate vew f 
the vcal crds aer an attempt at drect ntubatn 
wth the rgd brnchscpe. Fr laryngscpy-as-
ssted rgd brnchscpe ntubatn, the patent 
s prepared and pstned n the same manner fr 
drect ntubatn; hwever, a laryngscpe (ether 
straght r curved) s rst placed nt the mdlne f 
the muth t acheve a vew f the vcal crds. e 
rgd brnchscpe s then ntrduced nt the arway 
as descrbed fr drect ntubatn at a slghtly lateral 
pstn t the laryngscpe. Care shuld be taken t 
keep the rgd brnchscpe as centered as pssble 
t avd any arway wall njury, and a drect vew f 
the dstal rm f the rgd barrel shuld be mantaned 

at all tmes durng the ntubatn. e laryngscpe 
can be remved aer the rgd brnchscpe passes 
the vcal crds, wth the peratr then relyng n the 
rgd telescpe fr vsualzatn durng advancement 
f the rgd brnchscpe beynd the subglttc space.

• Intubation alongside a previously placed endotracheal 
tube: Shuld a patent already have an endtracheal 
tube n place, t can be used t gude the rgd brn-
chscpe. Utlzng ths methd, the peratr shuld 
advance the rgd brnchscpe t the pnt f ele-
vatng the epgltts and btanng a clear vew f the 
vcal crds. Once the vcal crds have been vsualzed, 
the endtracheal tube cu can be deated and tube 
remved under vsualzatn, whle the rgd brnch-
scpe s advanced thrugh the vcal crds and nt the 
trachea usng the same technque as descrbed earler 
durng drect ntubatn. In ths scenar, the rgd 
brnchscpe replaces the endtracheal tube as the 
prmary cndut fr mantanng the arway (Fg. 6.6).

• Rigid tracheostomy intubation: Rgd brnchscpe 
ntubatn va a preexstng trachestmy s a rather 
smple mded ntubatn technque. In ths settng, 
the brnchscpst may nd t easer t stand t ne 
sde f the patent’s head s as t apprach the ar-
way laterally. Tpcal ldcane can be appled t the 
trachestmy stma t mnmze any pstprcedural 
pan aer manpulatn wth the rgd brnchscpe. 
e rgd brnchscpe s then passed nt the stma 
at a 90-degree angle wth the bevel mantaned n the 
anterr pstn, as s the case durng drect ral ntu-
batn. Due t the shrt dstance frm the stma t 
the psterr wall f the trachea, the peratr shuld 
be prepared t quckly lwer the angle f the rgd 
brnchscpe barrel n transtn tward the parallel 
pstn, takng care t mantan vsualzatn f the 
entre dstal prtn f the rgd brnchscpe bar-
rel and avdng cntact wth the psterr tracheal 
lumen durng the ntubatn. Once the trachea has 
been ntubated the bevel can be rtated t rest alng 
the psterr tracheal membrane.
Once the rgd ntubatn has successfully ccurred 

wth the dstal prtn f the barrel restng n the md 
t dstal trachea and the prxmal head cnnected t the 
ventlatn methd f chce, the rgd brnchscpe 
can be advanced t the lwer central trachebrn-
chal tree as needed. Because the rgd brnchscpe 
s an nexble tl and lmted by lnear mvements 
alng the arway, the mre dstal lbar brnch are nt 
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Fig. 6.6 Rigid Bronchoscopy Intubation Steps (A) Bronchoscope elevating the tongue with bevel on the top (B) 

Epiglottis came into view (C) Vocal cords came into view (D) Rotation of bevel to 90 degrees for introducing broncho-

scope through the vocal cords.
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accessble; hwever, the rght manstem, le manstem 
brnch, and brnchus ntermedus can be traversed 
wth the rgd brnchscpe wth sme maneuverng. 
Fr ntubatn f the rght manstem, the patent’s head 
shuld be turned t the le, straghtenng the algnment 
frm the trachea t the rght manstem. Smlarly, turn-
ng the patent’s head t the rght allws access fr the 
rgd brnchscpe t traverse the le manstem brn-
chus. Regardless f the drectn the rgd brnchscpe 
s advanced, the brnchscpst shuld always mantan 
a clear vew f the dstal end f the rgd brnchscpe 
barrel and avd cntact wth the arway walls. Lss 
f vsualzatn, apprprate rentatn, and cntact 
wth the arway walls whle the rgd brnchscpe s 
advanced can result n serus arway njury and pten-
tal perfratn.

Adjunct Procedures

As dscussed, the rgd brnchscpe can functn as a 
cndut fr numerus ther cmmn tls and nstru-
ments that may need t be deplyed durng the prce-
dure ncludng but nt lmted t exble brnchscpe, 
crytherapy, electrcautery, argn plasma cagulatn 
(APC), laser, mcrdebrder, and arway stent deply-
ment. ese therapeutc mdaltes are dscussed n 
depth n ther chapters.

PRECAUTIONS AND CAVEATS

Contraindications

ere are very few abslute cntrandcatns fr rgd 
brnchscpy; hwever, as wth any prcedure, the pr-
ceduralst shuld be famlar wth these prr t cnsd-
erng rgd brnchscpy. Abslute cntrandcatns 
nclude unstable facal fractures, facal malfrmatns, 
laryngeal dsease r upper arway bstructns that 
wuld preclude passage f the rgd nstruments, cerv-
cal spne nstablty wth trauma r rheumatd arthrts, 
prr cervcal spne fusn, severe cervcal spndylss, 
r ther lmted cervcal neck mblty that wuld lmt 
hyperextensn f the neck requred fr apprprate 
pstnng and successful rgd ntubatn.1,6

Other Considerations

Because rgd brnchscpy s perfrmed generally fr 
therapeutc purpses en n a vulnerable patent pp-
ulatn, the gals f the prcedure and ptental benets 

shuld be weghed carefully aganst the rsks. ere s a 
rsk f respratry falure wth rgd brnchscpy and 
anesthesa, and t shuld be cntemplated aganst the 
predctrs f successful therapeutc utcmes befre 
subjectng a patent t the prcedure. Smlarly, ther 
cardvascular rsks, cagulpathy, and s n, shuld be 
cnsdered lke any ther brnchscpc prcedure.

COMPLICATIONS

Cmplcatns durng rgd brnchscpy are relatvely 
rare, cumulatvely reprted between 3.9% and 13.4% 
dependng n the seres5,8; hwever, these can ccur at 
any tme durng the prcedure ncludng ntubatn, as 
a functn f adjunct prcedure durng the case, and/
r n the perprcedural settng. Overall mrtalty f 
patents undergng rgd brnchscpy s <1%,5,8 wth 
ncreased cmplcatn rsk asscated wth the use 
f mderate sedatn rather than general anesthesa, 
Amercan Scety f Anestheslgsts (ASA) classca-
tn scre f >3, and the need fr re-d brnchscpy.8

Apprprate patent selectn, team tranng, and devel-
pment f expertse n rgd brnchscpy are essental 
t mtgate these cmplcatns.

e mst cmmn cmplcatn aer rgd brn-
chscpy s a sre thrat, but mre serus cmplcatns 
can ccur. Speccally, pr technque durng ntuba-
tn r an nadequate assessment f the teeth, muth, 
and upper arway prr t the prcedure can result n 
damage t the lps, teeth (ncludng dsldgement), and 
rpharyngeal mucsa f apprprate sheldng and care 
s nt taken when maneuverng the rgd brnchscpe 
thrugh the upper arway. Further, laryngeal edema and 
damage t the arytends and vcal crds can ccur 
when traversng the larynx. Cervcal spne njures and 
paralyss can ccur due t hyperextensn f the neck n 
patents wth severe cervcal stenss, unstable cervcal 
spne r even wth lmted mblty n severe step-
rss. Laceratns and perfratn f the arway wall can 
ccur at any tme durng navgatn f the rgd brn-
chscpe and the peratr shuld always have apprpr-
ate vsualzatn f the dstal, beveled end f the barrel 
t reduce ths rsk when maneuverng r advancng the 
rgd brnchscpe. Arway tear can result n pneu-
mthrax, pneummedastnum, and brnchvascular 
stulae. Durng the therapeutc prcedure, the brn-
chscpst shuld be aware f the ptental fr brn-
chspasm, arway bleedng, arway trauma, and any 
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addtnal specc cmplcatns that may be encun-
tered by the use f adjunct prcedures and tls.

Fnally, the brnchscpst shuld always be aware 
f the need fr shared arway management wth the 
anestheslgst. Hypxema and hypercapna can eas-
ly develp durng rgd brnchscpy and shuld be 
managed prmptly. Adequate cmmuncatn between 
the brnchscpst and the anestheslgst s needed 
at all tmes durng the prcedure t ensure apprprate 
strategc arway management and mnmze the rsks f 
any prcedure under general anesthesa ncludng resp-
ratry falure, mycardal nfarctn, cerebrvascular 
accdent, r death.

EVIDENCE

Benign and Malignant Central Airway 
Obstruction
We prspectvely assessed 53 patents wh underwent 
rgd brnchscpy fr management f malgnant and 
bengn CAO.7 Flexble brnchscpy was used as an 
adjunct n all the prcedures. Arway debulkng, heat 
ablatve therapes, balln dlatn, and arway stent 
placement were perfrmed as needed fr the underlyng 
dsease prcess. erapeutc brnchscpy mprved 
sprmetry, dyspnea, and qualty f lfe. e arway 
patency was acheved n 83% patents. e survval 
was better n patents wth malgnant arway bstruc-
tn n whm arway patency was successfully acheved. 
Cmplcatns frm the brnchscpy were rare, 
ncludng arway tear, pneumthrax, and transent 
hypxema. Smlar experence was reprted by Ong 
and clleagues, wh shwed, n patents wth malgnant 
CAO wh underwent therapeutc brnchscpy, pr-
marly usng rgd and exble brnchscpe, mprve-
ment n dyspnea and qualty f lfe last lng term.11

Whle the exble brnchscpe can be used t place 
varus stents, the slcne stents cannt be deplyed 
wthut a rgd brnchscpe.1

Management of Massive Hemoptysis
e rgd brnchscpe can er many advantages 
when managng massve hemptyss.13 It can be used 
t ntubate the manstem brnchus f the lung frm 
where the bleedng s rgnatng, whle the cntralateral 
lung s ventlated wth the sde prts f the rgd scpe. 
Varus nstruments, ncludng exble brnchscpe, 

large suctn catheters, heat ablatve mdaltes, end-
brnchal blckers, and s n, can then be ntrduced 
nt the arway t manage the bleedng.

Foreign Body Removal
Remval f a fregn bdy was the rst ndcatn f 
rgd brnchscpy, and t dramatcally decreased the 
mrtalty f fregn bdy aspratn. Hwever, wth the 
advent f the exble brnchscpe n 1970s, mst f the 
fregn bdes are nw remved va exble brnchs-
cpy.14 Hwever, the rgd brnchscpe can prvde a 
larger cndut fr fregn bdy remval, whle man-
tanng the arway and ventlatn. It has been used as 
a rescue prcedure when exble brnchscpy faled.15

RIGID BRONCHOSCOPY TRAINING

Frmal rgd brnchscpy tranng s generally lmted 
t nterventnal pulmnary fellwshps and thracc 
surgery tranng prgrams. Rgd brnchscpy exper-
ence s nly ered n arund 4.4% f general pulmn-
lgy tranng prgrams, as exble brnchscpy has 
largely replaced the rgd brnchscpe as the tl f 
chce fr general pulmnlgsts.5 Several gvernng 
bdes ncludng the Amercan racc Scety (ATS), 
Eurpean Respratry Scety (ERS), and the Amercan 
Cllege f Chest Physcans (ACCP) have publshed 
gudelnes regardng recmmended tranng and sug-
gested mnmum prcedural numbers fr a prcedur-
alst t btan and mantan cmpetence n perfrmng 
rgd brnchscpy. e 00 ATS/ERS-cmbned 
statement suggests that all prceduralsts perfrmng 
rgd brnchscpy pssess prr “extensve experence” 
n bth exble brnchscpy and endtracheal ntuba-
tn and perfrm at least 0 rgd brnchscpes whle 
supervsed n a tranng settng prr t ndependent 
practce, and at least 10–15 addtnal rgd brnchsc-
pes annually thereaer t mantan prcedural cmpe-
tency.1 Smlarly, the ACCP agrees wth these gudelnes 
as a mnmum fr rgd brnchscpy skll acqustn, 
but further emphaszes the mprtance f ngng 
tranng, lfelng learnng, and cntnuus perdc 
reassessment f sklls and pprtuntes fr mprve-
ment durng the practce f rgd brnchscpy.16 As 
such, recmmendatns fr tranng and evaluatn f 
prcedural cmpetency have been mvng away frm 
smple number-based threshld twards skll pr-
cency assessments. One such tl, the RIGID-TASC, 
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develped as a 3-pnt checklst scred n a 0–100-
pnt scale by an ndependent examner bservng a 
tranee perfrmng rgd brnchscpy ntubatn and 
arway navgatn, has demnstrated valdty and rel-
ablty as an assessment f rgd brnchscpy sklls and 
ablty t classfy peratrs nt nvce, ntermedate, 
and expert categres.17 RIGID-TASC can be used fr 
bth ntal assessment and ngng perdc apprasal 
f rgd brnchscpy prcedural sklls. Further, ncr-
pratng smulatn-based tranng and sklls assess-
ments can als prvde mprved learnng utcmes 
and addtnal cmpetency n rgd brnchscpy sklls, 
and s recmmended as a part f a multmdal tranng 
prgram.1,5,16,18

S U M M A R Y

Rgd brnchscpy remans an essental tl n the 
arsenal f the prperly traned nterventnal pulm-
nlgst r thracc surgen erng the advantage f 
mantanng a secure arway and eectve ventlatn 
whle allwng fr multple rgd and exble nstru-
ments ntrduced nt the arway fr therapeutc 
ndcatns. Numerus adjunct technques, ncludng 
crytherapy, heat therapes, and stent deplyment, are 
ptmzed when utlzed n tandem wth the rgd brn-
chscpe. Prr t perfrmng rgd brnchscpy, the 
prceduralsts shuld ensure apprprate patent evalu-
atn, ptmze cmrbdtes, mantan gd cmmu-
ncatn wth the supprtng anestheslgy team, and 
acqure and mantan cmpetency f the sklls requred 
t perfrm rgd brnchscpy safely and eectvely.
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Mechanical Debridement

7

MANDATORY DOD DISCLAIMER

e views expressed in this article are those of the 
author(s) and do not necessarily reect the ocial policy 
or position of the Department of the Navy, Department 
of Defense, Department of Veterans Aairs, or the U.S. 
Government.

INTRODUCTION TO MECHANICAL 
DEBRIDEMENT

Mechanical debridement of the airways is the method 
of using tools to manually remove benign or malignant 
obstructive lesions. In principle, mechanical debride-
ment of endotracheal or endobronchial lesions is one 
step in a very complex and intricate approach to the 
management of central airway obstruction (Fig. 7.1). 
e characteristics of the patient, the lesion, and the 
tools must be considered when choosing one method or 
modality of debulking over another. Additionally, what 
may be considered a basic bronchoscopic procedure can 
have signicant risks if there is inadequate preparation 
or access to the equipment and skill sets needed to man-
age complications.

ere are two major advantages of mechanical 
debulking. First, some of these tools (rigid coring, rigid 
dilatation, microdebrider) provide the ability to rap-
idly debulk tumors. is is important in lesions that 
are causing critical stenosis, especially in the trachea. 
Second, all these tools can be used in patients who have 
high oxygen requirements, whereas thermal tools are 
contraindicated due to the risk of re. Still, it is import-
ant to remember that coagulation of a tumor prior to 

mechanical debulking remains a foundational principle 
of endobronchial therapeutic interventions.

RIGID CORING

Role of Instrument
Rigid coring can be used in the management of endo-
bronchial obstruction from benign or malignant dis-
orders. Typically, mechanical coring is used to debulk 
endobronchial obstructive tumors following devascu-
larization with thermal therapies. Its unique benet, 
however, is in the situation of life-threatening obstruc-
tion when rapid tumor removal is necessary to avoid 
asphyxiation, when there is insucient time to use 
other modalities. e severe, life-threatening obstruc-
tion necessitating this technique is usually apparent at 
presentation, but occasionally an unexpected degree of 
obstruction and hypoxia will follow anesthetic induc-
tion and muscle relaxation. As such, it is an important 
skill that the proceduralist should be prepared to rapidly 
employ.

Equipment Details
As discussed in other sections of this book, the rigid 
scope is a hollow metal tube with a beveled distal tip. 
Rigid coring is the technique of using the beveled tip 
of a rigid ventilating bronchoscope or tracheoscope to 
debulk an exophytic endotracheal or endobronchial 
tumor. It is most useful to remove exophytic lesions that 
are pedunculated with a narrow-based stalk. It can also 
be used to debulk sessile tumors in pieces. is method 
allows resection of the tumor from the airway, but 
removal of the resected tumor requires the use of other 
equipment.

Russell Jason Miller and Lakshmi Mudambi
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Method of Use

e beveled tip of the rigid scope is maneuvered gently 
to the proximal base of the exophytic lesion under direct 
visualization with a 0-degree rigid telescope. e plane 
of dissection is along the tract between the lesion and 
the mucosal wall of the airway. e rigid scope is cork-
screwed gently across the entire base of the tumor while 
applying pressure along the plane of dissection toward 
the distal end of the tumor. Alternatively, rigid forceps 
can be used to stabilize the exophytic lesion while using 
the rigid scope to dissect it under direct visualization. 
e airway axis needs to be dened prior to coring, and 
the bronchoscope should remain parallel to the longi-
tudinal axis of the airway to avoid accidental airway 
perforation. e use of tactile feedback is valuable to 
inform the physician as dissection occurs, ensuring that 
the airway wall and airway cartilage are not being perfo-
rated. is can help conrm that indeed the longitudinal 
axis of the airway is being followed when visualization is 
compromised.1 e use of in-line large-volume suction 
catheters (rigid or exible) is extremely helpful during 
coring to aspirate blood that can obstruct viewing and 
to collect detached tumor. Additionally, as there can be 
temporary worsening of obstruction during coring and 

tumor removal, using suction to remove as much of the 
secretions, debris, and mucus surrounding the tumor 
as possible prior to coring will improve visualization 
and respiratory reserve during the intervention. Use of 
thermal therapies to devascularize the lesion prior to 
coring is strongly suggested to reduce the likelihood of 
bleeding. If devascularization is not possible or if there 
is signicant bleeding, the rigid bronchoscope should be 
slightly advanced to cover and tampon the base for at 
least 3 min before evaluating the resection base for evi-
dence of hemostatic control.

Pitfalls

While this technique is useful for debulking central 
airway tumors, it is also one of the most dangerous 
in inexperienced hands, especially in the setting of 
active clinical deterioration requiring rapid tumor 
removal or during active bleeding that compromises 
visualization. While the beveled tip feels blunt, one 
must always remember that when excessive force is 
used or airway planes are not respected, collateral 
damage such as mucosal tears, full-thickness perfo-
ration, and catastrophic injury to vascular structures 
can occur.

Zone of Safety for 

Microdebrider

Approach to proximal

intraluminal or proximal mixed 

obstruction: 

1. Coagulate (refer to chapter 

8)

2. Debulk

a) Mechanical methods

 Rigid coring

 Microdebrider

 Cryorecanalization

b) Thermal (refer to chapter 8)

for mixed obstructions

Approach to distal intraluminal 

or distal mixed obstruction

1. Coagulate (refer to chapter 

8)

2.

3.

Debulk 

a) Mechanical methods ML(1)

 Cryorecanalization

 Forceps

b) Thermal (refer to chapter 8)

Consider dilation +/– stent 

for mixed obstructions

Approach to extraluminal 

obstruction

1. Dilation 

2. Stenting

This diagram describes the technical approach to central airway obstruction. It does not explain the indications for 

intervention (see Chapter 8 for decision-making in central airway obstruction).

3. Consider dilation +/– stent 

Fig. 7.1 Approach to central airway obstruction.
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AIRWAY DILATATION (BALLOON OR 
RIGID)

Role of Instrument

Airway dilatation can be performed for both benign 
strictures as well as malignant obstruction and can be 
accomplished with airway balloons or serial rigid bron-
choscopes, as well as serial insertion of tapered bougies. 
In malignant obstruction, the eects of airway dilata-
tion are typically temporary, and it is typically used to 
expand the airway to allow for stent implantation or 
passage of other debulking instruments. Dilatation can 
occasionally be used alone in malignant disease, as a 
sizable minority of patients can have more than a tran-
sient eect, with one study showing short-term benet 
with 43% of patients having sustained response at 7 days 
postdilatation.2 us, when no other options are avail-
able, balloon dilatation can be occasionally used alone 
to briey palliate symptoms or to facilitate extubation.

Dilatation can have long-lasting eects for benign 
strictures that are secondary to brotic weblike stenotic 
lesions.3,4 However, complicated stenosis with cartilage 
involvement or in the setting of inammation or calci-
ed lesions (such as in brosing mediastinitis) usually 
does not respond to balloon dilatation alone.5 e use 
of laser or electrocautery knife to create radial incisions 
into stenotic webs is advocated, prior to dilatation, to 
reduce the amount of uncontrolled mucosal tearing 
by generating controlled points for tearing and hence 
reducing local injury that can contribute to recurrence 
of stenosis.6–8

When choosing between balloon dilatation and 
rigid bronchoscopic dilatation, generally balloons are 
preferable, as they do not cause longitudinal sheering, 
which increases the degree of mucosal injury and risk 
of brosis and restenosis, since the balloon is expanded 
aer insertion through the stenotic segment. In con-
trast, longitudinal mucosal injury is unavoidable with 
the forward insertion of rigid bronchoscopes or bougie 
dilators.9 One advantage of the rigid dilatational method 
over balloon dilatation is that the tactile feedback pro-
vided by the rigid scope facilitates assessment of airway 
stiness and resistance to dilatation, possibly reduc-
ing the risk of perforation when used by experienced 
operators. Another advantage of the rigid system is in 
patients with tracheal obstruction who have minimal 
respiratory reserve and cannot tolerate complete airway 

occlusion for the appropriate amount of time necessary 
to dilate with a balloon. In this situation the rigid dila-
tational method allows constant ventilation during the 
procedure.10 By contrast, balloon dilatation requires 
30–60-s periods of airway obstruction while the balloon 
is inated. Jackson dilators are tapered bougies that can 
be serially inserted through an airway obstruction to 
dilate the airway lumen. ey have been largely replaced 
by balloon dilatation systems, as they work similarly but 
require rigid bronchoscopy for insertion, obscure the 
distal view during insertion, and are dicult to use in 
the distal trachea, as the distal tip will angulate to either 
the le or right as it passes the carina.10

Equipment Details
Dilatational bronchoplasty balloons are designed to pass 
through the working channel of the therapeutic bron-
choscope and are composed of high-pressure, low-com-
pliance inatable thermoplastic polymers that, when 
expanded by injection through a pressure-regulated 
water system lled with either saline or occasionally 
radiopaque contrast medium, inate in a uniform man-
ner to a specied diameter. ere are a variety of dispos-
able and reusable ination devices available.11 Balloons 
come as either single-phase dilatational balloons that 
expand to one specic diameter or multiphase balloons 
that expand to multiple dierent diameters depending 
on the specic manometrically monitored expansible 
pressure induced when uid is injected. Originally air-
way dilatation was performed with 5.5-cm long balloons 
designed for esophageal dilatation; however, shorter 
balloons are now available that have been specically 
designed for the airway.12 Typically, the balloons can be 
wire-guided, but this is usually only necessary in rare 
cases where balloon dilatation is performed using uo-
roscopy without bronchoscopic guidance.

Vascular cutting balloons work in a similar fashion to 
standard dilatational balloons; however, they have three 
to four longitudinally oriented microsurgical blades 
attached that, during dilatation, produce incisions that 
reduce uncontrolled mucosal tears. Cutting balloons 
have traditionally only been placed over a guidewire 
using uoroscopic guidance, due to the high risk of 
bronchoscope damage. is has made them a generally 
unattractive option for bronchoscopic dilatation; how-
ever, reports of these balloons being used in the man-
agement of airway obstruction do exist, and there are 
few situations where cutting balloons might have unique 
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advantages over other dilatational methods.13,14 e rst 
is in extremely tight long-segment stenosis or when 
hypoxia exists that precludes safe usage of the electro-
cautery knife or laser for creation of mucosal incisions, 
and the second is in children where only small-caliber 
bronchoscopes, which do not allow the insertion of cut-
ting instruments, are required. Although rarely used in 
the airways, the role of cutting balloons might gain new 
attention, since bronchoscopic insertion could be per-
formed through disposable bronchoscopes that are now 
widely available. Malleable, high-volume, low-pressure, 
vascular latex Fogarty balloons are traditionally con-
sidered an emergency tool to rapidly occlude a hemor-
rhagic airway, but they also can have an occasional role 
in dilatation, which we will discuss further within this 
section.

Serial insertion of standard rigid bronchoscopes of 
increasing size is also an eective tool for airway dila-
tation. e ability to perform rigid dilatation, however, 
does depend on the rigid system that is being used. e 
Jackson rigid bronchoscope, which is no longer pro-
duced, was considered ideal for airway dilatation due 
to the presence of a blunt and more rounded tip that 
allowed for safer passage through the obstruction when 
compared with the modern rigid bronchoscopes.15 Serial 
rigid dilatation is much more practical with modular 
rigid bronchoscopic systems with detachable universal 
bases than systems where the base is fused to the barrel 
of the bronchoscope. By rst inserting a large-caliber 
tracheoscope, detaching the base, and then inserting 
smaller-diameter but longer-ventilating rigid broncho-
scopes, serial dilatation can be achieved without the 
need to reintubate the patient every time.

Methods of Use

Rigid bronchoscopic dilatation requires general anes-
thesia, whereas balloon dilatation with conscious seda-
tion is an option for disease distal to the main carina. 
Some patients can tolerate tracheal dilatation under 
moderate sedation; however, oen general anesthesia 
may be necessary with prolonged dilatation, as a sense of 
asphyxiation may result in considerable distress to the 
patient.

As mentioned previously, radial incisions with either 
the electrocautery knife or with laser can reduce the 
amount of uncontrolled tearing and brin production, 
hence decreasing the likelihood of restenosis. e elec-
trocautery knife is a reusable instrument that is employed 

through the working channel of a exible bronchoscope. 
Selection of a laser with cutting properties (carbon diox-
ide, holmium:yttrium aluminum garnet, or diode) pro-
vides the best option to produce precise radial incisions 
without inciting an inammatory response or deeper 
tissue damage.16 ree 1–2-mm incisions mimicking the 
Mercedes emblem (12, 4, 8 o’clock) are made along the 
stenosis.7 Following radial incision, balloon broncho-
plasty is typically performed.

For balloon bronchoplasty, the size of the balloon 
selected depends on consideration of the size of the 
stenotic airway as well as consideration of the normal 
adjacent airways that are contiguous with the lesion. 
When balloons are oversized relative to the stenosis, the 
improvement of diameter will be greater, but the risk of 
airway perforation will also be higher. Small incremen-
tal dilatations should be performed beginning with a 
balloon that only slightly expands the airway. Dilatation 
is continued serially with balloons of increasing size 
until target dilatation is achieved. e literature varies in 
regard to the optimal ination time and repetitions, but 
typically two to three dilatations with ination periods 
of 30 to 90 s per dilatational stage are sucient.7,9,10

e specications of balloon and ination device 
preparation vary based on manufacturer. It is important 
to refer to the user manual, as an in-depth description of 
each of these devices is beyond the scope of this chap-
ter. ere is a tag on each balloon that correlates specic 
manometric pressures to balloon ination diameter. 
Lubricating the tip of the deated balloon can help pass 
the instrument more easily through the working chan-
nel of a exible bronchoscope. e balloon must be 
completely out of the working channel prior to ination 
to prevent scope damage. e uninated balloon should 
be passed into the stenotic segment with at least 0.5 cm 
of the balloon proximal to the level of the stenosis, as 
it can easily slide out of place if too proximal or distal.9

Retraction of the balloon to make contact with the tip of 
the exible bronchoscope while simultaneously inat-
ing it can x the balloon in place across the stenosis. A 
360-degree view through the balloon can be obtained by 
applying suction to the uid-lled balloon, which allows 
the operator to visualize developing airway tears, indi-
cating potential for perforation (see Fig. 7.2). Once the 
dilatation cycles are complete, the balloon can be deated 
and removed from the working channel. Repeated rein-
sertion results in reduced catheter tip strength, which 
can make it impossible to reinsert the balloon. is is 
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less of a problem with some of the newer ination bal-
loons that are designed to allow multiple passes through 
the working channel of the scope.

Wire-guided balloon dilatation with uoroscopy 
without bronchoscopic visualization is an alternative 
method to direct bronchoscopic visualization of balloon 
dilatation, which is performed in a similar manner to 
uoroscopic-guided insertion of self-expandable metal-
lic stents. is method might be considered in children 
or patients intubated with smaller endotracheal tubes 
that cannot accommodate the therapeutic broncho-
scope.17 e major disadvantage of this technique is the 
inability to visually monitor for complications such as 
evidence of impending airway rupture or hemorrhage. 
For this procedure the balloon is lled with a nonionic 
water-soluble contrast material such as iohexol diluted at 
least 50% in case of accidental balloon rupture, as hyper-
tonic solutions can result in serious bronchospasm.9,18

Fogarty balloons can be useful adjuncts to standard 
balloon dilatation, especially in the smaller airways. 
When the larger, more rigid dilating balloons cannot 
safely pass an obstruction, the so malleable Fogarty 
catheter can be extended beyond the obstruction prior 
to inating, and then the catheter can be withdrawn in 
a retrograde fashion.19 is technique can be used to 
compress an obstructive tumor against the airway walls 
or for extraction of debris, clots, or foreign bodies.9,20

e major risk of inating a balloon catheter beyond 
the visible eld is airway injury or rupture; however, 
this is much less likely with the so malleable Fogarty 
balloon. is technique is useful in segmental airways, 
at acute angles where stier exible instruments such as 
the cryoprobe or forceps prevent adequate scope exion 
required to engage the target tissue.

For rigid bronchoscopic dilatation, it is ideal to 
insert a large tracheoscope and detach the universal 
base, which will allow insertion of smaller rigid bron-
choscopes in a serial fashion without requiring repe-
ated reintubations. In tight stenosis the use of neonatal/
pediatric bronchoscopes during the initial phases of 
dilatation is sometimes necessary. e rigid broncho-
scopes are inserted through the stenotic lesion using 
a twisting motion similar to the apple-coring motion 
used for mechanically debulking tumors. As ventila-
tion can be maintained with this technique, dilatation 
can be performed for longer periods than with balloon 
dilatation.

Pitfalls

It is important to consider the patient’s ability to tolerate 
periods of hypoxia and hypoventilation during dilata-
tion, especially with tracheal involvement or in patients 
with contralateral disease when dilatation is performed 
beyond the main carina. In addition to inability to toler-
ate long tracheal dilatation periods, symptoms consistent 
with negative pressure pulmonary edema have also been 
reported following long periods of tracheal dilatation 
in the spontaneously breathing patient.21 Barotrauma 
resulting in pneumothorax or pneumomediastinum can 
theoretically occur when jet ventilation is used beyond 
a tight stenosis, especially with higher respiratory rates 
or with accidental occlusion of the proximal ports. If the 
patient can tolerate it, holding ventilation during bal-
loon ination periods is reasonable. To minimize the 
risk of accidental expiratory occlusion, caution should 
be used if instrumentation is performed through the 
rigid bronchoscope during dilatation, and simultaneous 
insertion of multiple instruments should be avoided.

Overination of dilatational balloons can result in 
airway lacerations, bleeding, and perforation.9,22 It is 
important to vigilantly monitor the airway mucosa 
through the inated balloon for signs of developing 
airway tears and to use gentle incremental dilatations 
instead of dilating to a maximum or near-maximum 
diameter immediately. A potential source for accidental 

Fig. 7.2 Balloon dilatation of malignant obstruction with 

airway view through the balloon.
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overination is related to miscommunications between 
bronchoscopist and technician, as the pressure in stan-
dard atmospheres (atm) required to inate the balloon to 
a specic diameter in millimeters falls in similar ranges. 
For example, a balloon might require 8 atm to inate 
to 12 mm. If the technician interprets the instruction 
of “inate to 12” to mean atm, balloon rupture could 
occur. Closed-loop communication can help mitigate 
this risk.

Aggressive dilatation of highly vascular lesions, 
mixed obstructive tumors involving vasculature adja-
cent to the airway, or those with fragile mucosa or 
ulceration can lead to signicant hemorrhage. Balloon 
dilatation should usually be avoided when visualization 
is impaired beyond the stenosis, but very gentle dilata-
tion with the tip of the balloon is safe even in tight ste-
nosis to allow distal visualization.

RIGID FORCEPS

Role of Instrument
e rigid forceps are indispensable and possibly the 
most useful instruments available to the rigid bronchos-
copist. Competence with the forceps is a mandatory 
skill for anyone who performs rigid bronchoscopic pro-
cedures. ey are the primary modality for removing 
detached tissue, foreign bodies, and stents from the air-
ways but also play an important role in the debulking of 
endobronchial obstructive lesions.

Equipment Details
e rigid forceps are available in several dierent con-
gurations similar to the exible forceps: cupped, alli-
gator, pointed serrated, and peanut grasping. Forceps 
are broadly classied as either single action or double 
action based on whether only one jaw or both move 
with opening (see Fig. 7.3). Typical rigid forceps open 
in a superior and inferior orientation; however, forceps 
are available that allow rotation of the tip while the oper-
ator maintains the hand in a neutral position, as well 
as backward grasping forceps which open proximally. 
While most forcep handles are nonratcheting, allowing 
for free opening and closing, ratcheted forceps are also 
available that allow the operator freedom to release the 
handle grip. e rigid cupped forceps have a smooth tip 
and are appropriate for obtaining biopsies. ey pro-
duce minimal trauma to the mucosa and surrounding 
normal tissue. e rigid alligator forceps have a sharp tip 

and serrated teeth, making them appropriate for grasp-
ing large tumors, foreign bodies, and stents for removal 
through the rigid bronchoscope.23 e rigid optical for-
ceps are forceps that are coupled with a channel through 
which the telescope is secured. ey are available in sev-
eral congurations as well.

Method of Use
For tumor debulking, the beveled tip of the rigid bron-
choscope is maneuvered to the proximal end of the 
tumor in the airway. e rigid forceps are passed through 
the rigid bronchoscope just distal to but parallel with the 
rigid telescope so that the tip is always visible. e for-
ceps are opened, and pieces of the tumor are grasped 
and removed under direct visualization by moving the 
telescope and forceps as a single unit. If using the rigid 
optical forceps, the telescope is inserted into the chan-
nel and locked in place before inserting the forceps into 
the rigid bronchoscope. e optical forceps allow for 
direct viewing during grasping; however, they are less 
maneuverable, cannot be inserted through smaller rigid 
bronchoscopes, and cannot access tissue that extends 
more than a short distance beyond the reach of the rigid 
telescope. Familiarity with both optical and nonoptical 
instruments is necessary.

Pitfalls
e rigid forceps can cause mucosal tears and perfora-
tions if used incorrectly. When working in tight spaces, 
the rigid forceps can oen extend to a diameter greater 
than that of the residual airway. When this is done using 
sharp-tipped forceps, such as the alligator forceps, per-
foration or mucosal tears can develop. In this scenario 
the use of single-action forceps with the opening jaw 
directed toward the lumen can reduce the likelihood of 
injury. Just as with the other nonthermal therapies that 
have been discussed, there is no coagulative eect, and 
use of rigid forceps generally should be performed in 
conjunction with thermal therapies.

FLEXIBLE FORCEPS

Role of Instrument
Flexible forceps are not designed for tumor debulking 
but rather as a tool for biopsy. In debulking procedures, 
exible forceps can be used to remove debris following 
thermal treatments such as argon plasma coagulation 
(APC) or laser, but standard biopsy forceps can also 
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have a role in debulking tumor in small spaces, such as 
the bronchus intermedius, lobar, or segmental bronchi. 
ey are also useful for necrotic tumors with low pro-
pensity for bleeding. Flexible forceps can also be helpful 

in areas in which precision is needed, such as when 
debulking recurrent tumor or granulation tissue near 
metallic stents, which could be damaged with the larger 
and less precise rigid forceps.

Fig. 7.3 Variety of rigid forceps.
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e role of exible forceps in debulking, however, 
might develop a greater role in the near future due to 
the advent of newer large-caliber forceps, designed for 
insertion through the larger 2.8-mm channel of the ther-
apeutic bronchoscope, or jumbo forceps, which have a 
maximum opening diameter of nearly twice that of stan-
dard biopsy forceps and can be used through a 3.2-mm 
channel of the recently reintroduced large channel ther-
apeutic bronchoscope. ere are no data regarding the 
role of the large and jumbo exible forceps for tumor 
debulking; however, anecdotally they have provided a 
relatively rapid means of removing tissue debris and can 
be an eective tool for larger central tumors, augment-
ing rigid forceps by providing greater maneuverability. 
An example where this might be useful includes debulk-
ing tumors at acute angles, such as just distal to a lobar 
carina, which cannot be easily accessed with rigid tools.

e use of insulated monopolar electrocautery “hot” 
forceps, which allow for simultaneous electrocoagulation 
and tissue collection, has a limited role in therapeutic 
bronchoscopy. e details of the physics and equipment 
required to utilize the electrocautery forceps can be found 
in the chapter of this book devoted to thermal therapeutic 
devices (Chapter 8). Hot biopsy forceps can be used in 
similar situations as the standard cold forceps in debulk-
ing more peripheral airway obstruction and may be pref-
erable for vascular tumors with a high propensity for 
bleeding. Additionally, they can be used to resect tumors 
arising from a stalk that is not amenable to electrocautery 
snare due to a wide base, or complete obstruction that 
does not allow the snare to bypass the lesion.24 Obviously, 
for tracheal and mainstem lesions, other, more appropri-
ate therapies are available, but when a wide-based tumor is 
present just beyond an angulated secondary carina, such 
as at the take-o of the right upper lobe or the le upper 
lobe proper, hot forceps can be a useful tool.

Equipment Details
e standard exible forceps are available in a variety of 
sizes and congurations that include rat tooth, cupped 
(smooth or fenestrated), needle, and alligator congura-
tions. For the purpose of mechanical debulking, alligator 
forceps are generally the preferred conguration, as the 
disadvantage of crush artifact on histology is not an issue.

e most commonly used exible forceps for both 
endobronchial biopsy and transbronchial lung biopsy 
can be inserted through a standard 2.0-mm broncho-
scope working channel and have a maximum opening 

diameter of approximately 5.0 mm. e dedicated dis-
posable large biopsy forceps currently available in the 
United States have an opening diameter of 7.1 mm, 
while the jumbo gastrointestinal forceps, which can 
be adapted for use through the large 3.2-mm channel 
therapeutic bronchoscope, have a maximum opening 
diameter of 8.8 mm. Although the dierence in opening 
diameter might seem insignicant, the sample volume 
obtained with the large and jumbo forceps has been 
reported to be two and four times that of the standard 
forceps, respectively (see Fig. 7.4).25,26

Method of Use
As mentioned earlier, exible forceps are rarely the pri-
mary mode of debulking but rather serve as an adjunct 
to modalities such as laser or APC to remove coagulated 
debris. For actual debulking with exible forceps, the tech-
nique is most applicable when tumor is directly in front 
of the endoscope, whereas when tumor is lying along 
the airway wall, the “burn and shave” method, using the 
barrel of the rigid bronchoscope to shave o coagulated 
debris, is more eective than using exible forceps.

When using the biopsy forceps, it is helpful to keep 
the forceps in close proximity to the lesion and advance 

Fig. 7.4 Size comparison between (A) rigid forceps, 

(B) large biopsy forceps (Boston Scientic Corp., 

Marlborough, MA, USA), and (C) standard biopsy for-

ceps (Olympus Corp., Shinjuku City, Tokyo, Japan).
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the scope with the forceps as a unit to increase the depth 
of tissue collection. Aer closing the forceps, the for-
ceps and bronchoscope should be retracted as a single 
unit until the tissue detaches from the primary tumor. 
is will result in much larger pieces of removed tissue. 
ese pieces are released as detached tissue fragments 
in the airway until multiple detached fragments have 
accumulated, which can then be suctioned en bloc from 
the airway or removed with the assistance of a broncho-
scopic basket. is technique saves time and allows the 
operator to maintain a view of the lesion immediately 
aer sampling.

With the hot forceps, the duration of electrocau-
tery and the wattage used increase the depth of tissue 
eect. Very short durations of electrocautery, less than 
1 s, likely will only result in very supercial electroco-
agulation and hence not signicantly aect propensity 
for bleeding. Long pulses of electrocautery can result in 
excessive depth of penetration and injury to the airway 
wall. To avoid injury, pulse duration typically should 
not exceed 2 s, and care should be used to avoid contact 
with the airway wall.11 As the purpose is to coagulate to 
prevent bleeding and not cut tissue, the so coagula-
tion mode is ideal and the maximum power should not 
exceed 30 W.27

Pitfalls
e major pitfall of exible forceps is that the size of 
the tissue debulked is very small. Other modalities pro-
vide superior tissue removal and control of bleeding in 
far shorter time periods. With cold forceps the risk of 
bleeding is not insignicant. Hot forceps reduce the risk 
of bleeding but in most cases are less eective tools than 
the standard thermal therapies discussed elsewhere in 
this book.

MICRODEBRIDER

Role of Instrument
e microdebrider is a powered instrument that was 
initially used by otolaryngologists to remove tissue and 
bone during sinus surgery, but with the advent of an 
extended blade for use through the rigid bronchoscope, 
it has also become an extremely useful debulking device 
both in benign and malignant central airway lesions. e 
device combines a rotational blade with associated suc-
tion to morselize and aspirate endobronchial tissue. As 

with the other devices discussed in this chapter, it is non-
thermal and thus useful in situations where high oxygen 
requirements prohibit the use of thermal techniques. 
e unique advantage of this device compared to other 
nonthermal techniques is its rapid action combined 
with instantaneous aspiration of tissue, which removes 
the tedious and time-consuming step of piecemeal 
extraction of detached tissue. is feature makes the 
device ideal for rapid debulking of inltrative endobron-
chial tumors that extend over a long length of airway.

Equipment Details
e device consists of an integrated power console suc-
tion irrigation system, a rotating cutting blade at the end 
of a rigid metal suction catheter, a handpiece, and a foot 
pedal to control the device. e blade tip is angulated 
at 15 degrees in a hockey stick conguration, and the 
handpiece is equipped with a control wheel that allows 
precise 360-degree rotation of the cutting tip.

e power console is used to provide suction, adjust 
ow rates for irrigation, and set the speed of revolutions 
for the blade. In the United States, the only commer-
cially available bronchial blade is 4 mm in diameter and 
45 mm in length and has a serrated cutting tip. Shorter 
airway blades are available with other congurations 
and can be used with suspension laryngoscopy for sub-
glottic and proximal tracheal lesions.

Method of Use
e power console is attached to the handpiece, which 
is attached to the bronchial blade. e beveled tip of 
the rigid bronchoscope is maneuvered to the proximal 
end of the tumor in the airway. e bronchial blade is 
passed into the rigid bronchoscope just distal to the 
rigid telescope so that the blade is always visualized. e 
size of the tissue that is debulked is directly proportional 
to the pressure applied by the blade on the tumor and 
inversely proportional to the speed of rotation of the 
blade. erefore the blade is gently applied to the sur-
face of the tumor, and the suction draws the tumor into 
the hollow metal suction catheter (see Fig. 7.5). Very lit-
tle pressure is applied by the blade onto the tumor. e 
foot pedal is activated, which causes the blade to rotate 
and debulk tumor. e device can clear blood and debris 
while debulking tumor by coupling debulking with suc-
tion. is provides a clear view of the target. e recom-
mended operating speed for these blades ranges from 
500 to 1200 rpm.28
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Pitfalls

e microdebrider, however, does have its limitations. 
It is extremely rigid and relatively bulky, which lim-
its mobility when inserted through a standard 12-mm 
diameter bronchoscope alongside the optical telescope. 
As a result, it is really only suitable for debulking in the 
trachea and proximal mainstem bronchi. As with the 
other nonthermal instruments, the inability to coagulate 

the tumor or cauterize bleeding does limit its use in vas-
cular tumors. e biggest advantage of the microdebrider 
is also its biggest risk. e ability to rapidly morselize 
extensive tumor in a limited time makes the microde-
brider extremely useful; however, the device does not 
discriminate normal from abnormal tissue or respect 
airway planes. Because of this, in the hands of a novice 
or distracted proceduralist, catastrophic complications 
such as perforation of airways and massive hemorrhage, 
from perforation of large vessels, can easily occur.

CRYORECANALIZATION

Role of Instrument

Cryoprobes can be used for their cytotoxic eects in 
cryotherapy, which has a delayed response and is not 
appropriate for severe airway obstruction, or for cryo-
biopsy of endobronchial or parenchymal tissue. is 
section, however, will focus specically on the use of the 
cryoprobe for cryorecanalization, also known as cryo-
debulking. Cryorecanalization is performed by freezing 
a target tissue with the cryoprobe and retracting the fro-
zen tissue en bloc with the probe and the bronchoscope 
to open the airway. It is most useful in situations where 
refractory hypoxia does not allow lowering supplemen-
tal oxygen to the levels required to utilize thermal tech-
niques. However, it also has signicant value even when 
thermal therapies are not contraindicated, as cryoreca-
nalization allows debulking of large pieces of tissue in a 
rapid fashion.

e eects of cryotherapy depend on the water con-
tent within the tissue. Tumor, mucous membranes, 
and granulation tissue have high water content and are 
therefore cryosensitive, whereas cartilage and brotic 
material have low water content and are considered 
cryoresistant.29 e optimal target for cryorecanali-
zation is loosely adhesive exophytic airway tumors. 
Cryorecanalization, however, is not an appropriate 
method for debulking rmly adhesive tumors or gran-
ulation tissue, as the device will not separate the lesion 
from the underlying normal airway, possibly resulting 
in hemorrhage or airway rupture.

Cryorecanalization, as a modality for debulking 
obstructive tumors, should be performed only by phy-
sicians with extensive training in the technique who 
are also capable of managing the associated complica-
tions. is diers from cryoadhesion, which is the use 
of the cryoprobe for removal of obstructive blood clots, 

A

B

Fig. 7.5 (A) Microdebrider blade brought in proximity to 

tumor. (B) Suction is used to draw tumor into the cath-

eter tip where tissue is morselized and sucked through 

the catheter.
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mucous plugs, and foreign bodies. Cryoadhesion is a 
valuable technique in critical care/pulmonology and can 
be mastered with less training.

Equipment Details
e principle of cryotherapy is based on the Joule-
omson eect in which a change in temperature of a 
liquid as it ows from a region of high pressure to that of 
low pressure results in rapid expansion and dissipation of 
heat, resulting in rapid temperature drops and thus freez-
ing. e cryotherapy procedure utilizes a dedicated con-
sole with a gas cylinder. A transfer line is used to connect 
the console to the cryoprobe, and a foot pedal is used to 
initiate the ow of liquid through the probe. e com-
pressed gas coolant is usually either nitrous oxide or car-
bon dioxide. When delivered through the high-pressure 
probe to the tip, gas rapidly expands, resulting in cooling 
to approximately −89°C at the metallic tip. When the 
probe tip comes in direct contact with the liquid compo-
nents of tissue, cryoadhesion occurs between the probe 
and the tissue. Flexible cryotherapy probes are 90cm in 
length and available in a variety of diameters for insertion 
through the working channel of a exible bronchoscope.30

Rigid cryoprobes do exist but do not oer any advantages 
over the more maneuverable exible probes and likely no 
longer have a place in bronchoscopic procedures.

Method of Use
When utilizing the cryotherapy probe for debulking, the 
probe’s metallic tip should make direct contact with the 
lesion and the foot pedal should be activated, at which 
point visible ice crystals begin to form. e area of tis-
sue adhesion is increased by exerting pressure with the 
probe on the tumor and with longer cooling durations. 
Additionally, although cartilage is cryoresistant, the 
associated normal airway mucosa is quite cryosensitive.31

Although obtaining large fragments of tissue is desirable, 
excessive freezing radius or accidental direct contact 
with the airway mucosa increases the risk of injury to 
normal airways as well as bleeding. Short freezing dura-
tion of 3–6 s is recommended. To prevent injury, the ret-
rograde force used to detach tissue should be constant 
and gentle. If signicant resistance is encountered, pedal 
activation and retraction should be stopped and the 
tumor allowed to detach before reattempting at a dier-
ent attachment point. Slight withdrawal of the probe at 
the rst sign of tissue adhesion, to gently pull the tumor 
away from the airway wall, before completing the pedal 

activation period will reduce the likelihood of adhesion 
to the adjacent normal airway mucosa. Once the tumor 
is detached, it should be removed en bloc from the air-
way to allow the adhered tissue to thaw and detach from 
the probe (see Fig. 7.6). During this time period, visual-
ization of the airway is lost. Immersing the probe tip in 
microwaved saline signicantly reduced the time needed 
to remove the specimen and return to the airway.

Pitfalls
Cryorecanalization should be avoided if there is pure 
extrinsic compression and with strongly adhesive tis-
sue. Extreme care should be taken when debulking 
tumors along the cartilage-free posterior tracheal wall 
to prevent airway injury or perforation. Caution should 
be used, or the technique avoided, in highly vascular 
tumors or when the tumor involves or invades vascula-
ture adjacent to the target airway, as major hemorrhage 
can occur.32 While with most nonthermal mechanical 
debulking tools, devascularization of the tissue with 
laser or other thermal therapies prior to debulking is 
ideal, this is less eective when utilizing the cryoprobe, 
as the use of thermal therapies reduces the intracellular 
water content necessary for cryoadhesion. With appro-
priate target selection, signicant bleeding from the 
residual tumor bed is uncommon; however, slow oozing 
is frequently encountered.33 One should always have a 
plan in place to manage bleeding during this procedure. 
APC and laser can be helpful for oozing but cannot be 
used if cryorecanalization is being performed due to 
the inability to tolerate hypoxemia. Epinephrine, topi-
cal tranexamic acid (TXA), and cold saline can be used 
as adjuncts to control bleeding and should be readily 
available along with Fogarty balloons or endobronchial 
blockers to protect the contralateral lung when bleeding 
develops distal to the main carina. A common miscon-
ception among trainees is that because cryorecanaliza-
tion uses extreme cold, it somehow provides hemostasis. 
It does not. It is essentially a mechanical debridement 
technique, and bleeding can and does result.

S U M M A RY

Mechanical debridement tools are essential components 
of the interventional pulmonologist’s tool kit. While 
combined usage with thermal therapies is ideal, in the 
setting of severe hypoxia, these instruments are oen 
the only options available to eectively obtain rapid 
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recanalization of obstructed airways. As sheer force is 
required to operate most mechanical instruments, they 
are inherently less forgiving than their thermal coun-
terparts. One must understand not only the roles of 
these tools but also the potential risks with these less 
precise and nonablative tools, such as airway perfora-
tion as well as bleeding, and be prepared to manage the 
complications.
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Rapid Ablative Techniques

8

INTRODUCTION

Rapd ablatve technques refer t varus thermal ther-
apes used t treat endbrnchal dseases whch have 
ther eect almst mmedately. ey nclude laser, elec-
trcautery, and argn plasma cagulatn (APC). ey 
are mst apprprate fr lesns wthn the arway lumen 
causng bstructn r hemptyss. Rapd ablatve 
technques can be used alne r n cmbnatn wth 
delayed ablatve technques and mechancal debrde-
ment. s chapter wll brey dscuss general ndca-
tns and techncal cnsderatns fr the rapd ablatve 
technques and then prvde mre detaled nfrmatn 
abut each f the three cmmnly used rapd ablatve 
methds. Mechancal debrdement and delayed ablatve 
technques wll be revewed elsewhere n ths bk.

GENERAL CONSIDERATIONS FOR RAPID 

ABLATIVE TECHNIQUES

General Indications

Rapd ablatve technques are prmarly ndcated fr 
pallatve treatment f endlumnal lesns f the cen-
tral arways. ey are eectve fr bstructn caused 
by bth malgnant and bengn lesns as lng as the 
bstructn s caused by endlumnal dsease. Rapd 
ablatve technques are nt ndcated t treat central 
arway bstructn (CAO) caused prmarly by extrn-
sc cmpressn. Cmplex lesns wth bth extrnsc 
cmpressn and endlumnal bstructn are pt-
mally treated wth multmdalty therapy ncludng 
rapd ablatve technques fr the endlumnal cmp-
nent fllwed by mechancal dlatn r stentng fr 

resdual bstructn aer the endlumnal prtn f 
the lesn has been ablated. Rapd ablatve technques 
are als very eectve fr hemptyss arsng frm a 
central endlumnal surce. Rapd ablatve technques 
have als been used fr lcal cntrl f mnmally nva-
sve endbrnchal tumrs when mre establshed and 
dentve therapes such as surgery r radtherapy are 
cntrandcated.1

General Technical Considerations

Several anatmc characterstcs f endbrnchal 
lesns predct ther sutablty fr treatment wth rapd 
ablatve technques. e mst mprtant f these s 
a predmnant endlumnal cmpnent. e pres-
ence f nrmal lung dstal t the bstructng lesn 
wth an ntact dstal bld supply s als mprtant. 
Pedunculated r plypd lesns are better canddates 
fr rapd ablatve technques than sessle nes. It shuld 
als be recgnzed that lesns f the central arways are 
mst amenable t rapd ablatn, and cnversely lesns 
present n the upper lbes are mre dcult t treat wth 
these methds.1,2

Rapd ablatve technques can be used wth bth rgd 
and exble brnchscpes. Advantages f ablatn 
thrugh the rgd brnchscpe nclude better cntrl f 
the arway, avalablty f addtnal therapeutc ptns, 
better suctn, and the ablty t slate a bleedng area 
whle ventlatng the cntralateral lung. Advantages f 
ablatn wth the exble brnchscpe nclude faml-
arty t mst pulmnlgsts, ease f use, better access 
t dstal arways and the upper lbes, and the ablty t 
ntervene thrugh an endtracheal tube when requred. 
In practce ntrducng the exble brnchscpe 
thrugh the rgd nstrument allws the nterventnal 
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brnchscpst t enjy the advantages f bth tech-
nques when rgd brnchscpc ntubatn s utlzed 
as the ntal therapeutc mdalty.

Because all f the rapd ablatve therapes dscussed 
here use thermal energy t destry endbrnchal lesns 
and acheve hemstass, the fractn f nspred xygen 
(Fio

2
) must be reduced t 40% r less t reduce the rsk 

f arway re. In addtn t reducng the Fio
2
, frequent 

ventng r suctnng f the gases prduced by thermal 
destructn f tssue s recmmended as the gases may be 
vlatle and gnte f allwed t persst n hgh cncentra-
tns. Addtnally the electrc current utlzed fr abla-
tn wth electrcautery and APC requres grundng 
and may aect the functn f mplanted medcal devces. 
Laser may be preferred n patents wth such devces f 
feasble. Stang fr therapeutc brnchscpy requrng 
ablatve technques shuld nclude at mnmum a nurse, a 
techncan, and the brnchscpst. It s usually prudent 
t perfrm cmplex cases wth anesthesa supprt f the 
need fr ablatn s recgnzed befrehand. erapeutc 
brnchscpy fr malgnant CAO usng mderate seda-
tn s asscated wth a hgher cmplcatn rate than 
therapeutc brnchscpy usng general anesthesa.

LASER

General Principles of Laser Bronchoscopy

Laser s an acrnym fr lght amplcatn by stmulated 
emssn f radatn. ere are three prpertes f laser 
lght that make t useful n medcne. Frst, t s mn-
chrmatc—f a sngle wavelength and clr. Laser s 
als cherent, ndcatng a tghtly fcused beam. Fnally, 
laser s cllmated, meanng that the beam stays narrw 
ver dstance.3 Laser lght may nteract wth tssue n a 
varety f ways. ese nclude cnversn nt thermal 
energy, the stmulatn f bchemcal reactns wthn 
tssue, and beng reected r scattered at the surface f 
the tssue. e wavelength f the laser determnes whch 
f these eects s predmnant, and mst lasers used 
n brnchscpy are thse whch prduce a thermal 
eect n tssue resultng n cuttng, cagulatn, and 
vaprzatn.1,3

Fr a laser t be useful n brnchscpy a delvery sys-
tem that allws t t be used wthn the arway s needed. 
Mst f the lasers used n brnchscpy can be delv-
ered va ptcal bers, and bth rgd and exble prbes 
are avalable. e rat f absrptn and scatterng 

cecents n s tssue als determnes the eect f a 
gven laser. Increased absrptn relatve t scatterng 
prduces cuttng eects, whle ncreased scatterng leads 
t mre cagulatn. e tssue eect s als determned 
by the pwer, duratn f expsure, and dstance frm 
the tssue f the laser ber.1,3 e CO

2
 laser was the rst 

used n medcne and remans ppular n tlarynglgy 
due t ts ablty t cut wth great precsn. Hwever, ts 
utlty n brnchscpy s lmted snce t s nt sutable 
fr transmssn by ptcal bers and requres a rgd 
delvery system and t s als pr at achevng hemsta-
ss because f ts very shallw depth f penetratn. e 
nedymum:yttrum alumnum garnet (Nd:YAG) laser s 
the mst cmmnly used and studed n brnchscpy. 
It s able t acheve excellent cagulatn and even vapr-
zatn f tssue, and ts shrter wavelength s sutable 
fr transmssn thrugh exble ptcal bers.1,3 Other 
lasers used n brnchscpy nclude nedymum:yt-
trum alumnum pervskte (Nd:YAP), hlmum:yt-
trum alumnum garnet (H:YAG), argn, thulum, and 
dde lasers. Each has dstnct tssue eects determned 
by the wavelength f lght used and the way t nteracts 
wth tssues. Characterstcs f sme cmmnly used 
medcal lasers are summarzed n Table 8.1.3–5

Preprocedural Preparation
As dscussed earler, selectn f patents fr brnch-
scpc laser ablatn shuld begn wth an assessment 
f the lesn. Rased endlumnal lesns f the central 
arways are deal. e respratry status f the patent 
shuld als be assessed t determne whether r nt the 
patent can tlerate hypxema snce the safe use f laser 
requres that the Fio

2
 be reduced t 40% r less. Because 

lasers delver thermal energy by lght and nt electrcty, 
laser s safe fr use n patents wth pacemakers r ther 
mplanted cardac devces.

Equpment:
• Laser cnsle wth ft pedal t actvate the laser
• Reusable r dspsable ptcal ber t carry the beam 

(bth rgd and exble bers are avalable, as are 
cntact and nncntact prbes)

• Safety glasses fr the specc wavelength f lght used 
by the laser.

Technique of Laser Bronchoscopy
When plannng a laser prcedure t s f crtcal mpr-
tance fr the brnchscpst t knw the patent’s anat-
my and mantan gd rentatn n the arway at all 
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tmes. e Fio
2
 shuld be reduced t 40% r less befre 

actvatng the laser. All persnnel present n the prce-
dure sute must wear safety glasses prr t actvatng 
the laser. Typcal settngs fr laser brnchscpy nclude 
pwer f 20–40 W and a pulse tme f 0.4–1 s fr the 
Nd:YAG laser, but exact settng vares based n the type 
f laser. e brnchscpe s advanced untl the tar-
get lesn s vsualzed, and then the ber s extended 
beynd the tp f the scpe by at least 4 mm. Only then 
shuld the assstant arm the laser.

e brnchscpst shuld rent the axs f the laser 
ber parallel t the lng axs f the arway t reduce the 
rsk f perfratn. Treatment shuld begn wth the 
ber at least 0.4–1 cm away frm the target and start 
wth shrt-duratn pulses. e eect f laser n the 

tssue s then evaluated, and f mre eect s desred the 
ber can be mved clser t the target lesn r lnger 
pulses can be used. Large bstructng lesns can be 
cagulated usng a lwer pwer settng prr t mechan-
cal debulkng (see Fg. 8.1). s methd f cagulatn 
usng thermal ablatn fllwed by mechancal debulk-
ng s repeated n an teratve manner t prgressvely 
resect larger tumrs. e brnchscpst s essentally 
shavng the tumr dwn by cagulatng, then resectng 
the tumr, and then repeatng the prcess untl the ar-
way s pen. Smaller r frable tumrs can be vaprzed 
usng hgher pwer settngs. Prlnged rng r rng 
n an axs ther than parallel t the arway ncreases the 
rsk f perfratn wth attendant bleedng and respra-
try falure and shuld be avded.

TABLE 8-1 Lasers Used in Interventional Bronchoscopy3

Type of 

Laser

Wavelength 

(nm) Coagulation

Cutting and 

Vaporization

Depth of 

Penetration (mm)

Typical Power 

Settings (W)

CO
2

10, 600 + +++ <1 4–8

Nd:YAG 1064 ++ +++ 5–15 20–40

Nd:YAP 1340 +++ + 3–10 20

Ho:YAG 2100 + +++ <1 10

Argon 516 ++ + 1 5

Thulium 2000 ++ +++ <1 10

Diode Variable ++ ++ 3–10 2–4

CO
2
, Carbon dioxide; Ho:YAG, holmium:yttrium aluminum garnet; Nd:YAG, eodymium:yttrium aluminum 

garnet; Nd:YAP, neodymium:yttrium aluminum perovskite.

Fig. 8.1 Neodymium:yttrium aluminum perovskite photoresection of non–small cell lung cancer obstructing the right 

mainstem bronchus. (Photo courtesy the author, used with permission.)
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Complications of Laser

• Hemrrhage (mmedate and delayed)
• Respratry falure/hypxema
• Perfratn
• Fstula
• Pneumthrax/pneummedastnum
• Arway re
• Eye njury
• Gas emblsm.

Precautions and Pearls
• Laser can cause arway re when used n an xy-

gen-rch envrnment. e Fio
2
 must be decreased 

t 40% r less when usng laser. Clear verbal cmmu-
ncatn wth the prcedure assstant r anesthetst 
s crtcal t cnrm that the Fio

2
 s at an acceptable 

level befre actvatng the laser. Clsed-lp cm-
muncatn s recmmended, meanng that the brn-
chscpst shuld gve an rder specfyng the Fio

2

desred and the anestheslgst shuld repeat and 
cnrm the message nce the Fio

2
 s adjusted prr 

t any thermal ablatn.
• Laser s best fr pedunculated r prtrudng lesns. 

Because t delvers energy as lght the beam travels 
straght ahead n the axal plane, s radal rng s nt 
pssble. s makes treatng sessle mucsal lesns 
dcult.

• Laser s gd fr deeper tssue penetratn when 
cmpared t APC, but ths ncreases the rsk f per-
fratn relatve t APC. Treatment f the pste-
rr tracheal and manstem brnchal walls mparts 
ncreased rsk f perfratn and shuld be cnsd-
ered wth cautn.

• Laser s preferred ver electrcautery and APC n 
patents wth mplanted cardac devces because the 
lght beam transmttng thermal energy des nt 
aect them n the way that electrc current des.

• Derent lasers have derent eects based n the 
wavelength f ther lght. Be famlar wth the devce 
yu are usng and ts characterstc tssue nteractns.

Evidence
Numerus case seres demnstrate the eectveness f 
laser fr CAO and bleedng, althugh few f these studes 
have been randmzed r cntrlled. It s als mprtant 
t remember that mst recent studes reprt data n pr-
cedures that are multmdalty, usng a cmbnatns f 

thermal technques (e.g., laser plus electrcautery) wth 
cmbnatns f mechancal debrdement technques 
(e.g., crng ut and frceps) wth r wthut stentng. 
Eectveness measures and cmplcatns reprted are 
really a reectn f the multmdalty apprach, and 
t s dcult t dssect hw derent parts f the mult-
mdalty apprach mpact utcmes. Gven these lm-
tatns, Cavalere and clleagues reprted the results f 
almst 1400 laser prcedures n 1000 patents, wth 64% 
havng malgnant CAO. Sgncant mprvement n ar-
way lumen sze r ventlatn was seen n ver 90% f 
patents wth malgnant brnchal tumrs, but symptms 
were nt measured wth valdated nstruments n these 
early studes.6 Perfrmance status n smlar patents 
wth malgnant CAO was als sgncantly mprved 
by laser treatment.7 Treatment wth Nd:YAG laser fl-
lwed by radtherapy n 15 patents wth nperable 
lung cancer and CAO requrng emergent treatment led 
t ncreased survval cmpared t radtherapy alne n 
11 hstrcal cntrls.8 Hwever, when assessng ecacy 
and cmplcatn rates, t s mprtant t recgnze that 
cmplcatn rates fr therapeutc brnchscpy vary 
by ndcatn. Patents wth malgnant CAO have hgher 
cmplcatn rates than thse wth bengn arway dsease 
undergng therapeutc brnchscpy.9 e AQuIRE 
multcenter regstry evaluated 1115 prcedures n 947 
patents wth malgnant CAO undergng therapeutc 
brnchscpy usng multmdalty appraches.10,11 Laser 
brnchscpy was utlzed n 24% f cases. ey fund 
that 93% f prcedures resulted n techncal success, 
dened as sgncant anatmc mprvement n arway 
bstructn (<50% resdual bstructn). Clncally sg-
ncant mprvement n symptms ccurred n 48%. 
e verall cmplcatn rate was 3.9%, but there was 
sgncant varatn between centers (range 0.9%–
11.7%). Rsk factrs fr cmplcatns ncluded use f 
mderate sedatn, urgent r emergent prcedures, 
Amercan Scety f Anestheslgy scre >3, and 
red therapeutc brnchscpy cases. Lmted data are 
avalable n the mpact f therapeutc brnchscpy n 
qualty adjusted survval.12 In a prspectve bservatnal 
study f 102 patents wth malgnant arway bstruc-
tn, anatmc techncal success was acheved n 90% f 
cases, resultng n decreased dyspnea at 7 days (mean 
change n Brg scre −1.7) and mprved health-related 
qualty f lfe (HRQOL) (change n utlty at 7 days +

0.047 utles, P =0.0002). Imprvements n dyspnea and 
HRQOL were mantaned lng term. Data n mpact 
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f therapeutc brnchscpy usng laser n qualty 
adjusted survval n bengn dsease are currently lack-
ng. Overall, the data suggest that the ecacy and safety 
prle f brnchscpc laser treatment as part f a 
multmdalty arway apprach s acceptable n expe-
renced hands, wth verall cmplcatn rates rangng 
frm 2.3% t 8.4% n the largest seres.10–14

Summary
Laser s a safe and eectve methd fr relevng CAO 
and treatng bleedng n the arways. It s expensve and 
requres specal eyewear, but des nt aect mplanted 
medcal devces and has a lng track recrd f safety.

ELECTROCAUTERY

General Principles of Bronchoscopic 
Electrocautery

Electrcautery uses hgh-frequency electrcal current t 
generate heat whch then cagulates and destrys tssue. 
Cntact between the cautery nstrument and the tssue 
s requred fr the thermal eect. Because the heat s 
generated by an electrcal current the patent must be 
grunded t avd shck and allw the current a safe 
way t ext the bdy. e tssue eect s determned by 
vltage, duratn, area f cntact, tssue densty, and the 
water cntent f the tssue.1,15,16

Derent electrcautery devces are used fr derent 
purpses. Cmmn nstruments used fr electrcau-
tery nclude a blunt prbe, ht frceps, cautery knfe, 
and cautery snare. e exble blunt prbe s used t 
cagulate and destry tssue wth drect cntact. Rgd 
electrcautery blunt prbes functn smlarly. In add-
tn, there are rgd electrcautery-suctn prbes that 
prvde the addtnal benet f prvdng electrcau-
tery cagulatn and destructn whle smultaneusly 
suctnng the arway f bld. e ht frceps are able 
t delver heat whle a transbrnchal r endbrnchal 
bpsy s beng taken (see Fg. 8.2). e cautery knfe s 
used t precsely cut thrugh tssue and s partcularly 
gd at dsruptng bengn webs causng arway stenss 
(see Fg. 8.3). e cautery snare s used t grasp pedun-
culated lesns at the base t facltate rapd remval.1,2,16

Preprocedural Preparation
Patent selectn fr brnchscpc electrcautery 
s smlar t that fr laser and ther rapd ablatve 

technques. e patent must be able t tlerate reduc-
tn f the Fio

2
 t 40% r less fr safe use f electrcau-

tery. Assessment f the lesn t be treated s als crtcal 
t allw the selectn f the apprprate cautery nstru-
ment as utlned earler.

e electrcal current used t generate thermal energy 
n electrcautery can nterfere wth the functnng f 

Fig. 8.2 Electrocautery forceps. (Photo courtesy the 

author, used with permission.)

Fig. 8.3 Electrocautery knife cutting benign weblike 

stricture near the main carina. (Photo courtesy the 

author, used with permission.)
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cardac pacemakers and ther mplanted medcal devces. 
Patents wth such devces wh must underg prcedures 
n whch electrcautery may be used shuld have the 
devces placed n asynchrnus mde by reprgrammng 
r usng a magnet. e devces shuld then be reevaluated 
aer the prcedure t ensure the resumptn f nrmal 
functn.17 If the patent cannt tlerate pacng wth asyn-
chrnus mde then electrcautery shuld nt be used.

Equpment:
• Electrcautery cnsle wth ft pedal fr actvatn
• Grundng pad fr the patent
• Electrcautery nstruments:

• Reusable r dspsable electrcautery blunt prbe
• Reusable electrcautery-suctn prbe
• Ht electrcautery frceps
• Electrcautery knfe
• Electrcautery snare.

Electrocautery Technique
As wth ther rapd ablatve technques the brnchs-
cpst must be famlar wth the patent’s anatmy and 
mantan gd rentatn n the arway at all tmes. e 
Fio

2
 shuld be reduced t 40% r less befre actvatng 

the cautery nstrument. A grundng pad must be placed 
n the patent and cnnected t the cautery machne t 
avd shck. Mst cautery machnes have tw ft ped-
als—ne fr cuttng and ne fr cagulatn. Depressng 
the cuttng (yellw) pedal generates mre energy t 
destry tssue quckly but wth hgher rsk f unntended 
cllateral damage and less eectve cntrl f bleedng. 
e cagulatn (blue) pedal cauterzes tssue wth less 
energy and s traverses the tssue mre supercally 
and s mre eectve fr hemstass f bleedng lesns 
wthut vaprzng them as eectvely.18 e cagula-
tn mde has smewhat less rsk f unntended cn-
sequences such as perfratn. Sme prceduralsts 
alternately actvate the cuttng and cagulatn pedals 
as they treat the target lesn wth the ntent t ptmze 
tssue destructn, hemstass, and safety. Typcal set-
tngs fr brnchscpc electrcautery nclude pwer f 
20–60 W, wth the cagulatn mde set t the lwer end 
and the cuttng mde nearer the upper end. Shrt actva-
tns are used t reduce the rsk f perfratn. e tssue 
eect f a gven electrcautery settng wll vary between 
tumrs and patents, s f there s uncertanty t s best 
t start n the lwer sde, treat, bserve tssue eects, 
and adjust settngs and technques accrdngly based n 
emprc bservatn n that ndvdual patent.

Blunt Electrocautery Probe Technique
e peratr shuld advance the brnchscpe untl 
gd vsualzatn f the lesn s attaned. en the 
prbe s advanced a sucent dstance beynd the 
wrkng channel t avd damage t the tp f the scpe. 
Many prbes have a mark n the catheter whch desg-
nates the mnmal safe dstance t avd damage t the 
scpe. en the tp f the prbe s tuched t the tar-
get tssue frm the lumnal sde and actvated usng the 
ft pedal fr a very shrt tme, generally n mre than 
1–2 s.19 e brnchscpst shuld vsually reassess the 
lesn aer each actvatn and delver addtnal energy 
as needed. When the rgd cautery prbe s used the tech-
nque s the same except that the tp f the prbe must 
be advanced at least 1–2 cm beynd the tp f the rgd 
brnchscpe t avd ptental shck t the peratr.

It s mprtant t avd prlnged cautery actvatn 
t avd aectng deep layers f tssue and ncreasng the 
rsk f perfratn and ther cmplcatns. Partcular 
care must be taken when treatng sessle lesns n the 
brnchal wall r any lesn n the psterr tracheal r 
manstem brnchal walls.

Hot Forceps
e ht frceps are bpsy frceps augmented wth 
electrcal current wth the dea f reducng bleedng 
aer bpses are taken by cauterzng t as the tssue s 
pulled away. e frceps are advanced frm the wrkng 
channel f the brnchscpe t the target tssue t be 
remved. Many frceps have a mark n the sha nd-
catng the mnmum safe dstance needed t avd dam-
age t the brnchscpe. Once the frceps are n cntact 
wth the target lesn the assstant clses the frceps n 
the tssue and then the peratr actvates the electrcau-
tery usng the ft pedal fr a few secnds. e tssue s 
then remved by gently pullng the frceps.

Whle the ntent f the ht frceps s t reduce bleed-
ng, studes evaluatng ts eectveness fr ths purpse 
have nt demnstrated a clncally sgncant reductn 
n bleedng.20,21 Fr ths reasn ths nstrument s n ln-
ger frequently used n practce.

Electrocautery Knife
e electrcautery knfe s nt actually sharp, but rather 
has a small almst needle-shaped tp that s able t cut 
thrugh tssue lke a true knfe when actvated wth 
energy. It s typcally used t cut bengn weblke stentc 
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lesns wthn the central arways. e sheath s rst 
advanced thrugh the wrkng channel f the scpe 
far enugh t avd damagng the tp. Please access 
Vde 8.1 (Electrcautery Needle Knfe) nlne. Many 
mdels have a clred mark n the sheath ndcatng the 
mnmum safe dstance. en the metal tp s prtruded 
frm the sheath. e brnchscpe s then exed s that 
the tp f the knfe s n cntact wth the web wth very 
slght pressure t drect the knfe. Aer ths the energy 
s actvated wth the ft pedal fr a very shrt tme—
less than a secnd—causng the desred cut n the tssue. 
e electrcautery knfe s able t cut thrugh the tssue 
extremely quckly, s t s mprtant t avd prlnged 
actvatns as ths may lead t perfratn f the arway.

Mst peratrs recmmend radal cuts at the 9’clck, 
12 ’clck, and 3 ’clck pstns. e psterr wall f 
the arway (6 ’clck) s nt treated because the lack f 
cartlagnus supprt ncreases the rsk f perfratn. 
Mechancal dlatn may be used f needed aer radal 
cuts are made (see Fg. 8.4). e electrcautery knfe s 
nt recmmended fr malgnant arway lesns snce t 
des nt cagulate eectvely and s very fast.

Electrocautery Snare
e electrcautery snare s used t remve plypd r 
pedunculated lesns wthn the arway. Frst the brn-
chscpst shuld try t determne the lcatn f the 
stalk as accurately as pssble. en the snare sheath s 
advanced ut f the wrkng channel f the brnchscpe 
t a safe dstance, and the snare tself s then advanced 
frm the sheath n the lumnal sde f the lesn that 
s pen (.e., ppste t the sde wth the stalk). Please 
access Vde 8.2 (Electrcautery Snare and APC) nlne. 

[Nte: Frst part f the vde cvers Electrcautery Snare 
and the later part cvers APC] e snare wll pen n ts 
wn as t s advanced and s pstned t lass the lesn. 
e brnchscpe s then mved tward the sde f the 
wall where the stalk rgnates and used t manpulate 
the snare arund the lesn tward the lesn’s base. e 
assstant then tghtens the snare slwly arund the base 
f the lesn untl t s cmpletely encrcled and sme 
resstance s felt. en the assstant slwly tghtens the 
snare whle the peratr actvates the energy usng the 
ft pedal. ese actns shuld ccur smultaneusly 
untl the snare s cmpletely clsed arund the lesn r 
cuts thrugh the base and the lesn appears lse n the 
arway. e snare can be used t remve the lesn f the 
lesn remans n ts grasp. If the stalk s cut thrugh and 
the lesn falls lse n the arway then frceps, suctn, 
r the crytherapy prbe can be used t remve the ts-
sue (see Fg. 8.5).

Complications Of Electrocautery
• Hemrrhage
• Perfratn
• Arway re
• Snare entrapment
• Shck t patent r peratr
• Implanted cardac devce malfunctn.

Precautions and Pearls
• Lke laser, electrcautery can cause arway re when 

used n an envrnment wth a hgh xygen cncen-
tratn. e Fio

2
 must be decreased t 40% r less 

when usng electrcautery and gd cmmunca-
tn wth the prcedure assstant r anesthetst s 

Fig. 8.4 Benign subglottic stricture before and after treatment with radial cuts using the electrocautery knife. (Photo 

courtesy the author, used with permission.)
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crtcal t cnrm that the Fio
2
 s at an acceptable 

level befre actvatng the nstrument. Clsed-lp 
cmmuncatn practces shuld be utlzed.

• Cntact electrcautery s less eectve when there 
s excessve bld n the area t be treated. s s 
because the wet surface duses the pnt f cn-
tact wth the tssue, lmtng the eect f the cautery 
nstrument.18 In ths stuatn the brnchscpst 
shuld ether use suctn t remve bld and allw 
eectve treatment wth cautery r chse a nncn-
tact tl such as APC t cntrl bleedng. Use f the 
rgd electrcautery-suctn nstrument t smul-
taneusly suctn bld and cagulate the bleedng 
surce can be useful n ths cntext.

• It s mprtant t match the tl t the lesn. Each 
cautery nstrument has a derent utlty.

• It s en useful t use cntact and nncntact 
mdaltes tgether fr ptmal tssue destructn 
and hemstass.

• Electrcautery must be used wth cautn n patents 
wh have mplanted cardac devces. A magnet 
shuld be used t cnvert pacemakers and aut-
mated mplanted cardverter-debrllatrs (AICDs) 
t asynchrnus mde, and electrcautery shuld 
be avded n patents wh cannt tlerate ths. 
Pstprcedure devce nterrgatn s prudent.

• It s en helpful when usng the blunt prbe r the 
cautery knfe t perfrm a “dry run” wth the nstru-
ment wthut actvatng the electrcautery t allw 
the physcan t predct the angle and drectn f 
mvement befre they treat the tssue.

Evidence

When assessng the evdence, as wth laser brnchs-
cpy, t s mprtant t remember that mst recent 
large seres use a multmdalty apprach, cmbnng 
derent thermal technques, electrcautery amng 
them, wth derent debrdement technques and 
smetmes stentng. Cmplcatns and utcmes als 
vary by ndcatn.1,9,10 As such t can be dcult t ds-
sect ut the rsk f electrcautery n slatn. A num-
ber f small seres and trals have demnstrated the 
eectveness f brnchscpc electrcautery t releve 
CAO and mprve dyspnea and reprted a favrable 
safety prle.18,22,23 Gven ths cntext, Wahd and 
clleagues evaluated 94 patents wh underwent 117 
brnchscpc electrcautery prcedures fr bth 
malgnant and bengn CAO wth 94% f patents hav-
ng sgncant endscpc mprvement. Seventy-ne 
percent f patents reprted mprvement n ther 
symptms, and radgraphc mprvement by cm-
puted tmgraphy (CT) was seen n 78% f patents. 
Mnr cmplcatns were seen n 6.8% f cases, wth 
majr cmplcatns n 0.8% and n perprcedural 
deaths reprted.24 Brnchscpc electrcautery has 
als been shwn t be less cstly than laser treatment 
wth smlar eectveness.18,22,23

Summary

Brnchscpc electrcautery s a versatle tl espe-
cally well suted fr relevng bengn and malgnant 
CAO. In experenced hands t has an acceptable safety 
prle. It s less expensve than laser and n prtectve 

Fig. 8.5 Right lower lobe endobronchial lipoma before, during, and after resection using the cautery snare. (Photo 

courtesy the author, used with permission.)
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eyewear s requred. It des use electrcal current t gen-
erate electrcty s must be used wth cautn n patents 
wth mplanted medcal devces. Arway re s a rsk s 
Fio

2
 must be mantaned at 40% r less.

ARGON PLASMA COAGULATION

General Principles of APC
APC s a nncntact frm f electrcagulatn n 
whch argn gas s nzed by a hgh-frequency elec-
trcal current and then travels frm a catheter t the 
nearest grund where t s cnverted t heat, prducng 
cagulatn and fulguratn f the targeted tssue.25,26

e nearest grund may nt be n the axal plane—rng 
t the sde and even retrgrade rng are als pssble. 
APC generally has a supercal depth f penetratn, 
between 2 and 3 mm.2,26 s happens largely because 
the electrcal resstance f tssue ncreases as t becmes 
cagulated and desccated, lmtng further cnductn.2

As resstance ncreases, the nzed argn gas, whch 
acts as a cnductr, wll bend tward the path f least 
resstance, whch wll be the adjacent nntreated tssue. 
Fr ths reasn vaprzatn s nt typcally acheved, 
but APC has an excellent hemstatc eect and the cag-
ulatn prduced allws easer mechancal debulkng f 
bstructng lesns.

Preprocedural Preparation
Patent selectn fr APC s essentally the same as fr 
electrcautery and laser. Apprprate lesns fr APC 
are bleedng r bstructng lesns wthn the central 
arways that are vsble wth the brnchscpe. e 
patent must be able t tlerate an Fio

2
 f 40% r less n 

rder t safely use APC wthn the arway. Because APC 
s a mnplar electrcal current, the same precautns 
must be taken as electrcautery fr thse patents wh 
have mplanted cardac devces. ese are summarzed 
earler, n the sectn n preprcedural preparatn fr 
electrcautery

Equpment:
• APC/electrcautery cnsle wth ft pedal fr 

actvatn
• Grundng pad fr the patent
• APC prbe:

• Flexble r rgd
• Large r small sze
• Axal, sde-rng, r crcumferental-rng tp.

APC Technique
As wth laser and electrcautery the nterventnalst 
must knw the patent’s anatmy and mantan gd 
rentatn n the arway at all tmes. e Fio

2
 shuld 

be reduced t 40% r less befre actvatng the APC 
devce. A grundng pad must be placed n the patent 
and cnnected t the APC cnsle t avd shck. 
Many cnsles are used fr bth cntact electrcautery 
and nncntact APC. Unlke wth the cntact cautery 
tls, hwever, actvatn f APC s dne nly wth ne 
ft pedal—typcally the cagulatn (blue) pedal. e 
peratr can chse frm large and small sze exble 
APC prbes. e smaller prbe s 1.5 mm n dameter 
and can be used n standard sze brnchscpes wth a 
2-mm wrkng channel. e larger sze prbe s 2.3 mm 
n dameter and requres a therapeutc exble brn-
chscpe. e smaller prbe s mre exble and bet-
ter suted fr lesns n the upper lbes r mre dstal 
arways. e larger prbe can accmmdate a hgher 
w f gas and prduces a mre rapd tssue eect. e 
derent tps drect the w f nzed gas (current) n 
derent drectns.

Mst APC cnsles have three mdes wth slghtly 
derent eects. Frced APC mde s characterzed by 
a cntnuus utput f hgh-frequency vltage and has 
the mst tssue eect. It s mst useful fr hemstass 
f duse areas f bleedng and rapd devtalzatn f 
tssue. In pulsed APC mde the utput f energy s ds-
cntnuus, wth pulses f energy at varyng frequen-
ces. Pulsed APC s useful fr duse bleedng and tssue 
devtalzatn n areas that are thermsenstve and 
when mre cntrlled pwer utput s desred. In bth 
f these mdes the tssue eect s determned by adjust-
ng the pwer settngs. Precse APC mde s character-
zed by cntnuus utput f energy, but the tssue eect 
s determned by the eect settng rather than pwer. It 
s used t treat supercal bleedng r devtalze tssue 
n thn-walled areas and has a mre supercal depth f 
penetratn. Typcal settngs fr APC nclude pwer f 
20–40 W and gas ws between 0.3 and 1.8 L/mn wth 
hgher ws used fr the larger sze prbe. Fr a gven 
prbe sze, a hgher w rate wll result n greater range/
reach f the APC.

e brnchscpe s advanced wthn the arway 
untl the target lesn s vsualzed, and then the APC 
prbe s extended beynd the tp f the scpe by at 
least 5–10 mm befre actvatn t avd damagng the 
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brnchscpe (Vde 8.1). APC prbes have black rngs 
every 10 mm startng frm the tp t allw the peratr 
t determne an apprprate dstance. Once the prbe 
s sucently extended the brnchscpst shuld mve 
t clser t the lesn usng prmarly the mvement f 
the brnchscpe rather than addtnal ndependent 
mvement f the prbe. s helps prevent the pera-
tr frm nadvertently wthdrawng the tp f the prbe 
t near the scpe. Once the tp f the prbe s wthn 
abut 4 mm f the target lesn the peratr can act-
vate the APC usng the ft pedal. Actvatn tmes 
vary but t s generally prudent t start wth actvatns 
f 1–3 s befre evaluatng the eect and then adjustng 
the dstance t the tssue r the duratn f actvatn 
as needed. e brnchscpst shuld als attempt t 
avd tuchng the prbe t the tssue n rder t reduce 
rsk f gas emblsm. Fr hemstass APC fulguratn 
alne s usually sucent (see Fg. 8.6). Fr debulkng 
f bstructng lesns mechancal technques are en 
emplyed aer cagulatn t acheve an ptmal eect.

Because the mnplar w f current travels t the 
nearest grund regardless f drectn, the advantages f 
usng the sde-rng prbe r the crcumferental-rng 
prbe are lmted. e standard axal-rng prbe wll 
als cnduct current radally r even retrgrade f that 
s the area f tssue nearest the tp.

Complications of APC
• Bleedng
• Respratry falure
• Perfratn
• Arway re
• Gas emblsm
• Implanted cardac devce malfunctn.

Precautions and Pearls
• Lke the ther rapd ablatve technques, APC can 

cause arway re when used wth hgh Fio
2
. e Fio

2

shuld be reduced t 40% r less when usng APC. 
e brnchscpst must cmmuncate well wth the 
prcedure assstant r anesthetst t ensure that the 
Fio

2
 s safely reduced befre begnnng treatment. 

Clsed-lp cmmuncatn s recmmended.
• APC s excellent fr hemstass and cagulatn, 

but t s less eectve than laser r electrcautery 
fr tssue destructn. It can en be used as part 
f multmdalty therapy t cagulate bstructng 
lesn befre mechancally debulkng t t reduce 
bleedng rsk.

• Desccatn and cagulatn ncreases the ress-
tance f the tssue, leadng t a degree f self-lmt-
ng depth f penetratn and less rsk f perfratn 
wth APC.

• Wth APC the peratr can re radally wth the axal 
prbe as lng as tp s clser t the sde wall than the 
nearest frward grund.

• e ablty t sde-re makes APC especally eectve 
fr treatng sessle r at lesns.

• e smaller APC prbe s better able reach ds-
tal lesns and treat lesns wthn the upper lbes 
because f ts exblty.

• e w rate dctates the range/reach f APC. Hgher 
w results n greater range. In smaller arways lwer 
rates are recmmended t avd unntended cllat-
eral damage.

• D nt re and advance the APC at the same tme. 
If yu accdentally mpale tssue whle rng the 
APC yu can cause an ar emblsm. Instead, re the 
APC and slwly wthdraw the brnchscpe t cver 
larger areas. en hld re, repstn dstally, and 
repeat. s wll help mnmze rsk f gas emblsm. 
Lmtng actvatn tmes t 1–3 s ntally and durng 
the prcedure wll als help mtgate gas emblsm 
rsk.

Fig. 8.6 Argon plasma coagulation of bleeding endotra-

cheal papillomatous tumors. Photo courtesy the author, 

used with permission.
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Evidence

Althugh many case reprts descrbng the use f APC 
n brnchscpy have been publshed, there have been 
relatvely few case seres evaluatng ts rle n the arway. 
Rechle and clleagues reprted ther experence wth 482 
prcedures n 364 patents, predmnantly havng malg-
nant dsease. Fr thse patents wth malgnant arway 
stenss cmplete r partal recanalzatn was reprted 
n 67%, wth mst f the falures due t absence f vable 
dstal lung. Successful treatment f acute hemptyss was 
accmplshed wth APC n >99% f cases. Cmplcatns 
were rare and seen n nly 3.7% f cases wth n perpr-
cedural deaths.25 Mrce and clleagues descrbed ther 
experence usng APC n 60 patents wth hemptyss, 
symptmatc arway bstructn, r bth. All patents 
presentng wth hemptyss had gd symptm cntrl 
wth APC. Of thse patents wth brnchal bstructn, 
the mean degree f bstructn mprved frm 76% 
pretreatment t 18% psttreatment wth cncmtant 
mprvement n symptms. N cmplcatns frm the 
prcedures were reprted.26 As wth laser and electrcau-
tery, the APC s usually used as part f a multmdalty 
apprach, frequently cmbned wth ther ablatve tech-
nques (e.g., laser r cnventnal electrcautery) and 
mechancal debrdement (e.g., crng ut r frceps) and 
smetmes stentng fr mxed lesns.

Summary

APC s a nncntact frm f electrcautery that s 
partcularly well suted fr treatment f hemptyss 
r bleedng n the central arways. It s als useful n 
cmbnatn wth mechancal technques t devtalze 
bstructng endbrnchal lesns befre mechancal 
debulkng, thereby reducng bleedng rsk. e depth f 
penetratn fr APC s less than laser because the n-
zed gas wll bend tward the path f least resstance. It 
has a very favrable safety prle.

SUMMARY OF RAPID ABLATIVE 
TECHNIQUES

Laser, electrcautery, and APC are all excellent mdal-
tes fr treatng endbrnchal lesns causng arway 
bstructn and bleedng. N sngle methd s clearly 
superr t the thers, althugh each has ts partcular 
advantages and drawbacks. e brnchscpst shuld 
chse the rapd ablatve technque fr a gven case 

based n the nature f the prblem and lcal experence, 
equpment, and expertse.
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Delayed Ablation Techniques: 
Photodynamic Therapy and Cryotherapy

9

PHOTODYNAMIC THERAPY

Introduction

e advent of photodynamic therapy (PDT) was one of 
the early advances in interventional pulmonology that 
elevated therapeutic bronchoscopy into the curative 
arena. First used by Hayata in 1982, PDT has not sig-
nicantly changed in principle or application.1 PDT is 
based on the concept that malignant cells absorb and 
retain a photosensitive compound and become very 
sensitive to light.2 e photosensitizer is then activated 
with a light wavelength corresponding to the photosen-
sitizer absorption spectrum that takes the singlet basic 
energy state to the goal excited triplet state.3 e excited 
triplet state leads to the generation of reactive oxygen 
species, which cause cellular damage and apoptosis of 
tumor cells.

e procedure involves three steps:
• First step: intravenous injection of the photosensi-

tizer agent pormer sodium (Photofrin, Pinnacle 
Biologics, Bannockburn, IL, USA) at 2 mg/kg

• Second step: 48 h aer injection, performing a bron-
choscopy and using a light diuser through the 
working channel of scope to expose the sensitized 
tumor cell to a nonthermal laser light (wavelength of 
630 nm)

• ird step: 48 h aer index procedure, performing a 
bronchoscopy to remove sloughed tissue with suc-
tioning, forceps, or cryoprobe. If the intended lesion 
does not appear to be adequately treated, a second 
light treatment can be delivered at this session.
PDT can be used with curative intent for patients 

with carcinoma in situ or as adjunctive therapy or pallia-
tive treatment for malignant central airway obstruction.

PREPROCEDURE PREPARATION

Patient Selection

Identifying the appropriate patient for PDT relies on 
selecting the optimal target lesion. If aiming for cura-
tive intent of carcinoma in situ, consider factors such 
as a lesion size <1.5 cm (<1 cm for optimal results), 
proximal airway location, and intraluminal disease. It is 
important to remember that the depth of tissue penetra-
tion for PDT is 4–6 mm. e therapeutic eects of PDT 
are delayed such that its application is limited in critical 
malignant central airway obstruction.

Injection Encounter

In the United States, Photofrin is the only approved 
photosensitizer compound available. It is dosed 2 mg/kg 
48 h prior to bronchoscopy. Aer its administration, it 
is retained in tumor cells and cleared from most healthy 
issues in 6 h except for the lung, reticuloendothelial 
tissues, and the skin. e unique properties that allow 
for Photofrin to accumulate in malignant cells have not 
been well elucidated. Proposed mechanisms involve 
elevated numbers of lower-density protein receptors on 
tumor cells, decreased pH in the tumor microenviron-
ment, and the presence of macrophages.4

As mentioned earlier, Photofrin does not just accu-
mulate in malignant cells but is highly concentrated in 
the spleen, liver, kidney, and orders of magnitude lower 
in the skin.5 Given that the spleen, liver, and kidney 
are protected from light, they are not considered when 
it comes to PDT. Photofrin can be retained in skin for 
up to 8 weeks aer injection, requiring patients to be 
cautioned to avoid light. Emphasis should be placed on 
wearing protective clothing, gloves, and eye protection 

Michael Dorry and Jasleen Pannu
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to avoid burns, which are usually mild in severity and 
are generally cited as occurring in 5%–28% of cases.6

Equipment
• Bronchoscope
• Bronchoscope tower
• Laser system
• Cylindrical diuser

Staff
• Bronchoscopist
• Bronchoscopy technician/respiratory therapist
• Anesthesia team

Setting
PDT is typically performed in the bronchoscopy suite as 
an outpatient procedure. It can be done under moder-
ate sedation or general anesthesia. Sedation should be 
deep enough for the patient as to not disrupt activation 
of light at the target lesion. Picking the procedural day 
for PDT is important, as a repeat bronchoscopy must be 
completed 2 days aer the light activation procedure. 
Depending on sta and bronchoscopy suite scheduling, 
this usually precludes scheduling PDT on ursday or 
Friday. e preprocedural preparation area should keep 
the lights dimmed to diminish ambient light thereby 
minimizing potential skin irritation. e same holds 
true for the bronchoscopy procedure room if possible.

PROCEDURAL TECHNIQUES

Once the patient is sedated, the bronchoscope is intro-
duced for an airway examination to ensure that the 
lesion has not signicantly changed from when PDT 
was originally oered. A cylindrical diuser, which 
comes in both rigid (outer diameter 1.7 mm) and ex-
ible (1.07 mm) bers, is attached to the diode laser 
machine. e diuser ber length is selected to match 
the length of the target lesion. Light is distributed in a 
360-degree radius from the ber when activated. Red 
light (625–630 nm) is the preferred light band, as it pen-
etrates best into tissue, with 800 nm considered the limit 
to generating a photodynamic reaction. Tissue activa-
tion of 200 J/cm is the most commonly selected dose 
as it is the maximum that can be applied to the airway. 
e diuser length is then selected on the calculation 
menu of the laser machine providing the time needed to 
deliver the desired light dose.

e diuser, when introduced through the broncho-
scope, is then placed in the middle of the airway across 
the target lesion. Special glasses are distributed to pro-
tect the eyes during energy activation. e broncho-
scope is steadied and the catheter is maintained in the 
airway. While the diuser is activated, bright light that 
renders the screen indiscernible occurs. Maintaining 
diuser position is important to ensure direct delivery 
of the light to the target lesion. Once the activation is 
completed, the bronchoscope is removed and the patient 
is recovered and given discharge precautions regarding 
worsening respiratory distress and the importance of 
returning for repeat bronchoscopy. Reillumination can 
be oered to patients, as the Photofrin remains bio-
chemically active in malignant cells for an additional 6 
to 7 days from injection.7

When the patient returns for repeat bronchoscopy 
48 h aer activation, the airway is inspected and denuded 
respiratory epithelium is removed. is is accomplished 
with suctioning and pulmonary forceps in most cases. A 
cryoprobe may be needed in some cases to remove very 
adherent or large amount of sloughed tissue. Once the 
sloughed tissue is removed, the patient is recovered and 
discharged home. Repeat bronchoscopy 1–3 months 
aer PDT should be performed to assess the treated area 
is free of disease.

Figs. 9.1–9.5 show bronchoscopic images of a PDT 
procedure performed to treat a carcinoma in situ in the 
bronchus intermedius.

Fig. 9.1 Endobronchial squamous cell carcinoma in situ 

(white plaques).
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COMPLICATIONS

ere are some notable complications associated with 
PDT. Photofrin is retained in the skin for approximately 
6–8 weeks following infusion, causing signicant pho-
tosensitivity. is can lead to signicant sunburn that 
necessitates patients wear protective clothing and eye 
protection when exposed to sunlight.8 e tissue death 
occurring 2 days aer treatment necessitates repeat 
bronchoscopy to remove desiccated tissue. In 7% of 
cases, tissue sloughing can result in signicant airway 
obstruction causing life-threatening respiratory dis-
tress.2 erefore a repeat bronchoscopy 48 h aer PDT 

is essential to remove sloughed tissue. Bronchial ste-
nosis has been reported if the treatment area overlaps 
with normal respiratory mucosa. While extremely rare, 
life-threatening hemoptysis can occur if the target area 
is <1 cm from a major mediastinal vessel.

EVIDENCE

PDT is employed in two clinical scenarios, one with 
curative intent for carcinoma in situ and the other for 
palliation of symptoms in obstructive malignant dis-
ease. In a prospective study of 175 lung cancer patients 

Fig. 9.2 Diffuser positioned in airway adjacent to carci-

noma in situ.

Fig. 9.3 Diffuse activation with red light wavelength.

Fig. 9.4 Sloughing of airway 48h following activation.

Fig. 9.5 View of airways after removal of sloughed 

tissue.
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from 1982 to 1996, McCaughan and Williams used PDT 
to treat 16 patients with stage I disease, 9 patients with 
stage II disease, 106 with stage III, and 44 patients with 
stage IV disease.9 Most patients had squamous cell car-
cinoma of the airway. e authors applied energy of 
400 J/cm diusing ber for trachea and main bronchi, 
300 J/cm for lobar bronchi, and 200 J/cm for segmental 
bronchi. e median survival of all patients in the study 
was 7 months, but when assessing each subgroup, stage I 
survival was not reached, stage II was 22.5 months, stage 
IIIA 5.7 months, stage IIIB 5.5 months, and stage IV 
5months. ree patients with squamous cell carcinoma 
in situ had complete responses (CRs) with no evidence 
of disease at 8, 74, and 121 months. e disease-free sur-
vival for stage I disease was 93%.9

In a dierent study from Japan, a total of 204 patients 
with 264 centrally located early stage lung cancer lesions 
underwent PDT between February 1980 and February 
2005.10 Two hundred and y-eight of the lesions were 
squamous cell carcinomas, 185 were clinical stage 0, and 
79 were clinical stage I. Tumor dimension was less than 
1 cm in 180 lesions, between 1 and 2 cm in 50 lesions, 
and more than 2 cm in 34 lesions. For the 56 tumors 
<0.5 cm, CR was 94.6%, lesion 0.5–1 cm CR was 93.5%, 
1–2 cm CR 80%, and >2 cm CR 44.1%. e distal mar-
gin of the tumor was visible on 203 of the lesions, which 
corresponded to a CR of 91.6%. Importantly, though, 
for lesions <1.0 cm the CR of 92.8% corresponded 
with a 5-year survival rate of 57.9%. e authors of the 
study attribute this to the study participants’ frailty, as 
they were not deemed surgical candidates and the vast 
majority of patients died from other diseases associated 
with their poor cardiopulmonary reserve.

Regarding palliation of symptoms, Moghissi and col-
leagues recruited 100 patients with advanced inoperable 
lung cancer (73% stage IIIa, 10% stage IV) between May 
1990 and May 1997.11 e study was set up to record 
symptoms (dyspnea, cough, and hemoptysis) and per-
formance status using the World Health Organization 
(WHO) scale. e WHO scale is arranged from 0 (able 
to carry out all normal activities without restriction) 
to 4 (completely disabled). Patients (59% squamous, 
24% adenocarcinoma) underwent PDT to their airway 
tumor following Photofrin injection. Follow-up of these 
patients was completed every 6–8 weeks for 1 year and 
then in 3–6-month intervals. At these visits data were 
collected. Pre-PDT treatment, 43 patients had a WHO 
scale of ≤2 and 54 patients had a WHO scale of ≥2. Six 

to eight weeks following PDT treatment, 87 patients had 
a WHO scale of ≤2 and 10 patients had a WHO scale 
of ≥2. Similarly forced expiratory volume in the rst 
second of expiration (FEV

1
) increased by 0.28 L follow-

ing PDT and forced vital capacity (FVC) increased by 
0.43 L. While multivariate analysis demonstrated that 
only performance status was statistically signicant for 
survival, there was a signicant improvement in func-
tional status following treatment with PDT.

SUMMARY

PDT elevated the eld of therapeutic bronchoscopy to 
the curative domain. In the right patient population, 
particularly patients with <1 cm length squamous cell 
carcinoma in situ, there is a ~90% chance of CR. While 
tumors are ideally centrally located, there is increasing 
interest in using available technology to provide treat-
ment to distal airways.12 PDT also has applications for 
malignant central airway obstruction, oen used in 
tandem with other usual treatment modalities such as 
chemotherapy and radiation. Newer tumor-specic 
photosensitizers are being developed with fewer side 
eects and hopefully more ecacy. PDT is a technology 
that has continued to evolve since 1982 and is antici-
pated to remain in the armamentarium of interventional 
pulmonologists worldwide.

CRYOTHERAPY

Introduction

Endobronchial lesions can develop from primary lung 
cancer or metastatic disease leading to airway obstruc-
tion. Most of these patients are not candidates for surgical 
resection and are likely to experience shortness of breath, 
hypoxemia, hemoptysis, and recurrent postobstructive 
pneumonia.13 Airway obstruction due to benign condi-
tions like mucus plugging, blood clot impaction, foreign 
body aspiration, and benign strictures can also lead to 
similar symptoms. e use of cryotherapy for immediate 
recanalization of the airway by debulking endobronchial 
lesions is described elsewhere. However, cryotherapy has 
a vital role as delayed therapy to restore the patency of 
airways for treatment and palliation purposes. is sec-
tion summarizes the critical aspects of using cryotherapy 
as a delayed endobronchial ablative treatment and cryo-
extraction to remove foreign bodies, mucus plugs, and 
blood clots obstructing the airways.
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e use of severely low temperatures to treat tumors 
was rst described as early as 1851 by James Arnott for 
a lesion in the breast.14 Cooper and Lee subsequently 
introduced the rst closed-tip cryoprobe using liquid 
nitrogen in 1961; its rst endobronchial use was by 
Gage using a rigid cryoprobe.15,16 A exible cryoprobe 
was developed in 1994.13 e cryoprobe gets cold to 
extremely low temperatures. It captures the cooling 
eect of the rapid expansion of a gas that has been liq-
ueed under high pressures. is phenomenon is also 
known as the Joule-omson eect.17,18 Cryotherapy 
is applied to tissue through multiple approaches: per-
cutaneous, thoracic, endobronchial, and so on.19 It has 
been shown to treat or palliate unresectable cancers 
and can potentially increase long-term survival.20,21

Endobronchial cryotherapy is suggested for the treat-
ment of endobronchial tumors and removal of for-
eign bodies and blood clots obstructing airways in 
the European Respiratory Society/American oracic 
Society guidelines (2002) and American College of 
Chest Physician Guidelines in 2003.22,23

MECHANISM OF ACTION

Cryotherapy induces tissue destruction through intra-
cellular and extracellular cryocrystallization. rough 
the specially designed cryoprobe, extremely low tem-
peratures can be applied to a local area leading to the 
initiation of these destructive events. Intracellular 
ice crystal formation leads to damage to intracellular 
organelles like mitochondria and endoplasmic retic-
ulum, whereas extracellular ice crystallization leads 
to intracellular dehydration and cell death. Mazur 
described the cell death mechanism by cryotherapy; 
90% cell death can be achieved if tissue is cooled quickly 
to −40°C at the rate of −100°C per minute. Lower tem-
peratures and repeat freeze-thaw cycles contribute 
incrementally to cell death.24 Also, cryotherapy leads to 
microthrombi formation in the surrounding vascula-
ture, hastening cell death and selectively targeting the 
hypervascular tumor tissue. For the same reason, tissues 
with higher water content are more sensitive to cryo-
therapy (granulation tissue, tumor, nerves, endothe-
lium), while bronchial cartilage is relatively spared from 
tissue destruction, along with brosis, nerve sheath, and 
connective tissue.25,26

Immediate relief of an obstructed airway from for-
eign bodies, blood clots, and mucus plug can also be 

obtained through cryotherapy and is based on a dier-
ent mechanism of action. Under bronchoscopic guid-
ance, the cryoprobe is put in direct contact with the 
culprit obstructing tissue/foreign body and is activated. 
As the cryoprobe freezes to extremely low temperatures, 
it adheres to the adjacent tissue. e cryoprobe is then 
removed en bloc with the bronchoscope. Large frag-
ments of mucus, organized blood clots, and some for-
eign bodies can be removed with this technique, which 
may otherwise not have been possible through exible 
bronchoscopy alone.

PREPROCEDURAL PREPARATION

Indications and contraindications to performing endo-
bronchial cryoablation or cryoextraction can guide 
patient selection and should be reviewed before plan-
ning these procedures.

Indications

1. Intraluminal tumors of histology-proven malignan-
cies causing endobronchial obstruction.19

2. Treatment of low-grade endobronchial malig-
nancies like carcinoid tumors that are otherwise 
unresectable.27

3. Granulation tissue growth leading to airway 
obstruction.23

4. Retrieval of foreign objects from central and segmen-
tal airways. Objects with more water content like cer-
tain food materials and tissue are more amenable to 
cryoextraction as opposed to metallic objects, plas-
tics, teeth, bone material, etc.23

5. Retrieval of organized blood clot/thrombus and 
mucus plugs from the airways, not cleared with ther-
apeutic suctioning and causing respiratory compro-
mise or risk of postobstructive pneumonia.28

Contraindications

1. Lack of expertise or training in performing endo-
bronchial cryotherapy.

2. Presence of bleeding diathesis, thrombocytopenia 
<50 × 109, use of clopidogrel and newer antiplate-
let agents, and anticoagulant therapy would present 
a high risk of bleeding complications with endo-
bronchial cryotherapy as well as any endobronchial 
intervention.

3. Any contraindications to undergoing the bronchos-
copy procedure itself.
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Equipment

For delivery of cryotherapy for any of the aforemen-
tioned indications, a combination of the below three 
types of equipment is needed (Fig. 9.6):
1. Cryosurgery device or cryoprobe: e exible cryo-

probe comes in two operating diameters: 2.4 mm 
and 1.9 mm. Its length is 90 cm, and the length of the 
cooling tip is 7 mm (ERBE USA, Inc.; Marietta, GA, 
USA).13 Besides the exible probe, rigid and semi-
rigid cryoprobes are also available but are less com-
monly used. e rigid and semirigid cryoprobe can 
only be used with a rigid bronchoscope. eir advan-
tage is a short thawing phase of the probe leading to a 
faster procedure; however, this can also decrease the 
extent of cellular injury achieved, and hence use of 
the exible probe may be overall preferred.26,27

2. Cryogen or cooling agent: e cryogen is stored in a 
liqueed state under high pressure in a cylinder on 
the cryo machine. Nitrous oxide, nitrogen, and car-
bon dioxide are the most commonly used cryogens. 
Nitrous oxide is reported to cool the cryoprobe tip to 
−89°C, whereas the carbon dioxide cools to −79°C 
within a few seconds.29 e cylinder connects to the 
cryoprobe, and, when activated, cryogen is released 
through a transfer line to the cryoprobe tip. e tip 
has a chamber for ingress and egress of the gas lead-
ing to its rapid freezing.27 A regulator located on the 
cryo machine controls the rate of freezing of the cryo-
probe by regulating the ow of the cryogen (Fig. 9.6).

3. e delivery device: A exible beroptic broncho-
scope or a rigid bronchoscope can be used to deliver 

endobronchial cryotherapy. Using the exible bron-
choscope does not always require general anesthesia. 
It can also reach the distal bronchi and upper lobes, 
which is otherwise dicult with a rigid broncho-
scope. Flexible beroptic bronchoscopes with a large 
working channel of 2.8 mm or more allow the cryo-
probe to be inserted easily and also leave the ability to 
apply some suction if needed (Fig. 9.7).

Staff
Physicians with prior training and experience in inter-
ventional procedures of the lung with cryotherapy and 
airway management should lead these procedures. 
Allied sta including nurses, technicians, and respira-
tory therapists should be well versed in using the cryo-
therapy equipment.

Setting
Cryotherapy-assisted ablation and extraction can be per-
formed using standard monitoring in a fully equipped 
bronchoscopy suite. Equipment should be checked for 
functionality before the procedure, including the appro-
priate level of cryogen in the cylinder, freeze time of the 
cryoprobe with saline, and appropriate activation and 
deactivation of the probe. No additional safety equip-
ment other than that regularly used in the bronchoscopy 
suite is required for cryotherapy.

Anesthesia Considerations
When performed with exible bronchoscopy, this proce-
dure can be performed successfully under both general 

A B C

Fig. 9.6 Cryotherapy machine showing the ow regulator, foot pedal for activation, and cylinder with cryogen (A). 

Cryotherapy machine assembled with cryoprobe attached (B, C).
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anesthesia and moderate sedation.28 No studies com-
paring anesthesia techniques for cryotherapy ablation 
have been reported yet. Higher sedation requirements 
to avoid coughing and prevent airway injury during the 
procedure give an advantage to the use of general anes-
thesia; however, patients with signicant comorbidities 
can be at additional risk with deeper anesthesia. e 
decision to use general anesthesia would be dictated by 
patient’s condition, type of lesion, institutional availabil-
ity, and provider preference.27

Advantages of Cryotherapy Over Other 
Ablative Modalities
1. e use of cryotherapy using a exible bronchoscope 

provides easier access to upper lobe lesions and dis-
tal lesions, which is otherwise dicult to attain with 
rigid bronchoscopy.13,30

2. Less damage to cartilaginous structures is seen with 
cryotherapy due to their lesser water content.13

3. No safety equipment (e.g., goggles) is needed for 
cryoablation unlike when using laser therapy.26

4. ere is no risk of airway res or electric accidents 
during the procedure.27

5. Cryotherapy can be performed in patients requir-
ing oxygenation at high supplemental oxygen levels, 
unlike thermal therapies.30

6. Cryotherapy equipment is less expensive than laser 
equipment used for debulking and ablation.13

Disadvantages of Cryotherapy

1. e eect of cryoablation is delayed and not immedi-
ate, sometimes necessitating repeat procedures.

2. Cryoablation is not the procedure of choice for 
high-grade emergent airway obstructions due to its 
delayed results.

PROCEDURAL TECHNIQUES

Variations in the technique of performing endobron-
chial cryoablation and cryoextraction are evident in 
literature around anesthesia, airway device, selection of 
equipment, freeze-thaw times, and so on. 23,26,27 Below 
is the outline of the most commonly applied technique.
1. A 2.4-mm or 1.9-mm exible cryoprobe is advanced 

through the exible beroptic bronchoscope inside 
the airways until the metallic tip is completely 
exposed. Rigid bronchoscopy is not needed to use the 
exible cryoprobe; however, use of rigid and semi-
rigid cryoprobes, which are used less commonly, 
requires rigid bronchoscopy.

2. e cryoprobe tip is brought in direct contact with 
the endobronchial target site and activated using the 
foot pedal.

3. Activation of the cryoprobe leads to formation and 
expansion of an ice ball in the target tissue until an 
adequate area is covered and adheres to the tip of the 
probe.

A B C D

Fig. 9.7 Two commonly used exible cryoprobes, 1.9mm and 2.4mm in diameter (A). Cryoprobe activation tested by 

making a saline ice ball before procedure (B). Cryoprobe inserted through working channel of exible bronchoscope 

without freezing (C) and with freezing (D).
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4. Following attachment of the cryoprobe tip to the 
desired area, alternate cycles of freezing and thaw-
ing the tissue for approximately 30 s each are applied 
(Fig. 9.8). Any overlying necrotic tissue should rst 
be removed using cryoextraction for most benet 
from the following delayed cryotherapy. Each new 
area should be located 5 mm apart from the last 
application, creating some overlap of treated area to 
ensure full coverage.

5. If a cryoprobe is being used to extract foreign bodies, 
mucus plugs, or blood clots (Figs. 9.9–9.11), then, 
once the desired adherence is achieved to the target 
tissue/object, the cryoprobe and bronchoscope are 
removed en bloc from the airway quickly. e probe 
is then thawed in saline at bedside to detach the 
adherent sample. An assistant should hold the endo-
tracheal tube securely during scope removal to avoid 
inadvertent extubation.

A B C

D E F

G H I

Fig. 9.8 Management of typical carcinoid tumor managed with cryotherapy. Preintervention imaging showing left 

mainstem tumor (A, B). Tumor extracted with combination therapy of cautery snare and cryoextraction during rigid 

bronchoscopy (C). Posttumor extraction, day 1 intervention (D). Postoperative CT of chest (E). Treatment of base of 

tumor attachment at the uptake of left mainstem with cryotherapy, freeze, and thaw technique (F–H). Local tumor 

control maintained with periodic cryotherapy, 3 months postintervention (I).
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A B C

Fig. 9.9 Foreign body extraction (macadamia nuts) using cryofreezing and immediate extraction (A, B, C).

A B C D

Fig. 9.10 Mucus plug extraction using cryotherapy (A–D). (From Van Holden MD, University of Maryland Medical 

Center.)

A B

Fig. 9.11 Blood clot extraction using cryotherapy for immediate relief (A). Large organized blood clots cryoextracted 

in the form of airway clots extracted (B).
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6. e bronchoscopist should take caution to ensure 
that the cryoprobe moves freely before the abrupt 
removal and does not attach to healthy tissue or the 
airway wall during removal to avoid inadvertent air-
way injury and/or bleeding.

7. If the cryoprobe does stick to an unintended area in 
the bronchus or endotracheal tube, it should be deac-
tivated until the ice thaws and probe is spontaneously 
released from the tissue.28

8. Repeat bronchoscopy may be considered in 2–4 
weeks to complete debridement of the sloughed tis-
sue aer the initial cryoablation.

COMPLICATIONS

Endobronchial cryotherapy is not associated with the risk 
of airway re. However, following treatment, there can be 
associated airway edema and mucus accumulation, which 
can cause postoperative respiratory distress.26 Other com-
plications reported include ulceration and injury of the 
airway, bleeding, perforation, and, rarely, death.26

EVIDENCE

Evidence supports the application of cryoablation in 
improving intrinsic tumors and restoring the patency of 
airways. In a trial of 521 patients with malignant tra-
cheobronchial tumors who underwent cryosurgery over 
9 years, the investigators saw signicant improvement 
in cough, dyspnea, hemoptysis, and quality of life.13,26

In a study reported by Mathur and colleagues, cryoab-
lation was able to altogether remove intrinsic tumors in 
18/20 (90%) patients and led to symptom improvement 
in 75% of patients.13 Another prospective study reports 
success rates of 77% in relieving airway obstruction. 
is improvement also correlates with improvement in 
symptoms as seen in other studies also.13,31,32

Cryoablation can also be applied in conjunction with 
other ablative therapies to achieve desired results. ere 
is now accumulating evidence through small studies 
that chemotherapeutic agents may accumulate better in 
cryoablated tumors, leading to a better response to treat-
ment.33,34 Vergnon and colleagues reported a higher local 
tumor control (65% as compared to 35%) in patients 
with unresectable non–small cell lung cancer (NSCLC) 
who received cryotherapy prior to external radiation. 
is was also related to better survival as compared to 
radiation alone35 (median 397 days vs. 144 days).

S U M M A R Y

Cryotherapy is a useful, safe, and less expensive option 
of the currently available alternatives for endobronchial 
tumor debulking, ablation, clot or mucus retrieval, and 
foreign body aspiration. Its application depends on the 
urgency for recanalization, location and type of lesion, 
type of airway obstruction, and available expertise and 
equipment. Combining of tumor debulking and ablative 
techniques may have an additive advantage in expert 
hands to achieve best possible outcomes.
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Stent Placement

INTRODUCTION

An airway stent is a hollow prosthesis that maintains 
airway patency and provides structural support. Stent 
deployment is an integral skill for an interventional 
pulmonologist. e indications and selection of airway 
stents will typically dictate the deployment technique 
used. erefore the interventional pulmonologist must 
be familiar with a variety of techniques depending on 
the pathology that warrants stenting. In this chapter we 
will discuss stent types, indication, and placement.

HISTORY

e word “stent” is named aer Charles Stent, a British 
dentist who created dental splints in the 19th century. 
e rst stents were surgically placed by Trendelenburg 
and Bond to treat airway strictures and endoscopic 
placement was rst performed by Brunings and Albrecht 
in 1915.1 In 1965, a silicone stent with a tracheal stomal 
limb was invented by Montgomery, called the T-tube,2

for treatment of subglottic stenosis. e rst strictly 
endoluminal airway silicone stent was developed and 
described by Jean-François Dumon.3 e silicone stent 
is what gave interventional pulmonology momentum, 
as this allowed central airway obstruction to be man-
aged by pulmonologists with training in rigid bronchos-
copy.4 Since then there has also been the emergence of 
metallic stents.

TYPES OF STENTS

An ideal stent would (a) be easy to place and remove, 
(b) be resistant to migration, (c) not form granulation 

tissue, (d) not become obstructed with secretions, (e) 
be able to conform well to the patient’s airway, (f) be 
customizable, (g) have sucient radial force to maintain 
airway patency, and (h) be inexpensive. Unfortunately, 
this ideal stent does not (yet) exist.

Two main categories of stents exist: metallic and sil-
icone. Both types of stents are used to manage central 
airway obstruction. A variety of stents are available for 
each main category (Fig. 10.1) and each stent has small 
nuances that will help you choose one over the other. 
A basic overview of the comparison of metallic versus 
silicone stents is shown in Table 10.1. One hybrid stent 
of special note is the dynamic stent, which is a bifurcated 
silicone stent that is constructed with anterior metal 
struts in the tracheal limb and only silicone at the pos-
terior to simulate the tracheal rings and membranous 
trachea (Fig. 10.1H). is stent is placed with direct 
laryngoscopy and a pair of specialized rigid forceps. 
Finally, there are also hourglass stents that are made to 
resist migration when used to treat a stenotic airway and 
stent migration is a concern (Fig. 10.1G).

INDICATIONS FOR AIRWAY STENTING

Airway stents are placed when a patient develops respi-
ratory symptoms and has imaging ndings consis-
tent with focal airway obstruction1, 5 (Table 10.2). e 
amount of obstruction should be able to explain the 
patient’s symptoms. Typically a 50% reduction in airway 
diameter is required for symptoms to arise. Generally 
a tracheal diameter of 8 mm or less is required before 
the patient will experience dyspnea on exertion, and a 
tracheal diameter of less than 5 mm will result in short-
ness of breath at rest.4 Importantly, airways distal to 

A. Christine Argento and Sean B. Smith
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the area of stent placement need to be patent for stent 
placement to be eective; this can sometimes be deter-
mined with imaging but oen must be assessed during 
bronchoscopy. Airway stents can be particularly useful 
in patients with lung cancer, of which 30% present with 
airway obstruction and 35% will die from asphyxia, 
hemoptysis, or postobstructive pneumonia.6 In a large, 
multicenter registry of 1115 procedures on 947 patients 
undergoing therapeutic bronchoscopy for central air-
way obstruction, one-third of patients underwent air-
way stenting that was associated with improvement in 
likelihood of achieving airway patency. Interestingly, 
patients with higher baseline dyspnea (Borg score) and 
nonlobar obstruction experienced greater improve-
ments in dyspnea and health-related quality of life. 
Additionally, patients with higher American Society of 
Anesthesiology (ASA) score and lower functional status 
also had greater improvements in health-related qual-
ity of life.7 Of note, the United States Food and Drug 

Administration of the United States issued a black box 
warning on the use of uncovered metallic stents in the 
trachea to treat benign tracheal obstruction in 2005.8

e current standard of care is to treat benign tracheal 
obstruction with silicone stents or fully covered metal-
lic stents. Fortin and colleagues reviewed the records 
of 30 patients who had third-generation fully covered 
metallic stents placed in the central airway for benign 
airway stenosis and found that 50% had to be removed 
for complications at a mean of 77 ± 96.6 days, the rest 
were removed at 122 ± 113.2 days without complication. 
e clinical success rate of stent treatment was 40.7% 
and no stent-related mortalities were reported.9

Stenting of more distal airways can be considered 
on a case-by-case basis to drain retained secretions, 
improve atelectasis, and assist with dyspnea, though 
this is technically more challenging and outcomes are 
less consistent, due for the most part to mucus clearance 
issues.10

A B C 

D E F G 

H

Fig. 10.1 Variety of stent types. (A) Ultraex partially covered and uncovered. (B) AERO and AEROmini. (C) Bonastent. 

(D) Covered bifurcation/Y-stent. (E) Dumon silicone stents (radiolucent and radio-opaque). (F) Silicone bifurca-

tion/Y-stent. (G) Hourglass stent. (H) Dynamic Y-stent.
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PREPROCEDURAL PLANNING

Patients’ histories, physical examination, and computed 
tomography (CT) imaging should be carefully reviewed 
to conrm the need for airway stenting and to plan the 
procedure. Patients best suited for airway stenting are 
usually symptomatic with possible impending respi-
ratory compromise, and so a team approach should be 

designed. Patients are best served in centers wherein 
there can be collaboration between multidisciplinary 
team members, including interventional pulmonologists, 
anesthesiologists, critical care physicians, and thoracic 
surgeons or otolaryngologists. Although some patients 
may be unstable for transport to other medical centers, it 
is essential to recognize that there can be risks of deploy-
ing airway stents without the proper equipment, team 
members, and facilities to care for the patient.11

It is important to recognize and plan for extrinsic, 
intrinsic, and complex stenoses. Tissue debulking may 
be necessary before stents can be deployed for intrinsic 
and complex stenoses, and so the proper equipment and 
expertise must be made available prior to the procedure, 
for example, rigid bronchoscopy, cryotherapy, argon 
plasma coagulation, electrocautery, or laser therapy.

e lung parenchyma distal to the stenosis should 
be carefully assessed. Airway stenting is most eective 
when the lung distal to the stenosis is viable. Stents 
placed in airways proximal to solid tissue masses may 
alleviate the stenosis and open the airway but not facili-
tate ventilation and therefore provide little clinical bene-
t. Likewise, CT imaging can help assess the vasculature 
in relation to airway stenosis, and if there is signicant 
obstruction of distal lung perfusion, then stenting 
to improve ventilation may not yield clinical benet. 
erefore CT chest imaging with IV contrast can be 

TABLE 10.1 Comparison of Metallic and 

Silicone Stents

Metal (Covered 

or Uncovered) Silicone

Insertion with 

exible scope

Yes No

Insertion with 

rigid scope

Yes Yes

Granulation 

tissue 

formation

Yes Yes (ends)

Tumor ingrowth Yes (uncovered) No

Migration Rarely Yes

Fracture Yes Very rarely

Infection Yes Rarely

Airway 

perforation

Rarely Very rarely

Mucus plugging Rarely Yes

Modiable No Yes

Able to 

reposition

Immediately—

yes

Later—no

Yes

Ease of insertion Easy Requires rigid 

bronchoscopy 

expertise

Conforms to 

tortuous 

airway

Yes No

Internal-to-

external 

diameter ratio

High Low

Radial strength/

force

Medium High

Mucociliary 

clearance

Uncovered—yes

Covered—no

No

Cost More Less

TABLE 10.2 Indications for Metallic and 

Silicone Stents

Indication Metallic Silicone

Tracheal tumor Yes Yes

Bronchial tumor in central 

airways

Yes Yes

Small airway with tumor Yes No

Malacia/EDAC Sometimes Yes

Tracheoesophageal stula No Yes

Anastomotic dehiscence Yes Rarely

Extrinsic compression Yes Yes

Benign tracheal stenosisa No Yes

aThis can include idiopathic, inhalational injury, 

posttracheostomy, postintubation, and autoimmune conditions 

(ex sarcoid, granulomatosis with polyangiitis, or systemic 

lupus erythematosus).

EDAC, Excessive dynamic airway collapse.
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extremely helpful for selection of patients most likely to 
benet from stenting.

We recommend general anesthesia for stent deploy-
ment in order to facilitate airway management and 
adequate oxygenation and ventilation during the pro-
cedure. For distal tracheal or bronchial stenosis, the 
placement of an endotracheal tube may be routine, but 
for more proximal tracheal stenosis, endotracheal tube 
placement may be more dicult or impossible. Rigid 
bronchoscopy may therefore be necessary immediately 
upon the induction of anesthesia in order to secure the 
proximal trachea and follow with ablation or dilation of 
the stenosis before stenting. Rigid bronchoscopes also 
provide the interventional pulmonologist with more 
options for deployment of either silicone or metal-
lic stents. Oen the exible scope is used through the 
rigid bronchoscope to assist with debulking or stent 
deployment. If a routine endotracheal tube is used, 
however, we recommend using at least an 8.0-size tube 
to facilitate ventilation around a therapeutic exible 
bronchoscope.

DEPLOYING METALLIC STENTS

Metallic stents can be uncovered, partially covered, 
or completely covered by silicone or polyurethane. 
Although they used to be made of stainless steel, now 
these stents are made of nitinol, a nickel-titanium alloy 
that is elastic and has shape memory so will return to 
original form aer being folded and loaded onto a cath-
eter for deployment. No one stent is perfectly suited to 
all airway pathologies, and interventional pulmonolo-
gists should learn the benets and limitations of each 
type. In general, metallic stents should be considered 
for malignant airways disease, when the provider wants 
to maximize internal-to-external diameter, if the air-
way is irregular, and when an uncovered portion may 
be desired to maintain patency of an adjacent airway. 
Uncovered metallic stents are used on occasion for 
benign disease, specically for anastomotic dehiscence 
following lung transplantation.12 All metallic stents 
share their ability to be easily folded into a low-prole 
deployment system. is means that they can be passed 
through a rigid bronchoscope or an endotracheal tube, 
and some can even pass through the working chan-
nel of a exible bronchoscope, thus can be deployed 
without the use of rigid bronchoscopy. e most com-
monly used metallic stents today are the Ultraex 

(Boston Scientic, Marlborough, MA, USA) (Fig. 10.2), 
AERO and AEROmini (Merit Endotek, South Jordan, 
UT, USA) (Fig. 10.3), and the Bonastent (oracent, 
Huntington, NY, USA) (Fig. 10.4). Ultraex stents are 
either uncovered or partially covered and are held onto 
the delivery catheter using a silk thread that you unwind 
by pulling on the string and releasing a series of crochet 
knots (Fig. 10.2). ey have both proximal and distal 
release options. e AERO, AEROmini, and Bonastent 
are all metallic, fully covered with silicone or polyure-
thane, and use an external clear deployment catheter to 
compress the stent that is subsequently unsheathed for 
deployment (Figs. 10.3 and 10.4).

Aer the airway has been secured, exible or rigid 
bronchoscopy is performed to inspect the stenosis and 
perform any necessary measure for dilation or abla-
tion. Once the diameter of the airway lumen has been 
maximized, the provider should make measurements of 
the length and diameter of residual stenosis in order to 
select the appropriate stent size. Measurement of length 
can be done by passing the scope to the distal end of 
the stenosis, placing a nger on the scope to use as a 
marker, and then retracting to the proximal end of the 
stenosis. e distance from the distal to proximal end 
can then be measured using a ruler. If there are adja-
cent airway orices, providers should consider the risks 
of occluding the orice with any covered portion of a 
metallic stent. e diameter of the airway lumen can 
sometimes be estimated by visual inspection in relation 
to the scope, but balloon dilation can be useful to mea-
sure by inating a balloon to the diameter required to 
occlude the lumen briey. Finally, some companies oer 
sizing balloons to measure the airway luminal diameter 
more accurately (Fig. 10.5). As a general rule, diameter 
of the stent should be sized 2 mm greater than the air-
way diameter in order for the stent to exert radial force 
to the airway wall. We encourage two or three assess-
ments of measurements to ensure accuracy. While tak-
ing measurements for placement, one can also place 
external radio-opaque devices (e.g., paperclips) on the 
patient’s chest wall under uoroscopy guidance to corre-
spond to the proximal and distal ends of the stenosis as 
marked by the scope. is provides an external uoro-
scopic assessment of the length of the stenosis for when 
the stent is deployed if not deploying with direct bron-
choscopic visualization.

Once the stent type and size have been selected, 
a guidewire (typically 0.035 inch diameter) is placed 
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through the bronchoscope under visual and/or uoro-
scopic guidance. e wire is passed through the steno-
sis to the distal airway, and again an assessment of the 
external metallic markers corresponding to the proxi-
mal and distal ends of the stenosis is made. If a exible 
bronchoscope is being used, the scope is then removed 
using the Seldinger technique, keeping gentle forward 
pressure on the wire in order to leave the wire in place 
across the stenosis. Live uoroscopy is useful to main-
tain the wire in the desired location. With the exible 
scope removed and the wire exiting via the endotra-
cheal tube or rigid scope, the stent deployment device 
can be positioned over the wire. It is important to assess 
the endotracheal tube or rigid bronchoscope size and 
ventilator connectors to ensure that the deployment 
device can t smoothly over the wire, through the tube 
or scope and into the airway. e deployment device 
is then advanced over the wire and across the stenosis, 

A

B

C

Fig. 10.2 Ultraex stent. (A) Handle with ring to release crochet knots. (B) Stent on deployment catheter, distal 

release. (C) Stent on deployment catheter, proximal release.

A

B

Fig. 10.3 AERO and AEROmini. (A) Handle and (B) stent 

on deployment catheter.
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using direct visualization with an ultrathin or pediatric 
scope with or without live uoroscopy to ensure that the 
stent will land in the desired location. When the stent is 
deployed, there tends to be some backward tension and 
movement of the stent, and so keeping the stent slightly 
distal to the desired location is advised.

Deployment devices dier by brand of metallic stent. 
e principle involves the unsheathing of the folded 
stent with either retraction of a cord or removal of a 
covering sheath. As the stent is uncovered, use direct 
visualization with a bronchoscope or live uoroscopy 
and gentle forward pressure on the deployment device 
to keep the stent from migrating during deployment. 
Some brands with a retractable sheath allow for read-
vancing the sheath back over the stent up to a certain 
point during deployment if the stent location needs 
adjustment. During deployment, the metallic stent will 
expand to its manufactured diameter depending on its 
interaction with and the compliance of the airway wall. 
It is useful to remember that although metallic, the radial 
force of a metallic stent is less than that of a silicone 
stent, and so extrinsic pressure from the airway wall may 
limit full expansion. Once fully uncovered, the deploy-
ment device will be disengaged from the stent and must 
be removed from the airway. We oen continue direct 
visualization with a scope or live uoroscopy guidance 

A

B 

C

Fig. 10.4 Bonastent. (A) Full stent, (B) handle demonstrating indicators for when the stent starts to deploy (white 

arrow) and is 70% deployed (yellow arrow), this is the point beyond which the stent can no longer be retrieved for 

repositioning, and (C) stent in mid-deployment.

Fig. 10.5 Example of a sizing balloon (Aerosizer by Merit 

Endotek).
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to ensure that the deployment device disengages fully 
and does not unintentionally catch or retract the stent.

In cases where the deployment device is small 
enough, it can be deployed via the working channel of 
a exible therapeutic bronchoscope (Bonastents 8 mm 
or 10 mm diameter). Rigid bronchoscopy, however, can 
also be used to deploy a metallic stent. e rigid scope 
serves as the endotracheal tube for ventilation and can 
be large enough in diameter to accommodate a deploy-
ment device. Depending on the sizes, a exible or rigid 
optic device may also pass through the scope to provide 
real-time endoscopic guidance during deployment. is 
may help the bronchoscopist get an assessment of how 
the stent interacts and ts within the proximal end of the 
stenosis.13 We would still encourage concomitant live 
uoroscopy to help assess the distal end that is unlikely 
to be well visualized endoscopically.

Aer deployment, either exible or rigid bronchos-
copy should be used to perform a thorough assessment 
of the stent within the stenosis. Adjacent airway orices 
should be examined in order to determine how, if at all, 
there has been any obstruction than may limit ventila-
tion or mucus drainage. Metallic stents can be adjusted 
once deployed. Some brands have strings woven within 
the proximal and/or distal ends that can facilitate grasp-
ing with a exible or rigid forceps. e forceps can then 
be used to pull the stent proximally across the stenosis 
for better positioning. We recommend not applying 
signicant force on any single metallic strut without 
the help of a string, as the struts may fracture. Finally, 
balloon dilation may be used to improve the deploy-
ment of a stent that is not completely unfolded or may 
be compressed by extrinsic force of the airway wall. 
Please access Video 10.1 (Tracheobronchial Esophageal 
Fistula) online to watch deployment of a covered metal-
lic stent for tracheobronchial esophageal stula.

If a metallic stent needs to be removed, this can be 
accomplished by either exible or rigid bronchoscopy. If 
the stent was just deployed, or if granulation tissue has 
not encroached upon the stent, then a simple pulling 
maneuver with exible forceps may disengage the stent 
from the airway wall. If there has been encroachment by 
granulation tissue or tumor, however, then ablative ther-
apies or rigid bronchoscopy may be needed to carefully 
disengage the stent from the airway wall. Once mobi-
lized, the metallic stent can be pulled out of the airway 
via the endotracheal tube, rigid scope, or even the native 
airway through the vocal cords, though using moderate 

sedation for stent removal is not advised given the pos-
sible diculties that could be encountered and potential 
damage to the vocal cords.

DEPLOYING SILICONE STENTS

As with metallic stents, there is no perfect stent for a 
specic airway obstruction. Silicone stents can be used 
in either benign or malignant disease, apply more radial 
force to extrinsic compression of the airway wall, and 
can generally remain in airways for longer periods of 
time with less granulation tissue formation. Silicone 
stents, however, are more prone to migration and are 
more likely to impair mucus clearance. All silicone stents 
require deployment with a rigid bronchoscope, and so 
the expertise with rigid techniques and equipment is 
absolutely necessary for the bronchoscopist, team, and 
facility planning to deploy a silicone stent.

e procedures described earlier regarding broncho-
scopic examination and planning before stent deploy-
ment apply similarly to silicone stents. Unlike metallic 
stents, however, silicone stents are not routinely placed 
over guidewires, but rather folded and deployed through 
the barrel of a rigid bronchoscope. is requires the rigid 
scope to be large enough to accommodate the folded sil-
icone stent but also small enough to pass through the 
airway stenosis. erefore diligent examination of the 
stenosis and manipulation of the scope through the ste-
nosis should be performed prior to selecting and load-
ing a stent.

e silicone stent should be prepared for deploy-
ment. ere are a wide variety of shapes and designs 
for silicone stents. Some are simple tube stents, while 
others have external studs to help minimize migration, 
and some are Y-shaped with three limbs in order to t 
at a carina. Simple tube stents are symmetric, but sili-
cone stents with special features require the provider to 
be very thoughtful when folding so as to ensure proper 
positioning of features within the airway aer deploy-
ment. Some providers will use sandpaper or abrasive 
devices to shave or smooth down sharp edges on the 
ends of silicone stents in hopes of minimizing granula-
tion tissue for long-term deployment. Also, the length 
can be customized using scissors or a scalpel and “win-
dows” can be created using a rongeur (Fig. 10.6) to allow 
for ventilation and mucus clearance from airways that 
would otherwise have been occluded by the stent. is 
technique of window customization is most oen used 
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for the right upper lobe orice. Customization of these 
stents can lead to successful stenting of dicult lesions 
with a good short-term safety prole.14

Depending on the brand of rigid bronchoscope, there 
are loading devices that assist in the folding and insertion 
of a silicone stent into a rigid introducer. e introducer 
is a hollow tube that can accommodate the folded stent 
within its own lumen, and then the introducer can be t 
through the barrel of the rigid scope for stent deployment. 
e loading device helps keep the stent in folded position 
so that it can be pushed into the introducer (Figs. 10.7
and 10.8). Ample lubrication is helpful to slide the folded 
stent into the loader and introducer. Finally, a matched-
size plunger will be placed through the back of the intro-
ducer (Fig. 10.9). e plunger is a rigid rod that will abut 
the proximal end of the stent within the introducer. e 
bronchoscopist will not be able to see the interaction of 
the plunger and the stent through the introducer, and 
so careful handling is required in order to ensure that 
the stent is not pushed out of the introducer. In general, 
the length of the stent should correspond to the length 
between the plunger and introducer handles when prop-
erly positioned (Fig.10.7G).

When ready for deployment, the rigid broncho-
scope should be placed through the airway stenosis 
and positioned near its distal end. e rigid optic and 
suction catheters will need to be removed, and depend-
ing on the rigid scope brand and ventilation strategy 
used (conventional vs. jet), adjustments to the caps 
or ventilation tubing may be required so that nothing 

is obstructing the barrel of the rigid scope proximally. 
Although brief, there will be a pause in eective venti-
lation during deployment, and so the anesthesia team 
should be prepared. e introducer, already loaded with 
the folded stent and plunger, can then be placed through 
the back end of the rigid scope. e introducer should 
be matched to the size of the barrel, thus allowing both 
for smooth passage of the introducer through the barrel 
as well as for correct positioning of the end of the intro-
ducer at the end of the barrel of the rigid bronchoscope.

Some introducers allow for a rigid optic to be placed 
through the plunger or introducer, but in most cases the 
next steps of deployment will be blind. Silicone stents 
are not readily visible uoroscopically, unless using a 
radio-opaque version, and so we do not nd that uo-
roscopy is useful during deployment. As the introducer 
is maneuvered through the barrel of the rigid scope, the 
bronchoscopist must keep the barrel in a steady posi-
tion. Unknowingly advancing or retracting the scope 
before deployment will lead to malposition of the stent 
aer deployment. With one hand steadying the barrel of 
the rigid scope, the bronchoscopist can use their other 
hand to push the plunger through the introducer, thus 
pushing the folded stent out of the introducer and into 
the airway. As the plunger is moved forward, we sug-
gest gentle retraction of the barrel of the rigid scope so 
that the distal end of the stent remains in alignment, just 
beyond the distal edge of the stenosis. Simply deploying 
the plunger and stent without retracting the barrel can 
lead to the stent being pushed out far distal to the steno-
sis. Aer the plunger has been fully advanced through 
the introducer and the stent deployed, the introducer 
and plunger are removed so that the optic and suction 
catheters can be replaced.

As with the deployment of metallic stents, there should 
be careful bronchoscopic inspection of a newly deployed 
silicone stent. Rigid manipulation is oen required to 
achieve proper positioning and complete unfolding. e 
radial force and conguration memory of silicone stent 
will oen cause it to open spontaneously from its folded 
conguration, but rigid forceps can be needed to pull, 
push, or twist a silicone stent into the desired position. 
Twisting of a silicone stent will cause it to fold into itself 
and reduce external diameter, and this maneuver can be 
useful to help slide a stent through the airway or steno-
sis. e rigid forceps, the barrel of the rigid scope, or an 
expansion balloon are all tools that can be used to help 
unfold and properly deploy silicone stents.

Fig. 10.6 Rongeur used to create a window in a silicone 

stent, most commonly used for the right upper lobe 

orice.
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Fig. 10.7 Silicone Y-stent loading system. (A) Loading device with cover, Y-stent, and plunger. (B) Loading device 

closed with cover. (C) Loading the Y-stent into the loading device. (D) Loading device once the stent has been put into 

the introducer. (E) Y-stent loaded into the introducer. (F) Positioning the introducer through the rigid bronchoscope. 

(G) The introducer and plunger ready for stent deployment through a rigid bronchoscope. (H) Y-stent as it deploys. (I) 

Rigid forceps that can be used to grasp and manipulate the stent to adjust into appropriate position within the airway.
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If a silicone stent needs to be removed because of 
malpositioning aer deployment, or for any other rea-
sons thereaer, rigid bronchoscopy will be required. 
e twisting maneuver with rigid forceps can help fold 
the stent such that it can be pulled within the barrel of a 
rigid scope. Once the stent has mobilized from the air-
way and engaged within the barrel, the stent can either 
be pulled through the barrel entirely if small enough or 
the stent (rmly grasped by forceps) and scope can be 
removed en bloc from the airway. is latter maneu-
ver requires extubation with the rigid scope, and so the 
bronchoscopist and anesthesiologist must communicate 
and plan for airway management aer rigid extubation.

POSTPROCEDURAL CARE

Aer deployment of an airway stent, the bronchoscopic 
and anesthesiologist must make a careful assessment of 
the patient’s physiology and airway. Many patients will 
have been intubated just for the procedure, but others 
may have required intubation for respiratory failure 
because of the stenosis itself prior to bronchoscopy. If 
the stenosis has been fully dilated and protected with 
the stent, extubation in the operating room may be 
possible even for those patients with preexisting respi-
ratory failure provided their oxygenation, ventilation, 
hemodynamics, and mental status allow. Awakening 
from anesthesia following rigid bronchoscopy is a 
unique situation oen done with the placement of 
a new endotracheal tube or laryngeal mask airway 
(LMA) to assist with ventilation and oxygenation as 
the patient awakens. While LMA placement would not 
interact with airway stents, a new endotracheal tube 
may come into contact with a high- or mid-tracheal 
stent. Telescoping an endotracheal tube within a stent 
is possible, but nal extubation is then best facilitated 
with a exible bronchoscope to assure that the stent 
remains in position aer retraction of the tube. Once 
extubated and transferred to anesthesia recovery areas, 
patients should be observed before the nal decision 
regarding disposition.

Airway stents are articial devices that will inher-
ently aect patients’ normal mucus clearance and bron-
chial hygiene. Silicone stents are especially prone to 
impair clearance and cause mucostasis, which can lead 
to disastrous obstructions of stents that are sometimes 
critical to maintain central airway patency. Indenite 
bronchial hygiene is therefore required to maintain 
stent patency, and we recommend combination nebu-
lized therapy of bronchodilator agents (e.g., albuterol) 
along with mucolytic agents (e.g., hypertonic saline or 
N-acetyl-cysteine) for all silicone stents. Surveillance 
bronchoscopy following stent placement is not stan-
dardized, and some institutions follow a particular 
schedule of intervals to perform it, whereas others per-
form bronchoscopy based on patient’s reported symp-
toms. In all cases, patients with airway stents require 
close follow-up with the inserting team. Finally, a stent 
card should be provided to the patient to carry with 
them detailing the type, position, and size of stent as 
well as the physician’s contact information in case the 
patient requires intubation.

Fig. 10.8 Tubular silicone stent loaders.

Fig. 10.9 Different-sized rigid stent introducer and 

plunger sets.
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COMPLICATIONS

Complications of airway stenting are frequent but not 
typically severe. With metallic stents, granulation tissue 
formation can occur from 4% to 25% of the time at the 
ends of the stent and can be treated with thermal therapies 
(cryotherapy, laser, or argon plasma coagulation). Mucus 
impaction, tumor ingrowth, and infection occur 5%–15% 
of the time. Stent fracture is variable and will depend on the 
indication for stent placement as well as the stent location.15

For silicone stents, migration is most common at 9.5%, 
granulation tissue formation occurs ~7.9% of the time, and 
obstruction from secretions occurs 36% of the time.

When there is signicant tumor ingrowth or obstruc-
tion from mucus, this can be life-threatening and the stent 
should be removed. Although removal is fairly straight-
forward with silicone stents (though does require rigid 
bronchoscopy) or fully covered metallic stents, uncov-
ered metallic stent removal can prove to be challenging 
and cause complications, particularly if the stent has been 
in position for longer than 3 months. In one study, Lunn 
and colleagues describe their experience with removal 
of 30 metallic stents and reported the following compli-
cations: retained stent pieces (7/30), mucosal tear with 
bleeding (4/30), reobstruction requiring silicone stent 
placement (14/30), need for postoperative mechanical 
ventilation (6/30), and tension pneumothorax (1/30).16

By contrast, a study by Noppen and colleagues described 
removal of 49 fully covered metallic stents without major 
complications. All patients were extubated postopera-
tively, and follow-up was unremarkable.17 Most reports 
demonstrate some diculty with metallic stent removal 
and expertise should be available to manage these com-
plications should metallic stent retrieval be attempted.

S U M M A RY

Airway stents are an important aspect of therapeutic 
bronchoscopy and improve success at achieving and 
maintaining airway patency in patients with either benign 
or malignant central airway obstruction. Stent selection 
and method of placement will vary depending on indica-
tion and location of obstruction as well as local expertise.
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The Endoscopic Application of 
Medication to the Airway

11

INTRODUCTION

Since its discovery in 1876, bronchoscopy has served 
a fundamental role in the diagnosis and management 
of pulmonary disease.1 Over the past few decades, the 
therapeutic capabilities of bronchoscopy have evolved 
dramatically. Indeed, technologies such as laser therapy, 
argon plasma coagulation, cryotherapy, brachytherapy, 
and endobronchial stenting have revolutionized the 
management of malignant and nonmalignant central 
airway disease, ushering in a new age of interventional 
pulmonology. More recently, there has been increased 
interest in the direct application of medications to the 
airways utilizing a bronchoscopic approach. is chap-
ter discusses the endoscopic application of medication 
to a variety of malignant and nonmalignant thoracic 
diseases.

MALIGNANT THORACIC DISEASE

Transbronchial Needle Injections

Despite widespread anti-tobacco campaigns and lung 
cancer screening initiatives, lung cancer remains the 
leading cause of cancer death in the United States with 
a projected mortality of over 147,000 deaths in 2019 
alone.2 e majority of lung cancers are non–small cell 
lung cancer (NSCLC), many of which are advanced at 
the time of initial presentation.3 Given the signicant 
morbidity and mortality associated with lung cancer, 
early diagnosis is of paramount importance. In the late 
1970s, Ko-Pen Wang developed exible transbronchial 
needle aspiration (TBNA)1 through a beroptic bron-
choscope, allowing for endoscopic tissue sampling with 

possible rapid on-site evaluation (ROSE) of histopatho-
logic specimens. e use of TBNA for the diagnosis 
and staging of lung cancer signicantly increased aer 
the introduction of endobronchial ultrasonography 
(EBUS).4 EBUS allows for direct visualization of the 
lesion being biopsied, not only increasing the diagnostic 
yield of the procedure5 but also rendering the procedure 
safer by allowing operators to visualize advancement 
and retraction of the needle in real time. Today EBUS-
guided TBNA has become an integral component in the 
diagnosis of thoracic malignancy and mediastinal lymph 
node staging, providing a minimally invasive alternative 
to mediastinoscopy and video-assisted thoracoscopic 
surgery as a means by which to diagnose and stage lung 
cancer.3,6–8 EBUS-TBNA has also previously been shown 
to reduce the time to diagnosis of lung cancer, allowing 
for earlier initiation of therapy,9 as well as expedited care 
coordination between patients, oncologists, pulmonolo-
gists, and surgeons.

Given the impressive diagnostic capabilities of 
TBNA, especially in conjunction with EBUS, there 
has been growing interest in the role of transbronchial 
needle injections (TBNI) as a therapeutic modality. 
is is particularly relevant to lung cancer. Treatment 
of NSCLC is based on cancer staging, with advanced 
stages (II–IV) typically requiring radiation and/or 
chemotherapeutic agents. Among patients diagnosed 
with lung cancer, approximately 20%–30% will develop 
some degree of malignant airway obstruction.10 ese 
obstructive lesions can be associated with progressively 
worsening dyspnea, resulting in a diminished quality of 
life. Malignant airway obstructions may also give way 
to such complications as hemoptysis, postobstructive 
pneumonia, and, in severe cases, respiratory failure. In 
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these situations, rapid, safe, and eective recanalization 
of the airway is imperative.

In contrast to intravenous therapies, TBNI allows for 
localized delivery of (oentimes cytotoxic) medications 
into these lesions, not only potentially minimizing the 
systemic toxicities associated with these agents but also 
increasing the intratumoral concentrations of the drugs. 
In the 1980s, TBNI (without EBUS) was used to deliver 
ethanol into endobronchial tumors with the goal of 
alleviating central airway obstruction and minimizing 
tumoral bleeding.11 Fujisawa et al. injected 0.5–3 mL of 
99.5% ethanol into the tumors of 13 patients with tra-
cheobronchial tumors invading the central airway to 
potentiate tissue necrosis, allowing pieces of the necrotic 
tumor to be debrided with forceps in order to improve 
airway patency.12 Sawa et al. performed a similar inter-
vention, injecting 4.5 mL (on average) of 99% ethanol 
into the endobronchial lesions of eight patients utilizing 
an endoscopic video information system to assess for 
leakage of ethanol beyond the tumor margins.13

In addition to ethanol, chemotherapeutic agents have 
also been directly injected into intra- and extraluminal 
tumors endoscopically. When chemotherapy is admin-
istered via TBNI, the procedure is termed endobron-
chial intratumoral chemotherapy (EITC).14 One of the 
rst descriptions of EITC came from Celikoglu et al. in 
Turkey.15 is study was designed to evaluate EITC as 
a potential palliative intervention for individuals with 
lung cancer (primarily squamous cell carcinoma) that 
was not amenable to surgery. Ninety-three patients 
with inoperable cancers and evidence of more than 50% 
exophytic obstruction of at least one major airway were 
enrolled. Of these patients, 68 carried a diagnosis of pre-
viously untreated bronchogenic carcinoma (with plans 
to initiate systemic chemotherapy and radiation follow-
ing treatment with intratumoral injections), whereas 
25 had a history of cancer that had recurred despite 
prior treatment with chemotherapy and/or radiation. 
Utilizing a exible bronchoscope and 23-gauge (G) ex-
ible needle (Olympus Corp, Tokyo, Japan), the authors 
injected 1–3 mL each of 50 mg/mL 5-uorouracil, 1 mg/
mL mitomycin, 5 mg/mL methotrexate, 10 mg/mL bleo-
mycin, and 2 mg/mL mitoxantrone into dierent sites 
on the tumor. Injections took place over the course of 
one to six sessions. Following the treatment, the authors 
noted a reduction in tumor size and improvement in 
airway obstruction in 81 patients, 39 of whom experi-
enced a more than 50% relative increase in the luminal 

diameter of their airways. e authors did report post-
procedural fevers in a small percentage of the patients, 
though no signicant adverse events were noted.

A follow-up study was performed by Celikoglu 
using 5-uorouracil monotherapy intratumorally for 
the palliative management of severe airway obstruc-
tion.16 e authors again studied patients with severe 
obstruction of at least one major airway. Among the 65 
patients enrolled, the mean degree of luminal patency 
pretreatment was 22%; 56 patients experienced ana-
tomic improvement of their airway obstruction with 
an average luminal patency of 58.5% following exible 
bronchoscopic injection of 0.5–1 g of 50 mg/mL 5-uo-
rouracil with a 23-G TBNA needle. Again, no signicant 
side eects were noted.

In addition to 5-uorouracil, there are data to support 
the use of other chemotherapeutic agents. Additional 
studies have been done demonstrating the safety and e-
cacy of intratumoral injections of paclitaxel,17 carbopla-
tin,18 and cisplatin,19–21 with many recent studies utilizing 
the latter. Drugs are selected based on their pharmaco-
logic prole with regard to both safety and biometabo-
lism. From a safety standpoint, chemotherapeutic agents 
selected for EITC must be directly cytotoxic but should 
not induce necrosis in the healthy tissues that are adja-
cent to the malignant lesions. Additionally, in terms of 
metabolism, the drugs must not require systemic metab-
olism in order to be eective.16 ough the optimal dose 
of cisplatin remains unclear, computational modeling 
studies have shown that lower cumulative doses may be 
achieved by performing multiple small, spaced injec-
tions of cisplatin as opposed to a larger bolus injection 
into the tumor center.22 More research must be done to 
determine which chemotherapeutic agents and dosages 
are most appropriate, as well as the optimal number of 
injections and their location. Additionally, more longi-
tudinal follow-up data of patients who have undergone 
TBNI must also be conducted in order to determine 
the appropriate duration of therapy and the long-term 
implications of this therapeutic intervention.

EBUS-Guided TBNI

More recently, EBUS has been employed to help bolster 
the safety of EITC. Khan et al. described the rst use 
of EBUS-guided TBNI in 2014,21 in which the authors 
utilized EBUS-guided TBNI to inject cisplatin into 
an endobronchial lesion in a patient with previously 
treated, recurrent squamous cell carcinoma (Fig. 11.1). 
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ey noted that EBUS allows not only for direct visu-
alization of drug injection into the tumor but also for 
the use of Doppler ultrasonography, which minimizes 
the risk that the needle could be inserted into a highly 
vascularized region.

Endobronchial Balloon Drug Delivery 

Catheter

TBNI used in conjunction with a exible or rigid bron-
choscope can lead to logistical diculties for injection 
into lesions located perpendicular to the airway wall. 
Classic TBNI into airway walls may also lead to deep 

penetration of medication with the risk of airway dehis-
cence. A novel endobronchial balloon drug delivery 
catheter (Blowsh Catheter, Mercator MedSystems, 
Inc., CA, USA) was recently developed that is able to 
be passed down a exible bronchoscope. Once deployed 
through the working channel of a bronchoscope, the dis-
tal balloon is inated and extrudes a 34-G microneedle 
perpendicular to the catheter (Fig. 11.2). Medications 
can then be injected through this needle into the tumor 
and bronchial wall directly into the submucosa and 
bronchial adventitia, but not past the cartilaginous layer. 
Porcine studies showed that the Blowsh catheter was 

A B

Fig. 11.1 Cisplatin injection into an endobronchial lesion via EBUS-TBNI. (From Khan F, Anker CJ, Garrison G, Kinsey 

CM. Endobronchial ultrasound-guided transbronchial needle injection for local control of recurrent non-small cell lung 

cancer. Ann Am Thorac Soc. 2015;12:101–104.)

Fig. 11.2 Blowsh catheter with the balloon deated and inated. (From Yarmus L, Mallow C, Akulian J, et al. Prospective 

multicentered safety and feasibility pilot for endobronchial intratumoral chemotherapy. Chest. 2019;156:562–570.)
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able to circumferentially inject medication into 60% of 
the airway wall per injection.23 is catheter was stud-
ied in a multicenter human safety and feasibility pilot 
looking at the ecacy of injections of a cumulative dose 
of 1.5 mg of paclitaxel in 19 patients with NSCLC and 
malignant central airway obstruction (Fig. 11.3).17 All 
patients underwent rigid bronchoscopy with recanaliza-
tion of their airways with successful injection of pacl-
itaxel using the Blowsh microinjection catheter. is 
required an average of 3.4 injections per patient. e 
authors noted signicantly less airway stenosis follow-
ing the intervention and reported no signicant adverse 
events. None of the patients enrolled in the study 
required further interventions in the 6-week follow-up 
period. No patients required airway stenting.

Gene Therapy
ere are very early and preliminary studies of tumor 
suppressor gene therapy delivered via TBNI.11,24 e 
most common genetic anomaly associated with lung 
cancer is a mutation in the p53 tumor suppressor 
gene.25,26 In the 1990s, Roth et al. used TBNI to adminis-
ter wild-type copies of p53 via a retroviral vector into the 
endobronchial lesions of four patients with recurrent 
NSCLC.27 e authors reported regression of the tumor 
mass in three patients on subsequent bronchoscopic 
examinations, with follow-up biopsies revealing no via-
ble tumor (though patients did experience progression 
of disease elsewhere). More recently multiple studies 
have been performed using recombinant adenoviral 
vectors. Weill et al. administered adenoviral-mediated 

p53 gene (Adp53) through TBNI to 12 patients with 
endobronchial NSCLC associated with a known p53
mutation; they noted signicant improvement in air-
way obstruction in half of the patients.28 e authors 
reported minimal toxicity associated with the ther-
apy. It is important to note that in this cohort 5 of the 
12 patients received Adp53 alone, whereas 7 received 
Adp53 in conjunction with cisplatin; of these subgroups, 
only one of the patients who received Adp53 alone 
experienced signicant improvement in endobronchial 
obstruction, whereas 5 of the 7 in the Adp53/cisplatin 
group experienced improvement. An additional study 
looked at the coadministration of Adp53 and cisplatin in 
24 patients with NSCLC; 17 patients had disappearance 
of their endobronchial lesions posttreatment for at least 
4 weeks based on imaging and/or physical examination, 
whereas 2 patients demonstrated partial response.29

Beyond cisplatin, other therapies have been adminis-
tered alongside p53. Schuler et al. studied the concurrent 
administration of intratumoral injections of adenovi-
rus-mediated wild-type p53 genes with either carbo-
platin/paclitaxel or cisplatin/vinorelbine.30 Ultimately 
the authors did not detect a dierence in response rates 
between those who received chemotherapy and p53 ver-
sus those who received chemotherapy alone. ey did 
note, however, that local tumor regression appeared to 
be more signicant among those who received cisplatin/
vinorelbine and p53 relative to those who received car-
boplatin/paclitaxel and p53

e impact of tumor suppressor gene injections 
has also been considered in the setting of radiation 

A B

Fig. 11.3 (A) 100% occlusion of the right mainstem bronchus by a malignant airway obstruction. (B) Patent right 

mainstem bronchus 6 weeks after paclitaxel injection. (From Yarmus L, Mallow C, Akulian J, et al. Prospective multi-

centered safety and feasibility pilot for endobronchial intratumoral chemotherapy. Chest. 2019;156:562-570.)
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therapy. Swisher et al. studied patients with nonmeta-
static NSCLC who were ineligible for chemotherapy 
or surgical intervention.31 Patients were given intratu-
moral injections of Adp53 in the setting of also receiving 
radiation therapy (at 60 Gy) over 6 weeks. Aer several 
months, the biopsies of 12 of 19 patients revealed no via-
ble tumor.

All of these studies are fairly preliminary and lack 
the sample size to either prove or disprove ecacy of 
various agents delivered bronchoscopically. As such, the 
data should be viewed as exploratory, the main emphasis 
here being that bronchoscopy as a platform for delivery 
of drugs and other therapeutic agents is starting to be 
explored. In this context, it is important for the interven-
tional bronchoscopist to understand the available data, 
the limitations of these data, and the procedural aspects 
of bronchoscopic drug delivery in case it is needed.

NONMALIGNANT THORACIC DISEASE

Postintubation or Tracheostomy 

Laryngotracheal Stenosis

In addition to lung cancer, there are a variety of nonma-
lignant airway-centric pathologies that may benet from 
endobronchially administered medications. One such 
disorder, benign laryngotracheal stenosis, is most com-
monly seen in patients who have previously required 
endotracheal intubation and/or tracheostomy for a 
prolonged period of time (typically greater than 7–10 
days32). Other risk factors for developing laryngotra-
cheal stenosis include a history of dicult or emergency 
intubation, placement of an oversized endotracheal 
tube, or excessively high cu pressures.33 Symptoms 
of laryngotracheal stenosis may take weeks to months 
aer extubation or decannulation to manifest. Patients 
will oen complain of subacute, progressive dyspnea, 
as well as wheezing that is refractory to treatment with 
bronchodilators.34 Laryngotracheal stenoses can be sub-
divided into simple versus complex stenoses. Simple 
lesions are dened as those impacting a short region 
(less than 1 cm long) of the airway without evidence of 
tracheomalacia. In contrast, complex lesions are those 
involving extensive areas (greater than 1 cm in length) 
of stenosis and/or cartilaginous involvement and tra-
cheomalacia. Simple stenoses are typically amenable to a 
bronchoscopic intervention, usually consisting of radial 
incision (e.g., with an electrocautery knife) followed by 

balloon dilation. Complex stenoses may require mul-
tiple, repeated interventions including deployment of 
airway stents, argon plasma coagulation, cryotherapy, 
balloon dilation, or eventually surgical resection.35

Recently, the use of mitomycin C in the management 
of benign laryngotracheal stenosis has been gaining 
popularity. Mitomycin C is an antineoplastic agent that 
derives from Streptomyces caespitosus. It has historically 
been used in the treatment of a variety of cancers, includ-
ing breast cancer, colorectal cancer, gastric cancer, and 
NSCLC,36 and its use as an antiproliferative agent in the 
treatment of diseases like glaucoma is well established in 
the ophthalmology literature.37 Dalar et al. reported on 
the use of topical 0.2 mg/mL mitomycin C in a limited 
number of patients with simple and complex tracheal 
stenoses (Fig. 11.4). e authors noted that mitomycin 
appeared to delay time to consecutive stent dilations in 
patients with complex stenoses and decreased the need 
for repeated dilations in patients with simple stenoses.35

ough there are not yet any randomized controlled 
trials studying the impact of mitomycin C on this con-
dition, Perepelitsyn and Shapshay performed a retro-
spective cohort study comparing the ecacy of carbon 
dioxide laser incisions combined with bronchoscopic 
dilatation alone versus steroid injections versus topical 
application of mitomycin C. ey reported symptom-
atic improvement in the group that received topical 
mitomycin C.38 ere are also some data to suggest that 
two applications of mitomycin C, spaced approximately 
1 month apart, can help to postpone (but not prevent) 
episodes of restenosis.39 Additional research must be 
done to further explore these results and determine the 
optimal dosing frequency of topical mitomycin C in 
these patients.

Granulomatosis With Polyangiitis

Granulomatosis with polyangiitis (GPA, formerly 
Wegener’s granulomatosis) is a form of small-ves-
sel, antineutrophil cytoplasmic antibodies (ANCA)-
associated vasculitis. According to the American 
College of Rheumatology, there are four criteria used to 
diagnosis the disease:
1. Abnormal urinary sediment
2. Abnormal chest imaging ndings
3. e presence of oral ulcers or nasal discharge
4. e presence of granulomas on biopsy.40

From a pulmonary standpoint, GPA can have a 
wide variety of manifestations, including (potentially 
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cavitary) lung nodules, ground-glass opacities in the 
setting of alveolar hemorrhage, airway stenoses, and 
mucosal ulcerations.41 e disease is typically managed 
with systemic immunosuppressive therapy and avoid-
ance of airway manipulation, as this can lead to wors-
ening inammation and further stenosis in the future. 
However, central airway involvement can be the pri-
mary derangement in a small proportion of patients and 
may progress even with appropriate systemic therapy; 
this situation may necessitate endoscopic intervention.

Upper respiratory tract involvement is relatively 
common in GPA, particularly involving the subglottic 
region of the trachea.42 Indeed, 16% of patients with 
active disease develop subglottic stenosis, which can 
be life-threatening.43 Multiple studies have suggested 
a role for endoscopic glucocorticoid injections, per-
formed in conjunction with bronchoscopic dilation.42–45

Additionally, prior research has demonstrated that 
patients may develop subglottic stenosis while receiving 

systemic immunosuppression, suggesting that immu-
nosuppressive therapy may not always be sucient to 
prevent/manage this complication.46 Homan et al. 
performed intralesional long-acting corticosteroid 
injections and dilatations in 21 patients with GPA com-
plicated by subglottic stenosis.42 In this study, 40 mg/mL 
of methylprednisolone acetate was injected into the 
submucosa of the stenotic region using a 20-G laryngeal 
needle in a four-quadrant distribution. ey noted that 
patients with no prior airway scarring required an aver-
age of 2.4 procedures approximately 12 months apart in 
order to maintain patency of the subglottic region. In 
contrast, patients with evidence of airway scarring (from 
prior procedures) required an average of 4.1 procedures 
approximately 7 months apart in order to maintain 
regional patency. Based on their ndings, the authors 
suggest that steroid injections and dilatation are a rea-
sonable therapeutic modality for patients with subglottic 
stenosis and GPA not responsive to systemic therapy.

A B

C D

Fig. 11.4 Postintubation tracheal stenosis (A) and magnied (B), before bronchoscopic intervention. The same trachea 

visualized again (C) and magnied (D) following three treatments with topical mitomycin. (From Dalar L, Karasulu L, 

Abul Y, et al. Bronchoscopic treatment in the management of benign tracheal stenosis: choices for simple and com-

plex tracheal stenosis. Ann Thorac Surg. 2016;101:1310–1317.)



119CHAPTER 11 The Endoscopic Application of Medication to the Airway

Sarcoidosis

Sarcoidosis is a multisystem disease characterized by 
the presence of noncaseating granulomas. ough pre-
sentations of sarcoidosis can vary signicantly based 
on the aected organ systems, the respiratory system 
is impacted in more than 90% of cases.47 Pulmonary 
manifestations of sarcoidosis include bilateral hilar 
adenopathy, pulmonary micronodules, ground-glass 
opacities, and, in advanced disease, brosis. Airway 
involvement of the disease is typically indicative of the 
presence of endobronchial mucosal granulomas, caus-
ing scarring and stenosis.48 e resulting narrowing of 
the airway can be detected radiographically and bron-
choscopically and oen leads to symptoms of dyspnea 
and wheezing. On imaging, extensive involvement of 
the small airways can result in evidence of air-trapping 
on expiratory lms.49

Corticosteroids are among the most commonly used 
therapies for active sarcoidosis.50 When endobronchial 
airway involvement occurs in sarcoidosis, intraluminal 
injections of corticosteroids (including dexametha-
sone51 and triamcinolone11) may be of benet, although 
data on ecacy are limited. Butler et al. performed a 
retrospective chart review of 10 patients with laryngeal 
involvement from sarcoidosis. Among these patients, six 
had sarcoidosis that was limited to the larynx, whereas 
four had other systemic manifestations; two patients 
had symptoms that were so severe that they required 
emergency tracheostomy. All had received high doses of 
systemic corticosteroids prior to intervention. Patients 
underwent multiple steroid injections into the base of 
each lesion, using 40–120 mg of 40 mg/mL methylpred-
nisolone acetate, as well as laser photoreduction using 
a carbon dioxide laser. ey completed anywhere from 
one to four sessions.52 e authors reported signicant 
improvement in the patients’ Medical Research Council 
(MRC) dyspnea scales53 following treatment, as well as a 
signicant reduction in systemic steroid usage.

ere may also be a role for topical mitomycin C in 
the management of sarcoidosis of the airway. In a case 
report describing a woman with endobronchial involve-
ment of her sarcoidosis who had failed systemic steroid 
therapy, balloon dilation, and the application of topical 
0.4 mg/mL mitomycin C resulted in transient improve-
ment in the patient’s symptoms.54 More research must be 
done on the potential role of mitomycin C in the man-
agement of sarcoidosis involving the airways.

Idiopathic Laryngotracheal Stenosis

Idiopathic laryngotracheal stenosis is a rare inamma-
tory disorder that almost exclusively aects women, typ-
ically those who are pre- and perimenopausal. Patients 
generally present with exertional dyspnea, wheezing, 
and, occasionally, a change in the quality of their voice. 
As its name suggests, idiopathic laryngotracheal stenosis 
is a diagnosis of exclusion. As such, it is incumbent on 
the provider to rule out infectious, traumatic, and rheu-
matologic processes in order to make the diagnosis.55

Recently, derangements in estrogen and progesterone, 
as may be seen at the time of menopause, have been 
studied as possible contributors to the pathogenesis of 
this disorder.56

Idiopathic laryngotracheal stenosis is characterized 
by stenosis within the upper airway, oen impacting the 
subglottic region.57 Histopathologically there is evidence 
of brous inammation in the lamina propria of the 
subglottis and proximal trachea.58 Traditionally this dis-
order has been managed surgically, with laryngotracheal 
or tracheal resection and reconstruction. Outcomes with 
this surgical approach have been favorable.59 One study 
described 73 patients who underwent operative inter-
vention for idiopathic laryngotracheal stenosis; of this 
group, 19 patients described no diculties in breathing 
or vocal quality postoperatively, 47 reported some dif-
culty projecting loudly aer surgery, 5 reported some 
ongoing dyspnea or stridor, and 1 needed ongoing man-
agement with dilations.60

Despite the ecacy of surgery, there has been 
increasing interest in the role of bronchoscopy for the 
management of this disorder, as extensive surgical resec-
tion may not be tolerated by a large subset of patients 
with this disease due to medical comorbidities. As with 
benign laryngotracheal stenoses, bronchoscopic inter-
ventions for idiopathic stenoses include balloon dila-
tation, laser as well as other thermal ablative therapies, 
stenting, and cryotherapy.35 Shabani et al. attempted 
endoscopic balloon dilation and steroid injection in 37 
patients with subglottic stenosis due to idiopathic laryn-
gotracheal stenosis. Of the 37 patients, 13 received ste-
roid injections (triamcinolone or dexamethasone) for all 
procedures, whereas 4 received no concurrent steroid 
injections. ough the results did not reach statistical 
signicance, the authors noted that the patients who 
received steroid injections tended to require fewer dila-
tions (on average, approximately 4 vs. 7) with a longer 
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time between dilations (on average, approximately 556 
days as opposed to 283 days) than those who did not 
receive the steroid injections.58 Given the small sample 
size, more research must be done to determine the util-
ity of concurrent steroid injections, as well as the opti-
mal timing of these treatments.

Recurrent Respiratory Papillomatosis
Recurrent respiratory papillomatosis (RRP) is a benign 
disorder characterized by the development of numerous 
papillomatous, exophytic lesions throughout the respi-
ratory tract. Very rarely there may also be parenchy-
mal involvement of RRP, characterized by the presence 
of solid or cavitary pulmonary nodules.61 e disease 
is attributed to infection with human papillomavi-
rus (HPV), most commonly subtypes 6 and 11, which 
together account for more than 90% of cases of RRP. 
ere is general consensus that HPV 11 represents the 
more virulent strain, as patients aicted with RRP due 
to HPV 11 typically are those who require more aggres-
sive airway interventions (including tracheostomy) and 
have a higher risk of malignant transformation.62 RRP 
may aect children, who frequently contract HPV at the 
time of birth through vaginal delivery, though there is 
evidence that some children become infected through 
placental transmission of the virus.63 Adults may also 
contract HPV and develop RRP following orogenital 
sexual contact.64

e traditional approach to management of RRP 
has focused on surgical debulking of the papillomas, 
typically using laser therapy, in order to restore airway 
patency. Still, given the recurring nature of the disease, 
frequent surgeries may be required, placing (oentimes 
pediatric) patients at risk for laryngotracheal stenosis 
and scarring, burns, and stulae formation.65 As a result, 
there has been increased focus on adjuvant therapies 
intended to minimize the need for repeated operative 
interventions. e use of intralesional cidofovir has 
been evaluated as a potential intervention to minimize 
the need for invasive procedures in this population.66–69

Cidofovir is an antiviral medication that inhibits viral 
DNA polymerases.70 Much of the data describing use 
of cidofovir come from case reports, with varying 
descriptions of the ecacy of the drug. Wierzbicka et 
al. noted complete remission in 18 of 32 patients with 
recurring papillomatous disease who underwent intral-
esional cidofovir injections (ranging from a total of one 
to seven injections, using 2–33 mL in total of 5 mg/mL 

cidofovir); importantly, the authors reported that one 
patient developed gastrointestinal symptoms following 
the procedure, whereas two more developed a tran-
sient transaminitis.66 Naiman et al. performed monthly 
intralesional injections of 5 mg/mL cidofovir in 26 
patients (including adults and children). Repeat endos-
copies were performed at 3 months to assess for ongoing 
disease burden and, if present, cidofovir injections were 
repeated at the time on the persisting papillomas. e 
authors reported complete remission in eight patients 
(of whom 2 had undergone 1 injection, 2 had 2 injec-
tions, and 4 had an average of 4.2 injections). Seventeen 
patients had mild disease at the end of the therapeutic 
trial. e authors did not note any signicant adverse 
events.71

ere are limited data at present describing the long-
term ecacy of cidofovir injections for the management 
of RRP. Milczuk followed four children with RRP who 
had each undergone six treatments, 6–8 weeks apart, 
consisting of surgical papilloma excision and intrale-
sional injections of cidofovir. One year aer completing 
treatment, one patient continued to experience remis-
sion of his disease, whereas two patients had recurrence 
of symptoms (which began to recur during the initial 
treatment protocol). e fourth patient did not respond 
to cidofovir injections.72 Tanna et al. followed 13 adults 
who had previously experienced disease remission aer 
an average of six cidofovir injections, reporting that 6 
did not require subsequent interventions, whereas 7 
required further treatment of their RRP aer an average 
of 1 year.73 Additional research must be done in order to 
determine the long-term ecacy of intralesional cidofo-
vir injections.

Lung Transplant–Associated Bronchial 
Stenosis
Despite improvements in surgical techniques over the 
past several decades, airway complications remain a rel-
atively common complication of lung transplantation, 
with approximately 15% of lung transplant recipients 
aected.74,75 Airway complications may have tremen-
dous implications on a patient’s quality of life, oentimes 
provoking cough, progressive dyspnea, and/or recurrent 
infections. ese complications frequently require mul-
tiple posttransplantation interventions depending on 
the underlying etiology of the complication. ere are a 
wide variety of airway complications, including anasto-
motic necrosis and dehiscence, anastomotic infections, 
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stulas (bronchopleural, bronchovascular, or broncho-
mediastinal), and, most commonly, bronchial stenosis.74

Bronchial stenoses may occur at or distal to the anasto-
motic site and can develop months to years following 
transplant. According to a review by Yousem et al., his-
topathologic studies of bronchial cartilage in posttrans-
plant recipients demonstrate ossication, calcication, 
and brovascular ingrowth, presumably due (at least in 
part) to inammation and decreased bronchial perfu-
sion following transplantation.76

e bronchoscopic management of posttransplant 
bronchial stenosis encompasses a variety of interven-
tions aimed at dilating the airway. Historically, rigid 
bronchoscopy with bougie dilation was the standard 
treatment modality, though exible bronchoscopy 
with balloon dilation has become increasingly preva-
lent in recent years.77 Other interventions include air-
way stenting, cryotherapy, electrocautery, laser therapy, 
and endobronchial brachytherapy. ere are also data 
to support the bronchoscopic application of topical 
agents, most notably mitomycin C, to regions aected 
by bronchial stenosis. Erard et al. published the rst 
case report describing the local application of mitomy-
cin C in recurring bronchial stenosis in 2001 (Fig. 11.5). 
ey describe a patient with a history of cystic bro-
sis and multidrug-resistant Burkholderia cepacia who 

underwent bilateral lung transplantation complicated 
by recurrent bronchial stenosis despite treatment with 
argon laser electrocoagulation and multiple attempts at 
dilatation and stenting. At postoperative week 42, the 
authors applied a cotton swab soaked in a solution of 
2 mg/mL of mitomycin C to granulation tissue in the 
patient’s stenosed right upper lobe bronchus and bron-
chus intermedius for 2 min. ey reported improve-
ment in the patient’s FEV

1
 (forced expiratory volume 

in the rst second) that persisted for several months, 
though they did note that the patient developed a 
recurring stricture in the bronchus intermedius, which 
was treated again with topical mitomycin C with good 
ecacy.78

A recent retrospective cohort study from Duke 
University evaluated posttransplant patients with bron-
chial stenosis in whom mitomycin C was injected sub-
mucosally into the stenotic airway. e study included 
11 patients who had undergone lung transplantation 
complicated by airway stenosis that recurred despite 
balloon dilatation and/or airway stent placement. e 
patients underwent bronchoscopy with balloon bron-
choplasty, aer which 5 mL of 0.4 mg/mL solution of 
mitomycin C was administered through a submucosal 
injection with a 21-G needle. In order to determine 
the impact of the mitomycin C injection, the authors 

A B C

Fig. 11.5 Bronchial stenosis in a lung transplantation patient. (A) Stenosis of the right upper lobar bronchus and bron-

chus intermedius 14 weeks posttransplantation; (B) 42 weeks posttransplantation, following stent placement in the 

right upper lobe bronchus; (C) 96 weeks posttransplantation, following topical mitomycin C application. (From Erard 

AC, Monnier P, Spiliopoulos A, Nicod L. Mitomycin C for control of recurrent bronchial stenosis: a case report. Chest. 

2001;120:2103–2105.)
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compared the number of airway dilations performed in 
the months prior to intervention and in the months fol-
lowing this therapy. ey reported that a median of three 
dilations was performed per patient in the 6 months that 
preceded intervention, in contrast to two dilations in the 
following 6 months. e authors also described nonsig-
nicant improvements in the patients’ FEV

1
 values and 

forced vital capacities (FVCs) and noted that the injec-
tions were well tolerated.79

ENDOSCOPIC APPLICATION OF 

MEDICATIONS AND CHOICE OF 

TECHNIQUE

e endoscopic application of medications can be per-
formed using four general techniques:
1. Topical application
2. Injection under direct visualization
3. Injection under ultrasound visualization
4. Circumferential injection using an endobronchial 

balloon catheter.
e topical application of medications is generally 

the least invasive of these techniques and is less likely 
to cause deep penetration; as a result, there are typically 
fewer complications associated with this technique. 
Topical application of medications may be performed by 
soaking the pledget in the desired medication, grasping 
the pledget with rigid forceps, and, nally, placing the 
soaked pledget on the central airway lesion. e time 
needed to apply the pledget varies from 30 seconds up 
to several minutes, depending on the indication. e 
amount of medication absorbed into the mucosa will 
vary depending on the concentration of the solution 
in which the pledget is soaked, the duration of time 
for which the pledget is held against the mucosa, and 
the number of applications. It should be noted that this 
technique can also be accomplished by grasping the 
pledget with exible forceps through a bronchoscope, 
though this typically leads to less forceful apposition of 
the pledget to the airway and, as such, lower concentra-
tions of medication absorption.

In contrast to topical applications, medications may 
also be injected endoscopically. e endoscopic injection 
of agents can be performed under direct visualization 
through a TBNA needle or using ultrasound guidance 
through an EBUS-TBNA needle. Direct injection with 
a standard TBNA needle can be performed easily using 

a exible bronchoscope and should be considered in 
patients who have lesions that extend into the lumen of 
a central airway and/or completely obstruct the airway. 
In contrast, EBUS-TBNA is preferred for mediastinal 
masses that are not visible in central airways. Still, both 
of these treatment modalities remain experimental, as 
the most eective volumes, concentrations, and types of 
medications are still unknown.

Finally, medications may also be administered using 
the exible endobronchial balloon (Blowsh) catheter, 
described earlier in this chapter. is device consists of 
a double lumen catheter that is passed down a exible 
bronchoscope with the balloon deated and the needle 
sheathed. One lumen inates an endobronchial balloon 
at the tip of the catheter, which then extrudes a 34-G 
needle perpendicularly. is needle is then inserted into 
the submucosa. Once the balloon is fully inated, the 
drug is delivered down the second lumen via the needle. 
Generally, four injections are completed in a circum-
ferential manner. Contrast dye can be mixed with the 
drug being injected in an eort to monitor the extent of 
extravasation of the drug into the submucosa, though 
this is not completely necessary.

S U M M A R Y

is chapter provides a brief overview of the ways in 
which a variety of pulmonary pathologies may be man-
aged through the endoscopic administration of medi-
cations. All of these therapeutic options have yet to be 
validated through large, randomized controlled trials, 
and, as such, the level of evidence behind these inter-
ventions is limited. e ecacy of the bronchoscopic 
delivery of medications to the airway varies not only 
by disease, but also by the medication delivered. e 
proper dosing and delivery schedule of each medica-
tion need to be determined and validated. Similarly, the 
method of drug delivery (e.g., injection with direct visu-
alization using classic TBNA needles, EBUS-assisted 
TBNI, or bronchial balloon drug delivery catheters) is 
likely to impact outcomes. Despite these limitations, the 
available data do suggest that the use of bronchoscopy 
as a drug delivery platform for select airway diseases 
may be worthwhile. Additional research is required 
to determine the appropriate indications for the bron-
choscopic administration of medication, as well as the 
optimal drug dosing, delivery method, and frequency of 
administration.
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Bronchial Thermoplasty

INTRODUCTION

Asthma aects ver 300 mlln peple thrughut the 
wrld, wth a hgh burden f mrbdty and mrtal-
ty.1 Accrdng t Wrld Health Organzatn (WHO) 
estmates, apprxmately 250, 000 peple de prema-
turely each year frm asthma.2 Apprxmately 5%–10% 
f patents wth asthma are categrzed as severe wth 
falure f symptm cntrl despte maxmal nhaler 
therapy.3 e dentn f severe asthma smetmes 
vares, but s generally characterzed by recurrent exac-
erbatns r ngng symptms despte maxmal treat-
ment.4 Frequent emergency rm vsts, unscheduled 
clnc vsts, hsptalzatns, mssed schl r wrk, 
and a reduced qualty f lfe mpact patents wth severe 
asthma. Abut 1000 peple de each day frm asthma.5

Asthma s amng the tp 20 causes f years f lfe 
lved wth dsablty.5 e sgncant glbal mpact n 
health care csts and resurce utlzatn s ngng and 
exceeds 56 blln dllars annually n the Unted States 
alne.5 Asthma s a dsease hallmarked by namma-
tn and hyperrespnsveness f the perpheral arways. 
When asthma s le unchecked, arway remdelng 
leads t ncreased arway smth muscle (ASM) mass, 
mucus metaplasa, and arway wall brss. e crner-
stne f asthma therapy s a cmbnatn f bth shrt- 
and lng-actng beta-2 receptr adrenergc agnsts, 
crtcsterds, leuktrene antagnsts, and smetmes 
mnclnal antbdy therapy.6 Chrnc medcal man-
agement f asthma fcuses n brnchdlatn and the 
reductn f arway nammatn, but the reversal f 
arway remdelng remans a challenge. Brnchal ther-
mplasty (BT) s a therapy that can reverse the eects f 
smth muscle hypertrphy and ther mucsal changes 

thrugh the applcatn f cntrlled thermal energy 
drectly t arway walls. e apprval f BT by the Fd 
and Drug Admnstratn (FDA) n Aprl 27, 2010 has 
set a new paradgm n the treatment fr mderate t 
severe persstent asthma.

SCIENTIFIC BASIS FOR BRONCHIAL 

THERMOPLASTY

e drect applcatn f cntrlled thermal energy f 
65°C t the arway wall usng a thermal energy prbe 
deplyed durng brnchscpy reduces ASM mass.7–12

Early studes n cannes shwed that the reductn n 
ASM mass culd result n decreased brnchal cn-
strctn n respnse t varus ntrnsc and extrnsc 
nammatry medatrs.13 Reductn n ASM mass, type 
1 cllagen depstn, and retcular basement membrane 
thckness have been cnrmed by bpsy n humans.14

BT causes a reductn n nerve bers nnervatng the 
epthelum and ASM.12,15 BT changes epthelal cell phe-
ntype leadng t reduced mucn prductn and gblet 
cell hyperplasa, perhaps drven by decreased nterleu-
kn (IL)-13 expressn.16 BT may als alter several ther 
genes nvlved n pathgeness f asthma and exert 
mmunmdulatry actns by alterng T-cell subpp-
ulatns n the arway.17,18 BT ncreases lumnal arway 
vlume and reduces gas trappng n small arways.19–22

ese changes may nt always be evdent by sprmetry 
r mpedance scllmetry, but changes n ventlatn 
can be quanted usng advanced magng technques, 
such as hyperplarzed 3He magnetc resnance mag-
ng (MRI).23,24 Hwever, the benet f ncreased arway 
calber n the absence f mprvements n pulmnary 
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functn s nt entrely clear. In summary, BT nduces 
many changes n the arways, ncludng reductn n 
ASM mass and nerve bers, benecal changes n the 
arway epthelum, and mprves ventlatn, ptentally 
by ncreasng arway calber.

CLINICAL EVIDENCE FROM HUMAN 

STUDIES

Mller and clleagues25 perfrmed the rst prspectve 
feasblty study f BT n humans. BT was perfrmed 
n eght patents preperatvely up t 3 weeks prr t 
the planned lung resectn fr suspected r prven lung 
cancer. Treatment was lmted t the segmental brnch 
planned t be remved. ere were n adverse eects 
related t the prcedure. ere was n brnchscpc 
evdence f scarrng n the arways, and hstlgc exam-
natn cnrmed a reductn n ASM n the treated ar-
ways and mmedate perbrnchal area.

Cx and clleagues26 perfrmed the rst nnran-
dmzed feasblty study f BT n 16 patents wth sta-
ble asthma and demnstrated a sgncant ncrease n 
methachlne PC20 and mean symptm-free days.

e Asthma Interventn Research (AIR) tral was the 
rst randmzed cntrlled tral enrllng 112 patents 
and cmpared BT plus standard-f-care therapy (nhaled 
crtcsterds [ICS] and lng-actng beta agnsts 
[LABA]) wth standard-f-care therapy (ICS and LABA) 
alne n patents wth mderate t severe persstent 
asthma.27 e tral demnstrated a sgncant decrease n 
the rate f mld exacerbatns (nt severe exacerbatns) 
and an ncrease n mrnng peak expratry w rate 
amng patents recevng BT cmpared t the cntrl 
grup.27 Lng-term fllw-up f BT patents revealed a 
stable rate f respratry adverse events, wthut ncrease 
n emergency vsts r hsptalzatns fr respratry 
symptms and stable lung functn ver 5years.28

e Research n Severe Asthma (RISA) tral was 
a randmzed multcenter tral enrllng 34 patents 
wth severe asthma.29 e patents were randmzed t 
receve ether BT r cntnue hgh-dse ICS and LABA.29

e tral shwed a sgncant ncrease n prebrnch-
dlatr frced expratry vlume n the rst secnd f 
expratn (FEV

1
) and mprvement n asthma cntrl 

and qualty f lfe n BT grup cmpared t the cntrl 
grup.29 Lng-term fllw-up fr 5 years revealed stable 
respratry adverse events and decrease n hsptalza-
tns and emergency department vsts fr respratry 
symptms.30

e AIR2 tral was the rst duble-blnd, sham-
cntrlled randmzed cntrl tral f BT cmparng the 
eectveness and safety f BT versus a sham prcedure n 
patents wth severe asthma.31 A ttal f 288 patents were 
randmzed t ether BT r sham cntrl.31 Prmary ut-
cme was the derence n asthma qualty-f-lfe ques-
tnnare (AQLQ) scres frm baselne t average f 6, 9, 
and 12 mnths (ntegrated AQLQ).31 e mprvement n 
ntegrated AQLQ scre frm baselne was superr n the 
BT grup cmpared t the sham grup.31 Mre BT patents 
(6% mre) were hsptalzed n the treatment perd.31

BT patents experenced fewer exacerbatns, emer-
gency rm vsts, and days mssed frm wrk r schl 
cmpared t the sham grup.31 Fve-year fllw-up f 
BT-treated patents frm AIR2 tral demnstrated 5-year 
durablty f benets f BT.32 BT-treated patents had fewer 
severe exacerbatns and emergency vsts n 5-year fl-
lw-up (average 5-year reductn f 44% n severe exacer-
batns and 78% fr emergency vsts) cmpared t thse 
bserved n the 12 mnths prr t ther BT.32

e Pst-FDA Apprval Clncal Tral Evaluatng 
Brnchal ermplasty n Severe Persstent Asthma 
(PAS2) s a prspectve, bservatnal, multcenter study 
desgned t cnrm the safety and ecacy f BT n cln-
cal practce.33 e prmary endpnt s the prprtn 
f subjects experencng severe exacerbatns durng the 
subsequent 12-mnth perd fr years 2, 3, 4, and 5 cm-
pared wth the rst 12-mnth perd aer BT.33 PAS2 data 
shw that BT s safe and asscated wth lwer rates f 
severe asthma exacerbatns, emergency vsts, and hsp-
talzatn at 3 years aer BT (45%, 55%, and 40% decrease, 
respectvely) cmpared t the 12 mnths befre BT.33

Burn and clleagues34 analyzed the ecacy and safety 
f BT n the UK and fund mean mprvement n AQLQ 
scre at 12 mnths and a sgncant reductn n hsp-
tal admssns at 24 mnths fllw-up wthut any dete-
rratn n FEV

1
, cnsstent wth ther clncal trals.

PREPROCEDURE MANAGEMENT 

OVERVIEW AND PATIENT SELECTION

Patent selectn remans a key cmpnent t success-
ful utcmes as descrbed n the lterature. A multds-
cplnary apprach n the settng f an asthma center 
wth nurse practtner, clncal pharmacst, and phy-
scan allws fr a cmplete assessment f the patent, 
scecnmc supprt, awareness abut asthma, tech-
nque and cmplance wth nhaler usage, envrnmen-
tal expsures, tbacc hstry, and evaluatn f ther 
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underlyng dseases that may drectly mpact asthma 
care, such as rhnts r snusts, atpy, mmunde-
cency, gastresphageal reux, and besty. Patents 
shuld be evaluated fr ther dseases that can mmc 
asthma, such as cardac dsease, vcal crd dysfunctn, 
structural tracheal dseases, cnnectve tssue dseases, 
r vascults syndrmes. A thrugh clncal assessment 
t dentfy factrs t mprve the patent’s asthma symp-
tms s necessary t mre accurately rate the severty f 
the dsease whle screenng fr the ptental rle fr BT 
n mderate t severe persstent asthma (Fg. 12.1).

Practcally speakng, many clncans cntnue t 
adhere t the nclusn and exclusn crtera reprted 
n the prr clncal trals. e seres f clncal trals 
have develped specc selectn crtera as well as gen-
eral cnsderatns fr patent selectn fr brnchal 
thermplasty (Bxes 12.1 and 12.2).33,35–37 Future studes 
and utcme reprts wll be needed t determne f a 
brader range f patents wll benet frm BT, such as 
thse wth severely mpared lung functn.

PATIENT PREPARATION

• Patents are prescrbed prphylactc prednsne 
50 mg per day 3 days befre the prcedure, the day 
f the prcedure, and the day aer the prcedure t 
reduce perprcedural nammatn.

• Prcedural cnsent s cmpleted aer dscussng all 
rsks and benets f BT and brnchscpy alng 
wth the speccs f sedatn, analgesa, and anesthe-
sa (f needed).

• Majrty f patents can underg BT wth mderate 
sedatn: mdazlam and fentanyl alng wth tpcal 
ldcane. General anesthesa s safe and feasble as 
well.38 Fio

2
 less than 40% s recmmended t avd 

the pssblty f arway gntn.36

• Albuterl nebulzatn prr t the brnchscpy s 
mandatry.

• Oral cdene 30–60 mg may be prescrbed 1 h prr t 
the prcedure t further elmnate the cugh reex. 
s s rdered n patents wh underg the prce-
dure under mderate sedatn and s nt rdered f 
the prcedure s perfrmed under general anesthesa.

• Tpcal anesthesa regmen appled t the arway may 
nclude nebulzed 1% ldcane.

• Glycpyrrlate can be admnstered ntravenusly 
wth a very rapd nset f actn t reduce arway 
secretns, f deemed necessary.

IMMEDIATE PREPROCEDURE 

ASSESSMENT

e day f the prcedure the clncan shuld assure 
that the patent s at baselne befre prceedng and the 
patent shuld underg sprmetry demnstratng an 
FEV

1
 wthn 10% f ther establshed baselne.

e prcedure shuld be pstpned and rescheduled 
f:
• Patent dd nt take the prescrbed preprcedure 

prednsne
• Spo

2
<90% n rm ar

• Asthma symptms have ncreased n the precedng 
48 h wth escalatn f rescue brnchdlatr use 
mre than fur pus/day

• Actve respratry nfectn
• Actve snusts
• Less than 14 days frm cmpletn f ral sterd 

therapy due t asthma exacerbatn
• Any ther cntrandcatn.

e prcedure shuld be termnated f:
• Arways becme excessvely edematus
• Extensve brnchcnstrctn
• Sgncant mucus n the arways
• Inablty t access the arways due t patent’s 

anatmy
• Excessve cughng r secretns that bscure vsbl-

ty f the arways.

BRONCHIAL THERMOPLASTY 

EQUIPMENT

e Alar Brnchal ermplasty System (Bstn 
Scentc, Natck, MA, USA) cnssts f a catheter and a 
radfrequency (RF) cntrller (Fgs. 12.2 and 12.3). e 
patent s ntally grunded t the devce wth a stan-
dard gel electrde and cnnected t the cntrller. Each 
sngle-use catheter passes thrugh the wrkng channel 
f the brnchscpe and cntans an expandable elec-
trde array at ne end and a deplyment handle at the 
ther end. Ideally, a 2-mm mnmum wrkng channel 
brnchscpe s requred. e electrde array, nce 
expanded, makes cntact wth the arway wall at fur 
pnts and s then actvated by a ft pedal. Each actva-
tn delvers RF electrcal energy t heat the arways t 
a temperature f 65°C. e preset cntrller delvers a 
set ntensty and duratn f energy t the ASM wthut 
mpactng ther arway structures. Energy wll nt be 
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Thorough Evaluation

History & Physical Examination

Appropriate Labs & Imaging

Studies

Rule Out Asthma Mimics / 

Alternate Diagnoses

Cardiac disease

GERD

Vocal cord dysfunction

Structural tracheal diseases

Connective tissue diseases

Evaluate For 

Medication adherence

Inhaler technique

Environmental exposures

Tobacco exposure

Rhinitis, sinusitis, GERD

Evaluate for BT

Review Inclusion & Exclusion

Criteria 
Evaluate for Biologic Therapy

Failure or Suboptimal

Response to Biologic

Therapy 

Confirm Diagnosis of Severe

Persistent Asthma 

Severe Persistent

Asthma Patient 

Fig. 12.1 Algorithm for evaluation of bronchial thermoplasty (BT). GERD, Gastroesophageal reux disease.
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delvered unless each equpment cnnectn s secured 
and apprprate arway wall cntact s made wth the 
prbe. An aud and vsual feedback s emtted frm the 
cntrller t alert the clncan f the catheter s nt n 
cntact wth the arway wall and needs repstnng. 
e number f successful actuatns s als recrded 
and dsplayed n the frnt panel f the cntrller.

BRONCHIAL THERMOPLASTY 

PROCEDURE OVERVIEW

BT prcedures nvlve sequental brnchscpc treat-
ment f the perpheral arways ver three cnsecu-
tve brnchscpc sessns, each ccurrng at 3-week 
ntervals. e sequence f treatments s as fllws: (1) 
rght lwer lbe, (2) le lwer lbe, and (3) bth upper 
lbes. e rght mddle lbe s nt treated due t ts 

hypthetcal susceptblty t transent bstructn, 
atelectass, and rght mddle lbe syndrme. Hwever, 
Esenmann and clleagues39 perfrmed BT n the rght 

BOX 12.2 Exclusion Criteria for Bronchial 

Thermoplasty

• Participation in another clinical trial within 6 weeks of 

baseline period of study enrollment

• Patient requires rescue medication over the last week 

of a 4-week medication stable period, exceeding 

average of eight puffs per day of short-acting bron-

chodilator, or four puffs per day of long-acting rescue 

bronchodilator, or two nebulizer treatments per day

• Postbronchodilator FEV
1

<65%

• History of life-threatening asthma: past intubations for 

asthma, ICU admission for asthma in the past 2 years

• Three or more hospitalizations for asthma exacerba-

tion in the prior year

• Four or more infections of the lower respiratory tract 

requiring antibiotics in the past year

• Four or more pulses of systemic corticosteroids for 

asthma symptoms in the past year

• Known sensitivity to medications required to perform 

bronchoscopy

• Concomitant respiratory diseases such as tracheal 

stenosis, tracheobronchomalacia, emphysema, cys-

tic brosis, bronchiectasis, vocal cord dysfunction, 

mechanical upper airway obstruction, Churg-Strauss 

syndrome, and allergic bronchopulmonary aspergillosis

• Segmental atelectasis, lobar consolidation, signi-

cant or unstable pulmonary inltrate, or pneumotho-

rax conrmed on chest radiograph

• Signicant cardiovascular disease, including myocardial 

infarction, angina, cardiac dysfunction, cardiac dys-

rhythmia, conduction defect, cardiomyopathy, or stroke

• Known aortic aneurysm

• Comorbid illness: cancer, renal failure, liver disease, 

or cerebral vascular disease

• Uncontrolled hypertension; systolic pressure 

>200mmHg or diastolic pressure >100mmHg

• Implanted electrical stimulation device such as pace-

maker, cardiac debrillator, deep nerve, or brain 

stimulator

• Coagulopathy; international normalized ratio (INR) >1.5

• Inability to discontinue anticoagulants or antiplatelets 

prior to the procedure

• Known bleeding disorder

• Prior treatment with bronchial thermoplasty

• Age <18 years

• Pregnancy

BOX 12.1 Inclusion Criteria for Bronchial 

Thermoplasty

• Adult age 18 to 65 years

• Diagnosis of asthma and taking regular maintenance 

medication to include inhaled corticosteroid (ICS) at a 

dosage >1000µg beclomethasone daily or equivalent 

and long-acting beta-2 agonist (LABA) at a dosage 

≥100µg daily of salmeterol or equivalent

• In addition to ICS and LABA, the patient may be on leu-

kotriene antagonists, anti-IgE, other biologic therapies, 

or oral corticosteroids at a dosage of up to 10mg daily 

or 20mg every other day

• Stability of asthma symptoms on maintenance 

medications

• No current respiratory tract infection or severe 

asthma exacerbation within 4 weeks preceding a 

scheduled bronchial thermoplasty (BT)

• No unstable or untreated comorbid condition that 

would increase the risk of bronchoscopy

• Prebronchodilator forced expiratory volume in the 

rst second of expiration (FEV
1
) ≥60% predicted

• Postbronchodilator FEV
1

≥65% predicted

• FEV
1
 within 10% of the individual’s best value

• Patient had at least 2 days of asthma symptoms in 

the last 4 weeks

• Nonsmoker for 1 year or more and less than a 10-pack-

year tobacco history

• Able to undergo an outpatient bronchoscopy

• No contraindications to medications required 

to perform bronchoscopy (lidocaine, opiates, 

benzodiazepines)
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mddle lbe safely wthut any cmplcatns, suggest-
ng these cncerns may be verstated. All treatments 
utlzng the thermal prbe are dne under methdc 
vsualzatn f the perpheral arways dstal t the 
manstem brnch, rangng frm 3 t 10 mm, utlzng 
the 2-mm wrkng channel exble brnchscpe n a 
cntguus and nnverlappng fashn frm dstal t 
prxmal arway. Expandng the electrde array allws 
cntact alng fur pnts f the perpheral arway wall at 
12, 3, 6, and 9 ’clck pstn fllwed by actvatng the 
energy surce wth the ft pedal (Fgs. 12.4 and 12.5). 
e typcal prcedure tme vares frm 30 t 45 mn, 
wth an average 40 t 65 actuatns per treatment ses-
sn. Recent studes have shwn that the number f RF 

actvatns delvered durng BT crrelates wth the cln-
cal respnse t treatment as well as the transent dete-
rratn n lung functn (FEV

1
) aer BT.40,41 A thnner 

brnchscpe (uter dameter 4.2 mm) may ncrease 
the delvery f RF actvatns t the brnchal tree.42

POSTPROCEDURE ASSESSMENT AND 

FOLLOW-UP

Aer cmpletn f each BT treatment, the patents 
underg bservatn as s standard fr mderate seda-
tn. Increased respratry symptms are cmmn 
mmedately fllwng brnchscpy. In addtn, 
patents reman under bservatn untl they have 
acheved a pstbrnchdlatr FEV

1
 wthn 80% f the 

preprcedure value and are feelng well wthut any 
evdence f prcedural cmplcatn. Pstprcedural 
plan and nstructns shuld be vered n detal wth 
patents prr t dscharge. Pst-BT symptms en 
present n a delayed fashn and shuld be treated as 
needed wth the addtn f crtcsterds, ncreased 
rescue brnchdlatrs, and antbtcs when clncally 
ndcated. e patent shuld be assessed by phne call 

Fig. 12.2 Alair electrode array disposable catheter. (With 

permission from Boston Scientic, Natick, MA, USA.)

Fig. 12.3 Alair controller system. (With permission from 

Boston Scientic, Natick, MA, USA.)

Fig. 12.4 Illustration of bronchial thermoplasty treat-

ment with electrode array deployed in the peripheral 

airway. (With permission from Boston Scientic, Natick, 

MA, USA.)
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1, 2, and 7 days pstprcedure. An ce vst shuld be 
scheduled 2 t 3 weeks aer the prcedure t assess lung 
functn and symptms and t schedule the subsequent 
BT treatment. It s als mprtant t reterate t each 
patent that they cntnue all f ther asthma mante-
nance medcatns durng BT treatments.

COMPLICATIONS AND SAFETY PROFILE 

OF BRONCHIAL THERMOPLASTY

BT can wrsen asthma symptms n the mmedate 
psttreatment perd. ere s a hgh ncdence f acute 
transent radlgc abnrmaltes, ncludng perbrn-
chal cnsldatns, grund-glass pactes, atelectass, 
partal brnchal cclusns, and dlatatns shrtly aer 
BT due t nammatn r edema. All these abnrmal-
tes reslve spntaneusly wthut any clncal cnse-
quences.43–45 Hwever, lng-term 5-year fllw-up f 
patents enrlled n AIR and AIR2 trals dd nt shw any 
case f pneumthrax, respratry falure requrng ntu-
batn and mechancal ventlatn, cardac arrhythmas, 
r death.28,32 Respratry adverse events typcal f asthma 
(ncludng dyspnea, cugh, wheeze, and nasal cngestn), 
chest dscmfrt, mld hemptyss, and upper respra-
try tract nfectn ccurred n ≥3% subjects at a stable 
rate frm year 2 t year 5 n the BT grup.28,32 One subject 
n the BT grup develped a lung abscess n the le upper 
lbe at 14 mnths.28 He underwent surgcal resectn and 
hstlgc examnatn f the resected specmen dd nt 
shw any arway bstructn r any ther cntrbutry 
abnrmalty frm BT causng lung abscess.28 Lung func-
tn and prebrnchdlatr FEV

1
 remaned stable ver 

5 years.32 ree subjects n the AIR2 tral were fund t 
have ncreased r new brnchectass; ne patent had 
wrsenng f preexstng brnchectass, ne patent had 
brnchectass n tw lbes ncludng the rght mddle 
lbe that was nt treated wth BT, and ne patent had 
newly dented brnchectass at 3 years fllw-up and 
remaned stable.32 In summary, BT has an excellent safety 
prle wth very few reprted cmplcatns.

BRONCHIAL THERMOPLASTY AND 

BIOLOGIC THERAPY IN SEVERE 

UNCONTROLLED ASTHMA

e Glbal Intatve fr Asthma (GINA) 2019 gude-
lnes recmmend cnsderatn f BT and blgc 

therapes (malzumab, meplzumab, reslzumab, ben-
ralzumab, duplumab) fr patents wth severe uncn-
trlled asthma, despte maxmal standard therapy. ere 
has been n tral cmparng BT and blgc therapes. 
BT s an eectve therapy n nnallergc asthma and an 
alternatve r add-n therapy n allergc asthma wth 
falure r subptmal respnse t blgc therapes.46

An ndrect cmparsn f BT versus malzumab 
shwed n derence n relatve rsk f asthma-related 
hsptalzatns and emergency rm vsts between BT 
and malzumab grups.47 Relatve rsk f severe exacer-
batns n the mmedate BT perperatve perd favrs 
malzumab, but verall BT s cmparable t blgc 
therapy.47 Seeley and clleagues48 reprted a sgncant 
ncrease n mn-AQLQ scre and a decrease n asthma 
medcatn requrement, ncludng malzumab 1 year 
aer BT treatment. e cst f perfrmng BT may be 
substantally lwer than the lng-term treatment wth 
blgc therapy.49–51 Mdcatns t the standard BT 
schedule may allw fr even mre ecent treatment 
delvery, but these appraches requre valdatn.

S U M M A R Y

BT s a prmsng ptn fr management f patents 
wth mderate t severe asthma wth an excellent safety 
prle. All patents shuld be assessed at a center expe-
renced n managng severe asthma. BT shuld be cn-
sdered fr adult patents wth mderate t severe prly 
cntrlled asthma despte ptmal medcal therapy and 
may be cst eectve n such stuatns. GINA 2019 
gudelnes have recmmended BT as a treatment ptn 
fr adult asthma patents at step 5. e success f BT s 
cntngent upn thrugh patent screenng, ptmzng 
exstng medcal management, and successful patent 
selectn. BT s a prcedure that requres skll and exper-
tse n exble brnchscpy as well as the technque f 
BT applcatn. e prcedure shuld rst be perfrmed 
n a supervsed settng wth standardzed prcedural 
tranng and tranng f the brnchscpy sute supprt 
sta. e prcedure shuld be perfrmed by an expe-
renced brnchscpst wth tranng n BT. Physcans 
wth expertse and tranng n advanced brnchscpy 
and nterventnal pulmnlgy practcng n hgh-vl-
ume centers are best suted fr perfrmng BT due t the 
relatvely hgher rsk asscated wth ths specc patent 
ppulatn. Pstprcedural care and subsequent fl-
lw-up further ensure safe and favrable BT utcmes.
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Bronchoscopic Lung Volume Reduction

INTRODUCTION

Chrni bstrutive pumnary disease (COPD) auses 
nsiderabe mrbidity, mrtaity, and heath are expen-
diture bth in the United States and gbay. Fr COPD 
patients with burdensme symptms despite standard 
media therapy, histriay, few treatment ptins have 
been avaiabe. In the ast 20 years, a variety f brnh-
spi interventins have expanded therapeuti ptins 
fr emphysema patients with hyperinatin. Severa 
tehniques are nw regnized by the Gba Initiative 
fr Chrni Obstrutive Lung Disease (GOLD), and tw 
devies have gained FDA apprva.1 With inreasing 
treatment ptins fr patients with emphysema, prati-
a knwedge f avaiabe tehngies, prper patient 
evauatin and seetin, and preparedness fr pre-
dures and fr predure-reated mpiatins wi be 
integra t ptimized are fr these vunerabe patients.1

DEFINITION

Brnhspi ung vume redutin (BLVR) inter-
ventins are perfrmed with a standard brnhspe 
fr the treatment f emphysema. e ga f these 
treatment methds is t deate r prmte physia 
hanges f the severey emphysematus ung in rder t 
imprve respiratry mehanis and physigy. BLVR 
treatments were deveped as aternatives t ung v-
ume redutin surgery (LVRS). ey inude ne-way 
vaves, is, therma vapr abatin, and bigia ung 
vume redutin. Stents paed fr airway bypass were 
deveped in the past; hwever, they faied in inia 
trias and their use has been abandned. Of the afre-
mentined interventins, ne-way vaves are urrenty 

the mst widey aepted and remmended devies, 
whereas the thers remain argey investigatina. As f 
2020, ne-way vaves are the ny BLVR interventin 
apprved in the United States; ther treatments have 
apprva in ther untries.

PREPROCEDURAL PREPARATION

Patient Selection and Initial Patient 

Evaluation

Apprpriate patients fr BLVR inude patients with 
advaned emphysema and hyperinatin wh have sig-
niant dyspnea despite standard-f-are nninvasive 
management strategies, inuding smking essatin, 
maintenane mediatins suh as inhaed brnhdi-
atrs and rtisterids, and pumnary rehabiita-
tin. Evauatin f BLVR andidates is ideay made by 
a mutidisipinary team, with nsideratin f surgia 
interventins inuding ung transpantatin, LVRS, and 
buetmy when apprpriate.2 Emerging evidene may 
as assist in prper patient pring; the reative benet 
f surgia versus BLVR is urrenty under investigatin.

Upn initia wrk up fr BLVR, a genera media and 
pumnary evauatin shud be perfrmed, inuding 
basi abratry anaysis, bd gas, eetrardigram 
(ECG), ehardigram, and pumnary funtin tests 
inuding spirmetry, ung vumes, diusin apaity fr 
arbn mnxide (Dlco), and 6-min wak test (6MWT). 
Pumnary funtin tests shud revea severe bstru-
tin (fred expiratry vume in 1s, FEV

1
, f 15%–45%), 

hyperinatin (tta ung apaity, TLC ≥100%), and air 
trapping with residua vume (RV) ≥150%. 6MWT shud 
demnstrate diminished exerise apaity (100–500m). 

Jason Beattie and Adnan Majid
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Patients shud ak signiant mrbidities that may 
mprmise shrt-term surviva and perfrmane status. 
Severe hyperapnia (Paco

2
>55mmHg) r hypxia (Pao

2

<45mmHg) (measured n rm air), severey dereased 
Dlco (<20%), and pumnary hypertensin (right ven-
triuar systi pressure [RVSP] ≥50) are generay n-
traindiatins as we. If ehardigram demnstrates 
nern fr pumnary hypertensin, further evauatin 
with right heart atheterizatin may be needed.3

A nnntrast, thin-ut mputed tmgraphy (CT) 
hest (≤1.5-mm sie thikness) is as part f the initia 
evauatin.4 e CT is usefu t examine the extent and 
distributin f emphysema and the radigraphi integ-
rity f bar ssures. e CT as funtins t sreen 
patients fr ther ptentia ntraindiatins inuding 
severe brnhietasis, nerning pumnary ndues 
and masses, and interstitia ung disease. e amunt f 
emphysema in individua ung bes an be assessed by 
quantifying the prprtin f ung vxes bew an atten-
uatin threshd suh as −910 r −950 (this rreates 
with emphysema pathgiay), whih is ampished 
by evauating the hest CT via speiaized sware pr-
grams. is emphysema severity infrmatin is used 
fr targeting sites fr treatment and fr quantifying the 
distributin f the disease (hetergeneus vs. hmge-
neus). Additinay, perfusin sintigraphy an be used 
t quantify reative perfusin. is an faiitate target 
be seetin in patients with hmgeneus and het-
ergeneus disease where there are tw ptentia target 
bes fr treatment.5 It is imprtant t avid targeting 
bes with high perfusin (mpared t ther bes), 
as this an ead t imbaanes in perfusin/ventiatin 
mathing and subsequent respiratry faiure.

Fr ne-way vave paement, subgrup anaysis frm 
initia mutienter studies demnstrated that inia 
benet with paement f these devies is dependent n 
ak f atera ventiatin (CV) due t intat ssures.6,7

Quantiatin f ssure integrity an be ampished by 
anayzing the patient’s high-resutin mputed tmg-
raphy (HRCT) hest with dediated sware. Fissure 
mpeteness ess than 80% is nsidered inmpete 
and nt amenabe t ne-way vave paement. A ssure 
integrity f ≥95% is nsidered mpete and amenabe 
t endbrnhia vave (EBV) therapy.8 Fissure integrity 
f 80%–94% an be further assessed with a prprietary 
ban usin-based system (Chartis) during brn-
hspy t evauate fr CV.9 e ban is typiay 
inserted via the brnhspe and inated in the target 

be. e tip f the atheter dista t the ban remains 
pen and an measure the w returning frm the 
bstruted target be. If CV exists, then air w frm 
the bstruted be wi ntinue. If CV is absent, then 
air w frm the bstruted be wi graduay derease 
unti it eases. In ntrast t ne-way vaves, ak f CV is 
nt a prerequisite fr ther BLVR tehniques.

Equipment and Procedural Techniques
One-Way Valves

One-way vave devies ause target ung regin apse 
by preventing air entry during inspiratin whie aw-
ing air t exit during exhaatin. e vaves are paed 
within a the segments f the mst emphysematus be 
target in rder t eiit a bar ateetasis. ere are tw 
mmeriay avaiabe vaves, bth f whih reeived 
US Fd and Drug Administratin (FDA) apprva: an 
EBV (Zephyr, Pumnx Crpratin, Redwd City, 
CA, USA) and an intrabrnhia vave (IBV) (Spiratin 
Vave System [SVS], Spiratin In./Oympus Respiratry 
Ameria, Redmnd, WA, USA). Bth vave devies an 
be paed under genera anesthesia r mderate sedatin.

Zephyr Endobronchial Valve

Reent andmark trias that studied the Zephyr EBV used 
the Chartis Pumnary Assessment System (Pumnx 
Crpratin) fr brnhspi evauatin fr the pres-
ene r absene f CV as part f the inusin/exusin 
riteria.10–13 e Chartis system uses a singe-use ba-
n atheter with a entra hanne that an measure 
pressure and w during ban usin f a ung 
segment in rder t quantify CV. Chartis assessment is 
generay perfrmed during the same predure as EBV 
paement, as part f na evauatin f eigibiity fr 
vave paement. Targets fr treatment an as be md-
ied based n Chartis evauatin: if the right upper be 
(RUL) is the primary target, but CV is fund at the RUL, 
the integrity f the majr ssure an then be assessed 
by paing the Chartis ban in the right wer be 
(RLL). If there is n CV at the RLL, there is the ptin 
f treating bth the RUL and right midde be (RML).

e Zephyr vave is a siine, “dukbi”-shaped vave 
devie munted within a sef-expanding nitin siine 
vered stent-ike retainer struture (Fig. 13.1). e vave 
mes in fur sizes: 4.0, 4.0 w-pre (LP), 5.5, and 5.5 LP. 
e 4.0-size vaves an be depyed fr airways between 4 
and 7mm, whereas the 5.5 vave an be depyed fr air-
ways between 5.5 and 8.5mm. e LP vave has a shrter 
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prxima t dista ength, awing paement in shrter 
brnhia segments. Zephyr vave deivery atheters have 
deivery gauges fr seeting prper vave size. e vaves 
are intended fr segmenta and/r subsegmenta airway 
paement with n dened imit t the number f vaves 
paed within a be. e prpeer-ike sizing atheters 
shud verify that the target airway is apprpriate fr the 
seeted vave size (Fig. 13.1). ere are as depth mark-
ers fr hsing between LP and standard-ength vaves. 
One a vave size is seeted, the endbrnhia ader 
system is used t ad the vave int the deivery athe-
ter. Within the brnhspe (either in a entra airway 
r utside the patient), the deivery atheter is advaned 
unti the tip f the atheter an be viewed with the brn-
hspe amera. e brnhspe is then navigated 
t the target airway rie and the deivery atheter is 
advaned int the airway unti the diameter gauge is ush 
with the airway rie. Vave depyment is initiated by 
partiay advaning the atuatr f the deivery atheter 
hande; as the vave begins depyment, the psitin f 
the dista end shud be veried as against the arina 
dista t the vave target, aer whih the atuatr an be 
advaned t mpete vave depyment. e main bdy 
f the stent-ike retainer prtin f the vave shud fuy 
interfae with the target airway and shud nt prtrude 
utside f the airway rie. If the vave is mapsitined 
and/r nuded t be the wrng size, it an be remved 
using rat tth freps with grasping f the retainer pr-
tin f the vave devie and subsequent remva en b.

Spiration Valve System

e Spiratin vave system is mpsed f a nitin 
frame and pyurethane membrane with an umbrea 

shape with anhrs that hd it in pae thrugh super-
ia airway wa penetratin (Fig. 13.2). e struts f 
the umbrea expand and ntrat with the respiratry 

A B

Fig. 13.1 Zephyr endobronchial valve. (A) Valve device. (B) Sizing catheter. (Courtesy Pulmonx. © 2019 Pulmonx 

Corporation or its afliates. All rights reserved.)

A

B

Fig. 13.2 Spiration valve system. (A) Valve device, load

ing device, and deployment catheter. (B) Illustration 

of valves deployment in airways. (Courtesy Olympus 

America. © 2019 Olympus America Corportation or its 

afliates. All rights reserved.)
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ye s that the airway is uded during inspiratin, 
whereas air and muus an exit during expiratin. e 
vaves me in fur dierent sizes: 5, 6, 7, and 9 mm. 
e vaves are paed in bar, segmenta, and/r sub-
segmenta airways with n dened imitatin t the 
number f vaves paed, and with the ga f uding 
the entire target be. Befre paement f eah vave, 
a aibrated ban atheter is inserted in the wrking 
hanne fr sizing f the target airway (aibratin f the 
ban atheter system is a press that invves remv-
ing air frm the atheter system with saine, preise 
saine vume measurement with a dediated syringe, 
and sizing f the saine-ed ban; this press takes 
apprximatey 5 min and is best dne befre the pre-
dure begins).14

One the vave size is hsen, the vave is then aded 
frm a artridge int the depyment atheter with a 
dediated ading devie (Fig. 13.2). e depyment 
atheter is then inserted int the wrking hanne with 
the brnhspe within a entra airway unti the tip 
f the atheter and the tip f the remva rd and the 
yew vave ine are visibe. e atheter tip shud be 
retrated as needed t eiminate any gap between the 
stabiizatin wire and the tip f the remva rd. One 
the brnhspe is in psitin with the atheter within 
the target airway, the yew vave ine n the atheter 
shud be aigned with the stium f the target brn-
hia branh when depying vave sizes 5, 6, and 7. On 
the ther hand, when depying the 9-mm vave size, it 
is remmended t aign the yew ine 1 mm prxima 
t the stium t rret fr the fat that these vaves an 
advane distay 1–2 mm ver time fwing depy-
ment. If vave remva is desired due t imprper siz-
ing r psitining, the vave an easiy be remved with 
standard freps. e enter nitin hub is a rd with a 
knb at the end that faiitates grasping the vave with 
freps; ne the vave is grasped, the brnhspe and 
freps an be withdrawn en b.

Coils

Endbrnhia i paement is a BLVR tehnique that 
targets ne be f bth ungs (eah ung is treated in an 
individua predure with the ntraatera side treated 
4–8 weeks aer the initia predure). ese devies 
are nitin wire with shape memry that are deivered 
int subsegmenta airways in a straight nfrmatin 
but transitin int a predetermined anged shape aer 
depyment (Fig. 13.3). is hange in shape aws 

the is t appy tratin n the airways, whih eads 
t mpressin f the emphysematus ung tissue in 
the target be (Fig. 13.3). Rather than ateetasis, the 
desired eet t the target ung territry is mpressin 
and imprved easti rei. Given the physia mpres-
sin mehanism, unike ne-way vaves, is d nt 
rey n ak f CV fr eay f ung vume redutin. 
Cis are generay thught f as permanent impants, 
thugh brnhspi remva, inuding ate remva, 
has been reprted.15 ey an be paed under genera 
anesthesia (preferred) r mderate sedatin, under u-
rspi guidane.16,17

A

B

Fig. 13.3 PneumRx endobronchial coils. (A) Endobron

chial coil. (B) Illustration of endobronchial coils deployed in 

the chest. (Image provided courtesy of Boston Scientic. 

© 2022 Boston Scientic Corporation or its afliates. All 

rights reserved.)
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e is are avaiabe in three dierent engths (100, 
125, and 150 mm). e i deivery system nsists f 
a guidewire, atheter, artridge, and freps that are 
inserted via the wrking hanne f a standard brnh-
spe. e guidewire guides the atheter t the target 
airway and is used fr seeting the ength f the i. 
e artridge is used t straighten and ad the i int 
the deivery atheter. e freps are used t grasp the 
prxima end f the i t deiver the i thrugh the 
atheter. e atheter and freps an as be used t 
repsitin the i if needed. One the brnhspe is 
in psitin within a dista airway f the targeted treat-
ment be, the atheter psitin is veried with urs-
py. e is are depyed under urspi guidane 
ensuring there is a safe distane frm the peura. e 
is are paed with an agrithm that faiitates ana-
tmiay dispersed paement; 8–12 is are generay 
paed in the upper bes and 10–14 in the wer bes.

Thermal Vapor Ablation

erma vapr abatin uses heated water vapr t 
ause sarring f ung tissue as a ung vume redu-
tin tehnique. is irreversibe treatment mdaity 
was deveped with the ptentia advantage f targeting 
severey emphysematus segments within a be rather 
than bigatry treatment f entire bes as in ne-way 
vaves and is. At present, pubished trias invving 
this tehnique have ny been perfrmed in patients 
with upper-be, hetergeneus emphysema.18,19 e 
equipment inudes a atheter-based system with a 
muti-use vapr generatr and a singe-use atheter fr 
prxima ban usin f the targeted segment and 
deivery f the vapr distay ver 3–10 s with a target 
dse f 8.5 aries per gram f ung tissue (Fig. 13.4).

Biological Lung Volume Reduction

Bigia ung vume redutin is anther irreversibe 
BLVR treatment mdaity that an be appied at indi-
vidua segments. e tehnique invves administering 
a syntheti pymer as a fam seaant t bk airways 
and CV, eading t apse f ung tissue. e seaant is 
prepared using an aqueus pymer sutin and rss-
inker in a 20-mL syringe with pymerizatin urring 
ver 3 min. e resuting 5 mL sutin is mixed with 
15 mL f air within the syringe t yied a 20-mL fam 
seaant. e brnhspe is wedged within a targeted 
airway segment, and then a singe-umen atheter is 
advaned int the targeted segment. is seaant is then 

deivered ver 10–20 s via the atheter. e spe is then 
e wedged in the segment fr 1 min pst instiatin, 
aer whih the next segment an be targeted.20

Notable Complications of BLVR Procedures
• Pneumthrax (mst ntabe with ne-way vave 

paement)
• Exaerbatin f hrni bstrutive pumnary dis-

ease (COPD)
• Respiratry faiure
• Hemptysis
• Pneumnia
• Pst treatment aute inammatry respnse (ung 

seaant and vapr abatin)
• Devie mapsitin r migratin (ne-way vaves).

Management and Mitigation of 
Treatment-Specic Complications
Pneumthrax is the mst frequent mpiatin with 
ne-way vave paement and has been assiated with 
ntabe mrbidity. Rupture f bebs r buae r shearing 

A

B

Fig. 13.4 Bronchoscopic thermal vapor ablation. (A) 

Catheter system with balloon occlusion. (B) Catheter with 

vapor deployment. (Courtesy Uptake Medical. © 2019 

Uptake Medical Corporation or its afliates. All rights 

reserved.)
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f emphysematus ung tissue in the setting f vume 
shis that ur in the ipsiatera adjaent nntarget 
be during ateetasis f the target be fwing vave 
paement is thught t be the prinipa mehanism 
fr iniay imprtant pneumthrax.21 A hest x-ray 
shud be btained within 1 h f vave paement t eva-
uate fr pneumthrax. In andmark inia trias, mst 
pneumthrax mpiatins urred within the rst 
3 days fwing vave paement and as suh patients 
shud generay be kept hspitaized fwing the pr-
edure fr at east 3 days fr mnitring. Management 
f pneumthrax fwing ne-way vave paement 
is entered arund hest tube paement and bser-
vatin f the patient unti the air eak stps. Athugh 
mst pneumthraes resve with hest tube pae-
ment within a few days, a sma perentage devep a 
prnged air eak. If the air eak persists fr 7 days aer 
vave paement, then ne vave shud be remved. If 
the air eak persists fr 48 h fwing the remva f a 
singe vave, then a vaves shud be remved. In very 
rare instanes, surgia interventin may be required t 
repair an nging air eak despite remva f a vaves. 
Expert agrithms fr this management are avaiabe.

An aute inammatry respnse fwing ung sea-
ant instiatin and vapr abatin is a syndrme that 
inudes fever, dyspnea, ugh, hest pain, and eevated 
inammatry markers. Its desriptin in pit studies 

has ed t prphyati peri predure sterids, nnste-
rida antiinammatry drugs (NSAIDs), and antibit-
is in sme inia trias.22

EVIDENCE

Fr summaries f respiratry utmes and mpia-
tins f BLVR trias, see Tabes 13.1 and 13.2

Zephyr Endobronchial Valve
Randmized tria evidene fr eay f EBVs has 
inuded patients with hmgeneus and hetergeneus 
emphysema with vave impantatins perfrmed in upper 
and wer be targets and fw-up f up t 1 year. ese 
trias have shwn iniay meaningfu imprvements in 
ung funtin (inuding FEV

1
 and RV), quaity f ife, 

6MWT distane, and dyspnea sres. As mentined 
earier, the mst mmn serius adverse event in these 
trias has been pneumthrax, urring in 22% t 29.2% 
f patients. Of patients treated with vaves in fur reent 
andmark trias, death within 60 days f vave paements 
reated t pneumthrax hspitaizatin r t respiratry 
faiure urred in 2.2% (6/276) f patients.

Lng-term fw-up in sma hrts has demn-
strated surviva advantage in patients treated with 
EBVs with radigraphiay intat ssures in mpar-
isn t thse withut, and in patients with ateetasis 

TABLE 13.1 Respiratory Outcomes of BLVR Trials

Trial Device n

Emphysema 

Type

Treatment 

Location

FEV
1

(mL)

RV 

(mL)

6MWT 

(m) SGRQ

IMPACT12 EBV 43 Homogeneous Unilateral, UL/LL 120 −430 28 −7.6

TRANSFORM11 EBV 65 Heterogeneous Unilateral, UL/LL 230 −670 79 −6.5

STELVIO13 EBV 40 All Unilateral, UL/LL 147 −672 61 −11

LIBERATE10 EBV 128 Heterogeneous Unilateral, UL/LL 106 −522 39 −7.1

REACH26 IBV 58 Heterogeneous Unilateral, UL/LL 108 a 42 −12.8

EMPROVE32 IBV 113 Heterogeneous Unilateral, UL/LL 101 −361 15 −8.5

REVOLENS28 Coils 50 All Bilateral, UL/LL 80 −360 a
−10.6

RENEW30 Coils 158 All Bilateral, UL/LL 50 −310 15 −8.9

STEPUP18 Steam 44 Heterogeneous Bilateral, UL 103 −303 31 −11.1

aNot statistically signicant.

AECOPD, Acute exacerbation of COPD; BLVR, bronchoscopic lung volume reduction; EBV, endobronchial valve; FEV
1
, forced 

expiratory volume in 1s; IBV, intrabronchial valve; RV, residual volume; SGRQ, St. George’s respiratory questionnaire; UL/LL, 

treatment applied to either upper lobe or lower lobe; 6MWT, 6min walk test.

Modied from Herth FJF, Slebos DJ, Criner GJ, Valipour A, Sciurba F, Shah PL. Endoscopic lung volume reduction: an expert panel 

recommendation  update 2019. Respiration. 2019;97(6):548557.
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fwing vave paement in mparisn t thse 
withut ateetasis. Furthermre, a singe-enter ret-
rspetive review f 449 patients treated with ne-
way vaves demnstrated a 5-year surviva benet in 
patients with bar ateetasis fwing vave pae-
ment, and did nt detet dereased surviva in patients 
wh deveped pneumthrax in mparisn t thse 
wh did nt. Lng-term surviva data frm prspe-
tive randmized trias are yet t be demnstrated, 
hwever.23–25

Intrabronchial Valves: Spiration Valve System
Tw randmized trias have evauated treatment with 
the SVS. In the REACH study patients with heterge-
neus emphysema and radigraphiay intat inter-
bar ssures (≥90%) were randmized t SVS versus 
standard f are.26 e SVS-treated grup shwed 
iniay and statistiay signiant imprvement in 
FEV

1
 at 3 mnths (sustained at 6 mnths), as we as 

imprvement in exerise apaity and quaity f ife. 
e mst mmn adverse event was COPD exaerba-
tin, urring in 21% f patients. Pneumthrax rate 
was 7.6% in the treatment grup with 60% f pneum-
thrax urring within 30 days. In the EMPROVE 
tria, patients with hetergeneus emphysema treated 
with SVS shwed statistiay and iniay signiant 
imprvement in pumnary funtin, dyspnea, and 
quaity f ife (but a brderine iniay signiant 

hange in 6MWT) in mparisn t ntrs. Adverse 
events urred in 31% f the vave patients inud-
ing 12.4% rate f pneumthrax; there was ne death 
(0.9%) attributed t study treatment in a patient wh 
deveped pneumthrax.

Coils
Severa studies have prvided randmized ntred 
data fr is. Cumuative ng-term data frm these 
studies have shwn benet in terms f RV and dys-
pnea sres with mdest inia benet in FEV

1
 and 

6MWT.27–29 Cmmn serius adverse events have 
inuded pneumnia (in up t 18%–20%) and pneu-
mthrax (6%–12%). Athugh a reenty pubished 
arge randmized ntred tria (RENEW tria) 
faied t demnstrate signiant inia imprve-
ment in ung funtin and exerise apaity, a sub-
grup anaysis demnstrated that patients with severe 
hetergeneus emphysema and hyperinatin (RV 
>200%) derived mre signiant benet in RV redu-
tin, imprvement in FEV

1
, quaity f ife, and exer-

ise apaity.30

Thermal Vapor Ablation
Current randmized ntred data fr therma vapr 
abatin are avaiabe frm the STEP-UP mutienter 
tria nduted n patients with upper be predminant 
hetergeneus severe emphysema.31 Patients treated with 

TABLE 13.2 Complications in BLVR Trials (%)

Trial Pneumothorax AECOPD

Pneumonia/

Respiratory Infection Hemoptysis

IMPACT12 25.6 34.9 7 ×

TRANSFORM11 29.2 37 11 6.2

STELVIO13 17.6 11.8 5.9 2.9

LIBERATE10 29.7 19.5 4.7 8.6

REACH26 7.6 19.7 1.5 ×

EMPROVE32 25.7 16.8 8.9 ×

REVOLENS28 6 26 18 2

RENEW30 10.3 11.6 20 3.9

STEPUP18 2 24 18 2

AECOPD, Acute exacerbation of chronic obstructive pulmonary disease; BLVR, bronchoscopic lung volume reduction; ×, not 

reported.

Modied from Herth FJF, Slebos DJ, Criner GJ, Valipour A, Sciurba F, Shah PL. Endoscopic lung volume reduction: an expert panel 

recommendation  update 2019. Respiration. 2019;97(6):548557.
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this tehnique were managed with a seetive sequentia 
treatment f mre diseased upper be segments. At 12 
mnths this tria shwed a iniay signiant benet 
in FEV

1
, RV, and imprved dyspnea sres in favr f 

the therma abatin grup. e mst mmn serius 
adverse event in the treatment grup was COPD exa-
erbatin, urring in 24% f patients. Trias in hm-
geneus and wer be disease have aready begun, and 
the resuts are expeted in the near future.

Biological Lung Volume Reduction

e eay f bigia ung vume redutin has 
been evauated in tw pit studies as we as ne ran-
dmized mutienter tria. e ASPIRE tria randm-
ized patients with upper be predminant severe 
emphysema t ung seaant treatment f the tw mst 
severe upper be segments in eah ung.22 Lung fun-
tin, dyspnea, and quaity f ife imprved signianty 
in the treatment arm reative t ntrs and persisted 
at 6-mnth fw-up. Athugh eetive, there are 
sme nerns abut the safety f this tehngy sine 
44% f the patients in the treatment grup experiened 
a severe adverse event requiring hspita admissin 
(2.5-fd mre than the ntr grup) and 6% died.

S U M M A R Y

Emphysema remains an irreversibe disease press with 
devastating mrbidity, mrtaity, and imited eetive 
treatments. BLVR with EBVs has shwn t be a safe and 
eetive ptin t treat patients with severe emphysema, 
hyperinatin, and minima r n CV. Other BLVR 
tehniques, athugh prmising, ntinue t be experi-
menta at the present time. As supprtive data fr these 
interventins grw, s wi mre taired therapy t meet 
individua patient needs. Fr the brnhspist, deiv-
ering ptima are t patients with advaned emphysema 
wi invve tehnia skis and prper experiene with 
emerging tehngy, inia expertise in arefu patient 
seetin, and a inia prgram that ers prper 
patient supprt, mnitring, and fw-up.
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Multimodality Approach to 
Malignant Airway Obstruction

14

INTRODUCTION

e goal of this chapter is to provide an eective, sys-
tematic, multimodality bronchoscopic approach to the 
problem of malignant airway obstruction that facilitates 
proper integration of all of the various technologies cur-
rently available. e approach outlined is multimodality 
and focuses on bronchoscopic interventions, but bron-
choscopic interventions are just one component of the 
multidisciplinary care of the cancer patient, so we will 
also discuss how and when bronchoscopic interventions 
should be integrated with chemotherapy, radiation ther-
apy, and surgery.

To do this we will rst establish a clear classica-
tion system for the dierent types of malignant air-
way obstruction. Dierent types of malignant airway 
obstruction are best treated by dierent techniques. e 
focus is on the decision process of when to use a given 
technique and how to integrate multiple techniques into 
a unied approach. e details of how to do the actual 
techniques are provided in other chapters. We will then 
use this classication scheme to delineate the indica-
tions for therapeutic bronchoscopy for malignant airway 
obstruction, preprocedural management, intraproce-
dural management, and postprocedural management.

TYPES OF MALIGNANT CENTRAL 

AIRWAY OBSTRUCTION

Malignant central airway obstruction occurs fre-
quently in patients with lung cancer and in patients 
with pulmonary metastases from other malignancies, 

including breast, colon, and renal cell cancer.1 Central 
airway obstruction in this case refers to an obstruction 
in the trachea, mainstem bronchi, bronchus interme-
dius, or at the entrance of a lobar orice. ere are 
three main types of malignant airway obstruction: 
endobronchial, extrinsic compression, and a mixed 
pattern (Fig. 14.1). Endobronchial obstructing tumors 
are typically polypoid or fungating and are predomi-
nantly intraluminal with a relatively intact bronchial 
wall such that if the intraluminal component of the 
tumor is destroyed, the airway has sucient structural 
integrity to remain open with a normal luminal diam-
eter thereaer. Extrinsic compression by tumors can 
also lead to obstruction. In cases of extrinsic compres-
sion, the airway wall itself may be tumor free, but the 
mass eect of the tumor compresses the airway to such 
a degree that the airway is compromised. Of course, 
many lesions demonstrate a mixed pattern of disease, 
with some intraluminal tumor as well as some airway 
compression.

e type of intervention chosen depends on the type 
of malignant airway obstruction. Ablative techniques 
that destroy tissue are useful for malignant endobron-
chial obstruction. Ablative techniques include lasers, 
electrocautery, argon plasma coagulation (APC), pho-
todynamic therapy, microdebriders, cryotherapy, and 
mechanical debridement. Stents are the primary modal-
ity for patients with malignant extrinsic compression 
leading to airway compromise. For patients with a 
mixed pattern of disease, multiple modalities are usu-
ally required. Typically the endobronchial component of 
the obstruction will rst need to be ablated followed by 
stenting if required.

David E. Ost
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INDICATIONS FOR BRONCHOSCOPY IN 

PATIENTS WITH MALIGNANT CENTRAL 

AIRWAY OBSTRUCTION

Indications for bronchoscopic intervention include relief 
of obstruction that is causing dyspnea, infection, or clin-
ically signicant bleeding. Although therapeutic bron-
choscopy in this setting may indeed prolong life modestly 
for some patients (e.g., enable them to get o the ventila-
tor), the majority of patients benet from changes in qual-
ity of life rather than duration. When deciding whether to 
perform therapeutic bronchoscopy for malignant central 
airway obstruction it is important to consider:

• e probability of technical success, dened as the 
probability of being able to reestablish and maintain 
central airway patency at ≥50% of normal.

• How likely is it that the procedure, if technically suc-
cessful, will also result in a clinically meaningful 
improvement in dyspnea and health-related quality of 
life (HRQOL)? A procedure that is technically success-
ful (i.e., 100% reopening of a previously 70% obstructed 
le mainstem bronchus) may or may not result in a 
clinically signicant improvement in dyspnea.

• e risk if the obstruction were to remain unrelieved 
versus the risks of the procedure. Both short-term 
and long-term risks need to be considered.

CBA

Fig. 14.1 Type of malignant central airway obstruction. (A) Endobronchial lesion, (B) extrinsic compression, (C) mixed 

disease. Each panel shows an overview of the airway as well as a cross-sectional view of the lesion as it would be 

seen at the time of bronchoscopy. Beneath the illustration is a prototypical example as seen during bronchoscopy. 

(A) Endobronchial obstruction—the tumor is located in the airway. If the tumor is removed, the airway walls have 

sufcient structural integrity that the airway will stay open. (B) Extrinsic obstruction—the tumor is located outside of 

the airway, but is pressing on the airway causing a stenosis. The airway wall is intact but not strong enough to stay 

open. Buttressing the wall with a stent will reestablish the airway lumen. You do not want to use an ablative tool (e.g., 

laser), since this will merely make a hole in the normal wall, making things worse. (C) Mixed pattern of endobronchial 

obstruction combined with extrinsic compression. First treat the endobronchial component with an ablative therapy, 

then, if necessary, stent.



149CHAPTER 14 Multimodality Approach to Malignant Airway Obstruction

Technical Success

Clinically signicant malignant central airway obstruc-
tion is typically dened as ≥50% obstruction of the 
cross-sectional area of the trachea, mainstem bronchi, 
bronchus intermedius, or a lobar orice. Obstructions 
involving <50% of the cross-sectional area of the airways 
are less likely to cause symptoms and are likely to have lit-
tle or no immediate physiologic impact. Bronchoscopic 
intervention is usually warranted for symptomatic 
lesions resulting in ≥50% obstruction, provided that 
there are patent airways with viable lung distal to the 
obstruction. If the airways distal to the obstruction are 
themselves occluded or the lung is nonviable, then relief 
of the central airway obstruction will not result in any 
meaningful improvement, so therapeutic bronchos-
copy is not warranted. Of course, obstructing lesions 
can grow, so a 40% obstruction that is asymptomatic 
may progress to 80% obstruction with symptoms in the 
future. erefore in select cases of asymptomatic central 
airway obstruction that are <50%, bronchoscopic inter-
vention may be warranted if the probability of disease 
progression in the future is high.

Technical success of therapeutic bronchoscopy in 
this context is therefore dened anatomically. A tech-
nically successful bronchoscopy is one that relieves the 
targeted anatomic obstruction(s) such that central air-
way patency is >50% of normal upon completion of the 
procedure. It is a short-term outcome, since the airways 
may close back up in the future. Factors associated with 
a higher probability of technical success include endo-
bronchial lesions (as opposed to extrinsic compression 
or mixed obstructions) and placement of airway stents. 
Factors associated with a lower probability of technical 
success include American Society of Anesthesia (ASA) 
score >3, renal failure, primary lung cancer (as opposed 
to other types of cancer), le mainstem disease, and tra-
cheal-esophageal stula.2

Impact on Dyspnea and HRQOL
It is important to remember that therapeutic bronchos-
copy for malignant central airway obstruction is essen-
tially a palliative intervention, since most patients have 
advanced disease that is incurable. So while relief of 
anatomic obstruction denes technical success, this is 
only a short-term tactical goal of bronchoscopic inter-
vention. e true strategic goal is to decrease dyspnea, 
improve HRQOL, and improve quality-adjusted sur-
vival.3 Not every patient with a technically successful 

procedure will have a meaningful improvement in 
dyspnea and quality-adjusted survival. Clinically signif-
icant improvement in dyspnea occurs in approximately 
50% of patients undergoing therapeutic bronchoscopy, 
whereas clinically signicant improvement in HRQOL 
occurs in 40%. Patients with more shortness of breath at 
baseline (as measured by the Borg score) are more likely 
to experience signicant improvements in dyspnea and 
HRQOL.2,3 Conversely, patients with lobar obstruction 
(as opposed to obstruction in the mainstem bronchi, 
bronchus intermedius, or trachea) are less likely to have 
a signicant improvement in dyspnea or HRQOL. e 
magnitude of the improvement in HRQOL is also asso-
ciated with higher ASA score and lower functional sta-
tus. us patients at the highest risk for complications 
also oen have the greatest potential for benet.

Hazard of Delay in Therapeutic Bronchoscopy 
Versus Procedural Risks
In patients with obstruction <50% who are asymptom-
atic, options include observation versus proceeding with 
therapeutic bronchoscopy. e benet of observation 
is that it avoids procedural risk, and if there are other 
treatment alternatives (e.g., radiation therapy or chemo-
therapy), it provides time for these treatments to take 
eect, and if the patient responds to those treatments 
and the airway obstruction improves, the risk of the pro-
cedure may ultimately be avoided altogether. e risk of 
observation is that the malignant airway obstruction will 
worsen, symptoms will develop, the procedural diculty 
will increase, the risk of complications will increase, and 
the probability of technical success will go down. In 
essence, the hazard of delay in asymptomatic patients is 
that the window of opportunity when it is possible to 
intervene with a low-risk procedure will be missed.

Balancing the hazard of delay versus the risks of imme-
diate intervention in these patients therefore requires a 
global and multidisciplinary perspective. In patients who 
are treatment naive with tumors that are likely to respond 
rapidly to treatment, it is oen reasonable to proceed 
with chemotherapy and radiation rst, provided that the 
patient is followed closely as an outpatient. ere should 
be a low threshold to change strategy and intervene with 
therapeutic bronchoscopy if dyspnea develops or there 
is radiographic worsening. Conversely, in patients who 
are not treatment naive and are unlikely to have a rapid 
dramatic response to chemotherapy and radiation, early 
intervention is oen the more prudent strategy, since it will 
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minimize the aggregate risk of procedural complications 
and disease progression while maintaining HRQOL.

PREPROCEDURAL MANAGEMENT

e decisions to intervene and the preprocedural man-
agement of the patient, although discussed separately, 
really are performed simultaneously and in parallel. e 
decision to intervene and the preparation for the proce-
dure are closely interlinked, and each process informs 
the other. Preprocedural management should take into 
account factors that impact technical success, as noted 
earlier. e goal is to optimize care and position every-
thing to maximize the chances of technical success while 
mitigating risk as much as possible.

Imaging is fundamental to proper preparation. 
Imaging facilitates planning of the procedure and allows 
identication of the extent of disease. Obtaining old 
computed tomography (CT) images is a vital part of this 
process. A key determinant of both technical success and 
the impact of bronchoscopy on HRQOL is the extent of 
disease in the lung distal to the obstruction. If the distal 
lung is nonviable, then reopening the airway to that lung 
is not likely to have a meaningful impact on HRQOL. 
Oen patients will present with signicant atelectasis 
and collapse of either a lobe or an entire lung. e extent 
of disease in the lung distal to the obstruction may not 
be visible on CT imaging aer this occurs, since it will 
be impossible to distinguish atelectasis from diseased 
lung. It will also not be visible bronchoscopically prior 
to intervention. However, old imaging can be very help-
ful in identifying how much viable lung remains distal 
to the obstruction. If recent prior CT scans demonstrate 
viable lung distal to the obstruction without signicant 
disease, intervention is probably warranted. In addition, 
old scans may be able to show the origin of the obstruc-
tion (e.g., whether a polypoid lesion in the le mainstem 
bronchus grew out of the superior segment of the le 
lower lobe or from the le upper lobe), which will be 
useful information when resecting the lesion.

Patients should be optimized from a medical per-
spective, with special attention to cardiac risk factors 
and hemostasis considerations. Standard preoperative 
laboratories include prothrombin time (i.e., interna-
tional normalized ratio [INR]), partial thromboplastin 
time (PTT), complete blood count (CBC), chemistries, 
and a type and screen. Anesthesia preoperative clearance 
is usually prudent, especially in dicult cases.

Careful preparation prior to the procedure is essen-
tial, and communication between the interventional 
pulmonologist and bronchoscopy technicians and 
nurses is vital. is should be done prior to the case so 
that all the necessary equipment is set up ahead of time 
and is within easy reach in case there is an emergency. 
Most cases of malignant airway obstruction should be 
approached with the rigid bronchoscope (with exible 
bronchoscopy being done through the rigid as needed). 
Occasionally simpler cases (e.g., an endobronchial lesion 
that is only 10% obstructing a segment that requires 
APC for intermittent hemoptysis) may be performed 
with the exible bronchoscope through an endotracheal 
tube. However, the ability to rapidly escalate the level of 
care when required is essential. In the event of an airway 
emergency, there may not be time to get and set up the 
necessary equipment. So even when doing “simple” cases 
with the exible bronchoscope through an endotracheal 
tube, the rigid bronchoscope should be set up and ready 
to go within arm’s reach. Careful communication with 
bronchoscopy technicians and nurses can facilitate this. 
All of the required equipment should be set up prior to 
the start of the procedure and tested as appropriate. At a 
minimum, this should typically include:
• Rigid bronchoscope and rigid bronchoscope equip-

ment (e.g., suction, forceps)
• A large therapeutic bronchoscope and a smaller 

scope (for getting through narrow openings to visu-
alize the airways distal to the lesion)

• Tools for rapid thermal ablation of endobronchial 
lesions (e.g., electrocautery probe, yttrium aluminum 
garnet [YAG] laser, yttrium aluminum perovskite 
[YAP] laser)

• Stents of appropriate sizes and uoroscopy readily 
available if metal stents are planned

• Cryotherapy probe for removal of clots in case bleed-
ing occurs

• Bronchial blocker readily available.
In addition, communication between the inter-

ventional pulmonology team and the anesthesia team 
is essential. General anesthesia is usually preferred. 
Although therapeutic bronchoscopy can be done using 
moderate sedation, it is associated with higher compli-
cation rates.2,4 Prior to the procedure, there should be 
a review of the management plan for the patient with 
anesthesia and interventional pulmonology teams. is 
should include a clear airway plan (e.g., intubation with 
an endotracheal tube vs. laryngeal mask airway for 
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airway inspection vs. intubation with the rigid broncho-
scope from the beginning), the method of ventilation 
planned (e.g., jet ventilation via the rigid bronchoscope 
vs. volume cycled), the types of ablative techniques 
that are likely to be used (e.g., electrocautery probe vs. 
APC vs. laser), whether or not stenting is likely to be 
required, and contingency plans for dicult airways and 
emergencies.

INTRAPROCEDURAL MANAGEMENT

e initial portion of the procedure should in general 
follow the plan that was carefully developed and com-
municated with the anesthesia and bronchoscopy teams 
as outlined earlier. Establishment of an airway will be 
achieved, usually with either the rigid bronchoscope 
or an endotracheal tube. Next the airway examina-
tion should be completed, and the malignant airway 
obstruction should be evaluated and classied by the 
bronchoscopist as either being due to endobronchial 
disease, extrinsic compression, or a mixed pattern, as 
described earlier. Aer careful consideration of the full 
medical context (e.g., is the patient treatment naive or 
is this purely palliative), severity of dyspnea, probability 

of technical success, and probability of having a mean-
ingful improvement in HRQOL, the bronchoscopist will 
have to reach a nal decision as to whether or not inter-
vention is warranted.

Assuming that intervention is indeed warranted, 
intraprocedural decision-making and management will 
follow an iterative algorithm consisting of:
1. Assessment of obstruction type and severity
2. Application of an appropriate interventional modal-

ity (e.g., electrocautery)
3. Analysis of response/success as the modality is 

applied
4. Determining whether ongoing intervention is still 

required
5. If intervention is still needed, return to step 1.

Assessment of obstruction type will drive interven-
tion selection. For endobronchial lesions, ablative ther-
apies will be the best option. Oen a variety of dierent 
ablative therapies will be used in the same case, with 
the bronchoscopy team switching between modalities. 
For example, initial tumor ablation might begin with 
YAG laser therapy for a polypoid lesion obstructing 
the bronchus intermedius (Fig. 14.2). As the tumor is 
ablated, the bronchoscopist might switch to contact 

A B C D

Fig. 14.2 Rigid bronchoscopy for treatment of endobronchial malignant central airway obstruction using multiple abla-

tive techniques. (A) Rigid bronchoscope inserted, the lesion identied, and a laser is passed through the channel as 

well as a suction catheter. The laser is used to ablate the target, causing coagulation of the blood in the target. (B) After 

coagulating the tumor, mechanical debridement is done to remove coagulated tumor tissue. This can be done with suc-

tion (as shown here) or with forceps or microdebriders or cryotherapy or coring out. (C) The process is iterative—after 

initial mechanical removal of tissue in panel (B), there is more tumor visible as well as secretions and blood. This por-

tion of the tumor has not been adequately coagulated, since the initial laser in (A) could not penetrate far enough. So 

the blood is drained with suction (C) and then a decision is made on whether ablation is needed. (D) After removal of 

blood, additional ablation can be done. Often a different type of ablative modality is used. In this case, since the tumor 

is on the side at a difcult angle for the rigid scope, the exible bronchoscope is passed through the rigid, and a exible 

laser is passed through the bronchoscope working channel to coagulate the residual tumor. After coagulation of this 

tumor, it will be resected (panel B), excess blood and mucus will be removed (panel C), and the process starts again.
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electrocautery with the rigid electrocautery suction 
probe for particularly dicult-to-reach areas in order 
to achieve tumor ablation and in order to suction blood 
that might be oozing from the tumor. e rigid elec-
trocautery suction probe oers the benet of both suc-
tioning out blood while simultaneously coagulating the 
tumor. e bronchoscopist might then proceed with 
mechanical debridement until the cauterized tissue 
was removed. At that point additional oozing of blood 
might indicate the need for additional hemostasis (since 
the coagulated tumor has been removed, revealing 
untreated tumor below it) and another cycle of ablation 
might begin, this time starting with the electrocautery 
suction probe. Eventually, with good control of hemo-
stasis and good coagulation and debridement, the dis-
tal side of the obstruction might be visible enough that 
mechanical coring out could be done with the rigid 

scope, reestablishing a secure patent airway (Fig. 14.3). 
Note the iterative pattern: hemostasis and coagulation 
with an ablation tool followed by mechanical resec-
tion, reassessment, and repeat as needed. It is critical 
to achieve good coagulation with an ablation device 
prior to mechanical resection in order to avoid bleeding 
complications.

For purely extrinsic disease, stenting will be the best 
option. e choice of stent depends on the location of 
the obstruction, the anatomy, the clinical context, and 
consideration of long-term risks. Silicone stents cur-
rently are the only Y-shaped stent available in the United 
States. So for patients with extrinsic compression involv-
ing the main carina, a Y-shaped silicone stent will oen 
be required. For mainstem obstructions or obstruction 
of the bronchus intermedius, either silicone or metal 
stents will be feasible.

A B C

Fig. 14.3 The ablation-resection cycle with coring out to achieve mechanical resection. The key for successful coring 

out of a lesion is to (A) rst achieve good hemostasis through coagulation. In this image laser bronchoscopy is used 

for coagulation, but other rapid ablative modalities could be used. Before deciding on coring out, it is important to be 

able to “see the other side” where you will want to get to. In this case the other side is the distal trachea. (B) After 

good coagulation of the tumor is achieved, the rigid scope is advanced using a rotating motion to “core out” the 

coagulated tumor. Not all the tumor has to be removed, but enough of the tumor has to be removed so that the rigid 

scope can be passed to the “other side.” The rigid scope does not have to get into the right lower lobe in this example, 

but it does need to be able to reach into the distal trachea past the rst portion of the tumor. Once the tissue has 

been cored out, do not remove the rigid scope immediately. (C) Instead the barrel of the rigid scope is left in position 

to tamponade the tumor base, which will ooze blood. Suction and tamponade along with the prior coagulation per-

formed in step A will achieve hemostasis. Once hemostasis is good, the rigid scope is repositioned, the obstruction 

is reassessed, and a new cycle begins.
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Self-expandable metal stents oer the benet of 
being more conformable to tortuous airways and can be 
passed through narrow stenotic airways, since they are 
deployed using guidewires with catheter-based systems 
using the Seldinger technique and have a low prole 
(Fig. 14.4). Silicone stents in contrast must be deployed 
through the rigid scope, and they typically have a fairly 
large prole (i.e., they cannot easily be pushed through a 
tight stenosis). So for many tight stenotic lesions caused 
by malignant extrinsic compression in the mainstem 
bronchi and bronchus intermedius, expandable metal 

stents may be easier to place. In general, for malignant 
airway obstruction being treated with expandable metal 
stents, covered stents (as opposed to uncovered) should 
be used, since tumors can quickly grow through uncov-
ered stents.

When selecting stents it is also useful to consider 
long-term complication rates. When the obstruction is 
at the carina, Y-shaped silicone stents are oen required. 
e benet of silicone Y-stents in terms of long-term 
complications is that they do not usually migrate. 
However, they are more apt to develop granulation 

A B

Stent

deployment

device

Pushing

rod

Silicone stent

loaded in

deployment

device

Stent

Balloon

Catheter

Bronchoscope

Fig. 14.4 Differences in silicone versus metal stents. (A) Silicone stent through rigid scope, (B) expandable metal 

stent. (A) Silicone stents are high prole—they require a relatively open lumen for deployment since they are pushed 

out through the rigid bronchoscope using a rigid stent deployment system that has a large diameter. Once the rigid 

bronchoscope is within the stenosis, the stent deployment system is passed through the rigid scope. The stent 

deployment system is essentially a hollow metal tube with a stent inside the tube. A pushing rod is used to push the 

silicone stent into the airway. Note that the rigid bronchoscope must be able to pass into the stenotic area in order 

for the stent to be deployed. If the stenosis is too tight, such that the rigid bronchoscope cannot pass through it, 

the high-prole silicone stent deployment system will also not be able to pass the stenosis and the stent will deploy 

proximal to (above) the stenosis rather than opening the stenosis. (B) Expandable metal stents have a low prole. 

They are typically deployed using a Seldinger technique. A guidewire is passed through the stenosis. The stent is on 

a exible catheter that passes over the guidewire. The proximal end of the stent is positioned just above the stenosis 

and the distal end is just past the stenosis. Note the catheter diameter is very small—it can be passed through a very 

tight stenosis. When the stent is deployed, it opens up in a radial fashion along its entire length, pushing the airway 

outward from the center. Because it is low prole and it opens radially outward, metal stents are more practical for 

tight stenosis.
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tissue and develop mucus plugging.5,6 When stenting 
the mainstem bronchi or bronchus intermedius, stents 
with a simple tube shape will be used so both silicone 
and metal stents can be used. Silicone tube stents are 
more likely to migrate than metal stents and are also 
more likely to plug with mucus.5,6 Importantly all stents 
increase the risk of subsequent respiratory infections,6,7

and such respiratory infections are associated with sig-
nicant morbidity and mortality.

For mixed lesions, it is usually best to begin with 
ablative interventions, and once the endobronchial 
component is treated the airway should be reassessed. 
If there is persistent signicant extrinsic compression 
with residual narrowing of the airway to >50% even 
aer elimination of the endobronchial component, 
stenting should be considered. e benets of stenting 
in such cases must be weighed against the long-term 
risks of mucus plugging, granulation tissue, migration, 
and infection. If the patient is treatment naive and there 
is a good chance of the tumor responding to treatment, 
then it is oen better to hold o on stenting if the patient 
has sucient respiratory function.8 Conversely, if the 
patient has limited pulmonary reserve and/or is unlikely 
to respond to chemotherapy/radiation, then it may be 
worth stenting in cases with residual persistent extrinsic 
compression.

roughout the procedure the bronchoscopist is 
continuously reassessing the obstruction in order to 
select the appropriate tool as well as to decide when to 
stop. One of the key decisions intraoperatively is when 
to quit. is requires an assessment of the magnitude of 
the possible benets to be gained by additional inter-
ventions as compared to the marginal risk of complica-
tions if the procedure is continued. is is why having 
a deep understanding of the indications for the proce-
dure and the predictors of success is so vital. How much 
marginal benet, in terms of dyspnea and HRQOL, is 
likely to be obtained by continuing the procedure, is a 
question that must be asked repeatedly throughout the 
procedure. Early in a procedure the risks of ablation 
are relatively low—the lesion is typically big, anatomic 
landmarks are clear, and risks are low. But as the proce-
dure goes on, especially if the tumor is more extensive 
than anticipated, it may be that the risks of continu-
ing the procedure increase, such that they outweigh 
the benets. is is especially true if the lung distal to 
the obstruction is found to have tumor involvement. 
In such cases stopping the procedure and limiting the 

risk of complications is oen the best option. Similarly, 
once the airway is open to >50%, it may be reasonable 
in some circumstances to stop once a moderate degree 
of success has been achieved, rather than continuing 
on since the magnitude of the functional benet of fur-
ther reopening of the airway may be modest relative to 
the marginal risk incurred. e key concept here is that 
risk-benet assessment should be done continuously 
throughout the procedure in an iterative pattern, since 
the probability of complications and the probability of 
accruing additional benet from further interventions 
will change during the course of the procedure.

POSTPROCEDURAL MANAGEMENT

For patients with stents, the main long-term risks are 
mucus plugging, stent migration, infection, fracture, 
and granulation tissue. Twice-daily nebulized albuterol 
and hypertonic saline should be used to mitigate the risk 
of mucus plugging. Patients should be instructed to seek 
prompt medical attention for any evidence of respira-
tory infection, such as worsening cough with purulent 
sputum or increasing shortness of breath or fevers.

Malignant lesions will frequently recur, requiring 
repeat intervention. Careful follow-up with the inter-
ventional pulmonology team is therefore warranted. 
Follow-up should include a routine clinic visit, typically 
2–4 weeks aer the initial intervention. CT imaging of 
the chest at 1 month postprocedure is also warranted 
to evaluate for evidence of recurrence. Routine bron-
choscopy in all patients is not warranted. Instead use of 
bronchoscopy for follow-up evaluation should be based 
on symptoms, clinical ndings, and CT imaging. While 
routine bronchoscopy is not warranted, physicians 
should have a low threshold to perform a follow-up 
bronchoscopy if there is any worsening of dyspnea, 
cough, postobstructive pneumonia, or evidence of 
recurrence on CT.
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15
Multimodality Approach to Benign 

Central Airway Obstruction

INTRODUCTION

Central airway obstruction (CAO) is the narrowing of 
central airways (trachea, mainstem bronchi, and bron-
chus intermedius) due to benign and malignant dis-
eases. In this chapter we focus on CAO due to benign 
diseases; it is important to note that “benign” here refers 
to the cause of the CAO (not caused by malignancy), 
but the consequences of benign CAO can be devastat-
ing and not benign in nature. e etiology of benign 
causes of CAO can be grouped into several large cat-
egories: mechanical/iatrogenic, inammatory, infec-
tious, dynamic, and idiopathic.1 e management of 
benign CAO depends on the etiology, type of lesion, and 
patient’s characteristics.

CLASSIFICATION SYSTEMS

Benign CAO can be classied into simple and complex. 
Simple CAO lesions are less than 1 cm in length, shaped 
like a web, and have no associated malacia or damage 
to cartilaginous tissue. Complex CAO lesions are longer 
than 1 cm, can involve the cartilage, and have more com-
plex shapes like hourglass or irregular thickening.

ETIOLOGY OF BENIGN CENTRAL 
AIRWAY OBSTRUCTION

Lung Transplant
Airway complication rates aer lung transplantation 
range from 2% to 33%. Complication rate is related to 
surgical technique, donor ventilation time, donor bron-
chus length, donor-recipient height mismatch, and 

prolonged periods of ischemia. Airway complications 
from transplantation include bronchial infection, necro-
sis, anastomotic dehiscence, stula formation, granula-
tion tissue, malacia, stenosis, or complete obstruction of 
the airway (vanishing airway). e location of the lesion 
can be at the anastomotic site or distal to it.2

PITS/PTTS
Postintubation/posttracheostomy tracheal stenosis 
(PITS/PTTS) are manifestations of mechanical injury to 
central airway. PITS usually develops due to prolonged 
intubation (>7 days) with an overinated cu (pressure 
>20 cm H

2
O). PTTS occurs due to cartilage damage 

during initial tracheostomy, infection, bleeding, or an 
overinated cu.3

Chemical Injury
Chemical injury to the airway can result from a variety of 
caustic gases (hydrochloric acid, ammonia, aldehydes), 
thermal injury from re exposure in poorly ventilated 
areas, and pill aspiration (such as iron, potassium chlo-
ride, metformin).4 ese injuries result in tracheobron-
chitis and extensive airway mucosal sloughing that 
ultimately leads to granulation, stricture, and stenosis.

Systemic/Inammatory Disease
Cartilaginous Processes

Relapsing polychondritis (RP) is an immune-mediated 
disease that targets cartilage (collagen type II, IX, XI) 
in the eyes, ears, nose, joints, and large airways. Both 
malacia and stenosis can occur. RP spares the poste-
rior tracheal membrane because it has no cartilage. e 
resulting tracheobronchomalacia/excessive dynamic 
airway collapse can be focal or diused.5

George Z. Cheng and Momen M. Wahidi
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Tracheobronchopathia osteochondroplastica (TO) 
presents as calcied nodules due to accumulation of cal-
cium phosphate in the airway cartilage. ese lesions are 
characteristically located on the cartilages only. ey are 
mainly asymptomatic and found incidentally but can be 
extensive in some patients and can lead to symptomatic 
airway stenosis.6

Granulomatous Processes

Granulomatosis with polyangiitis (GPA) is an antineu-
trophil cytoplasmic antibody (ANCA)-associated nec-
rotizing granulomatous vasculitis that can lead to airway 
inammation and stenosis. e airway involvement is 
usually more resistant to systemic treatment.7

Sarcoidosis is a systemic nonnecrotizing granuloma-
tous disorder that almost always involves the pulmonary 
system, including the airways. Stenosis can occur due 
to unchecked inammation. Enlarged lymph nodes may 
cause extrinsic compression and airway stenosis.8

Inammatory bowel disease (ulcerative colitis and 
Crohn’s disease) can lead to a necrotizing granuloma-
tous inltrative process in the airways that may result in 
inammation and stenosis.9

Inltrative Process

Amyloidosis results from extracellular amyloid bril 
deposition that is usually due to a beta-pleated sheet 
conformation of proteins. Light chain amyloidosis is due 
to plasma cell dyscrasia. Amyloid A amyloidosis is due 
to chronic inammation with excess amyloid A deposi-
tion. Airway involvement is notable for inltration and 
stenosis.10

Infections
Recurrent respiratory papillomatosis (RRP), due to 
human papillomavirus (HPV) type 6 and 11 (with 
potential to transform to squamous cell cancer), pres-
ents as papilloma that can aect the entire upper and 
lower airways; the characteristic appearance is a “bunch 
of grapes.”11

Tuberculosis (TB) can cause endobronchial infec-
tion that can appear in various forms bronchoscopi-
cally, including edematous-hyperemic, brostenotic, 
tumorous, granular, or ulcerative form. Endobronchial 
TB usually involves lobar airways and airways >2 cm in 
length. ese airway lesions can be highly contagious, 
and bronchoscopy should be done with strict respira-
tory precautions when TB is suspected.12

Fungal infections (Aspergillus, Fusarium, mucor-
mycosis, and Cryptococcus) can also present as airway 
stenosis. e presentation of fungal infection–related 
airway stenosis is extremely variable, and so care and 
caution should be noted when evaluating CAO to ensure 
ruling out concurrent fungal infection.13

Idiopathic
Aer exclusion of all other causes, the diagnosis may 
be idiopathic subglottic stenosis—a disease that usually 
aects middle-aged women who also suer from gas-
troesophageal reux disease. Idiopathic CAO usually 
involves short segments of the subglottic area and can 
be recurrent over many years.1

CLINICAL PRESENTATION

Patient presentation is dependent on etiology and sever-
ity of CAO. Commonly, patients will report dyspnea on 
exertion that can progress to shortness of breath at rest, 
wheezing, or stridor. Patients may also develop chronic 
cough or recurrent respiratory infections due to inabil-
ity to clear secretions at the site of CAO. e degree of 
dyspnea typically correlates with the diameter of the 
aected airway, with dyspnea on exertion appearing 
when central airway luminal size is less than 25% to 50% 
of normal, with stridor occurring at a lumen less than 
5 mm in diameter.1

DIAGNOSTIC TESTS

Pulmonary Function Tests With 
Flow-Volume Loops
Flow-volume loops can help dierentiate CAO into 
three functional groups (xed, variable extrathoracic, 
and variable intrathoracic) and may help with char-
acterizing the CAO diagnosis. ese are illustrated in 
Fig.15.1.

Imaging
Computed tomography (CT) of the chest is a critical 
component to both diagnosis and treatment planning 
for benign CAO. High-resolution CT (0.6–1-mm slices 
with overlap) allows for accurate evaluation of the length 
and extent of the stenosis, assessment of the extralu-
minal component, and determination of distal airway 
patency. High-resolution CT also enables custom/
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personalized stent design in appropriate situations.14 If 
dynamic airway pathology is suspected, then CT images 
in both the inspiratory and expiratory phases should be 
performed.15

Bronchoscopy Evaluation
Bronchoscopic evaluation of CAO should be done with 
the goal being to fully characterize the lesion (visual 
evaluation and measurement) and determine if there is 
a reversible component such as infection (via washing, 
needle/brush/forceps biopsy).

A stand-alone diagnostic exible bronchoscopy can 
be the rst step, but it is discouraged if the airway ste-
nosis is severe; if the lesion is severe, a simple diagnostic 
bronchoscopy can turn into an airway emergency, so 
the ability to escalate the level of care if required, even 
if doing a “simple” diagnostic bronchoscopy, is import-
ant. Oen it is better for the interventional pulmonol-
ogist to perform one bronchoscopic evaluation that is 
both diagnostic and possibly therapeutic, starting with 
a exible bronchoscope but with the rigid bronchoscope 
standing by, so that if warranted the procedure can be 
switched from diagnostic to therapeutic intervention as 
warranted.16

BENIGN CENTRAL AIRWAY 
OBSTRUCTION MANAGEMENT

Successful benign CAO management rests on three fun-
damental principles. First, a multidisciplinary approach 
to the disease is essential to ensure all treatment 

modalities are considered. oracic surgery, otolaryn-
gology, and interventional pulmonology should all be 
involved. Second, systemic treatment of the underlying 
disease is oen more eective than local bronchoscopic 
treatment alone, so an integrated therapeutic approach 
is oen warranted. Finally, in patients with minimal 
to no symptoms, it is oen best to resort to a watchful 
waiting approach as interventions may make the lesion 
worse by precipitating additional inammation and 
trauma.

BRONCHOSCOPIC TREATMENTS

Mechanical Dilation
Dilation of the airway stricture can be accomplished 
using a balloon or rigid bronchoscope. Various types of 
balloons are available for dilation in the airway. e key is 
to use a balloon of the appropriate diameter and length. 
e diameter of the balloon is selected based on the air-
way size proximal to the stenotic segment as measured 
on CT scan. e length of the balloon is typically at least 
0.5 cm longer than that of the stenotic segment, thus 
anking the stenosis. Time of ination is usually 30 s to 
120 s. Repeated dilation and longer duration of dilation 
are suggested if the patient is able to tolerate the longer 
ination times. Caution should be exercised in benign 
airway disease, as some airways can be very inamed 
and fragile, and overdilation can result in rupture across 
a large area. It is usually prudent to start dilating with 
smaller balloons and then progressively increase balloon 
diameters during subsequent dilations as the airways 
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Fig. 15.1 Flow-volume curves in (A) xed upper airway obstruction, (B) variable extrathoracic obstruction, and (C) vari-

able intrathoracic obstruction. (Modied from West, John B., West’s respiratory physiology: the essentials, Philadelphia, 

Wolters Kluwer, 2015.)
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permit, making sure to reassess tissue eects aer each 
dilation. Never inate the balloon against signicant 
pressure that can be felt by the assistant inating the bal-
loon and communicated to the operator.17

Of note, a rigid bronchoscope can be used as a dila-
tion tool. In order to circumvent the need for repeated 
intubation of the patient, the operator can use a larger 
rigid tracheoscope to intubate the patient, then remove 
the universal head from the scope and insert smaller 
but longer rigid ventilating scopes through the tracheo-
scope. Smaller rigid ventilating scopes are used to dilate 
the stricture initially. Subsequently, progressively larger 
rigid ventilating bronchoscopes are passed through the 
rigid tracheoscope and across the stenotic segment. is 
telescope technique allows for ventilation and sequen-
tial dilation without the need for repeated intubation 
through the vocal cords.18

Electrocautery
Radial cuts at 4, 8, and 12 o’clock location using an elec-
trocautery knife or lasers (neodymium-doped yttrium 
aluminum garnet [Nd:YAG], potassium titanyl phos-
phate [KTP], carbon dioxide [CO

2
]) can be performed 

prior to balloon dilation for tight, circumferential 
strictures. ese cuts allow for more eective dilation 
(Fig.15.2)19 of simple weblike strictures.

Cryospray

Cryospray ablation (cryotherapy, liquid nitrogen–
based) is a noncontact method that uses supercooling to 
cause cryonecrosis at the treatment site. is approach 
allows for both immediate soening of the scar tissue 
that allows for improved balloon dilation and also pre-
serves extracellular matrix in tissues to form a scaold 
for subsequent healing with minimal brotic response. 
However, care must be taken to ensure there is eec-
tive gas egress. e liquid nitrogen is released under 
conditions for rapid expansion (1 mL of liquid nitrogen 
expands to occupy 700 mL of volume in the form of 
nitrogen gas). e rapid increase in volume can result 
in barotrauma and potentially fatal pneumothorax and 
pneumomediastinum as well as air embolism if there is 
no eective gas egress/evacuation. Eective gas egress 
can be achieved by using a rigid scope with an open 
system, an endotracheal tube (ETT) with a deated 
cu, and by avoiding spray near severely obstructed 
lesions.20

Mitomycin C
As an antineoplastic agent, mitomycin C inhibits bro-
blast proliferation. Mitomycin C has been used topically 
(0.4 mg/mL in 5 mL for total of 2 mg) to treat stenotic 
segments applied with a cotton pledget. It can also be 

A B

C D

Fig. 15.2 Left main stem stenosis in a patient with granulomatosis with polyangiitis (A). After failure to respond to 

initial balloon dilation, radial cuts were performed (B), followed by successful balloon dilation (C, D).
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given as a local injection in the airways with a trans-
bronchial needle aspiration (TBNA) needle.21

Steroids

Steroids are thought to suppress inammation in the 
posttraumatic, proliferative phase of inammation and 
may prevent progression to the brotic stage. However, 
there is no consensus on the timing, dosage, and route of 
administration, and ecacy remains largely unproven 
for many diseases. Usually, 80 mg of Depo-Medrol is 
mixed with 6 mL of normal saline and injected into the 
stenotic segment using a TBNA needle. Injections are 
usually given at multiple sites in the stenotic areas.22

Stent

Airway stents (silicone, hybrid, or covered self-expand-
ing metallic) can be used in the treatment of benign 
CAO. Uncovered self-expanding metallic stents should 
not be used for benign CAO, as they quickly become 
embedded in the airway epithelium, resulting in signif-
icant diculty when removing the stent. Airway stents 

in benign airways are typically le in place for short 
periods of time (3–12 months) while systemic treat-
ments are administered or surgical options are contem-
plated. In rare occasions, airway stents can be the only 
options for some dicult lesions and can be le for 
years. In these situations, surveillance bronchoscopies 
are required every 6–12 months and stent replacement 
may be required (Fig. 15.3).23

Surgery

It is important to discuss benign CAO in a multidisci-
plinary conference. In the appropriate patients, surgery 
can be a denitive treatment option. Bronchoscopic 
treatment for benign CAO can lengthen the stenotic 
lesion if there are complications, thus risking converting 
a surgical lesion to a nonsurgical one. Bronchoscopic 
treatment should be considered as a bridge treatment 
or used in patients with no surgical options. Always 
consult with your surgery team and document your 
multidisciplinary treatment decision in patients with 
benign CAO.23

A B C

D E F

Fig. 15.3 Posttracheal resection anastomosis stricture (subglottic location, A). After failure to respond to balloon dila-

tion (B, C), a Bonastent was placed at the subglottic location (D). Follow up bronchoscopy after 1 month showed good 

response (E). Stent was removed at 9 months with resolution of stenosis (F).
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S U M M A R Y

In summary, benign central airways obstruction can 
result in signicant morbidity; if le untreated, it can 
lead to increased mortality. ere is a wide range of 
disease entities that lead to benign CAO, and treatments 
should be tailored in a multidisciplinary fashion to 
address each disease entity. erapeutic bronchoscopy is 
one component of this multidisciplinary approach, but 
it is important to treat the underlying disease.
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Chest Tubes and Indwelling 
Pleural Catheters

16

CHEST TUBES

Denition

Tube thoracostomy has been described since antiquity, 
with the earliest accounts of using a tube for drainage 
of empyema from the pleural cavity from Hippocrates.1

Original chest tubes were implemented from fashioned 
reeds or metal tubes. Modern chest tubes are typically 
latex-free silicone or polyvinyl chloride (PVC) tubes 
ranging from size 6 to 40 French (Fr), with multi-
ple proximal fenestrations to improve drainage (see 
Fig. 16.1). Multiple diering sizes and shapes such as 
right-angle or pigtail tubes are available. Additionally, 
several dierent insertion methods have been described, 
including a surgical cut-down approach, trocar inser-
tion, and a percutaneous method. e purpose of all of 
these tubes is to evacuate air, pleural uid, blood, or pus 
from the pleural space to allow apposition of the vis-
ceral and parietal pleura and enable normal respiratory 
mechanics. ese tubes also aord the ability to instill 
brinolytics, agents for pleurodesis, antibiotics, or other 
medications into the pleural space as well.

History

Since the age of Hippocrates, ongoing controversy 
existed on whether thoracic injuries should be managed 
in an open or closed method. e rst exible chest tube 
with use of a water seal was described to treat empy-
ema in 1873 by Playfair.2 Subsequently, major conicts 
and war propelled rapid advancement of surgical tech-
niques to manage blast and penetrating chest injuries. 
World War I coincided with the inuenza epidemic of 
1918 leading to the Empyema Commission and increas-
ing recognition of the importance of timely drainage 

of empyema.3 At the time, open thoracic drainage with 
rib resection was associated with high mortality.4 In the 
1920s, closed pleural drainage gained recognition, and 
by the outbreak of World War II chest tubes were le in 
place aer thoracotomy. Even aer World War II, serial 
thoracentesis was still common as the primary manage-
ment for hemothoraces. It was not until the Vietnam 
war when closed pleural drainage gained traction as the 
primary means to evacuate the pleural space in trau-
matic injuries such as hemothorax and pneumothorax.5

Advances in medical and surgical techniques discovered 
on the battleeld were adopted to hospitals and civilian 
life and applied in routine clinical practice.

Anatomy and Physiology

With tidal respiration, the diaphragm and external 
intercostal muscles contract decreasing intrathoracic 
pressure within the thorax. Intrapleural pressure is 
typically −5 cm H

2
O at functional residual capacity, 

slightly subatmospheric due to the recoil of the chest 
wall and lung elasticity.6 With tidal respiration, the 
intrapleural pressure drops to about −8 cm H

2
O as intra-

thoracic volume increases. ese oscillations in pressure 
are responsible for restful tidal respiration. A defect 
within the lung or chest wall can cause loss of pressure 
and inadequate ventilation. Accumulation of uid or air 
within the pleural space can compress lung parenchyma 
and impair respiratory mechanics.6

Chest tubes connected to a closed drainage system 
allow for continuous drainage without inux of air 
into the chest. Several closed thoracic drainage sys-
tems including smaller portable models are available, 
which follow the same general principles. Most drain-
age systems utilize a three-chamber closed system 

Kevin Ross Davidson and Samira Shojaee
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(see Fig. 16.2). e rst collection chamber closest to 
the patient is a reservoir where pleural uid collects 
and can be measured. e second water-seal chamber 
is connected in-line and functions as a one-way valve. 
Air escapes out of the rst collecting reservoir beyond 
the water seal but cannot return to the chest. Escaping 
air that travels through the water seal can be seen as 
bubbles. e third suction chamber allows regulated 
negative pressure to be applied, typically −20 cm H

2
O 

but ranging up to −40 cm H
2
O. If no suction is applied, 

then the system is said to be on water seal. Because the 
second chamber functions as a one-way valve, the max-
imum pressure in the pleural space cannot exceed the 
height of the column of water in the water-seal chamber, 
typically 2 cm.

Intermittent or continuous air leaks can be identi-
ed by the presence of air bubbles within the water-seal 
chamber. Note that in some older systems, the third suc-
tion control chamber that regulates the amount of nega-
tive pressure had water in it, which, when connected to 
wall suction, would bubble. is is not to be mistaken 
for the water-seal chamber, which is dierent. It is air 
bubbles coming through the water-seal chamber that 
indicates whether an air leak is present. Air leaks can 
be caused by leaks at any point in the drainage system, 
whether they are due to true lung disease or to loose 
connections, dislodgement of the chest tube, or equip-
ment malfunction.

Air leaks caused by incomplete or loose connec-
tions between the chest tube and the closed drainage 

Fig. 16.1 Array of chest tube sizes and indwelling pleural catheter. From left to right: 14 Fr pigtail, 14 Fr chest tube, 

15.5 Fr indwelling pleural catheter, 28 Fr chest tube.
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system or a tube that has migrated out of the chest and 
is entraining ambient air will generally cause contin-
uous air leaks in the water-seal chamber if the system 
is on suction. If the system is not on suction (i.e., it is 
on water seal), such leaks may not be apparent. When 
a patient is on water seal, tidal variations in pleural 
pressure can be observed by movement of pleural 
uid within the tubing if the system is closed and 
working properly. Lack of “tidaling” while on water 
seal without visible bubbles can indicate either an 
occluded chest tube or evacuation of all pleural uid 
such that the lung has expanded completely to cover 
all fenestrations. Air leaks due to lung disease (such as 
bronchopleural stulas) may be intermittent and ow 
rates may vary both over time and with phases of the 
respiratory cycle.

Cerfolio devised a classication system to grade the 
degree of air leaks (see Box 16.1). Newer collection sys-
tems incorporate digital monitoring that can detect and 
quantify air leaks more precisely in addition to monitor-
ing uid output. e magnitude of the airow through 
an air leak predicts time to air leak closure, with higher 
ow rates being associated with longer time until clo-
sure. Continuous monitoring, by informing physicians 
about ow rates, indirectly informs them about the 
probability of air leak closure, and may facilitate better 
management decisions and lead to earlier chest tube 
removal, which in turn may decrease hospital length 
of stay.8,9 For pneumothorax or prolonged air leak not 
accompanied by blood or pleural eusion, a rubber one-
way Heimlich valve can also be considered as a less cum-
bersome alternative to water seal.10

Fig. 16.2 Closed thoracic drainage system.
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Procedural Technique
An anatomic triangle of safety is dened for safe inser-
tion of chest tubes using the perimeter outlined by 
the lateral edge of the pectoralis major, lateral edge 
of the latissimus dorsi, and the h intercostal space 
(see Fig. 16.3). In emergencies, chest tubes should be 
inserted within this region to decrease risks of place-
ment complications. Aside from emergent circum-
stances, ultrasound with Doppler is very useful to 
conrm underlying pleural uid or pneumothorax at 
a selected insertion site, exclude any intervening vas-
cular structures, and also measure the thickness of the 
chest wall.11 Review of prior imaging is highly valuable 
to determine if there is an elevated hemidiaphragm or 

BOX 16.1 Cerfolio Classication of 

AirLeaks7

• Grade 1, FE. Air leak present during forced exhalation 

or coughing only

• Grade 2, E. Air leak present during expiratory phase

• Grade 3, I. Air leak present during inspiratory phase

• Grade 4, C. Continuous air leak during both inspira-

tion and exhalation

Chest tube insertion can be a life-saving procedure 

with several established indications (see Box 16.2). In 

these circumstances, the risk and complications are low, 

although serious injury and death may occur from acci-

dental complications during placement (see Box16.3). 

No absolute contraindications exist for this possibly 

life-saving procedure, although relative contraindica-

tions include prior pleurodesis, large pulmonary blebs, 

severe coagulopathy, or severe thrombocytopenia.

Fig. 16.3 Anatomic triangle of safety for chest tube insertion is demarcated laterally by latissimus dorsi, medially by 

pectoralis major, and inferiorly by the fth intercostal space. (Special thank you to Lauren Hugdahl for creation of this 

image.)

BOX 16.2 Indications for Chest Tube 

Insertion

• Empyema

• Hemothorax

• Penetrating chest trauma

• Pleurodesis via chest tube (talc slurry)

• Pneumothorax

• Postoperative in cardiothoracic surgery

• Symptomatic or complicated parapneumonic effusions

BOX 16.3 Complications of Chest Tube 

Insertion

• Fistula formation

• Hemorrhage

• Infection

• Lung laceration and intraparenchymal tube placement

• Malpositioning into abdominal cavity

• Pneumomediastinum

• Pneumothorax

• Occlusion, kinking, or fracture of tubing

• Vascular or mediastinal injury



169CHAPTER 16 Chest Tubes and Indwelling Pleural Catheters

diaphragmatic hernia as well as loculations of uid. 
Generally, lateral insertion sites are preferred over pos-
terior locations to aord patient comfort while in bed 
or in a chair, although loculated pleural uid collections 
may dictate limited options for tube insertion loca-
tion. Procedure sites should never be selected overlying 
regions of cellulitis or concerning rashes. Tube insertion 
sites should be selected immediately above each rib to 
avoid damage to the intercostal nerve and vasculature, 
which are typically shielded immediately inferior to 
each rib. Extremely posterior paraspinal approaches 
should also be approached with caution given evidence 
that the intercostal artery oen runs within the inter-
costal space unshielded by the ribs within the rst 6 cm 
lateral to the spine.12

Aer informed consent is obtained, an appropriate 
site is selected and marked, and a time-out is performed 
to verify the patient’s identity, laterality of the proce-
dure, and relevant clinical data. e skin is cleansed and 
prepped with topical antiseptics such as chlorhexidine 
or povidone-iodine. Proceduralists don sterile attire 
including a sterile gown, gloves, bouant cap, mask, 
and protective eyewear. e site is then draped with a 
sterile eld. Local anesthesia is injected within the skin 
and deeper levels of the chest wall down to the parietal 
pleura. Adequate analgesia can be accomplished with 
local anesthesia alone, although an intercostal nerve 
block or intravenous sedation and analgesia may be con-
sidered in some cases.

For surgical chest tube insertion, scalpel incision is 
made parallel to the rib through the skin. Subcutaneous 
fat, fascia, and intercostal muscles of the chest wall are 
then bluntly divided. e parietal pleura is also entered 
bluntly immediately over the rib with the closed end of a 
pair of curved Kelly forceps. is tract is then dilated and 
a gloved nger is used to enter the rent within the parietal 
pleura and the ner is then used to sweep circumferen-
tially to ensure there are no pleural adhesions. Next, using 
curved Kelly forceps, the chest tube is guided through the 
tract into the pleural space. An alternative method of sur-
gical chest tube placement is to use a preloaded chest tube 
over a sharp trocar rather than the Kelly forceps.

Once the chest tube has successfully entered the pleu-
ral space, it may be directed either apically or toward the 
base of the thorax depending on indication. Apical chest 
tubes are warranted for pneumothorax, while a more 
basal position may be required for pleural eusions and 
empyema. e chest tube is anchored into position with 

sutures, covered with gauze, and secured to the chest wall 
with tape. Attention should be paid to ensure all connec-
tions are tight and secured. Chest tubes should be con-
nected to a closed drainage system on either water seal 
or continuous suction (typically −20 cm H

2
O) initially.

Alternatively, chest tubes can also be placed percuta-
neously over a wire utilizing a Seldinger technique sim-
ilar to that used for central venous catheter placement. 
With this technique, ultrasound use, site location, prep-
ping, draping, and steps for anesthesia remain the same. 
A needle is then advanced immediately over the rib into 
the pleural space with conrmation of correct location 
either by aspiration of pleural uid or air in the case of 
pneumothorax. Next, a exible wire is introduced into 
the pleural space via the needle and then the needle is 
withdrawn leaving just the exible guidewire. One or 
more dilators are then passed over the wire until the 
passage is large enough for the chest tube to pass. For 
a small chest tube that might be used for a pneumotho-
rax, typically only one dilator will be needed, whereas 
for larger chest tubes, progressively larger dilators would 
be used. Once the tract is dilated suciently, the chest 
tube is loaded with a stiening trocar inside of it and 
the chest tube/trocar unit is passed over the wire into 
the pleural space. At this point the trocar and wire are 
removed and the chest tube is secured as described ear-
lier. Proponents of this method favor the ease of inser-
tion, minimally invasive technique, and smaller incision 
at entrance site.

Selection of chest tube size remains a controversial 
topic, although use of small-bore (≤14 Fr) chest tubes 
is increasing. Procedural indication should guide the 
choice of chest tube size. Larger chest tubes are preferred 
by some physicians in cases of hemothorax, empyema, 
or large air leaks in patients on positive-pressure venti-
lation because they may in theory be less likely to clog, 
kink, or become dislodged.13 For these reasons they are 
oen selected in trauma settings. However, small-bore 
chest tubes are tolerated better by patients, with less pain 
and splinting.14 In addition, studies suggest that small 
percutaneous chest tubes are as ecacious in manage-
ment of intrapleural infections, including empyema, 
as larger tubes are.15 Smaller chest tubes can be ushed 
routinely with sterile saline to preserve patency.

Once in place, chest x-ray is obtained to verify loca-
tion. e insertion depth at the skin should be noted in 
case there is a concern for tube migration or dislodge-
ment. In particular, the distance of the most proximal 
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fenestration to the chest wall should be noted, as any out-
ward migration of the tube can dislodge this fenestration 
into the tissues of the chest wall. In the case of drainage 
of infection or instillation of medications into the chest, 
extrathoracic fenestrations may seed these tissues with 
infection or allow unintended medication administra-
tion. e cumulative uid drainage through the tube and 
presence of an air leak should also be charted. A prac-
tical step is to mark the date and time next to the uid 
level within the drainage system with each nursing shi. 
In the case of pneumothorax, ongoing air leak is evalu-
ated by the presence of air bubbles during the respiratory 
cycle in the water-seal chamber (Fig. 16.4).

Medication Administration Via Chest Tube 
forPleural Space Infections
Once in place, chest tubes can be used to deliver med-
ications into the pleural space. An in-line three-way 
stopcock can simplify instillation of medications. 
Fibrinolytics in combination with dornase alfa are used 
in pleural space infections to disrupt complex uid col-
lections with septations and thin infected uid to aord 
drainage. e combination of 10-mg tissue plasminogen 
activator (tPA) and 5-mg dornase alfa twice daily with 
1-h dwell time for 3 days has demonstrated benet in 
resolution of pleural space opacication on chest x-ray 
and decreased need for surgical intervention when com-
bined with antibiotic therapy.16 However, patients with 

pleural sepsis who fail antibiotics and chest tube drain-
age with brinolytics should be considered for surgical 
management.

Medication Administration Via Chest 
Tube for Pleurodesis
A similar method using a three-way stopcock can be 
used for delivering sclerosing agents for pleurodesis. 
Talc is the most common sclerosant used for chemical 
pleurodesis; however, many other agents such as bleo-
mycin, povidone-iodine, and tetracycline antibiotics 
have been used and have shown varying degrees of e-
cacy.17 e goal of chemical pleurodesis is obliteration of 
the pleural space by achieving symphysis of the parietal 
and visceral pleura. Chemical pleurodesis is a denitive 
therapy for the management of reexpandable recurrent 
malignant pleural eusion (MPE) and some nonma-
lignant etiologies. Guidelines for management of MPE 
suggest that talc slurry delivered via chest tube and talc 
poudrage via thoracoscopy are similar in terms of their 
ability to promote pleurodesis.18 Prior to administering 
sclerosant medication for pleurodesis, lidocaine can be 
administered via chest tube to decrease pain associated 
with pleurodesis. Typically, 10–20 mL of 1% lidocaine 
without epinephrine is used (not to exceed maximum 
total recommended lidocaine dosage of 4.5 mg/kg). 
Additional analgesics may be needed to ensure patient 
comfort. Other therapies such as intrapleural saline 

Fig. 16.4 Diagram of tunneled pleural catheter. (Image use approved by Beckton Dickinson, Franklin Lakes, New 

Jersey.)
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irrigation, antibiotic instillation, and intrapleural che-
motherapeutic administration have also been described, 
but there are limited data regarding their ecacy.19,20

Troubleshooting and Removal of Chest Tubes

On examination, the connections between the chest 
tube, tubing, closed drainage system, and suction should 
be examined for discontinuity or leakage, obstruction, 
or kinking. If a chest tube becomes clogged, it can be 
cleared by ushing with sterile saline with attention 
to maintaining sterile techniques to avoid introducing 
any contaminants into the chest. For small chest tubes, 
a three-way stopcock can be placed in-line to facilitate 
access. Routine stripping or milking of chest tubes is not 
recommended.21

Patients with chest tubes in place should be encour-
aged to maintain their activity level with physical 
therapy, time out of bed, and daily walking to prevent 
deconditioning and reduce risks of venous thrombosis. 
In addition to anchoring sutures and securing tubing to 
the chest wall with tape, patients and nursing personnel 
should be cautioned to be mindful of tubing to prevent 
accidental dislodgement.

A small amount of physiologic pleural uid, ~12 mL, 
exists based on an equilibrium of inow and egress 
based on Starling forces.6,22 Removal of a chest tubes 
is determined by several clinical and radiographic fac-
tors. For example, aer lobectomy, a chest tube can be 
removed in the absence of an air leak when drainage 
tapers to 300–450 mL/day.23,24 Evacuation of an eu-
sion, rate of ongoing drainage, presence of any air leak, 
and reexpansion of lung on chest imaging all need to 
be taken into account. Although a controversial topic, 
most doctors use a target volume of 50–100 mL daily 
drainage as the appropriate time for chest tube removal. 
Protocols for removal of chest tubes vary and should 
be tailored to each patient’s circumstances. Very small 
chest tubes can be removed with placement of a small 
dressing. In patients with a very thin chest wall or 
larger chest tube, an occlusive dressing such as petro-
leum gauze is recommended to prevent air entry into 
the chest. Removal of large chest tubes occasionally 
necessitates sutures to close the defect/tract in the chest 
wall at the skin. As a practical tip to simplify removal of 
larger tubes, a horizontal mattress anchoring stitch can 
be sutured into the skin at the time of insertion, which 
enables a simple purse-string-like closure at time of 
removal, without need for an additional suturing step.25

e patient is directed to hum or Valsalva while tubes 
are being removed to reduce risk of entraining ambient 
air through the defect in the chest wall.

Future Horizons for Chest Tubes

Tube thoracostomy remains a proven procedure and 
at times can be a life-saving technique with veried 
ecacy. Use of ultrasound reduces risk of malposi-
tioned tubes and smaller tubes can be tolerated better 
by patients. Digital monitoring systems may have a role 
in minimizing the duration chest tubes stay in place in 
postsurgical patients, which may in turn help shorten 
hospital length of stay.26

INDWELLING PLEURAL CATHETERS

Denition

Indwelling pleural catheters (IPCs), also referred to as 
tunneled pleural catheters (TPCs), are a useful tool in 
the management of recurrent pleural eusions. ey are 
exible silicone 15.5 Fr or 16 Fr chest tubes with fenes-
trations along the tubing length and tip, inserted into the 
pleural space via a tunneled insertion site (see Fig.16.4). 
A 1-cm long polyester cu attached to the outside sur-
face of the catheter is positioned within the tunneled 
portion, which granulates into tissues of the chest wall 
thereby decreasing risk of dislodgement. IPCs can be 
le in place indenitely while draining recurrent pleural 
eusions with a low infection risk.27

General Considerations

Formerly, patients with MPEs were treated with serial 
thoracentesis or pleurodesis in cases with reexpand-
able lung. In 1994, Robinson et al. described a series of 
patients with recurrent MPE who were palliated with a 
pleural Tenckho catheter, usually used in the abdomen 
for peritoneal dialysis.28 ereaer, IPCs gained in pop-
ularity as a potentially useful tool to allow ambulatory 
patients the ability to drain recurrent pleural eusions 
independently for several indications (see Box 16.4). 
Possible complications of IPC placement are similar to 
chest tube placement (see Box 16.5). Multiple studies 
assessing the ecacy, safety, impact on patient-centric 
outcomes such as dyspnea score, days out of hospital, 
and quality of life have conrmed their positive impact 
in the care of recurrent symptomatic pleural eu-
sions.29–31 For MPEs, IPCs have been shown to decrease 
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hospital length of stay, improve quality of life, and have 
a low rate of malfunction while also being cost-eective 
as compared to alternative strategies such as serial 
thoracentesis.32

Procedural Technique
IPCs can be placed either as an outpatient bedside per-
cutaneous procedure or at the time of medical or surgi-
cal thoracoscopy.

Steps in identifying an appropriate site for percu-
taneous insertion are similar to chest tube placement 
described earlier. More anterolateral positioning is pre-
ferred to aord patients the ability to monitor both the 
exit site and tunneled portions for signs of infection or 
leakage. Ultrasound is recommended to conrm a sat-
isfactory position, evaluate for any intervening vessels, 
and estimate the thickness of the chest wall. Once a 
pleural insertion site is selected, the planned tunneled 
portion and tube exit site should be planned in a region 
more anteromedial, which will be easy to access and 
dress while being mindful to avoid being too close to 
the nipple, breast tissue, axilla, or around ostomies, 
tunneled ports, ventriculoperitoneal shunt, or other 
implanted devices. e tunneled length can vary but 
should be planned to span a palm’s width ~8–12 cm.

Informed consent is obtained and a time-out is per-
formed. e patient is prepped and draped in sterile 
fashion with a full-length drape exposing the pleural 

insertion site, planned tunnel, and exit site for the IPC. 
e skin is anesthetized with local anesthesia. A needle 
is advanced immediately over the rib at the planned 
insertion site into the pleural space until pleural uid 
can be aspirated. en a wire is advanced through the 
needle into the thorax and the needle is removed leaving 
the wire behind. Additional local anesthesia with lido-
caine is given at the insertion site and at the planned 
exit site/cu site as well as along the planned tunnel that 
will connect the two sites. Two small parallel incisions 
are made with a scalpel nick, one at the insertion site 
(which has the guidewire in place) and another one at 
the planned exit site/cu site. e blunt-ended dilator is 
loaded onto the IPC to guide tunneling through subcu-
taneous tissues that connect the exit site/cu site to the 
insertion site. e tunneling will start at the exit site/cu 
site and move toward the insertion site where the wire 
currently is placed. e blunt dilator is advanced along 
the previously planned tunnel until it emerges from the 
insertion site incision. At that point, the blunt dilator is 
pulled through the tunnel, bringing the loaded IPC with 
it. Once the IPC comes out of the insertion site, it can be 
disconnected from the blunt dilator and pulled further 
through the tunnel. e IPC is pulled just far enough 
that the cu of the IPC is adjusted to within 1 cm from 
the exit site at the skin (not the insertion site). Next, 
serial dilators are loaded onto the wire and advanced 
into the pleural space and then removed. A nal peel-
away trocar with an internal dilator is advanced all the 
way into the pleural space, and the inner dilator and 
wire are removed. Special attention during dilation over 
the wire is critical to ensure only the chest wall tissues 
are being dilated. Advancing sti dilators deeper into 
the chest can result in lung or vascular injury or medi-
astinal perforation. e proximal end of the IPC is then 
advanced through the peel-away trocar into the chest 
with attention to avoid any kinking or coiling of the 
tubing. ereaer, the peel-away catheter is withdrawn 
with attention to keeping the IPC in place and prevent-
ing dislodgement during the peeling process. Aer the 
peel-away catheter is fully removed, the remainder of 
the IPC should be gently pushed into the pleural space 
and any kinks in the tubing should be xed by applica-
tion of appropriate gentle pressure. If the IPC bends too 
sharply at the insertion site the tube may kink, blocking 
uid drainage. Appropriate tube placement is veried by 
hooking the IPC to suction to conrm the ow of pleu-
ral uid. If there is kinking of the catheter obstructing 

BOX 16.5 Complications of IPC 

placement

• Catheter tract metastasis

• Hemorrhage

• Infection (including pleural space infection, tunnel-site 

infection, exit-site infection, cellulitis)

• Leakage around tubing

• Lung laceration

• Malpositioning

• Mediastinal injury

• Obstruction, kinking, or fracture of tubing

• Pneumomediastinum

• Pneumothorax

BOX 16.4 Indications for IPC placement

• Recurrent symptomatic malignant pleural effusion

• Recurrent symptomatic nonmalignant effusions 

refractory to medical management
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uid ow, additional gentle pressure to the catheter at 
the insertion site to straighten out the turn in the cath-
eter will usually suce. Putting gentle back tension on 
the skin surrounding the catheter at the cu site may 
help facilitate working out the kink. e two chest wall 
incisions are then closed with suture and the catheter is 
anchored with suture to the skin. A sterile foam pad is 
applied to the skin and the IPC is coiled in place under 
a second sterile bandage. An occlusive dressing is then 
applied over these dressings to secure the IPC to the 
chest wall. In 2 weeks, the sutures are removed and the 
IPC is held in place by granulation tissue surrounding 
the polyester cu.

Care and Drainage of Indwelling Pleural 

Catheters

Patients and their caretakers are educated on how to 
perform drainage with aseptic technique, dressing 
changes, and to monitor for signs and symptoms of 
infection. Patients are directed to drain until uid stops 
owing or they develop discomfort in their chest, or 
pain or pressure radiating to their neck, jaw, or shoul-
der. Handwashing and diligent aseptic techniques 
are emphasized to decrease infectious complications. 
With each drainage, the prior dressing is removed 
and discarded and a new sterile dressing is applied. 
Development of fever, swelling, erythema over the entry 
site, tunnel, or exit site, or change in character and color 
of the uid drainage should prompt further evalua-
tion. Patients with IPC are advised against immersion 
in baths, swimming, or hot tubs, or other situations in 
which the catheter would be underwater.

e goal of IPC placement in MPE is palliation 
of symptoms such as dyspnea and chest discomfort. 
Patients are directed to drain daily, every other day, or 
when symptomatic. e rate of pleural uid accumula-
tion can vary, and some patients require more frequent 
drainage than others. A randomized controlled trial 
of daily drainage versus every other day demonstrated 
shorter time to autopleurodesis and catheter removal 
with daily drainage as compared to draining every other 
day—median time 54 days with daily drainage versus 
90days with every other day.33

Removal of Indwelling Pleural Catheters

IPCs are considered for removal once drainage has 
decreased to ≤150 mL on three consecutive drainages. 
Depending on the patient’s drainage schedule, the 

frequency of drainage can then be reduced. If drainage 
remains ≤150 mL for three occurrences on an every-
other-day schedule, the IPC can be considered for 
removal. Chest x-ray or chest ultrasound should be 
performed prior to removal to rule out a persistent 
nondraining eusion due to either IPC occlusion or 
kinking (see section on Troubleshooting Indwelling 
Pleural Catheters). IPCs that have been in place for 
shorter durations may be removed with steady traction. 
Otherwise the patient can be given local anesthesia with 
1% lidocaine so adherent tissue to the polyester cu can 
be dissected away with the tip of Kelly forceps. Fracture 
of IPCs on removal is rarely described in case series 
where fragments of the catheter may break o during 
removal. If the catheter is in sight and tissue dissection 
can result in retrieval of the catheter, the IPC can be 
removed; however, if there are no concerns for infection, 
abandonment of the fractured portion of the IPC can be 
considered, especially in light of the limited prognosis 
and palliative goal of care for most recipients of IPCs.34

Benets of Indwelling Pleural Catheters 

Versus Mechanical/Chemical Pleurodesis

Recurrent symptomatic pleural eusions can be treated 
with pleurodesis or placement of an IPC with similar 
success rates.35 However, if the underlying lung is unex-
pandable, IPCs can still alleviate symptoms of dyspnea 
by reducing weight and pressure on the diaphragm, 
whereas pleurodesis has a higher rate of failure due to 
lack of pleural apposition in these instances.36

IPC has been compared to talc pleurodesis in a head-
to-head randomized controlled trial demonstrating 
fewer hospitalization days from treatment to death with 
no signicant dierence in improvement in breathless-
ness or quality of life between two groups.30

Talc Slurry Pleurodesis Via Indwelling 

Pleural Catheter

IPCs are proven to be eective for delivery of talc slurry 
pleurodesis.37 e pleural space is drained completely 
via IPC, then patients are premedicated with intrapleu-
ral lidocaine without epinephrine, typically 3 mg/kg up 
to 250 mg (maximum total recommended dosage from 
all sources ≤4.5 mg/kg of lidocaine), followed by talc 
slurry containing 4 g of sterile-graded talc combined 
with 50 mL of 0.9% sterile saline followed by a saline 
ush of the tubing.37 e rate of successful pleurodesis 
was increased from 23% (IPC alone) to 43% (IPC plus 
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talc) by day 35 with this intervention without signicant 
increase in blocked IPCs. By day 70, the rate of success-
ful pleurodesis was increased from 27% to 51% with 
talc. Furthermore, IPC talc pleurodesis was also associ-
ated with statistically signicant improvements in ques-
tionnaire-reported quality-of-life scores as well.

Management of Indwelling Pleural Catheter 
Complications
Multicenter trials have demonstrated a relatively low 
IPC infection rate of 5%.27 Similar rates of infection 
have also been described among immunocompro-
mised patients with IPC undergoing chemotherapy.38

Infections can manifest as cellulitis surrounding the 
exit site, infection and abscess overlying the tunneled 
portion, or pleural space infection (see Table 16.1). e 
most common causative organism is Staphylococcus 
aureus, although nosocomial and drug-resistant organ-
isms are also described.27 ere are no randomized trial 
or prospective studies that inform the management of 
IPC-related pleural space infections and controversy 
remains regarding catheter removal, continuous drain-
age through existing IPC, or placement of new chest 
tubes. However, oentimes infection may not necessi-
tate removal of the catheter. e IPC can be connected 
in-line to a closed pleural drainage system to allow con-
tinuous drainage under water seal or suction. If there 
is suspicion for infection, cell count with dierential 
and culture can be obtained from the IPC, although 
pleural uid acquisition via thoracentesis is an option 
when IPC bacterial colonization is considered. Among 
patients who are treated for an IPC-associated pleural 
space infection, there is a higher rate of subsequent 
pleurodesis.27

Metastatic seeding of the catheter tract is a rare event, 
occurring in less than 5% of cases. e one exception 
to this is malignant mesothelioma, which is associated 
with a higher incidence of catheter tract metastasis—up 
to 26% of cases as observed in a single-center study.41

A randomized controlled trial evaluating prophylac-
tic radiation for prevention of procedure tract metas-
tasis following pleural interventions in mesothelioma 
patients failed to demonstrate any benet.42 However, 
only 25 out of 183 patients in the trial had IPCs—the 
majority of patients had other pleural interventions 
that were short-term like thoracoscopy or video-as-
sisted thoracoscopic surgery (VATS). Incidence of tract 

metastasis may be related to both the specic form of 
cancer and the duration in which an indwelling tube 
remains in place. Providers should be aware of and vig-
ilant to monitor this complication, especially in cases of 
malignant mesothelioma.

Troubleshooting Indwelling Pleural Catheters
If drainage slows or stops and imaging reveals a per-
sistent pleural eusion, the IPC can be ushed with 
sterile saline to ensure adequate function. ere are no 
clear guidelines or clinical trials to address the man-
agement of nondraining IPCs. Based on limited exist-
ing literature, however, if saline ushing does not lead 
to improved drainage, 2–4 mg of tPA can be instilled 

TABLE 16.1 Infectious Complications and 

Management of IPCs

Clinical 

Signs and 

Symptoms Management

IPC exit-

site 

cellulitis

Erythema, 

swelling, 

or pain 

surrounding 

IPC exit site

Often oral antibiotics 

alone can overcome 

local infection. 

Removal of IPC 

infrequently 

indicated.39,40

IPC tunnel-

site 

infections

Erythema, 

swelling, or 

pain overlying 

tunneled 

portion of IPC

Antibiotics may be 

sufcient, but IPC 

removal may be 

needed if there is 

abscess formation.

IPC pleural 

space 

infections

Fever, chest 

pain, malaise, 

or change in 

character of 

uid drainage 

that becomes 

cloudier or 

frank pus

Continuous IPC 

drainage with 

intravenous 

antibiotics. 

Intrapleural 

brinolytics can 

be considered; 

however, if 

treatment fails IPC 

can be removed 

followed by chest 

tube placement.27

Surgical 

interventions may 

be considered for 

refractory infections.

IPC, Indwelling pleural catheter.
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via the IPC followed by 20-mL sterile saline ush and 
allowed to dwell for 1 h.43 For patients with persistent 
dyspnea with symptomatic loculations that prevent 
adequate draining, intrapleural tPA can also be consid-
ered, although with a small increased risk of bleeding.34

Utility of Indwelling Pleural Catheters in 

Nonmalignant Pleural Effusions

Congestive heart failure is the most common cause of 
pleural eusions. Eusions can become refractory to 
therapy necessitating serial thoracentesis. Symptomatic 
patients can undergo IPC placement with improvement 
in symptoms and may also achieve eventual pleurodesis 
with subsequent removal.44,45

Hepatic hydrothorax is another morbid condition 
that can cause rapidly reaccumulating symptomatic 
pleural eusion. If patients develop refractory symp-
tomatic eusions despite sodium restriction, diuretic 
therapy, or consideration for transjugular intrahepatic 
portosystemic shunt (TIPS), IPC can be considered in a 
multidisciplinary approach in selected patients as either 
a bridge to liver transplantation or to palliate symp-
toms; although caution should be exercised as these 
patients are shown to have a higher risk of IPC-related 
infection.46 A multicenter study of hepatic hydrothorax 
treated with IPC observed a 10% infection risk and 2.5% 
mortality.47

Pleural eusions are also common in patients with 
end-stage renal disease. In a small case series of eight 
patients, IPCs have a similar rate of ecacy and can 
achieve pleurodesis in this population when used for 
refractory eusions.48

Future Horizons of Indwelling Pleural 

Catheters

Since their inception, IPCs have gained rapid accep-
tance in their ecacy for palliation of MPE. eir 
utility as a route of pleurodesis is also encouraging as 
a minimally invasive means to palliate recurrent pleu-
ral eusions. IPCs are well tolerated by patients, cost-
eective in cases of MPE and limited life expectancy, 
and removable in some cases.49 A newer generation of 
IPCs coated with sclerosants such as silver nitrate is 
being evaluated.
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Medical Thoracoscopy

17

INTRODUCTION

oracoscopy, video-assisted thoracic surgery (VATS), 
medical thoracoscopy (MT), and pleuroscopy are min-
imally invasive procedures that provide access to the 
pleural space. ey dier only in the approach to anes-
thesia. In this review, the focus is on diagnostic MT.

VATS is performed by a surgeon in the operat-
ing room, typically with single lung ventilation, three 
entry ports, and rigid instruments. Stapled lung biopsy, 
resection of pulmonary nodules, lobectomy, pneumo-
nectomy, esophagectomy, and pericardial windows are 
performed with VATS, in addition to guided parietal 
pleural biopsy, drainage of pleural eusion or empy-
ema, and pleurodesis1,2 (Table 17.1). MT on the other 
hand is conducted by a pulmonologist in an endoscopy 
suite under local anesthesia and moderate sedation. MT 
allows biopsy of the parietal pleura under direct visu-
alization with good accuracy. In addition, it facilitates 
therapeutic interventions such as uid drainage, guided 
chest tube placement, and pleurodesis.3 Practitioners 
in Europe perform MT sympathectomy for essential 
hyperhidrosis and lung biopsy for diuse lung disease.4

In 1910 Hans Christian Jacobaeus, a Swedish inter-
nist, described examination of the thoracic cavity with 
a rigid cystoscope attached to an electric lamp as “thor-
akoscopie.” He later advanced the technique to include 
lysis of pleural adhesions by galvanocautery, also known 
as the Jacobaeus operation, to facilitate collapse of the 
tuberculous lung because at that time there was no eec-
tive antituberculous therapy.5,6 At a presentation to the 
American College of Surgeons, Jacobaeus opined that 
“in making a dierential diagnosis between tumors 
and pleurisy of other origin, thoracoscopy is of no 

smallvalue.” He was a strong advocate for thoracoscopic-
guided biopsies in the evaluation of pleural eusions of 
unknown etiology and applied thoracoscopy as a diag-
nostic and therapeutic tool.7

EQUIPMENT

Rigid Instruments

Historically, rigid instruments such as stainless steel 
trocars and telescopes were central to the technique.3–9

Rigid thoracoscopy requires a cold xenon light source, 
an endoscopic camera attached to the eyepiece of the 
telescope, a video monitor, and recorder (Fig. 17.1). e 
0-degree telescope is useful for direct viewing while the 
oblique (30- or 50-degree) and periscope (90-degree) 
telescopes provide a panoramic view of the pleural cav-
ity.8,9 Selection of trocars of varying sizes (5–13 mm in 
diameter) and made of disposable plastic or reusable 
stainless steel, as well as rigid telescopes of dierent 
angles of vision, depends on the operator’s preference 
and patient consideration. A large trocar that accom-
modates a larger telescope with better optics improves 
the quality of examination; however, compression of the 
intercostal nerve during manipulation of the trocar can 
cause greater discomfort, especially if MT is conducted 
under local anesthesia and moderate sedation. A 7-mm 
trocar, 0-degree viewing 4-mm or 7-mm telescope, 
and 5-mm optical forceps will oen allow for eective 
pleural biopsy without the need for a second port and 
frequently is oen the initial approach used for rigid 
thoracoscopy.4,8,9

Tassi and Marchetti reported excellent views of the 
pleural space using a 3.3-mm telescope for a group of 
patients with small loculated pleural eusions that were 

Pyng Lee
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inaccessible to standard-sized instruments. Two 3.8-mm 
trocars were used: one for a 3.3-mm telescope and the 
other for a 3-mm biopsy forceps. Diagnostic yield of 
93.4% was comparable with that achieved using conven-
tional 5-mm biopsy forceps.10

Flex-Rigid Pleuroscope
e ex-rigid pleuroscope represents an advance in the 
eld of MT as it is fashioned like a bronchoscope, making 
it easier to learn for physicians who have previously mas-
tered bronchoscopy. e autoclavable ex-rigid pleuro-
scope (LTF 160 or 240, Olympus, Tokyo, Japan) has a 
handle and a sha that measures 7 mm in outer diam-
eter and 27 cm in length. e proximal 22 cm is rigid, 
whereas the distal 5 cm is exible with two-way angu-
lation (160 degrees up and 130 degrees down). It has a 
2.8-mm working channel that can accommodate biopsy 
forceps, needles, cryo- and electrosurgical accessories 
(Fig. 17.2), as well as interfaces with existing processors 

(CV-160, CLV-U40) and light sources (CV-240, EVIS-
100 or 140, EVIS EXERA-145 or 160) made by the same 
manufacturer available in most endoscopy units at 
no additional cost.3,11,12 e procedure is typically per-
formed in the bronchoscopy suite using local anesthesia 
and moderate sedation.3,12 A single 1-cm skin incision to 
accommodate the disposable exible trocar is required 
to perform ex-rigid pleuroscopy. e ex-rigid pleuro-
scope is also equipped with narrow band imaging (NBI), 
a technology that highlights mucosal abnormalities and 
vascular patterns associated with malignancy. NBI can 
aid in the detection and biopsy of early pleural lesions.3

TABLE 17.1 VATS Versus Medical Thoracoscopy (Pleuroscopy)

Procedure VATS Medical Thoracoscopy

Where Operating room (OR) Endoscopy suite or OR

Who Surgeons Trained nonsurgeons

Anesthesia General anesthesiaDouble-lumen intubationSingle lung ventilation Local anesthesiaConscious 

sedationSpontaneous respiration

Indications Parietal pleural biopsy, pleurodesis, decortication, stapled lung 

biopsy, lung nodule resection, lobectomy, pneumonectomy, 

pericardial window, esophagectomy, lung

Parietal pleural biopsy, pleurodesis, 

chest tube placement under 

direct visualization

VATS, Video-assisted thoracoscopic surgery.

Fig. 17.1 Rigid trocars, telescopes, and accessories.

Fig. 17.2 Flex-rigid pleuroscope (LTF 160/240, Olympus, 

Tokyo, Japan). Spray catheter, insulated tip knife, and 

cryoprobe.
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CONTRAINDICATIONS

e only contraindication is the lack of pleural space 
due to adhesions. However, Marchetti and colleagues 
have demonstrated that MT can be safely performed by 
trained practitioners in patients without pleural eu-
sions over sites where lung sliding is observed on tho-
racic ultrasound (US).13 Since MT is performed under 
moderate sedation in spontaneously breathing patients 
with partial or near-total lung collapse, the patient must 
not have hypoxia unrelated to pleural eusion, unsta-
ble cardiovascular status, bleeding diathesis, refractory 
cough, or allergy to medications that are administered 
during MT.

PATIENT PREPARATION

History and physical examination are vital components 
of any preoperative evaluation. e entry site is selected 
aer careful review of chest radiographs (CXR), decubi-
tus lms, US imaging, and computed tomography (CT). 
Prior to MT 200 to 300 mL of uid is aspirated from the 
pleural cavity using a needle, angiocatheter, thoracente-
sis catheter, or Boutin pleural puncture needle. A pneu-
mothorax is induced by opening the needle to air until 
stable equilibrium is achieved. Air causes the lung to col-
lapse away from the chest wall to facilitate trocar inser-
tion. e operator may choose to do MT directly with 
US imaging, which has been shown to reduce access fail-
ure as well as the need for iatrogenic pneumothorax.13,14

ANESTHESIA

Benzodiazepines (midazolam) combined with opioids 
(demerol, fentanyl, morphine) provide good analgesia 
and sedation. Meticulous administration of local anes-
thesia to the epidermis, aponeurosis, intercostal mus-
cles, and parietal pleura at the entry site ensures patient 
comfort during manipulation of the thoracoscope.15

ere is increasing utilization of propofol in recent 
years to enhance patient comfort during talc poudrage. 
Propofol use, however, requires monitoring by anesthe-
siologists in many countries. In patients who received 
propofol titrated according to comfort, 64% developed 
hypotension, of which 9% required corrective mea-
sures.16 When propofol was compared against midaz-
olam, more hypoxemia (27% vs. 4%) and hypotension 
(82% vs. 40%) were observed in the propofol group, 

which led to the authors’ conclusion that propofol 
should not be the rst choice of sedation for MT.17

Good pain control for talc poudrage was achieved 
by combining opioids, benzodiazepines, and anesthe-
tizing the pleura with up to 250 mg of 1% lidocaine by 
spray catheter.18 Preoperative anesthesia should be indi-
vidualized according to the patient’s general condition 
and expectations; however, physicians must be aware 
of potential adverse events associated with anesthetic 
drugs and be ready to manage them.

TECHNIQUE

e patient is positioned in the lateral decubitus posi-
tion with the aected side up. Continuous monitoring of 
the electrocardiogram, blood pressure, and pulse oxim-
etry is performed throughout the procedure. Although 
the site of entry depends on the location of eusion or 
pneumothorax, hazardous sites such as the anterior 
chest where the internal mammary artery courses, axilla 
with lateral thoracic artery, infraclavicular area with 
subclavian artery, and diaphragm should be avoided. A 
single port between the fourth and seventh intercostal 
spaces of the chest wall and along the midaxillary line 
is preferred for diagnostic MT. A second port may be 
necessary to facilitate adhesiolysis, drainage of complex 
uid collections, lung biopsy, or sampling of pathologic 
lesions located around the rst entry site. Double port 
access may be necessary if rigid instruments are used, 
particularly around the posterior and mediastinal 
aspects of the hemithorax that are inaccessible due to 
partial collapse of lung, or when the lung parenchyma is 
adherent to the chest wall.4,8

A single port will oen suce for the ex-rigid pleu-
roscope as its exible tip allows easy maneuverability 
within a limited pleural space and around adhesions.11,12,18

A chest tube is inserted at the end of diagnostic MT and 
residual air is aspirated. e tube is removed as soon as 
the lung has reexpanded, and the patient may be dis-
charged aer a brief observation period in the recovery 
area.19 If talc poudrage or lung biopsy is performed, the 
patient is hospitalized for a period of monitoring, chest 
tube drainage, and to optimize pain control.4,12

Thoracoscopic-Guided Biopsy of Parietal 
Pleura Table 17.2
It is desirable to perform biopsy of the parietal pleura 
over a rib to avoid the neurovascular bundle (Fig. 17.3). 
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e forceps probe for the rib, grasp the overlying pari-
etal pleura, and tear the pleura o, moving roughly par-
allel to and along the wall rather than “grab and pulling” 
perpendicular to the wall. Specimens obtained with the 
rigid forceps are larger than those obtained with the 
Abrams or Cope needle. Biopsies using the ex-rigid 
pleuroscope are smaller since they are limited by the 
size of the exible forceps, which in turn depends on the 
diameter of the working channel. e exible forceps 
also lack the mechanical strength necessary to obtain 

deep pleural specimens, which might pose a challenge if 
mesothelioma is suspected. is problem can overcome 
by taking multiple biopsies (8–12) of the abnormal area 
as well as several “bites” of the same area to obtain more 
representative tissue.

Comparative studies show no dierence in diagnostic 
yield between biopsies by exible and rigid forceps even 
in mesothelioma if pleural biopsies could be successfully 
performed.20,21 Full-thickness parietal pleural biopsies 
can be obtained with the insulated tip (IT) diathermic 
knife during ex-rigid pleuroscopy. In one study, the 
reported diagnostic yields were 85% and 60% with IT 
knife and exible forceps, respectively. e IT knife was 
notably useful when smooth, thickened parietal pleura 
was encountered, of which nearly half were malignant 
mesothelioma.22 Cryobiopsy is another method that 
achieves bigger specimens and better preserved cellular 
architecture and tissue integrity.23

Management of Hemorrhage
e principal danger is hemorrhage from inadvertent 
biopsy of an intercostal vessel. External nger compres-
sion of the intercostal space over the bleeding site is the 
rst intervention while another access port is made. 
e physician then uses two entry sites to examine 
and cauterize tissues at the same time. Direct pressure 
with gauze mounted on forceps can be applied from the 
inside to also tamponade the bleeding site. Connecting 
the chest tube to underwater seal can also reexpands 
the lung, serving to tamponade the bleeding site. If 
the bleeding does not cease with the aforementioned 
measures, thoracic surgery consultation is warranted. 
Surgical options include ligating the bleeding vessels 
with endoclips, enlarging the incision to facilitate repair, 
or even thoracotomy.

Thoracoscopic Talc Poudrage
Since malignant pleural eusion (MPE) tends to recur 
unless the primary tumor is chemosensitive, chemi-
cal pleurodesis plays an integral role in management 
of recurrent MPE. Recurrence prevention by chemical 
pleurodesis is also a primary goal for secondary spon-
taneous pneumothorax. Chemical pleurodesis is per-
formed via instillation of sclerosant through intercostal 
tube or small-bore catheter or via talc poudrage during 
thoracoscopy. oracoscopic talc poudrage is per-
formed aer uid aspiration and pleural biopsy, and can 
be administered by various delivery devices such as talc 

TABLE 17.2 Indications for Rigid 

Thoracoscopy or Flex-Rigid Pleuroscopy

Clinical Scenario Type of Procedure

Diagnostic 

thoracoscopy for 

indeterminate, 

uncomplicated 

pleural effusion 

where suspicion 

of mesothelioma 

is not high

Flex-rigid pleuroscopya or use 

of rigid telescopes under local 

anesthesia

Trapped lung with 

radiographically 

thickened pleura

Rigid optical biopsy forcepsa

or ex-rigid pleuroscopy with 

exible forceps performing 

multiple bites over the same 

area to obtain specimens 

of sufcient depth or use of 

exible forceps, IT knifea, or 

cryobiopsya

Mesothelioma is 

suspected

Rigid optical biopsy forcepsa or 

ex-rigid pleuroscopy with IT 

knifea or cryobiopsya

Pleuropulmonary 

adhesions

Fibrous: rigid optical 

biopsy forcepsa or 

ex-rigid pleuroscopy 

with electrocautery 

accessoriesThin, brinous: 

ex-rigid pleuroscopy with 

exible forceps

Empyema, split 

pleural sign, 

loculated pleural 

effusion

Rigid instruments (VATS)a or 

conversion to thoracotomy for 

decortication

Pneumothorax with 

bulla or blebs

Rigid instruments (VATS)a for 

staple bullectomy

aDenotes procedure preferred.

IT, insulated tip; VATS, video-assisted thoracoscopic surgery.
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spray atomizer or bulb syringe, where talc is adminis-
tered via the trocar without visualization but sprayed in 
dierent directions within the pleural space (Fig. 17.4).

COMPLICATIONS

Mortality from rigid thoracoscopy ranges between 
0.09% and 0.34%.24

Major complications such as prolonged air leak, 
hemorrhage, empyema, pneumonia, and port site tumor 

growth occur in 1.8%, whereas minor complications 
that include subcutaneous emphysema, wound infec-
tion, fever, hypotension, and cardiac arrhythmias are 
observed in 7.3% of MT.25,26

A serious but rare complication in association with 
pneumothorax induction is air embolism (<0.1%).23

During MT, liters of pleural uid can be removed with 
minimal risk of reexpansion pulmonary edema due to 
immediate equilibration of pressures provided by entry 
of air through the trocar into the pleural space. Fever 

A B

C D

Fig. 17.3 Biopsy of parietal pleura with (A) exible forceps, (B) rigid optical forceps, (C) cryoprobe, and (D) insulated 

tip knife.
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may occur aer talc poudrage that resolves within 48 h, 
whereas bronchopleural stula requiring prolonged 
chest drain and suction may occur aer thoracoscopic 
lung biopsy for interstitial lung disease. Wound infec-
tion, pneumonia, and empyema can develop from long-
term tube drainage.25,26 In cases of mesothelioma, tumor 
growth may occur at the incision sites that can be man-
aged with radiotherapy.27

Complications associated with the ex-rigid pleuro-
scope are rare. Although no mortality was reported in 
a recent meta-analysis of 755 patients undergoing ex-
rigid pleuroscopy,11,28 training in the proper techniques 
cannot be overemphasized. Table 17.2 describes the type 
of patient suitable for rigid or ex-rigid pleuroscopy.

CLINICAL APPLICATIONS

Pleural Effusion of Unknown Etiology

oracentesis is the rst step in the evaluation of a pleu-
ral eusion. Since more than half of exudative eusions 
are due to malignancy in developed countries, pleural 
uid cytology can be a simple denitive test. Diagnostic 
sensitivity of thoracentesis depends on the nature of the 
primary malignancy and extent of disease.29 A single 
pleural aspiration is diagnostic of malignancy in 60% 
of cases and 30% of mesothelioma.30,31 A second sam-
ple increases the yield by 15% and the third sample is 
noncontributory even when large volumes (>50 mL) are 
submitted.32

“Blind” or closed pleural biopsy is positive in 40% 
of MPE due to patchy pleural involvement. Malignancy 
tends to aect the costophrenic recess and diaphragm, 
which are inaccessible to closed pleural biopsy, so 
adding closed pleural biopsy to pleural uid cytology 
increases the yield by only 7%–27% for malignancy and 
20% for mesothelioma.33,34 Contrast-enhanced thoracic 
CT is superior to standard CT for characterizing MPEs, 
and nodularity, irregularity, and pleural thickness mea-
suring >1 cm are highly suggestive of malignancy.30,35,36

Pleural imaging with bedside US is now the standard of 
care for the selection of appropriate sites for thoracente-
sis, tube thoracostomy, and MT. As US has been shown 
to improve safety and decrease access failure, national 
guidelines recommend use of US to guide all pleural 
procedures.12,13,30 US features such as pleural nodularity, 
pleural thickening >10 mm, and diaphragmatic thicken-
ing >7 mm are suggestive of malignancy, with 73% sen-
sitivity and 100% specicity.37 An “echogenic swirling 
pattern,” described as numerous free-oating echogenic 
particles swirling in the pleural cavity during respira-
tion or heartbeat, is another sign suggestive of MPE.38

CT and US features may suggest pleural metastasis but 
pathologic diagnosis is necessary, and where MT is not 
readily available, CT- or US-guided pleural biopsy is 
superior to core needle biopsy (CNB). In a randomized 
trial, CT-guided biopsy of pleural thickening measur-
ing >5 mm achieved 87% yield for malignancy versus 
47% with CNB using the Abrams needle.39 US-guided 
biopsy of pleural lesions >20 mm in size with a 14-gauge 
cutting needle gave 85.5% yield for malignancy, 100% 
for malignant mesothelioma, and a 4% pneumothorax 
rate.40 e type of needle appeared important; Tru-Cut 
needles were better than a modied Menghini needle 
for malignancy (95.4% vs. 85.8%),41 and Abrams needles 
were also superior for tuberculous eusions.42

Abnormal pleural appearances are not always seen 
on contrast-enhanced CT. In a study where CT-reported 
diagnoses were compared against histologic results by 
MT, sensitivity for CT report of malignancy was 68%, 
which implied that a signicant number of patients had 
malignancy despite negative CT ndings. So CT nd-
ings alone are not sucient to rule out malignancy, and 
studies dening the diagnostic pathway are therefore 
required.43,44

About 20% of pleural eusions remain undiagnosed 
despite repeated thoracentesis and image-guided needle 
biopsy. is is where MT plays an important role25,45 to 

Fig. 17.4 Thoracoscopic talc poudrage.
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enhance our diagnostic capabilities when other minima-
lly invasive tests fail. If a neoplasm is strongly suspected, 
the diagnostic sensitivity of thoracoscopic exploration 
and biopsy approaches 90%–100%.10,11,19,20,25,28 Endo-
scopic characteristics such as nodules, polypoid masses, 
and “candle wax drops,” are highly suggestive of malig-
nancy (Fig. 17.4) but early stage mesothelioma can 
resemble pleural inammation (Fig. 17.5).45,46

Chrysanthidis and Janssen conducted a study to 
determine if autouorescence mode (Richard Wolf 
GmbH, Knittlingen, Germany) could dierentiate early 

malignant lesions from nonspecic inammation in 
order to help target sites for biopsy during thoraco-
scopy and to help delineate tumor margins for more 
precise staging. Using a 300 W xenon lamp in the vio-
let blue range (390–460 nm) a color change from white/
pink to red was demonstrated in all cases of malignant 
pleuritis (100% sensitivity). ey were easily identied 
and their margins better delineated with autouores-
cence thoracoscopy. However, color change from white/
pink to orange/red was also observed in two cases of 
chronic pleuritis, so the specicity of autouorescence 

A B

C D

Fig. 17.5 Endoscopic ndings of polypoid masses (A,B) and candle wax nodules (C,D).
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thoracoscopy was 75% for malignancy. e authors 
concluded that there was little value in autouorescence 
thoracoscopy for patients with extensive pleural involve-
ment due to malignancy that was easy to diagnose with 
white light thoracoscopy, but that autouorescence 
mode might be useful for early pleural malignancies.47

NBI is a feature of the ex-rigid pleuroscope 
(Olympus LTF-160). NBI uses unltered narrow bands 
in the blue (415 nm) and green (540 nm) light wave-
lengths that coincide with the peak absorption of oxyhe-
moglobin and thereby enhance the vascular architecture 
of tissues. In 26 patients with malignant involvement of 
the pleura (nine mesothelioma), there was no dierence 
in the diagnostic accuracy between NBI and white light 
videopleuroscopy (Fig. 17.6).48 Similar observations 
were made in 45 patients (unpublished data, National 
University Hospital, Singapore) of which 32 had pleural 
metastases, 12 with tuberculous pleuritis, and 1 nonspe-
cic pleuritis. Although pleural vasculature was imaged 
well with NBI, it was dicult to discriminate tumor 
neovascularization from inammation based on vascu-
lar patterns. In patients with metastatic pleural malig-
nancy, NBI demarcated tumor margins clearly but failed 
to improve the quality of the biopsies obtained.

Baas and colleagues investigated if prior adminis-
tration of 5-aminolevulinic acid (ALA) before VATS 

could lead to improved detection and staging of thoracic 
malignancy. 5-ALA was administered by mouth 3–4 h 
before VATS and the pleural cavity was examined rst 
with white light followed by uorescence thoracos-
copy (D light Autouorescence System, Karl Storz, 
Tuttlingen, Germany). Tissue sampling of all abnormal 
areas was performed, and histologic diagnoses were 
compared against thoracoscopic ndings. Although u-
orescence imaging-guided thoracoscopy was not supe-
rior to white light thoracoscopy, it led to upstaging in 4 
out of 15 patients with mesothelioma due to better visu-
alization of visceral pleural lesions that were otherwise 
undetectable by white light. Although there were sev-
eral postoperative complications reported, the authors 
concluded that uorescence thoracoscopy using 5-ALA 
was feasible with minimal side eects, and it could have 
potential applications in the diagnosis and staging of 
mesothelioma.49

Probe-based confocal laser endomicroscopy (pCLE) 
provides real-time images of the airways, alveoli, lung 
tumors, pleura, and lymph nodes with a resolution of 
3.5 µm, a depth of 70 µm, and eld of view of 600 µm. 
It is compatible with the bronchoscope and medi-
cal thoracoscope and can be inserted into a needle for 
transthoracic needle-based interventions. A beroptic 
probe is advanced through the working channel of the 

A B

Fig. 17.6 White light (A) versus narrow band imaging (B) of pleural metastasis due to breast cancer.
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bronchoscope, thoracoscope, or needle (nCLE), and 
directed to the area of interest where it illuminates the 
tissue with laser light (488 nm). Reected light in focus 
will pass through the pinhole, resulting in high-resolu-
tion images. Moving the laser beam vertically or hori-
zontally enables reconstruction of 3D images by special 
soware.

Both pCLE and nCLE have been used to assess pleu-
ral lesions. Bonhomme and colleagues50 showed pCLE 
images of normal pleura, non–small cell lung cancer 
pleural metastasis, and mesothelioma. pCLE was able 
to dierentiate normal from malignant involvement of 
pleura. A subsequent study was undertaken demonstrat-
ing that pCLE and nCLE could dierentiate malignant 
mesothelioma from pleural brosis to guide biopsy.51

Another ex vivo study has found high sensitivity and 
specicity for pleural malignancy with pCLE in pleural 
eusion.52

Lung Cancer

Cancer-related pleural eusions occur due to direct 
invasion, tumor embolization to visceral pleura with 
secondary seeding of the parietal pleura, hematoge-
nous, or lymphangitic spread. Elastin staining and care-
ful examination for invasion beyond the elastic layer of 
the visceral pleura should be carried out for lung cancer 
resections as visceral pleural invasion is important for 
staging in the absence of nodal involvement. It is rare to 
nd resectable lung cancer in the setting of an exudative 
pleural eusion despite negative cytologic examination. 
MT can assess surgical operability by determining if the 
pleural eusion is paramalignant or due to metastases.25

If pleural metastases are found they denote dissemi-
nated disease with reduced life expectancy and talc pou-
drage or tunneled pleural catheter can be performed at 
the same setting.53

Malignant Mesothelioma

e average survival of a patient diagnosed with malig-
nant mesothelioma is 6 to 18 months, and death occurs 
from respiratory failure.53 Malignant mesothelioma is 
suspected in a patient with asbestos exposure and char-
acteristic CXR of a pleural eusion without contralateral 
mediastinal shi. Diagnosis by pleural uid cytology, 
even with closed pleural biopsy, is dicult, which 
prompts some physicians to advocate open biopsy by 
mini or lateral thoracotomy in order to obtain specimens 
of sucient size and quantity for immunohistochemical 

stains.54 Pleural uid mesothelin (>2 nmol/L) and 
megakaryocyte potentiating factor (MPF, >12.4 ng/mL), 
which originate from a common precursor protein, have 
shown 65% sensitivity and 95% specicity for pleural 
mesothelioma in a large study of 507 patients.55

MT is favored over thoracotomy as the pleural spec-
imens obtained with 5- or 7-mm rigid forceps are com-
parable with open biopsies.56 MT allows staging to be 
performed in a minimally invasive manner with good 
sensitivity. 5-ALA-uorescence VATS should be viewed 
as experimental but may be able to improve staging 
accuracy.49 Adequacy of tissue sampling obtained with 
the exible forceps is a concern in cases of mesotheli-
oma, so biopsy with the rigid 5-mm optical forceps, IT 
knife, or cryobiopsy is recommended to establish the 
diagnosis.21,22,55–57 Since mesothelioma is notorious for 
seeding, biopsy, MT, and chest tube sites should be cho-
sen carefully to avoid tumor involvement and seeding. 
Boutin and colleagues recommended prophylactic irra-
diation of 7 Gy for three consecutive days within 2 weeks 
of MT58; however, a recent randomized trial comparing 
immediate drain site radiotherapy (21 Gy in three frac-
tions) to best supportive care in 61 patients failed to show 
any dierence in the occurrence of tract metastases.59

us prophylactic radiotherapy to MT and drain sites 
remains controversial.60 As only 5% of patients are suit-
able for curative surgery,61 a palliative approach toward 
aggressive relief of dyspnea by removing pleural uid, 
talc poudrage, pain control, and prophylactic irradiation 
of incision sites has conferred good symptom control.62

In recurrent symptomatic pleural eusions, tunneled 
pleural catheters may represent a viable option.60

Tuberculous Pleural Effusion

e diagnostic yield of closed pleural biopsy in tubercu-
lous pleural eusions is variable. In a prospective study 
of 100 tuberculous eusions in Germany, an immediate 
histologic diagnosis was established in 94% by MT com-
pared with 38% by closed pleural biopsy (Fig. 17.7). A 
positive yield from tissue cultures was also higher with 
MT-guided biopsies than with closed pleural biopsy tis-
sue and pleural uid combined.63 Similar results were 
reported by another study performed in a tuberculosis 
(TB) endemic country, where MT-guided pleural biop-
sies achieved superior yield over closed pleural biopsy 
with Abrams needle (98% vs. 80%). On balance, it 
appears that MT is superior to closed pleural biopsy for 
TB diagnosis, and can be the rst choice if drug-resistant 
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TB is a concern as large quantities of pleural tissue can 
be obtained via MT for culture. In addition, adhesioly-
sis can also be performed to promote drainage of uid 
loculations.64

S U M M A RY

Diagnostic MT is eective in the evaluation of pleural 
and pulmonary diseases when routine uid analysis 
and cytology fail. In many institutions where facilities 
for MT are available, it is used aer a rst thoracentesis 
fails to establish a diagnosis and demonstrates an exuda-
tive eusion of unknown etiology. MT can also be used 
to break down loculations in complicated parapneu-
monic eusions. For patients with recurrent MPEs, MT 
combined with talc poudrage can be used to eectively 
drain the eusion and establish pleurodesis. is is also 
useful in cases of pneumothorax when pleurodesis is 
warranted.

Training in MT is required; the American College 
of Chest Physicians recommend 20 supervised pro-
cedures before operators are considered competent 
and 10 each year to maintain competency.65 e ex-
rigid pleuroscope is a signicant invention in the era 
of minimally invasive pleural procedures and is likely 
to replace traditional biopsy methods.66 e future of 
MT will dene “when and how” to apply ex-rigid and 
rigid instruments for the evaluation of pleuropulmo-
nary diseases.
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18

Percutaneous Tracheostomy

INTRODUCTION

Trachestmy s derved frm the Latn wrds “trachea 
artera” and “stum,” whch means “creatng an penng 
n the trachea.” e earlest dcumentatn f traches-
tmy s a descrptn f the healng f a thrat ncsn 
n the Rg Veda.1 Hppcrates descrbed ntubatn f 
the trachea t supprt ventlatn.1 Trachestmy t 
reslve upper arway bstructn was rst mentned n 
herglyphcs by Imhtep.2 e rst dcumented case f 
a successful trachestmy was perfrmed n a patent 
wth tnsllar bstructn by Antn Brassavla n 
1546.1 In 1620, Nclas Habct successfully resusctated 
a by wh was ntally prnunced dead aer sustan-
ng a stab wund t the neck, fllwng an emergent tra-
chestmy and release f a tracheal bld clt.2 In 1833, 
Trusseau saved mre than 200 patents wth dphthera 
by perfrmng a trachestmy.3

Trachestmy technques avalable tday are surgcal 
trachestmy (ST) and percutaneus dlatnal trache-
stmy (PDT).

ST s usually perfrmed n the peratng rm under 
general anesthesa and entals surgcal dssectn f the 
neck tssue t create a stma. Cnversely, n PDT, a nee-
dle s placed percutaneusly and then, usng a mded 
Seldnger technque, a stma s created by dlatn.

PDT has a smaller ncsn sze, shrter prcedural 
duratn, less pstperatve bleedng, and faster healng 
tme cmpared t ST.4 Several meta-analyses and ran-
dmzed cntrlled trals (RCTs) cmparng ST and 
PDT have als cnrmed that PDT s asscated wth 
sgncantly shrter peratve tme, lwer cst, lwer 
ncdence f perperatve bleedng, shrter sedatn 
tme, accelerated wund healng, and lwer rsk f stma 

nfectns. Hwever, there s n derence n mrtalty 
between ST and PDT.5–9

In ths chapter, we wll prmarly fcus n PDT n the 
ntensve care unt (ICU) settng.

SURGICAL TRACHEOSTOMY TECHNIQUE

ST s deally perfrmed n the peratng rm under 
general anesthesa, althugh ST may be perfrmed at the 
bedsde. Landmarks shuld be dented preperatvely, 
ncludng the thyrd cartlage, crcd cartlage, and ster-
nal ntch. Lcal anesthetc wth 1% ldcane wth ep-
nephrne s nltrated at the ncsn ste f nt perfrmng 
under general anesthesa. A 2–3-cm lng transverse skn 
ncsn s made abut a centmeter belw the crcd 
cartlage. e mdlne raphe s lcated, and retractrs are 
used n ether sde f the strap muscles t expse the tra-
chea. e endtracheal tube (ETT) s slghtly wthdrawn 
t allw stma creatn. An ncsn s made n the nter-
spaces between the rst and the secnd tracheal rngs and 
s extended laterally. Stay sutures are placed thrugh the 
skn, arund the tracheal rng, and then back thrugh the 
skn.10 Oen a Bjrk ap s made. e trachestmy tube 
(TT) s then placed thrugh the trachestmy stma, the 
cu nated, and the ventlatr crcut cnnected. e TT 
s secured wth sutures n the neck and ventlatn s then 
transferred frm the ETT t TT.

TYPES OF PERCUTANEOUS DILATIONAL 

TRACHEOSTOMY

e rst trachestmy technque descrbed n 1955 
requred a specal needle t enter the trachea and nvlved 
a ne-stage nsertn f the TT usng a cuttng trcar.11

Tenzing Phanthok, Crystal Ann Duran and Shaheen Islam
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Percutaneus trachestmy has been mded ver 
the years. e Cagla technque, ntrduced n 1985, 
s ne f the mst wdely used technques n Nrth 
Amerca.12, 13 In 1990, the Grggs gudewre dlatng fr-
ceps (GWDF) was develped, where a specal frceps 
s threaded ver the gudewre nt the trachea, and a 
tracheal aperture s created by penng the frceps.14 In 
1997, Fantn and Rpamnt15 descrbed the transla-
ryngeal methd where the dlatr and the TT are pulled 
n a retrgrade fashn thrugh the stma. Anther sn-
gle-dlatr technque called the PercuTwst, develped 
by Frva and Quntel n 2002, utlzes a sngle dlatr, 
whch s advanced ver the gudewre nt the s tssue 
usng a clckwse rtatn t create a stma.16

Snce these latter technques d nt exert pressure 
ver the tracheal wall durng dlatn, they were thught 
t mnmze the rsk f psterr tracheal wall njury.

INDICATIONS

Indcatns fr PDT are smlar t ST (Bx 18.1). ST 
s prmarly perfrmed n patents wth upper arway 
bstructn frm laryngeal r cervcal malgnances r 
n emergences. It s als dne n patents undergng 
neck surgery, ttal laryngectmy, and n patents wth 
neectve swallwng r cugh mechansms resultng 
n an nablty t prtect ther arway.

In the medcal ICU, trachestmy s cmmnly per-
frmed n patents requrng prlnged ventlatn17

r fr arway prtectn. Transtnng frm ral ntu-
batn t trachestmy helps t mnmze sedatn 
requrements, decrease the ncdence f lung nfectns, 
reduce dead space ventlatn, mprve respratry 
wrk, and ad n trachebrnchal tletng whle pr-
tectng the arways.18

CONTRAINDICATIONS

Althugh when rst ntrduced there were suggested cn-
trandcatns related t bdy habtus, tday t s recg-
nzed that PDT s a vable alternatve t ST and there are 
n abslute cntrandcatns fr PDT as cmpared t ST.

Relatve cntrandcatns (Bx 18.1) t PDT nclude 
trauma resultng n an unstable cervcal spne, uncn-
trllable cagulpathy, r prr neck surgery. In add-
tn, PDT can be perfrmed wth cautn n patents 
wth dcult anatmy (enlarged thyrd gland, lcal 
malgnancy, shrt neck, tracheal devatn, prevus 

trachestmy), hgh ventlatr supprt (Fio
2

>70% r 
pstve end-expratry pressure [PEEP] >10 cm H

2
O), 

and radatn therapy t the cervcal regn wthn the 
prevus 4 weeks.19 Other cntrandcatns nclude 
nfectn at the nsertn ste r palpable but bscured 
neck anatmy. Recent data suggest that PDT s largely 
dependent n peratr experence20 and can be safely 
perfrmed n patents wth relatve cntrandcatns.

PDT has been perfrmed n patents wth an aver-
age Pao

2
/Fio

2
 f 130 and an average PEEP f 17 cm H

2
O 

wthut any sgncant deterratn n xygen satura-
tn.21 PDT has als been dne n patents wth acute 
respratry dstress syndrme (ARDS) n hgh-fre-
quency scllatry ventlatn wthut any sgncant 
hemdynamc r respratry cmprmse.22

ST s en preferred ver PDT n patents wth a 
bdy mass ndex (BMI) >30 kg/m2, n neck trauma, and 
n head and neck malgnancy.23 Hwever, PDT can be 
safely perfrmed n the bese ppulatn.24–26 A retr-
spectve study fund n sgncant derence between 
PDT and ST n malpstnng f TT, lss f arway, 
r bleedng n patents wth BMI >35 kg/m2 25 Anther 
prspectve study cmparng PDT n ICU patents wth 
BMI ≥30 kg/m2 versus lwer BMI revealed sgncantly 
hgher majr cmplcatn rates (12% vs. 2%, P < 0.04) 
n bese patents.27 e creatn f a false passage due t 
the ncreased dstance frm skn t trachea was a majr 
cmplcatn n mrbdly bese patents.28 e rsk f 

BOX 18.1 Indications and 

Contraindications

Indications

• Prolonged ventilator dependence with failure to wean

• Inability to protect airway (stroke, encephalopathy, 

etc.)

• Obstruction of proximal trachea or upper airways

Relative Contraindications

• Gross distortion of neck anatomy due to tumor, high 

innominate artery, thyromegaly

• Soft-tissue infection on anterior neck

• Anatomic landmarks

• Medically uncorrected bleeding disorders

• High positive end-expiratory pressure (PEEP) of more 

than 20cm of water

• Emergent airway

• Major head and neck surgery or trauma

• Overwhelming systemic infection
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cmplcatns can be mnmzed wth prper evalua-
tn, apprprate patent selectn, peratr experence, 
and cncurrent brnchscpc vsualzatn t avd 
unrecgnzed false passages.

TIMING OF TRACHEOSTOMY

In general the cnsensus fr apprprate tme t per-
frm trachestmy s arund 10–20 days aer ntuba-
tn. Early trachestmy (wthn 7 days aer ntubatn) 
n crtcally ll patents s asscated wth a reductn 
n weanng tme, cmplcatns, and mrbdty and 
mrtalty.29–31

Early trachestmy, perfrmed wthn 4–7 days f 
admssn, s asscated wth a sgncant ncrease n 
ventlatr-free days (VFD).32 A systematc revew f 
RCTs cmparng utcmes f early versus late traches-
tmy cnrmed mre VFD, shrter ICU stays, a shrter 
duratn f sedatn, and reduced lng-term mrtalty 
n patents wth early trachestmy.33 Hwever, althugh 
early trachestmy reduced hsptal length f stay and 
cst, t dd nt aect n-hsptal mrtalty.34

TRACHEOSTOMY TUBES AND TYPES

e man cmpnents f the TT are an uter cannula, 
the ange, and an nner cannula (Fg. 18.1).

e curved uter cannula (Fg. 18.1a,b) s attached 
t the ange and has a cu attached t the dstal end t 
prvde a seal wthn the trachea fr ventlatn.

e ange s attached t the prxmal end r s a part 
f the TT, whch s used t secure the TT n the neck 
wth a trachestmy te r suture. e ange s cm-
mnly labeled wth the tube sze, type, and length.

e nner cannula (Fg. 18.1c) snugly ts nsde the 
uter cannula and en has a 15-mm adapter fr cn-
nectng t the ventlatr crcut. e nner cannula can 
be reusable r dspsable. Reusable nner cannulas need 
t be cleaned at least twce a day. Sme TTs d nt have 
the prvsn f an nner cannula and the nner aspect s 
specally cated wth water-repellent materal t prevent 
mucus pluggng.

e bturatr (Fg. 18.1d) s a rm gude wth a 
runded tp desgned t be placed nsde the uter can-
nula f the TT fr easy placement thrugh a matured 
stma durng trachestmy tube replacement.

Patents n a ventlatr r thse wth rsk f aspra-
tn usually requre a cued TT. e cu s cnnected t 
a plt balln (Fg. 18.1b) that prvdes nfrmatn n 
the cu natn. When patents are weaned  mechan-
cal ventlatn, they can be transtned t a cuess TT 
n preparatn fr decannulatn. Cu pressures shuld 
be checked perdcally t avd schemc njury f the 
tracheal mucsa.

A B C D

Fig. 18.1 Common tracheostomy tubes (Shiley tracheostomy, Medtronic, Minneapolis, MN, USA). From left to right: 

a, Cufess tracheostomy tube with inner cannula. Inner cannula has 15-mm adapter. b, Cuffed tracheostomy tube. c, 

Inner cannula with 15-mm adapter. d, Obturator.
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e TTs cme n derent szes and shapes depend-
ng n the length, curvature, thckness, and a detaled 
dscussn s beynd the scpe f ths chapter.

A mded TT s avalable fr placement wth the 
PDT technque (Fg. 18.2b), whch has a taperng dstal 
end t make t easer t nsert thrugh the newly created 
stma by dlatn.

A lnger TT s used n bese patents t accmm-
date the lnger skn t tracheal dstance s the dstal tp 
f the TT (Fg. 18.2a) remans parallel t the lng axs 
f the trachea. Varus cmmercally avalable TTs are 
avalable that are extra lng.

PERCUTANEOUS TRACHEOSTOMY KIT

e tw well-knwn cmmercally avalable kts n the 
Unted States that use a sngle-stage dlatr nclude the 
Cagla Blue Rhn (Ck Medcal Inc, Blmngtn, 
IN, USA) and Prtex Ultraperc (Smths Medcal, 
Dubln, OH, USA).

BRONCHOSCOPY

Brnchscpc gudance s an mprtant adjunct n 
prper placement f TTs durng PDT t avd pste-
rr wall trauma r puncture, and s especally mprt-
ant n patents wth besty, dcult anatmy, r thse 
wth cervcal xatn r an unstable cervcal spne. A 
mre detaled prcedural descrptn s prvded later, 
ncludng hw brnchscpy can be utlzed t cnrm 
placement f the gudewre, and t avd false lumen 
frmatn and tracheal njury.

ere s cnctng evdence, wth sme studes fal-
ng t demnstrate a benet fr cncurrent brnchs-
cpy, whereas thers have fund that brnchscpc 
vsualzatn durng PDT reduces cmplcatns. Fr 
example, a retrspectve analyss f PDT wth and wth-
ut brnchscpy n the trauma ppulatn revealed n 
sgncant derence n safety and ecacy wth expe-
renced peratrs.35 Hwever, ver tme ther studes 
have shwn the benets f rutnely utlzng brnchs-
cpy when perfrmng PDT. Fr example, a prspectve 
study reprted sgncantly lwer rates f majr cm-
plcatns ncludng bleedng, subcutaneus emphy-
sema, r pneumthrax (20% vs. 40%); hgher rate f 
rst-tme successful needle puncture; and sgncantly 
shrter prcedural duratn wth brnchscpc gud-
ance.36 On balance, gven that false lumens and unrec-
gnzed tracheal laceratns are the mst sgncant 
majr cmplcatns f PDT, cncurrent brnchscpy 
durng PDT shuld be cnsdered an essental element 
f PDT n terms f safety. At present, brnchscpc 
gudance s used rutnely by almst all nterventnal 
pulmnlgsts.

ULTRASOUND GUIDANCE DURING 

PERCUTANEOUS DILATIONAL 

TRACHEOSTOMY

Ultrasund gudance durng PDT can assst wth lcal-
zng anatmc landmarks and t dentfy the appr-
prate pnt f entry by examnng the pretracheal area 
fr aberrant vasculature, tracheal rngs, neck mass, and 
the thyrd gland. Real-tme ultrasund can be used t 

A B

Fig. 18.2 a, Extra-long tracheostomy tube with a cuff (Shiley XLT, Medtronic, Minneapolis, MN, USA) loaded on a 

straight dilator. Note the raised distal end of the tube creating a sharp rise on the dilator. b, Regular tracheostomy tube 

with tapered end for easy placement during percutaneous tracheostomy, loaded onto a straight dilator. Note the ush 

distal end of the tracheostomy tube with the dilator (Shiley PERC, Medtronic, Minneapolis, MN, USA).
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fllw the needle path durng tracheal puncture and 
t determne the nal pstn f the TT.37, 38 Hwever, 
njury t the psterr tracheal wall cannt be assessed 
wth ultrasund due t the nablty t vsualze the ps-
terr wall.39 In ur practce, we d nt rutnely use 
ultrasund gudance.

A randmzed prspectve study cmparng ecacy, 
safety, and ncdence f cmplcatns between brn-
chscpc gudance and ultrasund gudance revealed 
n sgncant derences between the tw grups n 
terms f techncal dculty f the prcedure r the 
number f needle nterventns. Interestngly, the rsk 
f hemrrhage was hgher and the mean duratn f 
prcedure was lnger n the brnchscpy grup.40 A 
netwrk meta-analyss fund that brnchscpy r 
ultrasund-guded percutaneus trachestmy has sm-
lar rate f prcedure-related cmplcatns.9 Ultrasund 
gudance may nt be an alternatve t brnchscpc 
gudance, but rather an adjunct t brnchscpy t 
ptentally mprve the safety prle n select cases.

EVALUATION OF PATIENT FOR 

TRACHEOSTOMY

A thrugh clncal and anatmc evaluatn shuld be 
perfrmed befre plannng a PDT. Revew f the cln-
cal hstry ncludng medcatn use, prevus trache-
stmy r neck surgery, bleedng dsrders, evaluatn 
f the neck anatmy fr palpable crcd cartlage r 
tracheal rngs, palpable sthmus f the thyrd gland, 
crcd t sternal dstance, and ablty t extend the neck 
are essental.

Hemdynamcally unstable, cagulpathc, and 
bese patents need careful rsk stratcatn t avd 
any cmplcatns. Dependng n the clncal cntext, 
PDT n bese patents can be dne safely by a sklled 
peratr.12, 41 In select patents wth mld hemdynamc 
nstablty, PDT may be feasble, dependng n the alter-
natves. Cagulpathy shuld n general be crrected 
prr t PDT, but f t s mld and cannt be crrected, 
then wth a sklled peratr and apprprate surgcal 
backup t may be dne f there are n alternatves.

Hstry f sedatn tlerance s helpful t plan the 
prcedural sedatn. Platelet cunt and cagulpathy 
shuld be revewed 24 h prr t prcedure.

ere s a hgh rsk f aerslzatn f SARS-CV-2 
(severe acute respratry syndrme crnavrus 2) 
durng trachestmy. Delayng the prcedure fr 10 

days r untl the patent s stable and able t tlerate 
apnea durng creatn f the stma and nsertn f TT 
may mnmze rsk f aerslzatn.42 We perfrm PDT 
n COVID-19 (Crnavrus dsease 2019) patents n 
a negatve arw rm wearng full persnal prtec-
tve equpment wth a pwered ar-purfyng respratr 
(PAPR).

Aer a decsn fr trachestmy s made, nfrmed 
cnsent shuld be btaned frm the patent (f able), 
durable pwer f attrney (DPOA), r famly fr trache-
stmy, brnchscpy, and ultrasund examnatn (f 
planned). Rsks, benets, ptental cmplcatns, and 
alternatve ptns shuld be clearly explaned t the 
patent r famly.

ANTICOAGULATION OR ANTIPLATELET 

THERAPY MANAGEMENT IN 

PERCUTANEOUS DILATIONAL 

TRACHEOSTOMY

There are n specfc gudelnes n antcagulatn 
and antplatelet management n patents underg-
ng PDT. The ncdence f majr bleedng requr-
ng bld transfusns drectly related t PDT s 
extremely lw.43 Hwever, general gudelnes fr 
perperatve management f antthrmbtc therapy 
can be appled t PDT.44

e ncdence f majr and mnr bleedng fllwng 
PDT, n patents n extracrpreal membrane xygen-
atn (ECMO) recevng systemc heparnzatn, was 
1.7% and 31.4%, respectvely,45 wth a medan platelet 
cunt f 126, 000/µL and nternatnal nrmalzed rat 
(INR) 1.1, when heparn nfusn was held 1 h befre the 
prcedure. Even wth cagulatn dsrders (actvated 
partal thrmbplastn tme [aPTT] >50 s, prthrm-
bn tme [PT] <50%, INR >1.4, r platelet <50, 000/µL) 
there was mld bleedng wthut any need fr surgcal 
nterventn r transfusn.46 us PDT s relatvely safe 
n patents wth cagulpathy and severe thrmbcyt-
pena aer crrectn.47–49

We recmmend hldng the heparn drp at least 
3 h prr t the prcedure and resumng heparn 3 h 
pstprcedure. Subcutaneus heparn and enxaparn 
shuld be held at least 12 h prr f they are recevng 
BID dsng. If they are recevng nce-a-day thera-
peutc dsng f enxaparn, t shuld be held fr 24 h. 
Dual antplatelet therapy preferably shuld be held 
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fr 3–5 days. Hwever, n the settng f recent cardac 
stentng, PDT can be perfrmed safely n clpd-
grel50 wth apprprate nfrmed cnsent. Drect ral 
antcagulatn agents (DOAC) and vtamn K antag-
nsts (VKA) shuld be brdged wth unfractnated 
heparn f pssble. DOAC shuld be held fr tw t 
three drug half-lves n cases wth lw rsk f bleedng 
and fur t ve drug half-lves n hgh rsk f bleedng. 
Renal dysfunctn s als a key factr and desmpressn 
(DDAVP) can be used n uremc patents snce platelets 
can be dysfunctnal. ere s n specc gudance n 
the use f antanggenc agents such as bevaczumab 
r ther ral VEGF (vascular endthelal grwth fac-
tr) TKI (tyrsne knase nhbtr) such as suntnb 
r cabzantnb durng PDT. A French gudelne rec-
mmends a delay f 2 days between mplantatn f an 
ntravenus devce and the ntatn f bevaczumab, a 
delay f at least 5 weeks between the last dse f bev-
aczumab and nvasve surgery, and a delay f 4 weeks 
between surgery and the ntatn f bevaczumab 
treatment.51

PREPARATION FOR PERCUTANEOUS 

DILATIONAL TRACHEOSTOMY

Once the decsn fr bedsde PDT s made, the plan 
shuld be cmmuncated t the prmary team, the 
nursng sta n the ICU, and the brnchscpy team. A 
prcedural checklst (Bx 18.2) ensures that all neces-
sary supples, medcatns, and equpment are avalable 
at the bedsde. Tube feedng shuld be held, r patents 
shuld be NPO fr at least 4–6 h prr t the prce-
dure. Antcagulatn shuld be managed as descrbed 
earler.

Extra tubng fr IV lnes shuld be arranged t access 
the IV lne durng the prcedure fr medcatn admn-
stratn wthut cmprmsng the sterle eld. e sze 
f the ETT s vered t determne the apprprate sze 
f the brnchscpe t be used durng the prcedure.

SETUP AND TECHNIQUE

Personnel

A prmary peratr and an assstant usually stand n 
ether sde f the patent (Fg. 18.3). Ideally the trache-
stmy peratr (f rght-handed) stands n the rght 
sde f the patent r vce versa f le-handed, and the 

assstant n the ppste sde. e brnchscpe per-
atr usually stands at the head f the bed and the resp-
ratry therapst (RT) managng the ETT next t the 
brnchscpst clser t the ventlatr.

e ventlatr and brnchscpy twer need t be 
placed clser t the brnchscpst fr easy access. e 
brnchscpe twer s pstned near the head f the 
bed and the brnchscpy techncan stands next t 
the twer. A crculatng nurse s present t mntr the 
vtals and t admnster medcne. A secnd nurse may 
be avalable dependng n the nsttutnal plcy fr 
dcumentatn. All persnnel n the rm shuld wear 
apprprate persnal prtectve equpment. e trache-
stmy peratr and the assstant, n addtn, shuld 
wear sterle glves and gwn.

BOX 18.2 Equipment and Supplies for 

Percutaneous Dilational Tracheostomy

Bronchoscopy

• Flexible bronchoscope with monitor and other 

equipment

Medications

• Fentanyl, midazolam, propofol, dexmedetomidine

• Rocuronium or succinylcholine for neuromuscular 

block

• Additional saline available in case of hypotension

• Norepinephrine

Tracheostomy Kit

• Percutaneous tracheostomy kit

• Tracheostomy tube

• Extra-long tracheostomy tube (if deep neck or BMI 

>35kg/m2)

Miscellaneous

• Sterile gowns

• Sterile gloves

• Face shield and caps

• Chlorhexidine

• Large drape

• Lubricant jelly

• Electrocautery or thermocautery

• Split sponge dressing

• Tracheostomy ties

• Lidocaine with epinephrine

• Gauze

• Razor

• Tape
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Patient Monitoring, Airway, and Ventilator 
Management

Durng the PDT, patents are sedated and paralyzed and 
placed n cntrlled mechancal ventlatn n 100% 
Fio

2
. Cntnuus mntrng f bld pressure (BP), 

heart rate, and xygen saturatn s dne durng the 
prcedure. BP shuld be checked every 2 mn unless 
cntnuus arteral BP mntrng s avalable.

Patents may becme hyptensve aer sedatn and 
neurmuscular blckade. Phenylephrne r nrep-
nephrne can be used f hyptensn s unrespnsve t 
salne blus.

Partcpatn f an experenced RT s mandatry 
t avd lss f the arway, especally durng retrac-
tn f the ETT and securng the ETT when t s gently 
wedged nt the gltts penng. Adequate ventlatn 
s cnrmed by mntrng the exhaled tdal vlume 
and pulse xmetry. An alvelar recrutment maneuver 
may be needed f adequate xygen saturatn cannt 
by mantaned durng PDT n patents requrng PEEP 
>12 mmHg r hgh Fio

2

Technique
Aer nfrmed cnsent s vered, a tme-ut s per-
frmed, and the patent s lad supne. e bed s 

maxmally nated. e neck s usually hyperextended 
t brng the crcd cartlage superrly abve the ster-
nal ntch by placng a rll f twels under the shulders 
(prvded n cntrandcatn lke rheumatd arthr-
ts r neck fusn s present). Beard r har frm the 
anterr neck area wll need t be shaved. e Fio

2
 s 

ncreased t 100% fr the duratn f the prcedure. 
A checklst (Bx 18.2) assures that all necessary equp-
ment and supples are readly avalable prr t the 
prcedure.

Landmarks such as the crcd cartlage, sternal 
ntch, and the tracheal rngs are dented and marked. 
e dstance between the crcd and sternal ntch s 
estmated. It s helpful t mark the anatmy and the nc-
sn ste prr t the prcedure, especally f tranees are 
nvlved. If the trachea can be palpated but s deep, we 
recmmend usng an extra-lng TT.

e anterr neck area s then sterlzed usng chlr-
hexdne swabs. A sterle drape s placed ver the neck 
and the rest f the bdy.

Aer adequate sedatn s acheved, 2% ldcane s 
nstlled thrugh the ETT t further anesthetze the ar-
ways. A brnchscpe s ntrduced thrugh the ETT 
fr a quck arway examnatn. e arway s suctned 
and cleared f any mucus r secretns prr t the PDT 
t avd hypxa.

Fig. 18.3 Personnel and equipment setup for bedside percutaneous dilational tracheostomy. a, Primary operator; 

b, respiratory therapist managing the airway; c, bronchoscope operator; d, bronchoscopy technician; e, assistant; f, cir-

culating nurse to monitor vitals, administer medications, and document procedure; 1, ventilator; 2, vital sign monitor; 

3, bronchoscopy tower; 4, IV pole. PDT, Percutaneous dilational tracheostomy.
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Ldcane (1%) wth 1:10,000 epnephrne s admn-
stered n the skn and subcutaneus tssue deally 
aganst the rst t thrd tracheal rngs n between the 
crcd cartlage and the sternal ntch fr tpcal anes-
thesa and hemstass.

Aer adequate sedatn s acheved, a shrt-actng 
paralytc s gven. e brnchscpst then nserts the 
brnchscpe and places t near the dstal tp f the ETT. 
Bth the brnchscpe and the ETT are retracted by the 
RT as ne unt very slwly t avd accdental lss f the 
arway. e brnchscpst bserves the brnchscpe 
mntr t dentfy the lcatn f the ETT.

Once the ETT s retracted t the level f the crcd 
cartlage, the crcthyrd membrane s dented wth 
the brnchscpe. It s mprtant t accurately den-
tfy the crcd cartlage (Fg. 18.4A-B) s the rst and 
secnd tracheal rngs can be crrectly dstngushed 
frm the rest f the cartlagnus nterspaces. e cu 
s then renated at the level f gltts and the RT sta-
blzes the ETT. e RT shuld be reassured that there 
may be tdal vlume leak at ths pnt, as cmplete seal 
may nt be acheved. Oen rstral tractn s appled 

n the laryngeal cartlage t brng the crcd cartlage 
and the prxmal tracheal rngs superr t the sternal 
ntch, when the crcd cartlage s t deep r f the 
crcd cartlage t sternal dstance s less than 1 cm. 
e brnchscpe can als be pnted anterrly at the 
nterspace between cartlagnus rngs and then used t 
transllumnate the prper entry ste. s can help the 
trachestmy peratr dentfy and verfy the prper 
nsertn ste.

Once the nsertn ste s selected, a 1.5-cm lng ver-
tcal skn ncsn s made alng the mdlne. It s very 
crtcal nt t make a deep ncsn ntally t avd 
damage t the deeper structures. e pretracheal tssue 
and deep fasca are then cleared wth blunt dssectn 
usng a small msqut Kelly clamp (Fg. 18.4C). Aer 
the deep fasca and tssue are cleared, the tracheal rngs 
ncludng the crcd cartlage are dented by palpa-
tn frm utsde. e crcd cartlage s usually the 
mst prmnent cartlage.

e trachestmy peratr then stablzes the tracheal 
cartlage wth the nndmnant hand (Fg. 18.4B). e 
tp f the clsed Kelly clamp can be used t press n the 

A
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B C D

Fig. 18.4 Technique of percutaneous dilational tracheostomy. (A) Surface anatomy showing the laryngeal cartilage, 

cricoid cartilage, and the sternal notch marked. Injecting lidocaine with epinephrine. (B) Stabilization of the tracheal 

cartilage with the nondominant hand using the thumb and the third nger to hold the laryngeal cartilage and the sec-

ond nger to identify the tracheal rings before inserting the introducer needle. (C) Blunt dissection of the pretracheal 

tissue to expose the tracheal rings. (D) Verication of the introducer needle tip in the trachea by observing aspiration 

of air bubbles inside the syringe. (E) Advancing the punch dilator over the guidewire. (F) Advancing the tracheostomy 

tube and dilator assembly over the guiding sheath and guidewire. (G) Split-foam tracheostomy sponge to protect 

skin from friction with the tracheostomy ange. (H) Connecting the tracheostomy tube to the ventilator circuit after 

placement of the tracheostomy tube. Bronchoscope adapter is still connected for bronchoscopic examination of the 

airways.
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anterr wall t lcate the exact lcatn f pssble nee-
dle nsertn, whch can be vered by watchng the brn-
chscpe mntr whle pressng n the trachea. Once the 
deal lcatn s dented, the ntrducer needle s laded 
n a syrnge wth 1 cm3 salne and s nserted between the 
rst and the secnd r the secnd and the thrd cartlag-
nus nterspaces n the mdlne (Fgs. 18.4D and 18.5B). 
Entry nt the trachea s vsualzed wth the brnchscpe.

Ideally, the ntrducer needle wll enter the tra-
chea alng the mdlne at 12 ’clck r at least between 
11 ’clck and 1 ’clck pstn (Fg. 18.6). Brnchscpc 
gudance s crucal t cnrm that the needle tp s nt 
gng thrugh the psterr wall f the trachea. Aspratn 
f free ar bubbles (Fg. 18.4D) cnrms that the needle 
tp s wthn the arway and nt n s tssue. If entry nt 
the trachea ccurs utsde f the 11 t 1 ’clck pstn, 
the needle shuld be wthdrawn and anther nsertn 
attempted, n rder t have a mre mdlne entry ste fr 
the trachestmy. Tranees shuld have a lmted number 
f attempts t avd ptental cmplcatns.

Once ptmal mdlne pstn s vered, a Seldnger 
technque s used. A J-tpped gudewre s nserted 
thrugh the ntrducer needle and drected tward the 

dstal trachea under brnchscpc vsualzatn (Fg. 
18.5C). e ntrducer needle s then remved ver the 
gudewre. A punch dlatr s then advanced ver the 
gudewre t dlate the stma (Fg. 18.5D).

A gudesheath s then placed ver the gudewre and 
the curved tapered dlatr (Fgs. 18.4D and 18.5E) s 
nserted ver the gudewre t dlate the stma. Sakng 
the taperng dlatr n salne actvates the hydrphlc 
surface catng, makng t slppery and easer t nsert 
thrugh the stma. e gudng sheath n the gude-
wre mnmzes the lkelhd f accdental knkng f 
the gudewre. e dlatr s then remved, leavng the 
gudewre and the gudesheath n place.

e TT s then laded n t an apprprate sze dla-
tr and pstned n such a way that the taperng end f 
the dlatr s ushed wth the end f the TT (Fg. 18.2b). 
e TT and the dlatr assembly are then nserted ver 
the gudng sheath and the gudewre, and advanced 
nt the trachea, thrugh the newly created stma 
(Fg.18.4F).

It s mprtant t use a curved mtn f the wrst 
t nsert the TT t avd drect pressure n the pste-
rr tracheal wall. e dlatr assembly (dlatr, gudng 

A
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Fig. 18.5 Bronchoscopic view during percutaneous dilational tracheostomy. (A) Bronchoscopic view of the subglottic 

trachea showing cricothyroid membrane, cricoid cartilage (rst prominence), and tracheal rings. (B) Introducer nee-

dle placed in between the rst and the second tracheal rings. Note that although the bronchoscopic view is slightly 

rotated, the needle insertion appears to be at 11 o’clock position. Bronchoscopic guidance is valuable to avoid needle 

insertion through the posterior tracheal wall. (C) Guidewire inserted through the needle conrming that is going 

toward the distal trachea and not inserted through the posterior wall. (D) Placement of the tapering dilator over the 

guiding catheter. (E) Tracheostomy stoma being dilated with the tapering dilator. (F) Bronchoscopic view conrming 

good placement of the tracheostomy tube with the cuff before ination.
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sheath, and the gudewre) s then remved leavng the 
TT n the trachea (Fg. 18.5F).

e brnchscpe s then remved frm the ETT and 
s ntrduced thrugh the TT t cnrm arway place-
ment by vsualzng the man carna. e dstal end f 
the TT shuld be at least 2–4cm r mre prxmal t the 
man carna.

Once placement s cnrmed, the brnchscpe s 
remved, and the nner cannula wth a 15-mm adapter 
s placed and cnnected t the ventlatr crcut. e 
trachestmy cu s nated, and tdal vlume return s 
bserved n the ventlatr and used as a secndary cn-
rmatn f crrect placement f the TT.

e TT s then secured wth sutures r Velcr trache-
stmy neck tes. We recmmend exng the head when 
securng the trachestmy te and prefer t place a splt-
fam dressng (Fg. 18.4G and H). e splt-fam dress-
ng cannt be placed f the TT s sutured t the neck.

Unless prcedural dculty was experenced durng 
the prcedure, there s n need t btan a pstprce-
dure chest radgraph.52

POST-TRACHEOSTOMY CARE

Insttutnal prtcls assure unfrm care by RT, nurs-
ng sta, huse sta, and ther prvders. Pstperatve 
cmplcatns such as accdental decannulatn, bleed-
ng, xygen desaturatn, and cu leak shuld be brught 
t the attentn f the apprprate servce nstantly.

Even f the TT s secured wth sutures and trachestmy 
te, the TT can get dsldged. e mst cmmn sgns f 
TT dsldgement are that there s unexplaned hypxa, 
the RT s unable t nsert the nlne suctn catheter, r 
there s lss f tdal vlume. Accdental dsldgment can 
happen durng regular nursng care such as turnng, bath-
ng, r when the TT s remved by an agtated patent. In 
ur practce, we d nt usually suture the TT and use the 
trachestmy te t secure the tube. Splt-fam dressngs 
(Fg. 18.4G-H) avd any skn njury frm the ange and 
shuld be kept clean and dry t avd nfectn.

In the event f accdental decannulatn wthn the 
rst 7 days, ral endtracheal ntubatn s recmmended 
unless a prvder experenced n trachestmy manage-
ment s avalable mmedately. Attemptng t rensert the 
TT thrugh a stma n ths cntext has a hgh rsk f 
paratracheal placement n nexperenced hands.

Regular mntrng f cu pressure avds tracheal 
mucsal njury. Purulent secretn at the trachestmy 
ste shuld be cleaned daly wth antseptc wund care.

Sutures, f placed, shuld be remved n 5–7 days 
pstprcedure, at the dscretn f the prvder.

LONG-TERM MANAGEMENT

Patents and ther caregvers need t be educated n 
hw t clean and care fr the TT prr t the dscharge 
unless the patent s transferred t a lng-term acute 
care hsptal r a ventlatr weanng faclty.

An alternatve t cleanng the nner cannula reg-
ularly s the use f dspsable nner cannulas. ck, 
crusty secretns can frm wth lss f ltratn, heat, 
and msture blckng the TT. Use f heat and msture 
exchange (HME) lters prevents mucus pluggng.

Prper mantenance f TT mandates regular fl-
lw-up wth a physcan, respratry therapst r speech 
therapst t assure ptmal trachestmy care. TT may be 
changed every 1–2 mnths (manufacturer recmmen-
datn s t change every 30 days), althugh n rbust 
data are avalable t crrbrate the recmmendatn.

COMMON PROCEDURAL 

COMPLICATIONS

PDT s a safe, relable prcedure wth a lw cmplcatn 
rate. Althugh PDT s becmng a rutne prcedure n 
the ICU settng, rare but serus cmplcatns can ccur. 
It s strngly recmmended that PDT be perfrmed durng 
the daytme, s surgcal expertse and ther resurces are 
mmedately avalable n the event f an emergency.

Techncal cmplcatns nclude msplacement f 
the nsertn needle; knkng f the gudewre; paratra-
cheal placement f the TT wth creatn f a false lumen; 
and psterr tracheal wall njury nvlvng the medas-
tnum, esphagus and rarely pleural spaces, and TT cu 
rupture (Bx 18.3).

e mst cmmn cmplcatn s bleedng. Usually 
t s venus, rarely arteral, and happens durng neck ds-
sectn. Mnr bleedng s cntrlled by applyng pres-
sure. On rare ccasns, electr- r thermcautery can 
be used. Hwever, there s an ncreased rsk f re wth 
any cautery usage as the patent s n 100% Fio

2
. Cautn 

must be used t lwer the Fio
2
 prr t cautery usage. It 

s a gd dea t nfrm all the team members abut the 
re hazard and t remnd them t lwer the Fio

2
 t less 

than 40% prr t cautery use, f cautery use s abslutely 
necessary. Absrbable hemstat (Surgcel, Ethcn US, 
LLC, Cncnnat, OH, USA) can be appled lcally fr 
bleedng cntrl. Hwever, f majr bleedng cannt 
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be cntrlled, surgcal nterventn may be needed t 
explre the ncsn ste t lcate the bleedng vessel 
and lgate t. Antcpatng the ptental cmplcatns 
and understandng the anatmy and ts varatns are 
mprtant t avd bleedng frm the brachcephalc 
artery r a hgh-rdng nnmnate artery.53, 54

e secnd mst cmmn dculty encuntered s the 
apprprate placement f the ntrducer needle. Ideally t 
shuld be mdlne n between the rst and secnd r the 
secnd and thrd tracheal rngs. Stablzng the trachea 
wth the nndmnant hand (Fg. 18.4B) and cnrmng 
the lcatn f the thyrd and the crcd cartlage and 
the tracheal rngs frm utsde by palpatn facltates 
accurate needle placement. Brnchscpc transllumna-
tn can als help dentfy the prper ste. Gentle tappng 
n the anterr wall wth the needle prr t nsertn 
s helpful t cnrm the lcatn wth brnchscpc 

vsn. Identfyng the membranus trachea and man-
tanng rentatn (anterr-psterr) durng brnch-
scpc examnatn assures prper needle placement (Fg. 
18.6). Mdlne nsertn f the needle avds the rsk f 
paratracheal placement f the TT durng nsertn.

Placement f the TT at r n the crcd cartlage 
may lead t hgher rsk f subglttc stenss, whereas 
placement belw the thrd tracheal rng ncreases the 
rsk f bleedng frm the brachcephalc trunk.

e sklls and experence f the brnchscpst are cru-
cal t avd cmplcatns. Durng retractn f the ETT, 
the arway may be lst by accdentally pullng the ETT ut. 
Snce the brnchscpe s already wthn the ETT, the best 
practce t crrect ths s t smply advance the brnch-
scpe thrugh the vcal crds nt the dstal trachea and 
then rentubate by advancng the ETT ver the brnch-
scpe nt the md-trachea. If ths fals, drect laryngscpy 
can be used t rentubate f the arway cannt be estab-
lshed mmedately.

Durng retractn f the ETT, dentcatn f the 
crcd cartlage can en be challengng, as all the car-
tlagnus nterspaces appear smlar n brnchscpc 
examnatn. e crcd cartlage can be dented by 
ts dstnct appearance just belw the crcthyrd mem-
brane (Fg. 18.5A). We rutnely dentfy the crcd car-
tlage and the rst tracheal rng just nferr t t usng 
brnchscpc gudance befre nsertng the percutane-
us needle.

Brnchscpc gudance s paramunt t prevent ps-
terr wall njury durng needle placement r dlatn. It 

Fig. 18.6 Appropriate location for introducer needle 

entry between 11 o’clock and 1 o’clock.

BOX 18.3 Complications of 

Percutaneous Dilational Tracheostomy

Early Complications <24h

• Failure to insert tracheostomy tube

• Loss of airway during procedure

• Misplacement of the insertion needle, guidewire, or 

dilators

• Paratracheal placement

• Injury to tracheal wall or esophagus

• Tracheoesophageal stula

• Tracheal tube cuff rupture

• Fracture of the tracheal ring

• Cuff leak

• Barotrauma

• Pneumothorax

• Pneumomediastinum

• Subcutaneous emphysema

• Premature decannulation

• Bleeding

• Thyroid injury

• Hypotension

• Cardiac or respiratory decompensation

Late Complications >24h

• Delayed hemorrhage

• Granulation tissue formation

• Infections

• Skin breakdown

• Tracheal stenosis

• Tracheomalacia

• Tracheoinnominate artery

• Tracheoesophageal stula
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s crucal t mantan cnstant vsualzatn f the needle 
tp wth the brnchscpe as the gudewre s nserted r 
when the dlatr s nserted ver the gudewre.

Subcutaneus emphysema ccurs when ar dssects 
thrugh the trachea r subcutaneus tssue plane nt 
the neck fasca and the medastnum. A chest tube may 
be needed fr pneumthrax, especally f the patent 
s mechancally ventlated. racc surgery assstance 
may be needed n case f pneummedastnum r tra-
cheesphageal stula caused by psterr wall njury.

If there s any dculty nsertng the TT, t shuld be 
wthdrawn, and the stma dlated agan. If a gudewre 
s fund t be knked, rapd reexplratn f the wund 
and arway examnatn shuld be dne wth the brn-
chscpe, bth thrugh the ETT and thrugh the stma 
t rule ut any arway njury.

In bese patents r n thse wth a deep neck but 
palpable trachea, a regular TT may be t shrt and may 
predspse t cu leak. A lnger TT (Fg. 18.2a) can be 
placed durng the PDT t avd tdal vlume leak.

Other reprted cmplcatns nclude fracture f 
the tracheal rng durng the stma dlatn. Usually n 
nterventn s needed fr tracheal cartlage fracture.

Late cmplcatns ccur aer the rst 24 h and 
nclude delayed hemrrhage, nfectn, skn breakdwn, 
tracheal stenss, trachennmnate artery stula, r 
tracheesphageal stula.

Delayed hemrrhage can ccur due t ersn f the 
anterr tracheal wall by the dstal end f the TT. Any 
bleedng thrugh the TT needs t be evaluated urgently 
t rule ut trachennmnate artery stula untl prven 
therwse. Cmputed tmgraphy (CT) anggraphy 
may be needed t cnrm the dagnss. Otlarynglgy 
and surgcal cnsultatn are mandatry.

Stable and slw bleedng can be managed wth 
explratn f the stma and careful examnatn f 
the trachea. Lcal cauterzatn cntrls mld stmal 
bleedng n mst cases. In dcult cases, the patent may 
be ntubated rally wth an ETT, and the nated cu 
can tampnade the bleedng vessel temprarly t allw 
the patent t be transferred t a cntrlled settng lke 
the peratng rm r prcedure sute fr explratn. 
Skn bleeders are cntrlled by cautery r packng wth 
absrbable hemstat.

Lcal skn nfectns arund the trachestmy 
ste, stma nfectn, r trachets ccur frequently. 
Wund nfectn extendng nt the medastnum may 
result n medastnts. Preventn f trachets can be 

accmplshed by frequent rrgatn and suctnng f 
the tube. Overall, skn-related cmplcatns r nfec-
tns ccur less frequently n PDT cmpared t ST.55

Management ncludes antseptc stmal tletng, man-
tanng msture, remval and cleanng f the nner 
cannula tw t three tmes daly, and tpcal r systemc 
antbtcs.

Early tracheesphageal stula can be seen wth 
psterr wall njury durng the prcedure and late tra-
cheesphageal stula can ccur due t ersn frm 
prlnged use f an nated cued tube. Fr mmedate 
management, a lnger TT passng beynd the dstal end f 
the stula can be used. Hwever, tracheesphageal stula 
requres surgcal crrectn wth the clsure f the defects.

Typcal presentatn f tracheal stenss ncludes 
dyspnea n exertn, ncreasng cugh, and strdr f the 
tracheal lumen narrwed by less than 50%. Obstructn 
by granulatn tssue may be managed wth crytherapy, 
laser, r cautery. Swtchng t an uncued TT r deat-
ng the cu when n lnger requrng the ventlatr may 
be a practcal ptn.

TRAINING AND PROCEDURAL 

COMPETENCY

Perperatve and late cmplcatns are lwer aer 
the rst 20 prcedures, suggestng a learnng curve. 
Althugh the technque can be mastered aer 5–10 
supervsed prcedures, perfrmance f at least 50 pr-
cedures assures expsure t rare cmplcatns.

S U M M A R Y

PDT s a mnmally nvasve, cst-eectve, rutne 
prcedure dne at the bedsde n crtcally ll patents. 
Cmplcatn rates are peratr dependent and mnmal 
n expert hands. Brnchscpc gudance mnmzes 
prcedural rsk.56 Apprprate patent selectn and 
plannng s the key t avdng cmplcatns. e pr-
cedure can be dne at the bedsde n the ICU ecently.
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How to Start an Interventional 
Pulmonology Program

INTRODUCTION

With ongoing advances in medical diagnostics and ther-
apeutics, interventional pulmonology (IP) is playing an 
ever more impactful role in health care. is is becom-
ing more evident with the increasing focus on costs and 
quality care, leading to the concept of value-based pro-
grams. Value-based programs are patient-centered and 
use a coordinated team-based approach with an overall 
goal to improve quality of care.1 IP is well suited in this 
concept, as established and nascent IP programs con-
tinue to develop, providing more and more communities 
with access to expertise and ecient and quality care. In 
the eort to build and develop a new IP program, multi-
ple factors should be considered and addressed.

NEEDS ASSESSMENT

When contemplating the initiation of a new service or 
product, a comprehensive needs assessment should be 
performed.2,3 is would include evaluating specic fac-
tors in the intended community or region: the burden 
of disease of interest, competing and collaborating spe-
cialties (such as pulmonary, thoracic surgery, oncology, 
radiology, pathology, and others), associations (such 
as local or regional groups, professional societies), 
accessible equipment and supplies, and the focus and 
resources of the institution.4 For example, if consider-
ing initiating an advanced diagnostic procedure such as 
endobronchial ultrasound (EBUS), one would need to 
consider the burden of lung cancer in the area of inter-
est. is would help to guide expectations for the utility 
of the intended service. An area with a high burden of 

lung cancer would then be expected to generate a large 
number of EBUS referrals. Additionally, the current 
referral patterns for lung cancer would also need to be 
evaluated to ensure patients are directed to the appro-
priate service. Further, one would also need to assess if 
any other physicians (whether within the same group 
or even a competing practice) are already performing 
EBUS. Initiating a new service would ideally avoid 
undue competition or cannibalizing the practice to 
facilitate growth of the service. Lastly, one would need 
to consider available location(s) to perform and store 
equipment and supplies. Given the nite amount of 
space in most health care facilities, determining where 
the procedure will be performed (more details later) in 
addition to the areas for equipment and supply storage 
is essential. One would need to be sure the equipment 
is stored and secured in an appropriate area to provide 
ecient and eective service, as one would not want to 
be “hunting” for the EBUS console and supplies while 
awaiting the procedure. Additionally, the proximity of 
other EBUS sites would also need to be considered so 
as to balance the ecacy of each site without competing 
or unnecessarily duplicating equipment. In the situation 
of multiple sites performing EBUS, one would aim to 
ensure each site would be able to be utilized appropri-
ately and avoid any redundancy. If sites are too close in 
proximity or there are insucient referrals and proce-
dures, then one or multiple sites will be underutilized. If 
there is only one physician performing the procedures, 
then having more than one site may also be ineectual 
and inecient not only for that particular site but also 
for the physician’s lost productivity due to the ine-
ciency of travel time.

Edward Kessler, Neeraj R. Desai, Kim D. French and Kevin L. Kovitz
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BUSINESS PLAN

New or updated resources are essential to maintain-
ing or starting an IP program, and these require capi-
tal funding.1 To outline a method to achieve projected 
goals, a business plan details projections over 3–5 years 
and includes a market analysis, service line analysis, 
marketing, and nancial overview.4–6

Market Analysis

A market analysis delineates the target of the service 
or product and is one of the most important compo-
nents to the business plan. In the case of IP, the target is 
broad and includes the entire health care community as 
a whole including the physician groups, hospitals, and 
patients. One would need to consider the demand for 
the IP service, potential growth, and barriers to the ser-
vice. Demand will very likely be low initially until there 
is increased awareness and the benet and success of the 
service are demonstrated. As this improves, growth and 
increased revenue will follow. Barriers that should be 
considered include the support of and goals of the prac-
tice or administration, practice and referral patterns, as 
well as competition from other practices or services.

Service Line Analysis

A service line analysis incorporates the specics of the 
intended IP service, the organizational structure, opera-
tion, equipment, and personnel. An obvious component 
to this would be dening the specic procedures to be 
provided by the IP service (Box 19.1). Identifying an 
organizational structure to the program as a part of the 
broader general pulmonary/critical care, thoracic sur-
gery, or other department, is important to establish and 
develop the service. A thorough SWOT (strength, weak-
ness, opportunity, and threat) analysis of the organiza-
tion and service line should be performed. In addition, 
one needs to outline the location or locations in which 
procedures are performed and the clinical contexts that 
apply, such as inpatient or outpatient, procedure suite, 
operating room, and so on. Locations may be dierent 
depending on sta and resources with some centers 
choosing to have one dedicated procedural suite and 
others moving the procedures to an endoscopy suite, 
operating room, radiology suite, or other locations. is 
may be informed by available space, xed locations of 
equipment, availability of supporting services (i.e., anes-
thesia, ultrasound, etc.), stang, or other local factors. 

Scheduling protocols for clinical evaluations and pro-
cedures should also be established. e appropriate 
equipment, supplies, and technology should also be 
incorporated as part of this analysis. For instance, for 
bronchoscopy this would include a full range of bron-
choscopes, EBUS, bronchoscope towers, associated sup-
plies and disposables or any other intended equipment, 
cleaning equipment and space, and related supplies. 
Such an analysis revolves around the specics of a pro-
cedure with dierent procedures such as thoracoscopy, 
tracheostomy, pleural procedures, and so on, each hav-
ing unique needs. All this requires dening the range of 
the IP services (Box 19.1) and the role of the IP team in 
the process. One should consider where the IP service 
ts in the initial evaluation and management (E/M), 
perioperative, and longitudinal care for the patient. An 
active clinical presence in outpatient and inpatient set-
ting would serve to aid in building rapport and broaden 
the referral base, hence further developing the IP prac-
tice. One must also consider the eciency of care and 
to centralize the service line to avoid redundancies and 
duplication of equipment unnecessarily, as referenced 
earlier. e specic IP team members need to be iden-
tied, which may include medical assistants, nurses, 
respiratory therapists, and advanced practice providers 

BOX 19.1 Range of Interventional 

Pulmonology Procedures

Diagnostic Bronchoscopy

Basic bronchoscopy

Endobronchial ultrasound

Navigational/robotic bronchoscopy

Therapeutic Bronchoscopy

Electrocautery

Argon plasma coagulation

Laser

Airway stenting

Endobronchial valve placement

Bronchial thermoplasty

Pleural Procedures

Thoracentesis

Chest tubes

Tunneled pleural catheters

Pleurodesis

Medical thoracoscopy

Others

Percutaneous tracheostomy

Percutaneous gastrostomy tube placement
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such as an advanced practice nurse or physician’s assis-
tant. Each team member’s roles should also be clearly 
dened in terms of the IP service and in the general 
practice.

Marketing

As conveyed earlier, building a referral base is fundamen-
tal to growing and sustaining a new service. A market-
ing strategy should be developed to raise awareness and 
understanding of the benets of the burgeoning IP ser-
vice. is may include “meet and greet” with departmen-
tal and interdepartmental colleagues and respective heads 
of departments, colleagues outside of the institution, and 
patients or their advocates. Other avenues include edu-
cational meetings or lectures such as grand rounds with 
associated departments including pulmonary, thoracic 
surgery, and oncology. An active presence in multidis-
ciplinary conferences, such as a tumor board meeting, 
is also benecial. Frequent interaction during multidis-
ciplinary conferences or shared or closely related clinics 
allows frequent encounters and interactions with other 
providers to build a rapport and broaden a referral base. 
A shared multispecialty clinic works well, but in some set-
tings this may not be feasible or logistically possible. In 
those situations, a virtual multidisciplinary clinic could 
be considered, which are meetings or clinics in which 
members may not communicate or meet face-to-face but 
rather review patients in a virtual context, electronically 
and/or separately. Another important aspect of market-
ing would be advertising. is could be done by simply 
posting yers, informational packets, or other advertising 
materials throughout a practice or hospital community or 
even local or regional media. is could also include pro-
viding educational courses or seminars.2,4,7 Further, more 
direct outreach to patients via conventional and social 
media along with medically relevant organizations or 
groups can be utilized. is could include interviews or 
advertisements on websites, blogs, radio, and television 
informing the community of the new IP service.

Financial Overview

Although a basic goal of a new service would be to gen-
erate revenue and remain nancially solvent, it can be 
challenging in a new IP practice. It is important for the 
practitioners and administrators to avoid isolating IP 
into its own nancial group. It should be analyzed as part 
of an overall program that contributes signicantly to 
patient recruitment, downstream revenue, institutional 

reputation, and patient satisfaction. Financial analysis 
of the IP program should include projected volume, rev-
enue, expenses (xed and variable), labor, and supplies 
(Box 19.2). Return on investment (ROI), break-even 
analysis, and pro forma projections are important to 
generate as part of the evaluation.1 Current procedural 
reimbursement is neither time nor cost ecient, so 
other considerations to generate revenue and decrease 
costs should be entertained. Some facets to consider 
would be in the initial and longitudinal patient care 
allowing for capturing of revenue via E/M. Moreover, 
downstream revenue and contribution margins from 
procedures such as EBUS may be cited as this has been 
known to impact additional services and practices by 
radiology, thoracic surgery, pathology, and oncology.2,4,8

Additionally, cost savings are aorded by IP given 
the high-quality and ecient care. is is especially 
important in nancial “at-risk” models of care that cap 
the dollars available for patient care. Practice locations 
and stang are other components to consider. Sharing 
oce space or procedural areas with other specialists 
and/or departments may not only reduce associated 
costs but also increase referrals and revenue. An exam-
ple is sharing oce space with general pulmonologists 
or oncology groups, which leads to increased personal 

BOX 19.2 Components of Financial 

Analysis of an Interventional Pulmonology 

Program

1. Projected volume

2. Expenses

(a) Fixed cost

• Facility cost

• Depreciation

(b) Variable cost

• Labor

• Supplies

• Repairs

3. Initial investment

4. Cash ows

5. Return on investment

6. Break-even analysis

7. Downstream revenue

Thoracic surgery

Radiation and medical oncology

Radiology services

8. Contribution margins
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access, engagement, and discussions to drive further 
evaluations, procedures, and revenue. A shared proce-
dural area and/or sta may reduce overhead, but may 
bring about other limitations, including lack of famil-
iarity with advanced procedures, delays, or ineciency 
in scheduling so monitoring eciency and having the 
exibility to adjust is important.

EQUIPMENT

As related to the goals outline earlier, the relevant 
equipment needs should be assessed and strategically 
planned. Initial costs to obtain and maintain equip-
ment can be expensive. Direct costs would incorporate 
the equipment and related supplies (such as forceps, 
needles, etc.), whereas indirect costs would include 
costs associated with sta, space, storage, and admin-
istration. A rationale to assess equipment needs for 
medical necessity should be employed to avoid misus-
ing funds for equipment that would be rarely used.4,7,9

Understanding both the physician and especially the 
facility reimbursement per procedure can help plan for 
future costs and time to pay o the purchases and main-
tain supply needs.

INTERVENTIONAL PULMONOLOGY TEAM

A dedicated IP team enhances the eciency of the 
IP service. An experienced team has familiarity with 
the nuances and specics of each case and helps avoid 
delays and decreased productivity. e members and 
roles of the IP team should be clearly identied so as 
to avoid missing or duplicating steps. An IP team may 
include nurses, respiratory therapists, medical assis-
tants, and advanced practice providers with notable 
caveats to each. Nurses may be involved throughout 
all phases of care, including initial evaluations, periop-
eratively, and in follow-up. Respiratory therapists are 
involved mainly in the perioperative phase, although 
limited by being unable to administer sedation. 
Advanced practice providers can be involved with all 
phases of care and further enhance the IP service by 
providing some procedural services, triage, and fol-
low-up care in multiple contexts, both outpatient clinic 
and inpatient services. e team should be developed 
based on specic needs, member competencies, and 
local practice patterns.

MONITORING

Aer initiating a program, multiple elements should be 
assessed in follow-up to ensure the program is attaining 
the original goals and to guide any changes if needed. 
Routine assessments would include the types of and 
number of procedures, associated diagnoses, diagnostic 
yield, and complications, as well as other metrics such 
as procedural time and eciency. e type and number 
of new inpatient and outpatient referrals and follow-up 
clinical visits may also be helpful in guiding the service. 
Fiscal measures to monitor would include service reve-
nue, clinical and procedural reimbursements, as well as 
clinical and procedural costs. ose involved in the reve-
nue cycle of billing and collection must have an intimate 
understanding of both general billing and reimburse-
ment along with aspects that are unique to IP. Once col-
lected, these data should be evaluated to assess for areas 
amenable for improvement. Why are some procedures 
more common and others less so? Is there a lack of need 
for some or is more education needed within the refer-
ral base? Are yields what are expected? Can the process 
support better yields, scheduling eciency, and increase 
in satisfaction for patients and sta? Is billing being cor-
rectly done and in a timely manner? Are precertica-
tions and appeals done correctly? Is there a pattern of 
denials that needs direct follow-up with an insurance 
carrier to avoid future issues? ese are some of the 
questions a successful program repeatedly explores and 
uses to rene the process.

S U M M A R Y

IP program development is challenging and exciting. 
Bringing needed services to an institution that may not 
yet understand the need can greatly improve patient 
care, quality, and experience. It can enhance the repu-
tation of and referrals to an institution or practice. It is 
up to the IP service and their administrators to honestly 
assess the needs, plan for the proper introduction of 
new technologies and programs, and be open to change 
as needs evolve. Having new technology is not a goal 
in and of itself. Asking for equipment that will benet 
patients and the institution and delivering on the prom-
ise of a new program is more important than oering a 
specic procedure. Growing an IP program takes focus 
and drive, oen convincing people of a need that is real 
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but that they do not realize it exists. Success in identify-
ing and satisfying that need is a reward in and of itself.
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Ablation techniques

delayed, 89

rapid, 77

Abrams needles, 184

Advanced practice providers, 210

AEROmini stent, 102f, 104, 105f
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Cerfolio classication of, 167, 
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methods of use, 66–67, 67f
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postprocedural care, 110
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obstruction, 159–162
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in malignant airway obstruction, 

148–150

Business plan, 208–210
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Candle wax drops, 184–185, 185f

Carcinoid tumor, cryotherapy, 96f

Carcinoma in situ, 90, 90f

Central airway obstruction (CAO), 

157

approach to, 64f
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classication of, 157

multimodality approach to, 157

idiopathic, 158

malignant

multimodality approach to, 147

types of, 147
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stent-based management, 101
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167, 168b
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System, 138
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Chemical pleurodesis, 170–171
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intratumoral, 114
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anatomy of, 165–167

denition of, 165

future horizons for, 171

history of, 165

insertion

complications of, 168b

indications for, 168b

medication administration via

for pleural space infections, 

170
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physiology of, 165–167

procedural technique, 168–170, 
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Cisplatin injection, 114–115, 115f
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placement of, 140–141, 140f
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Computed tomography (CT)
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obstruction, 158–159
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COVID-19 PDT in, 197
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Cryorecanalization, 72–73

equipment details, 73

method of use, 73, 74f
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anesthesia considerations, 
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Delayed ablation techniques, 89
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technique, 82
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evidence, 84

general principles of, 81
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26f
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Veran SPiN system
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Endobronchial obstructing tumors, 
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Light source, in rigid bronchoscope, 

54, 54f

Linear endobronchial ultrasound, 5
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Lung volume reduction surgery 

(LVRS), 137. See also 

Bronchoscopic lung volume 

reduction (BLVR)
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analysis of, 5–6
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technical success, 149
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postprocedural management, 
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methods of use, 66–67, 67f

pitfalls, 67–68

role of instrument, 65

cryorecanalization, 72–73, 74f

exible forceps, 68–71
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method of use, 64

pitfalls, 64

role of instrument, 63

rigid forceps, 68, 69f

equipment details, 68

method of use, 68

pitfalls, 68

role of instrument, 68

Mechanical dilation, in benign central 

airway obstruction, 159–160

Medical thoracoscopy (MT), 179

anesthesia in, 181

clinical applications, 184–188

lung cancer, 187

malignant mesothelioma, 187

pleural eusion, evaluation of, 

184–187, 185f, 186f

tuberculous pleural eusion, 

187–188, 188f

complications of, 183–184

contraindications to, 181

equipment
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180f

rigid instruments, 179–180, 

180f

patient preparation for, 181
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hemorrhage management, 182
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vs. VATS, 180t
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deployment of, 104–107, 105f, 
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indications for, 103t
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method of use, 71, 72f
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in benign central airway 
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lung transplant-associated 

bronchial stenosis, 121, 121f

for sarcoidosis, 119

Mixed pattern of endobronchial 

obstruction, 147, 148f
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Mortality
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Multimodality approach

to benign airway obstruction, 
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to malignant airway obstruction, 
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Narrow band imaging (NBI), 180, 
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adjunct procedures in, 60
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Pleural mesothelioma, EBUS-TBNA 
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airway and ventilator management, 

199

anticoagulation/antiplatelet 

therapy management in, 

197–198

bronchoscopic guidance, 196

complications of, 202–204, 203b

contraindications to, 194–195, 

194b

equipment and supplies for, 198b

indications for, 194, 194b

kits, 196

long-term management, 202

patient evaluation for, 197

patient monitoring, 199

personnel and equipment setup, 

198, 199f

posttracheostomy care, 202

preparation for, 198

technique of, 199–202, 200f, 201f, 

203f

training and procedural 

competency, 204

types of, 193–194

ultrasound guidance during, 

196–197

Photodynamic therapy (PDT), 89

complications of, 91

evidence, 91–92

preprocedure preparation in, 

89–90

equipment, 90

injection encounter, 89–90

Photodynamic therapy (PDT)
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in benign central airway 

obstruction, 161, 161f

history of, 101

placement of, 101

types of, 101, 102f

STEP-UP multicenter trial, 

143–144

Stereotactic body radiation therapy 

(SBRT), 30–31

Steroids, for benign CAO, 161

Sunitinib, during PDT, 197–198

SuperDimension/ILLUMISITE 

system, 23–25, 25f

electromagnetic navigation 

bronchoscopy, 28–30

navigation and biopsy, 30, 

30f, 31f

planning, 28–29

procedural registration, 29

Surgery, in benign central airway 

obstruction, 161

Surgical lung biopsies (SLBs), 

35

vs. transbronchial cryobiopsy, 

45

Surgical tracheostomy (ST), 

193

T

Talc slurry pleurodesis

via chest tube, 170–171

via indwelling pleural catheters, 

173–174

TBCB. See Transbronchial cryobiopsy 

(TBCB)

Team, interventional pulmonology, 

210

ermal vapor ablation, 141, 

141f

randomized trials, 143–144

ermoplasty, bronchial, 127

clinical evidence, 128

equipment details, 68

method of use, 68

pitfalls, 68

role of instrument, 68

RIGID-TASC, 61–62

Rigid thoracoscopy

indications for, 182t

instruments, 179, 180f

Rongeur, 107–108, 108f

S

Sarcoidosis, 119

benign CAO and, 158

EBUS-TBNA, 9

Seldinger technique, 104–106, 169, 

201

Self-expandable metal stents, 153, 

153f

Service line analysis, 208–209

Severe persistent asthma, 128

Silicone stent, 101

deployment of, 107–110, 108f, 

109f, 110f

indications for, 103t

in malignant airway obstruction, 

153, 153f

vs. metallic stent, 103t

6-min walk test (6MWT), 

137–138

Sizing balloon, 104, 106f

Snare, electrocautery, 83, 84f

Sore throat, rigid bronchoscopy and, 

60–61

SPiN Drive, 23

SPiN Perc, 24

Spiral wire reinforced ETT, 37–40, 

40f

Spiration valve system, 139–140, 139f, 

143

randomized trials, 143

Squamous cell carcinoma in situ, 90, 

90f

Stents. See also Airway stenting

complications of, 60–61

contraindications to, 60

evidence, 61

benign and malignant central 

airway obstruction, 61

foreign body removal, 61

massive hemoptysis 

management, 61

indications for, 51, 52b

for malignant airway obstruction, 

151–152, 151f

precautions and caveats, 60

preprocedural planning in, 

51–55

equipment, 52–55, 53b, 53f, 

54f

patient assessment, 51–52, 52b

procedure, 56–60

direct intubation, 57–58

intubation techniques, 58, 59f

laryngoscopy-assisted 

intubation, 58

patient positioning, 57, 57f

tracheostomy intubation, 58

stang and procedural setting, 55

training, 61–62

in transbronchial cryobiopsy, 

42–43

anesthesia, ventilation, and 

airway, 43

prophylactic balloon blocker 

and bleeding prevention, 

43

ventilation in

conventional, 55

jet, 55–56, 56f

Rigid coring, 63–65

equipment details, 63

method of use, 64

pitfalls, 64

role of instrument, 63

Rigid dilatational method, 65–68

Rigid forceps, 68, 69f

Rigid bronchoscopy (Continued) Rigid forceps (Continued) Stents. See also Airway stenting 
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complications of, 134

equipment, 129–131, 132f

follow-up aer, 132–134

immediate preprocedure 

assessment, 129

vs. omalizumab, 134

patient preparation, 129

patient selection for, 128–129, 

130f

algorithm, 128–129, 130f

exclusion criteria, 131b

inclusion criteria, 131b

postprocedure assessment of, 

132–134

preprocedure management, 

128–129

procedure of, 131–132, 132f, 

133f

safety prole of, 134

scientic basis for, 127–128

oracentesis, 184

oracic disease

malignant, 113–117

nonmalignant, 117–122

oracic drainage system, closed, 

165–166, 167f

oracoscopic talc poudrage, 

182–183, 184f

oracoscopy, 179. See also Medical 

thoracoscopy (MT)

Total intravenous anesthesia 

(TIVA), in rigid 

bronchoscopy, 55

Tracheobronchopathia 

osteochondroplastica (TO), 

158

Tracheostomy, 193

percutaneous dilational, 193

surgical, 193

timing of, 195

Tracheostomy tubes (TT), 195–196, 

195f

extra-long, 196, 196f

Transbronchial biopsy, 44–45

Transbronchial cryobiopsy (TBCB), 

35, 36f

complications of, 43–44, 44t

diagnostic yield of, 44

evidence, 44–45

exible bronchoscopy approach, 

37–42

anesthesia, ventilation, and 

airway, 37–42, 38f, 39f

cryoprobe distance to pleura, 

41–42, 42f

cryoprobe size and freezing 

time, 40–41, 41f

location and number of biopsies, 

42

processing and collection of 

specimen, 42, 43f

prophylactic balloon blocker 

and bleeding prevention, 

40, 41f

future directions in, 45

preprocedure preparation in

equipment, 37

patient selection, 35–37, 36t

setting, 37

sta, 37

rigid bronchoscopy approach, 

42–43

anesthesia, ventilation, and 

airway, 43

prophylactic balloon blocker and 

bleeding prevention, 43

vs. surgical lung biopsy, 45

vs. transbronchial biopsy, 

44–45

Transbronchial needle injection 

(TBNI), 12–13

EBUS-guided, 114–115, 

115f

malignant thoracic disease, 

113–114

Tru-Cut needles, 184

T-tube, 101

Tuberculosis (TB), 158

EBUS-TBNA, 9

Tuberculous pleural eusion, medical 

thoracoscopy, 187–188, 

188f

Tubular silicone stent loaders, 110f

Tunneled pleural catheters (TPCs), 

170f, 171

U

Ultraex stents, 102f, 104, 105f

Ultrasound, during percutaneous 

dilational tracheostomy, 

196–197

V

Valves

one-way, 138

Spiration valve system, 139–140, 

139f

Zephyr, 138–139, 139f

Vascular cutting balloons, 65–66

VATS. See Video-assisted thoracic 

surgery (VATS)

Ventilation

in exible bronchoscopy, 

37–42

in rigid bronchoscopy, 43

conventional, 55

jet, 55–56, 56f

Venturi eect, 55–56

Veran patient tracking pad (vPad), 

24–25, 24f

Veran SPiN system, in 

electromagnetic navigation 

bronchoscopy

EMTTNA, 27–28, 29f

navigation and biopsy, 27, 28f

planning, 25–27

procedural registration, 27

Video-assisted thoracic surgery 

(VATS), 179

5-aminolevulinic acid before, 

186

vs. medical thoracoscopy, 180t

ermoplasty, bronchial (Continued)
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Video-assisted thoracoscopic surgery 

(VATS)-SLB technique, 42

ViziShot needle, 11–12, 12f

W

Wegener’s granulomatosis. See 

Granulomatosis with 

polyangiitis (GPA)

Wire-guided balloon dilatation, 

67

Y

Y-shaped silicone stents, 152–154

Z

Zephyr endobronchial valve, 

138–139, 139f

randomized trials, 142–143
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