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Foreword

Open up one of the major textbooks of pulmonary medicine, and it readily becomes
apparent that the central airways of the lung garner little attention beyond an
obligatory chapter. Comprised of the trachea and proximal bronchi, the central
airways are viewed largely as a conduit for airflow. As such, they tend to become
clinically relevant when there is critical narrowing, as occurs in the setting of
neoplastic disease or iatrogenic strictures from prior endotracheal or tracheostomy
tubes. Those most familiar with the central airways are members of the burgeoning
field of interventional pulmonology, who on a daily basis venture into the central
airways to biopsy, dilate, laser, stent, and ultrasound, place valves and coils, and
apply thermal energy. It is these practitioners who have called attention to the many
and varied disorders that can affect the central airways, beyond the tumors and
strictures that have conventionally populated the textbook chapters.

This scholarly monograph highlights the full spectrum of inflammatory,
autoimmune, infectious, neoplastic, and idiopathic disorders that affect the central
airways. The editors of this monograph, all practitioners of interventional pul-
monology, are to be commended for focusing on the cognitive rather than the
technical aspects of their field. Their message is clear: Those who hold a bron-
choscope must be diagnosticians first and technicians second. Importantly, this
monograph is relevant not only to those who practice interventional pulmonology
but for all clinicians who want to learn from the insights that this field has provided
into the diversity of disorders that affect the central airways.

Robert M. Kotloff
Department of Pulmonary Medicine

Respiratory Institute, Cleveland Clinic
Cleveland
OH, USA

Herbert W. Wiedemann
Respiratory Institute, Cleveland Clinic

Cleveland
OH, USA
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Preface

As 2016 dawns, Interventional Pulmonology has become an essential component of
pulmonary medicine, as vital and as widely accepted as Interventional Cardiology.
This subspecialty is extremely attractive to most pulmonologists, and the estab-
lishment of national and international organizations, myriad scholarly contributions
to the literature, and well-attended scientific seminars provide definitive evidence of
its worldwide favor. One possible reason for this widespread interest is that
endobronchial procedures often yield important results and positively impact
patients’ well-being. For example, a successful lung transplantation cannot be
achieved without the contributions of a bronchoscopist. Similarly, there is no doubt
about the contributions bronchoscope has made in the diagnosis and staging of lung
cancer. In fact, there are only a handful of pulmonary ailments that a bronchoscope
cannot diagnose, palliate, or cure.

Interventional pulmonary medicine thrives within the penumbra of multiple
specialties: Bronchoscopists provide the transitional step from the unknown to the
known, from lesion to cancer, from wheezes to granulomatosis with polyangiitis,
and from treatment to palliation. Interventional pulmonologists are uniquely posi-
tioned to improve many fields because bronchoscopy offers the best access to lung
tissue.

The modern day interventional pulmonologist has a dual commitment: to be a
competent endoscopist and to demonstrate a thorough knowledge of diseases
involving the central airways, as well as other systemic diseases that can affect the
central airways. This body of knowledge must also include the understanding of
symptoms that are not associated with airways disease.

The objective of this monograph is to illuminate the fact that Interventional
Pulmonology offers more than mere interventions. The bronchoscopist should be
able to recognize aspiration in the absence of a foreign body and perhaps diagnose
inflammatory bowel disease before it involves the gastrointestinal tract. The
interventional pulmonologist should be able to differentiate when a cardiac or
pulmonary embolism evaluation should be considered, rather than a bronchoscopy.
One must consider the patient as an individual, not an endobronchial tree. With
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appropriate training, anyone can perform a procedure, but the editors strongly
believe that “a good bronchoscopist is the one who knows when not to perform the
procedure.”

The optimal application of bronchoscopy arises from the coalescence of medical
science and prudence, and the editors vehemently assert that reducing the cost of
health care is a civic responsibility. However, the current directives of
Interventional Pulmonology, to a significant degree, are based upon expert opinion,
not evidence. In addition, the cost-effectiveness of new elective bronchoscopy
procedures has not been well documented. Therefore, the interventionalist must rise
above his or her technical abilities and consider noninvasive therapeutic options,
then perform an unnecessary procedure. The bronchoscopist should be a technology
savant, not a technology servant.

We, the editors, have made a sincere effort to focus only on the conditions that
require limited or no technical interventions within the purview of Interventional
Pulmonology. Although we do not claim this book encompasses the subject in its
entirety, we offer our attempt to illuminate the noninterventional aspects of our
subspecialty. We applaud all the authors for their support and timely contributions
to this project; the credit is theirs to claim. Our ultimate objective is the well-being
of patients suffering with central airways diseases, through the safe and
cost-effective practice of Interventional Pulmonology.

Atul C. Mehta
Prasoon Jain

Thomas R. Gildea
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Chapter 1
Diseases of Central Airways: An Overview

Prasoon Jain and Atul C. Mehta

Introduction

Central airways are involved in a variety of neoplastic and non-neoplastic disorders
causing non-specific symptoms such as chronic cough, dyspnea, wheezing, and
hemoptysis [1–4]. Establishing early diagnosis of less common diseases poses a
unique challenge because in many instances the clinical presentation closely sim-
ulates the more common disorders such as asthma and COPD. Because these
disorders have received less-than-adequate attention in the medical literature, the
practicing physicians are less aware of these entities than more common diseases of
the central airways. Due to the delay in establishing the diagnosis for extended
periods, it is not unusual for the correct pathology to be identified in advanced
stages of the disease. For an individual patient, it prevents timely institution of
appropriate treatment placing them at high risk of adverse clinical outcome. In
many instances, such delay in diagnosis may lead to cartilage damage may lead to
cartilage damage, advanced fibrotic strictures that not only cause considerable
morbidity but also defy optimal outcome even with appropriate medical interven-
tions. With a mistaken diagnosis of treatment-resistant asthma, many patients have
inappropriately received oral corticosteroids for a prolonged period of time,
exposing them to the well-known risks associated with such treatment. Sometimes,
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failure to identify the underlying process leads to advanced central airway
obstruction and it is not unusual for a patient to present for the first time with acute
respiratory distress, imminent suffocation, and devastating clinical outcome.

In this chapter, we provide an overview of the clinical presentation and diag-
nostic approach to the diseases of central airways. We discuss the role of pulmonary
function tests, airway imaging, and bronchoscopy in diagnosis of these disorders.
We also discuss the basic principles that govern the therapeutic approach in patients
with diseases of central airways. A detailed discussion on individual disease pro-
cesses is left to the individual chapters.

Etiology

Central airways are a target for a wide variety of disease processes. There is no
uniformly accepted classification, but it is useful to divide these disorders according
to underlying etiology. Broadly, the diseases of central airways are classified as
neoplastic and non-neoplastic disorders (Table 1.1). Neoplastic disorders of central
airways are further divided into malignant tumors, which include primary tracheal
tumors, direct extension of tumors into the airways, metastatic cancers, central air-
way lymphoproliferative diseases, and benign tumors. The etiology of
non-neoplastic disorders of central airways includes congenital disorders, infections,
iatrogenic injuries, systemic inflammatory diseases, and a wide range of miscella-
neous causes. In the following section, we highlight a few important points pertaining
to the etiology of central airway diseases. Details are covered in individual chapters.

Primary tumors of trachea and central bronchi are uncommon, accounting for
1–2 % of all respiratory tract malignancies [5]. Malignant tumors are more common
in adults and arise from airway epithelium or salivary glands in the airways. In
contrast, the benign central airway tumors are more common in pediatric age-group
and arise from the tissues of mesenchymal origin [6]. A delay in diagnosis by as
much as 2–4 years is common in both adults and pediatric patients, and symptoms
are most often attributed to bronchial asthma before the correct diagnosis is iden-
tified [7, 8]. Tracheal tumors must be considered in any patient who is newly
diagnosed with adult-onset asthma, or has unexplained hemoptysis, wheezing,
dyspnea, and hoarseness in the presence of a normal chest radiograph. Further
testing with MDCT and bronchoscopy must be pursued in order to identify the
correct diagnosis at an early stage in such patients [4] (Fig. 1.1).

Papillomas are the most common benign tumors. Multiple squamous cell
papillomas of the tracheobronchial tree or juvenile laryngotracheal papillomatosis is
most often diagnosed in pediatric age-group, but there are increasing reports of this
disorder among adults [9]. The disease is caused by infection with human papilloma
viruses (HPV) 6 and 11 and is acquired either at birth or by sexual transmission
[10]. Larynx is the most common location of papillomas [11] (Fig. 1.2). Failure of
early diagnosis and treatment leads to involvement of distal airways and lung
parenchyma where the lesions manifest as multiple lung nodules with central

2 P. Jain and A.C. Mehta



cavitation [12, 13] (Fig. 1.3). Close surveillance with CT and bronchoscopy is
indicated because there is risk of malignant transformation of these lesions, espe-
cially when associated with HPV-11 infection [14, 15].

Table 1.1 Diseases of central airways

1. Non-neoplastic diseases

a. Infections
∙ Bacterial, including actinomycosis,
rhinoscleroma
∙ Mycobacterial
∙ Viral
∙ Fungal
∙ Parasitic

b. Systemic disorders
∙ Granulomatosis with polyangiitis
∙ Relapsing polychondritis
∙ Inflammatory bowel disease
∙ Amyloidosis
∙ Sarcoidosis

c. Extrinsic compression
∙ Goiter
∙ Lymphoma
∙ Mediastinal masses and tumors
∙ Aberrant blood vessel
∙ Cervical osteophytes
∙ Mediastinal hematoma

d. Airway stenosis
∙ Post-intubation
∙ Post-tracheostomy
∙ Post-transplant
∙ Post-radiation
∙ Postoperative
∙ Post-traumatic
∙ Post-infectious
∙ Idiopathic subglottic stenosis

e. Tracheobronchomalacia
∙ Genetic
∙ Mounier–Kuhn syndrome
∙ Chronic obstructive pulmonary disease
∙ Relapsing polychondritis
∙ Post-intubation
∙ Post-tracheostomy
∙ Post-lung transplant
∙ Extrinsic tracheal compression
∙ Vascular rings

f. Congenital disorders
∙ Tracheal bronchus
∙ Accessory cardiac bronchus

g. Miscellaneous
∙ Tracheobronchopathia
osteochondroplastica
∙ Mounier–Kuhn syndrome
∙ Broncholiths
∙ Anthracofibrosis
∙ Foreign body
∙ Airway trauma
∙ Tracheal polyps
∙ Inflammatory pseudotumor
∙ Blood clot
∙ Mucus plug
∙ Hypertrophied bronchial arteries

2. Neoplastic diseases

Malignant tumors

a. Tracheal tumors
∙ Squamous cell cancer
∙ Adenoid cystic cancer
∙ Carcinoid tumors
∙ Mucoepidermoid tumors
∙ Chondrosarcoma

b. Bronchogenic carcinoma

c. Metastatic cancers
∙ Colon
∙ Renal
∙ Thyroid
∙ Melanoma
∙ Breast
∙ Ovarian

d. Local infiltration
∙ Esophageal cancer
∙ Thyroid cancer
∙ Lung cancer
∙ Laryngeal cancers

e. Miscellaneous
∙ Lymphoma
∙ Kaposi sarcoma

Benign tumors
∙ Hamartoma
∙ Lipoma
∙ Schwannoma
∙ Papillomatosis
∙ Hemangioma

1 Diseases of Central Airways: An Overview 3



Congenital disorders of tracheobronchial tree are uncommon in adult patients.
The most common abnormalities are tracheal bronchus and accessory cardiac
bronchus [16]. Tracheal bronchus is a displaced bronchus that most commonly arises
from the right lateral wall of trachea within 2 cm of carina and supplies the right

Fig. 1.1 Multiplanar computed tomography (CT) and bronchoscopic images from a patient with
tracheal adenoid cystic carcinoma. Coronal (a) and sagittal (b) reconstructed CT images reveal
irregular tumor within tracheal lumen (red arrow). There is no increase in the thickness of tracheal
wall. Bronchoscopic image (c) shows tracheal tumor causing near-total obstruction of trachea
(black arrow). 3D reconstruction image (d) after tracheal resection and end-to-end anastomosis
shows that wound is healed and there is no residual tumor. Reprinted from Li [273]. With the
permission from Springer Science+Business Media
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upper lobe apical segment (Figs. 1.4 and 1.5). In a study of 9781 MDCT exami-
nation, tracheal bronchus was discovered in 30 patients for an incidence of 0.31 %
[17]. Sometimes, the entire right upper lobe bronchus arises from the lateral wall of
trachea, when it is called a “pig bronchus” [18]. Tracheal bronchus may be asso-
ciated with other congenital anomalies. For example, in one study, the incidence of
tracheal bronchus was 3.74 % with and 0.29 % without underlying congenital heart
disease [19]. Accessory cardiac bronchus is a supranumerary bronchus that arises
from the inner wall of right main bronchus or bronchus intermedius and advances
toward pericardium [20] (Figs. 1.6 and 1.7). Its lumen is usually filled with debris,
ending either into a soft tissue mass or ventilated lung parenchyma. In a study of
11159 CT examinations, accessory cardiac bronchus was detected in 9 patients for

Fig. 1.2 Glottic and subglottic cauliflower-like tumors due to recurrent papillomatosis (a).
A marked improvement is noted after laser treatment (b). Reprinted from Bugalho [274]. With the
permission from Springer Science

Fig. 1.3 Computed tomography images showing the presence of multiple cavitary lesions (white
arrows) in a patient with juvenile recurrent papillomatosis. Note the presence of intraluminal
tumors in trachea (a) and left-main bronchus (black arrow) (b). Reprinted from Acar et al. [275].
With the permission from Springer Science

1 Diseases of Central Airways: An Overview 5



an incidence of 0.08 % [21]. Both tracheal bronchus and accessory cardiac bronchus
are usually discovered as asymptomatic radiological or bronchoscopic findings, but
recurrent infections and hemoptysis may develop in some patients [22].

Endobronchial tuberculosis is the most important infectious disease of central
airways [23]. Involvement of central airways is reported in 10–40 % of patients
with pulmonary tuberculosis. Most common anatomic sites of involvement are
trachea and proximal bronchi. Submucosal granuloma, hyperplastic changes,
ulceration, and necrosis of mucosal wall are hallmark of active disease [24].
Healing occurs with concentric scarring that leads to residual stenosis, atelectasis,
and recurrent pneumonia [25]. A normal chest radiograph does not exclude the
diagnosis. In fact, 10 % of patients had no chest radiographic findings to suggest
pulmonary tuberculosis in one series of 121 patients with endobronchial

Fig. 1.4 Tracheal bronchus: Axial (a) and coronal (b) CT images of a patient with tracheal
bronchus. Reprinted from Acar et al. [275]. With the permission from Springer Science

Fig. 1.5 Bronchoscopic image (a) and corresponding CT image (b) of tracheal bronchus (black
arrow). White arrow indicates primary carina. Reprinted from Holland [276]. With the permission
from Springer Science+Business Media

6 P. Jain and A.C. Mehta



Fig. 1.6 Axial (a) and
coronal (b) CT images of a
patient with accessory cardiac
bronchus (black arrow).
Reprinted from Sirajuddin
[277]. With the permission
from Springer Science

tuberculosis [26]. Bronchoscopy is indicated in sputum-negative patients suspected
to have endobronchial tuberculosis.

Endobronchial fungal infections are less common but are increasingly recog-
nized in recent times with the increasing use of bronchoscopy for the evaluation of
patients with underlying immunosuppression and stem cell or solid organ trans-
plantation (Fig. 1.8). In an extensive review of the literature, Karnak and associates
provide a detailed account of 228 cases of endobronchial fungal infections [27].
The causative organisms were Aspergillus species (n = 121), Coccidioides immitis
(n = 38), Zygomycetes (n = 31), Candida species (n = 14), Cryptococcus neofor-
mans (n = 13), Histoplasma capsulatum (n = 11), and Pseudallescheria boydii
(n = 1). Bronchial washings, brushing, bronchoalveolar lavage, and endobronchial
biopsies provided diagnosis in majority of patients. Unfortunately, complete cure
was achieved in only 38 % of reported cases. Early diagnosis and institution of
appropriate antifungal agents are essential for optimal outcome.

1 Diseases of Central Airways: An Overview 7



Rhinoscleroma is a progressive granulomatous disease caused by Klebsiella
rhinoscleromatis [28]. The disease is endemic in tropical and subtropical climates
and mainly involves nasal mucosa, but trachea and bronchi can also be involved in
some cases. Untreated, the disease progresses slowly with periods of remissions and
relapses. Four overlapping stages of the disease are (1) catarrhal stage, associated

Fig. 1.7 Accessory cardiac
bronchus (ACB). RLL denotes
right lower lobe bronchus.
Reprinted from Barreiro
[278]. With the permission
from Springer Science
+Business Media

Fig. 1.8 Bronchoscopic
findings of a patient with
Aspergillus
tracheaobronchitis. Notice the
presence of severe
inflammation and thick
mucus. All abnormalities
resolved after 3 months of
treatment with itraconazole
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with prominent symptom of purulent nasal discharge, (2) atrophic stage, associated
with mucosal atrophy and crusting, (3) granulomatous phase, associated with
nodular changes in nose and other parts of respiratory tract, and (4) sclerotic stage,
associated with the formation of dense fibrosis of the involved tissues [29].
Bronchoscopy is helpful in diagnosis [30]. Antimicrobial therapy with tetracyclines
or fluoroquinolone agents is recommended for a period of 6 months.

Endobronchial involvement in actinomycosis is uncommon but is occasionally
reported [31–33]. Bronchoscopy may show irregular granular thickening and partial
occlusion of bronchi or exophytic mass with purulent material raising concern for
endobronchial tumor. Characteristic histology with sulfur granules clinches the
diagnosis [34]. The majority of cases of endobronchial actinomycosis have been
reported in association with airway foreign bodies [35], broncholiths [36], or airway
stents [37].

Central airways are also involved with a wide variety of systemic inflammatory
disorders. Central airway disease contributes significantly to morbidity and mor-
tality in these diseases. The central airways are involved in 20–50 % of patients
with relapsing polychondritis (RP) [38–40]. Initial symptoms in 50 % of RP
patients are due to the tracheobronchial involvement. Presenting symptoms include
dyspnea, wheezing, stridor, hoarseness, and laryngeal or tracheal tenderness [39].
Airway inflammation and progressive cartilage destruction in initial stages are
associated with dynamic airway collapse. These are followed by fibrotic changes
that cause subglottic and tracheobronchial stenosis [41]. There are no specific serum
markers for the diagnosis. Bronchoscopy reveals airway inflammation, tracheo-
bronchomalacia (TBM), and focal airway stenosis, but biopsies do not disclose any
distinctive findings (Fig. 1.9).

Fig. 1.9 Bronchoscopic findings of relapsing polychondritis. The tracheal lumen is markedly
narrowed due to the destruction of cartilage and mucosal edema (a). Severe narrowing of both
main-stem bronchi is readily appreciated with near-total collapse of left-main bronchus (b).
Reprinted from Hong [236]. With the permission from Springer Science+Business Media
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Central airway involvement in granulomatosis with polyangiitis (GPA) typically
occurs in conjunction with involvement of other organs, but in some instances, it is
the sole presenting feature of the disease [42]. Overall, airway involvement occurs in
15–55 % of patients with GPA [43]. Typical airway involvement includes mucosal
inflammation, ulceration, hemorrhage, subglottic stenosis (Fig. 1.10), localized or
complex tracheobronchial stenosis, inflammatory pseudotumors, and TBM [42]. The
tracheobronchial manifestation may develop in patients who seem to have achieved
complete remission of other systemic symptoms with appropriate immunosuppres-
sive therapy, sometimes progressing to advanced airway scarring and stenosis [44].
Cough, dyspnea, wheezing, hoarseness, hemoptysis, and epistaxis are the usual
symptoms. Delay in diagnosis is a common problem [45]. A positive antineutrophil
cytoplasm antibody (ANCA) test supports the diagnosis, but ANCA levels are
undetectable in 25 % of patients with GPA limited to the respiratory tract [46].

Isolated involvement of central airways with amyloidosis is uncommon [47].
Submucosal amyloid deposits cause focal or diffuse plaques and narrowing of airway
lumen (Fig. 1.11). Posterior tracheal membrane is not spared, which differentiates it
from tracheobronchopathia osteochondroplastica (TO) (Fig. 1.12). In rare instances,
a masslike lesion (called amyloidoma) is encountered raising concern for airway
malignancy [48]. Simultaneous involvement of pulmonary parenchyma and tra-
cheobronchial tree is uncommon [49]. Clinical presentation is non-specific, and as
with other disorders of central airways, patients are treated with a mistaken diagnosis
of asthma and COPD for prolonged periods before correct diagnosis is established
[50]. Diagnosis requires bronchoscopy with endobronchial biopsies. Congo-red stain
of endobronchial biopsies reveals apple green birefringence under polarized light.

Involvement of central airways is reported in up to two-thirds of patients with
sarcoidosis [51]. The anatomic abnormalities in the airways may include mucosal
airway edema, mucosal granularity, nodular changes, cobblestone appearance, and
friability. Yellowish mucosal plaques and nodules measuring 2–4 mm are the most
classical finding in endobronchial sarcoidosis. In later stages, fibrotic scarring leads
to luminal narrowing and fixed stenosis, predominantly involving lobar or segmental

Fig. 1.10 Subglottic stenosis
in granulomatosis with
polyangiitis. Notice the
inflammatory tissue
circumferentially narrowing
the subglottis. Reprinted from
Bugalho [274]. With the
permission from Springer
Science
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bronchi [52]. Single or multiple segmental or lobar stenoses were observed in 8 % of
patients in a study of 99 patients with sarcoidosis [53]. Involvement of trachea and
main-stem bronchi is reported but is less common than involvement of more distal
airways [54, 55]. Larynx and supraglottic airways are involved in up to 6 % of
patients [56]. Definitive diagnosis of endobronchial involvement is established by
the demonstration of non-caseating granuloma on endobronchial biopsies.

Central airway is the most common site of respiratory involvement in inflam-
matory bowel disease (IBD) [57, 58]. In a review of 155 patients from 55 case

Fig. 1.12 Tracheobronchopathia osteochondroplastica. Notice the nodules projecting from the
anterior and lateral walls of trachea with sparing of posterior membranous wall. Reprinted from
Holland [276]. With the permission from Springer Science+Business Media

Fig. 1.11 Bronchoscopic appearance of laryngotracheal amyloidosis. Notice extensive involve-
ment of posterior tracheal membrane. Reprinted from Bugalho [274]. With the permission from
Springer Science
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series, large airway disease accounted for 39 % of respiratory involvement in IBD
[59]. The anatomic site of involvement includes the vocal cords, subglottic region,
and tracheobronchial tree. Isolated involvement of larynx is uncommon [60–62].
Acute respiratory failure requiring immediate intubation and mechanical ventilation
due to severe tracheobronchitis has been reported in a few case reports [63, 64].
Stenosis of large airways has also been reported. Bronchoscopy is helpful in
establishing diagnosis, but there are no distinctive pathological changes on endo-
bronchial biopsies.

TO is an uncommon disorder characterized by the development of multiple
cartilaginous and bony nodules in the submucosal layer of central airways [65, 66].
The clinical presentation is non-specific with chronic cough, sputum production,
intermittent hemoptysis, and breathlessness. In many instances, the diagnosis is
discovered as an incidental finding on CT or bronchoscopy performed for unrelated
indications. The most characteristic finding is the presence of multiple bony or
cartilaginous nodules arising from the anterior and lateral walls of the airways,
usually sparing the posterior tracheal membrane [67, 68] (Fig. 1.12).

Tracheobronchomegaly or Mounier–Kuhn syndrome is characterized by thin-
ning of the muscularis mucosa due to atrophy of elastic fibers and longitudinal
muscles of airways [69]. Both cartilaginous and membranous portions of trachea
and bronchi are involved. In many cases, tracheal or bronchial diverticula are
formed due to the protrusion of redundant tissue between the cartilaginous rings.
On bronchoscopy, there is increase in tracheal diameter with prominent finding of
TBM [70]. Typically, patients present after 3rd or 4th decade of life with a striking
male predominance. Symptoms are non-specific and are mainly related to recurrent
bronchopulmonary suppuration, dyspnea, and, occasionally, hemoptysis. In one
series of 10 patients, the diagnosis was discovered in 7 patients as an incidental
finding on radiological studies [71].

Broncholithiasis is characterized by the presence of calcified material within the
lumen of the bronchi, most commonly originating from the adjacent calcified lymph
nodes [72]. Aspiration of bone tissue, calcification of aspirated foreign body, and
extrusion of ossified bronchial cartilage may also cause broncholithiasis. Cough and
hemoptysis are the most common presenting symptoms [73]. Dyspnea, lithoptysis,
and wheezing are also reported. Histoplasmosis and tuberculosis are the leading
causes of broncholithiasis. Actinomycosis and silicosis have also been associated
with broncholithiasis in isolated reports. Diagnosis is established with chest CT and
bronchoscopy (Fig. 1.13).

Bronchial anthracofibrosis is an uncommon entity associated with inflammatory
bronchial stenosis with the deposition of anthracotic pigment visible on broncho-
scopic examination, without a significant history of smoking or coal worker’s
pneumoconiosis [74] (Fig. 1.14a). The black pigment in the bronchial wall is
derived from carbon particles in the adjacent lymph nodes (Fig. 1.14 b). The
majority of the patients are elderly women presenting with cough, sputum, and
dyspnea, and the right middle lobe is the most common site of involvement. An
association with tuberculosis was suggested in one report, but the exact etiology
remains unknown [75]. CT reveals bronchial narrowing with peribronchial soft
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tissue thickening and surrounding calcified or non-calcified lymph nodes [76]
(Fig. 1.15). Bronchoscopy is required to differentiate anthracofibrosis from tuber-
culosis and malignancy.

Airway complications are encountered in 10–15 % of lung transplant recipients
and are associated with morbidity and mortality rates of 2–3 % [77]. Important

Fig. 1.13 CT and bronchoscopic images from a patient with right middle lobe syndrome
presenting with recurrent pneumonia and hemoptysis. CT image (a) shows right middle lobe
atelectasis due to broncholithiasis. Bronchoscopy (b) showed near-total obstruction of right middle
lobe bronchus with purulent secretions and inflammatory swelling. Bronchoscopic biopsies
showed non-specific chronic inflammatory changes. Patient underwent right middle lobectomy
with complete resolution of symptoms

Fig. 1.14 a Bronchoscopic image showing anthracotic pigmentation in the right upper bronchus
and bronchus intermedius with stricture. b Microscopic examination of subcarinal lymph node
showing chronic granulomatous inflammation with black pigmentation (arrow). Reprinted from
Choi et al. [279]. With the permission from Springer Science)
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airway complications are anastomotic and non-anastomotic bronchial stenosis,
necrosis and dehiscence, exophytic granulation tissue, diffuse tracheobronchial and
focal bronchial malacia at anastomotic site, fistula, and anastomotic infections [78].
Common presenting symptoms of airway complications are increasing dyspnea,
cough, sputum, and declining spirometry parameters. Rapid development of bac-
teremia, systemic sepsis, bronchopleural fistula, and mediastinal abscess are omi-
nous findings suggestive of anastomotic dehiscence or development of fistula.

Fig. 1.15 Axial (a) and
coronal (b) CT images in a
patient with anthracofibrosis
showing narrowing of right
upper lobe bronchus and
enlarged subcarinal and hilar
lymph nodes. Reprinted from
Choi et al. [279]. With the
permission from Springer
Science
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Bronchoscopy and multidetector CT are most helpful in the initial evaluation and
treatment planning.

Iatrogenic airway stenosis is most often due to the prior endotracheal intubation
or tracheostomy [79] (Fig. 1.16). Post-intubation stenosis most often occurs in
subglottic area where endotracheal tube cuff makes contact with the inner tracheal
wall. Mucosal ischemia due to the high pressure of endotracheal balloon is the
initiating event for the development of post-intubation stenosis. Later, there is
softening and fragmentation of tracheal cartilage which causes localized tracheo-
malacia. This phase is followed by the development of granulation tissue, and
eccentric or concentric thickening of the tracheal wall. The incidence of
post-intubation stricture has decreased to 1 % since the introduction of low-pressure
cuffs and with routine monitoring of cuff pressures [80]. Post-tracheostomy stenosis
occurs most often at the level of stoma and less commonly at the site where the tip
of tracheostomy tube makes contact with the tracheal wall. Tracheal stenosis has
been reported in 30 % of patients with long-standing tracheostomy [81]. The
symptoms of tracheal obstruction can occur immediately after extubation, but it is
more usual for patients to present with dyspnea, wheezing, hoarseness, and cough,
months to years after the initial insult.

TBM refers to the excessive collapsibility of trachea and bronchi due to the
structural damage and weakness of the airway cartilage (Fig. 1.17). A related
condition is excessive dynamic airway collapse (EDAC) in which there is excessive
bulging of posterior membranous wall into the airway lumen. Both TBM and
EDAC produce symptoms due to the expiratory flow limitation [82]. Important
causes of TBM are listed in Table 1.1 [83, 84]. TBM and EDAC are reported to
occur in 12 % of patients with respiratory diseases [85]. Many patients are

Fig. 1.16 Subglottis stenosis
as a cicatricial sequela of
endotracheal intubation.
Reprinted from Monnier
[280]. With the permission
from Springer Verlag
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asymptomatic, and some studies have shown a poor correlation between the tra-
cheal collapsibility and expiratory flow limitation [86]. The symptoms of TBM
include “barking” type of cough, dyspnea, wheezing, stridor, recurrent chest
infections, and respiratory failure [87].

Thus, central airways are involved in a wide range of disease processes.
A thorough clinical evaluation is a good starting point to identify the underlying
disease at an early stage. Important aspects of history and physical examination are
discussed in the following section.

Clinical Assessment

The clinical presentation depends on the cause and severity of central airway dis-
ease. Many patients have no symptoms in the early stages of disease. In other cases,
the presentation is non-specific and provides no strong persuasion to consider
central airway disease as a diagnostic possibility. As a consequence, and not
unexpectedly, the diagnosis is often delayed. In majority of instances, the patient
receives treatment for bronchial asthma or COPD for several months to years before
the correct underlying pathology is identified. Atypical clinical features, lack of
clinical response to asthma therapies, and appearance of extrapulmonary symptoms
suggest a rapid and rigorous need to consider disorders of central airways in dif-
ferential diagnosis. In the following section, we discuss the general symptoms of
diseases of central airways. Details of individual disease process are covered in the
subsequent chapters.

Fig. 1.17 CT and bronchoscopic findings in tracheobronchomalacia. a CT shows significant
narrowing of trachea with bulging of posterior tracheal membrane. b Bronchoscopy shows near
opposition of anterior and posterior walls of trachea during normal expiration. A complete tracheal
obstruction was seen during coughing
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Signs and symptoms of central airway disorders are summarized in Table 1.2.
Cough and dyspnea are the most common presenting symptoms. Depending on the
underlying cause, cough can be dry or productive. It is not unusually for patients
with central airway diseases to develop superimposed bacterial infection due to the
airway obstruction, abnormal ciliary function, and underlying bronchiectasis. Many
such patients require frequent courses of antibiotics for repeated bouts of respiratory
infections. It is a sound practice to suspect the presence of a structural disorder of
central airways in such patients. Chronic sputum production must also raise sus-
picion for infectious diseases such as tuberculosis or fungal infections in appro-
priate clinical settings. History of lithoptysis or expectoration of stones is rarely
volunteered by the patients with broncholithiasis without being asked by the
physicians [88].

Table 1.2 Common symptoms and physical findings in central airway diseases

Symptoms
∙ Cough

∙ Sputum production

∙ Dyspnea

∙ Wheezing

∙ Hemoptysis

∙ Lithoptysis

∙ Fever

∙ Weight loss

Physical examination
(a) Common findings

∙ Tachypnea

∙ Tachycardia

∙ Use of accessory muscles of respiration

∙ Cyanosis

∙ Clubbing

∙ Distended neck veins

∙ Deviation of trachea

∙ Generalized or localized wheezing

∙ Stridor

∙ Crackles

∙ Findings of atelectasis or pneumonia

(b) Findings in specific diseases

∙ Papules, nodules, lupus pernio: sarcoidosis

∙ Palpable purpura: GPA

∙ Erythema nodosum: sarcoidosis

∙ Pyoderma gangrenosa: IBD

∙ Arthritis: sarcoidosis, IBD, GPA, RP
(continued)
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Dyspnea on exertion usually does not develop until the trachea is narrowed to
about 8 mm or 50 % of diameter. Dyspnea at rest can be expected when the lumen
is narrowed to about 5 mm or 25 % of diameter. Accordingly, the majority of
patients who experience dyspnea already have an advanced airway disease at the
time of presentation. Airway narrowing of this magnitude further increases their
susceptibility to develop complete airway obstruction from mucus plugging, blood
clots, or airway inflammation. Hence, it is not surprising that acute respiratory
distress is the presenting symptom in many patients with diseases of central airway.

Hemoptysis is an important symptom of diseases of central airways. Hemoptysis
can be a presenting symptom in both neoplastic and non-neoplastic disorders of
central airways. The majority of central airway diseases tend to cause chronic,
intermittent, and mild hemoptysis. Massive hemoptysis is unusual but can be
encountered in patients with underlying bronchiectasis, tuberculosis, fungal infec-
tions, GPA, and broncholiths.

Other symptoms of central airway obstruction are hoarseness, wheezing, and
stridor. Chronic hoarseness must immediately raise suspicion for laryngeal
pathology which can coexist with nearly every disorder of central airways. “All that
wheezes is not asthma” is a clinical dictum that has withstood the test of time.
Associated upper airway symptoms such as nasal discharge, sore throat, and
epistaxis may be observed in many central airway diseases such as GPA, sar-
coidosis, and rhinoscleroma.

Because many central airway diseases are a part of a systemic disorder, the
presence of extrapulmonary symptoms should immediately alert clinicians to look
for correct underlying disease. Extrapulmonary symptoms such as fever, anorexia,
weight loss, joint pain, and ocular disease provide valuable clues to the presence of
underlying systemic disease. Unfortunately, due to their non-specific nature, these
symptoms play a limited role in differentiating one airway disorder from the other.

Table 1.2 (continued)

∙ Lymphadenopathy: sarcoidosis, TB, fungal infections, lymphoma

∙ Uveitis: sarcoidosis, IBD

∙ Proptosis: GPA

∙ Chondritis (ear, laryngotracheal, nose, costal cartilage): RP

∙ Saddle nose deformity: GPA, RP

∙ Ozanae: TO, rhinoscleroma

∙ Icterus: sarcoidosis, IBD

∙ Myopathy: sarcoidosis, prolonged steroid use

∙ Neuropathy: sarcoidosis, amyloidosis

∙ Mononeuritis multiplex: GPA

∙ Restrictive cardiomyopathy: amyloidosis, sarcoidosis

Abbreviations: IBD Inflammatory bowel disease, RP Relapsing polychondritis, GPA
Granulomatosis with polyangiitis, TO Tracheobronchopathia osteochondroplastica
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Distinctive clinical features of diseases such as IBD (chronic bloody diarrhea),
RP (auricular, nasal, and laryngotracheal chondritis), and GPA (epistaxis, hema-
turia, glomerulonephritis) are more helpful in this regard. History of travel to areas
endemic for tuberculosis, fungal infections, and parasitic diseases must be sought in
appropriate clinical setting.

A thorough clinical evaluation for comorbid conditions such as immunocom-
promised state, prior chemotherapy or radiation therapy, organ transplantation,
heart disease, coagulopathy, renal failure, obstructive sleep apnea, and cervical
arthritis is essential in every patient suspected to have disorder of central airways.
It is also important to seek any prior history of problems during intubation or
attempted bronchoscopy as it will alert the treating team to maintain a heightened
state of readiness to deal with difficult airways during the interventional procedures.

Physical examination may provide many valuable clues (Table 1.2), but it may
be underwhelming in the early stages of central airway disorders. Chest examina-
tion may reveal evidence of tracheal deviation, stridor, localized or diffuse
wheezing, coarse crackles, decreased breath sounds, and signs of pneumonia.
Localized wheezing is an important clinical sign of focal large airway narrowing at
the level of main-stem or lobar bronchus. Tumors and foreign bodies are the most
common causes of localized wheezing, although it can be found in any disease
process associated with localized bronchostenosis.

Stridor is a high-pitched musical sound that is most prominent during inspiration
and is best heard over the neck [89]. It must be differentiated from wheezing, which
is best heard over the chest during both inspiration and expiration. Often, the sound
is readily audible from a distance without the aid of a stethoscope. The sound is
produced by turbulent airflow through narrowed central airways. Prominent stridor
during inspiratory phase indicates obstruction at the level of larynx or extrathoracic
part of the trachea. Common causes include vocal cord dysfunction, laryngeal
tumors, inhaled foreign body, anaphylaxis, epiglottitis, airway edema, thyroiditis,
subglottic stenosis, and tracheal tumors. Variable obstruction of the intrathoracic
trachea can cause expiratory stridor and fixed central airway obstruction can cause
both inspiration and expiration stridor. The common causes include mediastinal or
tracheal tumors, lymphoma, and large retrosternal goiter.

Certain findings on physical examination also provide valuable clues toward
underlying etiology of central airway diseases (Table 1.2). In rare instances,
patients present with subcutaneous emphysema or superior vena cava syndrome
with facial and upper extremity edema and dilated superficial veins over the chest
wall. Active use of accessory muscles of respiration, tachycardia, tachypnea, pulsus
paradoxus, diaphoresis, and restlessness should raise immediate suspicion of critical
airway narrowing. Bradycardia, cyanosis, and obtundation are more ominous and
suggest that the airway lumen is severely compromised. Immediate intervention is
needed in these patients in order to avoid imminent asphyxia and death.
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Pulmonary Function Tests (PFTs)

Pulmonary function tests are routinely performed for the detection of airflow
obstruction in diseases of central airways. Unfortunately, standard spirometry
parameters such as forced expiratory volume in first second (FEV1) and the ratio of
FEV1 to forced vital capacity (FVC) have a low sensitivity for the early detection of
central airway obstruction. Miller and Hyatt have shown that FEV1 remains above
90 % of predicted until a 6-mm orifice is introduced into the breathing circuit [90].
The decrease in the diameter of airway lumen reduces maximal flows near-total
lung capacity before airflows at lower lung volumes are affected. With decreasing
orifice size, a progressive decrease in airflows occurs over an increasing portion of
vital capacity, readily appreciated on flow volume loop. It is therefore not surprising
that FEV1 and FEV1/FVC often fail to provide an early indication of central airway
disease in many patients. In contrast, flow volume loop helps define the location of
obstruction at an earlier stage providing invaluable clinical information in many
such patients.

The characteristic abnormalities on flow volume loop depend on two major
factors [91].

First is the anatomic location of maximal airway narrowing. The obstruction is
extrathoracic when it is located above the thoracic inlet and intrathoracic when it is
located below this level. What surrounds the affected portion of airway is atmo-
spheric pressure in extrathoracic obstruction and intrapleural pressure in intratho-
racic obstruction. The second key factor that determines the abnormality on flow
volume loop is the dynamic behavior of airway wall (and therefore overall airway
lumen) in response to changes in transmural pressure with maximum inspiration
and expiration. In fixed obstruction, there is no change in the cross-sectional area of
airways, whereas in variable obstruction, the airway lumen changes in response to
changes in transmural pressure differences generated during forced inspiratory and
expiratory maneuvers.

In a study of 43 patients, Miller and Hyatt identified 3 patterns of abnormalities
on flow volume loop which correlated with the location and the type of central
airway obstruction [92]. In patients with variable extrathoracic obstruction, the
expiratory curve is normal, but there is a plateau in the inspiratory component of the
flow volume loop (Fig. 1.18a). This pattern is most commonly caused by vocal cord
paralysis, extrathoracic goiter, and laryngeal tumors. In these cases, the intratracheal
pressure becomes significantly lower than the atmospheric pressure during forced
inspiration. As a result, the obstruction is increased during inspiration, which causes
the flow volume loop to show a plateau during inspiration. With forced expiration,
the intratracheal pressure increases relative to atmospheric pressure so that the
obstruction to airflow is reduced and the expiratory curve remains relatively
unaffected.

In variable intrathoracic obstruction, there is a flattening of the expiratory limb of
the loop, but the inspiratory component remains unaffected (Fig. 1.18b). Common
causes include tracheobronchomalacia and tracheal tumors. In this situation,
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a negative intrapleural pressure during inspiration tends to reduce the degree of
obstruction, whereas a positive intrapleural pressure during forced expiration tends
to decrease the diameter of the airways, further increasing the degree of obstruction.

Third pattern is seen in fixed large airway obstruction due to tracheal stenosis or
to tracheal compression by large tumors that demonstrate flattening of both the
inspiratory and expiratory phases of the flow (Fig. 1.18c). Regardless of the loca-
tion (intra- or extrathoracic), the airway diameter remains unaffected by changes in
transmural pressures with forced inspiration or expiration in these cases.

Flow volume loop may suggest the presence of prominent dynamic collapse of
airways in some patients with COPD. Usually, the flow volume loop in COPD
shows a decrease in expiratory flows over the entire range of vital capacity without
showing an initial spike. In some COPD patients, a different pattern is observed in
which there is a sharp decrease in expiratory flow rate at high lung volume [93].
This biphasic morphology of expiratory component is reported in up to 20 % of
patients with TBM [94]. The inflection point is observed at less than 50 % of peak
flow rate, and it occurs within first 25 % of expired vital capacity [95] (Fig. 1.19).
The low flow rates persist all the way to residual volume. Inspiratory limb of flow
volume loop is normal. This pattern suggests the presence of dynamic airway
collapse and loss of elastic recoil in patients with COPD. Interestingly, this pattern
of flow volume loop changes to usual curvilinear pattern in some COPD patients
after treatment with inhaled bronchodilators.

Unilateral narrowing of the main-stem bronchus is sometimes associated with a
biconcave abnormality in flow volume loop (Fig. 1.20). Several authors have
reported this finding in association with bronchial stenosis after unilateral lung
transplantation [96, 97]. In these instances, normal initial flows during both
inspiration and expiration are followed by a plateau giving a unique biconcave

Fig. 1.18 Flow volume loop abnormalities in central airway obstruction. In variable extrathoracic
obstruction, there is a plateau in the inspiratory component of the flow volume loop, with normal
expiratory loop (a). In variable intrathoracic obstruction, there is a flattening of the expiratory limb
of the loop, but the inspiratory component remains unaffected (b). In fixed large airway
obstruction, there is flattening of both the inspiratory and expiratory flow volume loops (c).
Reprinted from Hadique et al. [281]. With the permission from Springer Science+Business Media
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appearance to the flow volume loop. This abnormality most likely reflects inspi-
ration and expiration of two lungs with different respiratory time constants. The
initial portion of curve seemingly represents air movement in and out of the normal
side, and the flat portion of the curve represents the airflow through the narrowed
main-stem bronchus. Resolution of abnormality in flow volume loop has been
observed after placement of airway stent for correction of bronchial stenosis.

Flow volume loop sometimes discloses flow oscillations which are reproducible
sequence of accelerations alternating with decelerations in airflows giving a saw-
tooth appearance to the inspiratory and expiratory curves [98] (Fig. 1.21). Sawtooth
pattern on flow volume loop suggests the presence of a structural or functional
disorder of central and upper airways. This finding was initially described in

Fig. 1.19 Flow volume loop
in severe dynamic airway
collapse. Notice a sharp
decrease in expiratory curve
with inflection point (arrow)
at less than 50 % of peak flow
and less than 25 % of forced
vital capacity. Red curve
represents prebronchodilator,
and blue curve represents
post-bronchodilator maneuver

Fig. 1.20 Flow volume loop
in unilateral main-stem
obstruction sometime shows a
biphasic expiratory and
inspiratory flow volume
loop. Notice a biconcave
appearance of both expiratory
(black arrow) and inspiratory
(green arrow) curves
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patients with obstructive sleep apnea [99]. Subsequently, it has been reported in
upper airway stenosis [100], upper airway burns [101], extrapyramidal disorders
such as Parkinson’s disease [102], neuromuscular disorders with bulbar involve-
ment [103], TBM [94, 104], and central airway tumors [105, 106].

Flow volume loop must be carefully examined in every patient suspected to have
upper airway pathology. Some investigators have also found it to be useful in acute
care setting for differentiating central airway disorder from more common disease
processes such as asthma exacerbation [107]. Unfortunately, a high-quality flow
volume loop is difficult to obtain in a patient with acute respiratory distress. Flow
volume loop also provides a convenient noninvasive tool to monitor the course of
central airway diseases after therapeutic interventions. Improvement in flow volume
loop is readily apparent after therapeutic bronchoscopy in central airway obstruc-
tion due to strictures and tumors [108]. In a study of 25 patients with bulky
mediastinal Hodgkin’s disease, although FEV1 was normal in every patient, flow
volume loop was abnormal in 14 (56 %) of patients prior to the therapy. After
chemotherapy, the flow volume loop remained abnormal in only 6 (24 %) of
patients [109].

Although there can be no doubt that examination of flow volume provides
critical information, there is very limited information on sensitivity and specificity
of flow volume loops in patient with central airway diseases. In a study of 144
patients with goiter, flow volume loop had a sensitivity of 100 % and a specificity
of 78 % in the detection of upper airway obstruction [110]. Two studies have found
flow volume loop to have low sensitivity in patients with central airway obstruction.
In the first study, the visual inspection of flow volume loop had a sensitivity of
5.5 % and a specificity of 93.8 % in 36 patients with mixed causes of upper airway
obstruction [111]. In the second study, flow volume loop had a sensitivity of 30.6 %
and a specificity of 93.5 % in patients with confirmed central airway obstruction
[112]. Therefore, in patients with suspected central airway disease, it is important

Fig. 1.21 Flow volume loop
showing oscillations in
airflows giving a sawtooth
appearance to the expiratory
curve (black arrow) in a
patient with
tracheobronchomalacia
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for clinicians to pursue further evaluation with imaging and/or direct bronchoscopic
examination even if the flow volume loop is normal.

Quantitative analyses of flow volume loop and spirometry parameters are pro-
posed to be helpful in the detection of central airway obstruction in some patients.
The most commonly used quantitative criteria to detect upper airway obstruction
are summarized in Table 1.3 [92, 113–115]. Incorporation of quantitative analysis
seems to improve the sensitivity in the range of 69–91 % but tends to reduce the
specificity to 30–91 % for the detection of upper airway obstruction [92, 113–115].
It is clear that there are many instances in which both qualitative and quantitative
parameters fail to detect involvement of central airway with a disease process.

Many other limitations of spirometry and flow volume loop in these patients
must be highlighted. The presence of severe airflow obstruction due to a disease
process such as COPD or asthma significantly reduces the ability to identify central
airway obstruction on flow volume loop [116, 117]. Furthermore, in a recent study,
the flow volume loop was only 45 % accurate in differentiating variable from fixed
central airway obstruction [118]. In practical terms, adequate pulmonary function
tests and flow volume loops cannot be performed in every patient with central
airway disease. Many patients are too ill to follow instructions and are unable to
make a maximum effort during pulmonary function testing. In some instances, the
clinician may choose not to pursue pulmonary function testing since forced expi-
ratory maneuvers have potential to worsen the airflow obstruction in the presence of
critical narrowing of large airways.

There is some interest in impulse oscillometry as an alternative to spirometry and
flow volume loop in the physiologic assessment of patients with central airway
obstruction. In this technique, an oscillating pressure signal of different frequencies
is superimposed over the tidal breathing at airway opening using a loudspeaker or a
mechanical piston [119, 120]. The resulting change in pressure and flow is analyzed
to derive the resistive, elastic, and inertial properties of the respiratory system [121].

Preliminary studies have reported encouraging results with the application of
impulse oscillometry in the assessment of patients with central airway diseases. In
one report, impulse oscillometry was found to be useful for assessing patency of a
tracheal stent in a patient with complicated tracheal strictures [122].

Table 1.3 Quantitative
criteria to detect upper airway
obstruction

∙ Ratio of FEV1 to PEF > 10 ml/L/min

∙ Ratio of FEV1 to PEF > 8 ml/L/min

∙ Ratio of FEF50% to FIF50% < 0.3 or > 1.0

∙ FIF50% < 100 L/min

∙ Ratio of FEV1 to FEV0.5 > 1.5

Abbreviations: FEV1 Forced expiratory volume in 1 s, FEV0.5

Forced expiratory volume in 0.5 s, PEF Peak expiratory flow,
FEF50% Forced expiratory flow at 50 % of vital capacity, FIF50%

Forced inspiratory flow at 50 % of vital capacity
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A recent study found impulse oscillometry to be more accurate than spirometry
and flow volume loop in differentiating variable from fixed airway obstruction in 20
patients with central airway disorders [118]. Impulse oscillometry was also found
useful in the objective assessment of patients after interventional bronchoscopy
procedures. Dyspnea scores after therapeutic bronchoscopy correlated with impulse
oscillometry parameters but not with spirometry parameters in this study.
Encouraging results from this study need independent validation by others inter-
ested in this field.

Impulse oscillometry has an intuitive appeal in the assessment of patients with
central airway obstruction [123]. Because the test is conducted during tidal
breathing, it is easier to perform than the conventional spirometry and the results are
not dependent on the patient’s effort. The most attractive feature of this technique is
its ability to provide a reasonable assessment of airway resistance in patients who
are unable to cooperate with or perform conventional spirometry, such as pediatric
patients and patients with underlying neurological deficits [124]. Limitations of
impulse oscillometry must also be noted. It is difficult to differentiate variable
central airway obstruction from severe COPD using this technique [118, 125]. As
with other physiological tests, the precise anatomic location of the narrowest seg-
ment of airway that defines the choke point for airflow limitation cannot be
determined using this technique. Finally, lack of familiarity and non-availability of
technology in majority of clinical settings are important practical problems that
have prevented more widespread application of impulse oscillometry in these
patients. Many of these issues need to be sorted out before this technique can be
adopted in routine care of patients with central airway obstruction.

Chest Imaging

Imaging studies play a pivotal role in the diagnosis and the treatment of central
airway disorders. Chest radiograph has low sensitivity but a significant narrowing
(Fig. 1.22) or an enlargement of the tracheal air column (Fig. 1.23), and tracheal
distortion or significant deviation (Fig. 1.24) should raise the suspicion for central
airway disease. Indirect signs of airway disease on plain radiographs are unilateral
hyperlucency (Fig. 1.25), atelectasis, mediastinal widening, and presence of cal-
cified lymph nodes. Smooth calcification of tracheobronchial cartilage is a common
variant on chest radiograph, especially in elderly females (Fig. 1.26). However,
pathological calcification of tracheal cartilage seen in conditions such as TO, tra-
cheobronchial amyloidosis, and RP is better shown on CT imaging than on plain
chest radiograph. Still, many clues of central airway disease on chest radiographs
are missed due to the failure to examine the plain films in sufficient details.

Chest computed tomography (CT) is the mainstay of noninvasive imaging of the
central airways. There should be a low threshold to perform CT in any patient
suspected to have a central airway disease. Unfortunately, CT imaging may not be
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Fig. 1.22 A chest radiograph
demonstrating a significant
narrowing of tracheal air
column (black arrow).
Reprinted from Hayden [282].
With the permission from
Springer Science

Fig. 1.23 Marked widening
of tracheal air column due to
the enlargement of trachea in
a patient with Mounier–Kuhn
syndrome
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feasible in acutely ill patients who are unable to hold breath or lay supine for the
image acquisition.

The advent of multidetector helical CT scanners has dramatically reduced the
scanning time and improved the spatial resolution of CT images. By providing
isotropic data set in which the spatial resolution is same in axial, coronal, and
sagittal planes and by reducing the motion artifacts, MDCT has allowed two- or
three-dimensional reconstruction of high-quality images that provide valuable

Fig. 1.25 a Hyperlucency of left lung on chest radiograph, most prominent in left lower lobe.
b Bronchoscopy revealed near-total obstruction of left lower lobe bronchus with a tumor

Fig. 1.24 Significant rightward tracheal deviation (arrow) due to the extrinsic compression from a
large retrosternal goiter
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additional information [126] (Fig. 1.27a–f). With the latest CT scanners, thin sec-
tion images of the central airways can be obtained during a short breath hold. The
advances in CT imaging have greatly improved the ability to detect the diseases of
central airways at an early stage. An important advantage of CT imaging is its
ability to demonstrate the status of airways distal to the stenosis beyond which the
bronchoscope cannot be passed. Intravenous contrast is not essential but is rec-
ommended for the assessment of the enlarged mediastinal and hilar lymph nodes,
tracheal tumors, atelectasis, and vascular malformations. Enhancement of tracheal
wall after intravenous administration of iodinated contrast suggests ongoing active
infection or inflammation in disorders such as endobronchial tuberculosis, GPA,
and RP.

At the outset, it is important to point out the limitations of axial CT in the
assessment of the central airway diseases. The most important limitation of axial
images is underestimation of the craniocaudal extent of the disease involving the
central airways. This is an important limitation because it is a key information that
determines the preferred therapeutic approach. Second, axial CT has a limited
ability to detect subtle and early airway stenoses. Third, axial imaging is inadequate

Fig. 1.26 Benign
calcification of
tracheobronchial cartilage,
commonly observed in elderly
females. Reprinted from
Sirajuddin [277]. With the
permission from Springer
Science
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Fig. 1.27 a Axial CT images show a severe subglottic tracheal stenosis. b The reconstructed 2D
coronal images provide further useful information such as length from vocal cords (A), length of
planned segmental resection of trachea (B), diameter of tracheal stenosis (C), and diameter of
normal trachea (D). c 3D shaded surface display shows narrowed tracheal column. Virtual
bronchoscopy shows concentric narrowing of the airways from the proximal (d) and distal
(e) sides of stenosis. f Direct visual inspection shows high-grade tracheal stenosis, but in such a
patient, the length of the narrowed tracheal segment and the status of airways distal to stenosis are
difficult to ascertain during bronchoscopy. Complimentary information from multiplanar
reconstruction and virtual bronchoscopy is very helpful in the treatment planning of such
challenging patients. Reprinted from Morshed et al. [283]. With the permission from Springer
Science
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for imaging of airways oriented at an oblique angle. Finally, complex
three-dimensional relationships between the obstructing lesion and the airway are
difficult to assess on axial CT [127].

Multiplanar and 3D reconstruction of CT images provide solution to some of the
aforementioned limitations and provide complimentary information in these
patients [128, 129] (Fig. 1.27b, c).

Two-dimensional multiplanar images can be displayed in coronal, sagittal, and
oblique planes. The length and craniocaudal extent of central airway stenosis is
better appreciated with 2D multiplanar images than with axial CT [130]. This
information is most helpful in patient with airway stenosis and central airway
tumors prior to interventional and surgical therapies [131] (Fig. 1.27b).
Reconstructed images are also very helpful in selecting the length and size of
airway stents [132]. Several studies have also established the usefulness of MDCT
with the reconstruction in the evaluation of stent-related complications [133, 134].
2D MPR is also useful in the imaging of congenital anomalies such as tracheal or
cardiac bronchus.

There are two fundamental types of 3D reconstruction: external rendering and
internal rendering. External 3D-rendered images demonstrate the external surface of
the airway and its relationship to adjacent structures (Fig. 1.27c). In one study,
addition of 3D external rendering to axial imaging provided further information on
the shape, length, and degree of airway stenosis in one-third of patients with
non-malignant tracheobronchial stenosis and corrected the interpretation of axial
CT in 10 % of patients [135].

Internal rendering or virtual bronchoscopy uses the helical CT data to produce
images of the internal lumen of the airway as seen during conventional bron-
choscopy [136] (Fig. 1.27d, e]). Virtual bronchoscopy allows evaluation of airways
beyond the high-grade lesions that are not accessible with standard bronchoscopy
[137, 138]. In one study, virtual bronchoscopy images of diagnostic quality could
be obtained in 19 of 20 patients with high-grade airway stenosis, but the subtle
external compression was underestimated in 25 % of patients [139]. Comparison
with conventional bronchoscopy in one study showed virtual bronchoscopy to have
a sensitivity of 90–100 % for endoluminal or obstructive lesions, but only 16 % for
the detection of mucosal abnormalities [140]. In another study, virtual bron-
choscopy was superior to flexible bronchoscopy in evaluating the airways distal to
the obstructing lesion but was inferior to flexible bronchoscopy in detecting the
early tumor infiltration and subtle mucosal alterations [141]. In recent times, virtual
bronchoscopy has also emerged as an important navigational tool to improve the
diagnostic yield of bronchoscopy in peripheral lung lesions [142].

The most obvious limitation of virtual bronchoscopy is that it is an imaging tool
and conventional bronchoscopy is still needed to obtain the biopsy and culture
specimens. The utility of virtual bronchoscopy is also limited by false-positive
results because thick secretions or blood clots can be mistaken for endobronchial
pathology [143]. Nevertheless, the false-positive result with virtual bronchoscopy is
more of a problem for the segmental and smaller bronchi than for the central
airways where the majority of interventional procedures are needed [144].
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While reconstruction of CT data is useful in selected clinical situation, most
relevant clinical information is obtained from axial CT images in patients with
diseases of central airways. Axial CT provides valuable information regarding the
size and shape of central airways. Normal trachea has a round, oval, or pear shape
during inspiration [145, 146]. Due to the invagination of posterior tracheal mem-
brane into the lumen, trachea assumes horseshoe appearance during expiration.
Dynamic CT studies have shown as much as 30 % decrease in the anteroposterior
diameter of trachea with expiration [147]. Normal dimensions of trachea are given
in Table 1.4 [148].

Several conditions are associated with the abnormal shape and size of tracheo-
bronchial tree. Saber sheath trachea is a common abnormality characterized by a
decrease in the coronal and increase in the sagittal diameter of intrathoracic part of
trachea (Fig. 1.28). The coronal diameter of saber sheath trachea is two-third or less
than sagittal diameter at the same level without any evidence of extrinsic com-
pression [149]. Saber sheath trachea is most commonly seen in COPD patients and
is strongly associated with pulmonary hyperinflation [150, 151]. Excessive strain on
lateral part of tracheal cartilage is thought to play an important role in the devel-
opment of saber sheath trachea [152]. Abnormal increase in the size of trachea and
main-stem bronchi is most commonly observed in Mounier–Kuhn syndrome
(Fig. 1.29). The tracheal diameter measured 2 cm above the aortic arch is more than

Table 1.4 Dimensions of
normal trachea

Average dimensions (range)

Length (cm) 11.8 (10–13)

Coronal diameter

Males (cm) 2.3 (1.3–2.5)

Females (cm) 2.0 (1–2.1)

Sagittal diameter

Males (cm) 1.8 (1.3–2.7)

Females (cm) 1.4 (1–2.3)

Cartilaginous rings 18–24

Fig. 1.28 Axial CT image (a), virtual bronchoscopy (b), and bronchoscopic findings (c) in saber
sheath trachea
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3 cm, and right and left-main bronchi are more than 2.4 and 2.3 cm, respectively, in
this disorder [153]. Associated findings include tracheal or bronchial diverticuli,
bronchiectasis, and dynamic airway collapse [71]. Abnormal increase in tracheo-
bronchial dimensions is also reported in pulmonary fibrosis, cystic fibrosis, anky-
losing spondylitis, Marfan syndrome, Ehler–Danlos syndrome, and cutis laxa.

Important CT findings in diseases of central airways are listed in Table 1.5. The
most important abnormality to recognize on axial CT is abnormal thickness of
tracheal wall. Normally, the anterior and lateral walls of trachea are 1–3 mm thick,
delineated by externally by mediastinal fat or lung and internally by tracheal air
column. The tracheal wall appears denser than the surrounding soft tissues on CT
imaging due to the presence of cartilage. Mucosa and submucosa cannot be
delineated from tracheal cartilage with the current CT resolution. The posterior
tracheal wall is thinner than the anterior and lateral walls due to the lack of carti-
lage. Calcification of tracheal cartilage is not unusual in older patients, particularly
in women.

Apart from the abnormal thickening of airway wall, central airway diseases are
associated with a variable combination of focal or diffuse narrowing of tracheal
lumen, calcification, and focal or generalized TBM (Table 1.5). In the following
section, we briefly discuss the important CT findings in various disorders of central
airways. Details are covered in the subsequent chapters.

CT findings in tuberculosis depend on the clinical stage of the disease process. In
active phase of endobronchial tuberculosis, CT shows irregular lumen narrowing
with thickened wall, most often involving distal trachea and main-stem bronchi
[154, 155] (Fig. 1.30). Contrast enhancement of airway wall and ring enhancement
of mediastinal lymph nodes are important clues to the underlying diagnosis. In later

Fig. 1.29 Axial CT image
showing marked tracheal
enlargement in Mounier–
Kuhn syndrome
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Table 1.5 Chest computed tomography findings in central airway diseases

1. Direct signs

a. Airway wall thickening
∙ Amyloidosis
∙ Sarcoidosis
∙ RP
∙ TO
∙ TB
∙ Fungal infections
∙ GPA
∙ IBD
∙ Tracheobronchitis
∙ Rhinoscleroma

b. Focal mass
∙ Tracheal tumors
∙ Polyps
∙ Papillomatosis
∙ GPA
∙ Sarcoidosis
∙ Anthracofibrosis
∙ Broncholiths

c. Calcification of tracheal wall
∙ TO
∙ RP
∙ Amyloidosis
∙ TB
∙ GPA
∙ Advanced age
∙ Warfarin therapy

d. Mucosal irregularities or ulcerations
∙ TO
∙ TB
∙ Fungal infections
∙ GPA
∙ Amyloidosis

e. Airway stenosis
∙ Post-intubation
∙ Post-tracheostomy
∙ Postoperative
∙ Post-transplant
∙ Post-radiation
∙ Post-traumatic
∙ Post-infectious
∙ GPA
∙ IBD
∙ RP
∙ Sarcoidosis

f. Sparing of posterior membrane
∙ TO
∙ RP

g. Tracheobronchomalacia

h. Tracheal diverticulum

∙ Mounier–Kuhn syndrome
∙ TB
∙ GPA

i. Calcification within airway lumen
∙ Broncholiths
∙ Foreign bodies
∙ Calcified tumors, e.g., carcinoid tumor
∙ TO

2. Indirect signs
∙ Tracheal deviation
∙ Atelectasis
∙ Post-obstructive pneumonia
∙ Unilateral hyperlucency
∙ Air trapping
∙ Mediastinal lymphadenopathy
∙ Fibrosing mediastinitis
∙ Focal bronchiectasis
∙ Mucocele

3. Associated parenchymal disease
∙ GPA
∙ Sarcoidosis
∙ TB
∙ Fungal infections
∙ Amyloidosis
∙ Laryngotracheal papillomatosis
∙ IBD

Abbreviations: GPA Granulomatosis with polyangiitis, IBD Inflammatory bowel disease,
RP Relapsing polychondritis, TB Tuberculosis, TO Tracheobronchopathia osteochondroplastica
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stages, inflammatory changes are replaced by fibrostenosis, which is seen on CT as
smooth narrowing of airway lumen with minimal wall thickness. Bronchial stenosis
usually involves a long segment (>3 cm) of bronchus, most often affecting the
left-main bronchus [156].

Smooth or nodular tracheobronchial wall thickening is observed in fungal tra-
cheobronchitis, but these findings are non-specific and diagnosis requires direct
airway examination and isolation of causative agent [157, 158]. Same is true for the
rhinoscleroma in which CT can reveal diffuse nodular thickening of airway wall,
luminal narrowing, mediastinal lymphadenopathy, and, in late stages, concentric
strictures of the trachea and bronchi, similar to those seen in tuberculosis [159].
Because this entity has same geographic distribution as tuberculosis, it is essential
to establish diagnosis with appropriate cultures and biopsy.

CT findings in airway disease associated with sarcoidosis mainly involve the
main-stem and lobar bronchi, causing distortion, displacement, and bronchial
stenosis due to the mural thickening [160, 161]. Trachea is less commonly involved
[162]. Confirmation of endobronchial involvement in direct bronchoscopic exam-
ination is essential because airway findings on CT can be false positive in some of
these patients [163].

In tracheobronchitis associated with IBD, CT findings include irregularity of
airway mucosa, concentric thickening of airway wall, narrowing, and large airway
stenosis [164–167]. Although non-specific, these findings strongly suggest airway
involvement in patients already known to have IBD.

The characteristic CT findings in RP are smooth tracheal or bronchial wall
thickening with increased airway wall attenuation [168] (Fig. 1.31). Posterior
membrane of trachea is spared. Airway wall calcification is common. Dynamic
collapse of airway lumen and air trapping on expiratory CT are additional important
findings in RP [169]. In advanced cases, circumferential wall thickening and
destruction of airway cartilage lead to fibrotic stenosis.

The most common CT finding in TO is the presence of multiple calcified and
non-calcified nodules arising from inner anterolateral wall of trachea and projecting

Fig. 1.30 Axial CT image in
endobronchial tuberculosis
showing a left hilar soft tissue
mass obstructing left-main
bronchus (arrow). Reprinted
from Acar et al. [275]. With
the permission from Springer
Science
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into the lumen without involving the posterior wall [170–173] (Fig. 1.32). Although
diffuse or focal narrowing of central airways can occur, TBM is not seen.

TO needs to be differentiated from tracheobronchial amyloidosis in which CT
reveals circumferential thickening of tracheobronchial wall due to submucosal
nodules and plaques with prominent mural calcification [174, 175]. However, the
posterior membrane is not spared in amyloidosis (Fig. 1.33). Associated calcified or
non-calcified hilar and mediastinal lymph node enlargement may also be seen [176,
177]. Localized deposition of amyloid material called amyloidoma in the tra-
cheobronchial tree may raise suspicion for neoplasm in some cases.

Involvement of trachea with GPA manifests as 2- to 4-cm-long smooth or
irregular circumferential narrowing, swelling of airway wall, and ulceration most
frequently involving the subglottic trachea [178, 179] (Fig. 1.34). Tracheal cartilage
may be thickened and calcified. Distal involvement of segmental and subsegmental
bronchi with inflammation and wall thickening was reported in 73 % of patients in
one report [180]. Bronchial stenosis may lead to lobar atelectasis or consolidation.

Fig. 1.31 Imaging in
relapsing polychondritis.
Axial CT image (a) from
trachea shows calcification
and thickening of tracheal
wall (arrow) with sparing of
posterior tracheal membrane
(arrowhead). Coronal
reformatting image (b) in
another patient shows diffuse
thickening of trachea and
bronchi with smooth
long-segment luminal
narrowing. a Reprinted from
Acar et al. [275]. With the
permission from Springer
Science. b Reprinted from
Hayden [282]. With the
permission from Springer
Science
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CT also provides useful information of focal diseases involving the central
airways. CT findings in primary tracheal tumors depend on underlying histology. In
squamous cell cancers, CT may disclose an intraluminal lobulated or polypoid
filling defect, a focal sessile lesion, circumferential wall thickening, or eccentric
narrowing of the airway lumen [181]. CT in adenoid cystic carcinomas
(ACC) reveals a smooth intraluminal mass that seems to infiltrate the airway wall
and the surrounding mediastinal fat (Fig. 1.35) [182, 183]. Submucosal extension of
tumor tends to cause the circumferential narrowing of tracheobronchial wall.
Multiplanar reconstruction is more accurate than axial CT in assessing the longi-
tudinal extent of airway wall involvement in ACC. Mucoepidermoid cancers tend

Fig. 1.32 Axial CT imaging in tracheobronchopathia osteochondroplastica showing calcified
nodular thickening of tracheal wall, sparing the posterior membrane. Reprinted from Hayden
[282]. With the permission from Springer Science

Fig. 1.33 Axial CT images of trachea (a) and subcarinal region (b) in RP, showing mucosal
thickening of trachea (thick arrow) and left-main bronchus (arrowheads). Note that posterior
tracheal membrane is also involved (thin arrows). Reprinted from Acar et al. [275]. With the
permission from Springer Science
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to develop in lobar or segmental bronchi rather than in trachea, manifesting as
intraluminal nodule with distal atelectasis or post-obstructive pneumonia [184].
Similar to mucoepidermoid tumors, the most common CT finding in carcinoid
tumor is an intraluminal ovoid nodule with lobulated borders causing distal
atelectasis [185]. However, a characteristic feature of carcinoid tumors is marked
enhancement after administration of intravenous contrast. In some instances, the
intraluminal component is much smaller in size as compared to the bulk of the
tumor, representing the tip of the iceberg. Calcification is seen in 25 % of carcinoid
tumors. Lymph node enlargement may be observed in atypical carcinoid tumors.

Benign tumors of central airways are rare, and CT usually demonstrates a
smooth and well-demarcated intraluminal rounded mass less than 2 cm in size
[186]. Endobronchial hamartomas are suggested by the presence of fat or popcorn
calcification. Detection of fat density is helpful in diagnosing the tracheobronchial
lipoma on CT imaging [187].

CT in laryngotracheal papillomatosis shows multiple nodules projecting into
airway lumen or nodular thickening of airway wall. Lung parenchyma may reveal
multiple thin-walled cavitating lung nodules [188–190] (Fig. 1.3). In primary tra-
cheal lymphoma, CT may reveal solitary mass or polypoid thickening of tracheo-
bronchial wall, but these findings are non-specific [191].

Subglottic region is the principle site of benign strictures of airways due to the
endotracheal intubation. Post-tracheostomy strictures occur either at stoma or at the
site where the tip of tracheostomy tube impinges against airway wall. Axial CT
reveals concentric or eccentric airway wall thickening with luminal narrowing
involving 1.5–2.5 cm of tracheal wall in longitudinal direction. Multiplanar
reconstruction is more accurate in assessing the craniocaudal extent of benign
stenosis and usually shows an hourglass configuration [130] (Fig. 1.27). In some
instances, CT shows a weblike stenosis of trachea or bronchi. Axial CT and virtual
bronchoscopy can also detect focal narrowing at bronchial anastomotic site in lung
transplant recipients [191].

Fig. 1.34 CT imaging in
granulomatosis with
polyangiitis showing
thickening and irregularity at
the tracheal mucosal surface
(arrows). Reprinted from
Acar et al. [275]. With the
permission from Springer
Science
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CT images obtained during expiratory phase are routinely used to demonstrate
TBM (Fig. 1.17). Earlier studies used end-inspiratory and end-expiratory CT
images to detect TBM [192]. Several recent studies have shown CT images
obtained during active expiration to be more effective in demonstrating the extent of
airway collapse [193, 194]. In one of these studies, dynamic expiratory CT iden-
tified 28 of 29 (97 %) patients who had dynamic airway collapse on bronchoscopic
examination [193].

Fig. 1.35 Axial (a) and
coronal (b) CT images
showing a soft tissue lesion in
the right lateral wall of
trachea (arrow), obstructing
the tracheal lumen.
Pathological diagnosis was
adenoid cystic carcinoma.
Reprinted from Acar et al.
[275]. With the permission
from Springer Science
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It is also important to look for indirect signs of central airway diseases on chest
CT. The presence of unilateral hyperlucency and expiratory air trapping may be
observed in patients with incomplete obstruction of main-stem or lobar bronchi
(Fig. 1.36). Similarly, obstructing lesions of bronchi can manifest to atelectasis,
recurrent pneumonia, mucoceles, and focal bronchiectasis on chest CT. In some
instances, these indirect signs are the only CT manifestations of underlying airway
disease. In many diseases such as tuberculosis, sarcoidosis, GPA, IBD, and
laryngotracheal papillomatosis, associated CT findings such as localized lung
infiltrates, cavitary nodules, bronchiectasis, and mediastinal lymphadenopathy may
prompt the clinicians to carefully examine the airways for involvement in the
disease process. There must be a low threshold to perform bronchoscopy if any
thickening, nodularity, or narrowing of central airways are suspected on CT in these
patients.

Apart from providing the diagnostic information, CT is also helpful in assessing
the disease progression and effectiveness of therapy in selected cases. Follow-up
CT for this purpose is found useful in tuberculosis [155], GPA [180], RP [195], and
TBM after surgical treatment [196]. Although a routine radiologic follow-up is
unnecessary, CT examination is also found useful in the detection of stent-related
complications [133, 197]. In one study, MDCT was performed to evaluate
stent-related complications in 21 patients with metallic (n = 11) and silicone
(n = 10) stents [134]. MDCT detected 29 of 30 (97 %) of complications diagnosed
with direct bronchoscopic examination. There were no false-positive stent-related
complications on MDCT.

Fig. 1.36 CT (a) and bronchoscopic (b) images from a patient with near-total occlusion of right
main bronchus with squamous cell lung cancer (arrow). Right lung is hyperlucent compared to left
lung due to the severe right-sided expiratory limitation and air trapping
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Magnetic Resonance Imaging

Magnetic resonance imaging (MRI) is mainly used in the assessment of central
airways in pediatric patient population [198]. The use of MRI minimizes the
exposure to ionizing radiation in these patients. MRI is most suitable for the study
of aberrant vascular anatomy, which is a common cause of airway compression in
pediatric patient [199]. Cine MRI is also useful in the assessment of TBM in
children [200].

There is limited information on the usefulness of MRI in the assessment of
central airway diseases in adult patients. MRI has an established role in the
detection of tracheal invasion by thyroid carcinoma [201]. In isolated reports, air-
way imaging with MRI has also provided useful information in congenital
anomalies of trachea [202], tracheobronchial amyloidosis [203], GPA [204],
fibrosing mediastinitis [205], and TO [206], but further work is needed to under-
stand the clinical value of MRI in these conditions.

FDG-PET Scan

Main application of 18 fluorodeoxyglucose positron emission tomography
(FDG-PET) in diseases of central airways is in patients with tumors of central
airways (Fig. 1.37). At FDG-PET, malignant tumors usually have a high uptake,
whereas the benign tumors usually have a little or no uptake [207]. FDG-PET can
be false negative in patients with carcinoid tumors [208]. Airway inflammation may
be associated with a high FDG-PET activity in many non-malignant disorders of
airways. In most situations, it is not helpful, but there is an emerging role of

Fig. 1.37 PET-CT image
from a patient with a
hypermetabolic tumor with a
high standardized uptake
value (SUV) blocking left
lower lobe bronchus
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FDG-PET in patients with RP (Fig. 1.38). Preliminary studies suggest that initial
FDG-PET is helpful in determining the extent of the disease and follow-up studies
are useful in the assessment in response to therapy in these patients [209].
Abnormal FDG-PET activity in RP is observed at several cartilaginous sites
including tracheal and bronchial cartilages in untreated patients, which tends to
resolve after 3–6 months of systemic corticosteroid therapy [210] (Fig. 1.39).

Bronchoscopy

Bronchoscopy is the key diagnostic test in patients suspected to have diseases of
central airways. There should be a low threshold to perform bronchoscopy in these
patients. As a general rule, chronic cough resistant to usual initial measures,
unexplained dyspnea, wheezing, and hemoptysis should prompt clinicians to sus-
pect diseases of central airway and perform airway examination. Bronchoscopy is
also indicated in patients with indirect indicators of central airway pathology such
as recurrent pneumonia and unexplained atelectasis on chest radiographs.

Direct visualization not only identifies the lesion but also provides important
information regarding the severity and extent of airway involvement. Bronchoscopy
allows the operator to assess the extent of mucosal infiltration and detect extrinsic
compression of the airways. In addition, it provides valuable specimen for culture
and histological examination for tissue diagnosis.

Bronchoscopy provides critical information on location and severity of airway
stenosis, which is a common manifestation of several diseases of central airways.
Cotton–Myer classification is a commonly used grading system to assess the
severity of central airway stenosis [211]. According to this scheme, the airway
stenosis is divided into 4 grades: grade I ≤ 50 % obstruction; grade II 51–70 %
obstruction; grade III > 70 % obstruction; and grade IV complete obstruction. This
description does not provide any information regarding the possible underlying
etiology, location, or the length of the lesion. Furthermore, this classification does
not apply to lower trachea or bronchi. Freitag and associates have proposed a more
comprehensive classification of airway stenosis based on structural changes
(Fig. 1.40), variation with respiratory cycle, anatomic location within the tracheo-
bronchial tree, severity of obstruction (Fig. 1.41), and transition between healthy
and diseased areas (Table 1.6) [212]. According to this scheme, exophytic, intra-
luminal, benign, or malignant tumors, or granulation tissue is classified as type I
stenosis. Extrinsic compression of airways due to mediastinal tumors, thyroid
enlargement, lymph nodes, or aberrant blood vessels is designated as class II
stenosis. Distortion, kinking, bending, or buckling of central airways as seen in
post-pneumonectomy syndrome, sleeve resection, lung transplant, or massive
pleural effusion is classified as type III stenosis. Airway strictures due to the prior
intubation, tracheostomy, thermal burns, chemical injury, or surgery, etc., are
classified as type IV stenosis. Although no classification can include every possible
endoscopic findings encountered with diseases of central airways, it is a helpful
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starting point when comparing outcome with different therapeutic modalities across
the studies.

From therapeutic standpoint, it is most relevant during bronchoscopy to distin-
guish a weblike stenosis from a long and irregular complex airway stenosis which is
typically associated with a significant cartilage involvement and fibrotic reaction.
Patients with weblike stenosis have a short (<1 cm) circumferential stenosis and
have no evidence of significant cartilage damage, or TBM. Such lesions are better
suited for endoscopic therapy and have a better long-term outlook than complicated
stenoses with associated cartilage damage and fibrotic reaction [213].

b Fig. 1.38 Contrast-enhanced CT (a–c) showing smooth tracheal and bronchial wall thickening
with calcification and airway narrowing in a patient with relapsing polychondritis. The airway wall
thickening is most predominant in the anterior and lateral walls with sparing of the posterior
membranous wall. Axial PET and fusion images showed moderate FDG accumulation in the
tracheal and bronchial walls and in several rib cartilages (d–g). CT also demonstrated multiple,
bilateral, cervical, supraclavicular, and mediastinal lymph node enlargement with homogeneous
contrast enhancement (a) and moderate FDG accumulation (d–g). Reprinted from Sato et al. [284].
With the permission from Springer Science

Fig. 1.39 Role of FDG-PET/CT in the assessment of response to therapy in relapsing
polychondritis. The initial PET/CT (a) showed numerous cartilage foci of pathological tracer
uptake including tracheal cartilages, nasal cartilage, costal cartilages, and arytenoid cartilage (red
arrows). Ten months after the steroid treatment, the 18F-FDG uptake was significantly decreased
or disappeared (b). Reprinted from Wang et al. [285]. With the permission from Springer Science
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A thorough assessment for the presence of TBM and EDAC is an important
aspect of bronchoscopy in diseases of central airways [214] (Fig. 1.17). Bulging of
posterior tracheobronchial membrane into the lumen leading to a greater than 50 %
decrease in cross-sectional area during expiratory phase of tidal breathing indicates
the presence of excessive airway collapse during bronchoscopy. EDAC is most
commonly observed in severe COPD and obesity. TBM is due to the weakness or
destruction of cartilage of central airways. On bronchoscopy, it may be classified as
crescent-type TBM when anterior wall is weakened, saber sheath trachea when
lateral walls are collapsing into the lumen or circumferential type when both
anterior and lateral walls are collapsing, as seen in RP [214]. Some investigators
suggest performing bronchoscopy under noninvasive positive pressure ventilation

Fig. 1.40 Classification of structural airway stenosis: a type I stenosis—from intraluminal
papillomatosis, b type II stenosis—extrinsic compression from a vascular sling, c type III stenosis
—distortion in an A-shaped post-tracheostomy stricture, and d type IV stenosis—due to the scar
from idiopathic tracheal stenosis. Reprinted from Anantham [286]. With the permission from
Springer Science
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to determine the optimal continuous positive airway pressure (CPAP) or bilevel
positive airway pressure (BiPAP) required to maintain airways open during the
expiratory phase [215]. The stated goal is to maintain airway lumen during expi-
ration at least 50 % of that during inspiration with positive pressure breathing [216].
Merit of such approach in routine clinical practice needs to be examined in future
prospective studies.

In some instances, a localized area of severe TBM secondary to focal destruction
of cartilage is observed during airway examination. The causes of focal TBM
include infection (e.g., tuberculosis), inflammation (e.g., GPA and RP), radiation
(external beam or brachytherapy), stent-related complications, and malignancy.
This finding usually indicates advanced airway involvement in the aforementioned

Fig. 1.41 The degree of endoluminal occlusion as visualized on flexible bronchoscopy as a 90 %,
b 75 %, c 50 %, and d 25 %. Reprinted from Anantham [286]. With the permission from Springer
Science
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disease processes, needing consideration for airway stent placement or surgical
correction.

In certain disorders, diagnosis is evident on direct visual inspection and biopsies
are not essential for diagnosis (Table 1.7). Examples of such disease processes
include TO, broncholiths, airway foreign body, post-intubation tracheal stenosis,
and TBM. In some disorders, bronchoscopic findings are strongly suggestive, but
biopsy or culture evidence is needed to confirm the diagnosis. Examples of such
disorders include infections such as endobronchial tuberculosis, fungal tracheo-
bronchitis, central airway tumors, and systemic disorders such as sarcoidosis and
tracheobronchial amyloidosis. In many disorders, neither visual inspection nor the
biopsy or cultures establish the diagnosis, but bronchoscopy provides evidence of
airway involvement in a disease process already diagnosed on the basis of overall
clinical presentation. Some examples of such disorders include airway involvement
in GPA, RP, and IBD. In some instances, the presence of active infection may
preclude the detection of actual underlying disease. A repeat procedure after
treatment with appropriate antibiotics is strongly advised in those cases.

Bronchoscopy is frequently performed to evaluate central airways in patients
with tracheal and esophageal cancers. Bronchoscopic findings may lead to a more
extensive surgery in some cases and preclude surgery in other cases [217].
Bronchoscopic findings depend on the extent of airway invasion with surrounding
mediastinal tumors. In some instances, there is a direct invasion of tumor into the
airway lumen, which is readily visible to the bronchoscopist. More commonly, the

Table 1.6 Proposed classification of central airway stenosis

Structural type of stenosis
1: Exophytic or intraluminal
2: Extrinsic
3: Distortion
4: Scar or stricture

Dynamic behavior with respiration
1: Tracheomalacia—damaged cartilage
2: Floppy posterior tracheal membrane

Degree of stenosis—decrease in cross-sectional area
1: 25 %
2:50 %
3:75 %
4:90 %

Location
I: Upper third of trachea
II: Middle third of trachea
III: Lower third of trachea
IV: Right main bronchus
V: Left-main bronchus

Transition zone
1: Abrupt
2: Gradual
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evidence of airway wall invasion with surrounding tumors is more subtle, indicated
by localized mucosal redness, telangiectasia, mucosal edema, and mucosal erosions
[218, 219]. Confirmation with biopsy and brush is essential due to the low positive
predictive value of early macroscopic findings in these patients.

Considerable experience is needed to achieve proficiency in identifying a wide
variety of abnormalities in diseases of central airways. Bronchoscopy in these
patients is not without risks. There is potential for patients to develop complete
airway obstruction due to the physical presence of the bronchoscope in the critically
narrowed central airways. Local bleeding and mucosal trauma during bronchoscopy
may further compromise the airway lumen increasing the risk of sudden develop-
ment of acute respiratory failure and asphyxiation. Higher-than-average risk of
bleeding is reported with bronchoscopic biopsy in patients with carcinoid tumors
and endobronchial amyloidosis. Massive bleeding is sometimes encountered after
attempted removal of broncholiths during bronchoscopy. Therefore, it is essential

Table 1.7 Diagnostic role of bronchoscopy in central airway diseases

1. Provide diagnosis with airway examination
∙ TO

∙ Stenosis

∙ TBM

∙ Foreign body

∙ Broncholiths

∙ Congenital diseases, e.g., tracheal bronchus

∙ Extrinsic compression

2. Provide diagnosis with airway examination and sampling procedure
∙ Amyloidosis

∙ Sarcoidosis

∙ TB

∙ Fungal infections

∙ Parasitic infections

∙ Actinomycosis

∙ Rhinoscleroma

∙ Anthracofibrosis

∙ Papillomatosis

∙ Tumors

3. Provide supportive evidence
∙ WG

∙ IBD

∙ RP

∙ Mounier–Kuhn syndrome

Abbreviations: IBD Inflammatory bowel disease, RP Relapsing polychondritis, TB Tuberculosis,
TO Tracheobronchopathia osteochondroplastica, TBM Tracheobronchomalacia, WG Wegener’s
granulomatosis
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that the procedure is performed with utmost care by the most experienced operator
with ready access to full resuscitation capabilities.

In some instances, the standard bronchoscope cannot be negotiated through the
critically narrowed central airways. As a matter of common sense, no attempts must
be made to force the bronchoscope through such lesions. Immediate consultations
with interventional pulmonologist, otolaryngologist, and thoracic surgeon must be
obtained in these patients. High-quality bronchoscopic images are very helpful in
further treatment planning in such patients. In less dire situations, examination of
distal airways can be accomplished using ultrathin bronchoscopes, which have a
diameter of 2.8–3.5 mm [220]. Successful inspection of distal airway with ultrathin
bronchoscopes was possible in more than 80 % of cases in which standard bron-
choscope could not be passed beyond the obstructing lesion in one study [221].
Unfortunately, an ultrathin bronchoscope is not available in majority of bron-
choscopy facilities.

Radial Probe Endobronchial Ultrasound

Radial probe endobronchial ultrasound (RP-EBUS) has an emerging role in
selected patients with diseases of central airways. In this technique, a flexible
20-MHz probe fitted within a balloon is introduced through the working channel of
flexible bronchoscope. Endobronchial ultrasound is performed after inflation of
balloon with sterile water. The layers of tracheobronchial wall and structures in
immediate vicinity can be visualized with this technique. RP-EBUS is highly
accurate in estimating the depth of invasion of the tracheobronchial wall in patients
with endobronchial tumors [222]. This information is helpful in selecting patients
with central airway tumors most suitable for bronchoscopic therapies with curative
intent [223].

In one series, EBUS was used for selecting the most appropriate airway location
for the placement of airway stents in large airway obstruction due to inoperable
cancers [224]. EBUS was also found useful in patients undergoing therapeutic
bronchoscopy for advanced central airway obstruction. In a large study, guidance
from EBUS influenced the therapeutic approach in 43 % of cases [225]. The most
common management changes were adjustment of size of the stent and termination
of procedure after finding a large blood vessel in close proximity. In some
instances, EBUS findings suggested need for surgical interventions rather than
endoscopic therapy.

Endobronchial ultrasound is highly reliable in differentiating airway compres-
sion from actual infiltration by the tumors from surrounding organs. In one study,
the sensitivity, specificity, and accuracy of 89, 100, and 94 %, respectively, for
endobronchial ultrasound were much higher than 75, 28, and 51 % for chest CT for
this purpose [226]. Many others have independently validated these results and
have shown EBUS to be the most accurate modality in detecting infiltration of
airway wall from thyroid and esophageal cancers [227–229]. This information has
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important implication in preoperative staging and treatment planning of such
patients.

Evidence is also emerging for usefulness of endobronchial ultrasound in the
assessment of TBM [214]. In EDAC, EBUS is associated with intact tracheal
cartilage but reveals thinning of the posterior membrane, presumably due to the loss
of elastic fibers. In TBM due to RP, the cartilage appears thick and irregular, while
the posterior membrane is spared. In tracheomalacia associated with
post-inflammatory strictures, both cartilage and posterior membrane are involved
with the disease process [230]. EBUS images have also shown thickening of
bronchial wall and destruction of bronchial cartilage in patients with endobronchial
tuberculosis. Demonstration of cartilaginous involvement and instability is useful in
deciding whether or not to place an airway stent in these patients [231].

There are isolated reports of the application of EBUS in other disorders of
central airways. In some reports, EBUS has demonstrated cartilage abnormalities
and swelling of airway wall in patients with RP [232]. These abnormalities seem to
resolve with corticosteroid therapy [233]. One report also suggests a potential role
of EBUS in differentiating graft infection from graft rejection, but independent
validation of these data is needed [234].

Overall, EBUS appears to be a promising tool, but more work is also needed to
define its role in diagnosis and therapeutic monitoring of disorders of central airway
diseases. Non-availability of equipment and lack of training in this area have
precluded its more widespread application in these patients.

Diagnosis

Identifying a disease of central airway in a timely fashion is a formidable challenge.
A major impediment to early diagnosis is non-specific nature of symptoms. There is
no simple test to establish a direct causative link between the symptoms and the
underlying disease. High index of clinical suspicion is the key to an early diagnosis.
It is not unusual for patients to ignore early symptoms and become increasingly
accustomed to dyspnea on exertion by imposing a gradual limitation to their
physical activity.

Majority of these patients carry a diagnosis of asthma or COPD with recurrent
exacerbation, and many have already experienced important adverse effects from
prolonged and frequent use of corticosteroids. Every instance of atypical and
medically refractory adult-onset asthma, frequent COPD exacerbation, and chronic
unexplained hemoptysis should raise the suspicion of central airway.

A thorough history and a detailed physical examination are essential initial steps.
The role of clinician is to identify early clues of central airway diseases and evaluate
these patients with pulmonary function tests, MDCT, and bronchoscopy as deemed
appropriate. The details of diagnostic findings in individual disorders will be dis-
cussed in the subsequent chapters.
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Treatment

A wide array of treatments is available for the management of diseases of central
airways (Table 1.8). The choice of treatment depends not only on underlying
diagnosis but also on the severity of symptoms and airway involvement, disease
activity, the presence or absence of fixed airway stenosis and cartilage damage,
cardiopulmonary reserve, and patient’s preference. The management of individual
disorders is covered in the subsequent chapters. Here, we want to highlight ten basic
principles that guide the treatment choices and patient management in diseases of
central airways.

Table 1.8 Treatment options for central airway diseases

1. General measures
∙ Supplemental oxygen

∙ Humidification

∙ Bronchodilators

∙ Inhaled and systemic corticosteroids

∙ Heliox

∙ Mechanical ventilation

2. Antimicrobial agents (systemic or local)
∙ Antibacterial agents: post-obstructive pneumonia, tracheobronchitis, actinomycosis,
rhinoscleroma

∙ Antitubercular agents

∙ Antifungal agents

∙ Antiviral agents

∙ Antiparasitic agents

3. Corticosteroids and immunosuppressive agents
∙ Sarcoidosis

∙ IBD

∙ GPA

∙ RP

4. Biologic agents
∙ GPA

∙ IBD

∙ Sarcoidosis

∙ RP

∙ Lymphoma

5. Chemotherapy
∙ Lymphoma

∙ Malignant tumors
(continued)
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Principles of Therapy in Diseases of Central Airway

1. Early diagnosis is essential
Early identification of diseases of central airways is an essential prerequisite for
an optimal patient outcome. In early stages, the disease process may be more
amenable to simple therapeutic measures such as antibiotics, steroids, and
immunosuppressive medications. Timely institution of medical therapies is
clearly associated with better outcome in infectious disorders such as tuber-
culosis and fungal infections and in airway disease associated with systemic
inflammatory disorders such as sarcoidosis, IBD, and RP [235, 236]. Early
diagnosis and treatment are clearly useful in GPA, but the airway pathology
may continue to progress despite institution of appropriate medical interven-
tions [237, 238]. Valuable opportunity for definitive surgical treatments may be
missed if tracheal tumors are not identified in early stages.
Early diagnosis also provides valuable opportunity to obtain further diagnostic
tests, seek specialty consultations, and study natural progression of the disease.

Table 1.8 (continued)

6. Radiation therapy
∙ Lymphoma

∙ Malignant tumors

∙ Amyloidosis

7. Noninvasive positive pressure ventilation
∙ TBM

∙ RP

8. Interventional bronchoscopy procedures
∙ Foreign body

∙ Airway stenosis

∙ TBM

∙ Airway tumors

∙ Polyps

∙ Broncholiths

∙ Amyloidosis

∙ Extrinsic compression

∙ Management of hemoptysis

9. Surgery
∙ Airway stenosis

∙ TBM

∙ Broncholiths

∙ Airway tumors

∙ Massive hemoptysis

Abbreviations: IBD Inflammatory bowel disease, RP Relapsing polychondritis, TBM
Tracheobronchomalacia, GPA, Granulomatosis with polyangiitis
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Such thoughtful approach and meticulous planning may not be feasible in
patient presenting with acute and life-threatening central airway obstruction.

2. Early referral and multidisciplinary involvement
Managing disorders of central airways is a complicated task at hand. These
disorders are uncommon. Most practicing physicians have little or no experi-
ence managing these diseases, and with very little evidence-based literature to
guide, there is high risk of suboptimal care and adverse patient outcome. For
examples, audits have shown inappropriate management in majority of patients
with a resectable primary tracheal tumor [239]. There are other reasons to
obtain an early consultation from advanced medical centers. The type of
equipment and ancillary support required for appropriate care of these patients
are not available in majority of community medical centers. Further, expertise
required for appropriate management of these disorders crosses the boundaries
of many medical and surgical specialties. An optimal care to these patients is a
joint effort of pulmonologist, interventional bronchoscopist, otolaryngologist,
thoracic surgeon, experienced anesthesiologist, and interventional radiologist
from the outset. Such collaboration and experience are only available in a
handful of centers of excellence which specialize in disorders of central air-
ways. Many such centers have developed protocols and treatment pathways to
provide a standardized care as much as possible. Early referral is clearly
essential for optimal outcome in these patients.

3. Secure the airway
Unfortunately, it is not uncommon for patients with central airway diseases to
present for the first time with severe respiratory distress and impending
asphyxiation [240]. Managing these patients is very challenging. In acute
distress, ventilating the patient with a secure airway is the top priority. In the
presence of severe airway narrowing, no attempts should be made to force the
endotracheal tube past the obstruction as it can further traumatize the airways
resulting in airway swelling and bleeding, which can lead to a complete loss of
airways. In emergency room setting, the options in these patients are to ven-
tilate with an endotracheal tube placed above the obstruction, to place laryngeal
mask airway, or to perform an emergent tracheostomy. Unfortunately, tra-
cheostomy performed in such extreme situations is a difficult proposition and is
associated with many delayed complications that may limit the future surgical
options in patients with pre-existing high tracheal or subglottic stenosis.
Rigid bronchoscopy is very helpful in unstable patients with significant airway
compromise. Rigid bronchoscopy provides the most reliable airway for venti-
lation and interventional procedures [241]. As much as possible, otolaryngol-
ogy and thoracic surgery consultants should be in attendance in the operation
room during this time, not only for airway management but also for a rapid
assessment of central airway disease in order to establish a definitive thera-
peutic plan. Unfortunately, expertise in rigid bronchoscopy is not available in
many acute care settings.
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Common medical measures in these patients include supplemental oxygen,
airway humidification, and inhaled bronchodilators. Racemic epinephrine and
intravenous corticosteroids are commonly administered, but with exception of
croup in children, there is virtually no evidence to support their use in patients
with critical airway obstruction from other causes. There are several reports of
usefulness of heliox [helium–oxygen mixture] in patients with respiratory
distress due to the severe airflow obstruction. Helium has a lower density than
nitrogen. Inhalation of a mixture of helium and oxygen reduces the work of
breathing by reducing the turbulence and promoting the laminar airflow across
the critically narrowed air passages [242]. Temporary relief in symptoms with
heliox provides a valuable opportunity to perform a more thorough medical and
consultative assessment and allows a better therapeutic planning in these
patients [243–245].

4. Bronchoscopists must be prepared to manage complications
Natural history of disease is very unpredictable and poorly understood in many
disorders of central airways. However, every patient with underlying central
airway disease is at high risk of developing respiratory failure with superim-
posed respiratory infection, airway manipulation, bleeding, mucus plugging, or
worsening airway inflammation. Although bronchoscopy has an exception
safety record, it is prudent to approach these patients with great caution because
serious problems do arise during diagnostic or therapeutic bronchoscopy. The
key to a safe procedure is to anticipate the problem and be in a state of readiness
to deal with it. Equipment and expertise must be in place to manage serious
complications such as hemorrhage or pneumothorax during bronchoscopy. It is
helpful to have a clear contingency plan in the event of a major complication.
A safe procedure requires a dedicated team of workers with sufficient educa-
tion, training, and experience to deal with any catastrophic complication.
Support from anesthesia, thoracic surgery, and intensive care units should be
readily available whenever needed.

5. Treat the patient and not the image
Every disease of central airways does not need immediate medical or inter-
ventional therapy. Close observation is the most appropriate therapeutic choice
in some patients. For example, many asymptomatic patients with TO, bron-
choliths, Mounier–Kuhn syndrome, amyloidosis, and post-inflammatory stric-
ture do not need any immediate therapy [246–248]. No therapy is needed for
asymptomatic patients who found to have TBM on CT performed for unrelated
indications. In contrast, early institution of appropriate medical or surgical
therapies is always indicated regardless of the symptoms in disorders such as
tuberculosis, fungal infections, RP, GPA, and airway tumors.
Thus, the decision to treat must be based on a thorough assessment, natural
history of disease, severity of airway involvement, and patient’s preference.
Every CT or bronchoscopic image that appears abnormal does not automati-
cally become an indication to intervene. In the absence of clear indications,
every effort must be made to avoid potentially harmful therapies such as
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systemic corticosteroids, repeated courses of antibiotics, and immunosuppres-
sive therapies. Many additional therapies (e.g., biologic agents) that entail high
cost to the society may be effective in active disease but provide limited or no
benefit in advanced and inactive phase of the disease such as post-inflammatory
strictures. Similarly, appropriate patient selection is also critical for favorable
results with bronchoscopic interventions and airway surgeries [249].

6. Medical therapies are highly effective in many disorders of central airways
Medical therapy is the mainstay of treatment in several disorders of central
airways. Highly effective therapies are available for infections such as tuber-
culosis, fungal infections, actinomycosis, rhinoscleroma, sarcoidosis,
IBD-associated airway disease, RP, and GPA. Having technical skills in
interventional bronchoscopy procedures is never an appropriate reason to
choose bronchoscopic therapies over less invasive and more appropriate
medical therapies. For example, in TBM associated with COPD, aggressive
medical measures and a trial of positive airway pressure are always advisable
before subjecting patients to more invasive therapies such as airway stents or
surgery [250].

7. Intervene only when intervention is essential
At the outset, it must be understood that the primary role of bronchoscopy is in
establishing the diagnosis and not in the treatment of diseases that affect central
airways. Still, interventional bronchoscopy is highly effective in certain situa-
tions. Important point is to understand the appropriate indication and timing of
the interventional bronchoscopic procedure. The main indications for thera-
peutic bronchoscopy in central airway disease are as follows: (1) immediate
restoration of critically narrowed airways, (2) palliative treatment of advanced
airway obstruction due to malignant tumors, (3) management of postoperative
complications such as granulation tissue and post-lung-transplant anastomotic
complications, (4) removal of obstructing foreign bodies, loose broncholiths,
tenacious secretions and mucus plugs, and blood clots from airways, and
(5) management of airway stenosis when airway surgery either is not indicated
or is not feasible due to the extent of disease or medical reasons. A wide range
of ablative procedures such as Nd:YAG laser, electrocautery, argon plasma
coagulation, cryotherapy, brachytherapy, and balloon dilation have been
applied in patients with central airway diseases [231, 251]. Airway stents have
been placed for symptomatic relief in patients with extrinsic compression,
severe TBM, and airway stenosis [252]. In some instances, immediate relief of
obstructive symptoms with the successful application of interventional proce-
dure may pave way to a more definitive therapy or an elective surgery at a later
date. Care must be taken to avoid extensive airway manipulations and airway
stents in such patients [253].
However, choosing a right interventional procedure for a right indication is not
as easy as it seems. A deep understanding of the correct indication, timing, and
choice of an interventional procedure is a difficult skill to acquire. Technical
aspects are easier to learn with an appropriate training. A decision to perform an
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interventional procedure must be based on a thorough assessment and
thoughtful planning. Unfortunately, we are aware of many instances in which
poor choice of initial bronchoscopic intervention has seriously jeopardized the
prospects of a more definitive and potentially curative surgical therapy. In
disorders of central airways, the aim of the treatment is to achieve cure, whereas
in advanced malignant obstruction, the primary goal of treatment is palliation of
symptoms. The majority of interventional bronchoscopy procedures are better
suited to provide palliation of symptoms than to provide a permanent cure. It is
also important to point out that interventional bronchoscopy for central airway
diseases is a high-risk procedure. In a multi-institutional study, therapeutic
bronchoscopy was associated with a complication rate of 19.8 % and a 30-day
mortality of 7.8 % [254]. Although complication rate with interventional pro-
cedure was higher in patients with underlying malignant disease, a significant
proportion of patients (15 %) with a benign disorder also experienced
procedure-related complication in this study.

8. Primum non nocere: Do not place metallic stents in non-malignant disorders
Airway stents have an important palliative role in advanced airway obstruction
due to intrathoracic malignancies. Fully covered metallic stents are preferred in
these patients due to the relative ease of placement using flexible bronchoscope
[255]. Stent placement is also needed in some patients with non-malignant
airway obstruction. Generally, stents for non-malignant disorders are placed in
one of the two situations: (1) when more definitive therapies such as surgery are
not a treatment option and (2) when a stent is placed with an intention to
remove it at a later date after it has served its purpose. Examples of latter
indication include airway stent placement for post-tuberculosis airway strictures
[256] and a stent trial prior to tracheoplasty operation for severe TBM [257].
Airway stents can be associated with many serious complications. Three main
complications are stent migration, formation of biofilms causing recurrent
respiratory tract infections, and formation of granulation tissue. Migration is
more likely with silicone stents than with metallic stents. Granulation tissue is
more common with metallic stents. Development of excessive amounts of
granulation tissue can cause severe airway narrowing which requires repeated
bronchoscopic procedures to restore the airway lumen [258]. Many factors such
as direct airway irritation from broken wires, mucosal ischemia, overgrowth of
bacteria, and galvanic currents from metallic wires are said to contribute to the
development of exuberant granulation tissue [259]. Formation of granulation
after placement of self-expanding metallic stent is a common problem in benign
airway diseases [260, 261]. Removal of metallic stents may not feasible once
the stent is fully embedded in the airway wall and overgrowth of respiratory
epithelium has developed [262]. Removal of metallic stents may be associated
with significant hemorrhage and requires experience in rigid bronchoscopy
[263]. Frequent reports of this complication and difficulties in removal of
metallic stents have prompted FDA to issue a specific blackbox warning against
placement of metallic stent in non-malignant disorders of airways in 2005.
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At present, metallic stents cannot be recommended for non-malignant disor-
ders, with rare exceptions when all other measures to correct the underlying
pathology have been tried unsuccessfully, leaving no other viable treatment
option [264, 265].

9. Surgery is beneficial in selected patients:
Surgery is the only chance for cure in patients with primary tracheal tumors
[266, 267]. The diagnostic evaluation and appropriate surgical consultation
must be expedited in these patients. Surgery is also preferred over interven-
tional therapies in patients with bronchial carcinoids and benign tracheal tumors
[268, 269]. Among non-neoplastic disorders, surgery is the treatment of choice
in the management of complex post-intubation and post-tracheostomy strictures
[270]. Repeated failed attempts of bronchoscopic interventions only serve to
delay and complicate the surgical therapy. Tracheoplasty has been performed in
selected patients with severe TBM with good results, but its indications and
benefits remain poorly defined. Bronchoscopic interventions have a role in
some patients with broncholiths [271], but surgical treatment is the standard of
care in symptomatic patients with large broncholiths adhered to airway wall
[247, 272]. In some patients, surgical intervention is needed for the manage-
ment of post-inflammatory airway strictures secondary to tuberculosis, fungal
infections, sarcoidosis, IBD, and TO. Severe bleeding, repeated lung infections,
and atelectasis due to the severe disease of central airways may require
lobectomy and pneumonectomy in some cases.

10. Regular follow-up is essential
A long-term follow-up is essential in every patient with disorder of central
airways. The main goals are to assess the therapeutic response and to detect the
disease progression or relapse at an early stage. Individual clinical scenario
should dictate the frequency of follow-up visits. Apart from a thorough clinical
assessment, a physiological assessment with PFTs and flow volume loop is an
important component of ongoing care. In selected situations, repeat imaging
with MDCT provides valuable clinical information. A decision to reexamine the
airway with bronchoscopy should be based on underlying diagnosis and clinical
symptoms. With few exceptions, there are little data to guide physicians in this
regard. A clear action plan must be in place in the event of an emergency.

Conclusion

Central airways are involved in a wide variety of disorders, ranging from infections,
to malignancies, systemic inflammatory disorders, and iatrogenic diseases. The
correct diagnosis is usually delayed due to the non-specific presentation and low
sensitivity of routine pulmonary function tests and chest radiographs. Careful
examination of flow volume loops is very helpful, but it appears to have a low
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sensitivity in the detection of central airway diseases. Patients are often misdiag-
nosed as having asthma or COPD and are treated inappropriately for a prolonged
periods before the actual diagnosis is identified. Valuable opportunity to treat
patient with simple medical measures is sometimes lost due to the delay in diag-
nosis. Early diagnosis requires high index of suspicion and keen awareness of these
disease processes. Multidetector chest computed tomography is the most useful
radiological investigation in patients suspected to have diseases of central airways.
Axial images are most useful, but in selected situation, two- or three-dimensional
multiplanar reconstructions provide additional clinical information. Bronchoscopy
is the key diagnostic test. Apart from the direct airway examination, biopsy and
culture specimens provide pathological and microbiologic confirmation of under-
lying diagnosis. Bronchoscopy is also essential before selecting patients for inter-
vention and surgical therapies. The treatment of these disorders is complicated and
often requires a multidisciplinary approach. Due to the complex nature of the
underlying disease, high demand for equipment, expertise, and multispecialty
consultations, majority of these patients are best managed in medical centers which
specialize in complex airway disorders.
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Chapter 2
Sarcoidosis of the Upper and
Lower Airways

Daniel A. Culver

Introduction

Sarcoidosis granulomas have a predilection for the submucosa of the entire respi-
ratory tract. As a result, sarcoidosis may cause a variety of airway-based clinical
syndromes, which can be the dominant clinical feature in some patients.
Respiratory symptoms referable to airway disease are often similar to more com-
mon illnesses, such as rhinitis, sinusitis, and asthma, not infrequently leading to
delayed diagnosis [1–4]. Moreover, the pathologic features of sarcoidosis can be
confused with other inflammatory disorders, including granulomatosis with
polyangiitis and tuberculosis [5].

Including patients with pulmonary function abnormalities, radiologic abnor-
malities, and symptoms, the reported prevalence of airway involvement in sar-
coidosis ranges from 40 to 60 % [5]. Advanced parenchymal disease, especially
fibrotic sarcoidosis, increases the risk of lower respiratory tract airway involvement
[6], whereas the presence of lupus pernio is associated with a higher risk for
sinonasal sarcoidosis [7]. When lower respiratory tract airways are affected, mor-
bidity and mortality are both elevated [8]; upper respiratory tract involvement is
strongly associated with a high risk for non-resolving sarcoidosis [9]. The fre-
quency of involvement and the prognostic implications both imply that the presence
of airway sarcoidosis should be actively sought and factored into management
decisions when it is found.
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Upper Respiratory Tract

Presentation and Diagnosis

Sarcoidosis of the upper respiratory tract (SURT) occurs in 2–6 % of individuals
with sarcoidosis [7, 10]. It occurs more commonly in black patients and in females
[3, 11, 12]. Any structure from the nares to the vocal cords may be affected. The
most commonly affected areas are the nasal mucosa and sinuses [7], but the larynx,
epiglottis, pharynx, and oral mucosa may also be involved.

SURT typically presents with sinonasal congestion, crusting, nasal drainage, and
variable degrees of hyposmia. Sometimes, sinonasal sarcoidosis may lead to sinus
headache pain, epistaxis, watery eyes (from nasolacrimal duct obstruction), otitis
media, and even destruction of nasal cartilage resulting in saddle nose deformity or
septal perforation (Fig. 2.1). Glottic or supraglottic sarcoidosis symptoms may be
due to exuberant granulomatous inflammation, or to strictures. Dyspnea, cough,
stridor, obstructive sleep apnea, dysphagia, and dysphonia may be the presenting
manifestations of laryngeal or pharyngeal sarcoidosis.

Nasal mucosal sarcoidosis is usually diagnosed by examination. Nodular pale
white to yellow papular lesions, or exuberant inflammation with mucus crusting are
the findings most typically observed with direct examination of the anterior nares,
or by fiberoptic examination (Fig. 2.2) [4, 12]. Biopsy of the lesions should

Fig. 2.1 Collapse of anterior
nasal cartilage from severe
sinonasal sarcoidosis. There is
also a substantial fleshy
protuberance of the tip of the
nose from granulomatous
inflammation
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document predominantly well-formed non-necrotizing granulomas, with no evi-
dence of infectious agents. Occasionally, the inflammatory lesions of granulo-
matosis with polyangiitis (GPA) may be difficult to distinguish from sarcoidosis
[13]. Evidence of either disease outside of the upper respiratory tract is usually
sufficient to confirm the diagnosis. In contradistinction to the well-formed discrete
non-necrotizing granulomas of sarcoidosis, the “granulomas” of GPA show central
geographic basophilic necrosis with palisading histiocytes and multinucleated giant
cells and can be associated with vasculitis and neutrophilic microabscesses
(Fig. 2.3a–c).

The prevalence of supraglottic and glottic involvement is approximately 1–2 %
[3, 14]. It may occur in isolation, or in combination with sinonasal sarcoidosis.
Fiberoptic examination findings include epiglottic thickening, masses, and granular
infiltration of the aryepiglottic folds, false vocal cords, or surrounding tissues
(Fig. 2.4a–b). Severe disease may lead to respiratory distress or respiratory failure,
occasionally requiring tracheostomy [15]. Physical examination and inspection of
the flow-volume curves are helpful adjunctive diagnostic tests when symptoms
suggest the possibility of laryngeal sarcoidosis.

Management of Upper Respiratory Tract Sarcoidosis

The presence of SURT portends a low likelihood of spontaneous remission and also
relative treatment resistance compared to many other organs [3, 16]. When the
symptoms are relatively modest, topical therapy with corticosteroids and saline
nasal washes may be adequate [12, 17, 18]. However, most patients with symp-
tomatic SURT require systemic therapy [16]. In one center, emergence of SURT in
patients with preexisting sarcoidosis led to a greater-than-four-fold escalation in the

Fig. 2.2 Cobblestoning of
nasal mucosa. The nodular
lesions are typically pale
white yellow; there may be
associated hyperemia and
crusting [Courtesy of Martin
Citardi, MD.]
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mean daily prednisone dose in an attempt to control the disease (4 mg/d to
18.6 mg/d) [3]. Despite the increased corticosteroid dose, intralesional steroid
injections, and surgical interventions, only 40 % of the patients had significant
symptomatic improvement [3].

Fig. 2.3 Well-formed
granulomas are typical in
sinonasal sarcoidosis (a),
where clustered histiocytes
are tightly arranged, and there
is no substantial necrosis. The
histiocytic inflammation seen
in granulomatosis with
polyangiitis, in contrast, is
usually less tightly organized
and may consist only of
clusters of multinucleated
giant cells with
microabscesses (b). Other
features (c) include clusters of
foamy histiocytes, and
histiocytes palisading
adjacent to basophilic
geographic necrosis [Courtesy
of Andrea Arrossi, MD.]
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Other immunosuppressive agents may be useful for SURT, but the data are
sparse. In several series, the antimalarial agent hydroxychloroquine demonstrated
modest efficacy, especially for milder cases [16, 19]. Cytotoxic agents, including
methotrexate, azathioprine, and leflunomide were reportedly beneficial in small
case series and case reports [13, 16, 19, 20]. Tumor necrosis factor antagonists,
such as infliximab and adalimumab, are useful for treatment of sarcoidosis, but
there are few data about their effectiveness for SURT. In a double-blind
placebo-controlled trial of infliximab for pulmonary sarcoidosis, there was a
trend (p = 0.236) for improvement of sinonasal sarcoidosis among the 7 patients
who received infliximab, compared to four placebo-treated patients [21].
Obviously, this post hoc analysis was underpowered to provide meaningful infor-
mation regarding infliximab for SURT.

Intralesional corticosteroid injections may be useful for isolated granulomatous
masses. For sinonasal disease, their effectiveness appears to be relatively modest—
in the series reported by Panselinas et al., only 2 of the 11 patients had improvement
of symptoms at the end of the follow-up period [3]. For glottic and supraglottic
lesions, several case reports have suggested that intralesional injections may be
useful [18, 22–25]. Although intralesional injection may provide only temporary
relief of severe airway obstruction, the resultant improvement of symptoms may
allow sufficient time for slower-acting medications to effect longer term improve-
ments [5]. Less commonly employed approaches to laryngeal sarcoidosis include
laser ablation and external beam radiation [26, 27].

Sinus surgery may be necessary when there is severe sinus obstruction or sus-
pected infection. Sinus surgery may provide temporary relief, but its benefits are
usually not durable [3], and it may lead to nasal septal perforation and disease

Fig. 2.4 Severe laryngeal sarcoidosis requiring debulking surgery. There is exuberant mass-like
polypoid granulomatous inflammation of the epiglottis and aryepiglottic folds (a) leading to
subtotal obstruction. The subglottic airway (b) is circumferentially infiltrated and narrowed by
active granulomas and associated inflammation
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recurrence [7, 28]. It is usually reserved for severe SURT refractory to medical
therapy, or when there is life-threatening upper airway obstruction.

Lower Respiratory Tract

Presentation and Diagnosis

Sarcoidosis can affect any part of the tracheobronchial tree. The manifestations may
be subdivided according to whether they are mainly due to airway luminal (in-
trinsic) involvement, or to extraluminal (extrinsic) compression or distortion by
sarcoidosis inflammation or fibrosis occurring in the peribronchial lung par-
enchyma. A second distinction may be drawn between those manifestations that are
due to active granulomatous inflammation versus those due to fibrosis (Table 2.1).
This section will be organized using this categorization, but it should be recognized
that many patients have more than one mechanism responsible for symptoms and
physiologic abnormalities. Obviously, lower respiratory tract sarcoidosis due to
granulomatous inflammation may require inhaled or systemic immunosuppressive
medications for treatment. The general principles for treatment of pulmonary sar-
coidosis apply to these patients, but are beyond the scope of this chapter.

Lower respiratory tract sarcoidosis, regardless of the mechanism, commonly
causes cough, wheezing or dyspnea. Although airway mucosa is often very friable,
hemoptysis is rare and should prompt evaluation for other problems, such as
mycetomas, infections, or concomitant malignancies [29]. Pulmonary function
testing may demonstrate obstruction in 11–57 % of individuals with pulmonary
sarcoidosis [10, 30, 31]. In African American cohorts, the prevalence of airflow
limitation is even higher; in a study of 123 consecutive non-smoking patients, 63 %
were found to have an FEV1/FVC ratio less than 0.75 [32]. On the other hand,
obstruction appears to be unusual in Japanese patients—in one prospective study of
228 subjects, only 9 % exhibited reduced airflow [33]. One possible explanation for
the higher frequency of airflow obstruction in African American patients may be a

Table 2.1 Mechanisms of tracheobronchial sarcoidosis

Granulomatous Non-granulomatous

Intrinsic Granulomatous tracheobronchitis
Hyper-reactive airwaysa

Endoluminal
stenosis
Bronchiectasis
Hyper-reactive
airwaysa

Extrinsic Extraluminal inflammation (masses or bronchovascular
bundle thickening)
Lymph node enlargement

Bronchial distortion
Traction
bronchiectasis

aContribution of granulomas to hyper-reactivity is unclear but associated with physiologic
hyper-reactivity
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higher granuloma density compared Caucasians [34, 35]. Measurements of small
airway dysfunction, such as frequency dependence of dynamic compliance and
closing volume to vital capacity ratio, confirm that airway disease occurs in more
than 50 % of Scadding stage 1–2 patients and should be assessed when dyspnea is
unexplained [36]. As a rule, however, obstruction tends to be more evident and
more severe with advancing parenchymal lung involvement [33].

Intrinsic/Granulomatous

As mentioned previously, granulomas are very common in mucosal and submu-
cosal airways. In up to 55 % of patients with pulmonary sarcoidosis, direct
examination of the airways will reveal abnormalities [34]. Common features
include erythema, edema, mucosal granularity, cobblestoning, and plaques
(Fig. 2.5). The mucosa may be extremely friable, but overt hemoptysis is rare [29].
The endoluminal nodules seen in sarcoidosis are typically wax or pearly, whitish to
yellowish, and when present in a non-contiguous distribution, resemble cobble-
stones. However, this appearance is not specific, so a biopsy is mandatory if the
diagnosis has not been established previously.

Endobronchial forceps biopsy is a low-risk modality for securing histologic
evidence of sarcoidosis. In patients with abnormal mucosa, the yield of directed
endobronchial biopsy has ranged from 45 to 91 %, with most series in the 50–60 %
range [37–41]. However, endobronchial biopsy may still be useful in suspected
sarcoidosis when there is no visible mucosal abnormality, where performing 2–4
random mucosal biopsies results in 20–37 % sensitivity for granulomas [37, 39,
41]. In a retrospective review of 154 patients, the yield of endobronchial biopsy was
85 % for African American patients, versus 38 % for Caucasians [34]. These data

Fig. 2.5 Cobblestone
appearance of
tracheobronchial sarcoidosis
at the main carina. The lesions
tend to be more discrete in the
trachea and mainstem bronchi
and more like to coalesce into
diffusely irregular mucosal
inflammation in the lobar and
segmental airways
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suggest that careful airway inspection and directed endobronchial biopsy is a useful
part of bronchoscopic diagnosis, especially in African American patients.

Chest CT scan may be useful to identify patients with endobronchial involve-
ment; in a series of 60 patients, CT scan revealed bronchial involvement in 65 % of
the cases [42]. An additional CT feature that suggests small airway involvement is
the presence of air trapping on expiratory scans. In one series, air trapping was
found in 19 of 20 evaluated patients; its presence correlated with reduced
mid-expiratory flow rate and increased residual volume, but not with other spiro-
metric parameters [43]. It is unknown whether all air trapping in sarcoidosis is due
to granulomatous inflammation or to other mechanisms.

Bronchial hyper-reactivity is common in sarcoidosis. It may be extremely dif-
ficult to distinguish from asthma, since extrinsic triggers like fumes, smoke, or
pollen may precipitate exacerbations. As a result, misdiagnosis of asthma is not
uncommon in sarcoidosis cohorts, resulting in delayed sarcoidosis diagnosis [44].
Bronchial provocation testing is abnormal in approximately 20 % of patients [45–
47]. Bronchial hyper-reactivity appears to be more frequent patients with lower
baseline FEV1 [46] and occurred solely in those with positive endobronchial
biopsies in the study performed by Shorr et al. [45]. These observations raise the
possibility that the presence of abnormal bronchial provocation responses may be
due to intrinsic small airway disease with smaller baseline airway diameter, which
could potentially lead to false-positive FEV1 declines. As further evidence that
there may be no pathophysiologic association between asthma and sarcoidosis, a
recent case–control study examined the likelihood of atopic eczema, asthma, or hay
fever in a series of 225 sarcoidosis patients and 177 controls [48]. The prevalence of
all three features was similar in sarcoidosis and control patients, raising the like-
lihood that the apparent relationship between asthma and sarcoidosis may be
coincidental rather than pathologic.

Intrinsic/Non-granulomatous

Significant endoluminal stenosis is very rare, occurring in only 18 of 2500 (0.7 %)
patients seen in a French institution from 1980 to 2000 [49]. Most of the lesions
occur in the upper lobes or middle lobe and involve more than one lobar or
segmental bronchus [49–51]. Occasionally, the stenosis may be diffuse [52].
Bronchoscopically, the lesions typically appear as webs or concentric narrowing by
bland fibrotic tissue (Fig. 2.6a). However, in some patients, there may be a gran-
ulomatous component (Fig. 2.6b), so that endobronchial forceps biopsy and con-
sideration of immunosuppressive therapy may be useful.

The presence of endoluminal stenosis may be suspected when there is cough,
dyspnea, or wheezing; physical examination is extremely important as it may
demonstrate focal prolongation of the expiratory phase or even wheezing. The
flow-volume loop may likewise reveal variable emptying of large airways, some-
times visible as a notch on the expiratory limb. Endoluminal stenosis should be
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suspected in patients with dyspnea that is out of proportion to chest imaging
findings, especially when airflow obstruction is present [53]. However, it may occur
even in patients with normal pulmonary spirometry [49].

When active granulomatous disease is present, treatment should include
immunosuppressive therapy, such as corticosteroids [49, 53]. In patients for whom
immunosuppressive therapy is not helpful, mechanical dilatation via balloon
bronchoplasty can be considered (Fig. 2.7). Bronchoplasty can be performed via
rigid or flexible bronchoscopy [54, 55]. Repeat bronchoscopic evaluation is usually
necessary since the stenosis may recur, requiring more than one session of dilatation
before the airways remain fully patent. Although spirometry is often unchanged
after bronchoplasty, it is not uncommon that dyspnea is alleviated [54]. For
refractory cases, endobronchial stenting is an option, but it may lead to exuberant
granulation tissue in sarcoidosis patients. Therefore, stenting should be reserved for
as a last resort and performed only centers with substantial experience.

Extrinsic/Granulomatous

Sarcoidosis tends to involve the peribronchial lung parenchyma in the mid-to-upper
lung zones. Sometimes, the sarcoidosis lesions coalesce in a perihilar distribution to
form conglomerate inflammatory masses (Fig. 2.8). The perihilar conglomerate
mass-like lesions are typically difficult to distinguish from enlarged lymph nodes

Fig. 2.6 Airway stenosis due to sarcoidosis. Isolated or multiple fibrotic webs may be found,
usually in the segmental or subsegmental airways. a Depicts subtotal obstruction of the entire left
lower lobe, with the anteromedial basal and lateral basal subsegments still visible. b There is
extensive fibrogranulomatous proliferation at the level of the right mainstem bronchus leading to
ventilation of the right lung through a pin-hole-size orifice
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and usually occur in advanced or long-standing disease [56, 57]. Although the
lesions may already have been treated with corticosteroids and other therapies, the
emergence of flurodeoxyglucose positron emission tomography (FDG-PET) scan-
ning has shown that many of these lesions previously thought to be fibrotic actually
harbor active granulomatous inflammation [58]. The intensity of FDG uptake
correlates positively with the magnitude of response to therapy [59]. Therefore, in

Fig. 2.7 Web-like stenosis of the airways (a) treated by advancing a balloon catheter into the
obstructed segments (b) to perform bronchoplasty. The procedure requires that the operator is able
to pass the catheter through the stenotic lesion. We routinely perform circumferential
methylprednisolone injections at the level of the stenosis after dilatation [Courtesy of
Thomas R. Gildea, MD.]

Fig. 2.8 Conglomerate
perihilar inflammatory
mass-like inflammation
leading to compression of the
right upper lobe, bronchus
intermedius, and left lower
lobe superior segment airways
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patients with extrinsic airway compression from conglomerate parenchymal sar-
coidosis, assessment of disease activity and trials of therapy should be attempted. In
some patients, aggressive immunosuppressants, such as infliximab, are necessary to
alleviate the impact on the airways [59].

Lymph node enlargement is a very rare cause of airway compression. In the
French series of 2500 patients, only 2 patients had substantial main carina
enlargement [49]. Lobar obstruction due to lymph node enlargement has been
reported [60–62]. In a series of 42 patients with airflow obstruction, only one had
obstruction solely due to compression from enlarged lymph nodes, but another 10
(36 %) had some contribution from lymph node enlargement [56]. Taken together,
these data suggest that there are several granulomatous mechanisms of extrinsic
airway obstruction in sarcoidosis; in the absence of failed treatment trials and
negative FDG-PET scanning, the presumption should be that aggressive therapy
has the potential to improve symptoms and physiologic indices.

Extrinsic/Non-granulomatous

Sequelae of granulomatous inflammation may lead to irreversible airflow obstruc-
tion when the airways get caught up in the peribronchial fibrotic response. The
response may include parenchymal architectural distortion, leading to loss of air-
way patency, bullous disease, honeycombing, and traction bronchiectasis [57].
These radiologic features may all be present in Scadding stage IV chest radiographs
and are all associated with physiologic and symptomatic airway obstruction [63].
The most common manifestation is bronchial distortion, which tends to occur in the
mid-to-upper lung zones [56, 57] (Fig. 2.9).

Bronchiectasis from sarcoidosis can be localized, but it is usually diffuse. Diffuse
cystic bronchiectasis occurs in two situations: due to traction from honeycombing
or other parenchymal fibrosis, or from direct damage to the airways from granu-
lomatous inflammation. In cases with localized bronchiectasis, long-standing
endobronchial sarcoidosis or focal lymph node compression is usually the culprit
[64]. Using chest CT, bronchiectasis has been found on 18–40 % of patients with a
stage 4 chest radiograph [57, 65]. The rate of bronchiectasis may approach 100 % in
patients who require lung transplantation [66].

Hemoptysis and substantial sputum production are unusual when bronchiectasis
occurs in sarcoidosis, and their presence should prompt evaluation for other mor-
bidities such as infections. However, in a minority of patients with bronchiectasis,
the clinical course may be dominated by classical bronchiectasis features. In that
situation, there may be a high rate of clubbing, crackles, and recurrent exacerbations
requiring hospitalization [65]. Management of recurrent infectious exacerbations
may be more useful than escalating corticosteroid doses. In a small series, the
mortality rate in this situation was high (4 of 7) [65].
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Conclusion

Airway involvement from sarcoidosis is common but under-recognized. Its pres-
ence implies a low likelihood of spontaneous remission and the need for more
aggressive immunosuppression when treatment is indicated. Therefore, a treatment
strategy that considers long-term tolerability and effectiveness should be initiated in
those patients with significant airway disease. It is important to distinguish active
granulomatous inflammation from fibrotic sequelae of sarcoidosis when formulat-
ing a treatment strategy, using imaging findings, response to therapeutic trials,
biopsies, and FDG-PET scanning to assess activity.
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Chapter 3
Airway Complications of Inflammatory
Bowel Disease

Shekhar Ghamande and Prasoon Jain

Introduction

Most physicians are aware of extra-intestinal manifestations of inflammatory bowel
disease (IBD). Over the course of disease, extra-intestinal manifestations occur in
20–40 % of IBD patients [1]. The most common extra-intestinal manifestations
include arthritis, ankylosing spondylitis, pyoderma gangrenosa, erythema nodosum,
sclerosing cholangitis, episcleritis, uveitis, pancreatitis, thyroiditis, and pericarditis.
These extra-intestinal manifestations tend to correlate with the extent of ulcerative
colitis, and as many as 25 % of the patients have more than one extra-intestinal
manifestations [2]. Furthermore, the probability of these manifestations increases
with the duration of IBD [3]. Over past several decades, there is an increasing
recognition of involvement of pulmonary system in patients with IBD. These
include involvement of upper and central airways, small airways, pulmonary par-
enchyma, pulmonary vasculature, and pleura. Unfortunately, high-quality studies
addressing pulmonary complications of IBD are lacking, and the majority of
information on this subject comes from small series or case reports. Due to low
incidence, the lack of general awareness and absence of any established criteria to
associate pulmonary manifestations with underlying IBD, the appropriate diagnosis,
and therapies are often delayed. To make the matter more difficult, many of the
drugs used for the treatment of IBD have important pulmonary complications that
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are difficult to differentiate from the pulmonary abnormalities inherently associated
with the underlying disease process.

In this chapter, we discuss the clinical presentation, diagnosis, and treatment
airway diseases associated with IBD. We also discuss the emerging views on the
possible association of IBD with other common airway diseases such as chronic
obstructive pulmonary disease (COPD) and asthma. We provide practical sugges-
tions to recognize and treat airway complications of IBD in a timely fashion.

Historical Background

Early studies looking into extra-intestinal manifestations did not recognize the
association of IBD with pulmonary manifestations [4, 5]. Kraft and associates in
1976 were first to identify the pulmonary involvement in IBD in 6 patients [6]. All
patients in this series presented with chronic productive cough with 4 of 6 patients
having findings consistent with bronchiectasis and 5 of 6 patients having airflow
obstruction on pulmonary function tests (PFTs). Overt pulmonary symptoms first
developed following procto-colectomy in 2 patients in this series. Several subse-
quent reports have confirmed such association with most notable contribution
coming from a detailed account of 33 patients with a variety of pulmonary com-
plications in patients with both ulcerative colitis (UC) and Crohn’s disease (CD) [7].

Incidence

IBD is a common gastrointestinal disease. In an analysis of 9 million health
insurance claims, the prevalence of CD and UC in adults was 201 (95 % CI, 197–
204) and 238 (95 % CI, 234–241) per 100,000, respectively [8]. The incidence of
pulmonary complications in IBD remains unknown. In fact, many epidemiological
studies have failed to recognize any such association [1–3]. For example, in an
earlier study, no respiratory complications were reported in 624 patients with IBD
[4]. Another study looking into extra-intestinal manifestations found no instance of
pulmonary disease among 700 patients with IBD [9]. The evidence for respiratory
complications of IBD mostly comes from case reports and short series. For example,
in one study, PFTs and high-resolution chest computed tomography (HRCT) were
performed in 17 patients with IBD. Obstructive, restrictive, or combined defect was
found in 11 (65 %) and abnormalities on HRCT were detected in 16 (94 %) patients
[10]. In another study of 39 patients with IBD, PFT abnormalities were present in
56 % and HRCT abnormalities were detected in 64 % of patients [11]. A somewhat
lower prevalence of abnormalities was reported in a prospective study of 95 IBD
patients in which PFT was abnormal in 28.5 % and HRCT was abnormal in 22 % of
patients [12]. Generally, the incidence of clinical symptoms was lower than PFT
abnormalities, and HRCT changes in these studies. Overall review of these clinical
reports leaves little doubt regarding an association between IBD and pulmonary
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involvement. Most likely, prior studies failed to identify these complications due to
non-specific nature of respiratory symptoms and clinical presentation in IBD.
Population studies looking into survival and cause-specific mortality further support
an association between IBD and lung disease. Several of these studies have shown
higher than expected mortality from COPD [13–15], asthma, pulmonary embolism,
and pneumonia [16] in patients with IBD.

There is a strong evidence for subclinical pulmonary involvement in IBD.
Non-specific respiratory symptoms are common in patients with IBD. In a case–
control study, a nearly threefold increase in prevalence of dyspnea and sputum
production was found in IBD patients as compared with control subjects [17].
Abnormalities on PFTs have been found in as many as 50 % of patients with IBD
[18]. Notably, many authors have reported PFT abnormalities in patients free of any
respiratory symptom, suggesting presence of a latent pulmonary involvement in IBD
[19–21]. Non-specific bronchial hyperresponsiveness has been reported in as many
as 71 % of children with CD in the absence of any pulmonary symptoms [22]. In
addition to altered pulmonary functions, abnormal findings on HRCT are found in
many asymptomatic patients with IBD. For example, in one study, HRCT showed
abnormal findings such as air trapping, peripheral reticular opacities, and
bronchiectasis in 19 of 36 (53 %) patients. Eight of 19 (42 %) patients with abnormal
HRCT findings had no respiratory symptom [19]. In a prospective study, HRCT was
performed in 95 patients with IBD. Abnormalities were detected in 21 (22 %)
patients. A majority of patients with abnormal HRCT findings in this study had no
respiratory symptoms [12]. A further evidence of subclinical pulmonary involvement
comes from studies in which bronchoalveolar lavage (BAL) was performed. In one
such study, BAL was performed in 18 patients with CD [23]. All patients included in
this study were free of any symptoms. Lymphocytic alveolitis was detected in 11
(61 %) subjects. Other studies have also demonstrated similar findings [24]. Taken
together, these data leave little doubt that pulmonary involvement is common in IBD
but is often overlooked because many such patients have a latent disease that is
difficult to detect in a routine clinical setting. Even in symptomatic patients,
non-specific presentation, confounding effect of tobacco use, non-availability of a
reliable test, and a general lack of awareness among clinicians about such association
contribute to underdiagnosis of pulmonary complications in IBD.

Pathophysiology

IBD is the end result of a complicated interaction between environmental, genetic,
microbial factors, and abnormal immune response [25]. Smoking is clearly asso-
ciated with increased risk of CD [26]. Epidemiologic studies suggest a link between
air pollution and risk of IBD [27]. There is evidence for an association between the
reduced biodiversity and other changes in intestinal microbiome and IBD [28, 29].
A variety of defects in innate as well as adaptive immune response have been
reported in IBD. Increasing body of data supports an important role of altered innate
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immunity in response to intestinal bacterial antigens in IBD, mediated by pattern
recognition receptors (PRRs) expressed by cells involved in innate immunity. The
nucleotide-binding oligomerization domain containing protein-2 (NOD2) in the
cytoplasm and the Toll-like receptor (TLR) on the cell membrane are two important
PRR families associated with mucosal immunity [30, 31]. NOD2 recognizes pep-
tidoglycan in bacterial cell wall. An alteration in the function of NOD2 receptor due
to a frameshift mutation is shown to be associated with increased risk of CD [32].
Such mutation results in a stronger TLR-2 response, disruption of epithelial barrier,
and increased Th-1 response, all contributing to the pathophysiology of CD [33].

It cannot go unnoticed that nearly all of the factors associated with pathogenesis
of IBD mentioned above have also been associated with a variety of lung diseases,
including COPD. Smoking and air pollution are the leading causes of respiratory
morbidity. An increasing number of studies are reporting association between
altered lung microbiome and chronic lung diseases such as COPD, asthma, idio-
pathic pulmonary fibrosis, and bronchiectasis [34–36]. Several studies have also
established an important role of altered innate immunity in pathogenesis of COPD
[37]. For example, NOD2 single nucleotide polymorphism has been described in
COPD and is shown to be associated with reduced lung function in COPD [38]. In
this regard, it is also interesting to note the similarities between the organ-specific
and systemic inflammatory process in COPD and IBD. In both diseases, there is
noticeable dysfunction of epithelial mucosal barrier. Smoking is the main cause of
the breakdown of respiratory epithelium in COPD [39]. A similar epithelial barrier
dysfunction is also a key feature in IBD, although it is unclear whether the epithelial
dysfunction is the cause or the effect of the disease [40]. The loss of epithelial
barrier may initiate an intestinal inflammatory response and promote increased
bacterial translocation. Whether intestinal epithelium barrier dysfunction in IBD is
related in any way to the epithelium barrier dysfunction in airway diseases in IBD is
unknown.

Based on aforementioned discussion, convincing similarities can be drawn
between the nature and origins of inflammation in IBD and lung diseases such as
COPD. However, any such discussion provides no information on how pulmonary
system without any direct anatomical connection gets involved with the inflam-
matory cascades that originates in the gastrointestinal tract in IBD [41].

Both of these organ systems evolve from the primitive foregut during human
development [42, 43]. Despite an anatomic separation during subsequent develop-
ment, gastrointestinal and pulmonary organ systems continue to share many similar-
ities at a structural and organizational level. Both organ systems have similar mucosal
epithelial barrier, protective mucus layer, submucosal loose connective tissue, and
mucosa-associated lymphoid tissue (MALT). It is very likely that both these organ
systems share similar antigens due to a common embryonic ancestry. The presence of
a shared antigen between these organ systems provides the likely link that allows cross
talk between the inflammatory responses that originates in the gastrointestinal tract and
goes on to involve pulmonary system [41]. Aberrant homing of the gut-derived
lymphocytes is shown to occur in liver, synovial, and ocular tissues, possibly con-
tributing to systemic manifestations [44]. It is interesting to speculate whether a similar
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homing of gut-derived lymphocytes also occurs in the lung tissues of IBD patients
with pulmonary complications. Such mechanism might explain the onset of active
pulmonary disease for the first time after colectomy in some patients with IBD [45].
Additional factors may include soluble mediators of inflammation and TLR4 gene
variations causing exaggerated lung and intestinal mucosal immune response to
lipopolysaccharide antigens from gut bacteria in patients with IBD [46].

Pulmonary Disorders in IBD

Pulmonary manifestations of IBD are summarized in Table 3.1. Pulmonary diseases
in IBD involving airways, lung parenchyma, pulmonary vasculature, and pleura are
extensively reviewed elsewhere [47–49]. Unfortunately, most clinical reports on
this subject are cross-sectional and retrospective and are limited to a handful of
cases. Therefore, the details on clinical course and natural history of the pulmonary
complications are not readily available. The largest series was reported by Camus
and associates who reviewed 33 patients with various pulmonary manifestations of
IBD [7]. The male-to-female distribution was roughly 1:2, and the age at the
diagnosis varied from 17 to 80 years. Majority of patients were non-smokers.
Pulmonary complications were airway diseases in 20 cases, interstitial lung diseases
in 10 patients, necrobiotic lung nodules in 2 cases, and serositis in 1 case. The onset
of pulmonary complications varied widely in relation to the underlying IBD. Most
commonly, the pulmonary disease was identified after the diagnosis of IBD was
already established, although some patients experienced pulmonary symptoms
before or at the time of IBD diagnosis. In another series of 10 patients, Higenbottam
and associates reported predominantly airway involvement in 6 patients and lung
parenchymal involvement in 4 patients [50]. A similar pattern of predominant
central airway involvement has also been reported by others [51].

In recent years, data have emerged to suggest a higher than expected burden of
asthma and COPD in IBD. In subsequent sections, we briefly discuss this emerging
information but mainly focus on the involvement of central airways with IBD.

Asthma and IBD

Epidemiological studies suggest higher than expected incidence of asthma in IBD
compared to the control subjects. For instance, in a large population-based study
from Manitoba, the prevalence ratio of asthma was 1.66 (95 % CI 1.46–1.88) in UC
and 1.43 (95 % CI 1.26–1.62) in CD [52]. In another study, an increased prevalence
of UC (OR 2.81, 1.15–6.9) but not of CD was found in patients with asthma [53].
D’Arienzo and associates reported a higher prevalence (42.2 %) of allergic disease
including asthma in 45 subjects with UC compared to 13.5 % prevalence among 37
healthy controls. There was a family history of allergic diseases in 48.9 % of
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patients with UC and 16.2 % of healthy controls. Skin prick tests were almost twice
as likely to be positive in UC patients as in control subjects [54].

Studies have shown a high incidence of bronchial hyperresponsiveness (BHR) in
patients with IBD. In one such study, BHR was detected with methacholine chal-
lenge testing in 45 % of IBD patients without pulmonary symptoms compared to
17 % of healthy controls [55]. Others have reported a similar increase in prevalence

Table 3.1 Pulmonary manifestations of inflammatory bowel disease

Large airway diseases

• Subglottic stenosis

• Tracheobronchitis

• Bronchitis

• Bronchiectasis

Small airway disease

• Bronchiolitis

• Bronchiolitis obliterans

• Diffuse panbronchiolitis

Interstitial lung disease

• Bronchiolitis obliterans with organizing pneumonia

• Non-specific interstitial pneumonia

• Desquamative interstitial pneumonia

• Eosinophilic pneumonia

• Fibrosing alveolitis

• Sarcoidosis

Pulmonary vascular disease

• Pulmonary thromboembolism

• Pulmonary vasculitis

Pleural disease

• Pleural effusion

• Pleuro-pericarditis

• Pleural thickening

• Pneumothorax

• Colo-pleural fistula

Drug induced lung disease

• Sulfasalazine

• Azathioprine

• Methotrexate

• Biological agents

Miscellaneous

• Laryngeal involvement

• Lymphocytic alveolitis

• Necrobiotic pulmonary nodules
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of BHR among patients with CD [56]. Higher sputum eosinophil count and eosi-
nophilic cationic protein levels have also been detected among IBD patients
compared to healthy controls in absence of respiratory symptoms [57, 58]. High
levels of serum IgE have also been reported in patients with IBD [59]. However,
not all studies have reached similar conclusions in this regard. Some studies have
not found an increased incidence of allergic disorders in IBD. For example, one
study found no correlation between atopy and IBD [60]. Further, Ceyhan and
associates did not find significant BHR or elevated IgE, even though there were
more respiratory and allergic symptoms in patients with IBD compared to control
subjects [61]. Another recent study has reported a low prevalence of BHR and
respiratory involvement in children with IBD [62].

Notwithstanding, the overall evidence does suggest a higher than expected
incidence of asthma and allergic disorders among patients with IBD. Apparently,
this association is an underappreciated extra-intestinal manifestation of IBD. More
work is needed to understand the full clinical implications of this association
between asthma and other allergic disorders and IBD. Particularly, troubling in this
context is a report of higher than expected asthma mortality among patients with
IBD [63]. Future studies are needed to address this issue and to determine whether
the natural course of asthma differs in any way among patients with or without IBD.

COPD and IBD

Smoking is a common risk factor for both COPD and CD. It is therefore not
surprising that there is suggestion of an epidemiologic association between COPD
and IBD. For example, in a Swedish population-based cohort study, Ekbom and
associates demonstrated an increased risk of UC (HR 1.83; 95 % CI 1.61–2.09) and
CD (HR 2.72; 95 % CI 2.33–3.18) in patients with COPD. Furthermore, the
first-degree relatives of COPD patients had an increased risk of CD (HR 1.25; 95 %
CI 1.09–1.43) but not of UC (HR 1.09; 95 % CI 0.96–1.23) [13]. Moreover, COPD
contributes to mortality risk in patients with CD but not UC. In a Danish cohort,
mortality in IBD was assessed over a 30 year period. The risk of mortality from
respiratory disease was high in the first year of diagnosis of CD (HR 3.10, 2.4–4)
and declined slightly but remained elevated even after 10 years (HR 2.32, 1.96–
2.74) [14]. As in asthma, it is unclear how clinical course of COPD is different in
patients with or without underlying IBD.

Central Airway Disorders in IBD

Central airway is the most common site of respiratory involvement in IBD [7, 10].
In a review of 155 patients from 55 case series, large airway disease accounted for
39 % of respiratory involvement in IBD [64]. In one series, the prevalence of IBD
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was significantly higher (Odds ratio 4.26, 95 % CI 1.48–11.71) than expected
among patients with airway disease in a respiratory clinic [53]. Airway disease
typically follows several years of intestinal manifestations. However, in some case,
pulmonary involvement precedes bowel disease, most notably in younger patients
[7, 65, 66]. As is true for other manifestations, airway involvement becomes
clinically manifest for the first time months to years after colectomy in some
patients [7, 45, 67]. Airway disease occurs usually in UC with a female prepon-
derance and an average age of onset in the fifth decade. Other extraintestinal
manifestations including ocular, arthritic, dermatological, and hepatic are concur-
rently found in up to 40 % of cases [7, 10, 64].

Upper airway disease with IBD has been described in several case reports. The
site of inflammation in many of these cases has included the vocal cords, subglottic
region, and tracheobronchial tree. Isolated involvement of larynx is uncommon
[68, 69]. It is more usual to have a generalized tracheobronchitis with laryngeal and
subglottic involvement [70]. The patients usually present with progressive
hoarseness, cough, and dyspnea often mistaken for asthma or chronic bronchitis for
months to years before the correct diagnosis is identified [7, 67, 71–76]. There are
several reports of a more dramatic presentation with severe respiratory distress and
stridor [7, 71, 72, 77]. Acute respiratory failure requiring immediate intubation and
mechanical ventilation due to severe tracheobronchitis has been described in a
handful of case reports [78, 79]. Sometimes, urgent bronchoscopic interventions
have been needed to alleviate airway narrowing in these patients [73, 80]. Persistent
airway inflammation has led to large airway stenosis in some cases [7, 67, 75].
Obstructive defect on PFTs with abnormalities in flow volume loop may provide a
clue to correct underlying diagnosis [71, 72, 81]. Bronchoscopy confirms the
diagnosis and provides useful information on the severity and extent of central
airway involvement. There is considerable resolution after the treatment with sys-
temic steroids.

Bronchiectasis is the most common airway manifestation of IBD. It accounts for
66 % of airway complications in patients with IBD [64]. 6 of 15 patients reported
by Camus and associates had clinical and radiological evidence of bronchiectasis
[7]. In a study of 17 patients with IBD, 13 (76 %) patients had evidence of
bronchiectasis on HRCT [10]. These results were similar to those reported in an
earlier series in which 5 of 7 IBD patients with chronic cough and sputum pro-
duction had evidence of bronchiectasis on chest computed tomography (CT) [82].
Bronchiectasis is reported to occur more commonly in UC than in CD. The res-
piratory symptoms usually develop months to years after onset of gastrointestinal
symptoms. The usual symptoms are chronic cough and copious sputum production.
Early to mid-inspiratory coarse crackles can be appreciated on auscultation of lung
fields [83]. Periodic exacerbation of symptoms is reported by many patients,
needing repeated courses of antibiotics. Hemoptysis is uncommon but is occa-
sionally reported [84]. Interestingly, there are several reports of chronic bronchitis
and bronchial suppuration without any prior tobacco use in IBD. Many such
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patients were described before availability of HRCT [65]. It is plausible that some
of the patients thought to have bronchitis or bronchial suppuration in earlier reports
had underlying bronchiectasis that could not be detected with the available imaging
modalities. In this regard, it is important to point out that bronchiectasis is the most
common radiologic abnormality on HRCT in IBD and several patients with this
finding have minimal or no pulmonary symptoms [10, 12].

As discussed above, several patients have developed large airway complications
for the first time after undergoing colectomy for IBD [7, 45, 85]. For example, 8 of
10 patients in a series developed bronchiectasis 2 weeks to 30 years after under-
going colectomy for IBD [45]. Similarly, 9 of 15 patients with large airway disease
reported by Camus and associates had undergone prior colectomy [7]. It is sug-
gested that a reduction in immunomodulating drugs after colectomy for IBD may
unmask an underlying airway disease in some of these patients [45].

PFTs may reveal airflow obstruction, but normal results do not exclude the
diagnosis [82]. A HRCT is indicated when bronchiectasis is suspected in patients
with IBD. Dilatation of bronchi is most prominent in both lower lobes. A routine
bronchoscopy is not helpful in bronchiectasis. Many patients with IBD-associated
bronchiectasis have experienced a dramatic improvement in symptoms after insti-
tution of systemic corticosteroids [65, 82]. Such response is not typical for
bronchiectasis unrelated to IBD. Use of inhaled corticosteroids has also led to
resolution of symptoms in some of these cases [7, 50].

Small airways are also involved in some patients with IBD. Radiological studies
using HRCT have shown suggestion of small airway disease in 33–52 % of patients
[10, 19]. In many instances, the CT findings suggest simultaneous involvement of
both large and small airways with the disease process. In other cases, small airway
involvement is associated with interstitial changes in the lung. Small airway
involvement appears to be more common in CD than in UC. Cough and dyspnea
are the usual complaints, although many patients have no symptoms. Symptomatic
disease tends to present earlier and in younger patients compared to large airway
disease. It can precede bowel involvement and pose a diagnostic dilemma [66, 80,
86–89]. PFTs can be normal, but the reported changes include obstructive defect,
restrictive defect, or a combined defect. No correlation has been detected between
HRCT abnormalities and PFTs [19]. Small airway dysfunction is observed in some
patients in the absence of any abnormality on standard PFTs. For example,
Tzanakis and associates assessed small airway function using method based on
density dependence of flow in 30 patients with IBD. The forced vital capacity
(FVC), forced expiratory volume in 1 s (FEV1), FEV1/FVC ratio, or total lung
capacity were similar in both groups of patients [90]. Small airway dysfunction was
identified in patients with untreated disease and active UC treated with mesalamine
but not in those treated with steroids, possibly reflecting beneficial effects of ster-
oids on small airway disease [91]. Optimal therapy is not defined for small airway
disease in IBD. However, several patients have experienced improvement or res-
olution of symptoms with oral or inhaled corticosteroids [7, 89, 91].
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Pulmonary Function Tests

PFTs are indicated in IBD patients suspected to have respiratory complications.
Pulmonary function abnormalities can be detected not only in symptomatic but also
in many asymptomatic patients with subclinical involvement of respiratory system.
The prevalence of PFT abnormalities in IBD has varied from 6 to 58 % in different
case series [11, 12, 19, 21, 24, 90, 92–95]. This heterogeneity may be related to
difference in disease activity, severity of lung disease, use of corticosteroids, and
inclusion of smokers in the patient groups. In a vast majority of studies, the most
common abnormality is a small but statistically significant reduction in DLCO
[11, 12, 19, 24, 90, 93, 94]. Mild obstructive, restrictive, or combined defects have
been reported, but many other studies have failed to show any major abnormality in
FEV1, FEV1/FVC ratio, and mid-expiratory flow rates in the patients with IBD
[19, 24, 90]. Air trapping or hyperinflation possibly due to small airway dysfunction
has been reported in a few studies [19, 24, 94]. The correlation of PFT abnor-
malities with the degree of disease activity was demonstrated in a majority of the
studies with a drop in DLCO being the most frequent abnormality. However,
longitudinal data on this are too scant to draw any firm conclusions. In the pediatric
CD of 26 patients, Munck et al. [20] reported a decrease in DLCO only with active
disease. But more recently in a larger study, Peradzynska et al. [62] did not find any
significant PFT abnormalities in 50 patients with pediatric IBD compared to con-
trols and furthermore there was no correlation of PFTs with disease activity.

Airflow obstruction is readily detectable in IBD patients with predominant
involvement of central airways. Untreated tracheobronchitis may lead to central
airway stenosis with flattening of inspiratory and expiratory components of flow
volume loop [71, 72]. Treatment with systemic corticosteroids leads to improve-
ment or resolution of pulmonary function defects as well as flow volume loop
abnormalities [71, 72]. An improvement in PFTs and flow volume loop provides an
easy and noninvasive objective parameter to assess the response to corticosteroid
therapy in patients with central airway obstruction.

Exhaled Nitric Oxide

A simple tool to detect early and asymptomatic airway involvement and to monitor
airway inflammation is highly desired in IBD. Unfortunately, clinical evaluation,
chest radiograph, and routine pulmonary function testing are inadequate for this
purpose. Exhaled nitric oxide (FeNO) has been used to monitor airway inflam-
mation and steroid responsiveness in bronchial asthma [96]. Recent data suggest a
potential role of FeNO in early detection of airway involvement in IBD. Elevation
in FeNO is shown to correlate with the CD activity index suggesting the presence of
subclinical pulmonary involvement [97, 98]. Most useful data in this regard come
from a study from Turkey in which FeNO was measured in 33 patients with IBD
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and was compared with 25 matched controls [99]. Pulmonary involvement could be
established in 15 patients on the basis of detailed clinical evaluation, PFTs, bron-
choscopy, and HRCT. Bronchiectasis and large airway obstruction were diagnosed
in 12 of 15 (80 %) IBD patients with pulmonary involvement. The levels of FeNO
were higher in patients with pulmonary involvement (FeNO 32 ± 20 ppb) than in
those without pulmonary involvement (24 ± 8 ppb) and healthy controls
(14 ± 8 ppb). Higher FeNO levels were not associated with symptoms, abnor-
malities on PFT, or disease activity. Sensitivity and specificity analyses failed to
identify a cutoff value for the diagnostic FeNO levels. With these encouraging
results, further work is needed to establish the role of FeNO in medical assessment
of IBD patients with respiratory complications. Most important initial step in this
regard is to establish a cutoff level of FeNO with an adequate sensitivity, specificity,
and predictive value to identify presence or absence of airway involvement in IBD.

Imaging Studies

Most patients with IBD have a normal chest radiographs irrespective of respiratory
symptoms [7, 53, 100]. In an occasional patient with central airway disease, nar-
rowing of tracheal air column can be appreciated on plain chest radiograph [71].
Soft tissue swelling of upper airways is sometimes encountered with involvement
of hypopharynx, larynx, and upper trachea [101]. Chest radiograph has low sen-
sitivity for detecting bronchiectasis, but the reported findings include bronchial wall
thickening, tramline pattern, and dilated bronchi in advanced cases [7, 83].

Chest CT is a useful radiological investigation in IBD patients suspected to have
respiratory tract involvement. In tracheobronchitis, CT findings include irregularity
of airway mucosa, concentric thickening of airway wall, narrowing, and large
airway stenosis [67, 77, 79]. Similar findings have also been shown on magnetic
resonance imaging (MRI) in some reports [51, 71, 73]. In the absence of com-
parative studies, it is unclear whether MRI is better than CT for this purpose, but at
least in one case, thickening of airway wall and stenosis were seen on MRI but not
on CT [73]. In one report, an increased activity was noted over the posterior wall of
trachea on 2-deoxy-2[18F] fluoro-D-glucose positron emission tomography
(18F-FDG PET) scan that resolved with systemic steroids in 3 months [102]. The
authors propose PET scan to have a possible value in noninvasive assessment of
tracheobronchial involvement with IBD, but it is difficult to draw any conclusion on
the basis of a single case report.

HRCT should be performed in IBD patients suspected to have bronchiectasis
[7]. In addition to cylindrical or cystic bronchiectasis changes, HRCT may also
reveal bronchial wall thickening, mucus plugging, and airway stenosis [51].
Evidence of associated small airway involvement is not unusual on HRCT in
patients with bronchiectasis [7, 10, 12, 19], as suggested by the presence of air
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trapping, centrilobular nodules, and tree-in-bud appearance. Additional findings on
HRCT may include ground glass changes, reticular changes, parenchymal bands,
and cystic changes [10–12].

Bronchoscopy

Bronchoscopy should be performed without delay in IBD patients with suspected
central airway involvement. Examination in patients with tracheobronchial
involvement usually shows diffuse erythematous, inflamed, edematous, and friable
mucosa with scattered white mucosal plaques and nodular changes [7, 50, 66, 73,
75, 80, 82, 103] (Fig. 3.1). Purulent secretions may be found in some cases. In some
instances, stripes of tracheal cartilage and longitudinal mucosal folds of the
membranous portion of trachea cannot be appreciated on bronchoscopic inspection
[81]. Narrowing of trachea and bronchi is seen in more advanced cases [7, 67, 75].
Web-like obstruction of lobar bronchi has also been reported [73]. In some patients,
the disease process is most pronounced in subglottic trachea [71], but it is more
usual to find a generalized involvement of trachea and main-stem bronchi with the
disease process [75, 77]. In one report, endobronchial ultrasound showed circum-
ferential thickening of the mucosa with preservation of tracheobronchial cartilage
[104]. The ability of endobronchial ultrasound to identify sparing of cartilage may
be helpful in differentiating IBD-associated tracheobronchitis from disorders such
as relapsing polychondritis.

The abnormal bronchoscopic findings usually resolve with corticosteroid therapy
in 1–3 months [70, 75, 78, 81, 103–105]. Development of stenosis in the areas of
circumferential inflammation is a concern and requires airway monitoring [67].
Fortunately, only a minority of patients develop this complication with early

Fig. 3.1 Inflammatory and
nodular endobronchial
changes causing partial
obstruction of right middle
lobe bronchus in a patient
with inflammatory bowel
disease
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detection and appropriate treatment. The need for a repeat bronchoscopy must be
assessed on a case-by-case basis.

Bronchoscopy has a more limited role in patients with IBD-associated
bronchiectasis. Bronchoscopy may be normal [82] or may show mucosal ery-
thema, purulent secretions, and extensive dilatation of distal bronchi [7, 51, 85].
BAL shows increased cellularity with neutrophilic predominance [7]. Isolation of
pathogens may be helpful in appropriate selection of anti-microbial agents in
selected patients.

Similarly, bronchoscopy has no major role in assessment of other respiratory
diseases associated with IBD. Histological diagnosis of small airway disease and
other pathologies affecting lung parenchyma cannot be established on broncho-
scopic lung biopsies. The role of bronchoscopy in these patients is largely limited to
exclusion of an underlying infectious etiology.

Pathology

Endobronchial biopsies in IBD patients with tracheobronchial disease reveal
mucosal and submucosal inflammation. The epithelial lining is ulcerated sometimes
with squamous metaplasia [76, 78, 105]. Lymphocytes and plasma cells are the
predominant infiltrating cells along with a few neutrophils and red cells [7]. Loosely
formed granuloma may be found in some cases [70, 77, 103]. On forceps biopsies,
the cartilage cannot be sampled, but in surgical specimens, underlying cartilage is
entirely spared [104]. Many of the histological changes resolve with corticosteroid
administration within 1–3 months [75]. Minimal fibrotic changes and non-specific
inflammation of little clinical significance may persist in some cases [70, 78].

Pathologic confirmation of small airway involvement requires surgical lung
biopsy. Histopathologic findings in these patients include bronchiolitis, peri-
bronchial granuloma, concentric small airway fibrosis, and panbronchiolitis [12,
64]. Surgical biopsy is not essential in every case, and the decision to perform
invasive biopsy should be preceded by a careful risk–benefit analysis.

Treatment

Corticosteroids are the mainstay for treatment of airway complications associated
with IBD [7, 106]. Systemic corticosteroids must be started without delay in IBD
patients found to have involvement of central airways to avoid development of fixed
and irreversible airway narrowing. Currently, the dose and duration of therapy with
systemic corticosteroids are not defined as there are no controlled studies addressing
this issue. Based on numerous case reports and our own experience, it is reasonable
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to initiate therapy with oral prednisone at a starting dose of 40–60 mg per day. We
recommend reducing dose by 10 mg/day every two weeks till a stable dose of
10 mg/day is reached and maintaining patient on this dose for next 4–6 months.
Higher doses of intravenous corticosteroids may be required in patients who
develop respiratory failure due to critical airway stenosis and severe subglottic
stenosis. Several such patients have experienced a rapid clinical improvement and
resolution of airway pathology with high-dose steroids.

There are isolated reports of successful outcome with anti-tumor necrosis factor
treatment in respiratory complications of IBD. In the first report, a patient with
severe airway involvement responded well to infliximab therapy after failure of
systemic corticosteroids to control the disease process [77]. In second report,
infliximab therapy successfully controlled disease process in a patient with bron-
chiolitis obliterans with organizing pneumonia associated with CD who could not
tolerate systemic corticosteroids [107]. While further data are clearly needed to
clarify the usefulness of infliximab for these patients, these two reports provide
some reassurance to clinicians looking for an alternative therapy for patients not
responding to corticosteroids.

It is reasonable to initiate inhaled corticosteroids in addition to systemic steroids
for their local anti-inflammatory action. We recommend the use of inhaled corti-
costeroids for an extended period after withdrawal of systemic steroids. Some
patients with mild to moderate large airway disease have shown adequate response
to high-dose inhaled corticosteroids alone without needing systemic therapy.
A close clinical follow-up to monitor the disease process is essential in such
patients.

There is no established role of interventional bronchoscopy procedures in the
management of airway complications in IBD patients. Some patients refractory to
oral steroids have received direct instillation of methylprednisolone in right and
main-stem bronchi every 2–3 days [7]. In the absence of controlled trials, this
approach cannot be recommended for routine care of these patients. Other inter-
ventional procedures such as laser photocoagulation [7, 106], balloon dilation [80],
and tissue ablation with microdebrider [73] have been employed for the treatment
of critical airway narrowing, but the indications for such procedures are poorly
defined. Attempted balloon dilation was complicated by airway perforation and
death in one reported case [80].

Patients with bronchiectasis seem to respond well to systemic and inhaled cor-
ticosteroids [7, 65, 82]. Such rapid response to steroids is unusual with other causes
of non-cystic fibrosis bronchiectasis. This observation has led some investigators to
speculate that an immunological mechanism may have a more dominant role in
IBD-related bronchiectasis than in idiopathic bronchiectasis where infection seems
to play a more important role [85]. Although some patients with small airway
disease have responded to inhaled steroids [7, 91], oral steroids seem more effective
and are preferred over inhaled steroids for initial therapy [87, 89]. More work is
needed to identify the most effective treatment approach in these patients.
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Conclusion

Involvement of central airways in IBD is well documented in the literature but is
underappreciated in clinical practice. The airway complications of IBD include
laryngeal inflammation, tracheobronchitis, bronchiectasis, and small airway disease.
Clinical presentation varies from chronic cough and sputum production to acute
respiratory failure needing intubation and mechanical ventilation. Many patients
develop respiratory complications months to years after undergoing colectomy for
IBD. A high index of suspicion is needed for early recognition of airway disease
associated with IBD. PFTs may be normal or may reveal airflow obstruction and
abnormalities in flow volume loop. Chest radiograph is usually unremarkable. CT is
the imaging modality of choice. The main finding on CT is diffuse thickening of
airway wall. HRCT should be performed for the assessment of patient suspected to
have IBD-associated bronchiectasis and small airway disease. Bronchoscopy pro-
vides important diagnostic information and should be performed without any delay
in patients suspected to have central airway involvement with IBD. Systemic
steroids should be initiated as soon as the diagnosis is established. Inhaled steroids
are also effective in mild disease. The majority of patients experience resolution of
symptoms and airway pathology with corticosteroid therapy. There is no estab-
lished role of interventional bronchoscopy procedures. A careful clinical follow-up
supplemented by PFTs, radiological imaging, and in selected cases, bronchoscopy
is essential for optimal outcome. There is emerging role of exhaled nitric oxide
monitoring for this purpose.
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Chapter 4
Airway Involvement in Granulomatosis
with Polyangiitis

Sonali Sethi, Nirosshan Thiruchelvam and Kristin B. Highland

Introduction

Wegener’s granulomatosis, now referred to as granulomatosis with polyangiitis
(GPA), is a multisystem disease characterized by necrotizing vasculitis and granu-
loma formation that affects primarily the upper and lower respiratory tracts and
kidneys. It typically presents as sinusitis, pulmonary infiltrates, and glomeru-
lonephritis [1]. Unlike pulmonary parenchymal involvement, the tracheobronchial
disease manifestations are less well recognized by physicians. These extra-
parenchymal pulmonary manifestations include involvement of the oral cavity, lar-
ynx, and trachea. Airway involvement is found in 15–55 % of patients, and disease
activity in the airway poorly correlates with proteinase-3 (PR3) antineutrophil
cytoplasm antibody (PR3-ANCA) [2–4]. The evaluation and diagnosis of a patient
with suspected tracheobronchial GPA requires a combination of clinical assessment,
serologic testing, sinus and chest imaging, pulmonary function tests, bronchoscopy,
and tissue biopsy. The diagnosis is established when serologic and histopathologic
evidence of vasculitis and granulomatous inflammation is present in a patient with a
compatible clinical presentation. For those patients who remain symptomatic despite
appropriate medical management, endoscopic management is an option. Early
recognition and treatment of airway involvement can prevent untoward effects of
improper therapy. In this chapter, we discuss the clinical, radiological, and bron-
choscopic findings in patients with central airway involvement with GPA. We also
outline the principles of treatment in these challenging patients.
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Historical Background

GPA was initially described by Klinger in 1931 as a variant of polyarteritis nodosa,
and then in greater detail as a separate entity by Wegener in two different articles in
1936 and 1939 [5–7]. The term Wegener’s granulomatosis was then introduced into
the English literature by Drs. Godman and Churg in [8]. There has been a subse-
quent shift from honorific eponyms to disease-descriptive or etiology-based
nomenclature by the American College of Rheumatology, the Society of
Nephrology, and the European league against Rheumatism, and the term GPA is
now preferred as this terminology is based on pathology, rather than historical
reference. The change in nomenclature was also catalyzed by the fact that
Dr. Friedrich Wegener was a member of the Nazi party before and during World
War II [9].

Incidence

The incidence of GPA in the adult population ranges from 3 to
14 cases/million/year, and several studies have indicated a worrisome increase in
annual incidence [10–14]. A Swedish study during the period of 1975–2001
showed increasing incidence of GPA among adults, before antineutrophil cyto-
plasmic antibody (ANCA) testing was introduced [12]. Another population study
from Southern Alberta during 1993–2009 demonstrated a steep increase in annual
incidence among children from 2.75 cases/million/year to 6.39 cases/million/year
over the study period [13]. Likewise, GPA prevalence in Norwich County in the
UK doubled during the period 1990–2005 [14]. Whether the increasing GPA
incidence reflects new environmental influences, changing classification, or
increased awareness is a matter of uncertainty. Keeping the caveat in mind that the
time elapsed since introduction of routine ANCA testing is still short, there are
some indications that the rising GPA incidence has not leveled off in the
post-ANCA era [12, 15, 16]. GPA remains rare in childhood, and peak incidence is
in the 65–70-year-old group [11]. There is no gender-specific incidence of GPA
[16], but it is more common in Caucasians compared with other races [11].

GPA decreases with decreasing latitude, both north and south of the equator, and
is more common in the North of Europe compared with the South [16]. A similar
observation was demonstrated in the southern hemisphere within the country of
New Zealand [17]. The incidence of the limited form of GPA is 5 % of all GPA,
46 % of whom are ANCA-positive, and typically presents as saddle nose deformity,
bony destruction of sinuses, subglottic stenosis, or visual loss due to orbital
granuloma [18].
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Etiology

GPA is a multisystem disease of unknown etiology, characterized by granulomata
of the respiratory tract and a systemic necrotizing vasculitis. It usually starts in the
respiratory tract and in the majority of patients progresses to systemic disease with
ANCA directed against PR3-ANCA. Current epidemiological evidence indicates
that GPA develops as a result of complex gene–environment interactions. The
initiating event is a combination of environment (i.e., infectious agents and/or
toxins) and individual risk factors, such as genetic background and epigenetic
regulation.

Antineutrophil cytoplasmic antibodies are IgG-class autoantibodies directed
against molecules located in the granules of neutrophils and the lysosomes of
monocytes. Specifically, the target antigens of ANCAs are PR3 and myeloperox-
idase (MPO). Positivity for PR3-ANCA or MPO-ANCA is highly specific for
ANCA-associated vasculitis (AAV). PR3-ANCAs are more common in GPA,
whereas MPO-ANCAs are more common in microscopic polyangiitis [19, 20]. The
PR3-ANCA (also called c-ANCA or classic ANCA) has a cytoplasmic staining
pattern and is seen in 75–90 % of patients with GPA. Although more common in
microscopic polyangiitis, MPO-ANCA is observed in approximately 5–20 % of
patients with GPA [21].

The importance of genetic contribution to the pathogenesis of GPA has been
identified by many recent studies. An antibody response against PR3 may be a
central pathogenic feature of PR3-ANCA-associated vasculitis. A genome-wide
association study (GWAS) of 1233 patients with AAV and 5884 control subjects in
the UK found both major histocompatibility complex (MHC) and non-MHC
associations. This study was then replicated with a cohort of 1454 Northern
European AAV patients and 1666 control subjects. Combined analysis of the dis-
covery and replication cohorts showed that four single-nucleotide polymorphisms
(SNPs) exceeded the significance threshold for association. Three of these SNPs
were associated with the MHC; the most significant association was within the gene
encoding HLA-DPB1. The fourth SNP was the SERPINA1 locus, which previously
has been associated with alpha-one antitrypsin deficiency (α1AT). Alpha-one
antitrypsin is a serine protease inhibitor, and PR3 is one of its substrates. Deficiency
in the production of the α1AT has been shown to be substantially overrepresented in
patients with GPA [22, 23].

Environmental triggers are also implicated in the pathogenesis of GPA. They are
hypothesized to break self-tolerance by molecular mimicry, unveiling of self-epitopes,
bystander damage, and/or determinant molecular spreading. The pathogen
Staphylococcus aureus (S. aureus) specifically has been associated with AAV.
In GPA, chronic nasal carriage of S. aureus is a risk factor for relapse, and pro-
phylactic treatment with co-trimoxazole reduces relapses of GPA by 60 % [24, 25].
High-intensity exposure to silica, propylthiouracil, and levamisole-contaminated
cocaine has also been shown to be associated with the onset of AAV [26–28].
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The nature of these risk factors and pathogenic mechanisms involved, however, is
only just beginning to be understood.

The pathogenic interactions at the molecular level between ANCAs and their
target antigens, neutrophils, neutrophil extracellular traps (NETs), T cells, B cells,
and vascular endothelial cells are intimately involved in the pathogenesis of GPA.
Clinical data and in vitro experimentation suggest that the initiating antigen(s)
stimulates antigen-presenting cells to activate T cells. T cells are then stimulated to
activate B cells, and downstream these B cells to increase the production of ANCAs
by plasma cells. ANCAs bind and activate neutrophils, which then adhere to
endothelial cells within small vessels. Each immune cell subsequently releases
proinflammatory cytokines in response to activation signals, which leads to addi-
tional neutrophil recruitment and activation [25, 29]. Neutrophil activation leads to
the release of proteolytic granule enzymes (including PR3 and MPO) and resultant
vascular injury [20]. Vessel wall destruction then leads to perivascular hemorrhage
and extravasation of macrophages and neutrophils.

Clinical Features

Clinical features of GPA include persistent pneumonitis with bilateral nodular and
cavitary infiltrates, chronic sinusitis, mucosal ulcerations of the nasopharynx, renal
disease, skin rashes, muscle pains, articular involvement, mononeuritis, or
polyneuritis and fever.

With regard to pulmonary manifestations, patients with GPA have either upper
airway or pulmonary involvement with the majority of patients having both
(Table 4.1). Most patients with active GPA present with nasal crusting (69 %),
chronic rhinosinusitis symptoms (61 %), nasal obstruction (58 %), and serosan-
guinous nasal discharge (52 %) [30]. With regard to the lung parenchyma, the most
frequent findings of GPA are pulmonary nodules, ground glass opacities and pat-
ches of consolidation, diffuse alveolar hemorrhage, and lung masses with orga-
nizing pneumonia [31]. Other abnormalities include airway involvement with
subglottic, tracheal, and bronchial stenosis. Subglottic stenosis occurs in an esti-
mated 8.5–23 % of patients with GPA, and GPA accounts for 45 % of patients who
present with subglottic stenosis [32, 33]. Patients with GPA are more likely to
present with grade 1 subglottic stenosis, and higher grades are seen in non-GPA
patients. Clinical features are further outlined in detail in the bronchoscopy section.

Laboratory Investigations

The clinical presentation and exam findings are essential pieces of the puzzle in the
diagnosis of GPA. Because of the wide ranges in both disease severity and
involvement (i.e., systemic or localized), it is not uncommon for these patients to go
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undiagnosed or be misdiagnosed at the time of initial presentation. It is important
that the patients’ presentation, history, and physical exam findings are recognized
and correctly correlated in order to proceed with a workup that will yield the correct
diagnosis.

The differential diagnosis of GPA is broad and includes eosinophilic granulo-
matosis with polyangiitis (EGPA) also known as Churg–Strauss Syndrome,
microscopic polyangiitis (MPA), sarcoidosis, rheumatoid arthritis, and infection
(fungal and mycobacterial).

According to the Chapel Hill Consensus Conference (CHCC), GPA, MPA, and
EGPA were distinguished from other systemic small vessels vasculitis by the
absence of immune deposits. In clinical practice, patients are classified as having
GPA if they have destruction in their upper respiratory tract and/or nodules and
cavities in the lower respiratory tract, and/or have granulomatosis on biopsy of any
organ. Thus, patients who have nasal disease and necrotizing vasculitis on biopsy,

Table 4.1 Pulmonary manifestations of GPA—patients have either upper airway or pulmonary
involvement with the majority of patients having both

Upper respiratory tract

Nasal disease Sinus disease Ear disease Oropharynx

Nasal crusting Sinus pain Serous otitis Gingivitis

Chronic
rhinosinusitis

Sinus mucoceles Hearing loss Ulceration and
hemorrhage

Mucosal
ulceration

Nasal septal
perforation

Saddle nose
deformity

Lower respiratory tract

Epiglottis Glottis and
larynx

Tracheal disease Bronchial disease

Ulceration and
hemorrhage

Ulceration and
hemorrhage

Subglottic stenosis—
simple or complex

Bronchial ulceration

Edema Edema Tracheal stenosis Bronchial stenosis

Granuloma Granuloma Tracheoesophageal
fistulae

Bronchomalacia

Nodules and
masses

Tracheomalacia Cobblestone mucosa

Vocal cord
involvement

Cartilaginous deformities Polyps and
pseudopolyps

Stenosis Submucosal tunnels

Nodule and masses
(pseudotumor)

Mucosal edema and
erythema
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but no evidence of granulomatosis, would be classified as having MPA [34]. While
the specificity of c-ANCA has been reported to be as high as 98 %, the sensitivity of
c-ANCA varies with disease activity: 90 % (active systemic), 80 % (localized), and
30 % (remission) [35]. Although PR3-ANCA antibodies are highly suggestive of
GPA, their presence is not sufficient for a definitive diagnosis. It has been reported
that MPO-ANCA is the primary antibody present in approximately 5–20 % of
patients with GPA, and there are some cases of GPA in which no ANCA antibodies
are present [36, 37]. Because serum concentrations of ANCA are only weakly
associated with disease activity, it is not recommended that ANCA is used as a
biomarker of disease activity [35].

The gold standard for the diagnosis of GPA remains a tissue biopsy of diseased
tissue showing a triad of vasculitis, necrosis, and granulomatous inflammation.
Histologically, the classic description is that of a necrotizing vasculitis with gran-
ulomatous inflammation consisting of multinucleated giant cells and palisading
histiocytes. Tissue biopsy is usually obtained from the skin or kidney. If the pul-
monary system is involved, lung biopsies are the most reliable for histological
diagnosis. Nasal biopsies are associated with more false-negative results than either
lung or renal biopsy due to the small amount of tissue that can be removed. Lung
biopsy most often requires open or thoracoscopic lung biopsy. In a small number of
cases (<10 %), sufficient tissue for diagnosis can be obtained by transbronchial
biopsy. A positive lung biopsy precludes the need for a kidney biopsy in many
cases; a renal biopsy may be indicated in patients who are diagnosed by lung biopsy
and have severe or rapid worsening of renal dysfunction since the presence of active
vasculitis in the kidney should be confirmed by histology [36, 37].

All specimens or biopsies taken should also be cultured to rule out infectious
causes of granulomatous inflammation (e.g. fungal, TB). All patients who are
suspected of having GPA should have a urinalysis obtained to assess for renal
involvement, including microscopic analysis of urinary sediment in order to
determine the presence of hematuria and proteinuria. Other tests that may be
appropriate in the workup for GPA include the following: antinuclear antibody
(ANA), complement levels (C3 and C4), cryoglobulins, hepatitis serology, human
immunodeficiency virus (HIV) screening, liver functions tests, sinus films, basic
metabolic panel, erythrocyte sedimentation rate (ESR), C-reactive protein (CRP),
autoimmune panel, and a venereal disease research laboratory test (VDRL) or rapid
plasma regain test (RPR) to screen for syphilis and blood cultures. Cultures for S.
aureus should also be obtained, because in GPA, its chronic nasal carriage is a
potential risk factor for relapse [24].

Imaging

A majority of patients with GPA will have an abnormal chest radiograph which
reveals cavitary nodules, lobar or segmental atelectasis, patchy or diffuse infiltrates
or pleural opacities, and/or lymphadenopathy. The most commonly reported chest
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radiograph findings are nodules which may be single or multiple and range in
diameter [38]. Because chest radiographs are non-specific, computed tomography
(CT) scan is the preferred imaging modality for evaluating patients with GPA.
Sinus CT scans disclose mucosal thickening in the nasal cavity and paranasal sinuses
in 61 and 75 %, respectively. Other findings include bony destruction of the para-
nasal sinuses (54 %), bony destruction of the nasal cavity (57 %), bony thickening of
the paranasal sinuses (18 %), and subtotal sinus opacification (25 %) [39].

Chest CT may disclose lesions not seen on chest radiograph in 43–63 % of the
patients and is usually performed without contrast because of underlying renal
insufficiency. Common CT findings (Figs. 4.1, 4.2, and 4.3) include multiple
pulmonary nodules (58 %) and patchy or diffuse ground glass or consolidative
opacities (67 %). Pulmonary nodules tend to be bronchocentric or subpleural and
peripheral. They are generally less than 10 in number and range in size from a few
millimeters to 10 cm. Approximately 20–50 % of nodules are cavitary.

Fig. 4.1 CT imaging with
cavitary nodules commonly
seen in GPA

Fig. 4.2 CT image showing
multiple pulmonary nodules
of different sizes in a patient
with GPA
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Consolidation and ground glass opacities can present as peribronchial consolida-
tion, focal consolidations with or without cavitation, parenchymal bands, peripheral
consolidation areas mimicking pulmonary infarctions, and diffuse and bilateral
ground glass opacity areas corresponding to alveolar hemorrhage [40] (Fig. 4.4).
Chest CT imaging can also have other findings that may suggest the diagnosis of
vasculitis, including feeding vessels leading to nodules and cavities, wedge-shaped
lesions suggestive of pulmonary microinfarction, or unsuspected tracheal or bron-
chial stenosis. Less often, CT imaging may reveal pleural disease (5–20 %) and
mediastinal lymphadenopathy [41].

Although airway involvement occurs in approximately 50 % of patients with
GPA, these findings are less frequently appreciated radiographically. Large airway

Fig. 4.3 Multiple large cavitary GPA masses may reach up to 10 cm in size

Fig. 4.4 CT image with bilateral ground glass opacities corresponding to alveolar hemorrhage in
GPA
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involvement may consist of focal or elongated segments of stenosis (Fig. 4.5).
Other findings include calcifications and thickening of the tracheal rings [42].
Bronchial abnormalities, including bronchiectasis and peribronchial thickening of
the small airways, have been reported in 40 % of cases and are best visualized with
high-resolution CT scanning [43].

Creating two- and three-dimensional reconstructions from CT imaging may
further assist in defining the degree and extent of stenosis by providing thin-section,
high-spatial resolution images of the airway (Fig. 4.6). Magnetic resonance imaging

Fig. 4.5 CT image showing right main-stem bronchial stenosis. Fifty percentage of patients with
GPA have airway involvement which can be seen radiographically

Fig. 4.6 Two- and
three-dimensional
reconstructions from CT
imaging may assist in further
defining the degree and extent
of stenosis. Notice right
main-stem and right upper
lobe bronchial stenosis
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(MRI) of the trachea has also been used in assessing the degree of airway
involvement in GPA. MRI of the upper airways may demonstrate diffuse thickening
of tracheobronchial submucosal tissues and luminal narrowing.

Pulmonary Function Tests

Pulmonary function testing is an integral part of a comprehensive approach to the
diagnosis and management of GPA. However, pulmonary function and
flow-volume tracings are not uniformly abnormal in all patients with GPA, and their
severity depends on the extent of compromise of the airway lumen. The most
frequent abnormality seen is airflow obstruction with reduced lung volumes and
diffusing capacity for carbon monoxide (DLCO). The DLCO may be markedly
increased in the presence of active alveolar hemorrhage. Narrowing or stenosis of
tracheal or bronchial airways typically reveals flattening of the inspiratory and
expiratory flow-volume tracings. Lung functions frequently improve following
treatment, although the DLCO may not return to normal. Patients who receive
treatment or have had interventional procedures should have flow-volume tracings
obtained both before and after treatment.

Bronchoscopy

Tracheobronchial manifestations of GPA may appear for the first time after remis-
sion has been achieved with appropriate immunosuppressive therapy, and it does not
necessarily indicate failure of therapy. Therefore, bronchoscopy with visualization of
the airways remains the major diagnostic procedure in the evaluation, diagnosis, and
management of airway disease in GPA. It is the most important diagnostic procedure
in the assessment of location and degree of airway involvement below the vocal
cords and is a therapeutic tool to restore the functional airway patency.

Bronchoscopy is also used for diagnostic tissue sampling. Endobronchial
bronchoscopic biopsy can confirm inflammation in 50 % of cases, revealing either
vasculitis, necrosis, microabscesses, or giant cells [2]. Therefore, if suspicious
mucosal abnormalities are detected, adequate tissue samples should be obtained for
histologic documentation. However, non-diagnostic bronchoscopic biopsies are not
unusual even when obtained from abnormal appearing areas.

Subglottic Stenosis

The subglottic region is particularly susceptible to narrowing secondary to laryn-
gopharyngeal reflux, limited blood supply, and turbulent airflow. Subglottic
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stenosis occurs in 8.5–23 % of GPA patients and occurs independently of systemic
GPA activity. It is the most frequent airway manifestation of GPA and may be the
initial presenting feature in 1–6 % of patients [44]. Subglottic inflammation is a
common feature at the time of active disease. At the time of bronchoscopy, ery-
thematous, edematous, and friable mucosa and ulcerations may be seen with lesions
typically being circumferential (Fig. 4.7). The vocal cords may or may not be
involved (Fig. 4.8). With or without the treatment, fibrotic scarring may occur
during the resolution of inflammation; however, early treatment may limit the
degree of scar severity and airway lumen compromise. Isolated subglottic stenosis
(Fig. 4.9) is observed in approximately 50 % of patients with strictures. Patients
present with cough, dyspnea, and stridor. Stridor is usually a sign of severe
laryngeal or tracheal obstruction, signaling more than 70 % airway lumen nar-
rowing [45]. For those patients who remain symptomatic despite appropriate
medical management, endoscopic management is an option with topical

Fig. 4.7 Bronchoscopic
image showing subglottic
inflammation. Subglottic
inflammation is a common
feature at the time of active
disease

Fig. 4.8 Bronchoscopic
image showing vocal cord
involvement in GPA
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corticosteroids, laser incisions or resection, serial dilatations, and local
mitomycin-C application. Patients often require multiple mechanical dilations and
other therapy to restore airway patency. Overall, 10-year survival is 75 %.

Web Stenosis (Tracheobronchial Stenosis)

Similar inflammatory processes that occur in the subglottic region can occur at any
level in the tracheobronchial tree. Web stenosis results from scarring secondary to
acute inflammation and is usually unresponsive to immunosuppression
(Figure 4.10). These stenotic regions can be simple and localized or complex with
luminal distortion. Most of the web stenoses are eccentric or circumferential, and
the mucosa in the stenotic segment is thickened. In active disease, the stenotic area
may exhibit erythematous and edematous mucosa with the formation of ulceration
and pseudomembranes. Bronchial inflammation and stenosis are less frequent than
subglottic disease and is almost always associated with disease activity elsewhere.
Isolated bronchial stenosis however has been described.

Fig. 4.9 Bronchoscopic
image showing subglottic
stenosis due to GPA. Fibrotic
scarring during resolution of
inflammation leads to
subglottic stenosis. Isolated
subglottic stenosis is observed
in approximately 50 % of
patients with strictures due to
GPA

Fig. 4.10 Bronchoscopic
image showing tracheal
cicatricial stenosis, which
results from scarring
secondary to acute
inflammation and is usually
unresponsive to
immunosuppression. These
stenotic regions can be simple
and localized or complex with
luminal distortion
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Mucosal Abnormalities

Mucosal abnormalities can be seen anywhere in the tracheobronchial tree. They
may either be isolated lesions or are patchy in distribution. The most common
mucosal abnormalities include inflammation with edema or erythema (Fig. 4.11),
thickening, granularity or cobblestone changes of the mucosal surface (Fig. 4.12),
shallow mucosal ulcers (Figs. 4.13 and 4.14), mucosal plaques (Fig. 4.15),
hypertrophic tissue (Fig. 4.16), diverticula, and the formation of submucosal tun-
nels in the trachea and main-stem bronchi (Fig. 4.17). While cobblestoning is a
marker for active inflammation, submucosal bridges result from excessive mucosal
pseudomembrane formation which incorporates into the normal mucosa by
epithelization. There may also be crusting secondary to purulent secretions and
excessive mucous production (Fig. 4.18).

Fig. 4.11 Bronchoscopic
image showing mucosal
surface inflammation with
erythema and friable mucosa
in GPA

Fig. 4.12 Bronchoscopic
image showing mucosal
surface inflammation with
cobblestone changes.
Cobblestoning is a marker for
active inflammation
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Fig. 4.13 Bronchoscopic
image showing shallow
superficial mucosal ulcer in
GPA

Fig. 4.14 Another
bronchoscopic image
showing mucosal ulceration
in a patient with GPA.
Ulcerations may be secondary
to GPA or to a superimposed
infection. All such ulcers
should be biopsied

Fig. 4.15 Bronchoscopic
image of a mucosal plaque in
GPA
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Fig. 4.16 Bronchoscopic
image of mucosal
abnormalities secondary to
inflammation with
hypertrophic tissue in GPA

Fig. 4.17 Bronchoscopic
image showing submucosal
bridges resulting from
mucosal pseudomembrane
formation which incorporates
into the normal mucosa by
epithelization

Fig. 4.18 Tracheal crusting
secondary to purulent
secretions and excessive
mucous production in a
patient with GPA
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Masses and Polyps

Tracheal or bronchial mass lesions or inflammatory pseudotumors may develop in
either the trachea or bronchi. These lesions mimic malignancy and therefore should
be biopsied to establish GPA as the etiology. Of note, these lesions may ulcerate
and cause hemoptysis [46]. Inflammatory pseudotumors may either present at the
time of initial diagnosis of GPA or at the time of relapse and are generally a
reflection of active disease.

Other Airway Abnormalities

GPA occasionally leads to tracheomalacia or bronchomalacia. Other airway
abnormalities include acquired tracheoesophageal fistula, right middle lobe syn-
drome, and destruction of cartilage (Fig. 4.19).

Pathology

The gold standard for the diagnosis of GPA remains a tissue biopsy of diseased
tissue showing a triad of vasculitis, necrosis, and granulomatous inflammation.
Tissue biopsy is usually obtained from the skin or kidney; however, if the pul-
monary system is involved, lung biopsies are reliable for a histological diagnosis.

Bronchoscopic tissue sampling of tracheobronchial luminal abnormalities
reveals typical histologic features of GPA only in the minority of cases. However,
endobronchial biopsies are useful for excluding other diseases such as endo-
bronchial malignancy or sarcoidosis. Endobronchial biopsies typically reveal

Fig. 4.19 Acquired
bronchomalacia of the
bronchus intermedius
secondary to the destruction
of cartilage in GPA
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granulation tissue or non-specific inflammation including vasculitis, necrosis,
microabscesses, or giant cells. Biopsy specimens from the subglottic region gen-
erally demonstrate only fibrosis and inflammation without the evidence of
vasculitis.

The main indication for lung biopsy is the evaluation of single or multiple
pulmonary nodules. Generally, transbronchial biopsies are too small for making a
definitive diagnosis of GPA, and sufficient tissue for diagnosis is only obtained in
10 % of cases. Therefore, the gold standard continues to be a surgical lung biopsy.
Microscopically, transmural infiltration of blood vessels with inflammatory cells is
noted, associated with granulomatous inflammation in the surrounding tissue.
Necrosis of the vessel walls and/or necrosis of inflammatory cells within the vessel
walls may be visible [47].

The granulomatous inflammation of GPA is characterized by palisading histio-
cytes that are oriented with their long axis perpendicular to the necrotic center [48].
Non-caseating granulomas may be present, but are not prominent. In general, the
inflammatory changes associated with GPA are angiocentric, although a rare
bronchocentric variant has been described [38]. The infiltrating inflammatory cells
include neutrophils, lymphocytes, multinucleated giant cells, and eosinophils, but
eosinophils are generally not abundant. Special stains and cultures should be
considered to exclude the presence of infections that can produce granulomas,
vasculitis, or necrosis.

Bronchoalveolar lavage should be performed in patients with diffuse
parenchymal opacities on chest imaging to identify alveolar hemorrhage and to
obtain samples for microbiologic and cytologic analysis. Hemosiderin-laden mac-
rophages are often identified on Prussian blue staining of cells from the BAL fluid.

Because inflammatory lesions secondary to infection often mimic GPA, endo-
bronchial biopsies should be performed in all cases to rule out concomitant
infection such a cryptococcus or mycobacteria.

Treatment/Prognosis

The goals of treatment in GPA are to improve survival and quality of life while
preventing organ failure. This is done through the induction of remission followed
by maintenance therapy and often requires a collaborative effort coordinated by a
rheumatologist. Untreated GPA is rapidly fatal with median survival of less than
5 months [49]. Predictors of relapse include female gender, African American
ethnicity, presentation with severe kidney disease, upper respiratory or pulmonary
involvement, and persistent serologic positivity [50–52].

With glucocorticoids alone, death occurs within 1 year from either infection
and/or uncontrolled disease [53, 54]. The first successful treatment regimen
involved induction with a combination of oral cyclophosphamide and glucocorti-
coids [1, 55]. Provided that leukopenia was avoided, this regimen resulted in 91 %
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improvement, 75 % remission, 80 % survival, and only 50 % relapse.
Unfortunately, 42 % of patients develop drug toxicity [56]. Monthly pulse
cyclophosphamide has been shown to have similar efficacy in regard to survival,
induction of remission and relapse rate with less risk of infection, leukopenia, and
bladder toxicity [57]. Methotrexate has also been shown to be similar to
cyclophosphamide at six months in inducing remission in patients with mild dis-
ease. However, the patients on methotrexate took longer to achieve remission and
had a higher relapse rate, although less drug toxicity [58]. Most recently, rituximab
was found to be non-inferior to cyclophosphamide followed by azathioprine for
complete remission at 6, 12, and 18 months with a more favorable safety
profile [59].

Azathioprine and methotrexate have been used for maintenance therapy allowing
for limited exposure to cyclophosphamide although despite maintenance therapy,
relapse can occur in as many as 15 % of patients [60, 61]. Leflunomide recently was
shown to be somewhat more efficacious than methotrexate for maintenance of
remission [62]. Maintenance studies for rituximab are ongoing.

Finally, in a study of patients who had achieved remission, there was 82 %
relapse rate in patients randomized to placebo versus 60 % relapse rate in patients
randomized to trimethoprim–sulfamethoxazole. Occurrence of upper airway disease
was reduced, although there was no difference in major organ relapses [24].
Prophylaxis with trimethoprim–sulfamethoxazole is also key in preventing pneu-
mocystis pneumonia, a common complication of immunosuppressive therapy used
to treat GPA.

Bronchoscopic Treatment

Fibrotic scarring stenosis found in GPA does not generally respond to immuno-
suppressive therapy, and therefore, bronchoscopic treatment is a good alternative.
Options for the treatment of stenosis include intralesional injection of corticos-
teroids, laser or electrosurgical incisions or resection, serial dilations, balloon
dilation, and local mitomycin-C application. Patients often require multiple
mechanical dilations and other therapy to restore airway patency. Therefore, when
endoscopically managing benign disease in the airway, it is important to be cog-
nizant of a therapeutic plan that requires a combination of modalities and the
potential need for future therapies. Morphologically, weblike stenosis can be
managed by repeated endoscopic dilation; however, complex stenosis may be best
treated by stent implantation or surgery in experienced hands with close follow-up
required. One should keep in mind that these therapies should be limited so not to
perpetuate further inflammation and should therefore only be performed by expe-
rienced physicians.
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Instrumentation

The basic instrumentation has not changed significantly over time with the con-
tinued use of rigid laryngoscopes and bronchoscopes with dilators, and flexible
fiberoptic bronchoscopes. The rigid bronchoscope is a stainless-steel tube that
ranges in diameter from 8 cm to 14 mm and in length from 27 to 40 cm. It allows
for the simultaneous delivery of oxygen and anesthetic agents, as well as the
passage of large instruments, while maintaining a generous view of the trachea. The
distal end of the rigid bronchoscope is beveled and can be used as a coring device
allowing for blunt dilation of stenotic areas and stenting open of the airway during
the procedure. In addition, it allows for a series of various sized dilators to pass
through a larger size rigid scope. It may allow for gentle dilation of the stricture
without damage to normal mucosa.

Intraluminal Steroids

Intralesional corticosteroid injections have potentially shown benefit in GPA, and
their use may reduce the need for systemic therapy. Methylprednisolone acetate
dosed at 40 mg/ml may be injected directly into multiple areas of the stenotic
segments or areas of inflammation just underneath the mucosa using a 25-g scle-
rotherapy injection needle (Fig. 4.20).

Balloon Dilation

Focal circumferential strictures are endoscopically best managed by balloon dila-
tion of the airway. Balloonplasty of the stenotic airway is safe, rapid, and effective.
Balloon dilation is particularly effective when the fibrotic stenosis is not accom-
panied by cartilage destruction. Airway balloons may be inserted through the
working channel of the flexible bronchoscope or through a rigid bronchoscope. The
stricture should be seated in the middle of the expanding balloon, and as the balloon
expands, the energy is transmitted to the area of least resistance. The balloon should

Fig. 4.20 Corticosteroid
injections with
methylprednisolone acetate
dosed at 40 mg/ml being
injected in areas of
inflammation just underneath
the mucosa using a 25-g
sclerotherapy injection needle
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be inflated in increments with frequent deflation to observe progress and potential
airway injury [63] (Fig. 4.21). Apnea is required during the periods of balloon
inflation, and some desaturation may occur, limiting the inflation time. Potential
complications include perforation, wall injury or rupture, bleeding, pneumothorax,
bronchospasm, mediastinitis, chest pain, and recurrent stenosis.

Laser

Endoscopic laser techniques rely on laser–tissue interactions based on biologic,
chemical, or thermal reactions. They have sufficient power to vaporize tissue and
produce an excellent coagulation effect. Knowledge of tissue effects in specific
settings is important since inappropriate laser settings or resection techniques can
enhance laser-related adverse effects and alter local anatomy. Factors found to be
associated with poor results or failure include circumferential strictures longer than
1 cm in vertical dimension, tracheomalacia, posterior laryngeal inlet scarring with
arytenoids fixation, and a previous history of severe bacterial infection associated
with tracheostomy [64]. It should be recognized that some experts believe that
tissue damage and coagulation necrosis caused by laser therapy promotes fibrosis,
scarring, and granulation tissue which consequently leads to restenosis.

CO2 laser: Based on laser–tissue interactions, the CO2 laser is the preferred laser
for treating benign stenosis. There is no scatter and no deep penetration; therefore,
the risk for collateral mucosal damage or airway perforation is lower. The CO2 laser
is used in the ultrapulse mode with a fluence of 150 mJ/cm2 at a frequency of 10 Hz
to avoid heat diffusion into surrounding tissues and charring [65]. It is an excellent
cutting tool with an almost scalpel-like precision.

KTP laser: Compared with the CO2 laser, KTP laser tissue penetration is sig-
nificantly deeper and caution must be taken to avoid airway perforation.

Fig. 4.21 Circumferential
strictures are endoscopically
managed with balloonplasty.
The stricture should be seated
in the middle of the
expanding balloon
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Nd:YAG laser: This laser is best used in conjunction with dilation to release the
tension of the stricture by performing radial incision in the stenotic tissues. Nd:
YAG has greater depth of penetration compared to CO2 and, hence, should at all
times be directed parallel to the tracheal wall, skimming the surface of the target
tissue to avoid damage to the underlying cartilage rings. There are experts,
including our group who believe that this should not be used as treatment since it
could cause more scarring and complicate further options for open surgical inter-
ventions [66].

Electrosurgery Knife/Blade

In an attempt to reduce local injury caused by laser therapy, an electrosurgery knife
can be used in the endoscopic management of weblike benign airway stenosis [67].
It works by contact and can easily cut through the tracheal or bronchial wall and
cartilage with radial incisions. Macroscopically, a clean cut is observed in the
tissue. The use of an electrosurgery knife instead of laser results in several
advantages; cost of equipment for electrosurgery is cheaper; it offers more precise
and limited tissue vaporization.

Mitomycin

Mitomycin is an antibiotic that was isolated from the bacteria Streptomyces cae-
spitosus in 1956. Its C-form is an alkylating agent that inhibits deoxyribonucleic
acid synthesis. It was first used as an anticancer drug. It has been used to reduce
scarring in the treatment of benign airway stenosis. There are a number of studies
that show mitomycin-C’s inhibitory effects in modulating the mediators and pro-
teins involved in scar formation, reducing fibroblast density, reducing wound
contracture and fibrosis, and improving airway patency [68]. It is usually placed on
a cottonoid pledget typically with a concentration of 0.4 mg/ml and topically
applied to the area of scar. The length of application varies from two to three repeat
applications of two minutes each. The use and dose of mitomycin-C are debated
with multiple studies having both positive and negative outcomes. Although the
contribution of its activity is difficult to quantify in the success of treatment of
stenosis, no side effects have been identified.

Summary

GPA is characterized by granulomatous inflammation and necrotizing vasculitis,
affecting mainly small arteries, arterioles, capillaries, and venules of the upper and
lower respiratory tract and kidneys. The involvement of the airways is one of the
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major characteristics of GPA and occurs in 15–55 % of patients. Airway
involvement can be part of a multisystem disease, an isolated presentation, or a
chronic complication of progressive disease or disease in remission. Symptoms
include cough, stridor, wheezing, hemoptysis, and dyspnea. GPA can cause alter-
ations in any segment of the airway including inflammation, ulceration, tracheo-
bronchomalacia, formation of pseudomembranes, mucosal tunneling,
endobronchial masses, and simple or complex airway stenosis. Therapeutic options
for airway involvement caused by GPA include pharmacologic, bronchoscopic
interventions, and surgery.
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Chapter 5
Tracheobronchomalacia and
Excessive Dynamic Airway Collapse

Erik Folch

Introduction

Tracheobronchomalacia is the weakness of the tracheal or bronchial walls and
supporting cartilages with the resultant collapsibility of central airways. If left
untreated, it leads to significant morbidity, healthcare utilization with frequent
emergency room visits, and limitations in quality of life. Given its diverse symptom
profile and heterogeneous population, it is frequently mislabeled as difficult to treat
asthma, chronic bronchitis, and other respiratory conditions.

The significant overlap with other respiratory conditions and the presence of
comorbidities makes diagnosis and management of tracheobronchomalacia com-
plicated, and is better suited for high-volume centers with multidisciplinary teams
that include interventional pulmonologists, thoracic surgeons, and thoracic radiol-
ogists. In this chapter, the definitions, classification, clinical and radiologic evalu-
ation, and therapeutic interventions such as airway stent trial and tracheoplasty are
discussed.

Definition

Strictly speaking, TBM is weakness of the tracheal or bronchial walls and sup-
porting cartilages in a diffuse or segmental distribution. This loss of structural
integrity of the cartilaginous structure of the airway leads to a shape and functional
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compromise during the respiratory cycle. This flaccidity of the airway is usually
most apparent during coughing or forced expiration.

In an attempt to define TBM, we should separate it from its close resembling
condition: excessive dynamic airway collapse (EDAC), which is the dynamic
invagination of the posterior membrane and resultant obstruction of the central
airway lumen. Unfortunately, TBM and EDAC can coexist in the same patient and
respond to the same treatments. These patients can have both incompetence of the
cartilaginous scaffold and posterior membrane invagination [1].

The behavior of the normal airway wall during the respiratory cycle changes due
to weakness of the cartilaginous structure. In the normal airway, during inspiration,
the tracheobronchial lumen increases in size as the relaxed posterior membrane
bulges outward due to increased transmural pressure as pleural pressure becomes
increasingly negative. During exhalation, the posterior membrane bulges inward
causing narrowing of the tracheobronchial lumen. During forced exhalation, tension
in the smooth muscle opposes exaggerated invagination of the posterior membrane
and stabilizes the airway structure against excessive narrowing. The normal tra-
cheobronchial lumen decreases approximately 10 % to 30 % with expiration or
coughing because of normal invagination of the posterior membranous tracheal
wall [2].

Although the exact prevalence of TBM is currently unknown, 12 % of patients
with respiratory diseases who undergo fiber-optic bronchoscopy are estimated to
have TBM [3]. Approximately 23 % of patients with COPD on fiber-optic bron-
choscopy and 69 % of patients with cystic fibrosis on chest CT are reported to have
TBM [4]. In a retrospective study of full-inspiratory and end-expiratory CT scans in
1071 patients with emphysema, approximately 10 % of men and 17 % of women
had more than 50 % reduction in cross-sectional tracheal luminal area at
end-expiration [5]. Thus, there is a clear association between TBM and chronic
respiratory diseases such as emphysema [6]. Interestingly, if 50 % or greater nar-
rowing of the airway lumen is used as a cutoff to define TBM, as many as 55 to
78 % of healthy volunteers were found to have TBM [7]. For this reason, many
experts consider 90 % obstruction as a more appropriate cutoff point to define those
patients who warrant treatment [5].

Etiology

In TBM, there is a decrease in the ratio of cartilage to soft tissues. In normal
individuals, this ratio is 5:1, while in TBM it is 2:1. In excessive dynamic airway
collapse, there is atrophy and decrease in the number of longitudinal elastic fibers of
the posterior membrane [8].

The underlying causes of TBM can be divided into primary and secondary
(Table 5.1). Primary TBM is associated with congenital deficiency of the cartilage.
Acquired TBM is caused by trauma, COPD, chronic cough, infection, or connective
tissue diseases (i.e., relapsing polychondritis). Focal areas of malacia can also be
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caused by aberrant vessels compressing the airway, large goiters, mediastinal
masses, and aortic aneurysms or be idiopathic.

Classification

Clinically, TBM can be classified as primary or secondary. Primary TBM is either
congenital or idiopathic. Secondary TBM may be related to post-traumatic, chronic
infection, chronic inflammation, and chronic external compression.

Although there is no consensus with regard to severity, TBM has been classified
as mild (70–79 %), moderate (80–89 %), and severe (more than 90 %) collapse of
airway lumen [9].

As mentioned before, many experts only consider clinically significant TBM
with more than 90 % airway obstruction in order to have higher specificity and
prevent overdiagnosis. Two radiologic studies have demonstrated that as many as
73–78 % of normal individuals will have some degree of dynamic collapse of the
airway during exhalation. For these reasons, the 50 % threshold is not considered
clinically meaningful [10].

With regard to shape during airway collapse, TBM can be described as crescent
shape, saber-sheath, circumferential, and excessive dynamic airway collapse. As

Table 5.1 Causes of TBM Primary

Genetic

Idiopathic

Tracheobronchomegaly or Mounier-Kuhn syndrome

Secondary

Secondary to trauma

• Post-intubation

• Post-tracheostomy

• Thoracic trauma

• Post-lung transplant

Emphysema

Chronic bronchitis

Chronic inflammation

• Relapsing polychondritis

External compression of the trachea

• Benign tumors

• Malignant tumors

• Cysts

• Abscess

• Aortic aneurysm

• Vascular rings
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previously mentioned, it can involve the trachea (22 %), bronchi (15 %), or both
(63 %) in a diffuse or focal distribution [8].

Murgu et al. [9] described a classification based on functional class, etiology,
morphology, origin, and severity of TBM. However, this classification has not been
adopted in routine clinical practice or extensively used in the published literature.

Clinical Manifestations

The clinical manifestations of TBM are variable. Patients can be asymptomatic,
present with dyspnea, cough, mucostasis, wheezing, stridor, or failure to wean and
extubate. Although it is not pathognomonic, the presence of a barking (or
“seal-like”) cough frequently alerts the clinician to the possibility of TBM. Patients
with TBM will frequently have recurrent pulmonary infections with difficulty
expectorating sputum. On occasion, these cough spells will result in syncope.
Although none of these symptoms are specific to TBM, failure to respond to
customary treatments should prompt the consideration of structural reasons such as
TBM or tracheal stenosis. The patients may also reproduce the symptoms when
they perform Valsalva maneuvers and become recumbent, or with forced exhalation
and cough. This adds a new layer of complexity to their pulmonary function testing
and interpretation. On occasion, they describe a series of cough episodes that seem
to be reiterated and intensified. So the more they cough, the higher the need to keep
coughing. This is both debilitating and uncomfortable.

Differential Diagnosis

The differential diagnosis of TBM includes chronic bronchitis, emphysema, asthma,
bronchiectasis, and chronic cough due to other causes. Other conditions that can
mimic TBM or coexist include congestive heart failure, bronchiectasis, cystic fibrosis,
obesity hypoventilation syndrome, recurrent low-grade aspiration, vocal cord dys-
function, and chronic gastroesophageal reflux disease (GERD). A meticulous diag-
nostic workup will allow the clinician to either rule out those conditions or at least
address them appropriately and assign the remaining symptoms to TBM or excessive
dynamic collapse of the posterior wall. Frequently clinicians will describe it as a
“disproportionate range of symptoms” for the underlying lung disease.

The use of a standardized protocol in patients with suspected TBM that includes
diagnostic procedures and optimization of these conditions is very effective to
minimize overdiagnosis. At our center, patients with TBM undergo an extensive
array of tests that include pulmonary function tests (PFTs), inspiratory and expi-
ratory airway CT, GERD evaluation (impedance testing, manometry), laryngoscopy
for vocal cord dysfunction, and evaluation for sleep apnea (with questionnaires and
polysomnogram).
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Diagnostic Interventions

In order to establish the diagnosis of TBM, the clinician may use dynamic airway
computed tomography. This technology is widely available, and the radiologist
should be alerted of the clinical suspicion for TBM so that they can perform
inspiratory and expiratory imaging. The radiologic studies frequently reveal dilation
of the conducting airways during inspiration with premature collapse during
exhalation. The expiratory or exhalation part of the CT is remarkably different from
the inspiratory images (Fig. 5.1).

Fig. 5.1 Dynamic computed tomography of the chest on inspiration and full expiration
demonstrating diffuse severe TBM involving the mid-trachea, distal trachea, and main-stem
bronchi. The lung parenchyma demonstrates a significant air trapping
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Lee et al. [11] have described the use of the collapsibility index resulting from
the measurement of the cross-sectional area (CSA) of the airway during inspiration
and expiration (Collapsibility index = CSA end inspiration − CSA dynamic
exhalation/CSA end inspiration × 100).

The dynamic flexible bronchoscopy is the gold standard for the diagnosis of
TBM [1, 9]. During bronchoscopy, the clinician encounters bowing of the cartilage
wall as well as excessive invagination of the posterior wall of the trachea and
bronchi to the point where the bronchoscope cannot be advanced any further.

Although the evaluation of TBM can be done with rigid or flexible broncho-
scope, in practice, the flexible bronchoscope is the instrument of choice as it allows
the patient to breathe spontaneously and follow commands to perform deep
breathing and forced exhalation. It is important to systematically evaluate the
proximal, mid, and distal trachea as well as the right and left main-stem bronchi and
distal airways for obstruction. This will facilitate and guide the planned interven-
tions, including stent trial and tracheoplasty.

The patterns of pulmonary function testing and flow-volume loops are routinely
used by pulmonologists for the evaluation of TBM and other lung diseases.
Abnormal findings on PFTs and flow-volume loops in one study were low maxi-
mum forced expiratory flow (81.6 %), biphasic expiratory curve (19.7 %), flow
oscillations (2.6 %), and notching (9.2 %) [12]. However, in this study, 17 % had
no distinctive abnormalities, suggesting that PFT’s and flow-volume loops are
normal in a substantial number of patients with moderate to severe TBM and should
not be used solely to decide whether TBM is present or clinically important [12].

Airway Stents and TBM

When faced with the diagnosis of TBM, the clinician should assess the degree of
symptoms and choose therapy accordingly. Asymptomatic patients do not require
treatment or further diagnostic workup. However, symptomatic patients should
undergo treatment of other comorbid conditions for 4–8 weeks. These conditions
frequently include GERD, sleep apnea, vocal cord dysfunction, asthma, and chronic
obstructive pulmonary disease (COPD).

If symptoms persist despite an optimal trial of medical treatments, patients with
diffuse disease or localized TBM should undergo a stent trial (Figs. 5.2 and 5.3).
The stent is used as a temporary measure to evaluate the symptomatic changes
before considering a possible surgical repair. It should be very clear to the patient
that regardless of the clinical benefit, the stent is a temporizing measure and would
not be left in place permanently. If after one to two weeks of stent trial, the patient
has significant symptomatic improvement, it will be removed, and consideration for
surgical tracheoplasty will be entertained. The use of stents for this purpose has
been validated by the prospective observational trials. In a prospective study, sili-
cone stents were used for moderate to severe diffuse TBM. Before, during, and after
the stent trial, symptoms, health-related quality of life, lung function, and exercise
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capacity were evaluated [13]. The baseline measurements were compared to those
obtained 10–14 days after stent placement. Following stent placement, 77 % of
patients reported symptomatic improvement; however, complications were frequent
and included obstruction, infection, migration, and severe cough. Due to the
complications associated with silicone stents, it is imperative that the physician
conveys a clear message to the patient regarding their temporary nature.

A standardized protocol for Y stent use in TBM was reported by Odell et al.
[14]. In this study, patients with Y stent for TBM were given mucolytic agents
(nebulized N-acetylcysteine) and expectorants (guaifenesin). The complication rates
were compared to patients that were treated without a standardized protocol. Out of
141 patients, 98 were treated with the standardized protocol. The rate of serious
complications including stent migration, obstruction, respiratory failure, and
hemoptysis was statistically lower in the protocol treatment group (9 % vs. 40 %
p < 0.001) [14]. Interestingly, shortness of breath is usually very responsive to
silicone stent placement. However, cough is usually worse or unchanged due to
inherent irritation of the silicone stents.

Recently, our group has tried the use of metallic (nitinol) stents in a small group
of patients with severe cough due to tracheobronchomalacia (Fig. 5.2). This trial has
been done with full awareness of the possible complications of metallic stent
placement including granulation tissue and difficulty removing them [15].
However, when these metallic stents were promptly removed within 5–14 days, the
presence of granulation was minimal, and removal was uneventful. This small
group of patients reported the significant improvement in shortness of breath and
cough [16]. After the successful trial, they underwent surgical tracheoplasty.

Tracheoplasty

The ultimate long-term treatment of TBM is tracheobronchoplasty with airway
stabilization (Figs. 5.2 and 5.3). This surgical procedure has been prospectively
studied and shown to cause symptomatic benefit in healthcare-related question-
naires, dyspnea scores, and performance status [17]. In those patients with pro-
hibitive surgical risk, we recommend the symptom management and discuss the
possibility of a definitive stent placement. However, a proactive approach to the
maintenance of the stent patency and frequent bronchoscopies are usually required.

Tracheoplasty, the preferred long-term treatment for severe TBM, entails the
insertion of a polypropylene mesh to support the posterior tracheal and bronchial
membrane. Unfortunately, it requires a right posterolateral thoracotomy to gain
access to the thoracic trachea and bilateral main-stem bronchi. Multiple rows of
sutures are used to anchor the mesh to the airway, and case duration is approxi-
mately 6 h. The first 48–72 h are spent in the ICU, with an average hospital stay of
8 days [18, 19]. A successful procedure leads to a significant improvement in
dyspnea, quality of life, functional status, and overall exercise capacity when
compared to pre-intervention levels [19, 20].
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Fig. 5.2 Patient with severe TBM during evaluation and treatment. In image a bronchoscopic
image, the proximal trachea during inhalation and in b during forced exhalation. Image
c demonstrates the presence of an uncovered nitinol stent during a stent trial of one week, followed
by the minimal granulation tissue seen after an uneventful removal of the stent. Image e and
f demonstrate the bronchoscopic appearance of the proximal trachea during forced exhalation at
3 months and 12 months after surgical tracheoplasty
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Fig. 5.3 Patient with severe TBM during evaluation and treatment. In image a bronchoscopic
image, the proximal and mid-trachea during inhalation and in b during forced exhalation. Image
c demonstrates the presence of a silicone stent during a stent trial of one week, followed by the
small amount of granulation tissue seen after the removal of the stent. Images e and f demonstrate
the bronchoscopic appearance of the mid-trachea during forced exhalation at 3 months and
12 months after surgical tracheoplasty
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Unfortunately, complications were seen in 38 % of the cases in this series,
including postoperative respiratory infections in 22 %, prolonged mechanical
ventilation or reintubation, tracheostomy, atrial fibrillation, and hemothorax [19].
The mortality rate was 3 %, in spite of the multiple comorbidities and low pul-
monary reserve in this patient population. At this time, this procedure is only
regularly performed at high-volume centers with experienced thoracic surgeons.

Other surgical alternatives include anterior external splinting [21], circumfer-
ential external splinting [22], and suture plication of the posterior membrane [23].
However, the experience with these techniques is limited to small series involving
pediatric and adult patients.

In addition, it should be mentioned that any surgical technique of tracheoplasty
that involves the posterior insertion of a mesh is difficult to apply to the cervical
trachea. Techniques of external splinting of the cervical malacia have also been
successful in small groups of patients [24].

Finally, recurrence rates requiring repeat surgery are low, but there is a risk of
progression of malacia in the untreated cervical segment of the trachea. In these
cases, resection and reconstruction may be necessary [25].

Medical Management

Given the long and difficult surgery to stabilize the airway in TBM patients, there is
a sizeable group with prohibitive comorbidities. In this subgroup of patients,
symptom management and definitive stent use are also considered.

Although some authors have proposed the use of non-invasive mechanical
ventilation (NIMV) for TBM as a pneumatic splint, this approach is fraught with
difficulties. The role of NIMV is most important in the management of acute on
chronic respiratory failure. Whenever these exacerbations occur, the urgent use of
NIMV makes it possible to maintain airway patency and facilitates drainage of
secretions.

The use of intermittent nasal pressure support during the day and of continuous
pressure support (CPAP) at night are temporary bridges to more permanent treat-
ments such as airway stents and tracheoplasty [26]. NIMV in the form of CPAP is
likely to prevent prolonged mechanical ventilation and the need for tracheostomy
[27]. However, there is limited evidence to their clinical benefit [26, 28].

Extensive work in TBM by Majid and cols has resulted in a proposed flowchart
to guide the diagnosis and treatment of this complex condition (Fig. 5.4) [5].

Some experts have also suggested aggressive weight loss treatment [29].
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Natural History of TBM

In children, congenital TBM is the most common congenital abnormality of the
trachea [30]. Although it can be seen in healthy infants, it is more common in
premature babies [31] as a result of immature tracheobronchial cartilage.
Interestingly, primary tracheobronchomalacia is usually self-limited with most
infants outgrowing the condition by age 2 [31–33]. In a small percentage, there is a
progression to diffuse TBM [34]. In patients with vascular rings, connective tissue
disorder, and congenital conditions, TBM is usually progressive and may shorten
life span [35, 36].

In adults, the natural history of TBM is not completely understood. However, it
is usually progressive and likely to become diffuse over time. A longitudinal study
of TBM with an average follow-up of 5 years showed progression in most patients,
and none showed improvement [37].

Interestingly, unmasking of a disease that was previously unrecognized has been
well described. Some patients remain asymptomatic until an episode of infection,
bronchitis, or pneumonia occurs. Unmasking of TBM during anesthesia and in
setting of progressive hypercapneic respiratory failure has also been described [38,
39]. The underlying TBM in these cases was discovered after the failed attempts to
extubate or wean off of positive-pressure mechanical ventilation. In these cases, a
partial return of the structural integrity of the trachea and bronchi may be seen after

Fig. 5.4 Flowchart depicting the key elements of the diagnostic and therapeutic workup of
tracheobronchomalacia. Reprinted from Barros Casas et al. [44]. With permission from Elsevier
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the acute episode has resolved. However, recurrence is common. These patients
should be evaluated in the absence of positive-pressure “airway splinting.”
Eventually, most of these patients have disease progression and require a thorough
evaluation and treatment of comorbidities followed by a stent trial.

Future Directions

In the last few years, descriptions of the use of endobronchial laser to cause con-
traction scarring of the posterior wall in patients with excessive dynamic airway
collapse and TBM have surfaced [40]. Other areas of interest include the use of 3D
printing and modeling of airway stents in TBM patients. This technique has had
excellent results in other patients with complex airway disease, but their application
to TBM remains a formidable challenge [41, 42].

Novel stents with innovative materials and potentially biodegradable are being
investigated [43]. Their gradual integration into the airway wall, locally increasing
the rigidity of the airway while acting as a scaffold, is theoretically plausible.
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Chapter 6
Tracheobronchial Amyloidosis

Gustavo Cumbo-Nacheli, Abigail D. Doyle and Thomas R. Gildea

Introduction

Tracheobronchial amyloidosis (TBA) is a disease characterized by extracellular
deposition of eosinophilic, proteinaceous, and insoluble β-pleated sheets of fibers
within the airways. These insoluble proteins disrupt the airway function. When the
pulmonary system is involved in systemic amyloidosis, it may display different
features: diffuse interstitial or alveolar septal disease, nodular disease, intra- and
extrathoracic adenopathy, pleural disease, and diaphragmatic deposition. In contrast,
localized pulmonary involvement manifests as nodular opacities, diffuses opacities,
or tracheobronchial disease, the latter being the most common of the three [1].

In this chapter, we review the clinical features of TBA and discuss the role of
radiographic imaging, bronchoscopy, and radiation therapy in the management of
TBA.

Clinical Features

TBA represents only 0.5 % of all symptomatic tracheobronchial lesions [1].
Symptoms suggesting a form of obstruction, with cough, dyspnea, wheezing,
hemoptysis, and hoarseness, are the most common complaints. More than half of the
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cases may present as obstructive pneumonia, bronchiectasis, or atelectasis [2].
Clinical features are difficult to recognize, often leading to delay in diagnosis and
treatment. Routine chest radiography may be unremarkable in up to 70 % of affected
patients [1, 3]. TBA tends to be misdiagnosed as asthma, COPD, and pneumonia [3].
CT of the chest often shows soft-tissue thickening and irregular narrowing of the
tracheobronchial lumen, which should be further investigated by bronchoscopy [4].
Bronchoscopy with biopsy remains the gold standard for diagnosis. Although TBA
nearly always presents in the absence of systemic amyloidosis, the systemic form
should be ruled out with serum and urine electrophoresis, electrocardiogram,
echocardiogram, and fat pad biopsy. TBA has been reported in association with
Sjogren syndrome [5, 6], sarcoidosis [7], and rheumatoid arthritis [8].

Radiographic Appearance

CT findings of TBA can be defined by several characteristics that separate it from
other central airways diseases. Typically, there are multiple nodular eccentric
lesions in the tracheal lumen. These can occur circumferentially and may contain
calcification (Fig. 6.1a–f). The posterior tracheal wall is involved in the disease
process. This feature separates it from tracheopathia osteochondroplastica and
relapsing polychondritis which spare the posterior wall [9]. There appear to be 2
primary appearances of TBA diffuse airway infiltration and either focal or multi-
focal nodular infiltration [10]. Some have proposed a “wavy path sign” of nodular
appearance along an airway in coronal views [11]. PET-CT with intense uptake of
18-fluorodeoxyglucose by the amyloid material is used to assess activity and can be
used as an adjunct to bronchoscopy in follow-up [12].

Bronchoscopy

Bronchoscopy is the primary management tool for TBA from both a diagnostic and
a therapeutic standpoint. Endobronchial examination shows either diffuse mucosal
infiltrate or nodules (Fig. 6.2). The mucosal lesions have a tendency to have a
yellowish hue and bleed easily and ooze considerably longer than typical lesions.
Therefore, planning for hemorrhage management should be in place [13, 14]. Other
newer imaging techniques have been used. Narrow band imaging (NBI) has been
reported to show a complex vasculature and abrupt-ending large caliber vessels
[13]. Probe-based confocal light endomicroscopy has also been reported to show
“dappled” images of protein deposition [15].

Therapeutic bronchoscopy options include neodymium:yttrium aluminum-
garnet (Nd:YAG) laser photo-resection, argon-plasma coagulation, and rigid
debulking. When luminal patency is compromised balloon dilation, in some cases
airway stenting has been used.
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Fig. 6.1 a Axial CT image of the trachea demonstrating eccentric nodular masses along the
posterolateral wall (closed white arrow). b Axial image from the same patient at the level of the
carina and main-stem bronchi demonstrating diffuse circumferential wall thickening with foci of
calcifications and luminal narrowing (closed white arrow). c, d Sagittal and coronal
contrast-enhanced CT showing diffuse circumferential thickening of the tracheobronchial airway.
e, f 3D external rendering showing airway narrowing, irregular tracheobronchial mucosa. Note
right middle lobe subsegmental collapse. Distal airways are patent
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Fiorelli et al. [16] described a clinical case of a 67-year-old woman diagnosed
with TBA, who underwent rigid bronchoscopy with the removal of the mass by
mechanical resection and Nd:YAG laser coagulation, followed by placement of a
self-expanding, covered Y-stent. Her respiratory symptoms improved immediately,
and at five-month follow-up, the CT and bronchoscopic examination showed
normal patency of the tracheobronchial tree without recurrence of amyloid depo-
sition. Resection alone may not prevent recurrences, as they often recur within
12 months after resection. A retrospective study performed by Alloubi et al. [17]
investigated the long-term outcome of six patients with primary TBA. All patients
underwent rigid bronchoscopy and received laser therapy by Nd:YAG prior to
mechanical debulking, with the hypothesis the laser therapy would decrease
intrabronchial bleeding. A satisfactory tracheal size and resolution of symptoms
were obtained after 3–5 sessions of rigid bronchoscopy in 4 of 6 patients, and the
other two patients received a silicone stent due to extreme stenosis or re-stenosis of
the trachea by tumor-like tissue without improvement after repeated bronchoscopy.
All patients had immediate symptomatic improvement, and there were no intra-
operative or perioperative deaths. Brill et al. [18] described a case of TBA suc-
cessfully treated with argon-plasma laser treatment, which achieved recanalization
of the bronchus, resulting in sustained clinical improvement.

Medical Therapy

There are few reports of effective therapy for TBA. Systemic pharmacotherapy with
colchicine, melphalan, dimethyl sulfoxide (DMSO), and glucocorticoids has been
reported with modest success [2, 17]. Toxic side effects from systemic chemotherapy
render this therapeutic approach less preferable [1]. Mucolytics, antibiotics,

Fig. 6.2 Bronchoscopic
findings in a case of
tracheobronchial amyloidosis
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nebulizer treatments, and occasional courses of oral or inhaled corticosteroids may
be used as adjunctive therapy in addition to bronchoscopic debulking [1].

Radiation Therapy

Low-dose external beam radiation therapy (EBRT) has been demonstrated to be
effective as an adjunct to bronchoscopic management. In contrast to mechanical
debulking and laser therapy, which yields immediate symptomatic improvement,
EBRT has a more gradual onset of action. Advantages of EBRT include less
bleeding than with bronchoscopic intervention, and higher accessibility to lesions
that may not be amenable to bronchoscopic intervention. The mechanism of radi-
ation for control of pulmonary amyloidosis is not completely understood. Some
hypotheses provide improvement in localized amyloidosis due to the
anti-inflammatory effects seen in early radiation, along with inhibition of localized
plasma cells, as chronic inflammation is one of the important factors which stim-
ulates amyloid formation [19]. Others hypothesize the mechanism of action could
include a radiation effect on the vasculature, or the induction of immune responses
against the deposits by causing local inflammation [10]. Side effects have been
reportedly low, with esophagitis the main adverse event [19].

Combination therapies appear to be the most successful form of treatment for
TBA patients. In a case report by Kurrus et al. [20], a multimodal approach to
treatment with TBA was discussed. The patient underwent EBRT, with a dose of
20 Gy, to the distal tracheal and right main-stem bronchus. Repeat bronchoscopy
showed the treated tissue to be less thickened and friable; however, there were new
areas of occlusion by amyloid tumor in the right upper lobe, which was resected
using a Nd:YAG laser and forceps. The bronchus intermedius was dilated and a
silicone stent was placed. The right lower lobe eventually became obstructed; in
contrast, the areas that had received the EBRT 7 months earlier continued to appear
less thickened, red, and friable. Due to these results, they elected to treat the distal
disease progression with the same dose of EBRT as used previously. Patient free of
symptoms, with bronchoscopic examination essentially unchanged.

Ren and Ren 12 used EBRT with 24 Gy in 12 fractions, 5 fractions a week over
18 days on two patients diagnosed with TBA [19]. On day two, case one noticed
significant improvement in dyspnea, and CT chest showed obvious abatement of
the irregular thickness of the bronchial wall, and improvement of PFTs was from
moderate obstruction to normal. Follow-up bronchoscopies showed abatement of
the lesions, smoother mucosa, and less obstruction, and she remained symptom-free
at follow-up of 54 months. Case two also noted symptomatic improvement by day
two, with improvement in PFTs two months later, and stable improvement at
46 months follow-up.

A retrospective review of 10 patients with biopsy-proven airway amyloidosis (3
laryngeal and 7 TBA) who underwent EBRT at a median dose of 20 Gy showed
local control in 8/10 patients at a median 6.7 years of follow-up. This was defined
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by CT and endoscopic evaluation showing no changes in airway wall thickening,
decreased mucosal edema, and stable endobronchial pathologic findings, along with
improvement in FEV1 [21]. Monroe et al. [22] described a case of extensive TBA
involving the right main-stem bronchus and extending inferiorly into the right lower
lobe, making surgical debulking and laser therapy difficult. The patient underwent
treatment with EBRT at 24 Gy, resulting in significant improvement in respiratory
status, imaging, and PFTs within 2 months. At one year, repetitive bronchoscopy
showed airways to be patent. Among a cohort of 7 TBA patients with TBA treated
by EBRT, all subjects displayed symptom improvement after receiving EBRT. This
treatment modality was well tolerated, with the most common side effect being
acute esophagitis [23].

Conclusion: Being aware of TBA in the differential diagnosis of many pul-
monary symptoms and being familiar with unusual disease imaging is helpful and a
key to pattern recognition for expert clinicians. There is no gold standard treatment
for TBA, and management is targeted at maintaining airway patency. Treatment
modalities include mechanical debulking, balloon dilation and stenting, APC, laser
therapy, EBRT, and cryotherapy. The advantages of rigid bronchoscopy over
flexible bronchoscopy include airway safety, ability to perform mechanical
debulking, and the ease of blood and airway secretion removal [17] but add the risk
of airway trauma and inciting bleeding. Being aware of the possible diagnosis and
having the ability to obtain diagnostic tissue and perhaps perform simple endo-
bronchial therapeutic procedures to improve airway lumen in a single procedure
favored as an initial step but further medical evaluation, management, and con-
sultation with radiation oncology complete comprehensive management.
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Chapter 7
Tracheobronchopathia
Osteochondroplastica

Prasoon Jain and Atul C. Mehta

Introduction

Tracheobronchopathia osteochondroplastica (TO) is an uncommon disorder char-
acterized by the development of multiple cartilaginous and bony nodules in the
submucosal layer of central airways [1–3]. The nodules project into the lumen from
the anterior and the lateral walls of trachea and bronchi (Fig. 7.1) causing a variety
of respiratory symptoms. Typically, the posterior membranous wall of central air-
ways is not involved with the disease process. The underlying cause of this disorder
remains unknown. The clinical presentation depends on the size and distribution of
the nodules. In mild cases, patients may remain asymptomatic. On the other
extreme, large and confluent cartilaginous or bony nodules can cause severe airway
obstruction, atelectasis, and life-threatening difficulties during intubation. In this
chapter, we discuss the clinical features, diagnosis, and treatment of this rare but
interesting clinical entity.
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Historical Background

The original description of TO comes from Samuel Wilks in 1857 who reported
several ossified deposits in larynx, trachea, and bronchi upon autopsy in a
38-year-old patient who died of tuberculosis [4]. In 1863, Virchow [5] proposed
that cartilaginous and bony nodules in TO arise from ecchondrosis and exostosis of
normal tracheobronchial cartilage. Von Schoretter is said to have seen the TO
lesions for the first time in a living patient using a laryngeal mirror in 1896 [6]. The
credit of first description of bronchoscopic findings of TO goes to Killian in 1897
[7]. In 1910, Aschoff-Frieburg [8] coined the term tracheopathia osteochon-
droplastica and proposed that these nodules arise from metaplasia of tracheal and
bronchial elastic connective tissue.

Incidence

The exact incidence of TO is unknown, but by most accounts, it is exceedingly
uncommon. A detailed review of the literature by Dalgaard in 1947 found 90 cases
[9], and another literature review by Martin in 1974 revealed only 245 reported
cases of TO [10]. Except for a series of thirty cases by Harma and Suurkari in 1977
[11] and another series of 41 cases by GERM“O”P group in 2001 [12], the majority
of reports have involved a single or a handful of cases. Still, there is a possibility
that TO is more common than reported because many cases go unnoticed due to the
absence of any significant symptoms. Before advent of bronchoscopy, the majority

Fig. 7.1 Bronchoscopic findings in mild (a) and severe (b) tracheobronchopathia osteochon-
droplastica. Note extensive nodules arising from anterior and lateral wall of trachea with sparing of
posterior membrane. Reprinted from [3]. With permission from Springer Science+Business Media
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of cases were detected on autopsy. In these cases, TO was most often an incidental
finding, unrelated to the underlying cause of death. In one such series, findings
consistent with TO were found in 2 out of 800 (0.25 %) autopsies [13]. Widespread
use of chest computed tomography (CT) and flexible bronchoscopy has increas-
ingly allowed antemortem detection of TO in live patients. The incidence of TO is
reported to vary from 0.02 to 0.77 % of bronchoscopies performed for unrelated
indications [14–21].

Pathology

Table 7.1 summarizes the pathologic findings of TO. Several autopsy studies
provide a detailed description of pathological findings in TO [13, 22]. Most com-
monly, the disease process involves the lower two-third of trachea. Involvement of
the main-stem and lobar bronchi is also common. Very seldom, segmental bronchi
may also be involved. Isolated involvement of main-stem bronchi without
involvement of trachea has been described in some cases. The involvement of
larynx in TO is uncommon but has been reported by several authors [22, 23]. On
gross examination, the tracheal wall is thickened and the nodules are visible over
the mucosal surface of anterior and lateral wall sparing the posterior membranous
wall. Many of the nodules have stony hard consistency. Microscopic examination
of the trachea shows bony and cartilaginous nodules within the submucosa and
lamina propria of trachea and bronchi (Fig. 7.2). The nodules vary in size and
shape. In some cases, there are only a few small nodules [24], while in other cases,
the nodules are too numerous to count, becoming confluent in certain areas. Partial
ossification of cartilaginous nodules is a common finding [22]. Interestingly, many
but not all nodules show an anatomical continuity with the perichondrium of the
cartilaginous ring. Some bony nodules contain marrow space with fatty tissue and a

Table 7.1 Pathological
findings in
tracheobronchopathia
osteochondroplastica

Gross examination

• Thickening of tracheal wall

• Multiple nodules arising from anterior and lateral wall of
trachea and bronchi

• Many nodules have stony hard consistency

• Absence of mucosal ulceration

• Sparing of posterior wall of trachea

Microscopic examination

• Cartilaginous nodules in submucosa

• Bony nodules in submucosa

• Fatty and hematopoietic marrow within ossified nodules

• Calcification

• Squamous metaplasia
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small amount of hematopoietic cells. The overlying epithelium frequently
demonstrates squamous metaplasia. The inflammatory reaction is conspicuously
minimal or absent.

Small biopsies obtained during flexible bronchoscopy may reveal many of the
typical pathological findings described above, but it is not possible to retrieve a
diagnostic specimen in every instance. It is also unrealistic to expect a classical
pathological description of TO even when adequate bronchoscopic biopsies are
obtained. This is well illustrated in a series of 41 patients, in which histopathology
of bronchoscopic biopsies was diagnostic in 28 of 40 (70 %) of patients [12]. Bony
nodules in submucosa was the most common finding, seen in 23 (58 %) of patients.
Other findings included cartilaginous nodules in 15 (38 %), calcification in 8
(20 %), and squamous metaplasia in 19 (48 %) patients.

Etiology and Pathogenesis

The events that lead to development of TO are currently unknown. For more than a
century, the debate has centered around two different views to explain how carti-
laginous and bony nodules develop within the submucosa of central airways in TO.
According to one of these theories advanced by Virchow [5], the new formations in
this disorder represent ecchondrosis or exostosis arising from tracheal cartilage.
A direct anatomical continuity between these lesions and the perichondrium of
tracheal cartilage on serial sections, especially in early stages of the disease process,
lends some support to this view [13, 24]. However, not every nodule is connected to
the tracheal cartilage. The presence of isolated bony and cartilaginous islands can
be explained by thinning, stretching, and eventual separation as the nodules elon-
gates after their origin from the perichondrium of tracheal cartilage [25]. Aschoff
[8] in 1910 proposed an alternative theory, according to which the cartilaginous and
bony nodules arise from metaplasia of elastic connective tissue normally present in
the submucosal layer of trachea. According to Dalgaard [9], the undifferentiated
connective tissue cells found in close relation to submucosal elastic fibers are the

Fig. 7.2 Histological
findings in
tracheobronchopathia
osteochondroplastica,
illustrating submucosal
calcification, ossification, and
cartilage formation. Reprinted
from [3]. With permission
from Springer Science
+Business Media
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parent cells from which TO lesions originate. Additional support for Aschoff’s
proposal also comes from the frequent presence of elastic fibers in close relationship
to the nodules on detailed pathological examination [22]. However, sparing of
posterior tracheal membrane, which is rich in elastic fibers, cannot be explained on
the basis of this theory.

Even more mysterious are the cellular mechanisms that eventually lead to the
formation of cartilaginous and bony nodules in TO. It is not difficult to imagine that
chondrogenesis and osteogenesis in such an unusual site would involve a complex
interplay between several cells, growth factors, and regulatory pathways. In this
context, there is some indication that bone morphogenic protein (BMP) and
transforming growth factor beta-1 (TGF-β-1) are involved in pathogenesis of TO.
Bone morphogenic proteins belong to TGF-β superfamily and are known to play a
critical role in embryogenesis and tissue homeostasis. An important property of
BMP is its ability to promote differentiation of mesenchymal stem cells into
osteoprogenitor cells [26]. There is also evidence for role of BMP in the devel-
opment of cartilaginous tissue [27]. Apart from promoting formation of cartilage
and bone, BMP also plays important role in mineralization and formation of
hematopoietic marrow. In this regard, BMP is shown to have an active role not only
where the normal bones are found in the body but also at ectopic sites outside the
skeleton [28].

Many biological actions of TGF-β and BMP converge as they share similar
cellular receptors and intracellular transduction pathways [29]. TGF-β stimulates
the production of extracellular matrix proteins by chondrocytes [30] and is shown to
induce formation of bone [31]. In this regard, TGF-β seems to complement BMP
through different phases of bone formation [32]. Since the key pathological features
of TO include formation of cartilage and bone at ectopic site in the tracheal sub-
mucosal layer, it is not unreasonable to speculate that BMP and TGF-β may have
some role in pathogenesis of this disorder.

This possibility was addressed in one study in which immunohistochemical
methods were used to identify the presence of bone morphogenic protein-2
(BMP-2) and TGF-β-1 in 2 autopsy cases of TO [33]. Significant amount of BMP-2
activity was located in the mesenchymal cells around the osteocartilaginous nod-
ules. BMP-2 immunoreactivity was also located in the chondroblasts, the new
cartilage, and the immature matrix of the cartilage. Although a significant BMP-2
activity was noted in the newly formed nodules, no significant BMP-2 was found in
the adjacent normal tracheal cartilage. TGF-β-1 was detected in the chondrocytes
and osteocytes of the submucosal nodules. TGF-β-1 activity was also found in
bronchial epithelial cells. Based on these findings, the authors speculated that
BMP-2 and TGF-β-1 have synergistic role in promoting formation of osteocarti-
laginous nodules in TO.

What initiates the development of TO lesions has not been identified. Except for
a single report of TO in a mother and daughter [34], there are no other reports of
familial occurrence or genetic predisposition. No other factor has been conclusively
linked to the development of TO, although many possibilities have been raised, as
discussed below.
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Concurrent finding of amyloidosis in certain cases has led some investigators to
suggest that TOmay be a late stage of primary tracheobronchial amyloidosis [35–39].
Some support to this view comes from a series of 32 patients with tracheobronchial
amyloidosis in which 7 (22 %) cases also had bronchoscopic and biopsy evidence of
TO lesions [40]. Similarly, in a series of 41 patients with TO, 16 biopsy specimens
specifically were examined for amyloidosis with Congo red stain and 2 (13 %)
biopsies disclosed the presence of amyloidosis [12]. While coexistence of such rare
entities in some patients justifiably provide a reason to associate TO and amyloidosis,
there are several points against this proposal. First, the presence of amyloidosis has
been reported only a small fraction of all reported cases of TO. We find no cases of
tracheobronchial amyloidosis among additional 97 patients from 7 case series of TO
[11, 16–20, 41]. Similarly, except for one report [40], no patients with tracheo-
bronchial amyloidosis has been reported to have a simultaneous diagnosis of TO in a
number of case series [42–45]. Further, posterior membrane of trachea is frequently
involved with tracheobronchial amyloidosis where as it is characteristically spared in
TO. Taken together, there is no persuasive evidence to establish an etiologic link
between TO and tracheobronchial amyloidosis.

In contrast, the association between ozena and TO appears more than coinci-
dental. Ozena is a chronic nasal disease characterized by the progressive atrophic
rhinitis, atrophy of underlying bone and turbinates, thick mucopurulent nasal
secretions that form crusts that emit foul odor [46]. The characteristic pathological
changes in ozena include chronic inflammation, squamous metaplasia, ciliary
destruction, bone destruction, and formation of crusts. Klebsiella ozaenae is fre-
quently isolated from nasal secretions, but it is still unsettled whether or not it is the
underlying cause of the problem.

Frequent clinical association and similarity in the histological appearance of
nasal and the tracheal mucosa has led many investigators to speculate that ozena
increases the future risk of developing TO [47–49]. Several recent case series
appear to support this view. In a series of 18 patients from Scandinavia, ozena or
recurrent maxillary sinusitis was reported in 6 (33 %) of patients with TO [20].
Although no data were provided, TO was stated to be more severe when two
conditions were present simultaneously. Symptoms of atrophic rhinitis, sinusitis, or
pharyngitis were reported in 29 % of patients in another series of 41 patients with
TO [12]. K. ozaenae was isolated from bronchial secretions in 8 (20 %) of these
patients. In another report, atrophic rhinitis was detected in 2 (20 %) patients in a
series of 10 patients with TO from Iran [18]. The most convincing association
between these two entities comes from a series of 30 patients from Finland in which
23 patients had atrophic rhinitis and 4 (13 %) patients had K. ozaenae on culture of
tracheal secretions [11]. Interestingly, 6 of these patients revealed purulent and
crusty secretions over the tracheal mucosa reminiscent of atrophic rhinitis and
ozena. The authors used the term tracheozaena to describe these findings. These
findings do raise a possibility that K. ozaenae is somehow involved in pathogenesis
of TO. In an experimental study, exposure to K. ozaenae led to the development of
an amorphous material causing irregular clumping of nasal mucosal cilia. The
damaging effect of the bacteria on ciliary function in the nose was proposed as a
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possible cause for the development of atrophic rhinitis and ozena [50]. It can be
argued that similar events take place in tracheal mucosa of TO patients with K.
ozaenae infection.

Although these reports make a convincing case, any association between ozena
and TO cannot be taken as an evidence of cause and effect. It can be argued that a
primary defect in mucosal defenses due to squamous metaplasia and loss of cilia
could itself favor colonization and proliferation of K. ozaenae and other bacteria in
the trachea. Thus, tracheal and bronchial infections with K. ozaenae may represent a
complication and not the cause of TO. Regardless, these observations do provide a
strong rationale for the physicians to diligently look for TO when atrophic rhinitis is
detected and perform a thorough nasal and upper airway examination when TO is
diagnosed.

No other consistent causative factor has been identified. Tracheal cultures have
isolated Mycobacterium avium-intercellulare [51, 52], M. gordanae, and
M. tuberculosis [12] in several reported cases, but there is no reason to believe that
these infections are in any way related to pathogenesis of TO. Same can be said
about a report of tracheal botyromycosis in a patient with underlying TO [53].
There is a single report of selective IgA deficiency with frequent sino-pulmonary
infections in a patient with TO [54], but systematic investigations have revealed no
abnormality in immunoglobulin or complement levels and cell mediated immunity
[11]. No underlying endocrine problem has been found in patients with TO.
Calcium and phosphate levels are usually within normal range. Occurrence of
dermatomyositis, multiple myeloma, and other systemic disorders in some reports is
coincidental [12]. A case of TO in a patient with underlying silicosis has been
reported, but there is no reason to postulate a link between these two entities [55].
Report of ectopic calcification of falx cerebri in a 31-year-old patient is interesting
but does not appear related to TO [56]. Finally, persuasive case for cause and effect
relationship cannot be made on the basis of infrequent and isolated reports of
non-Hodgkin lymphoma [57] and lung cancer [17, 58] in patients with TO.

Clinical Features

The clinical features of TO are highly variable. In early and mild disease, patients
are asymptomatic and the diagnosis is established on the basis of incidental radi-
ologic or bronchoscopic findings. On the other extreme are cases in which extensive
involvement of air passages seriously compromised the airway lumen and caused
rapidly progressive respiratory failure needing urgent interventions [59, 60]. The
majority of diagnosed cases fall somewhere in-between these two extremes. The
age distribution is highly variable. The diagnosis is usually made in fifth through
seventh decade of life. However, many patients have been diagnosed in the second
through fourth decade of life [11, 12, 18, 41]. In fact, in pediatric literature, the
disease has been described in patients as young as 5 and 9 years of age [61, 62].
Quite possibly, the disease progresses slowly and remains asymptomatic for several
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years before the clinical symptoms surface in later years of life. Even so, it can be
seen that in many reported cases, non-specific respiratory symptoms were ignored
for several years before the correct diagnosis was made. There is no difference in
distribution of cases according to gender or ethnicity. Smoking does not seem to
increase the risk of TO. No environmental exposure or genetic predisposition is
consistently identified in patients with TO.

Table 7.2 lists the presenting features and symptoms of TO. There are no
pathognomonic signs and symptoms. Many patients are entirely asymptomatic, and
it is not unusual to have diagnosis made incidentally on thoracic imaging or flexible
bronchoscopy [11, 12].

Chronic cough is the most common presenting symptom experienced by 50–
70 % of patients [12, 18, 41]. Some patients report chronic cough for several years
or decades before correct diagnosis is made [19, 63]. While cough is usually
associated with other pulmonary symptoms such as hemoptysis, dyspnea, and chest
discomfort, in some instances chronic cough is the sole manifestation of the disease
[12]. Cough is usually dry but up to one-third of patients report significant sputum
production. Purulent sputum production is due to superimposed bacterial infection
and is easily mistaken for acute bronchitis, chronic obstructive pulmonary disease
(COPD) exacerbation, or bronchiectasis.

Dyspnea is reported by 20–90 % of patients with TO. The severity of dyspnea
depends on degree of airway involvement [12, 18–20, 41]. Although dyspnea is
usually mild in majority of cases, 11 of 41 (27 %) of patients in one series had
rapidly progressive breathlessness [12]. Sometimes, emergent endotracheal intu-
bation or tracheostomy is needed in TO patients presenting with stridor and acute
respiratory failure.

Hemoptysis is the third most common symptom, reported by 20–60 % of
patients [12, 18, 20, 41]. Intermittent mild hemoptysis in these patients is usually
secondary to ulceration of mucosa overlying a prominent bony or cartilaginous
nodule. Hemoptysis is usually self-limiting and is of limited clinical relevance.
However, this is one symptom for which there is low threshold for performing

Table 7.2 Clinical
presentation of
tracheobronchopathia
osteochondroplastica

• Cough

• Sputum production

• Hemoptysis

• Dyspnea

• Wheezing

• Hoarseness

• Ozena or recurrent sinusitis

• Recurrent lower respiratory tract infections

• Atelectasis

• Acute respiratory distress and stridor

• Unexpected difficulty during intubation

• Incidental finding on bronchoscopy or CT study
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bronchoscopy, thus providing opportunity to detect an otherwise unsuspected
diagnosis. Massive hemoptysis is unusual and should suggest an alternative
diagnosis.

The nasal and sinus symptoms are reported by at least one-third of patients
[12, 20]. Symptoms of atrophic rhinitis or ozena are common, as discussed in the
previous sections. Many patients experience recurrent episodes of acute sinusitis.
Hoarseness and dysphonia are reported by up to 20 % of patients [12, 19].
Persistent hoarseness is uncommon but is seen when larynx and subglottis are
involved with the disease process [23, 41, 64]. Laryngeal cancer should be excluded
in such cases with careful direct laryngeal examination. Difficulty in swallowing
has also been reported in some patients with TO.

There are several reports of recurrent lower respiratory tract infections, fever and
pneumonia as presenting symptoms of TO [41, 65–67]. In one study, bronchial
cultures were positive in 61 % of patients with TO [12]. The most common
organisms isolated are K. ozaenae, Pseudomonas aeruginosa, and Staphylococcus
aureus. Quite possibly, a defect in local mucosal defense due to squamous meta-
plasia and impaired mucociliary clearance is the root cause of bacterial coloniza-
tion, which in turn increases the risk of recurrent pneumonia in these patients.

Extensive endobronchial obstruction has also caused lobar atelectasis and
recurrent pneumonia in some patients with TO. For example, Meyer and associates
described a patient suffering from right middle lobe atelectasis for 6 years which
was later proven to be due to severe and diffuse involvement of the middle lobe
bronchus with TO [68]. Similarly, Hodges and Israel have reported two patients
with TO who presented with right middle lobe collapse. In each case, the opening
of right middle lobe bronchus was more than 90 % occluded with TO lesions [69].
In both of these reports, although right middle lobe bronchus was most severely
affected, typical TO nodules were also seen throughout the trachea and bronchi.
Lobar atelectasis as the sole manifestation of TO is unusual but is reported. In one
case, the patient developed right upper lobe atelectasis due to complete occlusion of
the corresponding bronchus with a hard mass lesion later proven to be TO on
pathological examination on surgical specimen [70]. In second case, an isolated TO
lesion caused complete occlusion of sub-segmental (right 3b bronchus) resulting in
post-obstructive pneumonia [71]. The most unusual feature in these cases was
complete absence of TO lesions elsewhere in the tracheobronchial tree.

Several reports have also drawn attention to unexpected difficulties during
planned endobronchial intubation for general anesthesia in TO [72, 73]. Grating
sensation has been felt during attempts at passage of endotracheal tube into the
trachea [74]. In some cases, the failure to pass endotracheal tube through the trachea
has forced the providers to cancel the planned surgery [75, 76]. In one reported
case, single-lung ventilation failed because nodular outgrowths projecting into
airway lumen prohibited sufficient occlusion of right main-stem bronchus by the
balloon blocker [77]. Laryngeal mask airway has been successfully used in one
patient with failed prior intubation who required general anesthesia for an
intra-abdominal surgery [78].
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Patients with failed prior intubation in above reports showed narrowing of tra-
chea on a subsequent bronchoscopy. Interestingly, none of these patients had any
prior clinical symptoms on preoperative evaluation. Evidently, there are patients
who never develop clinically significant symptoms despite severe involvement of
central airways with TO.

Non-specific signs such as wheezing, rhonchi, and crackles can be appreciated in
30–60 % of TO patients, but these findings are not helpful in suspecting correct
underlying diagnosis. Stridor and tachypnea are sometimes observed in patients
with severe tracheal narrowing and impending respiratory failure [59].

Laboratory Investigations

Routine laboratory tests including calcium and phosphate levels are normal in TO
[11, 67]. Serum immunoglobulin and complement levels are also normal. No
serological tests or systemic endocrine abnormalities have been identified. Based on
current data, extensive laboratory testing is not indicated in suspected or confirmed
patients with TO.

Cultures of respiratory secretions are indicated in patients who present with
lower respiratory tract infection. Identification of offending organism may help
clinicians to choose most appropriate antibiotic therapy. Microbiologic evaluation
in asymptomatic patients is unlikely to have any meaningful value.

Imaging

Chest radiograph has a limited value in diagnosis of TO. In isolated cases, chest
radiographs have been reported to exhibit diffuse and irregular narrowing of airways,
and scalloping or thickening of tracheal wall, best appreciated on lateral films [79–81].
Tracheal calcification is rarely seen on plain films. In one series, chest radiograph from
38 TO patients showed narrowing of trachea in 8 (21 %), calcification in 4 (11 %),
atelectasis in 4 (11 %), and pneumonia in 10 (26 %) of patients [12].

In actual clinical practice, chest radiographs are rarely helpful since the findings
on chest radiograph are usually subtle and are easily overlooked. It is also not
uncommon to have normal chest radiograph despite a significant involvement of
central airways with the disease process [19, 41]. Non-specific findings on chest
radiography are common in TO but are insufficient to persuade clinician to consider
TO as a diagnostic possibility [16, 20].

Chest CT scan is more helpful than chest radiograph and is the imaging modality
of choice. The most common CT finding is the presence of multiple calcified and
non-calcified nodules arising from inner anterior and lateral walls of trachea and
projecting into the lumen without involving the posterior wall [82–85] (Fig. 7.3).
The nodules vary from 3 to 8 mm in diameter. Thickening of tracheal wall is
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another commonly reported finding. In one series, CT was performed in 31 TO
patients [12]. 74 % of patients had submucosal nodules, 61 % had submucosal
calcification, and 10 % had tracheal stenosis. Even though CT is the most accurate
imaging modality to determine the extent and distribution of the lesions, diagnosis
can be overlooked in early stages and especially in patients with minimal
involvement [18].

In some reports, repeated CTs have been performed presumably to assess future
course of disease, but value of this practice is uncertain [86]. Follow-up CTs in one
case series showed progression of lesions in 2 of 20 (10 %) of patients [12]. We do
not recommend serial CTs in these patients as it would unnecessarily expose these
patients to diagnostic radiation and, in the absence of new symptoms, would not
provide any useful clinical information.

Findings on magnetic resonance imaging (MRI) have also been reported in one
patient. These included diffuse irregular mural thickening of the trachea with the
absence of contrast enhancement, sparing of the posterior wall, and low-signal dots
on T1- and T2-weighted spin echo, suggestive of calcification within the tracheo-
bronchial walls [87]. However, MRI does not provide any unique perspective about
the disease process and is less sensitive than CT in detecting submucosal calcifi-
cation. Therefore, there is no reason to perform MRI in patients with suspected TO.

Fig. 7.3 Chest CT showing irregular calcified nodules involving anterior and lateral walls of
trachea (arrows) with sparing of posterior tracheal wall (arrowheads). Reprinted from [107]. With
permission from Springer Science+Business Media
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Pulmonary Function Tests

Pulmonary function tests can be normal in early stages but may disclose obstructive
ventilator defect when airway lumen is significantly compromised. In a series of 41
patients, pulmonary function tests were performed in 28 patients [12]. Airflow
obstruction was detected in 11 (39 %), and restrictive defect was found in 5 (18 %)
patients. Peak flows were reduced in 9 of 14 (64 %) patients. Spirometry was
normal in 43 % of patients. In another series, 7 of 8 patients had obstructive
ventilator defect and one remaining patient had a combined obstructive and
restrictive defect [19]. Obstructive defect has also been reported by others [17, 20,
41]. Longitudinal assessments of pulmonary functions in one study showed no
deterioration of spirometric parameters over a mean follow-up period of 4.2 years
[88]. Reversibility after bronchodilator administration is sometimes reported [17,
19], but airway hyper-responsiveness on formal methacholine challenge test is not
found [88]. Flow volume loop showed expiratory plateau in 3 of 16 (19 %) and
inspiratory plateau in 2 of 16 (13 %) patients in one series [12]. Others have
reported similar findings in a small number of patients [41]. Flow volume loop has
been suggested to be a useful parameter to follow in TO [89], but data on its ability
to detect progression of disease are rather limited.

Bronchoscopy

Bronchoscopy is the gold standard for diagnosis of TO. The most characteristic
finding is the presence of multiple bony or cartilaginous nodules arising from the
anterior and lateral wall of the airways and sparing the posterior tracheal membrane
[1–3] (Fig. 7.1). The nodules measure 1–10 mm in diameter. Larger and confluent
nodules can be seen to project into the airway lumen causing a variable degree of
airway obstruction. The distribution of nodules is said to be “scattered” when few
nodules are present with areas of normal mucosa between them, “diffuse” when
numerous nodules are covering entire airway surface without intervening normal
mucosa and “confluent” when the nodules are seen to coalesce and fuse together
[12]. Sometimes, the bronchoscopic findings of this disorder have been compared
to cobble stone appearance, rock garden, and stalactite cave. The overlying mucosal
membrane may appear normal, but thinning of mucosa [41], ulceration, and
hemorrhagic changes [12] can be appreciated in some patients. The presence of
excessive amounts of serous, mucoid, or purulent secretions in the central airways
is not unusual. Although the disease process is said to be most profuse in the distal
two-third of the trachea [19], nodules are usually widely distributed and can involve
nearly every part of central airways [12]. Several cases with involvement of larynx,
subglottis, and proximal trachea can be found in the published literature [12, 23–41,
90]. The rigidity of airway wall limits the dynamic movement of airways with
respiration seen in normal subjects. In heavily involved areas, it may be difficult to
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advance the bronchoscope through the narrow air passages. It is ill-advised to force
the bronchoscope through such areas. In one instance, bronchoscope was reported
to get stuck requiring considerable force to retrieve the scope out of the air passages
[31]. Difficulty may also be encountered during passage of rigid bronchoscope.
A grating sound sometimes heard as rigid instrument is advanced through the
airways containing large bony projections. Similar grinding of flexible scope
against the hard nodules has also been described in some reports [12].

Bony hard consistency makes it difficult to obtain diagnostic biopsies using
standard bronchoscopic techniques. The biopsy forceps tends to slip and slide away
from the lesion, and small mucosal fragments are all that can be retrieved in many
cases. Repeat bronchoscopy may be needed after failure to obtain diagnostic
specimen on the first attempt. For instance, in one series, endobronchial biopsies
were obtained in 28 of 40 (70 %) of patients [12]. Diagnostic specimen was
obtained on first bronchoscopy in 22 of 40 (55 %) patients. Remaining 18 of 40
(45 %) patients required additional bronchoscopy to obtain diagnostic tissue. Many
patients required repeated bronchoscopies before the histological diagnosis could be
secured. Larger biopsy forceps via rigid bronchoscope may have better success in
obtaining diagnostic biopsy specimens.

In one case, mucosa was reported to have a smooth and continuous green
appearance on autofluoresecence bronchoscopy, as expected in healthy tracheo-
bronchial lining [91]. In another interesting case report, probe-based confocal laser
endomicroscopy (pCLE) over the airway nodules showed a mottled and brightly
autofluorescing submucosa and not the regular and cross-hatched healthy basement
membrane as seen in normal subjects [92]. Future studies are indicated to address
the predictive value of autofluorescence bronchoscopy and optical biopsy tech-
niques in diagnosis of TO.

Atypical presentation of TO in some cases may not allow immediate diagnosis to
be made on the basis of visual inspection, thus posing a considerable diagnostic
challenge. For example, in one reported case, bronchoscopy in a 20-year-old patient
showed a 3.2-cm endoluminal mass attached to the anterior wall of trachea causing
near-total occlusion of the lumen [93]. No other submucosal nodules were identi-
fied either proximal or distal to the tracheal mass. Histological examination of the
lesion obtained after primary surgical resection of the lesion revealed findings
consistent with TO. In another atypical case, a patient presenting with chronic and
mild hemoptysis showed three discrete localized and vascular appearing growths
involving right middle, left upper, and left lower lobe openings, later proven to be
TO on histological examination. There were no usual TO findings elsewhere on
bronchoscopic examination in this case either [94]. We have already alluded to
reports of TO presenting with isolated mass lesions blocking lobar or segmental
bronchi causing lobar or segmental atelectasis [70, 71]. In the absence of typical
bronchoscopic findings in such atypical cases, biopsy evidence is needed to
establish the diagnosis. Fortunately, such cases are exceptions rather than the rule.
Overwhelming majority of patients has classical bronchoscopic appearance which
is sufficient for instant diagnosis in the bronchoscopy room.
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Curiously, in one case, considerable difficulty was experienced in performing
transbronchial needle aspiration in a TO patients with unrelated mediastinal lymph
node enlargement [95]. The difficulty in the insertion of needle through the airway
wall was presumably due to the presence of calcified nodules in the submucosal
layer of the tracheal wall.

Diagnosis

There are no pathognomonic signs or symptoms of TO. It is therefore not surprising
that diagnosis in pre-bronchoscopy era was exclusively made on autopsy. As
clinical presentation is non-specific in a vast majority of patients, the most critical
prerequisite for diagnosing TO is high index of suspicion that can only come from
awareness of the disease entity. Bronchoscopy is most likely to provide diagnosis in
early stages since radiologic findings as well as abnormalities on pulmonary
function testing may be subtle or absent. In advanced stages, chest CT can provide
useful clues to the underlying diagnosis, but diagnostic confirmation still requires
direct inspection of tracheobronchial tree with bronchoscopy.

There is a debate whether histological evidence is essential for diagnosis of TO.
To some extent, this debate is fueled by technically difficulties in obtaining rep-
resentative biopsies during flexible bronchoscopy. According to one view, char-
acteristic bronchoscopic appearance is sufficient and histological evidence is not
necessary for diagnosing TO [2]. However, there are others who disagree and
suggest that histological confirmation is essential in order to exclude other condi-
tions such as tracheobronchial amyloidosis that can be mistaken for TO, especially
by inexperienced operators [3, 15]. We share the latter view and perform bron-
choscopic biopsies as much as possible to secure a firm histological diagnosis if
characteristic endobronchial features are not present.

Delay in diagnosis of TO is very common. Failure to include TO in differential
diagnosis and lack of familiarity with the disease entity are the main causes of
delays in diagnosis. According to some accounts, TO is among the most common
conditions that are identified on bronchoscopy performed for chronic and refractory
cough. For example, in one study, bronchoscopy was performed in 25 patients with
chronic and persistent cough [96]. The underlying cause of cough could be iden-
tified with bronchoscopy in 7 (28 %) of patients. TO was diagnosed in 2 of these
patients. Similar findings were reported in another study in which 82 broncho-
scopies were performed for the evaluation of chronic and unexplained cough [97].
Diagnosis was established on bronchoscopy in 9 (11 %) of 82 patients. TO was the
leading diagnosis, found in 7 (8.5 %) of the bronchoscopies. In majority of these
cases, the involvement of airways with the disease process was relatively mild, not
sufficient to cause significant airway obstruction or abnormal CT findings.
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Asthma is the most common incorrect diagnoses made in patients with TO [41].
Many such patients have received anti-asthma therapy for several years before
correct diagnosis is identified [98, 99]. In order to avoid this pitfall, it is a sound
practice to question the validity of asthma diagnosis when the clinical features are
atypical, response to therapy is inadequate, and methacholine challenge test is
negative. It is useful to remember asthma mimics such as TO under such circum-
stances. Flexible bronchoscopy is appropriate for further evaluation of many of
these patients.

Calcification of tracheal and bronchial cartilage, which is seen most often in
older women, is sometimes mistaken for TO. Calcium deposit is seen in anterior
and lateral wall without involvement of the posterior wall due to the absence of
cartilage in this location. However, the inner lining of trachea is thin and smooth in
age-related calcification of tracheal cartilage in contrast to thickened and nodular
appearance in TO. On direct inspection, tracheal and bronchial mucosa is normal in
patients with age-related calcification of cartilage, whereas it shows typical nodular
changes as described above. In most cases, the distinction between age-related
calcification of tracheal cartilage and TO can be made on the basis of radiological
findings, and bronchoscopy is not needed for this purpose.

Primary tracheobronchial amyloidosis should be excluded in every patient
suspected to have TO. CT findings of tracheobronchial amyloidosis include con-
centric, smooth, or nodular thickening of submucosa with or without calcification
[42]. Bronchoscopy may also reveal diffuse and nodular changes in tracheal and
bronchial mucosal lining. One distinguishing feature is frequent involvement of
posterior tracheal wall in amyloidosis, which is characteristically uninvolved in TO.
Positive staining of endobronchial biopsy specimens with Congo red stain in tra-
cheobronchial amyloidosis is also helpful in differential diagnosis.

Patients with relapsing polychondritis can develop thickening of anterior and
lateral wall of trachea due to inflammation and calcification of the tracheal cartilage
with sparing of the posterior tracheal wall [100]. However, the inner wall of trachea
appears smooth on CT, and the mucus membrane does not show nodular changes
on bronchoscopic examination in relapsing polychondritis, which is very different
from nodular appearance seen in TO. Further, it is common to detect tracheo-
bronchomalacia on CT and bronchoscopy in relapsing polychondritis [101],
whereas the airway wall shows a characteristic rigidity in TO. The presence of
extra-pulmonary manifestations such as joint pain, uveitis, and inflammation of
cartilage at other sites in relapsing polychondritis is also helpful in differential
diagnosis.

Endobronchial tuberculosis, sarcoidosis, and tracheobronchial papillomatosis
sometimes also feature in the differential diagnosis, but these conditions are easily
differentiated from TO on the basis of bronchoscopic appearance, cultures, and
histological examination of the biopsy material. Bony hard submucosal nodules are
not found on bronchoscopy in these conditions.
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Treatment

There is no medical therapy that can remove the existing lesions, prevent formation
of new nodules, or prevent future progression of the disease. Fortunately, most
patients have minimal or no symptoms and do not require any therapy.
Humidification, mucolytics agents, inhaled bronchodilators, and antibiotic therapy
are indicated for management of recurrent pulmonary infections [2, 3]. The results
of sputum cultures may help with the selection of most appropriate antibiotics. Oral
or inhaled corticosteroids have no established role and must be avoided as much as
possible. It is not uncommon for several TO patients to have received inhaled and
oral corticosteroids for several years for presumed treatment-resistant asthma. All
efforts must be made to discontinue corticosteroids in such patients.

Interventional bronchoscopic procedures are needed in a minority of patients
who develop severe symptoms due to advanced central airway obstruction. The
most common approach is to perform laser photoresection and mechanical
debulking of the airways using rigid bronchoscope and large biopsy forceps [18, 41,
59, 102]. Adequate removal of nodules may not be feasible with flexible bron-
choscope. Application of laser usually does not vaporize the calcified nodules but
makes it easier to extract the lesions with the biopsy forceps. Temporary placement
of silicone stent has been needed in some cases [59]. Metallic stents should not be
used. In one reported case, bronchoscopic cryotherapy was used to control
low-grade chronic hemoptysis [41]. With proper patient selection, successful
application of the interventional bronchoscopy procedures has yielded excellent
long-term results in severe and symptomatic TO [103]. Unfortunately, in the
absence of specific guidelines, the selection of patient for interventional therapy is
mostly driven by personal experience and local practices. This is illustrated well by
comparing the treatment modalities in two different series of TO patients. In one
series of 41 patients, the majority of patients received only symptomatic treatment
[12]. Only one patient received laser treatment and one patient required tra-
cheostomy for management of respiratory symptoms. In contrast, in a series from
Iran, all 10 patients received laser photoresection, 5 patients underwent core-out
procedure with rigid bronchoscope and one patient had airway stent placement [18].

Utmost restraint must be exercised in selecting appropriate patients for inter-
ventional bronchoscopy. The fundamental purpose of these procedures is to restore
the airway lumen and to relieve symptoms. In the absence of symptoms, inter-
ventional bronchoscopic procedures cannot be expected to provide any meaningful
benefit to the patients. Interventional bronchoscopy procedures are complicated and
expensive and are not without complications. Such procedures must be offered only
after a thorough risk–benefit analysis.

Bronchoscopic therapies may not be feasible in some patients who have severe
disease and need relief from troubling symptoms [31]. Surgical treatment may be
needed in some of these patients. In one report, 4 such patients with severe disease
not suitable for interventional bronchoscopic procedures underwent linear tra-
cheoplasty operation [104]. No major complications were encountered. Excellent
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long-term results were achieved in all patients undergoing the surgery. Respiratory
obstruction was relieved, and patients were able to resume normal daily activities.
Modified slide tracheoplasty has provided successful long-term outcome in another
patient with severe involvement of proximal half of trachea with the disease process
[105]. Surgical excision and end-to-end anastomosis of a section of trachea have
also been performed in one case with limited but high-grade involvement of central
airways [60]. Thus, surgery is a viable option for those who have severe symptoms
that cannot be relieved with less invasive options. However, such operations are
complicated and must only be performed by an experienced surgeon in an advanced
medical facility.

Anesthesia should be carefully planned in patients with known or suspected TO.
It is ill-advised to force the ETT if resistance is met as it can cause trauma, bleeding,
and inflammatory edema resulting in further airway compromise.

Prognosis

The majority of TO patients follows a benign clinical course. Usually, patients
continue to experience mild and non-specific respiratory symptoms after the
diagnosis. Clinical course is often punctuated by superimposed lower respiratory
tract infection and bacterial pneumonia. Several reported patients have shown no
clinical deterioration for as long as 20 years after the diagnosis [63]. Very occa-
sionally, patients have been reported to develop rapidly progressive symptoms and
acute respiratory distress [106].

In one series, a repeat bronchoscopy after initial diagnosis was performed in 18
patients [12]. The disease burden remained stable in 10 (55 %) patients. Progression
was noted in 8 (45 %) patients, but it was clinically significant only in 3 (17 %) of
patients. No regression of lesions was observed.

It must again be stressed that no form of therapy is known to alter the natural
history of TO. Therefore, the fundamental purpose of bronchoscopic procedures
and surgery is relief of distressing respiratory symptoms. There is no reason to
pursue such therapies in asymptomatic or minimally symptomatic patients.

Summary

TO is an uncommon and benign disease characterized by the development of
multiple cartilaginous and bony nodules in the anterior and lateral walls of central
airways without involving the posterior wall. The underlying cause of TO is still
unknown. Most commonly, the disease is diagnosed in 5th to 7th decade of life.
The clinical presentation is non-specific with chronic cough, sputum production,
intermittent hemoptysis, and breathlessness. In many instances, the diagnosis is
discovered as an incidental finding on CT or bronchoscopy performed for unrelated
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indications. A few patients do develop severe airway compromised and present
with severe respiratory distress, hypoxemia, and stridor. Chest CT is the most useful
imaging technique, but early disease can easily be missed on CT. Bronchoscopy is
the gold standard for diagnosis. The presence of hard nodules arising from anterior
and lateral wall of central airways provides strong indication of diagnosis instantly
in the bronchoscopy suite. Whether biopsy is essential for diagnosis is a debatable
matter. No treatment is needed in asymptomatic or minimally symptomatic patients.
Excellent long-term results have been achieved with laser photoresection and
mechanical debulking in symptomatic patients with advanced central airway
obstruction. Surgery may be needed in some patients who are not suitable for
interventional bronchoscopic procedures. However, the majority of patients follows
a benign clinical course and requires no specific therapy.
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Chapter 8
Endobronchial Tuberculosis

Pyng Lee

Introduction

Involvement of the trachea and major bronchi by tuberculosis was first described by
Morton in 1698 [1]. Endobronchial tuberculosis (EBTB), defined as tuberculous
infection of the tracheobronchial tree, is not uncommon. Endobronchial involve-
ment was reported in 42 % of 1000 autopsies of patients with tuberculosis [2] and
10–38.8 % of living patients undergoing rigid bronchoscopy [3–5].

EBTB continues to be a major public health problem because its diagnosis is
often delayed, and airway stenosis and its attendant complications such as
post-obstructive pneumonia, atelectasis, hemoptysis, wheezing, and dyspnea can
develop during the course of treatment [6–8]. Owing to HIV infection, poverty,
aging population, migration, multidrug resistance, failure in health systems, and rise
in diabetes, a resurgence of tuberculosis is observed globally, which accounts for
8.8 million new cases and 1.8 million TB-related deaths each year [9, 10]. It is also
likely that HIV may be associated with a higher incidence of EBTB [11, 12]. In this
chapter, the pathogenesis, clinical presentation, diagnosis, and current treatment of
EBTB are discussed.

Pathogenesis

The pathogenesis of EBTB is not fully understood and is thought to arise from direct
implantation of the tubercle bacilli onto the tracheobronchial tree from adjacent
pulmonary parenchymal lesion. This theory is supported by finding tuberculosis
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affecting the bronchus opposite to the airway that drains the tuberculous cavity.
Another proposed mechanism is direct airway infiltration by adjacent tuberculous
mediastinal lymph node, which is more commonly seen in children. Lymphatic and
hematogenous spread to endobronchial tree is rare [13–15]. The clinical course of
EBTB can be variable and complex, and is dependent on the interaction between
mycobacteria, host immunity, and anti-tuberculous drugs [16, 17].

Clinical Features

EBTB appears to occur more frequently in women in their second and third decades
of life even though they have a lower incidence of pulmonary TB [6, 13, 16, 17].
One explanation is the implantation of mycobacteria from infected sputum occurs
more frequently in females as they do not expectorate sputum well due to socio-
cultural circumstances. Clinical features depend on the type and stage of EBTB.
Some patients are asymptomatic, while most complain of productive cough, fever,
hemoptysis, hoarseness, chest pain, and generalized weakness [6]. Wheezing can be
detected by auscultation in a third of patients erroneously managed as asthma with
steroids and decreased air entry in a quarter [8, 18–20]. Diagnosis of EBTB is
difficult to establish because similar symptoms can occur as part of pulmonary TB
or other respiratory diseases.

Radiology

Chest X-ray can be normal as these lesions are not detectable unless airway
obstruction has occurred causing distal atelectasis. Interestingly, the lower or
middle lung lobes are affected slightly more often than upper lobes which would
favor the direct implantation theory of EBTB by gravity (Fig. 8.1) [6, 8, 16, 18].
Pleural effusions and military tuberculosis may be observed [14, 21]. Computed
tomography (CT) is more useful in demonstrating bronchial wall irregularities and
lymphadenopathy associated with bronchial lesion, and 3D CT reconstruction for
degree and the extent of tracheobronchial stenosis especially if surgery or bron-
choscopic intervention is planned (Fig. 8.2a–c) [22, 23].

Laboratory Tests

Sputum smear for acid-fast bacilli (AFB) is positive in 17 % and increases to 79 %
when combined with bronchoscopic specimens [6, 18]. This finding is unexpected
as EBTB is presumed to yield higher sputum AFB smear positivity. One possible
explanation is that sputum expectoration may be difficult due to mucus entrapment
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by proximal granulation tissue. Alternatively, mucosal ulceration, which is not seen
in every patient with EBTB, may be necessary for positive AFB smear. Polymerase
chain reaction (PCR) for mycobacteria tuberculosis is increasingly applied to
improve the diagnosis of EBTB [24, 25].

Bronchoscopy and Histopathology

EBTB affects the trachea, main bronchi, and upper bronchi (Fig. 8.3). The presence
of caseating granuloma or acid-fast bacilli is diagnostic for EBTB. Biopsy speci-
mens are diagnostic for EBTB. In some instances, endobronchial biopsies show
non-caseating granuloma, but the presence of Langhan’s giant cells in these cases is
helpful in establishing the underlying diagnosis and in excluding sarcoidosis,
fungal, or other granulomatous diseases (Fig. 8.4). Chung and coworkers classified
EBTB into 7 categories (% prevalence): non-specific bronchitis (8 %), actively
caseating (43 %), granular (11 %), edematous hyperemic (14 %), ulcerative (3 %),
tumorous (10.5 %), and fibrostenotic (10.5 %). Serial bronchoscopy was performed
from the diagnosis of EBTB to the completion of anti-tuberculous treatment, and
actively caseating, edematous-hyperemic, tumorous, and fibrostenotic lesions
(Fig. 8.3) demonstrated higher risk of progression to tracheobronchial stenosis
usually within 3 months [6, 26].

Fig. 8.1 CXR showing left
lower lobe collapse
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The classification of EBTB can be explained pathologically by disease pro-
gression. The initial lesion is characterized by erythema and lymphocytic infiltration
which corresponds to non-specific bronchitis. As the disease advances, submucosal
tubercles develop giving it a granular appearance (granular), while marked mucosal
edema describes the edematous-hyperemic type. It can undergo caseous necrosis

Fig. 8.2 a CT scan of left
main bronchial stricture, distal
lingular, and lower lobe
collapse. b CT scan of left
lower lobe collapse. c 3D CT
reconstruction showing LMB
stricture with left lung
collapse
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(actively caseating) or becomes ulcerative if the inflammation continues. The
actively caseating or ulcerative lesion can either evolve into hyperplastic–inflam-
matory polyp (tumorous type) or heal by fibrostenosis [15, 27, 28]. Moreover, the
associated intrathoracic tuberculous lymph node can erode and protrude into the
airway akin to tumorous EBTB [11, 14, 28]. Rikimaru and coworkers have further
divided the ulcerative type into active (stage A), healing (stage H), and scarring
(stage S). Only stage A lesions were observed before anti-tuberculous treatment.
During 1 and 2 months of therapy, 76 % of ulcerative lesions were in stage A or H,
and thereafter, 63 % were in stage S of which one-third of patients developed
inflammatory polyps [29].

Fig. 8.3 a, b Actively caseating EBTB of trachea and left main-stem bronchus. c Tumorous
EBTB of right upper lobe. d Fibrostenotic EBTB of left main bronchus
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Treatment

Active and fibrous subtypes must be differentiated. Fibrous disease is considered as
inactive TB, but it can lead to bronchial stenosis which can be a challenging sequel
to EBTB during or after treatment.

Active EBTB

The most important goal of treatment is in the eradication of tubercle bacilli without
selecting drug-resistant mycobacteria. The second most important goal is in the
prevention of tracheobronchial stenosis. Chemotherapy eradicates tubercle bacilli
except for multidrug-resistant TB, while the sequel of tracheobronchial stricture is
atelectasis with dyspnea or obstructive pneumonia. Tracheobronchial strictures can
develop despite prompt anti-tuberculous therapy [6, 8, 16, 26], and previously

Fig. 8.4 a Mycobacteria
stain bright red with Ziehl–
Neelsen stain bronchial
aspirate. b Histology of
tumorous EBTB. Medium
power view: bronchial wall
cartilage and several
granulomas with some
associated necrosis
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topical silver nitrate application has been attempted for ulcerative EBTB [30, 31]
and electrosurgery via rigid bronchoscopy for tumorous or polypoidal lesions [32].
A recent systematic review and meta-analysis conclude that steroids could be
effective in reducing mortality for all forms of tuberculosis including PTB [33].
However, the role of corticosteroids in preventing fibrostenosis consequent to
EBTB remains controversial. Two prospective, randomized, placebo-controlled
studies of children with endobronchial obstruction from enlarged tuberculous hilar
lymph nodes demonstrated the significant improvement in the group treated with
steroids [34, 35]. However, only one such randomized study is available in adults
which did not show any difference in the rate of bronchial strictures between the
steroid-treated and placebo groups. It was a small study, and timing of initiation of
systemic steroids could contribute to the negative results. There are case reports that
show favorable response to both systemic and endoscopic injection of steroids [36].

Shim recommends steroids for the edematous-hyperemic, actively caseating, and
tumorous types as these tend to progress to tracheobronchial stenoses. Prednisolone
at 1 mg/kg is prescribed for 4–6 weeks followed by slow taper for the same duration
[37]. In 1963, Nemir et al. [38] observed that short course of prednisone of less than
4 months was effective adjunct to the anti-tuberculous therapy for EBTB. Song
et al. [39] also observed good response if steroids were initiated within 3 months of
symptoms and concluded that steroids were beneficial in early-phase EBTB, but
had no impact on bronchial stenosis. Rikumaru et al. [40] observed that heal time
for ulcerative EBTB was shorter, and bronchial stenosis less severe if patients were
treated with twice daily aerosol therapy of streptomycin 100 mg, dexamethasone
0.5 mg, and naphazoline 0.1 mg in addition to anti-tuberculous therapy. Um et al.
[41] found that age >45 years, fibrostenotic subtype, and >90 days between
symptom onset and the initiation of anti-tuberculosis chemotherapy were inde-
pendent predictors of persistent airway stenosis, and oral corticosteroids (pred-
nisolone equivalent ≥30 mg/d) did not reduce the frequency of airway stenosis. It is
apparent that steroids do not affect the regression of fibrostenotic lesions, but
ameliorate inflammation and edema in the early phase of EBTB.

Fibrous EBTB

An important sequel of EBTB is bronchial stenosis which causes atelectasis and
secondary obstructive pneumonia. Patients present with dyspnea and wheezing. As
steroids are unable to reverse stenosis, airway patency must be restored by surgery or
bronchoscopic intervention. Surgical resection of an atelectatic lung with stenotic
main-stem bronchus (pneumonectomy) has been normal practice (Fig. 8.5a, b), but
lung-sparing surgery such as sleeve resection, carina resection, and end-to-end
anastomosis is increasingly performed [42–44]. Bronchoscopic techniques that
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include laser, electrosurgery, argon plasma coagulation, cryotherapy, and balloon
bronchoplasty have been applied singly or in combination to restore airway patency
(Fig. 8.6a–h) [45–54]. Silicon stents are deployed following airway recanalization
and dilatation as adjunct to the management of complex strictures (Fig. 8.7a, b) [55–
57]. Metallic stents should be avoided since they are difficult to remove due to
airway epithelization [57, 58]. Complications after dilatation and stenting include
airway perforation, stent migration, and stent-related obstructing granuloma, which
can cause subcutaneous emphysema, pneumothorax, pneumomediastinum, medi-
astinitis, dyspnea, and hemoptysis [58]. A patient who received silicon stent for
post-TB complex stricture developed obstructing granuloma that was successfully

Fig. 8.5 a Chest radiograph after left pneumonectomy. b Surgical specimen shows lung
atelectasis with areas of caseous necrosis
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treated with laser and topical mitomycin C application [59]. It is challenging to
determine who will respond to interventional procedures and who will need surgery.
Lee and coworkers reported that with interventional treatment, only 30 % of patients
experienced successful re-expansion defined as recovery of lung volume >80 % of
estimated original volume; these patients were younger median age 22 years versus
34 years. The presence of parenchymal calcification as well as bronchiectasis within
the atelectasis showed higher tendency for failure, while mucus plugging, extent of
airway narrowing, volume loss on CT, and endobronchial TB activity at the time of
intervention did not affect lung re-expansion [60].

Fig. 8.6 a Actively caseating EBTB left main bronchus. b Bronchoscopy after 3 months of
anti-tubercular treatment showed progression to tumorous EBTB of left main bronchus. c After
completion of anti-tubercular treatment, bronchoscopy showed tumorous EBTB with stricture of
left main bronchus. d Balloon bronchoplasty of left main bronchus was performed. e Pre-dilation
chest radiograph showed left lower lobe collapse–consolidation. f Chest computed tomography
with 3D reconstruction showed left main bronchial stricture. g Fluoroscopy during balloon
bronchoplasty of left main bronchial stricture. h Chest radiograph post-balloon bronchoplasty
shows re-expansion of left lower lobe
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Conclusions

Diagnosis of EBTB is often delayed as it is difficult to detect on chest radiograph.
Symptoms of hemoptysis, wheezing, and dyspnea as well as chest X-ray finding of
atelectasis should alert the physician of EBTB. EBTB is divided into 7 categories
based on bronchoscopic appearances, and actively caseating, edematous-
hyperemic, tumorous, and fibrostenotic lesions demonstrate higher risk of pro-
gression to tracheobronchial stenosis. Airway strictures occur in up to two-thirds of
EBTB, and steroids when instituted early can prevent progression to tracheo-
bronchial stenosis. Aerosol therapy comprising of streptomycin and corticosteroid
is also an effective adjunct to anti-tuberculous treatment. 3D reconstruction CT is
not only useful in the planning of bronchoscopic intervention or surgery and it can
also be a means to follow-up EBTB during therapy instead of bronchoscopy.
Patients with airway strictures consequent to EBTB will require surgery or bron-
choscopic procedures which may include laser, electrocautery, argon plasma
coagulation or cryotherapy, balloon bronchoplasty, or stent.

Fig. 8.7 a Fibrostenotic left
main stricture, b radial cuts
applied with electrosurgical
knife, dilated with balloon
bronchoplasty and silicon
stent placement
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Chapter 9
Endobronchial Fungal Infections

Atul C. Mehta, Tanmay S. Panchabhai and Demet Karnak

Introduction

Endobronchial fungal infections (EBFIs), though infrequent, are being recognized
with increasing frequency with widespread use of flexible bronchoscopy. Predisposing
causes of EBFIs are listed in Table 9.1. These infections are most likely a consequence
of initial colonization in patients receiving immunosuppressive therapy [1] or those
who are on continuous mechanical ventilation [2]. Lung or other solid organ trans-
plantation and diabetes mellitus are other major risk factors for EBFI. The purpose of
this chapter is to highlight the presentation of EBFI and its associated complications
and mortality and to outline suggested management therapies.

Salient clinical features of EBFIs are summarized in Table 9.2. Aspergillus
species, Coccidioides immitis, Zygomycetes, Candida species, Cryptococcus neo-
formans, and Histoplasma capsulatum are the most common agents that cause
EBFI [3]. Although full demographic information is incomplete in patients with
EBFIs, coccidioidomycosis was reported more frequently in younger patients, with
a mean age of 30 years. Most EBFIs seemed to occur in males and male/female
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Table 9.1 Predisposing factors for fungal infections

Acute leukemia or lymphoma during myeloablative chemotherapy

Bone marrow or peripheral blood stem cell transplantation

Solid organ transplantation on immunosuppressive therapy

Prolonged corticosteroid therapy

Acquired immunodeficiency syndrome

Prolonged neutropenia from various causes

Congenital immune deficiency syndromes

Postsplenectomy state

Genetic predisposition

Living in a building with ongoing construction

Diabetic ketoacidosis

Travel to endemic region

Table 9.2 Fungal infections and clinical features

Infection type Clinical features

Aspergillosis • Fever
• Cough and dyspnea
• Hemoptysis—blood vessel invasion
• Expectorated fungal casts—like the shape of the bronchial tree
• Hypoxia
• Signs of airway dehiscence-lung transplant patients
• Parenchymal invasion—with tracheobronchial and
pseudomembranous forms

• Pseudomembranous form—usually fatal despite treatment

Coccidioidomycosis • Dyspnea and stridor from parenchymal disease and extrinsic
compression from enlarged lymph nodes

Zygomycosis • Rapid and sometimes indolent course, asymptomatic
• Severe fatal diffuse pulmonary infection—who inhaled a large
inoculum

• Contiguous structure involvement such as the mediastinum and heart
• Hemoptysis and death—angioinvasive form
• Affects large bronchi
• Dyspnea and hemoptysis from bronchoarterial fistulas

Candidiasis • In immunocompromised cases—with other fungi such as Aspergillus
and Mucor

Cryptococcosis • Dyspnea and hemoptysis
• Fever, cough, and headache
• Acute respiratory distress syndrome
• Seen also in immunocompetent host

Histoplasmosis • Asymptomatic
• Self-limiting influenza-like illness
• Symptoms based on:

– the extent of exposure,
– underlying lung disease,
– general immune status and specific immunity

• Mediastinal lymph nodes—most common site of involvement
• Expectoration of broncholiths: a rare manifestation
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(M/F) ratios for each type of EBFI listed above was as follows: aspergillosis (1.7/1),
coccidioidomycosis (3.8/1), zygomycosis (2.5/1), candidiasis (2/1), and crypto-
coccosis (3.5/1). Interestingly, histoplasmosis has been reported more frequently in
female patients, with an M/F ratio of 0.4/1 [3]. Endemic fungal infections seem to
be more common in men than in women, perhaps because estrogen may have an
inhibitory effect on the growth cycle of fungi [4].

Endobronchial Aspergillosis

Aspergillus species commonly colonize airways in immunosuppressed patients and
have been recovered from as many as 57 % patients with cystic fibrosis [5].
Aspergillus species remain the primary fungal cause of infection in patients’
postlung transplantation with infection rates ranging up to 22 % [6, 7]. Most
aspergillus infections fit into the category of invasive pulmonary aspergillosis and
up to 20 % of patients have simultaneous tracheobronchial involvement [8, 9]. A.
fumigatus, A. flavus, A. nidulans, and A. niger are the types of aspergillosis
infections most commonly reported in the literature.

Aspergillus spp. in the tracheobronchial and pulmonary systems may present
with a wide variety of manifestations [10]. Alveolar macrophages normally are
capable of killing the aspergillus conidia. If these cells are low in number or are
defective, the Aspergillus conidia will begin to germinate and form hyphae. During
hyphal growth, the fungus produces various metabolites, such as complement
inhibitors, proteases, and mycotoxins that help to negate host defenses [10].
Predisposing factors which support hyphal growth include immunosuppressive
drugs, radiation therapy, antilymphocytic therapy, hematopoietic malignancy,
granulocytopenia, uremia, diabetes mellitus, aplastic anemia, and miliary tubercu-
losis (Table 9.1) [11]. The mechanisms by which lung transplant recipients have a
unique predilection for aspergillosis are as follows: direct exposure of the trans-
planted organ to the environment, impairment in local host defenses (i.e.,
mucociliary clearance and cough reflex), disruption of lymphatic drainage, ischemic
airway injury, altered alveolar phagocytic function, and overall greater requirement
of immunosuppression all of which can cause airway colonization and disease
process by Aspergillus [12, 13]. Patients who undergo pulmonary resection surgery
could also develop bronchial stump aspergillosis. Bronchial stump infections by
Aspergillus can be reduced by using unbraided nylon monofilament instead of silk
sutures [14].

The various forms of tracheobronchial aspergillosis include invasive tracheo-
bronchitis, ulcerative tracheobronchitis, and pseudomembranous tracheobronchitis.
Histopathological examination is key to distinguish these entities from one another.

Fever is not a common symptom as the patients are usually immunocompro-
mised. Most patients present with worsening dyspnea or hemoptysis, the latter
occurs due to direct invasion of the blood vessel wall (Table 9.2).
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Although varied radiographic findings are seen in different forms of pulmonary
aspergillosis, in the appropriate clinical setting, the presence of the “air crescent
sign” of aspergilloma or the “halo sign” of invasive aspergillosis on computed
tomography of the chest may support clinical suspicion of EB aspergillosis
(Table 9.3) [10, 15]. Tracheal or bronchial wall thickening, proximal bronchiec-
tasis, airway plaques, and patchy centrilobular nodules or branching linear nodular
areas having a “tree-in-bud” appearance may be other direct or indirect signs of
tracheobronchial aspergillosis on a high-resolution CT. Obstructive bronchial
aspergillosis can cause lobar or segmental lung collapse due to obstructive fungal
casts [16, 17].

Among lung transplant recipients, tracheobronchial aspergillosis may be diag-
nosed on routine surveillance bronchoscopies. The pseudomembranous form is the
most severe condition and is usually fatal despite treatment with antifungal agents.
Tracheobronchial aspergillosis is an obstructive form of bronchial aspergillosis
[17]. Patients with obstructive bronchial aspergillosis can expectorate fungal casts

Table 9.3 Radiologic features in the endobronchial fungal infections

Infection type Radiologic features

Aspergillosis • Air crescent sign—aspergilloma
• Halo sign—invasive aspergillosis
• Tracheal or bronchial wall thickening
• Proximal bronchiectasis
• Airway plaques and patchy centrilobular nodules branching linear–
nodular areas having a “tree-in-bud” appearance

• Segmental lung collapse—obstructive fungal casts

Coccidioidomycosis • Pulmonary infiltrates including pneumonia
• Nodules with cavities
• Miliary pattern
• Hilar or mediastinal lymphadenopathy

Zygomycosis • Focal consolidation
• Mass effect
• Signs of infarction
• Cavitary lesion
• Air crescent sign

Candidiasis • No specific findings
• Normal chest X-ray

Cryptococcosis • Well-defined, small, non-calcified nodules
• Lobar infiltrates
• Hilar or mediastinal adenopathy
• Pleural effusions
• Fungus ball appearance
• Abscess with air-fluid level

Histoplasmosis • Solitary nodule to fibrocystic disease
• Fibrosing mediastinitis
• Interstitial markings
• Lymph node enlargement—calcification
• Splenic calcifications—prior histoplasmosis
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in the shape of the bronchial tree. Aspergillosis is often found in EB mucosa in
association with other presentations of Aspergillus infection and hence its nature
(primary or secondary) is difficult to establish [10, 18]. In a review of pulmonary
aspergillosis, tracheobronchial aspergillosis was described in 16 % of patients. Of
these, invasive tracheobronchitis, ulcerative tracheobronchitis, and pseudomem-
branous tracheobronchitis were reported in 7, 10, and 7 % of patients, respectively.
Obstructive bronchial aspergillosis was seen in 5 % of patients. Parenchymal
invasion was seen with tracheobronchial and pseudomembranous forms in 7 and
6 % of patients, respectively [3]. Combined forms of tracheobronchial and allergic
bronchopulmonary aspergillosis together and obstructive bronchial aspergillosis
and organizing pneumonia were found very rarely. Aspergilloma with EB
involvement was the least common combination (4 %) [14, 19].

Data regarding the utility of the galactomannan antigen assay, the beta-D-glucan
assay, or the polymerase chain reaction (PCR) for the diagnosis of invasive
aspergillosis in the lung transplant recipients are limited [20]. Using an index cutoff
value of ≥1, the assay had a sensitivity of 60 % and a specificity of 98 % [6].
A retrospective study compared performance of an Aspergillus real-time PCR assay
with the galactomannan assay in 150 BAL specimens from lung transplant recip-
ients who underwent bronchoscopy for surveillance or diagnostic evaluation [21].
The sensitivity and specificity of an Aspergillus fumigatus-specific PCR were 85
and 96 %, respectively, and the sensitivity and specificity of the galactomannan
assay (using a cutoff value ≥0.5) were 93 and 89 %, respectively. Beta-D-glucan is a
cell wall component of all fungi. Serum assays for beta-D-glucan to screen for
invasive fungal infections including Aspergillus spp., Candida spp., Pneumocystis,
and other fungi are available. However, they have not been adequately studied in
lung transplant recipients.

Coccidioidomycosis

Coccidioidomycosis is an endemic fungal infection with approximately 100,000
cases being newly diagnosed every year and 0.5 % progressing to disseminated
coccidioidomycosis [21]. This infection occurs after inhalation of arthroconidia and
can be seen in any age group. The true incidence of endobronchial involvement is,
however, unknown. Coccidioidomycosis is reported in 1–8 % of all cases of solid
organ transplantation in endemic areas [22]. Infection by C. immitis is also common
in other groups of immunosuppressed patients [23]. Spores of C. immitis (3–5 µm)
can travel as far as the terminal airways or even the alveoli. Once an arthroconidium
is inhaled, it transforms to a spherical structure of 70 µm or larger with internal
septations. Within each of the subcompartments of spherical structures, individual
cells, called endospores, evolve. After several days, mature spherules rupture,
releasing endospores, which are capable of producing more spherules.
Cell-mediated or humoral immunity of normal individuals can block the last step of
dissemination using macrophages and complement activation [24]. However,
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immunocompromised hosts, especially infants, pregnant females, diabetic patients,
non-Caucasians, and patients with human immunodeficiency virus (HIV), are
considered to be at increased risk of developing the disease [22]. Patients at par-
ticular risk for coccidioidomycosis include African Americans and patients with
low CD4 cell counts (<200–250 cells/µL), or those with a history of oropharyngeal
or esophageal candidiasis. Patients on protease inhibitor therapy may have a
reduced risk [1].

In coccidiomycosis, dyspnea and stridor are the most common symptoms due to
either the parenchymal disease or extrinsic compression of the airway by the
enlarged lymph nodes [3]. Coccidioidomycosis produces a wide variety of pul-
monary infiltrates including pneumonia and nodules with cavities or miliary pattern
[24]. In a review, 16 % of patients had disease confined to trachea and/or mainstem
bronchus without evidence of parenchymal disease, but 37 % of them had infil-
trates. One patient later developed cavitary lesion and 31 % of them had hilar or
mediastinal lymphadenopathy [3].

Zygomycosis

Zygomycosis (Mucormycosis) is an opportunistic infection from fungi of the class
Zygomycetes. Of all the species causing infections in humans (Mucor, Rhizopus,
Absidia, and Chlamydoconidia), Mucor is the most common culprit. It is a ubiq-
uitous organism, abundantly present in soil and decaying matter. It enters the body
by inhalation of aerosolized spores [19, 25]. In over 90 case reports of pulmonary
mucormycosis, 34 % had endobronchial (EB) involvement and Mucor was isolated
in over 64 % cases [3]. Zygomycetes have an enzyme, ketone reductase that allows
them to thrive in high-glucose environments and hence patients with uncontrolled
diabetes are at higher risk. Iron overload and deferoxamine therapy also increase the
risk of mucormycosis [26]. The deferoxamine–iron chelate, called feroxamine, is
absiderophore for the Zygomycetes; increased iron uptake by the fungus stimulates
fungal growth and may lead to clinical infection. The increased serum iron in
diabetic patients from impaired transferrin binding may also contribute to their
increased risk of infection. The most common underlying condition in EB
mucormycosis was diabetes mellitus (65 %) in one study [26]. Hematologic
malignancies, prolonged neutropenia, treatment with corticosteroids or deferox-
amine, bronchogenic cancer, renal transplantation and acquired immunodeficiency
syndrome were other reported risk factors [19, 25]. The pace of mucormycosis is
usually rapid, yet there are a few descriptions of an indolent course. Most healthy
individuals with low-inoculum exposure remain asymptomatic for a considerable
period of time. However, patients who inhale a large inoculum often develop a
severe and potentially fatal diffuse pulmonary infection [27]. Lungs are the most
common site of Mucor infection, which may then spread to contiguous structures
such as the mediastinum and heart. As it is an angioinvasive organism, infarction is
its hallmark and hemoptysis is a common clinical symptom as well as cause of
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death. If EB involvement occurs, it mainly affects large bronchi and is also asso-
ciated with high mortality [27, 28]. Patients with EB disease mainly present with
dyspnea and hemoptysis; the latter can sometimes be massive due to angioinvasion
leading to bronchoarterial fistulas (19 %) [3].

In patients with EB mucormycosis, radiographic findings are usually
non-specific and can vary from focal consolidation to mass effect [27–29]. Specific
radiologic signs of infarction, or cavitary lesions including air crescent sign, have
seldom been reported [3].

Endobronchial Candidiasis

Candida species are normal commensals of the human skin and gastrointestinal
tract. Esophageal and laryngeal candidiasis are well described in the literature, but
EB candidiasis is less commonly recognized. One study, however, found that 57 %
of EB involvements were among lung transplant recipients. Most EB infections are
caused by Candida albicans and produce unilateral bronchial involvement.
Tracheal involvement with C. albicans has been reported in 2 cases, and there is a
single published case report of C. parapsilosis with fungus ball formation [3].
Conditions that predispose to the development of Candidiasis are age, endocrine
disorders, malignancy, alteration of immunologic status, antibiotic therapy, neu-
tropenia, and aplastic anemia. In immunocompromised hosts, Candida infection
can occur in association with other fungi such as Aspergillus and Mucor [30].
Clinical manifestations of EB infection with candida range from those related to
local mucosal infections to widespread dissemination with multisystem organ
failure [31].

For EB candidiasis, there are no specific radiographic findings mentioned in the
literature [32]. Almost every case reported in the literature had a normal chest
radiograph.

Cryptococcosis

Cryptococcosis is caused by the yeast-like fungus C. neoformans. Thought it can
be found worldwide, it has a higher prevalence in the USA and in Australia [16].
The reported incidence of new cases of cryptococcosis is 1.9 in males and 0.26 in
females per 100,000 in endemic regions such as California, and 0.02–0.03 in other
parts of the USA [33]. Humans become infected by inhaling basidiospores which
have small polysaccharide capsules that facilitates its deposition in the alveoli and
terminal bronchioles [34]. The incidence of direct airway involvement is unknown.
In total, 8.3 % of patients with acquired immunodeficiency syndrome and dis-
seminated disease were reported to have EB involvement [35]. Predisposing factors
for C. neoformans, include HIV infection, malignancy, cirrhosis, renal failure,
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chronic lung diseases, diabetes mellitus, sarcoidosis, stem cell and solid organ
transplantation, sickle cell disease, and steroid therapy [34]. However, in patients
with EB disease, only 23 % were had underlying diseases of myocarditis, diabetes
mellitus, and acquired immunodeficiency syndrome but without evidence of dis-
seminated disease. Conversely, 17 % of immunocompetent cases had dissemination
to the central nervous system besides the EB involvement suggesting high virulence
of the organism. In EB cryptococcosis, dyspnea and hemoptysis were the most
common symptoms. If systemic infection exists, fever, cough, and headache can
also be seen in addition to these manifestations. Some patients may develop acute
respiratory distress syndrome. In most cases of EB involvement, the disease is
identified incidentally on abnormal chest radiographs, biopsy of lung masses, or
cultures of lung specimens obtained for other reasons [34].

Residence in endemic areas, the organism load, and depressed immune status
positively correlate with the severity of disease [36, 37]. In one review, 81 % were
from endemic areas, and all were immunocompetent [3].

The radiographic findings of pulmonary cryptococcosis vary from well-defined,
small, non-calcified nodules, with or without cavitation to lobar infiltrates and hilar or
mediastinal adenopathy. Pleural effusions have also been occasionally reported [33].
In EB cryptococcosis, “fungus ball” has been reported in 46 % of the cases. Abscess
with an air-fluid level was also seen in 15 % of the patients with EB involvement.

Histoplasmosis

Histoplasmosis is the most common endemic respiratory mycosis in the central
USA and in Latin America. In the USA, it is most often encountered in the
Midwestern states in the Ohio, Missouri, and Mississippi River valleys. Individuals
are infected by inhaling the aerosolized microconidia form of the fungus. Infection is
mostly self-limited; only 1 % of affected individuals develop chronic disease
[36, 37]. Airway involvement from histoplasmosis can be direct or indirect, though
direct invasion of the airways is relatively uncommon. In most cases, airways are
indirectly involved by either enlarged or calcified lymph nodes or fibrosing medi-
astinitis [3]. Residence in endemic areas for histoplasmosis, organism load, and
depressed immune status positively correlate with severity of disease [3, 37, 38]
(Table 9.1).

Most people infected by histoplasmosis remain asymptomatic, yet around 10–
40 % can develop self-limiting influenza-like illness. The duration of symptoms
depends upon the extent of exposure, underlying lung disease, general immune status,
and specific immunity to H. capsulatum. Mediastinal lymph nodes are the most
common site of involvement, while EB involvement is rare [39]. In a review, patients
presented mainly with hemoptysis (72 %) mainly related to fibrosing mediastinitis.
Expectoration of broncholiths is also a rare manifestation of EB histoplasmosis [3].

Histoplasma polysaccharide antigen (HPA) test is an initial test for the diagnosis
of disseminated histoplasmosis that takes 2–4 weeks for completion. Detection of
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circulating HPA in urine, serum, and other body fluids has an increasingly
important role in the rapid diagnosis of disseminated histoplasmosis. Sensitivity is
greater in urine than in serum, and the sensitivity of the urine assay for the diagnosis
of disseminated histoplasmosis is approximately 90 %. In patients who have other
fungal infections, including coccidioidomycosis, blastomycosis, paracoccid-
ioidomycosis, and penicilliosis, false positive reactions for HPA in urine may occur.
The HPA test is often negative in isolated pulmonary disease. In such patients,
direct examination and culture of sputum, BAL, or transbronchial biopsy can be
performed. Bone marrow, lymph node, liver, or a skin or mucous membrane lesion
provides other diagnostic sources [40].

Radiographic findings of pulmonary histoplasmosis are non-specific and varied.
They can vary from a solitary nodule to fibrocystic disease. There are no radiologic
markers of EB involvement except for those related to fibrosing mediastinitis.
Interstitial markings and lymph node enlargement are the most prominent features
[35, 36]. A non-specific infiltrative pattern (72 %), lymph node enlargement (63 %),
and calcification (36 %) all have been detected. The presence of splenic calcifica-
tions may also suggest prior histoplasmosis.

Pseudallescheria boydii Infection

Pseudallescheria boydii (Scedosporium apiospermum) is a saprophytic mold that is
ubiquitous and found in multiple environmental sources. It has been classically
associated with mycetoma [41]. More recently, it has been reported to cause
infections in solid organ transplant recipients and also colonize the airways of lung
transplant recipients. An inherent resistance to amphotericin B is a characteristic of
this group of fungi and early identification along with therapy with newer azoles is
key in the management [41, 42]. In bone marrow transplant recipients,
Pseudallescheria boydii has been reported to be associated with increased mor-
tality, early infection, and fungemia. Treatment with voriconazole in this patient
population has shown a trend toward improved mortality (Fig. 9.1) [41, 42].

Fig. 9.1 Pseudallescheria
boydii infection involving the
right bronchial anastomosis in
a lung transplant recipient for
cystic fibrosis
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Bronchoscopy

According to the published literature, lesions of EBFI predominantly involve the
lobar and segmental bronchi unilaterally (70 %), while bilateral (15 %) and tracheal
involvement (9 %) are uncommon. The characteristics of the lesions include yel-
lowish white necrotic plaques, ulcerative lesions, irregular–sessile nodules, gran-
ulomatous lesions, EB masses (hemorrhagic or non-hemorrhagic), hyperemic
mucosa and bronchial stenosis, and anastomotic infection, especially in transplant
patients (Fig. 9.1; Table 9.2) [3, 18, 20].

More specifically, obstructive bronchial aspergillosis can be described when
thick mucous plugs loaded with Aspergillus are found in the airways, with little
mucosal inflammation or invasion (Fig. 9.2). In invasive tracheobronchitis, necrotic
white mucosa can be seen [18]. In the ulcerative form, there is focal fungal invasion
ulcer of the tracheobronchial mucosa and/or cartilage [18, 43, 44]. The

Fig. 9.2 Obstructive Aspergillus tracheobronchitis. Adapted from [17]. With permission from
American College of Chest Physicians
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pseudomembranous form is characterized by extensive inflammation and invasion
of the bronchial mucosa with a pseudomembrane composed of necrotic debris and
hyphae [12, 45, 46] (Fig. 9.3). In patients with A. niger, black pigmentation can also
be seen. In addition, white masses of calcium oxalate crystals are also present. The
fungus produces oxalic acid with an affinity to bind tissue calcium forming these
crystals (Fig. 9.4).

Proliferation of coccidioidomycosis accounts for the inflammatory appearance
of the bronchi in endobronchial coccidioidomycosis. Bronchitis and bronchiolitis
have been reported in association with parenchymal lesions and are occasionally
accompanied by inflammatory debris filling the lumen, or mucosal ulceration [14].

Fig. 9.3 Pseudomembranous tracheobronchial aspergillosis: an autopsy specimen of a lung
transplant recipient. Histological examination confirming the presence of the fungus

Fig. 9.4 Dark black pigments of Aspergillus niger and white calcium oxalate crystals involving
the right upper lobe bronchus of a lung transplant recipient
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Other reported EB abnormalities are sessile–irregular and submucosal nodules
(45 %). In patients with mediastinal or hilar lymphadenopathy, extrinsic com-
pression of the airways has also been reported [3].

In endobronchial zygomycosis, the disease presented as a mass lesion in 32 % of
patients or a grayish white fibrinous plug obstructing the bronchus in 26 %. It also
caused sloughing of mucosa, granular lesions, ulcers, stenotic lesions, or pseu-
domembrane formation in about 39 % patients [47].

In Candidiasis, multiple white plaques are a characteristic feature of mucosal
invasion on EB examination [31]. Pseudomembrane formation and hemorrhagic
bronchitis are other common presentations (Fig. 9.5).

The most common presentation of EB cryptococcosis is a white or hemorrhagic
mass. Intense mucosal inflammation, gelatinous mass, nodules, plaques, pseu-
domembranes, and/or ulcerative lesions have also been reported.

Endobronchial histoplasmosis can present as mild–severe stenosis of the tra-
chea, carinae, or main bronchi from the enlarged or calcified lymph nodes. EB
disease can be due to compression caused by a calcified lymph node between the
bronchus and a vessel or esophagus. Chronic compression between calcified lymph
nodes, the airways, and the esophagus can cause disruption of the bronchial and
esophageal wall leading to the development of a bronchoesophageal fistula.
Fibrosing mediastinitis can cause hyperemia, or mucosal edema with diffuse
spider-like microvasculature in the airways due to distal obstruction of the bronchial
blood vessels (Fig. 9.6). Direct EB involvement may mimic tumor [3]. The most
prominent finding of EB histoplasmosis in a review was hyperemic mucosa in
27 %. Masses, mucosal hemorrhage, and broncholiths were other EB findings [3].
(Table 9.4)

Fig. 9.5 Candidial plaques in
a 68-year-old male postlung
transplantation
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Fig. 9.6 Bronchoscopic view
of fibrosing mediastinitis
(a, b). Note the presence of
erythema, mucosal edema,
and prominent blood vessels

Table 9.4 Bronchoscopic findings in various endobronchial fungal infections

Infection type Bronchoscopic findings

Aspergillosis • Bronchial stenosis
• Yellowish white necrotic plaques
• White masses/nodules of calcium oxalate crystals
• Obstructive—mucous plugs
• Invasive tracheobronchitis—necrotic white mucosa
• Ulcerative form—ulcer of the tracheobronchial mucosa and/or cartilage
• Pseudomembranous-extensive inflammation and invasion with a
pseudomembrane composed of necrotic debris and hyphae

• Edematous irregular mucosa
• A. niger—black pigmentation, white calcium oxalate crystals

Coccidioidomycosis • Nodules (sessile, irregular, submucosal)
• Hyperemia
• Cobble stone appearance
• White raised lesion
• Mucosal ulceration
• Extrinsic compression—mediastinal or hilar lymphadenopathy

Zygomycosis • Mass lesion
• Grayish white fibrinous plug
• Sloughing of mucosa
• Granular lesions
• Ulcer
• Stenosis
• Pseudomembrane formation

Candidiasis • White plaques over the vocal cords, airways
• Pseudomembrane formation
• Hemorrhagic mucosa

Cryptococcosis • White or hemorrhagic mass
• Intense mucosal inflammation

(continued)
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Pathology

Fungi are eukaryotic one-celled organisms that rarely cause diseases. These are
more complex than bacteria. Tubular aggregates of fungi are called “hyphae.” If it
shows constriction, it is called “pseudohyphae.” Discrete fungal cells called yeast or
spores and spore-forming bodies are known as “conidia” or “sporangia.”
Demonstration of fungi in the tissue or culture growth lead to diagnosis. Some fungi
can be visible on hematoxylin and eosin stains. Gomori methenamine silver (GMS),
Grocott silver stain, and periodic acid–Schiff (PAS) stains are needed for screening
and confirmation. A diagnosis of a particular fungus can be made based on the
morphology and size [48] (Table 9.5).

Diagnosis

Bronchial washings and/or brushings provide a diagnosis in 36 % of patients.
Bronchoalveolar lavage (BAL) culture is positive in 25 % of cases. The time
required for fungal growth in culture is usually several weeks when incubated at

Table 9.5 Diagnostic features of fungi

Organism Morphology (diameter) Yeast Hyphae Pseudohyphae

Aspergillus 45° dichotomous branching (3–6 µm) – + septate –

Coccidiosis Spherules with endospores
(20–60 µm)

– – –

Mucormyces Broad, irregular wide-angle branching
(10–20 µm)

– +
pauciseptate

–

Candida Dimorphic yeast + ± +

Cryptococcus Budding yeast with capsule (2–20 µm) + – –

Histoplasma Budding yeast (2–5 µm) + – –

Table 9.4 (continued)

Infection type Bronchoscopic findings

• Gelatinous mass, nodules, plaques, pseudomembranes, and/or
ulcerative lesions

Histoplasmosis • Mild–severe stenosis of the trachea, carina or main bronchi—due to
enlarged or calcified lymph nodes (compression—the bronchus and a
vessel or esophagus)

• Chronic compression—disruption of the bronchial and esophageal
wall leading to the development of a bronchoesophageal fistula

• Fibrosing mediastinitis—hyperemia, or mucosal edema with diffuse
spider-like microvasculature in the airways due to distal obstruction
of the bronchial blood vessels

• Hyperemic mucosa
• Masses, mucosal hemorrhage, and broncholiths
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25–30 °C. The specimen is inoculated into media like Sabouraud’s dextrose
agar-containing cycloheximide and chloramphenicol. The cycloheximide is left out
if a mold requires identification. Culture identifies the organism responsible for the
infection and is very helpful in selecting the most suitable treatment [3].

Endobronchial biopsy of the lesion can be diagnostic in 46 % of patients.
Serology could be diagnostic in as many as 20 % of cases among all patients with
coccidioidomycosis, aspergillosis, and cryptococcosis [3]. Diagnosis is established
at necropsy in as many as 12 % of patients.

Aspergillosis is known to be a common colonizer of the respiratory tract; thus,
sputum cultures are not reliable. A tissue diagnosis is most definitive; however,
when this is not available, multiple positive cultures in appropriate clinical context
may suggest the diagnosis. Serological test for the detection of galactomannan
antigen has been reported to have 81 % sensitivity and 89 % specificity [49].
However, far lower sensitivity (30 %) has been reported in lung transplant recip-
ients with invasive aspergillosis [50]. PCR and nucleic acid sequence-based
amplification are other advanced methods for establishing the diagnosis of
aspergillosis and may support EB involvement [23]. Histopathological examination
and culture of EB biopsies in 35 %, bronchial washing, and brushing material in
40 % and BAL in 28 % of patients are the main confirmatory tests for EB
aspergillosis. Presumptive diagnosis of respiratory tract disease can be made in the
absence of a tissue biopsy if Aspergillus spp. are cultured from a respiratory sample,
a compatible lesion or syndrome is present, and no alternative causative process is
identified. Although serum galactomannan antigen testing and PCR-based tech-
niques may be useful, they have not been studied in patients with HIV infection.

The diagnosis of EB coccidioidomycosis is established by demonstration of
spherules on a wet preparation of the EB specimen. Potassium hydroxide solution,
calcofluor staining, or Papanicolaou staining are usually used for this purpose [51].
The diagnosis of coccidioidomycosis was made by surgical, laryngoscopic, or EB
biopsy of an airway lesion in 3, 5, and 66 % of the patients, respectively.
A bronchial brush of a lesion provided the diagnosis rarely. Skin and paravertebral
mass biopsy may also lead to diagnosis. Culture of BAL is reported to be positive in
32 % cases and exclusively diagnostic in 13 %. Although serology was available in
74 % of the patients, it was helpful for presumptive diagnosis in only 3 % of the
patients [3]. Thus, it is not recommended as a diagnostic test due to impaired
serologic responses among immunocompromised hosts [24]. The mainstays of
diagnosis of coccidioidomycosis are histopathological identification and cultures
[52]. In cases of pulmonary coccidioidomycosis, results of culture of respiratory
specimens (sputum, BAL fluid, or transbronchial biopsy) are frequently positive.
The diagnosis can also be established by demonstration of the typical spherule on
histopathological examination of involved tissue.

In endobronchial mucormycosis, biopsy reveals characteristic broad,
non-septate hyphae with right-angle branching on calcofluor white or methenamine
silver stains. However, the absence of hyphae does not rule out the diagnosis in a
proper clinical setting. Sputum or BAL specimens may also show the characteristic
hyphae. In published cases of EB mucormycosis, bronchial washing and brushings
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were diagnostic in 52 % of the cases and EB biopsy was diagnostic in 45 %
patients. However, in 26 % patients the diagnosis was established at necropsy [3].

To establish the diagnosis of primary pulmonary candidiasis, the following
criteria have been proposed: (1) Candida cultured from bronchoscopic material;
(2) negative mycobacterial culture; (3) no other etiology for pulmonary disease, and
(4) Candida demonstrated on the biopsy specimen [3, 28]. However, there are no
established criteria to confirm airway candidiasis. Primary pulmonary candidiasis
may be associated with EB involvement. However, ruling out of other organisms
causing airway involvement is essential.

Cryptococcus species are rare pathogens colonizing the airways. Encapsulated
yeast forms in sputum, BAL, and tissue establish the diagnosis of cryptococcosis.
The serum antigen titer is also indicative of infection and suggests extrapulmonary
spread [53]. Cryptococcal antigen testing has been reported to be of more utility in
the immunocompromised host since its presence does not require immune response
by the host. Examination of the cerebrospinal fluid is a standard part of the eval-
uation in immunocompromised hosts with pulmonary cryptococcosis [34]. In EB
cryptococcosis, serology in 77 % of the patients, EB biopsy in 69 %, other bron-
choscopic material in 46 %, and BAL culture in 15 % were helpful in making the
diagnosis. Blood fungal cultures are also specific and should be performed. The
diagnosis of pulmonary cryptococcosis can be made by culture of sputum, BAL
fluid, pleural fluid, and transbronchial biopsy specimen. The measurement of
cryptococcal antigen in the BAL can be a rapid, simple way to make the diagnosis
[54].

In the appropriate clinical setting, detection of the histoplasmosis on a bron-
choscopy specimen culture or glycoprotein antigen detection in urine or serum by
complement fixation helps establish the diagnosis. Low-level positive antibody
titers, however, may relate to past rather than active infection. Involvement of the
airways is confirmed by bronchoscopy or by verifying the lesion by biopsy via
appropriate specimen recovery [3]. In 82 % of the patients, diagnosis was estab-
lished by the EB biopsy.

Differential Diagnosis

For fungus ball, the air crescent sign is often considered to be characteristic of
mycetomas but has also been described in bronchogenic carcinoma, retained for-
eign body following thoracotomy, hemorrhage into a cavity, Wegener’s granulo-
matosis, sclerosing haemangioma, echinococcal cyst, tuberculosis, and Rasmussen
aneurysm in a tuberculous cavity [55]. The air crescent sign may also be seen in
angioinvasive aspergillosis, where it corresponds pathologically to a space caused
by retraction of an area of retracted infarcted lung (Table 9.6) [56].

206 A.C. Mehta et al.



Complications

Complications of EBFI are disease dissemination to other sites (i.e., brain,
meninges, skin, liver, spleen, kidneys, adrenals, heart, and eyes). Sepsis syndrome
and blood vessel invasion can also be seen which can lead to hemoptysis, pul-
monary infarction, myocardial infarction, cerebral emboli, cerebral infarction, or
blindness. Other complications associated with EBFI are listed in Table 9.7 [3].

Treatment

Suggested treatment for EB aspergillosis is similar to that for invasive aspergillosis,
which includes intravenous AmB (1–1.5 mg/kg/day), liposomal AmB
(5 mg/kg/day), and/or 400 mg/day of oral itraconazole. Voriconazole, a new tria-
zole, is also being used with increasing frequency with the loading dose of 6 mg/kg
every 12 h; followed by maintenance dose of 4 mg/kg every 12 h (400 mg every
12 h for 2 doses then 200 mg every 12 h for oral voriconazole). Duration of therapy
is guided by clinical response. It may be extend to several weeks to a year. The
ultimate response of these patients to antifungal therapy is largely related to host
factors, such as correction of neutropenia and neutrophil function and reduction of
immunosuppression [57, 58]. Other possible therapies include caspofungin alone
(though some experts have raised concerns about its efficacy in severe disease) or in
combination with voriconazole, intravenous AmB, or liposomal AmB. The role of

Table 9.6 Differential
diagnosis for pulmonary
fungal infections

Lung cancer

Bacterial, atypical or viral pneumonia

Aspiration pneumonia

Pneumocystis jirovecii pneumonia

Eosinophilic pneumonia

Hypersensitivity reaction caused by fungal antigen—
e.g., allergic asthma, allergic bronchopulmonary
aspergillosis, and extrinsic allergic alveolitis

Chemical pneumonitis—e.g., chemical worker’s lung

Coal worker’s pneumoconiosis

Löffler’s disease (marked eosinophilia and benign, transient,
migratory or recurrent pulmonary infiltrates with minimal
constitutional upset)

Adult respiratory distress syndrome

Causes of pulmonary fibrosis

Tuberculosis

Pulmonary edema

Helminthic infections

9 Endobronchial Fungal Infections 207



aerosolized AmB in therapy remains controversial, although authors have reported
it to be effective [58–60]. Local instillation directly to the cavity for fungus ball or
pleural space can also be advocated [61]. Further studies are needed to determine
optimal therapy. Liposomal and standard AmB inhaled formulations have been
studied more extensively in the context of prophylaxis in lung transplantation [58].
Posttransplant antifungal prophylactic or preemptive therapies are used in many
transplant centers, especially in patients with cystic fibrosis where Aspergillus is a
common colonizer [23, 51].

In coccidioidomycosis, therapies utilized in reported cases have generally fol-
lowed the Infectious Diseases Society of America (IDSA) guidelines. These include
intravenous AmB (0.5–0.7 mg/kg/day), oral ketoconazole (400 mg/day), oral or
intravenous fluconazole (400–800 mg/day), or oral itraconazole (200 mg twice a
day) either singly or in combination. According to these guidelines, a total intra-
venous AmB dose of 1.5–3.0 g is followed by oral azole therapy lasting from 3 to
24 months depending on the response. Among immunocompromised hosts, lifelong
suppressive therapy may be required. Surgical resection may also be required for
localized refractory lesions or those associated with significant hemoptysis [59]. In
38 EB coccidioidomycosis cases, 26 (68 %) patients received a course of intra-
venous AmB 10 (26 %), 2 cases oral ketoconazole, 8 cases oral fluconazole, and 3
cases itraconazole before or after the course of AmB. Two patients received mul-
tiple azoles and another 2 received fluconazole therapy alone. Therapy duration was
at least 12 months.

Table 9.7 Complications of
endobronchial fungal
infection

Disease dissemination to other sites (brain, meninges, skin,
liver, spleen, kidneys, adrenals, heart, and eyes)

Sepsis syndrome

Blood vessel invasion leading to hemoptysis, pulmonary
infarction, myocardial infarction, cerebral emboli, cerebral
infarction, or blindness

Bronchopleural or tracheoesophageal fistulas

Fibrosing mediastinitis (histoplasmosis)

Broncholithiasis (histoplasmosis)

Lung cavitation

Development of mycetoma in a lung cavity

Bronchopleural or tracheoesophageal fistulas

Mediastinal fibrosis

Calcification in pulmonary tree

Immunologic reaction to fungal antigens.

Associated rheumatological complex/pericarditis with endemic
fungal pneumonias

Fungal endocarditis

Progressive respiratory failure
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Mucor species are resistant to azoles and echinocandins. The recommended
therapy is high-dose intravenous AmB or liposomal AmB, as well as surgical or EB
resection, in appropriate clinical settings [3]. As Mucor is angioinvasive and a
rapidly growing fungus, surgical intervention should be early and aggressive.
Concomitant systemic treatment is also required [62]. In a large review, 85 % of
patients who underwent surgical treatment survived their disease.

Management of EB candidiasis is similar to systemic infection. Systemic therapy
for primary candidiasis consists of either intravenous AmB or liposomal AmB in
severely ill patients or oral fluconazole in milder presentations [18]. Caspofungin is
a more recent alternative, particularly for azole-resistant yeasts. In our literature
search, 8 patients (57 %) received intravenous AmB and/or aerosolized AmB, 5
(36 %) patients received fluconazole and remaining 2 (14 %) received itraconazole
(14 %).

In pulmonary cryptococcosis, recommended therapy is intravenous AmB
(0.7 mg/kg/day) plus flucytosine (100 mg/kg/day) as induction therapy for
3–4 weeks, followed by oral fluconazole [3]. The optimal duration of maintenance
therapy with fluconazole is unclear. In immunocompromised hosts, at least a
6–12-month course of therapy should be considered. It is recommended that all
HIV-infected individuals continue maintenance therapy for life. Itraconazole is an
acceptable prophylactic alternative [63]. There are no specific recommendations for
the treatment of EB disease. Hence, a regimen similar to that for systemic infection
should be acceptable. Therapy duration varied from 3 to 18 months. With appro-
priate therapy, 62 % of patients were alive at the time of reporting [3].

According to the IDSA guidelines for pulmonary histoplasmosis, if the patient
is critically ill, intravenous AmB (0.7–1.0 mg/kg/day) is considered, with the total
AmB treatment amount less than 35 mg/kg. After stabilization of symptoms, the
patient can be switched to oral itraconazole for up to 12 months. If symptomatic
major airway obstruction takes place, then 40–80 mg prednisone daily for 2 weeks
should be considered [64]. While it is well known that there is generally no added
benefit of antifungal treatment in broncholithiasis or fibrosing mediastinitis, such
treatment should be considered in patients with elevated erythrocyte sedimentation
rate or complement fixation titers for H. capsulatum over 1:32, as these patients
may have active ongoing infection [3, 39]. Prognosis of the patient with EB
histoplasmosis is relatively good. In cases reported to date, all patients with EB
histoplasmosis were alive at the time of report, after appropriate therapy. Surgical
approaches, including lobectomy, segmentectomy, or closure of the bronchoe-
sophageal fistula, were required in 72 % of the cases. Only 18 % received oral
antifungal therapy while steroids were used in 45 %.

Therapeutic bronchoscopy may be required in as many as 30 % of patients with
EB fungal infections. Such procedures were performed to excise or vaporize the
mass lesions in 5 %, to stop hemoptysis in 6 % and to place a stent or perform
balloon dilatation for stenotic airways in 8 and 9 %, respectively [3].
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Prevention

HIV-infected patients are routinely treated with prophylactic antifungal drugs to try
to avoid infection with opportunistic fungal pathogens, particularly C. neoformans.
Transplant patients may also benefit from prophylactic antifungal agents.
Itraconazole has shown some benefits as prophylaxis against invasive fungal
infections in transplant patients. Patients likely to have prolonged neutropenia
should avoid activities that increase exposure to environmental fungal spores, such
as gardening or working with potted plants and fresh flowers, cleaning, building
work, and handling uncooked vegetables [65].

Treatment Outcomes

Forty-five percentage of the lung transplant recipients with EB aspergillosis may
require bronchoplasty for stenosis. EB involvement with Aspergillus may indicate a
poor prognosis [44, 66]. Nine percentage of EB aspergillosis with invasive disease
and concomitant massive hemoptysis is associated with grave prognosis. For
Aspergillosis, if the suture material from prior surgery is present in the EB tree, it
should be removed with scissors or burned with laser photoablation [67].

InMucormycosis, if disease is not detected early enough, mortality is very high.
Of the 31 reports, 77 % were treated with intravenous AmB (1 mg/kg/day), 42 % of
the patients underwent surgery, and 3 % had endoscopic removal of a plug with
rigid bronchoscope. Reported mortality was 52 % [3]. In candidiasis, reported
mortality was 21 % [3].

For coccidioidomycosis, airway disease may require stent, tracheostomy, and
surgical management to prevent complete obstruction of the airway [3].

In histoplasmosis, a broncholith, if detected free in the bronchus, can be
removed via bronchoscope. In patients with hemoptysis from fibrosing medias-
tinitis, hemostasis can be achieved by argon plasma coagulation or laser photore-
section using a flexible bronchoscopy [63]. As reported in the literature, therapeutic
bronchoscopy was required in 18 % using argon plasma coagulation or Nd-YAG
laser for hemoptysis. This presentation also required bronchial artery embolization
27 % [3].

Prognosis

An exhaustive review of literature reveals that complete cure can be achieved in
36 % of patients with aspergillosis, 11 % with coccidioidomycosis, 35 % with
zygomycosis, 78 % with candidiasis, 62 % with cryptococcosis, and 100 % with
histoplasmosis [3].
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Overall, reported mortality from EB aspergillosis is approximately 48 %. For
coccidioidomycosis, even if AmB was used, 3 patients died, 4 were alive, and the
survival status of 31 patients was unknown [3].

Although extended follow-up was not available for all patients, 48 % with
aspergillosis, 8 % with coccidioidomycosis, 52 % with zygomycosis with 21 %
candidiasis, and 31 % with cryptococcosis had expired despite appropriate
therapy [3].

Summary and Recommendations

EBFI usually occurs by inhalation of fungal organisms. Its true incidence and
prevalence remains unknown. Immunocompromised individuals are affected much
more than immunocompetent ones. Serologic examination may support the clinical
suspicion. In most patients with EBFI, bronchoscopic examination correlates with
the radiographic findings. Bronchospasm, pneumothorax, and bleeding are seen as
complications in very small percentages with flexible bronchoscopy [3, 68].
Bronchoscopic descriptions of airway lesions include mass lesions, yellowish white
or reddish polypoid lesions, fragile mucosa, plaques, and ulcerative lesions. Tissue
necrosis-mimicking tumors may cause yellowish white pseudomembranous-type
lesions especially in patients with aspergillosis and zygomycosis. Fungal organisms
can also cause granulomas. Washing, brushing, and BAL or biopsy is required to
confirm the diagnosis. Interventional bronchoscopic techniques may be required for
removal of the deceased tissue. Fungal infections should feature in the differential
diagnosis of any kind of EB disease, especially in an immunocompromised host.
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Chapter 10
Recurrent Respiratory Papillomatosis

Joseph Cicenia and Francisco Aécio Almeida

Causes and Pathophysiology of RRP

Recurrent respiratory papillomatosis (RRP) was first recognized by Sir Morell
Mackenzie in the late 1800s when he identified papillomas as a distinct lesion in the
larynx of children [1]. It was not until 1923, however, that Ullman demonstrated
laryngeal papillomatosis was infectious by inoculating his arm with laryngeal
papillomas from a 6-year-old boy and developing characteristic lesions several
months later [2]. It was not until the 1980s that Mounts and other confirmed human
papilloma virus (HPV) as the cause of RRP [3]. HPV is a DNA virus that is
categorized into over 180 genotypes, each of which results in different clinical
manifestations based on their tissue preference, virulence, and capacity to result in
malignant transformation. HPV types 6 and 11 account for most cases (>95 %) of
RRP [4]. Other HPV types have been rarely been implicated in the development of
RRP, including HPV-16, HPV-18 (which are those types typically associated with
cervical cancer), HPV-31, and HPV-33 [5].

HPV has a propensity for infecting epithelial cells by infecting stem cells within
the basal layer of the epithelial mucosa. HPV has eight genes coding for six early
phase proteins (E1, E2, E4, E5, E6, and E7) and two late phase proteins (L1 and L2).
The early phase proteins interact with host cell proteins resulting in cell transfor-
mation that disrupt normal cell growth and function, including altered cell cycle
function and resistance to apoptosis. These alterations result in keeping the cell in a
DNA replicative state and promoting unimpeded proliferations. It appears the
infectivity of HPV is related to host immune factors, with those predisposed to
developing disease having an impaired HPV-specific T-cell response [6] in the face
of HPV-induced downregulation of inflammatory cytokines, including IL1-A, IL-18,
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and IL-31 [7]. Furthermore, HPV-mediated upregulation of IL-8 is thought to pro-
mote angiogenesis needed for papillomatosis propagation. Additionally, interactions
of these early proteins with p53, a potent tumor suppressor gene, are thought to be
responsible for the increased risk of oncogenic transformation of HPV-infected cells
[8]. The binding potential of these proteins to p53, and other tumor suppressor
genes, across HPV subtypes seems to relate to the malignant potential of each, some
of which are high (HPV-16) and some of which are low (HPV-11 and HPV-6) [9].
Histologically, HPV appears as a pedunculated mass with fingerlike projections with
a central fibrovascular core covered by stratified squamous epithelium. Early in its
course, the papillomas are flat and have a velvety appearance; with time, these
lesions become exophytic with a typical cauliflower-like appearance.

Epidemiology

RRP occurs in patients of all ages and has been separated into juvenile- and
adult-onset variants based on the age of onset before or after the age of 18, respec-
tively. The incidence of adult-onset RRP (AO-RRP) has been reported to be between 3
and 10 per 1,000,000 [10], and juvenile-onset RRP incidence seems to be about half
that [11]. AO-RRP most commonly presents between ages of 20 and 40 years, with
men being affected more than women [12, 13]. Though juvenile-onset RRP is often
due to vertical transmission, AO-RRP is thought to be an acquired infection via oral
sex. Data in support of sexual transmission in adults are conflicting; not all patients
with AO-RRP provide a history of oral sex [14, 15]. Some hypothesize that AO-RRP
represents reactivation of latent infection acquired during childhood [16]. The role of
laryngeal irritants (such as tobacco smoke and gastroesophageal acid reflux) in the
development of RRP is also controversial and thus not definitively linked. In the
oropharynx, it is speculated that HPV enters the basal layer of the tonsillar epithelium
and infects crypt cells, progressing to the infection of the vocal folds, a process which
may be enhanced by local microtrauma caused by phonation [17].

Clinical Manifestations

Symptoms of RRP typically mask the disease since they are initially non-specific.
Symptoms include hoarseness, cough, and dyspnea. As the disease progresses,
symptoms become more manifest with dysphagia, wheezing, stridor, and recurrent
upper respiratory infections. In rare instances, the disease will progress to upper
airway obstruction with respiratory compromise. Presentation in children is usually
delayed, mainly due to a low clinical suspicion of disease, since symptoms overlap
with other common disease entities of childhood (such as bronchitis and asthma).
Most juvenile patients are diagnosed by the age of 5 [18]. Up to 30 % of children
and 16 % of adults will develop extralaryngeal disease extension of the disease
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[19]. Extralaryngeal sites include esophagus, trachea, and lower respiratory tract.
Clinical course is highly variable; some patients will present with a rapid pro-
gression of symptoms, whereas others will have a slower progression with some
even achieving spontaneous regression of lesions. Presentation in adults is not as
well documented as in children, though a similar occult onset with highly variable
progression is thought to mimic that of children. Progression to the lower respi-
ratory tract occurs in approximately 20 % of adults [19] and may occur more
commonly in children (Fig. 10.1). Laryngoscopy and/or bronchoscopy remains the
most confirmatory test for the condition. The papillomas exhibit a characteristic
mulberry texture or a bunch of grapes like appearance. Pulmonary spread of RRP
can occur; when it does, it can be identified as non-calcified nodules with central
cavitation on radiographic imaging (Fig. 10.2). This manifestation of RRP is the
most aggressive of the extralaryngeal presentations.

Disease severity is sometimes labeled “aggressive” as defined by distal spread,
need for tracheostomy, four surgical operations annually, or >10 surgeries in total.
Aggressive disease is seen more often in juveniles, especially in an earlier age of
onset. HPV-11 is seen more often in aggressive disease, especially in adults [20].
Though overwhelmingly thought to be a benign disease, malignant transformation
into squamous cell carcinoma has been reported albeit rare, accounting for less than

Fig. 10.1 a and b Extensive
circumferential involvement
of the trachea with recurrent
respiratory papillomatosis.
Note characteristic
mulberry-type texture of the
polypoid lesions
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1 % of all clinical cases [21]. Mortality from RRP is low, approximately 1–2 %, and
occurs primarily due to progressive airway obstruction, malignant transformation,
and progressive pulmonary parenchymal disease [19].

Treatment

The main therapy goal is to relieve airway obstruction. This includes avoiding
long-term complications such as subglottic and glottic stenosis or web formation
leading to airway stenosis [22]. As many patients have vocal cords involvement,
voice preservation is also of utmost importance. Therefore, surgical resection of
papillomatous lesions remains the mainstay of therapy for RRP. However, there is
no “cure” for RRP, and no single surgical modality has consistently been shown to
“eradicate” RRP. True cures may only be achieved with adjuvant therapy [23].

Surgical Management

Over the past decade, the microdebrider appears to have surpassed the CO2 laser as
the debulking modality of choice in the US and Europe based on the ENT literature
[19, 24]. The frequency of different modalities for the treatment/palliation of the
more distal airway disease often treated by pulmonologists and thoracic surgeons is
unknown.

Fig. 10.2 Chest X-ray
revealing multiple
non-calcified pulmonary
nodules, some of them are
cavitating
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Microdebrider

The microdebrider consists of a disposable blade which is a hollow metal tube with
a port for suction. It cuts tissue with simultaneous removal of the debris from the
airway. Blades of various sizes and configurations are available. A hand piece
connected to wall suction tubing controls the blade via an electrically powered
motor. Finally, a console controls the hand piece via a foot pedal which allows the
operator to determine the speed and the direction of rotation of the blade. The tip of
the blade is slightly angulated, which may permit leaving the underlying native
tissue undisturbed. Because it is a nonthermal technique, there is no risk of thermal
injury to surrounding tissue. In addition, the operator does not have to worry about
the amount of O2 delivered and the risk of airway fire. On the other hand, it can
only be used with rigid bronchoscopy or suspension laryngoscopy because the
hollow metal tube is not flexible. Limited evidence has shown the microdebrider to
provide greater improvements in voice quality and shorter procedure times, and it
appears to be more cost-effective when compared to carbon dioxide laser [25–28].

Carbon Dioxide (CO2) Laser

The CO2 is the most commonly used thermal ablation technique for RRP in the
larynx. It has an emission wavelength of 10,600 nm and converts light to thermal
energy being absorbed by intracellular water. In expert hands, it is a very precise
tool. The CO2 laser vaporizes RRP lesions while cauterizing tissue surfaces thus
minimizing bleeding. A single-center retrospective study of 244 RRP patients
treated with CO2 laser every 2 months reported “remission” (no visible RP
2 months after last procedure) in 37 %, “clearance” (lack of clinically apparent
disease for 3 years post last treatment) in 6 %, and “cure” (lack of recurrence
5 years after last removal) in 17 % [29]. The ideal frequency of which this therapy
should be performed has not been determined. One of the main criticisms sur-
rounding CO2 is the “diffuse” thermal damage to papillomas surrounding tissue
[30]. This could lead to scarring of adjacent areas with its inherent complications
and perhaps spread of viral particles to unaffected areas [22]. Also, active viral
genomic DNA has been found in the laser smoke or “plume” which can be a source
of infection to the operator and assistants [31–33].

Other Thermal Ablation Techniques

A number of other techniques have been investigated. Pulse dye laser treatment has
been performed in an office setting in patients with upper airway RRP with very
good tolerance [34], but this may not apply to patients with more distal disease.
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Also in patients with upper airway disease, the 532-nm potassium titanyl
phosphate (KTP) laser has been shown to provide 90 % or greater disease
regression in 80 % of patients when the procedure was performed under general
anesthesia [35] and at least 75 % regression in 62 % of patients when performed in
an office-based setting without general anesthesia [36].

Photodynamic therapy (PDT) is another ablation technique that has been
investigated. A Cochrane review from 2014 selected a single trial with a total of 23
participants to provide a recommendation on the use of PDT for RRP [37]. This
study randomized patients requiring treatment with CO2 laser or microdebrider at
least three times per year to receive a single PDT dose at 6 or 18 months after
enrollment [38]. It is important to note that 17 patients were available for final
analysis and only 15 actually received PDT. Marked improvement in laryngeal
disease was noted over time but not in tracheal RRP. Laryngeal remission was
reported in 5 out of 15 patients 12–15 months post-therapy. Recurrence treated with
CO2 laser was noted after this period in 4 patients that continued to be followed.
One patient required intubation and eventual tracheotomy due to significant airway
swelling. Based on current evidence, PDT cannot be recommended for the treat-
ment of RRP outside of a clinical trial.

Very limited reports suggest that argon plasma coagulation may be another
alternative for the treatment of RRP, especially of the lower airways [39, 40].

Adjuvant Therapy

Adjuvant treatment includes both local and systemic therapies. Adjuvant therapy is
generally instituted in patients requiring surgical debulking every 2–3 months [41].
Other accepted indications include airway compromise and multiple sites of airway
disease [41, 42].

Antivirals

Cidofovir

This is probably the most commonly used adjuvant therapy in RRP [19]. Cidofovir
is an antiviral nucleoside analogue of deoxycytidine monophosphate and is cur-
rently approved by the US Food and Drug Administration for the treatment of
AIDS-related cytomegalovirus retinitis. Therefore, it is used in an “off-label”
fashion in the treatment of RRP. The majority of practitioners use a total dose of
20–40 mg per case in adults, typically in a concentration of 2.5–5 mg/ml [41].
Complete response rates have been reported to range between 56 and 82 % with
mean relapse-free time between 10 and 49 months [43–48]. However, these data do
not come from the only randomized study performed to date [49]. In this small
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study of 19 patients, individuals were randomized to have cidofovir or placebo
injected into affected areas whenever surgical intervention was needed. Though
significant improvement was noted at 2- and 12-month follow-ups, there was no
difference between groups.

A major concern of the FDA with the use of cidofovir for RRP is the potential
risk of malignant transformation based on animal studies [23]. However, a sys-
tematic review of 31 case series involving 188 patients noted dysplasia in 5 patients
(2.7 %) [50]. A more recent review of 635 RRP patients of whom 275 received
cidofovir demonstrated 4 cases of malignancies of the upper airway and trachea
following the use of this drug versus 18 out of 360 individuals that did not receive it
[51]. No statistically significant difference was noted between groups, though.

Individual case reports have shown that inhaled cidofovir may also be effective
[52, 53].

Acyclovir

Small uncontrolled studies have suggested a benefit with the use of acyclovir
[54–56]. However, because the mechanism of action of acyclovir would not explain
its efficacy against HPV, it is possible the improvement is due to herpes coinfec-
tions [57].

Ribavarin

A limited number of cases using ribavarin demonstrated an increase in the interval
between surgical managements of RRP [58, 59]. The lack of control limits the
evidence to recommend this drug for routine use.

Interferon and Other Immunogenic Drugs

Interferon-α, an immunoregulation drug, was once the most widely used adjuvant
therapy for RRP. However, over the past 10–15 years, very few studies evaluating
this drug in RRP have been published suggesting its use is in significant decline.
Earlier well-designed studies demonstrated a lower growth rate in patients receiving
interferon in addition to surgical treatment when compared to individuals treated
with surgical therapy alone [60, 61]. However, the initial response did not appear to
be sustained [60]. The more recent studies suggest patients with HPV-6 tend to
respond better to interferon compared to patients with HPV-11 [62, 63]. Though
interferon is generally well tolerated, more than 50 % of patients have at least one
side effect [64]. The main adverse reactions include fever, chills, arthralgias and
myalgias, and headache.
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Recently, granulocyte–monocyte colony-stimulating factor (GM-CSF) and
pegylated interferon alpha 2a (Peg-IFNα-2a) demonstrated a decrease in the number
of surgical interventions in a small number of patients [65]. Though promising, the
lack of control precludes further recommendation on the use of this regimen at this
time.

Bevacizumab

The epithelium from papillomas of patients with RRP has been shown to have
strong expression of vascular endothelial growth factor (VEGF)-A as well as
expression of VEGF receptor (VEGFR) VEGFR-1 and VEGFR-2 messenger RNAs
in the underlying vascular endothelial cells [66]. Based on these findings, small
non-controlled studies utilizing both intralesional bevacizumab and intravenous
bevacizumab in patients with RRP have been performed [67–69]. All these studies
demonstrated a decrease in the frequency of surgical procedures in most patients.
The IV systemic option may be beneficial in patients with poorly accessible
papilloma lesions [69].

Epidermal Growth Factor Receptor (EGFR) Inhibitors

Respiratory papillomas overexpress EGFR when compared with normal laryngeal
epithelium [70, 71]. A total of 6 patients treated with these drugs have been reported
in the English literature. In one case report, a teenager was treated with gefitinib, a
tyrosine kinase inhibitor [72]. There was significant decrease in the papilloma
growth and number of surgical procedures. In another case report, a man requiring
frequent surgical debridements was treated with a combination of erlotinib (another
tyrosine kinase inhibitor) and celecoxib with remarkable clinical response [73]. In a
case series with 4 patients, 3 individuals who received panitumumab (a fully human
monoclonal antibody specific to the epidermal growth factor receptor) also
demonstrated a significant decrease in the number of surgical procedures and one
demonstrated complete response [74]. The fourth patient on this study received
gefitinib also with great response after failing other therapies. It is important to note
that 3 patients who responded to panitumumab were previously treated with erlo-
tinib and celecoxib (2 cases) and erlotinib, interferon, and gefitinib (1 case) without
response. In cancer, EGFR tyrosine kinase inhibitors have been shown to provide a
response in some patients with certain tumor mutations, whereas panitumumab
might be effective in tumors that overexpress EGFR. Since no sensitizing EGFR
mutation has been identified in papillomas to date, the use of panitumumab makes
more sense over EGFR tyrosine kinase inhibitors. In addition, these drugs cannot be
recommended for routine use until larger studies are performed.
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Cyclooxygenase (COX)-2 Inhibitors

Papillomas have been shown to overexpress COX-2 through different pathways
[75, 76]. Treatment of these cells with celecoxib suppressed proliferation and
induced apoptosis [75]. A celecoxib multicentered, randomized, double-blind pla-
cebo controlled study funded by the US National Institutes of Health is currently
underway.

Measles–Mumps–Rubella (MMR) Vaccine

A small single-center investigation of 26 patients with RRP randomized 13 patients
to surgical treatment followed by coating of the excised lesion base with MMR and
the other half to surgical therapy alone [77]. There was no statistically significant
difference in the recurrence-free remission between groups.

Indole-3-Carbinol

Indole-3-carbinol (I3C) is derived from the hydrolysis of glucobrassicin, a com-
pound found in cruciferous vegetables such as broccoli, Brussels sprouts, cabbage,
and cauliflower. It is an FDA-approved nutritional supplement. In animal study,
inhibition of estrogen metabolism using I3C reduced the formation of HPV-induced
papilloma tumors in a significant number of mice [78]. In a prospective open-label
study, 33 patients with RRP were eligible for long-term follow-up. Eleven (33 %)
patients experienced remission of papillomatous growth and did not require repeat
surgical treatment after being placed on I3C, 10 (30 %) patients had a required less
frequent surgery, and 12 patients (36 %) had no clinical response. As per multiple
other studies, the lack of a control arm begs for additional investigation before I3C
can be recommended on a routine basis.

Zinc

Zinc-deficient subjects appear to be more susceptible infections [79–81]. A single
case report demonstrated significant improvement of RRP after correcting the
patient’s zinc deficiency [82].

10 Recurrent Respiratory Papillomatosis 223



Retinoids

Metabolites and analogues of vitamin A have been reported to have antiprolifera-
tive effects on epithelial tissues [83]. Case reports/series and pilot studies with the
use of 13-cis-retinoic acid have been reported with mixed results [83–86]. Again,
the limited data do not allow any firm recommendation on its use in RRP.

Propranolol

It has been hypothesized this drug downregulates VEGF [87]. The role of VEGF in
RRP has been discussed previously. Maturo et al. investigated the use of propra-
nolol in 3 children with RRP. One had no response and two demonstrated a sig-
nificant decrease in the number of surgical procedures compared to previous year
[87].

Gastroesophageal Reflux (GERD)

Some believe GERD may trigger proliferation or spread of papilloma disease [8].
A number of reports suggest treating GERD decreases the frequency of surgical
treatment [88–90] and the risk of web formation [91].

HPV Vaccines

A prospective single-arm study with 11 patients with aggressive RRP receiving a
quadrivalent vaccine against HPV types 6, 11,16, and 18 demonstrated a mean
interval between surgical procedures of 271.2 days before the vaccination and
537.4 days after [92]. A retrospective study in 13 patients with recurrent disease
after intralesional cidofovir who received the quadrivalent vaccine demonstrated no
recurrence during a 1-year follow-up in 85 % of the subjects [93]. The two patients
who were noted to have recurrence after the first vaccine dose failed to demonstrate
any recurrence one year after the third dose of the vaccine. This possible therapeutic
effect of vaccination against HPV has also been shown in much larger samples in
women with high-grade cervical dysplasia [94].
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Summary

RRP is a rare disease, but has a characteristic appearance that should be identified
since specific therapy is available, and progressive/untreated disease can have
significant morbidity. RRP is separated into both juvenile and adult forms, though
clinical manifestations seem to be similar. HPV types 6 and 11 account for over
95 % of RRP cases. Though early disease seems limited to the laryngeal area,
progression to the lower respiratory tract is not uncommon, especially in adults.
Early symptoms are non-specific consisting mainly of cough and hoarseness, and
progression of disease can lead to wheezing, dysphagia, and stridor. In patients with
symptomatic lower respiratory tract disease (subglottic space and more distal), we
typically treat with the microdebrider, argon plasma coagulation, local cidofovir
injection, or any combination of these. We have been increasingly recommending
HPV vaccination to our patients.
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Chapter 11
Parasitic Diseases of the Lung

Danai Khemasuwan, Carol Farver and Atul C. Mehta

Introduction

Parasitic infection can be categorized into helminthic and protozoal infections. Although,
there is a decreasing trend of parasitic infectionworldwide due to improved socioeconomic
conditions and better hygiene practices, the urbanization of the cities around the world,
global climate changes, international traveling, and increasing numbers of immunocom-
promised individuals have expanded the population who is vulnerable to parasitic diseases
[1]. The diagnosis of parasitic diseases of the respiratory system is relatively difficult
because clinical manifestations and radiologic findings are non-specific. Therefore, high
index of suspicion, travel history, and a detailed interrogation of personal hygiene are
crucial for diagnosis of parasitic lung diseases. The helminthes can affect respiratory
system in different phases of their life cycle. In this chapter, we discuss the clinical
manifestations, radiographic, bronchoscopic and pathologic findings, and management of
several helminthic and protozoal lung diseases. The term “pneumatodes” has been used to
represent the group of parasites that affect airways and lungs. Some of the unique pre-
sentations of each parasite are also addressed which may be helpful to pulmonologist in
managing these uncommon diseases (Tables 11.1 and 11.2).
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Protozoal Parasites

Pulmonary Amebiasis

Entamoeba histolytica amebiasis occurs worldwide. Human becomes infected via
feco-oral route by ingestion of mature E. histolytica cyst. Trophozoites invade the
intestinal mucosa and enter the bloodstream which results in systemic infection.
Invasive amebiasis is an emerging parasitic disease in human immunodeficiency
virus (HIV)-infected patients [2]. Pleuropulmonary amebiasis occurs mainly by
local extension from the amoebic liver abscess. Patients usually present with fever,
right upper quadrant abdominal pain, chest pain, and cough. Lung abscess, hepa-
tobronchial fistula, and pyopneumothorax can occur as complications from pleu-
ropulmonary amebiasis. The radiographic findings are elevated right
hemidiaphragm, hepatomegaly, and pleural effusion. Live trophozoites of E. his-
tolytica can be found in sputum, pleural fluid, or lung biopsy. The presence of
amoeba in the stool does not indicate active E. histolytica infection because there
are two other non-pathologic Entamoeba species found in humans. A combination
of serologic tests with detection of the parasite by antigen detection by polymerase
chain reaction (PCR) is the most preferred approach to diagnosis [3]. Metronidazole
is treatment of choice for invasive amoebiasis.

Pulmonary Leishmaniasis

Leishmania donovani is transmitted by various species of the sand fly and causes
visceral leishmaniasis [4]. The endemic areas of leishmaniasis are Asia, Africa, and
Central and South America. Pulmonary manifestations include pneumonitis, pleural
effusion, and mediastinal lymphadenopathy [5]. Leishmania amastigotes can be
found in the alveoli and mediastinal lymph node biopsy. Diagnosis of leishmaniasis
is confirmed by the presence of the parasites in bone marrow aspirates or by the
detection of PCR-amplified Leishmania. The treatment of choices includes pen-
tavalent antimonials and liposomal amphotericin B. Oral miltefosine can also be
used against visceral leishmaniasis [5].

Pulmonary Manifestations of Malaria

Plasmodium spp. are intra-erythrocytic protozoa, primarily transmitted by the
Anopheles mosquito [6]. Plasmodium falciparum can cause cerebral malaria which
may potentially fatal. The pulmonary manifestations range from dry cough to
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severe and rapidly fatal acute respiratory distress syndrome (ARDS). The gold
standard for the diagnosis of malarial infection is microscopic examination of
stained thick and thin blood smears. Radiographic findings include lobar consoli-
dation, diffuse interstitial edema, and pleural effusion. Mitochondrial PCR detection
of Plasmodium DNA in saliva and urine has been described. However, this tech-
nology needs further validation [7]. Intravenous artesunate and parenteral artemi-
sinin derivatives are effective treatments against P. falciparum in humans [8].

Pulmonary Babesiosis

Babesiosis is caused by hemoprotozoan parasites, Babesia microti, and B. diver-
gens [9]. Ixodes scapularis is a vector of babesiosis. The symptoms are fever,
drenching sweats, loss of appetite, myalgia, and headache. Splenic infarction and
spontaneous splenic rupture have been reported in acute babesiosis [10]. In severe
case, ARDS can occur after a few days after initiation of medical therapy. Chest
radiography reveals bilateral infiltrates with pulmonary edema. Diagnosis is made
by examination of a Giemsa-stained thin blood smear which shows tetrads inside
the red blood cells (maltese cross formation). The two major antibiotic regimens
consist of a combination of clindamycin and quinine or atovaquone and azi-
thromycin. These regimens are orally given for 7–10 days [11]. Atovaquone plus
azithromycin is preferred therapy.

Pulmonary Toxoplasmosis

Toxoplasmosis is caused by the protozoan parasite, Toxoplasma gondii. Cats are
primary hosts of T. gondii [12]. Humans become infected by ingestion of parasitic
cyst-contaminated undercooked food. The symptoms of toxoplasmosis are myalgia
and generalized lymphadenopathy. Pulmonary toxoplasmosis has been reported
with increasing frequency in HIV-infected patients. Pulmonary manifestations
include interstitial pneumonia, diffuse alveolar damage, or necrotizing pneumonia
[13]. Diagnosis of toxoplasmosis is based on the detection of the bradyzoites of
T. gondii in body tissue (Fig. 11.1). A real-time PCR-based assay in BAL fluid has
been reported in HIV-positive patients. Toxoplasmosis can be treated with a
combination of pyrimethamine and sulfadiazine for 3–4 weeks [14].
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Helminthic Parasites

Nematodes (Roundworms)

Ascariasis

Ascaris lumbricoides is one of the most common parasitic infestations, affecting
over a billion of the world’s population causing more than thousand deaths annually
[1]. A. lumbricoides is transmitted through the feco-oral route. Ascaris larvae
migrate to the lungs via either the venules of the portal system or the lymphatic
drainage. Larval ascariasis causes Löffler’s syndrome, consisting of wheezing,
pulmonary infiltrations, and a moderate eosinophilia [15]. The larvae can cause
alveolar inflammation, necrosis, and hemorrhage. It is difficult to diagnose ascari-
asis infestation during its larvae phase. The sputum may show numerous eosino-
phils. However, stool examination usually yields negative results for eggs during
larval stage because there is no reproducing adult ascaris in the host to produce eggs
[16]. The diagnosis requires a high degree of suspicion. Occasionally, the diagnosis
can be confirmed by identifying larvae in the sputum. Solitary pulmonary nodules
(SPN) can also develop if the larva dies and evokes a granulomatous reaction [17].
Adult ascaris has been reported to cause airway obstruction in a child producing a
complete lobar collapse [18]. Mechanical removal of ascaris through bronchoscopy
is the management of choice. Mebendazole and albendazole are the most effective
agents against ascariasis. The prognosis is excellent after eradication of ascariasis
with anti-parasitic agents.

Fig. 11.1 Lung infected with
Toxoplasmosis gondii (arrow)
with diffuse alveolar damage
(DAD) (H&E stain, ×100)
(Courtesy of Danai
Khemasuwan, MD, MBA,
and Carol Farver, MD)
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Ancylostomiasis (Hookworm Disease)

The common hookworms are Ancylostoma duodenale and Necator americanus.
The latter is found in the parts of southern USA. Hookworm larvae enter human
hosts via the skin, producing itching and local infection. A. duodenale larvae are
also orally infective [19]. Hookworm infestation involves larval migration through
the lungs via the bloodstream resulting in a hypersensitivity reaction. Patients
usually present with transient eosinophilic pneumonia (Löffler’s syndrome) [19].
Patients may ingest a large number of A. duodenale larvae and develop a condition
known as Wakana disease. It is characterized by nausea, vomiting, dyspnea, cough,
throat irritation, hoarseness, and eosinophilia [19]. Larval migration may also cause
alveolar hemorrhage [20]. Similar to ascariasis, the diagnosis of a hookworm
infestation during the larvae phase could be difficult. Computed tomography
(CT) of the chest may reveal transient, migratory, patchy alveolar infiltrates [21].
Sputum examination may reveal occult blood, eosinophils, and, rarely, migrating
larvae [22]. Bronchoscopic examination may reveal airway erythema and high
eosinophil counts in bronchoalveolar lavage fluid (BALF) [23]. Patients can
become profoundly anemic and malnourished. These manifestations may provide
clinical clues to support the diagnosis. Anti-parasitic agents for hookworm are
mebendazole and albendazole.

Strongyloidiasis

Strongyloides stercoralis is a common roundworm that is endemic throughout the
tropical area, but also found worldwide in all climates. Infective filariform larvae
can penetrate the skin and infect human hosts. The larvae migrate through the soft
tissues and enter the lungs via the bloodstream. A majority of roundworms migrate
up the bronchial tree to the pharynx and are swallowed, entering the gastrointestinal
tract [24]. The larvae can reenter the circulatory system, returning to the lungs and
causing autoinfection [24]. The life cycle of Strongyloides can be completed
entirely within one host. The term “hyperinfection syndrome” describes the pre-
sentation of sepsis from enteric flora, mostly in immunocompromised patients [25].
The hallmarks of hyperinfection are exacerbation of gastrointestinal and pulmonary
symptoms, and the detection of large number of larvae in stool and sputum [26].
Common pulmonary symptoms include wheezing, hoarseness, dyspnea, and
hemoptysis. Chest X-ray usually demonstrates focal or bilateral interstitial infil-
trates. Pleural effusions are present in 40 % of patients, and lung abscess is found in
15 % [27]. Diffuse alveolar hemorrhage is usually found in patients with dissem-
inated strongyloidiasis. Adult respiratory distress syndrome (ARDS) may result as a
reaction to the dead larvae. A massive migration of larvae through the intestinal
wall can result in sepsis from gram-negative bacteria [26]. Strongyloides infestation
can be potentially fatal if untreated.
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The diagnosis can be confirmed by the presence of larvae in the stool, duodenal
aspirate, sputum, pleural fluid, BAL fluid, or lung biopsies (Figs. 11.2 and 11.3)
[28]. The sensitivity of a stool exam for ova and larvae is 92 % when performed on
three consecutive samples [29]. Enzyme-linked immunosorbent assay (ELISA)

Fig. 11.2 Strongyloides larvae from BAL (H&E stain, 200×) (Courtesy of Danai Khemasuwan,
MD, MBA, and Carol Farver, MD)

Fig. 11.3 Strongyloides larvae (arrow) present in alveolar space in lung with diffuse alveolar
damage (DAD); (H&E stain, 400×) (Courtesy of Danai Khemasuwan, MD, MBA, and Carol
Farver, MD)
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measures IgG responses to the Strongyloides antigen. However, false-negative
results can occur during acute infection as it takes 4–6 weeks to mount the immune
response [30]. ELISA is sensitive but non-specific due to cross-reactivity with
filarial infestations [28]. Oral ivermectin remains the treatment of choice for
uncomplicated Strongyloides infection. In case of disseminated disease, a reduction
of immunosuppressive therapy is recommended besides treatment with ivermectin
[26, 31].

Syngamosis

Nematoda of the genus Mammomonogamus affect the respiratory tract of domestic
mammals. Human is rarely become infested via respiratory tract. Most cases of
human syngamosis are reported from tropical areas, including South America, the
Caribbean, and Southeast Asia [32]. The life cycle is not completely known. Two
hypotheses have been proposed in regard to its life cycle. One is that humans
become infested via the ingestion of food or water contaminated with larvae or
embryonated eggs. The larvae complete the life cycle in the pulmonary system, and
the adult worms migrate to the central airways as the preferred site of infection [33].
An alternative hypothesis is that the patients are infected by the adult worms present
in contaminated food or water. This mode of transmission is supported by its short
incubation period (6–11 days) [34]. The diagnosis is usually made by flexible
bronchoscopy or when the worms are expelled after vigorous coughing. The
removal of parasites through bronchoscopy is sufficient to improve the symptoms.
There are no studies to support the effectiveness of antihelminthic drugs. However,
they may be considered as an adjunct in the treatment [34, 35].

Dirofilariasis

Dirofilaria immitis is the filarial nematode that primarily infects dogs. Humans are
considered accidental hosts since D. immitis is not able to mature to an adult form.
The endemic areas of dirofilariasis are Southern Europe, Asia, Australia, and
America. D. immitis is transmitted to humans by mosquitoes harboring infective
third-stage larvae. The larva travels to the right ventricle and develops into an
immature adult worm. It is then swept into the pulmonary arteries. The worm dies
as a result of the inflammatory response and evokes granuloma formation [36].
A majority of patients with pulmonary dirofilariasis are asymptomatic. However,
some patients may develop cough, hemoptysis, chest pain, fever, dyspnea, and mild
eosinophilia *5 %) [37]. A peripheral or a pleural-based SPN is a typical pre-
sentation. The nodule may show increased fluoro-deoxy-glucose (FDG) avidity on
a positron emission tomography (PET) scan [38, 39] and is often confused with
malignancy. Calcification occurs within only 10 % of these nodules. CT may show

11 Parasitic Diseases of the Lung 241



a branch of pulmonary artery entering the nodule [40]. Serology has poor specificity
due to cross-reactivity with other helminthes. The diagnosis is established by
identifying the worm in the excised lung tissue (Figs. 11.4 and 11.5). In patients
with high risk of cancer, these lung nodules may be confused with malignancy.
Needle biopsy and brushings are usually non-diagnostic due to the small sample
size. The condition is self-limiting and does not require any specific treatment [37].

Fig. 11.4 A presence of Dirofilaria worms within pulmonary artery and causing pulmonary
infarction (H&E stain, 27×) (Courtesy of Danai Khemasuwan, MD, MBA, and Carol Farver, MD)

Fig. 11.5 Cross sections of a coiled Dirofilaria worms (arrow) within involved artery causing
surrounding infarction of lung tissue. Note the smooth cuticle (Movat stain, 30×) (Courtesy of
Danai Khemasuwan, MD, MBA, and Carol Farver, MD)
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Tropical Pulmonary Eosinophilia

Tropical pulmonary eosinophilia (TPE) is a syndrome of immunologic reaction to
microfilaria of the lymphatic-dwelling organisms Brugia malayi and Wuchereria
bancrofti. It is a mosquito-borne infestation. The larvae reside in the lymphatics and
develop into mature adult worms. The endemic areas of TPE are in the tropical and
subtropical regions of South and Southeast Asia. Travelers from non-endemic areas
are at risk of developing TPE because they do not have natural immunity against
microfilaria compared with subjects living in endemic area. The microfilariae are
released into the circulation and may be trapped in the pulmonary circulation [41].
Trapped microfilariae demonstrate a strong immunogenicity and trigger
anti-microfilarial antibodies, resulting in asthma-like symptoms. The hallmark of
TPE is a high absolute eosinophil count (5000–80,000/mm3) [42]. The radiologic
features include reticulonodular opacities predominantly in the middle and the
lower lung zones, miliary mottling, and predominant hila with increased vascular
markings at the bases [43]. Chest CT may demonstrate bronchiectasis, air trapping,
calcification, and mediastinal lymphadenopathy [44]. Pulmonary functions indicate
a restrictive defect with mild airway obstruction [42]. BAL fluid may contain
numerous eosinophils. Occasionally, microfilaria can be identified on brushings or
biopsies [45]. The chronic phase of TPE may lead to progressive and irreversible
pulmonary fibrosis [41].

The standard treatment for TPE is diethylcarbamazine (DEC). Patients usually
show improvement within 3 weeks. However, many patients may be left with a
mild form of interstitial lung disease and diffusion impairment on pulmonary
function tests [46]. Concomitant use of corticosteroid may have a role in TPE.
However, a clinical trial is required to determine the proper dose and duration of
DEC therapy.

Toxocariasis

Toxocara canis and Toxocara cati are roundworms that primarily affect the dog and
cat, respectively. These roundworms are common parasites that cause visceral larva
migrans and eosinophilic lung disease in humans. Toxocariasis is transmitted to
humans via ingestion of food that is contaminated with parasite eggs. The larvae
can migrate throughout the host’s body, including the lungs [5]. The pathologic
manifestations of visceral larva migrans are due to a hypersensitivity response to the
migrating larvae. Visceral larva migrans can present with fever, cough, wheezing,
seizures, and anemia. Examination features include general lymph node enlarge-
ment, hepatomegaly, and splenomegaly. Leukocytosis and severe eosinophilia are
demonstrated in a peripheral smear. Chest X-ray reveals pulmonary infiltrates with
hilar and mediastinal lymphadenopathy. Bilateral pleural effusion can occur [47].
Non-cavitating pulmonary nodules have also been reported [48]. The diagnosis of
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toxocariasis is established by an ELISA for the larval antigens [49]. The treatment
of choice is DEC; however, DEC may exacerbate the inflammatory reactions due to
killing of larvae. Thus, it is advised to use corticosteroid along with DEC to ease the
inflammatory response [5].

Trichinella Infection

Trichinella spiralis is the most common Trichinella species that infects humans.
Trichinella is a food-borne disease from undercooked pork containing larval
trichinellae. In addition to the pork meat, wild animals such as bear meat may also
contain T. spiralis [50]. The larvae migrate and reside in the gastrointestinal tract
until they develop into an adult form. Fertilized female worms release first-stage
larvae into the bloodstream and the lymphatics [51]. Pulmonary involvement,
although uncommon, produces shortness of breath and pulmonary infiltrates.
Dyspnea is due to parasitic invasion of the diaphragm and the accessory respiratory
muscles [39]. The diagnosis is confirmed by muscle biopsy, which may demon-
strate T. spiralis larvae. An ELISA using anti-Trichinella IgG antibodies can
confirm the diagnosis in humans [52]. A 2-week course of mebendazole with
analgesics and corticosteroids is the recommended treatment [51].

Trematodes (Flatworms)

Schistosomiasis

Five schistosomes species cause disease in humans: Haematobium, Mansoni,
Japonicum, Intercalatum, and Mekongi [21]. The endemic area for S. haematobium
and S. mansoni are sub-Saharan Africa and South America, and for S. japonicum,
Far East [21]. Schistosomiasis is the second most common cause of mortality
among parasitic infections after malaria worldwide [1]. S. haematobium resides in
the urinary bladder, while S. mansoni and S. japonicum reside in the mesenteric
beds [5]. Humans become infested through the skin from a contact with fresh water
containing Schistosomal cercaria (infective larva). After the cercariae have pene-
trated the skin, they migrate to the lung and the liver. There are several case reports
of acute schistosomiasis (Katayama fever) among travelers with history of swim-
ming in Lake Malawi and rafting in sub-Saharan Africa [53].

In acute schistosomiasis, patients present with dyspnea, wheezing, dry cough,
abdominal pain, hepatosplenomegaly, myalgia, and eosinophilia [54]. Patients
experience shortness of breath due to an immunologic reaction to antigens released
by the worms. The level of circulating immune complexes correlates with symp-
toms and with the intensity of infection.
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In chronic schistosomiasis, embolization of the eggs in the portal system causes
periportal fibrosis and portal hypertension. Pulmonary involvement can occur as a
result of the systemic migration of parasitic eggs from the portal system. The eggs
trigger an inflammatory response that leads to pulmonary artery hypertension and
subsequent development of cor pulmonale in 2–6 % of patients [55]. Apoptosis of
the endothelial cells in the pulmonary vasculature plays a role in the pathogenesis of
schistosomal-associated cor pulmonale [56]. Chest X-ray and CT may show diffuse
reticulonodular pattern or ground-glass opacities [57]. In the acute phase, BALF
may reveal eosinophilia in the absence of parasites. The diagnosis is confirmed by
microscopic examination of stool and urine or by rectal biopsy. However, the
sensitivity of these tests is low for an early infection. ELISA can be used as a
screening test and is confirmed by enzyme-linked immunoelectrotransfer blot.
These tests become positive within 2 weeks after the infestation. Schistosomal ova
can be found in the lung biopsy specimen.

Acute schistosomiasis is treated with praziquantel. The treatment is repeated
within several weeks since it has no antihelminthic effect on the juvenile stages of
the parasites [58]. Acute pneumonitis can be observed 2 weeks after the treatment,
which is believed to be related to lung embolization of adult worms from the pelvic
veins [59]. Patients with schistosomal-associated pulmonary arterial hypertension
(PAH) can be treated with PAH-specific therapy along with anti-parasitic medi-
cations [59].

Paragonimiasis

Paragonimus species, including westermani, cause paragonimiasis that usually
involves the lungs. Infection of paragonimus species is geographically distributed
in Southeast Asia, African, and South America. The mode of transmission is
ingestion of the metacercaria (infective larvae) from undercooked crustaceans.
Undercooked meat of crab-eating mammals (wild boars and rat) can infect humans
as indirect route of transmission [60]. The larvae penetrate the intestinal wall,
migrating through the diaphragm and the pleura, into the bronchioles [61]. The eggs
are produced by the mature adult worms which are expelled in the sputum or
swallowed and passed with the stool. Typically acute symptoms include fever, chest
pain, and chronic cough with hemoptysis [62]. Pleural effusion and pneumothorax
may be the first manifestation during the migration of the juvenile worms through
the pleura. Chest X-ray demonstrates patchy infiltrates, nodular opacities, pleural
effusion, and fluid-filled cysts with ring shadows [5]. Chest CT may reveal a
band-like opacity abutting the visceral pleura (worm migration tracks), bronchial
wall thickening, and centrilobular nodules. Bronchoscopic examination may reveal
airway narrowing from mucosal edema [63]. Lung biopsy may show chronic
eosinophilic inflammation. The diagnosis is confirmed by the presence of eggs or
larvae in the sputum sample or BALF. The pleural fluid, when present, is an
exudate with eosinophilia, mostly sterile, without the presence of any organisms
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[64]. Eosinophilia and elevated serum IgE levels are observed in more than 80 % of
infected patients [5]. Serological tests with ELISA and a direct fluorescent antibody
(DFA) are highly sensitive and specific for establishing the diagnosis [65].
Praziquantel and triclabendazole are the treatments of choice with a high cure rate
of 90 and 98.5 %, respectively [5].

Cestodes

Echinococcosis

Echinococcus granulosus and E. multilocularis are the parasite species that cause
hydatid disease in humans. E. granulosus is endemic in sheep-herding areas of the
Mediterranean, Eastern Europe, the Middle East, and Australia. An estimated
65 million individuals in these areas are infected [1]. Humans become accidental
hosts either by direct contact with the primary hosts (usually dogs) or by the
ingestion of food contaminated with feces containing parasite eggs [5]. The larvae
reach the bloodstream and lymphatic circulation of intestines and migrate to the
liver which is the main habitat in human host. Two different presentations of
echinococcosis are as follows: (a) cystic hydatidosis and (b) alveolar
echinococcosis.

In most cases, lung hydatidosis is a single cyst (72–82 %). An echinococcal
infection becomes symptomatic after 5–15 years, secondary to local compression or
dysfunction of the affected organ. Pulmonary cysts expand at a slower rate of 1–
5 cm per year than liver cysts, and calcification of the cyst is less common [66].
Pulmonary symptoms from the intact cyst include cough, fever, dyspnea, and chest
pain. The cyst may rupture into a bronchus and cause hemoptysis and/or expec-
toration of cystic fluid containing parasitic components (hydatoptysis) which is
considered a pathognomonic finding of cyst rupture [67]. The patients may present
with hydropneumothorax or empyema. Occasionally, a ruptured cyst can cause an
anaphylactic-like reaction and pneumonia [21]. Cystic hydatidosis is diagnosed by
chest radiography which demonstrates a well-defined homogenous fluid-filled
round opacity. Ruptured cysts may demonstrate an empty cavity, but it is more
usual to have characteristic features such as air crescent, pneumocyst, and floating
membrane (“water lily sign”) (Fig. 11.6) on radiologic examination [68]. The
“meniscus” or “crescent” sign and Cumbo’s sign (onion peel) have also been
described. Thoracic ultrasonography may be useful to confirm the cystic structure,
demonstrating the characteristic double-contour (pericyst and parasitic membrane
endocyst) of intact cysts. Daughter cysts are also occasionally observed in pul-
monary hydatidosis [68]. Bronchoscopic examination reveals sac-like cysts in the
airway (Fig. 11.7). Bronchoscopic extraction of the hydatid cyst is possible;
however, there is a risk of cyst rupture. Therefore, it should be considered on a
case-by-case basis. Serological tests are more sensitive in patients with liver
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involvement (80–94 %) than with lung hydatidosis (65 %) [5]. Hydatid cyst rupture
can increase sensitivity of serological tests to be more than 90 % [67]. Surgical
resection of the cysts is the main treatment of pulmonary hydatidosis and aims to
remove the intact hydatid cyst and treat associated parenchymal and bronchial
disease. The principle of surgery is to preserve as much as lung tissue as possible.
Lung parenchyma around a hydatid cyst is often affected by the lesion and may
show chronic congestion, hemorrhage, and interstitial pneumonia. These inflam-
matory changes in the lung tissue often resolve after surgery [69]. Spillage of
hydatid fluid must be avoided to prevent secondary hydatidosis. After complete
removal of hydatid cyst, the cavity needs to be irrigated with hypertonic saline
solution and it is obliterated with separate purse-string sutures. Surgical specimens
may reveal echinococcus cyst fragments (Figs. 11.8 and 11.9).

Fig. 11.6 Water lily sign (CT
scan obtained at level of right
middle lobe shows ruptured
hydatid cyst. After rupture
and discharge of cyst fluid
into pleural cavity, endocyst
collapses, sediments, and
floats in remaining fluid at
bottom of original cyst)
(Courtesy by Farid Rashidi,
MD)

Fig. 11.7 Protruded hydatid
cyst from left lower lob
(LLL) bronchus (Courtesy by
Farid Rashidi, MD)
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Fig. 11.8 Echinococcus cyst fragments in lung biopsy. The arrows highlight the collapsed
chitinous layer of a death hydatid cyst. (H&E stain, ×15) (Courtesy of Danai Khemasuwan, MD,
MBA, and Carol Farver, MD)

Fig. 11.9 Echinococcus cyst fragments in lung biopsy. The fragmented echinococcus cyst with
collapse chitinous layer resides within granulomatous reaction. (H&E stain, ×180) (Courtesy of
Danai Khemasuwan, MD, MBA, and Carol Farver, MD)
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Medical therapy may have a role in poor surgical candidates and when there is
intra-operative spillage of fluid from hydatid cyst. Antihelminthic agents, such as
mebendazole or albendazole, have shown only 25–34 % cure rates [70]. The dis-
advantage of antihelminthic therapy is that it may weaken the cyst wall and
increases the risk of spontaneous rupture. In addition, if the parasite dies due to the
drug, the cyst membrane may remain within the cavity and lead to secondary
complications, including infections [71]. Percutaneous treatment by puncture,
aspiration, injection, and re-aspiration (PAIR) has rarely been used in pulmonary
cysts because of the risk of anaphylactic shock, pneumothorax, pleural spillage, and
bronchopleural fistulae [72].

Pulmonary alveolar echinococcosis is a rare but severe and potentially fatal form
of echinococcosis. This form is restricted to the Northern Hemisphere. The liver is
the first target for the parasite, with a long, silent incubation period. Pulmonary
involvement results from either dissemination or the direct extension of the hepatic
echinococcosis with intrathoracic rupture through the diaphragm into the bronchial
tree, pleural cavity, or mediastinum. Chest X-ray or CT may aid in the diagnosis.
ELISA and indirect hemagglutination assay are available and offer early detection
in endemic areas. Radical resection of localized lesions is the only curative treat-
ment yet and is rarely possible in invasive and disseminated disease. Mebendazole
and albendazole can be used, but the required treatment duration needs is a mini-
mum of 2 years after the radical surgery [73].

Mesomycetozoea

Rhinosporidiosis

Rhinosporidiosis is a chronic granulomatous infectious disease caused by
Rhinosporidium seeberi. Recent molecular studies have categorized class
Mesomycetozoea at the border of animal–fungal kingdom [74]. The infection is
endemic in South Asia [75]. Patients usually presents with polypoidal lesions which
are friable and have a high risk of bleeding during resection and high tendency of
recurrence. The common sites of presentation are nose and nasopharynx. However,
lesions can involve tracheobronchial tree which may lead to partial or complete
airway obstruction [76]. There are only three case reports of bronchial involvement
which all of them are reported from South Asia. CT is the preferred imaging
technique since it offers details of the extension of disease. Bronchoscopic man-
agement plays a major role in bronchial involvement of rhinosporidiosis. The mass
can completely cauterized with bronchoscopic snare and excised mass can be
removed by the basket. Microscopic examination of the resected specimen
demonstrated bronchial subepithelium with sporangia filled with small round
endospores. The bleeding can be controlled by cauterization. Dapsone is the only
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medication found to arrest the maturation of the sporangia, but the lesion may recur
after months or years [77]. Thus, follow-up bronchoscopy is recommended to
monitor early signs of recurrence.

Conclusion

Global warming, international travel, and immigration has changed the old para-
digm of natural distribution of helminthic and protozoal infestations which have
been dominant mainly in the tropical and subtropical areas. In addition, the
increasing use of immunosuppressive drugs and increasing organ transplantations
also result in resurgence of parasitic lung infections worldwide. Therefore, it is
important for pulmonologists to recognize the epidemiology, life cycles, clinical
presentation, laboratory diagnosis, and treatments of these “pneumatodes” in order
to make the proper management in these patients.
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Chapter 12
Tracheal Tumors

Debabrata Bandyopadhyay, Yaser Abu El-Sameed and Atul C. Mehta

Introduction

Primary tracheal tumors are rare. The majority of tracheal tumors in adults are
malignant in nature with squamous cell carcinoma and adenoid cystic carcinoma
being the two most common variants. Because of their non-specific presenting
symptoms, a misdiagnosis or delayed diagnosis is not infrequent. In general, the
prognosis is unfavorable for malignant lesions. Surgical resection, when possible,
remains the best treatment option and is associated with good long-term outcome.
Notwithstanding the recent technical advances, the tracheal surgery is still
underemployed—suggesting that a more focused and aggressive approach is the
need of the hour to manage these tumors. In this chapter, we discuss different types
of tracheal tumors including their epidemiology, histology, clinical evaluation,
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management, and prognosis. The management section includes available different
modalities of treatment including surgery, radiotherapy, and chemotherapy. We also
discuss the role of therapeutic bronchoscopy in the management of such tumors.

Epidemiology

Primary tracheal tumors are uncommon, accounting for less than 0.1 % of all body
tumors. The epidemiological analysis fromFinland reported average annual incidence
rate of tracheal carcinoma to be one per one million inhabitants between the years
1967 and 1985, with a male-to-female ratio of 7 to 3. There was a significant increase
of disease burden with increasing age except for the age-group 70–79 years. Smoking
was an important risk factor, at least amongmales [1]. Danish cancer registry reported
109 cases of primary tracheal cancers among 5.3million inhabitants between the years
1978 and 1995, again with male predominance. In this series, the average age at
diagnosis was 67 years, and majority of patients presented with stage IV disease [2].
The Netherlands Cancer Registry reported annual incidence of tracheal cancer at
0.142 per 100,000 populations between the years 1989 and 2002. Of the 308 reported
cases, 72 % were men and the mean age at the time of diagnosis was 64 years [3].

Extraction of the primary tracheal malignancy cases from a major US
population-based cancer registry—the Surveillance, Epidemiology, and End
Results (SEER) database for the time period of 1988–2000 reveals 92 cases with
mean age at presentation 59 years and an equal sex distribution. Forty-nine cases
(53 %) presented with stage III or stage IV disease [4]. An epidemiological study
[5] in the Korean population evaluated patients with primary tracheal tumors
between the years 1989 and 2006, and only 37 tumors (14 benign, 23 malignant)
were encountered at a tertiary referral center.

Characterization of Tracheal Tumors

Approximately 90 % of all tracheal tumors are malignant in adults in contrast to
only 10–30 % in children [1–3, 6]. The squamous intraepithelial neoplasia (SIN) is
a premalignant lesion comprising of various grades of dysplasia that can be seen in
the trachea. There is a strong correlation of these lesions to smoking, but no
convincing evidence of association with human papilloma virus exists [7].

Among the malignant neoplasms, squamous cell carcinoma (SCC) and adenoid
cystic carcinoma (ACC) account for nearly 67 % of all cases. In the Danish registry,
63 % of the cancers were SCCs and only seven percent were ACCs [2]. Once again,
SCC was the most common tumor type (41) followed by ACC (19) of 308 cases of
tracheal tumors reported from the Netherlands [3]. The SCC was the predominant

256 D. Bandyopadhyay et al.



histology type (46 %) followed by ACC (26 %) in a US-based study [6]. The
remaining malignant neoplasms are of either epithelial or mesenchymal origin [8, 9].
In one retrospective study of 360 patients with tracheal tumors, 11 had carcinoid
tumors, 14 mucoepidermoid tumors (MECs), 13 sarcomas, 15 non-squamous
bronchogenic carcinomas, 2 lymphomas, and 1 melanoma [10].

In addition to the tumors originating from the trachea, contiguous spread or
secondary deposits can metastasize to the trachea from adjacent primaries in the
thyroid, esophagus, larynx, thymus, and lung (Fig. 12.1) [11, 12]. Other sources of
distant tracheal metastasis include colon, breast, and renal carcinomas and malig-
nant melanoma [13, 14].

The other less common primary neoplasms of trachea belong to a diverse
spectrum of benign and malignant histology, former being less frequent. Significant
among them include squamous cell papilloma, hemangioma, lipoma, hamartoma,
mucous gland adenoma, leiomyoma, granular cell tumor (GCT), chondroma,
chondroblastoma, chondrosarcoma, Ewing’s sarcoma, fibrous histiocytoma, pleo-
morphic adenoma, oncocytic adenoma, neurogenic tumors such as schwannoma,
plexiform neurofibroma, and paraganglioma, fibrosarcoma, lymphoma, primary
small cell cancer of trachea, epithelial–myoepithelial carcinoma, and inflammatory
myofibroblastic tumor. Cases of glomus tumor involving the airway have been
reported as well [8, 15–19]. Lymphomas and squamous cell papillomas involving
the airways have been discussed in the separate chapters in this monograph.

Differential diagnosis of tracheal tumor should also include secondary lesions
from renal cell, colon, breast, and esophageal carcinomas and melanoma, in a
proper clinical setting.

Table 12.1 describes the common benign and malignant tracheal tumors.

Fig. 12.1 a Large metastatic thymic carcinoma involving the trachea. b Histopathological
examination confirming the thymic carcinoma. H&E, X 200. Reprinted from Choudhary et al.
[94]. With permission from Wolters Kluwer Health
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Squamous Cell Carcinoma (SCC)

Primary SCC of the trachea is the most common tracheal tumor [2–6].
Macroscopically, these tumors grow as polypoid and frequently ulcerative mass
projecting into the airways. Histologically, these tumors show a well-defined
squamous differentiation of cells with or without keratinization [5].

Majority of SCC patients are male, presenting in sixth or seventh decade. There is
a strong correlation with current and past smoking [20]. The most frequent presenting
symptoms include dyspnea (55%), hemoptysis (49%), cough (42%), and hoarseness
(35%) [6]. Stridor has also been reported. Unlike other variants, the SCC of trachea is
diagnosed early, because hemoptysis is more common [15]. On radiological exam-
ination, these tumors can be either intraluminal, infiltrative, or exophytic [21].

Table 12.1 Common
tracheal tumors

Tumors originating surface epithelium

1. Benign
Squamous cell papilloma
Papillomatosis
Adenoma

2. Malignant
Squamous cell carcinoma
Adenoid cystic carcinoma
Adenocarcinoma
Large cell undifferentiated carcinoma
Epithelial–myoepithelial carcinoma

3. Neuroendocrine tumor
Carcinoid tumor
Large cell neuroendocrine tumor
Primary small cell cancer

Tumors originating from mesenchymal tissue

1. Benign
Fibroma
Fibrous histiocytoma
Hemangioma
Glomus tumor
Paraganglioma
Leiomyoma
Schwann cell tumor
Neurofibroma
Chondroma
Chondroblastoma
Granular cell tumor

2. Malignant
Soft tissue sarcoma
Chondrosarcoma
Lymphoma
3. Undetermined
Inflammatory myofibroblastic tumor

Adapted from [15]. With the permission from Elsevier
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Bronchoscopic evaluation reveals that the majority of SCCs are bulky and obstructive
in nature (Fig. 12.2) [22]. Consequently, majority of these lesions cause airway
obstruction and thereafter tend to develop extraluminal invasion [21, 22].

The available data support surgical resection followed by radiotherapy as the best
possible treatment modality for SCC [23, 24]. The lymph node involvement or pres-
ence of disease at resection margins appears to have an adverse effect on overall
outcome of SCC [23]. In all population-based studies, SCC exhibited poorer survival
compared to other tracheal tumors [2–7]. It is due to the fact that SCCmetastasizes early
to the lymph nodes and mostly presents at an advanced stage [25, 26]. Bronchoscopic
interventions can provide significant palliation to unresectable patients [27, 28].

Adenoid Cystic Carcinoma (ACC)

ACC (Fig. 12.3) of the trachea is relatively uncommon, and it differs in its natural
history and treatment modalities from SCC [29, 30]. The course of tracheal ACC is

Fig. 12.2 Squamous cell
carcinoma of the trachea:
Note the
exophytic/cauliflower-type
appearance of the lesion

Fig. 12.3 Adenoid cystic
carcinoma of the trachea—a
large submucosal mass
involving the axis of the
trachea in a young female,
never smoked. Reprinted
from Chua et al. [95]. With
permission from Wolters
Kluwer Health
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more indolent in nature [31, 32]. In many patients, its progression is slow enough to
be mistaken for a benign tumor, but occasionally it presents with metastasis due to
high-grade malignancy [33, 34]. The reported sites of distant metastasis include
brain, long bones, liver, kidney, skin, and abdomen via hematogenous spread, in
which case survival is often less than two years [30, 35, 36]. Lymph node spread is
infrequent with ACC. Microscopically, the tumors typically are long, cylindrical
structures lined by small cuboidal cells with deeply eosinophilic cores of
basement-membrane-like material [35]. These cylinder-like structures account for
the previous categorization of this tumor as “cylindroma.” The eosinophilic cores
stain positive with periodic acid–Schiff indicating the presence of mucinous material.

It is found in men and women equally, and mean age at presentation is 45 years
[37]. ACC commonly presents with wheezing, cough, or stridor, but hemoptysis is
rare. As a result, the tumors may get misdiagnosed as asthma or chronic bronchitis
[15, 21]. These tumors often produce mass effect on the adjacent mediastinal struc-
tures rather than directly invading it. Study has shown that ACC of the upper airway is
often locally invasive to the wall, still amenable to resection. Both, incomplete and
when possible complete resection, have been shown to produce acceptable long-term
outcome in patients with ACC [37]. Unlike SCC, long periods of remission can be
obtained with radiotherapy alone [32]. However, surgical resection, followed by
radiotherapy, provides the best length of survival for ACC patients [23, 38].

Mucoepidermoid Carcinoma (MEC)

Primary mucoepidermoid carcinoma (MEC) of the tracheobronchial tree is an
uncommon tumor [39]. It arises from the submucosal glands and typically appears
as a central endoluminal growth (Fig. 12.4) [39]. MEC is predominantly bland or

Fig. 12.4 Mucoepidermoid carcinoma. a CT scan of the chest revealing a lobulated mass
involving right main bronchus (RMB). b Large, irregular, broad-based, friable, ulcerating vascular
tumor mass in the RMB
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cystic tumors with occasional mucin-secreting goblet cells and indeterminate cells
[40]. These tumors are classified as low grade or high grade, on the basis of mitotic
activity, cellular necrosis, and nuclear pleomorphism [41]. Low-grade tumors rarely
spread to regional lymph nodes, while high-grade tumors frequently do so in
addition to distant metastasis [42]. Therefore, the high-grade tumors are often
unresectable, and outcome, even after radiotherapy, is poor [43]. Overall, patients
with MEC have a better survival than patients with ACC.

The median age at diagnosis for patients with primary tracheobronchial MEC is
28 (7–73) years [44]. It is the most common malignant tracheobronchial tumor in
younger individuals. No association with cigarette smoking has been noted [44].
Majority of the patients are treated with resection. Repeated surgical resection may
be required for recurrence [45].

Carcinoid Tumors

Typical and atypical carcinoids (TC and AC) belong to neuroendocrine tumor
(NET) group [46]. Carcinoid syndrome due to systemic release of vasoactive
substance serotonin is observed in only 1–5 % of cases of tracheal carcinoid tumors
[47]. Cytologically, this tumor consists of bland polygonal cells with round or oval
nuclei, arranged in a distinct trabecular fashion. Gradation of the tumor is based on
the number of mitotic figures present per high-power field (HPF) [46].
Bronchoscopically carcinoid tumors appear as rounded well-vascularized lesions,
so caution is advised when performing biopsy (Fig. 12.5a–c) [48].

Common clinical presentations include recurrent respiratory tract infection,
cough, and chest pain, or alternatively, it may remain completely asymptomatic.
The average age of presentation is mid-40s, and 5- or 10-year survival is excellent,
particularly in TC [47]. Prognosis is better after surgical resection. However,
recurrence of tumor, particularly in cases of ACs, can occur [49]. Bronchoscopic
resection of carcinoid tumor has been performed in inoperable or recurrent cases
and in cases of typical carcinoid presenting as a pedunculated endobronchial lesion
[50].

Octreotide, a somatostatin analog, has been used to manage symptoms of car-
cinoid syndrome [51]. The benefit of chemotherapy is not well established.
Combination regimes such as 5FU and streptozotocin or dacarbazine are judged to
be an option in cases with metastatic spread [52]. Everolimus, an inhibitor of the
mammalian target of rapamycin (mTOR), has also been used in combination with
octreotide in the management of NET causing carcinoid syndrome [53]. Other
promising newer agents include vascular endothelial growth factor (VEGF)
receptor inhibitor bevacizumab and interferon alpha-2b [54].
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Mucous Gland Adenoma (Mucinous Cystadenoma)

Benign adenomas arising from bronchial mucous glands are extremely rare, arising
from the submucosal seromucous glands and ducts of proximal airways [55]. They
present as a solitary, well-circumscribed, multicystic, predominately exophytic
tumors, mostly located in the middle and lower-third of trachea [56]. The tumors
are rich in mucins and are immunopositive for epithelial markers. The age at
presentation ranges from 25 to 67 years. Mucous gland adenoma needs to be
distinguished from low-grade malignant tumors of the airways, especially
low-grade MEC. The complete resection is curative [55, 56].

Fig. 12.5 a Typical carcinoid tumor involving the right main bronchus. b, c Multiple atypical
carcinoid tumorlets involving the trachea. Note the smooth, vascular, pedunculated nature of the
lesion
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Rare Tracheal Neoplasms

Tracheal hamartomas are benign lesions, composed of cartilage, bones, fats,
smooth muscles, and connective tissues. Chronic inflammatory and squamous
metaplasia often covers the outer layer, so bronchoscopic biopsy can be deceptive
at times. They are common in elderly population and in males. They appear as
exophytic, sessile, or polypoid mass with CT imaging showing fat attenuation [57].
Bronchoscopic resection with argon photocoagulation, electrocautery snare, and
cryotherapy is safe and effective in removing these lesions [58].

Tracheal lipoma (Fig. 12.6) arises from subcutaneous fatty tissue in middle-aged
males. Spindle cell lipoma has been more commonly described. They are usually
slow-growing tumor, often presenting as obstructive airway diseases [59].

Primary neurogenic tumor is extremely uncommon, and more cases of schwan-
noma have been reported than neurofibroma. However, trachea is the most common
site for primary pulmonary neurofibroma [60]. They are usually benign tumor and
can be an element of von Recklinghausen’s disease [61]. Recurrence has occurred
after bronchoscopic resection but none after surgical resection (Fig. 12.7a–b).

Glomus tumor or glomangiomyoma is a soft tissue tumor of hands and feet,
which rarely occurs in the tracheal tree. These are small, well-circumscribed benign
lesions composed of glomus cells, blood vessels, and smooth muscle cells although
cases of suspected malignant glomus tumor of trachea have also been described
(Figs. 12.8 and 12.9) [19, 62].

Tracheal granular cell tumors are largely benign tumors, most commonly seen
in women. Histologically, this tumor is composed of spindle cells with eosinophil
and positive for S100 staining. More commonly, they are an asymptomatic, inci-
dental finding. Either surgical or interventional bronchoscopic resection is curative,
but recurrence can occur (Fig. 12.10a, b) [63].

Primary tracheal lymphomas include both Hodgkin’s variety and
non-Hodgkin’s variety. Few cases of mucosa-associated lymphoid tissue (MALT)
lymphoma have been described. They are potentially treatable and have a good
prognosis [57].

Tracheal chondrosarcomas are rare extraosseous cartilaginous tumor, which
appear as exophytic growth (Fig. 12.11) [64]. It can occur after incomplete
resection or malignant transformation of chondroma. Tracheal chondrosarcoma can
also be seen in Maffucci syndrome [65].

Primary epithelial–myoepithelial tumors (EMCa) of trachea are low-grade
malignant tumors, metastasize to lymph node early, and are known to mimic sar-
coidosis. They can give rise to hypercalcemia, and lymph node biopsy can
demonstrate non-caseating granuloma as well [66].

The inflammatory myofibroblastic tumors (IMT), which most commonly
occur in lungs, have also been recognized in trachea. It is a low-grade malignant
neoplasm of unknown origin. It is composed of myofibroblastic spindle cells along
with inflammatory infiltrates such as plasma cells, lymphocytes, and eosinophils.
Approximately, half of the tumors are positive for anaplastic lymphoma kinase
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Fig. 12.6 a CT scan of the
chest revealing an exophytic
mass involving the
mid-trachea. The density of
the mass lesion is similar to
that of subcutaneous fat,
suggesting diagnosis of
endobronchial lipoma. b,
c Cut surface of the in vivo
lesion exhibiting lipomatous
nature of the lesion. Reprinted
from Swigris et al. [96]. With
permission from Wolters
Kluwer Health
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(ALK) gene rearrangement. Clinically, it often simulates resistant asthma leading to
respiratory failure and rarely causes hemoptysis. In addition to surgical resection,
newer biologic agent crizotinib has shown initial promise (Fig. 12.12) [67].

Irrespective of histology and malignant potential, the majority of these benign
tumors of trachea are resectable at diagnosis, either bronchoscopically or surgically
with reconstruction [8].

Fig. 12.7 a, b Endobronchial schwannoma involving the trachea. Note extraluminal calcified
component of the lesion. c The tumor underlying the tracheal mucosa has a cellular spindle cell
appearance. d The high-power field also exhibits a more epithelioid appearance of the tumor cells
with mitosis. Reprinted from Shah et al. [97]. With permission from Elsevier
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Evaluations

Clinical Features

As stated earlier, missed and delayed diagnosis is not uncommon in tracheal tumors
due to non-specific and often asthma-mimicking symptoms [25]. This is more likely
in cases of slowly growing benign tumors. Majority of tracheal tumors occur in

Fig. 12.8 a Glomus tumor (glomangiomyoma) exhibiting a smooth surface, yellowish in color,
soft and fluctuant, and partially obstructing glottic chink. b A circumscribed tumor was completely
surrounded by a fibrous pseudocapsule (hematoxylin and eosin [H&E] stain). d Presence of
vascular channels with smooth muscle cells (H&E stain). c, e CD34 antibody-stained endothelial
cells (right upper) and smooth muscle actin antibody-stained smooth muscle cells (right lower).
Reprinted from Usuda et al. [98]. With permission from Wolters Kluwer Health

Fig. 12.9 Glomus tumor. a Bronchoscopic appearance of the glomus tumor. b Pathology of
glomus tumor located at mucosal surface; note the sheets of smooth muscle cells (×200
magnification)
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lower one-third of the trachea. Most patients are current or former smokers; the
strongest association is with SCC. Dyspnea is the most common symptom in
benign and hemoptysis in malignant tumors [8]. Because of their rapid growth and
onset of hemoptysis, malignant tumors are often diagnosed earlier than benign
tumors [14]. By the time a patient with tracheal tumor develops dyspnea, more than
75 % of the airway circumference is already obstructed [6, 25].

Other symptoms include chronic cough, wheezing, or stridor [6, 68]. Patients
may present with recurrent episodes of pneumonia or atelectasis. Acute respiratory
failure from complete occlusion of the airway is rare, but carries a high mortality
rate. The presenting complaints in a series of 74 patients with primary tracheal
tumors were dyspnea (55 %), hemoptysis (48 %), cough (42 %), and hoarseness
(35 %) [6]. Persistent and progressive local disease can cause complications such as
fatal hemorrhage, tracheoesophageal fistula, tracheal necrosis, and tracheal stenosis
[30, 69].

Fig. 12.10 a Exophytic growth of granular cell tumor inside trachea with submucosal infiltration
into tracheal wall. b Granular tumor cells are spindle-shaped cells with abundant granular
cytoplasm. Reprinted from Chan et al. [99]. With permission from Wolters Kluwer Health

Fig. 12.11 Primary
chondrosarcoma of the
trachea—a large, exophytic,
lobulated, vascular mass
arising from the anterior wall
of trachea. Note the islands of
pale tissue, which were hard
in consistency on forceps
palpation. Reprinted from
Alkotob et al. [100]. With
permission from Wolters
Kluwer Health
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The presentation also varies depending on the type of the tumors. The SCC
usually manifests as a rapid onset tumor with hemoptysis and obstructive symp-
toms. It has a tendency for the early involvement of lymph nodes and development
of distant metastasis. In contrast, ACC is a tumor with slower growth, consequently
diagnosed late. It tends to extend over a long distance in the submucosa [70]. It can
also spread to regional lymph nodes, but less often than SCC.

A TNM classification has been proposed for tracheal tumor (illustrated in
Table 12.2), which helps to predict survival among the patients with malignant
lesions [6, 15].

Pulmonary Function Tests

Spirometry and flow volume loop can offer a clue to the presence of tracheal tumor.
In variable extrathoracic obstruction, peak inspiratory flow (PIF) will be predom-
inantly reduced. In fixed extrathoracic obstruction, both PIF and peak expiratory
flow (PEF) are reduced. The variable intrathoracic obstruction, on the other hand, is
characterized by decreased PEF and preserved PIF [15].

Fig. 12.12 Inflammatory myofibroblastoma. a A large lobulated partially obstructing tracheal
mass. b Cytologically bland spindle cells (red arrow) and inflammatory cells (mostly
lymphocytes). c Immunohistochemical stain for ALK (D5F3 clone)—ALK stains the cytoplasm
(arrow), and blue are the nuclei. d Dual-color FISH for ALK mutation—the green (centromere)
and red (telomere) dots together with yellow center are non-mutated ALK-containing chromo-
somes, and the mutated chromosome has the red and green dots separated. Courtesy of Tanmay
Panchabhai, MD
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Radiology

The initial investigation for patients with tracheal tumors is usually chest roentgen-
ogram because of shortness of breath or wheeze [71]. However, less than half of the
tracheal tumors are actually diagnosed using this imaging modality [72]. Findings on
chest radiographs include tracheal narrowing, abnormal calcifications, postobstruc-
tive atelectasis, or pneumonia. The lateral view of the chest often displays lesion
obstructing the tracheal column better than the posteroanterior view (Fig. 12.13).

Computed tomography (CT) scan is the imaging of choice for diagnosis of tra-
cheal tumor [72]. It may show a tracheal mass, and the radiological appearance of the
tumors can be classified as intraluminal (exophytic), infiltrative, extrinsic, or mixed
forms [13]. The intraluminal variety leads to irregular narrowing of tracheal lumen.
The infiltrative form of tracheal tumor characteristically involves posterior wall of
trachea differentiating it from many tracheal lesions mimicking tumor infiltration.
The CT scan is an excellent tool for detecting and determining extent of disease as
well as in evaluating airways distal to the obstruction. However, it often fails to
clearly delineate tumor relationship with mucosa or submucosa [20]. The newer
software algorithms that allow three-dimensional evaluation of the airways may
show the specific pattern. The utility of magnetic resonance imaging is unclear, but it
has been reported in ACC [73]. The optical coherence tomography has the ability to

Table 12.2 Proposed TNM classification of tracheal tumor

T—Tumor stage

Tx Tumor cannot be assessed

TIS Tumor without any invasion

T1 Tumor limited to mucosa

T1a T1 with tumor size <3 cm

T1b T1 with tumor size ≥3 cm

T2 Tumor invading cartilage or adventitia

T3 Tumor invading tracheal wall or larynx

T4 Tumor invading carina or main bronchus

T5 Tumor invading other mediastinal structure

N—Nodal stage

Nx Lymph node cannot be assessed

N0 No Lymph node metastasis

N1 Lymph node positive—upper paratracheal, prevascular, retrotracheal lymph node

N2 Lymph node positive—lower paratracheal, subaortic, and upper mediastinal lymph nodes

M—Metastasis

Mx Metastasis cannot be assessed

M0 No metastasis

M1 Metastasis to lymph node beyond N1 and N2

M2 Distant metastasis

Adapted from [15]. With the permission from Elsevier

12 Tracheal Tumors 269



delineate microstructures such as the epithelium, mucosa, cartilage, and glands [21].
However, presently its role is confined to experimental studies and has limited
application in clinical practice.

Bronchoscopy

Bronchoscopy with appropriate sampling remains the gold standard to establish the
definitive diagnosis of tracheal tumors. It can also clarify whether airway
obstruction is intrinsic, extrinsic, or combined. Bronchoscopy may demonstrate a
single polypoid lesion, sessile or pedunculated, multiple “cauliflower-like” exo-
phytic tumor [20]. The infiltrative tumor appears as a circumferential thickening
involving the posterior wall. Bronchoscopy can also reveal tracheal wall collapse by
an extrinsic tumor. Endobronchial ultrasound of the trachea may distinguish
between compression and infiltration of the trachea by an extrinsic mass [73]. The
endoscopic ultrasound (EUS) can be utilized when a CT scan or bronchoscopy
suggests posterior tumor wall invasion by an extrinsic lesion.

Management

The epidemiological studies from different countries suggest a diagnostic dilemma
leading to delayed diagnosis. As a result, many cases are often unresectable by the
time the diagnosis is confirmed. The surgical resection is regarded as the only
curative option.

Fig. 12.13 Lateral view of
the chest X-ray revealing a
large endotracheal mass that
was not recognized on the
posteroanterior view
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Surgery

Surgery, when possible, remains the treatment of choice for primary tracheal tumor
[37, 38]. Unfortunately, the available data indicate that many patients who met the
criteria for surgical resection did not receive surgery [25]. In the Danish registry,
majority of the patients received radiotherapy as single treatment and only nine
patients were offered surgery [2]. The report from the Netherlands showed that
surgical treatment led to good survival, yet it was only used in 12 % of patients,
while 53 % received radiation therapy [3]. In the SEER [5] database from the USA,
34 % did not undergo surgery, while it has the potential to cure all patients with
benign and low-grade malignant tumors [15]. Therefore, surgical resection should
be assiduously considered as the treatment of choice for benign and malignant
tracheal tumors and patients be referred to appropriate centers at the earliest,
whenever possible [23].

The decision to resect a tracheal tumor depends on many factors such as general
health of the patient, site of the tumor, tumor histology, and length of trachea that
would remain postresection [15]. Modern surgical techniques for tracheal resection
such as laryngotracheal, tracheal, or carinal reconstruction and different tracheal
mobilization techniques would allow resection in more than half of the cases
[74, 75]. However, it involves careful patient evaluation, preservation of tracheal
blood supply during the surgery, and accepting risk of unclear margin [15, 74].

Complications of tracheal surgery include tracheal restenosis, anastomotic
dehiscence, anterior spinal cord ischemia, and fistula formation [76, 77]. In a series
of 147 post-tracheal or carinal resection patients, six developed restenosis, but all
underwent re-resection successfully [23]. Other reported complications are subcu-
taneous emphysema, granulation tissue formation, bilateral pneumonia, cardiac
arrhythmia, pneumomediastinum, mediastinitis, and neck hematoma [25]. One
important determinant of complications following tracheal resection is the extent of
resection [78, 79]. Conservative surgery, when appropriate, has a lower compli-
cation rate than more extensive resections [80, 81].

The postoperative mortality from tracheal surgery can be significant,
approaching to 10 % in one study [9]. It correlated with the length of the resection,
the type of resection, the need for a laryngeal release, and the histological type of
the cancer. Another retrospective analysis noted overall postoperative mortality of
7 % for the surgeries performed between 1962 and 2002, but it had improved with
each passing decade from 21 to 3 % [38].

Radiotherapy

Radiation therapy has an important role in the management of certain types of
tracheal tumors. Patients with unresectable tumor have a poor outcome in general,
irrespective of radiotherapy treatment. However, those who received radiation had a

12 Tracheal Tumors 271



better survival, suggesting that primary radiotherapy in inoperable cases may rep-
resent a viable treatment option [69]. Current evidences indicate that radiotherapy
should be offered to all patients following surgical resection.

The impact of radiation therapy in patients with resectable and unresectable
primary malignant tracheal tumor has been studied [82]. Patients, who received
radiotherapy, had a significantly better overall survival and lower cumulative
incidence of death from tracheal cancer. Treatment with radiotherapy was associ-
ated with improved survival, particularly in patients with squamous cell histology,
regional extension of disease, and even those who did not undergo resection.
Nevertheless, the epidemiology data suggest that the tracheal tumors treated with
radiotherapy alone had a poor survival, in general [2].

Chemotherapy

Cisplatin-based chemotherapy has been studied in the management of metastatic
SCC of the trachea. At present, the role of chemotherapy is limited. It is generally
reserved for the palliative treatment of symptomatic, locally recurrent or metastatic
disease that is not amenable to further surgery or radiotherapy [15].

Combination Therapy

Some reports describe the utility of combination of chemotherapy and radiotherapy
in the treatment of unresectable patients. Radiation therapy with concurrent car-
boplatin and paclitaxel, or nedaplatin and 5-fluorouracil might be an effective
treatment option for an advanced ACC [83].

In one analysis of resected SCC, outcome of patients treated with concurrent
postoperative chemotherapy (cisplatin) and radiotherapy was compared to that with
postoperative radiotherapy alone. There was a significant improvement in local and
regional disease control as well as disease-free survival in the combined treatment
group. However, the combined modality was also associated with a substantial
increase in adverse side effects [84].

Data from the USA suggest that those with surgery and adjuvant radiotherapy
have a better disease-specific and overall survival compared to those treated with
radiotherapy with or without associated chemotherapy. Although patients under-
going surgery and receiving radiotherapy did better than those undergoing surgery
alone, the difference was not significant. Similar results have been reported with
combined radiotherapy and surgery in the management of ACC [85]. The 5- and
10-year absolute survival and local disease control were significantly better in the
combined surgery and radiation therapy.

272 D. Bandyopadhyay et al.



Bronchoscopic Intervention

Bronchoscopic interventions have a significant role in the management of tracheal
tumors [14, 24]. However, malignant tumors often invade into and beyond the
airway wall. Therefore, bronchoscopic treatment of endobronchial tumors does not
always guarantee the complete resection of the tumor [86, 87]. The main role of
bronchoscopic tumor ablation should be palliative in patients who are not surgical
candidates or as a bridge to restore airway patency in preparation for definitive
surgery [15, 21].

The experience with Ultraflex metallic stent insertion for palliation of benign and
malignant upper airway obstructions suggests improvement in breathlessness, an
increase of mean FEV1 of 0.88 and 0.28 l in benign and malignant obstructions,
respectively, and a mean peak expiratory flow rate increment by 109 and 97 l/min,
respectively [88]. Twenty-nine percent were alive at three years, although survival
was disproportionately higher in benign obstruction [88]. However, another study
using Montgomery T-tube in patients in malignant stenosis for palliation yielded a
disappointing result [89]. The short (<30 days) and intermediate (>30 days) risks of
tracheobronchial stents in patients with malignant airway disease included tumor
ingrowth, excessive granulation tissue formation, stent migration, and restenosis. The
majority of complications occurred after 30 days that often required further inter-
ventions such as bronchoscopic laser debridement, dilation, and stent removal [90].

The endotracheal tumors can be resected bronchoscopically using either Nd-YAG
(neodymium–yttrium, aluminum, garnet) or Nd-YAP (neodymium–yttrium, alu-
minum perovskite) laser resection, argon plasma coagulation, electrocoagulation,
cryotherapy, or photodynamic therapy to keep airways patent with palliative intent
[90]. The endobronchial brachytherapy alone or as a boost for primary radiotherapy
holds promise in patients with either non-resectable primary tumor or in recurrence of
tumor [91]. Local control was achieved in all cases at the time of subsequent first
bronchoscopic evaluation. Emergent bronchoscopic interventions through a rigid
bronchoscope immediately resolved acute dyspnea and respiratory failure related to
malignant airway obstruction, liberating them from mechanical ventilation in
majority of the patients, in one study. Furthermore, those who underwent additional
definitive therapy survived even longer than otherwise [27].

Future Strategies

The rapid expansion of technology has offered newer treatment options for patients
with tracheal tumors. Ongoing research suggests that tracheal allogenic transplan-
tation may become available as a new treatment modality [28]. The first clinical
transplantation of the tracheobronchial airway with a stem-cell-seeded bioartificial
nanocomposite was reported in 2011 in a patient with recurrent primary cancer of
the distal trachea and main bronchus [92]. After complete tumor resection,
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the airway was replaced with a tailored bioartificial nanocomposite previously
seeded with autologous bone marrow mononuclear cells. There were no major
complications, and the patient was asymptomatic and tumor-free five months after
the transplantation. The bioartificial nanocomposite showed patent anastomoses
lined with a vascularized neomucosa and was partly covered by nearly healthy
epithelium.

Other novel treatments including composite autografts and allografts, chimeric
autografts and allografts, tissue-engineered grafts, prosthetic scaffolds, and the use
of free-tissue vascularized carriers hold future promise [93]. The tracheal replace-
ment with fresh aortic allografts in two patients with chemotherapy- and
radiotherapy-resistant tumor MEC and ACC has been reported. The aortic allografts
in both the patients showed the development of respiratory epithelium one year
after the surgery [93].

Prognosis

Many studies demonstrate that staging tracheal cancer with a TNM-based classi-
fication (see Table 12.2) helps to predict survival [4, 6, 15]. The overall survival
rate in the Danish registry was 32, 20, and 13 % at 1, 2, and 5 years, respectively
[2]. The median survival in tracheal tumor was 10 months with 1-, 5-, and 10-year
survival rates at 43, 15, and 6 %, respectively, in the Netherlands [3]. The important
factors predicting outcome included early diagnosis, tumor histology, and treatment
options such as definitive surgery [24]. The 5-year survival rate was 50 % in
tumor-resected patients but with radiotherapy alone was only 6 % in the Danish
population [2]. In general, the outlook after complete surgical resection is good and
a 5-year survival rate ranges between 39 and 79 %, and the 10-year survival rate
between 18 and 51 % [3]. In the SEER database, there was a significant
improvement in survival for patients who underwent any type of surgery than who
did not; the overall 5-year survival rate was 27 %. Patients with localized disease
had a better outcome with a 5-year survival rate of 46 % than patients with regional
or distant disease. Among those with localized disease, the 5-year survival rate was
24 % for SCC versus 90 % for ACC [22]. The prognosis of patients with ACC was
significantly better because of their predominantly local growth pattern. In contrast,
SCCs had worse outcomes than any other histological type, with a 5-year overall
survival only 13 % [22].

Geissert and colleagues noted 5- and 10-year survival rates in resected ACC 52
and 29 % (unresectable 33 and 10 %) and in resected SCC 39 and 18 % (unre-
sectable 7.3 and 4.9 %) [38]. The favorable outcome of both SCC and ACC
following surgical resection showed a significant association with completeness of
resection, negative airway margins, and adenoid cystic histology, but not with
tumor length, lymph node status, or type of resection [38].

274 D. Bandyopadhyay et al.



In contrast, the outcome analysis in the USA revealed no significant difference
between combination of surgery and radiotherapy than surgery alone. Patients with
ACC had better rates of disease-specific and overall survival than other lesions. The
5-year disease-specific mortality was 73 % and all-cause mortality 79 % [6].
Another retrospective multicenter study from 26 centers noted 5- and 10-year
survival rates at 47 and 36 %, respectively; the survival was significantly higher
with complete resections than with incomplete resections and postoperative
radiotherapy [9].

Conclusion

In conclusion, primary tracheal tumors are uncommon malignancies of the airways,
and in adult population, majority are malignant. The presenting symptoms are often
ambiguous; consequently, definitive diagnosis does get delayed impacting the
prognosis. Early diagnosis and appropriate selection of patients for histologically
complete resection are paramount toward improving outcome for primary tracheal
tumors.
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Chapter 13
Lymphomas of the Large Airways

Hardeep S. Rai and Andrea Valeria Arrossi

Introduction

Lymphomas occurring in the airways and/or pulmonary parenchyma can present as
either primary or secondary. There are no universally accepted criteria for diag-
nosing a lymphoma as primary in the lung; however, traditionally, it has been
defined as a lymphoma that presents as one or more pulmonary lesions with no
clinical, pathologic, or radiographic evidence of lymphoma elsewhere in the past, at
present, or for 3 months after presentation [1–3]. Secondary lung involvement may
occur either from hematogenous spread, or contiguous involvement from affected
hilar or mediastinal lymph nodes.

Primary pulmonary/airway lymphomas are rare, and their pathologic distinction
from other more common lung neoplasms or even benign lymphoid proliferations
may be challenging. Immunohistochemical stains using specific monoclonal anti-
bodies are necessary to determine clonality and to identify specific cell surface
antigens that will help in the classification of the neoplasm. Other ancillary tests
including flow cytometry and/or molecular studies for the detection of
immunoglobulin gene or T cell gamma or beta receptor gene rearrangements
constitute additional diagnostic techniques that are very helpful, especially in small
biopsies.
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An overview and classification of primary pulmonary/airway lymphoprolifera-
tive disorders will be discussed in the following sections, and a practical diagnostic
approach including imaging studies and histopathologic diagnosis will be
presented.

Historical Background

The presence of bronchial-associated lymphoid tissue (BALT) and its relationship
to the lymphoid system in general and mucosal immunity were first described by
Bienenstock et al. in 1973 [4]. Lymphoid tissue is generally absent or inconspic-
uous in the adult lung, except in pathologic states [5, 6]. When present, it is usually
seen as small collections of lymphocytes along the lymphatic routes, especially
bronchovascular bundles, lobular septa, and pleura. Lymphoid tissue along the
airways is part of the specialized, more diffuse immunologic compartment of
mucosa-associated lymphoid tissue (MALT) that has the ability to combat patho-
gens at mucosal sites. In the lung, this lymphoid tissue is referred to as
bronchial-associated lymphoid tissue (BALT). BALT shares morphologic features
of MALT at other sites and displays the same reactions, such as reactive hyperplasia
and immunoblastic proliferation, and constitutes the origin of most primary
pulmonary/airway lymphomas, which are marginal zone B cell lymphomas. In the
early literature, the term “pseudolymphoma” has been employed in many cases to
denote the more favorable prognosis of primary malignant lymphomas of the lung
in comparison with lymphomas at other sites [1, 7, 8]. Though the concept of
pseudolymphoma has been maintained over the years, it was not until the intro-
duction of immunocytochemical techniques that polytypic (polyclonal) reactive
lymphoid proliferations could be separated from monotypic (monoclonal) neo-
plastic lesions, and this opened the starting point to resolve the debate whether
lymphoid lesions in the lung represented true lymphomas or pseudolymphomas
[2, 3, 9–15]. Furthermore, the subsequent advent of molecular genetic techniques
allowed the identification of a broader and more specific clinical and pathological
spectrum of lymphoproliferative disorders.

Incidence

Secondary involvement of the lung by nodal lymphoproliferative disorders is much
more frequent (25–40 %) than primary pulmonary lymphomas, which are rare and
represent 3–7 % of extranodal non-Hodgkin’s lymphoma [16–18]. The age peak
incidence is in the sixth decade. Individuals younger than 30 years of age are rarely
affected. Both females and males are more or less equally affected [2, 9, 14, 17–26].
Lymphomas involving primarily the large airways, especially the trachea, are
extremely rare [27–30].
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Extranodal marginal B cell lymphoma is the most common type of primary
pulmonary/airway lymphoma, comprising approximately 75 % of the cases [3, 17,
19, 20, 23, 24, 31]. The second most common malignant lymphoid proliferation is
diffuse large B cell lymphoma [23]. Other less common types include lym-
phomatoid granulomatosis, anaplastic large cell lymphoma, and lymphoprolifera-
tive disorders associated with an immunocompromised state. Primary pulmonary
Hodgkin’s lymphomas are extremely rare.

Etiology

MALT lymphomas comprise a heterogeneous group of small B cell lymphomas
characterized by lymphocytes that show morphologic and functional similarities to
the non-neoplastic marginal zone B cells that surround germinal centers.
Extranodal MALT lymphoma, the most frequent type of lymphoproliferative dis-
order primary to the lung and airways, is frequently associated with chronic
inflammation and persistent antigen stimulation, as demonstrated originally in the
gastric MALT lymphomas following infection with Helicobacter pylori [32]. In the
lung, MALT lymphomas have been associated with chronic immune-mediated
diseases such as Sjögren syndrome, rheumatoid arthritis, or immunodeficiency
disorders [21, 33, 34].

Clinical Features

Primary pulmonary lymphomas are in the majority of the cases low-grade MALT
lymphomas that are asymptomatic in over 50 % of the cases [2, 9, 14, 19, 21]. They
can be incidentally discovered through chest imaging performed as part of a routine
health examination of an asymptomatic patient [14, 19], when symptomatic patients
present with non-specific respiratory symptoms such as cough, dyspnea, and chest
pain [21, 24]. Contrarily, lymphomas involving the large airways, whether as pri-
mary endobronchial lesions, or spread from a parenchymal process, manifest often
with symptoms of airway obstruction, such as cough, wheezing, and hemoptysis
[35]. These symptoms may be manifested also in cases of lymphomas involving
primarily the lung parenchyma that exert extrinsic compression on the airways.
Wheezing may also be present in patients with lymphomatous infiltration of small
airways [35]. Systemic symptoms such as fevers and weight loss (“B” symptoms)
rarely occur [21].
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Laboratory Investigations

Serum protein electrophoresis abnormalities may be present in patients with pri-
mary pulmonary lymphoma. Monoclonal gammopathy (predominantly IgM) is
found in the majority of the cases (20–60 %), especially in MALT lymphomas with
plasmacytic differentiation [3, 19, 21].

Imaging

Primary pulmonary MALT lymphomas share similar radiologic appearance as the
secondary pulmonary/airway involvement by other forms of thoracic lymphomas
[36]. The most frequent computed tomography (CT) finding of pulmonary
parenchymal MALT lymphomas is single or multiple pulmonary nodules or masses
or mass-like areas of consolidation that tend to show a peribronchovascular dis-
tribution (Fig. 13.1) [37]. Air bronchograms within areas of consolidation in
addition to the presence of multiple pulmonary nodules on CT scans are commonly
associated findings (Fig. 13.2). The presence of a halo of marginal ground glass
shadowing around pulmonary nodules or masses in some patients and the presence
of discrete patches of ground glass opacities in others have been described on
high-resolution CT.

Few reports of lymphoma involving the tracheobronchial tree as the only site of
involvement have been published. Three main radiological patterns have been
described: (1) solitary intraluminal polypoid lesion with or without secondary
obstructive changes in the lung periphery, (2) multiple round-shaped nodular
protrusions less than 5 mm, and (3) a diffuse and smooth wall thickening pattern

Fig. 13.1 Low-grade B cell
extranodal marginal zone
MALT lymphoma presenting
as multiple nodular opacities
in a 57-year-old female
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[38–41]. Secondary radiological findings may include post-obstructive lobar
atelectasis, lobular air trapping, and post-obstructive bronchopneumonia [38].

Differential radiologic diagnoses of lymphomas primarily involving the large
airways include other large airway diseases, neoplastic and non-neoplastic, such as
relapsing polychondritis, tracheobronchopathia osteochondroplastica, tracheo-
bronchial amyloidosis, granulomatosis with polyangiitis, tracheobronchitis associ-
ated with inflammatory bowel disease, and salivary gland neoplasms and
bronchogenic carcinomas. Relapsing polychondritis, a rare autoimmune disorder,
may present with diffuse or localized laryngotracheobronchial involvement mani-
festing as airway wall thickening and airway stenosis. Airway malacia or airway
wall calcifications, present in 10–50 % of cases [42], may be a distinctive feature
from airway lymphoma. Tracheobronchopathia osteochondroplastica shows mul-
tiple submucosal nodules with osteocartilaginous cores projecting into the lumen.
The disease characteristically spares the posterior membrane, predominantly
involving the distal trachea and proximal primary bronchi [43]. Tracheobronchial
amyloidosis reveals luminal surface irregularity, focal circumferential wall thick-
ening and, in many cases, widespread dense mural calcifications largely sparing the
posterior tracheal membrane [44]. In patients with granulomatosis with polyangiitis
(GPA), the principal CT findings include subglottic stenosis, circumferential
mucosal thickening, irregularity, and ulceration of the tracheobronchial walls [43,
45]. Large airway involvement in inflammatory bowel diseases manifests radio-
logically mainly as upper airway stenosis (subglottic) and bronchiectasis [46].
Tracheal salivary gland neoplasms, most commonly adenoid cystic carcinomas,
usually show an intraluminal mass of soft tissue density with occasional extension
through the tracheal wall on CT [47].

Fluoro 2-deoxyglucose positron emission tomography (FDG-PET) has been
used for the staging, evaluation, and management of lymphomas; however, its value
in the evaluation of extranodal MZL has been unclear. The clinical utility in staging
and management was suggested in a recent study of patients with histologically
confirmed MALT lymphomas, since 80 % of 42 patients had FDG-PET avid
lesions and were at higher stage than the patients with negative scans [48].

Fig. 13.2 Irregularly
marginated 2.5 cm mass in
superior segment of the right
lower lobe with a
bronchiectatic air
bronchogram. Extranodal
marginal zone B cell
lymphoma of MALT
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Flexible Bronchoscopy

In individuals with clinically apparent systemic lymphoma that secondarily
involves the large airways, the most common endoscopic pattern is characterized by
the presence of diffuse submucosal nodules [49–52]. In primary endobronchial
lymphoma, however, the bronchoscopic findings correlate with the three patterns of
radiologic presentation described above: (1) solitary intraluminal polypoid lesion,
(2) multiple round-shaped nodular protrusions less than 5 mm, and (3) a diffuse and
smooth wall thickening pattern causing narrowing of the lumen (Fig. 13.3) [38, 40].

Lymphomas involving primarily the lung parenchyma that contiguously spread
to the airways involve bronchial mucosa with variable degrees of tumor necrosis
and can show cobblestone appearance, submucosal nodules or submucosal masses
visible at each division of the bronchial tree, at the sites of bronchus-associated
lymphoid tissue [52]. Extrinsic airway compression without direct involvement of
the airway can also be visualized endoscopically.

Pathology

This section refers to the pathology of the two most common types of lymphoma
involving the airways, marginal zone B cell lymphomas of MALT type and diffuse
large B cell lymphoma. Other types of lymphoma involve primarily the lung par-
enchyma with no or little involvement of the large airways, or have rarely been
reported, mainly as case reports. These include lymphomatoid granulomatosis,
post-transplant lymphoproliferative disorders, anaplastic large cell lymphoma, and
rare cases of NK/T cell lymphomas. Primary pulmonary Hodgkin’s lymphoma is
extremely rare in the lung.

Fig. 13.3 Diffuse large B cell
lymphoma presenting as a
large non-obstructing,
infiltrative, friable, and
granular lesion involving the
distal trachea and main carina
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Pulmonary/airway MALT lymphomas show similar histologic characteristics to
their counterpart in other extranodal sites. There are dense infiltrates of small B cell
lymphocytes, and sometimes, they may show monocytoid B cell or, less commonly
in the lung, plasmacytic differentiation. The monoclonal proliferation is admixed
with polyclonal B and T cells. Reactive lymphoid follicles with germinal centers
surround or are interspersed with the neoplastic lymphocytes. The lymphoid fol-
licles can be very prominent and obscure the malignant process leading to diag-
nostic problems. Epithelial infiltration by neoplastic lymphocytes, so-called
lymphoepithelial lesions, is common (Fig. 13.4). MALT lymphomas share the
morphology and biology of marginal zone B cells, which are post-germinal center
lymphocytes with memory functions that migrate from lymphoid tissues to extra-
nodal sites where they can rapidly become antibody-producing plasma cells after
antigenic stimulation. The marginal zone B phenotype can be demonstrated with
immunohistochemistry, as the neoplastic lymphoid cells express B cell markers
such as CD79, CD20, and CD43 [2, 3, 21, 24, 31]. There is usually expression of
surface IgM, and less commonly IgG or IgA, whereas CD5, CD10, CD23, and IgD
are negative. Immunohistochemistry or in situ hybridization may demonstrate Ig
heavy or light chain restriction, and PCR may detect clonal IGH rearrangements;
however, false-negative results can occur given the frequent patchiness of the
monotypic areas. As in gastric and bowel MALT lymphomas, the chromosomal
translocation t(11;18) (q21;q21) producing a fusion of the MALT1 and API2 genes
constitutes the most frequent translocation encountered in pulmonary MALT

Fig. 13.4 Low-grade MALT lymphoma with plasmacytic differentiation involving the lung and
airways, a (Hematoxylin and Eosin 1×) showing infiltration by small lymphocytes with
lymphoepithelial lesions, b (Hematoxylin and Eosin 20×). The lymphocytes express B cell
markers, c (CD20 20×), plasma cell markers, d (CD138 20×) and show kappa light chain
restriction, e (Kappa 20×), while negative for lambda, f (Lambda 20×)
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lymphomas (31–50 %) [32, 53–56] A subset of cases (6–10 %) show t(14;18) (q32;
q21) or t(1;14)(p22;q32) translocations [57].

The second most common type of pulmonary lymphomas is diffuse large B cell
lymphoma that can occur de novo or in the setting of malignant transformation of a
low-grade marginal zone B cell lymphoma of MALT type. Histologically, they
show a diffuse proliferation of large lymphoid cells with atypical high-grade nuclei
that express pan-B cell antigens CD20, CD79a, and CD43 (Fig. 13.5) with variable
CD10, bcl6, and bcl2 expression. Areas of necrosis and vascular infiltration may be
seen [1, 3, 19–21, 23, 24, 31].

Diagnosis

The diagnosis of lymphoma involving the lung and/or airways requires tissue
sampling through surgical samples or endobronchial, transbronchial, or transtho-
racic biopsy material. Selection of the diagnostic modality depends on the location
and size of the pulmonary lesions, patient’s comorbid conditions, functional status,
and personal preferences. Flexible bronchoscopy with transbronchial biopsy and
bronchoalveolar lavage for flow cytometry plays a significant role in the diagnosis
of primary lymphoma of the lung. For lymphomas involving predominantly lung
parenchyma, more invasive procedures are needed, such as image-guided
transthoracic needle biopsy or surgical lung biopsy with either video assisted
thoracoscopy (VATS), or open thoracotomy.

The histologic differential diagnoses depend on the type of the lymphoprolif-
erative disorder being considered. Low-grade MALT lymphoma shows infiltration
by mostly small lymphocytes usually with the presence of reactive lymphoid

Fig. 13.5 Microphotograph
of an endobronchial biopsy of
primary tracheal large B cell
lymphoma, hematoxylin and
eosin, low magnification (2×)
and medium magnification
(20×), left lower inlet and CD
20 medium magnification
(20×), right lower inlet. The
picture shows squamous
(asterisk) (metaplastic) lined
mucosa with infiltration by
large lymphoid cells (double
asterisk) immunoreactive to B
cell marker CD20
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follicles with germinal centers and should be differentiated from reactive processes
such as follicular bronchiolitis and follicular hyperplasia. If a parenchymal lesion is
being evaluated, lymphocytic interstitial pneumonia may have a similar appearance.
The ultimate diagnosis relies on the demonstration of a clonal proliferation with the
use of immunohistochemical stains and/or molecular techniques, including in situ
hybridization or PCR. On the other hand, diffuse large B cell lymphomas are
high-grade lesions that should be differentiated from other high-grade malignant
neoplasms such as carcinoma or melanoma. Using immunohistochemical stains, the
expression of the leukocyte common antigen (LCA/CD45) can be demonstrated in
lymphoid proliferations. Carcinomas express cytokeratin antigens and are negative
for LCA/CD45. Melanomas are immunoreactive to S-100 protein and other mel-
anocytic markers such as HMB-45, SOX-10, or MART-1 and negative for
cytokeratins and LCA/CD45.

Flow cytometry analysis for the detection of clonal proliferations in the fluid
obtained during a bronchoalveolar lavage constitutes a relatively noninvasive
alternative and promising diagnostic tool in patients who are at high risk for more
invasive procedures such as endobronchial and transbronchial biopsies, either due
to advanced age, other comorbidities, and poor functional status. It has been shown
that the detection of a B cell clonal population on bronchoalveolar lavage fluid is
associated with a histologic diagnosis of pulmonary non-Hodgkin’s lymphoma,
with a specificity of 97 %, positive predictive value of 82 %, and negative pre-
dictive value of 95 % [58].

Treatment

Management choices for primary pulmonary lymphomas are based on histology,
stage, biologic characteristics, patient’s comorbidities, and performance status.

While surgery is usually only used for diagnostic purposes for lymphomas in
general, it plays an important role in the treatment of localized pulmonary lym-
phomas [59]. Complete surgical resection is associated with an excellent long-term
(10-year) survival of almost 90 % [60]. Other considerations include radiation,
chemotherapy, and rituximab [20, 21, 24–26, 61, 62].

Prognosis

Primary pulmonary MALT lymphomas have an indolent course and a favorable
prognosis [24], with an overall 5-year survival of over 60 % [3, 19–21, 23, 24, 60,
62] and a recurrence rate of up to 46 % [2, 3, 10]. Pulmonary recurrences are either
within the ipsilateral lung or in both lungs. Extrapulmonary recurrent disease occurs
mainly in lymph nodes; however skin, bone marrow, or visceral organs could be
affected [2, 3, 25]. The median time to recurrence is 6–7 years, but late recurrences
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were reported up to 14 years [3, 21, 24, 26]. The prognostic factors affecting
survival are not well defined [20, 21]. A subset of low-grade MALT lymphomas
progress to diffuse large B cell lymphomas, which confer a worse prognosis [3].

Summary and Recommendations

Lymphoproliferative disorders can either involve the lungs and/or airways pri-
marily, by hematogenous spread or by contiguous invasion from intrathoracic sites
of nodal lymphoma. Primary pulmonary lymphomas are rare. The most frequent
type of lymphoma involving primarily the lungs and airways is low-grade marginal
zone B cell lymphoma of MALT type, usually associated with chronic persistent
inflammatory conditions with persistent antigen stimulation such as Sjogren’s
syndrome or other autoimmune processes, or immunodeficiency disorders. Patients
are usually asymptomatic, and the lymphoma is found during workup for the
evaluation of other unrelated conditions. When symptoms are present, they vary
according to the pattern of the disease. Cough, dyspnea, and chest pain are asso-
ciated with pulmonary parenchymal lesions, and symptoms of airway obstruction
are associated with lesions involving the airways. Pulmonary MALT lymphomas
manifest on CT scans of the chest as single or multiple pulmonary nodules.
Bronchoscopically, three main patterns can be seen in lymphomas involving the
airways, including a solitary intraluminal polypoid lesion, multiple round-shaped
nodular protrusions, or a diffuse and smooth wall thickening pattern, occasionally
causing luminal narrowing. The diagnosis relies on the microscopic examination of
tissue samples. The histologic differential diagnosis for low-grade MALT lym-
phoma is mainly reactive lymphoid hyperplasia, and the demonstration of a clonal
proliferation through immunohistochemical stains and/or cytogenetic studies is
essential for the diagnosis of lymphoma. Flow cytometry analysis of the bron-
choalveolar fluid may constitute an aid in detecting a clonal proliferation in patients
who are not eligible for other more invasive tissue-sampling procedures. The dif-
ferential diagnoses of high-grade lesions such as diffuse large B cell lymphoma
include other high-grade non-lymphoid malignant neoplasms such as carcinoma or
melanoma, and immunohistochemical stains are useful to determine the lymphoid
immunophenotype and classification of the lymphoproliferative disease. Treatment
of primary pulmonary/airway lymphomas varies depending on histologic grade,
patient’s comorbidities, and performance status. Surgery and/or radiation is con-
sidered for localized lesions, and chemotherapy and rituximab constitute alternate
treatment options, especially in patients with diffuse lesions. The long-term out-
come of pulmonary lymphomas is favorable. Recurrences may occur in about 50 %
of the cases, and the time to the recurrence may be as long as 14 years after
presentation. Therefore, long-term follow-up is recommended.
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Chapter 14
Diffuse Idiopathic Pulmonary
Neuroendocrine Cell Hyperplasia

Tathagat Narula, Carol Farver and Atul C. Mehta

Introduction

Neuroendocrine cells are specialized epithelial cells with the ability to synthesize,
store, and release various peptides and amines. In normal adult lungs, pulmonary
neuroendocrine cells (PNECs) are located through the length of the respiratory
tract, extending from trachea to the terminal airways [1]. Diffuse idiopathic pul-
monary neuroendocrine cell hyperplasia (DIPNECH), as the name implies, is a
diffuse idiopathic form of neuroendocrine cell hyperplasia (NEC) [2]. A rare con-
dition, it was first described by Aguayo et al. in 1992 in 6 non-smoking adults
presenting with slowly progressive cough and breathlessness. These patients had
diffuse NEC, multiple carcinoid tumorlets, and peribronchiolar fibrosis obliterating
small airways [3]. Although still an orphan disease, the last two decades have
witnessed an increasing recognition of this entity with attempts to better understand
its pathophysiology as well as its relationship to more familiar illnesses originating
from neuroendocrine cell lines.
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Epidemiology

To date, approximately 100 cases have been described in the literature and much
remains to be learnt about DIPNECH. There is a gender bias with close to 90 % of
sufferers being women. Although it can occur at any age, it is most commonly
diagnosed in the fifth or sixth decades. As highlighted in the earliest descriptions
from Aguayo, majority of the patients are non-smokers [4, 5]. Even though the
clinical course is benign in most cases, a delay in diagnoses of months to years is
not uncommon. With increasing awareness of this entity coupled with a much more
liberal use of advanced cross-sectional imaging modalities of the chest, an increase
in its incidence is anticipated.

Pathology and Etiopathogenesis

NECs reside along the length of the respiratory epithelium. These cells have the
ability to synthesize, store, and secrete neuroamines and neuropeptides. Three
manifestations of NEC proliferations have been described that occur in different
clinical settings:

1. Reactive NEC that is typically a response to chronic hypoxia in the setting of
pulmonary pathologies such as emphysema.

2. NEC proliferations associated with carcinoid tumors.
3. DIPNECH—a widespread NEC of the peripheral airways. Distinguishing it

from other proliferations, the term DIPNECH is restricted to cases in which the
hyperplasia is diffuse and primary in nature [6–8]. The challenges in diagnosis
of DIPNECH can be appreciated from the multiplicity of presentations of the
cases described in the literature. Cases with widespread diffuse lesions abound
as do those that were subjected to a limited investigation of the lung in a
radiographically affected region of interest [3, 9–11] (Figs. 14.1, 14.2, and 14.3).

Histopathological confirmation forms the cornerstone for diagnosis of
DIPNECH [12]. The gold standard remains a surgical lung biopsy. This is fre-
quently preceded by less invasive testing, typically bronchoscopy with biopsies
and/or lavage in an effort to rule out infectious and more common diagnoses [13].

There is a suggestion that DIPNECH sits along a continuum of neuroendocrine
cell abnormalities and possibly serves as a pre-neoplastic process for peripheral
carcinoid tumors [14–16]. DIPNECH proliferations may proceed to breach the
basement membrane and penetrate into the peribronchial soft tissue, forming small
nodules. If less than 5 mm, the nodules are arbitrarily referred to as carcinoid
tumorlets, and if greater than 5 mm, they are classified as carcinoids [17]. These
proliferations can potentially become mechanically occlusive resulting in an
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obstructive physiology. The World Health Organization recognizes the pre-invasive
nature of DIPNECH and its potential to form into carcinoid tumors [7]. Efforts are
being made to understand the sequence of events, including those at a genetic level,
and to explain the transformation of a relatively benign cell line of NEC to a
carcinoid tumor.

The other intriguing element is the tendency of patients to develop symptomatic
or asymptomatic constrictive bronchiolitis. Proliferating neuroendocrine cells are
believed to produce fibrogenic cytokines such as bombesin, gastrin-releasing
peptide, and other neuropeptides that can stimulate fibroblast proliferation with
subsequent airway fibrosis [8, 18].

Fig. 14.1 Neuroendocrine
cell hyperplasia (NE) with
adjacent carcinoid tumorlet
(T) and carcinoid tumor (C).
(hematoxylin and eosin;
12/5×)

Fig. 14.2 Carcinoid tumorlet
with spindle cell morphology
impinging on airway
(hematoxylin and eosin; 40×)
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Clinical Features

Two distinct modes of clinical presentation are described—symptomatic and
asymptomatic. Symptoms, when present, are typically non-specific with a pro-
tracted nonproductive cough and dyspnea. Many of the patients remain symp-
tomatic for many years prior to diagnosis and are frequently misdiagnosed to have
asthma or chronic bronchitis/bronchiolitis [11]. Descriptions of a relatively more
acute presentation with less than a year of symptoms before the diagnosis of
DIPNECH are noted in a minority of patients [13].

The second mode of presentation is an asymptomatic patient who is diagnosed to
have DIPNECH on histopathology in the setting of resection of pulmonary nodule
or nodules of unclear etiology. Frequently, DIPNECH is not considered in the
differential diagnoses for these patients prior to resection [11].

Laboratory Investigations

Unfortunately, there is no diagnostic blood or serologic investigations to confirm or
refute the diagnosis of DIPNECH. Expressions of neuroendocrine antigens as well
as secretion of fibrogenic cytokines and neuropeptides though suggestive are not

Fig. 14.3 Neuroendocrine cell hyperplasia undermining normal bronchial epithelium of airway
highlighted with antibody staining to chromogranin (anti-chromogranin with methylene blue
counterstain; 40×)
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diagnostic of DIPNECH. These can be seen in the whole spectrum of NEC pro-
liferations ranging from the benign to the malignant variants. The usefulness of
serum biomarkers in DIPNECH is limited with only isolated case reports of ele-
vated serum Chromogranin A and urinary 5-HIAA levels [19]. Studies investigating
the differential expression of key antigens involved in controlling cell kinetics
suggest early and fundamental differences between the ‘reactive’ process of PNEC
proliferation that occurs as part of the normal response to pulmonary injury as
against those that seen in the pre-neoplastic condition of DIPNECH. Expression of
p53, p16, and Ki67, proteins involved in cell proliferation and death, is seen more
consistently and earlier in proliferation in DIPNECH [4, 20]. Reports of multiorgan
endocrinopathies in patients with DIPNECH exist including those with coexistent
MEN1 syndrome and acromegaly [11, 21].

Imaging

Chest radiographs of patients with DIPNECH typically demonstrate multiple pul-
monary micronodules [22]. These are better appreciated on high-resolution com-
puted tomographic (HRCT) scan of the chest (Fig. 14.4a, b). Addition of expiratory
imaging, especially in those patients that have a suggestion of associated mosaic
attenuation, helps recognize air trapping, a radiological clue to constrictive bron-
chiolitis of the small airways. The micronodules can have a variable attenuation
ranging from ground glass to solid, and concerns for a metastatic malignancy are
frequent. Bronchiectasis, bronchial wall thickening, and atelectasis have also been
described. Although none of these abnormalities are pathognomonic, the associa-
tion of small nodules with CT features of constrictive bronchiolitis is a clue to the
diagnosis of DIPNECH [11, 23, 24].

Pulmonary Function Testing

Physiologically, the disorder is most commonly associated with an obstructive
respiratory impairment due to progressive airways narrowing. However, lung
function tests may reveal a mixed obstructive/restrictive pattern or be normal in a
number of patients [4, 25]. Not all cases of DIPNECH or tumorlets that are
encountered pathologically are associated with clinical evidence of airflow
obstruction in the small airways. In a series of 25 consecutive patients undergoing
resection for peripheral carcinoid tumors, even though 76 % had histological evi-
dence of NEC, only 32 % had airway changes of constrictive bronchiolitis, and two
of these patients had asymptomatic evidence of airflow obstruction. This series
suggests that only a minority of cases with NEC identified pathologically have
associated clinical evidence of airflow obstruction [10].
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Bronchoscopy

In general, the large tissue sample size required for pathologically identifying
tumorlets and neuroendocrine cell proliferation in airways renders transbronchial
biopsies and lavage washings low yield for diagnosis of DIPNECH. However, in

Fig. 14.4 a, b Contrast-enhanced computed tomography of the chest revealing multiple
pulmonary nodules (black arrows) and interstitial infiltrates of DIPNEC
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the appropriate setting, a presumptive diagnosis of DIPNECH-associated airway
disease can be made in a small subset of patients based on bronchoscopically
obtained pathological specimens so long as the clinical, functional, and radiological
findings are compatible [13]. It is common place for interventional bronchoscopists
to be invited to participate in care when lung nodules are detected, primarily with
the intention of sampling. In cases with DIPNECH, these nodules are usually small
and reliance on advanced diagnostic modalities such as navigational guidance and
radial probe endobronchial ultrasound is frequently sought [26]. Our own anecdotal
experience suggests that an awareness of this entity can prevent unnecessary
bronchoscopic procedures, not just resulting in cost savings but also mitigating the
risk of potential complications from the same.

Differential Diagnoses

Any etiology for constrictive (obliterative) bronchiolitis needs to be entertained in
the differential diagnoses of DIPNECH. These range from connective tissue dis-
orders, exposure to an inhaled toxins/mineral dusts, drug reactions, or diseases such
as ulcerative colitis [27]. Patients with DIPNECH are frequently misdiagnosed to
have asthma in light of their protracted course and symptomatic resemblance [11].

Prognosis and Treatment

Data on long-term treatment options and outcomes in patients diagnosed with
DIPNECH are limited. Without any available guidelines, treatment strategies are
based upon inferences drawn from case reports and small case series. Typically an
indolent and non-progressive disorder, majority of patients with DIPNECH have
excellent long-term survival [11, 28].

Treatment options have ranged from non-invasive strategies including a
‘wait-and-watch’ approach with close observation in minimally symptomatic stable
patients to major interventions including lung transplantation in select cases with
progressively worsening clinical course [28, 29].

Unsuccessful attempts at the use of cytotoxic agents in two patients with
DIPNECH, one of whom ultimately died of progressive respiratory failure while
receiving treatment with fluorouracil, were reported in the initial description of
DIPNECH [3]. To date, there is no convincing evidence supporting the use of
chemotherapeutic drugs in patients with DIPNECH. Current therapeutic options
have focused on steroid-based therapies. A trial of inhaled or systemic corticos-
teroid therapy, coupled with bronchodilators, particularly in patients who demon-
strate reversible airflow obstruction, is frequently advocated. Clinical improvement
has been noted in some series with this approach. Reduction in the inflammatory
response stimulated by the neuropeptide secretions from PNEC has been touted as
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the mechanistic rationale underlying this benefit [13, 30]. However, there is a
paucity of defined predictors of a favorable response to steroids. Surgical excision
of the dominant lesion, along with the use of somatostatin analogs has also been
proposed with a suggestion of disease stabilization for symptomatic patients [4, 30].

Summary

Long considered a rare entity, DIPNECH is now being increasingly recognized as
the use of computed tomography of the chest becomes rampant. Although the
course is typically protracted and benign, severe cases with unfavorable outcomes
are well reported. There remain major voids in our understanding of the patho-
genesis as well as natural history of this illness translating into the absence of
consistently effective management strategies. There exists a dire need for a database
to systematically investigate the nuances that surround the uncommon clinical
entity of DIPNECH.
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Chapter 15
Black Bronchoscopy

Pichapong Tunsupon and Atul C. Mehta

Introduction

The term black bronchoscopy has been used to describe the presence of black
pigmentation in the airways during flexible bronchoscopy. This condition was first
described in the literatures in association with occupational exposures in early 1940.
However, Packham and Yeow used the term “black bronchoscopy” to describe
endobronchial metastasis from a malignant melanoma in 2003 [1]. Since then,
multiple case reports have been published describing the hyperpigmentation of the
airway. It is a rare condition related to multiple etiologies such as congenital
disease, inborn error metabolism, infections, environmental exposures, neoplasm,
and iatrogenic causes. Although the majority of these conditions are benign, pul-
monologists should be fully cognizant of the differential diagnosis of black bron-
choscopy. In this chapter, we review the literature on causes of black discoloration
of the airway, discuss the clinical presentation, and provide the guidelines for
management.
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Congenital Disease

Melanosis

Tracheobronchial melanosis (TM) is an unusual finding in bronchoscopic exami-
nation. Previous case series have reported a prevalence of one in every 52 bron-
choscopies performed and distributed equally between male and female gender [2].
TM is found incidentally during bronchoscopic examination for unrelated indica-
tions. The hyperpigmented areas can be isolated or present at multiple sites in the
secondary and tertiary carina without distortions of the airways or mucosal
abnormalities (Fig. 15.1) Although melanosis of the larynx and oropharyngeal
mucosa has been associated with occult malignancy, thus far no association has
been found between endobronchial melanosis and internal malignancy or smoking
[3]. Although TM is a benign condition, it is important for pulmonologists to
distinguish this condition from other causes of black bronchoscopy.

Inborn Error of Metabolism

Alkaptonuria (Ochronosis)

Alkaptonuria is a rare inborn error metabolism involving the catabolic pathway of
the amino acids phenylalanine and tyrosine. It is a disorder caused by mutation of
the HGO gene encoding a specific liver enzyme, homogentisate-1,2-dioxygenase
(HGD), which degrades homogentesic acid (HGA)—an intermediary metabolite in
the phenylalanine and tyrosine degradation pathway. Alkaptonuria is inherited in an
autosomal recessive pattern [4].

Fig. 15.1 Incidental finding
of endobronchial melanosis in
a patient undergoing
bronchoscopy for an unrelated
indication
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HGD deficiency results in elevated plasma HGA level, which polymerized to
form a pigment and deposits throughout the body resulting in degenerative dark
gray pigmentation of connective tissues and cartilages. This syndrome is also
known as ochronosis. Signs and symptoms are primarily due to the accumulation of
HGA in tissues. Affected patients are usually asymptomatic in childhood. The
incidence and severity of ochronosis increases parallel to aging especially after the
third decades of life. Ochronosis has wide spectrum of signs and symptoms depends
on affecting organ systems.

Involvement of central airways with alkaptonuria was described in one case in
2005 [5]. Flexible bronchoscopy demonstrated hyperpigmented tracheal and
main-stem bronchial mucosa extended distally to small bronchioles that could not
be removed by saline irrigation or forceps extraction with the evidence of overlying
dry black secretion (Fig. 15.2). Histologic features of tracheal mucosa and black
secretion revealed acute bronchitis and necrotic debris, respectively. The diagnosis
of alkaptonuria was confirmed by the quantitative measurement of plasma and urine
HGA level by gas chromatographic-mass spectrophotometric assays [6].
Postmortem autopsy of another undiagnosed alkaptonuria revealed extensive
grayish black discoloration of the epiglottis, laryngeal, and bronchial cartilages [7].
Histologic examination revealed extensive calcium pyrophosphate dehydrate
(CPPD) deposition and generalized brownish yellow pigmentation of the matrix [7].
Multiple published case reports also demonstrate CPPD deposition with degener-
ative ochronotic arthritis involving synovial membrane and knee joints.

The optimal management of hyperpigmented airways related to alkaptonuria is
not clearly elucidated. High-dose vitamin C and protein restriction are ineffective in
reducing urinary HGA excretion. Nitisinone, a triketone herbicide that reversibly
inhibits 4-hydroxyphenylpyruvate dioxygenase, an enzyme in the tyrosine catabolic
pathway, decreases urinary HGA excretion by more than 80 % in an animal model
and decreases HGA production in human with alkaptonuria in one short-term study.
However, long-term efficacy and safety necessitate further evaluation [4].

Fig. 15.2 Ochronosis. Note
black pigments involving
lower trachea. Courtesy of
Mohamad Bakry, MD,
Pulmonary and Critical Care
Medicine, New York
Methodist Hospital

15 Black Bronchoscopy 307



Infection

Aspergillus Niger

Aspergillus species are commonly found in the environment. The most common
route of exposure is accidental inoculation from the inhalation of aerosolized
spores. The primary site of disease is the lung. There are several reports of black
pigmentation in association with Aspergillus niger infection on bronchoscopic
examination. One percent of all Aspergillus airway infections following lung
transplantation are from the A. niger species [8]. It generally occurs in immuno-
compromised population, in the nosocomial settings, patients with diagnosis of
hypogammaglobulinemia and patients who are taking long-term itraconazole
therapy. The fungus produces oxalic acid, which bind to airway calcium, which
causes deposition of white mass of calcium oxalate in airway mucosa in addition to
the black pigmentation due to A. niger [9] (Fig. 15.3). Management of endo-
bronchial aspergillosis is discussed in Chap. 9.

Ochroconis Gallopava

Fungal infection caused by dematiaceous fungi (dark-pigmented fungi), such as
mycetoma, chromoblastomycoses, and phaeohyphomycosis, characterizes by the
presence of melanin or melanin-like pigmentation [10]. The incidence of this type
of fungal infection has been increasing in solid-organ transplant recipients

Fig. 15.3 a Aspergillus niger colonization involving right upper lobe bronchus in a lung
transplant recipient. The white calcium oxalate particles are at the base. b Calcium oxalate crystals
under the microscope. Reprinted from Singhal et al. [9] with the permission from Elsevier
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especially in the genus Ochroconis [10], which include species gallopava, constrict,
and humicola.

Ochroconis gallopava infection generally presents with the pulmonary or
extrapulmonary involvement especially of CNS and skin. Among solid-organ
transplant recipients, lung transplant recipients have the highest incidence of
O. gallopava infections [11]. Common pulmonary presentations include nodules
and non-resolving infiltrates with upper and middle lung predominance. Cough may
be present [12]. Involvements of airways could present with black pigmentation and
growth similar to A. niger (Fig. 15.4). Diagnosis is made by transbronchial biopsies
and fungal culture. Antifungal therapy anecdotally has been decided based on
sensitivities. Rarely, cases of O. gallopava have also been reported in the
non-solid-organ transplant population [13].

Healed Endobronchial Tuberculosis

Healed endobronchial Mycobacterium tuberculosis (MTB) infection often leaves
black pigmentation within the airways mucosa. Bronchoscopic examination reveals
multiple areas of dense fibrosis and the deposition of black pigment particle
(Fig. 15.5). Multiple calcified intrathoracic lymph nodes on computer tomography
of the chest raise suspicion for a prior infection with MTB [14]. The proposed
mechanism of dark pigmentation is intrabronchial microperforation of the lymph
nodes loaded with pigment-laden macrophages into the adjacent bronchial mucosa.
After years of healing and fibroblastic proliferation, airway stenosis may develop
[15]. The black pigments are assumed to be the residues of MTB organisms.
Anti-TB regimen can potentially resolve the atelectasis and bronchial narrowing,
but hyperpigmentation is considered irreversible [14].

Fig. 15.4 Black
pigmentation of Ochroconis
gallopava involving the left
upper lobe bronchus in an
immunocompetent patient.
Courtesy of Wes Shepherd,
MD, Interventional
Pulmonology, Virginia
Commonwealth University
Medical Center
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Environmental Causes

Anthracosis and Anthracofibrosis

Anthracosis is a condition in which inhaled carbon particles are deposited in the
airways and the lung parenchyma. This condition is commonly found in cigarettes
smokers and in individuals heavily exposed to atmospheric soot. The inhaled
anthracotic particles are usually removed by mucociliary clearance, which is an
important lung defensive mechanism. However, small amounts of carbon particles
ingested by macrophages are retained within the bronchioles [16]. This, however,
does not lead to inflammation or fibrosis.

Bronchial anthracofibrosis and anthracostenosis refer to luminal airway nar-
rowing along with anthracotic (black) pigmentation overlying the bronchial mucosa
without history of cigarette smoking [17–19] (Fig. 15.6). Anthracofibrosis is mainly
reported in association with occupations such as coal mining, masonry, and in

Fig. 15.5 Healed
endobronchial
Mycobacterium tuberculosis
(MTB) involving the right
lower lobe bronchus

Fig. 15.6 Severe narrowing
and black pigmentation of
anthracostenosis involving the
right lower lobe bronchus in
an elderly coal miner.
Reprinted from
Mireles-Cabodevila et al. [19]
with the permission from
Wolters Kluwer Health
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patients with chronic exposure to wood smoke [20–22]. Anthracofibrosis related to
chronic biomass or wood-smoke exposure is typically found in non-smoking
elderly women using biomass fuels for indoor cooking [20, 23].

The common presentation of anthracofibrosis is chronic cough, sputum, and
airflow obstruction with a minimal response to bronchodilators therapy [23]. Other
respiratory symptoms are dyspnea, wheezing, and rhonchi [18, 20, 23].
Characteristic findings of chest computerized tomography (CT) are thickening and
narrowing of airways, leading to lobar atelectasis predominantly involving the right
upper and middle lobes, surrounded by enlarged and/or calcified peribronchial, hilar,
or mediastinal lymph nodes [15]. Microperforation of the airways by the enlarged
lymph nodes during chronic healing process is believed to be the major cause of
anthracofibrosis. A high proportion of crystalline silica and non-fibrous silicates
(mica and kaolin particles) in hilar lymph nodes, lung tissues, and BAL fluid from
mineralogical analyses by transmission electron microscopy is the gold standard for
the diagnosis of anthrocofibrosis [22]. Several cases of bronchogenic carcinoma
have been reported in association with anthracofibrosis [24]; particularly, poorly
differentiated adenocarcinomas have been found to develop in severely anthracotic
lungs [25]. This occurrence seems to be coincidental rather than a cause–effect
relationship. Radiological diagnosis of this clinical entity is not sufficient and
potentially misses the diagnosis of lung cancer. Thus, bronchoscopy is essential for
diagnosis of unexplained localized central airway abnormality and atelectasis,
especially if clinical history suggests a high probability for malignancy [22].

There is no definite guideline for management of anthracofibrosis. In a single
case report, pharmacological treatment with corticosteroids and tamoxifen showed a
partial resolution of bronchial narrowing [20]; however, the multiple patchy areas
of black pigmentation remained unchanged [20]. Other alternative treatment
options, such as antibiotics, bronchodilators, physiotherapy, and postural drainage,
are of limited value [23].

Soot Inhalation (Smoke Inhalation)

The major causes of death in fire injury in the past decades include skin burns,
systemic toxicity from carbon monoxide or nitric oxide poisoning, and wound
sepsis. The recent data support that smoke inhalation injury is the most frequent
causes of death in burn and fire injury [26]. The mortality rate from soot inhalation
alone is approximately 10 %. A combination of smoke inhalation and skin burns
increases the mortality rate to 30–90 % [27]. A targeted history and physical
examination (e.g., facial burns, nostril edema) [28] are keys for diagnosis of smoke
inhalation injury. Laryngeal edema following the smoke inhalation can rapidly
progress to acute upper airway obstruction from thermal injury or chemical injury
of the upper airways. Early intubation and mechanical ventilation is justified in this
circumstance [29]. FB is a standard procedure for the diagnosis of smoke inhalation
[30]. The characteristic bronchoscopic findings are multiple areas of large grayish
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edematous plaques involving the mucosa of tracheobronchial tree. [31, 32]
(Fig. 15.7). The smoke inhalation injury results in significant decrease in surfactant
production [33] leading to atelectasis and pneumonia seen on chest radiographs.
Histologic examination reveals disruption of the tracheobronchial mucosa with
focal necrosis and the formation of a pseudomembrane composed of mucus, cell
debris, fibrinous exudate, neutrophils, and bacteria [27].

An important concept in the management of smoke inhalation injury is secretion
clearance by means of therapeutic coughing, chest physiotherapy, early ambulation,
and airways suction. Pharmacological managements, such as bronchodilators,
racemic epinephrine to induce vasoconstriction and reduction of mucosal edema
[34], and mucolytic agents, also alleviate clearance of secretion. Flexible bron-
choscopy is very effective for secretion and cell debris removal. Untreated airways
can become completely obstructed, causing lobar atelectasis and post-obstructive
pneumonia [33]. The combination of inhalation injury and pneumonia results in a
60 % increase in mortality from burns [27]. A retrospective study has revealed that
patients with 30–59 % surface-area burn and pneumonia who underwent at least
one bronchoscopy required shorter duration mechanical ventilation (21 vs. 28 days,
P < 0.0001), ICU stay (35 vs. 39 days, P < 0.04), as well as overall hospital stay
(45 vs. 49 days, P < 0.009). In addition, the mortality rate was reduced by 18 % in
the bronchoscopy group [26]. A prospective study proposes a graded severity of
soot inhalation according to the depth of mucosal injury. This classification is based
on FB being performed within the first 24 h after the injury (Tables 15.1 and 15.2)
[35]. FB helps predict outcomes and leads to the development of effective treatment
guidelines. Deeper the mucosal damage on histology is associated with higher the
rate of acute lung injury and mortality rate [35]. Thus, early bronchoscopy is
strongly recommended for patients with an inhalation injury [35, 36].

Fig. 15.7 Sooty inhalation:
thick layer of soot involving
the lower trachea. Reprinted
from Ribeiro et al. [32] with
the permission from Wolters
Kluwer Health
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Argyria and Argyrosis

Argyria is a condition caused by chronic silver exposure results in an irreversible,
bluish gray discoloration of the skin (argyria) and sclera (argyrosis) [37, 38]. Cases
of occupational- and medication-related argyria have been reported since the early
1940s [39, 40]. The duration of exposure varies from months to years prior to the
diagnosis [39, 40]. The routes of silver particles exposure via inhalation, ingestion,
or a parenteral route have been reported [37, 41, 42]. The deposition of silver
particles is commonly confined to one area (localized argyria) through prolonged
direct contact or can be distributed throughout the organ systems (systemic argyria).
Involvement of organs such as the trachea, skin, liver, kidneys, corneas, gingival,
mucous membranes, nails, and spleen has been reported in literatures [43]. Argyria
is proposed as a mechanism of detoxifying silver from the bloodstream by its
excretion into the tissues in the form of a harmless silver–protein complex [44].
Sparse data are available on the possible toxic effects of silver deposition in organ
tissues [37]. Patients who report high levels of silver exposure and present with
plasma silver levels above the normal range can develop neuropathy [45].
Histologic examination reveals tiny dark-brown particles of silver deposited in the
affected areas, especially the internal elastic lamina of small vessels [39]. This
finding is visually distinguishable from the typical coarse deposition of black
pigment seen in anthracosis [38, 43]. Chronic inhalation of silver vapors can lead to
discoloration of bronchial mucosa and alveoli [39], which usually presents with

Table 15.1 Classification of endobronchial burns according to the depth of mucosal damage

Group Finding

G0 Negative

Gb Confirmed positive by biopsy

G1 Mild mucosal edema and hyperemia, with or without carbon soot

G2 Severe mucosal edema and reddening, with or without carbon soot

G3 Ulcerations, necrosis, and absence of both cough reflex and bronchial secretions

G = group
Adapted from Chou et al. [35] with the permission from Springer Science + Business Media

Table 15.2 Correlation of
acute lung injury (ALI) and
mortality by group

Number of patients ALI (n, %) Mortality (%)

G0 53 2 (3.8) 0

Gb 6 0 0

G1 49 2 (4) 2

G2 46 15 (33) 15

G3 13 10 (77) 62

Total 167 29 14

Adapted from Chou et al. [35] with the permission from Springer
Science + Business Media
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mild respiratory symptoms such as chronic cough, mild bronchitis, emphysematous
change, and reduction in lung volumes. There have been no major clinical conse-
quences reported thus far [46]. A single case report described an unusual bron-
choscopic finding of a dark hyperpigmented area with a distinctive demarcation in a
patient in prolonged contact with a silver tracheostomy tube (Fig. 15.8) [43].
Histologic examination revealed dark fine pigments underneath the epithelium,
without the involvement of blood vessels [43].

Neoplasms

Endobronchial Melanoma

Several endobronchial neoplasms exhibit dark pigments. Primary melanoma of the
lung is a rare tumor involving 0.01 % of all lung tumors [47]. Metastatic melanoma
is the more common than the primary endobronchial melanoma. Metastatic mela-
noma usually presents months or years after the onset of the primary tumors. It is
mandatory to look for primary tumor if melanoma of the lung is found on bron-
choscopy. Kiryu et al. [48] classified the endobronchial melanomas into four dif-
ferent types: type 1, direct metastasis to the bronchus; type 2, bronchial invasion by
a parenchymal metastatic lesion; type 3, bronchial invasion by mediastinal or hilar
lymph node metastasis; and type 4, a peripheral lesion extending along the proximal
bronchus.

Primary or metastatic melanoma is seen as a dark hyperpigment, sticky endo-
bronchial lesion on FB examination [49] (Fig. 15.9) [50]. The differential diagnosis
of endobronchial melanoma includes melanocytic carcinoid, schwannoma, and
paraganglioma [47]. Histological examination is required to differentiate these
tumors from endobronchial melanoma. Because primary melanoma of the lung is
exceedingly rare, strict diagnostic criteria have been established: junctional changes

Fig. 15.8 Endobronchial
argyria. Well-demarcated area
of grayish black pigmentation
involving upper trachea in a
patient using a silver
tracheostomy tube over
30 years. Reprinted from
Schreiber et al. [43] with the
permission from Wolters
Kluwer Health
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(e.g., dropping off or nesting of melanoma cells just beneath the bronchial
epithelium), the invasion of the bronchial epithelium by melanoma cells in an area
where the bronchial epithelium is not ulcerated, and absence of melanoma else-
where in the body at the time of diagnosis [51]. The overall prognosis is poor for
both primary and metastatic melanomas because the endobronchial lesions usually
present at advanced stages of disease. Median survival after the diagnosis of
metastatic disease is approximately 15 months [52]. Surgical resection followed by
chemotherapy and immunotherapy has been reported in a few instances, but
long-term prognosis is not well defined.

Teratomas

Teratoma composes of collections of tissue and organized structures derived from
all three-cell layers, ectoderm, mesoderm, and endoderm. A mature teratoma may
rupture and release its contents into airways, resulting in a recurrent cough,
hemoptysis, and tricoptysis [53]. The term tricoptysis refers to the expectoration of
hairs. Tricoptysis is seen in 15 % of the cases of intrapulmonary teratoma. Involved
airways exhibit dark black areas due to the presence of hair. Even though the tumor
is benign, there is risk of malignant transformation [54]. Histopathological exam-
ination is a gold standard for diagnosis of mature teratoma. Thus, surgical excision
of the tumor is the treatment of choice.

Fig. 15.9 Endobronchial
metastatic melanoma
producing total obstruction of
the left main-stem bronchus in
a patient with prior history of
melanoma. Reprinted from
Das et al. [50] with the
permission from Wolters
Kluwer Health
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Iatrogenic Causes

Charcoal Aspiration

Activated charcoal is used for the management of several drug intoxications. It
binds directly to the toxic drug creating a passive diffusion gradient from the
bloodstream, across the GI lumen (GI dialysis) [55] to prevent poisons from being
absorbed into the systemic circulation. Patients with neurological deficits are at
increased risk of activated charcoal aspiration into the lungs, especially if the airway
is not adequately protected. Aspiration is reported in 1.7 % of patients who received
activated charcoal alone and 2.3 % of those who also undergoes gastric emptying
[56]. Simultaneous aspiration of gastric content and activated charcoal aspiration
results in severe pulmonary complications. Acute complications of charcoal aspi-
ration include airway obstruction, bronchospasm, hypoxemia, and aspiration
pneumonia. Late complications include ARDS, bronchiolitis obliterans, bron-
chopleural fistula, and death [57]. Activated charcoal is thought to be an inert and
nonabsorbable agent; however, it exerts a strong immunogenicity and provokes an
inflammatory response in the lungs. Direct instillation of activated charcoal into the
lungs of animal models results in increased microvasculature permeability and
pulmonary edema. Interestingly, activated charcoal aspiration has been reported to
present as a spiculated, PET-positive mass mimicking lung cancer [58].

Management is largely supportive with mechanical ventilation and inhaled
bronchodilators. Aspirated charcoal should be removed from the endobronchial tree
(Fig. 15.10) [55, 59], with bronchial washings as much as possible. Repeated
bronchoscopies may be needed in some patients with severe aspiration. The key to
prevention of charcoal aspiration is to provide adequate airway protection
with endotracheal intubation, especially in patients with underlying neurological
deficits [55].

Fig. 15.10 Activated
charcoal aspiration in an
obtunded patient. Reprinted
from Rajamani and Allen [55]
with the permission from
Wolters Kluwer Health
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Amiodarone

Amiodarone is an antiarrhythmic agent used to control cardiac arrhythmias.
Pulmonary complications develop in 5–15 % of patients on 500 mg or more daily
and in 0.1–0.5 % of patients on doses up to 200 mg daily [60]. There are two
possible mechanisms of pulmonary toxicity: (1) a direct toxic effect and (2) an
immune-mediated hypersensitivity reaction [61]. Pulmonary complications that
have been reported in the literatures include interstitial pneumonia, organizing
pneumonia, ARDS, pulmonary nodules, alveolar hemorrhage, and pulmonary
fibrosis [62]. In addition, airway hyperpigmentation is reported in one case [59, 63]
possibly due to prolong exposure to high-dose amiodarone, which results in chronic
accumulation in the submucosal tissue (Fig. 15.11) [59]. Bronchial hyperpigmen-
tation is reversed by discontinuation of medication [59, 63].

Tricoptysis

Tricoptysis refers to the expectoration of hairs. In addition to benign tumor such as
teratoma as discussed above, a case of iatrogenic tricoptysis has also been reported
in the literature [64]. The patient presented with a gradual onset of shortness of
breath, hoarseness, wheezing, and coughing of hair after he underwent recon-
struction surgery for a benign laryngeal tumor, which used a mucosal flap. FB
revealed an extensive meshwork of black hair filaments, below the epiglottis,
partially covering the vocal cords [64]. Some hairs were covered by thick mucus.
Most patients with a laryngeal tumor who undergo flap reconstruction require
postoperative radiation to minimize ectopic hair growth. However, this patient had
not received external beam radiation. Laser hair removal or fulguration techniques
were necessary to remove hairs permanently from this location [64].

Fig. 15.11 Black
pigmentation involving left
lower lobe bronchus, in a
patient on long-term
high-dose amiodarone
therapy. Reprinted from
Lincoln et al. [63] with the
permission from Wolters
Kluwer Health
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Endobronchial Ignition

Several cases of endobronchial ignition during thermal ablation have been reported
in literatures. The incidence does not only occur during thermal ablation but also
occur during laser, electrocautery, or argon plasma coagulation. Burned mucosa as
a result of tracheal fire exhibits black debris, based on the degree of injury
(Fig. 15.12) [65, 66]. The endobronchial ignition results in black discoloration of
the airways. The black carbonaceous debris and the toxic vapors from a burn can
produce chemical injury and chronic mucosal inflammation [67]. Severe endo-
bronchial inflammation can also lead to the perforation of the airways creating a
fistula tract with adjacent internal organs. Major factors contributing to the endo-
bronchial ignition are types of endotracheal tube, type of bronchoscope and laser
used, and high oxygen concentration (FiO2) [68].

Endobronchial ignition is an emergency condition regardless of the source of
energy. Strategies have been proposed to minimize the incidence of endotracheal
fire during laser photo-resection and argon plasma coagulation [66, 69–73]. The
operating room personnel should be trained to properly manage the circumstances.
A protocol when a flash fire is detected should be established. All anesthetic agents
should be discontinued immediately and saline may be used to extinguish fire. The
endotracheal tube should be removed. The patient should receive pure oxygen
ventilation by mask prior to reintubation [67]. The tracheobronchial tree should be
re-evaluated for the removal of any foreign particles. Surveillance FB should be
performed daily to evaluate the extent of injury and detect early complications [67].
Steroids should be initiated with a gradual tapering as the patient’s condition
improves. Tracheal cultures should be obtained daily for the early detection of

Fig. 15.12 Endobronchial ignition during laser photo-resection producing sloughing of the
bronchial mucosa. Reprinted from Krawtz et al. [66] with the permission from American College
of Chest Physicians
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microbiology. Prophylactic antibiotics, such as penicillin and cephalosporin, should
be initiated and later adjusted according to the result of cultures [67]. In severe
laryngopharyngeal injury, tracheostomy is necessary to prevent airway obstruction.
A high-humidity nebulizer will facilitate the clearing of secretions because burned
airways with impaired mucociliary function are prone to form mucus plugs,
resulting in post-obstructive pneumonia [67].

Iron Pill Aspiration

Iron pill aspiration (IPA) is a condition that frequently reported in the literatures.
Iron supplements are available over the counter in different colors in the USA.
Ferrous sulfate (FeSO4) is the most common preparation involved in this condition;
neither ferrous gluconate nor ferrous fumarate has been reported in the cases of
aspiration. Once FeSO4 dissolves in the lung secretions, the acidic property
(pH < 3) of the FeSO4 [74] leading to severe inflammation, acute mucosal damage,
granuloma formation, fibrosis, or bronchial stenosis [75, 76]. A triad of history of
IPA, intense airway inflammation, and histologic examination showing iron parti-
cles from bronchial biopsy in the absence of foreign body constitutes the syndrome
of IPA [76]. Radiographic investigation could support the diagnosis despite the lack
of classic triad of IPA. CT scan of the chest demonstrating circumferential thick-
ening of the bronchus intermedius in the context of IPA has been reported [77].
PET-CT scans showing evidence of airway inflammation and necrosis due to iron
deposition have also been reported [78].

Bronchoscopic examination in majority of IPA cases reveals greenish
dark-brown necrotic material overlying bronchial mucosa. Although the FeSO4 pill
rapidly disintegrates in the airway and may not be visually detected during bron-
choscopic examination, an endobronchial biopsy specimen may show iron parti-
cles’ deposition even after a year of aspiration [76]. Bronchial washing may reveal
reactive epithelial cells and histiocytes with both intracellular and extracellular,
refractile, crystalline material positive for Prussian blue iron stain [78].

Measure to prevent IPA is to avoid oral iron pills supplement in patients with
swallowing disorders. An alternative route of supplementation is parenteral
administration. Bronchial stenosis resulting from IPA can be managed by bron-
choscopic intervention. Failure to diagnose IPA in patients with previously com-
promised lung function can lead to lethal consequences [76, 79].

Minocycline-induced Endobronchial Tree Hyperpigmentation

Minocycline is a broad-spectrum tetracycline antibiotic. Most common indica-
tions for minocycline administration are for treatment of skin acne, chronic
infection from gram-positive, gram-negative, and atypical microorganism [80].
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Minocycline-induced abnormal pigmentation is a common side effect after expo-
sure to the medicine. An accumulation of dark blue minocycline-degraded product
in various tissues is a potential source of abnormal pigmentation [81]. The cumu-
lative dose and duration of minocycline-exposure-induced hyperpigmentation is not
clearly defined. There are numerous case reports of minocycline-induced hyper-
pigmentation in systemic organs such as dermatology (skin, nail), ophthalmology
(sclera and conjunctivae), oral cavity (teeth, mucous membrane, gingiva, hard
palate, and alveolar bone), bone and cartilage, and internal organ tissue such as
thyroid, aortic and mitral valves, atherosclerotic plaques, and breast milk [80]. In
addition, Asakura et al. [82] reported the first case of minocycline-induced tracheal
ring hyperpigmentation, which partially resolved in 6 months after the medication
was discontinued. Pulmonologist who perform bronchoscopy should rise suspicious
of minocycline side effect if encounter areas of dark blue discoloration of the

Table 15.3 Diagnostic approach to black bronchoscopy

Etiology Differential
diagnoses

Diagnostic method

Congenital Melanosis By excluding other conditions

Inborn error
metabolism

Alkaptonuria
(ochronosis)

Measurement of urine and plasma HGA levels

Infection Aspergillus niger
Ochroconis
gallopava
Healed TB

Endobronchial biopsy and culture
Transbronchial biopsy and culture

Prior history of TB infection and pigment location at
lymph node stations

Environmental
exposures

Anthracosis and
anthracofibrosis
Sooty inhalation
Argyria

By history, endobronchial biopsy and microscopic
examination under polarized light
History of exposure to fire
By history and endobronchial biopsy

Neoplasm Primary malignant
melanoma
Metastatic malignant
melanoma
Melanotic carcinoid
tumor
Melanotic
schwannoma
Melanotic
paraganglioma
Teratoma
(tricoptysis)

Endobronchial biopsy

Endobronchial biopsy

Endobronchial biopsy

Endobronchial biopsy

Endobronchial biopsy

Chest CT scan

Iatrogenic Charcoal aspiration
Amiodarone

Tricoptysis
Endobronchial
ignition
Iron pill aspiration

History of charcoal use
History of amiodarone use and resolution after
discontinuation of the drug
History of prior airway reconstruction surgery
History of thermal ablation

History and endobronchial biopsy

HGA Homogentisic acid
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endobronchial tree particularly at the cartilaginous part of the trachea. It is a benign
condition, and a detailed history and review of medication list is an important key
leading to final diagnosis without unnecessary investigation.

Conclusions

This chapter provides a comprehensive review of differential diagnoses, diagnostic
studies, and optimal management guidelines for airway hyperpigmentation. Despite
most of the etiologies are benign, pulmonologist should also be cognizant of
malignant etiologies. The majority of the cases can be diagnosed by clinical history
of exposure, endobronchial biopsies, and tissue cultures. However, specific diag-
nostic tests may be required to guide the diagnosis in particular cases (Table 15.3).
Overall, it is very important for pulmonologist to recognize the entities of these
airway abnormalities for proper diagnosis and management.
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Chapter 16
Airway Complications After Lung
Transplantation

Jose F. Santacruz, Satish Kalanjeri and Michael S. Machuzak

Introduction

Airway complications (AC) have had a significant impact on the morbidity and
mortality in lung transplantation since the first human lung transplant in 1963. Early
incidence of complications were exceedingly high at 60–80 %, but improvement in
many facets led complication rates to drop significantly into the 10–15 % range
with a related mortality rate of 2–3 % [1–6].

AC have a variety of presentations and while their treatments are often insti-
tution dependent, they are all individualized to the type of AC (stenosis, dehiscence,
etc.), timing, location, and severity. While most early reports of AC dealt primarily
with the anastomosis, we now are aware of complications distal to the suture line,
such as the “vanishing bronchus syndrome” [7].

AC can be grouped anatomically (anastomotic or distal to the anastomosis),
descriptively (stricture, granulation tissue, infection, necrosis, dehiscence, and fis-
tula formation), temporally (early or late) or by etiology (ischemic, infectious,
iatrogenic, or idiopathic). In addition to the associated mortality, patients with AC
experience increased morbidity, most notably in of quality of life. The number of
procedures, repeated office visits, hospitalizations, and associated costs can all
significantly affect one’s satisfaction with lung transplant and in some cases min-
imize or completely negate benefits from this complicated undertaking.
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The goals of this chapter include a brief description of the history of AC,
transplant-specific anatomy, surgical techniques of lung transplantation, classifi-
cation of AC, etiologies, management, and potential future directions for prevention
and treatment.

Historical Background

James Hardy performed the first human lung transplantation at the University of
Mississippi in 1963. The patient had lung cancer and died 18 days after the transplant
due to renal failure [8].

The first successful lung transplant occurred at the University of Toronto in 1983.
Prior to it, multiple attempts were performed around the world without success;
many of those cases had deficient healing of the bronchial anastomosis [8].

In the early days of lung transplantation, AC were a significant source of
morbidity and mortality, making AC the “Achilles heel” of lung transplantation
short-term survival [1–3, 8, 9].

With improved surgical techniques, new immunosuppressant regimens, and
overall better medical management, survival has significantly improved over the
years [1–10].

Anatomy

Lung transplantation patients have a unique situation compared to other solid organ
recipients. Human lungs contain dual blood supplies, a pulmonary and separate
bronchial circulation. The bronchial circulation provides the blood supply to the
major airways and supporting structures of the lungs, and this is not re-established
in standard lung transplantation. Previous anatomic studies have defined fairly
consistent origins of the bronchial arteries. These vessels arise either as branches of
the aorta or intercostal arteries and travel through the hila where small arteries enter
into the muscular layer of the airway and eventual terminate in a plexus within the
bronchial mucosa. This submucosal plexus gives rise to a collateral circulation
between the pulmonary and the bronchial vessels. The bronchial circulation pro-
vides primary blood supply to both proximal mainstem bronchi, although the
pulmonary circulation can contribute through retrograde collaterals. While the
pulmonary circulation is re-established during the transplantation procedure,
bronchial circulation is not. This feature places bronchial viability and anastomotic
healing completely dependent upon retrograde blood flow from the pulmonary to
bronchial circulation. As a result, there is potential for perioperative ischemia
jeopardizing the anastomosis and distal airways. The main carina and both proximal
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mainstem bronchi are supplied via the coronary collateral system arising from atrial
branches of the left and right coronary arteries. This may explain why the proximal
airways seem to suffer less ischemic injury.

Incidence and Prevalence

There is a wide range in the reported incidence of anastomotic complications in the
lung transplant population. Reports of complication rates range from 1.6–33 % over
the past several decades, though numbers around 15 % seem to be the expert con-
sensus. The incidence of AC in heart–lung transplant recipients is low [2, 11, 12].
Many theories exist for the rationale of why AC rates have declined from the
60–80 % range. These include advances in graft preservation, donor and recipient
selection, progress in perioperative management, and immunosuppression as well as
improvements in surgical techniques. Most recently, Shoffer et al. [13] and Dutau
et al. [14] reported institutional rates of AC of 13 and 14.5 %, respectively, again on
a par with recent observations [1–6, 10, 11, 15–18]. There is controversy regarding
the incidence of AC in transplantation using donation after cardiac death, but in our
experience it is similar to that reported for lung from brain-dead donors [19, 20].

This is clearly a complex issue with much interplay, but one of the most likely
reasons for this wide range may be the lack of a standardized classification system.
What has been classified as a complication at one institution may not have been
listed as one in another. We will discuss AC classifications later in this chapter.

Risk Factors

Several proposed risk factors to the development of AC have been identified. These
can be subdivided into donor/recipient factors, surgical techniques, infections,
medications or immunosuppression, and miscellaneous [21].

Historically, AC have been mainly attributed to ischemia of the donor bronchus
during the immediate post-transplant period [1, 22, 23].

Donor and Recipient Risk Factors

Several risk factors may be attributed to the donor. Van De Wauwer et al. [9];
identified the duration of donor’s mechanical ventilation (50–70 h) prior to organ
recovery and a greater height mismatch (likely related to a larger bronchial diam-
eter) with a taller donor being more likely to lead to an AC. In such cases, the
surgical technique of minimizing the length of the anastomosis as well as tele-
scoping may be the best solution [10].
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Other risk factors thought to be involved include ischemia of the donor bronchus
(particularly in the immediate postoperative period), the length of the donor bronchus,
the type of surgical anastomosis, infections, size difference between the donor and the
recipient bronchi, type of immunosuppressive regimen used, pulmonary fungal
infections, and the need for a postoperative tracheostomy [2, 16, 24–28].

Surgical

Which anastomotic technique is best is a matter of debate and controversy [10, 29].
Many techniques and variations including telescoping, end-to-end, wrapping vas-
cular pedicles, and bronchial artery revascularization (BAR) have been tried and
studied, though opinions vary on which is best, no consensus is present. The initial
experience of end-to-end anastomoses was poor but fortunately these outcomes
prompted changes and led to a variety of techniques [2, 22].

After initial disappointing results, the practice of wrapping the anastomosis
became more popular, first with omentum, later pericardial, peribronchial, or
intercostal tissue [2, 4, 26, 27, 29]. However, the added technical complexity of the
wrap in addition to lack of randomized controlled trials showing benefit has
decreased enthusiasm for this technique and it is rarely used today [30].

The technique of telescoping the anastomosis has also been tried to address
complications, particularly dehiscence [2, 18, 23, 31]. Although it initially gained
support, this technique has been largely abandoned as it has demonstrated increased
complication rates, as high as 48 % [16]. The major issue limiting the usefulness of
the telescoping technique was increased stenosis but increased concern for infection
has also been cited. These complications are likely related to this technique starting
with a narrowed airway by virtue of the telescoping and possibly trapping bacteria
between the airway walls [10, 16].

Presently, the end-to-end bronchial anastomosis without a wrap, performed, as
close to the secondary carina as possible, is the preferred technique at most centers
[10, 32]. Performing the anastomosis close to the secondary carina is desirable, as
donor bronchus length has been shown to be crucial. Excessive length of this donor
bronchus increases the likelihood for ischemia as all flow in the post-transplant
period is via collaterals and inversely proportional to length [2, 9, 22].

Though it may seem logical that a longer ischemic time will increase the inci-
dence of AC, this has not necessarily proven true. This has been best supported in
bilateral sequential lung transplantation [4, 10, 18, 23]. Despite the longer ischemic
time, the second anastomosis of a bilateral sequential transplant is not more prone to
AC [26].

Regardless of the approach, the bronchial anastomosis remains ischemic in the
postoperative period possibly leading to AC. BAR has been presented as an
approach to avoid this and will be discussed later [10, 18, 27, 29–33].
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Infections

Infections in both the preoperative and the postoperative periods have long been
postulated to be a factor predisposing to AC. The rationale of increased inflam-
mation and decreased healing certainly has merit [11, 22].

In some patients, a high inoculum of pathogenic organisms may be present
immediately after transplantation and often the anastomosis is sutured on a con-
taminated field, not infrequently with multidrug-resistant bacteria [10, 34, 35].

Combining this with the evidence supporting bacterial and fungal airway col-
onization increasing patient risk for infections in suppurative lung disease may add
support [34, 35]; however, the actual role of infection leading to dehiscence,
stricture, granulation tissue, and malacia is not firmly established.

Medications/Immunosuppression

Considerable improvements in lung transplant survival have been achieved; how-
ever, other solid organ transplants demonstrate superior survival. While AC may
play a role in this regard, other factors contribute as well. Despite lung transplant
patients being maintained at higher levels of immunosuppression, both acute and
chronic rejection rates remain higher than most solid organ transplants. Chronic
rejection manifests as bronchiolitis obliterans syndrome (BOS) and occurs earlier
with more severity compared to other solid organ transplants [36].

Immunosuppression is critical for the survival of an allograft; however, this may
predispose the airways to complications due to increased susceptibility to infection
and reduced healing. The use of corticosteroids in the preoperative period was once
considered a contraindication due to concern for anastomotic healing [25, 37]. Later
studies showed not only adverse effect and possibly less granulation tissue for-
mation but also improved survival in the face of corticosteroids [2, 12, 26, 37, 38].

Typical post-transplant immunosuppressive regimens are three-tiered and consist
of a calcineurin inhibitor (typically tacrolimus), an anti-lymphocyte (mycopheno-
late mofetil or azathioprine), and corticosteroid. Sirolimus (rapamycin, Rapamune)
should specifically be discussed as it has been shown to play a role in airway
healing. Sirolimus is a novel macrolide first developed as an antifungal agent, later
found to have potent immunosuppressive and anti-proliferative properties. First
used in renal and later in lung transplants since the major complication associated
with calcineurin inhibitors is renal toxicity, this is much less common with sir-
olimus. Sirolimus has been shown to significantly increase the rate of catastrophic
AC in de novo recipients. In particular, unacceptably high rate of anastomotic
dehiscence was found in the early transplant period. The current recommendation is
to avoid sirolimus for at least 90 days of post-transplantation [25, 28, 39].
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Miscellaneous

Multiple other risk factors have been described as potential etiologic features for
AC. These include primary graft dysfunction, acute cellular rejection, positive
pressure mechanical ventilation, positive end-expiratory pressure (PEEP), organ
preservation technique, recipient/donor sex or age, body mass index, acute kidney
injury, among others [1, 9, 10, 21, 22, 40–42].

Primary graft dysfunction, a type of reperfusion injury may compromise pul-
monary flow and increase the length of mechanical ventilation and the degree of
PEEP required. Positive pressure ventilation and PEEP have the potential to
increase the bronchial wall and the anastomosis stress, with the potential of
inhibiting collateralization and graft perfusion especially when high inflation
pressures are needed [1, 10]. Even though studies have described, more AC with
prolonged mechanical ventilation controversy exits [29].

Classification of Airway Complications

AC are quite diverse and vary in presentation, severity, complexity, and timing.
Bronchial stenosis is identified as the most common complication but others should
be included in the discussion such as granulation tissue, malacia, infection,
dehiscence, and fistula. Anastomotic complications, particularly early in the history
of lung transplantation, played a major role in high morbidity and mortality with the
procedure. Management of such problems can be complex and is best handled as a
multidisciplinary team approach. Over the past decade, novel techniques have
played a major role in the management of these complications. Balloon bron-
choplasty, laser photoresection, electrocautery, high-dose rate brachytherapy,
cryotherapy, and stent placement among others have been described. While there is
little doubt these endoscopic techniques have played an important role, they cer-
tainly are not the only advancements in transplant medicine as enhancements in
medical management such as understanding graft dysfunction, immunologic reac-
tions, and antimicrobial prophylaxis as well as postoperative care have paved the
way to improved outcomes [1, 6, 18, 22, 23, 43, 44].

As previously mentioned, there is a wide range in the reported incidence of AC.
One explanation may be the lack of a universal classification system. There have
been several attempts at a classification system; however, none has been unani-
mously accepted [2, 45, 46].

We have previously described the basic classification of AC [1]. The classifi-
cation described the six types of AC with a brief description of the bronchoscopic,
radiological, and clinical observations (Table 16.1).

Recently, Dutau et al. [14] published a proposed grading system for central AC
following lung transplantation and this is known as the MDS classification. The first
parameter is the macroscopic aspect (M), the next d is the diameter (D), and a third
describes the appearance of the sutures (S) (Table 16.2).
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In the MDS classification system, the M designation is divided into 4 subgroups.
M0 or the healed scar aspect is considered by most to represent the normal response
of healing. M1 (cartilaginous protrusion) is most commonly present in the cases of
size mismatch from the donor to recipient bronchi. This is typically associated with
a telescoping anastomosis, though there may be no abnormal healing and the lumen
is narrowed simply due to the diameter of the donor bronchus. M2 (granulomatous
component) is related to exuberant inflammation at the anastomotic site. The M3
lesion describes ulceration, ischemia, and necrosis.

The D classifications are divided into 4 subgroups classifying the diameter.
The D parameter is separated by the amount of reduction with D0 including a
normal to fixed reduction up to 33 %; D1 including malacia greater than 50 %; D2 a
stenosis from 33 to 66 %; and D3 any stenosis >66 %.

Table 16.1 Classification of airway complications

1. Stenosis Anastomotic bronchial stenosis
– Stenosis <50 % of bronchial diameter

– Stenosis >50 % of bronchial diameter

Segmental non-anastomotic bronchial stenosis
– Stenosis <50 % of bronchial diameter

– Stenosis >50 % of bronchial diameter

– Vanishing Bronchus Intermedius Syndrome (VBIS)

2. Necrosis and
Dehiscence

Grade I No slough or necrosis reported. Anastomosis healing
well

Grade II Any necrotic mucosal slough reported, but no bronchial
wall necrosis

Grade III Bronchial wall necrosis within 2 cm of anastomosis

Grade IV Extensive bronchial wall necrosis extending >2 cm
from anastomosis

3. Exophytic
granulation tissue

Exophytic granulation tissue

– Granulation tissue with <50 % diameter narrowing

– Granulation tissue with >50 % diameter narrowing

4. Malacia – Diffuse tracheobronchial malacia

– Anastomotic malacia (1 cm proximal or distal)

5. Fistulae – Bronchopleural fistula

– Bronchomediastinal fistula

– Bronchovascular fistula

6. Infections – Anastomotic infections

– Non-anastomotic infections (tracheitis, bronchitis,
etc.)

Reprinted with the permission from American Thoracic Society. Copyright © 2015 American
Thoracic Society: Santacruz and Mehta [1]. The Annals of the American Thoracic Society is an
official journal of the American Thoracic Society
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The S designation was developed to include dehiscence ranging from S0 or
absence of dehiscence to limited dehiscence of <25 %; S2 categorizing dehiscence
from 25 to 50 %; and S3 extensive dehiscence >50 %.

It is the hope of these authors that we can universally agree on a nomenclature
and classification system that will be universally accepted. This may be the first step
to scientifically approach this morbid complication. Until we are able to consis-
tently report an issue such as AC, we cannot fully understand its incidence,
prevalence, morbidity, and mortality, and develop consistent techniques for treat-
ment and possibly prevention.

Table 16.2 The MDS
endoscopic standardized
grading system for
macroscopic central airway
complications following lung
transplantation

M (macroscopic aspect)

∙ M0: scar tissue

∙ M1: protruding cartilage

∙ M2: inflammation/granulomas

∙ M3: ischemia/necrosis

Extent of abnormalities in regard to the anastomosis:
a. Abnormalities localized to the anastomosis
b. Abnormalities extending from the anastomosis to the

bronchus intermedius or to the extremity of the left
main bronchus, without lobar involvement

c. Abnormalities extending from the anastomosis to lobar
or segmental bronchi

d. Abnormalities affecting the lobar and/or segmental
bronchi, without anastomotic involvement

D (diameter)

∙ D0: normal to a fixed reduction <33 %

∙ D1: expiratory reduction (malacia) >50 %

∙ D2: fixed reduction from 33 to 66 %

∙ D3: fixed reduction >66 %

Extent of abnormalities in regard to the anastomosis:
a. Abnormalities localized to the anastomosis
b. Abnormalities extending from the anastomosis to the

truncus intermedius or to the extremity of the left main
bronchus, without lobar involvement

c. Abnormalities extending from the anastomosis to lobar
or segmental bronchi

d. Abnormalities affecting the lobar and/or segmental
bronchi, without anastomotic involvement

S (sutures)

∙ S0: absence of dehiscence

∙ S1: limited dehiscence (<25 % of circumference)

∙ S2: extensive dehiscence (from 25 to 50 %)

∙ S3: very extensive dehiscence (>50 %)

Localization: e: anteriorly; f: other localizations

Reprinted from Dutau et al. [14] with the permission from Oxford
University Press
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Bronchial Stenosis

Bronchial stenosis is the most common complication with published reports
between 1.6 and 32 % [11, 16, 47, 48].

Extensive necrosis and dehiscence will predispose to the formation of
strictures (Fig. 16.1). Infectious etiologies may play a role as well and Aspergillus
has been identified as one potential causative agent. As discussed, the surgical
technique may predispose an airway to stenosis with a 7 % incidence seen in a
telescoping anastomotic technique [4, 16]. Recently, an association between the
early rejection and the incidence of strictures was described [49].

Another important distinction when discussing bronchial stenosis is the location.
The most commonly discussed bronchial stenosis involves a stricture at the anas-
tomotic line (Fig. 16.2a, b). However, recent publications have highlighted another
troubling finding of stenosis distal to the anastomotic line. This non-anastomotic
stenosis can be quite troubling as the strictures can extend segmentally and even
sub-segmentally. This incidence is lower, though with the caveat that in many
publications this type of stricture was not specifically labeled separately, so the
reported rates of 2.5–3 % may be inaccurate [3, 48, 50].

This can be severe enough to cause the loss of a segmental or larger airway, as in
the case of the vanishing bronchus intermedius syndrome (VBIS). The bronchus
intermedius may be particularly susceptible likely due to the fact that it is already a
narrower airway (Fig. 16.3). This symptomatic narrowing occurs in approximately
2 % of the airways. The most devastating form can lead to a complete atresia. VBIS
can be seen as early as 6 months and adversely affects survival with a mean survival
of 25 months after initial diagnosis [7, 50].

The underlying etiology of bronchial stenosis is poorly understood but may be
related to increased airway inflammation and a mononuclear infiltration.

RML

RBI

Fig. 16.1 Necrosis and
stenosis of the distal right
bronchus intermedius (RBI)
and right middle lobe
bronchus (RML). Severe
necrosis extending into the
subsegmental level of the
right middle lobe
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This coupled with ischemic injury can lead to changes in the underlying cartilage,
epithelium, and re-formation of airway vessels [3, 12]. Stenosis is typically seen
2- to 9-month post-transplant [3, 26, 47, 51].

Fig. 16.2 a Right mainstem
bronchus stricture. Note the
suture embedded with the
scar/stricture. b This image
demonstrates the same airway
after dilation and placement
of a modified silicone stent

Fig. 16.3 Stenosis distal to
anastomosis: Right bronchus
intermedius
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Bronchial strictures may present asymptomatically and be diagnosed on routine
post-transplant bronchoscopic surveillance, as early stenosis may have minimal
clinical signs or symptoms. More frequently, it manifests as increasing dyspnea,
cough, post-obstructive pneumonia, radiographic abnormalities, or dropping flow
rate on spirometry [6].

The pulmonary function tests may show in spirometry a decrease in the forced
and peak expiratory flow. Also, a spirometry failure to improve the first few months
post-transplant may be seen [2]. Abnormal flow-volume loop patterns have been
described [52, 53].

Flexible bronchoscopy is the gold standard for diagnosis. Computed tomography
(CT) of the chest is also useful in the diagnosis and for intervention planning. Axial,
helical, and multi-planar reconstruction CT chest-imaging techniques have been
described to have an accuracy of more than 90 % in the diagnosis of bronchial
stenosis [54, 55].

Multiple individual techniques have been described though a multimodality
approach is most common. Successful techniques are in continuous evolution but
the armamentarium typically includes a multi-tiered approach with dilation, abla-
tion, and stent placement in ascending order dependent upon the severity. Dilation
can be accomplished by many means with an endoscopic balloon, rigid scope, or a
bougie. Ablation modalities are also numerous with cryotherapy, electrocautery,
laser, argon plasma coagulation (APC), brachytherapy, or even photodynamic
therapy (PDT) being described. Stenting should be left as a last resort, though
beneficial in many ways, not without potentially serious complications [2, 6, 11,
56–59].

Dilation is usually the first therapeutic procedure performed and can be
accomplished safely in multiple ways, as we will discuss. Balloon bronchoplasty is
the most common and has been shown to be an excellent palliative technique
improving spirometry and relieving symptoms immediately in 50 and 94 % of
patients, respectively [47]. While more than one procedure is typical, balloon
bronchoplasty may be the only procedure required in 26 % of cases [56].

No single method has proven superiority, but personal experiences have shown
several potential advantages with the inflatable balloon. These balloons come in a
variety of sizes allowing for incremental and customized dilations. Balloon dilation
can also be done quickly and safely, often under conscious sedation without the
need for fluoroscopy [56, 58]. The procedural aspects have been well described
previously and vary from device to device and so are beyond the scope of this
chapter [47, 60]. Balloon bronchoplasty is a simple and quick task to change a
balloon size rather than upsizing rigid bronchoscopes for dilation, though more
costly.

The rigid bronchoscopic technique has advantages other than cost, as it allows
for direct visualization during dilation, tissue debulking, and tamponade while
simultaneously ventilating one or both lungs. An inflated balloon will completely
occlude the airway it is dilating, preventing ventilation and can be an issue when
dealing with a single-lung transplant or a tracheal lesion (less commonly). An
additional benefit of the rigid bronchoscope includes ease of stent placement,
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particularly if a silicone stent is being placed. While rigid dilation is effective, care
must be taken to avoid injury, endobronchial, or otherwise, and should only be done
by an experienced operator [61, 62].

Strictures can assume many shapes, some are focal and web-like, and others
dense and long. The type of stricture encountered will dictate the intervention.
A focal web-like stricture may be best handled with a mucosal sparing technique
such as endobronchial electrosurgery or laser, followed by dilation [63].

Adjunctive techniques such as submucosal steroid injection or Mitomycin-C
have also been described. In a technique adapted from published articles describing
endoscopic treatment for tuberculosis strictures, small volumes of dexamethasone
or a similar steroid are injected submucosally at the area of the stricture [64]. While
no controlled trial evidence exists for this technique, it has been described in lung
transplant patients as well [63].

In a similar fashion, borrowing an idea from ear, nose, and throat (ENT) literature
endobronchial Mitomycin-C has also been described [65].

Stenting may be required in the cases of recurrent stenosis, although in this
immune-compromised population, placement of any foreign body must be carefully
considered. Historically, self-expanding metallic stents (SEMS) have been described
more commonly in transplant patients. Published use of SEMS in anastomotic and
post-anastomotic stenosis can provide almost immediate relief in 80–94 % of indi-
viduals, as well as “long-term” maintenance of patency in 45 % of patients [47, 66].

Despite the reported success in these patients, numerous complications have
been described. This is not uncommon in any non-malignant condition, particularly
in a complex group of immune-compromised patients. The types and rates of
complications vary and include infections (16–33 %), granulation tissue formation
(12–36 %), and stent migration (5 %) [6, 66]. This not an all-inclusive list as
bacterial colonization, halitosis, and fatigue-related stent fracture are also well
described. The halitosis may be related to bacterial colonization and bio-film for-
mation within the stent. Colonization is seen in up to 78 % of patients [6, 66, 67].
While not all colonization is significant or needs to be treated, emerging data in
stented patients may suggest that stents increase respiratory infections. While these
data come from patients with malignant airway disease, care must be taken in those
immunosuppressed to the level of transplant patients [68].

One must also keep in mind that once a SEMS is deployed the next thought
should be on removal. The longer a SEMS is in place the more difficult it may be to
remove and the removal process can be quite complicated [69–71]. Fernandez-Bussy
et al. [72] used completely covered SEMS to successfully treat transplant-related
AC, and described the potential removal in experienced hands.

Stent-related complication rates as high as 54 % are reported in transplant
patients. These echoes concern for stent placement in any benign disease [73–75].

Although many experts feel silicone stents are the preferred types of stents in
benign diseases, particularly transplant airways, SEMS may have some advantages.
Their ease of deployment, especially without a rigid bronchoscope, favorable external
to internal diameter ratio, and superior flexibility allowing the stent to conform to the
abnormalities associated with anastomoses can make them particularly useful [76].
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An approach that may negate at least some of the above issues such as removal of stent
is the use of a biodegradable stent. Although use of biodegradable stents needs to be
evaluated further, its feasibility and relative safetywas demonstrated in a case series of
6 patients who received customized biodegradable stents made of polydioxanone, the
material that absorbable sutures used in airway anastomosis in lung transplantation. In
this series [77], all patients had immediate relief of symptoms after stent placement,
with stent absorption in 4–6 months time. Median time for re-stenting was about
5months (Range: 2–15months). One patient died of pulmonary embolism a year after
the biodegradable stent placement. The 5 survivors despite requiring at least one
re-stenting remained clinically well over the 4-year follow-up period, with a median
intervention-free period of 24months (Range: 7–44months.) Therewere no instances
of bleeding, perforation, or stent displacement. Although this method appears to be
attractive and feasible, larger studies are needed to validate benefit and safety.

Given many concerns associated with SEMS, particularly in benign airway
disease, silicone stents are gaining popularity (Fig. 16.2b). Many features of sili-
cone stents make them ideal for lung transplant AC including lower rates of
granulation tissue, ability to be modified, and the ease of removal. The ability to
customize these stents cannot be overestimated, as the exact length can be cut;
customized holes fashioned to allow ventilation and mucus clearance from airways
that would otherwise be compromised from a fully covered SEMS [46, 76, 78].
Stenting of the bronchus intermedius may be challenging due the probable occlu-
sion of the right upper lobe, in such case a customized silicone stent or a modified
Montgomery T-tube has been used [79]. Sundset et al. [80] reported the successful
use of silicone stents for stenotic AC, and that after removal, the airways remained
patent and had an improved spirometry value for as long as 24 months. In our
experience, this can be a very useful tool.

Silicone stents are not without complication including increased rates of
migration and mucus plugging, reinforcing that the decision to place any kind of
stent must be carefully evaluated [24].

Hybrid stents exist as well and have been described in transplant patients. The
self-expanding silicone stent, Polyflex (Boston Scientific; Boston, MA), is one
example. Our experience with this was reported. We found this stent suboptimal
with a 100 % migration rate and have since abandoned its use in our practice [75].

Regardless of the type of stent used, there can be complications and one must be
cognizant of this fact. No stent is perfect and multiple authors have previously
published the advantage and disadvantages [74, 75, 81]. Presently, our practice is to
reserve the use of any stent only after other techniques have been exhausted,
particularly in patients with recalcitrant symptomatic bronchial strictures in whom
repeated balloon dilations have failed.

Dutau et al. retrospectively evaluated the clinical efficacy and safety of silicone
stents in lung transplant patients. They described the insertion of 17 silicone stents
in 117 patients over a range of 5–360 days to palliate 23 airways. Symptomatic
improvement was seen in all, with an increase in mean forced expiratory volume in
1 s (FEV1) of 672 ± 496 ml. The stent-related complication rate was 0.13/patient
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per month, with obstructive granulomas [10], mucus plugging [7], and migration
[7] being the most common. Stents were successfully removed in 16/23 airways and
the stented patients had a similar survival to those without AC [82].

An area of interest related to the significance of AC, specifically stenosis;
Castleberry et al., looked at risk factors and outcomes of bronchial stricture as it
may be associated with acute rejection. A total of 9,335 patients were analyzed with
a stricture incidence of 11.5 %. They found that early rejection was associated with
a significantly greater incidence of strictures. Also associated with increased inci-
dence of stricture were male gender, restrictive lung disease, and pretransplant
requirement of hospitalization. Those with a stricture had a lower postoperative
peak percent predicted FEV1, shorter unadjusted survival, and an increased risk of
death after adjusting for potential confounders [49].

In a single-center retrospective review, Shofer et al. evaluated lung transplant
patients with central airway stenosis (CAS) with the objective of determining its
association with chronic rejection or worse survival. Also, risk factors associated
with CAS were identified. In this review, 467 patients were evaluated with 60
(13 %) developing CAS. Of the patients with CAS, 22 (37 %) had resolution with
bronchoplasty alone and 32 % required stent. This retrospective review determined
that CAS requiring intervention was not a risk factor for developing BOS or worse
survival, though a significant complication. Pulmonary fungal infections and the
need for postoperative tracheostomy were identified as risk factors for the devel-
opment of CAS based on their time-dependent multivariable model [13].

The multimodality approaches discussed have been shown to be effective, safe,
and reproducible over time, but are not infallible. When endoscopic techniques fail,
a surgical approach can be considered. Bronchial anastomoses reconstruction,
sleeve resections, bronchoplasty, lobectomy, pneumonectomy, and even
re-transplantation have all been described. As one can imagine, this comes at a cost
of considerable morbidity and mortality.

Necrosis and Dehiscence

Whether isolated at the anastomotic line or extending from it, some necrosis is seen
almost universally after transplant. Since this finding is so common, it is often not
referred to as a complication, but rather part of the normal healing process. Necrotic
changes are typically seen early in the healing process characteristically between
weeks 1 and 5. The necrotic area is often circumferential, originating at the anas-
tomosis and can extend into lobar or even segmental bronchi (Fig. 16.4a, b). This
finding peaks early on and resolves quickly in most cases as the airway will either
heal or progress to frank dehiscence. Bronchial necrosis and subsequent dehiscence
can thus be viewed as a continuum from the normal to the catastrophic [10, 83]
(Fig. 16.5).
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While necrosis is commonplace, dehiscence is seen much less often with
commonly reported incidences between 1 and 10 % [84], though a single report
describes this finding in as many as 24 % of airways, again likely owing to the
variance in reporting [16].

Though much is still not known of the inciting events leading to necrosis and
dehiscence, it is likely that ischemia and infection play major roles in the most
severe cases. Significant morbidity and mortality can be attributed to a frankly
dehiscing airway. This devastating complication may still arise despite the most
meticulous surgical techniques and uneventful postoperative course. A key to
preventing the disastrous event may be early diagnosis and this is best realized by
always considering the diagnosis.

This is particularly important in any lung transplant patient with a prolonged air
leak, pneumothorax, or pneumomediastinum. Overt dehiscence is a diagnostic
challenge as many of the signs or symptoms of dehiscence are commonly seen in
the post-transplant period due to other more common complications. A chest

Fig. 16.4 a Mild necrosis at
the left mainstem bronchial
anastomosis. b Right
mainstem and Bronchus
Intermedius showing severe
necrosis
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roentgenogram is crude but may intimate dehiscence by a pneumothorax or
pneumomediastinum, while a chest CT has higher sensitivity and specificity [85].

A CT scan may show dehiscence as evidenced by peribronchial air. Although
this is not uncommon immediately after a transplant, additional factors may alert
one to a dehiscence. In addition to a prolonged air leak, extensive amounts of
peribronchial air in conjunction with bronchial wall abnormalities, dissection into
the mediastinum, or fascial planes should increase a clinician’s concern [86–88].

The gold standard for diagnosis is bronchoscopy, as radiographic studies cannot
reliably image the mucosa. In the setting of severe necrosis, it may be difficult to see
the actual site of dehiscence; however, there are a number of clues seen endo-
scopically. Significant necrosis and loose sutures can be evidenced that the anas-
tomosis is at risk, presently dehiscing or already dehisced. Ultimately the
management of dehiscence will vary based on its severity. The most severe cases
may require an open surgical repair, flap bronchoplasty, or even re-transplantation,
though quite risky with less than ideal results [23].

No intervention, except close observation is typically required for grades I and II
bronchial dehiscence though antibiotic regimens, including inhaled delivery
methods may be practical. Fortunately, grades III and IV bronchial dehiscence are

Fig. 16.5 a This is an
example of minimal focal
breakdown; this is likely to
heal without intervention.
b This image shows a
complete dehiscence which
will require either stenting or
a repeat operation
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not common, approximately 1.6 % in our experience, as they can have devastating
complications. Most patients with grade III or IV dehiscence eventually develop
infection and this is the usual source of mortality. The severity of the dehiscence
and its clinical impact will dictate the management. Both bronchoscopic and sur-
gical techniques exist for the treatment, though more invasive approaches are
fraught with a high morbidity and mortality. Surgical options for repair include
re-anastomosis, a flap bronchoplasty, or in severe cases a re-transplantation [23].

Bronchoscopic techniques described include cyanoacrylate glue, growth factors,
and autologous platelet-derived factors. Although some reports have been suc-
cessful, the general impression in these techniques is lacking [89].

Utilizing the temporary placement of non-covered SEMS, our institution has
described a novel bronchoscopic approach for grades III and IV dehiscence. This
technique utilizes the propensity to cause granulation tissue, a well-known com-
plication of SEMS as an advantage. Once airway patency is optimized with gently
dilation and/or debulking, a non-covered SEMS is deployed in the airway covering
the dehiscence and closely followed. Healing may be appreciated in as little as one
week with a removal/replacement occurring once epithelialization/granulation tis-
sue develops, typically within a few weeks. Several cycles of this technique have
demonstrated healing of the bronchial wall. In our experience 37.5 days was the
mean time to removal [83].

Incumbent in this technique is expertise not only in placing but also (and pos-
sibly more importantly) in the removal of the SEMS. Improper stent placement or
manipulation can easily extend the airway injury as can an over-aggressive
removal, so great care must be taken. Complications such as stenosis and malacia
are more frequently encountered even if the dehiscence is successfully closed.
Continue close surveillance is recommended.

Exophytic Granulation Tissue

In about 7–24 % of lung transplant patients, benign hyperplastic endoluminal
granulation tissue may cause significant airway obstruction [90]. Typically occurs
at the anastomotic site few months after transplantation [57].

The etiology of the formation of the hyperplastic tissue may be related to
ischemia and inflammation with a subsequent remodeling process [57, 91]. Similar
to keloid reactions, exaggerated immune response may be present. Anastomotic
infections, especially Aspergillus, may intensify its formation [22]. Also, thera-
peutic interventions, such as airway stenting, promote the formation of granulation
tissue [83, 91]. After stent placement, the estimated incidence of granulation tissue
formation is about 12–36 % [66, 92]. The incidence of granulation tissue formation
related to airway stents has been described to be less in post-transplant patients,
theoretically related to the immunosuppressant medications used [93].
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Depending upon the degree of airway obstruction, excessive granulation tissue
formation may present with progressive dyspnea, cough, hypoxia, hemoptysis,
decreased secretions clearance, or post-obstructive pneumonia [1, 57]. Decreasing
spirometry values may be seen. Chest CT may show the obstructive granulation
tissue at the bronchi that is typically confirmed by direct visualization of the airway.

Its management requires a multidisciplinary approach, and often multiple pro-
cedures are needed due to its tendency to recur. Debridement is the management of
choice. Based on the amount of granulation tissue, the degree of obstruction, and
the location, several techniques for debridement may be used including forceps
(flexible or rigid), cryotherapy, APC, electrocautery, or laser [1, 12, 92, 94, 95].

Cryotherapy, APC, and laser techniques have been described elsewhere and are
beyond the scope of this chapter. Cryotherapy advantages are the safety profile, the
cryo-sensitivity of granulation tissue, its excellent hemostasis, and the ability of
using high oxygen concentrations. Cryotherapy causes cell lysis due to cellular
crystallization. Although historically described its use as a delayed effect, cryoab-
lation of endobronchial tissue with cryo-recanalization an immediate result may be
employed [96]. Furthermore, cryotherapy may be used around granulation tissue in
silicone stents without the risk of ignition. APC, electrocautery, and Nd:YAG laser
have also been described successfully for granulation tissue management after lung
transplantation.

Despite the above methods, recurrence is common and difficult to treat.
Retrospectives studies have shown the use of high-dose-rate endobronchial
brachytherapy (HDR-EB) for recalcitrant cases. By using Iridium-192, a high dose
of conformal dose of ionizing radiation is used to treat excessive granulation tissue
at the anastomosis and related to endobronchial stents, while minimizing radiation
exposure to the surrounding structures [57, 91]. Serious and fatal complications,
such as massive hemoptysis, have been described with HDR-EB, and extreme
caution must be used when considering this approach [76].

Approaches to prevent the formation of granulation tissue have been used.
Specifically, topical Mitomycin-C may be applied to reduce the proliferation of
granulation tissue due to its ability to inhibit the proliferation of fibroblast [97, 98].
The antineoplastic agent is applied at the airway after granulation tissue debride-
ment by any of the above-mentioned methods to reduce its recurrence [98, 99].
A dose from 0.5 to 1 mg/mL may be used via pledget and swabbed to the area for
few minutes [76]. Randomized trials are lacking, however, given its safety profile
and potential advantages; is frequently used.

Tracheobronchomalacia

Tracheomalacia or bronchomalacia has been defined as a luminal narrowing of
50 % or more on expiration [61]. The diameter reduction may be related to the loss
of cartilaginous support or due to excessive dynamic airway collapse. It may be
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seen after lung transplantation diffusely, at the anastomotic site or associated with
bronchial stenosis. Pathological airway cartilage changes have been described, but
its pathophysiology is poorly understood. The cartilage may be damaged by
peri-transplant ischemia or infections.

Signs and symptoms include cough, dyspnea, recurrent infections, wheezing,
and the inability to clear secretions. A common “barking” cough has been descri-
bed. Reductions in the FEV1, forced expiratory flow at 25–75 %, and a low peak
expiratory flow rate may be encountered. The flow-volume loops may show a
variable obstruction, more marked during expiration. Bronchoscopic airway
examination is the gold standard for diagnosis; however, a dynamic CT of the chest
may suggest the process [51, 61, 74].

Tracheobronchomalacia management is a therapeutic dilemma. The intervention
will depend on the severity of its presentation. Most of the recommendations are
extrapolated from non-transplant-related malacia. Medical management includes
pulmonary hygiene, mucolytics, and noninvasive positive pressure ventilation
(NIPPV) [1, 100]. In cases with severe functional impairment and symptomatology
despite medical interventions, airway stenting may be used. The stent will allow
restoring and maintaining airway patency, improving secretion clearance and
infection improvement. Small studies have shown that stent placement for
transplant-related bronchomalacia improves spirometry values [56]. Silicone stents
are preferred, and once deployed, close surveillance is needed. Rarely, after all
other alternatives have been exhausted, a SEMS may be used, taking into consid-
eration the concerns about metallic stents and benign diseases [76] (Fig. 16.6).

Fistulas

Airway fistulas after lung transplantation are uncommon, but a very challenging
complication to treat. Fistulas can develop between the airway and the pleura,
mediastinum, aorta, pulmonary arteries, and the left atrium 1 [101–106].
Fortunately, this complication is quite rare.

A bronchopleural fistula is rarely seen and it is probably related to bronchial
ischemia. It is associated with high morbidity and mortality and typically occurs
early in the postoperative period. It may present as dyspnea, hypotension, sepsis,
and pneumothorax including tension, subcutaneous emphysema, or persistent air
leaks. It is usually encountered in the setting of dehiscence. Initial management
includes infection control with antibiotics and thoracostomy drainage. Endoscopic
closure of the fistula may attempt, as the initial choice and usually, the success
depends on the size and location. Endoscopic techniques include cyanoacrylate
glue, fibrinogen plus thrombin, or bronchial stents. Also, intrabronchial one-way
valves may be an option. Surgical options include flaps, open drainage, or thora-
coplasty [1, 76, 100].

A bronchomediastinal fistula with or without dehiscence has a high mortality
rate due to sepsis [2]. The presentation may be as bacteremia, sepsis, mediastinitis,
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mediastinal abscess, or cavitation. The fistula usually develops anastomosis site, but
may occur at any place in the airway.

Bronchovascular fistulas are very rare and associated with high mortality.
A minor premonitory hemoptysis episode may be seen, followed by a fatal bleed.
A fistula should be suspected in the cases of infectious complications (Aspergillus)
combined with moderate hemoptysis [1, 76, 107]. In addition to hemoptysis, air
embolism and sepsis have been described [100, 108]. Its management literature is
limited to the case reports of pneumonectomy and bilobectomy.

Anastomotic Infections

In lung transplantation, the susceptibility to infections is determined by various
factors, including the degree of immunosuppression, use of steroids, airway anat-
omy, ischemic complications, sutures misfortunes, impaired mucociliary function,
altered phagocytosis in alveolar macrophages, interrupted lymphatic drainage,
direct communication of the lungs with the atmosphere, and the lack of

Fig. 16.6 a Demonstrates
malacia of the left mainstem
bronchus (LMSB). b Shows a
modified silicone stent in the
LMSB of the same patient
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tracheobronchial cough reflex due to organ denervation [109, 110]. Furthermore,
the allograft is exposed not only to the external environment, but also to the flora of
the native and donor’s airways [111]. Also, many patients even in the pretransplant
period are already colonized with multidrug-resistant organisms.

Overall infections are common after lung transplantation. An incidence of
34–59 % has been described and is significantly higher when compared to other solid
organ transplants [112]. Bacterial and fungal infections are most frequently seen in
the first month after transplant, while viral infections are more common in the second
and third postoperative months [112]. Bacterial pneumonia is the most common
infection in lung transplant recipients. About 75 % of lung transplant patients will
developed a bacterial infection within 3 months after transplantation [110].

Endobronchial infections are common as well, and usually opportunistic infec-
tions are involved. The infection may involve the entire airway, such as bronchitis
or tracheitis, or involve the anastomosis area. Pseudomonas and Staphylococcus are
the most frequently acquired bacterial infections [1, 113]. Saprophytic fungal
organisms are also quite common. Aspergillus is the most frequently involved.
Other reported fungal organisms include Cladosporium, Candida, Zygomycetes
(mucormycosis), and Scedosporium species.

Aspergillus colonizes about 20 % of lung transplant patients in the immediate
postoperative period. Clinically, Aspergillus infection post-transplant may present
as invasive pulmonary aspergillosis, colonization, or tracheobronchitis, and precise
diagnosis of these syndromes can be very difficult [114]. Locally invasive or dis-
seminated Aspergillus infection accounts for 2–33 % of infections following lung
transplantation and have a high reported mortality. Airway colonization with
Aspergillus fumigatus in the first 6-month post-transplant has a 11-fold increase risk
to develop invasive disease [110]. Aspergillus also is associated with an ulcerative
tracheobronchitis that can lead to anastomotic dehiscence [110]. Anastomotic
complications are more common in patients with Aspergillus infection [114, 115].

Anastomotic infections represent an airway complication and may predispose to
all the other AC as well. The mechanisms are not well understood, but infection
may lead to dehiscence, fistula formation, stenosis, and granulation tissue formation
and if it invades directly the bronchial wall to airway collapse and malacia.

Diagnosis of anastomotic infections is usually done at bronchoscopy. The
infections tend to be relatively asymptomatic, although some patients may complain
of fever, cough, secretions, wheezing, and/or hemoptysis. At bronchoscopic exam
airway erythema, ulceration and pseudo-membranes may be seen. Positive cultures
are vital, to identify the organism and tailor treatment, especially in fungal etiologies.

Treatment includes bronchoscopic debridement of devitalized tissue and
antibiotic therapy. With regard to fungal infections, given the potential conse-
quences of Aspergillus colonization or infection, prevention is a key. In the first
6-month post-transplant, most programs routinely use antifungal prophylaxis.
Voriconazole, itraconazole, and inhaled amphotericin-B formulas are the most
commonly used chemotherapy agents [114, 115]. Stent placement in the presence
of infection is not recommended, despite reports of such use in aspergillus
infection-related AC [116].
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Management Summary

Management of AC is complicated. Many modalities are available and which is
optimal may not be clear, as no randomized trials exist to direct the clinician. The
optimal management is a multidisciplinary approach performed by individuals
experienced in not only the techniques discussed but also the nuances of a
post-transplant patient.

Bronchial Artery Revascularization

As previously discussed, routine lung transplantation does not restore the bronchial
artery supply posing a unique problem in this population. An attempt to improve
this process was developed and studied. Allowing the anastomosis of bronchial
arteries and preservation of blood flow to the airways showed early promising
results. BAR has been described as a successful alternative in small series [117–
120]. In the largest series of BAR to date, a single institution demonstrated
improved survival over sequential bilateral lung transplantation [121, 122].

The BAR procedure has been described in detail in the referenced articles;
however, a brief summary has merit in this review. During BAR, the donor lungs
are procured en bloc via sternotomy, including both the esophagus and the
descending aorta, thus securing inclusion of the retroesophageal right intercosto-
bronchial artery. One internal thoracic artery is harvested. When double-lung
transplantation is performed, cardiopulmonary bypass (CPB) is utilized with a
tracheal anastomosis. For the en bloc transplants, BAR anastomoses are performed
first, followed by the trachea, pulmonary trunk, and left atrium. The internal tho-
racic artery is then anastomosed to at least 1 bronchial artery ostia in the donor
descending aorta. Single-lung transplantation is not performed on CPB and the
bronchial anastomosis occurs at the secondary carina, as in non-BAR transplants
and is the final anastomosis after giving 10,000 IU of heparin and pulmonary artery
reperfusion [117, 118, 123–128].

This technique was recently re-addressed at our institution. The vascular
re-anastomosis was successful in 26 of 27 patients. This pilot showed that this
technique was feasible, associated with less airway ischemia, and required no air-
way interventions. A higher risk of bleeding was found, but safety was comparable
between BAR and non-BAR patients. Additional findings that may show future
relevance included less early rejection, fewer infections, and delay of BOS. While
these findings are encouraging, a multicenter study will be needed to firmly
establish these benefits [129].
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Future Directions

Biodegradable stent placement is an attractive strategy, and in theory addresses
issues with SEMS such as timing of removal, risk involved with removal of
metallic stents, migration, stent fracture, inability to customize metallic stents, and
infection [77, 130]. Feasibility of such a study has been demonstrated in a case
series of 6 patients as described above [77]. The indications for the use of
biodegradable stents included non-anastomotic necrosis, grade III–IV malacia, and
anastomotic stenosis. Although larger studies are needed to confirm safety and
efficacy, and determine infection rates, this approach, at least in theory, may be
particularly useful in anastomotic stenosis and dehiscence.

Paclitaxel-coated balloon (PCB) dilation of non-anastomotic airway stenosis has
been recently described [131]. In this proof of concept cohort study, 12 patients
with non-anastomotic airway stenosis underwent PCB bronchoplasty following
recurrence of stenosis after standard measure such as balloon dilation, APC, and
stent placement. 8/12 (75 %) patients remained intervention-free at 90-day
follow-up. 2 patients required repeat PCB dilation and both remained
intervention-free at 90-day follow-up. 5/10 (50 %) of the lesions remained
intervention-free at 180-day follow-up. One patient developed pneumothorax
requiring hospitalization for 4 days. One patient died of unrelated sepsis 70 days
after PCB. This study demonstrates the feasibility of the concept already success-
fully used in coronary angioplasty and may well gain popularity provided further
studies validate the above findings.

A seemingly far-fetched strategy in post-lung-transplant AC, yet a potentially
exciting approach is tissue-engineered airway transplantation [132]. This may be
potentially useful in large airway fistulas that need definitive repair of the airway
defect. Although the first successful tissue-engineered tracheal transplant was
performed for tracheomalacia (non-lung transplant patient), the approach may well
be an option for transplant-related AC. Recently, 5-year follow-up data for this
patient were published, addressing questions about long-term feasibility and safety
[133]. A human decellularized matrix of a trachea (obtained from a deceased human
donor) was bioengineered with chemotactic and angiogenic properties. The matrix
was then implanted into the recipient after in vitro differentiation of epithelial cells
and chondrocytes derived from mesenchymal stem cells. Post-lung-transplant air-
way defects may be treated in the future with this approach, and one important
reason for this is because this patient did not need immunosuppression after about
4 months. The patient developed subglottic stenosis at the anastomosis site
requiring balloon dilations and multiple episodes of stent placement. Although now
subjected to regular bronchoscopies, the patient’s quality of life remains intact. If
this technique is to be extrapolated to be used in the management of
post-lung-transplant AC, then the potential benefit of placing a tissue graft over
fistulas may have to be traded for airway stenosis. However, at this point, the role of
stem cell-derived graft in post-lung-transplant AC is purely speculative.
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Conclusion

Lung transplant anatomy and the techniques associated with it pose a unique
problem in transplantation. Many etiologies may be responsible for causing AC and
similarly many techniques are available to deal with these. AC can have a signif-
icant impact on the quality of life of the patient post-transplantation. Frequent visits
to specialists, interventions, and recurrence of symptoms can be quite frustrating
and although bronchoscopic interventions may significantly improve the patient’s
symptoms and FEV1, these repeated visits and procedures could be troubling,
time-consuming, and costly. Many patients who undergo a transplant do so
understanding that their survival may not be significantly extended but rather they
will have an improved quality of life. The symptoms associated with AC as well as
the need for frequent procedures undoubtedly have a detrimental effect on this
proposed benefit. The impact on survival may not be obvious. The overall 5-year
survival after lung transplantation is approximately 50 %. The early mortality rates
are equivalent for patients treated for anastomotic AC and those without compli-
cations. There appears to be an increase in late risk beginning at approximately
18 months. In patients who undergo no treatment for their AC, there is a higher
early mortality, but their late risk is equivalent to patients who have no AC. Lung
transplant patients are varied and complex and so are their complications; this is
particularly true relating to AC. Multiple presentations of AC are described and as
such a myriad of management strategies may be employed. Different techniques are
used due to the differences in the types of complications but many yield a successful
outcome. Improvements in many areas such as surgical techniques, peri-procedural
and ICU management, immunosuppression, endoscopic treatments, donor, and
recipient selection may lead to optimal outcomes. Currently, there are no blinded,
randomized control trials demonstrating a superior algorithm of management of
AC. The management of each individual complication requires an individualized
multidisciplinary approach by a team with considerable expertise and experience.
Future studies in this heterogeneous population will hopefully lead to optimal
treatment in this complex patient group.
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Chapter 17
Chronic Cough: An Overview
for the Bronchoscopist

Umur Hatipoğlu and Claudio F. Milstein

Chronic Cough: Definition and Etiology

Chronic cough is one of the most common reasons for primary care physician visits
and referrals to pulmonologists [1]. Chronic cough, defined as lasting more than
8 weeks, may have diverse and frequently multifactorial etiology (Table 17.1) with
significant effect on quality of life. Various pulmonary parenchymal and airway
diseases (e.g., interstitial lung disease and bronchiectasis) which present with
abnormal chest imaging also have cough as one of the presenting symptoms. In this
chapter, we focus on relatively uncommon etiologies of chronic cough related to
airway disease which occur in the setting of a normal or near-normal chest X-ray.
As such, these conditions are well within the practice realm of the bronchoscopist.

It has been suggested that a systematic approach to chronic cough employing an
anatomic diagnostic protocol which includes empirical therapy has an extremely
high diagnostic and therapeutic yield [2, 3]. Accordingly, upper airway cough
syndrome (postnasal drip), asthma, and reflux disease account for over 80 % of the
disorders that lead to chronic cough. In clinical practice, targeted diagnostic eval-
uation and empirical therapy, without any particular sequence, are used in con-
junction with the management of these patients. An optimal cost-effective approach
to the management of chronic cough has not been agreed upon. Moreover, recent
data from a specialized cough center indicate a different distribution of etiologies
for chronic cough, emphasizing the importance of referral bias when considering
diagnostic possibilities [4].
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The use of invasive testing in the diagnosis of chronic cough is controversial as
well. In general, fiberoptic bronchoscopy has low clinical yield in patients with
chronic cough [5]. However, clinical judgment is always necessary to determine
whether invasive testing should be utilized. For instance, fiberoptic bronchoscopic
examination may be indicated to investigate persistent change in the character of
cough after antibiotic treatment in a smoker, to exclude endobronchial malignancy.

Physiology of Cough: Cough Reflex Arc, Cough Receptors

Cough is a protective physiologic reflex which facilitates the removal of foreign
objects and debris from the airway. In order for an effective cough, an intact
respiratory neuromuscular unit and optimal interaction between gas and mucus
layers have to be present. Afferent nerve endings are most concentrated in the
epithelia of the upper and lower respiratory tracts, but they are also located in the
external auditory meatus, tympanic membrane, esophagus, stomach, pericardium,
and diaphragm. The afferent limb of the arc is the vagus nerve and its many
branches include tracheobronchial, superior laryngeal, Arnold’s nerve, pharyngeal,
pleural, and gastric branches. The vagal afferent nerve types involved in the
transmission of the impulse are rapidly adapting receptor (RAR), slowly adapting
receptor (SAR) which most likely modify the cough reflex by processing
mechanical stimuli (lung inflation, pulmonary edema), and C-fibers which respond
primarily to chemical changes (pH, carbon dioxide, capsaicin and bradykinin) [6].
Activated C-fibers are also capable of inducing neuropeptide release without the
activation of reflex arc and thus may play a role in neurogenic inflammation [7].
The vagal afferent impulse reaches the cough center which is located diffusely in the

Table 17.1 Uncommon
reasons for chronic cough

Airway-related cough

Upper airway cough syndrome

Laryngopharyngeal reflux

Cough due to swallowing disorders

Vocal cord dysfunction

Laryngeal sensory neuropathy

Obstructive sleep apnea

Cough hypersensitivity syndrome

Inflammatory airway disease

Cough variant asthma

Non-asthmatic eosinophilic bronchitis

Systemic disorders

Connective tissue disorders (Sjogren syndrome)

Inflammatory bowel disease

Vasculitis (granulomatosis with polyangiitis, giant cell
arteritis)
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medulla oblongata. The efferent limb of the cough reflex starts from the cough
center and the ventral respiratory group, a column of neurons located ventrolaterally
in the medulla. The efferent impulse is conducted by the phrenic nerve and the
spinal motor nerves to the inspiratory and expiratory muscles and by the recurrent
laryngeal nerve to the larynx and bronchial tree.

The cough reflex is characterized by the generation of high intrathoracic pres-
sures against a closed glottis, followed by forceful expulsion of air and secretions
on glottic opening. High-velocity stream of air tears mucus off the airway walls and
expel droplets into the air. Mucus clearance is facilitated by the greater depth of
mucus but reduced by increasing mucus viscosity and elasticity [8].

Airway-Related Cough

Chronic cough due to primary airway disorders is relatively rare. Most of these
conditions have been discussed elsewhere in the text. Table 17.2 provides a list of
these.

Upper Airway Cough Syndrome

Upper airway cough syndrome, formerly known as postnasal drip syndrome,
remains a poorly defined clinical definition that is largely defined by patient’s
symptomatology without specific signs. It is a common cause of chronic cough.
Typical patient presents with a sensation of mucus in the oropharynx and persistent
need for frequent throat clearing. The condition may be caused by various upper
airway inflammatory syndromes that span the spectrum of rhinosinusitis. The

Table 17.2 Chronic cough
due to primary airway
disorders

Airway foreign bodies

Airway stenosis

Amyloidosis of the airway

Broncholithiasis

Endobronchial tumors (carcinoid, adenoid cystic carcinoma,
and mucoid epidermoid carcinoma)

Endobronchial sarcoidosis

Extrinsic compression

Relapsing polychondritis

Tracheobronchomalacia

Tracheobronchomegaly

Tracheobronchopathia osteochondroplastica
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etiology may be bacterial, fungal, allergic, vasogenic (vasomotor rhinitis), or
medication related (rhinitis medicamentosa). Unfortunately, there are no specific
findings that would alert the bronchoscopist to the diagnosis of upper airway cough
syndrome [9]. Oropharyngeal mucus and cobblestone changes may be present but
are nonspecific. The diagnosis is generally one of exclusion and confirmed with
favorable response to antihistamines and decongestants.

Cough and Reflux

Gastroesophageal reflux disease (GERD) is generally considered among the most
common etiologies of chronic cough. Numerous studies have proposed a correlation
between reflux and cough, and it is common clinical practice to initiate a trial of
proton pump inhibitors (PPI) in patients that present with chronic cough. Irritation of
the laryngeal mucosa is a common otolaryngological finding in patients suspected of
suffering from GERD or laryngopharyngeal reflux (LPR). It is well known that
GERD/LPR can cause ear, nose, and throat symptoms, secondary to tissue irritation.
Most signs of laryngeal irritation have been traditionally attributed to LPR. However,
many signs of laryngeal irritation, such as the presence of an interarytenoid bar,
pseudosulcus, erythema of the medial wall of the arytenoids, and pharyngeal wall
cobblestoning, showed a substantial overlap with normal subjects with no LPR,
suggesting a lack of diagnostic specificity [10, 11]. The signs that were found to be
more sensitive and specific to LPR include posterior commissure erosion or ery-
thema (Fig. 17.1), vocal fold erythema, edema, and lesions (Figs. 17.2 and 17.3).

Treatment of GERD may result in marked improvement or complete resolution
of symptoms in some patients with chronic cough. On the other hand, many patients
with documented reflux do not have cough. Moreover, the response to reflux
treatment in the management of chronic cough is highly variable [12]. The

Fig. 17.1 Posterior
commissure erosion and
erythema
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pathophysiology of reflux as it relates to cough remains elusive. Three main
mechanisms have been proposed as possible initiators of cough related to acid
exposure [13].

(A) Reflux in the esophagus provokes coughing via an esophago-bronchial reflex
that stimulates vagal afferents from the airway and esophagus.

(B) Reflux into the larynx and pharynx may cause chronic laryngeal inflamma-
tion, increasing sensitivity of nerve terminals and stimulating cough receptors.

(C) Reflux enters the airway by means of micro-aspiration, leading to chronic
inflammation and stimulating airway cough receptors.

There are multiple known triggers for chronic cough including sensitivity to
perfumes, chemicals, environmental irritants, changes in temperature, or laryngeal
activities that directly stimulate vocal fold mucosa such as talking and laughing. In
line with the more recent view on laryngeal neuronal hypersensitivity, GERD-LPR
itself is probably not a direct cause of cough, but one additional trigger that
stimulates an already hyper-reactive laryngeal—pharyngeal—or upper airway
mucosa.

The current recommendations for the management of LPR in patients with signs
of laryngeal irritation and chronic cough include initial empiric therapy with
twice-daily PPI for two to four months [14]. If the cough responds to therapy,

Fig. 17.2 Bilateral vocal fold
posterior granulomas. Larger
on the left side

Fig. 17.3 Vocal fold
erythema and bilateral
nodular swelling on the
middle third
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tapering to once-daily therapy and eventually to non-drug treatment such as
behavioral and dietary guidelines is advisable.

Swallowing and Cough

An important function of the larynx is to protect the airways, and deficits in the
motor or sensory status of the larynx and pharynx, and esophagus can lead aspi-
ration of food, liquids, or secretions into the airways. As alluded to earlier, cough
reflex is a brainstem-mediated protective mechanism that helps expectorate material
before it enters the airway. Cough that occurs during or immediately after meals
may be a sign of swallowing difficulty or dysphagia. The most common symptoms
of oropharyngeal dysphagia include (a) aspiration, or entry of food into the airway
below the level of the true vocal folds, (b) entry of material into the larynx at some
level down to but not below the true vocal folds, (c) residue or food that is left
behind in the mouth or pharynx after the swallow, and d) regurgitation of food from
the esophagus into the pharynx and nasal cavity. Cough is an important diagnostic
sign that can help detect patients at high risk for pneumonia, malnutrition, or
dehydration.

Coughing to prevent penetration or aspiration is part of a normal sensory
mechanism. It is important to remember that if there is sensory deficit, patients may
be “silent aspirators,” where material goes past the true vocal folds into the airway
without a proper cough response. Reports show that up to 60 % of in-patients in
large hospitals or clinics may aspirate in the absence of a protective cough mech-
anism. High-risk populations include individuals with Parkinson’s disease, amy-
otrophic lateral sclerosis, dementia, head and neck cancer, vocal fold paralysis or
paresis, stroke, and brain injury.

When patients complain about coughing or choking around mealtimes, they
should be referred to an ear, nose, and throat specialist with expertise in swallowing
disorders to evaluate the etiology of the cough. It is important to differentiate
patients who cough around mealtimes due to acid reflux exposure, or due to a
hypersensitive larynx, from those with dysphagia who are at risk for aspiration.

Esophageal adenocarcinoma (EAC) represents one of the most rapidly rising
malignancies in the USA. The diagnosis of EAC is usually made in the later stages
of the disease, and most patients diagnosed with EAC have incurable disease at the
time of detection. The majority of these patients are unaware of the presence of
Barrett’s esophagus prior to cancer diagnosis and many do not report typical
symptoms of GERD. Several studies have shown that LPR symptoms, in particular
chronic refractory cough, may be a predictor for EAC. Moreover, chronic cough
has been suggested to be a better predictor of the presence of cancer and Barrett’s
esophagus than typical gastroesophageal reflux symptoms such as heartburn.
Therefore, endoscopic screening for Barrett’s esophagus and EAC should be
considered for patients with refractory chronic cough of unknown etiology [15].
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Aberrant Laryngeal Sensitivity and Reactivity

The term Irritable Larynx Syndrome (ILS) was introduced by Morrison and
Rammage in 1999, and described as a condition in which a person experiences
laryngeal muscle spasms, triggered by a sensory stimulus [16]. The laryngeal
muscle spasm can cause episodes of coughing without apparent cause, a sense of a
lump in the throat (globus sensation), laryngospasm, hoarseness, and paradoxical
vocal fold motion.

ILS was initially thought to be related to altered brain stem control of laryngeal
sensory-motor processes. However, in a 2010 update, the authors proposed that ILS
is a central sensitivity syndrome where laryngeal and paralaryngeal muscles
overreact to normal sensory stimuli [17]. They reported that out of 195 patients with
ILS, more than half presented with one or two comorbidities related to central
nervous system dysfunction such as irritable bowel syndrome, fibromyalgia,
chronic fatigue syndrome, and migraines, concluding that ILS is secondary to
central nervous system hypersensitivity.

Laryngeal hypersensitivity is a challenging condition since its constellation of
symptoms can defy easy diagnosis and lead to under-recognition or misdiagnosis.
Many subspecialties may be the entry point for patients who present with episodes
of severe shortness of breath, chronic refractory cough, a prominent sensation of
chest and throat constriction, dramatic stridor and hypersensitivity to fumes and
strong smells. These can include pulmonary, allergy, otolaryngology,
speech-language pathology, gastroenterology, and neurology. Adding to the chal-
lenge is the fact that the multidisciplinary involvement has resulted in a lack of
unifying terminology. The following terms, all referring to similar conditions, have
been used in recent literature: Chronic Refractory Cough, Post-Viral Vagal
Neuropathy, Sensory Neuropathic Cough, Cough Hypersensitivity Syndrome,
Laryngeal Sensory Neuropathy, Irritable Larynx Syndrome, Airway
Hyper-responsiveness, and Cough Reflex Hypersensitivity.

A growing body of literature supports the idea that the aberrant laryngeal activity
in these conditions is caused by peripheral sensory and motor neuropathies. All
involve sensory dysfunction. There appears to be a complex interaction between
peripheral nervous system and central nervous system processes with the evidence
of both having excitatory and inhibitory influences.

Recently, Mazzone and colleagues have demonstrated that evoked cough is not
only a brainstem-mediated reflex response to irritation of the airways, but it requires
active facilitation by cortical regions and is further regulated by distinct higher
order inhibitory processes [18]. Recent investigations indicate that there is an
inverse relationship between the mechanical and the chemical responses of the
airway mucosa to stimuli [19], suggesting that there is hyposensitivity to
mechanical stimulation and hypersensitivity to chemical stimulation of the laryn-
geal airway mucosa.

The mounting evidence that central system sensitization is a relevant mechanism
in refractory chronic cough, has led to the use of neuroleptic and psychotropic
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medications in the treatment of chronic cough and associated conditions. Clinical
evidence along with a small cohort of studies recommends the use of the following
for treatment of refractory chronic cough that has been non-responsive to more
traditional treatment options: (a) Gabapentin, an antiepileptic also used to treat
neuropathic pain [20]; (b) Tricyclic antidepressants, also used in chronic pain and
fibromyalgia [21, 22]; (c) Selective serotonin re-uptake inhibitors, and combined
serotonin and norepinephrine re-uptake inhibitors [23]; and (d) Baclofen, a centrally
acting spasmolytic drug [24, 25].

Behavioral therapy is another effective management intervention for chronic
cough that persists despite an adequate trial of medical treatments. This therapeutic
intervention is conducted by a speech-language pathologist with expertise in
treatment of cough. Therapy addresses lifestyle modifications, avoidance of sensory
stimuli with treatment of LPR and minimizing exposure to triggers, and voice
and breathing exercises in order to reprogram the habituated (laryngeal) motor
response [26].

Chronic cough and laryngeal hypersensitivity are challenging and difficult to
manage conditions because the constellation of symptoms can defy easy diagnosis.
The impact that these can have on daily life is substantial. Some patients experience
relentless symptoms that can persist for years, even decades, and frequent hospi-
talizations are not uncommon. Significant disability is seen in some cases, with
noticeable impact on quality of life. Chronic cough is currently considered truly a
multidisciplinary disease. The degree of cooperation between pulmonary, allergy,
ENT, and speech pathology subspecialties is becoming more common in major
healthcare facilities, and it can become a part of community practice as well.
A “chronic cough clinic” offers the promise of many benefits:

• Improve the timing of diagnosis.
• Lower healthcare costs by [1] avoiding duplication of tests and [2] reducing the

number of patient visits.
• Streamline management recommendations.
• Shorten the time necessary to achieve successful treatment.
• Improve outcomes.
• Improve patient satisfaction.

Professionals in subspecialties that commonly see these patients should make an
effort to work with their colleagues and develop their own alliances that ultimately
result in better patient care.

Obstructive Sleep Apnea

Obstructive sleep apnea is a clinical syndrome that results from an exaggerated
propensity of upper airway collapse during sleep which occurs due to a complex
interaction between anatomical (narrow, long, collapsible airway) and ventilatory
control-related factors.
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In a series of carefully documented cases, Birring et al. found obstructive sleep
apnea to be the sole reason for chronic cough [27]. These patients experienced
diagnostic delays of up to 3 years. The magnitude of the chronic cough symptom
overshadowed their obstructive sleep apnea symptoms. Remarkably, within days of
starting nasal CPAP, patients experienced significant and objectively documented
reduction in their cough.

Chan and colleagues studied 55 patients with obstructive sleep apnea syndrome
and no history of lung disease, recent upper respiratory tract infection, or use of
ACE inhibitor [28]. 18 of these patients (33 %) had cough and 37 (67 %) did not.
The patients with obstructive sleep apnea and cough were more likely to report
symptoms of nocturnal heartburn and rhinitis. Presence or severity of cough had no
relationship to the respiratory disturbance index.

The pathophysiological relationship between obstructive sleep apnea and cough
is open to speculation. However, the two established causes for cough, upper
airway inflammation and reflux disease, may explain the association. Repetitive
collapse and opening of the airway has been shown to be associated with upper
airway inflammation [29–31]. Furthermore, reversal of upper airway and systemic
inflammation has been demonstrated after the use of nasal CPAP in patients with
obstructive sleep apnea [32]. Obstructive sleep apnea also predisposes to gastroe-
sophageal reflux as a consequence of marked swings in transdiaphragmatic pressure
(suction effect) [33].

Patients with obstructive sleep apnea may pose specific challenges to the
bronchoscopist. In a series of lung transplant recipients, patients with obstructive
sleep apnea had significantly higher rates of procedural hypoxemia due to upper
airway collapse [34]. When performing bronchoscopy for the investigation of
chronic cough, presence of redundant upper airway, intraprocedural snoring, and
hypoxemia may provide clues to the bronchoscopist for the diagnosis of obstructive
sleep apnea. In those patients with known obstructive sleep apnea, performing the
procedure in the presence of a nasopharyngeal tube [34], or while the patient
receives noninvasive positive pressure ventilation [35], can alleviate upper airway
obstruction and hypoxemia.

Cough Hypersensitivity Syndrome

In 2005, investigators at the Royal Brompton Hospital cough clinic reported their
experience with 100 consecutive patients who were referred to this tertiary care
center [4]. These patients were investigated and managed according to the
anatomical protocol which involves systematic investigation and empirical treatment
of the 3 common conditions which cause cough, i.e., asthma, upper airway cough
syndrome, and GERD. The authors determined that the 3 conditions only account for
45 % of the patients. In additional 13 %, miscellaneous etiologies including
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post-viral cough, ACE inhibitor cough, COPD, bronchiectasis, Bordetella pertussis
infection, and yellow nail syndrome were suggested. The remaining 42 % had no
diagnosis after exhaustive work-up. These patients were said to have “chronic
idiopathic cough” (CIC). Compared to patients with known etiology, patients with
CIC had longer duration of the symptom, higher cough sensitivity as measured by
capsaicin challenge, a higher incidence of precedent upper respiratory tract infection,
and symptoms of sensitive cough reflex (such as coughing while talking, laughing,
or eating crumbly foods). Chronic cough hypersensitivity syndrome was suggested
as a more descriptive label for the condition since the entity represented a constel-
lation of symptoms and signs associated with objective cough hypersensitivity, not
explained by any specific medical condition [36]. It is important to note that cough
hypersensitivity does not equate bronchial hyperreactivity.

Diagnosis of chronic cough hypersensitivity syndrome is one of exclusion;
however, typical clinical characteristics, i.e., presence of allotussia and hypertussia,
long duration, and precedent respiratory infection are helpful to the clinician.
Treatment of the condition remains a challenge. Success has been reported with
neuroactive agents such as gabapentin [20] and amitriptyline [22, 37]. As alluded to
earlier, the relationship of chronic cough hypersensitivity syndrome and other
similar entities such as aberrant laryngeal sensitivity remains a topic of discussion
and research.

Inflammatory Airway Disease

Eosinophilic Inflammation of the Airway

Chronic cough can be a consequence of a continuum of inflammatory airway
disorders associated with eosinophilic infiltration. These encompass the relatively
common classic and cough variant asthma and less common and less-known
entities of non-asthmatic eosinophilic bronchitis and atopic cough. Since cough is
an accompanying and not main symptom of classical asthma, we will focus our
discussion to cough variant asthma, non-asthmatic eosinophilic bronchitis, and
atopic cough.

In essence, classical asthma is characterized by intermittent reversible airflow
obstruction (bronchial hyperreactivity) and eosinophilic airway inflammation.
Symptoms are dominated by the consequence of airflow obstruction, i.e., wheezing
and shortness of breath. Eosinophilic inflammation is seen in the smooth muscle
layer as well as airway epithelium. Cough variant asthma presents with the sole
symptom of cough. There is evidence of bronchial hyperreactivity on challenge
testing. Non-asthmatic eosinophilic bronchitis also presents with cough, but there is
no evidence of bronchial hyperreactivity on objective testing. Here, eosinophilic
inflammation is limited to airway epithelium. Atopic cough is a controversial entity
described in Japan, where cough variant asthma is extremely prevalent. The
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hallmark of atopic cough is response to antihistaminic medications and presence of
eosinophilic airway inflammation. Clinical nuances of these disorders are sum-
marized in Table 17.3.

Cough Variant Asthma

Cough variant asthma is a subtype of asthma characterized by cough as the only
presenting symptom [38]. It is one of the most common etiologies for chronic
cough [1] accounting up to 30-40 % of cases. Atopy and seasonal variation are
almost as common as classical asthma albeit lesser in magnitude [39]. Pulmonary
function testing is essentially within normal limits. Sine a qua non is the presence of
airway hyperreactivity on pulmonary function testing. Cough hypersensitivity as
determined by capsaicin challenge is also present and improves after a 2-week
course of leukotriene antagonists [40]. Cough variant asthma characteristically
responds well to bronchodilators; however, inhaled corticosteroids are frequently
necessary for the treatment of persistent cough [41]. Cough variant asthma can
progress to classical asthma up to 40 % of the time [42].

Non-asthmatic Eosinophilic Bronchitis

Eosinophilic bronchitis is a pathological entity shared by various clinical condi-
tions. In addition to asthma, rhinitis, COPD, and healthy individuals, patients with
GERD may have evidence of eosinophilic bronchitis on pathology. Non-asthmatic
eosinophilic bronchitis (eosinophilic bronchitis without asthma) as a cause of
chronic cough was first described by Gibson et al. [43]. Patients with the condition
presented with sputum eosinophilia (>3 %), normal spirometry without airway
hyper-responsiveness, and an excellent response to corticosteroids [44].
Nevertheless, frank asthma (9 %) or fixed airflow obstruction (16 %) can develop
over time [45].

Table 17.3 Eosinophilic airway diseases

Clinical characteristic Cough variant asthma NAEBa Atopic cough

Atopy + ± +

Cough reflex ± + +

Bronchial hyperreactivity + − −

Response to antihistamines − ? +

Sputum eosinophilia + + +

Mast cell infiltration in smooth muscle + − ?
aNAEB Non-asthmatic eosinophilic bronchitis
Based on data from Brightling [60]
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Systemic Disorders that Affect the Airways

Connective Tissue Disease

Although cough can occur with various connective tissue disease (scleroderma,
lupus, rheumatoid arthritis), this is mostly in the setting of parenchymal pulmonary
involvement. In the case of Sjogren’s syndrome however, cough can occur with
airway involvement without significant abnormality in the lung tissue.

Sjogren Syndrome

Sjogren syndrome is a systemic inflammatory disorder that chiefly affects the
exocrine glands. Diagnosis of Sjogren (primary) syndrome is made by using sub-
jective and objective data for xerostomia and keratoconjunctivitis sicca and one of
the criteria for autoimmunity (inflammatory infiltrates detected in minor saliva
glands, and/or presence of Ro/La autoantibodies). Positive Schirmer’s test,
sialometry, ultrasound, or MRI of the saliva glands may be considered as confir-
matory tests.

Sjogren syndrome is associated with multiple interstitial lung diseases such as
nonspecific interstitial pneumonia, organizing pneumonia, lymphocytic interstitial
pneumonia, follicular bronchiolitis, and granulomatous lung disease [46]. All of
these entities may also be associated with chronic cough.

Chronic cough can also occur in primary Sjogren syndrome, however, without
the presence of any interstitial lung disease. In a study by Bellido-Casado [47],
72 % of patients had respiratory symptoms such as cough and dyspnea without any
radiological abnormalities. Interestingly, cough was more prevalent among patients
with normal sputum inflammatory cell count in this study. In contrast, bron-
chodilator response or methacholine challenge test positivity was more prevalent
among those with abnormal sputum (lymphocytosis). Cough in the absence of
airway inflammation suggests that extrapulmonary etiologies for cough may be
prevalent among patients with Sjogren syndrome, e.g., reflux disease. Indeed, three
quarters of the patients with Sjogren syndrome may report dysphagia and presence
of reflux disease has also been demonstrated [48]. Notably, methacholine challenge
testing can be positive in up to 60 % of patients with Sjogren syndrome [49].

Inflammatory Bowel Disease

Inflammatory bowel diseases, i.e., Crohn’s disease and ulcerative colitis, are
associated with a myriad of pulmonary manifestations. Common embryological
origin from the primitive foregut, similar luminal structure, and presence of sub-
mucosal lymphoid tissue in both tracts has been proposed as explanation for the
pathophysiological link [50]. Lung parenchyma may be involved with pulmonary
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nodules, organizing pneumonia, nonspecific interstitial pneumonia, and granulo-
matous inflammation similar to sarcoidosis. The bronchoscopist may encounter
large airway involvement manifesting as bronchiectasis, chronic bronchitis, or
sometimes life-threatening purulent tracheobronchitis [51]. Severe inflammation in
the major airways can lead to inflammatory pseudotumors and frank stenosis of the
airway. Inflammatory bowel disease-related airway inflammation responds well to
corticosteroids administered systemically or via inhaled therapy. The broncho-
scopist should exclude concurrent infection, particularly non-tuberculous
Mycobacterium species in these patients [52].

Vasculitis

Vasculitides comprise a group of disorders characterized by immune-mediated
inflammation and destruction of blood vessels. Among these, granulomatosis with
polyangiitis (GPA) formerly known as Wegener’s granulomatosis and giant cell
arteritis (GCA) are the most commonly associated with airway symptoms. GPA
involves the central airways commonly and is associated with subglottic and tra-
cheobronchial stenosis. Cough and hemoptysis are common. This disorder has been
covered in detail, elsewhere in this text.

Giant cell arteritis is a vasculitic disorder of large- and medium-sized blood
vessels characterized by the onset of disease after the age of 50, high sedimentation
rate, headache, and vasculitis found on temporal artery biopsy [53]. Respiratory
involvement is rare and may take the form of pleural effusion [54], mild interstitial
lung disease [55], and in situ pulmonary artery thrombosis [56]. However, a puz-
zling clinical presentation is with a dry, nagging cough. In fact, dry cough is the
most common respiratory manifestation of GCA [57]. It can also be the presenting
symptom in approximately 8 % of the patients [57, 58]. Bronchoscopic examination
may reveal nonspecific bronchitis [59]. Therefore, the bronchoscopist should be
alert to the unusual presentation of this potentially morbid but treatable condition in
the elderly patient who presents with a nagging, dry cough and an unexplained
inflammatory disease.
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incidence and prevalence, 327
management, 346

bronchial artery revascularization, 346
necrosis, 338–341, 339f
risk factors, 327

donor and recipient, 327–328
immunosuppression, 329
infections, 329
medications, 329
miscellaneous, 330
surgical, 328

tracheobronchomalacia, 342–343

Airway hyperpigmentation, 317, 321
Airway stents, 54, 55, 341

and TBM, 138–139
Airway stricture, 41, 55, 56

in EBTB, 186, 186f
Airway surgery, 54
Airways

dysfunction, 77
intrinsic airway disease, 78
obstruction 75, 76, 81
related cough, 358t, 359
respiratory symptoms, 1
stenosis, 79f
web-like stenosis, 80f

ALK. See Anaplastic lymphoma kinase (ALK)
Alkaptonuria, 306–307, 320t
AmB, 207, 208, 209, 210, 211
Amiodarone, 317, 320t

black pigmentation, 317f
Amyloidosis, 35, 36f. See also

Tracheobronchial amyloidosis
(TBA)

Anaplastic lymphoma kinase (ALK), 263, 265
ANCA-associated vasculitis (AAV), 109
Ancylostoma duodenale, 239
Ancylostomiasis, 239
ANTA test. See Antineutrophil cytoplasm

antibody (ANCA) test
Anthracofibrosis, 310–311
Anthracosis, 310–311
Antineutrophil cytoplasm antibody (ANCA)

test, 10
AO-RRP. See Adult-onset RRP (AO-RRP)
ARDS. See Acute respiratory distress

syndrome (ARDS)
Argon plasma coagulation, 148, 220, 225
Argyria, 313–314, 320t
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endobronchial, 314f
Argyrosis, 313–314
Ascariasis, 233t, 238
Aspergillosis, 191, 205

bronchoscopic findings in, 203t
clinical features, 192t
endobronchial. See Endobronchial

aspergillosis
obstructive Aspergillus tracheobronchitis,

200f
predisposing factors for, 192t
pseudomembranous tracheobronchial

aspergillosis, 201f
radiologic features in, 194t
treatment outcomes, 210

Aspergillus species, 191, 193
Aspergillus tracheaobronchitis, 7, 8f
Azathioprine, 75, 124, 339

B
BAL. See Bronchoalveolar lavage (BAL)
BALT. See Bronchial-associated lymphoid

tissue (BALT)
BAR. See Bronchial artery revascularization

(BAR)
Benign tumors

airway tumors, 135t
central airway tumors, 2, 3t

Beta-D-glucan assay, 195
Bevacizumab, 222, 261
BHR. See Bronchial hyperresponsiveness

(BHR)
Biodegradable stent, 347
Black airway. See also Endobronchial

melanosis
healed endobronchial tuberculosis,

309–310, 310f
infection

Aspergillusniger, 308, 308f
Ochroconis gallopava, 308–309, 309f

Black bronchoscopy, 305
diagnostic approach to, 320t

BMP. See Bone morphogenic protein (BMP)
Bone morphogenic protein (BMP), 159
Bronchial anthracofibrosis, 12–13, 13f

CT of, 14f
Bronchial artery revascularization (BAR), 329,

346
Bronchial hyperresponsiveness (BHR), 92
Bronchial necrosis, 338–339, 339f
Bronchial stenosis, 14, 35, 110, 111t, 333–338

ablation modalities, 335
adjunctive techniques, 336

bronchial strictures, 335
CT image of, 115f
dilation, 335
flexible bronchoscopy, 335
isolated, 118
necrosis, 333f
RMSB stricture, 333, 334f
stenting, 336–337

hybrid stents, 337
silicone stents, 337

subglottis stenosis, 15f
Bronchial-associated lymphoid tissue (BALT),

282
Bronchoalveolar lavage (BAL), 89

culture, 204, 205
Broncholithiasis, 12, 13f
Bronchomalacia. See Tracheobronchomalacia

(TBM)
Bronchoscopic treatment, for GPA, 124

balloon dilation, 125, 126f
electrosurgery knife/blade, 127
instrumentation, 125
intraluminal steroids, 125, 125f
laser, 126

CO2 laser, 126
KTP laser, 127
Nd:YAG laser, 127

mitomycin, 127
Bronchoscopy, 6, 13, 15, 27f, 41, 43–48

for AC, 335
flexible bronchoscopy, 335

central airway stenosis, 41
proposed classification, 46t

as diagnostic tool, 172
for EBTB, 179

caseating granuloma, 181f
endoluminal occlusion, 41, 45f
findings of TO, 156f
for GPA, 116

subgottic stenosis, 116–118, 117f, 118f
web stenosis, 118, 118f

in IBD, 98–99
Langhan’s giant cells, 182f
limitation of, 30
structural airway stenosis, 40, 44f
for TBA, 148, 150, 150f

Brugia malayi, 243

C
Calcification, 32

in TO, 169
Calcium pyrophosphate dehydrate (CPPD)

deposition, 307
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Candida albicans, 197
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Candida species, 191
Candidiasis, 191. See also Endobronchial

candidiasis
bronchoscopic findings in, 203–204t
candidial plaques, 202f
clinical features, 192t
predisposing factors for, 192t
radiologic features in, 194t
treatment for, 209
treatment outcomes, 210

Carbon dioxide (CO2) laser, 219
Carcinoid, 296, 297f
Carcinoid tumors, 261

bronchoscopic appearance, 262f
Cardiac bronchus, 5, 7f, 8f
Cardiopulmonary bypass (CPB), 346
Cartilage damage, 1
CAS. See Central airway stenosis (CAS)
Central airway disorders

bronchoscopy, 41, 43–48
diagnostic role of, 46, 47t

central airway stenosis, 41
proposed classification of, 41, 46t

chest imaging, 25–39. See also Chest
imaging

chest computed tomography findings,
33t

clinical assessment, 16–19
signs and symptoms of, 17, 17–18t

diagnosis, 49
etiology, 2–16
FDG-PET scan, 40–41, 42–43f
in IDD, 93–95
magnetic resonance imaging, 40
pulmonary function tests (PFTs), 20–25
radial probe endobronchial ultrasound,

48–49
therapy, principles of

early diagnosis, 51–52
early referral and multidisciplinary

involvement, 52
effective therapies, 54
intervening intervention, 54–55
preparing bronchoscopists, 53
primum non nocere, 55–56
regular follow-up, 56
surgery, beneficial in select patients, 56
treating patient properly, 53–54
ventilating with secure airway, 52–53

treatment, 50
options, 50–51t

Central airway obstruction, 25, 96
in TO, 170

Central airway stenosis (CAS), 338
Cervical malacia, 142
Charcoal aspiration, 316

activated, 316f
Chest imaging, 25–39

chest computed tomography findings, 33t
computed tomography (CT), 25–26, 26f
radiograph, 25, 26f, 27f

benign calcification, 28f
relapsing polychondritis, 34, 35f

Chronic cough. See also Inflammatory airway
disease

aberrant laryngeal sensitivity and reactivity,
363–364

airway-related cough, 359
definition, 357
etiology, 357

uncommon reasons for, 358t
physiology of, 358–359
and reflux, 360–362
swallowing, 362
systemic disorders of airway

connective tissue disease, 368
inflammatory bowel disease, 368–369
Sjogren syndrome, 368
vasculitis, 369

upper airway cough syndrome, 359–360
Chronic hoarseness, 18
Chronic obstructive pulmonary disease

(COPD), 21, 31, 88, 138, 162
and IBD, 93

Churg-Strauss syndrome, 111. See also
Eosinophilic granulomatosis with
polyangiitis (EGPA)

Cidofovir, 220–221, 224, 225
Coccidioides immitis, 191
Coccidioidomycosis, 191, 195–196

bronchoscopic findings in, 203t
clinical features, 192t
predisposing factors for, 192t
proliferation of, 201
radiologic features in, 194t
treatment for, 208
treatment outcomes, 210
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Colchicine, 150
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Constrictive bronchiolitis, 298, 299, 301
Cotton-Myer classification, 41
Cough, 147

barking, 343
in central airway diseases, 12, 17
chronic. See also Chronic cough

in anthracofibrosis, 311
in TO, 162

dry, in TO, 162
in IBD, 95

Cough hypersensitivity syndrome, 365–366
Cough receptors, 358–359
Cough reflex arc, 358–359
Cough variant asthma, 367
CPB. See Cardiopulmonary bypass (CPB)
CPPD. See Calcium pyrophosphate dehydrate

(CPPD) deposition
Cryotherapy, 342

bronchoscopic, 170
Cryptococcosis, 191, 197–198

bronchoscopic findings in, 203t
clinical features, 192t
predisposing factors for, 192t
radiologic features in, 194t
treatment for, 209

Cryptococcusneoformans, 191, 197
prevention, 210

Cyclophosphamide, 123, 124

D
Diffuse idiopathic pulmonary neuroendocrine

cell hyperplasia (DIPNECH), 295
bronchoscopy, 301
clinical features, 298–299
differential diagnosis, 301
epidemiology, 296
etiopathogenesis, 296–298
imaging, 299

contrast-enhanced computed
tomography, 300f

laboratory investigations, 299
pathology, 296–298
prognosis, 301–302
pulmonary function testing, 300–301
treatment, 301–302

Dimethyl sulfoxide (DMSO), 150
DIPNECH. See Diffuse idiopathic pulmonary

neuroendocrine cell hyperplasia
(DIPNECH)

Dirofilaria immitis, 241
Dirofilariasis, 241–242, 242f, 233t
Dyspnea, 17, 18, 25, 147, 162, 267

in Trichinella infection, 244

E
EBFIs. See Endobronchial fungal infections

(EBFIs)
EBRT. See External beam radiation therapy

(EBRT)
EBTB. See Endobronchial tuberculosis

(EBTB)
EBUS. See Endobronchial ultrasound (EBUS)
Echinococcosis, 246–249

echinococcus cyst fragments, 247, 248f
pulmonary alveolar, 249
sac-like cysts, 246, 247f
water lily sign, 246, 247f

EDAC. See Excessive dynamic airway collapse
(EDAC)

Endobronchial aspergillosis, 193–195
treatment for, 207–208

Endobronchial biopsy, 77, 78, 205
Endobronchial candidiasis, 197
Endobronchial coccidioidomycosis, 205
Endobronchial cryptococcosis, 202
Endobronchial fungal infections (EBFIs),

191–193
bronchoscopy, 200

fibrosing mediastinitis, 202, 203f
findings in, 202, 203t

clinical features, 192t
complications, 207, 208t
diagnosis, 204–206
differential diagnosis, 206–207

for pulmonary fungal infections, 207t
pathology, 204
predisposing factors for, 192t
prevention, 210
prognosis, 210–211
radiologic features in, 194t
treatment, 207–209

outcomes, 210
Endobronchial histoplasmosis, 202
Endobronchial ignition, 318–319, 318f
Endobronchial infections. See Endobronchial

fungal infections (EBFIs)
Endobronchial melanoma, 314–315
Endobronchial melanosis, 306f

congenital disease, 306
environmental causes

anthracofibrosis, 310–311
anthracosis, 310–311
argyria, 313–314
argyrosis, 313–314
soot inhalation, 311–313

healed endobronchial tuberculosis,
309–310, 310f
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iatrogenic causes
amiodarone, 317
charcoal aspiration, 316
endobronchial ignition, 318–319, 318f
iron pill aspiration, 319
tricoptysis, 317

inborn error of metabolism, 306–307
infection

Aspergillusniger, 308, 308f
Ochroconis gallopava, 308–309, 309f
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endobronchial melanoma, 314–315
teratoma, 315

Endobronchial mucormycosis, 205–206
Endobronchial sarcoidosis, 81
Endobronchial schwannoma, 263, 265f
Endobronchial stenting, 79
Endobronchial tree hyperpigmentation,

319–321
Endobronchial tuberculosis (EBTB), 6, 177

bronchoscopy, 179
caseating granuloma, 181f
Langhan’s giant cells, 182f

clinical features, 178
histopathology, 179

edematous-hyperemic type, 180
hyperplastic-inflammatory polyp, 181

laboratory tests, 178–179
pathogenesis, 177–178
radiology, 178

chest X-ray, 179f
CT scan, 180f

treatment, 182
for active EBTB, 182–183
for fibrous EBTB, 183–184

Endobronchial ultrasound (EBUS), 48–49
Endobronchial zygomycosis, 202
Endoluminal occlusion, 41, 45f
Entamoeba histolytica, 236
Eosinophilic granulomatosis with polyangiitis

(EGPA), 111
Eosinophilic inflammation of airway, 366–367,

367t
Erythema

posterior commissure erosion, 360, 360f
vocal fold, 360, 361f

Everolimus, 261
Excessive dynamic airway collapse (EDAC),

15–16, 134
Exhaled nitric acid, 96–97
Exophytic granulation tissue, 341–342

External beam radiation therapy (EBRT),
151–152

Extranodal lymphoma, 282, 283, 284f, 285f,
287

F
FDG-PET. See Fluoro-deoxyglucose positron

emission tomography (FDG-PET)
FEV1. See Forced expiratory volume in first

second (FEV1)
Fibrosis, 76, 81
Fibrotic scarring stenosis, 124
Fibrotic strictures, 1
Fistulas, 343–344

bronchomediastinal fistula, 344
Flow volume loop

abnormalities, 20–21, 21f
oscillations in airflows, 22, 23f
severe dynamic airway collapse, 21, 22f
in unilateral main-stem obstruction, 21, 22f

Flurodeoxyglucose positron emission
tomography (FDG-PET), 80, 82,
285

relapsing polychondritis, 42–43f
scan, 40–41, 40f

Forced expiratory volume in first second
(FEV1), 20

Forced vital capacity (FVC), 20, 22f, 95
Fungal infections, 191. See also

Endobronchial fungal infections
(EBFIs)

clinical features, 192t
diagnostic features of, 204t
predisposing factors for, 192t

FVC. See Forced vital capacity (FVC)

G
Galactomannan antigen assay, 195
Gastroesophageal reflux disease (GERD), 136,

360
Genome-wide association study (GWAS), 109
GERD. See Gastroesophageal reflux disease

(GERD)
Giant cell arteritis (GCA). See Granulomatosis

with polyangiitis (GPA)
Glomangiomyoma, 263, 266f
Glomus tumor, 263, 266f
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Glucocorticoids, 150
GPA. See Granulomatosis with polyangiitis

(GPA)
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bilateral vocal fold, 360, 361f
in laryngeal sarcoidosis, 75f
in sinonasal sarcoidosis, 74f

Granulomatosis with polyangiitis (GPA), 10,
10f, 73, 107, 121f, 285, 369

airway abnormalities, 122
bronchoscopy, 116

subgottic stenosis, 116–118, 117f, 118f
web stenosis, 118, 118f

clinical features, 110
CT imaging in, 35, 37f
etiology, 109–110
historical background, 108
imaging, 112–116

alveolar hemorrhage in, 114f
incidence, 108
laboratory investigations, 110–112

pulmonary manifestations of, 111t
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in GPA, 121f

mucosal plaque, 120f
submucosal bridges, 121f
superficial mucosal ulcer, 120f
surface inflammation, 119f
tracheal crusting, 121f

pathology, 122–123
pulmonary function tests, 116
treatment and prognosis, 123–124

bronchoscopic treatment, 124–127
GWAS. See Genome-wide association study

(GWAS)

H
HDR-EB. See High-dose-rate endobronchial

brachytherapy (HDR-EB)
Healed endobronchial tuberculosis, 309–310,

310f
Helminthic infections, 231
Helminthic parasites

cestodes
echinococcosis, 246–249

nematodes, roundworms
ancylostomiasis, 239
ascariasis, 238
dirofilariasis, 241–242, 242f
strongyloidiasis, 239–241
syngamosis, 241
toxocariasis, 243–244

trematodes, flatworms

paragonimiasis, 245–246
schistosomiasis, 244–245

Trichinella infection, 244
tropical pulmonary eosinophilia, 243

Hemoptysis, 18, 94, 147, 162–163
HGA. See Homogentesic acid (HGA)
HGD. See Homogentisate-1,2-dioxygenase

(HGD)
High-dose-rate endobronchial brachytherapy

(HDR-EB), 342
High-resolution chest computed tomography

(HRCT), 88, 89
Histoplasma capsulatum, 191, 198, 209
Histoplasma polysaccharide antigen

(HPA) test, 198
Histoplasmosis, 198–199

bronchoscopic findings in, 204t
clinical features, 192t
predisposing factors for, 192t
radiologic features in, 194t
treatment for, 209

outcomes, 210
Histoplasmosis, 206
Hoarseness, 18, 147, 163
Homogentesic acid (HGA), 306, 307
Homogentisate-1,2-dioxygenase (HGD), 306,

307
Hookworm disease. See also Ancylostomiasis

infection, 233t
HPV. See Human papilloma virus (HPV)
HRCT. See High-resolution chest computed

tomography (HRCT)
Human papilloma virus (HPV), 2, 215, 216,

217, 221, 223, 225
vaccines, 224

Hydatid disease, 235t

I
Iatrogenic airway stenosis, 15
IBD. See Inflammatory bowel disease (IBD)
Imminent suffocation, 1
Impulse oscillometry, 24

versus spirometry, 25
Inflammatory airway disease

cough variant asthma, 367
eosinophilic inflammation of airway,

366–367, 367t
non-asthmatic eosinophilic bronchitis, 367

Inflammatory bowel disease (IBD), 12, 18,
87–88, 368–369

asthma and, 91–93
background, 88
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central airway disorders in, 93–95
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non-specific respiratory symptoms, 89
pathology, 99
pathophysiology, 89–91
pulmonary disorders in, 91
pulmonary function tests, 96
pulmonary manifestations of, 92t
treatment, 99–100

Inflammatory myofibroblastic tumors (IMT),
263–264, 268f

Interferon-α, 220
α-2b, 261

Interventional bronchoscopy, 51t, 54–55
IPA. See Iron pill aspiration (IPA)
Iron pill aspiration (IPA), 319

J
Juvenile laryngotracheal papillomatosis, 2
Juvenile-onset RRP, 216

K
Klebsiella ozaenae, 160, 161

L
Laryngeal mask airway, 163
Laryngeal papillomatosis, 215. See also

Recurrent respiratory papillomatosis
(RRP)

Laryngeal sarcoidosis, 73, 75f
Laryngotracheal amyloidosis, 10, 11f
Laser

carbon dioxide (CO2) laser, 219
potassium titanyl phosphate (KTP) laser,

220
pulse dye laser, 219

Leishmania donovani, 236
Lithoptysis, 17
Löffler’s syndrome, 239
Lower respiratory tract sarcoidosis, 76–77

extrinsic
granulomatous, 79–81
non-granulomatous, 81–82

intrinsic
granulomatous, 77–78
non-granulomatous, 78–79

Luminal airway narrowing, 310
anthracostenosis, 310f

Lung transplant, 326–327
Lymphomas, 281–282

clinical features, 283

diagnosis, 288–289
etiology, 283
flexible bronchoscopy, 286

B cell lymphoma, 286f
historical background, 282
imaging, 284–286

MALT lymphoma, 284f, 285f
incidence, 282–283
laboratory investigations, 284
pathology, 286–288

low-grade lymphoma, 287f
primary tracheal large B cell lymphoma,

288f
prognosis, 289–290
treatment, 289

Lymphoproliferative disorders, 282, 286, 290

M
Magnetic resonance imaging (MRI), 40
Malignancy, 10, 311. See also Endobronchial

melanosis
central airway tumors, 2, 3t
melanosis, 306
metastatic, 299
primary tracheal, 256

MALT. See Mucosa-associated lymphoid
tissue (MALT)

Mammomonogamus, 241
Marginal zone B-cell lymphoma

extranodal, 284f, 285f
of MALT type, 282, 287, 288
non-neoplastic, 283

MDS classification, 330–332
endoscopic standardized grading system,

332t
MEC. See Mucoepidermoid carcinoma (MEC)
Melphalan, 150
Mesomycetozoea, rhinosporidiosis, 235t,

249–250
Metastatic thymic carcinoma, 257, 257f
Methotrexate, 75, 124
Methylprednisolone, 125
Microdebrider, 219
Mitomycin C, 185
Mounier-Kuhn syndrome, 12, 26f. See also

Tracheobronchomegaly
saber sheath trachea, 31, 31f
tracheal enlargement in, 31, 32f

MPO. See Myeloperoxidase (MPO)
MRI. See Magnetic resonance imaging (MRI)
Mucinous cystadenoma, 262
Mucoepidermoid carcinoma (MEC), 260–261

in right main bronchus, 260f
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Mucormycosis, 196. See also Zygomycosis

treatment outcomes, 210
Mucosa-associated lymphoid tissue (MALT),

282
lymphomas, 283, 284f

Mucosal ischemia, 15
Mucous gland adenoma, 262
Multidetector computed tomography, 27

subglottic tracheal stenosis, 29f
Mycobacterium tuberculosis (MTB), 309

healed, 310f
Myeloperoxidase (MPO), 109

N
Narrow band imaging (NBI), 148
Nasal mucosal sarcoidosis, 72, 73f
NBI. See Narrow band imaging (NBI)
NEC. See Neuroendocrine cell (NEC)
Necator americanus, 239
Neoplastic disorders, 2, 3t
Neuroendocrine cells (NEC), 295

abnormalities, 296
hyperplasia, 295, 296, 297f, 298f
pulmonary (PNEC), 297

NIMV. See Non-invasive mechanical
ventilation (NIMV)

NOD2. See Nucleotide-binding
oligomerization domain containing 2
(NOD2)

Non-asthmatic eosinophilic bronchitis, 367
Non-Hodgkin’s lymphoma

extranodal, 282
pulmonary, 289

Non-invasive mechanical ventilation (NIMV),
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Non-neoplastic disorders, 2, 3t
Nucleotide-binding oligomerization domain

containing 2 (NOD2), 90
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Obstructive Aspergillus tracheobronchitis, 200f
Obstructive sleep apnea, 364–365
Ochronosis, 306–307. See also Alkaptonuria

P
Paclitaxel-coated balloon (PCB) dilation, 347
PAIR. See Puncture, aspiration, injection, and

re-aspiration (PAIR)
Papillomas, 2, 216, 222, 223

CO2 laser in, 219
juvenile recurrent, 5f
laryngeal, 215
mulberry-type texture of, 218, 217f

Papillomatosis, 215. See also Recurrent
respiratory papillomatosis (RRP)

Paragonimiasis, 234t
Parasites infections, of lung

cestodes, 235t
mesomycetozoea, 235t
nematodes, key features, 233–234t
trematodes, key features, 234

Pattern recognition receptors (PRRs), 90
pCLE. See Probe-based confocal laser

endomicroscopy (pCLE)
PCR. See Polymerase chain reaction (PCR)
PDT. See Photodynamic therapy (PDT)
PEEP. See Positive end-expiratory pressure

(PEEP)
Pegylated interferon alpha 2a (Peg-IFNα-2a),

221
PFTs. See Pulmonary function tests (PFTs)
Photodynamic therapy (PDT), 220
Plasmodium falciparum, 236, 237
Plasmodium spp., 236
Pneumatodes, 231
Pneumonectomy

chest radiograph after, 184f
for fibrous EBTB, 183

Polymerase chain reaction (PCR), 179, 195
Aspergillusfumigatus-specific, 195

Positive end-expiratory pressure (PEEP), 330
Positive pressure ventilation, 330
Positron emission tomography (PET) scan,

241. See also Flurodeoxyglucose
positron emission tomography
(FDG-PET)

Post-tracheostomy stenosis, 15
Potassium titanyl phosphate (KTP) laser, 220
PPI. See Proton pump inhibitors (PPI)
PR3-ANCA, 107, 109
Primary epithelial-myoepithelial tumors, 263
Primary graft dysfunction, 330
Primary pulmonary candidiasis, 206
Primary pulmonary lymphoma, 281, 283
Primary tracheal lymphomas, 263
Probe-based confocal laser endomicroscopy
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Proteinase-3 antineutrophil cytoplasm antibody

(PR3-ANCA). See PR3-ANCA
Proton pump inhibitors (PPI), 360
Protozoal parasites

infections, 231
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pulmonary amebiasis, 236
pulmonary babesiosis, 237
pulmonary leishmaniasis, 236
pulmonary malaria, 236
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Pulmonary aspergillosis, 194
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in IBD, 96

Pulmonary leishmaniasis, 232t, 236
Pulmonary malaria, 232t, 236
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Radial probe endobronchial ultrasound

(RP-EBUS), 48–49
Radiation therapy
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adjuvant therapy, 220
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epidermal growth factor receptor
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causes and pathophysiology, 215–216
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epidemiology, 216
surgical management, 218

carbon dioxide (CO2) laser, 219
microdebrider, 219
thermal ablation techniques, 219–220

treatment, 218
Relapsing polychondritis (RP), 9, 9f
Respiratory distress, 1
Respiratory papillomatosis. See Recurrent

respiratory papillomatosis (RRP)
Retrosternal goiter, 27
Rhinoscleroma, 8
Rhinosporidiosis, 235t, 249–250
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RP. See Relapsing polychondritis (RP)
RP-EBUS. See Radial probe endobronchial
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S
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balloon bronchoplasty, 79, 80f
bronchial hyper-reactivity, 78
bronchiectasis, 81
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79, 80f
Sarcoidosis granulomas, 71
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72–73
management of, 73–76

SCC. See Squamous cell carcinoma (SCC)
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SeePseudoalleischeria boydii
infection

Schistosomiasis, 234t, 244–245
Self-expanding metallic stents (SEMS), 336
SEMS. See Self-expanding metallic stents

(SEMS)
Septal perforation, 72, 72f
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complications associated with, 139, 150,
337

Sinonasal sarcoidosis, 73, 74f

Index 381
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