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Abstract

Recent state-of-the-art computed tomography and im-
proved three-dimensional (3-D) postprocessing tech-
niques have revolutionized the capability of visualizing
airway pathology, offering physicians an advanced view
of pathology and allowing for appropriate management
planning. This article is a comprehensive review of tra-
chea and main bronchi imaging, with emphasis on the
dynamic airway anatomy, and a discussion of a wide va-
riety of diseases including, but not limited to, congenital
large airway abnormalities, tracheobronchial stenoses,
benign and malignant neoplasms and tracheobronchoma-
lacia. The importance of multiplanar reconstruction, 3-D
reconstruction and incorporation of dynamic imaging for
non-invasive evaluation of the large airways is stressed.
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INTRODUCTION

Imaging of the trachea-bronchial tree has improved rece-
ntly, in large part due to the advancements of computed
tomography (CT), allowing for volumetric isotropic voxel
imaging, and its associated improvements in post-process-
ing software that allows for advanced three-dimensional
(3-D) visualization. Thus, airway imaging has become a
tool that physicians can use to help plan interventional pr-
ocedures, such as bronchoscopy, stent placement, surgery
and subsequent follow-up. It is clear that airway imaging
competes with invasive bronchoscopy as a choice in es-
tablishing a diagnosis. CT does not offer the chance for
biopsy or broncho-alveolar lavage, and also does not allow
intervention. This review article is intended to give a broad
overview of the disease processes radiologists encounter in
daily practice and offers insight into CT imaging protocols.

STRUCTURAL ANATOMY

The trachea is a cartilaginous and fibromuscular conduit
for ventilation and bronchial secretions. It extends from the
level of C6 (cricoid cartilage) to the carina, approximately
located at level of T4-T5, where it bifurcates into left and
tight main stem bronchi (Figure 1), In adults, its length, as
measured during inspiratory CT, is approximately 11-13 cm,
with 2-4 cm being extrathoracic”. During inspiration, the
trachea is semi-oval in shape with a coronal diameter of
13 to 25 mm in men and 10 to 21 mm in women, and a
sagittal diameter of 13 to 27 mm in men and 10 to 23 mm
in women. The trachea has 16 to 22 horseshoe bands of
cartilage that compose the anterior and lateral walls of
the trachea. The postetior tracheal wall lacks cartilage and
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Figure 1 Normal tracheo-bronchial tree with automated lobar segmentation
and nomenclature for main airways using dedicated three-dimensional
reconstruction software.

is made of a thin membrane supported by the trachealis
muscle. On CT, the tracheal wall appears as a 1-3 mm soft
tissue stripe outlined by the air in lumen and mediastinal
fat. The posterior wall appears thinner and gives a variable
contour to the shape of the trachea due to lack of carti-
lage. It may appear flat, convex or slightly concave depend-
ing on the level of inspiration[1’3’4]. The posterior wall of
the trachea either flattens or bows slightly forward during
expiration. In normal subjects there is up to a 35% reduc-
tion in AP tracheal lumen in forced expiration, whereas the
transverse diameter decreases only by 13% (Figure 2)™*,
The trachea is generally midline in position, often displaced
slightly to the right at the level of the aortic arch. It angles
posteriorly achieving a mid-coronal location at the level of
the carina. Significant error in measurement of the tracheal
diameter can occur if the measurement is not perpen-
dicular to the plane of scanning, However, with isotropic
imaging made possible with multidetector CT (MDCT),
3-D reconstruction of the airways allows determination of
the central axis and hence enables very accurate measure-
ment of the tracheal diameter in any axis. The tracheal
index can be calculated as a ratio of the coronal diameter
(mm) by the sagittal diameter (mm). The normal value is
approximately one!”. The angle of the tracheal bifurcation,
also called the carinal angle, can vary widely even in normal
individuals. The carinal angle is wider in individuals with
an enlarged left atrium, in females, in obese patients, and in
people with the carina located closet to the spine. The wid-
ening of the carinal angle on serial films can suggest sub-
cardinal lymphadenopathy. The right main stem bronchus
has a more direct downward coutse, is shorter than the left
and begins to ramify earlier than the left main bronchus'".

IMAGING MODALITIES

The plain chest radiograph is relatively insensitive to air-
way changes'”’. MDCT, including thin-slice volumetric CT,
paired inspiratory and expiratory MDCT and even dy-
namic 4D MDCT during a full respiratory cycle, allows for
exquisite visualization of the central airways. Furthermore,
reconstruction methods, including multiplanar imaging and
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Figure 2 Axial computed tomography image shows the normal rounded
configuration of the trachea at the end of inspiration. Note the normal anterior
bowing of the posterior membranous wall of the trachea at the end of expiration.

virtual bronchoscopy, are now commonly available. The
use of these techniques will be described in greater detail
in the sections below, with the most useful techniques
highlighted for the various pathologies under evaluation.
In addition, MR imaging is increasingly being used to study
respiratory dynamics and airway pathophysiology, however,
this modality will not be included in this review. Suffice it
to say that fast acquisitions of isotropic volumetric data
with advanced reconstruction techniques are now capable
of generating high quality images with functional infor-
mation. This has made a significant impact in the direct
planning and management of patients[&“]. Pathology of
the trachea and the main stem bronchi can be broadly clas-
sified into focal or diffuse causes, with or without trachea-
bronchomegaly (Table 1).

IMAGE ACQUISTION AND POST
PROCESSING

The newer multidetector scanners of 64-128 rows of dete-
ctor and collimators as thin as 0.625 create a near isomettic
resolution voxel of 0.4 mm. Slices are reconstructed, with
50% ovetlap, in the transaxial plane. A rotation time of ap-
proximately 500 ms allows a significant decrease in cardiac
pulsation artifacts and allows a good analysis of all bronchi,
including the paracardiac areas. State-of the-art, 320-detec-
tor CT scanners can cover 16 cm of tissue in 350 ms, and
hence can image the entire intrathoracic trachea with just a
single gantry rotation. This permits dynamic cine imaging
of the trachea and bronchi during respiratory maneuvers
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Diffuse tracheal pathology

Associated with tracheobronchomegaly
Related to recurrent chest infections (most common cause)
Tracheobronchomegaly (Mounier-Kuhn disease)
Ehlers-Danlos syndrome
Saber-sheath trachea (increased sagittal diameter)

Asssociated with a normal or decreased size of the trachea
Tracheo-bronchomalacia
Relapsing polychondritis
Wegener granulomatosis
Acute tracheo-bronchitis of infectious etiology
Chronic tracheobronchitis associated with autoimmune diseases
Tracheal web
Amyloidosis
Sarcoidosis
Tracheopathia osteoplastica

Focal tracheal pathology

Intrinsic
Acquired tracheal stricture (mostly iatrogenic related to intubation)
Idiopathic tracheal stricture
Benign neoplasms
Primary malignant neoplasms
Secondary malignant neoplasms

Extrinsic
Compression from adjacent structures or lymphadenopathy
Vascular anomalies/slings

without significant cardiac or respiratory motion artifacts.
The unique inherent natural contrast of the airways and lung
parenchyma permits imaging with a relatively lower radiation
dose without significant loss of information (100-120 kV,
60-160 mAs). Imaging is obtained in suspended inspiration.
Expiratory imaging is obtained to evaluate for tracheomala-
cia and to evaluate the mosaic perfusion pattern in the lungs
to look for small airways disease.

Axial sections with cine mode viewing

Axial images provide detailed evaluation of the size and
shape of the airway, wall thickness, presence of calcifica-
tion, presence of intraluminal lesions, and delineate the rel-
ationship of the airways to adjacent mediastinal structutes.
Evaluation of the thin axial images in a cine mode allows
analysis of bronchial divisions to a subsegmental level.
Axial imaging can, however, overlook subtle narrowing, so
for a comprehensive evaluation of the airways, axial imag-
ing must be complemented with 2-D and 3-D reforma-
tion. Multiplanar and 3-D reconstructions enable efficient
review of the airways by markedly decreasing the number
of images to be evaluated. 2-D and 3-D reformation are
more anatomically meaningful formats and, hence, more
clinician and patient friendly.

Two-dimensional multiplanar reformation

Two-dimensional multiplanar reformation images are single-
voxel-thick sections; 0.6-0.8 mm sections displayed in the
coronal, sagittal, or oblique plane. Curved reformations
along the long axis of the airways allows for the simult-
ancous depiction of multiple contiguous airway segments
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on a single section. Most PACS stations now permit cre-
ation of realtime multiplanar images focusing on the ab-
normality at the reading workstation itself. A remote post
processing station can also be used. Multiplanar reformats
are easily performed in real time in all directions with vat-
ious rendering modes. Multiple adjacent thin slices can be
stacked together to generate a thick slab or multiplanar
volume reformation image. Slice thickness can be altered
to any dimension, but 3 to 7 mm thicknesses generally give
adequate images. Various rendering tools can be used. The
average MPR can give tomographic equivalent images.
Minimum intensity projection (mIP) projects the pixels
with the lowest attenuation values in a 2-D format. The
trachea-bronchial tree and any lucent abnormalities, such as
diverticula or fistulous communications, are well displayed
on mIP reconstructions.

3-D reconstruction

3-D reconstructions include external and internal render-
ings of the airways. External 3-D rendering of the airways
is equivalent to CT bronchography. 3-D segmentation
of the trachea-bronchial tree provides a rapid anatomic
overview of the airways. 3-D reconstructions allow the
recognition of mild and focal airway stenoses, providing
accurate anatomically more relevant information on the
shape, length, and severity of airway stenoses. 3-D images
demonstrate the changes of tracheomalacia on inspiration
and expiration well.

Internal 3-D rendering of the airways gives images equ-
ivalent to bronchoscopy and is aptly referred to as virtual
bronchoscopy. It enables the viewer to navigate through
the lumen of the airway to the sixth-order and seventh-
order subdivisions. Virtual bronchoscopy is a uniquely
useful noninvasive method of assessment of tight airway
stenosis, which cannot be negotiated on conventional
bronchoscopy. It allows for preplanning transbronchial
biopsies, evaluation of aspirated foreign bodies and tra-
cheomalacia. Virtual bronchoscopy may obviate the need
for invasive conventional bronchoscopy in certain circum-
stances. It is a great non invasive alternative to conven-
tional bronchoscopy in special subgroups of patients such
as young children, very sick patients or elderly patients
who may not be able to tolerate bronchoscopy. Virtual
bronchoscopy does not permit tissue sampling, which can
be done with endoscopic bronchoscopy"” .

CONGENITAL TRACHEA-BRONCHIAL
ANOMALIES

Bronchus suis

Bronchus suis refers to a rare congenital anomaly, whereby
the right upper lobe bronchus originates directly from the
trachea (Figure 3). It is usually detected incidentally and may
not have much clinical implication. However, this anomaly
may cause hypoxemia and prolonged atelectasis with intu-
bation or during anesthesia due to inadvertent closure of
the bronchial opening by the endotracheal tube” . Fur-

July 28,2010 | Volume 2 | Issue 7 |



Laroia AT et a/. Modern imaging of the tracheo-bronchial tree

Figure 3 Minimum intensity projection coronal view demonstrating “bronchus
suis” (arrow) arising from the right wall of the distal trachea.

thermore, bronchus suis is associated with other congenital
anomalies, particularly trisomy 21%. Hence, identification
of this anomaly is of clinical relevance.

Bronchial atresia

This is a developmental disorder, resulting in a segmental
or subsegmental bronchus becoming entirely detached
from the main airwaylzz’m. The distal airway will continue
to produce mucus while there is no clearance from the
airway, leading to the impaction of mucus seen as the
“finger-in-glove” sign on CT (Figure 4). There is collateral
air flow into the segment through the potes of Kohn but
it becomes trapped causing hyperinflation of the involved
segment. Recurrent pneumonia may be a presenting sym-
ptom in these patients. The classic locations for atretic
bronchi are the apical and apicoposterior segments of the
upper lobes™.

Tracheo-esophageal fistula

Tracheo-esophageal fistula congenital malformation re-
sults from a failure of the trachea and esophagus to divide
and grow out separately during early development of the
primitive foregut. It is often seen in association with other
congenital anomalies, of which the VACTERL is most
commonly known'**), VACTERL is a well-known cong-
enital malformation syndrome that includes vertebral,
anal, cardiac, tracheoesophageal, renal, and limb anoma-
lies. Esophageal atresia is most commonly proximally po-
sitioned with a distal trachea-esophageal fistula (80%-90%
of cases), while 5%-8% of fistulas are H-shaped without
esophageal atresia™**.

DIFFUSE TRACHEAL PATHOLOGY

Dilatation of the trachea may be caused by rare congenital
abnormalities, including Mounier Kuhn’s disease, Ehlers-
Danlos syndrome, or more commonly by chronic acquired
conditions with recurrent infections (including those ass-
ociated with cystic fibrosis, tubetculosis, satcoidosis and
histoplasmosis) and allergic reactions leading to fibrosis of
the upper lobes, which affects airflow in the main airways.
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Figure 4 Congenital bronchial atresia. Chest X-ray showing relative lucency
of the left upper lobe (arrows). The axial computed tomography section showing
hyperinflation in the left upper with non-enhancing branching tubular structure
representing the mucus filled left upper lobe bronchus. This appearance is virtually
diagnostic of congenital bronchial atresia.

Tracheobronchomegaly (Mounier-kuhn disease)
Tracheobronchomegaly is a rare condition of unknown
origin, mainly affecting men in their 4" or 5" decade, how-
ever, pediatric patients may also present with this disorder
(Figure 5%, The process was first described by the
French physician Mounier-Kuhn” in 1932, and the name
was suggested by Katz ez a* in 1962. Approximately 95%
of patients are male and there is an autosomal recessive
inheritance. In the early stages of this disorder, patients
remain asymptomatic or may present with recurrent bron-
chitis or pneumonia. As the airway disease progresses, air
flow obstruction is commonly encountered and repeated
infections lead to progressive disability. The process is
characterized by dilation of the trachea and main bronchi
caused by severe atrophy of longitudinal elastic fibers and
thinning of the muscularis mucosa. Tracheomegaly ensues
with flaccid, dilated central airways on inspiration with a
tracheal diameter greater than 3 cm, whereas on expiration
and during coughing the airway collapses (leading to out-
flow obstruction)”. Airway mucosa protrudes through the
intracartilaginous skeleton, leading to broad-based diver-
ticula and a corrugated appearance of the trachea on 3-D
reconstructions. The diverticula may become extremely
pronounced and an interconnected mesh of airway con-
nections may develop with trapped air content. Bronchiec-
tasis and tracheobronchomalacia are commonly associated
with this process.
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Figure 5 Mounier Kuhn syndrome (congenital tracheobronchomegaly). Axial computed tomography (A), multiplanar sagittal (B) and the minimum intensity projection
reconstruction (C) show tracheal enlargement with multiple paratracheal and peribronchial diverticule (arrows). The maximum intensity projection reconstruction (D)

demonstrates all interconnected airway structures.
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Figure 6 Saber sheath trachea. A: Chest radiograph PA view demonstrating
diffuse narrowing of the trachea (arrow); B: Axial computed tomography scan
showing inward bowing of the lateral tracheal wall (arrow) with elongated sagittal
dimension of the trachea compared to the coronal plane is consistent with the
saber sheath configuration.

Saber sheath trachea

Saber sheath trachea is a common condition associated
with chronic obstructive pulmonary diseases or advanced
age. One study showed a direct correlation between pul-
monary outflow obstruction and the extent of the anoma-
lym. It affects the intrathoracic trachea, sparing the cervical
trachea. The tracheal wall thickness is normal or mildly
increased. The diagnostic term refers to marked coronal
narrowing in the presence of accentuation of the sagittal
diameter (leading to a sagittal:coronal ratio of greater than
2). Saber-sheath trachea may give rise to unexpected ven-
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tilation difficulties if not diagnosed prior to intubation”".

Chest radiographs may show diffuse narrowing of the tra-
chea on the PA view (Figute 6A). CT shows inward bow-
ing of the lateral tracheal wall, which may be accentuated
on the expiratory or dynamic CT, with the classic narrow
“saber sheath” shape (Figure 6B)”.

TRACHEAL AND BRONCHIAL
NARROWING

Tracheo-bronchial narrowing is much more common th-
an widening. It can result from a wide variety of causes.
MDCT with 3-D reformations from the isotropic data
acquisitions allows excellent imaging of the entire trachea-
bronchial tree in one breath hold and is capable of dem-
onstrating clinically significant outflow obstruction using
inspiration and expiration imaging in combination, as well
as the full extent of the disease process with additional ap-
plications like cine-CT and virtual bronchoscopy[()’nm.

Tracheo-bronchial malacia

Tracheo-bronchial malacia is increasingly recognized as
one of the more frequent diffuse pathologies in clinical
practice. It is most commonly the result of chronic infla-
mmation of the airways associated with chronic obstruc-
tive pulmonary disease. Other causes may include inherent
weakness of the trachea-bronchial cartilage, such as is seen
in osteogenesis imperfecta (a type of primary trachea-
bronchial malacia), or relapsing polychondritis (discussed
in more detail below). Focal forms of malacia are seen in
patients with compression of the trachea due to vascular
rings or enlarged goiters. The hallmark of trachea-bronchial
malacia is the weakness of the cartilaginous rings, allowing
collapse of the posterior membranous wall during expira-
tion, leading to outflow obstruction and airtrapping. The
main imaging finding is the variable degree of collapse of
the airway during expiration, sometimes with almost com-
plete loss of the airway lumen at the end of expiration re-
sulting in airtrapping. These changes are best observed on
combined inspiratory and expiratory CT scans (Figure 7).
A “frownlike” tracheal configuration, due to the marked
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Figure 7 Tracheomalacia. End inspiratory and end expiratory axial computed tomography scan shows excessive collapse of the posterior wall of the trachea in expiration.

Note the extensive changes consistent with emphysema in both lungs.

Figure 9 Subglottic stenosis. Three-dimensional (3-D) shaded surface display
computed tomography (CT) image shows smooth focal narrowing of the trachea in
the subglottic region (arrow). The extent of the stenosis is much better demonstrated
on the 3-D images than on axial CT images.

anterior bowing of the posterior membranous wall form-
ing a crescenteric configuration, has been described as

o . [35-3
characteristic of tracheomalacia” ™.

Relapsing polychondritis

Relapsing polychondritis disorder may be caused by a
range of etiologies, including vasculitis™”, amyloidosis
and infectious processes. However, many patients do not
have a clear etiology upon presentation. The cartilaginous
part of the airway (extending from the nose to distal con-
ducting airways), the ears and the joints are progressively
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Figure 8 Relapsing polychondritis. Note the characteristic
thickening of the anterior cartilaginous wall of the trachea (arrow).
The posterior membranous wall is uninvolved.

destroyed due to an autoimmune process of recurrent
inflammation. It results in significant airflow obstruction
due to collapse of the trachea and main bronchi during
expiration. Approximately 30% of patients also have more
distal airway involvement™”. Association with complex im-
munological conditions, such as a combination of Crohn’s
disease, relapsing polychondritis and epidermolysis bullosa
acquisita have been described in the literature™. The clini-
cal relevance of this disease, thus, is not limited to airflow
obstruction but extends to systemic involvement, including
heart block and vasculitis of both small and larger vessels.
Hence, making prompt diagnosis is of great importance!”
The CT findings often demonstrate varying degrees of
tracheal narrowing, often involving multiple segments of
the trachea (Figure 8). At expiration, 90% or more patients
show signs of collapse (malacia) with or without airtrap-
ping. Calcifications in the airway walls may be seen in ap-
proximately 40% of patientsmm. CT is particularly useful
for the planning of interventional procedures, such as stent
placement, and also for follow-up in patients undergoing
anti-inflammatory treatment.

Intubation related stenosis

Although relatively infrequent, intubation related tracheal
stenosis (Figure 9) is one of the most feated complications,
particulatly in crash-type intubations and in patients who
require prolonged ventilatory support™. The etiology is
mainly related to direct trauma (which may even cause petf-
oration) or due to pressure ischemia of the airway from
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Figure 10 Extrinsic narrowing of the trachea. Axial computed tomography image
in the superior mediastinum demonstrating displacement and narrowing of the
proximal trachea (arrow) by a large thyroid mass.

the balloon. In either case, there is a combination of ne-
crosis and/or fibrosis, leading to a progressive stenosis that
is typically in a subglottic position or in the upper third of
the trachea. CT is highly accurate in detecting the extent of
such lesions and is, therefore, very useful in treatment plan-

ning for stent placement and subsequent follow—upl%"‘sj.

Idiopathic tracheal stenosis

Most causes of benign intrinsic tracheal stenosis are due
to mechanical injuries during trauma, intubation or as a
result of chronic inflammatory processes. A review of pa-
thological findings involving 63 patients who underwent
resection of idiopathic tracheal stenosis showed that a vast
majority of these patients suffered from extensive fibrosis
and dilatation of mucus glands, whereas the cartilage had
a relatively normal structure (in contrast with chondroma-
lacia). All patients were female, 62 cases were subglottic
and/or in the upper one-third of the trachea, and 30% of
patients had a history of gastroesophageal reflux™. CT is
currently not able to distinguish between post-traumatic
stricture and this type of etiology.

Extrinsic tracheal narrowing

Thyroid cancer may extend both around and into the trac-
hea, causing stenosis or intraluminal tumor extension with
airflow obstruction™. In addition, large retrosternal benign
and malignant goiters and, rarely, traumatic thyroid hem-
orrhage, can cause tracheal compression (Figure 10)"",
For all of these conditions, CT' is a good modality to show
the extent of disease and level of obstruction.

Malignant lymphadenopathy is a common feature of
lymphoma and primary lung cancer (both small-cell and
non-small cell lung cancer), and may give rise to comp-
ression and/or invasion of the trachea. In addition, lymp-
hadenopathy from benign etiologies, such as histoplasmosis
and tuberculosis may also cause compression of the trachea
(Figure 11). However, due to the anatomy of the trachea,
clinically significant external compression caused by lymp-
hadenopathy is relatively uncommon.

Pulmonary artery sling is a condition in which the left
pulmonary artery arises from the right main pulmonary
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Figure 11 Axial computed tomography image and sagittal multiplanar
reconstruction showing invasion of the anterior wall off the carina (arrows) by
malignant lymphadenopathy from non-small cell lung cancer.

artery'™. As the vessel courses to the left lung, it passes
between the trachea and esophagus, giving rise to the
potential compression of the trachea™. Two types exist:
Type [ simply gives rise to posterior compression of the
distal trachea and right main stem bronchus with anterior
compression on the esophagus, whereas Type 1I is asso-
ciated with congenital stenosis of the distal trachea, an ab-
normal low position of the carina and horizontal course of
the main bronchi (T-shaped trachea), a bridging bronchus
and several other congenital anomalies™”, Both conditions
usually become symptomatic in infancy and early childhood
and surgical intervention tends to take place early in life. CT
is very helpful for delineation of the various pathologies and
is also able to detect functional obstruction with airtrapping
as demonstrated on expiratory or cine-CT imaging,

A range of other vascular anomalies can give rise to
compression of the trachea, including an enlarged brachio-
cephalic trunk, double aortic arch and aberrant right subcla-
vian artery. CT' has proven useful in adequate identification
of these anomalies in the pediatric age groupmssj.

Recurrent respiratory papillomatosis

Recurrent respiratory papillomatosis (RRP) is the result of
infection of the upper respiratory tract by human papilloma
virus types 6 and 11" RRP has a bimodal age distribu-
tion, with most infections taking place at birth through
an infected birth canal. However, a more aggressive form
occurs in young adults. The tracheo-laryngeal form of papil-
lomatosis occurs in 2%-17% cases and eventually spreads
to the lungs in 1% of patients.
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Figure 12 Respiratory papillomatosis. Endoluminal masses in respiratory
papillomatosis seen on the axial computed tomography scan (black arrow) and on
bronchoscopy (white arrow).

RRP is characterized by benign exophytic lesions in the
airway, most commonly involving the larynx and central
trachea-bronchial tree (Figure 12)!". It is postulated that
petipheral seeding occurs, particularly when endoscopic or
surgical manipulations are necessary to control the central
airway patency. However, peripheral lesions may also be
the result of multi-centric localization of initial foci of
infection. Central lesions tend to grow in similar fashion
to the typical papillomas seen externally on the skin. The
lesions give rise to tracheal wall irregularities with progres-
sive mass-like protrusions, and airway obstruction may occut
(Figure 13). These lesions tend to be well circumscribed and
do not give rise to extension beyond the trachea or bron-
chial wall. Peripheral lesions typically lead to nodules at first,
which will grow to a size of 5 to 50 mm and subsequently
tend to cavitate with a mixture of thin and thick-walled
cavities.

Complications include airway obstruction, atelectasis,
pneumonia or pneumothorax. Malignant degeneration to
squamous cell carcinoma is the most serious long-term
sequel of pulmonary RRP (Figure 14)°. The course of
the disease is variable, ranging from spontaneous remi-
ssion to aggressive recurrences requiring multiple surgi-
cal procedures in the patient’s lifetime and accounts for
significant morbidity, poor life quality and higher health
care costs. MDCT allows for multiplanar and advance post-
processing (including virtual bronchoscopy) and is therefore
the preferred modality for noninvasive evaluation of both
tracheal and lung lesions. The differential diagnosis of
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Figure 13 Coronal multiplanar reconstruction and the virtual bronchoscopic
image showing extensive involvement of the distal trachea (arrow) and the
right bronchus in a case of recurrent respiratory papillomatosis.

Figure 14 Squamous cell cancer of the trachea (arrow) in a known case of
recurrent respiratory papillomatosis. Note the extensive bilateral cystic lung
lesions consistent with pulmonary involvement in respiratory papillomatosis.

multiple cavitary nodules includes metastatic tumor, fungal
disease, mycobacterial infection, hydatid cyst, septic emboli,
rheumatoid nodules, amyloidosis, sarcoidosis, pulmonary
angiitis and granulomatosis.

Neoplasms of the trachea

Neoplasms of the trachea are rare, especially when co-
mpared to tumors of the lung and mediastinum. In fact,
tracheal neoplasms account for less than 1% of all intra-
thoracic malignancies”. The most common malignancy
of the central airways is squamous cell carcinoma and ad-
enocystic carcinoma. Only the squamous cell types exhibit
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Figure 15 Metastatic melanoma right main bronchus. Axial computed tomogr-
aphy image-mediastinal (A) and lung windows (B) shows enhancing soft tissue
mass occupying the right main bronchus (arrows).

a link with smoking, A benign counterpart to squamous
cell carcinoma, the squamous cell papilloma has also been
linked to smokers™. Mucoepidermoid and carcinoid tum-
ors are less commonly encountered tumors of the trachea.
Metastatic lesions of the trachea and bronchi are most com-
monly seen with melanoma and breast cancer (Figure 15).
Direct tumor invasion into the trachea from adjacent
neoplasms originating from lung, esophagus, thyroid and
mediastinum are not uncommon. Due to the nonspecific ra-
diographic features characteristic of most endobronchial tu-
mors, the CT appearance is not useful in determining the cell
type of most tumors with the exception of hamartomas and
lipomas, which contain macroscopic adipose tissue sugges-
tive of their diagnosis (Figure 16). Tracheal neoplasms with
internal calcified matrix suggest the diagnosis of chondro-
sarcoma. Sarcomas of the trachea appear uniformly fleshy
(Figure 17). Carcinoid tumors, though generally nonspecific
in appeatrance, may exhibit a higher degree of contrast en-
hancement than other tracheal neoplasms, which can sug-
gest the diagnosis. MDCT incorporating multiplanar recon-
structions is the modality of choice in the evaluation and
preoperative planning of tracheal tumors. Dedicated airway
studies of the intrathoracic trachea using very thin collima-
tion render exquisite anatomic information that is useful in
planning bronchoscopy and surgical resection. CT not only
accurately provides location and dimensional information
about the tumor, but also provides ancillary information
about tumor extension, relationships to adjacent mediastinal
structures and airway patency. Furthermore, CT provides
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Figure 16 Endobronchial hamartoma. Axial computed tomography image (A)
and the multiplanar reconstruction in the lung window (B and C) shows chronic
bronchiectasis in the left lower lobe (arrow) secondary to a long-standing slow-
growing obstruction of the left main bronchus and recurrent infections (arrows).

additional information, such as regional lymphadenopathy
and pulmonary metastatic disease, which is useful in tumor
staging, Virtual bronchoscopy also provides a valuable im-
aging tool to assess tumor location, size and airway patency
complementary to traditional fiberoptic bronchoscopy.

Wegener’s granulomatosis

Wegener’s granulomatosis (WG) is a systemic vasculitis
syndrome characterized by pulmonary angiitis and gran-
ulomatosis that can affect any organ in the body, but most
commonly involves the kidneys and the sinopulmonary
system. The basic pathogenesis of the disease involves
small vessel vasculitis. A triad consisting of pulmonary
disease, sinusitis and glomerulonephritis are the hallmarks
of WG. Although the etiology is unclear, there is some
suspicion that the disease may be linked to a potential
inhaled infectious agent resulting in a hypersensitivity reac-
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Figure 17 Axial and sagittal reconstruction of the computed tomography
scan images demonstrates a fleshy mass within the tracheal lumen (arrows)
in a patient presenting with increasing difficulty of breathing. Histopathology
following surgical resection demonstrated a primary sarcoma of the trachea.

tion, Serological testing using assays of antineutrophil
cytoplasmic autoantibodies (c-ANCA) are instrumental in
making the diagnosism. The sensitivity of c-ANCA for
WG is 96% for generalized disease and 67% in cases where
the disease is more localized. The specificity is 99%”. The
peak incidence of WG is in the 4th and 5th decades of life
with a 3:2 male-female predominancel“’mj. Before the use
of immunosuppressive medications, the mean survival of
patients with generalized WG was 5 mo from the onset
of symptoms, with a 1-year mortality rate of 80%"". Fort-
unately, the survival has been significantly improved with
the instigation of combination therapies using cycloph-
osphamide and corticosteroids, with a mean five-year sut-
vival rate now of 90%-95%"" and a mean survival rate of
21.7 yearsm.

Airway involvement in WG is found in 15%-60% of
patients but is rarely a presenting feature of the disease
for most patients since laryngeal and trachea-bronchial
involvements are usually late manifestations of the disease
(Figure 18)1%7, Bronchoscopic findings include subglot-
tic stenosis, ulcerating tracheobronchitis with or without
inflammatory polyps or pseudotumors, and tracheal and
bronchial stenosis®"*",

Subglottic stenosis is the most frequent large airway
manifestation of WG occurring in 8.5%-50% of patien-
ts'"*"", Patients with upper airway disease usually present
with symptoms of wheezing, stridor or dyspnea reflecting
the upper airway lesions associated with WG. Pathologic
findings of airway involvement include bronchiolitis, bron-
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Figure 18 Airway involvement in Wegner’s granulomatosis. A: Axial computed
tomography image shows cavitary lung nodules (large arrows); B: Coronal mult-
iplanar reconstruction in lung window demonstrates irregular narrowing of the left
main bronchus (small arrows).

chiolitis obliterans, trachea-bronchial stenosis and destru-
ctive chondritis. Multi-detector CT' with advanced reconst-
ruction techniques is key in evaluating the trachea-bronchial
tree for the characteristic lesions of WG, which may show
endobronchial nodules, mucosal thickening and areas of fo-
cal or elongated regions of airway stenosis often resulting in
areas of post-obstructive atelectasis involvement in WG,
CT bronchoscopy has been shown to be useful in dep-
icting these airway abnormalities with good results. Eighty
petcent of stenotic lesions were detected by CT bronch-
oscopy in one series”. Airway disease, especially sites of
stenosis, are commonly fixed and persist despite overall fav-
orable response to treatment in other involved organs.

CONCLUSION

The complementary use of both 2-D and 3-D CT imaging
can very accurately define the location as well as intra- and
extra-luminal extent of pathology of the central airways. It
has become a valuable tool for the clinician to assist with
the diagnosis and planning of therapy for both focal and
diffuse diseases of the airways. With the currently achieved
image quality and versatility of depicting these pathologies,
imaging of the airways knows virtually no boundaries.
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