
Clin Chest Med 29 (2008) 181–193
Imaging of the Large Airways
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Recent advances in multidetector-row CT
technology and advances in post-processing tech-
niques have revolutionized the ability to non-

invasively image the large airways. This article
provides a comprehensive review of imaging of
the large airways. Introductory sections covering

airway anatomy and CT imaging methods are
followed by a review of tracheobronchial stenoses,
neoplasms, tracheobronchomalacia, and congeni-
tal large airway abnormalities. Throughout, an

emphasis is placed upon the complementary role
of axial CT images and multiplanar reformation
and three-dimensional reconstruction images for

noninvasively assessing the large airways.
Anatomy

The trachea is a cartilaginous and fibromus-
cular tubular structure that extends from the
inferior aspect of the cricoid cartilage to the level

of the carina, a ridge that marks the origin of the
main bronchi (Fig. 1) [1–3]. The trachea is com-
prised of 16 to 22 C-shaped cartilages, which are

linked longitudinally by annular ligaments of
fibrous and connective tissue [1–3]. The cartilages
compose the anterior and lateral walls of the

trachea and are connected posteriorly by the
membranous wall of the trachea, which lacks
cartilage and is supported by the trachealis muscle
[1–3]. This muscle is composed of transverse

smooth muscle fibers that narrow the tracheal
lumen upon contraction [1–3]. The cartilaginous
rings play a supportive function and help to main-

tain an adequate tracheal lumen during expira-
tion. The posterior wall of the trachea either
flattens or bows slightly forward during expiration
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in normal subjects (Fig. 2) [4,5]. During forced ex-
piration, normal subjects have been shown to
demonstrate a mean decrease in anteroposterior

dimension of the tracheal lumen of about 35%
[4]; however, in the setting of weakening or defi-
ciency of the cartilaginous or membranous com-

ponents of the airway, excessive expiratory
collapsibility (O50% reduction), also referred to
as tracheobronchomalacia, may be observed.

The trachea does not derive its blood supply

from a single main vessel. Rather, it is supplied by
a variety of vessels, including superiorly from the
inferior thyroid arteries and right intercostal

artery, and inferiorly from branches of the bron-
chial and intercostals arteries [2].

Normal tracheal measurements are reviewed in

Box 1. The trachea is generally midline in posi-
tion, but it is often displaced slightly to the right
at the level of the aortic arch, with greater degree

of displacement in the setting of a markedly tortu-
ous, atherosclerotic aorta. The proximal trachea
lies close to the skin surface, but the trachea an-
gles posteriorly as it courses inferiorly in the tho-

rax, eventually achieving a midcoronal location at
the level of the carina (Fig. 3). Because of the
angled course of the trachea, axial CT images do

not provide a true perpendicular cross section of
its lumen.

On axial CT images, the normal tracheal

lumen usually demonstrates an oval, round (see
Fig. 2a), or horseshoe shape [6]. The tracheal
index can be calculated by dividing the coronal
diameter (mm) by the sagittal diameter (mm).

The normal value is approximately 1 [1,3–5]. A
‘‘saber-sheath’’ trachea (Fig. 4) refers to a configu-
ration in which there is marked coronal narrowing

and accentuation of the sagittal diameter (sagit-
tal:coronal ratio O2) [10,11]. This finding is
frequently associated with chronic obstructive
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Fig. 1. Normal trachea. (A) Minimum intensity projection coronal oblique reformation CT image of the normal trachea

and bronchi. Main bronchi originate from inferior trachea at level of carina (arrow). (B) Virtual bronchoscopic image

shows internal perspective of lower trachea, carina (arrow), and proximal main bronchi.
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lung disease. In contrast, a ‘‘lunate’’ trachea
(Fig. 5a) refers to accentuation of the coronal
diameter with a relative narrowing of the sagittal

diameter (coronal:sagittal ratio O1) [12]. This
finding is frequently associated with airway
malacia (excessive expiratory collapsibility of the

airway lumen) (see Fig. 5b).
The tracheal wall is composed of several layers,

including an inner mucosa layer, followed by

submucosa, cartilage or muscle, and an outer
adventitia layer [13]. On axial CT images, the
tracheal wall is usually visible as a 1- to 3-mm
soft-tissue density stripe, demarcated internally
Fig. 2. Normal tracheal dynamics. (A) End-inspiratory image s

end-expiration, the tracheal lumen has narrowed slightly, w

(arrow).
by the air-filled tracheal lumen and externally by
the adjacent fat-density of the mediastinum
(Fig. 6) [13]. The posterior wall is typically thinner

than the anterior and lateral walls. Cartilage
within the tracheal wall may normally appear
slightly denser than surrounding soft tissue and

fat [13]. Calcification of cartilage may be observed
in older patients, especially women [13].

Thickening of the airway wall (with or without

calcification) is an important sign of tracheal
pathology (Figs. 7 and 8). Importantly, axial
images are the reference standard for assessing
tracheal wall thickening, a finding that may be
hows a round configuration of the tracheal lumen. (B) At

ith anterior bowing of the posterior membranous wall



Box 1. Normal tracheal measurements:

Length: 8–13 cm total
Extrathoracic 2–4 cm
Intrathoracic 6–9 cm

Diameter (average)
Men: 19.5 mm

13–25 mm coronal
13–27 mm sagittal

Women: 17.5 mm
10–21 mm coronal
10–23 mm sagittal

Data from Refs. [1,6–9].

Fig. 4. Saber sheath trachea. Axial CT image demon-

strates elongated sagittal dimension of trachea with rel-

ative narrowing in the coronal plane, consistent with

saber sheath configuration.
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overlooked at conventional bronchoscopy and
three dimensional (3D) reconstruction images.
The distribution of wall thickening can be helpful

in limiting the differential diagnosis of the various
causes of tracheal stenosis. For example, disorders
of cartilage, such as relapsing polychondritis (see

Fig. 7) and tracheobronchopathia osteochondro-
plastica (TBO), will spare the posterior membra-
nous wall of the trachea, whereas other
Fig. 3. Normal trachea. Minimum intensity projection

sagittal oblique reformation CT image of the normal

trachea (arrow) shows typical angled course of trachea

from proximal anterior location to midcoronal position

at level of carina.
disorders generally result in circumferential thick-

ening (see Fig. 8).
The main bronchi arise from the trachea at the

level of the carina (see Fig. 1) and course obliquely

to the axial plane. Because of the limitations of
axial images for assessing structures that course
obliquely, multiplanar and 3D reconstruction im-

ages are particularly helpful for evaluating caliber
changes in the mainstem bronchi.
CT imaging methods

The recent advent of multidetector-row CT

(MDCT) imaging has revolutionized noninvasive
imaging of the central airways. With the latest
generation of MDCT scanners, thin-section im-

ages of the entire central airways can be obtained
in only a few seconds, creating an isotropic
dataset in which the resolution is the same in the

axial, coronal, and sagittal planes. Compared with
standard helical CT scanners, MDCT provides
higher spatial resolution, faster speed, greater

anatomic coverage, and higher quality multipla-
nar reformation and 3D reconstruction images.

Axial CT images provide important anatomi-
cal information about the airway lumen, airway

wall, and adjacent mediastinal and lung struc-
tures. Although axial CT images are still the
reference standard for airway imaging, they have

several important limitations, including limited
ability to detect subtle airway stenoses, underes-
timation of the craniocaudad extent of disease,

difficulty displaying complex 3D relationships of
the airway, and inadequate representation of
airways oriented obliquely to the axial plane



Fig. 5. Lunate trachea. (A) Axial end-inspiratory CT image shows elongated coronal dimension of trachea. (B) Axial

dynamic expiratory CT image shows severe malacia, with excessive expiratory collapse of the tracheal lumen (arrow).
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[14–22]. These limitations have important implica-
tions for assessing airway stenoses and complex,
congenital airway abnormalities. Fortunately,

multiplanar and 3D reconstruction images can
overcome these limitations by providing a more
anatomically meaningful display of the airways

and adjacent structures [14–21]. These images
have been shown to enhance the detection of air-
way stenoses, to aid the assessment of the cranio-

caudad extent of stenoses (Fig. 9), and to clarify
complex, congenital airway abnormalities [19].
They have also been shown to improve diagnostic
confidence of interpretation, enhance preproce-

dural planning for bronchoscopy and surgery,
and improve communication among radiologists,
clinicians, and patients [14–16].
Fig. 6. Normal trachea. Axial CT image shows normal

thickness of tracheal wall. Note the ‘‘paper thin’’ quality

of the posterior membranous wall (black arrow) and the

slightly thicker anterior (white arrow) and lateral walls.
Anatomical imaging of the airways is per-
formed at end-inspiration; however, an additional
expiratory imaging sequence should be performed

for suspected airway malacia, which escapes de-
tection on routine end-inspiratory sequences. As
reviewed later in this article, dynamic expiratory

imaging (imaging during a forced expiration) is
superior to end-expiratory imaging (imaging after
exhalation) for eliciting airway malacia [23–27].

Tracheobronchial stenosis

Tracheobronchial stenosis is defined as focal or
diffuse narrowing of the tracheal lumen. It may

occur secondary to a wide variety of benign and
malignant causes (Box 2).

Axial CT images provide a precise anatomical
display of the tracheal wall and lumen; however, as

noted earlier in this article, they have a limited
Fig. 7. Relapsing polychondritis. Axial CT image shows

thickening of anterolateral tracheal walls with focal

calcification (arrow). Note characteristic sparing of pos-

terior membranous wall.



Fig. 8. Sarcoidosis. Axial CT image shows circumferen-

tial wall thickening of tracheal airway lumen.

Box 2. Causes of tracheobronchial
stenosis:

Iatrogenic

• Post-intubationa

• Lung transplantation

Idiopathic

Infection
• Laryngotracheal papillomatosisb

• Rhinoscleroma
• Tuberculosis

Neoplasm

• Primary tracheal neoplasm (squamous
carcinoma, adenoid cystic carcinoma)

• Direct invasion (lung, esophagus,
thyroid)

• Secondary neoplasm (breast, renal,
melanoma, thyroid)

Saber sheath deformity

Systemic diseases
• Amyloidosis
• Inflammatory bowel disease
• Relapsing polychondritis
• Sarcoidosis
• Wegener granulomatosis

Tracheobronchopathia

osteochondroplastica

Trauma
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ability to detect subtle airway stenoses, and fre-
quently underestimate the craniocaudad extent of

stenoses [14–20]. By providing a continuous ana-
tomical display of the airways, multiplanar and
3D reconstruction images help to overcome these

limitations [14]. In settings where such
reconstructions are not possible, careful review of
contiguous thin-section axial images can help to

prevent the radiologist from overlooking stenoses.
CT evaluation of suspected tracheal stenosis is

routinely performed at end-inspiration during
a single breath hold. An additional sequence

during dynamic expiration may be helpful to
assess for tracheomalacia, which may coexist
with tracheobronchial stenoses, especially among

patients who have relapsing polychondritis,
post-intubation stenosis, and airway narrowing
secondary to long-standing extrinsic compression
Fig. 9. Subglottic stenosis caused by prior tracheostomy

tube. Minimum intensity projection, coronal reforma-

tion image of trachea shows moderate tracheal stenosis

(arrows). Severity and craniocaudad length of stenosis

were underestimated on axial CT images (not shown).

a Most common etiology.
b Although papillomas represent growth

of new tissue, laryngotracheal papillomatosis
is most frequently categorized as a non-neo-
plastic disease.
(eg, thyroid enlargement or mediastinal aortic

vascular anomalies) [28,29].
It is important to accurately assess the loca-

tion, length, and distribution of the stenosis, as
well as the presence, distribution, and type of wall

thickening. A consideration of these factors, in
combination with ancillary thoracic findings and
pertinent clinical and laboratory data, will allow

the radiologist to effectively narrow the broad
differential diagnosis of tracheobronchial stenosis
to a few likely entities. In certain cases, such as

relapsing polychondritis or TBO, a confident
diagnosis can be made on the basis of imaging
findings alone.
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Although there is significant overlap in the
imaging features of many causes of tracheobron-
chial stenosis, several key imaging features can

help to effectively narrow this broad differential
diagnosis. These features include: sparing of the
posterior membranous wall (typical of relapsing
polychondritis and TBO) (see Fig. 7), ‘‘hourglass’’

configuration (post-intubation stenosis), and
calcification (relapsing polychondritis, TBO, amy-
loid, and tuberculosis). Additionally, systemic dis-

orders (eg, amyloid, inflammatory bowel disease,
polychondritis, sarcoid [see Fig. 8], tuberculosis,
Wegener granulomatosis) are often associated

with characteristic ancillary imaging and labora-
tory findings that may suggest their diagnosis.

Post-intubation stenosis is by far the most
common cause of acquired tracheal stenosis, and

may occur following endotracheal intubation or
tracheostomy tube placement (see Fig. 9) [30]. It
typically occurs secondary to injury of the trachea

from the high pressure of an endotracheal tube
balloon against the wall of the trachea [30,31].
This initially results in mucosal necrosis, followed

by scarring and stenosis [30,31].
A recent study comparing MDCT with the

gold standard of bronchoscopy showed a high

sensitivity (92%) and specificity (100%) for de-
tection of post-intubation stenosis [32]. The most
common CT finding in post-intubation stenosis
is a focal area of proximal tracheal luminal nar-

rowing measuring approximately 2 cm in cranio-
caudad length [13,30,31]. The focal nature and
circumferential narrowing typically produces

a characteristic hourglass configuration. Less
common findings include a thin membrane projec-
ting into the tracheal lumen or a long segment of

eccentric soft-tissue thickening [30,31].
Fig. 10. Adenoid cystic carcinoma. Axial CT at level of

aortic arch shows a lobulated, intraluminal mass (black

arrow).
Tracheobronchial neoplasms

Tracheobronchial neoplasms are rare. For
example, it has been estimated that a primary
tracheal tumor is roughly 180 times less common
than a primary lung cancer [33]. A neoplasm

within the central airways is more likely caused
by direct airway invasion by an adjacent second-
ary neoplasm originating from the thyroid, lung,

or esophagus [34].
A majority of primary tracheal neoplasms in

adults are malignant, whereas the opposite is true

in children [30,35]. Although a wide variety of
neoplasms may arise in the central airways, five
histologies compose the majority of primary
tracheobronchial neoplasms: squamous cell carci-
noma, adenoid cystic carcinoma, carcinoid, mu-
coepidermoid carcinoma, and squamous cell

papilloma [36]. The most common cell type is
squamous cell carcinoma, which is associated
with cigarette smoking [30,35]. The second most
common cell type is adenoid cystic carcinoma

(Fig. 10), which is not associated with smoking
[30,35]. It has a better prognosis than squamous
cell carcinoma, but late recurrence is relatively

common. The most common benign tracheal neo-
plasm is squamous cell papilloma, which is associ-
ated with cigarette smoking [30,35]. Carcinoid

tumors are neuroendocrine neoplasms that most
commonly arise within the main and lobar bron-
chi (Fig. 11), but about 15% develop within the
segmental bronchi or lung periphery [37,38].

They are not associated with cigarette smoking.
MDCT is the imaging modality of choice for

detection and staging of central airway neo-

plasms. Multiplanar reformation and 3D recon-
struction images complement conventional axial
images by providing a more anatomically mean-

ingful display of the neoplasm and its relationship
to adjacent structures, and by accurately deter-
mining the craniocaudad extent of disease [14].

Virtual bronchoscopy images provide a unique in-
traluminal perspective of the tumor. These images
also play a potentially complementary role to con-
ventional bronchoscopy by providing assessment

of distal airways beyond a high-grade luminal nar-
rowing or obstruction. Moreover, this method can
provide a more global perspective of an endolumi-

nal lesion than conventional bronchoscopy.
Surgery is the optimal therapy for both benign

and malignant airway neoplasms [35,39,40].



Fig. 11. Carcinoid tumor. Axial CT demonstrates

a round, smoothly marginated, intraluminal lesion

(arrow) in distal left main bronchus.
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Radiation therapy may be administered to pa-
tients who have unresectable disease or as an

adjunct to surgery, particularly in patients who
have adenoid cystic carcinoma [39].

MDCT can determine whether a tumor is

amenable to complete surgical resection, as well
as the approach, type, and extent of surgical
resection. MDCT provides critical information
for the surgeon, including precise delineation of

the 3D size of the neoplasm, including the cranio-
caudal length, and its relationship with other vital
structures, including vascular structures. MDCT

accurately defines the intraluminal and extralumi-
nal extension of tumor, as well as post-obstructive
complications such as atelectasis, pneumonia, and

mucous plugging. Although MDCT can reliably
detect the presence of lymphadenopathy, it cannot
distinguish between hyperplastic and malignant

nodes. Hyperplastic nodes are frequently seen
in the setting of postobstructive pneumonitis
from an endoluminal neoplasm. Additionally,
MDCT does not reliably detect microscopic me-

diastinal invasion or neural invasion [41]. MDCT
may detect pulmonary and extrapulmonary
metastases, thereby enhancing tumor staging.

When a discrete tracheal mass is identified on
imaging studies, the diagnosis of a primary tra-
cheal neoplasm can usually be made with a high

degree of confidence. CT can frequently suggest
whether a tracheal lesion is malignant or benign
[39]. Although some overlap exists, benign lesions
are typically less than 2 cm in diameter, with well-
defined, smooth borders, and without evidence of
contiguous tracheal thickening or mediastinal in-
vasion. In contrast, malignant lesions usually

vary in size between 2 and 4 cm in diameter,
with a flat or polypoid shape and irregular or lob-
ulated borders (see Fig. 10). Contiguous tracheal

wall thickening and mediastinal invasion are fre-
quently observed. Although CT usually cannot
distinguish between neoplastic cell types, detec-

tion of fat within a lesion on CT is nearly patho-
gnomonic for a hamartoma or lipoma, and
identification of calcification within a lesion is

highly suggestive of a chondroid tumor (chon-
droma, chondrosarcoma). Vigorous enhancement
of a bronchial neoplasm is typical of a carcinoid
tumor.

In a minority of cases, tracheal neoplasms
present as eccentric or circumferential tracheal
wall thickening rather than a discrete mass. In

such cases, the differential diagnosis includes
tracheal stenosis from a variety of nonmalignant
entities. In general, the presence of marked

irregularity of tracheal wall thickening and the
presence of extratracheal extension favor a pri-
mary tracheal neoplasm, but biopsy is usually

necessary to establish the diagnosis.
Tracheobronchomalacia

Trachebronchomalacia refers to weakness of

the airway walls or supporting cartilage, and is
characterized by excessive expiratory collapse (see
Figs. 5; Figs. 12 and 13) [28,29,42,43]. It may be

either congenital or acquired. The acquired form
is associated with a variety of risk factors and
comorbidities, most notably chronic obstructive

pulmonary disease (Box 3) [28,29,42]. Because it
cannot be detected with routine end-inspiratory
imaging studies, tracheobronchomalacia is

widely considered an underdiagnosed condition
[42,44–47].

Although bronchoscopy with functional ma-
neuvers can reliably detect tracheobronchomala-

cia, it is not clinically feasible or desirable to
perform this invasive test in all patients who
present with chronic cough and other nonspecific

respiratory symptoms. Recently, MDCT has been
shown to noninvasively diagnose tracheobroncho-
malacia with similar sensitivity to conventional

bronchoscopy [48–50].
Changes in size of malacic trachea and bronchi

depend on the difference between the intraluminal



Fig. 12. Tracheomalacia. (A) End-inspiratory image of proximal trachea is normal. (B) Dynamic expiratory image

shows excessive expiratory collapse with circumferential narrowing of trachea lumen (arrow).
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pressure inside the airways and the pleural (in-
trathoracic) pressure outside [23,28]. Pleural pres-

sure depends mostly on respiratory muscles, and is
high during expiratory efforts. In contrast, intralu-
minal pressures are highly variable, and depend on

airflow. When airflow is zero, intraluminal pres-
sure equals alveolar pressure, and differs from
pleural pressure only by the elastic recoil pressure

of the lung, which depends on lung volume. At
maximal lung volume with no flow (end-inspira-
tion), the intraluminal pressure is 20 to 30 cm
H2O greater than pleural pressure, and the

pressure difference expands the trachea. At low
lung volumes with no flow (end-expiration), the in-
traluminal pressure is nearly equal to pleural pres-

sure, and the trachea is unstressed. The trachea
is most compressed during cough and dynamic
Fig. 13. Frown sign. (A) End-inspiratory image of the trachea i

expiratory CT image demonstrates frownlike configuration of

ment of posterior membranous wall that parallels the convex

crescentic lucency (arrow) that mimics a frown.
expiration at low lung volume, when pleural pres-
sure is high (w100 cm H2O), and expiratory flow

limitation in the small airways prevents transmis-
sion of the high alveolar pressures to the central
airways. Under these conditions, intraluminal

pressure is nearly atmospheric, and the large trans-
mural pressure causes tracheal collapse [51].

Baroni and colleagues [23] directly compared

the ability of end-expiratory and dynamic expira-
tory CT imaging methods to elicit tracheobron-
chomalacia. Consistent with the principles of
respiratory physiology, their study showed that

dynamic expiratory CT elicited a significantly
greater degree of tracheal collapse than end-
expiratory CT.

The vast majority of studies reported in the
literature support the use of a threshold of greater
s normal. Note the presence of emphysema. (B) Dynamic

proximal trachea caused by excessive anterior displace-

contour of the anterior wall, resulting in a characteristic



Box 3. Risk factors for acquired
tracheomalacia

Chronic obstructive lung disease
Post-traumatic and Iatrogenic
Post-intubation
Post-tracheostomy
Radiation therapy
External chest trauma
Post-lung transplantation

Chronic infection/bronchitis
Chronic inflammation
Relapsing polychondritis

Chronic external compression of the
trachea
Paratracheal neoplasms (benign and

malignant)
Paratracheal masses (eg, goiter,

congenital cyst)
Aortic aneurysms and vascular rings
Skeletal abnormalities (eg, pectus,

scoliosis)
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than or equal to 50% collapse as diagnostic of
tracheobronchomalacia when using either bron-
choscopy or CT; however, several studies have

advocated the adoption of different threshold
values, and there are only limited data in the
literature regarding the normal range of dynamic

expiratory collapse [2,52,53]. Based on available
data in the literature, it is reasonable to employ
a diagnostic threshold of greater than 50%

expiratory luminal collapse, keeping in mind
that some normal individuals may exceed this
threshold.

Interpretation of CT images for the diagnosis
of tracheobronchomalacia requires careful review
and comparison of both end-inspiratory and
dynamic expiratory images. The tracheal lumen

is almost always normal in appearance on end-
inspiration CT in patients who have tracheobron-
chomalacia (see Figs. 12a and 13a) [54]. Notable

exceptions include: patients who have relapsing
polychondritis who may demonstrate characteris-
tic wall thickening and calcification that spares the

posterior membranous wall of the trachea; pa-
tients who have lunate tracheal shape (corona-
lOsagittal dimension), which is frequently
associated with tracheomalacia (see Fig. 5); and

patients who have extrinsic tracheal compression
from adjacent vascular anomalies or thyroid
masses, in whom long-standing compression has
been complicated by tracheomalacia.

The most accurate means for diagnosing mal-
acia on CT is to use an electronic tracing tool to

calculate the cross-sectional area of the airway
lumen on images at the same anatomic level
obtained at inspiration and dynamic expiration

[29]. Such tools can be found on commercially
available picture archival computer system
(PACS) stations and dedicated post-processing

workstations. Care should be taken to ensure
that the same anatomical level is compared be-
tween the two sequences by comparing vascular

structures and other anatomical landmarks.
In the setting of severe malacia, in which there

is near complete collapse of the airway lumen
during expiration, the diagnosis can be confi-

dently made based on visual analysis of the
images. It has recently been shown that about
half of patients who have acquired tracheomalacia

will demonstrate a characteristic expiratory
‘‘frownlike’’ configuration, in which the posterior
membranous wall is excessively bowed forward

and parallels the convex contour of the anterior
wall with less than 6 mm distance between the
anterior and posterior walls (see Fig. 13) [54]. This

appearance, which has been termed the ‘‘frown
sign,’’ is highly suggestive of tracheomalacia,
and can suggest the diagnosis of tracheomalacia
on routine CT scans if patients inadvertently ex-

hale [54]. Ideally, however, the diagnosis of tra-
cheomalacia should be confirmed and quantified
by a dedicated CT tracheal study.

When interpreting CT scans of patients who
have tracheomalacia, it is important to report the
severity, distribution, and morphology. These

factors have an important impact upon treatment
decisions, which are based upon a combination of
symptoms, severity and distribution of disease,
and underlying cause of tracheomalacia [55].

Patients who have severely symptomatic diffuse
tracheomalacia characterized by excessive mobil-
ity and weakening of the posterior membranous

wall may benefit from tracheoplasty, a surgical
procedure that reinforces the posterior wall of
the trachea with Marlex graft [56].
Congenital anomalies

A variety of congenital anomalies may affect
the central airways, including branching anoma-

lies, congenital stenosis, congenital malacia, con-
genital tracheobronchomegaly, and congenital
diverticula.



Fig. 15. Congenital tracheal stenosis. 3D external ren-

dering of the trachea demonstrates a short-segment ste-

nosis of the lower trachea (arrows).
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Tracheal bronchus

Tracheal bronchus refers to an anomalous
bronchial origin from the trachea, carina, or
main bronchi. The anomalous origin is usually

located within 2 cm of the carina [11,57–59]. Most
commonly, this occurs as a displaced bronchus
arising from the lower trachea and supplying the
right upper lobe apical segment. Less commonly,

the entire right upper lobe bronchus may be dis-
placed, a configuration that is also referred to as
a ‘‘pig bronchus’’ (Fig. 14). Although usually an

asymptomatic and incidentally detected finding,
impaired drainage may result in recurrent infec-
tions in some cases. Additionally, following endo-

tracheal intubation, atelectasis may occur in the
portion of lung supplied by the aberrant bronchus
because of inadvertent obstruction by the balloon
cuff.
Congenital tracheal stenosis

Congenital tracheal stenosis is a rare disorder
that is characterized by complete tracheal rings

associated with absent or deficient tracheal mem-
branes [60–62]. It ranges in length from short to
long segment stenosis. It typically presents during

the first year of life and is associated with a high
mortality rate. Symptoms include stridor, wheez-
ing, cyanosis, and recurrent pneumonia. Adult

presentation is rare, but is more common with
short segment stenosis (Fig. 15) [62].

CT is highly sensitive for evaluating the length

and extent of narrowing, as well as for identifying
associated cardiopulmonary anomalies, including
pulmonary artery sling. On axial CT images, there
is narrowing of the tracheal lumen with an

O-shaped configuration and absence of airway
Fig. 14. Tracheal ‘‘pig bronchus.’’ Axial CT image

shows anomalous origin of entire right upper lobe bron-

chus (arrow) from the lower trachea.
wall thickening. Virtual bronchoscopy is diagnos-
tic by showing concentric rings extending along
the posterior wall of the trachea. Surgical treat-

ment usually involves resection of the involved
segment or a slide tracheoplasty [62]. Asymptom-
atic pediatric patients may be followed by CT to

noninvasively monitor tracheal growth [63].

Congenital tracheomalacia

Congenital tracheomalacia refers to softening
of the trachea secondary to weakening or de-

ficiency of cartilage, resulting in increased tracheal
compliance with excessive expiratory collapse [28].
This condition is most commonly identified in pre-

mature infants, likely related to inadequate matu-
ration of the tracheobronchial cartilage. It may
also be associated with diseases involving cartilage
(eg, polychondritis, chondromalacia, Hunter and

Hurler syndromes) [28]. Symptoms include expira-
tory stridor and a barking cough.

Intervention is unnecessary in most cases

because tracheal cartilage strengthens and stiffens
as the child grows. Patients who do not sponta-
neously improve may respond to continuous

positive airway pressure (CPAP) or surgical in-
tervention (eg, aortopexy or tracheoplasty).

Congenital tracheomegaly

Congenital tracheomegaly (also referred to as

Mounier-Kuhn syndrome) is characterized by
dilation of the trachea and main bronchi caused
by severe atrophy of longitudinal elastic fibers and

thinning of the muscularis mucosa [9,64]. Affected
patients typically present during the third and
fourth decades with recurrent respiratory



Fig. 16. Congenital tracheobronchomegaly. Axial CT

image at carina level shows enlargement of tracheal lu-

men with corrugated configuration of anterior wall

(black arrow) and small diverticuli posteriorly (white

arrow).
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infections. Tracheomegaly is defined in women as

tracheal diameter greater than 21 mm in the coro-
nal dimension and 23 mm in the sagittal dimen-
sion, and in men as tracheal diameter greater
than 25 mm in the coronal dimension and 27

mm in the sagittal dimension [9].
On imaging studies, there is dilation of the

tracheobronchial lumen, often associated with

a corrugated appearance of the tracheal wall and
frequent diverticula (Fig. 16). Bronchiectasis and
tracheobronchomalacia are also frequently

present.

Congenital tracheal diverticula

Congenital tracheal diverticula are less com-
mon than the acquired form [65]. They are charac-
terized by single or multiple invaginations of the

tracheal wall. They commonly arise 4 to 5 cm be-
low the vocal cords or 2 to 3 cm above the carina
on the right lateral aspect of the trachea. In the
absence of symptoms, no treatment is necessary.
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