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Congenital tracheal stenosis, tracheoesopha-
geal fistulas (TEFs), and others abnormalities 
manifest during infancy or childhood, and tra-
cheal atresia is incompatible with life [1, 3, 8].

Although chest radiography occasionally 
depicts congenital anomalies, CT delineates 
the exact airway anatomy and easily estab-
lishes the diagnosis [1, 5]. Virtual bronchos-
copy and other multiplanar 2D and 3D CT 
reconstruction techniques can be helpful to 
better characterize congenital airway abnor-
malities [5].

Tracheal Bronchus
A tracheal bronchus was originally described 

as a right upper lobe bronchus originating from 
the trachea (Fig. 1). In the recent literature, the 
term “tracheal bronchus” has been used for a 
variety of bronchial anomalies arising from the 
trachea or a mainstem bronchus that are directed 
toward an upper lobe [9]. Most tracheal bronchi 
occur to the right, and they are displaced bron-
chi rather than supernumerary bronchi [9]. Dis-
placement of the entire right upper lobe bron-
chus is called “pig bronchus” [1, 8]. Tracheal 
bronchi are frequently asymptomatic and are in-
cidental imaging findings, but impaired drain-
age may cause recurrent pneumonia [1, 8]. En-
dobronchial intubation may occlude a tracheal 
bronchus, resulting in atelectasis [1].

Accessory Cardiac Bronchus
A cardiac bronchus is a supernumerary 

bronchus arising from the medial aspect of 
the bronchus intermedius or, less commonly, 
the right mainstem bronchus [9] (Fig. 2). This 

T
he trachea and the main, lobar, and 
segmental bronchi—down to a di-
ameter of 2–3 mm—are consid-
ered to be the “large airways” [1–

4], and a wide spectrum of diseases can occur 
in this anatomic region (Appendix 1). Our abil-
ity to identify lesions in this area has been sub-
stantially improved by recent advances such as 
the routine use of volumetric MDCT with thin-
section reconstructions and techniques such as 
2D minimum-intensity-projection and 3D vol-
ume images [1, 5]. Furthermore, dedicated CT 
protocols allow the evaluation of dynamic air-
way dysfunction [1, 5]. Dedicated scanning 
protocols include end-inspiratory CT paired 
with either dynamic expiratory CT during 
forceful exhalation or static end-expiratory CT. 
Cine CT during coughing is also performed for 
dynamic assessment of the large airways [6, 7]. 
Imaging of the large airways is indicated if pul-
monary function test results show a discrepan-
cy with the clinical presentation—for example, 
pulmonary function tests showing an obstruc-
tive pattern in addition to the typical restrictive 
pattern in a patient with sarcoidosis. With dis-
eases of the large airways more commonly 
seen in daily practice, it is important that radi-
ologists be familiar with the appearances, dif-
ferential diagnoses, and clinical implications of 
these entities.

Congenital Abnormalities
Congenital airway abnormalities are un-

common and can be associated with cardiovas-
cular and other malformations [1, 3, 8]. Most 
are asymptomatic and detected incidentally. 

OBJECTIVE. Recent technical advances, including the routine use of CT thin sections 
and techniques such as 2D minimum-intensity-projection and 3D volume images, have in-
creased our ability to detect large airways diseases. Furthermore, dedicated CT protocols al-
low the evaluation of dynamic airway dysfunction.

CONCLUSION. With diseases of the large airways more commonly seen in daily prac-
tice, it is important that radiologists be familiar with the appearances, differential diagnosis, 
and clinical implications of these entities. 
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bronchus progresses conically in an inferior 
direction toward the pericardium [9]. Most 
cardiac bronchi end blindly, but some devel-
op into a series of small bronchioles ending 
in vestigial bronchiolar parenchyma or a ven-
tilated lobulus [8, 10]. Like most other con-
genital airway abnormalities, cardiac bronchi 
are typically asymptomatic and are found in-
cidentally on CT examinations, but hemopty-
sis and recurrent pneumonia may develop in a 
few patients [8, 10].

Bronchial Atresia
Bronchial atresia is the congenital oblit-

eration of a bronchial segment—most fre-
quently the left upper lobe—with normal de-
velopment of airways proximal and distal to 
the lesion [8, 11] (Fig. 3). The airways distal 
to the obliteration are characteristically di-
lated and filled with mucus, representing a 
bronchocele [8, 11]. Bronchial atresia may 
be accompanied by other abnormalities in-
cluding bronchogenic cysts, and anomalous 
branching of the bronchial tree and vascular 
structures [12]. A characteristic appearance 
on chest radiography and CT is a central V- 
or Y-shaped tubular opacity surrounded by 
hyperlucency due to air trapping and hypo-
perfusion [8, 11]. The area of hyperlucency 
can be better seen on expiratory CT scans 
but may be missing or replaced by atelectasis 
in the absence of collateral ventilation [8].

Tracheoesophageal Fistula
TEF is defined as an abnormal connection 

between the trachea and the esophagus (Fig. 
4). Most congenital TEFs occur with esoph-
ageal atresia and are diagnosed in neonates 
[13]. TEFs without esophageal atresia are 
also referred to as “H-type fistulas” and may 
occasionally be diagnosed later in life [14]. 
TEFs in adults are most frequently acquired 
because of tumors, infection, or trauma [15]. 
Congenital TEFs have a high association with 
other congenital anomalies, including cardio-
vascular, genitourinary, and gastrointestinal 
malformations [13, 16, 17].

On chest radiography, a TEF may be sus-
pected if there is an unusual amount of in-
testinal distention from air leaking into the 
gastrointestinal tract [18]. Radiographic con-
trast studies of the esophagus may show a 
TEF [19], but at times CT may be required 
for this purpose [20, 21].

Tracheal Stenosis
Congenital stenosis refers to narrowing of 

the tracheal lumen without airway wall thick-

ening and is most frequently caused by com-
plete or near-complete tracheal rings [1, 8] 
(Fig. 5). Severe congenital tracheal stenosis 
involving long airway segments typically be-
comes symptomatic early during infancy [1]. 
Mild congenital stenosis may be asymptom-
atic and an incidental finding in adults [1]. 
The typical imaging appearance is diffuse, 
segmental, or funnellike progressive airway 
stenosis without wall thickening [1, 8]. Long 
segmental stenosis due to complete tracheal 
rings may be associated with a left pulmonary 
artery sling [8, 22]. Tracheal stenosis, which 
is associated with a high mortality, is treated 
with bronchoscopic dilatation and stent place-
ment, surgical resection of the involved seg-
ments, or tracheoplasty [8, 23].

Iatrogenic and Traumatic 
Abnormalities
Postintubation Stenosis

Endotracheal intubation and tracheostomy 
are the most common causes of acquired fo-
cal tracheal stenosis [1, 24] (Fig. 6). High cuff 
pressure causes ischemic necrosis of the mu-
cosa, followed by scarring and stenosis, which 
typically occurs 3–4 cm below the cricoid car-
tilage [24]. Stenosis also can occur more crani-
ally at the site of tracheostomy. Careful inspec-
tion of the trachea on chest radiography can 
reveal focal luminal narrowing [24, 25]. CT 
detects the characteristic circumferential hour-
glass stenosis, which is better seen on coronal 
and sagittal reformations than on axial images 
[1, 5, 25]. In acute stenosis, edema and granula-
tion tissue may appear as concentric or eccen-
tric soft-tissue thickening. In chronic stenosis, 
thickening is minimal, but weakening of air-
way cartilage may lead to focal expiratory air-
way collapse on dynamic CT [26].

Iatrogenic airway stenosis can also fol-
low lung transplant at the site of anastomo-
sis, typically developing within 9 months af-
ter surgery [25, 27]. Another posttransplant 
complication is anastomotic dehiscence, 
which may manifest with pneumomediasti-
num and pneumothorax [25, 27, 28].

Traumatic Injury
Traumatic rupture of a large airway is un-

common [29–31] (Fig. 7). Most frequently, 
the bronchi within 2.5 cm of the carina are 
involved [32]. On chest radiography, pneu-
momediastinum and pneumothorax from air 
leaks are common, but nonspecific, findings 
[29, 30, 33]. The pneumothorax often persists 
despite chest tube placement [29]. CT can 
show the site of airway injury as a focal defect 

or deformity or as the circumferential absence 
of the airway wall [34, 35]. However, small 
lesions with intact adventitia and no air leak 
may be difficult to detect even on CT [34]. A 
diagnostic, but rare, sign of bronchial disrup-
tion is the displacement of collapsed lung in a 
peripheral and dependent position (fallen lung 
sign) [35–37]. An extraluminal position of the 
endobronchial tube or overinflation of its cuff 
is also indicative of airway injury [34, 35].

Foreign Body Aspiration
Aspiration of a foreign body can result in 

serious respiratory symptoms, particularly 
in children [38] (Fig. 8). Generally located 
in a right bronchus, most foreign bodies are 
nonopaque food particles that cannot be de-
tected on chest radiography [38–40]. CT can 
lead to prompt diagnosis by showing and lo-
calizing both opaque and nonopaque foreign 
bodies [41]. Additional imaging findings in-
clude atelectasis and air trapping, which is 
enhanced on dynamic CT sequences [5, 40].

Extrinsic Compression
The large airways can be compressed by 

enlargement of the surrounding structures, 
such as the thyroid, esophagus, thymus, 
lymph nodes, and vessels [15] (Fig. 9). How-
ever, airway compression can also be caused 
by congenital vascular anomalies or fibros-
ing mediastinitis [42–44]. On chest radiog-
raphy and CT, extrinsic compression appears 
as luminal narrowing. In addition to depict-
ing luminal narrowing, CT can reveal the 
structure compressing the airway. Dynamic 
CT may show air trapping and acquired focal 
airway collapse, which can persist after the 
compression has been treated [45].

Chronic Inflammatory and 
Infiltrative Diseases
Tracheobronchomalacia

Tracheobronchomalacia refers to excessive 
airway collapse during expiration (Fig. 10). 
The collapse is the result of weakening of the 
airway cartilage [45, 46]. Without weakening 
of the airway cartilage, airway collapse can 
be caused by impairment of the posterior lon-
gitudinal elastic fibers. In this case, only an-
terior bulging of the posterior membrane oc-
curs. This finding is referred to as “excessive 
dynamic airway collapse” (EDAC) [7]. Tra-
cheobronchomalacia can be diffuse or local-
ized [46]. It can be congenital or acquired. 
The congenital form is usually self-limiting 
within the first 2 years of life [45]. The ac-
quired form is associated with recurrent in-
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fection or chronic inflammation in chronic 
obstructive pulmonary disease (COPD), asth-
ma, cystic fibrosis, and relapsing polychondri-
tis. It has also been associated with endobron-
chial intubation, tracheostomy, mechanical 
ventilation, lung transplant, and airway com-
pression [45, 46]. EDAC is likely the result of 
peripheral airway obstruction and inflamma-
tion in patients with COPD and asthma and is 
associated with morbid obesity [7].

Both tracheobronchomalacia and EDAC are  
increasingly recognized as a common cause 
of nonspecific respiratory symptoms, such as 
cough, dyspnea, wheezing, sputum production, 
and recurrent infections [46]. The traditional di-
agnosis is based on the bronchoscopic decrease 
in tracheal diameter of more than 50% during ex-
piration [6, 45, 46]. Dynamic CT studies, how-
ever, have shown that airway collapse exceeding 
50% with forced expiration is present in many 
healthy individuals [47–49]. Therefore, inves-
tigators have proposed the use of a cutoff of at 
least 70% collapse of the airway on CT to avoid 
overdiagnosing airway collapse [6, 46, 47].

On chest radiography and CT performed 
during inspiration, the trachea shows a normal 
rounded or, sometimes, a lunate configuration, 
with a ratio of the coronal to sagittal diameter 
of more than 1 [47, 50]. This lunate configura-
tion should not be confused with saber-sheath 
trachea, occurring in COPD, in which the ratio 
of the coronal to sagittal diameter is less than 
two thirds [15, 51]. However, dynamic CT se-
quences with active respiratory maneuvers 
are required to diagnose airway collapse [1, 
45, 46]. There are two classic patterns of col-
lapse: crescentic and circumferential [46, 47]. 

The crescentic pattern shows marked anterior 
bulging of the posterior membrane and is also 
known as the “frown” sign [50]. In the circum-
ferential pattern, the collapse is more evenly 
distributed [46]. Airway collapse is frequently 
accompanied by air trapping [45, 46].

Progressive airway collapse can cause se-
vere respiratory distress, which can be treat-
ed with continuous positive airway pressure, 
stent placement, and tracheoplasty [45, 46].

Amyloidosis
Amyloidosis is characterized by the extra-

cellular accumulation of abnormal protein-
aceous, insoluble fibrils [52, 53]. These fibrils 
disrupt the underlying bronchial architecture, 
act as space-occupying masses, and may have 
cytotoxic effects [52]. In systemic amyloi-
dosis, involvement of the respiratory tract is 
frequent but is typically asymptomatic and is 
an incidental finding [54]. Localized amyloi-
dosis of the respiratory tract is rare [54–56] 
(Fig. 11). It can manifest as submucosal tra-
cheobronchial deposits, solitary or multiple 
pulmonary nodules, and diffuse pulmonary 
interstitial deposits [55–57]. Tracheobron-
chial amyloidosis is the most frequent form 
and involves the large airways diffusely. Oc-
casionally, amyloid deposits cause unifocal or 
nodular disease, thus mimicking endobron-
chial neoplasms [53]. Tracheobronchial am-
yloidosis typically presents with nonspecific 
symptoms such as cough, exertional dyspnea, 
wheezing, and mild hemoptysis [58, 59].

Diffuse or focal accumulation of amyloid 
causes irregular mural thickening and luminal 
narrowing, which may result in secondary ob-

structive hyperinflation, atelectasis, or recur-
rent pneumonia [58–60]. Amyloidosis is best 
detected on CT, which also may show a soli-
tary nodule or multiple nodules protruding into 
the airway lumen [58–60]. CT may detect mu-
ral calcifications, which should not be confused 
with tracheobronchopathia osteochondroplas-
tica. In tracheobronchopathia osteochondro-
plastica, the posterior membranous wall of the 
trachea is typically spared unlike the circum-
ferential pattern in amyloidosis [3, 25].

Tracheobronchial amyloidosis often pro-
gresses to respiratory distress, with one third 
of patients dying of pneumonia or respirato-
ry insufficiency [57, 58]. Treatment options 
include bronchoscopic techniques, such as 
débridement, laser ablation, balloon dilata-
tion, and stent placement [9]. In some pa-
tients, local radiation and systemic chemo-
therapy may be beneficial [52, 58, 59].

Sarcoidosis
Sarcoidosis is an idiopathic multisystem-

ic granulomatous disease that typically in-
volves thoracic lymph nodes and the lung 
parenchyma [61, 62]. Involvement of the tra-
chea and main bronchi is rare, whereas ab-
normalities in the lobar and segmental bron-
chi are more common [63, 64] (Fig. 12). In 
the early stage, airway abnormalities consist 
of mucosal and submucosal inflammation 
and noncaseating granulomas, which cause 
smooth, irregular, or nodular luminal nar-
rowing. Later stage abnormalities include fi-
brotic parenchymal changes that distort the 
airways and cause traction bronchiectasis 
[62, 65]. Airway sarcoidosis presents with 

TABLE 1: CT Findings in Chronic Inflammatory and Infiltrative Diseases of the Large Airways

Diseases

CT Findings

Lumen Calcifications
Sparing of the 

Posterior Membrane Nodules Airway Collapse Additional Findings

Tracheobronchomalacia N — — — +++

Amyloidosis N ++ — + —

Sarcoidosis N + — + — Predominantly affects bronchi; extrinsic narrowing 
from enlarged lymph nodes; traction bronchiectasis

Granulomatosis with 
polyangiitis

N + — + — Predominantly affects upper trachea

Relapsing polychondritis N ++ +++ — ++

Tracheobronchopathia 
osteochondroplastica

N +++ +++ +++ —

Tracheobronchomegaly W — — — ++ Small diverticula; bronchiectasis

Bronchial anthracofibrosis N — — — —

Broncholithiasis N +++ — — — Calcified lymph nodes

Note—Dash (—) indicates not present, + indicates occasionally present, ++ indicates frequently present, and +++ indicates pathognomonic. N = narrowing, W = widening.
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nonspecific clinical signs. In patients with 
severe involvement, mechanical airway ob-
struction may cause coughing, wheezing, 
and pulmonary function test results sugges-
tive of an obstruction [61, 62, 65].

Severe narrowing of the trachea or main 
bronchi can occasionally be seen on chest ra-
diography. However, CT can detect subtle air-
way lesions, such as nodular or smooth airway 
wall thickening and narrowing, that can result 
in complete luminal stenosis [65–67] (Table 
1). Airway narrowing may also result from en-
larged lymph nodes compressing the airway 
[67]. Coexisting parenchymal fibrosis may 
cause airway distortion and traction bronchiec-
tasis [62, 67]. Traction bronchiectasis reflects 
the severity of the fibrosis and, along with con-
comitant signs of airways disease, can be help-
ful in monitoring disease progression and re-
sponse to treatment [62, 65, 68].

Granulomatosis With Polyangiitis
Granulomatosis with polyangiitis (GPA) is 

an antineutrophil cytoplasmic antibody–asso-
ciated vasculitis [69]. Characterized by nec-
rotizing granulomas and vasculitis, GPA pri-
marily affects small and medium-sized vessels 
[70]. Up to half of patients with GPA have tra-
cheobronchial tree involvement, which rarely 
is the only manifestation of the disease [69].

In large airway GPA, acute inflammatory 
mucosal abnormalities range from edema to ul-
cers. These abnormalities commonly cause air-
way wall thickening and fixed or reversible ste-
nosis, often of the upper trachea [69] (Fig. 13). 
Chest radiography may show a smooth stenosis 
of the airways and pulmonary opacities that in-
dicate lung involvement. On CT, signs of large 
airway involvement include smooth or nodular 
circumferential thickening of the tracheobron-
chial wall that leads to a single stenosis or mul-
tiple stenoses [70–72] (Table 1). Irregular cal-
cifications of the tracheal cartilage rings and 
bronchiectasis can occur [70–72]. Severe air-
way obstruction may lead to atelectasis. Pulmo-
nary involvement produces parenchymal con-
solidations with ground-glass halos, nodules, 
and masses that often cavitate [70–72].

Treatment with immunosuppressive drugs 
has substantially improved the prognosis of 
GPA, although there is potential for relapse [69]. 
If airway obstruction persists, dilatation, stent 
placement, laser ablation, tracheostomy, or sur-
gical resection can improve symptoms [69].

Relapsing Polychondritis
Relapsing polychondritis is a rare autoim-

mune disorder causing recurrent inflamma-

tion and subsequent destruction of cartilage 
in the ear, joints, airways, and nose [73, 74]. 
The destroyed cartilage is then replaced by 
granulomatous tissue or fibrosis [73, 74].

Up to 50% of patients with relapsing poly-
chondritis have airway disease, which can 
occur anytime during its course and is typi-
cally diffuse [73–75] (Fig. 14). Inflammation 
and destruction of the airway cartilage lead 
to the loss of its supportive function, causing 
excessive collapse of the airways during ex-
piration [73, 76]. Other airway abnormalities 
are stenosis due to mural thickening and ob-
structive bronchiectasis [73]. CT shows dif-
fuse smooth thickening of the tracheobron-
chial wall with characteristic sparing of the 
posterior membranous part (Table 1). Calci-
fications, stenosis, and obstructive bronchi-
ectasis can also occur [15, 26, 73]. Dynamic 
CT can show excessive collapsibility, which 
is often associated with air trapping [76].

Patients with severe airway involvement 
have a poor prognosis [77]. Early detection and 
treatment are crucial to delay destruction of 
cartilage [75]. Continued positive airway pres-
sure, various types of bronchoscopic interven-
tion such as laser therapy, balloon dilatation,  
and stenting, and tracheostomy in severe steno-
sis of the upper trachea can improve the symp-
toms related to airway involvement [73–75].

Tracheobronchomegaly
Tracheobronchomegaly, or Mounier-Kuhn 

syndrome, refers to the marked dilatation of 
the trachea and main bronchi that results from 
atrophy of smooth muscle and elastic tissue in 
the airway walls [15, 78, 79] (Fig. 15). This 
disorder of unknown cause may result from a 
congenital predisposition combined with ac-
quired factors such as infections and chronic 
irritation from smoking [78, 79]. The most 
frequent clinical complaint related to tra-
cheobronchomegaly is recurrent airway in-
fections due to retained secretions [78]. 
However, chest radiography may suggest 
tracheobronchomegaly in asymptomatic pa-
tients undergoing imaging for other indica-
tions [15, 78]. CT permits precise determina-
tion of the increased diameter and extent of 
airway dilatation [1, 15] (Table 1). In women 
with tracheobronchomegaly, the coronal di-
ameter of the trachea exceeds 21 mm and the 
sagittal diameter is greater than 23 mm. In 
men, the coronal diameter of the trachea is 
greater than 25 mm and the sagittal diameter 
is more than 27 mm [1, 15, 79]. In addition 
to increased tracheal diameter, CT may show 
a corrugated airway wall, multiple small di-

verticula, and bronchiectasis [1, 3, 15]. Dy-
namic CT sequences commonly show tra-
cheobronchomalacia as increased airway 
collapsibility [1, 15].

Patients with tracheobronchomegaly are 
treated supportively with physiotherapy, mu-
colytic agents, and antibiotics. In severe cas-
es, airway stenting or tracheoplasty may im-
prove the quality of life [78].

Tracheobronchopathia Osteochondroplastica
Tracheobronchopathia osteochondroplastica 

is a rare idiopathic condition that causes thick-
ening of the tracheal rings and multiple sessile 
osteochondral nodules in the submucosa of the 
large airways [80] (Fig. 16). The nodules are 
connected to the perichondrium of the tracheal 
rings and protrude into the airway lumen [25, 
80]. Tracheobronchopathia osteochondroplas-
tica most commonly affects the trachea, but all 
airways with cartilaginous components can be 
involved [25, 80, 81]. Most patients are asymp-
tomatic and experience a benign disease with 
only minimal progression [80].

Chest radiography often shows normal 
findings but can show tracheal scalloping or 
irregular asymmetric airway stenosis [28]. 
On CT, thickened cartilage rings with irreg-
ular calcifications and multiple nodules are 
pathognomonic for tracheobronchopathia os-
teochondroplastica [3, 25] (Table 1). The nod-
ules project into the airway lumen from the 
anterior and lateral wall and can be calci-
fied. The posterior membrane of the trachea is 
spared because of the absence of cartilaginous 
tissue [3, 25, 80]. Atelectasis and pneumonia 
can be complications of tracheobronchopath-
ia osteochondroplastica seen on imaging [80].

Bronchial Anthracofibrosis
Bronchial anthracofibrosis is characterized 

by focal luminal narrowing of the bronchi 
with darkened bronchial mucosa in patients 
without exposure to coal dust or cigarette 
smoking [82] (Fig. 17). Suggested causes of 
this condition are tuberculosis and, more re-
cently, chronic exposure to biomass smoke 
[82–85]. The airway narrowing is smooth, is 
frequently multifocal, and has a predilection 
for the right upper and middle lobe bronchi 
[82–84]. Pathology reveals anthracotic pig-
ment within the bronchial mucosa and dense 
fibrotic changes in involved tissue [82]. Pa-
tients present with nonspecific symptoms 
such as cough, increased sputum production, 
dyspnea, and recurrent infection [82, 83].

Chest radiography does not show the lumi-
nal narrowing but can show consolidations or 
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atelectasis [82, 83]. On CT, bronchial narrow-
ing is typically smooth and is caused by thick-
ening of the bronchial walls and peribronchial 
soft tissues [82, 84] (Table 1). In addition to 
the airway lesions, lymph nodes surrounding 
the affected bronchi are often enlarged and 
may be calcified [82–84]. Consolidations and 
atelectasis are common in portions of the lung 
distal to the site of airway narrowing [82, 84]. 
The appearance of anthracofibrosis can sim-
ulate bronchogenic carcinoma and endobron-
chial tuberculosis [83]. The bronchial nar-
rowing in anthracofibrosis is smooth and is 
frequently multifocal, whereas there is a more 
nodular pattern that typically is confined to 
one site in bronchogenic carcinoma [83]. Nev-
ertheless, a definite diagnosis of anthracofi-
brosis requires bronchoscopy and bronchial 
biopsy [83]. If anthracofibrosis is associated 
with active tuberculosis, treatment of the in-
fection may decrease airway narrowing [82].

Broncholithiasis
Broncholithiasis refers to calcified material 

within the bronchial lumen (Fig. 18). The cal-
cified material most commonly is a calcified 
lymph node, which is typically caused by nec-
rotizing granulomatous lymphangitis from his-
toplasmosis or tuberculosis [86, 87]. At times, 
calcified nodes compressing a bronchus are 
also considered to be broncholiths [86].

The disappearance of or a change in the 
position of a previously seen calcified opac-
ity on chest radiography suggests broncholi-
thiasis [87]. CT is more sensitive for making 
the diagnosis by showing calcified material 
within or compressing a bronchus [87] (Ta-
ble 1). Additional imaging findings are bron-
chiectasis, obstructive atelectasis, and multi-
ple calcified lymph nodes [87]. Dynamic CT 
may show postobstructive air trapping [87].

Infection
Infection of the large airways can be 

caused by a variety of pathogens [2, 15, 88]. 
Infections lead to an inflammatory response 
that results in nonspecific focal or diffuse 
airway wall thickening and occasionally in 
luminal narrowing [88–91].

Viral
Viral croup is a common cause of upper re-

spiratory tract obstruction and severe respira-
tory symptoms in children [92–94]. Mucosal 
swelling of the upper airways causes a char-
acteristic seallike barking cough, stridor, and 
hoarseness [92–94]. The diagnosis of croup is 
made clinically, and chest radiography is indi-

cated only when the cause is clinically uncer-
tain [92–94]. A typical appearance in croup 
is an inverted V–like narrowing of the upper 
trachea on frontal views (steeple sign) without 
involvement of the epiglottis [95].

Bacterial
Bacterial tracheitis, also referred to as “la-

ryngotracheobronchitis” and “bacterial croup” 
or “membranous croup,” is a rare, but se-
vere, large airway infection that is character-
ized by membranous tracheal secretions [93]. 
The clinical presentation of bacterial trache-
itis is similar to that of severe viral croup, with 
cough, stridor, and hoarseness [93, 96]. There 
also may be signs of lower respiratory tract in-
volvement, such as crackles, wheezing, and 
pneumonia [93]. Chest radiography shows typ-
ical crouplike narrowing of the upper trachea, 
but there often are also irregular, linear opac-
ities within the tracheal lumen representing 
membranous tracheal secretions [97]. This po-
tentially life-threating condition is treated with 
antibiotics, and endobronchial intubation is of-
ten performed to prevent complete occlusion of 
the airways by the secretions [93, 94]. 

Endobronchial tuberculosis is character-
ized by wall thickening and luminal narrow-
ing of the large airways due to Mycobacteri-
um tuberculosis [3, 15] (Fig. 19). Typically it 
affects multiple sites within the large airways, 
most commonly the distal trachea and proxi-
mal bronchi [3]. Chest radiography may show 
luminal narrowing of the large airways or at-
electasis [3]. CT may distinguish between the 
active and fibrotic stages, which may coexist 
[3, 15, 98]. The active reversible stage of en-
dobronchial tuberculosis presents as irregular 
luminal narrowing with contrast-enhancing 
thickening of the airway wall [3, 15, 98]. The 
irreversible fibrotic stage manifests as smooth 
narrowing with only minimal wall thicken-
ing [3, 15, 98]. Other abnormalities on CT in-
clude lymphadenopathy, which can compress 
the large airways, bronchiectasis, and paren-
chymal inflammatory changes [15]. If there is 
severe stenosis, bronchoscopic dilatation and 
stenting may be indicated [15].

Rhinoscleroma is a chronic progressive 
granulomatous infection of the nose caused 
by Klebsiella rhinoscleromatis [15, 99]. En-
demic in parts of Africa, Latin America, and 
Eastern Europe, rhinoscleroma is rare in the 
United States [99]. Typical signs of rhino-
scleroma include chronic nasal obstruction, 
rhinorrhea, epistaxis, absence of the uvu-
la, and nasal deformities (termed “Hebra 
nose”). Dyspnea and stridor suggest airway 

lesions, such as granulomatous nodules, and 
dense fibrotic stenosis [99, 100]. Chest radi-
ography may show nodular irregularities or 
diffuse narrowing of the large airways [28]. 
On CT, large airway rhinoscleroma appears 
as irregular, nodular, and concentric lumi-
nal narrowing with airway wall thickening 
of soft-tissue attenuation without calcifica-
tions [25, 100]. At times, the airway mu-
cosa shows crypt or sinuslike lesions [100]. 
This slowly progressing entity is treated with 
a prolonged course of antibiotics, but recur-
rence is common [99]. Airway abnormalities 
are best treated with bronchoscopic dilata-
tion and laser ablation [99].

Fungal
Fungal species that infect the trachea or 

bronchi include Aspergillus, Coccidioides, 
Candida, Cryptococcus, and Histoplasma or-
ganisms [15, 101] (Fig. 20). Up to 80% of pa-
tients with a fungal infection of the tracheo-
bronchial tree have an underlying condition 
that compromises their immune system [101]. 
Depending on a patient’s immunocompetence, 
Aspergillus infection may manifest as allergic 
bronchopulmonary aspergillosis, intrabron-
chial aspergilloma, semiinvasive necrotizing 
bronchial aspergillosis, or invasive acute tra-
cheobronchitis. Allergic bronchopulmonary 
aspergillosis is a hypersensitivity reaction to 
Aspergillus organisms in patients with asthma 
or cystic fibrosis. Excessive mucus production 
and ciliary dysfunction lead to mucoid impac-
tion without mucosal invasion [102].

Chest radiography may not show the airway 
abnormalities [101, 102]. CT typically shows 
intraluminal nodules or masses of soft-tissue 
attenuation in the tracheobronchial tree, airway 
wall thickening, airway stenosis, and occasion-
ally intramural air [101–103]. Bronchiectasis 
or airway compression from lymphadenopathy 
may be present [3, 101]. In allergic broncho-
pulmonary aspergillosis, fingerlike opacities of 
soft-tissue attenuation are a sign of mucoid im-
paction and bronchiectasis [102].

Although imaging can be suggestive of air-
way mycosis, a definite diagnosis is typical-
ly made by fungal cultures obtained at bron-
choscopy [101]. Fungal airway lesions are 
treated bronchoscopically, with vaporization 
or excision of luminal nodules and dilatation 
and stent placement for airway stenosis [101].

Neoplasms
Benign neoplasms account for less than 

10% of airway neoplasms [104]. The most 
frequent benign neoplasms are hamartomas, 
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which nevertheless are uncommon lesions, 
and tracheobronchial papillomatoses [104]. 
Tracheobronchial papillomatosis is caused 
by human papillomavirus and predominant-
ly involves the larynx (Fig. 21). However, it 
may spread to the trachea; the bronchi; and, 
rarely, the lung. In the trachea and bronchi, 
tracheobronchial papillomatosis presents as 
multiple nodules projecting into the airway 
lumen or as diffuse nodular wall thickening 
[2, 104]. Tracheobronchial papillomatosis 
that has spread to the lung manifests as mul-
tiple bilateral cysts and nodules. The nodules 
are often cavitated [2]. Less frequent benign 
neoplasms are leiomyomas, lipomas, chon-
dromas, and neurogenic tumors [104]. Be-
nign neoplasms are typically well-defined, 
round, smooth lesions that are smaller than 2 
cm in diameter and do not invade the airway 
wall [1, 3, 105].

Malignant neoplasms of the large airways 
are more common than benign neoplasms 
[104]. Most reflect direct invasion by adjacent 
thyroid, laryngeal, esophageal, or lung cancer 
[104]. Less frequent are primary malignant 
neoplasms and metastases from breast, colorec-
tal, and renal carcinomas or melanoma [104] 
(Fig. 22). In the trachea, the predominant types 
of primary malignant neoplasms are squamous 
cell carcinoma and adenoid cystic carcinoma 
[106]. Squamous cell carcinomas are aggres-
sive neoplasms associated with smoking, with 
a peak incidence between the ages of 50 and 
70 years [2, 104, 106]. Adenoid cystic carci-
noma has its peak incidence at a younger age, 
has a more prolonged course, and recurs local-
ly [2, 104, 106] (Fig. 23). In the bronchi, the 
predominant types of malignant neoplasms are 
bronchial squamous cell carcinoma, small cell 
carcinoma, carcinoid tumor (Fig. 24), and mu-
coepidermoid carcinoma [2]. Malignant neo-
plasms tend to be flat or polypoid lesions that 
are larger than 2 cm and have lobulated or ir-
regular borders [1]. Advanced malignant neo-
plasms extend outside the large airways and in-
vade mediastinal structures [1].

Chest radiography may show focal lumi-
nal narrowing from a soft-tissue opacity or 
signs of airway obstruction such as atelecta-
sis and recurrent pneumonia [28]. CT shows 
an intraluminal mass of soft-tissue attenua-
tion that may extend through the tracheal wall 
and invade surrounding structures. The pres-
ence of fat and cartilaginous tissue within a 
lesion on CT indicates a hamartoma [2, 3], al-
though other fat-containing lesions include li-
poma and well-differentiated liposarcoma [1, 
3]. Calcifications and marked homogeneous 

contrast enhancement due to hypervascular-
ity suggest carcinoid tumor [1, 3, 107]. Non-
spherical carcinoid tumors with an elongated 
shape often have a long axis oriented parallel 
to the adjacent airway [107]. A definitive di-
agnosis, however, is made by biopsy [1]. 

Surgical resection is the preferred treat-
ment of all airway neoplasms [1, 106]. Radi-
ation may be beneficial in patients with unre-
sectable disease or as an adjunctive therapy 
to surgery [1, 106].

Conclusion
In this article, we have discussed the ap-

pearance, clinical implications, and differen-
tial diagnoses of the most common disorders 
affecting the large airways. A standardized 
evaluation of the large airways includes as-
sessment of the lumen, wall structure and 
wall thickness, and the surrounding soft tis-
sues and lung parenchyma. There are dis-
tinct patterns of dimensional and structural 
changes of these components that are char-
acteristic of individual airways diseases. The 
radiologic patterns described in this article 
will help radiologists in their diagnostic ap-
proach to large airways diseases.
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APPENDIX 1: Disorders of the Large Airways

Congenital abnormalities
Tracheal bronchus
Accessory cardiac bronchus
Bronchial atresia
Tracheoesophageal fistula
Tracheal stenosis

Iatrogenic and traumatic abnormalities
Postintubation stenosis
Traumatic injury
Foreign body aspiration

Extrinsic compression
Chronic inflammatory and infiltrative diseases

Tracheobronchomalacia
Amyloidosis
Sarcoidosis
Granulomatosis with polyangiitis
Relapsing polychondritis

Tracheobronchomegaly
Tracheobronchopathia osteochondroplastica
Bronchial anthracofibrosis
Broncholithiasis

Infection
Viral
Bacterial
Fungal

Neoplasms
Benign

Hamartoma
Respiratory papillomatosis

Malignant
Squamous cell carcinoma
Adenoid cystic carcinoma
Carcinoid tumor
Mucoepidermoid carcinoma
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Imaging of Large Airways Disorders

A

A

Fig. 1—29-year-old woman with tracheal bronchus.
A and B, Coronal minimum-intensity-projection CT 
reformation (A) and 3D reconstruction (B) images 
of tracheobronchial tree show right upper lobe 
bronchus (solid arrow) arising from trachea instead of 
right main bronchus (open arrow).

Fig. 2—48-year-old man with cardiac bronchus.
A and B, Axial (A) and coronal reformation (B) CT 
images show additional bronchus (black arrow) 
arising from medial aspect of bronchus intermedius 
(white arrow, A).
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A

Fig. 3—44-year-old woman with bronchial atresia.
A, Posteroanterior chest radiograph shows hyperlucency (arrows) of left upper 
lobe due to decreased vascularity and increased air content.
B, Axial CT image shows atretic bronchial segment (arrow) of left upper lobe. Note 
areas of hyperlucency in lung parenchyma.
C, Three-dimensional reconstruction image of tracheobronchial tree shows 
atresia (arrow) of segment of left upper lobe bronchus.
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Imaging of Large Airways Disorders

A

Fig. 5—3-month-old girl  with congenital tracheal stenosis. (Courtesy of Ciet P, Erasmus Medical Center, 
Rotterdam, The Netherlands)
A and B, Axial (A) and sagittal reformation (B) CT images show severe funnel-shaped narrowing of trachea 
(arrow).

Fig. 4—3-month-old boy with tracheoesophageal 
fistula. Fluoroscopic image shows contrast-filling of 
esophagus (black arrow) as well as trachea (white 
arrow) due to communication between those two 
structures. (Courtesy of Ciet P, Erasmus Medical 
Center, Rotterdam, The Netherlands) 

B

A

Fig. 7—32-year-old woman with injury of right mainstem bronchus after trauma. (Courtesy of Soto JA, Boston 
Medical Center, Boston, MA)
A, Anteroposterior chest radiograph shows large right pneumothorax (solid white arrow) with mediastinal shift 
to left accompanied by collapse of right lung, pneumomediastinum (black arrow), and emphysema of chest wall 
(open arrow).
B, Axial enhanced CT image shows local defect (arrow) of wall of right mainstem bronchus with air leaking 
posteriorly. Right pneumothorax and emphysema of chest wall are also confirmed.

Fig. 6—21-year-old woman with postintubation 
tracheal stenosis. Coronal minimum-intensity-
projection CT reformation image shows 
circumferential hourglasslike narrowing (arrows) of 
trachea.
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Fig. 8—63-year-old woman with history of persistent 
cough and foreign body aspiration. Axial CT image 
obtained during expiration shows tip of foreign body 
(black arrow) in bronchus intermedius and associated 
air trapping (white arrows) in right lower lobe.

Fig. 9—62-year-old man with dyspnea and extrinsic 
compression of trachea. Axial CT image shows 
compression of trachea (black arrow) by soft-tissue 
mass (white arrow) within anterior mediastinum; this 
mass was shown to be thymic carcinoma.

A

Fig. 10—54-year-old woman with tracheobronchomalacia.
A, Axial CT image obtained during inspiration shows lunate configuration of trachea (arrow).
B, Axial CT image obtained during expiration shows severe collapse with anterior bowing of posterior membrane (black arrow) (“frown” sign). Note associated air 
trapping (white arrows) in both lungs.

Fig. 11—71-year-old man with tracheobronchial 
amyloidosis. Axial enhanced CT image shows airway 
wall thickening (arrow) of left and posterior trachea.
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Imaging of Large Airways Disorders

A

Fig. 13—73-year-old man with granulomatosis with polyangiitis.
A and B, Axial CT images show severe smooth wall thickening (arrows) of trachea (A) and mainstem bronchi (B).

B

Fig. 12—55-year-old woman with sarcoidosis of 
large airways. Axial CT image shows smooth wall 
thickening (arrows) of mainstem bronchi.

Fig. 14—42-year-old man with relapsing 
polychondritis.
A and B, Axial (A) and sagittal reformation (B) CT 
images show diffuse coarse calcifications (arrows) of 
trachea with typical sparing of posterior membrane.
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A
m

er
ic

an
 J

ou
rn

al
 o

f 
R

oe
nt

ge
no

lo
gy

 2
01

5.
20

5:
41

-5
6.



54 AJR:205, July 2015

Heidinger et al.

A

Fig. 16—80-year-old man 
with tracheobronchopathia 
osteochondroplastica. Axial CT 
image shows tiny nodule (arrow) 
along anterior tracheal wall with 
inner calcifications.

Fig. 17—70-year-old woman with anthracofibrosis and postobstructive pneumonia. (Courtesy of Lee KS, Samsung Medical 
Center, Seoul, Korea)
A, Axial CT image shows severe thickening of right upper lobe bronchus (arrow). This finding is accompanied by patchy 
consolidation (asterisk) and ground-glass opacity with septal thickening in posterior segment of right upper lobe and superior 
segment of right lower lobe; all of these findings are consistent with pneumonia.
B, Image of right upper lobe bronchus obtained at bronchoscopy shows dark anthracotic pigmentation (arrows) and narrowing 
of segmental bronchi.

B

A

Fig. 15—58-year-old man with tracheobronchomegaly.
A and B, Axial CT images show dilatation (arrows) of trachea (A) and main bronchi (B).
C, Coronal minimum-intensity-projection CT reformation image shows dilatation of trachea and bronchi and corrugated appearance of airway wall with multiple 
diverticula (arrows).
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Imaging of Large Airways Disorders

A

Fig. 21—34-year-old man 
with papillomatosis of 
large airways.
A, Axial CT image shows 
nodular soft-tissue 
thickening (arrow) of 
trachea without sparing of 
posterior wall.
B, Axial CT image shows 
large cavitating nodule of 
soft-tissue attenuation 
(black arrow) in left lower 
lobe and multiple bilateral 
cystic lesions (white 
arrows).

B

A

Fig. 20—65-year-old woman with aspergillosis of large airways and chronic obstructive pulmonary disease.
A and B, Axial enhanced CT images show soft-tissue attenuation mass (solid arrows) consistent with mucus and necrotic debris in dependent portion of trachea (A) and 
both main bronchi (B). Note small consolidations (open arrows) in left lung.
C, Axial enhanced CT image shows irregular wall thickening (solid arrows) of left mainstem bronchus. Note small consolidations (open arrows) in left lung.

CB

A

Fig. 18—67-year-old man with broncholithiasis. Axial 
CT image shows calcified material (arrow) within 
superior segmental bronchus of right lower lobe.

Fig. 19—57-year-old man with tuberculosis of large airways. (Courtesy of Goo JM, Seoul National University 
College of Medicine, Seoul, Korea)
A, Axial enhanced CT image shows irregular wall thickening (arrow) of left mainstem bronchus. 
B, Three-dimensional reconstruction CT image shows overall extent of left mainstem bronchus stenosis (arrow).
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F O R  Y O U R  I N F O R M A T I O N

This article is available for CME and Self-Assessment (SA-CME) credit that satisfies Part II requirements for 
maintenance of certification (MOC). To access the examination for this article, follow the prompts associated with 
the online version of the article.

A

A

Fig. 23—58-year-old woman with adenoid cystic 
carcinoma.
A and B, Axial CT images show soft-tissue mass 
(arrow) with calcifications in anterior trachea 
extending toward carina (B).

Fig. 24—44-year-old man with bronchial carcinoid 
tumor.
A, Posteroanterior CXR shows rounded, retrocardiac 
opacity (arrow)
B, Coronal reformation CT image shows nodule of 
soft-tissue density (arrow) in posterior basal segment 
of left lower lobe adjacent to segmental bronchus.

B

B

Fig. 22—61-year-old man with tracheal metastasis 
from rectal cancer. Axial CT image shows soft-tissue 
mass (arrow) in trachea causing reduction of tracheal 
lumen. Note postobstructive atelectasis of left upper 
lobe (asterisk).
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