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Abstract
The tracheobronchial tree is a musculo-cartilagenous framework which acts as a conduit to aerate the lungs and consequently the entire body. A large spectrum of pathological conditions can involve the trachea and bronchial airways. These may be congenital anomalies, infections, post-intubation airway injuries, foreign body aspiration or neoplasms involving the airway. Appropriate management of airway disease requires an early and accurate diagnosis. In this pictorial essay review, we will comprehensively describe the various airway pathologies and their imaging findings by multidetector computed tomography. 
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Core tip: There is a wide range of lesions affecting the airway and patients with airway pathology usually present late during the course of disease. Multi-detector computed tomography (MDCT) has become the mainstay investigation modality as it provides detailed information about the airway and its surrounding structures with high spatial resolution. Therefore it is prudent to know the various pathology affecting airway and its appearance on MDCT.
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INTRODUCTION
The introduction of multidetector computed tomography (MDCT) technology over the past decade has tremendously revolutionized imaging of airway[1,2]. Modern MDCT scanners have markedly increased the speed of data collection and cranio-caudal volume coverage enabling them to acquire thin-section, high spatial resolution images of the entire airway. These scanners can reconstruct images of varying slice thickness and in multiple planes from the acquired axial images[3,4,5]. 
The advancements in computer technology aid in processing the data sets acquired by the MDCT scanners to reconstruct the bronchial tree in three dimensions[6]. The developed computer software generates 3D view of the airway which provides clinically acceptable information with real time visualization of the entire tracheobronchial airway. 

IMAGING TECHNIQUE
Thin slice axial images are acquired in a single breath hold. The imaging protocol that is used in our department for adults includes a tube voltage of 120 kV, tube current of 300 mA, 0.6 mm × 128 slices, a pitch of 1.5 with a matrix size of 512 × 512. For children, the tube voltage is reduced to 80 kV and tube current is altered to 110 mA.
Administration of contrast is generally not required for assessment of airway. However it is used in suspected cases of extraluminal compressive lesions to delineate the various mediastinal vascular structures and for suspected neoplastic etiology. Non-ionic iodinated contrast medium may be given using a dose of 1mL/kg for adults and 1.5 mL/kg for children through peripheral venous access route.

Image Reconstruction
The cross-sectional images are then transferred to a separate graphic computer. Reconstruction is done using standard visualization software. The acquired near isotropic data is used to generate multiplanar reformations (MPRs), minimum intensity projections (MinIPs) and volume rendered images for 3D reconstruction.
Two basic methods of 3D imaging are currently employed in airway reconstruction include external rendering and internal rendering. The external rendering of the airway shows its external surface and is also called computed tomography (CT) tracheo-bronchography. Internal rendering or virtual bronchoscopy (VB) allows navigation through the internal airway lumen of airway using the “fly through” virtual endoscopy CT software. The airway reconsructed by VB closely resemble those seen on conventional bronchoscopy[7,8,9]. However, VB can evaluate the airway distal to a high grade stenosis which is not possible on fiberoptic bronchoscopy.

NORMAL ANATOMY
Trachea 
Trachea is a tubular structure extending from the level of the cricoid cartilage (sixth cervical vertebral level) to the carina (fifth thoracic vertebral level ). Trachea is made up of multiple C shaped cartilages[10]. It measures 10 to 11 cm in length[10] . The trachea is divided into extra- and intra-thoracic parts. The extrathoracic part extends from the level of inferior border of cricoid upto the thoracic inlet. The intrathoracic portion extends from the thoracic inlet to the carina.The normal tracheal diameter in men ranges from 13 to 25 mm in the coronal dimension and 13 to 27 mm in the sagittal dimension[11,12]. In women, trachea is smaller and its dimension range from 10 to 21 mm in the coronal plane and 10 to 23 mm in the sagittal plane[11,12]. The posterior portion of the tracheal wall, lying between the open ends of the tracheal cartilages, is a thin fibromuscular membrane termed the posterior tracheal membrane. The cross section of trachea has marked variability in appearance, which may appear round, oval or horse shoe shaped. The posterior tracheal membrane may appear convex posteriorly, flat or convex anteriorly. 

Carina
Trachea divides at the level of sternal angle (4th–5th dorsal vertebral levels) at the carina into the right and left mainstem bronchi[11]. The normal carinal angle ranges between 700-1000.

Mainstem, lobar and segmental bronchi
The mainstem bronchi extend infero-laterally from the carina into the pulmonary hila. At the pulmonary hila, they branch further to form the bronchial tree within the pulmonary parenchyma. The mainstem bronchi divide into lobar bronchi. There are three lobar bronchi on rigth side and two on left side. The lobar bronchi further divids into segmental and subsegmental bronchi. There are approximately 23 generations of branching till the bronchi form the alveoli. [13]. The segmental bronchi are accompanied by segmental arteries that form a broncho-pulmonary segment. 
The bronchi on MDCT appear as small circular lucencies on axial scans. Bronchi that course obliquely to the axial plane are more difficult to evaluate on axial scans and therefore require MPRs images and MinIP images (Figure 1). Virtual bronchoscopy also provides the intraluminal view (Figure 2).

PATHOLOGY
The pathological conditions affecting airway vary from innocuous to sinister. To add to the diagnostic dilemma, identification of tracheal disease is notoriously difficult. Patients become symptomatic very late in the natural history of diseases affecting the airway. Patients with tracheobronchial pathology can present with breathlessness, persistent cough, stridor, recurrent cyanotic episodes and haemoptysis in varying severity, depending upon the degree of airway involvement. These may cause sudden deterioration of the patient’s clinical condition. Therefore rapid and accurate diagnosis is imperative to reduce morbidity and mortality.
For descriptive purposes, the lesions affecting airway may be broadly classified as focal and diffuse lesions[14]. A lesion is characterized as focal when it affects a single short segment of airway, whereas it is characterized as diffuse if it involves either long segment of airway or when multiple lesions are detected. 

FOCAL AIRWAY LESIONS 
Intrinsic focal lesions
Tracheobronchial neoplasm: Tracheobronchial neoplasm is one of the commonest focal lesion involving the airway[15]. Tracheobronchial involvement by a malignant process can be both primary and secondary. Mostly airway is secondarily invaded by primary neoplasms arising from adjacent organs. Trachea is in close approximation with various organs in its extrathoracic and intrathoracic course. Therefore primary malignancy of adjacent organs like lung, esophagus or thyroid can invade the tracheobronchial tree. 
Primary lung carcinoma is a disease with a very high mortality rate worlidwide and commonly involves the airway. The main histopathological types include: adenocarcinoma, squamous cell carcinoma (SCC), small cell carcinoma and large cell carcinoma of which SCC and small cell carcinoma are most common types originating from the central airway[16,17]. Squamous cell carcinoma has an intraluminal growth pattern that can cause airway obstruction leading to pulmonary atelectasis or lobar collapse (Figure 3)[16]. Bronchial obstruction is much less common with small cell carcinoma than with SCC. The most common imaging finding seen in small cell carcinoma is that of extensive hilar or mediatinal lymphadenopathy (Figure 4)[18].
Primary tracheal neoplasm can also occur but are very rare. Majority of the primary tracheal neoplasms in adults are malignant with common histopathological patterns comprising of squamous cell carcinoma, adenoid cystic carcinoma, carcinoid, mucoepidermoid carcinoma, and papilloma. Squamous cell carcinoma is the most common tracheal tumor and is more common in men[19]. It is highly associated with cigarette smoking and is histologically identical to lung SCC[14]. SCC appears as a polypoid intraluminal lesion generally in the lower third of trachea. It typically has irregular margins as it arises from the surface epithelium. It may invade mediastinum by direct extension or lymphatic spread (Figure 5)[20]. The second common cell type is adenoid cystic carcinoma (ACC) which occurs in younger patients with equal sex distribution. ACC arises within the submucosal glands and therefore has a smooth outline ( Figure 6)[21]. The mucosal covering of the lesion rarely ulcerates in contrast to SCC. Lymphadenopathy and metastases are also uncommon[22].
Benign tumors of the airway include endobronchial carcinoid, hamartoma and papillomas. Endobronchial carcinoids are the most common airway tumors in adolescents and young adults. They generally arise within the central bronchi causing cough, hemoptysis, and airway obstruction[23]. They appear as an intensely enhancing endobronchial or hilar masses with post obstructive features like atelectasis or air trapping[23]. About one- fourth of these tumors can also show calcification on CT[24].
[bookmark: 4-u1.0-B978-0-323-05375-4..50029-X--cese]Respiratory papilloma is caused by human papilloma virus (HPV) infection of the upper airway. The infection is usually acquired during birth or rarely through oro-genital sexual route. The tracheo-laryngeal form of papilloma is the commonest form and occurs in 2%-17% cases[25]. Respiratory papilloma is a benign endoluminal lesion that commonly involves larynx, trachea and the mainstem bronchi. It is a well circumscribed polypoid lesion which does not extend across the wall of trachea or bronchi (Figure 7)[25]. Respiratory papillomas can occur at multiple sites along the airway. Virtual bronchoscopy can show the entire extent of the disease without the risk of downstream spread, which can be a problem with conventional bronchoscopy. Papillomas can cause airway obstruction and lead to post obstructive changes like atelectasis, pneumonia or pneumothorax. The most serious long term complication is malignant degeneration of papilloma to squamous cell carcinoma[26].
MDCT acquired after contrast administration is currently the standard imaging modality to diagnose and stage central airway tumors. Axial images along with reconstructed MPR and 3-D images provide comprehensive information about the involvement of airway by the tumor and its relationship with adjacent structures. MDCT can also detect associated lymph nodal spread and metastases (both intra-pulmonary and distant sites), thereby altering tumor staging. VB images provide an intraluminal view of of the tumor involving the airway. These also score over conventional bronchoscopy due to their inability to evaluate the airway distal to a high grade narrowing or complete obstruction. This can have a significant impact on patient management as palliative stent placement in the airway can be offered to patients with proximal occlusive lesion and patent distal airway.

Post tracheostomy complications: Prolonged tracheal intubation and tracheostomy can cause airway complications. Tracheal stenosis is a frequently encountered entity in these patients. The stenosis generally occur at two sites: at the level of endotracheal tube cuff which is most common site and at the stoma site. The high pressure of the endotracheal tube balloon causes mucosal injury of tracheal wall. This leads to tissue scarring and ultimately tracheal stenosis.
The most common CT finding in post intubation stenosis is a localized area of narrowing of tracheal lumen[27,28]. This focal circumferential narrowing generally produces a characteristic hourglass configuration (Figure 8). Less common findings include a thin membrane projecting into the tracheal lumen (Figure 9). Due to mucosal injury there can also be formation of multiple mucosal synechiae compromising the tracheal lumen (Figure 10). 
MDCT with multi planar reformats and virtual bronchoscopy provides information regarding the stenosis i.e. grade of stenosis, distance of stenotic segment from the vocal cord and length of the stenotic segment. These findings give a detailed road map to the surgeons before the patient is taken up for surgery. The MPR and VRT images are helpful in appreciating the vertical length of the lesion more precisely.
Other complication like diverticulum at the stoma site and tracheocutaneous fistula can also develop after tracheostomy. MDCT can accurately demonstrate the location, dimension and tract of the fistula which has an implication on the surgical management of these patients (Figure 11).

Foreign body aspiration: Foreign body aspiration is generally encountered in young children (aged between 6 months to 5 years) and is a frequent cause of morbidity and mortality[29,30]. Foreign body aspiration is potentially life threatening if not recognised early and appropriately treated. Any child with acute stridor should always be evaluated for potential aspiration of foreign body. However, patients with chronically impacted foreign body are difficult to diagnose. They usually present with recurrent wheezing and radiographs if obtained may show pulmonary infiltrates, bronchiectatic changes or lung abscess[31]. Aspiration of organic vegetative objects is more dangerous as these swell with bronchial secretions and cause progressively increasing airway obstruction. Allergic and chemical bronchitis is also a frequent complication of aspiration of organic foreign body[32].
In suspected cases of foreign body aspiration, obtaining radiographs in both inspiratory and expiratory phases can be helpful. Decubitus view and fluoroscopic assessment can also be performed to look for features of airway obstruction like hyperinflation. However, radiographs are normal in around one-third of these cases and nearly 90% of these foreign bodies are radiolucent[33]. Therefore, the advantage of MDCT in evaluating these cases lies in the fact that it can detect both radioopaque and radiolucent foreign bodies (like plastic and organic food items). The aspirated radiolucent objects usually appear as non-enhancing soft tissue structure within the airway causing partial or complete airway obstruction (Figure 12). CT also help in identifying ancillary post obstructive findings like hyperinflation, lobar atelectasis or complete lung collapse (Figure 13)[34].

Broncholithiasis: The presence of calcific/ossific material within the bronchial lumen is called broncholithiasis. It is most commonly associated with erosion of the airway by a calcified lymph node caused by long-standing foci of granulomatous lymphadenitis like tubercular infection which can then extrude into the lumen of the bronchus. Other rarer causes include in-situ calcification of chronically aspirated foreign body or even migration of calcified pleural plaque into the bronchus[35]. CT has high spatial resolution and superior ability to depict calcification. Therefore it provides useful information in the evaluation of suspected case of broncholithiasis. The presence of endobronchial or peribronchial calcified nodule is highly suggestive of broncholithiasis. It can also show features of bronchial obstruction like atelectasis, obstructive pneumonitis or bronchiectasis (Figure 14).

Tracheal wall pathology
Post traumatic tracheal rent: Tracheo-bronchial injuries are rare but they can occur in motor-vehicle accidents with trauma to the thoracic cavity. The injury predominantly involves the posterior membranous wall of intrathoracic trachea. The injury occurs due to sudden increase in the intra-airway pressure against a closed glottis at the time of injury[36].
MDCT depicts the site of injury as a focal or circumferential defect in tracheal wall, deformed tracheal contour or fistulous communication with adjacent structures (Figure 15)[36]. Other non-specific signs include pneumo-mediastinum, pneumo-thorax and non-resolving subcutaneous emphysema. Tracheo-bronchial injury is an emergency and early diagnosis with immediate surgical repair is necessary to reduce morbidity and mortality in such patients.

Tracheo-esophageal fistula: Esophageal atresia and tracheoesophageal fistula are a group of congenital anomalies involving the structures arising from primitive foregut. They occur due to an unknown intrauterine insult during the normal process of separation of primitive foregut into trachea and esophagus. (Figure 15)[37]. Tracheo-esophageal fistula can be an isolated anomaly or a part of VACTERL complex (vertebral, anal, cardiac, tracheal, esophageal, renal, and limb anomalies)[38]
However current usefulness of pre-operative CT in cases of tracheoesophageal fistula is controversial. It provides limited information about the fistulous tract as compared to endoscopy. Thus, the use of CT scan is not routinely recommended in the management of tracheoesophageal atresia.

Extrinsic focal lesions
Vascular compression: Anomalous mediastinal vessels (aorta and pulmonary arteries) are important causes of compression of the trachea. Although a majority of these patients are asymptomatic, vascular compression of the airway have been observed in 13%-26% of children who undergo bronchoscopy for persistent wheezing, stridor and apnea[39]. The vascular anomalies that present with airway compression include double aortic arch, anomalous course of innominate artery and pulmonary artery sling.
Double aortic arch is a vascular anomaly that occurs due to non regression of right aortic arch during intrauterine development. There is persistence of both right and left aortic arches, which form a vascular ring encircling and compressing esophagus and trachea. Each arch gives off two branches – the common carotid and subclavian arteries supplying ipsilateral sides of the body giving the characteristic “four vessel sign” (Figure 16). In most of the cases the right sided arch is higher and is larger in diameter. However they can also be in the same plane or the right sided arch may even be lower in location. Sometimes one of the arches may be replaced by a fibrous cord with absent luminal patency[40].
The innominate artery can sometimes have an anomalous course and originate at a point farther along the arch than is normal; when it does so, it winds around the anterior surface of the trachea as it courses upward and to the right. If this vessel is large and taut, it can compress the trachea to a serious degree (Figure 17). 
Left pulmonary artery sling is a rare anomaly characterized by abnormal origin and course of left pulmonary artery. The left pulmonary artery has an anomalous origin from right pulmonary artery and courses between trachea snd esophagus before enteting the left hilum (Figure 18). It is thought to result from a failure of formation of the 6th aortic arch. Nearly half of the infants born with this condition present with symptoms of airway compression at birth. At one month of age, approximately 65% of the children developp stridor of varying degree[41]. 

Bronchogenic cyst: Bronchogenic cysts are intra-thoracic cystic developmental lesions caused by abnormal antenatal budding of the tracheobronchial tree[42,43]. These are included under the broad spectrum of foregut duplication cysts that also includes neurenteric cysts and enteric cysts. Bronchogenic cysts are typically located in the middle mediastinum with subcarinal region being the most common site followed by right paratracheal location[44]. Rarely, they can also occur as intra-pulmonary lesions most of which are located in the lower lobes[44]. Small bronchogenic cysts are usually asymptomatic; however large lesions can cause mass effect on adjacent structures like the airway or esophagus causing respiratory distress and feeding difficulty respectively[43,44].
Bronchogenic cysts are usually single and show charecteristic MDCT appearance of a well-circumscribed round or oval lesion with homogenous fluid attenuation (Figure 19 and 20). On contrast administration, they usually do not enhance or show minimal peripheral rim enhancement. The presence of thick walls, solid component, calcification or septations is unusual. If they cause substantial mass effect on adjacent airways post obstructive features like hyperinflation or lung collapse may also occur. Bronchogenic cysts can sometimes appear as an air containing cystic lesion if a fistulous communication develop with the airway (Figure 21).

Impacted esophageal foreign body: Foreign body ingestion with impaction within the oesophagus can rarely cause compression on the airway. Such cases are rarely encountered however may be seen especially in very young children who have a compliant airway which gets compressed extraluminally leading to airway compromise and post obstructive pulmonary changes like atelectasis, consolidation and collapse (Figure 22)[45,46].

Lymphadenopathy: The mediastinum and pulmonary hila have a rich network of lymphatic tissues. These can enlarge due to various disease conditions including infective aetiologies like tuberculosis, histoplasmosis and malignant conditions like lymphoma and small cell lung cancer[47]. These may obstruct the airway to cause post obstructive pulmonary changes like atelectasis and collapse (Figure 23). Enlarged lymph nodes may also erode and infiltrate into the adjacent tracheal and bronchial wall leading to focal discontinuity of the airway wall (Figure 24). MDCT clearly depicts the cause of compression as enlarged lymph nodes and may also characterize primary pathology leading to lymphadenopathy.

DIFFUSE AIRWAY LESIONS
Saber-sheath trachea
Saber-sheath trachea is abnormal morphological appearance of trachea seen in association with chronic obstructive pulmonary disease (COPD). It is seen almost exclusively in men and is characterized by reduced transverse and increased sagittal diameter of intrathoracic trachea (Figure 25). The sagittal-to-coronal diameter ratio is greater than 2[48]. The extra-thoracic trachea is not affected. Repeated injury to the airway from chronic coughing in patients with COPD is the probable cause. These changes initially begin at the thoracic inlet but can progress to involve the entire intrathoracic trachea over time. Other smoking-related conditions may be present such as emphysema and respiratory bronchiolitis[49].

Tracheo-bronchomegaly
This is also referred to as Mounier-Kuhn syndrome. There is dilatation of the central airway with the mucosa projecting between the cartilaginous rings forming multiple diverticulae. This gives a characteristic corrugated appearance of trachea and mainstem bronchi (Figure 26). This entity is seen in patients with recurrent respiratory infections in their third and fourth decade resulting in thinning of the muscularis mucosa of airway[50]. Mounier-Kuhn syndrome is charecterized by tracheal diameter of more than 3 cm and mainstem bronchi diameters of greater than 2.4 cm[50,51]. 

Tracheobronchopathia osteochondrodisplastica
Tracheobronchopathia osteochondroplastica is a rare, benign condition involving the trachea, and possibly major bronchi. The disease is characterised by diffuse nodularities, or polyps consisting of cartilaginous and/or osseous metaplastic tissue involving tracheal cartilagenous wall with sparing of membranous posterior wall (Figure 27)[52]. The nodules are 1 to 3 mm in diameter and may cause narrowing and rigidity of the trachea and bronchi. The majority of people remain asymptomatic throughout their lives unless severe airway stenosis develops, in which case patients may experience symptoms such as dyspnoea, hoarseness, persistent and often productive cough, haemoptysis and recurrent or slowly resolving pneumonia[53].

MISCELLANEOUS DEVELOPMENTAL ANOMALIES
Tracheal bronchus/displaced bronchus 
 The term tracheal bronchus was initially used for a right upper lobe bronchus originating from trachea by Sandifort in 1785. However, currently the term is applied for a variety of anomalous bronchi that supply the upper lobe or its apical segment. The anomalous bronchi may originate from trachea or main bronchi (Figure 28)[38]. Patients are usually asymptomatic. However, in patients presenting with persistent/recurrent pneumonia or atelectasis of the upper lobe, a possibility of tracheal bronchus should be kept in mind.

Bronchial agenesis
Bronchial agenesis is always associated with congenital absence of lung i.e. pulmonary agenesis and absence of its vascular supply[54]. Bilateral lung agenesis is always fatal in antenatal or immediate postnatal period. Infants with unilateral agenesis usually survive, but they may have assocated congenital heart disease, trachea-esophageal atresia, spinal and renal anomalies[39]. These neonates usully present with respiratory distress. They can also be discovered incidentally in older children and adults. MDCT is the modality of choice as it can easily diagnose the absence of lung parenchyma, bronchus and pulmonary vessels (Figure 29).

CONCLUSION 
MDCT is a rapid and non-invasive investigation for evaluation of patients with suspected airway pathology. It is highly accurate in evaluating intraluminal obstruction, extraluminal vascular anomalies and airway wall defects. The entire extra luminal anatomy anatomy is clearly delineated and any associated finding within the mediastinum or lung parenchyma is also clearly depicted. Therefore, it provides a comprehensive information about the extent of disease process including the luminal and extraluminal components. In addition, virtual bronchoscopy can also help access sites beyond a proximal stenosis which cannot be seen on conventional bronchoscopy due to the inability of bronchoscope to negotiate through a proximal occlusive lesion. Therefore MDCT has an immense potential to emerge as a non-invasive, rapidly reproducible investigation tool which can provide information about primary airway disease as well as extraluminal pathologies affecting the airway.
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Figure 1 Normal arway. Axial image at the level of arch of aorta (A) shows a typical inverted U shaped trachea with thin fibromuscular membrane in posterior portion lying between open ends of tracheal cartilages. Axial image (B) at the level of carina (arrow) shows dichotomous branching of trachea at its distal end into right and left main bronchi. Coronal MPR image (C) shows trachea and mainstem bronchi as uniform tubular structures in midline within the mediastinum. Coronal reconstructed MinIP image (D) shows trachea and its bronchial branches as tubular air containing structures continuous from thoracic inlet till its divisions into the lung parenchyma. Volume rendered image (E) is the external rendered image showing 3-dimensional display of external surface of the airway and lung parenchyma. MPR: Multiplanar reformation; MinIP: Minimum intensity projection.
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Figure 2 Virtual bronchoscopy of normal airway. Virtual bronchoscopy or internal rendered images reconstructed using dedicated “fly through” software at the level of trachea, carina, right and left main bronchus (top row) with corresponding appearance on fiberoptic bronchoscopy (bottom row). The division of right bronchus into upper lobe (white arrow) and bronchus intermedius (black arrow) and division of left main bronchus into upper (black arrowhead) and lower lobe bronchus (white arrowhead) is seen. 
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Figure 3 Squamous cell lung carcinoma. Contrast enhanced axial (A) and coronal MPR (B) images show enhancing soft tissue mass in right perihilar region with intraluminal extension of growth into the right mainstem bronchus and lower trachea (arrow). Coronal MinIP image (C) shows attenuation of right mainstem bronchus with a polypoidal growth extending into lower trachea (arrow). Virtual bronchoscopy (D) shows an irregular polypoidal intraluminal mass in lower trachea (arrow). MPR: Multiplanar reformation; MinIP: Minimum intensity projection.
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Figure 4 Small cell lung cancer. Axial (A) and coronal MPR (B) images show hetrogenously enhancing mass lesion encasing and attenuating left main bronchus and its lower division with mediastinal invasion and associated collapse-consolidation of left lower lobe. Coronal MinIP image (C) shows attenuated left main bronchus (arrow). MPR: Multiplanar reformation; MinIP: Minimum intensity projection.
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Figure 5 Squamous cell carcinoma of trachea. Axial (A) and coronal MPR (B) images show eccentric soft tissue mass with irregular surface involving trachea (arrow in B) with mediastinal extension (arrow in A). Coronal MinIP (C) shows partial attenuation of mid tracheal lumen involving a length of 3.19 cm (arrow). Virtual bronchoscopy (D) shows this mass lesion as irregular intraluminal growth along the right wall of trachea causing tracheal luminal narrowing. MPR: Multiplanar reformation; MinIP: Minimum intensity projection.
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Figure 6 Adenoid cystic carcinoma of trachea. Axial (A) and coronal MPR (B) images show polypoidal mass with smooth outline within the trachea in subglottic region causing near complete attenuation of the airway (arrow). Virtual bronchoscopy (C) shows intraluminal smooth mass within trachea similar to that seen on conventional bronchoscopy (D).
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Figure 7 Respiratory papilloma. Axial (A) and sagittal MPR (B) images show a smooth polypoidal soft tissue mass arising from the postero-lateral wall of trachea (arrow). Virtual bronchoscopy (C) shows the intraluminal mass lesion with smooth surface (arrow). MPR: Multiplanar reformation.
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Figure 8 Post intubation tracheal stenosis. Axial (A), coronal MPR (B) and VRT (C) images show a focal short segment concentric narrowing of tracheal lumen giving an “hourglass” configuration better appreciated on coronal images. MPR: Multiplanar reformation; VRT: Volume rendering technique. 
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Figure 9 Tracheal membrane. Sagittal MPR (A) and sagittal MinIP (B) images show a partially occluding thin membrane in subglottic airway (arrow). Note made of tracheostomy tube insitu. Virtual bronchoscopy (C) shows circumferential membrane causing narrowing of airway lumen with similar finding confirmed on fiberoptic bronchoscopy. MPR: Multiplanar reformation; MinIP: Minimum intensity projection.
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Figure 10 Post intubation mucosal synechiae. Sagittal MPR (A) and MinIP (B) images show thin membrane like adhesions within the airway at subglottic(thin arrow) and upper tracheal (thick arrow) levels extending across the airway lumen and compromising its patency suggestive of synechiae formation. The corresponding appearance of these synechiae are very well demonstrated on virtual bronchoscopy (C and D). MPR: Multiplanar reformation; MinIP: Minimum intensity projection.
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Figure 11 Post tracheostomy tracheo-cutaneous fistula. Axial (A) and oblique sagittal MPR (B) images show the fistula as an abnormal tract extending from antero-lateral wall of upper trachea to the skin surface (arrow). This fistulous tract is very well demonstrated on VRT image (C, arrow). MPR: Multiplanar reformation; VRT: Volume rendering technique. 
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Figure 12 Foreign body aspiration. Coronal MPR images of thorax in lung settings (A) and mediastinal window settings (B) reveal soft tissue density attenuating left main bronchus (arrow) with associated hyperinflation of left lung. Virtual bronchoscopy (C) shows obstruction of left main bronchus with lobulated surface confirmed to be endobronchial foreign body (arrow) on conventional bronchoscopy (D). MPR: Multiplanar reformation.
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Figure 13 Chronic foreign body aspiration. Axial (A) and oblique coronal MPR (B) images reveal soft tissue density partially occluding the left main bronchus (arrow) with consolidation of left lung and associated bronchiectatic changes. Coronal MinIP image (C) shows attenuation of left main bronchus (arrow) with collapse of left lung. Endobronchial foreign body within left main bronchus was confirmed to be a small piece of plastic on conventional bronchoscopy (D). MPR: Multiplanar reformation; MinIP: Minimum intensity projection.
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Figure 14 Broncholith. Axial (A) and coronal MPR (B) images show a hyperdense calcific density within the right main bronchus (arrow) with collapse-consolidation and bronchiectasis in the right lung (a). MPR: Multiplanar reformation.
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Figure 15 Airway wall pathology. Traumatic tracheal rent-Axial (A) and oblique coronal MinIP (B) images show a focal air containing outpouching at the level of carina in midline projecting antero-inferiorly (arrows). Virtual bronchoscopy (C) shows a focal defect within the wall of trachea at the level of carina (arrow). Note made of marked subcutaneous emphysema (arrowhead in B ). Tracheo-esophageal fistula-sagittal MPR image (D) of another case shows a thin faint air containing tract (arrow) extending from esophagus (e) to trachea (t). MPR: Multiplanar reformation; MinIP: Minimum intensity projection.
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Figure 16 Double aortic arch. Serial axial images (A-D) of thorax (in caudo-cranial direction) reveal two aortic arches encircling and compressing trachea (t) and esophagus (e). Ipsilateral subclavian and common carotid arteries arise from each arch giving a characteristic “4-vessel sign” (arrows in D). 
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Figure 17 Innominate artery compression. Contrast enhanced axial (A) and sagittal MPR (B) images show extraluminal compression of trachea by anomalous course of innominate artery winding around the anterior wall of trachea (arrow). 3D VRT image (C) shows smooth indentation on the tracheal air column (arrow). MPR: Multiplanar reformation; VRT: Volume rendering technique.
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Figure 18 Left pulmonary artery sling. Contrast enhanced axial (A) and sagittal MPR (B) images reveal aberrant course of left pulmonary artery between trachea and esophagus (arrow) causing tracheal compression and vascular indentation on esophagus. Note made of left superior vena cava (a). Virtual bronchoscopy (C) shows an eccentric impression causing focal narrowing of the tracheal lumen (arrow). MPR: Multiplanar reformation.
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Figure 19 Subcarinal bronchogenic cyst. Frontal Radiograph of chest (A) reveals mediastinal widening (arrow). Contrast enhanced axial (B) and coronal MPR (C) images reveal well defined non-enhancing homogenous fluid attenuation lesion in subcarinal location (a) narrowing the bronchial divisions with resultant subsegmental atelectasis in left lower lobe. MPR: Multiplanar reformation.
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Figure 20 Paratracheal bronchogenic cyst. Coronal MPR image (A) shows large well defined non enhancing fluid attenuation lesion (a) in right paratracheal location with mass effect on adjacent trachea causing tracheal luminal attenuation (arrow). Coronal MinIP (B) and VRT (C) images show extrinsic mass effect on the airway (arrow) and right lung. Virtual bronchoscopy (D) clearly demonstrates the smooth extraluminal compression along the right wall of trachea causing luminal compromise. MPR: Multiplanar reformation; MinIP: Minimum intensity projection; VRT: Volume rendering technique.
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Figure 21 Bronchogenic cyst. Frontal radiograph of chest (A) shows a well-defined air filled cystic lesion in the retrocardiac location. Axial (B), coronal (C) and sagittal (D) MPR images show a large well defined homogenous air containing lesion (arrow) with carinal widening. The lesion is causing partial airway obstruction seen as air trapping in right middle lobe (a). MPR: Multiplanar reformation.
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Figure 22 Impacted esophageal foreign body compressing airway. Frontal (A) and lateral (B) radiographs of chest reveal a well-defined round radio-opaque foreign body in the esophagus at the level of carina (arrows) with associated volume loss of left lung. Contrast enhanced axial (C) and sagittal (D) MPR images show a hyperdense foreign body giving streak artefacts impacted within the esophagus (arrow). Coronal MinIP image (E) shows near complete occlusion of left main bronchus (arrowhead) by the impacted esophageal foreign body (arrow) with collapse of left lung. MPR: Multiplanar reformation; MinIP: Minimum intensity projection.
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Figure 23 Enlarged tubercular lymph nodes compressing airway. Contrast enhanced axial (A) and coronal MPR (B) images show enlarged necrotic lymph nodal mass (n) in subcarinal station causing carinal widening and compression of left main bronchus (arrow). VRT (C) and virtual bronchoscopy (D) images also show compression of left main bronchus (arrow). MPR: Multiplanar reformation; VRT: Volume rendering technique.
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Figure 24 Paratracheal erosive malignant lymph nodes. Contrast enhanced axial (A) and coronal MPR (B) images show enlarged necrotic paratracheal lymph nodes eroding adjacent airway and showing foci of air within. There is a hypodense mass lesion (arrowhead in B) in right lobe of thyroid (patient was a known case of metastatic papillary thyroid carcinoma). Enlarged necrotic left lower jugular lymph nodes(* in B) also noted. Virtual bronchoscopy (C) shows focal area of irregularity along left lateral tracheal wall (arrow). MPR: Multiplanar reformation.
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Figure 25 Saber-sheath trachea. In a 70 year old male with chronic obstructive pulmonary disease, axial images of thorax in mediastinal (A) and lung (B) window settings show increase in antero-posterior diameter of the trachea with narrowing of the transverse diameter. The sagittal to transverse diameter ratio measured 2.13:1.
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Figure 26 Mounier Kuhn syndrome. Axial images (A and B) show dilated trachea -AP diameter 3.6 cm at level of aortic arch (A) with dilated bronchi (B) and diverticula formation. Bronchiectasis is seen in bilateral upper and left lower lobes with collapse of lingula (arrow in B). Coronal MinIP (C) and VRT (D) images show tracheo-bronchomegaly with diffuse diverticulosis (arrows). Virtual bronchoscopy also shows diffusely scattered defects in the walls of upper trachea (E), carina (F), right (G) and left (H) main bronchi. MinIP: Minimum intensity projection; VRT: Volume rendering technique.
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Figure 27 Tracheobronchopathia osteochondrodisplastica. Axial images of thorax (A and B) show irregular nodular thickening with foci of calcification involving the anterior and lateral walls of trachea (arrows). There is characteristic sparing of the posterior tracheal membrane.
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[bookmark: _GoBack]Figure 28 Displaced bronchus. Case 1: Coronal MinIP (A) and VRT (B) images shows anomalous origin of right upper lobe bronchus from trachea-“Pig bronchus/bronchus suis” (arrow). Case 2: Coronal MPR (C) and MinIP (D) images show anomalous origin of the right apical segment bronchus from right main bronchus (arrow). MPR: Multiplanar reformation; MinIP: Minimum intensity projection; VRT: Volume rendering technique.
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Figure 29 Bronchial agenesis. Axial (A) and coronal MinIP (B) images show absent left lung with left sided mediastinal shift and volume loss. Main pulmonary artery (a) continues as right pulmonary artery with absent left pulmonary artery. There is also associated absence of left main bronchus. MinIP: Minimum intensity projection.


Table 1 Classification of disease affecting large airway
	 Focal airway lesions
	Diffuse airway lesion

	Miscellaneous developmental anomalies

	Intrinsic focal lesions 
Tracheobronchial neoplasm
Primary tracheal neoplasm
Secondary malignant neoplasm
Post tracheostomy complications
Stenosis
Membranes and synechiae
Stoma site diverticula
Tracheo-cutaneous fistula
Foreign body aspiration
Tracheal wall pathology
Post traumatic rent 
Trachea-esophageal fistula
Extrinsic focal lesions
Vascular compression 
Bronchogenic cyst 
Impacted esophageal foreign body
Lymphadenopathy
	
Saber sheath trachea
Tracheo-bronchomegaly
Tracheobronchopathia osteochondrodysplastica
	
Tracheal bronchus
Bronchial agenesis
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