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ABSTRACT

 Introduction. Tracheobronchial involvement is uncommon but 
debilitating sequelae to long-standing or untreated tuberculosis 
(TB). Direct visualization thru fiberoptic tracheobronchoscopy 
(FOT) remains the definitive study for diagnosis. Radiographic 
findings are nonspecific and a normal chest x-ray does not 
exclude tracheobronchial pathology. Computed tomography 
(CT) scan with multiplanar reformation (MPR) and 3D volume 
rendering technique (3D-VR) has proven to be helpful in depicting 
pulmonary abnormalities and tracheobronchial involvement of TB 
in adults but there are only a few publications regarding its utility 
in children especially in primary progressive tuberculosis (PPTB).
 Objective. This study aims to describe the CT scan findings 
of tracheobronchial involvement in children with PPTB, and 
correlate them with the gold standard diagnostic test, FOT. The 
accuracy of CT scan for detection of tracheobronchial abnormality 
will be assessed and the spectrum of other associated pulmonary 
and extra-pulmonary thoracic CT findings will also be described.
 Methodology. This is a prospective review of CT scans of 
18 pediatric patients (age ranging from 2 to 17 years old) with 
PPTB and suspected central airways involvement. The diagnosis 
of TB was established by clinical information, radiographic 
and laboratory tests. Imaging was performed on 16 or 64 
multi-detector CT scanner with axial views, MPR and 3D-VR 
reconstructions. The CT scans were independently reviewed by 
three pediatric radiologists. Assessment of central and peripheral 
airway abnormalities, lymphadenopathy, lung parenchymal 
disease, and other thoracic abnormalities were done. All patients 
also underwent FOT.
 Results. All patients (n=18) showed abnormalities on the CT 
scan with various degrees of tracheal and bronchial narrowing. 
These abnormalities were confirmed on FOT. In all patients, 
abnormally enlarged lymph nodes are closely adjacent to the 
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central airways causing direct effacement. Bronchiectasis is 
noted in 11 of 18 patients (61%). All patients demonstrate lung 
parenchymal consolidation, 11 (61%) of which show cavitation. 
Other associated significant CT scan findings include atelectasis 
in 17 (94%), hyperaeration in 10 (56%), nodules in 14 (78%), 
pleural disease in 7 (39%), and Pott’s disease in 5 (28%).
 Conclusion. The gold standard for the diagnosis of 
tracheobronchial TB disease is FOT which is an invasive test. 
CT with its MPR and 3D-VR capability can demonstrate central 
airway abnormality with high degree of accuracy. In our patient 
population with PPTB, lymphadenopathy was the main cause 
of tracheobronchial compression. CT was able to evaluate the 
tracheobronchial narrowing and the airway distal to the narrowed 
segment. CT scan is also able to assess peripheral airways 
disease, extent of pulmonary and pleural lesions, and other 
thoracic abnormalities

Airway involvement in tuberculosis (TB) has been 
reported in 10-20% of patients with pulmonary 
TB.1 Peripheral airways involvement such as 

bronchiectasis may develop, but it is TB involving the 
central airways, namely the trachea and main bronchi that 
can result in diffuse stenosis which could lead to respira-
tory failure in the acute phase.2 Frequently, the diagnosis 
and follow-up during treatment mainly depend on FOT.3 
The most common endoscopic manifestations are muco-
sal granularity with or without caseous material and mu-
cosal ulceration in actively caseating disease. Extensive 
granulation tissue associated with these ulcerations nar-
rows the lumen.4 
 Radiographic manifestations in tuberculous central 
airways involvement are nonspecific and a normal chest 
x-ray does not exclude tracheobronchial pathology. CT 
with its multi-planar reconstruction (MPR) and three-
dimensional volume rendering (3D-VR) image capability 
is helpful in understanding tracheobronchial status, par-
ticularly for evaluation of focal stenosis and the longitu-
dinal extent of lesions.5 In addition, it helps characterize 
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abnormal tissues, evaluates the thickness of the tracheal 
and bronchial walls, and helps determine the extent of ex-
traluminal disease, including the presence of mediastinal 
extension and lymphadenopathy.6

 This study aims to describe the utility of CT with 
MPR and 3D-VR in a subset of pediatric patients with 
primary progressive tuberculosis (PPTB) with symptoms 
and radiographic findings of tracheobronchial involve-
ment. It also aims to correlate the CT findings with that of 
the gold standard diagnostic test, FOT.

METHODOLOGY

 This study was conducted at St. Luke’s Medical 
Center in Quezon City, Philippines with approval from 
the Scientific and Ethical Review Board of the Research 
and Biotechnology Division of the same institution. It is 
a prospective study which includes 18 pediatric patients 
(11 males and 7 females), ages ranging from 2 to 17 years 
(mean age of 9), with PPTB suspected to have tracheo-
bronchial involvement. 
 The diagnosis of TB was based on presence of at least 
three out of the following five criteria: history of expo-
sure, clinical signs and symptoms (persistent or recurrent 
cough, fever, weight loss, and failure to thrive), positive 
tuberculin skin test, microbiologic studies and abnormal 
chest radiograph (adenopathy, air-space opacity, atelecta-
sis/volume loss, hyperaeration, or a combination of these 
findings). 
 All patients included have not been previously diag-
nosed to have TB in the past nor have they received prior 
treatment with anti-TB regimen. These patients under-
went both CT scan of the chest and FOT.
 Patients with other significant co-morbidities such 
as neoplasm or underlying congenital heart disease were 
excluded. Patients whose radiographs show evidence of 
prior pulmonary tuberculosis or those having patterns 
typical of post-primary disease such as apical and/or api-
co-posterior lung lesions without discrete lymphadenopa-
thy [6] were also excluded from the study. 

Computed Tomography (CT) scan of the Chest
 Helical CT scan was obtained on a Philips MX8000 
16-slice Infinite Detector Technology (IDT) or Philips 
Brilliance 64-slice multi-detector helical CT scanner. Se-
dation when necessary was provided by the Department 
of Anesthesia. All patients were scanned with two mil-
liliters per kilogram of non-ionic contrast (iopromide or 
ioversol) administered intravenously. Hospital standard 
weight-based scanning protocol was used with 80kV for 
patients less than 20 kg and 120 kV for those weighing 20 

kg or more. Tube current depends on the patient’s weight: 
40 mAs for <10 kg, 50 mAs for 10-15 kg, 60 mAs for 
16-25 kg, 70 mAs for 26-35 kg, 80 mAs for 36-45 kg, 
and >100 mAs for >45 kg. Automatic dose modulation 
(automatic mAs) was also turned on to minimize radia-
tion dose. Collimation of 16 x 1.5; thickness of 2.0 mm 
with increment of 1.0 mm; and a pitch of 1.5 were used. 
The entire chest was scanned from the thoracic inlet 
down to the upper abdomen. MPR with coronal and sag-
ittal reconstructions were done and images were viewed 
on lung, mediastinal and bone window settings. 3D-VR 
with both external surface rendering (virtual bronchog-
raphy) and internal surface rendering reconstruction (fly 
through, virtual bronchoscopy) was done using Extended 
Brilliance Workspace (Philips Medical Systems, Nether-
lands) software. The radiologist performed all the 3D-VR 
reconstructions.
 Three pediatric radiologists independently reviewed 
the CT studies. They were blinded as to the severity of 
disease and the results of the FOT. A standard question-
naire was used to evaluate the CT scan findings.  Particu-
lar attention was given to the location and appearance of 
the central airway compression, but other associated tho-
racic abnormalities including lung parenchymal disease, 
presence of lymphadenopathy, peripheral airways, pleural 
or bone abnormalities were also noted.

Fiberoptic Tracheobronchoscopy (FOT)
 Within two weeks from the date of the CT scan, FOT 
was performed by one pediatric pulmonologist. Patients 
were kept nothing per orem (NPO) for 6-8 hours prior 
to the procedure. Patients were sedated with adjusted pe-
diatric doses of Midazolam and Demerol administered 
intravenously. Oxygen was administered via a nasal can-
nula, with pulse oximetry monitoring. Lidocaine 2% was 
instilled via the nostril before the endoscope was passed 
into the hypopharynx. Secretions were suctioned for ad-
equate visualization. The trachea, carina, mainstem, lo-
bar and segmental bronchi were evaluated in a systematic 
fashion. The findings were classified according to the sub-
types on endobronchial TB proposed by Chung and Lee.7

Analysis of Data
 The sensitivity, specificity, positive predictive value, 
negative predictive value and diagnostic accuracy of CT 
scan in the detection of tracheal compression, right and 
left bronchial involvement were calculated using a 2 X 
2 table analysis (Wilson Score method) with 95% confi-
dence intervals in OpenEpi version 2.2 software.
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RESULTS

 The CT scans of 18 pediatric patients with diagno-
sis of PPTB showing various degrees of tracheobronchial 
narrowing on CT were reviewed and compared with FOT 
findings. Table 1 summarizes the airway abnormalities 
noted as seen on both CT scan and FOT. 
 Seven of the 18 patients (39%) showed mild smooth 
tracheal narrowing on CT scan, three of which were not 
readily apparent on FOT. In one patient, FOT showed se-
vere distal tracheal narrowing but direct visualization was 
not possible beyond this point. CT scan on this particular 
patient showed the tracheal narrowing as well as bilateral 
bronchial narrowing. All patients with tracheal narrow-
ing also have associated bronchial narrowing on CT scan. 
There were 12 patients (67%) with right bronchial nar-

         	Computed	tomography	(CT)	findings
  Age
	 Patient	 (years)	/	 	 																					Bronchial	 	 	 Fiberoptic	Bronchoscopy	classification
	 	 Gender	 Tracheal																		Compression	 Bronchiectasis	
	 	 	 Compression	 R	 L      
 1 9 / M   irregular  Left bronchial narrowing, edematous-
       hyperemic, granular and tumorous type
 2 2 / M  smooth  tubular R bronchus narrowed, edematous-
       hyperemic and fibrostenotic type
 3 8 / M smooth  irregular  Left bronchial narrowing, actively caseating
 4 8 / M smooth  irregular cystic Trachea scabbard configuration, carina
       deviated to the left, L bronchus stenotic
 5 17 / F smooth irregular irregular cystic Trachea partially stenotic, Right main bronchus
       stenotic, RUL distorted, RML stenotic, 
       Left bronchus stenotic, LUL and lingula not seen
 6 7 /M smooth  smooth  Left bronchus markedly hyperemic and stenotic
 7 17 / M smooth irregular   distal trachea distorted and narrowed, mucosa  
       hyperemic, Right main and RML stenotic, 
       no comment on RUL (narrowed on CT)
 8 11 / F   smooth tubular Left bronchus hyperemic, edematous 
       with granulations
 9 8 / M  irregular smooth  Right bronchus hyperemic; Left bronchus
       hyperemic and mildly stenotic
 10 8 / F  irregular  tubular, cystic RUL bronchus hyperemic with
       hypersecretions and caseation
 11 6 / F   irregular  Left bronchus stenotic, hyperemic; Right
       bronchus hyperemic with caseous material
 12 15 / M  irregular smooth tubular, cystic Right bronchus narrowed with scarring,
       thinned-out mucosa with purulent secretions
 13 10 / M  irregular  tubular RUL bronchus edematous, RML
       bronchus stenotic and distorted
 14 4 / F  smooth  tubular, cystic RML bronchus narrowed with scarring, 
       thinned-out mucosa
 15 11 / F smooth irregular smooth tubular, cystic RUL bronchus not visualized,
       RML stenotic with mucopurulent secretion
 16 8 / F  smooth   RUL bronchus narrowed, distorted 
       and edematous
 17 11 / M  irregular  tubular, cystic RUL bronchus stenosis with hyperemic
       granular mucosa
 18 7 / M smooth irregular smooth tubular Severe fibrostenotic distal trachea; 
       FOB not done beyond this point
	 Total	(N)	 18	 7	 12	 11	 11 

Table	1. Airway abnormalities seen on the CT scan and Fiberoptic tracheobronchoscopy

rowing on CT scan (9 irregular, 3 smooth). Correspond-
ing right bronchial narrowing was noted in 11 patients 
on FOT, although two of the 11 patients with right bron-
chial narrowing on CT scan showed marked hyperemia 
without definite narrowing on FOT. Another patient with 
right bronchial narrowing on CT scan was not evaluated 
on FOT because of the narrowed distal trachea. In one 
patient, FOT showed mucosal hyperemia and caseation 
of the right bronchus but this was not evident on the CT 
scan. Eleven patients (61%) demonstrated left bronchial 
narrowing (5 irregular, 6 smooth) on CT and of these, two 
were not evident on FOT. In one patient, CT scan showed 
left bronchial stenosis but this was not evaluated in the 
FOT because of a narrowed distal trachea. There were 5 
patients (28%) with both right and left bronchial narrow-
ing. Figure 1 depicts a patient with a smooth bronchial 
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narrowing and Figure 2 depicts a patient with irregular 
bronchial narrowing. Peripheral airway abnormality in 
the form of bronchiectasis was also demonstrated in 61% 
(4 tubular, 2 cystic, 5 both tubular and cystic). The spec-
trum of airway abnormalities seen on CT 3D-VR with ex-
ternal surface rendering is presented on Figure 3.
 In this study, the sensitivity, specificity, positive and 

negative predictive values, and accuracy of CT scan for 
the detection of tracheal compression, right and left bron-
chial compression in comparison to FOT are shown in 
Table 2.
 Other associated pulmonary and extra-pulmonary 
thoracic abnormalities were also assessed on CT scan 
(Table 3). All patients (n=18) in the study showed abnor-

Figure	1.  Nine-year old boy with a chronic cough, weight loss, and positive tuberculin skin test. The initial radiograph 
(A) demonstrates near-complete opacification of the left hemithorax. Assessment of lymphadenopathy and the central 
airways are difficult on the basis of chest x-ray. CT scan (B) revealed extensive mediastinal lymph node enlargement 
causing effacement of the left bronchus (arrow). Consolidated left lung is also seen. 3D-VR (C) shows a long segment 
smooth narrowing on the left mainstem bronchus (arrowhead). Bronchoscopy (D) revealed a markedly edematous and 
narrowed left mainstem bronchus with course granular deposits. Bronchoscopic classification is edematous-hyperemic 
and coarsely granular type endobronchial TB.

Figure	2.  Eight-year old boy with chronic cough, progressive weight loss, and low-grade fever. Tuberculin skin test was 
positive. CT scan on both axial (A) and coronal (B) views revealed a cavitary consolidation on the left upper lobe with 
extensive paratracheal, left perihilar and carinal/infrahilar lymphadenopathy with calcifications. Adenopathy is causing 
effacement on the left mainstem bronchus with a calcified lymph node erupting into the lumen (encircled). 3D-VR (C) dem-
onstrates a long segment irregular narrowing of the left mainstem bronchus (arrowhead). FOT (D) shows the left mainstem 
bronchus obliterated by irregular granulation tissue and erupted node/caseous materials within the lumen. Bronchoscopic 
classification is compatible with actively caseating endobronchial TB.

 Statistical Tracheal Right bronchial  Left bronchial
 Parameters Compression involvement involvement
  % CI % CI % CI

 Sensitivity 100 51.01-100 91.67 64.61-98.51 100 67.56-100

 Specificity 78.57 52.41-92.43 83.33 43.65-96.99 70 39.68-89.22

 PPV 57.14 25.05-84.18 91.67 64.61-98.51 72.73 43.43-90.25

 NPV 100 74.12-100 83.33 43.65-96.99 100 64.57-100

 Accuracy 83.33 60.78-94.16 88.89 67.2-96.9 83.33 60.78-94.16

CI = confidence intervals of 95%; PPV – positive predictive value; NPV – negative predictive value

Table	2. Statistical parameters generated by OpenEpi 2.2 using a 2 x 2 table analysis (Wilson Score method)
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mally enlarged lymph nodes measuring more than 2 cm in 
diameter. Lymphadenopathy is seen along the paratrache-
al, perihilar, infrahilar, and carinal regions. The enlarged 
lymph nodes are in close proximity with the tracheo-
bronchial narrowing in all patients. Presence of multi-
focal infiltrates/consolidations were noted in all patients 
(100%), and in 11 (61%), cavitary formation was also 
seen. Multiple non-calcified pulmonary nodules measur-
ing less than a centimeter were seen in 14 patients (78%). 

Collapse-consolidation/atelectasis of various degrees 
(segmental and/or subsegmental atelectasis) was noted in 
17 patients (94%). Hyperaeration/air trapping was seen in 
10 patients (56%). Other extra-pulmonary abnormalities 
include pleural effusion in 7 patients (39%), and spinal 
abnormality (Pott’s disease) in 5 patients (28%). Associ-
ated pulmonary and extrapulmonary thoracic findings are 
shown on Figure 4.

Figure	3. Spectrum of airway abnormalities noted on 3D-VR external surface rendering (virtual bron-
chogram) reconstruction. Smooth narrowing of the left bronchus (A), irregular narrowing of the distal 
trachea and proximal right bronchus (B), complete obliteration at the distal right bronchus (C), and 
long segment crucial narrowing of the left bronchus (arrow) with cystic bronchiectasis on the left (D).

Figure	4. Other associated pulmonary and extra-pulmonary findings. (A) Axial CT scan image in lung window setting 
demonstrate extensive nodular densities throughout both lung fields, lung consolidation with cavitation on the left 
lung and significant narrowing of the bronchus intermedius (arrow). (B) Reconstructed coronal view demonstrates 
consolidation on the left lung with bronchiectasis. (C) Reconstructed sagittal view on bone window setting demon-
strate collapse and erosion of T8 vertebral body with lytic extension on T9, along with paravertebral soft tissue mass 
and spinal canal narrowing (encircled). This is compatible with Pott’s disease.

   Table	3.  Associated Pulmonary and Extra-pulmonary Abnormalities (Total N=18)

    N %
 Adenopathy > 1.5 cm 18 100
 Infiltrate/consolidation  18 100
 Cavitation 11 61
 Atelectasis 17 94
 Hyperaeration 10 56
 Nodules < 10 mm 14  78
 Pleural disease 7 39
 Pott’s disease 5 28
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DISCUSSION
 
 TB is now considered to be the leading infectious 
cause of death in the world.8 Primary TB infection is 
caused by inhalation of droplet nuclei laden with Myco-
bacterium tuberculosis bacilli. When host factors prevail, 
there is gradual healing with formation of lung parenchy-
mal scars and the infection goes into latency. When the or-
ganism overpowers host defenses, the disease progresses 
either locally or in other parts of the lung or body with 
spread of infection via the airways, lymphatic vessels or 
bloodstream.8,9 PPTB is a serious complication of uncon-
trolled primary TB and it occurs in approximately 5%, 
when cell mediated immunity fails to contain infection 
and results to clinically active disease. There is progres-
sion of lung parenchymal disease and/or adenopathy and 
various forms of sequelae and complications may result 
from primary TB in both pulmonary and extra-pulmonary 
portions of the thorax.8-10 
 Tracheobronchial TB has been reported in 10-20% 
of patients with pulmonary TB.1 In a study of pediatric 
patients with primary TB who underwent CT, bronchial 
involvement was noted in up to 37%.11 Peripheral airways 
pathology such as bronchiectasis may develop, but it is 
the involvement of the central airways that occasionally 
results in diffuse stenosis which may lead to acute respi-
ratory failure.2 Patients can present with barking cough, 
sputum production, hemoptysis, and dyspnea. It can also 
mimic asthma, foreign body aspiration and pneumonia. 
The symptoms may develop even after completion of 
therapy.3 It is generally found in younger age group, with 
more than half of the cases seen at age less than 35 years. 
In another study, it is more common in young adults and 
in females.12 The clinical course is variable because not 
only are there several pathogenic mechanisms, but the in-
teraction between the effect of mycobacteria, host immu-
nity, and anti-tuberculous drugs is complex and variations 
in these factors may result in altered course.13

 In adult patients with post-primary TB and tracheo-
bronchial disease, majority had enlarged lymph nodes but 
did not contact or erode on the wall of the central airway. 
This suggests that lymph node enlargement may not be the 
source of tracheobronchial pathology in this population.4 

In children with primary TB and more nodal involvement, 
erosion of the nodes into the airways is a more frequent 
cause of tracheobronchial TB. The primary focus of in-
fection induces inflammatory response producing lymph-
adenopathy in the hilar and paratracheal regions which 
encroaches on the adjacent bronchi.3 The earliest stage of 
tracheobronchial TB is mostly extra-bronchial, where the 
bronchus is fixed or compressed by enlarged lymph nodes 
without any mucosal irregularity. The next stage produces 
diffuse inflammation and edema from mucosal irritation. 

In the third stage, the inflammation and mucosal edema 
are replaced by granulation. The fourth stage may be one 
of four varied subsequent developments: (a) perforation 
with drainage of extrabronchial caseous mass, (b) clear-
ing of the granulations but with bronchial luminal stenosis 
caused by fibrotic scars, (c) clearing of the granulations 
with normal bronchial mucosa, and (d) progression of the 
granulations into pedunculated granulomatas.14

 Tracheobronchial TB is a highly infectious disease 
and remains a diagnostic challenge. FOT remains the 
cornerstone in its diagnosis and it is indicated in patients 
in whom chest radiographs, physical signs or symptoms 
suggests the diagnosis. The experience of the bronchos-
copist is of great importance for eliciting the diagnosis, 
and even when biopsy fails to supply results, the bron-
choscopic changes, supported by clinical and radiological 
findings, maybe sufficient to establish the diagnosis.3 The 
most common bronchoscopic manifestations are mucosal 
granularity with or without caseous material and mucosal 
ulceration in actively caseating disease. Extensive granu-
lation tissue associated with these ulcerations narrows the 
lumen. FOT plays a major role in the diagnosis of tracheo-
bronchial TB, however, the lumen distal to the obstructed 
airways cannot be evaluated.12,15,16

 The initial radiological examination in these patients 
is usually a chest radiograph. The radiographic manifes-
tations include persistent segmental or lobar collapse, 
lobar hyperinflation, obstructive pneumonia and mucoid 
impaction. Assessment of central airways however is dif-
ficult and can be easily missed with radiographs.10 In the 
study of 121 cases with endobronchial TB, chest radio-
graphs show typical collapse-consolidation in most cases 
but radiographs are clear in as much as 20% of the pa-
tients. Therefore, a clear radiograph does not exclude the 
diagnosis of endobronchial TB.17

 CT is superior to chest radiographs in showing ab-
normalities of the trachea and main bronchi.6 CT allows 
acquiring both MPR and 3D-VR reconstructions which 
help enable precise diagnosis, localization and evaluation 
of extent of airway disease, thus providing information 
in preparation for bronchoscopy, for surgical planning, 
and for follow up of treatment response. CT has also been 
used in differentiating endobronchial TB from other dis-
eases [17]. It also enables visualization of lesions distal 
to where narrowing was noted which gave a much clearer 
picture of the extent of the disease. In study comparing 
CT findings to the results of endoscopic and surgical eval-
uation, 3D-VR reliably displayed the site of stenosis or 
narrowing of the trachea and bronchi with a statistically 
significant interobserver agreement. It gives an instant 
overview of the central tracheobronchial system. Airway 
stenoses are often more clearly and more easily depicted 
on 3D images than on axial images or MPR. Ultimately, 
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CT with MPR and 3D-VR increases diagnostic confi-
dence and improves communication with clinicians.18

 Lymphadenopathy with or without lung parenchymal 
abnormality is the radiographic hallmark of Primary TB 
in children. There is higher prevalence of 100% in chil-
dren less than 3 years old compared to 88% in older chil-
dren age 4-15.19 In a study describing children with tra-
cheobronchial involvement from TB, lymphadenopathy 
was present in 96%.20 In our study of pediatric patients 
with PPTB, CT scan reveals lymph nodes measuring 
more than 2cm as a predominant finding situated along 
the paratracheal, perihilar, infrahilar, and carinal regions. 
CT demonstrated central low attenuation and contrast 
enhancing rim which is similar to previously described 
lymphadenopathy associated with TB.11 In all cases, the 
various degrees of either smooth or irregular tracheo-
bronchial narrowing are closely associated with adjacent 
lymphadenopathy. Tuberculous lesion in the trachea or 
main bronchi was found to be contiguous with lymphade-
nopathy on CT scans suggesting that local extension was 
the probable mechanism.3,14,15

 CT scan showed smooth tracheal narrowing in 7 of 
the 18 patients (39%), three of which were not readily 
evident on FOT. In one patient, FOT showed severe fibro-
stenosis of the distal trachea and direct visualization was 
not possible beyond this region. CT scan of this patient 
demonstrated the tracheal narrowing and also showed the 
irregular right and smooth left bronchial narrowing plus 
peripheral tubular bronchiectasis. In the study of Kim et 
al, tracheal disease always appeared as a part of tracheo-
bronchial tuberculosis.4 This is also observed in our study 
where all seven patients with tracheal narrowing also 
have varied degrees of bronchial disease. It is also inter-
esting to note that in all of these patients, the degree of 
bronchial involvement was more severe than the tracheal 
disease.
 CT findings of bronchial TB are wall thickening with 
stenosis, obstruction with peribronchial soft tissue, ob-
struction with TB lymphadenopathy, or an intraluminal 
polypoid mass of low attenuation.21 All patients in our 
study demonstrated various degrees of bronchial luminal 
narrowing. Nine patients demonstrate smooth bronchial 
narrowing on CT scan with enlarged lymph nodes closely 
adjacent but not eroding the bronchial walls. In 14 pa-
tients, various degrees of irregular bronchial narrowing 
was noted on CT scan which correlates with significant 
mucosal irregularity/granularity, caseation, granuloma 
formation, or even perforation within the involved bron-
chus. 
 There was no significant difference in number of pa-
tients who had right or left bronchial compression. There 
were 12 patients (67%) with right bronchial narrowing 
on CT scan (9 irregular, 3 smooth) and 11 patients (61%) 
with left bronchial narrowing (5 irregular, 6 smooth) on 

CT scan. Five patients (28%) have both right and left 
bronchial narrowing, one of which demonstrated irregular 
narrowing on both sides. 
 On FOT, corresponding right bronchial narrowing 
was seen in 11 patients. On 2 patients with right bronchial 
narrowing on CT scan, FOT demonstrate marked hyper-
emia without evidence of bronchial narrowing. FOT also 
showed corresponding left bronchial narrowing in 8 pa-
tients but failed to demonstrate left bronchial abnormality 
on 3 patients that was apparent on CT. In 2 of these cases, 
CT scan showed only mild, smooth effacement on the 
bronchi without bronchial erosion. In one patient, there 
was significant narrowing of the distal trachea on FOT 
and direct visualization of the airway beyond this point 
was difficult but the CT scan showed distal tracheal ab-
normality and significant narrowing involving both bron-
chi. In one patient, FOT shows mucosal hyperemia and 
caseation of the right bronchus but this was not evident on 
the CT scan. The mucosal changes might have been subtle 
for detection on CT because all three radiologists who re-
viewed the CT scan noted no narrowing on this area.
 In a previous study comparing CT and FOT in chil-
dren with pulmonary TB, lymph node enlargement result-
ed to extrinsic compression of the central airways in 86%. 
It also showed that CT is 92% sensitive and 85% specific 
in the detection of the degree of airway narrowing as com-
pared to FOT [22]. In this study, the sensitivity, specific-
ity and accuracy of CT scan for the detection of tracheal 
compression is 100%, 79% and 83%, respectively; for 
right bronchial narrowing, 92%, 83% and 89%, respec-
tively; and for left bronchial narrowing, 100%, 70% and 
83%, respectively (Table 2). The sensitivity in this study 
is slightly higher (92-100%), and specificity is slightly 
lower (70-83%), while the accuracy is 83-89%. In all 
cases, lymphadenopathy as the cause of tracheobronchial 
compression was assessed with great degree of certainty. 
The site, degree, character, and length of the stenosis were 
all clearly demonstrated on CT scan.
 An advantage of CT scan over FOT is its ability to 
evaluate and characterize disease in the more peripheral 
airways disease such as bronchiectasis, which can develop 
as a result of TB. It occurs by destruction and fibrosis of 
the lung parenchyma with secondary bronchial dilatation 
but it can also result from cicatricial bronchostenosis after 
local infection. In our study, bronchiectasis was demon-
strated in 11 of 18 patients (61%). Tubular bronchiectasis 
was noted in 4, while 2 showed cystic bronchiectasis, and 
5 showed a combination of both tubular and cystic bron-
chiectasis.
 CT scan is a very good imaging tool to assess as-
sociated lung parenchymal disease. In our study, all 18 
patients showed parenchymal consolidation. Leung et 
al. found that the prevalence of detectable parenchymal 
involvement on radiographs was significantly lower in 
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children 0–3 years of age (51%) as compared to that in 
older children (78%) in whom the prevalence is similar 
to adults. The appearance of parenchymal involvement 
in primary pulmonary TB most commonly appear as ho-
mogeneous consolidation, although it can appear patchy, 
linear, nodular, and mass like. It could occur in a seg-
mental or lobar distribution, uni-focal or multi-focal in-
volvement is identified.8,11 Cavitation is rare in previously 
reported studies20 but common in our patient population, 
seen in 11 of 18 patients (61%). Parenchymal nodules 
with a reported prevalence of 29%11 were noted in 14 of 
18 patients (78%) in this study.
 There were various degrees of segmental/subseg-
mental atelectasis in 17 of 18 patients (94%) and various 
degrees of air trapping/hyperaeration in 10 of patients 18 
(55%). These changes are sequelae of underlying central 
and peripheral airways disease. Bronchi in children are 
more easily compressed by enlarging hilar lymph nodes 
causing either complete or incomplete obstruction on 
central and peripheral airways which may lead to atel-
ectasis or air trapping. Other complications of TB noted 
include pleural effusion/thickening in 7 patients and tho-
racic vertebral involvement (Pott’s disease) in 5 patients.
 CT is not without its limitations. Even with ad-
vanced 3D reconstructions, subtle mucosal granularity 
and changes without definite narrowing may not be read-
ily apparent. CT cannot show the vascularity or color of 
the mucosa, and it does not allow functional or dynamic 
assessment of the tracheobronchial system. Retained 
secretions and artifact may even result in false-positive 
findings. Furthermore, the width of the trachea depends 
on the breath cycle, which is why inspiration can lead to 
an underestimation of the tracheal and bronchial steno-
sis.18,23 These make it important to review the CT scan as 
a whole, reviewing the axial and MPR images with the 
3D-VR reconstructions.
 A very important issue regarding CT scan in chil-
dren is the radiation dose therefore, a clear indication for 
the procedure has to be present. Radiation dose reduc-
tion measures including the use of automatic dose modu-
lation in CT scanners and the adaption of weight-based 
pediatric CT protocols are recommended. The CT scans 
obtained in all our patients were considered diagnostic, 
even with dose reduction compared to adult protocol. 
Technique comparisons however are not addressed in this 
study. Furthermore, multiple scans may not be necessary.

CONCLUSION

 Central airways involvement in TB remains to be a 
diagnostic challenge. Nonspecific presenting symptoms 

like barking cough, sputum production, hemoptysis and 
dyspnea may be observed. It can even mimic asthma, 
foreign body aspiration or pneumonia, and could lead to 
severe respiratory compromise. Lymphadenopathy caus-
ing effacement and erosion on the central airway passages 
is the likely route for tracheobronchial spread in children 
with progression of primary TB. FOT is the study of 
choice in the evaluation of tracheobronchial tree but it is 
an invasive test. Central airway abnormality from lymph 
node compression is readily visualized on CT with MPR 
and 3D-VR. In our study, the tracheobronchial compres-
sion on CT showed high correlation with the FOT find-
ings. The location, length, and cause can be noted with 
high degree of accuracy. The appearance of the narrow-
ing, whether smooth or irregular could also predict the 
degree of tracheobronchial mucosal invasion of the dis-
ease and even the airway distal to a narrowed segment 
can also be evaluated on CT. Moreover, other intra- and 
extra-pulmonary manifestations including bronchiectasis, 
lung parenchymal consolidation with or without cavita-
tion, lung nodules, pleural disease, and associated bone 
abnormalities can also be assessed in a single CT exami-
nation.
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