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Proposed CT classification of lung injury in lymphobronchial TB

Lymphobronchial tuberculosis (LBTB) is tuberculous lymphadenopathy affecting the airways, 

which is particularly common in children with primary TB. Airway compression by 

lymphadenopathy causes downstream parenchymal pathology, which may ultimately result in 

irreversible lung destruction, if not treated timeously. There are no current classifications that 

grade the severity of parenchymal changes on diagnostic imaging, nor any longitudinal studies, to 

demonstrate the natural progression of these changes. In an effort to influence timely 

bronchoscopic or surgical intervention, this paper proposes a classification of severity of 

parenchymal injury, as seen on cross-sectional imaging, resulting from bronchial compression by 

TB lymphadenopathy, and attempts to describe a presumptive evolutionary sequence of events 

from when the lung parenchymal injury is reversible to when there is irreversible lung destruction.

Background to the Problem:

TB is an infection caused by the bacillus Mycobacterium tuberculosis. The commonest 

manifestation of this infection is pulmonary. Twenty-four percent of the world’s TB cases are in 

Africa, which also has the highest case rates and deaths per capita 1. South Africa ranks eighth in 

the world with regard to the incidence of TB and in the top 20 for multi-drug resistant (MDR) TB 2. 

TB is still the leading cause of death in South Africa 3. The burden of the disease is further 

compounded by the fact that approximately 5.3 million people are living with HIV in South Africa 4.

As a result, although the incidence of TB is decreasing worldwide, South Africa remains the only 

country that still shows an increase in the incidence of TB 2. 
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Pathology of TB

Primary TB results from the inhalation of droplets containing the causative organism, 

Mycobacterium tuberculosis. Because of their immature immune system and poor cell-mediated 

immunity, infants and younger children (< 5-years old) are more likely to develop TB when 

infected 5. These infected droplets cause a localised pneumonic process, called the Ghon focus. 

From here, the bacilli spread to the regional lymph nodes via the lymphatics. This local infective 

focus with associated lymphangitis and lymphadenopathy is known as the primary complex or 

Ghon complex 6,7. It is this regional lymphadenopathy that is considered the hallmark of the 

radiological diagnosis of TB in children 6.

LBTB definition and pathogenesis

When TB nodes involve the airways, it is called lymphobronchial TB (LBTB) 8. The airways can be 

involved by compression, erosion or infiltration 9. LBTB is a complication of TB seen almost 

exclusively in children who are more at risk because of the small calibre and compressibility of 

their airways. Although regional lymphadenopathy is the radiological hallmark for the diagnosis of 

TB in children, compression of the airways by these enlarged nodes (i.e. LBTB) is seen in only 38% 

of patients on CT 10. Newborns and children up to 3 years old are more likely to have 

lymphadenopathy and are consequently more likely to develop LBTB 11.

The clinical and associated radiological picture depends on the degree of luminal obstruction and 

on whether the node has eroded into the lumen of the airway. Initially, a child with LBTB will show

symptoms of incomplete airway obstruction e.g. unremitting coughing, stridor and wheezing 12. As 

the degree of obstruction increases, a “ball-valve” type of obstruction may develop: The lumen is 

only partly occluded during inspiration allowing airflow past the obstruction, but during expiration 
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the soft paediatric airway narrows and the obstruction becomes complete [Figure 1]. This leads to 

air trapping in the affected segment, lobe or lung. When the luminal obstruction is complete, the 

affected segment or lobe will show collapse as air is removed from the segment by resorption 13.

If a tuberculous lymph node ulcerates through the bronchial wall into the airway, the caseous 

contents of the node can be aspirated into the lung segment or the lobe supplied by that 

bronchus. The initial reaction to the tuberculous material is of a hypersensitive nature but as the 

airway obstruction becomes complete the reaction changes to an immune reaction. This leads to 

expansile pneumonia, caseation and liquefaction of the lung parenchyma 12,14. Imaging of these 

pathological changes has not been adequately classified with regards to the severity of each, the 

progression from one stage to another or the associated risk factors relating to the location or 

degree of airway compromise and as an indicator for intervention before irreversible destruction 

has occurred. Figure 2 outlines a sequential pathogenetic mechanism and the available treatment 

options at each pathologic stage.

Imaging of LBTB

CT is considered the “gold standard” for detecting mediastinal lymph nodes in children with TB 15. 

The commonest site for tuberculous lymphadenopathy is the subcarinal group, but multiple sites 

are usually involved 15,16. These lymph nodes show characteristic “ghost-like” or rim enhancement 

and may infrequently show calcification 15. In particular, some combinations of lymphadenopathy 

cause specific air-way compressions e.g. the combination of large subcarinal and large right hilar 

lymphadenopathy causes compression of the bronchus intermedius 16. CT is also the best way of 

imaging the airways of children with LBTB 5. 
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The CT findings of patients with TB are well documented but there is a relative paucity of literature

regarding CT findings of LBTB. This is despite the fact that was described by Seal and Thomas in 

1965 17. The ability with CT to perform multiplanar reconstruction, 3-dimensional reconstruction 5 

and 3-dimensional volume rendering 10 make it an extremely useful tool in this respect.

Where mentioned, the CT findings of LBTB include enlarged lymph nodes, hyperinflation, 

consolidation, drowned lung, necrosis, bulging fissures and cavitation 12,18. These descriptive 

papers do not present a classification system of severity that distinguishes between reversible lung

changes and irreversible parenchymal destruction to guide management decisions. There is also 

no study or opinion of whether these stages follow-on from each other and whether they 

represent a sequence of events. Griffith-Richards et al. described 3 different categories of 

cavitation in children with TB: “adult type” post-primary TB, progressive primary TB, and 

lymphobronchial TB 11 but this was a small series of only 10 children.  The CT findings of the 

parenchymal complications and associations of LBTB on CT were described by Lucas et al. 16, but 

no severity classification was provided to aid management decisions. Lucas et al described the 

parenchymal complications of LBTB on CT scanning as varying from air trapping, through 

consolidation and collapse to expansile pneumonia, drowned lung, necrosis and cavitation 16.  

Other complications and associations that can also be seen on CT, that are not related to the 

airway occlusion and include pericardial effusions, axillary adenopathy 19 and musculoskeletal 

involvement 20. Goussard et al described the clinical, radiological and bronchoscopy findings of 

expansile pneumonia in 24 children with TB. They showed that patients with obstruction of >75% 

on fibreoptic bronchoscopy (FB) there was liquefaction on CT, while there was no liquefaction was 

present in obstructions <75%. They also described three patterns on CT images: (a) a dense 

homogeneous opacification with no evidence of liquefaction of the affected lobe and patent airways and 

visible air bronchograms (17%); (2) homogeneous opacification with areas of necrotic liquefaction in the 
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opacified lobe, together with glandular obstruction of the airways and absence of air bronchograms (67%) 

and (3) a combination of a homogeneously opacified lobe and areas of necrotic liquefaction and lobes with 

homogeneous opacification, with patent airways and visible air bronchograms (17%). Hilar 

lymphadenopathy with ring enhancement was also visible in all cases. 14. 

MRI is not routinely used for the diagnosis of TB or LBTB, because of the need for sedation or 

anaesthesia in children under 6 years of age, but lymphadenopathy or parenchymal pathology can 

be detected when an MRI is performed for other purposes, e.g. investigation of TB spondylitis 19. 

Only one small published series compares CT and MRI for the parenchymal changes in patients 

with LBTB. This study is informative in that it shows the parenchyma distal to airway stenosis 

resulting from TB lymphadenopathy to have a signal in keeping with caseating necrosis i.e. low 

signal intensity on T2. This is in contrast to airspace consolidation without caseation, that is of high

signal intensity on T2 21.

It is important to compare the parenchymal complications of LBTB with the parenchymal changes 

seen in airway obstruction due to other causes as there are no longitudinal studies to inform the 

sequence of events in LBTB. Intraluminal foreign bodies are well known to cause air trapping by a 

ball-valve mechanism 22. Extraluminal or endoluminal tumours also obstruct airways giving rise to 

a spectrum of parenchymal changes ranging from consolidation, atelectasis 13 and drowned lung

23 to multiple fluid-filled cavities 24, necrosis and cavity formation 25. 

Even though there are no longitudinal follow-up studies to prove progression of one complication 

to another, the pathogenetic mechanisms known from other causes of obstruction and the 

underlying severity of the parenchymal changes, suggest a progressive evolution in severity 

towards lung destruction. Severity as a progression has only been alluded to in previous work. No 
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classification of parenchymal changes reflecting severity for LBTB or any other post obstructive 

pathology has been developed. There is also no longitudinal material to prove that there is a 

sequential and stepwise progression of parenchymal changes in LBTB. This material is unlikely to 

emerge because of radiation concerns using multiple CT scans in children and secondly because 

centres with TB predominance usually rely on CXR because of the cost implications of CT. More 

importantly, however, when creating a severity grading, it is not the ability to predict progression 

from one stage to the next that is important but rather the inevitable progression to non-

salvageable destruction when there is no treatment.

Identifying the parenchymal complications of LBTB and recognising their severity has clinical 

relevance. Encountering a patient at risk of irreversible damage to their lungs should prompt 

urgent intervention. The study by Goussard has presented airway size predicting the likelihood of 

lung destruction 26. Even though CT would also be able to provide an airway size as well as 

bronchoscopy 10 and detect endobronchial material. CT is also able to directly inform on whether 

the lung parenchyma distal to the obstructed airway is salvageable or not. Surgical intervention 

can take the form of enucleation of the obstructing node which decompresses the bronchus, 

allowing a return to normal when the lung is still viable. Alternatively, removal of intraluminal 

material is possible via bronchoscopy 27-29. Recovering patency of the airway and allowing 

resolution of the parenchymal disease associated with the obstruction can thus be achieved. In 

these cases, the CT scan also serves as a road map for the surgical approach 30.

Proposed severity classification of lung parenchymal involvement in LBTB

Our proposed classification assumes the role of imaging beyond diagnosis, identification of airway 

compression and implicating the lymphadenopathy group causing it, and is intended to inform 
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management by identifying reversible change (salvageable lung) and differentiating it from 

irreversible change (non-salvageable lung).

The figure below [Figure 3] is our Stage 0 – V CT classification for the severity of lung parenchymal 

involvement in LBTB. Images collected for this pictorial classification were obtained from children 

younger than 13-years of age with proven TB (either by the demonstration of acid-fast bacilli or by 

the culture of bronchial or gastric aspirates) who were referred to a paediatric pulmonologist at a 

large teaching hospital in the Western Cape Region of South Africa, with signs and symptoms of 

large airway compression. The symptoms and signs included wheezing and persistent coughing as 

well as pneumonia not responding to treatment, clinical or radiological features of unilateral 

hyperinflation, lobar collapse or expansile pneumonia. The patients were treated for 28 days with 

steroids and a four-drug anti-TB regimen and re-assessed. If clinical or radiological evidence of 

airway obstruction persisted, the patients underwent flexible bronchoscopy and CT scan of the 

chest as routine management to investigate the cause and the level of obstruction. CT scans were 

either performed on a 4 slice multi-detector scanner; later scans were performed on 40 slice multi-

detector scanner. A routine chest protocol for children was used with 120 kVp tube voltage and 50

mA tube current. Intravenous contrast was routinely administered at a dose of 2ml/kg bodyweight

by hand injection. The standard image reconstruction yielded ‘soft-tissue’ images, standard lung 

images as well as ‘high-resolution lung’ images.

The range of abnormalities was categorised according to predetermined CT features in categories 

and organised according to the severity classification, based on existing pathological principles of 

post obstructive lung disease discussed above 13,22,24,25.
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Stage I to III all demonstrate enhancing lung tissue (vital lung) irrespective of the content of the 

airways or the volume of the involved lung. This underscores the importance of intravenous 

contrast in making the distinction of reversible and non-reversible lung injury. Stages IV and V 

represent irreversible lung change (non-salvageable lung tissue - note that other parts of the same

lung may be salvageable). The differentiating features of non-vital lung are therefore non-

enhancement and cavitation. 

Limitations of this classification system

No biopsies of the lung parenchyma are available which precludes pathological proof of the CT 

findings and what they represent. A biopsy is an invasive procedure, and in patients who are under

1-year of age (the majority of patients in this database), this will lead to a bronchopleural fistula. 

Very few patients had follow-up CT scans and therefore it is only assumed that progression of lung

parenchymal changes is inevitable and sequential if left untreated. We cannot prove that post 

obstructive lung disease progresses sequentially through all the stages described in the proposed 

classification or whether parenchymal changes skip stages or make any comment on the duration 

of each stage.

The converse is also true, that we cannot disprove that a process of self-healing may occur with 

regressions to a prior stage without an iatrogenic intervention, but it is well accepted that 

bronchial obstruction requires treatment to avoid inevitable distal lung destruction. 

Conclusion:

Using prior publications on LBTB and post obstructive lung injury we have used an image bank of 

CT scans in children with pulmonary TB, presenting with airway symptoms, to create a CT severity 
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staging of lung injury in LBTB. The staging focuses on distinguishing non-salvageable destruction 

[non-enhancing or cavitated lung] from salvageable lung parenchymal disease [enhancing and 

non-cavitated] to inform the management decisions, which range from bronchoscopic airway 

clearance to surgical decompression of the compressing nodes.

10



References

1. WHO. Global TB Report 2019. 2019; 

https://www.who.int/tb/publications/global_report/en/. Accessed 1/6/2020.

2. WHO. Global Tuberculosis Report 2012. 2013; 

http://www.who.int/tb/publications/global_report/en/. Accessed 10/2/2013.

3. StatsSA. Mortality and causes of death in South Africa, 2017: Findings from death 

notification. 2017; http://www.statssa.gov.za/publications/P03093/P030932017.pdf. 

Accessed 1 June 2020.

4. GeographyIQ. HIV/AIDS - people living with HIV/AIDS 2020. 2020; 

https://www.geographyiq.com. Accessed 1/6/2020.

5. Daltro PA, Nunez-Santos E. Pediatric Tuberculosis. In: Lucaya J, Strife JL, eds. Pediatric Chest 

Imaging: Chest Imaging in Infants and Children. Berlin: Springer; 2008:165-181.

6. Marais BJ, Gie RP, Schaaf HS, Hesseling AC, Obihara CC, Starke JJ, Enarson DA, Donald PR, 

Beyers N. The natural history of childhood intra-thoracic tuberculosis: a critical review of 

literature from the pre-chemotherapy era. IntJTubercLung Dis. 2004;8(4):392-402.

7. Parisi MT, Jensen MC, Wood BP. Pictorial review of the usual and unusual roentgen 

manifestations of childhood tuberculosis. ClinImaging. 1994;18(2):149-154.

8. Marais BJ, Gie RP, Schaaf HS, Starke JR, Hesseling AC, Donald PR, Beyers N. A proposed 

radiological classification of childhood intra-thoracic tuberculosis. PediatrRadiol. 

2004;34(11):886-894.

9. Gie RP, Goussard P, Kling S, Schaaf HS, Beyers N. Unusual forms of intrathoracic tuberculosis 

in children and their management. PaediatrRespirRev. 2004;5 Suppl A:S139-S141.

10. Du Plessis J, Goussard P, Andronikou S, Gie R, George R. Comparing three-dimensional 

volume-rendered CT images with fibreoptic tracheobronchoscopy in the evaluation of airway

11

https://www.geographyiq.com/
http://www.statssa.gov.za/publications/P03093/P030932017.pdf
http://www.who.int/tb/publications/global_report/en/
https://www.who.int/tb/publications/global_report/en/


compression caused by tuberculous lymphadenopathy in children. PediatrRadiol. 

2009;39(7):694-702.

11. Griffith-Richards SB, Goussard P, Andronikou S, Gie RP, Przybojewski SJ, Strachan M, 

Vadachia Y, Kathan DL. Cavitating pulmonary tuberculosis in children: correlating radiology 

with pathogenesis. PediatrRadiol. 2007;37(8):798-804.

12. Goussard P, Gie R. Airway involvement in pulmonary tuberculosis. PaediatrRespirRev. 

2007;8(2):118-123.

13. Woodring JH, Reed JC. Types and mechanisms of pulmonary atelectasis. J Thorac Imaging. 

1996;11(2):92-108.

14. Goussard P, Gie RP, Kling S, Beyers N. Expansile pneumonia in children caused by 

Mycobacterium tuberculosis: clinical, radiological, and bronchoscopic appearances. 

PediatrPulmonol. 2004;38(6):451-455.

15. Andronikou S, Joseph E, Lucas S, Brachmeyer S, Du Toit G, Zar H, Swingler G. CT scanning for 

the detection of tuberculous mediastinal and hilar lymphadenopathy in children. 

PediatrRadiol. 2004;34(3):232-236.

16. Lucas S, Andronikou S, Goussard P, Gie R. CT features of lymphobronchial tuberculosis in 

children, including complications and associated abnormalities. Pediatr Radiol. 

2012;42(8):923-931.

17. Seal RME, Thomas DME. Endobronchial Tuberculosis in Children. Lancet. 1956:995 - 996.

18. Andronikou S, Vanhoenacker FM, De Backer AI. Advances in imaging chest tuberculosis: 

blurring of differences between children and adults. ClinChest Med. 2009;30(4):717-744.

19. Andronikou S, Wieselthaler N. Modern imaging of tuberculosis in children: thoracic, central 

nervous system and abdominal tuberculosis. PediatrRadiol. 2004;34(11):861-875.

12



20. Andronikou S, Bindapersad M, Govender N, Waner JI, Segwe A, Palliam S, Shenxane O, 

Mngomezulu V. Musculoskeletal tuberculosis - imaging using low-end and advanced 

modalities for developing and developed countries. Acta Radiol. 2011.

21. Peprah KO, Andronikou S, Goussard P. Characteristic Magnetic Resonance Imaging low T2 

signal intensity of necrotic lung parenchyma in children with pulmonary tuberculosis. J 

Thorac Imaging. 2012;27(3):171-174.

22. Swanson KL, Edell ES. Tracheobronchial foreign bodies. Chest Surg Clin N Am. 

2001;11(4):861-872.

23. Koegelenberg CF, Bolliger CT, Irusen EM, Wright CA, Louw M, Schubert PT, Diacon AH. The 

diagnostic yield and safety of ultrasound-assisted transthoracic fine-needle aspiration of 

drowned lung. Respiration. 2011;81(1):26-31.

24. Curtis JM, Lacey D, Smyth R, Carty H. Endobronchial tumours in childhood. Eur J Radiol. 

1998;29(1):11-20.

25. Ruckdeschel J, Greene J, Sommers K, Fields K. Respiratory infections in patients with cancer. 

6th edition ed. Hamilton (ON): BC Decker; 2003.

26. Goussard P, Gie RP, Kling S, Andronikou S, Lucas S, Janson J, Roussouw G. Bronchoscopic 

assessment of airway involvement in children presenting with clinically significant airway 

obstruction due to tuberculosis. Pediatr Pulmonol. 2012.

27. Papagiannopoulos KA, Linegar AG, Harris DG, Rossouw GJ. Surgical management of airway 

obstruction in primary tuberculosis in children. AnnThoracSurg. 1999;68(4):1182-1186.

28. Hewitson JP, Von Oppell UO. Role of thoracic surgery for childhood tuberculosis. World 

JSurg. 1997;21(5):468-474.

29. Freixinet J, Varela A, Lopez RL, Caminero JA, Rodriguez DC, Serrano A. Surgical treatment of 

childhood mediastinal tuberculous lymphadenitis. AnnThoracSurg. 1995;59(3):644-646.

13



30. Maydell A, Goussard P, Andronikou S, Bezuidenhout F, Ackermann C, Gie R. Radiological 

changes post-lymph node enucleation for airway obstruction in children with pulmonary 

tuberculosis. Eur J Cardiothorac Surg. 2010;38(4):478-483.

14



Legends to Figures

Figure 1

Coronal CT reformat of the chest in a child with diagnosed pulmonary TB demonstrating the right 

middle and lower lobe air-trapping (visualised as expanded lobes of lower density than the 

contralateral lung) due to compression of the bronchus intermedius by sub-carinal and right hilar 

lymphadenopathy.

Figure 2

Sequential pathogenetic mechanism and the available treatment options at each pathologic stage.

Figure 3

The proposed stage 0 – V CT severity classification for parenchymal injury in paediatric LBTB 

distinguishing reversible change (salvageable lung) in blue from irreversible change (non-

salvageable lung) in green.

Key to Definitions

Air trapping: The affected lobe shows a decrease in CT density as well as an increase in volume (as indicated by bulging fissures and splayed vascularity).

Air-space consolidation: The affected lobe shows increase in CT density, which enhances on the post contrast scan and demonstrates air-bronchograms, and either fills a 

lobe or has ill-defined edges within a lobe. This may exist with or without volume gain. In the situation where a consolidation exists with a decrease in volume of the 

affected segment/lobe, this will be termed a ‘collapse’.

Drowned lung: A consolidated segment that shows fluid-bronchograms (i.e. fluid in the bronchi instead of air). The lung enhances normally on the post contrast scan.

Necrosis: No perfusion of the affected segment/lobe as evidenced by non-enhancement on the post contrast scan.

Breakdown or cavitation: Irregular air-filled or fluid-filled cavities in the affected segment/lobe

Expansile: Any areas of above pathology showing an increased volume will be considered as expansile. “Air trapping” is expansile by definition and unrelated to the 

parenchymal changes and will therefore not be included in this category.
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