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Abstract: More children are benefitting from the wide application of bronchoscopy as interventional therapy to complications with 
airway involvement. We present the case of an 11-year-old boy with tracheobronchial tuberculosis complicated by severe obstruction 
in the left main bronchus. Early interventional endoscopic balloon dilation and cryoablation were adopted as adjunct therapy to his 
anti-tuberculosis treatment and had shown satisfying treatment outcomes. 
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Introduction
Tuberculosis (TB) in children has long been recognized as an important global public health challenge. Children younger 
than 15 years represent 11% of the global TB caseload and 14% of the overall TB fatality.1 The high case mortality ratio 
is associated with a low case detection rate in bacteriologically confirmed pediatric tuberculosis. Difficulty in obtaining 
a quality sputum specimen, low detectable bacilli level, and the lack of specific clinical symptoms in children infected 
with TB are predominant risk factors leading to delayed diagnosis and treatment.2 The clinical manifestation of 
pulmonary TB (PTB) in children is non-specific and is frequently misinterpreted as mediastinal lymphadenopathy.

The incidence of airway suppression caused by TB in children under 15 years of age is reported to range from 8% to 
38% from different literature.3 Lymphadenopathy can cause extrinsic airway compression and obstruction. Caseation in 
lymph nodes can herniate into the airway, leading to bronchogenic hematogenous spread. In addition, an obstructed 
airway can lead to poor bronchial secretion drainage, parenchymal consolidation, and atelectasis, and in the extreme case 
can result in structural damage to the lungs.4 However, there is limited evidence on the incidence of irreversible lung 
parenchymal injury caused by tuberculosis-associated airway distress in children.

With advancements in the development and application of bronchoscopy as an interventional diagnostic assay, an 
increasing number of pediatric bronchial tuberculosis diagnosed with these procedures has been reported in recent years. 
Children are also benefitting from the generalization and increasing therapeutic use of bronchoscopy in the management 
of airway stenosis associated with TB.5,6 The optimal time and modality of intervention in pediatrics with airway 
complications is still controversial. Research reported the institution of interventional treatments such as balloon 
dilatation, thermal ablation, cryoablation, clamping, and stent placement, after half a month to one month of anti- 
tuberculosis treatment, can reduce airway stenosis and pulmonary function damage in children.7–9

Here we report a pediatric tuberculosis case complicated with benign stenosis of the central airway successfully 
managed with bronchoscopy balloon dilation with cryotherapy at an early anti-TB treatment phase.
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Case Presentation
An 11-year-old boy suspected of tuberculosis was transferred to our department from a local hospital on November 22, 
2021. The patient was 47kg, 140cm tall with a BMI of 23.98. He was HIV-negative and had no previous history or 
exposure to tuberculosis infection. Parents reported no associated family medical history. He was born full-term and 
healthy and was BCG inoculated under the National Immunization Program after birth. He presented to a neighborhood 
hospital on November 12, 2021, for sudden onset of unexplained fever with cough. Chest computed tomography (CT) 
scan showed left lung consolidation with segmental atelectasis, scattered calcifications in the left upper lobe, and multiple 
calcifications and enlargement of lymph nodes in the mediastinum and left hilar region (Figure 1A and B). The length of 
stenosis of the left main bronchus was about 8mm, with about 90% obstruction of the lumen. From these clinical 
presentations, the patient was highly suspected of pulmonary and left bronchial tuberculosis and was referred to our 
tuberculosis care center.

On admission, clinical investigation revealed the onset of symptoms started ten days prior and was sudden with 
uncertain cause. The patient started with fever accompanied by chills, to the highest of 40°C, shivering, intermittent 
cough, thick white mucus production, no chest tightness, shortness of breath, or breathing difficulties, and no dizziness, 
headache, nausea, or vomiting. Physical respiratory system assessment showed reduced thoracic expansion on the left 
lung. Chest auscultation revealed reduced vocal resonance, and distinct lowered breathing sound without crackling or 
wheezing, all on the left lung. Sputum GeneXpert MTB/RIF for mycobacterium tuberculosis was positive, detected on 
a very low bacterial load, and mutation in the rpoB gene conferring resistance to rifampicin was not detected. The 
T-SPOT test was positive. The patient’s anti-TB therapy was initiated with isoniazid, rifampicin, and pyrazinamide on 
November 24, 2021. Bronchoscopy examination on the following day revealed severe scarring stenosis (grade III) on the 
left main bronchus, with swollen and inflammatory bronchi. The stenosis was too narrow for a catheter in a 3.8 mm 
diameter to pass through (Figure 2A).

A B C D

Figure 1 Chest computed tomography (CT) scan before and after anti-tuberculosis treatment and interventional treatment. (A and B) Segmental infiltration and 
consolidation in the left lung and apparent stenosis of the left main bronchus before treatment, (C and D) Improvement of left bronchus stenosis and infiltration absorption 
observed after therapy.

A B C D

Figure 2 Bronchoscopy images of the left main bronchus stenosis before and after treatment. (A) Scarring stenosis of the left mainstem bronchus, (B) Balloon dilation 
procedure, (C) Cryoablation post dilation to reduce restenosis, (D) Obvious improvement in the patency of the left mainstem bronchus as shown in post-treatment follow- 
up examinations.
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Considering the severity of the airway obstruction, we performed a balloon dilation procedure on our patient on 
November 25, 2021, after getting consent from his parents. A balloon catheter sized 8 mm in diameter, 4 cm in length, 
and 2.5 atmospheres was placed to pass through the scarring stenosis. The stenosed bronchial segment was stretched 
open with the high-pressure balloon dilation for 60 seconds (Figure 2B). This was followed by cryotherapy for 60 
seconds three times to reduce restenosis. (Figure 2C) The patient was administered the following post-procedure 
treatment: dexamethasone 5 mg on aerosol nebulization, once per day for a week, isoniazid 0.1 g on topical nebulization, 
twice per day for two months. A bronchoscopy follow-up examination on November 29 showed the patency of the 
treated site was good for a catheter of 3.8 mm diameter to pass through smoothly. A build-up of excessive mucus in the 
bronchi was observed. After clearing up, the catheter can pass to reach the distal bronchi.

Cryoablation was performed on another two occasions on November 29 and December 7, 2021, at the previously 
treated stenosis site.

A follow-up chest CT scan after six months of systematic anti-tuberculosis treatment showed lumen of the left main 
bronchus was narrow but unobstructed and patent. The rest of the bronchial tree in the left lung showed good patency. We 
also observed effective absorption of infiltration previously seen on the left lung (Figure 1C and D).

The patient had a follow-up bronchoscopy examination on May 12, 2022. The procedure showed the previously 
dilated scarring stenosed segment on the left main bronchus was still relatively narrow but with good patency and lumen 
diameter allowing the smooth passage of a 3.8mm diameter catheter (Figure 2D).

The patient was closely monitored over the course of his anti-TB treatment with clinical follow-up every month, chest 
imaging examination every three months, and bronchoscopy therapy when deemed necessary. The last follow-up 
assessment was in August 2022. He had a good treatment response and is now leading a normal life.

Discussion
Current literature reported an over 40% diagnostic accuracy of pediatric pulmonary tuberculosis using bronchoscopy.7 In China, 
benign central airway stenosis is predominantly caused by tracheobronchial tuberculosis leading to one of the following clinical 
challenges: 1/ oppression and occlusion against the airway 2/ inflammatory infiltration in the trachea and main bronchus, 3/ 
caseous lymph nodes herniating into the airways 4/ granulomatous hyperplasia, 5/ lymphatic fistula 6/ late-stage scar contracture. 
The most widely adopted international classification of stenosis severity is the Cotton-Myer quartile grading system quantifying 
severity according to the percentage of obstruction, with Grade I denoting 0–50% obstruction, grade II 51%-70%, grade III 71%- 
99%, and Grade IV complete obstruction. Stenosis with less than 50% airway obstruction usually does not require intervention 
therapy, unless presented with one of the below scenarios: 1/ severe, life-threatening, acute airway obstruction, 2/ observation of 
>90% obstruction in a main bronchus on first bronchoscopy examination, 3/ persistent obstruction even after four weeks of anti- 
TB treatment with oral Prednisone therapy, 4/ collapsing lobes due to airway suppression. All these scenarios should be actively 
managed with the appropriate endoscopic intervention for relieve the obstruction. Some patients even undergo surgical resection 
of the stenosis for long-lasting results.

The pediatric patient in our report was identified on his first bronchoscopy assessment to have stenosis with >90% 
obstruction in the left main bronchus. The left lung was seen to have reduced in size, showing a compromised lung 
volume, and obstructed with excessive mucus accumulation. To prevent our patient from further left lobar collapse due to 
continued or worsened airway stenosis, we performed a balloon dilation procedure to expand the narrow airway to 
resume smooth breathing and sputum clearing capability.

Since Cohen et al first reported the institution of balloon dilation for treating tracheal and bronchial stenosis in 
1984,10 the procedure has been widely applied over the years and well established as a highly useful and essential 
modality in the treatment of stenosis and airway obstruction in pediatrics nowadays.

Balloon dilation is an atraumatic procedure to expand a stenosis-compromised airway with a balloon-shaped catheter. 
A deflated balloon is inserted to pass through the constricted airway. Water or air is used to inflate the balloon and exert pressure 
to stretch the stenosis causing numerous superficial longitudinal lacerations around the site, which would be healed through the 
repair and regeneration process. The result is the stenosis enlarged to the desired lumen diameter to restore patency.

The balloon catheter is available in a variety of sizes, the choice of which depends on the lumen diameter of the 
airway leading up to the stenosis site. The balloon must be long enough to widen the entire stenosis segment. Adverse 

Risk Management and Healthcare Policy 2023:16                                                                              https://doi.org/10.2147/RMHP.S390214                                                                                                                                                                                                                       

DovePress                                                                                                                         
227

Dovepress                                                                                                                                                                 Li et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


events associated with balloon dilation include mild to moderate mucosal hemorrhage, rupture of the airways, pneu-
mothorax, and pneumomediastinum.11 Mild to moderate bleeding can be managed easily with the administration of 
topical epinephrine at the local site. A bronchial rupture, however, is a severe complication and can result in 
pneumothorax and pneumomediastinum.12 In-depth assessment based on clinical symptoms, CT images and 
3-Dimension construction of the stenosis before the procedure can greatly help prevent adverse events.6 There are no 
clear guidelines or literature references regarding the optimal balloon expansion time in the procedure. Studies have 
suggested an inflation time between 30 and 60 seconds in clinical practice, depending on individual circumstances.13

Cryotherapy is the use of extreme cold to freeze, destruct and remove abnormal tissue, damaging intracellular organelles, and 
the cell wall, and in the process trigger the body’s repair and regeneration process.14 Cryotherapy is applicable to bronchial 
stenosis caused by granuloma formation in the proliferative phase of tracheobronchial TB.6 The mechanism of cryoablation 
makes it suitable for the removal of larger granuloma by freezing the diseased tissues off. It is also proven to be highly effective in 
the treatment of scarring central airway stenosis caused by bronchial tuberculosis.5,9 The choice of thermal therapy for children is 
usually argon plasma coagulation (APC) which relies on argon gas to conduct an electrical current to perform non-contact 
coagulation to achieve a superficial necrosis effect on the target tissues. In the comparison of inflammatory and scar tissue 
formation responses to the use of cryoablation, APC, and radiofrequency, cryotherapy is reported to result in a significantly lower 
response of inflammation and scar tissue formation at the targeted sites in a mice experiment.14 Patients who suffer from recurrent 
severe scarring stenosis after receiving multiple balloon dilation and ablation reintervention procedures, or those who suffer from 
a collapsing lumen can consider stent placement for a long-lasting effect.15

The clinical manifestation of our patient in this study was severe airway stenosis due to necrotic adhesion of diseased 
tissue accompanied by inflammation, both tuberculosis associated. Given the critical condition, endoscopic balloon 
dilation was instituted to expand the airway, followed by cryotherapy to reduce the formation of scar tissue. A follow-up 
examination showed an improved airway; there was no need for further stent placement or surgical intervention.

Regarding the appropriate timing for bronchoscopy intervention therapy, there have been varying opinions documented in 
different studies. Goussard et al reported that bronchoscopy plays an important diagnostic role in deciding when surgery is 
needed or whether a condition can be treated by medication alone. As intervention therapy is associated with the risk of airway 
spread of TB and suggested oral prednisone therapy for a month before airway obstruction reassessment in non-life-threatening 
<50% airway obstruction cases. Both Liu et al and Jiao et al reported that interventional bronchoscopy should not be instituted for 
patients with active bronchial tuberculosis until after at least two weeks of systematic anti-TB treatment.7,16 Upon admission, our 
patient presented with an emergency that required immediate intervention to relieve clinical symptoms. As a primary treatment of 
airway stenosis, we performed an endoscopic balloon dilation procedure only a day after the initiation of his anti-TB regimen and 
achieved good clinical outcome. This reminds us in circumstances involving pediatric TB patients with severely obstructed 
airways, timely intervention is essential in preserving lumen patency and a clear airway from excessive sputum accumulation. 
Concurrent cryoablation therapy also aids in reducing scar tissue formation and restenosis. Our patient responded well to all the 
procedures. No spreading of TB had been observed during the process.

As for the management of tuberculosis, our patient was HIV-negative. His sputum Xpert MTB/RIF showed no rifampicin 
resistance. According to the WHO Guidance for national tuberculosis programs on the management of tuberculosis in children 
and adolescents 2014 edition, our patient was prescribed a 2HRZ/4HR regimen, comprising two months of intensive treatment 
with isoniazid, rifampicin and pyrazinamide, followed by four months of isoniazid, and rifampicin. His symptoms were relieved 
and chest CT image six months after the initiation of anti-TB treatment showed significant clinical improvement.

All in all, thorough preoperative assessment and appraisal should be given to children involving airway obstruction 
considering the severity of symptoms and all prognostic factors, especially in patients complicated with tuberculosis infection. 
Timely and accurate interventional therapy can be instituted at an early stage of the anti-tuberculosis treatment to deliver effective 
results.
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