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Objective: This study aimed to investigate the efficacy and safety of CO2 cryotherapy for lymph node fistula tracheobronchial tuberculosis (TBTB) in infants.

Patients and methods: A retrospective analysis was undertaken on seven patients with lymph node fistula tracheobronchial tuberculosis who underwent fiberoptic bronchoscopy (FB) interventional therapy in the respiratory department of Tianjin Children's Hospital from July 2012 to July 2020. The efficacy, safety, and prognosis of CO2 cryotherapy intervention for the treatment of lymph node fistula TBTB in infants were summarized and analyzed.

Results: Seven patients with lymph node fistula TBTB were included in this study. Their ages ranged from 6–13 months. The course of the disease from onset to TBTB ranged from 20 to 70 days. The pathological diagnoses of seven cases by FB combined with tissue biopsy were lymph node fistula TBTB, of which 28.57% (two cases) were in the early stage of rupture and 71.43% (five cases) were in the rupture stage. All patients were treated with CO2 cryotherapy combined with foreign body forceps and local injection drugs based on systemic antituberculosis chemotherapy. Two patients were treated once with CO2 cryotherapy, and five were treated three times. According to the comparison of the clinical symptoms, imaging results, and endoscopic presentations before and after the intervention, six patients achieved clinical cure, and one achieved clinical improvement. No severe intraoperative or postoperative complications were observed. The clinical symptoms, endoscopic findings, radiological manifestations, and quality of life of all patients showed marked improvement. No recurrence occurred after 3–6 months of follow-up with FB.

Conclusion: CO2 cryotherapy can improve the treatment effect of lymph node fistula in infants with TBTB and reduce the incidence of complications. This treatment is safe and reliable in infants.
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Introduction

Tuberculosis (TB) is a disease with significant health implications and an economic burden on humans; approximately 50% of cases of TB in childhood are reported in children younger than 5 years of age (1). The incidence of primary pulmonary TB (PTB) is estimated to be 46% in children with tuberculosis (2). Tracheobronchial TB (TBTB) is the most common complication of PTB in children, accounting for 41.7–62.96% of PTB cases (3–5). TBTB is defined as microbiological and histopathological evidence of Mycobacterium tuberculosis in the trachea and bronchi with or without parenchymal lung lesions (6). The clinical manifestation, pathogenesis, and pathologic features of TBTB in children and adults differ owing to immunological differences (7). In adults, the active caseous necrotic form (ulcerative-necrotic type) (43.0%) is the most common type of TBTB (8). In children under 5 years of age, the neoplastic (lymph node fistula) form accounts for 73.4–96.43% (9, 10). The adjacent mediastinal or hilar lymph nodes erode the tracheobronchial wall and form bronchial lymph node fistulas in TBTB patients. Lymph node fistulas tend to compress and obstruct tracheobronchial tubes, resulting in the narrowing of the tracheobronchial lumen and inadequate secretion drainage. Ultimately, it leads to serious complications such as obstructive pneumonia, atelectasis, and lung destruction, which affect lung function and development. Due to the lack of specificity in its clinical presentation and imaging, TBTB is more likely to be misdiagnosed and underestimated in infants than in older children or adults.

The treatment of TBTB is complicated, as antituberculosis drugs have difficulty penetrating the tracheobronchial lesions. Lymph node fistula TBTB often leads to sequelae such as bronchial stenosis, although treatment with systemic antituberculosis drugs occurs without bronchoscopic intervention (8). Therefore, early bronchoscopic intervention is essential in patients with TBTB. Current interventional treatment modalities for lymph node fistula TBTB include laser therapy, cryotherapy, foreign body forceps, and local injection drugs (11). Cryotherapy has been shown to generally not damage airway cartilage, cause little to no airway perforation, have a low rate of granulation and fibrous scarring after treatment, and have fewer complications than thermal ablation (12). Consequently, cryotherapy may be more clinically helpful than interventional procedures such as thermal ablation for infants with TBTB.

There are few studies on cryotherapy for lymph node fistula TBTB in infants. This study aimed to investigate the efficacy and safety of cryotherapy for lymph node fistula TBTB in infants.



Subjects and methods


Study population

Seven patients aged ≤13 months who were diagnosed with lymph node fistula TBTB based on etiology, pathology, imaging, and FB results at the Tianjin Children's Hospital between July 2012 and July 2020 were included in this retrospective study. The clinical data of the participants were recorded in detail. The patients' guardians provided written informed consent for the FB, anesthesia, and their understanding of the risks of the treatment before the execution of the treatment. This study was approved by the Ethics Committee of Tianjin Children's Hospital, and the principles of the Declaration of Helsinki were followed.



Preparation of the cryotherapy procedure

All patients received standard systemic chemotherapy for tuberculosis for 1–2 weeks before the fiberoptic bronchoscopic cryo-interventions. Computed tomography (CT), electrocardiogram, echocardiography, coagulation, hepatitis virus, syphilis, and HIV testing were performed before the procedure. Common drugs such as atropine, midazolam, adrenaline, ice/warm normal saline, and isoniazid injection were administered before treatment.

Local anesthesia with complex sedation was administered to all patients. Atropine 0.01–0.02 mg/kg was injected intramuscularly 30 min before the procedure. Lidocaine (2%) was used for nebulized inhalation and midazolam 0.2–0.3 mg/kg was injected intravenously before the procedure. During the course of the FB operation, 2% lidocaine was used as a laryngopharyngeal spray for anesthesia. The children's vital signs were monitored throughout the procedure, and the endoscopy room was equipped with first-aid equipment and medications.



Cryotherapy instructions

CO2 cryo-interventions were performed using a Kulan cryo instrument (K320, China). The outer diameter of the insertion section of the bronchoscope was 4.0 mm. The operating channel was 2.0 mm, and the cryogenic probes were 1.5 mm. Cryotherapy uses extremely low temperatures to freeze local lesion tissue and destroy or remove granulomas and caseous substances in a controlled manner. When the temperature decreases below 0°C, the tissue rapidly freezes. Ice crystals form in the intracellular and extracellular tissue fluid, destroying cell structure, dehydration, denaturation of membrane system lipoproteins, and subsequent ischemic necrosis of the tissue. The frozen portion of the treatment was placed in contact with or punctured by granulomas, caseous material, or locally necrotic tissue.



Cryotherapy procedure

FB cryo-intervention was performed under cardiac monitoring and oxygenation after anesthesia. During the procedure, a fiberoptic bronchoscope was inserted after the onset of anesthesia, and the epiglottis, larynx, trachea, healthy bronchus, and affected bronchus were examined sequentially. After TBTB lesions were found, the freezing was initiated. The temperature was maintained at −80– −70°C, and the freezing time was 15–30 s each time. The next freeze-rewarming cycle was started after rewarming. After 2–3 cycles of freezing and thawing treatments in the same region, the probe was moved around 5–6 mm, the above procedures were repeated until all lesions were frozen, and then the frozen probe was removed. After cryotherapy, the scar material and granulation tissue that obscured the lumen were removed using foreign body forceps. Finally, an isoniazid injection (50–100 mg) was administered to the lesion. Interventional therapy was performed based on routine antituberculosis chemotherapy.



Complications and treatment

If a patient had minimal intraoperative bleeding in the bronchial mucosa, local administration of 1:10,000 epinephrine or cold saline was used to stop the bleeding. If pneumothorax or mediastinal emphysema occurred, chest imaging was performed immediately, and appropriate treatment was initiated. In the event of airway spasm, treatment with epinephrine and glucocorticoids was administered immediately until the bronchospasm was effectively controlled. In severe cases of lumen edema, oxygen was administered immediately, and antihistamines or intravenous glucocorticoids were administered. Cryotherapy is prohibited in cases of severe airway stenosis. If intraoperative hemorrhage occurred, tracheal intubation was performed, intravenous fluids and blood were administered to resolve hemorrhagic shock, and posterior pituitary hormones were also administered.



Outcome evaluation

We collected clinical data before and after the treatment. Cough symptoms, imaging manifestations, and endoscopic manifestations were recorded and analyzed. Clinical cure was defined as the absence of cough, endoscopic demonstration of fistula healing, complete clearance of the lesion, smooth mucosa, and absence of significant narrowing of the canal lumen. CT was used to determine if the bronchial stenosis, bronchial dilatation, and pulmonary atelectasis disappeared and if more than 50% of the lung lesion was absorbed. Clinical improvement was defined as patients with occasional cough, unaffected daily sleep and life activities, endoscopic demonstration of a largely healed fistula with a reduced number or volume of lesions, mild mucosal congestion and edema, and a slight narrowing of the lumen. Clinical failure was defined as patients with continuous and frequent coughing, severe disruption of daily sleep and life activities, no closure of the fistula under endoscopy, only partial absorption or no significant change of the bronchial lesion, significantly narrowed or obstructed lumens, and no improvement or even worsening of the lung lesion on review imaging (13, 14).



Follow-up

Follow-up included observation of worsening respiratory symptoms using bronchoscopy for endoscopic visualization. In general, follow-up evaluations were conducted once a week for the first month and then once a month. Follow-up was started 3 months after the first intervention and continued for 3–6 months. Respiratory symptoms and endoscopic visualization data were recorded and analyzed.



Data analysis

The data were processed using SPSS 26.0. Continuous variables were expressed as median values (interquartile range). Categorical variables were expressed as percentages (%).




Results

Seven patients were included in this study (Table 1). The median age of the seven infants was 8 months (ranging between 6–13 months). The most common symptoms at presentation were cough and sputum production. Moreover, five patients had lost weight and three had a fever. Two patients had wheezing and dyspnea. The most common comorbidity was pulmonary tuberculosis (five cases). Four (57.14%) patients had a Bacillus Calmette–Guerin scar and six (85.71%) had a history of household contact with PTB. Two patients were positive for pure protein derivative, and three patients had positive T-cell spot test results. The etiology diagnosis with a high positive rate was bronchoalveolar lavage fluid tuberculosis deoxyribonucleic acid. All patients were diagnosed with lymph node fistula TBTB via their endobronchial biopsy histopathological examination and macroscopic presentation results. Two cases were in the early stage of rupture and five cases were in the rupture stage; the CT findings of the patients are presented in Table 2.


TABLE 1 Demographic characteristics of the patients.
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TABLE 2 Computed tomography findings of the patients before treatment.
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Cryotherapy procedures were performed a total of 17 times; it was performed only once in two cases and three times in five patients. Bronchial involvement was seen in the right bronchus in five (71.43%) patients and the left bronchus in two (28.57%). The disease was multifocal in three cases and more commonly affected the right middle lobe. The endoscopic findings of the patients are shown in Table 3. The main type of lesion was a caseous lesion with granulation tissue. Four patients had more than one lesion type. The bronchoscopy characteristics of the patients are shown in Figure 1.


TABLE 3 Bronchoscopic lesion characteristics.
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FIGURE 1
 Bronchoscopic manifestations before interventional therapy and after 3 months of the first interventional therapy. (A) The pre-intervention endoscopic presentation that localized tracheobronchial mucosa redness, hypertrophy, hyperplasia obvious and external pressure bulge without ulceration. (B) The pre-intervention endoscopic presentation that localized tracheobronchial mucosa redness, hypertrophy, hyperplasia obvious and external pressure bulge with caseous substance attachment. (C) The pre-intervention endoscopic presentation that granulation tissue with caseous material. (D) The pre-intervention endoscopic presentation that granulation tissue. (E) The pre-intervention endoscopic presentation that the caseous material overflow (top: before interventional therapy; bottom: after interventional therapy).


Seven patients with lymph node fistula TBTB were treated with cryotherapy combined with foreign body forceps and local injection drugs by FB. Six patients completed the full treatment course and achieved a clinical cure. One patient exhibited clinical improvement after the first intervention. However, the patient was lost to follow-up. No clinical failures occurred during the full treatment course. The mean duration from the start of therapy to the complete disappearance of the lesion was ~3 months.

Before treatment, the patients had varying degrees of cough, dyspnea symptoms, complex CT abnormalities, and endoscopic lesion features. Seven patients had continuous and frequent coughing that affected their sleep and daily life to varying degrees. Two patients had dyspnea. All patients had abnormal CT findings: 85.71% (six cases) had pulmonary hilar with mediastinal lymph node enlargement; 57.14% (four cases) had bronchial stenosis; 85.71% (six cases) had patchy shadows, and 28.57% (two cases) had pulmonary emphysema. One patient developed pulmonary atelectasis and pleural effusion. In terms of bronchoscopic lesion characteristics, the fibrobronchoscopic lesion presentations were divided into five categories: 42.86% (three cases) showed localized mucosal erythema and polyps with caseous necrotic material adherence (Figure 1C). In one case, the surface of the local tracheobronchial mucosa was red, swollen, and hypertrophic, showing an external pressure bulge without ulceration (Figure 1A). One case showed localized tracheobronchial mucosal surface erythema, hypertrophy, and an external pressure bulge with caseous material attachment (Figure 1B). One case showed granulation tissue (Figure 1D), and another showed an overflow of caseous material (Figure 1E).

After the first procedure, cough symptoms improved in all patients and disappeared in two patients with dyspnea. All patients exhibited significant improvement in lumen patency on endoscopic view. One patient was lost to follow-up after the first procedure. The remaining patients had improved cough relief, mostly healed fistulas with fewer or smaller lesions, mild mucosal congestion and edema, and a slight narrowing of the lumen. Furthermore, their CT scan revealed that their lung lesion had been absorbed more than 50%. At the end of treatment, six patients attained clinical cure in terms of their cough level (no cough), endoscopic demonstrations, and CT results following the complete treatment process. CT and FB were re-performed at the end of the interventional treatment. Compared to before the intervention, all patients showed significant improvements on lung CT in terms of hilar and mediastinal enlargement, calcified lymph nodes, bronchial obstruction, emphysema, and pulmonary atelectasis (Figure 2). The FB results in the patients showed that their fistulas were closed, their bronchial lesions were significantly absorbed and improved, their lumen stenosis or obstructions were reduced, and their bronchial mucosae were relatively smooth. A comparison of the patients' endoscopic performance is shown in Figure 1. During treatment, no significant complications occurred such as respiratory distress, hypoxemia, unexpected bleeding, pneumothorax, mediastinal emphysema, airway spasms, ductal edema, or anesthesia-related complications. A few patients had minimal bleeding when the scar material and granulation tissue that obscured the lumen were removed using foreign body forceps. Hemostasis was easily achieved by administering a small amount of epinephrine (1:10 000). The CO2 cryotherapy time was 10–20 min.
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FIGURE 2
 CT scan findings before interventional therapy and after 3 months of the first interventional therapy. (A) Pulmonary CT results of case 1 suggested a soft tissue density nodule with a dense shadow in the left main bronchus (before treatment). (D) CT scan results after intervention in case 1. (B) Pulmonary CT results of case 2 suggested mediastinal lymph node enlargement with calcification, right middle segment bronchial obstruction and scattered solid lesions in both lungs with corn-like nodular shadow (before treatment). (E) CT scan results after intervention in case 2. (C) Pulmonary CT results of case 5 suggested inflammatory solid lesions in the right lung with calcification and enlarged mediastinal lymph nodes with calcification (before treatment). (F) CT scan results after intervention in case 5.


Six patients underwent bronchoscopic follow-up after 3 months. The bronchial lumen remained fully patent without stenosis, granulation, or scar formation in all patients, revealing a satisfactory lasting treatment effect.



Discussion

In this study, seven infants with TBTB were treated with CO2 cryotherapy combined with the use of foreign body forceps and local injection drugs based on systemic antituberculosis chemotherapy. There were no obvious adverse reactions or complications during or after the interventional treatment. The clinical manifestation, imaging, and endoscopic presentation results improved significantly after the cryotherapy, and there were no cases of recurrence during the follow-up process, indicating the efficacy and safety of CO2 cryotherapy.

Liu et al. (10) studied 130 children (69 infants) with lymph node fistula TBTB who treated with bronchoscopic interventions; however, their study did not use cryotherapy techniques. Zhang et al. (13) studied eight patients with lymph node fistula TBTB who were treated with bronchoscopic cryotherapy; however, there were no infants in their study. In our study, lymph node fistula TBTB was reported in seven infants, and the outcome of cryotherapy on infants was studied in detail for the first time. Incidentally, the occurrence of TBTB with lymph node fistulas in children in studies outside China has been 33–38% (3, 15). Possible reasons for this are that the severity of primary TB varies between countries, regions, and hospitals.

When lymph node fistulas TBTB occur, they can significantly affect individuals' quality of life and even become life-threatening in infants owing to the special pathogenesis of TBTB, which is mainly due to the passage of pathogenic mycobacteria through the lymphatic system, resulting in local lymph node tuberculosis. Enlarged lymph nodes tend to compress the local tracheal and bronchial mucosa and submucosa, leading to local ischemia and necrosis, which predispose patients to tracheal and bronchial stenosis or complete occlusion, resulting in obstructive pneumonia, atelectasis, and pulmonary destruction (9). In this study, six patients had obstructive pneumonia, two had emphysema, and one had atelectasis and pleural effusion when they were admitted to our hospital.

Bronchoscopy plays an important role in the diagnosis of TBTB, especially in patients with suspected negative sputum smears and endobronchial diseases (16, 17). In this study, six patients had a history of household contact with TB and five patients had a disease duration of more than 1 month. The sputum smear results were negative in all patients, and the sputum culture results were negative in five patients. All patients were misdiagnosed with pneumonia before admission. The infants were diagnosed with tracheobronchial tuberculosis (lymph node fistula type) via their bronchoscopic tissue biopsy and macroscopic endoscopic lesion results after admission. Therefore, bronchoscopy not only improved their diagnosis of TBTB but also allowed for the determination of their type of TBTB.

The typical macroscopic bronchoscopic manifestations in children with TBTB and lymph node fistulae include caseous materials breaking into their airways. In our study, the endoscopic macroscopic manifestations in the infants were predominantly caseous granulation tissue, which is consistent with the typical features of lymph node fistula in TBTB. Moreover, in our patients, the caseous materials were accompanied by congestion, granulation tissue proliferation, or were completely encased by granulation tissue. The patients' lumens were also obstructively narrowed at the lesion sites (10).

With the development of interventional bronchoscopic techniques, several new methods, including laser, cryotherapy, foreign body forceps, and local injection drugs, in combination with systemic antituberculosis drugs, have been used to treat lymph node fistula TBTB due to their effects on accelerated lesion healing and improved prognosis (11, 18). Studies have shown that as laser damage may lead to more granulation tissue formation, laser treatment can be followed by cryotherapy to prevent granulation regeneration and maintain the lumen diameter (19). Cryotherapy can promote cicatricial fibroblast differentiation into normal fibroblasts to reduce scar and granulation tissue hyperplasia, in contrast to the effects of thermal ablation (12). In their study, Liu et al. (15) used bronchoscopic foreign body forceps and local injection drug interventions alone to treat lymph node fistula TBTB in children and reported a lower efficacy rate and more frequent interventions compared to cryotherapy.

Ni et al. (12) and Zhang et al. (13) confirmed the safety and efficacy of cryotherapy for TBTB with lymph node fistula in children. However, these studies did not directly demonstrate the applicability of cryotherapy in infants. This is an important study on CO2 cryotherapy interventions for lymph node fistula TBTB in infants. In this study, the signs and symptoms immediately improved following cryotherapy in all patients. Except for one patient who only achieved clinical improvement due to missed visits after the first cryotherapy session, six patients achieved clinical cure after cryotherapy. No serious complications occurred during or after the procedure, and no lesion recurred after 3–6 months of follow-up.

This study had several limitations. First, the small sample size may affect the power of our conclusions. Second, we did not include a control group without cryotherapy. Third, as all patients were enrolled from a single hospital, this might have led to biased conclusions. In future studies, it would be worthwhile to increase the sample size and further explore cryotherapy for lymph node fistula TBTB in infants. Moreover, a future multicenter study with a control group would increase the significance of the study.



Conclusion

Bronchoscopic CO2 cryotherapy for lymph node fistula TBTB in infants can be performed safely and effectively in combination with the foreign body clamp method. This method can provide relief from symptoms, accelerate fistula closure, and avoid serious complications. Furthermore, the results of this study are important given that it provides pediatricians with more options and information when choosing the best treatment for infants with lymph node fistula TBTB.
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