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Abstract
BACKGROUND
Primary intratracheal schwannoma is an extremely rare type of benign airway tumor, especially in adolescents. The presenting symptoms are typically prolonged cough and wheezing that can be misdiagnosed as asthma in adolescent patients.

CASE SUMMARY
[bookmark: OLE_LINK1]A 16-year-old adolescent girl admitted to a local hospital with symptoms of an irritating cough and wheezing was diagnosed with bronchial asthma and treated with budesonide and formoterol. Over the next year, the patient's wheezing and coughing symptoms gradually worsened and the antiasthma treatment was ineffective. One week prior to this admission, the patient developed dyspnea after catching a cold and was transferred to our hospital with a diagnosis of severe asthma. However, chest computed tomography and bronchoscopy showed a mass in the trachea. Primary intratracheal schwannoma was diagnosed by biopsy. Her symptoms were relieved by endoscopic resection by electrosurgical snaring combined with argon plasma coagulation. No relapse occurred during an 18 mo follow-up.

CONCLUSION
Primary intratracheal schwannoma should be considered in the differential diagnosis in adolescents with recurrent asthma-like attacks.
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Core Tip: Primary intratracheal schwannoma is a rare benign airway tumor in adolescents. The presenting symptoms are typically prolonged cough and wheezing, and antiasthma treatment was ineffective in this patient. Chest computed tomography and bronchoscopy should be performed as soon as possible to clarify the diagnosis. Here we report a 16-year-old female patient with a primary intratracheal schwannoma misdiagnosed as severe asthma. This case report is intended to increase awareness for it and help avoid future misdiagnoses by physicians.


INTRODUCTION
Primary tracheal tumors can be either benign or malignant, but malignant tumors are more common. Benign tracheal tumors have a low incidence, and the common types include papillomas, hamartomas, and hemangiomas. Primary intratracheal schwannoma is an extremely rare benign airway tumor, with an incidence of about 0.2% and few published reports of cases in child or adolescents[1-3]. Primary intratracheal schwannoma has no characteristic clinical manifestations in the early stage, but when the tumor grows to a certain size, it can cause symptoms associated with blockage of the tracheal lumen that can be easily misdiagnosed. Here we report an adolescent patient with a primary intratracheal schwannoma misdiagnosed as severe asthma.

CASE PRESENTATION
Chief complaints
A 16-year-old adolescent girl had an intermittent cough with shortness of breath and wheezing for 1 year that had become worse in the previous week.

History of present illness
The patient visited a local hospital with symptoms of an irritating cough and wheezing. A chest X-ray showed no abnormalities. She was diagnosed with bronchial asthma and treated with budesonide and formoterol. Over the next year, the wheezing and cough symptoms gradually worsened, and the treatment was not effective. One week before admission, the patient's cough and wheezing symptoms worsened after catching a cold, and she experienced wheezing and a feeling of suffocation even when resting. A chest X-ray revealed blurred markings in both lungs (Figure 1). Allergen testing was not performed. She was diagnosed with acute onset of asthma and treated with Ventolin (salbutamol sulfate solution for inhalation) and intravenous methylprednisolone for 1 wk, but the symptoms were not relieved. She was then transferred to the respiratory department of our hospital.

History of past illness
The patient had no other previous medical history.

Personal and family history
The patient had no relevant family medical history.

Physical examination
The patient had a body temperature of 36.7 ℃, blood pressure of 128/80 mmHg, heart rate of 103 beats/min, respiratory rate of 28 breaths/min, and an SPO2 of 98%. The patient had clear consciousness and was in a semi-supine position. The three concave sign was positive, her inspiratory phase was prolonged, and bidirectional wheezing could be heard.

Laboratory evaluation
Routine blood tests showed a white blood cell count of 12.0 × 109/L, hemoglobin of 122 g/L, and a neutrophil ratio of 85%. Arterial blood gas analysis showed a pH of 7.45, a PaO2 60 mmHg, and a PaCO2 of 33 mmHg. Liver and kidney function was normal and neuron-specific enolase was 16.5 ng/mL (normal range: 0-15.2 ng/mL). The patient did not undergo pulmonary function tests due because of her dyspnea.

Imaging examinations
Chest computed tomography (CT) at the T2/T3 vertebral level showed a nodular mass in the trachea that obstructed about 90% of the lumen without invading the tracheal wall and its surrounding tissues (Figure 2).

Further diagnostic workup
[bookmark: _Hlk68541792]A bronchoscopy was done with the patient's consent to determine the nature of the intratracheal mass. The bronchoscopy showed a pedicled dumbbell-shaped reddish-brown mass with a smooth surface and small blood vessels in the middle part of the trachea, about 4 cm below the vocal cords (Figure 3). The mass obstructed about 90% of the airway. Pathological examination of the tracheal mass showed that the tumor cells were long and shuttle-shaped, with an uneven distribution and fenestrated arrangement in some areas (Figure 4A). The sample cells were incubated with mouse antihuman monoclonal antibodies against S100, desmin, CD117, and Ki-67 (MXB Biotechnologies, China). Immunohistochemistry (IHC) was performed with a VENTANA BenchMARK Ultra automated staining instrument following the manufacturer’s instructions. IHC revealed S-100 (++), desmin (-), CD117 (-), and a Ki-67 positivity of < 1%. The pathological diagnosis was tracheal schwannoma.

FINAL DIAGNOSIS
Primary intratracheal schwannoma.

TREATMENT
Using an ERBR ICC-200 high-frequency electrosurgical unit, the tumor was removed by electronic snaring with a flexible bronchoscope, followed by further clearance of residual tissue at the base of the tumor by argon plasma coagulation. After the tumor was removed, its root was visible in the mid trachea at approximately a 5 o'clock position (Figure 5).

OUTCOME AND FOLLOW-UP
The patient's cough and dyspnea symptoms disappeared immediately following endoscopic resection of the tumor. During an 18-mo postoperative follow-up, the patient had no early or late complications or tumor recurrence. Bronchoscopic surveillance showed a minor scar on the trachea at the site of the original lesion (Figure 6). The patient is still being followed.

DISCUSSION
[bookmark: OLE_LINK2]Schwannomas, also known as neurilemmomas, originate from the cell membranes of neurons derived from the embryonic neural crest. Schwannomas have a low incidence and can occur in all parts of the body, but are more common in the head/neck and the flexors of all four extremities[4]. Schwannomas occur rarely in the airway. Intratracheal schwannomas were first described by Straus and Guckien[5] in 1951. Intratracheal schwannomas are benign tumors, most often located near the ramus of the lower 1/3 of the trachea, followed by the upper 1/3 and then the middle 1/3 of the trachea. They have an intact envelope, grow slowly, and cause no symptoms in the early stage[6-10]. In the present case, the tumor was located in the middle portion of the trachea, a site that is rarely encountered in the clinical setting, and the diagnosis can be easily missed.
Intratracheal schwannomas are more common in young adults, especially in women. The common clinical manifestations of intratracheal schwannomas include cough, shortness of breath, dyspnea, and other symptoms of upper airway obstruction, which can be related to body position. Occasionally, patients also suffer from hemoptysis, hoarseness, and chest pain[11]. Due to the nonspecific nature of these symptoms, diagnosis of this rare condition is often delayed. The average time to diagnosis from the onset of initial symptoms was approximately 17 mo[7,12], and half the patients are reported to be misdiagnosed with asthma before the diagnosis is finally confirmed[13]. In the early stage, the tumor is small and grows slowly, often presenting as an irritating dry cough that can persist for months or even years. As the tumor grows and obstructs more than 1/2 of the tracheal lumen or when the resistance increases significantly, the patient gradually develops shortness of breath, dyspnea, and other symptoms. At that stage, chest X-ray films, especially anteroposterior films, show no obvious abnormalities in 30%-75% of the patients because the tumor is still covered by mediastinal soft tissues[8,14]. As early treatment with glucocorticoids and bronchodilator can temporarily relieve symptoms, intratracheal schwannomas are often misdiagnosed as asthma, and further diagnosis and treatment are often delayed. When the tracheal obstruction worsens and the above treatments are ineffective, the disease is easily misdiagnosed as refractory asthma or severe asthma. However, there are differences in symptoms and signs between those two conditions. Wheezing caused by schwannomas is mostly manifested as progressive aggravation, and both expiratory and inspiratory wheezing can be heard during auscultation. The sound is strong in the proximal part of the airway and gradually decreases in the distal part, showing inspiratory dyspnea. In contrast, asthma is reversible, episodic, and recurrent, causing expiratory dyspnea, and the sound is mostly diffuse and in the expiration phase. This patient was misdiagnosed with bronchial asthma at a local hospital for up to 1 year. The possibility of an intratracheal schwannoma should be considered in adolescent patients with a long-term irritating cough accompanied mostly by inspiratory dyspnea, especially in adolescents who have failed to respond to conventional treatments.
Thoracic CT and 3-dimensional reconstruction are valuable in identifying the mass, assessing the location and size of the tracheal tumor, the degree of airway obstruction, the involvement of the mediastinum, and in determining treatment options[7,10,15]. The CT presentation of schwannomas is diverse, especially multiple forms of heterogeneous enhancement that can be observed on contrast-enhanced CT. Because of the lack of specific symptoms, intratracheal schwannomas can be easily misdiagnosed as other benign tumors of the trachea[10].
Bronchoscopy is the most effective method to diagnose intratracheal schwannomas. The main bronchoscopic manifestations include: (1) A broad base, with the mass growing along the longitudinal axis of the tracheobronchus and a round or oval protrusion into the lumen; (2) A pedicled tumor with a polyp-like growth into the lumen; and (3) A dumbbell-shaped tumor growing into the lumen. The final confirmation of the diagnosis depends on histopathological evaluation. Biopsy sampling is often difficult because of the tough texture of the tumor. If the biopsy site is shallow, microscopy may only reveal chronic inflammation of the mucosa. Therefore, the biopsy site should be sufficiently deep. If necessary, resected tissues may also be sent for pathological examination. Pathologically, schwannomas often have an intact envelope, a well-arranged internal structure, cell-rich bundles, (an Antoni type-A area), and a loose mucus-like reticular zone (an Antoni type-B area. The tumor cells have the morphological characteristics of Schwann cells in terms of immunophenotype and ultrastructure. S-100(+) immunohistochemical staining also helps to confirm the diagnosis[7,16].
[bookmark: OLE_LINK15][bookmark: OLE_LINK11]The current treatment options for intratracheal schwannomas include surgical resection plus airway reconstruction and interventional bronchoscopic resection[7,8]. The choice of treatment depends on tumor location, relationship of the mass with surrounding tissues, tracheal wall infiltration, risk of tracheal resection, and presence of extratracheal components[6,17]. With the rapid development of respiratory interventional techniques in recent years, bronchoscopic cutting with electrocautery snaring, argon plasma coagulation, cryotherapy, and laser resection have also become available[18-20]. High-frequency electrocoagulation ablation is a safe treatment for endotracheal tumors, with a low incidence of complications.

CONCLUSION
Intratracheal schwannoma is a relatively rare benign airway tumor. Its diagnosis is difficult because of the lack of specific clinical presentations and nonspecific chest X-ray findings. The incidence of intratracheal schwannoma is low in children and adolescents, and misdiagnosis may easily occur. If standard treatment is ineffective in patients with recurrent asthma-like attacks, especially children or adolescents, then chest CT and bronchoscopy should be performed as soon as possible to clarify the diagnosis.
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Figure Legends
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Figure 1 Chest X-ray showing thickness of texture in both lungs.
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Figure 2 Chest computed tomography A: At the plane of the T2/T3 vertebrae; B: A coronal reconstruction showing a nodular mass in the lumen of the trachea.
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Figure 3 Bronchoscopy image showing a mid-tracheal, pedicled dumbbell-shaped mass with small blood vessels on its surface.
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Figure 4 Pathological and immunohistochemical images. A: Showing long, shuttle-shaped tumor cells with an uneven distribution and fenestrated arrangement in some areas (hematoxylin and eosin, magnification, × 100); B: Positive immunohistochemical staining of S-100 protein (magnification, × 100).
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Figure 5 Bronchoscopy images. A: Removal of the mass by high-frequency electrosurgery; B: Residual anatomy after mass removal.
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Figure 6 Bronchoscopy image showing slight scarring of the trachea at the site of the original lesion.
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