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Abstract
BACKGROUND
[bookmark: OLE_LINK1]Carotid body tumor (CBT) is a chemoreceptor tumor located in the carotid body, accounting for approximately 0.22% of head and neck tumors. Surgery is the main treatment method for the disease.

CASE SUMMARY
[bookmark: _Hlk51322543][bookmark: _Hlk51316222][bookmark: _Hlk51315877]We reviewed the diagnosis and treatment of one patient who had postoperative secondary aggravation of obstructive sleep apnea–hypopnea syndrome (OSAHS) and hypoxia after surgical resection of bilateral CBTs. This patient was admitted, and relevant laboratory and imaging examinations, and polysomnography (PSG) were performed. After the definitive diagnosis, continuous positive airway pressure (CPAP) treatment was given, which achieved good efficacy.

CONCLUSION
This case suggested that aggravation of OSAHS and hypoxemia is possibly caused by the postoperative complications after bilateral CBTs, and diagnosis by PSG and CPAP treatment are helpful for this patient.
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Core Tip: The case report provides analysis and summary of a patient who had postoperative secondary aggravation of obstructive sleep apnea–hypopnea syndrome (OSAHS) and hypoxia after bilateral carotid body tumor surgical. Our study suggested that continuous positive airway pressure treatment after manual pressure titration under polysomnography monitoring is effective in treating primary or secondary OSAHS.


INTRODUCTION
Carotid body tumor (CBT) is a tumor derived from the carotid body, accounting for approximately 0.22% of the head and neck tumors[1]. CBT occurs mostly on the unilateral side. However, it can occur on bilateral sides in about 5% of the patients[2]. CBT is often closely related to the cervical sympathetic, glossopharyngeal, vagus, and hypoglossal nerves. Moreover, improper operation can result in severe damage to the craniocerebral nerves and blood vessels, leading to serious complications[3]. In 2016, a patient with secondary aggravation of obstructive sleep apnea–hypopnea syndrome (OSAHS) and hypoxemia after surgical resection of bilateral CBT underwent diagnosis and treatment in our department. The detailed report is as follows.

CASE PRESENTATION
Chief complaints
The patient reported snoring, apnea, labored breathing, occasional arousal, mental fatigue during the daytime, frequent hypersomnia, and inability to work.

History of present illness
The patient reportedly had a headache, earache, and hearing loss in the left ear for 3 mo in 2016. A magnetic resonance imaging (MRI) scan revealed bilateral carotid aneurysms at our hospital (Figure 1). In December 2016, the patient underwent a resection of the right CBT at another institution in Shanghai, China. The surgery was successful with good postoperative recovery, and did not result in specific discomfort. In July 2017, the patient was readmitted to the same hospital and underwent a resection of the left CBT. On postoperative day 1, his extended tongue was left-deflected, and symptoms of dysphagia, bucking when drinking water, and hoarseness were reported. After 1 mo of treatment, the dysphagia and bucking when drinking water were alleviated, but symptoms of left deflection of extended tongue and hoarseness did not improve. At the same time, he self-reported the aggravation of symptoms of snoring and mouth breathing during sleep at night compared with those before surgery, which was accompanied by apnea, labored breathing, and occasional arousal. In September 2017, he presented to the Department of Respiratory Medicine and Neurology of our hospital, and the results of pulmonary function test and MRI of the head were unremarkable. In September 2017, due to dizziness and headache, he presented to the community hospital for physical examination, which suggested hypertension. His blood pressure reached as high as 205/100 mmHg. However, the patient had no previous or family history of hypertension. Nifedipine sustained-release tablets (20 mg bid) were orally administered, and his blood pressure fluctuated in the range of 140-160/90-100 mmHg. During this period, no treatment for snoring or apnea was given at home, and his symptoms progressively aggravated. He reported frequent arousal caused by labored breathing at night and was unable to fall asleep normally. Long-time apneas occurred three times at night (exceeding 2 min as described by his family members), and light coma for 30 min was reported. Following this, he was admitted to the community hospital for emergency treatment where he received oxygen inhalation. After positive-pressure ventilation with a balloon mask, the symptoms improved. However, the aforementioned symptoms occurred repeatedly. He reported mental fatigue during the daytime, frequent hypersomnia, and inability to work. Also, he had been unemployed. Since the onset of the first coma, the oxygen cylinder was available at home, and oxygen therapy (2-3 L/min) through a nasal catheter was given. After the occurrence of the aforementioned discomfort repeatedly for 2 mo, in November 2017, the patient presented to our hospital and was admitted to our department for treatment.

History of past illness
There was no previous history of hypertension or lung and cerebrovascular diseases. Previously, he had snoring and mouth breathing at night, but no apnea and arousal caused by labored breathing. He had a 10-year history of anxiety, mania, and insomnia aggravated after CBT surgery. Clinical features of the patient are showed in Table 1.

Personal and family history
The patient had no family history of CBT, and he had no habit of alcohol or tobacco.

Physical examination
He was 168 cm in height and weighed 86 kg with a body mass index of 30.4. His blood pressure was 160/100 mmHg. He reported no significant change in body weight before and after the surgery (Table 1).

Laboratory examinations
Day 1: The pulmonary function test, blood test, and hepatorenal function test showed no abnormalities. Electronic laryngoscopy showed unobstructed throat, with the normal activity of the right vocal cord. The left vocal cord was fixed in the extended position. Continuous monitoring of oxygen saturation at night (23:00-07:00) was performed, and the lowest oxygen saturation (LSO2) was 45%.

Day 2: After admission, polysomnography (PSG) was performed by physicians at the sleep center of the nighttime department, and the results of sleep staging and respiratory events were determined according to the American Academy of Sleep Medicine (AASM) Manual for the Scoring of Sleep and Associated Events[4]. The PSG results are shown in Table 2. At night, the patient self-reported difficulty in breathing, and oxygen inhalation with a mask at 3 L/min (2:00 am-7:00 am) was given, but PSG showed no significant improvement in apnea and hypoxemia.

Imaging examinations
MRI of the head showed no abnormalities. Enhanced computed tomography (CT) of the cranial base and neck did not show the right CBT, and the residual lesion was seen on the left side, which was significantly smaller than that before the surgery.

FINAL DIAGNOSIS
Based on the aforementioned conditions, the physicians in the treatment group gave the diagnosis as follows: Bilateral CBT, OSAHS, hypoglossal, glossopharyngeal, and vagus nerve injuries, hypertension anxiety, and mania.

TREATMENT
[bookmark: _Hlk51322039]Sleep apnea and hypoxemia had seriously affected his life quality. Therefore, on the third and fourth days of admission, the automatic pressure titration of the bilevel positive airway pressure (BiPAP) was performed [90% time of average expiratory positive airway pressure (EPAP) was 8.5 cmH2O and 90% time of average inspiratory positive airway pressure (IPAP) was 13.5 cmH2O] with a ventilator under the monitoring of oxygen saturation at night. Simultaneously, consultation by psychiatrists was first performed for the assessment and diagnosis of the mental disease bipolar affective disorder, and medications were adjusted: Sodium valproate 0.4 g bid, escitalopram 10 mg qd, and quetiapine tablets 50 mg qd were administered. The results showed that the nocturnal hypoxia and apnea improved, and the patient reported a significant improvement in sleep quality. The patient did not experience arousal after labored breathing during sleep. In the morning, his mental state improved. However, a decrease in oxygen saturation was still observed at night, and the LSO2 was 69%. It was recommended that the patient continued to receive ventilator treatment or ventilator manual pressure titration. However, the patient had been unemployed for 1 year, and he refused further examination due to financial constraints.

OUTCOME AND FOLLOW-UP 
On the fifth day after admission, he requested for discharge and continued to take oral psychotropic drugs and nifedipine sustained-release tablets (20 mg bid) after discharge. He bought a ventilator for treatment (BiPAP automatic pressure regulation mode; minimum EPAP 6 cmH2O and maximum IPAP 15 cmH2O) at home. The patient was advised to receive follow-up for 3-6 mo. Further, monitoring of blood pressure, follow-up medications, and the use of ventilator were recommended.
At the first follow-up in March 2018, the patient reported that symptoms of snoring, mouth breathing, apnea, and other symptoms at night had improved significantly, but labored breathing and arousal occasionally occurred at night. Sometimes he felt sleepy during the day, but hypersomnia had improved. The Epworth score was 11 points. He reported an improvement in physical strength and could afford daily housework. His blood pressure was 147/95 mmHg. No change in body weight was observed. Cyanosis in the lips was seen but was improved than earlier. Conjunctival congestion disappeared. The extended tongue was left-deflected, and the left deviation of the mouth had improved. The muscle strength of the four limbs was normal. The electronic laryngoscopy showed that the throat was unobstructed, and the activity of the right vocal cord was normal. The activity of the left vocal cord was improved but was still limited. The activity of the right vocal cord was compensated, and the hoarseness was improved. Imaging examination was not performed, so it was impossible to determine whether CBT recurred. He had a stable mental state. He continued taking psychotropic and antihypertensive drugs, and the usage and dosage were the same as earlier. He reported regular oral administration of antihypertensive drugs. He was advised to continue ventilator treatment in the same way as earlier.
In June 2018, the follow-up was performed again, and the patient’s chief complaints were similar to those 3 mo earlier. Given the injury of the carotid body chemoreceptor after bilateral CBT surgery, prompt feedback was impossible to regulate breathing, and carbon dioxide (CO2) retention and hypoxemia still occurred at night. The ventilator manual pressure titration was recommended. The patient was readmitted to the hospital to undergo manual pressure titration of PSG, and the titration technique referred to the AASM guidelines for pressure titration[5]. The results showed that the ratio of each sleep stage (T1, T2, T3, and REM period)/TST was 25.4%, 44.6%, 13.6%, and 16.4%, respectively. The sleep apnea/hypopnea index was 2.6 times/h. PSG and titration results are shown in Figure 2. The patient was advised to continue ventilator treatment (BiPAP fixed pressure mode EPAP 7.5 cmH2O and IPAP 11 cmH2O) and low-flow oxygen inhalation at 1 L/min at night.
In November 2018, the patient was followed again. He reported a marked improvement in sleep quality at night, daytime physical strength, and energy. He could complete physical activities such as 2-km jogging or mountain climbing. He had found a new job, achieved certain economic status, and was satisfied with the therapeutic effect of the ventilator. He presented to the psychiatry department and reported adjustment of the use of psychotropic drugs, and the drugs were reduced as appropriate: Sodium valproate 0.4 g qd and quetiapine 50 mg qd. One month earlier, the dose of antihypertensive drugs was reduced by himself: Nifedipine sustained-release tablets 20 mg qd. His blood pressure was 137/85 mmHg; cyanosis of lips had disappeared, and the extended tongue was still left-deflected. The Epworth score was 6 points. In January 2019, the patient was followed again. He had no specific discomfort. CT of the neck and skull base was performed, showing that the space-occupying lesion on the left neck was enlarged than earlier, which was suspicious of the recurrence of the left CBT. However, the patient was worried about the postoperative complications and refused to undergo surgery again. Oral administration of psychotropic and antihypertensive drugs and ventilator treatment were continued, with the same therapeutic regime as that 3 mo ago.

DISCUSSION
The carotid body is the main chemoreceptor, which senses changes in arterial blood oxygen concentration and plays an important role in regulating the body under stress response in a hypoxic environment. The greater the CBT tumor, the higher the likelihood of damage to the vagus, hypoglossal, and glossopharyngeal nerves[6]. After analysis of the patient’s clinical data, we speculated that the secondary aggravation of OSAHS and hypoxemia after CBT surgery might be due to the following reasons (Figure 3).
After the resection of bilateral CBT, the left hypoglossal, glossopharyngeal, and vagus nerves were injured, and the muscle tone in the root of the tongue and throat decreased. Thus, the collapse of soft tissues of the upper respiratory tract during sleep could easily occur, causing airway obstruction and exacerbating OSAHS and hypoxemia.
The oral administration of psychotropic drugs before admission caused sedation, hypersomnia, and central respiratory depression, thereby exacerbating OSAHS and hypoxemia. On the contrary, continual apnea and hypoxemia during night and fatigue during the daytime caused by OSAHS might aggravate the patient’s mental disorder, such as hypersomnia, anxiety, and mania.
The carotid body is innervated by the anterior segment of the sympathetic nerve, the glossopharynx, and the vagus nerve. When the carotid body detects decreasing levels of oxygen (hypoxia), increasing levels of CO2 (hypercapnia), and decreasing pH (acidosis), it increases the respiratory rate, tidal volume, heart rate, and blood pressure together with vasoconstriction[7]. After bilateral CBT surgery, due to the injury of nerves and carotid body, the body’s sensitivity to timely feedback to regulate respiratory movement was decreased, which destroyed the rhythm and timeliness of the body’s autonomous respiration, thus leading to the time extension of apnea, which aggravated nocturnal hypoxemia and CO2 retention.
OSAHS and hypoxemia could seriously affect the life quality of the patient. Continuous positive airway pressure (CPAP) has become the preferred treatment method for OSAHS, especially for adult patients. The traditional CPAP manual pressure titration is mostly completed under the guidance of PSG, and the treatment process is time-consuming. Also, the medical expenses are high. Therefore, in this case, the automatic pressure titration was first used under the monitoring of oxygen saturation, and the patient’s condition was alleviated but the best efficacy was still not achieved. Some studies suggested that automatic titration, as well as manual titration, could determine the optimal CPAP treatment pressure, but its effectiveness and safety remain controversial[8]. In this patient, due to the complication after CBT surgery, the collapse of soft tissues of the upper respiratory tract persisted during inspiratory and expiratory breathing. CPAP treatment needs accurate and stable EPAP and IPAP pressure. Using PSG-monitored manual pressure titration, a more accurate ventilator treatment prescription was given, achieving satisfactory effects and improving his life quality.
In the meantime, due to the improvement in nighttime sleep quality and respiratory disorders, his hypertension and mental disease were also relieved. In recent years, numerous studies have shown that OSAHS is closely associated with arteriosclerosis and refractory hypertension[9].The patient’s blood pressure was elevated and tended to be stable after medication and CPAP, which also confirmed the aforementioned ideas.

CONCLUSION
Bilateral CBT is clinically rare, and the likelihood of injuries to the cervical large vessels and cranial nerves during surgery is high. The analysis and summary of the case discussed in this study suggested that the possible secondary OSAHS and hypoxemia were caused by complications after unilateral or bilateral CBT surgery. CPAP treatment after manual pressure titration under PSG monitoring was effective in treating the primary or secondary OSAHS. Also, physicians at related departments deepened their understanding of CBT and OSAHS during the diagnosis of this patient and learned and improved the techniques of PSG and pressure titration.
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Figure Legends
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Figure 1 Magnetic resonance imaging showing bilateral carotid body tumors.
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[bookmark: _Hlk51321678][bookmark: _Hlk51321697][bookmark: _Hlk51323029][bookmark: _Hlk51323041]Figure 2 Manual pressure titration and pressure profile of the whole night manual pressure titration. A: Manual pressure titration before oxygen therapy: During the whole-night pressure titration, at 1:43 am, the patient had no respiratory events or snoring, but saturation of pulse oximetry (SpO2) fluctuated between 85% and 88%; B: Manual pressure titration after oxygen therapy: Oxygen therapy at 1 L/min was given at 4:28 am. He reported no respiratory events or snoring during rapid eye movement sleep, and SpO2 fluctuated between 89% and 92%; C: Pressure profile of the whole night manual pressure titration: The whole-night pressure titration was 90% expiratory positive airway pressure 7.5 cmH2O and 90% inspiratory positive airway pressure 11 cmH2O. Pressure titration achieved good effects. IPAP: Inspiratory positive airway pressure; EPAP: expiratory positive airway pressure.

[image: ]
Figure 3 Flow chart illustrating the physiopathologic mechanism of the secondary aggravation of obstructive sleep apnea–hypopnea syndrome and hypoxemia. CBT: Carotid body tumor; OSAHS: Obstructive sleep apnea–hypopnea syndrome; Po2: Oxygen pressure; Pco2: Carbon dioxide pressure; HCO3: Bicarbonate.

Table 1 Clinical features of the patient
	A 39-year-old man, Han nationality

	Basic data

	Height, 168 cm; body weight, 86 kg; BMI, 30.4; blood pressure, 160/100 mmHg. No significant change in body weight occurred before and after the surgery

	Symptoms

	Snoring; apnea; labored breathing; occasional arousal; mental fatigue during the daytime; frequent hypersomnia; inability to work

	Sign

	Cyanotic lips; conjunctival congestion; mouth deviation to the left; and shallow nasolabial fold. The extended tongue was left-deflected. The tonsil was enlarged (grade I), and the body and base of the tongue and soft palate showed hypertrophy. The Friedman stage was type III. The muscle strength of the four limbs was normal. No dyspnea and three concave signs were noted. The Epworth hypersomnia scale (ESS) scored 21 points. The breath sounds of both lungs were clear, and the heart rhythm was regular. No pathological murmurs were heard

	History of disease

	[bookmark: OLE_LINK2]No family history of CBT; No alcohol or tobacco; No previous history of hypertension or  lung and cerebrovascular diseases. Previously, he had snoring and mouth breathing at night, but no apnea and arousal caused by labored breathing. He had a 10-yr history of anxiety, mania, and insomnia aggravated after CBT surgery

	Drugs

	Risperidone tablets (4 mg qd); sodium valproate (0.2 g bid); quetiapine (50 mg qd); and nifedipine sustained-release tablets (20 mg bid)


[bookmark: _Hlk51569707]BMI: Body mass index; CBT: Carotid body tumor.

Table 2 Polysomnography results
	Polysomnography results

	Sleep date: Ratio of each sleep stage/TST

	T1
	46.2%

	T2
	31.2%

	T3
	3.2%

	REM
	19.4%

	Apnea

	AHI
	22.3 times/h

	Obstructive sleep apnea
	106 times; Maximum duration, 192 s

	Sleep microarousal index
	25.3 times/h

	SpO2

	Lowest awake SpO2
	76%

	Lowest sleep SpO2
	36%

	Total time of SpO2 below 90%/TST
	30.4%


[bookmark: OLE_LINK2107][bookmark: OLE_LINK2108]TST: Total sleep time; REM: Rapid eye movement; AHI: Apnea–hypopnea index; SpO2: Saturation of pulse oximetry.
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