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Abstract
BACKGROUND
[bookmark: OLE_LINK3836][bookmark: OLE_LINK3837]Video-assisted thoracic surgery (VATS) lobectomy is a common treatment for patients with early-stage lung cancer. Some patients can experience slight gastrointestinal discomfort after lobectomy for a moment. Gastroparesis is a gastrointestinal disorder that can be severe; it is associated with an increased risk of aspiration pneumonia and impaired postoperative recovery. Here, we report a rare case of gastroparesis after VATS lobectomy.

CASE SUMMARY
A 61-year-old man underwent VATS right lower lobectomy uneventfully but had an obstruction of the upper digestive tract 2 d after surgery. Acute gastroparesis was diagnosed after emergency computed tomography and oral iohexol X-ray imaging. After gastrointestinal decompression and administration of prokinetic drugs, the patient’s gastrointestinal symptoms improved. Since perioperative medication was applied according to the recommended dose and there was no evidence of electrolyte imbalance, intraoperative periesophageal vagal nerve injury was the most likely underlying cause of gastroparesis.

CONCLUSION
Although gastroparesis is a rare perioperative complication following VATS, clinicians should be on the alert when patients complain about gastrointestinal discomfort. When surgeons resect paraesophageal lymph nodes with electrocautery, excessive ambient heat and compression of paraesophageal hematoma might induce vagal nerve dysfunction.
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[bookmark: OLE_LINK3917][bookmark: OLE_LINK3918]Core Tip: While postoperative gastroparesis is quite common in patients undergoing vagotomy for peptic ulcers and pylorus-sparing pancreatoduodenectomy, there are few reports following lobectomy. We report a rare case of gastroparesis after video-assisted thoracoscopic surgery. Since there was no evidence of drug-induced or electrocyte disorder-related gastrointestinal dysfunction, intraoperative periesophageal vagal nerve injury was most likely to account for gastroparesis. Clinicians should keep in mind that there is a potential possibility of vagal nerve injury after thoracic surgery even without direct nerve operation. For patients suffering gastroparesis after video-assisted thoracic surgery, conservative treatment, including gastrointestinal decompression and prokinetic medicines, can help relieve symptoms.


INTRODUCTION
According to the Global Cancer Statistics 2020 report, lung cancer is one of most common cancers worldwide, with an estimated 2.2 million new cases in 2020 and making up 11.4% of all cancer cases[1]. Curative surgery is the preferred treatment approach for patients with early-stage lung cancer. Over the past two decades, video-assisted thoracic surgery (VATS) has become an alternative to open thoracotomy with the advantage of being minimally invasive[2]. Compared with open thoracotomy, patients receiving VATS tend to experience less postoperative pain and fewer complications, and VATS has been indicated to have comparable or superior oncologic outcomes to thoracotomy[2,3]. A retrospective study carried out in China showed that the VATS rate for lung cancer was 47.6% nationwide, and in some hospitals, the rate even reached 89.7%[4]. The most common complications following VATS are prolonged air leakage, bleeding, infection and postoperative pain[5]; few patients experience gastrointestinal disorders after surgery[6,7].
Gastroparesis is an annoying gastrointestinal disorder associated with symptoms such as epigastric discomfort, abdominal pain, nausea, vomiting, and bloating. While postoperative gastroparesis is quite common in patients undergoing vagotomy for peptic ulcers and pylorus-sparing pancreatoduodenectomy, there are few case reports demonstrating delayed gastrointestinal emptying following pulmonary lobectomy. Here, we report a case of gastroparesis after VATS lobectomy.

CASE PRESENTATION
Chief complaints
A 61-year-old man complained about early satiety and postprandial fullness 2 d after VATS right lower lobectomy.

History of present illness
The patient drank clear fluid 2 h after VATS and had his first meal the next morning after surgery, which was in line with routine care in our hospital. At first, he complained about early satiety and postprandial fullness after eating food. Two days after surgery, gastrointestinal symptoms were aggravated, as the patient appeared to have upper abdominal pain and vomited a large amount of yellow-green fluid. During the process of the disease, exhaust and defecation were not impeded.

History of past illness
[bookmark: OLE_LINK3840][bookmark: OLE_LINK3841]He presented to our hospital with coughing for the past three months. He had a chest computed tomography (CT) one month before, which showed a 6.0 cm × 4.4 cm mass in the right lower lobe of the lung with hilar and mediastinal lymphadenopathy. The subsequent bronchoscopic pulmonary biopsy failed to confirm the pathological nature of this mass.
Since the onset of symptoms, he lost 6 kg of weight even though there was no significant change in his diet and appetite.
[bookmark: OLE_LINK946][bookmark: OLE_LINK947]VATS right lower lobectomy was carried out under general anesthesia combined with a paravertebral block. We exposed the thoracic cavity using a horizontal incision through the muscle between the fourth and fifth intercostal spaces, and no malignant pleural nodules or pleural effusions were found during thoracoscopic exploration. As the tumor was closely adhered to the pleura, electrocautery was used for dissection, and the right lower lobe was sealed smoothly with an endoscope linear stapler (PSE60-GIA, Johnson & Johnson, New Brunswick, NJ, United States). Subcarinal, paraesophageal and bronchial lymph node stations were dissected using monopolar electrocautery. The surgery was performed with caution, and there was no direct evidence of iatrogenic nerve injury. During the surgery, an accumulated dose of 25 µg sufentanil was intermittently administered, and the target concentration of remifentanil at the effect site was maintained at 3 ng/mL. The total duration of this surgery was 3 h and 52 min, and the total blood loss was 300 mL. The patient used patient-control analgesia with sufentanil (1 µg/mL), which was programmed to deliver 2-mL boluses with a lockout interval of 8 min and a background infusion of 1 mL/h. According to paraffin pathological sections, the tumor was invasive adenocarcinoma with a maximum diameter of 4 cm, and no metastasis was observed in any of the examined lymph nodes (T2aN0M0 according to the eighth edition of TNM classification of lung cancer)[8].

Personal and family history
The patient had no symptom-related medical history but had smoked for many years. He denied any family history of gastrointestinal dysfunction.

Physical examination
On physical examination, the vital signs were as follows: body temperature, 36.8 ℃; blood pressure, 127/68 mmHg; heart rate, 79 beats per min; and respiratory rate, 19 breaths per min. Furthermore, abdominal examination revealed a distended abdomen, and the bowel sounds were diminished on auscultation. When we rocked him back and forth from the hip, a succussion splash was elicited.

Laboratory examinations
The electrolyte levels were within the normal limits (Table 1). No abnormalities were found in routine blood and urine analyses.

Imaging examinations
Emergency abdominal CT showed multiple effusions in the esophagus, while the massively dilated stomach and proximal duodenum contained a mass of fluid. The inferior edge of the distended stomach reached the pelvic cavity (Figure 1). Oral iohexol X-ray imaging was carried out after gastrointestinal decompression and demonstrated delayed gastric emptying (10 min after ingestion of iohexol, the first sign of passage into the duodenum was observed, and some contrast agent was retained in the stomach 4 h after administration) (Figure 2).

FINAL DIAGNOSIS
The patient’s presentation, physical examination, and laboratory and radiographic investigations narrowed the working diagnosis to digestive tract obstruction or acute gastroparesis. Since CT showed no obstructing mass or stenosis in the gastrointestinal tract, the diagnosis of acute gastroparesis was more likely. The only postoperative medication interfering with gastrointestinal function was sufentanil, which was infused at a low dose for analgesia, and we ceased the opioid immediately after the onset of gastrointestinal dysfunction. Drug-related gastrointestinal motility disorder was less likely to explain the marked nausea and vomiting, and the symptoms did not improve after drug withdrawal. Since there was no evidence of electrolyte imbalance, the most likely underlying cause of gastroparesis was vagal nerve injury during surgery.

TREATMENT
Gastrointestinal decompression was implemented immediately to relieve gastrointestinal symptoms. After draining out 2600 mL of gastric contents, the patient’s symptoms improved significantly. Meanwhile, medication interfering with gastrointestinal function, such as sufentanil, was ceased immediately. We provided parecoxib at a dose of 40 mg twice daily as an alternative for analgesia since the patients had no contraindication. Prokinetic drugs such as metoclopramide and cisapride were administered according to medication instructions to enhance the patient’s recovery of gastrointestinal function. Gastroenterologists and nutritionists were consulted to formulate a specific therapy plan. As the patient could not tolerate enteral nutrition, parenteral support (structolipid and compound amino acid injection) was given to compensate for the need for nutritional supplementation. Antiemetics were used to relieve nausea and vomiting, and a proton-pump inhibitor was used to protect the mucosa from gastric acids.

OUTCOME AND FOLLOW-UP
Six days later, the patient was symptom-free and developed progressive feeding tolerance. He was discharged from the hospital 10 d after surgery and was able to tolerate a normal diet at the 30-d postoperative follow-up.

DISCUSSION
Surgery is the standard treatment for curable patients (clinical stage I and II non-small cell lung cancer) in whom there is no evidence of mediastinal involvement prior to surgical resection. VATS is a minimally invasive approach to the treatment of early-stage non-small cell lung cancer and has been reported to decrease postoperative complications, especially for those with significant medical comorbidities[2,3,9]. While the most common complication following thoracic surgery is pneumonia, there are few case reports on gastrointestinal disorders secondary to VATS lobectomy[5-7].
Gastroparesis is an annoying gastrointestinal disorder defined by delayed gastric emptying in the absence of a mechanical obstruction, with symptoms of nausea, vomiting, bloating, and abdominal pain. Diabetes with poor glycemic control is the most common etiology of gastroparesis[10]. The normal motor function of the gastrointestinal tract is a complex sequence of events mediated by an extrinsic nerve supply from the brain and spinal cord, complex neuronal plexus and other intrinsic or enteric pathways within the wall of the stomach and intestine (the enteric brain). They work together and alter the excitability of gastrointestinal smooth muscle. Abnormalities in any part of the sequence can result in delayed gastric emptying[11]. Previous studies have reported that some patients developed gastroparesis after surgery; among these patients suffering from gastroparesis, two-thirds had undergone therapeutic vagotomy for peptic ulcers[12]. Opioids used for postoperative analgesia can also aggravate gastrointestinal dysfunction[13]. However, the most common opioid-related gastrointestinal complication was constipation after long-term treatment with high-dose opioids[14,15]. In this case report, the patient received opioids at a low dose for a short duration and had no evidence of electrolyte imbalance, restricting the most likely underlying etiology to thoracic autonomic nervous system injury during the surgery. The sympathetic fibers innervating the stomach can cause contraction of the pylorus and reduce gastric blood flow, while the vagal nerves promote the secretion of gastrin and acid and relax the pyloric sphincter during gastric emptying[16]. Generally, they work together to coordinate gastrointestinal activity, and when the vagal nerves are injured, the activity of the sympathetic nerves will be enhanced.
The vagal nerves run behind the root of the lung and form the anterior and posterior esophageal plexuses, which are distributed along the front and back of the esophagus, respectively. Then, they merge into the anterior vagal trunk and the posterior vagal trunk, passing through the esophageal hiatus into the abdominal cavity and innervating the gastric glands and muscularis[17]. Gastroparesis has been reported as a complication after heart and lung transplantation because the vagal nerves are at high risk of injury when surgeons dissect the native lung[18]. The use of immunosuppressive medications and the progression of preexisting motility disorders aggravate gastrointestinal dysfunction in patients with end-stage lung disease as well[18]. In this case, the only medication disturbing gastrointestinal function was sufentanil, which was infused at a low dose and ceased immediately after the onset of gastrointestinal discomfort. There was no evidence of electrolyte imbalance or previous gastrointestinal disorder. The most likely underlying cause of gastroparesis was vagal nerve injury. However, no manipulation of the vagal nerve was performed during surgery, which excluded the possibility of direct neuronal damage. However, it is likely that the vagal nerve was exposed to edema caused by excessive ambient heat when we resected paraesophageal lymph nodes with electrocautery. Another possible reason accounting for the development of gastroparesis is that the thoracic vagal nerve might be compressed by a tiny paraesophageal hematoma, which would also influence the function of the vagal nerve for a while.
Although most patients suffering from gastroparesis after abdominal surgery can recover spontaneously without therapy, the alleviation of gastroparesis symptoms after thoracic surgery is still unknown. If the etiology of gastrointestinal dysfunction is reversible, conservative management (such as antacid use, raising the head of the bed, and frequent small meals) is effective for some patients with mild symptoms. Moreover, prokinetics such as metoclopramide and cisapride can be administered to improve gastric emptying and enhance the recovery of gastrointestinal function in most patients[12]. Since the most common etiology of gastroparesis after thoracic surgery is vagal nerve injury, surgical intervention can be considered if the symptoms are refractory and last for more than one year. Recently, surgical interventions, including pyloroplasty and gastrojejunostomy, have been indicated to be effective in treating refractory gastroparesis[12,19,20]. However, the proportion of patients receiving surgical treatment has yet to be studied. In this case, there was no direct damage to the patient’s vagal nerve, which allowed for gastrointestinal symptom relief after decompression with a nasogastric tube and medication with metoclopramide and cisapride. We also had some limitations regarding the management of this patient. First, the etiology of gastrointestinal dysfunction is putative, and it was impractical to assess the severity of nerve injury. After excluding other causes, intraoperative autonomic nervous system injury was the most likely etiology for the patient’s gastroparesis. Second, the gold standard for the diagnosis of gastroparesis is delayed gastric emptying on scintigraphy[21], but the patient refused to be examined due to financial reasons. We chose oral iohexol X-ray imaging as an alternative to evaluate gastrointestinal motility.

CONCLUSION
In this article, we report a rare case of gastroparesis after VATS lobectomy. The most likely etiology of the patient’s postoperative gastroparesis was indirect vagal nerve injury during the surgery. In this procedure, no direct manipulation of the vagal nerves was performed, but neuronal edema caused by electrocautery or compression of a tiny hematoma might account for transient gastrointestinal dysfunction. For patients suffering severe nausea and vomiting after thoracic surgery, gastroparesis should be considered after exhaustive inspection. Early detection and early treatment are vital to the recovery of patient gastrointestinal function.
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Figure Legends
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Figure 1 Computed tomography axial views of the abdominopelvic cavity 2 d after video-assisted thoracic surgery. A: The red circle represents the scope of the stomach. In the abdominal cavity section, we can see severe distention in the stomach; B: The red circle represents the scope of the stomach. In the pelvic cavity section, we can see that the inferior edge of the stomach reached the pelvic cavity.
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Figure 2 Oral iohexol X-ray imaging at 10 min (left) and 4 h (right) after administration of contrast agent. A: 10 min after ingestion of iohexol, the first sign of passage to the duodenum was observed; B: Some contrast agent was retained in the stomach 4 h after administration.

Table 1 Perioperative biochemical examination
	
	Before surgery
	First day after surgery
	Third day after surgery
	At discharge from hospital

	Albumin (g/L)
	31.9
	29.2
	32.1
	29.8

	Creatinine (µmol/L)
	60.1
	65.08
	82.38
	50.85

	Natrium (mmol/L)
	132.46
	137.61
	137.42
	136.54

	Potassium (mmol/L)
	4.06
	4.78
	4.29
	4.43

	Magnesium (mmol/L)
	0.86
	0.86
	1.03
	0.92
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