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Abstract
BACKGROUND
Gastrointestinal subepithelial tumors (GSTs), incidentally detected during upper gastrointestinal (GI) endoscopy, may be lesions derived from the GI wall or may be caused by compression from external organs. In general, traumatic neuroma is a benign nerve tumor that results from postoperative nerve injury, occurring in the bile duct as one of the complications after cholecystectomy. This is the first case report demonstrating that neuroma of the cystic duct can be incorrectly perceived as a duodenal subepithelial tumor by compressing the duodenal wall.

CASE SUMMARY
We report the case of a 72-year-old man with traumatic neuroma of the cystic duct after cholecystectomy. This tumor was mistaken for a duodenal subepithelial tumor on preoperative upper GI endoscopy and endoscopic ultrasonography due to external compression of the GI wall. The patient had no symptoms, and his laboratory test results were normal. However, in a series of follow-up endoscopies, the tumor was found to have grown in size, so it was surgically resected. The lesion was completely removed by laparoscopic endoscopic cooperative surgery. The patient was discharged on postoperative day 7 without complications. 

CONCLUSION
Traumatic neuroma of the cystic duct can be mistaken for GSTs in GI endoscopy.
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Core tip: Traumatic neuroma of the cystic duct is rare. In these cases; we have shown that this tumor can be mistaken for gastrointestinal subepithelial tumors (GSTs) by compression of the gastrointestinal wall. Abdominal computed tomography reports and patients’ medical history need to be considered before choosing surgical ablation of GSTs. In addition, it is recommended to consider laparoscopy and endoscopy cooperative surgery when surgically resecting a gastroduodenal subepithelial tumor.

INTRODUCTION
A gastrointestinal subepithelial tumor (GST) is defined as a mass that arises from outside the gastrointestinal (GI) wall or from layers other than the submucosa (lamina propria to muscularis propria)[1]. According to several previous studies, GSTs are found in 0.36%-1.94% of upper GI endoscopy procedures depending on patient characteristics[2,3]. Although GSTs can cause GI symptoms such as abdominal pain, bleeding, GI tract obstruction, and weight loss, most patients with GSTs have no symptoms or signs specific to the disease, and GSTs are generally incidental findings during upper GI endoscopy[4]. The prevalence of GST has been increasing due to endoscopic screening for medical examinations[3,4]. The indication for surgical resection is symptomatic GST, histologically diagnosed as a malignant or potentially malignant tumor such as a gastrointestinal stromal tumor (GIST) or neuroendocrine tumor. The size of GST is more than 5 cm or is increasing[2,5]. 
Traumatic neuroma (TN) is a non-neoplastic proliferation at the site of nerve injury and is a known complication of surgery. It was reported in a previous study that TNs are found in autopsies of up to 10% of patients who underwent cholecystectomy[6]. It can also occur in the bile duct after open or laparoscopic cholecystectomy, or after biopsy by cholangiography[7,8]. Some patients with TN are diagnosed with acute cholangitis, with symptoms such as right upper quadrant pain and jaundice[9]. In addition, elevated CA 19–9 levels can be detected on laboratory findings, even though it is a benign lesion[10]. However, most patients do not have clinical symptoms or signs[11]. 
[bookmark: OLE_LINK151][bookmark: OLE_LINK152]Here, we present the case of a 72-year-old man with TN of the cystic duct after cholecystectomy that was mistaken for a GST on upper GI endoscopy and endoscopic ultrasonography (EUS) before surgical resection. In addition, we discuss laparoscopic endoscopic cooperative surgery for duodenal neoplasms (D-LECS).

CASE PRESENTATION
Chief complaints
A 72-year-old man visited our outpatient clinic because of a duodenal subepithelial tumor (DSET) seen on upper gastrointestinal endoscopy during a medical checkup at another hospital.

History of present illness
The DSET was an incidental finding during an upper GI endoscopy procedure performed on the patient 6 years ago, and since then, the patient has been regularly followed-up at local clinics.

History of past illness
He had a history of abdominal surgery that included a cholecystectomy performed 30 years ago because of abdominal trauma.

Physical examination
There were no special findings on physical examination, and the patient had no upper abdominal symptoms.

Laboratory examinations
The results of his laboratory test, which included tests for tumor markers, were normal.

Imaging examinations
On endoscopy, a round, elevated mass, approximately 2 cm in size, was found in the duodenal bulb. On comparing the current size of the lesion on endoscopy 6 years ago, it was suspected that the lesion had increased in size (Figure 1A). 

Further diagnostic workup
We performed EUS and contrast-enhanced computed tomography (CT) to identify the tumor. On EUS, an 18 mm hypoechoic mass was found in the muscularis propria layer of the duodenal wall (Figure 1B). On CT, a 1.4 cm mass was observed near the duodenal wall and the cystic duct stump, and a round cyst was seen along the side (Figures 1C and 1D). It was difficult to determine if the lesion originated from the duodenal wall or from the cystic duct. Although the patient did not have any symptoms, such as pain, jaundice, or weight loss, and the results of laboratory tests, which included tests for tumor markers, were normal, we decided to surgically resect the tumor because serial follow-up endoscopy showed that the tumor had increased in size.

FINAL DIAGNOSIS
Based on the surgical resection of the tumor, microscopic examination of the specimen revealed spindle cell proliferation arranged in short bundles and intervening cleft artifacts. Prominent palisading was not found, and spindle cells were positive for S100 protein (Figure 2A and 2B). The pathological diagnosis was neuroma of the remnant cystic duct. 

TREATMENT
Under general anesthesia and using the laparoscopic approach, we accessed the abdominal cavity. The abdominal cavity had very severe adhesions due to previous surgery, and the pylorus of the stomach and the duodenal bulb were fully attached to the gallbladder bed. After careful adhesiolysis and dissection of the gastroduodenal ligament, we isolated the mass between the common bile duct and the duodenal wall (Figure 3A). It was difficult to visually determine the origin of the mass. We performed D-LECS to remove the lesion while minimizing injury to adjacent organs. 
An intraoperative endoscope was inserted into the duodenum to determine the exact location of the lesion. The wall around the lesion was incised using an insulation-tipped electrosurgical knife so that the lesion could be examined under the laparoscope (Figure 3B). The duodenal wall and the lesion were resected circumferentially using an ultrasonically activated device, and primary repair of the duodenal wall defect was performed using the laparoscopic barbed suture. After resection of the mass and duodenal wall, en-block resection of the mass and cystic duct origin was performed as the mass could not be resected separately from the cystic duct stump (Figures 3C and 3D). Frozen biopsy of the specimen (Figure 2C and 2D) was performed. The result of the frozen biopsy was not DSET but the TN of the cystic duct. Finally, endoscopy was performed to ensure that the defect was properly closed and that there were no immediate complications such as bleeding or stricture. 

OUTCOME AND FOLLOW-UP
The patient was discharged on postoperative day 7 with no complications. During the 1-month follow-up period, the patient had no particular symptoms. We are going to have a follow-up abdomen CT after 3-mo.

DISCUSSION
We report a case of TN of the remnant cystic duct that was mistaken for DSET on upper GI endoscopy. 
  GST seen on upper GI endoscopy is a protruding lesion or lump with an intact mucosa. It can be divided based on etiology into 2 categories, namely non-neoplastic GST and neoplastic GST. In general, non-neoplastic GST is caused by compression by extra-GI organs, malignant tumors, or benign pathologic lesions[5,12]. It has been reported in previous studies that further evaluation using techniques such as EUS, EUS-guided fine-needle aspiration, and abdominal CT is recommended to obtain additional information about the lesion for differential diagnosis[1,4,5]. In this case, we performed EUS and abdominal CT to obtain more information on the lesion. EUS revealed a hypoechoic mass in the muscularis propria layer of the duodenal wall, and this finding was considered to be consistent with DSETs. Abdominal computed tomography (CT) revealed a mass between the duodenal bulb and the cystic duct. It was difficult to make an accurate diagnosis due to the discrepancy between EUS and abdominal CT findings. 
 Bile duct neuroma is a rare lesion caused by trauma secondary to cholecystectomy, and it is found in the autopsies of up to 10% of patients who underwent cholecystectomy[6]. It has been reported that bile duct neuroma occurs between several months to 40 years after cholecystectomy, and most patients with bile duct neuroma have no symptoms [11]. Our patient underwent cholecystectomy 30 years ago, and the lesion was discovered in our patient by accident even though he had no symptoms. 
  In a retrospective study of patients with small (< 2 cm in size) GSTs who underwent surgery due to an increase in the size of the lesions, the diagnosis was GIST in > 90% of the patients and benign schwannoma in < 10% of the patients[13]. Therefore, it is recommended to resect GSTs that increase in size[5,13]. Due to similarities in clinical presentation such as intermittent symptoms and jaundice, cholangiocarcinoma is considered in the differential diagnosis of bile duct neuroma[7,11]. Therefore, surgery is indicated in most cases to confirm the diagnosis[6,11,14]. If the duodenal wall is the origin of the lesion, an increase in size is observed, and if the origin of the lesion is the cystic duct, it should be distinguished from cholangiocarcinoma. For this reason, we recommended surgical resection of the lesion in our patient. 
  We performed D-LECS to surgically resect the lesion. Since Hiki et al[15,16] described laparoscopic endoscopic cooperative surgery (LECS) for gastric SETs, many surgeons have used this procedure. It has been reported that LECS is safe and suitable for patients with gastric SETs. It has also been reported in some studies that LECS was used to treat patients with duodenal lesions (i.e., D-LECS) and that it is a safe and feasible procedure[17–19]. We performed D-LECS on our patient, and he was discharged without complications. 
A limitation in this case report is our inability to find a single or specific diagnostic method to identify TN or to distinguish TN from GST. However, a single case report is insufficient to achieve this. Further studies with more patients with TN will be needed.

CONCLUSION
It is known from numerous reports in medical literature that external compression can result in various medical conditions that mimic GST. We have shown in this case that TN can result in external compression of the GI wall. It has been reported that EUS can differentiate GST from other lesions caused by external compression. However, for accurate diagnosis of GST, EUS imaging alone is not recommended because EUS has a low accuracy rate of diagnosis for GST (30.8%-66.7%)[5,20,21]. Therefore, when determining the surgical treatment of GST, information on the lesions obtained using different diagnostic methods and information on patient medical history should be comprehensively considered.
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Figure Legends
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Figure 1 Preoperative tumor evaluation A: Upper gastrointestinal endoscopy showing a lesion protruding into the lumen of the duodenal bulb; B: Endoscopic ultrasonography showing a hypoechoic lesion 1.8 cm in size; C: Coronary view of abdominal computed tomography (CT) showing a small enhancing nodule 1.4 cm in size (yellow arrow) between the cystic duct and the duodenal bulb; D: Axial view of abdominal CT showing the lesion (yellow arrow). 
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Figure 2 Histological findings of tumor and specimen. A: Microscopic view of a neuroma showing spindle cell proliferation arranged in short bundles and intervening cleft artifact (white arrows, hematoxylin and eosin staining; magnification x 200); B: Lesion tests positive for S100 protein; C: Macroscopic findings of resected duodenal wall (purple arrow), lesion (yellow arrow), and cystic duct (black arrow); D: Incised specimen showing a hard mass (blue arrow) with the cystic portion (red arrow) adjacent to the duodenal wall (purple arrow) and the cystic duct (black arrow).
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Figure 3 Operative procedure of laparoscopic endoscopic cooperative surgery for duodenal neoplasms A: Lesion (yellow arrow) between the duodenal bulb and common bile duct; B: Partial perforation of the duodenal wall using insulation-tipped electrosurgical knife during endoscopy; C: Lesion (yellow arrow) is difficult to identify between the resected duodenal wall (white arrow) and cystic duct (black arrow); D: View after resection of lesion and repair of duodenal wall.
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