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Abstract
BACKGROUND
Gastric ectopic pancreas (GEP) is a rare developmental abnormality that refers to the existence of pancreatic tissue in the stomach with no anatomical relationship with the main pancreas. It is usually difficult to diagnose through histological examination, and the choice of treatment method is crucial.

AIM
To describe the endoscopic ultrasound characteristics of GEP and evaluate the value of laparoscopic resection (LR) and endoscopic submucosal dissection (ESD).

METHODS
Forty-nine patients with GEP who underwent ESD and LR in the Second Affiliated Hospital of Fujian Medical University from May 2018 to July 2023 were retrospectively included. Data on clinical characteristics, endoscopic ultrasonography (EUS), ESD, and LR were collected and analyzed. The characteristics of EUS and the efficacy of the two treatments were analyzed.

RESULTS
The average age of the patients was 43 years, and the average maximum diameter of the lesions was 1.55 cm. The lesion originated from the mucosa in one patient (2.04%), from the submucosa in 42 patients (85.71%), and from the muscularis propria in 6 patients (12.25%). Twenty-nine patients (59.20%) with GEP showed umbilical depression on endoscopy. The most common initial symptom of GEP was abdominal pain (40.82%). Tumor markers, including CEA and CA-19-9, were generally within the normal range. One patient (2.04%) with GEP had increased CEA and CA-19-9 levels. However, no cancer tissue was found on postoperative pathological examination, and tumor markers returned to normal levels after resecting the lesion. There was no significant difference in surgery duration (72.42 ± 23.84 vs. 74.17 ± 12.81 min) or hospital stay (3.70 ± 0.91 vs. 3.83 ± 0.75 d) between the two methods. LR was more often used for patients with larger tumors and deeper origins. The amount of bleeding was significantly higher in LR than in ESD (11.28 ± 16.87 vs. 16.67 ± 8.76 mL, P < 0.05). Surgery was associated with complete resection of the lesion without any serious complications; there were no cases of recurrence during the follow-up period.

CONCLUSION
GEP has unique characteristics in EUS. LR and ESD seem to be good choices for treating GEP. LR is better for large GEP with a deep origin. However, due to the rarity of GEP, multicenter large-scale studies are needed to describe its characteristics and evaluate the safety of LR and ESD.
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Core Tip: Gastric ectopic pancreas (GEP) is a rare disease. At present, the study on GEP is mostly limited to case reports. Endoscopic ultrasonography (EUS) is the main examination method for the diagnosis of GEP. We summarized the characteristics of GEP under EUS and compared the advantages and disadvantages of laparoscopic resection and endoscopic submucosal dissection in the treatment of GEP. Both methods are safe and feasible. Due to the low incidence of this disease, we look forward to multicenter studies with large sample sizes.

INTRODUCTION
Ectopic pancreas (EP) is a well-differentiated pancreatic tissue without anatomical or vascular contact with the pancreas[1]. The most common site for EP is the stomach, followed by the duodenum and jejunum, often involving the submucosa, muscularis propria, and/or subserosal layer[2,3]. The exact pathogenic mechanism of heterotopic pancreas in humans is unknown. Currently, there are three theories: (1) Pancreatic cells abnormally enter the developing gastrointestinal system; (2) pancreatic metaplasia occurs in other endodermal tissues during embryonic development; and (3) there are totipotent cells within the endoderm that differentiate into pancreatic tissue[4]. After the complete development of a gastric EP (GEP), it can be histologically divided into four types: Type 1 that is composed of acini, ducts, and islet cells; type 2 that is only composed of catheters; type 3 that is only composed of acini; and type 4 that is only composed of islet cells[5].
Generally, EP has no clinical manifestations, and most cases are found incidentally during digestive endoscopy or radiological examination. Most symptomatic patients have large lesions causing intussusception or bleeding[6]. The incidence of EP is very low. According to relevant studies, the incidence of EP in abdominal surgery is 0.20%-0.25%, and the detection rate in autopsy is 0.55%-13%[7]. GEP is often difficult to diagnose. Most asymptomatic patients do not need surgery or endoscopic resection; thus, it is difficult to obtain pathological results. EP may mimic other submucosal tumors, particularly gastrointestinal stromal tumor (GIST) with malignant potential. Due to nonspecific imaging findings, it is difficult to differentiate between EP and other submucosal tumors, such as GISTs[6,8].
Endoscopic ultrasonography (EUS) combines gastrointestinal endoscopy and ultrasound imaging and outperforms computed tomography (CT) and magnetic resonance imaging in identifying gastrointestinal submucosal lesions or pancreatic cystic disease[9]. Park et al[8] retrospectively analyzed 26 pathologically confirmed patients with EP who underwent EUS and found that EP has unclear borders, lobulated edges, and anechoic duct-like structures. These features have potential value in differentiating between EP and other gastric submucosal tumors (SMTs). Hirai et al[10] applied radiomics and artificial intelligence to predict common types of subcutaneous lesions, such as gastric stromal tumors and EP, in EUS images and concluded that the diagnostic efficacy of artificial intelligence in classifying subepithelial lesions is superior to that of experts, improving the accuracy of clinical diagnosis.
Laparoscopic resection (LR) and endoscopic submucosal dissection (ESD) are both recommended methods for SMTs[11]. We have not found any studies comparing LR with ESD for treating GEP. Data on the safety and efficacy of these two approaches are rare. We applied EUS to describe the characteristics of GEP and distinguish it from other gastric mesenchymal tumors. We compared the two surgical methods to provide evidence for treating GEP.

MATERIALS AND METHODS
Patients
We conducted a retrospective study in the Second Hospital of Fujian Medical University. Those who underwent LR and ESD between May 2018 and July 2023 were identified, and data were retrospectively collected from the patient electronic database. The protocol of this study was reviewed and approved by the Ethics Committee of the Second Affiliated Hospital of Fujian Medical University.

Ultrasound image analysis and clinical features
Image analysis, including lesion location, size, origin, internal echo characteristics, internal presence of echo or pipeline structure, echo intensity, edge, umbilical or central depression, etc., were collected.
According to the endoscopic findings, the location of the lesion was divided into the gastric body, gastric angle, and gastric antrum. In EUS, the gastric wall is divided into five layers, namely, the mucosal layer, muscularis mucosa, submucosal layer, muscularis propria, and serosal layer from the inside to the outside. Echo intensity was classified into hypoechoic or hyperechoic, internal echo into homogeneous or heterogeneous, and edge into clear or unclear.
The clinical characteristics of the patients, including age, sex, initial symptoms, serum CEA, serum CA-199, treatment methods, operation time, intraoperative blood loss, hospital stay, postoperative follow-up, and other data, were collected.

Methods of endoscopic resection
ESD of GEP was performed as follows: (1) Labeling: A high-frequency electric generator was used with the parameters set at 3-2-4. The electric coagulation power was 50 W, and the Dual-knife was used for circumferential electrocoagulation labeling on the periphery of the lesion (Figure 1A); (2) submucosal injection: The glycerin fructose-methylene blue-epinephrine mixture was injected to the submucosal layer, and the lifting sign was positive (Figure 1B); (3) an incision was made along the mark: After satisfactory uplift, a circumferential incision was performed with dual-knife along the lateral edge of the mark to expose the yellow submucosal mass (Figure 1C); (4) tumor resection: The lesions were dissected along the submucosa with a dual-knife, and submucosal injections were repeatedly performed during dissection to maintain adequate elevation of the lesions. Timely electrocoagulation was used to expose blood vessels and bleeding points during the surgery, and the lesions were completely dissected (Figure 1D); (5) wound treatment: If the wound left a small amount of residual yellow organization, a hot biopsy was used for burning in addition to hemostatic treatment and clamp closure of the wound (Figure 1E); and (6) the specimen was removed and sent for pathological examination (Figure 1F).

LR
The surgical procedure for the patients who underwent LR in our study was laparoscopic wedge resection. This type of surgery involves resection of the tumor using a suitable laparoscopic linear anastomosis (Figure 2A). If the location of the tumor is peculiar and the use of a laparoscopic linear anastomosis is difficult, we can remove the tumor completely after incising the gastric wall along the edges of the tumor (Figure 2B) and either laparoscopically through a laparoscopic linear obturator or by hand suturing the defective gastric wall (Figure 2C). Finally, the intact tumor specimen was removed from the abdominal cavity through a specimen bag and sent to the pathology department for examination (Figure 2D).

Pathological examination
The specimens were removed and sent to the pathology Department for histological examination. The excised tissues were fixed in 10% neutral buffered formalin. The lesions were solid on the cut surface and mainly originated from the submucosa and muscularis propria. The tissues were embedded in paraffin and cut into 3 μm thick slices. The sections were stained with hematoxylin and eosin. Histological examinations revealed that the lesion in the stomach was an EP (Figure 3A). We found acini (Figure 3B), ducts (Figure 3C), and pancreatic islet cells (Figure 3D) in the submucosa.

Statistical analysis
IBM SPSS (27.0) was used for statistical analysis. Continuous data are expressed as the mean ± SD, and categorical data are expressed as n (%). Student's t test was used to compare normally distributed variables, the Mann-Whitney U test was used to compare nonnormally distributed variables, and the chi-square test (or Fisher's exact test) was used to compare categorical variables. In this study, P < 0.05 was considered statistically significant.

RESULTS
The clinical characteristics of the 49 patients are summarized in Table 1. Among the patients, 26 were male and 23 were female, with an average age of 43 years. A considerable number of patients were asymptomatic (36. 73%), and the most common clinical symptom was abdominal pain (40. 82%), followed by acid reflux (16. 33%), abdominal distension (4. 08%), and diarrhea (2. 04%). All patients underwent ESD (n = 43) or LR (n = 6). Most of the patients underwent ESD to resect the lesion. CEA and CA-19-9 were within the normal range; however, one patient had elevated CEA (5. 29 ng/mL) and CA19-9 42. 3 μg/mL levels. Thickening of the gastric antrum and multiple retroperitoneal lymph nodes were observed on CT images (Figure 4A), but EUS indicated a possible EP (Figure 4B). Postoperative pathology confirmed that the tumor was EP, and tumor markers returned to normal after the operation.
Table 2 summarizes the characteristics of EP under EUS. The lesion was located in the gastric antrum in 39 cases (79. 59%), in the gastric body in 7 cases (14. 29%), and in the gastric angle in 3 cases (6. 12%). The average size of the lesions was 1.55 ± 0.70 cm. The lesion originated from the submucosa in 42 cases (42/49, 85. 71%), from the muscularis propria in six cases (6/49, 12. 25%), and from the mucosa in one case (1/49, 2. 04%). Thirty-five lesions (35/49, 71. 43%) showed hypoechogenicity, 22 lesions (22/49, 44. 90%) showed unevenness, 27 lesions (27/49, 55. Ten percent had clear and regular margins, 29 lesions (29/49, 59. 18%) showed an echo-free area or a duct-like structure, and 20 lesions (29/49, 59. 18%) showed a central depression or an umbilicus-like depression.
Table 3 summarizes the characteristics of the two treatment modalities. Compared to LR, there were no significant differences in age, sex, tumor location, surgery duration, meal duration, or hospital stay between the ESD and LR group. In the ESD group, the lesions were smaller (1. 33 ± 0. 41 vs. 3. 08 ± 2. 23 cm, P < 0. 001), their origins had lower depths (P = 0. 01), and blood loss was lower (11. 28 ± 16. 87 vs. 16. 67 ± 8. 76 mL, P = 0. 034). Laparoscopic surgery incurred a higher cost; however, it was not statistically significant. Neither LR nor ESD caused any major intraoperative or postoperative complications, including any Clavien-Dindo grade ≥ I or more severe complications. There were no significant differences in tumor rupture or the total resection rates between the two groups. During a median follow-up period of 29.7 mo, no patients experienced recurrence after surgery.

DISCUSSION
SMTs are detected as incidental findings during routine upper gastrointestinal endoscopy[12]. They can occur in any layer of the intestinal wall and are classified as nonepithelial mesenchymal tumors. SMTs, which grow only in the gastric wall and rarely show lymph node metastasis, and GISTs are the most common type of SMT[11,13]. GEP is a rare disease and is difficult to distinguish from other submucosal tumors[14]. Most of the previous studies are case reports, and there is a lack of studies with large sample sizes. This study summarized the characteristics of GEP in EUS and compared the safety of LR and ESD in the treatment of GEP.
EUS has great advantages in diagnosing gastrointestinal submucosal tumors[15]. EUS can provide high-resolution real-time imaging of the gastrointestinal tract and surrounding extramural structures. EUS is an efficient and economical method for evaluating benign and malignant lesions of the gastrointestinal tract. Radial echo endoscopy is often used to evaluate subcutaneous lesions in the gastrointestinal tract[16]. In addition, GEP often shows umbilical depression on endoscopy. Chen et al[17] showed that 90% of cases with GEP show umbilicus-like depression. In a retrospective analysis of 44 patients by Yüksel et al[18], umbilicus-like depression was observed in 81.1% of patients, which was similar to our study. However, Park et al[8] observed umbilical-like depression only in 34.6% of cases, which may be related to their small sample size. With the rapid development of artificial intelligence, radiomics has become a research hotspot to establish predictive models and determine the type of gastric submucosal masses. Zhu et al[19] developed an artificial intelligence system extracting high-throughput features from endoscopic ultrasound images to establish predictive models that can accurately determine the type of submucosal tumors, including GIST, gastric leiomyomas, and GEP.
ESD is a new method of invasive endoscopic resection for superficial gastric cancers, but it is still in its exploratory stage for treating gastrointestinal submucosal tumors. Recently, several studies have shown that ESD is a promising minimally invasive technique for upper gastrointestinal submucosal tumors[20]. A prospective multicenter study in Japan with 57 patients who underwent ESD for submucosal gastrointestinal epithelial lesions showed that ESD can effectively treat submucosal gastrointestinal epithelial lesions[21]. Zhou et al[22] retrospectively analyzed 93 patients undergoing ESD of GEP. Among them, no patients experienced severe complications or recurrence, and ESD was a safe and feasible method for treating GEP. With the continuous progress in endoscopic technology and equipment in recent years, ESD has been applied for endoscopic resection of deep layers; however, it was accomplished under the guidance of experienced gastroenterologists[20].
GEP can also be treated using laparoscopic technology, which can be divided into two types: transgastric surgery and intragastric surgery[22]. Complete tumor resection is the preferred treatment method for SMTs, and several studies have confirmed the feasibility and safety of laparoscopic treatment for SMTs[11,23-25]. In our study, laparoscopic surgery also showed excellent performance, with no difference in surgical time, complications, or postoperative recovery time compared to ESD. Additionally, laparoscopic surgery was better for larger and deeper lesions, although it may result in higher costs. Recently, some studies have indicated that the combination of laparoscopy and endoscopy can become the standard treatment for SMTs[26]. The relatively small number of patients treated with laparoscopy in our study may be related to whether the patients were first visited by a surgeon or a gastroenterologist. Endoscopic resection is more likely to be chosen if a patient first visits the gastroenterology department.
Our study has several limitations. This was a single-center retrospective study with a nonrandomized design, which resulted in a small sample size due to the rarity of GEP. Few patients underwent LR in this study. Multicenter prospective studies are needed to compensate for these limitations.

CONCLUSION
Most cases of GEP originate from the submucosa in the gastric antrum and have hypoechoic features, internal pipe-like structures, and umbilicus-like depression. The treatment methods for GEP include ESD and LR, with comparable results. LR is better for large GEP originating from the muscularis propria or deeper layers.

ARTICLE HIGHLIGHTS
Research background
Gastric ectopic pancreas (GEP) is a rare submucosal lesion that is usually difficult to diagnose histologically by biopsy, and endoscopic ultrasonography (EUS) has been used in the diagnosis of gastric submucosal tumors (SMTs). Surgical resection is the conventional standard strategy for the treatment of SMTs in the past, and endoscopic submucosal dissection (ESD) has become an important minimally invasive treatment technique. However, there is still a lack of studies on the two techniques for the treatment of GEP.

Research motivation
At present, most of the studies on GEP are limited to case reports, without large sample size reports, and its treatment has not been widely discussed.

Research objectives
The aim of this study was to describe the EUS features of GEP and to evaluate the value of laparoscopic resection (LR) vs ESD in the treatment of GEP.

Research methods
We retrospectively analyzed 49 patients with GEP who underwent lesion resection. The characteristics of EUS, clinical characteristics and the characteristics of the two treatment methods were analyzed.

Research results
Of the patients, 43 underwent ESD, and 6 underwent LR. GEP mostly originates from the submucosa, accompanied by umbilical depression, and often presents with abdominal pain as the first symptom. There was no significant difference in operative time, hospitalization time, hospitalization cost and time to resume eating between the two groups. LR was more prone to larger and deeper lesions, accompanied by more blood loss.

Research conclusions
GEP has significant characteristics under EUS. Both LR and ESD are good choices for the treatment of GEP.

Research perspectives
EUS can serve as a noninvasive technique for diagnosing GEP, and clinical doctors can choose ESD or LR based on the actual situation of the patient.
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Figure Legends
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Figure 1 Endoscopic submucosal dissection. A: Ectopic pancreas was located in the gastric antrum; B: Marked incision line; C: The surrounding tissues of the tumor along the marker were cut; D: Complete tumor resection; E: Intraoperative precautions. F: Removal of the lesions.
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Figure 2 Laparoscopic resection. A: Laparoscopic view of tumor resection using laparoscopic linear anastomosis; B: Laparoscopic view of wedge resection after incision of the gastric wall to exsanguinate the tumor; C: Suture and reinforcement of the remnant gastric wall; D: Pathological specimen.
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Figure 3 Pathological view of a gastric ectopic pancreas. A: Pancreatic tissue (black arrow) and gastric mucosal tissue (white arrow), (magnification, × 40); B: Numerous acini (red arrow) were observed in pancreatic tissue (magnification, × 100); C: Ducts were observed in the pancreatic tissue (white arrow) (magnification, × 100); D: Islet cells were observed in the pancreatic tissue (red arrow) (magnification, × 200).
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Figure 4 Computed tomography images and endoscopic ultrasound images. A: The arterial phase of enhanced computed tomography showed thickening of the gastric antrum (red arrow); B: Lesion morphology on endoscopic ultrasound (white arrow).


Table 1 Clinical characteristics of the patients (mean ± SD)
	Variables
	N (%)

	Age(yr)
	43.31 ± 13.50

	Sex
	

	Male
	26 (53.06)

	Female
	23 (46.94)

	Symptom
	

	Abdominal pain
	20 (40.82)

	Acid reflux/heartburn
	8 (16.33)

	Diarrhea
	1 (2.04)

	Abdominal distension
	2 (4.08)

	Asymptomatic
	18 (36.73)

	Treatment methods
	

	ESD
	43

	LR
	6

	CEA (ng/mL)
	2.17 ± 1.18

	CA-19-9 (μ/mL)
	13.00 ± 7.53


ESD: Endoscopic submucosal dissection; LR: Laparoscopic resection.











Table 2 Endoscopic ultrasound features of gastric ectopic pancreas (mean ± SD)
	Patients
	N (%)

	Size(cm)
	1.55 ± 0.70

	Origin hierarchy
	

	Mucosal layer
	1 (2.04)

	Submucosa
	42 (85.71)

	Muscularis propria
	6 (12.25)

	Tumor location
	

	Gastric body
	7 (14.29)

	Gastric horn
	3 (6.12)

	Gastric antrum
	39 (79.59)

	Echogenicity
	

	Homogeneous
	22 (44.90)

	Heterogenous
	27 (55.10)

	Echogenicity
	

	Hypoechoic
	35 (71.43)

	Hyperechoic
	14 (28.57)

	Margin
	

	Indistinct
	22 (44.90)

	Distinct
	27 (55.10)

	Anechoic duct-like structure
	

	Absent
	20 (40.80)

	Present
	29 (59.20)

	Umbilication/dimpling
	

	Absent
	20 (40.80)

	Present
	29 (59.20)




Table 3 Comparison of the endoscopic submucosal dissection group and laparoscopic surgery group in the treatment of gastric ectopic pancreas (mean ± SD)
	Patients
	ESD (%)
	LR (%)
	P value

	Age (yr)
	43.58 ± 13.77
	41.33 ± 12.34
	0.819

	Size (cm)
	1.33 ± 0.41
	[bookmark: OLE_LINK9]3.08 ± 2.23
	< 0.001

	Sex
	
	
	0.688

	Male
	24 (55.8)
	4 (66.7)
	

	Female
	19 (44.2)
	2 (33.3)
	

	Tumor location
	
	
	0.795

	Gastric body
	6 (14.0)
	1 (16.7)
	

	Gastric horn
	3 (7.0)
	0 (0)
	

	Gastric antrum
	34 (79.1)
	5 (83.3)
	

	Origin hierarchy
	
	
	0.01

	Mucosal layer
	1 (2.3)
	0 (0)
	

	Submucosa
	39 (90.7)
	3 (50.0)
	

	Muscularis propria
	3 (7.0)
	3 (50.0)
	

	Operative time(min)
	72.42 ± 23.84
	[bookmark: OLE_LINK6]74.17 ± 12.81
	0.491

	Estimated blood loss (mL)
	11.28 ± 16.87
	16.67 ± 8.76
	0.034

	Recovery eating time (days)
	[bookmark: OLE_LINK7]1.63 ± 0.58
	[bookmark: OLE_LINK8]1.83 ± 0.75
	0.501

	Postoperative length of stay (days)	
	3.70 ± 0.91
	3.83 ± 0.75
	0.611

	[bookmark: OLE_LINK10]Clavien-Dindo ≥ I grade
	0
	0
	-

	Tumor recurrence
	0
	0
	-

	Hospitalization expenses
	2854.00 ± 544.05
	3378.33 ± 1133.62
	0.180

	Follow-up length (months)
	29.79 ± 20.00
	29.17 ± 16.28
	1.00


ESD: Endoscopic submucosal dissection; LR: Laparoscopic resection.
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