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Abstract
BACKGROUND
Gastric subepithelial tumors (SETs) may harbor potential malignancy. Although it is well recognized that large SETs should be resected, the precise treatment strategy remains controversial. Compared to surgical resection, endoscopic resection (ER) has many advantages; however, ER of SETs in the cardia is challenging.

AIM
To evaluate the safety and efficacy of endoscopic full-thickness resection (EFTR) for the treatment of gastric cardia SETs.

METHODS
We retrospectively reviewed data from all patients with SETs originating from the muscularis propria layer in the gastric cardia that were treated by EFTR or submucosal tunneling ER (STER) at Zhongshan Hospital Fudan University between November 2014 and May 2022. Baseline characteristics and clinical outcomes, including procedure times and complications rates, were compared between groups of patients receiving EFTR and STER.

RESULTS
A total of 171 tumors were successfully removed [71 (41.5%) tumors in the EFTR and 100 (58.5%) tumors in the STER group]. Gastrointestinal stromal tumors (GISTs) were the most common SET. The en bloc resection rate was 100% in the EFTR group vs 97.0% in STER group (P > 0.05). Overall, the EFTR group had a higher complete resection rate than the STER group (98.6% vs 91.0%, P < 0.05). The procedure time was also shorter in the EFTR group (44.63 ± 28.66 min vs 53.36 ± 27.34, P < 0.05). The most common major complication in both groups was electrocoagulation syndrome. There was no significant difference in total complications between the two groups (21.1% vs 22.0%, P = 0.89). 

CONCLUSION
EFTR of gastric cardia SETs is a very promising method to facilitate complete resection with similar complications and reduced operative times compared to STER. In cases of suspected GISTs or an unclear diagnosis, EFTR should be recommended to ensure complete resection.
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[bookmark: OLE_LINK364][bookmark: OLE_LINK365]Core Tip: Efficacy of endoscopic full-thickness resection (EFTR) is safe and effective in the treatment of cardiac subepithelial tumors. Compared with submucosal tunneling endoscopic resection, EFTR can better completely resect subepithelial tumors and provide a better pathological diagnosis. When lesions with a high index of suspicion for gastrointestinal stromal tumors are found or there is an unclear diagnosis, EFTR should be recommended to ensure complete resection.

INTRODUCTION
Gastric subepithelial tumors (SETs) are rare, accounting for less than 2% of all gastric tumors[1]. This group is comprised of different pathologies, commonly correlating with their location. Benign SETs are more frequently found in the cardia than in other locations[2].
[bookmark: OLE_LINK361][bookmark: OLE_LINK360]With technological advancements, laparoscopic wedge resection is currently considered the best option for the treatment of gastric SETs[3]; however, it is difficult to resect SETs locating in the cardiaand is associated with several complications, including leak, stenosis, and reflux[4,5]. Due to their typically benign nature and these postoperative risks, surgical resection of small, benign SETs is typically not mandatory.
Since the advent of submucosal tunneling endoscopic resection (ER) (STER), it has been widely used for SETs resection in the esophagus and cardia, and has achieved positive results[6-8]. The American Gastroenterological Association Clinical Practice Guidelines recommend using ER techniques to remove SETs[9]; however, in clinical application, damage to the tunneled surface mucosa may occur. This may be due to a large tumor and/or a lesion located in the deep layer of the muscularis propria (MP) (or even outside the cavity) or if the operating space in the tunnel is small, or the tunnel cannot be established at the tumor site. Additionally, submucosal fibrosis can lead to technical difficulty and tunnel establishment failure can occur.
[bookmark: OLE_LINK312][bookmark: OLE_LINK311]Endoscopic full-thickness resection (EFTR) is a new surgical method of repairing the gastric wall after full-thickness resection so that endoscopic surgery is no longer limited by the depth of the tumor and submucosal fibrosis[10]. In 2009, EFTR without laparoscopic assistance for the treatment of gastrointestinal SET was first proposed. Since then, EFTR has been developed and widely applied clinically. Li et al[11] reported using dental floss and a hemoclip for assisted EFTR for SETs in the gastric fundus and demonstrated advantages in reducing surgical time and occurrence of post-endoscopic submucosal dissection (ESD) electrocoagulation syndrome (PEECS). Many studies have also proven that EFTR is safe and effective in the treatment of gastric SETs[12,13]; however, data regarding the clinical outcomes of EFTR for gastric cardia SETs are limited. Therefore, we evaluated the clinical outcomes of gastric cardia SETs treated by EFTR resection at our institution.

MATERIALS AND METHODS
Patients
We collected and reviewed data from patients with SETs originating from the MP layer in the gastric cardia, which were treated by EFTR or STER at Zhongshan Hospital Fudan University (Shanghai, China) between November 2014 and May 2022. The inclusion criteria were: (1) Proven diagnosis of SET by gastroscopy, endoscopic ultrasonography (EUS), and computed tomography (CT); (2) eligibility for endoscopic treatment; (3) lesion located in the cardia; and (4) final application of STER or EFTR. The exclusion criteria were: (1) Patients disagreement regarding resection; (2) malignant tumors with metastasis; and (3) coagulation disorders.
Informed patient consent was obtained from all patients. The study and procedures were conducted in accordance with the ethical standards of the Helsinki Declaration of 1975. This study was approved by the Institutional Review Board of Zhongshan Hospital (reference number: B2020-265).

EFTR and STER
[bookmark: OLE_LINK313][bookmark: OLE_LINK314]EUS and/or CT were used to characterize the lesions in terms of size and other features prior to EFTR or STER. All patients were airway intubated under intravenous anesthesia, while vital signs were monitored. The ER method was selected based on the tumor characteristics. If the tumor deviates to the esophageal side, STER is used, and if the tumor deviates to the stomach side, EFTR is used. Some cases underwent EFTR while others underwent STER according to the patient’s preference, after being informed of the merits and disadvantages of each technique. Description of the specific resection procedures can be found in the literature previously published by our center (Figure 1)[7,10].

Definitions
[bookmark: OLE_LINK316][bookmark: OLE_LINK315][bookmark: OLE_LINK317][bookmark: OLE_LINK318][bookmark: OLE_LINK319][bookmark: OLE_LINK320][bookmark: OLE_LINK326][bookmark: OLE_LINK325][bookmark: OLE_LINK323][bookmark: OLE_LINK324][bookmark: OLE_LINK321][bookmark: OLE_LINK322][bookmark: OLE_LINK327][bookmark: OLE_LINK328]The surgical operator was categorized as a trainee with experience of  25 EFTR and STER procedures per year or as an expert with experience of > 25 procedures per year[11]. All were certified EFTR endoscopists. En bloc resection was characterized as the complete removal of a tumor without fragmentation. Complete resection was characterized as the en bloc removal of a lesion with the tumor extracted in a single piece and the capsule remaining intact[7]. Postoperative bleeding was characterized as hematemesis or melena within 14 d after completion of EFTR or STER. Hydrothorax was excess fluid in the pleural space, as confirmed by chest X-ray. Pneumoperitoneum was diagnosed by the presence of gas in the peritoneal cavity, observable on either X-ray or CT scan. Minor cases of pneumoperitoneum and minor hydrothorax had negligible clinical impact or symptoms and did not necessitate therapeutic intervention. Similar to PEECS, included as a minor complication here, was defined as fever (> 37.7 °C) and abdominal pain with localized tenderness without perforation confirmed by radiological exam within 7 d after EFTR or STER.

Follow up
Data were initially collected from medical records in our hospital. If patients have been discharged from our hospital, we make an effort to gather outcome information by contacting the patient or a family member by telephone. The minimum follow-up duration is 12 mo.

Statistical analysis
SPSS 21.0 software (IBM Corp, Armonk, NY, United States) was used for analysis. We compared categorical variables with the chi-square or Fisher’s exact test. The Student’s t-test or analysis of variance was used to compare continuous variables. Statistical analysis of independent risk factors for long operative times was assessed using a combination of univariate and multivariate analyses. A two-tailed P value < 0.05 was considered statistically significant.

RESULTS
Baseline characteristics
[bookmark: OLE_LINK337][bookmark: OLE_LINK338]A total of 171 patients with SETs in the cardia were included in the study. Seventy-one (41.5%) patients underwent EFTR, while 100 (58.5%) received STER treatment. The clinical characteristics of these patients are presented in Table 1. The mean age of the EFTR and STER group was 51.32 ± 12.44 (median: 52; range: 43–61 years) and 50.29 ± 12.19 years (median: 51; range: 41–60 years), respectively. The average tumor size of the EFTR and STER group was 2.16 ± 1.81 cm (median: 1.5; range: 1.0-3.0 cm) and 2.09 ± 1.38 cm (median: 1.5; range: 1.2–2.5 cm), respectively. Six (8.5%) and 5 (5.0%) tumors showed extraluminal growth in the EFTR and STER groups. 59 (83.1%) patients underwent EFTR by expert surgeons, and 85 (85%) patients underwent EFTR by trainee surgeons. Patient characteristics and clinical data relating to tumors and procedures were similar between the EFTR and STER groups.

Outcome
[bookmark: OLE_LINK339][bookmark: OLE_LINK340]The primary surgery-related outcomes from the two groups of patients are described in Table 2. All gastric cardia SETs were resected by ER. The en bloc resection rate was 100% in the EFTR group. There was no significant difference between the groups. EFTR had a higher completed resection rate than STER (98.6% vs 91.0%, P < 0.05). The procedure time was also shorter in the EFTR group (44.63 ± 28.66 min vs 53.36 ± 27.34, P < 0.05). In the EFTR group, there were 28 (39.4%) gastrointestinal stromal tumors (GISTs) and 43 (60.6%) leiomyomas. In the STER group, there were 7 (7%) GISTs, 88 (88%) leiomyomas, 3 (3%) lipomas, and 2 (2%) cysts. Metallic clips and endoloop was applied in 29 (40.8%) EFTR patients and 2 (2%) STER patients. There was no significant difference in total complications between two groups (21.1% vs 22.0%, P = 0.89). The most common complication in both groups was electrocoagulation syndrome. All complications were managed successfully by endoscopic methods and conservative treatment.

Subgroup analyses the risk for EFTR
Univariate and multivariate analyses showed that larger tumor size (> 2 cm) and extraluminal growth were significant risk factors for long procedure times (Table 3).

Follow-up results
[bookmark: OLE_LINK341][bookmark: OLE_LINK342]Of the 171 patients with gastric cardiac SETs, seven cases were lost to follow-up. The remaining 164 cases were followed for more than 12 mo. The median follow-up was 28 (range: 16-52.5) mo. All patients did not develop local recurrence or distant metastasis during follow-up.

DISCUSSION
The present work was the first time that the efficacy of EFTR for gastric cardia SETs was studied. Current methods to remove gastric SETs include surgical and ER. ER has several advantages over surgical approaches, such as being minimally invasive and incurring a shorter hospital stay[14,15]. The STER procedure was derived from peroral endoscopic myotomy and was initially reported in 2012[6]. A series of subsequent studies have reported that, compared to ESD, STER has benefits for the removal of SETs, such as maintaining the integrity of the mucosa, faster wound healing, and reduced risks of complications including perforation, extraluminal infection, and esophageal stenosis[16-18]. STER has also been reported as a successful treatment option for SETs located in the cardia or esophagogastric junction[19,20]. The advantages of shorter operative and hospitalization times and reduced cost are described[21].
[bookmark: OLE_LINK345][bookmark: OLE_LINK346][bookmark: OLE_LINK348][bookmark: OLE_LINK347]STER requires the establishment of adequate operating space beyond the tumor in the tunnel. The tumor is then pushed into the distal portion of the submucosal tunnel during resection, separating the tumor from the deep MP and increasing the safety of the operation[22,23]. Performing the operation for SETs in the cardia is more complicated than in other parts owing to its specific anatomic characteristics[24]. There is a significant change in the angle of this gastric muscle layer. Therefore, the formation of the tunnel beyond the tumor requires a greater degree of curvature of the anterior part of the endoscope. Additionally, the gastric cavity is relatively narrow, which greatly increases the difficulty of resection[25,26]. Meanwhile, the blood supply at the cardia and gastric fundus is abundant. Thus, the risk of intraoperative bleeding is high, which also increases the difficulty of the operation[26]. In addition, in the lesser curvature or the anterior aspect of the cardia, when the tumor is located in the deep layer of the MP (or even growing extraluminally), and/or where a submucosal tunnel cannot be established, EFTR is needed.
[bookmark: OLE_LINK350][bookmark: OLE_LINK349][bookmark: OLE_LINK351][bookmark: OLE_LINK352]EFTR, as a technical extension of ESD, offers distinct advantages, particularly when dealing with SETs deeply embedded within the MP layer or exhibiting extraluminal growth patterns. The characteristics of EFTR make it a very suitable form of treatment for SETS[12]. Our center previously reported the successful application of EFTR in 26 gastric SETs without laparoscopic assistance. No gastric bleeding, sign of peritonitis, or abdominal infections/abscesses occurred after EFTR[10]. In addition, we have improved the EFTR procedure by incorporating dental floss and a hemoclip, which facilitate countertraction. This improvement enables better visualization of the submucosal layer, resulting in a reduced incidence of adverse events in the gastric fundus[11].
[bookmark: OLE_LINK357][bookmark: OLE_LINK356][bookmark: OLE_LINK355]Similar to the data from our previous studies, EFTR in the gastric cardia had a 100% en bloc and 98.6% complete resection rate. The complete resection rate was higher than STER (98.6% vs 91.0%, P < 0.05). Complete ER of SETs is the key to ensuring successful operation and avoiding recurrence[26]. Upper gastrointestinal SETs are composed primarily of leiomyomas and GISTs[27]. GISTs have greater potential for malignancy and should be completely resected. An irregular shape and larger size have been shown to be the risk factors for STERs having piecemeal resection[28]. Most esophageal SETs are regular while the majority of cardial SETs are irregular and lobulated[8], which makes it more difficult for STERs to be completely resected. Additionally, tumor resection by STER is limited by the diameter of the tunnel. Therefore, oversized tumors cannot be completely resected. Due to the anatomy, the tunnel has a turn at the cardia, which can easily lead to compression of the tumor and tumor rupture. Conversely, EFTR allows full-thickness excision of the complete gastrointestinal wall without a diameter limit and the risk for poor resection margins and residual tumor which increases the accuracy of histopathology measurement to direct future therapy[29]. In a meta-analysis including 952 G-SETs treated with EFTR, it was suggested that EFTR was a highly effective therapeutic option for removing deep G-SETs, with an R0 resection achieved in 99.3% of cases[30]. Therefore, for lesions that are highly suspicious for GIST or lesions that are not clearly diagnosed, EFTR should be recommended to ensure completed resection.
In our study, EFTR had a shorter procedure time than STER (44.63 ± 28.66 vs 53.36 ± 27.34 min, P < 0.05). Chen revealed that STER was relatively difficult and time consuming when used to resect gastric SETs because of limited space in the established submucosal tunnel[7]. They found that an irregular shape and large size were also risk factors for procedures requiring a long operative time. Therefore, irregular shaped and larger sized SETs were more suitable for EFTR. Additionally, compared to STER, EFTR required the creation of a tunnel. Also, there was no risk of the tumor being too large to rupture in the tunnel, which kept the tumor intact.
[bookmark: OLE_LINK354][bookmark: OLE_LINK353]The key of the EFTR procedure is the successful closure of the wall defect after resection to prevent peritonitis and the need for surgical intervention[10]. Although a growing body of evidence has demonstrated that gastrointestinal defects after ER can be effectively managed by endoscopy, the closure of large gastrointestinal defects is still technically demanding for most endoscopists[31,32]. Several clips can close small defects. When the diameter of the defect is larger than the width of the open clip, and before applying metallic clips, the defect can first be reduced by air suction using the “suction-clip-suture” method[10]. If the defect is too large to be closed only by clips, a few new techniques have been used in the stomach, such as nylon loop suturing and the over-the-scope clip[33]. In our study, 53.5% patients underwent closure of the defect with clips. 40.8% patients had defect closure using metallic clips with an endoloop. Four patients with large defects had covered, retrievable self-expandable metallic stents used to close the defect. As we our previous study showed, no leakage occured[33].
There are also having several limitations. The study was retrospective and was conducted at a single institution. Thus, prospective study will be needed to further verify our views. Additionally, gastric EFTR was first performed our center and center has many experienced surgeons in the field. It may be difficult for other hospitals with less experience to carry out the procedure.

CONCLUSION
In conclusion, EFTR was demonstrated to be a very promising method with which to facilitate complete resection and reduce operation time compared to STER in gastric cardia SETs. GISTs were the most common type of SETs in the cardia. When lesions with a high index of suspicion for GIST are found or there is an unclear diagnosis, EFTR should be recommended to ensure complete resection. EFTR by experienced surgeons was shown to be the better option in cases of gastric cardia SETs > 2 cm or with extraluminal growth.

ARTICLE HIGHLIGHTS
Research background
The endoscopic full-thickness resection (EFTR) of cardiac subepithelial tumors (SETs) is still difficult.

Research motivation
To evaluate the safety and efficacy of EFTR for the treatment of gastric cardia SETs.

Research objectives
The objective was the comparison of treatment outcomes between EFTR and submucosal tunnel endoscopic resection (STER), and the factors of difficult of EFTR. 

Research methods
We retrospectively analyzed the data of all patients with SET originating from the muscularis propria of the gastric cardia who underwent EFTR or STER from November 2014 to May 2022 at Zhongshan Hospital Fudan University.

Research results
Gastrointestinal stromal tumors were the most common SET. The EFTR group had a higher complete resection rate than the STER group (98.6% vs 91.0%, P < 0.05) and the procedure time was also shorter in the EFTR group (44.63 ± 28.66 min vs 53.36 ± 27.34, P < 0.05). There was no significant difference in total complications between the two groups (21.1% vs 22.0%, P = 0.89). 

Research conclusions
Compared to STER, EFTR for gastric cardia SETs is also safe and effective.

Research perspectives
For patients with suspected cardia gastrointestinal stromal tumor, EFTR can be used to achieve better complete resection. Of course, subsequent prospective studies should be conducted for verification this opinion.
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Figure 1 Processes of endoscopic full-thickness resection for gastric cardia subepithelial tumors. A: Endoscopic view of gastric cardia subepithelial tumor; B: Circumferential incision was made as deep as muscularis propria around the lesion with IT knife; C: Incision into serosal layer around the lesion was performed with Hook knife to create active perforation; D: Gastric wall defect was presented after lesion was resected; E: The gastric wound was closed with several metallic clips successfully; F: Resected tumor.

Table 1 Baseline characteristics of the 171 patients with submucosal tumors in gastric cardia treated by endoscopic full-thickness resection and submucosal tunneling endoscopic resection
	Patients
	EFTR
	STER
	P value

	Age (yr)
	
	
	0.59

	mean ± SD
	[bookmark: OLE_LINK80][bookmark: OLE_LINK81][bookmark: OLE_LINK82]51.32 ± 12.44
	50.29 ± 12.19
	

	Median (range)
	52.00 (43.00-61.00)
	51.00 (41.00-59.75)
	

	Sex
	
	
	0.01

	Male
	24 (33.8%)
	53 (53.0%)
	

	Female
	47 (66.2%)
	47 (47.0%)
	

	Lesion characteristics
	
	
	

	Size (cm)
	
	
	0.78

	mean ± SD
	2.16 ± 1.81
	2.09 ± 1.38
	

	Median (range)
	1.50 (1.00-3.00)
	1.50 (1.20-2.50)
	

	Extraluminal growth
	
	
	0.37

	Yes
	[bookmark: OLE_LINK52][bookmark: OLE_LINK53]6 (8.5%)
	5 (5.0%)
	

	No
	65 (91.5%)
	95 (95.0%)
	

	Operator level
	
	
	0.74

	Experts
	59 (83.1%)
	85 (85.0%)
	

	Trainees
	12 (16.9%)
	15 (15.0%)
	


EFTR: Endoscopic full-thickness resection; STER: Submucosal tunneling endoscopic resection.

[bookmark: OLE_LINK293][bookmark: OLE_LINK292]Table 2 A comparison of treatment outcomes between endoscopic full-thickness resection and submucosal tunneling endoscopic resection groups
	Outcomes
	EFTR
	STER
	P value

	[bookmark: OLE_LINK85][bookmark: OLE_LINK86]En bloc resection
	71 (100%)
	97 (97.0%)
	0.14

	Complete resection
	70 (98.6%)
	91 (91.0%)
	0.04

	Procedure time (min)
	44.63 ± 28.66
	[bookmark: OLE_LINK58][bookmark: OLE_LINK74][bookmark: OLE_LINK59]53.36 ± 27.34
	0.04

	Procedure-related characteristics
	
	
	

	Suturing methods
	
	
	0.01

	Metallic clips
	[bookmark: OLE_LINK79][bookmark: OLE_LINK83]38 (53.5%)
	98 (98.0%)
	

	Metallic clips with endoloop
	[bookmark: OLE_LINK84][bookmark: OLE_LINK87]29 (40.8%)
	2 (2.0%)
	

	Stent
	4 (5.6%)
	0 (0%)
	

	Histopathology
	
	
	0.01

	GIST
	28 (39.4%)
	7 (7.0%)
	

	Leiomyoma
	43 (60.6%)
	88 (88.0%)
	

	Others
	0 (0%)
	5 (5.0%)
	

	Complications
	15 (21.1%)
	21 (22.0%)
	0.89

	Pneumoperitoneum
	0 (0%)
	0 (0%)
	

	Hydrothorax
	
	
	

	Minor hydrothorax
	3 (4.2%)
	4 (4.0%)
	

	Major hydrothorax
	0 (0%)
	0 (0%)
	

	[bookmark: OLE_LINK61][bookmark: OLE_LINK60]PEECS
	10 (14.1%)
	18 (18.0%)
	

	Delayed bleeding
	2 (2.8%)
	0 (0%)
	

	Delayed perforation
	0 (0%)
	0 (0.0%)
	

	Follow-up
	
	
	

	Recurrence
	0 (0%)
	0 (0%)
	

	Metastasis
	0 (0%)
	0 (0%)
	


EFTR: Endoscopic full-thickness resection; STER: Submucosal tunneling endoscopic resection; GIST: Gastrointestinal stromal tumor; PEECS: Post-endoscopic submucosal dissection electrocoagulation syndrome.

Table 3 The association of the clinicopathological characteristics of subepithelial tumors in gastric cardia treated by endoscopic full-thickness resection over the median procedure time
	
	Univariate analysis
	Multivariate analysis

	
	OR (95%CI)
	P value
	OR (95%CI)
	P value

	Age (yr)
	
	0.37
	
	

	< 50
	[bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK5]1 (reference)
	
	
	

	≥ 50
	1.88 (0.48-7.46)
	
	
	

	Sex
	
	0.41
	
	

	Male
	1 (reference)
	
	
	

	Female
	1.76 (0.46-6.68)
	
	
	

	Size (cm)
	
	0.01
	
	

	< 2.0
	1 (reference)
	
	1 (reference)
	0.02

	≥ 2.0
	6.58 (1.60-27.09)
	
	3.75 (1.21-11.58)
	

	[bookmark: OLE_LINK71][bookmark: OLE_LINK70][bookmark: OLE_LINK64][bookmark: OLE_LINK65]Extraluminal growth
	
	0.048
	
	0.04

	No
	1 (reference)
	
	1 (reference)
	

	Yes
	7.83 (1.02-60.03)
	
	7.64 (1.15-50.83)
	

	Histopathology
	
	0.42
	
	

	Others
	1 (reference)
	
	
	

	Leiomyoma
	1.85 (0.42-8.17)
	
	
	

	Metallic clips with endoloop
	
	0.05
	
	

	No
	1 (reference)
	
	
	

	Yes
	3.68 (0.98-13.91)
	
	
	

	Operator level
	
	0.19
	
	

	Trainees
	1 (reference)
	
	
	

	Experts
	0.31 (0.05-1.76)
	
	
	


OR: Odds ratio; 95%CI: 95% confidence interval.
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