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Abstract
Background and Aim  Although successful endoscopic resection of gastric subepithelial tumors (SETs) originating from the 
muscularis propria (MP) layer has been frequently reported, it requires a relatively complicated technique and has a high 
perforation rate. In this retrospective study, we evaluated the efficacy and safety of the snare-assisted endoscopic resection 
(SAER) method which is performed using a snare and insulated-tip (IT) knife via a single-channel endoscope to reduce the 
perforation rate.
Methods  In this study, fifty-six patients with gastric SETs originating from the MP layer treated by the SAER method at 
three institutions between July 2017 and December 2017 were reviewed. The procedure involved multiple steps as shown in 
Fig. 2. Data were obtained on demographics, SET features, histopathological diagnoses, procedure time, en bloc resection 
rate, R0 resection (negative margins) status, and adverse events.
Results  Endoscopic resection was successfully performed in all patients. The median overall procedure time was 43.5 min 
(range 26–106 min). The mean size of resected specimens was 19.73 mm (range 10–33 mm). The overall rate of en bloc 
resection was 96.4% (54/56). In addition, the perforation rate was 7.1% (4/56), and defects in the stomach wall were very 
small and easily closed using metallic clips. No postprocedural bleeding occurred in any case.
Conclusions  The SAER method is an effective, safe, less costly technique for the removal of some gastric SETs originating 
from the MP layer with an appropriate size.
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Abbreviations
SAER	� Snare-assisted endoscopic resection
SETs	� Subepithelial tumors
MP	� Muscularis propria
IT	� Insulated-tip

GISTs	� Gastrointestinal stromal tumors
EUS	� Endoscopic ultrasound
HPF	� High-power field
NCCN	� National Comprehensive Cancer Network

Gastric subepithelial tumors (SETs) are often diagnosed 
during an upper alimentary endoscopy examination [1]. 
Although many SETs are benign, a large number of SETs 
originating from the muscularis propria (MP) layer are gas-
trointestinal stromal tumors (GISTs) which are considered 
potentially malignant [2, 3]. Endoscopic ultrasound (EUS) is 
increasingly being used to assess SETs. However, the accu-
racy of EUS alone in the diagnosis of gastric SETs is low 
[4, 5]. Thus, an accurate histological diagnosis can only be 
acquired by complete or partial removal of SETs. Therefore, 
endoscopic resection was suggested to provide a histological 
diagnosis [5, 6].

Recently, successful treatment of many SET cases with 
endoscopic resection has been reported. However, this 
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procedure is associated with several serious complications, 
such as perforation, bleeding, and abdominal infection. 
Higher perforation rates (up to 50%) have been frequently 
reported for endoscopic resection for SETs in the MP 
layer [7, 8]. Although numerous useful methods have been 
reported to successfully close gastric perforations [8–11], 
postresection bleeding around the defects might not be easily 
avoided because there are numerous blood vessels (including 
arteries) that are separated outside the serosa of the stomach. 
Once a perforation occurs, a patient will most likely suffer 
hemorrhagic shock or even death if curative treatment is 
not performed in a timely manner. For this reason, a safe, 
simple, less costly procedure that could maximally reduce 
the gastric perforation rate is most desirable.

In this study, we report our experience regarding the 
efficacy and safety of snare-assisted endoscopic resection 
(SAER) of gastric SETs using a snare and insulated-tip (IT) 
knife via a single-channel endoscope with a low perforation 
rate.

Methods

Patients

We retrospectively analyzed 56 patients with gastric SETs 
originating from the MP layer in three institutions between 
July 2017 and December 2017. Computed tomography scans 
and EUS were routinely performed to evaluate the origin 
of the SETs before SAER. The exclusion criteria were as 
follows: (1) inability to provide informed consent for the 
procedure; (2) more than half of the body of the SET was 
extraluminal; (3) the width of the SET exceeded 3.0 cm; 
(4) the SET exhibited any high-risk EUS features, such as 
bleeding, ulceration, irregular border, cystic spaces, or het-
erogeneity; (5) inability to tolerate anesthesia with tracheal 
intubation; and (6) the presence of known blood coagulation 
disorders before the procedure.

The research was approved by the Ethics Committee of 
General Hospital of Southern Theater Command of PLA, the 
First Affiliated Hospital of Soochow University, and the Clif-
ford Hospital in accordance with the Helsinki Declaration. 
All patients chose their therapeutic course voluntarily, and 
written informed consent was obtained from each patient.

Definitions

The procedure time was defined as the time interval between 
mucosal marking and wound repair. The tumor size was 
defined as the width diameter of the tumor. En bloc resec-
tion was defined as the resection of the entire tumor in one 
piece. R0 resection was defined as the removal of the entire 
tumor in one piece with no histopathological evidence of the 

tumor at the resection margins. Perforation was defined as 
the visualization of extramural organ or fat tissue or observa-
tion of free air on abdominal radiography. Significant bleed-
ing was defined on the onset of clinical symptoms, such as 
hematemesis or melena, or based on a decrease > 20 g/L in 
hemoglobin level after the SAER procedure.

SAER method

The SAER method was a multistep process as follows 
(Figs. 1 and 2): (1) the border of SETs was marked using 
either hemostatic forceps (FD-410LR, Olympus, Tokyo, 
Japan) or an electrosurgical knife (DualKnife KD-650L, 
Olympus, Tokyo, Japan; or O-Type HybridKnife®, ERBE, 
Tuebingen, German); (2) saline containing indigo carmine 
and epinephrine was injected into the submucosa around 
the tumor; (3) a circumferential incision of the overlying 
mucosa of the lesion was made using either a DualKnife, 
ITknife nano (KD-612L, Olympus, Tokyo, Japan) or O-Type 
HybridKnife® (thus, the head of the tumor should be visi-
ble); (4) after a snare (SD-210U-25, Olympus, Tokyo, Japan) 
that was tightened on the distal end of the endoscope had 
been delivered through the cardia of the stomach, the snare 
was loosened and pushed into the gastric cavity; (5) with a 
retractable metallic clip (ROCC-D-26-195-C, Micro-Tech, 
Nanjing, China) and endoscope guidance, the snare was 
placed around the overlying mucosa of the tumor and tight-
ened; (6) with gentle manual traction from the snare with 
the help of an assistant, the exposed tumor could be easily 
dissected away from the MP layer with an ITknife nano or 
O-Type HybridKnife®; and (7) finally, the wound was care-
fully evaluated to determine whether there was any residual 
tumor or perforation before the wound was fixed with sev-
eral metallic clips. The resected specimen was retrieved for 
histopathological diagnosis and assessment of R0 resection 
status.

Results

The characteristics of the 56 patients included are summa-
rized in Table 1. The mean patient age was 52 years (range 
26–74 years). The mean tumor size as detected by EUS was 
17.05 mm (range 8–28 mm). Tumors were located in the 
fundus (n = 32), corpus (n = 23), and antrum (n = 1).

Endoscopic resection was successfully performed in all 
patients. The median overall procedure time was 43.5 min 
(range 26–106 min). The mean size of the resected speci-
men was 19.73 mm (range 10–33 mm). The overall rate of 
en bloc resection was 96.4% (54/56). En bloc resection was 
not achieved in two cases of leiomyoma (both with lobu-
lar growth patterns). However, the residual leiomyoma was 
resected in a later procedure.
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Postresection histopathological diagnoses of all SETs 
included GISTs (n = 46) and leiomyomas (n = 10). The high-
power field (HPF) mitotic counts of all resected GISTs were 
low (< 5 mitotic figures/50 HPFs). All patients with GISTs 
were classified as low risk or extremely low risk according 
to the National Comprehensive Cancer Network (NCCN) 
guidelines.

Perforation occurred in four cases (7.1%); three tumors 
were located in the fundus and one tumor was located in the 
corpus. This complication occurred in two cases of GIST 
(both > 3 cm in length and width) and two cases of leio-
myoma (both had lobular growth patterns). In all patients, 
defects in the stomach wall were very small and could easily 
be closed using metallic clips. In the remaining 52 patients, 
varying degrees of defects were detected in the MP layer 
only.

No major procedure-related significant bleeding that 
required a transfusion occurred. Minor bleeding during 
endoscopic resection was common and was successfully 
managed with hemostatic forceps in all cases. No delayed 

bleeding occurred in any case. The median duration of hos-
pital stay after the procedure of all patients was 2.82 days 
(range 2–5 days).

All patients underwent follow-up endoscopy. The median 
time to follow-up endoscopy was 13.4  months (range 
10.4–15.9  months). During the follow-up, no early- or 
late-onset side effects (bleeding, peritonitis, or abdominal 
abscess) were observed in any patient. Tumor recurrence 
was not detected in any patient.

Discussion

An increasing number of gastric SETs have been incidentally 
detected during routine upper gastrointestinal endoscopies. 
SETs include a wide spectrum of benign and malignant 
conditions such as GISTs, leiomyomas, cysts, granular-cell 
tumors, aberrant pancreas, fibroma, lipoma, and gastric can-
cer. Different from SETs located in the second or third layer, 
almost all SETs characterized by a hypoechoic appearance 

Fig. 1   Endoscopic view of endoscopic resection of gastric SET with 
the SAER method. A Endoscopic view of the tumor in the corpus 
from the oral side. B The tumor was confirmed to originate from 
the MP layer by EUS. C Computed tomography view of the tumor. 
D Circumferential incision of the overlying mucosa of the tumor 
with a DualKnife. E A snare was tightened on the distal end of the 
endoscope. F After delivery through the cardia of the stomach by the 

endoscope, the snare was loosened and pushed into the gastric cavity. 
G The snare was placed around the overlying mucosa of the lesion 
with the guidance of a retractable metallic clip. H Under traction 
using the snare, the tumor was dissected with an IT knife nano. I The 
wound after resection. J The wound was fixed with several metallic 
clips. K The resected specimen
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originating from the MP layer with a regular border are 
GISTs and leiomyomas. EUS is considered highly valuable 
in the evaluation of gastric SETs, especially in distinguish-
ing invasive GISTs with irregular extraluminal borders, 
cystic areas, echogenic foci, and sizes greater than 30 mm. 
However, EUS imaging alone has low accuracy in the diag-
nosis of gastric SETs; the behavior of a GIST with a size less 
than 40 mm that contains only 1 or 2 distinguishing EUS 
features is difficult to predict [5, 12, 13].

The most common gastric SETs originating from the MP 
layer are GISTs, and GISTs are considered potentially malig-
nant. Therefore, obtaining a tissue diagnosis is necessary 
to evaluate the malignant potential of SETs. The reported 
success rates of accurate classification with EUS-guided 
biopsies are variable. However, according to the most pre-
vious studies, histological tissue sampling cannot be reliably 

achieved by endoscopic or endosonographic puncture tech-
niques, including EUS-guided fine needle aspiration and 
trucut biopsy [1, 13–18]. Therefore, diagnostic and thera-
peutic endoscopic resection of gastric SETs may be the best 
approach to guide treatment protocols.

In recent years, many successful methods that focus on 
endoscopic resection of gastric SETs have been reported. 
However, perforation rates remained high for endoscopic 
resection of SETs in the MP layer [7, 8, 19]. Therefore, a 
variety of techniques were adopted to repair the perforations 
in these cases to avoid conversion from endoscopic resection 
to surgery [6, 10, 11, 19]. Although minimal postresection 
abdominal bleeding was reported, a lower perforation rate 
will obviously lead to a lower abdominal bleeding rate.

In the present study, the SAER method was associated 
with a relatively low perforation rate. Furthermore, high 

Fig. 2   Schema view of endoscopic resection of gastric SET with 
the SAER method. A Side view of a gastric SET originating from 
the MP layer. B Saline containing indigo carmine and epinephrine 
was injected into the submucosa around the lesion. C Circumferen-
tial incision of the overlying mucosa of the tumor. D The snare was 
placed around the overlying mucosa of the tumor through the guid-
ance of a retractable metallic clip and endoscope: D-1 In SET located 
in the greater curvature of the gastric fundus, the distal tip of the 

snare was placed on the oral side of the overlying mucosa. D-2 In 
SET located in the lesser curvature of the gastric corpus, the distal 
tip of the snare was placed on the anal side of the overlying mucosa. 
E When dragging the SET toward the intraluminal region through the 
snare, the tumor could be easily dissected away from the MP layer 
with an IT knife. F The tumor was resected without perforation. G 
The wound was fixed with several metallic clips
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rates of en bloc resection and R0 resection were achieved, 
and no tumor recurrence occurred during the short-term 
follow-up. Compared with other endoscopic resection 
methods, the SAER method has several advantages. First, 
the dissection plane can be easily visualized through snare 
traction, which provides more accurate identification of 
the cutting line and less inadvertent cutting of submu-
cosal vessels and the MP layer that can result in bleed-
ing and perforation. Second, less “push cut” is needed in 
the dissection procedure. “Push cut” is typically adopted 
in conventional endoscopic resection methods to expose 
the border of gastric SETs originating from the MP layer. 
However, perforation or even damage to adjacent organs 
frequently occurs under these circumstances. In the SAER 
method, SETs are dragged toward the intraluminal region, 
reducing the likelihood of perforation and damage in adja-
cent organs. Third, compared with the traction method 
using dental floss and a hemoclip, the SAER method can 
provide tighter traction force on gastric SETs with a snare 
to ensure successful dissection. In addition, a snare tight-
ened on a tumor can prevent dissected gastric SETs from 
falling into the peritoneal cavity when perforation occurs 
during endoscopic resection. Finally, the traction materi-
als utilized in the SAER method, such as a snare and a 

retractable metallic clip, are commonly available and inex-
pensive. Placement of the snare on the overlying mucosa 
of SETs was easily achieved. Furthermore, the retractable 
metallic clip could also be used to fix the wound.

Nonetheless, this method has several potential limita-
tions. First, this method might not be suitable for gastric 
SETs located in the gastric cardia. When dissecting SETs 
located in the gastric cardia, a small space in the gastric 
cardia limits the performance of this method. Second, the 
direction of the traction can be provided on the oral side 
only. However, in most cases, this traction direction is suf-
ficient for resection of SETs located in the fundus and the 
corpus (98.2% in total in this study). We easily accom-
plished the dissection procedure with this method for only 
one tumor located in the antrum. Third, perforation can-
not be completely avoided in all cases. In this study, the 
total perforation rate was 7.14%; perforations occurred in 
GISTs > 3 cm in length and width and in leiomyomas with 
lobular growth patterns. Dissection of gastric SETs with 
a wide base will cause a wide defect in the stomach wall, 
likely with a greater perforation rate. However, further 
investigation is needed to explore the risk factors associ-
ated with the perforation rate when using this method.

This study has several limitations. First, this study 
was retrospective in nature. Next, the number of subjects 
enrolled was relatively small. Furthermore, a multicenter 
randomized controlled trial comparing endoscopic resec-
tion of gastric SETs originating from the MP layer with 
and without the SAER method is necessary.

In conclusion, the SAER method we applied to the 
endoscopic resection procedure for gastric SETs originat-
ing from the MP layer was safe, effective, inexpensive, 
and ensured high curability and a low perforation rate. 
Therefore, the use of the SAER method may be prefer-
able as part of the standard procedure for the removal of 
some gastric SETs originating from the MP layer with an 
appropriate size.
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Table 1   Clinicopathological characteristics of patients in this study 
with gastric SETs

SETs subepithelial tumors, EUS endoscopic ultrasound, GIST gastro-
intestinal stromal tumor

Median age, years (range) 52 (26–74)
Gender, n (%)
 Male 38 (67.9)
 Female 18 (32.1)

EUS
 Median size as detected, mm (range) 17.05 (8–28)
 After endoscopic resection 19.73 (10–33)

Location, n (%)
 Fundus 32 (57.1)
 Corpus 23 (41.1)
 Antrum 1 (1.8)

Median procedure time, min (range) 43.5(26–106)
En bloc resection rate, n (%) 54 (96.4)
R0 resection rate, n (%) 54 (96.4)
Histological diagnosis, n (%)
 GIST 46 (82.1)
 Leiomyoma 10 (17.9)

Complications, n (%)
 Perforation 4 (7.1)
 Significant bleeding 0 (0.0)

Median duration of hospital stay after the procedure, 
days

2.82 (2–5)

Recurrence rate, n (%) 0 (0.0)
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