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Abstract

BACKGROUND

Gastric mesenchymal tumors (GMT) are identified as soft tissue neoplasms that
arise from mesenchymal stem cells within the gastrointestinal tract. GMT pri-
marily encompass gastric stromal tumors (GST), gastric leiomyomas, and gastric
schwannomas. Although most GMT are benign, there are still potential malignant
changes, especially GST. Thus, early surgical intervention is the primary treat-
ment for GMT. We have designed a simple endoscopic “calabash” ligation and
resection (ECLR) procedure to treat GMT. Its efficacy and safety need to be com-
pared with those of traditional endoscopic techniques, such as endoscopic sub-
mucosal excavation (ESE).

AIM
To assess the safety and effectiveness of ECLR in managing small GMT (sGMT)
with a maximum diameter < 20 mm by comparing to ESE.

METHODS

This retrospective analysis involved patients who were hospitalized in our
institution between November 2021 and March 2023, underwent endoscopic
resection, and received a pathological diagnosis of GMT. Cases with a tumor
diameter < 20 mm were chosen and categorized into two cohorts: Study and
control groups. The study group was composed of patients treated with ECLR,
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whereas the control group was composed of those treated with ESE. Data on general clinical characteristics
(gender, age, tumor diameter, tumor growth direction, tumor pathological type, and risk grade), surgery-related
information (complete tumor resection rate, operation duration, hospitalization duration, hospitalization cost, and
surgical complications), and postoperative follow-up were collected for both groups. The aforementioned data
were subsequently analyzed and compared.

RESULTS

Five hundred and eighty-nine individuals were included, with 297 cases in the control group and 292 in the study
group. After propensity score matching, the final analysis incorporated 260 subjects in each cohort. The findings
indicated that the study group exhibited shorter operation duration and lowered medical expenses relative to the
control group. Furthermore, the study group reported less postoperative abdominal pain and had a lower inci-
dence of intraoperative perforation and postoperative electrocoagulation syndrome than the control group. There
were no substantial variations observed in other parameters among the two cohorts.

CONCLUSION
ECLR is a viable and effective approach for managing sGMT.

Key Words: Endoscopic “calabash” ligation and resection; Endoscopic submucosal excavation; Gastric mesenchymal tumors;
Gastric stromal tumors; Leiomyoma; Schwannoma

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Geometric mesenchymal tumors (GMT) have a certain malignant tendency. Endoscopic submucosal excavation is
commonly used to treat this tumor clinically. We designed a new endoscopic technique [endoscopic “calabash” ligation and
resection (ECLR)] to treat the tumor. Studies have shown that ECLR is an effective method for the treatment of GMT.
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INTRODUCTION

Gastrointestinal mesenchymal tumors (GIMT) are identified as soft tissue neoplasms that arise from mesenchymal stem
cells within the gastrointestinal tract, exhibiting non-epithelial and non-lymphatic characteristics[1], which are predom-
inantly located in the stomach. GIMT distributed in the stomach are called gastric mesenchymal tumors (GMT). Initially,
all digestive tract tumors thought to originate from smooth muscle were classified as gastrointestinal stromal tumors
(GIST)[2]. However, advancements in immunohistochemical techniques have enabled precise diagnosis and classification
of these tumors. Clinically, GMT primarily encompass gastric stromal tumors (GST), gastric leiomyomas (GL), and gastric
schwannomas (GS).

GIST represent the most prevalent subtype of GIMT, constituting 1%-2% of all gastrointestinal tumors[3]. Research
indicates that the global incidence rate of GIST is approximately 10%-15% per million annually[4]. GIST, which arise from
the interstitial cells of Cajal or their precursor stem cells, are predominantly found in the stomach, accounting for approx-
imately 60%-70% of cases[5]. Histologically, GST under a light microscope exhibit similarities to smooth muscle and
Schwann cells, with pathological specimens primarily composed of spindle cells, occasionally accompanied by epithelioid
cells. GST’s symptoms are nonspecific and are contingent on the lesion’s size and location. Common clinical manifest-
ations include abdominal distension and pain, while severe cases may present with hematemesis or melena. Studies
suggest that benign GIST are more frequently found in the stomach, whereas malignant GIST are more commonly
identified in the colon[6]. Among them, GST have a better prognosis than small intestinal or rectal stromal tumors[7].
Nonetheless, GST still possess the potential for malignant transformation. GST are categorized as low-risk or high-risk
malignant tumors depending on tumor size and mitotic count[8]. As per the National Institutes of Health 2008 guidelines,
the invasive risk of GST can be categorized into four levels: Very low, low, intermediate, or high[9]. Consequently,
surgical resection remains the preferred therapeutic approach for GST.

GL are a prevalent type of GIMT, representing 60%-70% of benign gastric tumors[10]. They originate from the
submucosa, muscularis mucosa, and muscularis propria, primarily occurring in the cardia and frequently involving the
gastroesophageal junction, with a few cases found in the fundus[11]. The occurrence of GL shows no correlation with
gender or age[12], and most patients exhibit no significant clinical symptoms. Therefore, distinguishing GL from GST
using traditional white light endoscopy and endoscopic ultrasonography (EUS) is challenging. Seo et al[13] developed a
scoring system to differentiate tumors based on endoscopic appearance and EUS findings. A score of 0 to 1 indicates a
high likelihood of GL, with a sensitivity and specificity of 75.9% and 99.5%, respectively, whereas a score of 2 to 3
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suggests a higher probability of GST, with a sensitivity and specificity of 75.8% and 85.4%, respectively. Pathological
examination remains the definitive gold standard for diagnosis. Historically, GL were considered to have minimal
malignant potential. However, a study by Yamamoto et al[14] revealed that GL can undergo malignant transformation
into leiomyosarcomas. Thus, early surgical intervention remains the primary treatment for GL.

GS, another variant of GIMT, originate from Schwann cells within the gastrointestinal neural plexus[15,16]. GS are
comparatively rare, constituting merely 0.2% of all gastric tumors[1]. The age of onset for GS varies widely, with a higher
incidence in females[17]. GS predominantly appear in the gastric body[11], followed by the antrum and fundus[16].
Patients generally do not display significant clinical symptoms, though some may experience abdominal discomfort.
Larger tumors may lead to gastrointestinal bleeding[15]. Physical examination might reveal a palpable abdominal mass.
GS are typically benign but hold the potential for malignant transformation[16]. Nevertheless, the prognosis post-
resection is favorable[5]. Therefore, prompt surgical removal is recommended upon GS diagnosis.

In summary, early detection and intervention are crucial factors affecting the prognosis of GMT, with surgical
treatment being the preferred approach. Historically, surgical resection was the standard method for treating GMT.
Recently, advancements in endoscopic techniques have shown that the resection rate of endoscopic procedures is
comparable to that of traditional open surgery, particularly for small GMT (sGMT, diameter < 2 cm). Furthermore,
endoscopic minimally invasive surgery provides advantages such as reduced trauma, faster recovery, shorter operation
time, fewer complications, improved quality of life, and lower hospitalization costs, making it the preferred treatment for
sGMT. Current endoscopic techniques include endoscopic submucosal dissection (ESD), endoscopic submucosal
excavation (ESE), endoscopic full-thickness resection (EFTR), and submucosal tunneling endoscopic resection[18]. ESE is
both effective and safe for GMT treatment, preserving the normal physiological structure of the digestive tract while
excising the tumor, and is widely used in clinical practice. A novel endoscopic surgical method for GMT, termed en-
doscopic “calabash” ligation and resection (ECLR)[19], has been developed, receiving ethical clearance and innovative
technology validation from our hospital (Shenzhen People’s Hospital).

MATERIALS AND METHODS

Study design, subject selection, and cohort allocation

A cohort of 520 patients diagnosed with GMT wvia biopsy following endoscopic treatment at our hospital between
November 2021 and March 2023 was selected for this retrospective analysis. This study received approval from the
hospital’s ethics committee, and all individuals, along with their families, provided informed consent.

The inclusion criteria were: (1) Age > 18 years; (2) Preoperative endoscopic ultrasound indicating a single lesion,
without excluding GMT; (3) Preoperative computed tomography (CT) or magnetic resonance imaging (MRI) showing no
evidence of metastatic spread to lymph nodes or distant sites; (4) Tumor diameter < 20 mm; (5) Postoperative pathological
confirmation of the resected lesion as GST, GL, or GS; and (6) Treatment completion through ESE or ECLR. In addition,
all cases included in this investigation did not change the endoscopic treatment.

The exclusion criteria included: (1) Individuals with severe primary diseases affecting the heart, liver, kidney, or
hematopoietic system; (2) Detection of tumor metastasis by preoperative imaging such as CT or MRI[; (3) Patients with
other conditions significantly increasing treatment risk and hospital stay duration; (4) Postoperative pathology of the
resected lesion not confirming GST, GL, or GS, or incomplete immunohistochemical examination; and (5) Fragmented
patient files. Individuals were allocated to either a control group (GMT cases managed with ESE) or a study group (GMT
individuals receiving ECLR therapy).

Specifics of medical practitioner instruction to ensure consistency in their applied techniques

All endoscopists involved in this study held positions as either chief physician or associate chief physician, with a
cumulative experience of more than 500 cases in advanced endoscopic procedures, including ESD, ESE, EFTR, and ECLR.
They possessed substantial expertise in ESE and ECLR techniques and had completed standardized training in surgical
protocols and the use of instruments.

Surgical instruments

The instruments employed in this research consisted of gastroscope (GIF-Q260]; Olympus Corporation, Tokyo, Japan),
endoscopic ultrasound system (SU-9000; Hitachi High-Tech Group, Tokyo, Japan), argon plasma coagulation system
(VIO-200s; ERBE Elektromedizin GmbH, Tiibingen, Germany), IT-Knife2 (KD-611 L; Olympus Corporation), DualKnife
(KD-650 L; Olympus Corporation), disposable multifunctional mucosal cutting knives (Anrei, Zhejiang Province, China),
disposable injection needles (NM-200 L-0423; Olympus Corporation), disposable electrocircular ligators (MTNPFS01-
02423180; Nanjing Nanwei Medical Technology Co., Ltd.), hot biopsy forceps (HBF-16/1800; Nanjing Nanwei Medical
Technology Co., Ltd.), titanium clips (ROCC-D-26-195; Nanjing Nanwei Medical Technology Co., Ltd., China), nylon
ligation rings (Olympus Corporation), and transparent ligation caps (Olympus Corporation). The submucosal injection
solution comprised 250 mL of normal saline, 0.5 mg of methylene blue, and 1 mg of epinephrine. Midazolam, pethidine,
or propofol was utilized for the administration of intravenous anesthesia.

Endoscopic treatment
ESE: The subject was positioned in the left-side lying posture, with a cardiac monitor for monitoring vital signs (Figure 1).
Intravenous anesthesia was administered. Initially, the surface mucosa of the sGMT was marked with electrocoagulation
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Figure 1 Endoscopic submucosal excavation for treatment of small gastric mesenchymal tumors. A: Small gastric mesenchymal tumor (SGMT)
located at the gastric fundus near the cardia; B: Electrocautery markings visible on the SGMT’s surface; C: Submucosal injection around the sGMT; D: Incision of the
mucosal surface using a mucosal incision knife (MIK) to expose the tumor; E: Separation of the tumor from its base using a MIK; F: The wound after complete tumor
dissection; G: Closure of the wound using titanium clips; H: The completely resected tumor.

‘<

using a mucosal incision knife (MIK) and several injections were delivered into the submucosal layer around the lesion.
Following this, a MIK was employed to cut through the mucosa and submucosa at the apex of the sGMT, revealing the
tumor surface, dissecting the tumor layer by layer, and resecting the sGMT along the tumor base. Finally, the wound was
closed with titanium clips and/or nylon loops. Residual blood in the gastric cavity was rinsed out. Once it was confirmed
that no active bleeding was present at the treatment site, the endoscope was withdrawn. A gastric tube linked to a ne-
gative pressure drainage box was placed postoperatively to monitor for delayed bleeding.

ECLR: The subject was positioned in the left-side lying posture, with a cardiac monitor for monitoring vital signs (Figures
2 and 3). Intravenous anesthesia was administered. Initially, electrocoagulation markers were placed on the surface of the
sGMT utilizing a MIK or an electrocircular snare. Subsequently, several injections were made into the submucosal layer
bordering the sGMT, utilizing an injection needle. Following this, an incision was made on the surface of the tumor with
the tip of the MIK or electrocircular snare, ensuring that it was large enough to cover the tumor’s diameter and deep
enough to reach the mucosal and submucosal layers, thereby exposing the tumor. Using negative pressure suction, the
tumor was aspirated into the transparent ligation cap at the endoscope’s tip. If the tumor could not be aspirated, further
dissection was performed. The initial nylon loop was situated at the foundation of the tumor, while the subsequent loop
was strategically placed inferior to the first, ensuring that it could tighten the full-thickness gastric wall. The suction
device was reactivated to fully aspirate the tumor into the ligation cap. At this point, the maximum negative pressure was
applied to aspirate the complete tumor into the ligation cap while the assistant gradually tightened the nylon loop.
Consequently, the nylon loop and tumor in the surgical area resembled a “calabash”. The surgeon then used the MIK or
electrocircular snare to excise the tumor above the first nylon loop, effectively removing the upper part of the “calabash”.
The inferior portion remained intact to prevent perforation or bleeding. In the case of intraoperative perforation, a nylon
loop could be re-used for full-thickness ligation, or titanium clips combined with a nylon loop could be used for closure.

Complication assessment

The potential complications during treatment include the following: (1) Resection failure: The inability to remove the
GMT endoscopically or the necessity to convert to surgical intervention midway due to various reasons; (2) Intraop-
erative massive bleeding: Defined as intraoperative blood loss exceeding 100 mL or bleeding that is uncontrollable under
endoscopy; (3) Intraoperative perforation: The occurrence of full-thickness gastric defects during the procedure; (4)
Postoperative delayed bleeding: Characterized by the presence of bright red drainage fluid from the gastric tube post-
procedure, the patient experiencing hematemesis, or the discovery of active bleeding on follow-up endoscopy; (5)
Postoperative delayed perforation: Identification of full-thickness gastric defects after the procedure; (6) Abdominal
infection: Defined as the development of fever in the patient, accompanied by increased white blood cell count, elevated
neutrophil percentage, elevated procalcitonin and C-reactive protein levels, or (and) CT examination indicating ascites or
(and) abscess formation; (7) Postoperative infections in locations beyond the abdominal region, including but not limited
to respiratory tract infections; (8) Postoperative electrocoagulation syndrome: The onset of fever, localized abdominal
tenderness and rebound tenderness, and increased white blood cell count (= 10.8 x 10°/L) within 2 d following the
endoscopic operation, but excluding gastric perforation as indicated by abdominal X-ray or CT examination; and (9)
Postoperative abdominal pain: The occurrence of abdominal pain post-procedure, which can be assessed according to
pain intensity using a pain rating scale.

3%’@) WIGE | https://www.wjgnet.com 548 October 16,2024 | Volume16 | Issuel0 |



Lin XM et al. ECLR for sGMT

Figure 2 Endoscopic “calabash” ligation and resection for treatment of small gastric mesenchymal tumors. A: Electrocoagulation imprints
visible on the small gastric mesenchymal tumor (sGMT)’s surface; B: Submucosal injection around the sGMT; C: Incision of the mucosa on the surface of the sSGMT
using the tip of an electrosurgical snare; D: Protrusion of the tumor after negative pressure suction; E: First nylon loop ligating of the tumor base; F: Formation of the
“calabash” shape after a second nylon loop, and resection of the tumor situated in the superior portion of the “calabash” utilizing the electrosurgical snare; G: Intact
lower part of the “calabash” without perforation, with reinforcement ligation using a nylon loop; H: Completely resected tumor specimen.

Figure 3 Schematic diagram of endoscopic “calabash” ligation and resection for managing endophytic gastric stromal tumors. Elec-
trocoagulation is utilized to create markings on the tumor surface, followed by submucosal injection. A transparent ligation cap is then employed, and the tumor is
revealed by incising the mucosa and submucosa layers. Ligation is performed using two nylon rings to create a “calabash” shape. The gastric stromal tumor located
in the superior portion of the “calabash” is resected using a snare, while ligation of the inferior portion is carried out to prevent perforation.

Postoperative management

Following the operation, a gastric tube was placed and linked to a negative pressure drainage box to monitor for delayed
bleeding. All patients were administered proton pump inhibitors to suppress gastric acid for 8 wk postoperatively. If the
patient’s condition remained stable without delayed bleeding, perforation, infection, or other complications, a full liquid
diet was initiated 24 h after the procedure. For individuals with large surgical incisions, marked postoperative abdominal
pain, or postoperative bleeding complications, the fasting period needed to be extended. Patients with postoperative
infections were treated with antibiotics. In cases of delayed perforation after the procedure, gastrointestinal decom-
pression, total parenteral nutrition, and antibiotic therapy were provided.
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Discharge criteria

The criteria for discharge are as follows: (1) Absence of complications, including delayed bleeding, perforation, or
infection; (2) The patient reported no discomfort after 1 d of a liquid diet; (3) Pain score < 2 points; and (4) Patients po-
ssessed self-care ability.

Follow-up

One week after discharge, patients must attend a follow-up appointment at the outpatient clinic to assess postoperative
recovery and receive dietary and activity guidance. Telephone follow-ups were conducted at 2 and 4 weeks after
discharge to assess for any latent adverse events, including bleeding, perforation, or infection. Additionally, all
individuals were advised to schedule their first follow-up endoscopy within 3 to 6 months post-discharge to evaluate
wound healing and check for tumor recurrence. Subsequent endoscopies should be performed annually. If follow-up
examinations revealed the presence of residual or recurrent tumors, a second endoscopic or surgical intervention should
be considered.

Statistical analysis

Data analyses were carried out utilizing Statistical Product and Service Solutions 25.0 software (International Business
Machines Corporation, Armonk, NY, United States). Propensity score matching (PSM) was employed to mitigate
retrospective bias, with a caliper set at 0.02. Comparative analysis was performed among the study group and the control
group, taking into account general clinical data (gender, age, tumor length, tumor growth direction, tumor pathological
type, and risk grade), surgical-related information (complete tumor resection rate, operation time, length of hospital stay,
hospitalization expenses, and surgical complications), and postoperative follow-up outcomes. Measurement data are
denoted as the mean + SD, whereas count data are represented by frequencies or percentages. Independent sample ¢ tests
were utilized to compare measurement data between the two groups, and y? tests were utilized for count data
comparisons. Non-parametric Wilcoxon tests were employed for data comparisons involving non-normally distributed
data or unequal variances. Two-tailed P < 0.050 was deemed statistically significant.

RESULTS

Patient information

The selection process for study subjects is depicted in Figure 4. From November 2021 to March 2023, 663 patients were
suspected of having a single GMT based on white light endoscopy and EUS examination. Upon acquiring patient author-
ization, these patients received endoscopic surgical treatment. Postoperative pathology reported 272 cases of GST, 337
cases of GL, and 3 cases of GS. Based on the preoperative EUS examination results, 606 cases of GMT with a long
diameter < 20 mm were identified. Among them, 11 patients presented with comorbidities that elevated the risks as-
sociated with treatment and prolonged their hospital stays, while six others were relocated to other units owing to
additional diseases. Ultimately, 297 GMT patients with a long tumor diameter < 20 mm underwent ESE treatment and
were incorporated into the control group, while 292 cases underwent ECLR treatment and were incorporated into the
study group. Following PSM for gender, age, GMT location, tumor long diameter, tumor pathological type, and GST risk
grade, 520 cases were incorporated into this research, with 260 cases in each cohort.

Comparisons between the two groups

Comparison of baseline characteristics: The control group consisted of 95 males and 165 females, with an average age of
53.01 years + 10.37 years (range: 26 years to 78 years) (Table 1). The average maximum diameter of the GMT was 6.72 mm
+2.22 mm (range: 2.4 mm to 15.9 mm). GMT were situated within the gastric fundus in 143 cases and in the gastric body
in 117. Most GMT (253 cases, 97.30%) exhibited endophytic growth, while a minority (7 cases, 2.70%) showed partial
exophytic growth. There were no completely exophytic GMT observed. In terms of pathological types, there were 99
cases of GST and 161 cases of GL, with no cases of GS. Among the GST cases, 98 were classified as very low risk, and only
one case was categorized as low risk. There were no intermediate or high-risk cases determined.

The research cohort comprised 99 males and 161 females, with an average age of 52.23 years * 11.92 years (range: 20
years to 87 years). The average diameter of the GMT was 6.53 mm * 2.16 mm (range: 2.5 mm to 14.7 mm). GMT were
primarily situated within the gastric fundus in 146 cases and in the gastric body in 114. A total of 253 GMT (97.30%)
exhibited endophytic growth, while 7 (2.70%) showed partial exophytic growth. There were no completely exophytic
GMT observed. The pathological types included 120 GST, 139 GL, and 1 GS case. All GST patients (120 cases) were
categorized as very low-risk, with no low-risk, intermediate-risk, or high-risk cases. There were no statistically significant
differences between the two groups regarding gender (P = 0.717), age (P = 0.428), GMT distribution (P = 0.791), average
GMT diameter (P = 0.320), GMT growth direction (P > 0.999), GMT pathological type (P > 0.999), or GST risk stratification
(P =0452).

Comparison of efficacy of endoscopic treatments: Postoperative pathological biopsy confirmed that all cases had intact
tumor capsules and total excision of the GMT (Table 2).

Comparison of intraoperative complications: There were no cases of massive intraoperative bleeding in either group.
Intraoperative perforation occurred in 28 cases (3.08%) in the control group and 3 cases (1.15%) in the study group. All
perforations were endoscopically closed without the need for surgical intervention. Neither group required conversion to
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Table 1 Comparison of baseline characteristics between the two groups

Characteristic Control group (n=260) Study group (n=260) P value
Gender Male/female 95/165 99/161 0.717
Age (years) 53.01+£10.37 5223 +11.92 0.428
Tumor location Gastric fundus/ gastric body 143/117 146/114 0.791
Tumor long diameter 6.72£222 6.53 £2.16 0.320
Tumor growth pattern Endoluminal/partially exophytic ~ 253/7 253/7 >0.999
Tumor pathological type Leiomyoma 161 139 0.062

Schwannoma 0 1 >0.999

Gastrointestinal stromal tumor 99 120 0.076
Gastrointestinal stromal tumor risk stratification ~ Very low risk 98 120 0.452

Low risk 1 0

Intermediate risk 0 0

High risk 0 0

Table 2 Comparison of treatment results and complications between the two groups, n (%)

Control group (n= Study group (n= P

260) 260) value

Endoscopic treatment Complete resection (cases) 260 260 >0.999
outcomes

Incomplete resection (cases) 0 0 >0.999
Intraoperative complic- Intraoperative bleeding (cases) 0 0 >0.999
ations

Intraoperative perforation (cases) 28 (3.08) 3 (1.15) <0.001

Intraoperative endoscopic examination failure and conversion to 0 0 >0.999

open surgery (cases)
Postoperative complic- Postoperative abdominal pain score (points) 0.25 +0.56 0.16 + 0.43 0.029
ations

Postoperative delayed bleeding (cases) 1(0.38) 0 (0) >0.999

Average volume of red blood cell suspension transfused (U) 2 0 0.318

Postoperative delayed perforation (cases) 0 0 (0) >0.999

Postoperative abdominal infection (cases) 1(0.38) 0 (0) >0.999

Postoperative respiratory tract infection (cases) 3(1.15) 1(0.38) 0.624

Postoperative electrocoagulation syndrome (cases) 8 (3.08) 1(0.38) 0.037

surgical treatment owing to endoscopic treatment failure (Table 2).

Comparison of postoperative complications: Postoperative abdominal pain scores were 0.25 points + 0.56 points (range:
0 points to 3 points) in the control group and 0.16 points + 0.43 points (range: 0 points to 3 points) in the study group
(Table 2). The pain score was markedly reduced in the study group relative to the control group (P = 0.029). Despite the
statistical significance, pain levels were low in both groups, indicating no substantial clinical difference. One individual in
the control group experienced delayed bleeding postoperatively (incidence rate: 0.38%), occurring on the third day after
discharge due to excessive food intake. This patient returned to the hospital for treatment and received a transfusion of
two units of leukocyte-reduced red blood cell suspension, subsequently recovering and being discharged. There were no
cases of postoperative delayed bleeding occurring in the study group, and the difference between the groups was not
statistically significant (P > 0.999). There were no cases of postoperative delayed perforation observed in either group,
with no statistically significant difference (P > 0.999). One case of postoperative intraabdominal infection was discovered
in the control group (incidence rate: 0.38%), with no statistically significant difference between the groups (P > 0.999).
Respiratory tract infections occurred postoperatively in three cases in the control group and one case in the study group
(incidence rates: 1.15% and 0.38%, respectively), with no statistically significant difference (P = 0.624). The incidence rate
of postoperative electrocoagulation syndrome in the study group was 0.38% (1/260), significantly lower than the 3.08%
(8/260) in the control group (P = 0.037).
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Patients who were older than 18 years was suspected a singal GMT and

diagnosed based on the whited-light endoscopy and EUS examinations (7 = 663) Diagnosed as nor-GMT in pathological

were thirty-four cases. Seventeen cases
were showed as spindle cell lesions, but
without perfect immunohistochemistry
(n=151)
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Pathological diagnosis after resection: GST = 272, GL = 337, GS = 3 (n = 612)

GMT > 20 mm in diameter (n = 6) ]

GMT < 20 mm in diameter (7 = 606)
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Eleven patients had other diseases that
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of hospital stay. Six patients were
transferred toother departments due to
other illnesses
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Figure 4 Flowchart of study subject selection process. GMT: Gastric mesenchymal tumors; EUS: Endoscopic ultrasonography; GST: Gastric stromal
tumors; GL: Gastric leiomyomas; GS: Gastric schwannomas; ESE: Endoscopic submucosal excavation; PSM: Propensity score matching; ECLR: Endoscopic
“calabash” ligation and resection.

Comparison of endoscopic surgery duration: The duration of endoscopic treatment was 54.00 min * 9.47 min (range: 27
min to 69 min) in the control group and 33.49 min * 8.46 min (range: 20 min to 49 min) in the study group. Treatment
time was significantly shorter in the study group relative to the control group (P < 0.001) (Table 3).

Comparison of hospitalization duration: The length of hospital stay was 5.04 d £ 1.46 d (range: 2 d to 13 d) in the control
group and 5.24 d £ 1.45 d (range: 3 d to 11 d) in the study group, with no statistically significant difference between the
two groups (P = 0.117) (Table 3).

Comparison of medical costs: Medical costs were RMB 16111.40 + 3709.71 (range: RMB 9601.95 to 35910.45) in the control
group and RMB 14435.25 + 3458.43 (range: 7590.25 to 30412.48) in the study group. In addition, during tumor resection,
the two groups had the same operation charge code, which means that operation cost was same. However, material costs
of the two groups were different. Material costs were RMB 4115.81 + 1486.70 (range: RMB 91242.13 to 10804.39) in the
control group and RMB 3571.96 + 1507.32 (range: RMB 718.27 to 8943.39) in the study group. Costs in the study group
were significantly reduced relative to the control group (P < 0.001) (Table 3).

Comparison of follow-up results: There was no statistically significant difference in follow-up duration between the two
cohorts. During the follow-up period, no tumor recurrence, metastasis, or death was discovered in either group (Table 4).

DISCUSSION

GMT comprising GST, GL, and GS are frequently observed as submucosal lesions during endoscopy. EUS identifies GMT
as hypoechoic masses within the submucosal or muscularis propria layer[20]. Malignant GST typically present as
abnormal echoic masses with irregular borders[21]. EUS can provide preliminary assessments of the nature and origin of
lesions, and its extended technique, EUS-guided fine-needle aspiration (EUS-FNA), markedly enhances the diagnostic
capability of EUS, reducing the need for surgical diagnostic interventions. The sensitivity, specificity, and accuracy of
EUS-FNA in diagnosing upper GIMT are reported to be 82.9%, 73.3%, and 80%, respectively[22]. However, EUS-FNA is a
non-sterilized procedure performed in the non-sterile environment of the digestive tract, which may lead to postoperative
infection. For malignant tumors, EUS-FNA carries the risk of tumor rupture and dissemination of cancer cells. Conse-
quently, surgical resection followed by postoperative pathological diagnosis is preferred for GMT in clinical practice,
necessitating complete tumor removal by surgeons. Open surgery is a traditional surgical treatment. In recent years,
minimally invasive treatment has gradually become the mainstream trend of modern surgical treatment. People prefer to
choose laparoscopy with small trauma and short operation time. Laparoscopic gastric wedge resection is the most widely
used surgical method in the clinic, especially for tumors growing in the fundus and body of the stomach[23]. However,
for small tumors or endogenous GMT, laparoscopy cannot accurately determine the scope of surgical resection. It will not
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Table 3 Comparison of treatment outcomes between the two groups

Control group (n = 260) Study group (n = 260) Pvalue
Operative time (min) 54.00 +9.47 33.49 £ 8.46 <0.001
Length of hospital stay (d) 5.04 +1.46 5.24 +1.45 0.117
Hospitalization expenses (RMB) 16111.40 + 3709.71 14435.25 + 3458.43 <0.001
Materials expenses (RMB) 4115.81 + 1486.70 3571.96 +1507.32 <0.001

Table 4 Comparison of follow-up results between the two groups

Control group (n = 260) Study group (n = 260) P value
Mean postoperative follow-up time (mo) 3.51+4.26 3.23 £4.07 0.457
Postoperative recurrence (cases) 0 0 >0.999
Postoperative metastasis (cases) 0 0 >0.999
Postoperative death (cases) 0 0 >0.999

only remove too much normal gastric wall tissue and destroy the integrity of gastric structure[24], but also take a long
time to operate, with a large amount of bleeding during operation, which will affect the postoperative recovery of
patients. Endoscopy, as a minimally invasive surgical method with rapid operation and minimal trauma, is generally
more acceptable to patients. This research sought to illustrate the effectiveness and safety of an innovative endoscopic
approach for treating GMT with a diameter of < 20 mm. The findings indicate that this procedure is a potent, compar-
atively uncomplicated, and cost-efficient method for managing sGMT.

The primary goal of surgical treatment is to achieve complete tumor resection. During ESE for GMT resection, the MIK
is employed to incise the mucosa and submucosa, separate the tumor capsule, expose the tumor, and finally dissect along
the tumor base, ensuring the integrity of the capsule and complete tumor removal. GMT located in the fundus are more
challenging to resect than tumors in other locations. ESE employs a “U”-shaped reverse position to fully expose the
tumor base[19] and achieve complete resection. In contrast, ECLR utilizes negative pressure suction to draw the entire
tumor into the ligation cap, performing ligation and resection at the tumor base. Compared with ESE, ECLR does not
require external traction[19] and can still achieve complete tumor resection with a simpler operation. In this study,
postoperative pathology of all tumors indicated negative resection margins, demonstrating that both ECLR and ESE can
achieve complete resection for GMT with a long diameter of <20 mm.

Intraoperative bleeding is a significant complication frequently associated with GMT originating from the muscularis
propria. This is due to the relatively abundant blood supply in the muscularis propria of the gastric submucosa. Addi-
tionally, complete resection of the tumor during endoscopic treatment often necessitates cutting through the muscular
tissue at the tumor margin and base, leading to bleeding from transected blood vessels in the muscular layer. Therefore,
preoperative EUS should be performed on each patient to evaluate the lesion’s nature and origin, and the condition of
adjacent blood vessels. In this study, all surgeons were highly experienced, enabling precise pretreatment of the blood
vessels surrounding the tumor and effectively preventing intraoperative bleeding; there were no instances of intraop-
erative bleeding (defined as intraoperative blood loss > 100 mL) in either group. During endoscopic treatment, because
the tumor often grows exogenously or is closely linked to the muscularis propria, it is necessary to completely incise the
gastric wall to achieve total resection. Consequently, there were 28 cases of perforation during ESE treatment, all of which
were successfully closed endoscopically at the perforation site. In ECLR treatment, the tumor base and the full thickness
of the gastric wall are ligated with a nylon loop during the procedure, which not only obstructs the blood supply, causing
tumor necrosis, but also significantly reduces the risk of bleeding and perforation[21]; there were only 3 cases of intraop-
erative perforation in ECLR, all of which were completely closed endoscopically at the perforation site.

In the control group, one patient (0.38%) experienced delayed bleeding postoperatively, with no instances of pos-
toperative perforation. Gastroscopic reexamination of the patient with postoperative bleeding revealed ulcer formation
and bleeding at the wound site, likely due to excessive food intake causing excessive gastric tension, leading to premature
detachment of the titanium clips that closed the wound. Bleeding was controlled after endoscopic suturing using titanium
clips combined with a nylon loop purse-string suture at the wound site. During hospitalization, the individual received a
transfusion of 2 units of red blood cells and was discharged upon improvement. There were no delayed perforation or
bleeding occurring in the study group postoperatively. During ESE, overlapping of titanium clips should be avoided to
enhance the fixation effect and prevent premature detachment. In ECLR, the nylon loop must be securely tightened to
avoid loosening, while reserving space for resecting the GMT. When resecting the GMT, the incision knife or elec-
trosurgical snare should be positioned in the upper half of the “calabash”, as close to the tumor base as possible, to avoid
resecting the lower half of the “calabash”. Postoperatively, a gastric tube should be placed for gastrointestinal deco-
mpression to reduce gastric tension and prevent delayed perforation and bleeding caused by premature detachment of
titanium clips or nylon loops. For patients with larger tumors, the resumption of a normal diet can be delayed as nece-
ssary, as premature and excessive eating can lead to detachment of the clips or loops. Postoperative dietary and exercise
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education is crucial.

The average postoperative abdominal pain score was 0.25 = 0.56 in the control group and 0.16 + 0.43 in the study
group. The postoperative abdominal pain score in the study group was significantly lower relative to that of the control
group (P = 0.029). The postoperative abdominal pain in both groups did not affect patients’ daily life.

One case of postoperative intra-abdominal infection was discovered in the control group, caused by the leakage of
intraoperative lavage fluid into the abdominal cavity. The patient recovered following antibiotic treatment. Therefore,
excessive lavage should be avoided during operations for patients with suspected perforation.

In the control group, three patients (1.15%) developed respiratory tract infections post-treatment, while only one
individual (0.38%) in the study group experienced this complication. These infections were attributed to accidental as-
piration during the endoscopic procedure. All affected individuals received antibiotic treatment during their hospital stay
and were discharged upon improvement.

Postoperatively, patients in both groups developed electrocoagulation syndrome, with 8 cases (3.08%) in the control
group and 1 (0.38%) in the study group. The prevalence rate in the study group was significantly lower relative to that of
the control group (P = 0.037). Electrocoagulation syndrome is often caused by heat-induced transmural injury during
intraoperative electrocoagulation, characterized by fever and local pain without perforation[25]. This is related to the
electrocoagulation method and the duration of the operation. In ESE, frequent electrocoagulation is necessary for he-
mostasis due to the abundant blood vessels surrounding the tumor. Moreover, the close connection between the tumor
and the muscularis propria can easily lead to thermal injury of the muscularis propria caused by electrocoagulation. In
ECLR treatment, the nylon loop is used to ligate the tumor into a “calabash” shape, and the electrocoagulation thermal
stimulation is primarily in the upper half, with minimal thermal impact on the lower half, resulting in a lower incidence
of electrocoagulation syndrome. It is recommended to use the soft coagulation mode and reduce electrocoagulation time
during the operation to minimize the incidence of postoperative electrocoagulation syndrome.

Compared with ESE, the operation method of ECLR is simpler, and the average operation time in the study group was
significantly shorter relative to that of the control group (P < 0.001). There was no statistically significant difference in the
length of hospital stay between the two groups. ECLR requires fewer and cheaper instruments than ESE, and the hospit-
alization cost in the study group was significantly lower relative to that of the control group (P < 0.001). In the follow-up
period, no individuals in either group were found to have tumor recurrence or metastasis.

CONCLUSION

This study demonstrated that for GMT with a long diameter < 20 mm, complete resection was accomplished in all
subjects in both the ESE group (control group) and the ECLR group (study group). However, ECLR presents several
advantages over ESE, including a simpler procedure, lower treatment costs, and reduced complications such as electroco-
agulation syndrome. Consequently, ECLR can be considered an effective endoscopic surgical technique for treating
sGMT. However, this study still has limitations. First of all, this investigation is a single-center retrospective analysis with
a restricted sample size. There is some information bias and sample selection bias, which may affect the results of this
study. Second, different endoscopists may have certain differences in their understanding of different endoscopic
techniques. Moreover, the time span for selecting cases in the study is long. As time goes on, the operational skills and
proficiency of endoscopists have improved compared to before. It may have a certain impact on the results. Finally, the
follow-up period of this study is short. Long-term efficacy of ECLR in the treatment of sGMT is still insufficient. Future
research should involve a multi-center prospective study to provide a more robust theoretical basis for the use of ECLR in
the treatment of GMT.
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