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Abstract

Background Submucosal tunneling endoscopic resection

(STER) can be adequately adopted as an effective treat-

ment for submucosal tumors (SMTs) originating from the

muscularis propria (MP) layer at the esophagus and cardia.

However, it has been seldom used for gastric SMTs. Our

purpose was to evaluate the clinical impact of STER for

gastric SMTs arising from the MP layer.

Methods Thirty-two patients with gastric SMTs from the

MP layer were retrospectively included. The main outcome

measurements were complete resection rate, adverse

events, local recurrence, and distant metastases during

follow-up.

Results Of the 32 lesions, 12 were located in the gastric

corpus close to the cardia, 3 in the gastric fundus close to

the cardia, 6 in the lesser curvature of the gastric corpus,

and 11 in the greater curvature of the gastric antrum. STER

was successfully performed in all patients with en bloc

resection of tumors. The mean tumor size was 2.3 cm

(range 1.0–5.0 cm). The complete resection rate was

100 %. The operation time ranged from 25 to 125 min

(mean 51.8 min). All complications related to STER were

successfully managed with conservative treatments. Local

recurrence or distant metastasis did not occur during a

follow-up period of 6–32 months.

Conclusion STER is a safe and effective therapeutic

strategy for eligible gastric SMTs originating from the MP

layer. Submucosal tunneling in the stomach may be more

challenging than that in the esophagus, but does not in-

crease procedure-related adverse events or prevent suc-

cessful STER for eligible gastric SMTs.

Keywords Submucosal tunneling endoscopic resection �
Gastric submucosal tumor � Muscularis propria

Gastric submucosal tumors (SMTs) collectively include le-

sions of various layers beneath the mucosa, which often

demonstrate similar morphological appearance as a protu-

berance in the gastric tract covered with normal mucosa

under endoscopic observation and usually do not result in

any specific clinical symptoms [1]. However, a portion of

mesenchymal tumors originating from the muscularis pro-

pria (MP) display potential for malignant behavior, that is,

invasion to neighboring tissues and organs or the occurrence

of hematogenous metastasis when the tumor grows up to a

certain size. Therefore, tumor resection at an early stage for

providing accurate and complete pathological diagnosis is

crucial for the management of gastric SMTs [2].

In 2010, inspired by the success of submucosal tunnel-

ing in peroral endoscopic myotomy and as an access

technique for natural orifice transluminal endoscopic sur-

gery (NOTES), our group developed a new method that

utilizes submucosal tunneling to achieve endoscopic re-

section of upper gastrointestinal (GI) SMTs originating

from the MP layer. We coined the acronym STER (sub-

mucosal tunneling endoscopic resection) for this technique

[3, 4]. Compared with conventional endoscopic resection

techniques such as endoscopic submucosal dissection
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(ESD) [5, 6] and endoscopic full-thickness resection

(EFTR) [7], STER maintains GI tract mucosal integrity

while achieving an en bloc resection of SMTs, thus will

possibly reduce the risk of postoperative GI tract leakage

and secondary infection. Given these advantages, STER

has been widely applied in other centers and previous

studies have shown that STER can be adequately adopted

as an effective treatment for SMTs at the esophagus and

cardia [8–11]. However, due to the specific anatomical and

physiological features, submucosal tunneling in the stom-

ach may be more difficult than that in the esophagus. The

feasibility of STER for the removal of gastric SMTs

originating from the MP layer has not been systematically

investigated yet. Thus, the aim of this study was to in-

vestigate the feasibility and safety of STER for gastric

SMTs arising from the MP layer.

Patients and methods

Patients

A total of 403 consecutive patients with GI tract SMTs

originating from the MP layer underwent successful STER

at the Endoscopy Center of Zhongshan Hospital, Fudan

University, between April 2011 and March 2014. Proce-

dural details were recorded prospectively in a database.

Patients with gastric SMTs originating from the MP layer

were identified from the database, and their medical

records were thoroughly investigated. Informed consent

that explained both the benefits and risks of the operation

(including potential complications and appropriate

therapeutic strategies) was obtained from all the patients

prior to surgery. The study protocol was approved by the

Institutional Research Ethics Committee.

Outcome measurements

The main outcome measures were (1) complete resection

rate, defined as the proportion of tumors removed en bloc,

with no apparent residual tumor at the resection site

(assessed macroscopically by the endoscopist) and with

negative margins on pathologic examination; (2) proce-

dure-related adverse events; and (3) local recurrence in all

patients while distant metastases in patients with tumors

with malignant potential during follow-up.

Procedures

The surgical instruments and equipment used were as fol-

lows: a standard single-channel gastroscope (GIF-H260 or

GIF-Q260, Olympus Optical Co Ltd, Tokyo, Japan), a

dual-channel gastroscope (GIF-2T240, Olympus),

Olympus EU-M30 endoscopic ultrasound (EUS) with ul-

trasonic miniprobes [UM-2R (12 MHz) and UM-3R

(20 MHz), Olympus], a transparent cap (D-201-11802,

Olympus), a hook knife (KD-620LR, Olympus), a hybrid

knife (ERBE, Erbe Elektromedizin GmbH, Tubingen,

Germany), an injection needle (NM-4L-1, Olympus),

grasping forceps (FG-8U-1, Olympus), a snare (SD-230U-

20, Olympus), a coagrasper (FD-410LR, Olympus), he-

mostatic clips (HX-600-135, Olympus; ResolutionTM,

Boston, MA), carbon dioxide (CO2) insufflator (Olympus),

ERBE Electrosurgical Coagulation Unit with a high-fre-

quency generator (VIO 200D; ERBE), and an argon plasma

coagulation unit (APC300; ERBE).

Preoperative EUS and/or computed tomography (CT)

were performed to confirm that all lesions originated from

the MP layer. A transparent cap was attached to the distal

end of the gastroscope prior to operation. STER was per-

formed under general anesthesia by 4 experienced op-

erators (Xu MD, Zhou PH, Hu JW, and Li QL).

Prophylactic intravenous antibiotics were administered

30 min before the surgery. STER procedures were de-

scribed previously as follows [3, 4]: (1) The tumor was

identified and accurately located. For the SMT near to the

gastric cardia which was difficult to be identified under

both direct vision and retroview, submucosal injection of

indigo carmine or methylene blue was performed to help

with locating the tumor and guiding the direction of tun-

neling, particularly for those located close to the fundus of

the stomach. (2) A submucosal tunnel was created to ex-

pose the tumors. As for the SMT located close to the

gastric cardia, an incision was made in the esophageal

mucosa at 5 cm from the oral side of the tumor. Mean-

while, as for the SMT located in the gastric corpus and

antrum, an incision was made in the gastric mucosa at 3 cm

from the oral side of the tumor. A solution containing

2–3 mL of indigo carmine, 1 mL of epinephrine, and

100 mL of normal saline was injected focally to elevate the

mucosal layer, and then a 1.5- to 2.0-cm longitudinal

mucosal incision was made using either a hybrid knife or a

hook knife to preliminarily separate the submucosal layer,

creating a longitudinal tunnel between the mucosal and

muscular layer. The tunneling was extended until 1–2 cm

distal to the tumor to ensure a satisfactory tumor exposure.

Mucosal injury should be avoided during tunneling. (3)

Complete resection was achieved under endoscopic direct

visualization. The tumor was dissected with an intact

capsule from the MP layer using a hybrid knife or a hook

knife. Unnecessary damage to the esophageal adventitia or

gastric serosa was cautiously avoided during the procedure.

For the SMT that could not be directly removed due to the

close adhesion with the serosa, a circumferential incision

with the serosa was performed using a hook knife. A dual-

channel gastroscope with grasping forceps was required to
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pull the tumor into the submucosal tunnel and a snare was

used to remove the tumor together with its surrounding MP

and the serosa, in an attempt to prevent the falling of the

tumor into the peritoneal cavity and to facilitate en bloc

tumor resection. When a severe pneumoperitoneum de-

veloped, an abdominal puncture needle was inserted into

the right lower quadrant of the abdomen to relieve, elim-

inate the gas, and reduce intra-abdominal pressure. During

the procedure, tumor implantation into the abdominal

cavity should be avoided and hemostasis at the resected

edge should be cautiously performed to prevent massive

bleeding that occurred into the abdominal cavity. (4) Clo-

sure of mucosal incision was conducted. Hemostasis was

performed to stop bleeding from hemorrhagic sites and

visible small blood vessels using coagrasper after tumor

removal. When the esophageal adventitia or gastric serosa

was intact, the submucosal tunnel was repeatedly lavaged

with normal saline. The gastroscope was then withdrawn

from the submucosal tunnel, followed by incision closure

with 4–6 hemostatic clips. For patients with significant

inward folding of the mucosa at gastric incision, a dual-

channel endoscope equipped with a controlled radial ex-

pansion (CRE) balloon dilatation catheter of a 1.0-cm di-

ameter was used to inflate and align the mucosa, in an

effort to facilitate incision closure with metal clips.

Sometimes, it was hard to sew up the thick mucosal inci-

sion tightly using the common clips (HX-600-135, Olym-

pus). Closure of the tunnel entry by Boston clips

(ResolutionTM, Boston, MA) would be more efficient for

this kind of patients. A nasogastric tube was placed when

the lesion was located in the gastric corpus or gastric

antrum. An example of the STER procedure is presented in

Video 1 and Fig. 1.

Postoperative management

The patients’ postoperative symptoms and signs, including

fever, chest pain, dyspnea, cyanosis, abdominal pain, dis-

tention, and signs of peritonitis, were closely monitored. A

computerized tomography (CT) scan was carried out on the

first day after operation in some patients with such postop-

erative symptoms and signs. Postoperative gas drainage

using a puncture needle was continued in patients with in-

traoperative pneumoperitoneum, and the needle was re-

moved when there was no sign of further gas being drained.

As for patients who developed pneumothorax during the

procedure, drainage was performed using a central venous

catheter rather than a chest tube, through the third or fourth

intercostal space in the midclavicular line. Postoperative

drainage was continued by connecting the catheter to the

sealed chest drainage bottle to allow the expansion of the

compressed lung. They received routine postoperative

treatment including proton pump inhibitor (PPI), antibiotics,

and hemocoagulase injection. Postoperative fasting was

conducted for 1 day; afterwards, a full liquid diet was al-

lowed on postoperative day 2 if no fever, abdominal pain,

chest pain, or dyspnea was observed and no effusion was

observed in the chest, pelvic, or abdominal cavity on ultra-

sound examination. Patients were asked to discontinue PPI

medication and start a regular diet 4–8 weeks after STER.

Pathological evaluation

Paraffin-embedded tumor specimens were sectioned and

stained with hematoxylin and eosin. Additionally, im-

munohistochemical staining was performed on paraffin-

embedded tissue sections with DAKO antibodies (DAKO,

Carpinteria, CA, USA). Mesenchymal lesions that were

positive for smooth muscle actin and desmin were diag-

nosed as leiomyomas. Positive reactions for c-KIT

(CD117) or DOG-1 and CD34 were considered diagnostic

of a gastrointestinal stromal tumor (GIST). Tumor resec-

tion was deemed microscopically complete when the entire

capsule was intact, as well as the both lateral and basal

resection margins were negative for tumor tissue.

Follow-up

Patients underwent follow-up endoscopy and/or EUS at 3, 6,

and 12 months after STER and annually thereafter to view

the healing of the wound and to check any tumor residual or

recurrence. For patients with tumors with malignant poten-

tial, close follow-up by abdominal ultrasound, chest ra-

diography, and contrast-enhanced CT was carried out to

evaluate distant metastasis every 12 months indefinitely.

Results

Clinical characteristics

This study enrolled 32 patients with gastric SMTs, in-

cluding 18 men and 14 women, with a mean age of

48.1 years (range 31–73 years). Of the 32 lesions, 12 were

located in the gastric corpus close to the cardia, 3 in the

gastric fundus close to the cardia, 6 in the lesser curvature

of the gastric corpus, and 11 in the greater curvature of the

gastric antrum. According to surgical exploration, 14 tu-

mors were found to originate from the superficial MP layer;

and 18 from the deep MP layer (including 6 SMTs adhered

to the serosa).

Procedure-related parameters

As shown in Table 1, STER was successfully performed in

all the 32 patients with en bloc resection of tumors. The
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average maximum diameter of the lesions was 2.3 cm

(range 1.0–5.0 cm), while the mean maximum transverse

diameter was 1.9 cm (range 1.0–3.0 cm). The operation

time ranged from 25 to 125 min (mean 51.8 min). For two

patients who displayed significant inward folding of the

mucosa at the incision site, a success closure of the mu-

cosal incision was achieved by inflating and aligning the

mucosa via dilatation using a CRE balloon under a dual-

channel gastroscope.

Adverse events

Obvious intraoperative bleeding with a blood loss of ap-

proximately 500 mL occurred in 1 patient with chronic

alcoholic liver disease who had a rich blood supply in the

submucosa of the gastric corpus. Successful hemostasis

was achieved using electrocoagulation. Six patients had

intraoperative pneumoperitoneum, which was relieved by

drainage at the right lower quadrant of the abdomen. No

mucosal injury occurred in any of the patients during the

operation.

Postoperative pneumothorax combined with subcuta-

neous emphysema occurred in 3 patients, of whom 2 de-

veloped pneumothorax on the left side and 1 had bilateral

pneumothorax. For 2 patients with CO2 insufflation during

the procedure, spontaneous absorption of pneumothorax

was achieved. As for another patient with pneumothorax

caused by air insufflation, chest drainage was performed.

Fig. 1 Submucosal tunneling endoscopic resection (STER) proce-

dure for a submucosal tumor (SMT) in the gastric antrum. A A SMT

in the gastric antrum. B The tumor originated from the muscularis

propria layer. C A latitudinal mucosal incision was made.

D Submucosal tunnel was created and it was more difficult in the

stomach than in the esophagus. E, F The tumor was dissected under

direct view. G The defect of gastric wall after tumor resection. H The

mucosal entry was closed. I The resected specimen

Surg Endosc (2015) 29:3640–3646 3643
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The chest drain was withdrawn 2 days later when no ab-

normalities were observed on the chest radiographic ex-

amination. Meanwhile, prophylactic antibiotics were

administered for 3 days until emphysema absorption.

Postoperative CT scan revealed small-volume bilateral

pleural effusion combined with limited pneumonitis in 3

patients, which were resolved spontaneously without spe-

cial treatment in all the patients. One patient developed

moderate left pleural effusion complicated by segmental

atelectasis and low-grade fever, which was resolved by

ultrasound-guided percutaneous drainage. Postoperative

recurrent fever was observed in 1 patient; ultrasound

examination and CT demonstrated left subphrenic hydrops,

which was believed to be caused by the secondary infection

at the left suphrenic space developed by the accumulation

of the lavage fluid that leaked into the abdominal cavity.

Complete resolution was achieved 5 days later using ul-

trasound-guided percutaneous drainage. The length of

hospital stay ranged from 2 to 9 days (mean 3.9 days).

In all cases, 3-month follow-up endoscopy demonstrated

only a small scar at the mucosal entry was seen at the

subsequent follow-up exams. No other severe complica-

tions, such as delayed bleeding or GI tract leakage, were

recorded during follow-up.

Histopathologic evaluation

Postoperative pathological examinations revealed 18

leiomyomas, 11 GISTs, 1 glomus tumor, 1 nerve sheath

tumor, and 1 calcifying fibrous tumor. All the removed

tumors had intact tumor capsules with tumor-free resection

margins. Thus, the complete resection rate was 100 % (32/

32).

Follow-up

All the patients were followed up for a mean period of

28 months (range 6–32 months). Tumor residual/implan-

tation inside the tunnel, local recurrence, or distant

metastasis did not occur during follow-up. There were also

no deaths during the follow-up period.

Discussion

Currently, surgical resection of GI SMTs either with open

surgery or laparoscopic operation is aimed at local tumor

resection without regional lymph node dissection because

most GI SMTs, including GISTs, rarely display regional

lymphatic metastasis. Open surgery results in large surgical

trauma, delayed postoperative recovery, and a certain

percentage of operation-related complications. Laparo-

scopic surgery possesses the advantages of minimal inva-

siveness and relative quick recovery. However, SMTs

protruding into the gastric lumen are often difficult to

identify without the assistance of a gastroscope during the

procedure.

The technical advance in endoscopy in the last decade

offers the potential for making a major impact on the

management of SMTs. Compared with laparoscopic wedge

resection, endoscopic resection has been considered as a

scar-free and less-invasive procedure that can potentially

result in a better quality of life since it preserves the integrity

of GI tract. Conventional endoscopic resection using a snare

or a ligation device is prone to cause bleeding, perforation,

Table 1 Clinical characteristics, procedure-related parameters, ad-

verse events, and histopathologic evaluation for 32 patients who un-

derwent submucosal tunneling endoscopic resection (STER) for the

treatment of gastric submucosal tumors originating from the muscu-

laris propria layer

Clinical characteristics

Sex (female/male), no. 14/18

Mean patient age (range), y 48.1 (31–73)

Tumor location, no.

Gastric fundus close to the cardia 3

Gastric corpus close to the cardia 12

Lesser curvature of the gastric corpus 6

Greater curvature of the gastric antrum 11

Procedure-related parameters

Mean maximum diameter of lesion (range), cm 2.3 (1–5)

Mean maximum transverse diameter of lesion

(range), cm

1.9 (1–3)

Mean procedure time (range), min 51.8 (25–125)

En bloc resection rate, % 100 %

Adverse events

Intraoperative complication, no.

Bleeding, 1

Mucosal injury 0

Pneumoperitoneum 6

Postoperative complication, no.

Pneumothorax combined with subcutaneous

emphysema

3

Pleural effusion combined with pneumonitis 2

Pleural effusion combined with focal atelectasis 1

Subphrenic infection 1

Histopathologic evaluation

Pathological diagnosis

Leiomyoma 18

Gastrointestinal stromal tumor 11

Glomus tumor 1

Nerve sheath tumor, 1

Calcifying fibrous tumor 1

Complete resection rate, % 100
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and residual or recurrent tumor [12]. In recent years, along

with the development and popular application of ESD,

SMTs originating from the superficial MP layer or other

submucosal layers can be completely removed using the

ESD procedure, which preserves the integrity of the MP

layer of the GI tract and is relatively safe to be with lower

incidence of complications [5, 6]. As for SMTs originating

from the deep MP layer, especially those protruding into the

subserosal layer and closely attached to the serosa, a full-

thickness resection that removes tumor together with the

surrounding MP and serosa tissue may be required [7].

Although the perforation in most patients can be repaired

using various endoscopic suturing, complete sealing of the

perforation is sometimes difficult to achieve through endo-

scopic repair, thus resulting in GI fistula and secondary in-

fection in some cases [7, 13, 14]. For these considerations, a

tunnel endoscopic technique, STER, has been widely per-

formed for treating esophageal SMTs originating from the

MP layer. The inherent advantage of STER is maintenance

of GI tract mucosal integrity because the mucosa incision

and tumor resection are not at the same place, even if the

lesion originates from the deep MP layer and active perfo-

ration is unavoidable in the tunnel, there is no perforation

outside the tunnel with the integrity of mucosa. Thus, STER

will possibly reduce the risk of postoperative GI tract

leakage and secondary infection [3, 4]. This supports the

hypothesis that endoscopic performing two-level perforation

of the GI wall using the submucosal technique is possible as

long as the mucosal opening is sufficiently closed and on-

going spillage is avoided [15, 16].

In this study, gastric SMTs originating from the MP

layer were successfully treated using the STER method by

creating a submucosal tunnel at 3.0–5.0 cm from the oral

side of the tumor. The mucosal incision was closed using

hemostatic clips after tumor resection, restoring the in-

tegrity of the GI tract. No gas or digestive fluid con-

tinuously leaked into the abdominal or thoracic cavity

postoperatively. Therefore, this technique can maintain GI

tract mucosal integrity, prevent the presence or sig-

nificantly reduce the incidence of postoperative GI fistula

while achieving en bloc tumor resection [3, 4]. In contrast

to conventional endoscopic procedures and NOTES, this

technique is unique because it uses the submucosal space

between the GI mucosa and MP layers [3, 4]. In the present

study, 32 patients with gastric SMTs underwent STER and

all had a successful complete tumor resection (100 %),

with the diameters of the resected lesions ranging from 1.0

to 5.0 cm (mean 2.3 cm). All complications related to

STER had been successfully controlled with conservative

treatments. Local recurrence or distant metastasis did not

occur during a follow-up period of 6–32 months.

Due to the specific anatomical and physiological fea-

tures of the stomach, including large lumen, high

flexibility, unfixed position, and relatively thicker mucosa,

submucosal tunneling in the stomach may be more chal-

lenging than that in the esophagus and should be only

performed by very skilled and experienced operators. In

our study, gastric STER was only performed by 2 experi-

enced operators (Xu and Zhou) for the first 10 cases;

thereafter, after performing a sufficient number of STER

procedures for esophageal SMTs, 2 operators (Hu and Li)

began to perform gastric STER under the close supervision

of an experienced operator. All operators had each carried

out more than 100 ESD for upper GI SMTs before doing

STER. Submucosal tunneling in the stomach differs from

that in the esophagus in several ways as follows: (1) Given

the limitation of anatomical features, submucosal tunneling

cannot succeed for some difficult anatomical locations.

SMTs located close to the cardia, in the lesser curvature of

the gastric corpus, and in the greater curvature of the

gastric antrum are usually optimal indications for STER

intervention. Due to the limited space of the submucosal

tunnel, the maximum transverse diameter of the lesion

should be not more than 3.5 cm for ensuring an en bloc

resection [4]. (2) As for SMTs located close to the cardia,

an incision can be made in the esophagus at 5 cm from the

oral side of the tumor, whereas for SMTs located in the

gastric corpus and gastric antrum, an incision is made in

the gastric mucosa at approximately 3 cm from the oral

side of the tumor due to the consideration of the ductility of

the stomach. (3) SMTs located close to the cardia, espe-

cially those located close to the gastric fundus, are difficult

to be identified and located due to their unfixed position

between direct view and retroview. To this end, submu-

cosal injection of indigo carmine or methylene blue can

help with the localization of the tumor and guide the di-

rection of submucosal tunneling. (4) Unlike the esophageal

wall which is surrounded by neighboring tissues, a large

proportion of the gastric wall moves freely in the ab-

dominal cavity. In case of SMT that is tightly adhered to

the serosa, the falling of the tumor into the peritoneal

cavity should be cautiously prevented when performing a

complete tumor resection together with surrounding MP

layer and serosa. Pneumoperitoneum will occur once the

gastric serosa is incised. Under this circumstance, we ad-

vocate using CO2 instead of air for insufflations and re-

ducing air insufflation as possible as we can. The airway

pressure, oxygen saturation, and abdominal conditions

should also be closely monitored. When severe pneu-

moperitoneum develops, intraoperative drainage is rec-

ommended to relieve the gas. (5) Due to the relatively

larger thickness of the gastric mucosa, infolding of the

mucosa at the resection site easily occurs, causing difficulty

in aligning the incision for suturing. This can be resolved

using balloon dilatation, which reverses the folding of the

mucosa, aligns the incision, and facilitates incision closure.
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Sometimes, Boston clips (ResolutionTM, Boston, MA) may

be more efficient than the common clips (HX-600-135,

Olympus) for closure of the very thick mucosal incision.

Naturally, the retrospective analyses have inherent

methodological limitations, especially in view of the lim-

ited case number, and they need definitive confirmation by

larger and prospective studies. The potential selection bias

may occur since our hospital is tertiary referral center and

our institute is the main center for endoscopic procedures

for GI SMTs in China, suggesting that our results may not

be representative of findings in other hospitals and coun-

tries. Thus, it should be emphasized that STER for gastric

SMTs should only be performed in centers with expertise

in endoscopic resection, management of potential compli-

cations, and a multidisciplinary team of treating physicians.

Finally, the follow-up period is short to discuss about long-

term results.

In conclusion, STER is a safe and effective treatment for

gastric SMTs originating from the MP layer and locating at

suitable sites. This technique allows a complete en bloc

tumor resection and provides accurate data for pathological

diagnosis. In addition, it can maintain the integrity of the

GI tract, thus effectively preventing postoperative GI fis-

tula and secondary infections, as well as other severe

complications. Submucosal tunneling in the stomach may

be more challenging than that in the esophagus, but does

not increase procedure-related adverse events or prevent

successful STER for eligible gastric SMTs. Despite the

limited case number and short-term results, this study

represents the largest series in the literature to date. Further

observations and follow-up in a larger cohort to evaluate

long-term outcome and complications have been initiated.
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