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Abstract

Background Endoscopic submucosal tunneling has evolved to allow endoscopic resection of subepithelial tumors of gastro-
intestinal tract without full-thickness perforation. This study aimed to investigate safety and efficacy of submucosal tunnel
resection for these tumors.

Method Patients with subepithelial tumors (SET) located in esophagus, gastric cardia, lesser curvature, and antrum were
recruited. The size of tumor was limited to <40 mm. The procedures were performed under general anesthesia. A mucosal
entrance was created 2 cm proximal to the SET after submucosal injection. Submucosal tunnel was then extended and the
tumor was dissected and mobilized with intact overlying mucosa. After complete dissection, the tumors would be retrieved
per orally and mucosal entrance closed by endoclips.

Results From June 2012 to December 2016, 51 patients with subepithelial tumors received POET. 39 patients had SET in
stomach, 11 located in esophagus, and 1 in duodenum. The mean operative time was 90.46 +46.49 min, while the mean
size of the tumors was 20.71 + 14.05 mm. The POET was converted to endoscopic full-thickness resection (EFTR) in three
patients with gastric subepithelial tumors located at greater curvature. The overall complication rate was 4.0%, and there
was no bleeding, mucosal dehiscence, or leakage. The time to resume diet was 1.7 days, while the average hospital stay
was 3.2 + 1.0 days. The mean follow-up period was 19 + 16 months, and only 1 patient developed recurrence of leiomyoma.
Conclusion Per oral endoscopic tumor resection is safe and effective treatment for esophageal and gastric SET located at
cardia, lesser curvature, and antrum. Currently, POET for treatment of upper GI SET is limited by the size and location of
the tumor.

Keywords Subepithelial tumors - Upper gastrointestinal tract - Submucosal tunnel endoscopic resection - Per oral
endoscopic tumor resection - Therapeutic endoscopy

Gastric subepithelial tumors (SET) are increasingly recog-
nized upon upper gastrointestinal endoscopy [1]. One of the
commonest SET found in stomach is gastrointestinal stromal
tumors (GIST). Recently, guidelines recommended surgical
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resection for treatment of GIST 20 mm or larger [2]. The
current standard surgical treatment ranged from laparoscopic
wedge resection, distal gastrectomy, proximal gastrectomy,
or even total gastrectomy. The decision to different surgical
procedures depends on the location and size of the GIST.
Gastric GIST are commonly located at the greater curva-
ture and fundus where laparoscopic wedge resection served
as the standard treatment [3, 4]. However, surgical resec-
tion becomes difficult for subepithelial tumors located at
the cardia, lesser curvature, and antrum [4, 5]. For tumors
located at the cardia, proximal or total gastrectomy may be
necessary to achieve en bloc resection due to limitation in
the luminal resection margin, but wedge resection at these
locations imposed signification limitation due to the con-
cerns on stricture after surgery [5].
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Numerous studies reported the application of ESD tech-
niques to achieve endoscopic resection for gastric subepi-
thelial tumors [6—8]. However, endoscopic resection with
ESD techniques for subepithelial tumors is limited by the
likelihood of full-thickness perforation leading to difficulties
in closure of the sizable defect. The development of pero-
ral endoscopic myotomy (POEM) opens a novel space—
the submucosa for potential development in diagnostic and
therapeutic endoscopy [9, 10]. Submucosal endoscopic
tunneling creates an alternative access to pathology in the
submucosa, muscularis propria, serosa, or beyond the gas-
trointestinal tract. Previous attempts on endoscopic resec-
tion for subepithelial tumors using ESD techniques gen-
erally resulted in high rate of perforation and endoscopic
full-thickness resection. Submucosal endoscopic tunneling
allows access to subepithelial tumors of the gastrointesti-
nal tract without inducing full-thickness perforation. In this
cohort study, we attempted to refine the techniques of peroral
endoscopic tunneling for resection of subepithelial tumors
of upper gastrointestinal tract.

Method

This is a retrospective review of a prospective collected
database on patients with gastroesophageal subepithelial
tumors (SET) located at gastric cardia, lesser curvature, and
antrum treated by POET. Consecutive patients who were
diagnosed to have gastric SET were assessed by combina-
tion of endoscopy and endoscopic ultrasonography (EUS) to
determine the location and size of the SET. Patients received
preoperative contrast CT abdomen or thorax to investigate
for extraluminal components. We included patients with sub-
epithelial tumors size of <40 mm for POET and informed
consent were obtained from all patients. We excluded those

Fig. 1 Techniques of POET
resection
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larger than 40 mm or those located over fundus and proxi-
mal gastric body at greater curvature. The reasons for exclu-
sion of these subepithelial tumors were (1) development of
submucosal tunnel is difficult over high proximal body, and
impossible for tumors located at fundus; (2) tumors larger
than 40 mm in size may not be able to retrieve through the
oral route.

Techniques of per oral endoscopic tumor resection
(POET)

The techniques and approaches of POET varied with dif-
ferent locations of the subepithelial tumors. Generally, the
approach for submucosal endoscopic tumor resection would
be decided according to the following locations: (1) esopha-
gus; (2) gastric cardia; (3) lesser curvature; and (4) antrum.
A mucosal entrance was created using Triangle tip (TT) or
Dual knife jet (Olympus Co Ltd, Tokyo, Japan) at 2-3 cm
proximal to the SET after submucosal injection with a mix-
ture of normal saline and indigocarmine. The submucosal
tunnel was then developed in straight alignment to the SET
until positive identification of the proximal part of SET. Fur-
ther tunneling would be developed over the lateral sides of
the SET until 1-2 cm distal to the tumor (Figs. 1, 2, 3). The
SET would then be dissected circumferentially using TT jet,
Dual knife jet, or IT nano (Olympus Co Ltd, Tokyo, Japan),
while the overlying mucosa was kept intact. The final dis-
section would be focusing on the base of the tumor, and a
full-thickness resection of the muscularis propria would be
expected. Caution would be exercised at this stage on CO,
insufflation to prevent induction of extensive pneumoperi-
toneum or pneumomediastinum. After complete dissection,
the tumor would be retrieved per orally and the mucosal
entrance was closed using endoclips. The same technique
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Fig.2 POET resection at the
gastroesophageal junction (ante-
grade approach) (video 1)

was applied for per oral endoscopic tumor resection in stom-
ach and esophagus (Fig. 4) (videos 1 and 2).

Technical modification to POET

An entrance and exit technique would be used to retrieve
large size SET that had difficulties in passing through the
mucosal entrance [11]. A mucosal exit site would be cre-
ated distal to the location of the SET where full-thickness
resection of muscularis propria was induced. The SET would
then be pushed from the submucosal space into the gastro-
intestinal lumen via the exit mucosal site. After endoscopic
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retrieval of the SMT, both the entrance and exit sites would
be closed by endoclips (video 1).

Conversion

The criteria to convert to salvage procedures included the
following: (1) SET were not able to be retrieved per orally
due to large size; (2) full-thickness perforation during
endoscopic resection; (3) unstable clinical condition of the
patient. The salvage procedures included endoscopic full-
thickness resection (EFTR) and laparoscopic wedge resec-
tion of the gastric subepithelial tumor.
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Fig.3 POET resection of GIST
at gastric antrum

Endoscopic full-thickness resection (EFTR)

The procedure would be converted to EFTR when (1)
submucosal tunnel was difficult to perform and reach the
tumor within the stomach, including those subepithelial
tumors located at greater curvature and high proximal body
of stomach; (2) the mucosal entrance could not be devel-
oped due to dense fibrosis in the submucosa. EFTR would
be performed using ordinary ESD devices including Dual
Knife jet and Insulated tip (IT) knife. After circumferential
incision, submucosal dissection was performed around the
tumors. After mobilization of the SET from the submucosa,
the tumor would be dissected from the muscularis propria.

A full-thickness perforation would be expected during this
step, and after entering into the peritoneal cavity the dissec-
tion would be completed with the use of IT knife. The tumor
would be retrieved, and the full-thickness defect would be
closed by Overstitch (Apollo Endosurgery Inc., US) (video
3).

Postoperative management
Patients would be resumed on regular diet day 1 after
operation. They would receive intravenous esomeprazole

40 mg every 12 h for 3 days, and then changed to oral
esomeprazole 40 mg daily for 8 weeks after procedure.
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Fig.4 POET resection for
esophageal leiomyoma (video 3)

Follow-up endoscopy or endoscopic ultrasonography would
be performed 12 months after POET to confirm no local
recurrence.

Results

From June 2012 to December 2016, 51 patients who were
diagnosed to have subepithelial tumors of the upper gas-
trointestinal tract received POET. 39 patients had subepi-
thelial tumors located in stomach, 11 had tumors located
in esophagus, while 1 was in duodenum (Table 1). For the
stomach, most of the subepithelial tumors were located at
the cardia, lesser curvature, and proximal body, as those
located at the fundus were treated by laparoscopic wedge
resection. The mean operative time was 90.46 +46.49 min,
while the mean size of the tumors was 20.71 + 14.05 mm
(range 5-66 mm). In one patient, the esophageal subepithe-
lial tumor was too large to be retrieved through the submu-
cosal tunnel and required laparoscopic transhiatal retrieval
of specimen after complete dissection. The POET procedure
was converted to EFTR in three patients with gastric sub-
epithelial tumors. All these subepithelial tumors resected by
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EFTR were located over the greater curvature of mid-body
of stomach. The overall complication rate was 4.0% with two
patients having self-limiting fever after the procedure. There
was no bleeding, mucosal dehiscence, or leakage after the
procedure. There was no gas-related complication includ-
ing pneumoperitoneum, pneumomediastinum, or surgical
emphysema. The time to resume diet was 1.7 days, while
the average hospital stay was 3.2 + 1.0 days. The en bloc
resection rate was 94.1% (48/51) and the complete resection
rate was 98.0% (50/51). 15 of the subepithelial tumors were
gastric GIST, while 20 were leiomyoma. 12 of the 15 GIST
had mitotic figure of < 1 per 10 high power field. The mean
follow-up period was 19 + 16 months, and only 1 patient
developed recurrence of leiomyoma.

Discussion

Subepithelial tumors of the upper gastrointestinal tract repre-
sent a wide range of pathologies arising from mesenchymal
layer with different malignant potentials [12, 13]. Gastroin-
testinal stromal tumors (GIST) are among those with high
variation in the malignant potential, which can be predicted



Surgical Endoscopy (2019) 33:1326-1333

1331

Table 1 Baseline demographics and perioperative outcomes for 51 patients with upper gastrointestinal subepithelial tumors treated by POER

resection
Parameters Per oral endoscopic tumor resection (n=51)
Age 54.1+11.3
Gender (male/female) 20/31
Location
Cardia 17
Lesser curvature 8
Greater curvature 3
Antrum 11
Esophagus 11
Duodenum 1

Size of subepithelial tumor (mm)

Mean operative time (min)

Mean hospital stay (days)

Technological variation/conversion
Conversion to laparoscopic tumor retrieval
Conversion to endoscopic full-thickness resection

20.71 + 14.05 mm (range 5-66 mm)
90.46 +46.49 min
32+1.0

1 (esophagus due to large size)
3 (stomach—Iocated at antrum and greater curvature)

Double mucosal entrance for resection and extraction 2
Time to resume diet (days) 1.7+0.77
Overall complication rate (%) 2 (4.0%)

Postop fever day 1 2

Bleeding 0

Leakage 0
Mean follow-up period (months) 19 + 16 months
En bloc resection 48 (94.1%)
Complete resection 50 (98.0%)
Recurrence 1(1.96%)
Pathologies

Gastrointestinal stromal tumor 15

Leiomyoma 20

Ectopic pancreas 5

Poorly differentiated carcinoma 1

Neuroendocrine tumor 1

Lipoma 1

Other (including fibrofatty scar, lymphectasia) 8
Mitotic figures among GIST

< 1/10 HPF 12

> 1/10 HPF 3
HPF high power field

by the large tumor size, higher number of mitotic figures per
high power field, and the non-gastric location. Though leio-
myoma is generally considered as benign, it can lead to sig-
nificant symptoms like pain and dysphagia when it becomes
sizable in the upper gastrointestinal tract. The recent NCCN
guidelines recommended resections for gastrointestinal
stromal tumors of larger than 20 mm [14]. Conventional
treatment for upper gastrointestinal subepithelial tumors is
either laparoscopic gastric wedge resection or thoracoscopic
enucleation of esophageal SET [15, 16]. However, surgical

resection can sometimes be technically challenging [17]. For
gastric subepithelial tumors located at the cardia, lesser cur-
vature, and antrum, laparoscopic wedge resection could lead
to significant narrowing of the stomach. Classical resections
for tumors around the cardia and gastroesophageal junction
could lead to significant morbidities of up to 24%. Thoraco-
scopic enucleation of esophageal leiomyoma required one
lung ventilation which imposes significant risks of pulmo-
nary collapse and pneumonia after surgery [18].
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Recently, the development of per oral endoscopic myot-
omy opens a new approach to treatment of gastrointestinal
diseases beyond mucosa [9]. Submucosal endoscopy allowed
a novel approach for resection of subepithelial tumors while
avoiding a full-thickness perforation [19]. Numerous cohort
studies reported on the application of endoscopic submu-
cosal dissection (ESD) for resection of upper gastrointestinal
subepithelial tumors [19-21]. Though the results demon-
strated a reasonable rate of en bloc resection, the risks of
gastrointestinal perforation varied between 10 and 15%. The
report of submucosal tumor endoscopic resection (STER)
and per oral endoscopic tumor resection (POET) in 2012,
which were similar in techniques, achieved high en bloc
resection and significantly reduced the risks of perforation
[22, 23]. We reported our experience in performance of
POET for treatment of upper gastrointestinal subepithelial
neoplasia, the difficulties encountered during dissection of
these subepithelial tumors, as well as the alternative tech-
niques to salvage these conditions. From results of the cur-
rent study, STER and POET can achieve high rate of en
bloc resection for upper GI subepithelial tumors of <40 mm
safely, except for those tumors located over higher body at
greater curvature or those at the fundus where creation of
submucosal tunnel would be quite challenging. Hence, for
the three subepithelial tumors located over greater curvature
of stomach, submucosal tunnel was difficult due to misalign-
ment of the endoscope to the tumor and were converted to
EFTR. The lumen defect was closed by endoscopic suturing
using overstitch [24].

Technical challenges for POET and STER included the
management of unexpected large size subepithelial tumors
discovered during the dissection. The completeness of dis-
section may not be easily confirmed, especially over the anal
side of the tumor due to the limited space for manipulation
and inspection [11, 25]. Hence, we recommended the exten-
sion of at least 1-cm submucosal tunnel distal to the tumor,
as well as adequate dissection on both sides of the subepithe-
lial tumor before further dissection at base to allow adequate
space for manipulation. Moreover, the mucosal entrance may
not be large enough for retrieval of the tumor. In our study,
we tackled this issue by opening an exit mucosal site distal
to the dissection area and push the tumor into the normal
lumen before retrieval [11]. This is an effective method as
the remnant attachment of the tumor could be exposed after
pushing the main bulk of SMT into the normal lumen.

This study has several limitations. Firstly, the average
follow-up period for this study was only 19 + 16 months.
Although a follow-up endoscopy or EUS would be per-
formed for all the patients, the follow-up period might not
be long enough to detect local recurrence. Secondly, four
patients required either additional laparoscopic procedure
or conversion to endoscopic full-thickness resection, and
all these conversions were related to tumor characteristics
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including the location and sizes. We advise for large sub-
epithelial tumors, POET or STER should be conducted in
the operation theater under general anesthesia with sur-
geons, and patients should be prepared for the possibility
of conversion.

In summary, subepithelial tumors of the upper gastroin-
testinal tract can be safely resected by per oral endoscopic
tumor resection through submucosal tunneling. The endo-
scopic tunneling resection is especially indicated for subepi-
thelial tumors less than 40 mm located at esophagus, cardia,
lesser curvature, and antrum of stomach.
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