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Abstract

Diagnosis of gastric subepithelial tumor (SET) has
shown a rapid increase worldwide. Although, until now,
endoscopic ultrasound guided procedures such as fine
needle aspiration have shown relatively high accuracy
in diagnosis of SET, the most important modality for
diagnosis and treatment of SETs is complete resection
such as endoscopic or surgical resection. However,
endoscopic resection or laparoscopic wedge resection
alone also has some limitations. Endoscopic resection
is difficult to perform in cases of gastric SET located
within deep portion of the gastric layer or a relatively
large (larger than 25 mm diameter). On the other
hand, gastric SET in a difficult location, such as the
gastroesophageal junction or pyloric ring is challenging
for laparoscopic surgical resection. The hybrid natural
orifice transluminal endoscopic surgery (NOTES) tech-
nique is a combined method, including the advantages
of both laparoscopic resection and endoscopic resection
for gastric SETs. This method may be performed safely
with reasonable operation times, less bleeding, and ad-
equate resection margin and regardless of tumor size.
In particular, in the case of a difficult location for resec-
tion, such as the esophagogastric junction or pyloric
ring, hybrid NOTES is currently believed to be an ideal
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treatment method.
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Core tip: Hybrid natural orifice transluminal endoscopic
surgery is thought to be an ideal method for treatment
of gastric subepithelial tumor with adequate resection
margin, regardless of tumor size and location, such as
the esophagogastric junction or pyloric ring.
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INTRODUCTION

Diagnosis of gastric subepithelial tumor (SET) has
shown a rapid increase worldwide in accordance with
increasing performance of endoscopy for screening. The
SETs occupy approximately 5% of total gastric tumors,
showing various aspects from benign, such as lipoma, to
malignancy, such as gastrointestinal stromal tumor!.

For diagnosis of SETS, the use of endoscopic ultraso-
nography (EUS) and EUS guided fine needle aspiration or
Tru-Cut biopsy has shown a recent increase. However, the
average accuracy rate of EUS guided fine needle aspiration
(EUS-FNA) for diagnosis of SETS is only 60% to 80%. In
a recent study, Mekky ez al” reported on the diagnostic util-
ity of EUS-FNA in gastric SETs. The sampling adequacy
was 83%, with an average of 2.5 passes. EUS-FNA results
were diagnostic in 43.3%, suggestive in 39% and non-
diagnostic in 17.7%. EUS-FNA results showed 95.6%
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accuracy in differentiation of potential malignant lesions.
Another study validated the unroofing technique for
diagnosis of SETs in 16 patientsm. Use of the unroof-
ing technique provided specimens that were sufficient
for diagnosis and assessment of risk for malignancy
in 15 out of 16 cases [diagnostic yield 93.7% (95%CI,
80.4%-100.0%)]. However, the indication for use of the
unroofing technique should be confined to liquid SETs,
such as lipoma and cystic lymphangioma. In addition,
EUS guided biopsy or unroofing technique is limited to
use as a diagnostic tool rather than a treatment modality.

Therefore, until now, the most important modality
for diagnosis and treatment of SETs has been complete
resection. Because the characteristics of SETs are mostly
benign in nature and are rarely malignant in nature with
hematogenous spread rather than lymphatic metastasis,
lymph node dissection is not necessary for treatment of
SETs. Therefore, SETs are a good indication for resec-
tion of tumors using endoscopy or laparoscopy.

According to development of endoscopic technol-
ogy, a non-invasive method is currently preferred. In this
article, we will provide validation for endoscopic treat-
ment, surgical treatment and hybrid natural orifice trans-
luminal endoscopic surgery (NOTES) for treatment of
gastric SETS.

Heo J et a/. Hybrid NOTES in gastric SETs

risk for perforation during or after treatment.

In another Chinese study, 26 patients with gastric
SETs originating from the muscularis propria were
treated by endoscopic full thickness resection (EFR)".
Briefly, the EFR procedure is as follows: (1) a circumfer-
ential incision as deep as muscularis propria around the
lesion by the endoscopic submucosal dissection (ESD)
technique; (2) incision into the serosal layer around the
lesion using a knife; (3) completion of full-thickness
incision to the tumor, including the serosal layer using a
knife or snare by gastroscopy without laparoscopic assis-
tance; and (4) closure of the gastric-wall defect with me-
tallic clips. The complete resection rate was 100%, and
the mean resected lesion size was 2.8 cm (range, 1.2-4.5
cm). The key to the EFR procedure is the successful
closure of wall defects after resection for prevention of
peritonitis and surgical intervention. Because the size of
a wall defect after resection should be smaller than the
width of the open clips, performance of the EFR proce-
dure for large SETs (large than 25 mm) is difficult.

In summary, endoscopic resection alone has a limi-
tation of complete resection for gastric SETs located
within a deep portion of the gastric layer and is difficult
to perform for a relatively large size (larger than 25 mm
diameter).

ENDOSCOPIC TREATMENT AND
LIMITATIONS

SURGICAL TREATMENT AND
LIMITATIONS

Various endoscopic resection techniques have recently
been reported for treatment of SETs. However, there
are two major limitations of endoscopic resection alone.
One is for SETs originating within a deep portion of the
gastric layer and another is for SETs of large size. En-
doscopic mucosal resection (EMR), including EMR with
a cap and eEMR with ligation is a simple method for
resection of small SETs originating from the mucosal
and submucosal layer with low complication rates. How-
ever, for lesions originating from the muscularis propria,
endoscopic resection has a main drawback of a risk of
perforation. Therefore, SETs located deeper below the
submucosal lesion are usually managed by surgery.

To overcome this limitation, some new techniques
have been developed. Endoscopic submucosal tunnel
dissection was validated for upper gastric SETs. In 12
patients who presented with an upper gastrointestinal
SET of < 40 mm located in the esophagus or cardia, a
submucosal tunnel was created endoscopically starting
at approximately 5 cm proximal to the lesion. SETs had
a mean size of 19.5 mm (range, 10-40 mm), eight were
located in the esophagus and four in the cardia”. SET
resection was successful in 10 patients (83.3%) who un-
derwent ex bloc resection and the two remaining patients
who underwent resection in two pieces. However, endo-
scopic tunnel dissection is difficult to perform for a large
SET. The size of piecemeal resected SETs was 25 mm
and 40 mm, which were larger than ex bloc resected SETs
(median 15 mm, range 10-25 mm). In addition, there is a
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Traditionally, the basis for complete resection of SETs
has been surgical resection. Recently, laparoscopic wedge
resection has commonly been used as a non-invasive mo-
dality®”. The surgical techniques can be selected accord-
ing to location and characteristics of the tumot™”. The
location and aspect of SETs is also a limitation of lapa-
roscopic resection. The exogastric approach is the most
popular technique for SETs located at the anterior wall,
particularly those that exhibit extraluminal growthw’m].
However, because it is associated with excessive resec-
tion of healthy tissue of the gastric wall, there is a pos-
sibility of stenosis or deformity with this procedurem.
Therefore, this approach is not considered suitable for
SETs at or near the gastric inlet or outlet, such as the
area near the gastroesophageal junction and pyloric ring
Tumors located at the posterior wall of the stomach can
usually be treated using a transgastric or intragastricap-
proach®™ """ The intragastric approach is the preferred
method for lesions located at the posterior wall and for
the tumors of the esophagogastric junctionm’ml. Use of
this procedure carries little possibility of deformity and
stenosis. However, it cannot be applied to anterior wall
lesions or large tumors. In addition, after completion of
this procedure, repair of two or three stab wounds of
the anterior wall of the stomach must be performed.
Tumors located near the pylorus and the lesser cur-
vature of the stomach are challenging. The usual ap-
proach to submucosal tumors of the stomach is wedge
resection with an adequate margin. In order to ensure
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Table 1 The published studies on hybrid natural orifice transluminal endoscopic surgery of gastric subepithelial tumors

Author, year Operation Intraoperative Tumor Number of Postoperative Hospital Tumor location  Type of Pathologic diagnosis, 7
and number of  time, min  bleeding, mL size, mm linear complications stay, d growth
patients staplers used
Hiki e al™, 169.0+17.0 7.0+2.0 460+3.0 22+01 0 74+81 U4 Extragastric GIST, 6
n=7 (35-60) M1 type 1 Schwannoma, 1
L1 Intragastric
Remnant stom- type 6
ach, posterior 1
Tsujimotoetal®™, 157.5+684  35+64 379+110 27+05 0 11.6+9.5 U8 (40%)  Extragastric GIST, 16 (80%)
n=20 (89-316) (0-20) (18-63) (2-3) (6-13) M8 (40%)  type2 (15%) Inflammation for parasite,
L4 (20%)  Intragastric 1 (5%), lelomyoma, 1 (5%),
type 17 (85%) glomus tumor, 1 (5%),
aberrant pancreas, 1 (5%)
Abe et al™, 221521294 380+467  38.0x7.1 NA 0 75£0.7 Ul NA GIST, 1
n=4 (22-43) M3 Lipoma, 1

Ectopic pancreas, 1
Schwannoma, 1

Data are expressed as median + SD (range). U: Upper portion; M: Middle portion; L: Lower portion; NA: Not available; GIST: Gastrointestinal tumor.

patency of the gastric lumen and to prevent vagus nerve
injury, special precautions must be taken during resec-
tion of tumors located near the pylorus and the lesser
curvature of the stomach. A application of the intragas-
tric or transgastric approach in this area is very difficult
because of the small space available for handling or
introduction of the instrument. Use of linear staplers
in the prepyloric antrum is not recommended because
surgeons cannot guarantee penetration to the luminal
side and because the inevitable removal of healthy tissue
from the gastric wall results in luminal compromisem.

HYBRID NOTES

NOTES implies the use of empty organs as an access
to the peritoneal cavity using an endoscope, completely
avoiding skin incisions”. In order to overcome cur-
rent technical limitations, investigators have combined
NOTES with the conventional laparoscopic approach in
the so-called hybrid NOTES technique.

Wilhelm ez @l reported that three different methods
are available for laparoscopic-endoscopic “rendez-vous”
resection. In the case of laparoscopic assisted endoscopic
resection, the lesion is resected with diathermy; larger le-
sions demand that resection be performed as a wedge
resection for tumors located in the anterior aspect of the
stomach and as a transgastric resection for posterior wall
lesions.

Hiki ez al™ reported on 7 cases of laparoscopic
and endoscopic cooperative surgery using endoscopic
submucosal dissection with laparoscopic wedge resec-
tion as the technique developed for hybrid NOTES.
The procedure for hybrid NOTES was as follows: both
mucosal and submucosal layers around the tumor were
circumferentially dissected using endoscopic submucosal
dissection zia intraluminal endoscopy. Subsequently, the
seromuscular layer was laparoscopically dissected on the
exact three-fourths cut line around the tumor. The sub-
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mucosal tumor was then exteriorized to the abdominal
cavity and dissected using a standard endoscopic stapling
device (Figure 1). Endoscopic approach using using
the ESD technique can provide the precise cut line as a
marker for laparoscopic resection. During performance
of the resection, use of an intragastric endoscopic and
extragastric laparoscopic approach can allow for obser-
vation of both sides of the resection margin. These dual
approaches can allow for attainment of an appropriate
resection margin. In addition, this method can provide
an easy approach for the difficult location of SET resec-
tion and minimize the stricture or deformity after resec-
tion of gastric SETSs at the esophagogastric junction or
pyloric ring, In addition, as always, hybrid NOTES has
the advantage of external wedge resection for large sized
subepithelial tumors.

In the study reported by Hiki ez a™ ) in all cases, the
laparoscopic and endoscopic cooperative surgery (LECS)
procedure was successful for dissecting out the gastric
submucosal tumor. In four of seven cases, the tumor was
located in the upper gastric portion near the esophagogas-
tric junction. The three remaining tumors were located in
the posterior gastric wall. In two cases, the tumors were
more than 5 cm in diameter, and one was a gastrointes-
tinal tumor (GIST) of the remnant stomach. The mean
operation time was 169 * 17 min, and the estimated
blood loss was 7 £ 2 mL. The postoperative course was
uneventful in all cases. In another study, 20 consecutive
patients underwent LECS for resection of gastric SETS.
In all cases, dissection of the gastric SET was successful
using the LECS procedure. The tumor was located in the
upper third of the stomach in eight cases, in the middle
third in eight cases, and in the lower third in four cases”'.
A summary of some published seties on hybrid NOTES
is shown in Table 17,

The hybrid NOTES procedure for treatment of gastric
SET should be performed carefully. Accidental rupture
of a gastric SET, such as GIST, during resection with
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Figure 1 Procedures for hybrid natural orifice transluminal endoscopic surgery (laparoscopic assisted endoscopic full-thickness resection). A: Laparo-
scopic view during dissection of the attachment of the lesser omentum around the tumor site; B: Endoscopic view during precutting around the tumor using an O type
knife (Finemedix, Daegu, South Korea); C, D: Laparoscopic view of a full-thickness incision from inside the stomach using the same knife; E: Laparoscopic view of
the remaining full thickness incision from outside the stomach using a HARMONIC ACE® (Ethicon Endo-Surgery); F: Laparoscopic view after laparoscopic handsewn
closure of the gastric wall defect.

peritoneal seeding is theoretically possible. Therefore,
hybrid NOTES may be contraindicated for ulcerated or
bleeding tumor. Removal of tumors from the abdomen
into a specimen retrieval bag is also important for pre-
vention of seeding of the tumor to the peritoneum and
port-site wound.

CONCLUSION

The hybrid NOTES technique is a combined method
including the advantages of laparoscopic resection and
endoscopic resection for gastric SETs. This method may
be performed safely with reasonable operation times,
less bleeding, and adequate resection margin regardless
of tumor size. In particular, in cases of difficult location
for resection, such as the esophagogastric junction or
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pyloric ring, hybrid NOTES is currently believed be an
ideal treatment method.
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