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Combination of Laparoscopic and Endoscopic Approaches to Neoplasia
with Non-exposure Technique (CLEAN-NET) for GIST with Ulceration
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Combination of laparoscopic and endoscopic approaches to neoplasia with non-exposure technique
(CLEAN-NET) was developed to avoid intraoperative tumor dissemination. We report two cases of gastric
gastrointestinal stromal tumor (GIST) with ulceration surgically treated with CLEAN-NET at our institu-
tion. The first case was a 55-year-old male with hematemesis. Gastric endoscopy revealed a gastric GIST with
ulceration of the fornix. CLEAN-NET was performed with the insertion of five trocars and a liver retractor.
The operative time was 202 min (including cholecystectomy), with a perioperative blood loss volume of 29
ml; the postoperative hospital stay duration was 8 days. The second case was a 66-year-old male with a gastric
submucosal tumor (SMT) with ulceration. CLEAN-NET was performed in a similar fashion to the first case.
The operative time was 128 min, with a preoperative blood loss volume of 16 ml; the postoperative hospital
stay duration was 9 days. In conclusion, CLEAN-NET was found to be safe and useful in the treatment of

gastric GIST with ulceration.
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INTRODUCTION

According to National Comprehensive Cancer
Network (NCCN) guidelines, a laparoscopic approach
may be considered in selected cases of gastrointestinal
stromal tumor (GIST) with favorable anatomic loca-
tions by surgeons with appropriate laparoscopic experi-
ence [1]. Laparoscopic-endoscopic cooperative surgery
(LECS) for GIST was developed in 2008 [2]. Care
must be taken to avoid tumor cell seeding into the
peritoneal cavity during open gastric wall surgery for
the treatment of gastric GIST with mucosal ulceration.
To avoid this intraoperative tumoral dissemination,
combination of laparoscopic and endoscopic approach-
es to neoplasia with non-exposure technique (CLEAN-
NET) was developed by Inoue et al. [3].

Herein, we report two cases of GIST with ulceration
surgically treated by CLEAN-NET at our institution.

PATIENT AND METHODS

Case 1

A 55-year-old male with hematemesis was admitted
to our institution. Upper gastrointestinal endoscopy
revealed a gastric submucosal tumor (SMT) (3.5 cm in
size) with ulceration in the fornix. A diagnosis of GIST
was made based on pathological findings of a biopsy
specimen (Fig. 1A). Upper gastrointestinal radiogra-
phy revealed an SMT located in the fornix (Fig. 1B).
Abdominal contrast-enhanced computed tomography
(CT) demonstrated an intraluminal gastric SMT with
no evidence of lymph node or distant metastasis. The
tumor was observed by conventional endoscopy under
general anesthesia before surgical resection using
CLEAN-NET with the insertion of five trocars and

a liver retractor. Cholecystectomy due to the presence
of gall stones was also performed. The postoperative
course was uneventful.

Case 2

A 66-year-old male presented with gastric SMT iden-
tified during a routine medical checkup. Upper gas-
trointestinal endoscopy revealed a SMT (4 cm in size)
with ulceration in the fornix (Fig. 2A). Pathological
findings from an endoscopic biopsy specimen indicat-
ed GIST. Upper gastrointestinal radiography revealed
a SMT in the fornix (Fig. 2B). Abdominal contrast-en-
hanced CT revealed an intraluminal gastric tumor.
CLEAN-NET was performed in a similar fashion to
Case 1. The postoperative course was uneventful.

THE CLEAN-NET SURGICAL PROCEDURE

The CLEAN-NET procedure involves the selective
dissection of both the serosa and muscle layer using a
laparoscopic electrocautery knife or scissors (Fig. 3A,
Fig. 4A). The preserved mucosal layer provides a me-
chanical barrier between the gastric lumen and peri-
toneal cavity that aids in the prevention of peritoneal
cavity contamination with gastric contents (Fig. 3B).

Tumors are observed with an upper gastrointestinal
endoscope with the injection of indocyanine green
(ICG) into peri-tumoral submucosal layers. Selective
seromuscular dissection is performed using a laparo-
scopic electrocautery scissors (Fig. 4B).

The mucosa surrounding the GIST is then resected
using a mechanical stapler (Fig. 3C, Fig. 4C) to prevent
exposure of the gastric lumen to the peritoneal cavity
(Fig. 3D, Fig. 4D) and peritoneal tumor cell seeding
[3-5].

Kazuhito NABESHIMA, Department of Surgery, Tokai University School of Medicine, 143 Shimokasuya, Isehara, Kanagawa 259-1193, Japan
Tel: +81-463-93-1121  Fax: +81-463-95-6491 E-mail: nabesima@is.icc.u-tokai.ac.jp

—115—



K. NABESHIMA et al. /CLEAN-NET for GIST with Ulceration

Fig. 1 Case 1. A. Endoscopic findings demonstrated an ulcerated SMT. B. UGIs
revealed a SMT located at the fornix.
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Fig. 2 Case 2. A. Endoscopic findings demonstrated an ulcerated SMT. B. UGIs
revealed a SMT located at the fornix.

Fig. 3 Schema of the procedure. A. Seromuscular layer cutting. B. Preserved mu-
cosal layer pulled out toward the outside of the stomach. C. Resected muco-
sal layer using a mechanical stapler. D. Mechanical barrier between gastric
lumen and peritoneal cavity [4].
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Fig. 4 Procedure of Combination of laparoscopic and endoscopic approaches to neoplasia with non-exposure technique
(Case 1). A. Seromuscular dissection layer by laparoscopic devices following submucosal injection of ICG with
saline. B. Entire dissection circumference. C. Full-layer resection using a mechanical stapler. D. Two staples applied

using a laparoscopic liner stapler.

Fig. 5 Case 1. Resected specimens. A, Serosal surface of the tumor (red line indicates the serosal surgical margin) and B,
mucosal side.

RESULT

Casel

The resected specimen was minimal resection of
serosal surface (Fig. bA), the tumor was approximately
3.5 X 2.5 cm in size (Fig. 5B), the operative time was
202 min (including cholecystectomy for gall stones),
the estimated intraoperative blood loss volume was 29

ml, and the patient was discharged on postoperative
day 8.

Case2

The resected specimen was also minimal serosal sur-
face (Fig. 6A) the tumor was approximately 4.0 X 2.5
cm in size (Fig. 6B), the operative time was 128 min,
the estimated intraoperative blood loss volume was 16
ml, and the patient was discharged on postoperative
day 9.
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Fig. 6 Case 2. A, Serosal surface of the tumor (red line indicates the serosal surgical margin) and B, mucosal side.

Pathological findings

The final pathological diagnosis of two cases were
low-risk GISTs, based on histopathological identifica-
tion of spindle-shaped cells, c-kit and CD34 positive on
immunohistochemical staining, and 5 mitotic counts or
less per 50 high-power field in both cases.

DISCUSSION

Laparoscopic wedge resection of the stomach was
developed by Ohgami et al. in 1994 as a method of
laparoscopic resection of early gastric cancer [6, 7].
The principles have been applied to other gastric tu-
mor types.

According to NCCN guidelines [1], laparoscopic
approach may be considered for selected GISTs in
favorable anastomotic locations. The same surgical
principles of complete macroscopic resection including
the prevention of the pseudocapsule and avoidance of
tumor rupture should be followed laparoscopy. The
Japanese clinical guideline for GIST [8] recommended
laparoscopic surgery by an experienced surgeon in
cases of GIST less than 5 cm in size. Substantially
more of the normal gastric wall is retained with these
approaches compared to conventional laparoscopic
wedge resection of the stomach for gastric GISTs.

In 2008, Hiki et al. described the use of LECS for
the treatment of GIST, with the advantage of reduced
area of resected gastric wall [2]. However, LECS also
carry risks of peritoneal infection because of the
necessity of full-thickness gastric layer resection. To
avoid gastric perforation, some modified LECS proce-
dures have been developed such as CLEAN-NET [3]
and non-exposed endoscopic wall-inversion surgery
(NEWS) to allow non-exposure full-thickness gastric
wall resection [9, 11]. CLEAN-NET uses a seromus-
cular incision by laparoscopic electrocautery knife or
scissors to preserve the continuity of the mucosa, which
works as stretched a barrier of ‘CLEAN-NET’. The
mucosal tissue is pulled out toward the outside of the
stomach and the stretched mucosa is dissected together
with minimal area of full-thickness stomach wall. And
procedure of NEWS is mucosal marking placed after

precise observation of demarcation line under endosco-
py, circumferential seromuscular incision with suturing
under laparoscopy, and circumferential mucosal inci-
sion under endoscopy. The resected specimen collected
per orally. Therefore, CLEAN-NET is limited tumor
size in 3 cm or less to avoid the mucosal laceration,
a limitation of NEWS is also 3 cm or less in tumor
size because of large size of resected specimen cannot
retrieved per orally [3, 5, 9].

In our two cases, tumor size were more than 3cm,
but the operation succeeded because we performed
carefully seromuscular dissection.

On the other hand, considering from the oncolog-
ical point of view, combined laparoscopic and endo-
scopic surgery has substantial utility in cases of GIST
without ulceration; however, GIST with ulceration has
a higher potential to disseminate into the peritoneal
cavity, following open gastric wall incision. The major
limitation of the original LECS procedure, termed
“classical LECS,” and other combined laparoscopic
endoscopic full-layer resection techniques is the poten-
tial for gastric content to enter the peritoneal cavity
through the open gastric wall incision [5], there is a
risk of causing even leading to tumor cell seeding, but
also bacterial contamination of the abdominal cavity.

It may be the same as the rupture of GIST to expose
GIST with ulceration in peritoneal cavity. GIST with
presence of rupture was prognostic factor [12], even if
there is difference in a spontaneous rupture and the
iatrogenic rupture, the careful operation for the GIST
is necessary.

In conclusion, CLEAN-NET was found to be safe
and useful for the treatment of gastric GIST with ul-
ceration. This procedure is useful for gastric epithelial
tumors and GISTs, especially GISTs with ulceration.
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