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Abstract
Laparoscopic wedge resection is a useful procedure for
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treating patients with submucosal tumor (SMT) including
gastrointestinal stromal tumor (GIST) of the stomach.
However, resection of intragastric-type SMTs can be
problematic due to the difficulty in accurately judging
the location of endoluminal tumor growth, and often
excessive amounts of healthy mucosa are removed;
thus, full-thickness local excision using laparoscopic and
endoscopic cooperative surgery (LECS) is a promising
procedure for these cases. Our experience with LECS
has confirmed this procedure to be a safe, feasible,
and minimally invasive treatment method for gastric
GISTs less than 5 cm in diameter, with outcomes
similar to conventional laparoscopic wedge resection.
The important advantage of LECS is the reduction in
the resected area of the gastric wall compared to that
in conventional laparoscopic wedge resection using a
linear stapler. Early gastric cancer fits the criteria for
endoscopic resection; however, if performing endoscopic
submucosal dissection is difficult, the LECS procedure
might be a good alternative. In the future, LECS is
also likely to be indicated for duodenal tumors, as
well as gastric tumors. Furthermore, developments in
endoscopic and laparoscopic technology have generated
various modified LECS techniques, leading to even less
invasive surgery.

Key words: Cooperative surgery; Endoscopy; Gastroin-
testinal tumor; Laparoscopy; Submucosal tumor
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Core tip: Resection of intragastric-type submucosal
tumor can be problematic due to the difficulty in
accurately judging the location of endoluminal tumor
growth, and often excessive amounts of healthy
mucosa are removed; thus, full-thickness local excision
using laparoscopic and endoscopic cooperative surgery
(LECS) is a promising procedure for these cases. The
important advantage of LECS is the reduction in the
resected area of the gastric wall compared to that in
conventional laparoscopic wedge resection using a linear
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stapler. Developments in endoscopic and laparoscopic
technology have generated various modified LECS
techniques, leading to even less invasive surgery.
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INTRODUCTION

Gastrointestinal stromal tumors (GISTs) are common
mesenchymal tumors among submucosal tumors
(SMTs) of the gastrointestinal tract. Complete resection
of GISTs is recommended because of their malignant
potential, such as risk of tumor recurrence and pro-
gression to metastatic disease!”. Lymphadenectomy is
not recommended as lymph node involvement is rare.
Laparoscopic surgery for GISTs is safe and effective and
provides a minimally invasive approach for tumors less
than 5 cm in diameter”®”..

Extragastric-type SMTs can be treated relatively
easily using a conventional laparoscopic wedge resec-
tion with adequate margins. However, resection of
intragastric-type SMTs can be more problematic due to
the difficulty of accurately judging the tumor’s location
under laparoscopic examination. This results in the
necessity of removing relatively large sections of healthy
stomach to remove the tumor, which sometimes leads
to postoperative deformity of the stomach'®,

Laparoscopic endoscopic cooperative surgery (LECS)
was first reported by Hiki et al”® in 2008, and is a
minimally invasive surgical technique designed to resect
SMTs originating in the gastrointestinal tract. In recent
years we have performed LECS in patients presenting
with gastric SMT with mainly intraluminal growth. In the
present study, we reviewed a number of clinical reports
describing LECS, including our own series, to evaluate
the procedure and its clinical outcomes.

CASE REPORT

LECS requires the participation of experienced laparo-
scopic surgeons and experienced endoscopists!*®.
After inducing general anesthesia, a port for a camera
is inserted through the umbilicus using an open tech-
nique, and a pneumoperitoneum is established by
insufflation of carbon dioxide to 8-10 mmHg abdominal
pressure. Four additional ports, two 5-mm ports and
two 12-mm ports, are inserted into the upper left and
right and lower left and right quadrants, respectively.
The proximal jejunum near the ligament of Treitz is
clamped using detachable forceps to avoid air inflating
the distal intestine during endoscopic manipulation.
When confirmation of the tumor location from the
serosal side is difficult, it is confirmed by an intraluminal
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approach using endoscopy (Figure 1A). Blood vessels in
the excision area around the tumor are then prepared
using ultrasonically activated laparoscopic coagulating
shears (Figure 1B).

The location of the tumor is first confirmed endo-
scopically, followed by submucosal dissection using
intraluminal endoscopy to determine an appropriate
resection line (Figure 1C). Endoscopic submucosal
dissection (ESD) is widely accepted as the standard
treatment for early gastric cancer without lymph node
metastasis and enables a clinician to resect a target
lesion en blod™. This technique is applied to LECS using
various endoscopic devices such as a needle knife to
mark the mucosal resection line and an insulation-
tipped diathermic electrosurgical (IT) knife to dissect
the submucosal layer. After circumferential dissection
of the mucosal to submucosal layers, a full-thickness
incision into the serosal layer around the lesion is made
using the needle knife to connect the endoscopic and
laparoscopic approaches.

Subsequently, an ultrasonic coagulation incision
device is inserted into the artificial perforation under
laparoscopic view, and the seromuscular layer is
dissected along the incision line made by ESD (Figure
1D). After circumferential full-thickness resection (Figure
1E), the resected specimen is put into a plastic bag,
which is then removed through the umbilical incision.
The edges of the incision line are then lifted up by an
assistant using forceps, and the incision line is closed
using laparoscopic stapling devices (Figure 1F). After
completing the full-thickness closure, the endoscope
can be inserted into the stomach to confirm that there
is no air leakage, despite insufflation of the stomach.
Gross examination of the resected specimen reveal that
the resection margin of healthy gastric wall is limited to
the minimum necessary (Figure 2).

Table 1 details the clinicopathological results of
19 patients who underwent laparoscopic resection
for SMT in the stomach at the Kochi Medical School
Hospital. Conventional laparoscopic resection of the
tumor was undertaken in 11 patients, and LECS was
performed in 8 patients. Basically, the indications
of laparoscopic surgery including LECS for gastric
SMT include the tumors less than 5 cm detected on
esophagogastroduodenoscopy, computed tomography
or upper gastrointestinal barium study. We performed
LECS for gastric SMT when the main tumor location
was intragastric type. Until the advent of LECS, we
performed conventional laparoscopic resection for the
gastric SMT less than 5 cm in diameter even if the main
tumor location was intragastric type.

The median age of patients was 72 years (range,
35-86 years), and there was a female predominance,
with a male-to-female ratio of 5:14. The tumor was
located in the upper third of the stomach in 9 patients,
in the middle third in 6 patients, and in the lower third in
4 patients. The tumor circumference included the lesser
curvature in 7 patients, greater curvature in 7 patients,
posterior wall in 4 patients, and anterior wall in 1
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Table 1 Characteristics of patients who underwent laparoscopic surgery for a gastric submucosal tumor

Patient Age Gender Tumor Main location Operation method Operating Estimated Tumor size Histology
location of tumor time (min) blood loss (cm)
(mL)

1 78 M M, Less  Extragastric Conventional 145 20 4.0x3.5 GIST (low risk)
laparoscopic approach

2 60 E U, Gre Intragastric Conventional 175 20 1.7x1.7 GIST (very low risk)
laparoscopic approach

3 66 F U, Post  Intragastric Conventional 85 30 55x45 GIST (high risk)
laparoscopic approach

4 42 M L, Gre Mixed Conventional 155 5 3.0x27 Schwannoma
laparoscopic approach

5 86 F M, Less  Extragastric Conventional 190 40 35x25 GIST (low risk)
laparoscopic approach

6 35 F U,Gre  Extragastric Conventional 115 5) 3.8x3.0 GIST (intermediate risk)
laparoscopic approach

7 84 F U, Gre Intragastric Conventional 235 130 4.0x33 GIST (intermediate risk)
laparoscopic approach

8 78 F M, Less  Extragastric Conventional 145 5 45x4.0 GIST (low risk)
laparoscopic approach

9 61 F U, Post  Intragastric LECS 130 5 44x22 GIST (low risk)

10 64 F U, Post  Intragastric LECS 250 5 3.1x3.0 GIST (low risk)

11 43 F L,Less  Intragastric LECS 155 5 20x1.7 GIST (very low risk)

12 72 M M, Less  Extragastric Conventional 165 70 5.0x3.5 GIST (low risk)
laparoscopic approach

13 77 M U, Gre Mixed LECS 230 3.0x15 GIST (low risk)

14 63 F L, Gre Intragastric LECS 202 0 3.0x2.0 Schwannoma

15 73 M U, Ant Intragastric Conventional 226 0 3.0x20 GIST (low risk)
laparoscopic approach

16 36 F M, Less Mixed LECS 214 0 40x25 GIST (low risk)

17 82 F L, Gre Mixed LECS 212 10 28x20x18 GIST (low risk)

18 81 F U, Post  Extragastric Conventional 130 0 45x3.0 GIST (low risk)
laparoscopic approach

19 81 F M, Less  Intragastric LECS 221 0 3.2x3.0 GIST (low risk)

U: Upper third; M: Middle third; L: Lower third; Less: Lesser curvature; Gre: Greater curvature; Ant: Anterior wall; Post: Posterior wall; LECS: Laparoscopic
endoscopic cooperative surgery; GIST: Gastrointestinal stromal tumor.

loss was 5 mL (range, 0-130 mL). The main location of
the tumor was intragastric in 9 patients, extragastric in
6, and mixed (both intragastric and extragastric) in 4.
The histological diagnosis was GIST in 17 patients, and
schwannoma in 2 patients. Of the patients with GISTs,

Table 2 Clinicopathological characteristics of patients with
gastric submucosal tumor who underwent either conventional

laparoscopic surgery or laparoscopic endoscopic cooperative
surgery

LECS Conventional P value s . .
(1= 8) laparoscopic approach 2 were c!as&ﬁgd as very Iovy risk, 12 as !ow risk, 2'as
@ =11) intermediate risk, and 1 patient as high risk, according
Ay i e GRS 73 (35-86) 051 to the modified Fletcher classification®*Y, There were
Gender 052 no remarkable postoperative complications including
Nale u 4 mortality, leakage or surgical site infection.
Female 7 7 . . .
) Table 2 compares the clinicopathological characteri-
Tumor location 0.7 . R | .
Upper third 3 6 stics of the 19 patients in our current series who
Middle third 2 4 underwent either conventional laparoscopic surgery
Lower third 3 1 (n = 11) or LECS (n = 8) for gastric SMT. The clinico-
(T“mor) size, median 31(2044) 40(1.7:55) 012 pathological characteristics included the tumor location,
range), cm . . .
Estimated blood loss, 5 (0-10) 20 (0-130) 0.06 major .aX|s.of the tumor,.estlmz?ted blood loss, ar!d
median (range), mL operating time. The median estimated blood loss in
Operating time, median 213 (130-250) 155 (85-235) 0.05 patients who underwent LECS tended to be smaller

(range), min than in those who underwent conventional laparoscopic
surgery (5 mL vs 20 mL, respectively; P = 0.06). The
median operating time of patients who underwent LECS

also tended to be longer than those who underwent

LECS: Laparoscopic endoscopic cooperative surgery.

patient. The median tumor diameter was 3.5 cm (range,
1.7-5.5 cm), the median operating time was 175 min
(range, 85-250 min), and the median estimated blood
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1152

conventional laparoscopic surgery (213 min vs 155
min, respectively; P = 0.05). There were no significant
differences in the median age, gender, tumor location,
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Figure 1 Laparoscopic endoscopic cooperative surgery for gastric submucosal tumor. A: The tumor is located in the lesser curvature of the middle third of
the stomach; B: The stomach was mobilized by dividing the gastrocolic omentum and the lesser curvature vessels near the tumor by laparoscopic dissection; C: A
circumferential incision was made around the tumor by an endoscopic submucosal dissection technique using an insulation-tipped diathermic electrosurgical knife; D:
The seromuscular layer of the stomach was dissected along the incision line using the laparosonic coagulating shears; E, F: The post-excisional hole in the stomach

was closed using a laparoscopic linear stapling device.

Figure 2 Gross appearance of the resected specimen. The tumor is a
mixed-type, with a predominant intragastric component. The resection margin
of healthy gastric wall is limited to the minimum necessary. The pathological
diagnosis confirmed a gastrointestinal stromal tumor, classified as low risk.

or median tumor size in patients who underwent con-
ventional laparoscopic surgery compared to LECS.

DISCUSSION

Conventional surgical operations may be excessively
invasive for the treatment of gastrointestinal SMT.
Successful laparoscopic wedge resection has been
reported for 2-5 cm gastric GISTs, and confirmed by
studies examining long-term surgical outcomes™***,
However, it is sometimes difficult to determine the
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appropriate resection line from the outside of the
stomach when tumors are located intragastrically.
There have been several reports on the use of LECS for
SMT of the stomach including GISTs, leiomyomas, and
schwannomas™®’'**?, Table 3 summarizes the clinical
variables of patients from a number of studies who
underwent LECS, including our own series.

Kawahira et a/"* reported that the median ratio
of the longest diameter of the tumor divided by
the longest diameter of the surgical specimen was
significantly greater in LECS compared to laparoscopic
wedge resection (0.86 vs 0.69, respectively; P =
0.02). This means that LECS results in the resection
of a smaller area of healthy gastric wall, which is
an important advantage of LECS over conventional
laparoscopic wedge resection using linear staplers.
Therefore, LECS has good prospects for the treatment
of GISTs, applying the modern concept of minimally
invasive surgery, regardless of the location of the tumor
even if it is adjacent to the esophagogastric junction or
pyloric ring™®.

In our series, there was a tendency for the esti-
mated blood loss to be lower in the LECS group than
in the conventional laparoscopic resection group, with
the difference just failing to reach significance. A major
reason for this lower blood loss is that in the case of
intragastric-type SMT, division of the extended gastric
vessels or the omentum in the excision area around the
tumor is needed to maintain a safe margin from the
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Table 3 Previous clinical reports of laparoscopic endoscopic cooperative surgery for gastric submucosal tumor

Ref. Year Number of patients Median tumor  Median operating time Median estimated Conversion to open
size (cm) (min) blood loss (mL) surgery
Hiki et al” 2008 7 46 169 7 0
Kawabhira et al™ 2012 16 28 172 5 0
Tsujimoto et al'” 2012 20 3.8 157 3.5 0
Dong et al™ 2013 6 35 83.3 NA 0
Qiu et al™ 2013 69 28 81.6 29.8 0
Hoteya et al™”! 2014 25 NA 156.3 NA 0
Waseda et al™ 2014 27 3.6 167.5 5 0
Mori et al™ 2014 12 3.9 146.3 NA 0
Our case 2015 8 3.1 213 5 0

NA: Not available.

tumor. There was also a tendency for longer operation
times in the LECS group than in the conventional
laparoscopic resection group, although this difference
was not significant. This longer operation time for LECS
is not surprising since time is required for both the ESD
and laparoscopic procedures. Previous studies have
not shown any difference in perioperative outcomes
between LECS and the conventional approach, and a
larger sample size would be useful to clarify this issue.

Developments in endoscopic and laparoscopic tech-
nology have yielded various modified LECS techniques
aimed at further minimizing invasiveness. Examples
of these improved techniques include the laparoscopy-
assisted endoscopic full-thickness resection, a full-
thickness resection method using the non-exposure
technique (CLEAN-NET), and non-exposed endoscopic
wall-inversion surgery (NEWS)°??, Because LECS
has an inherent risk of peritoneal infection due to the
necessity for gastric perforation, CLEAN-NET and NEWS
have been developed to prevent the risk of cancer cells
seeding during open gastrectomy. These procedures
might thus have potential minimally invasive resections
of gastric tumors, even those in an ulcerated state'®.

Single-port LECS, which is a single-incision laparo-
scopic surgery combined with an endoscopic approach,
might provide an alternative to gastric wedge resection
with minimal transformation of the stomach!®¥. It
may contribute to reduced pain, faster recovery, and
improved cosmesis for patients. However, careful
selection of patients based on the tumor location and
growth morphology is needed to clearly identify the
risks and benefits of this new approach, also taking into
account the need for needlescopic instruments.

Initially, the indication criteria for LECS was limited to
SMT of the stomach measuring up to 5 cm in diameter
without ulceration of the mucosa'”. In the future, it is
likely that LECS will also be indicated for tumors of the
duodenum® !, Although ESD is widely accepted as the
standard treatment for gastric lesions including early
gastric cancer, the duodenal wall is generally thinner
than that of the stomach and ESD for duodenal tumors
is associated with an increased risk of perforationt®.,
Furthermore, maneuvering a flexible endoscope is
technically difficult in the tiny duodenal lumen. In these
cases, LECS might be a useful therapeutic modality
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not only for avoiding perforation of the duodenal wall
by ESD, but also for achieving a more precise incision
line4,

Moreover, Nunobe et a® reported the successful
use of LECS for a large spreading mucosal cancer in the
stomach that would have been difficult to treat with ESD
because of the high likelihood of complications and the
long surgical time required for ESD. Thus, early gastric
cancer that fits the criteria for endoscopic resection, but
presents difficulties for ESD, is likely to be a candidate
for the LECS procedure™,

In conclusion, recent advances in endoscopic and
laparoscopic techniques have facilitated several variations
of endoscopic procedures derived from ESD, and created
a fusion of endoscopy and laparoscopy technologies
suitable for upper gastrointestinal SMTs. LECS is a
useful and safe procedure for SMT that avoids excessive
resection of healthy gastric wall. Further investigations,
including a prospective randomized controlled trial and
a study exploring long-term consequences, are needed
to verify the usefulness of the LECS for gastrointestinal
SMT.

COMMENTS

Case characteristics
The authors demonstrated the patients with gastric submucosal tumor treated
by laparoscopic surgery.

Clinical diagnosis
The subjects were the gastric submucosal tumors including intragastric and
extragastric type.

Differential diagnosis
Histopathological diagnosis of submucosal tumors includes gastrointestinal
stromal tumor and schwannoma.

Laboratory diagnosis
Laboratory findings were within the normal range.

Imaging diagnosis

The gastric submucosal tumors were diagnosed by computed tomography and
esophagogastroduodenoscopy.

Pathological diagnosis

Pathological findings of gastrointestinal stromal tumor were characterized by
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interlacing bundles of elongated cells with c-KIT expression.

Treatment
The patients were treated by conventional laparoscopic wedge resection or
laparoscopic endoscopic cooperative surgery.

Related reports

The authors summarized the clinical variables of patients from a number of
studies who underwent laparoscopic endoscopic cooperative surgery, including
their own series.

Term explanation
Laparoscopic surgery for submucosal tumors effective and provides a minimally
invasive approach for tumors less than 5 ¢cm in diameter.

Experiences and lessons
Laparoscopic endoscopic cooperative surgery is a useful and safe procedure
for submucosal tumor that avoids excessive resection of healthy gastric wall.

Peer-review

Further investigations, including a prospective randomized controlled trial and
a study exploring long-term consequences, are needed to verify the usefulness
of the laparoscopic endoscopic cooperative surgery for gastrointestinal
submucosal tumors.
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