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Abstract
Laparoscopic and endoscopic cooperative surgery (LE
CS) is a surgical technique that combines laparoscopic 
partial gastrectomy and endoscopic submucosal dissec
tion. LECS requires close collaboration between skilled 
laparoscopic surgeons and experienced endoscopists. 
For successful LECS, experience alone is not sufficient. 
Instead, familiarity with the characteristics of both 
laparoscopic surgery and endoscopic intervention is 
necessary to overcome various technical problems. 
LECS was developed mainly as a treatment for gastric 
submucosal tumors without epithelial lesions, including 
gastrointestinal stromal tumors (GISTs). Local gastric 
wall dissection without lymphadenectomy is adequate 
for the treatment of gastric GISTs. Compared with con
ventional simple wedge resection with a linear stapler, 
LECS can provide both optimal surgical margins and 
oncological benefit that result in functional preservation 
of the residual stomach. As technical characteristics, 
however, classic LECS involves intentional opening of the 
gastric wall, resulting in a risk of tumor dissemination 
with contamination by gastric juice. Therefore, several 
modified LECS techniques have been developed to av­
oid even subtle tumor exposure. Furthermore, LECS for 
early gastric cancer has been attempted according to 
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the concept of sentinel lymph node dissection. LECS is 
a prospective treatment for GISTs and might become a 
future therapeutic option even for early gastric cancer. 
Interventional endoscopists and laparoscopic surgeons 
collaboratively explore curative resection. Simultaneous 
intraluminal approach with endoscopy allows surgeons 
to optimizes the resection area. LECS, not simple wedge 
resection, achieves minimally invasive treatment and 
allows for oncologically precise resection. We herein 
present detailed tips and pitfalls of LECS and discuss 
various technical considerations.

Key words: Minimally invasive surgery; Laparoscopic 
and endoscopic cooperative surgery; Facility-based; 
Gastrointestinal stromal tumor; Early gastric cancer

© The Author(s) 2018. Published by Baishideng Publishing 
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Core tip: Laparoscopic and endoscopic cooperative 
surgery (LECS) was first described as a treatment of 
gastric submucosal tumors in 2008, although a similar 
concept had been developed before that time. There
after, many researchers described LECS as a feasible 
technique for gastric resection, regardless of tumor 
location. LECS is a novel procedure that minimizes in
vasive damage to patients and preserves physiologic 
function of the residual stomach while securing oncolo
gical benefit. Currently, many physicians can fully utilize 
the advantages of LECS for gastric submucosal tumors 
located even at the esophagogastric junction by avoiding 
conventional total gastrectomy or proximal gastrectomy. 
This technique requires close cooperation between ski
lled surgeons and experienced endoscopists. Therefore, 
many tips and pitfalls should be discussed to accelerate 
this collaboration during LECS. We hope that the herein-
described tips will benefit laparoscopic surgeons and 
interventional endoscopists who are interested in LECS.

Aisu Y, Yasukawa D, Kimura Y, Hori T. Laparocopic and 
endoscopic cooperative surgery for gastric tumors: Perspective 
for actual practice and oncological benefits. World J Gastrointest 
Oncol 2018; 10(11): 381-397  Available from: URL: http://www.
wjgnet.com/1948-5204/full/v10/i11/381.htm  DOI: http://dx.doi.
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INTRODUCTION
Minimally invasive surgery is currently available for 
benign and borderline malignant tumors of the sto­
mach[1-3]. Resection is a curative treatment for submu­
cosal tumors (SMTs) and early gastric cancer (EGC)[4]. 
Many endoscopic physicians and general surgeons 
focus on the invention of novel tools and innovation of 
technical procedures[3,5,6]. Various therapeutic options 
have become well developed[2,3,5,7,8]. Interventional 

endoscopists continue to search for techniques with 
curative resectability [e.g., endoscopic submucosal di­
ssection (ESD)][9-11], and it was previously considered 
that endoscopic full-thickness resection is possible only 
by a surgical approach[12,13]. Since laparoscopy-assisted 
gastrectomy was first reported in 1994[14], a drastic 
evolution of laparoscopic surgery has occurred in para­
llel, and skilled laparoscopic surgeons now precisely 
perform minimally invasive segmental resection[15-18]. A 
smooth postoperative course, good functional outcome, 
and rapid recovery after such procedures have been 
established[15-17]. 

Each approach has its own strengths and limita­
tions[3,10]. Hence, a hybrid approach (i.e., cooperation 
between endoscopic intervention and laparoscopic sur­
gery) was developed[3]. This technique aims to accumu­
late the strong points of intraluminal and intraperitoneal 
procedures and negate the technical limitations[3]. This 
novel concept has been described using different names 
(e.g., hybrid laparoscopic, combined laparoscopic and 
endoscopic, laparoscopic-endoscopic rendezvous, and 
cooperative laparoscopicendoscopic procedures)[3,19-21]; 
however, use of these multiple terms might confuse 
endoscopic physicians and general surgeons. Despite 
the differing names, this hybrid concept focuses on a 
simultaneous approach via intraluminal and intraperi­
toneal pathways, subsequent precise resection with 
oncologic principles, and physiological closure of the 
defect[3,22,23]. 

Optimal resection techniques for gastric SMTs and 
EGC have been established based on the oncologic be­
haviors of these lesions[22,23]. Laparoscopic and endos­
copic cooperative surgery (LECS), not simple wedge 
resection, achieves minimally invasive treatment and 
allows for precise resection of these tumors[3]. We herein 
focus on LECS with a review of previous literature and 
describe the actual procedures, including technical tips 
and pitfalls. Moreover, this hybrid approach is discussed 
with respect to extended indications, oncological be­
nefits, and technical developments.

HISTORY
From an oncological viewpoint, the clinical and path­
ological behaviors of EGC and SMTs, including gas­
trointestinal stromal tumors (GISTs), have been well 
investigated[22,23]. Partial or segmental resection is con­
sidered acceptable based on oncologic principles[3,22,23]. 
General surgeons have an interest in minimally inva­
sive treatment by laparoscopic local resection for SMTs 
and EGC[24-26]. Simple wedge resection is very easy to 
perform for most SMTs with extraluminal growth[27]; 
however, a laparoscopic approach is often difficult with 
respect to accessing the posterior wall, and postoperative 
stenosis may occur near the esophagogastric junction 
(EGJ) or pyloric ring. 

Gastric cancer originates from the mucosa, and 
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some SMTs are accompanied by intraluminal growth. 
A dilemma faced by interventional endoscopists is that 
endoscopic full-thickness resection is impossible without 
surgical assistance[3,12,13]. In Japan, laparoscopic wedge 
resection using a lesion-lifting method was reported 
for treatment of SMTs with intraluminal growth and 
EGC[28-31], and a stabbing tool with a T-shaped bar 
was developed for partial lifting of the target wall[31,32]. 
However, this lesion-lifting method cannot minimize 
the resected area because the staple line cannot be 
determined by an intraluminal approach, and use of 
this method may increase the rate of positive surgical 
margins[21]. 

LECS has long been attempted for treatment of 
EGC and SMTs[21,33-35]. Interventional endoscopists 
and laparoscopic surgeons collaboratively explore the 
potential for curative resection (i.e., a facility-based 
method) based on the abilities of the physicians at 
each individual institution[36]. In laparoscopy-assisted 
endoscopic resection, laparoscopic surgeons assist in 
resolution of accidental perforation or control of blood 
loss[37]. In endoscopic-assisted wedge resection, the 
target gastric wall is resected by linear staplers under 
intraluminal observation after laparoscopic mobilization 
of the stomach[37,38]. This combined resection procedure 
is the most commonly performed because of its te­
chnical simplicity[37,39]. Simple wedge resection and the 
lesion-lifting method are associated with difficulty in 
resection of tumors located in the posterior wall; thus, 
surgeons have also developed laparoscopic translumi­
nal or intraluminal surgeries (i.e., endoscope-assisted 
laparoscopic intraluminal surgery[32,40,41], endoscope-
assisted laparoscopic transluminal surgery[42,43], and 
endoscope-assisted laparoscopic intragastric stapl­
ing[44-46])[3]. The resection line can be determined during 
transluminal or intraluminal surgeries, although these 
surgeries involve a gastric incision for creation of an 
intraluminal pathway and require advanced skills[3,21,32]. 

Novel cooperative laparoscopic and endoscopic te­
chniques for gastric tumors (EGC and SMTs) have been 
developed mainly in Asian regions[34,47-50]. Procedures 
of both ESD and LECS originate in Japan, and this may 
be the reason why LECS is mainly developed in Asian 
countries so far. The term “LECS” was first reported 
in 2008[50]; thereafter, this combined procedure was 
commonly referred to as LECS. Previously establish­
ed procedures (e.g., the lesion-lifting method[31] and 
laparoscopy-assisted endoscopic resection[37]) might 
retrospectively be included as types of LECS procedures. 
Many physicians have demonstrated that LECS for 
gastric tumors (mainly SMTs) is feasible and safe.

LECS as described above involves intentional op­
ening of the gastric wall and thus has a risk of tumor 
dissemination via gastric juice and contamination of 
the peritoneal cavity by enterobacteria[3,48,51]. LECS is 
therefore performed for gastric SMTs (mainly GIST), 
and the indications for LECS have been limited to 

cases without epithelial lesions including depressed 
lesions and/or ulcers[3,48]. To overcome this limitation 
and expand the indications for LECS, several modified 
LECS procedures have been developed (e.g., inverted 
LECS[47], laparoscopy-assisted endoscopic full-thickness 
resection[52], nonexposed endoscopic wallinversion 
surgery[53-57], clean non-exposure technique[58], closed 
LECS[51], and lift-and-cut method[59]) and are currently 
applied to patients even with epithelial lesions. These 
novel LECS procedures are based on a clear concept of 
fullthickness resection without intentional perforation 
(i.e., no exposure of gastric juice) for tumors accom­
panied by epithelial lesions.

SIMPLE WEDGE RESECTION BY A 

LINEAR STAPLER
Until LECS became well developed, simple wedge 
resection was generally conducted as a curative 
treatment for gastric SMTs. Wedge resection by a 
linear stapler has the advantage of avoiding the risk 
of intraoperative dissemination during laparoscopic 
surgery[60]. Another advantage of wedge resection 
is its technical simplicity and lack of requirement for 
advanced skills[3]. However, this simplicity easily results 
in rough resection and oncological inadequacy[61]. The 
simple wedge resection technique is associated with 
both excessive and inadequate resection of the gastric 
wall, which may lead to postoperative gastric stenosis, 
gastric dysfunction, and local recurrence[62,63]. Hence, 
simple wedge resection by a linear stapler is considered 
a technically easy but high-risk procedure[3,62]. 

CLASSIC LECS
LECS is a surgical technique that combines laparos­
copic partial gastrectomy and ESD (Figure 1A). This 
combined technique is used mainly for gastric SMTs, 
such as GISTs. The simultaneous intraluminal approach 
with endoscopy allows surgeons to resect the gastric 
wall according to the appropriate cutting line without 
excessive or inadequate margins[63]. From an oncolo­
gic viewpoint, LECS optimizes the resection area by 
providing sufficient margins as a curative resection for 
gastric SMTs (Figure 1B). This is the most advantageous 
point of LECS compared with other approaches. Even 
if an SMT is located near the EGJ, optimal and precise 
resection by LECS may avoid the need for proximal 
gastrectomy. 

As described above, modified LECS procedures using 
the concept of “no exposure” have been established 
for tumors accompanied by epithelial lesions[47,51-58]. 
The first documented version of LECS[50] has been cate­
gorized as “classic LECS” to distinguish it from other 
modified LECS procedures[48]. 
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for gastric GISTs is safe and feasible regardless of 
tumor size[69,70]. In our institution, we generally apply 
laparoscopic surgery to gastric GISTs of ≤ 5 cm in 
diameter, and we employ LECS only to intraluminal 
types without epithelial lesions. As a prerequisite, we 
routinely have detailed preoperative discussions with 
the patients and obtain adequate informed consent.

Skilled physicians have demonstrated that lapar­
oscopic surgery can be applied to gastric GISTs of larger 
size and/or epithelial lesions if surgical and oncological 
safety (e.g., tumor location, layers involved/occupied, 
expected malignancy of the tumor, institutional abili­
ty, and individual skills) are guaranteed[3,33,36,47,51-58,69,70]. 
Skilled physicians have also documented that LECS is 
feasible and safe for gastric SMTs in any location[37,50,71-74]. 
LECS was recently applied to duodenal SMTs[75]. How­
ever, application of LECS to SMTs near the EGJ should 
be carefully considered because laparoscopic suturing 
in this region requires advanced skill to avoid posto­
perative stenosis and leakage[34,76-78]. In fact, when 
the tumor covers more than one-third of the whole cir­
cumference of the EGJ, patients have a high rate of 
conversion to open surgery or proximal gastrectomy[71]. 
Tumor occupation of more than one-third of the whole 
circumference of the EGJ should be a contraindication 
for LECS. Although no definitive risk factors for anas­
tomotic stenosis and postoperative leakage have been 
established, surgeons should not hesitate to convert 
to open surgery or proximal gastrectomy during la­
paroscopic surgery if surgical and oncological safety 
cannot be guaranteed.

INITIAL SET-UP FOR INTERVENTIONAL 

ENDOSCOPY AND LAPAROSCOPIC 

SURGERY
LECS is performed under general anesthesia in the leg-

open position. Both arms of the patient are fixed along 
the body to avoid interference with the procedures 
performed by the interventional endoscopists. The 
primary surgeon stands on the right side of the patient, 
and the assistant surgeon stands on the opposite side. 
The laparoscopist stands between the patient’s legs. 
Both the interventional and assistant endoscopists 
stand beside the patient’s head. The arrangement of 
various apparatuses and medical staff members in the 
operation room is shown in Figure 2A.

The patient is placed in the supine position with the 
head directed straight. The tracheal intubation tube has 
already been inserted through the mouth. Even if the 
patient’s face can be slightly turned toward the left for 
endoscope insertion, the interventional endoscopists 
are repeatedly forced to handle the endoscope un­
der unfamiliar situations (i.e., supine body position, 
straight face direction, and competitive oral tube). En­
doscopists must continuously perform very careful han­
dling of the devices and patient, and placement of a 
flexible overtube (ST-SB1S; Olympus Medical Systems 
Corporation, Tokyo, Japan) is a solution for stress-free 
endoscopic maneuvers. Moreover, as described later, 
an overtube is a powerful tool for tumor removal via the 
mouth.

For the endoscopic intervention, an endoscopic 
system with fine vision and advanced apparatuses, 
including energy devices, is set up as for ESD. An 
insulation-tipped diathermic knife (ITknife2, KD-611L; 
Olympus Medical Systems Corporation) and soft coa­
gulation system (VIO 300 D; Erbe, Tubingen, Germany) 
are prepared.

A camera port is placed on the umbilicus. Three 
additional ports (two 5-mm ports and one 12-mm port) 
are inserted into the left upper, left lower, and right upper 
quadrants, respectively, under pneumoperitoneum of 
12 mmHg with a laparoscopic view. One additional 5- 
mm port in the right lower quadrant is acceptable, if 
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Figure 1  Schema of laparoscopic and endoscopic cooperative surgery, and comparison of resection line between laparoscopic and endoscopic coo­
perative surgery and conventional wedge resection. A: Laparoscopic and endoscopic cooperative surgery (LECS) is a combined procedure involving laparoscopy 
and endoscopy; B: The resection line of LECS minimizes the surgical margin, securing an adequate distance from the tumor. Conventional wedge resection is too 
close to the tumor and involves excessive wall dissection. 
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necessary (Figure 2B).
During LECS, the laparoscopic surgeon should 

never forget that both the pneumoperitoneal pressure 
and light intensity are higher on the laparoscopic than 
endoscopic side. Under the conventional settings of 
usual laparoscopic surgery, interventional endoscopists 
cannot secure an adequate field because the stomach 
would collapse by pneumoperitoneal pressure and 
cannot obtain fine vision because the laparoscopic 
light would be too dazzling. The laparoscopic settings 
of these two factors should be optimally adjusted as 
necessary during LECS. In our institution, we adjust the 
light intensity manually as needed and downregulate 
the pneumoperitoneal pressure to 4 to 6 mm Hg 
while the interventional endoscope is being operated. 
However, the endoscopic setting is the same as or 
similar to that of usual ESD, according to the physician’s 
preference.

ANATOMICAL RECOGNITION
The stomach is fixed by ligaments and tendons that 
surround organs and structures such as the hepato­
duodenal ligament, celiac axis, pancreatic capsule, 
crura of the diaphragm, and spleen. The target gastric 
wall should be mobilized ventrally with a free space 
made by carbon dioxide gas to ensure the safety of 
the interventional endoscopic procedure. Even subtle 
injury to the surrounding organs (e.g., pancreas and 
aorta) during the endoscopic intervention should be 
avoided. Especially for SMTs at the posterior wall or EGJ, 

adequate dissection of the posterior side is key to good 
mobilization of the target stomach wall. In patients with 
GISTs, the target gastric wall is directly exposed because 
of rare metastasis to the regional lymph nodes[64]. 

PERITONEAL APPROACH BY A 

LAPAROSCOPIC VIEW
First, the tumor location is identified. Although gastric 
tumors are intraluminal, the tumor location can often be 
found from the extraluminal view because the gastric 
wall is slightly depressed or elevated. If the tumor 
location cannot be detected via the laparoscopic view, it 
should be confirmed by the endoscopic view. Excessive 
dilatation of the digestive tract by endoscopic insufflation 
of carbon dioxide should be prevented before the start 
of the intraluminal endoscopic investigation. Clamping 
of the antrum or jejunum should be performed using 
clamp forceps (PL541S; B. Braun Aesculap, Tokyo, 
Japan). Technically, placement of a jejunal clamp at 
about 10 cm on the anal side of the Treitz ligament is 
easier than placement of an antral clamp (Figure 3A and 
B), although an antral clamp provides a better surgical 
field by prevention of duodenal dilatation (Figure 3A). 
Notably, endoscopic insufflation into the intestines will 
remarkably disturb the laparoscopic field. In contrast, 
the stomach is well expanded by insufflation and 
clamping, providing an intraluminal working field for the 
endoscopic intervention.

The surrounding fat tissue and vessels of the gastric 
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Figure 2  Set-up of staffs and devices in the operation theater and port placement. A: Apparatus position and staff placement in the operation room; B: Port 
placement.
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wall are confirmed. To mobilize the stomach, omental 
fat tissue is cut while preserving the vessels coursing 
into the stomach (mainly gastroepiploic vessels). When 
excising the lesser omentum, the gastric branch of 
the vagus nerve should be maximally preserved to 
prevent postoperative gastroparesis. After the stomach 
mobilization, the stomach should be twisted until the 

target wall faces the ventral side to ensure the safety 
of the gastric wall during the endoscopic intervention 
(Figure 3C). Briefly, the target gastric wall never touches 
any surrounding organs (e.g., pancreas and aorta) 
(Figure 3D). The ventrally mobilized target wall should 
then be exposed with a marginal free space established 
by carbon dioxide gas. Adequate dissection is performed 
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Figure 3  Intraoperative laparoscopic view of laparoscopic and endoscopic cooperative surgery. A and B: Clamping of the (A) antrum or (B) jejunum should 
be performed using clamp forceps. This allows for adequate gastric expansion that provides an intraluminal working field for the endoscopic intervention; C: The 
surrounding fat tissue and vessels of the gastric wall are dissected, and the target wall is then mobilized to the ventral side; D: The laparoscopic surgeon should 
mobilize the gastric wall and prevent it from touching any surrounding organs for a safe intraluminal intervention. The pneumoperitoneal pressure and light intensity 
of laparoscopy are decreased to avoid disturbing the endoscopist; E: The laparoscopic surgeon can dissect the proximal gastric wall on behalf of the interventional 
endoscopist, if necessary; F: The surgeon and the endoscopist cooperate to complete the operation while avoiding injury to the adjacent organs; G: The resected 
specimen is placed in a plastic bag and removed intraluminally using endoscopy; H: The mucosal layer is closed with a running 4-0 absorbable suture thread; I: 
The seromuscular layer is closed with interrupted 3-0 absorbable sutures; J: A leak test is performed after suturing. K: This image depicts a case involving a tumor 
located in the posterior wall near the EGJ; The target gastric wall is turned as much as possible with a marginal free space established by carbon dioxide gas. The 
right side of the EGJ has enough working space laparoscopically; L: The defect of the gastric wall tends to become larger than many physicians expect; M: The defect 
in the gastric wall is closed with the laparoscopic hand-sewn technique in a layer-to-layer fashion; N: Intraluminal view after suturing. The absence of stenosis and 
malformation is confirmed. EGJ: Esophagogastric junction.
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near the tumor and traced to the stomach, and the 
gastric wall around the tumor is exposed and mobilized 
to the ventral side. This process is very important to 
prevent unexpected injury to adjacent organs (e.g., 
pancreas, liver, aorta, and spleen). Laparoscopic sur­
geons can dissect the proximal gastric wall with the 
assistance of interventional endoscopists, if necessary 
(Figure 3E). The surgeon and the endoscopist cooperate 
to complete the operation without injuring the adjacent 
organs (Figure 3F).

Determination of the cutting line with optimal mar­
gins based on the endoscopic findings is an oncological 
benefit. Although the cutting line is set by the inter­
ventional endoscopist, resection of the seromuscular 
layers can be performed with either the interventional 
endoscopists’ insulation-tipped diathermic knife or the 
laparoscopic surgeon’s ultrasonic coagulation shears. 
The resected specimen is placed in a plastic bag and 
removed intraluminally using endoscopy (Figure 3G).

The defect in the gastric wall is closed with a layer-
to-layer laparoscopic hand-sewn technique. The mu­
cosal layer is closed with a running suture using 4-0 
absorbable suture thread (4-0 VICRYL, SH-1; Ethicon, 
Cincinnati, OH, United States). To prevent laxity of the 
running suture, an assistant surgeon holds the end 
of the last suture with a needle forceps, which has a 
strong grip force without any slip. The seromuscular 
layer is then closed with interrupted sutures using 3-0 
absorbable suture thread (3-0 VICRYL, SH-1; Ethicon) 
(Figure 3H and I). When suturing is completed, a lea­
kage test should be performed. The absence of air 
leakage should be confirmed by excessively inflating 
the stomach with endoscopy under adequate saline 
accumulation using a laparoscopic irrigation device 
(Figure 3J). The clamp forceps must be removed when 
the laparoscopic surgery is finished.

The upper stomach is a common site of SMTs, 
especially GISTs[4,79]. GISTs are frequently located 
at the fornix/fundus and/or near the EGJ[76,79]. When 
tumors are located in the posterior wall near the EGJ 
or in the antrum near the pylorus, ventral mobilization 
of the stomach wall around the tumor is generally left 
incomplete. Two solutions are available in such cases. 
If the SMT has no epithelial lesion, one solution is utili­
zation of the concept of transluminal and intraluminal 
surgeries, as described above. The gastric wall can be 
incised to approach the tumor in patients without a 
possibility of tumor dissemination. The other solution is 
endoscopic intervention performed under incomplete 
mobilization but secure surgical fixation of the stomach 
wall. Mobilization of the stomach is performed, and the 
target gastric wall is then turned as much as possible 
with a marginal free space created by carbon dioxide 
gas. The right side of the EGJ has enough laparoscopic 
working space[17]. In our institution, the stomach wall 
around the tumor is securely fixed by laparoscopic 
forceps, with a marginal free space even if this space 
is not located ventrally (Figure 3K). When the incision 

extends to the EGJ, the defect of the gastric wall 
tends to become larger than many physicians expect 
(Figure 3L). In such cases, closure of the larger defect 
should be started at the far side from the laparoscopic 
surgeons because the surgical field is unclear if the open 
defect remains on the far side (Figure 3H). Laparoscopic 
hand-sewn suturing is completed in a layer-to-layer fa­
shion (Figure 3M). To avoid postoperative anastomotic 
stenosis, esophageal patency and gastric passage are 
endoscopically confirmed after suturing (Figure 3N). 
If the endoscope is set through the EGJ as a guide to 
prevent anastomotic stenosis, the EGJ caliber will be 
sustained during suturing. Notably, any damage or 
injury induced by the suture needles should be carefully 
avoided.

ORAL APPROACH BY ENDOSCOPIC 

VISUALIZATION 
For an oral approach by endoscopic visualization, the 
location of the tumor is first confirmed (Figure 4A). The 
periphery of the tumor is then marked using argon 
plasma coagulation as close as possible to the tumor 
edge (Figure 4B). After injection of 10% glycerin mixed 
with indigo blue into the submucosal layer (Figure 4C), a 
small initial incision is made with a dual knife (Dual knife, 
KD-650L; Olympus Medical Systems Corporation), and 
the tip of an insulation-tipped diathermic knife is inserted 
into the submucosal layer. The whole circumference of 
the marked area is then cut using the insulation-tipp­
ed diathermic knife (Figure 4D). Finally, an intentional 
perforation is made (Figure 4E), and seromuscular 
dissection is circumferentially performed according 
to the determined line of the submucosal layer. The 
laparoscopic light is too dazzling for the endoscopic 
side (Figure 4F). The stomach rapidly collapses after 
gastric perforation, and thereafter, maintenance of an 
adequate intragastric field for endoscopic manipulation 
becomes difficult. Laparoscopic surgeons must help the 
endoscopist to appropriately perform these procedur­
es, avoiding injury to the adjacent organs. According 
to determined cutting line with optimal margins, re­
section of the seromuscular layers can be performed 
by either the interventional endoscopist’s insulation-
tipped diathermic knife or the laparoscopic surgeon’s 
ultrasonic coagulation shears. Especially when cutting 
the proximal side of the ventrally mobilized gastric wall, 
the interventional endoscopist may encounter some 
difficulties because of the reversed endoscopic image 
(Figure 5). Laparoscopic vision from the umbilicus 
may be a good solution to this problem. If necessary, 
the laparoscopic surgeon can dissect the proximal gas­
tric wall on behalf of the interventional endoscopist. 
The absence of stenosis or malformation should be 
confirmed after suturing (Figure 4G).

The resected specimen is placed in a plastic bag 
(Rusch MemoBag; Teleflex, Tokyo, Japan) and removed 
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Figure 4  Intraoperative endoscopic view of laparoscopic and endoscopic cooperative surgery. A: First, the location of the tumor is confirmed; B: The periphery 
of the tumor is marked using argon plasma coagulation as close as possible to the tumor edge; C: Glycerin mixed with indigo blue is injected into the submucosal 
layer; D: The whole circumference of the marked area is cut using an insulation-tipped diathermic knife; E: An intentional perforation is made; F: The laparoscopic light 
is too dazzling for the endoscopic side; G: Intraluminal view after suturing. The absence of stenosis and malformation is confirmed; H: Esophageal mucosa injury by 
the plastic bag during specimen removal.

A B

C D

E F

G H

Aisu Y et al . LECS for gastric tumor

November 15, 2018|Volume 10|Issue 11|



391

intraluminally using endoscopy if the size of the tumor 
is ≤ 5 cm[20,80]. Larger tumors of > 5 cm are removed 
trough the umbilicus with a plastic bag. The thread of 
the bag is ligated to the nasogastric tube (Figure 6A) or 
held by a strong grasper (Figure 6B). The stored tumor 
is then removed through the mouth with utilization of 
the overtube.

The endoscope is inserted through the overtube. The 
overtube is used to protect the mucosal wall during the 
procedure and specimen removal. Appropriate use of 
an overtube is essential for successful LECS. The stored 
tumor in the bag is conically set in the overtube (Figure 
7), and the overtube is removed with the tumor bag. 
Hence, injury to the esophageal mucosa can be avoided 
during specimen removal (Figure 4H).

KEY POINTS AND TECHNICAL PITFALLS 
Placement of an overtube has some advantages for 
repeated endoscopic insertion and tumor removal th­
rough the mouth. The cutting line is determined with 
an optimal circular margin according to the intralu­
minal findings. This is an oncological benefit of LECS. 
Laparoscopic pressure and light are stronger than 
those of endoscopy. Hence, laparoscopic surgeons mu­
st pay closer attention to avoid disturbances during 
endoscopic interventions. The stomach is dissected 
from related ligaments and omentum, and the target 
gastric wall is ventrally mobilized. The target gastric 
wall should be exposed with a marginal free space by 
carbon dioxide gas and should never touch any surr­
ounding organs for safe intraluminal intervention. To 
cut the proximal side of the ventrally mobilized gastric 
wall, laparoscopic vision from the umbilicus may be 

adequate for endoscopic maneuvers. The laparoscopic 
surgeon can dissect the proximal gastric wall on behalf 
of the interventional endoscopist if the interventional 
endoscopist experiences some difficulties. After tumor 
removal, the defect is closed in a layer-to-layer fashion. 
Because laxity of running suture results in leakage, 
an assistant surgeon holds the end of the last suture 
with a needle forceps, which has a strong grip force. A 
leak test can be performed with enough air pressure. 
To avoid excessive dilatation of the small intestine due 
to insufflation of carbon dioxide gas from endoscopy, 
clamp forceps are placed on the antrum or jejunum. 
This clamp should be removed at the end of surgery.

POSTOPERATIVE COURSE
Patients begin drinking on postoperative day 1 and 
eating on postoperative day 2. If the postoperative 
course is uneventful, the patients can be discharged 
around postoperative day 7. In previous studies, the 
postoperative hospital stay was 4.6 to 10.5 d[37,71-74,81]. 
The postoperative hospital stay tends to be prolong­
ed in patients with tumors involving the EGJ[74], and 
postoperative obstruction due to stenosis is a major 
concern in patients with lesions near the cardia.

ONCOLOGICAL ADVANTAGES
In LECS, the tumor is resected with careful observa­
tion from both the intraluminal and extraluminal side. 
Consequently, the surgical margins from the tumor 
are guaranteed, and excessive gastric wall resection is 
minimized (Figure 8A)[50,81]. Previous important studies 
reported no recurrent cases (Table 1). Conventional 
simple wedge resection with only an extraluminal app­
roach results in excessive and unnecessary resection 
of the gastric wall (Figure 8B-D). It may also have a risk 
of unexpected crushing of the tumor with the stapler 
because it is an intraluminally blinded procedure. 

LIMITATIONS OF LECS
Many researchers have reported that LECS is feasible 
and safe for the treatment of gastric SMTs[37,71-74,81]. 
The main limitation of LECS is the possibility of tumor 
dissemination during opening of the gastric wall, and 
contamination with gastric juice into the abdominal 
cavity may occur. This is why LECS can only be applied 
to gastric SMTs without epithelial lesions. To overcome 
this weakness, several procedures based on the concept 
of “no exposure” have been developed, such as inverted 
LECS[47], laparoscopy-assisted endoscopic full-thickn­
ess resection[52], nonexposed endoscopic wallinversion 
surgery[53-57], the clean non-exposure technique[58], 
closed LECS[51], and the lift-and-cut method[59]. Closed 
LECS, endoscopic resection after plate statement under 
seromuscular layers, is an effective technique[51].
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Figure 5  Importance of interventional endoscopist’s line of vision while 
cutting the proximal side. The interventional endoscopist may experience 
some difficulties while cutting the proximal side of the gastric wall because 
of the reversed endoscopic image. If such difficulties are encountered, the 
endoscopist should turn his or her eyes to the laparoscopic monitor instead of 
the endoscopic monitor.
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FACILITY-BASED PRIORITY BETWEEN 

SURGEONS AND PHYSICIANS
LECS is a combined procedure involving laparoscopic 
surgery and endoscopic intervention performed in an 
institution-based manner[36]. However, the balance 
between the surgeons’ technique and the endoscopists’ 
skill will vary depending on each facility. Although close 
cooperation is essential, and collaboration of skilled 
surgeons and experienced endoscopists is ideal. Skills 
are set within each institution, and the best facility-
based service should be considered on an individual 
basis[36]. Whether the surgeons or endoscopists will 
take the initiative and proceed with the operation differs 
among individual facilities. This does not mean that if 
a skilled doctor is on one side, the other doctor can be 
unskilled. Of course, both must be skilled.

From a surgical viewpoint, experience alone is not 
enough for reliable laparoscopic surgery[16]. Laparo­
scopic surgeries without reconstructive procedures 
(e.g., cholecystectomy and appendectomy) do not re­
quire advanced techniques, and these surgeries have 

therefore rapidly spread worldwide. In contrast, comp­
licated laparoscopic surgeries (e.g., gastrectomy and 
proctectomy) have not yet become typical procedures 
because of the need for skilled surgeons. LECS is not 
a markedly difficult procedure, although special skills 
of laparoscopic suturing are required. The laparoscopic 
closure is technically challenging. Minimally educated 
and poorly experienced surgeons who are not familiar 
with suturing in the abdominal cavity under laparoscopy 
and have no choice except to use staplers should not 
pursue this procedure. Ironically, simple wedge resection 
with linear staplers may accomplish the concept of 
“no exposure”[60], and employment of a linear stapler 
itself is actually an effective option to avoid tumor 
dissemination[60]. This is a critical issue; i.e., that the 
oncological benefits of LECS are ignored by misuse of 
simple wedge resection.

MORTALITY AND MORBIDITY
Clinical outcomes (e.g., oncological resectability, mor­
tality, morbidity and follow-up term) in previous im­
portant documents were summarized in Table 1. LECS 
has demonstrated no mortality and a low incidence 
of postoperative complications[48,81], and we speculate 
that strict performance of the leakage test may play an 
important role to avoid leakage.

Even subtle stenosis or obstruction of the upper di­
gestive tract will easily result in refractory symptoms 
after surgery, and the risk factors for stenosis or obs­
truction remain undefined. There is no evidence of a 
lower frequency of postoperative stenosis or obstruction 
in LECS, conversions to proximal gastrectomy and open 
surgery have been reported, and a good operative 
course after double-flap technique anastomosis during 
proximal gastrectomy has been documented[82]. 

FUTURE POTENTIAL OF LECS
Although LECS has a risk of tumor dissemination, its 
application for treatment of EGC has been reported 
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Figure 6  Options of specimen removal with plastic bag. A: Specimen removal with a nasogastric tube; B: Specimen removal with an endoscopic forcep. 

Figure 7  Effective use of an overtube when removing the specimen. The 
tumor encased in the bag should be sheathed as much as possible in the 
overtube and removed through the mouth along with the overtube. Hence, 
injury to the esophageal mucosa by the plastic bag during specimen removal 
can be avoided.
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by some researchers[47,57]. Laparoscopic-assisted endo­
scopic full-thickness resection is also an established 
procedure[83]. LECS without lymph node dissection for 
EGC has been applied to limited cases involving technical 
difficulties when performing ESD such as severe ulcer-
related scarring, an unfavorable tumor location, and a 
large tumor size. However, patients with lymph node 
metastasis have not been included. LECS for EGC has 
also been attempted according to the concept of sentinel 
lymph node dissection[84]. Sentinel lymph node biopsy 
for EGC is reportedly useful when deciding whether to 
perform lymph node dissection[85]. If the sentinel lymph 
node concept is established in the surgical treatment for 
gastric cancer, the indications for LECS for EGC could be 
expanded in the future, which could result in increasingly 
successful gastric cancer treatment. Gastrectomy with 
lymph node dissection for older patients with gastric 
cancer, especially those aged ≥ 85 years, has been 
highly associated with mortality during the postopera­
tive course[86]. To prevent postoperative morbidity and 
mortality, maintaining an appropriate balance in the 
surgical procedure and range of lymph node dissection is 

very important based on the patient’s general condition, 
comorbidities, and assumed risk. For selected pati­
ents, LECS may be useful as a palliative or symptom-
alleviating measure.

ADVANCED TECHNIQUES AND 

COSMETIC ADVANTAGES
Stab and incisional wounds should be considered as 
distinct from each other[16,87]. The tumor cased in the bag 
can be sheathed as much as possible in the overtube 
(Figure 7), and tumor removal through the mouth can 
omit the need for an incisional wound. To reduce the 
need for incisional wounds, natural orifice transluminal 
endoscopic surgery is currently challenged[88,89]. 

Robot-assisted excision (da Vinci Surgical System; 
Intuitive Surgical, Inc., Sunnyvale, CA, United States) 
regardless of tumor size and location has been repor­
ted[90]. Additionally, single-port robotic surgery (Single 
Port Robotic Surgical System, da Vinci Sp; Intuitive 
Surgical, Inc.) is currently available.
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Figure 8  Comparison of surgical margins between laparoscopic and endoscopic cooperative surgery and conventional wedge resection. A: Specimen of 
Laparoscopic and endoscopic cooperative surgery (LECS). The surgical margin from the tumor is kept at the proper distance; B: Specimen of conventional wedge 
resection. Simple wedge resection causes both excessive and inadequate resection of the gastric wall, which may lead to postoperative gastric stenosis, gastric 
dysfunction, and local recurrence; C and D: Intraoperative view of conventional wedge resection with a linear stapler. The resection line is as shown in Figure 1B. The 
specimen has a portion too close to the tumor and a portion far from the tumor. 

Aisu Y et al . LECS for gastric tumor

November 15, 2018|Volume 10|Issue 11|



394

CONCLUSION
LECS can be safely introduced in a facility-based manner 
by either surgeons or endoscopists with advanced 
skills. LECS is a function-preserving surgery with onco­
logical safety and is mainly indicated for gastric SMTs 
if educated, experienced, and skilled physicians are 
available. LECS has various possibilities for further 
developments.
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