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Introduction

A sentinel node (SN) is defined as the node that directly 
receives lymphatic drainage from a primary tumor (1). 
Therefore, the SN is thought to be the first node affected by 
lymph node micrometastasis. Hence detection and biopsy 
of SN are thought to be important for timely diagnosis and 
treatment of various cancers. In this chapter, we review the 

current advances in (and prospects of) SN biopsy for early 
gastric cancer.

Quality of life (QoL) after laparoscopic 
gastrectomy

Currently, laparoscopic gastrectomy is the most commonly 
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used approach for early gastric cancers in East Asian 
countries such as China, Japan, and South Korea. 
Laparoscopic gastrectomy is less invasive and requires a 
smaller incision than ordinary open gastrectomy, however, 
it is more costly, requires a longer operation time, and 
is technically more difficult. Therefore, extensive efforts 
to overcome the difficulty of performing lymph node 
dissection have been made (2-4). It is difficult to perform 
precise lymph node dissection during open gastrectomy, 
with laparoscopic nodal dissection being even more difficult. 
Consequently, progress in laparoscopic gastrectomy has 
mainly focused on lymph node dissection techniques, and 
reproducing open curative gastrectomy. Laparoscopic 
gastrectomy merely replicates open standard gastrectomy. 
During these efforts to improve dissection, QoL after 
gastrectomy has not received as much attention as have the 
techniques themselves.

QoL after laparoscopic gastrectomy has not yet been 
sufficiently examined, largely because of a lack of an optimal 
tool for estimating postgastrectomy symptoms and QoL 
after gastrectomy. QoL is defined as a subjective assessment 
of an individual's emotional and physical well-being. In 
measuring and assessing of QoL, it is recommended that 
clinicians use a certain assessment tool that has been verified 
and certified under certain psychometric and healthcare 
approaches. 

Until now, unlike the widespread assessment of QoL 
for cancer patients, there has been no optimal tool for 
assessing QoL after gastrectomy. Nakada et al. developed 
an integrated questionnaire, the Postgastrectomy Syndrome 
Assessment Scale (PGSAS)-45 (5). The PGSAS-45 was 
designed to assess living status and QoL in postgastrectomy 
patients. In using the PGSAS-45, researchers are able to 
scientifically examine the effect of laparoscopic gastrectomy 
on QoL. Accordingly, several studies have used the 
PGSAS-45 to assess QoL after laparoscopic gastrectomy. 
Notably, the QoL of patients after laparoscopic gastrectomy 
after 1 year is similar to that of patients after open standard 
gastrectomy (5-8). 

For improvement of QoL after laparoscopic gastrectomy, 
it might be necessary to adopt function-preserving 
gastrectomy laparoscopically. 

The optimal laparoscopic function-preserving 
gastrectomy

Function-preserving gastrectomy is a type of limited 
surgery used to treat early gastric cancer. It not only omits 

the extent of lymph node dissection, but it also maintains 
some stomach functions that are usually lost during 
standard gastrectomy. Preserved structures include the 
celiac, hepatic, and pyloric branches of the vagal nerve; 
the hepatic plexus; pylorus; and proximal side of stomach. 
There are various types of function-preserving gastrectomy, 
including proximal gastrectomy (7), pylorus-preserving  
gastrectomy (9), minimal distal gastrectomy, segmental 
gastrectomy (10,11), and local (wedge) resection (12).

Standard lymph node dissection has been shown to 
improve survival in patients with gastric cancer (13,14). 
Therefore, after the development of endoscopic submucosal 
dissection (ESD), curative surgery for gastric cancer 
now demands not only resection of the cancer, but also 
prophylactic dissection of the regional lymph nodes. Of 
course, the goal of cancer surgery is to cure cancer. The 
preservation of autonomic nerves may compromise the 
curability of lymph node dissection. The preservation of 
specific parts of the stomach also demands a continual blood 
supply achieved by the omission of part of prophylactic 
lymph node dissection. Therefore, the indications for 
function-preserving gastrectomies must be carefully 
considered. Furthermore, in contrast to breast cancer, 
additional lymph node dissection is rarely performed for 
gastric cancers.

As previously discussed, regarding operation time and 
technical difficulty, laparoscopic surgery is inferior to open 
surgery. In addition, the assurance of curability of function-
preserving gastrectomy is unproven. Considering together, 
laparoscopic function-preserving gastrectomy therefore 
should be planned carefully to accomplish a good functional 
outcome and to facilitate technical feasibility. Among the 
procedures associated with function-preserving gastrectomy, 
minimal distal gastrectomy and segmental gastrectomy 
are unique. Few reports of these procedures exist, even 
in open surgery (10). Therefore, proximal gastrectomy, 
pylorus-preserving gastrectomy, and local resection are the 
potential choices for safe laparoscopic functional-preserving 
gastrectomy.

Previous articles have assessed QoL after function-
preserving gastrectomy using the PGSAS-45 scale. 
Studies of large cohorts using the PGSAS demonstrated 
that pylorus-preserving gastrectomy is superior to distal 
gastrectomy since it has a lower incidence of dumping 
symptoms (9). The indications for pylorus-preserving 
gastrectomy have been previously established by several 
researchers, and this procedure is largely reproducible using 
laparoscopic surgery. Nevertheless, the other functional 
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outcomes were found to be similar between pylorus-
preserving gastrectomy and distal gastrectomy (9), and 
it is still difficult to perform upright gastro-gastrostomy 
of pylorus-preserving gastrectomy without an upper 
abdominal incision (15,16).

Studies using the PGSAS also demonstrated that 
proximal gastrectomy is superior to total gastrectomy in 
terms of body weight loss, prevention of diarrhea, and 
lower incidence of dumping symptoms (7). However, some 
problems remain regarding the appropriate indications for 
proximal gastrectomy, and it is difficult to easily create anti-
reflux esophagogastrostomy during laparoscopic proximal 
gastrectomy (17). Thus, laparoscopic pylorus-preserving 
gastrectomy and laparoscopic proximal gastrectomy are 
still considered experimental procedures, although they are 
common in open surgery.

Therefore, the most promising approach for laparoscopic 
function-preserving gastrectomy is likely to be local 
resection of the stomach (12).

Requirements of the laparoscopic local 
resection of stomach

“Local resection of the stomach” refers to a surgical 
procedure involving full-thickness, resection of a part 
of the gastric wall (12); the term is synonymous with 
“wedge resection”. The advantage of local resection is 
that it minimizes functional impairment. Local resection 
was shown by the PGSAS studies to be more superior to 
standard gastrectomy in terms of almost all subscales of the 
PGSAS (5,6).

When conducting local resection, it is essential to 
maintain a sufficient blood supply. Hence a case without 
lymph node metastasis is the best indication for local 
resection. It is possible to predict node-negative cases 
by studying the clinicopathological features during the 
preoperative stage. At the end of the 20th Century, centers 
specializing in the treatment of gastric cancer performed 
local resections daily (12). A large number of laparoscopic 
local resections of the stomach were also performed 
worldwide. The lesion lifting method developed by Ohgami 
et al. (18) became popular due to its simplicity. However, 
the treatment strategy for these node-negative early gastric 
cancer cases changed dramatically after the development 
of endoscopic treatment. At present, almost all early 
gastric cancer cases suspected as being node-negative are 
considered for ESD, and thus the need for local resection 
of the stomach has decreased. Indeed, laparoscopic local 

resection of the stomach for gastric cancer is now rarely 
performed (12). However, among the cases of surgical 
resections for early gastric cancer, only 20% have nodal 
metastasis; therefore, nearly 80% of cases have undergone 
unnecessary nodal dissection, which is excessive. Such 
cases might be potent cases for local resection. Improved 
techniques for accurately identifying lymph node metastasis 
would increase the proportion of early gastric cancer cases 
in which unnecessary dissection is avoided, and more local 
resections of the stomach would result.

Intraoperative diagnosis by SN biopsy is the most 
accurate method of identifying lymph node metastasis. 
SN biopsy may be essential for conducting laparoscopic 
function-preserving gastrectomy and for improving the 
QoL of patients suffering from early gastric cancer (19-21).

Feasibility of SN biopsy for early gastric cancer

SN biopsy has two main purposes in various cancers: 
ultrastaging and guidance for omission of lymph node 
dissection. In malignant melanoma management, SN 
biopsy is primarily used for ultrastaging (1), whereas in 
breast cancer treatment it is mainly used to guide lymph 
node dissection omission during surgery (22). Gastric 
cancer has been thoroughly investigated by several 
researchers trying to determine the validity of the SN 
concept, to apply an omission of nodal dissection like 
breast cancer (19-21,23-26). 

Over recent decades, SN mapping for gastric cancer 
has been controversial because lymphatic flow around 
the stomach is complex (27). However, in many recent 
prospective studies, the usefulness of SN biopsy for gastric 
cancer has been successfully demonstrated (20,23-27).  
Therefore, two, large-scale, nationwide, multicenter 
prospective studies were carried out to verify the usefulness 
of SN biopsy for gastric cancer in Japan: the JCOG0302 
study (28) and the SNNS study (29). Unfortunately, the 
JCOG0302 study was terminated because of a high false 
negative rate in intraoperative histological examinations. 
Whereas, the sole purpose of the SNNS study was to 
scientifically verify the SN concept in gastric cancer, and 
the current study was designed to minimize the ability of 
intraoperative pathological diagnosis to affect the results. 
Participating institutions were limited to those with 
physicians skilled in SN biopsies and with experience in 
more than 30 cases. Permanent histological sections were 
used for diagnoses of metastases; diagnostic sensitivity of 
intraoperative frozen section was only 79%. In this study, 
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the sensitivity and specificity of SN biopsy were 93% and 
99%, respectively. Based on these findings, the effectiveness 
of the SN concept used in the treatment of small-sized early 
gastric cancers was demonstrated scientifically.

Technical details of SN mapping for gastric 
cancer

The SN biopsy is a complex, multistep, surgical technique. 
Indeed, it is well known that an extensive learning phase is 
required before clinicians can master SN biopsy. For breast 
cancer, clinicians usually must perform 40 cases to learn 
how to properly perform the SN biopsy (30). Similarly, it 
has been proposed that clinicians should perform 30 cases in 
order to learn the proper technique for SN biopsy of gastric 
cancer (29).

The SN biopsy consists of six essential elements: limited 
proper indication, the selection of an adequate tracer, an 
appropriate tracer injection method, the objective detection 
of nodes that have taken up the tracer, a reliable biopsy 
technique for the nodes, and the precise intraoperative 
detection (micrometastasis level) of nodal metastasis (31). 

Careful selection of patients is important to obtain 
successful results for SN biopsy. There are two important 
points that determine whether a case is suitable for SN 
biopsy. First, clinically node-negative cases should be 
selected. Second, surgeons should consider the adequate size 
and depth of invasion. According to the SNNS study (29)  
and a meta-analysis of SN biopsy for gastric cancer 
conducted by Wang et al. (32), the indication should be 
limited to clinical T1 cancers less than 4 cm in diameter.

In detecting the SN, it is common to use tracers that 
flow from the injection site surrounding the primary tumor 
to the SN through the primary drainage lymphatic canals. 
Indeed, it is important to use an adequate tracer for SN 
mapping. In the SNNS study (29), combination mapping 
with technetium-99m tin colloid and isosulfan blue was 
used, which has since been adopted as a standard (31).  
Dye methods have been most commonly used for SN 
biopsy in various cancer surgeries. One of the advantages 
of dye methods is the direct visualization of the lymphatic 
canals and primary lymphatic drainage areas. The other 
advantages of dye include their low cost, easy availability, 
tractability, and lack of radioactivity. The disadvantages 
of the dye method include lack of objectivity, difficulty 
in digitizing, quick wash out and deterioration, unusual 
allergic reactions, and (at times) difficulty in detecting nodes 
in obese patients. Radioactive imaging (RI) colloid tracers 

are also common in SN biopsy. Advantages of this method 
include the high detection ability of the SN, its ability to 
withstand time deterioration of tracer uptake, rare allergic 
reactions, objectivity, ease of digitizing, and possibility of 
easily distinguishing SN from secondary nodes. Conversely, 
the disadvantages of the RI method include its high cost, 
difficulty in handling, radioactivity, no visual detection, 
difficulty in detection of lymphatic vessels and lymphatic 
basin, and the shine-through effect in the surgical field. 
Combination mapping is thought to be superior to single 
mapping because of its synergistic effect, thereby allowing 
surgeons to detect both primary lymphatic canals visually 
and the SN objectively (33).

The selected method for the tracer injection is important 
as well as the choice of tracer. For gastric cancer, two 
injection methods are suitable: endoscopic submucosal 
injection (20) or intraoperative subserosal injection behind 
the tumor (23). The de facto standard procedure of tracer 
injection is now the endoscopic submucosal injection 
adopted in the SNNS study, without regard to the type 
of tracers or the location of the tumor. In Wang and 
colleagues’ meta-analysis of SN biopsy for gastric cancer, 
the submucosal injection method was found to be associated 
with a higher identification rate and sensitivity (32).

Lymphatic basin dissection—essential for SN 
biopsy for gastric cancer

In contrast to the former three elements, the remaining 
three elements are technically difficult, which contributes 
to the need for sufficient training to accurately determine 
the results of SN biopsy. Among these issues, objective 
detection and reliable biopsy technique issues could be 
resolved by the adaptation of a proper biopsy technique for 
SN biopsy, namely lymphatic basin dissection (20,21). The 
lymphatic basin is defined as the lymphatic zone divided by 
the stream of the dyed lymphatic canals in dye mapping. 
The proximal border of the lymphatic basin is the fatty 
tissue attached to the stomach wall, and the distal border 
of the basin is the front of the stained node furthest from 
the stomach. All SNs exist within the lymphatic basin. The 
lymphatic basins are thought to be the primary lymphatic 
drainage areas in each patient. Patients having gastric 
cancer often have two or three basins (21). Lymphatic 
basin dissection is a selective lymphadenectomy to dissect 
lymphatic basins en bloc (Figure 1). SNs are harvested after 
lymphatic basin dissection and are sent for intraoperative 
pathological analysis. Lymphatic basin dissection is superior 
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to the ordinary pick-up method, not only for minimizing 
the risk of missed SNs, but also in terms of oncological 
safety as it complements intraoperative pathology by serving 
as a backup dissection (21). 

At the SN biopsy for gastric cancer, the most difficult 
issue is intraoperative diagnosis of lymph node metastasis. 
Unlike breast cancer, re-operation for additional nodal 
dissection is not acceptable in the case of gastric cancer. 
Therefore, extremely accurate intraoperative detection of 
nodal metastasis (up to a micrometastasis level) is necessary. 
Normally, intraoperative rapid diagnosis of lymph node 
metastasis is performed by examining the largest dimension 
in one plane of the frozen section stained by rapid 
hematoxylin-eosin staining. Unfortunately, the JCOG0302 
study was abandoned because of the higher false negative 
rate of intraoperative histological examinations (28). 
This failure was indicated by the fact that intraoperative 
histological examination using a single plane was not 
suitable for clinical applications. 

To solve this difficult problem and to establish 
oncological safety, molecular diagnosis of nodal metastasis, 
such as reverse transcriptase-polymerase chain reaction (34) 

or one-step nucleic acid amplification assay (35), should be 
applied for clinical use. One practical solution is probably 
backup nodal dissection. In addition, lymphatic basin 
dissection is another possible solution to this problem. 
Kinami et al. reported that there were no recurrent cases 
in 190 patients diagnosed as node-negative by SN biopsy 
intraoperatively and who were treated by function-
preserving gastrectomy with lymphatic basin dissection (21).

Technical difficulty and overcoming strategy for 
laparoscopic SN biopsy

The QoL of patients suffering from gastric cancer after 
laparoscopic surgery might improve by adapting local 
resection guided by SN mapping and lymphatic basin 
dissection. However, two problems still exist that relate 
to the technical difficulty of laparoscopic surgery. One 
problem is related to the characteristics of the tracers (31).

Based on the result of the SNNS study, combination 
mapping with tin colloid and blue dye has been adopted as a 
temporary standard technique of SN biopsy for early gastric 
cancer. However, blue dye deteriorates quickly, and RI 
colloids exhibit a shine-through effect in the surgical field 
during gamma probe detection of hot nodes. Furthermore, 
the laparoscopic approach is time-consuming and its 
effectiveness is stymied by the angle-directional limitations 
of surgical devices. 

Therefore, these weak characteristics of tracers limit 
their usefulness for laparoscopic SN biopsy. The possible 
best way to overcome this problem would be to improve 
the tracer. The ideal tracer for laparoscopic surgery is 
thought to have the following characteristics: easy to 
visualize the lymphatic canals, good permeability and strong 
accumulation in the SN, and little flow out from the SN to 
secondary nodes. Visualization and less deterioration against 
time are especially important. 

Indocyanine green (ICG) is a suitable tracer for 
laparoscopic SN biopsy. In recent years, ICG fluorescence 
SN mapping has been developed (36-38). ICG emits 
maximal fluorescence at a wavelength of 840 nm when it 
binds to plasma proteins. ICG fluorescence imaging was 
revived after the recent invention of the camera system 
known as the Photodynamic Eye (PDE; Hamamatsu 
Photonics Co. Ltd., Hamamatsu, Shizuoka, Japan). 
Kusano et al. demonstrated high sensitivity for this ICG 
fluorescence SN mapping in gastric cancer (36). 

The advantages of ICG fluorescence imaging are lower 
frequency of allergic reactions than that with blue dye, 

Figure 1 The schema of the lymphatic basin dissection. The 
laparoscopic dye-guided sentinel node mapping is performed 
during surgery. At first, the gastrocolic ligament is divided to 
visualize all lymphatic flows from the stomach. Next, blue dye 
tracer is injected via intraoperative endoscopy in four quadrants of 
the submucosal layer of the primary lesion by using an endoscopic 
needle. The lymphatic basin is defined as the zone divided by the 
stream of the dyed lymphatic canals in mapping; the proximal 
border is the fatty tissue attached to the stomach wall; and the 
distal border is the front of the blue node furthest from the 
stomach. The en bloc dissection of the lymphatic basin is performed 
laparoscopically.
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ability to detect bright nodes under adipose tissue, obvious 
visualization, easy detection of bright nodes and lymphatic 
canals, high sensitivity to detect minute concentrations of 
ICG, and signal stability (36-38). Signal stability is the most 
important advantage of ICG fluorescence SN mapping over 
dye or combination mapping (38). Kinami et al. carefully 
investigated ICG fluorescence SN mapping for gastric 
cancer (31). The authors concluded that ICG fluorescence 
SN biopsy is feasible in both open and laparoscopic surgery 
for early gastric cancer, and the optimal tracer setting to 
use with the PDE is an endoscopic submucosal injection of  
0.5 mL of 50 µg/mL ICG at four points surrounding the 
tumor the day before surgery. Figure 2 shows a diagram of 
the ICG fluorescence SN mapping procedure for gastric 
cancer using PDE. Fortunately, several ICG fluorescence 
imaging systems have been developed, including the 

IMAGE 1 HD system by Karl Storz, the IRI system by 
Olympus, the ICG fluorescent laparoscope by Sinko-
Optical, and the PINPOINT system by Novadaq. More use 
of these systems would enable widespread ICG fluorescence 
imaging and function-preserving gastrectomy (31). 

Nevertheless, some disadvantages of ICG fluorescence 
imaging have been reported, and careful management 
for correct clinical application is required. Kinami et al. 
reported how weakness of ICG fluorescence mapping 
depends on the subjectivity of the SN evaluation, and 
potential secondary node contamination is possible because 
of the high sensitivity of the PDE system (31). However, 
these limitations will soon be overcome. Indeed, new agents 
have already been developed that have both fluorescence 
and colloid particle characteristics (39,40). These new 
agents will be the most useful for conducting laparoscopic 

Figure 2 Diagram of the ICG fluorescence sentinel node mapping procedure for gastric cancer, which is suitable for laparoscopic surgery. 
ICG, indocyanine green.

● Clinical type 0 (superficial-type) adenocarcinoma of the stomach.
● Single primary lesions less than 5 cm in diameter.
● No distant metastasis (cM0) nor evident nodal metastasis (cN0)
● Out of indication of endoscopic submucosal dissection.

● Prepare x100 indocyanine green (ICG) solution (50 µg/ml)
● Each 0.5ml of x100 ICG solution is injected in four quadrants of the 

submucosal layer of the primary lesion endoscopicaly

● Photodynamic eye (PDE) or PDE neo is used.
● 4-6 cm median upper abdominal incision is made.
● The gastrocolic ligament is divided to visualize all possible directions of 

lymphatic flow from the stomach.
● The stomach and perigastric lymph nodes are pulled up and exposed from 

a upper abdominal incision, and ICG fluorescence in the lymphatic vessels 
and lymph nodes is detected with the PDE or PDE neo.

● Patient receives function-preserving gastrectomy with lymphatic basin 
dissection.

● Following resection, the bright nodes are detected and harvested at the 
surgical field and send for pathological diagnosis of the intraoperative 
frozen section.

Indications 

The day before surgery 

Sentinel node mapping 

Surgical procedures 

The surgery is converted to a 
standard D2 gastrectomy. 

For cases with nodal metastasis 

The surgical team continues the 
reconstruction and finish the procedure.

For bright nodes without metastasis 
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SN biopsy in gastric cancer since they only detect 
fluorescent SNs and not secondary nodes.

The future of laparoscopic surgery for early 
gastric cancer

SN biopsy would bring dramatic change to laparoscopic 
surgery for early gastric cancer. Under guidance of 
laparoscopic SN biopsy using proper fluorescent tracer, 
the laparoscopic surgery for early gastric cancer would 
change from the uniform standard gastrectomy with D1+ 
into a tailor-made function-preserving surgery such as local 
resection with lymphatic basin dissection (12) (Figure 3).  
Although many problems remain to be solved before 
being able to properly perform laparoscopic SN mapping 
(such as diagnosis of micrometastasis, clinical application 
of proper fluorescent agent, and sensitivity of newly 

developed fluorescent laparoscopy), laparoscopic function-
preserving gastrectomy will likely be increasingly used 
since postgastrectomy symptoms are lifelong problems. 
Resolution of the discomfort caused by these symptoms is 
invaluable to many cancer survivors. Moreover, it is easy 
to conduct lymphatic basin dissection laparoscopically for 
surgeons who can perform D1+ laparoscopically. 

Unfortunately there is another barrier to the widespread 
use of laparoscopic function-preserving gastrectomy: the 
technical difficulty of laparoscopic local resection itself (12). 
Laparoscopic local resection of the stomach is both an old and 
novel method. It was developed by Ohgami et al. as a lesion-
lifting method (18) following the development of laparoscopic 
linear stapler devices. Until now, there have been several 
approaches for laparoscopic local resection, such as the non-
touch lesion lifting method (41), endoscopic full-thickness 
resection (EFTR) with laparoscopic closure (42), and 
laparoscopic endoscopic cooperative surgery (LECS) (43).  
The diseases treated with these techniques include small 
early gastric cancer under 2 cm in diameter (treated using the 
lesion lifting method), and gastrointestinal stromal tumors 
treated using other techniques. 

In contrast to these small or submucosal solid tumors, 
the theoretical targets of laparoscopic local resection guided 
by SN biopsy included submucosal cancer tumors larger 
than 2 cm. It is difficult to resect large areas of the stomach 
using the lesion-lifting method or the non-touch lesion 
lifting method because it is difficult to precisely resect a 
large area, and severe complications such as deformity may 
result. EFTR or LECS would be a suitable technique for 
such early gastric cancer because these techniques can create 
a precise minimum margin of about 5 mm. Nevertheless, 
these techniques have a possible weak point: intraperitoneal 
spillage of the gastric contents. 

It may be necessary during gastric cancer surgery to 
prevent intraperitoneal spillage of gastric contents and 
to minimize tumor exposure, because there have been 
reports of recurrence due to peritoneal metastasis in cases 
of early gastric cancer that was complicated by perforation 
occurring during ESD (44). In ordinary EFTR or LECS, 
the prevention of spillage of the gastric contents into the 
peritoneum is difficult. Reported methods of preventing 
intraperitoneal spillage of gastric contents—including 
inverted LECS (Crown method) (45), CLEAN-NET (46), 
NEWS (47), and sealed EFTR (48)—have advantages as 
well as limitations. Robotic surgery may provide the ideal 
solution to these difficulties.

Figure 3 Schema of laparoscopic local resection guided by 
lymphatic basin dissection. These schemas are continuations of 
Figure 1. After being diagnosed as node negative by intraoperative 
pathological diagnosis, the combination of endoscopic full-
thickness resection of the stomach using an ESD device and 
suturing closure using a laparoscope or robot is performed in 
establishing both the oncological safety and well preserved 
functions. ESD, endoscopic submucosal dissection.
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