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Abstract Laparoscopy-assisted distal gastrectomy for

gastric cancer was first reported by Kitano et al. in 1991.

Laparoscopic wedge resection (LWR) and intragastric

mucosal resection (IGMR) were quickly adapted for gastric

cancer limited to the mucosal layer and having no risk of

lymph node metastasis. Following improvements in endo-

scopic mucosal resection (EMR) and endoscopic submu-

cosal dissection (ESD), the use of LWR and IGMR for

these indications decreased, and patients with gastric can-

cer, including those with a risk of lymph node metastases,

were more likely to be managed with laparoscopic gas-

trectomy (LG) with lymph node dissection. Many retro-

spective comparative trials and randomized-controlled

trials (RCT) have confirmed that LG is safe and feasible,

and that short-term outcomes are better than those of open

gastrectomy (OG) in patients with early gastric cancer

(EGC). However, these trials did not include a satisfactory

number of patients to establish clinical evidence. Thus,

additional multicenter randomized-controlled trials are

needed to delineate significantly quantifiable differences

between LG and OG. As laparoscopic experience has

accumulated, the indications for LG have been broadened

to include older and overweight patients and those with

advanced gastric cancer. Moreover, advanced techniques,

such as laparoscopy-assisted total gastrectomy, laparos-

copy-assisted proximal gastrectomy, laparoscopy-assisted

pylorus-preserving gastrectomy (PPG), and extended

lymph node dissection (D2) have been widely performed.

In the near future, sentinel node navigation and robotic

surgery will become additional options in minimally

invasive surgery (MIS) involving LG. Such developments

will improve the quality of life of patients following gastric

cancer surgery.

Introduction

Interest in the various aspects of minimally invasive sur-

gery (MIS) rapidly increased following the first report of

laparoscopic cholecystectomy in 1989 [1]. Controversy has

surrounded whether MIS in cancer patients is comparable

to open surgery in terms of oncological adequacy and

safety. Minimally invasive surgery has several advantages

compared with conventional open surgery, such as less

invasiveness and pain, speedier recovery, and better cos-

metic results. As surgeons became more experienced in this

area and developments continued in laparoscopic surgical

instruments, MIS began to be used as curative therapy in

cancer patients [2].

In 1994, Kitano et al. presented the first report of lapa-

roscopy-assisted distal gastrectomy for gastric cancer [3].

In 1994, Ohgami et al. reported the first use of laparoscopic

wedge resection (LWR) for the treatment of early gastric

cancer (EGC) [4]. In LWR, surgeons use an approach to

perform a full-thickness resection of the stomach wall with

organ preservation. Intragastric mucosal resection (IGMR)

enabled mucosal resections of any part of the stomach

except the anterior wall [5]. In the beginning, the indica-

tions for LWR and IGMR were strictly limited to mucosal

gastric cancer with no risk of lymph node metastasis.

Minimally invasive surgery for gastric cancer employs

function-preserving procedures using either endoscopy or

laparoscopy. The use of LWR and IGMR for mucosal

cancer appeared to decline following developments in

endoscopic mucosal resection (EMR) and endoscopic
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submucosal dissection (ESD). However, laparoscopic

gastrectomy (LG) has continued to be used, even in early

gastric cancer (EGC) patients with a potential risk of lymph

node metastasis. This is particularly true in Japan where

there is a high prevalence of EGC (Fig. 1) [6]. As lapa-

roscopic techniques and surgical instruments have

improved, interest in advanced approaches has grown,

among them, extended lymph node dissection and total

gastrectomy [7–9]. Multicenter prospective randomized

clinical trials to compare short- and long-term outcomes in

laparoscopic surgery and open surgery are underway in

Korea [10] and Japan. This review summarizes past and

current trends in MIS for gastric cancer.

Indications for the use of LG

From EGC to advanced gastric cancer (AGC)

Initially, laparoscopic gastrectomy (LG) was indicated only

for EGC patients with a low risk of lymph node metastasis.

The Japanese Gastric Cancer Association proposed a

clinical guideline for the treatment of gastric cancer in

Japan in 2001; the guideline was revised in 2004 [11, 12].

Based on those recommendations, LG is recommended for

gastric cancer patients with a preoperative stage Ia

(cT1N0M0) diagnosis; patients with stage Ib (cT1N1M0

and cT2N0M0) disease are referred for EMR or ESD. The

preoperative stage is determined by endoscopy, endoscopic

ultrasound, and abdominal computed tomography.

Although a number of institutes adhere to the guideline,

LG has also been referred to as a pre-established technique

that is still under clinical investigation due to the uncertain

quality of lymph node dissection and the lack of long-term

data.

The Japanese Gastric Cancer Association’s guideline

recognizes three types of laparoscopic lymph node dis-

section: perigastric lymph node dissection (D1 ? a),

additional lymph node dissection along the common

hepatic artery (D1 ? b), and extended lymph node dis-

section (D2). In relation to EGC, the association recom-

mends three optimal lymph node dissection levels. It

advocates D1 ? a for mucosal cancer not indicated for

EMR and for differentiated submucosal cancers less than

1.5 cm in diameter. It recommends D1 ? b for submucosal

cancer without preoperatively determined lymph node

metastasis and for EGC tumors less than 2.0 cm in diam-

eter or with preoperatively determined perigastric lymph

node metastasis. The guideline recommends D2 for EGC

tumors greater than 2.0 cm in diameter with N1 metastasis;

D2 is also approved for advanced gastric cancer (AGC).

A large randomized-controlled European trial failed to

prove the efficacy of open gastrectomy (OG) with D2

lymph node dissection due to a high morbidity and mor-

tality rate [13]. However, OG with D2 lymph node dis-

section is routinely performed for AGC in Asian countries.

D2 lymph node dissection has been considered difficult to

perform laparoscopically. If an experienced laparoscopic

surgeon performs the operation using the standardized

procedure, D2 lymph node dissection can be carried out

successfully [14]. There have been many recent reports of

institutions successfully performing LG with D2 lymph

node dissection for AGC and improving both short- and

long-term outcomes [6–8, 15–18].

The impact of obesity on LG

Overweight patients are generally thought to have a

greater risk of potential complications and require more

technically difficult operations than normal weight

patients. In OG, obesity is not a risk factor for the survival

of patients with gastric cancer, although it is indepen-

dently predictive of postoperative complications [19].

Various technical disadvantages of LG for obese patients

have been reported, including reduced surgical visibility,

blood oozing from soft tissues, a dissection plane hindered

by adipose tissue, and difficulty with anastomosis. Noshiro

et al. previously reported that LG for obese patients

resulted in longer operative times, delayed recovery of

bowel activity, and a greater rate of extension of the mini-

laparotomy incision or conversion to laparotomy [20].

However, other reports have suggested that obesity may

not increase operative morbidity following LG for gastric

cancer [21–26]. Nevertheless, when a surgeon is relatively

inexperienced in the area of LG, a careful approach is

required, particularly for male patients with a high body

mass index (BMI) [26].
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Fig. 1 The numbers of laparoscopic gastrectomies for gastric cancer

in Japan [6]. LATG laparoscopy-assisted total gastrectomy; LAPG
laparoscopy-assisted proximal gastrectomy; LADG laparoscopy-

assisted distal gastrectomy; LWR laparoscopic wedge resection;

IGMR intragastric mucosal resection
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The impact of age on LG

The number of elderly people with gastric cancer has

continued to increase, despite the fact that the total number

of patients with this type of cancer has reached a plateau

[27]. Previous studies have shown that elderly patients who

undergo OG tend to have increased morbidity and mor-

tality rates and long hospital stays as a result of co-morbid

conditions and decreased functional reserve [28–30].

Minimally invasive surgery may offer substantial advan-

tages to this population in terms of fewer cardiorespiratory

complications, shorter hospital stays, and a speedier return

to physical activities. Many reports have concluded that LG

is a feasible and safe procedure in elderly patients if the

patients have been selected carefully and the procedure has

been performed by an experienced surgeon [31–36].

Functional preservation in LG

Some institutions have performed laparoscopic proximal

gastrectomy for EGC located in the proximal third of the

stomach [37, 38]. Partial (distal or proximal), rather than

total, gastrectomy was performed due to a previous report

of an association between total gastrectomy and significant

weight loss caused by insufficient dietary intake [39]. This

study also reported that the long-term prognosis of patients

who underwent total gastrectomy was significantly worse

than that for those who underwent partial gastrectomy.

Pylorus-preserving gastrectomy (PPG) was originally a

treatment option for patients with gastric ulcers [40].

However, the procedure is now mostly restricted to patients

with EGC located in the distal two-thirds of the stomach

[41]. Pylorus-preserving gastrectomy is considered supe-

rior to distal gastrectomy followed by Billroth I recon-

struction because it largely eliminates postoperative

dumping syndrome and the duodenal juice reflux. Fol-

lowing the establishment of laparoscopy-assisted PPG

(LAPPG), this procedure has been used in many institu-

tions, especially in Japan and Korea [42, 43]. The selection

of LAPPG versus PPG is due to the low incidence of

postoperative stasis and adequate lymph node retrieval

[44].

Efficacy of LG versus OG in MIS

Retrospective comparative trials

A large number of retrospective comparative trials have

compared LG with OG (Table 1) [45–61]. Although most

of these trials have been conducted in Japan, many recent

studies have been performed in Western countries. In 2000,

Adachi et al. reported a comparative study of LG versus

OG [45]. They concluded that laparoscopy-assisted distal

gastrectomy (LADG) has several advantages over open

distal gastrectomy (ODG) for EGC, such as less surgical

trauma, fewer instances of impaired nutrition, reduced

postoperative pain, rapid return of gastrointestinal function,

shorter hospital stays, and no reduction in curability. In

another study, the researchers compared laparoscopy-

assisted total gastrectomy (LATG) with conventional open

total gastrectomy (OTG) [55]. They reported that LATG

was successful in 20 patients and that there was no sig-

nificant difference in operating time between the two

groups. However, blood loss was smaller in the LATG

group compared with the OTG group. The time to ambu-

latory status, first flatus, and first oral intake were signifi-

cantly shorter in the LATG group, as was the length of the

postoperative hospital stay. The frequency of analgesics

given in the LATG group was lower than that in the OTG

group. The authors concluded that LATG is suitable and

feasible for EGC and that it has the advantage of a shorter

recovery time compared with OTG. Hiki et al. compared

LAPPG and conventional PPG (CPPG) with respect to the

quality of lymph node dissection and other clinical out-

comes [56]. The operative times for the LAPPG procedure

(274 ± 6 min) were significantly longer than for the CPPG

procedures (259 ± 8 min; P = 0.047), although the esti-

mated blood loss with LAPPG (153 ± 13 mL) was not

significantly less than that with CPPG (184 ± 13 mL;

p = 0.13). The incidence of postoperative complications

was comparable between the two groups. Postoperative

gastric fullness was the most frequent complication in both

groups. Analgesics were required 3 days after the opera-

tion, and the time to analgesia was shorter in patients who

underwent LAPPG. The time to first flatus and start of oral

intake was reduced in the LAPPG group compared with the

CPPG group; the length of the postoperative hospital stay

was also shorter. There was no significant difference

between the procedures in terms of the number of lymph

nodes retrieved from any of the nodal stations. The authors

concluded that clinical outcomes of surgical treatment were

comparable between LAPPG and CPPG in terms of station-

dependent lymph node dissection. Overall, the intraopera-

tive findings revealed significant differences in terms of

operative time and intraoperative blood loss in the LG

group. In relation to short-term outcomes, the LG group

experienced less postoperative pain, fewer instances of

postoperative morbidity, lower mortality rates, and shorter

hospital stays. These findings suggest that LG may be

considered as MIS for gastric cancer.

Postoperative complications after LG

Concerns remain that the complexity of the LG procedure

may increase the rate of unexpected complications.
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According to a nationwide survey conducted by the Japa-

nese Society for Endoscopic Surgery in 2008 [6], the

incidence of intraoperative and postoperative complica-

tions with LADG were 1.7% and 8.2%, respectively; in

LATG, they were 2.7% and 17.8%, respectively. The rates

of conversions to open surgery were 1.3% with LADG and

2.1% with LATG. The most common intraoperative and

postoperative complications were bleeding and anasto-

motic-related problems (leakage, stricture, and stasis). The

results suggest that the complication rate is gradually

decreasing and that it has reached a plateau in LADG.

However, problems remain with LATG, especially in

relation to the anastomotic technique. In another study,

Park et al. retrospectively reviewed postoperative compli-

cations in 300 consecutive patients who had undergone LG

for gastric cancer [62]. They reported that 20.3% suffered

postoperative complications, including wound infection

(7%), anastomotic-related problems (5.3%), and bleeding

(4%). The 30-day mortality rate was 0.7%. They concluded

that LG could be performed with acceptable perioperative

complication rates and that both the surgeon’s experience

and careful patient selection determined optimal patient

outcomes. Kunisaki et al. analyzed predictive factors for

surgical complications of LG in terms of BMI and visceral

fat area (VFA) [63]. In 152 patients, the conversion to open

surgery for uncontrollable bleeding was 5.9% (9/152);

postoperative complications were 6.9% (7/101) among

males and 1.9% (1/51) among females. The study indicated

that a high BMI and greater VFA independently predicted

the conversion to open surgery and postoperative compli-

cations. The authors emphasized that caution should be

exercised in relation to the use of LG to prevent surgical

complications in men with a high VFA. Obama et al.

compared surgical outcomes in 138 consecutive patients

with gastric cancer who had undergone LG with peripan-

creatic lymphadenectomy with outcomes in 95 consecutive

OG cases [64]. The overall postoperative morbidity rates

were 15% in the LG group and 20% in the OG group. The

rates of grade B and C postoperative pancreatic fistula

(criteria of the International Study Group on Pancreatic

Fistula) were 7% in the LG group and 2% in the OG group,

with no statistical difference. The authors stressed that care

must be taken not to damage the pancreas when performing

LG with peripancreatic lymphadenectomy.

Table 1 Retrospective comparative trials comparing laparoscopic gastrectomy (LG) and open gastrectomy (OG) ([20 patients in each group)

Study (year) Type of

gastrectomy

No. of

patients

Operative

time, min

Blood

loss, ml

Conversion

to OG (%)

No. of

resected LN

Morbidity,

%

Mortality,

%

Hospital

stay, days

References

Adachi et al.

(2000)

LADG/ODG 49/53 246/228 158/302a 0 15/19 8/21 0/0 18/23a [45]

Shimizu et al.

(2000)

LADG/ODG 21/31 299/212a 273/350 4.8 14/18 19/13 0/0 29/41 [46]

Yano et al.

(2001)

LADG/ODG 24/35 220/210 108/296a 0 19/24 4/11 0/0 21/29a [48]

Tanimura et al.

(2003)

LADG/ODG 160/100 232/184a 121/469a – 31/30 – 0/0 12/23a [51]

Naka et al.

(2005)

LADG/ODG 20/22 289/145a 106/261a 0 10/12 – 0/0 18/26a [52]

Noshiro et al.

(2005)

LADG/ODG 37/31 320/277a 163/488a 0 43/41 5/13 0/0 14/20a [53]

Kim et al.

(2005)

LADG/ODG 71/76 250/181a – 2.8 23/27a 17/17 1.4/1.3 9/11a [54]

Hiki et al.

(2006)

LAPPG/CPPG 72/37 279/259a 153/184 0 32/29 28/38 0/0 18/29a [56]

Lee et al.

(2006)

LADG/ODG 136/120 158/150a 49/126a 0 31/40a 8/12.5 0/0.8 8/11 [58]

Ikenaga et al.

(2006)

LADG/ODG 47/33 273/218a 167/196 0 37/43 – – – [59]

Strong et al.

(2009)

LDG/ODG 30/30 270/126a 200/150 – – 26/43 0/0 5/7a [60]

Orsenigo et al.

(2010)

LAG/OG 109/269 272/230a 170/372a 15.6 31/27a 26/19.3a 2/1.4 13/15 [61]

LADG laparoscopy-assisted distal gastrectomy, ODG open distal gastrectomy, LAPPG laparoscopy-assisted pylorus-preserving gastrctomy,

CPPG conventional pylorus-preserving gastrectomy, LDG laparoscopic distal gastrectomy, LAG laparoscopy-assisted gastrectomy, OG open

gastrectomy
a Statistically significant
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Long-term outcomes

Although there is solid evidence on the short-term efficacy

of LG for EGC, there is little information on the proce-

dure’s long-term efficacy. In 2007, the Japanese Laparo-

scopic Surgery Study Group reported a multicenter study of

oncological outcomes following LG for EGC in Japan [65].

Of 1,294 patients who underwent LG, the 5-year disease-

free survival rate was 99.8% in stage IA, 98.7% in stage IB,

and 85.7% in stage II with a median follow-up of

36 months. In a single-center study of 197 patients who

underwent LG, Hwang et al. reported that the actual 3-year

disease-free survival rates for EGC and AGC were 98.8%

and 79.1%, respectively [66]. Lee et al. analyzed long-term

outcomes in 106 patients who underwent LG with patho-

logical confirmation of AGC [67]. They reported 32 total

gastrectomies and 74 distal gastrectomies with D2 lym-

phadenectomy. The overall and disease-free survival rates

were 81.4% and 72.4%, respectively, with a median

follow-up of 21.5 months. Song et al. reviewed a retro-

spective multicenter study (Korean Laparoscopic Gastro-

intestinal Surgery Study Group) to assess the timing and

patterns of disease recurrence [68]. In a 41-month follow-

up, the incidence of disease recurrence was 1.6% in

patients with EGC and 13.4% in patients with AGC.

Advanced T-classification and lymph node metastasis were

risk factors for disease recurrence. The authors concluded

that LG showed satisfactory long-term oncological out-

comes similar to those of OG. In a single-center study, Lee

et al. reported on the long-term oncological outcomes of

601 patients who underwent LG [69]. They recommended

that LG should be used for all gastric cancers up to pre-

operative stage T2N1. In patients of stage IA, the 5-year

overall and disease-free survival rates were 94.2% and

89.9%, respectively. In patients with stage IB disease, they

were 87.4% and 82.7%, respectively; in stage IIA,

they were 80.8% and 70.7%, respectively; and in stage IIB,

they were 69.6% and 63.1%, respectively. The authors

suggested that LG for EGC is acceptable in terms of sur-

gical quality, as well as long-term oncological outcomes;

hence, it should be considered as the primary treatment in

patients with EGC (Table 2).

Randomized controlled trial (RCT) comparing LG

with OG

To date, seven randomized controlled trials have compared

LG with OG for gastric cancer. In all the trials, LADG was

compared with ODG (Table 3) [10, 70–75]. Six of the trials

enrolled only patients with clinically diagnosed EGC. One

of the trials reported a 5-year follow-up of 59 patients with

EGC or AGC; 29 of the patients underwent open subtotal

gastrectomy, and 30 patients underwent laparoscopic

resection [70]. The authors found that the LG group

experienced a longer operative duration, decreased blood

loss, shorter time to resumption of oral intake, and earlier

discharge from hospital. The mean numbers of resected

lymph nodes were approximately the same in both groups.

Postoperative mortality rates were 6.7% and 3.3% in the

OG and LG group, respectively. The morbidity rate in the

OG group was 27.6% and 26.7% in the LG group. Five-

year overall and disease-free survival rates were 55.7% and

54.8%, respectively, in the OG group and 58.9% and

57.3%, respectively, in the LG group. None of the

parameters studied were significantly different between

groups. The authors concluded that laparoscopic radical

subtotal gastrectomy for distal gastric cancer is a feasible

and safe oncological procedure supported by short- and

Table 2 Long-term outcomes after LG for gastric cancer

Study (year) Kitano et al. [65] (2007) Hwang et al. [66] (2009) Song et al. [68] (2010) Lee et al. [69] (2010)

No. of patients 1,294 197 1,485 601

Period 1994–2003 1998–2007 1998–2005 2000–2009

Indication EGC EGC, cT2N0M0 EGC, AGC EGC, cT2N0-1M0

Median follow-up, months 36 45 41 35.9

Survival rate

Stage

Ia 99.8 100 98.6 94.2

Ib 98.7 96.4 – 87.4

IIa 85.7 87.5 86.0 80.8

IIb – – – 69.6

IIIa – 16.7 44.7 –

IIIb – 100 – –

IV – 100 50.0 –

EGC early gastric cancer, AGC advance gastric cancer
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long-term results similar to those obtained with an open

surgery. Chen et al. reported a meta-analysis of the six

trials of LG and OG in patients (629) with a clinical

diagnosis of EGC [76]. Comparing LADG with ODG, less

postoperative early morbidity (risk ratio = 0.61; P =

0.01), similar mortality (risk difference = 0.01; P = 0.32),

prolonged operative time (mean difference [MD] =

86.64 min; P \ 0.00001), decreased intraoperative blood

loss (MD = -108.33 ml; P = 0.001), decreased numbers

of dissected lymph nodes (MD = -4.88; P \ 0.00001),

forward time to oral intake (MD = -0.48 d; P = 0.32),

and shortened hospital stays (MD = -2.03 d; P = 0.14).

The authors concluded that LADG could offer EGC

patients a slight benefit in terms of decreased intraoperative

blood loss and postoperative morbidity rates; however, it

could also increase the operative time and decrease the

number of dissected lymph nodes.

Large multicenter randomized controlled trials are still

required to delineate significantly quantifiable differences

between LG and OG. The KLASS Trial of 342 patients so

far has demonstrated reduced morbidity and mortality [10].

However, this trial is ongoing and has yet to determine

whether there is a difference in overall survival between

the two groups. Currently, the Gastric Cancer Surgical

Study Group of the Japan Clinical Oncology Group is

conducting a multi-institutional prospective randomized

controlled phase III trial (JCOG 0912). This study has been

registered with Japan’s University Hospital Medical

Information Network (UMIN) Clinical Trial Registry

(number: UMIN000003319). Separate phase III studies of

LG for AGC are also underway to evaluate perspectives on

the role of LG in MIS.

Perspectives of LG—pursuing a more minimally

invasive surgery

Other investigations of LG have been reported in the

context of improving patients’ quality of life (QOL).

Yamada et al. investigated the efficacy of preserving the

celiac branch of the vagus nerve following LADG [77].

They concluded that preservation of the celiac branch of

the vagus nerve was associated with a decrease in dumping

syndrome and residual foods in the remnant stomach.

Totally laparoscopic gastrectomy represents the final

step in the evolution of laparoscopy-assisted gastrectomy.

In their review, Katsios et al. noted that modern totally

laparoscopic gastrectomy is the most promising approach

for improving the short-term QOL of patients with

resectable gastric cancer [78]. One of the main advantages

of totally laparoscopic gastrectomy is the reduction in the

length of the surgical incision. The smaller incision lowers

the risk of postoperative infection, hernia, and pain. The

technical complexities of intracorporeal reconstruction also

impinge on totally laparoscopic gastrectomy. In a report on

operative techniques in intracorporeal reconstruction

Table 3 Randomized control trials comparing LG and OG

Study (year) Type of

gastrectomy

Indication No. of

patients

Operative

time, min

Blood

loss, ml

Conversion

to OG, %

No. of

resected

LN

Morbidity,

%

Mortality,

%

Hospital

stay, days

Reference

Kitano et al.

(2002)

LADG/

ODG

EGC 14/14 227/171a 117/

258a
0 20/25 14/29 0/0 18/16 [71]

Fujii et al.

(2003)

LADG/

ODG

EGC 10/10 226/180a 134/206 0 – 20/20 0/0 – [72]

Hayashi

et al.

(2005)

LADG/

ODG

EGC 14/14 378/235a 327/

489a
0 28/27 22/57 0/0 12/18a [73]

Huscher

et al.

(2005)

LADG/

ODG

EGC,

AGC

30/29 196/168 229/

391a
0 30/33 23/28 3/6 10/15a [70]

Lee et al.

(2005)

LADG/

ODG

EGC 24/23 319/190a 336/294 0 32/38 13/43 0/0 11/17 [74]

Kim et al.

(2008)

LADG/

ODG

EGC 82/82 252/171a 112/

267a
1.2 39/45a 0/5 0/0 7/9a [75]

Kim et al.

(2008)

LADG/

ODG

EGC 179/161 – 109/

200a
0 – 12/15 1.1/0 – [10]

Meta-analysis

Chen et al.

(2009)

LADG/

ODG

EGC 323/306 MD 86.6a MD –

108.3a
– MD –4.8 RR 0.61a RD 0.01 MD –2.0a [76]

LN lymph nodes, MD mean difference, RR risk ratio, RD risk difference
a Statistically significant
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following laparoscopic distal gastrectomy (LDG), Kanaya

et al. described a method for Billroth I anastomosis after

LDG that employs only endoscopic linear staplers [79]. In

another study, Takaori et al. described the use of intra-

corporeal Roux-en-Y anastomosis with linear staplers in

which gastrojejunostomy was carried out by ‘‘functional

end-to-end anastomosis’’ between the residual stomach and

the jejunum [80]. Ikeda et al. reported a retrospective

analysis aimed at determining the potential advantages of

totally laparoscopic distal gastrectomy (TLDG); 24 patients

underwent LADG and 56 patients underwent TLDG [81].

Mean blood loss was significantly lower in the TLDG

group than in the LADG group. The patients in the TLDG

group also recovered earlier and, thus, they had a signifi-

cantly shorter postoperative hospital stay. The authors

concluded that TLDG has several advantages compared

with LADG, including small wound size, less invasiveness,

secure ablation, and safe anastomosis, and that these

advantages are independent of the patient’s constitution

and the cancer site.

A new treatment concept has been introduced for EGC

based on the location and pathological findings of sentinel

lymph nodes (SN). In the near future, laparoscopic wedge

resection for SN-negative superficial gastric cancer will be

an option, in addition to MIS [82, 83]. A combination of

ESD and SN mapping is another potential option for

superficial cancer; this less-invasive approach would

improve patients’ QOL in terms of preserving the whole

stomach [84].

Robotic surgery may also begin to be exploited along-

side conventional laparoscopic surgery. The technical

feasibility, effectiveness, and safety of robot-assisted gas-

trectomy with lymphadenectomy using the da Vinci system

have already been demonstrated [85, 86]. The use of

robotics offers the surgeon improved dexterity, with an

internal articulated endoscopic ‘‘wrist’’ that allows 7

degrees of freedom, including tremor filtering, motion

scaling, and stereoscopic vision. In Asian countries, da

Vinci robot systems have already been introduced, and a

number of leading hospitals have incorporated the da Vinci

system in LG with lymph node dissection over a period of

time.

Conclusions

Since its introduction in 1991, the importance of laparo-

scopic gastrectomy for MIS in gastric cancer has been

recognized worldwide. The use of LG is expected to grow

with continuous innovative developments. However,

before LG can be adopted for use in a greater range of

clinical applications, several issues need to be resolved. In

particular, attention needs to focus on patients with serosa-

positive gastric cancer. The results of ongoing RCTs will

shed light on the utility of laparoscopic gastrectomy in the

next 10 years. We believe that laparoscopic gastrectomy

represents an important type of MIS that can maximize

patients’ QOL following gastric cancer surgery.
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