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Abstract Laparoscopic gastrectomy is a widely used

minimally invasive surgery for gastric cancer. However,

skillful techniques are required to perform lymph node

dissection using straight shaped forceps, particularly for D2

dissection. Robotic surgery using the da Vinci surgical

system is anticipated to be a powerful tool for performing

difficult techniques using high-resolution three-dimen-

sional (3D) images and the EndoWrist equipped with seven

degrees of freedom. Attempts are being made to apply

robotic surgery in gastrectomy procedures mainly in Japan,

South Korea, and Europe. Although definite superiority to

laparoscopic gastrectomy is yet to be proven, robotic sur-

gery has been reported to have a shorter learning curve and

offer more precise dissection for total gastrectomy. Hence,

its oncological efficacy needs to be verified in a clinical

trial.

Keywords Robotics � Gastric cancer � Minimally

invasive surgery

Introduction

The da Vinci Surgical System, a widely used surgical

robot, was developed in 1988. High-resolution 3D images

and an EndoWrist with seven degrees of freedom enabled

overcoming the lack of perspectives and the restriction of

maneuverability in laparoscopic surgery. Since the first

model was approved in 2000 by the US Food and Drug

Administration, it has undergone repeated improvements,

and the fourth-generation model is currently available. As

of the end of 2014, over 3000 such systems have been

delivered to countries throughout the world, including 2185

in the US, 188 in Japan, 82 in France, 72 in Italy, 72 in

Germany, and 46 in South Korea. The most common sur-

gical procedures it is used for are total hysterectomy and

prostatectomy, accounting for 40 and 32 % of all robotic

surgical procedures, respectively. In the US, most prostate

cancer cases eligible for surgical treatment undergo robotic

surgery [1]. In addition, ever since robotic surgery for total

hysterectomy was approved by the FDA in 2005, it has

rapidly become widely used, particularly in the US [2].

Robotic surgery has also been applied to procedures for

areas other than the pelvic viscera [3]. Although the sur-

gery time and cost issues remain unresolved, robotic sur-

gery is anticipated to become increasingly useful for more

advanced types of surgery. This report outlines the state of

robotic gastrectomy for gastric cancer and its future

outlook.

Introduction of minimally invasive surgery
for gastric cancer

Surgery for gastric cancer has followed several transitional

pathways in western countries compared to those in Asian

countries including Japan. In western countries, cancer

accompanied by lymph node metastasis has been strongly

perceived to already have evolved into a systemic disease;

thus, it was generally thought that the expansion of surgery

would not result in improved treatment outcomes for ad-

vanced gastric cancer. Because comparative trials involv-

ing typical D2 dissection and smaller D1 dissection

indicated high rates of postoperative complications and
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operative mortality rates after D2 dissection, but no dif-

ference in survival outcomes, D1 dissection had been

established as the standard treatment [4, 5]. In contrast, in

Japan it was believed that it was local control of the cancer

that could improve treatment outcomes; therefore, a com-

parative trial involving D2 dissection and the larger D2 ?

para-aortic lymph node dissection (PAND) was conducted

[6]. Because results indicated no difference in survival

between the D2 dissection group and expanded dissection

group, D2 dissection became the standard treatment for

advanced gastric cancer. Meanwhile, when the long-term

follow-up results of a trial conducted in the West indicated

that gastric cancer-specific survival was clearly better in

the D2 dissection group than in the D1 dissection group,

the significance of D2 dissection was reacknowledged [7].

Thus, it is suggested that a balance between the extent of

dissection and level of surgical invasiveness is important in

surgery for gastric cancer and minimally invasive surgery

is therefore recognized as being highly significant.

Laparoscopic gastrectomy (LG) is a minimally invasive

surgery for gastric cancer. Since LG was first performed by

Kitano et al. in 1991 [8], it has rapidly become widespread

as a procedure to treat, in particular, early gastric cancer in

Japan and South Korea. The Japanese Gastric Cancer

Treatment Guidelines recommend D1 or D1 ? dissection

be performed on cases of early gastric cancer with no

imaging study findings suggestive of nodal metastasis. For

early gastric cancer with lymph node metastasis or ad-

vanced gastric cancer, the said guidelines recommend D2

dissection. With the spread of laparoscopic surgery and

technological improvements, D2 dissection has come to be

performed at many facilities. However, with regard to

lymph node dissection of the superior border of the pan-

creas, which is most crucial when treating gastric cancer,

dissection must include the tissues behind the pancreas,

common hepatic artery, and splenic artery. This is very

difficult to perform with straight forceps. Various tech-

niques have been devised for the dissection approach [9,

10]; however, all require a high level of skill.

Robotic surgery, in which forceps with seven degrees of

freedom can be used, is anticipated to be useful in over-

coming the motion restrictions brought about by the use of

straight forceps.

Robotic gastrectomy for gastric cancer

Since the first report by Hashizume et al. in 2003 [11],

robotic gastrectomy has been investigated as an ex-

perimental procedure mainly in Japan, Italy, and South

Korea. Relevant papers published before January 2015

were searched using the electronic database PubMed using

the search terms robot PLUS gastric cancer OR robotic

gastrectomy. A total of 186 articles were identified using

this search. Case reports, non-English language manu-

scripts, and studies not focusing on gastric cancer were

excluded. Additional relevant articles were manually

searched and included. As a result, 42 original articles and

8 meta-analyses were included in this review. Table 1

shows a list of previously published original articles [11–

52]. Most of these were case series studies compiling

clinical experiences or retrospective case-control studies

and are of very low level evidence. The prospective trials

that have been performed comprise only two cohort studies

conducted by the National Cancer Center of South Korea

and our phase IIa study [32, 42, 48]. The cohort studies,

which compared robotic surgery with laparoscopic surgery

according to surgical invasiveness and cost, reported no

difference for the level of invasiveness [32]. The phase IIa

study that we conducted evaluated 18 cases with the inci-

dence of intra-abdominal infectious complications as the

primary endpoint. As results indicated no cases of intra-

abdominal infectious complications, the study was deter-

mined to be positive, and we are now proceeding to the

phase IIb study [42]. Although few reports have stated that

robotic surgery leads to fewer postoperative complications

than laparoscopic surgery, Seo et al. [49] recently reported

that the onset rate of pancreatic juice leakage was sig-

nificantly lower in robotic surgery than in laparoscopic

surgery.

Most studies comparing open and laparoscopic surgery

are retrospective case-control studies. As almost all of

these studies have sample sizes of fewer than 100 cases and

significant bias with regard to background factors, the re-

liability of the data is somewhat questionable. There have

recently been eight reports released that conducted meta-

analysis on the aforementioned reports altogether [53–60],

which are listed in Table 2. However, since there have

been no randomized comparative studies, it appears diffi-

cult to reach a clear conclusion even if a meta-analysis is

performed. Moreover, many of the reports only include

dozens of robotic surgery cases, with the only exception of

the studies conducted by Yonsei University and Ajou

University in South Korea, which included more than 100

cases. Accordingly, even if many reports are analyzed,

there is not much point in performing meta-analysis be-

cause the results will be greatly influenced by the results

from the studies with larger sample sizes. Compared to

open surgery, nonetheless, robotic surgery has been shown

to have longer surgery duration, lesser bleeding, and a

shorter hospital stay. Furthermore, compared to laparo-

scopic surgery, robotic surgery has been shown to have

longer surgery duration, lesser bleeding, and longer distal

margins. Analysis of other factors including the number of

lymph nodes dissected and the frequency of postoperative

complications revealed no differences. Blood loss is
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Table 1 Published articles of robotic surgeries for gastric cancer

Reporter Year Country Facility Study design Number of cases Summary Reference

Hashizume 2003 Japan Kyushu University Review [11]

Kakeji 2006 Japan Kyushu University Case series RGa: 5 RG clinical experiences with da

Vinci and Zeus

[12]

Anderson 2007 US City of Hope,

Duarte

Case series RG: 7 RG clinical experiences [13]

Patriti 2008 Italy San Matteo degli

Infermi Hospital

Case series RG: 13 Clinical experiences of RG with

D2 dissection

[14]

Pugliese 2009 Italy Hospital Niguarda

Ca’ Granda

Case series RG: 9,LGb: 46 Comparison of short-term

outcomes for RG and LG

[15]

Song 2009 South

Korea

Yonsei University Case-control RG: 20, LG: 20 Comparison of RG short-term

outcomes with those of LG

[16]

Song 2009 South

Korea

Yonsei University Case series RG: 100 Short-term outcomes for initial 100

cases

[17]

Tomulescu 2009 Romania Fundeni Clinical

Institute

Case series RG: 14 RG clinical experience [18]

Hur 2010 South

Korea

Ajou University Case series RG: 7 Evaluation of reconstructive

surgery with RG

[18]

Kim 2010 South

Korea

Dong-a university

hospital

Case-control RG: 16, LG: 1,

OGc: 11

Comparison of RG, LG, and OG [20]

Pugliese 2010 Italy Hospital Niguarda

Ca’ Granda

Case–control RG: 18, LG: 52 Comparison of long-term outcomes

for RG and LG

[21]

Caruso 2011 Italy University of Siena Case-control RG: 29, OG:

120

Comparison of short- and long-

term outcomes of RG and OG

[22]

D’Annibale 2011 Italy San Giovanni-

Addolorata

Hospital

Case series RG: 24 Clinical experience of RG with D2

dissection

[23]

Isogaki 2011 Japan Fujita Health

University

Case series RG: 61 RG clinical experience [24]

Lee 2011 South

Korea

The Catholic

University of

Korea

Case series RG: 12 RG clinical experience [25]

Patriti 2011 Italy San Matteo degli

Infermi Hospital

Case series RG: 17 Clinical experience of RG for EGJd

tumors

[26]

Woo 2011 South

Korea

Yonsei University Case-control RG: 236, LG:

591

Comparison of RG and LG short-

term outcomes

[27]

Eom 2012 South

Korea

National Cancer

Center

Case-control RG: 30, LG: 62 Comparison of RG and LG short-

term outcomes

[28]

Huang 2012 Taiwan Taipei Veterans

General Hospital

Case-control RG: 39, LG: 64,

OG: 586

Comparison of RG, LG, and OG

short-term outcomes

[29]

Kang 2012 South

Korea

Ajou University Case-control RG: 100, LG:

282

Learning curves for RG and LG [30]

Kim 2012 South

Korea

Yonsei University Case-control RG: 436, LG:

861, OG: 4542

Comparison of RG, LG, and OG

short-term outcomes

[31]

Park 2012 South

Korea

National Cancer

Center

Cohort study RG: 30, LG: 120 Comparison of surgical invasion

for RG and LG

[32]

Park 2012 South

Korea

Korea University Case series RG: 20 9 3

facilities

Investigation of learning curves for

RG surgery

[33]

Uyama 2012 Japan Fujita Health

University

Case-control RG: 25, LG: 225 Comparison of short-term

outcomes for RG and LG with

D2

[34]

Vasilescu 2012 Romania Fundeni Clinical

Institute

Case series RG: 2 RG clinical experience [35]

Robotic surgery for gastric cancer 451

123



generally considered to be minimal with laparoscopic

surgery; however, the observed increase in distal margins

with robotic surgery compared with laparoscopic surgery

has been difficult to explain. As these meta-analyses were

performed using non-randomized retrospective case control

studies, the level of evidence is quite low, and the observed

differences may have been due to chance alone. However,

considering the fact that at many facilities these study

outcomes were compared between when robotic surgery

was first introduced and when laparoscopic surgery had

already been a well-practiced technique, it appears that

robotic surgery is at the least a relatively safe and reliable

method. In the future, mid- to long-term studies that also

assess the survival period need to be conducted.

Table 1 continued

Reporter Year Country Facility Study design Number of cases Summary Reference

Vasilescu 2012 Romania Fundeni Clinical

Institute

Case series RG: 41 RG clinical experience [36]

Yoon 2012 South

Korea

National Cancer

Center

Case-control RG: 36, LG: 65 Comparison of short-term

outcomes for RG and LG in TGe
[37]

Hyun 2013 South

Korea

Korea University Case-control RG: 38, LG: 83 Comparison of short-term

outcomes for RG and LG

[38]

Kim 2013 South

Korea

Yonsei University Case-control RG: 172, LG:

481

Comparison of learning curves for

RG and LG

[38]

Liu 2013 China Subei People’s

Hospital

Case series RG: 110 Clinical experience of RG with D2

dissection

[40]

Park 2013 South

Korea

National Cancer

Center

Case series RG: 207 RG clinical experience [41]

Tokunaga 2013 Japan Shizuoka Cancer

Center

Prospective phase

II clinical trial

RG: 18 Phase II clinical study evaluating

the safety of RG

[42]

Han 2014 South

Korea

Seoul National

University

Case-control RG: 68, LG: 68 Comparison of RG and LG in PPGf [43]

Huang 2014 Taiwan Taipei Veterans

General Hospital

Case-control RG: 72, LG: 73 Comparison of RG and LG [44]

Junfeng 2014 China Third Military

Medical

University

Case-control RG: 120, LG:

394

Comparison of short-term

outcomes for RG and LG

[45]

Kwon 2014 South

Korea

Yonsei University Case-control RG: 8, LG: 10,

OG: 58

Comparison of RG, LG, and OG

for residual gastric cancer

[46]

Noshiro 2014 Japan Saga University Case-control RG: 21, LG: 160 Evaluation of safety of RG using

an electric scalpel

[47]

Park 2014 South

Korea

National Cancer

Center

Cohort study RG: 30 Evaluation of postoperative QOL

after RG

[48]

Seo 2014 South

Korea

The Catholic

University of

Korea

Case-control RG: 40, LG: 40 Comparison of RG and LG in

POPFg
[49]

Son 2014 South

Korea

Yonsei University Case-control RG: 51, LG: 58 Comparison of RG and LG for TG

and D2 dissection

[50]

Lee 2015 South

Korea

Yonsei University Case-control RG: 133, LG:

267

The effect of BMI on cases

undergoing D2 dissection

[51]

Zhou 2015 China Third Military

Medical

University

Case series RG: 105 Investigation of learning curves for

RG

[52]

a Open gastrectomy
b Laparoscopic gastrectomy
c Open gastrectomy
d Esophagogastric junction
e Total gastrectomy
f Pyrolus-presrving gastrectomy
g Postoperative pancreatic fistula

452 M. Terashima et al.

123



Learning curve of robotic surgery

One significant advantage of robotic surgery is its short

learning curve compared to laparoscopic surgery. Four

reports have investigated the learning curve of robotic

gastrectomy. One hundred cases of robotic gastrectomy at

Korea University [30] were divided into the first 20 cases

and subsequent 80 cases, and significant differences were

observed in surgery duration and the number of days spent

in hospital, leading to the conclusion that good outcomes

may be achieved after a surgeon has performed the pro-

cedure on at least 20 cases. Park et al. [33] investigated the

robotic gastrectomy learning curve for surgeons with suf-

ficient experience performing laparoscopic gastrectomy at

three facilities in Korea and found that surgeons needed to

perform the procedure on an average of 8.2 cases before

the surgery time stabilized. Because laparoscopic gastrec-

tomy normally needs to be performed on at least 50 cases

before surgery time stabilizes [30], the learning curve for

the da Vinci Surgical System has been shown to be ex-

tremely short for surgeons with sufficient experience per-

forming laparoscopic gastrectomy. Furthermore, Kim et al.

[39] compared the learning curves for robotic surgery and

laparoscopic surgery with the same surgeon and found that

while the surgery time stabilized at 261 cases for laparo-

scopic surgery, it stabilized at 121 cases for robotic

surgery. They also analyzed the surgical success rate with

the Cumulative Summation (CUSUM) score and revealed a

cutoff at the 81st case for laparoscopic surgery, but no

cutoff for robotic surgery. Thus, it suggests that robotic

surgery can be performed safely from the first case if

conducted by a surgeon experienced in laparoscopic sur-

gery. Zhou et al. [52] also used the CUSUM score to in-

vestigate the learning curves for two surgeons experienced

in laparoscopic surgery and found that both had three

phases in the curves. These were namely the initial phase

(12–14 cases), well-developed phase (15–29 cases), and

mastery phase (30 cases), which indicates that if surgeons

had sufficient experience in laparoscopic surgery, advanced

robotic surgery can be performed after experiencing ap-

proximately 30 cases. This appears logical considering the

fact that the current robotic gastrectomy technique basi-

cally follows that of laparoscopic gastrectomy. Learning

curves in surgeons with no prior experience of laparoscopic

surgery may be shorter for robotic gastrectomy than for

laparoscopic gastrectomy, possibly because of the im-

proved ergonomics and dexterity provided by robotic sur-

gery. However, this issue remains to be fully elucidated.

During the early introduction of laparoscopic gastrectomy,

the majority of practicing surgeons had previous experi-

ence in laparoscopic procedures such as cholecystectomy

or colectomy. Should robotic surgery become widespread

Table 2 Meta-analysis of robotic gastrectomy

Reporter Year Country Facility Comparison Analyzed reports Results

Liao 2013 China Southern

Medical

University

RGa vs.

OGb
20, 22, 29, 31 Surgery time (OG\RG), bleeding (OG[RG), days

in hospital (OG[RG)

Xiong 2012 China Chongqing

Medical

University

RG vs. LGc 20, 21, 27 Surgery time (LG\RG), bleeding (LG[RG)

Xiong 2013 China Sichuan

University

RG vs. LG 20, 21, 29, 30, 31, 32, 34,

37, 38

Surgery time (LG\RG), bleeding (LG[RG), days

in hospital (LG[RG), distal margins (LG\RG)

Liao 2013 China Southern

Medical

University

RG vs. LG 21, 29, 30, 31, 37, 38, one

report in Chinese

Surgery time (LG\RG), bleeding (LG[RG)

Shen 2014 China Chinese PLA

General

Hospital

RG vs. LG 21, 27, 29, 30, 31, 34, 37,

38

Surgery time (LG\RG), bleeding (LG[RG),

distal margins (LG\RG)

Hyun 2013 South

Korea

Korea

University

RG vs. LG

vs. OG

20, 21, 22, 28, 29, 31, 37,

38, one report unknown

Surgery time (LG\RG) (OG\RG), bleeding

(OG[RG), days in hospital (OG[RG)

Marano 2013 South

Korea

Yonsei

University

RG vs. LG

vs. OG

20, 21, 22, 27, 28, 29, 37 Surgery time (LG\RG) (OG\RG), bleeding

(LG[RG), days in hospital (OG[RG)

Zong 2014 Japan The University

of Tokyo

RG vs. LG

vs. OG

17, 20, 21, 22, 27, 28, 29,

30, 31, 32, 37, 38

Surgery time (OG\RG) (LG\RG), bleeding

(OG[RG), (LG[RG)

a Open gastrectomy
b Open gastrectomy
c Laparoscopic gastrectomy
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in the field of general surgery, robotic gastrectomy could

be introduced through stepwise robotic surgery training,

allowing accurate assessment of the learning curve for this

procedure.

Total gastrectomy

In robotic surgery, forceps can be maneuvered with a

higher degree of freedom than in laparoscopic surgery;

hence, it may prove its superiority in procedures that

require more advanced techniques. In the surgical treat-

ment of gastric cancer, more advanced skills are needed

for total gastrectomy. In laparoscopic total gastrectomy,

reconstructive techniques and lymph node dissection

around the splenic artery and splenic hilum area, in par-

ticular, are considered highly difficult. There have been

two reports from South Korea that compared robotic

surgery and laparoscopic surgery only for total gastrec-

tomy (Table 3) [37, 50]. Neither report found any sig-

nificant differences between the procedures apart from

longer surgery time for robotic surgery. However, a study

on D2 dissections conducted at Yonsei University

demonstrated that the number of dissected lymph nodes

in the splenic artery and splenic hilum areas was sig-

nificantly higher with robotic surgery [50]. As mentioned

above, considering the fact that reports used outcomes in

the early stage of the introduction of robotic surgery, it is

suggested that robotic surgery may become a more ef-

fective procedure than laparoscopic surgery at sites where

a high level of skill is required.

Current issues and outlook for the future
of robotic gastrectomy

The clear superiority of robotic to laparoscopic gastrecto-

my has not been proven at present. However, as forceps

with seven degrees of freedom in robotic surgery have an

undeniably strong advantage compared to laparoscopic

surgery, it is likely to become an even more useful surgery

procedure with the future development of devices and in-

genious techniques. The greatest disadvantage of robotic

surgery, however, is the loss of sensation. To compensate

for this loss, visual correction is considered extremely

useful and a visual tactile learning style appears to exist

where by a certain level of familiarity allows the surgeon

to discern the degree of pressure being placed on tissue

from the movements of the master controller and forceps.

In addition, with regard to the cost issues, although

robotic surgery is currently monopolized by one company,

it is hoped that the cost will reduce when similar devices

are developed and sold by other companies in future. As T
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the equipment is currently extremely expensive, it appears

that it is mainly used for research in the field of gastrec-

tomies. However, as observed with laparoscopic chole-

cystectomy, which was introduced in the 1980s, when a

significant scale merit is generated once robotic surgery has

spread in popularity to some extent, it is anticipated that

cost-related problems may be quickly resolved.

Increased operative duration is a further major drawback

of robotic gastrectomy. A shortage in energy-based de-

vices, such as ultrasonically activated devices, is the pre-

dominant cause of increased operative durations,

particularly in Japan. However, several novel devices and

systems are currently under development. Issues sur-

rounding operative duration are likely to be resolved with

the introduction of these new devices.

The possibility of reducing postoperative complications

with robotic surgery was reported by Seo et al. [49]. During

our initial experience, we also observed no cases of post-

operative intra-abdominal infectious complications.

Robotic surgery may increase the ease of reconstruction

and reduce postoperative complications in meticulous

procedures, particularly peripancreatic lymph node dis-

section. In Japan, a multi-institutional prospective clinical

trial evaluating the feasibility and efficacy of robotic gas-

trectomy is now being conducted under the advanced

medical care system. The primary outcome of this study is

the incidence of postoperative complications. The inci-

dence of postoperative complications in robotic gastrecto-

my is presumed to be less than half of that in laparoscopic

gastrectomy. Although this trial is a single-arm phase II

study, this is the first prospective multi-institutional study

evaluating the feasibility of robotic gastrectomy. Once the

feasibility of robotic gastrectomy has been established, the

application of robotic surgery to more complex procedures,

such as surgical resection of tumors of the esophagogastric

junction and pancreaticoduodenectomy, is likely as the

advantages of robotic surgery may be more pronounced in

complex surgical procedures. From there, the survival

benefit of robotic surgery, counterbalanced by the in-

creased cost, should be evaluated by well-designed clinical

trials.

Parts of this report have already been published in Ja-

panese (Rinsho-Geka vol. 69, 12: 1382–1388, 2014).
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