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Abstract

Background Laparoscopic total gastrectomy (LTG) has
been performed since 1999. Although surgical outcomes
have been reported from Japan, Korea, China, and many
Western countries, the effectiveness of this technique has
not been conclusively established. This study therefore
aimed to review the literature systematically.

Methods Our search of the research literature identified
150 studies, which were mostly retrospective and from
single institutions.

Results  There has recently been a remarkable increase in
the number of studies from Korea, and the number of pa-
tients included in studies has increased since 2009. In most
studies, the surgical procedures were longer, blood loss was
reduced, and the number of retrieved lymph nodes was the
same in the LTG group as in the open total gastrectomy
group. The incidence of postoperative complications and
that of inflammation during postoperative recovery were
the same in these two groups.

Conclusions During LTG, the method wused for
esophagojejunostomy is important for surgical reliability
and to reduce postoperative complications. There has been
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rapid development of new techniques from the level of
esophagojejunostomy through a small skin incision to the
high level of intracorporeal esophagojejunostomy using
various techniques. A nationwide prospective phase II
study is urgently needed to establish the value of LTG.

Keywords Laparoscopic total gastrectomy - Gastric
cancer - Systematic review

Introduction

Gastric cancer is the fourth most prevalent cancer and the
second commonest cause of cancer-related deaths world-
wide [1]. Surgically curative gastrectomy is the mainstay of
treatment for early and advanced gastric cancer. In Japan
and Korea, laparoscopic gastrectomy has become the
prevalent surgical technique for treatment of early gastric
cancer [2-5] and for treatment of a subset of advanced
gastric cancers [6-9]. The first report of laparoscopy-as-
sisted distal gastrectomy (LADG) for gastric cancer was by
a Japanese surgeon [10]. Since then, many researchers have
published studies reporting appropriate techniques, short-
term and long-term outcomes, and quality-of-life measures
for patients after LADG [11-16]. Moreover, a nationwide
randomized controlled study in Korea is being conducted,
with satisfactory interim results reported, and data collec-
tion is ongoing [17].

Recently, laparoscopic total gastrectomy (LTG), also
known as laparoscopy-assisted total gastrectomy and
which is a more complex surgical procedure, has been
more frequently used, and its outcomes are beginning to
be reported [18-21]. Moreover, new techniques for LTG,
in which intracorporeal esophagojejunostomy can be
performed completely laparoscopically, have been
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developed in some high-volume centers, and some short-
term outcomes have been reported [22-24]. However, the
potential surgical benefits of LTG have not yet been
assessed in a well-designed nationwide phase II study or a
randomized controlled study. Before one embarks on a
nationwide study, it is important to review systematically
the current state of knowledge concerning these novel
surgical procedures. We have therefore conducted this
systematic review to clarify the advantages of LTG for
gastric cancer, irrespective of cancer stage, with respect to
intraoperative factors, short-term outcomes, and onco-
logical long-term outcomes.

Methods
Atrticle selection

English language articles relevant to LTG for gastric can-
cer were identified in PubMed (http://www.ncbi.nlm.nih.
gov/pubmed) by searching for the terms “gastric cancer”
and “laparoscopic total gastrectomy” in articles published
up to the end of October 2014. The inclusion criteria for
these studies were meta-analyses, prospective cohort
studies or retrospective studies assessing surgical outcomes
of LTG, and comparative studies of LTG and open total
gastrectomy (OTG), but case reports were excluded. The
end points included in our study were intraoperative factors
(operation time, blood loss, and extent of lymph node
dissection), postoperative morbidities (anastomotic leak-
age, anastomotic stricture, pancreatic fistula, surgical site

Year

infections, and pneumonia), postoperative recovery (post-
operative inflammatory response, and length of hospital
stay), mortality, and long-term oncological outcomes. The
initial search identified 552 reports in the database, of
which 150 reports were actually related to LTG. We re-
viewed these 150 reports in this study.

Results
Annual publications

In a 1997 study, a questionnaire was sent to 16 surgeons
worldwide and data were collected on 118 laparoscopic
gastrectomies [25]. Although ten LTGs were included in
this study, this was not regarded as the first report, because
of its small sample size and because the results were col-
lected by a questionnaire. Since LTG was first reported as a
technical note in 1999 [26], some further studies have been
reported [18-24]. Of these, the highest number of publi-
cations has been from Japan (n = 50), followed by Korea
(n = 42; see Fig. 1). However, in the last 5 years more of
the studies published have come from Korea. An equal
number of studies (n = 29) have been reported from China
and Western countries.

A total of 134 retrospective studies included 37 com-
parative studies of LTG and OTG, and the remaining 97
studies focused on therapeutic outcomes for LTG within a
single institute (see Fig. 2a). In addition, eight meta-ana-
lyses and eight retrospective, multi-institutional studies
were identified. There were no prospective randomized
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studies concerning LTG that included a significant number
of patients. About 60 % of the studies we identified in-
cluded 30 or more patients, although there were no studies
including 30 or more patients until 2007 (Fig. 2b). Com-
pared with the number of studies concerning LADG, the
number of reports about LTG was small.
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Reconstruction methods after laparoscopic total
gastrectomy

Various methods for performing esophagojejunostomies
have been developed and established. Table 1 summarizes
the reports that have evaluated the short-term surgical



Review of laparoscopic total gastrectomy 221

z outcomes of different esophagojejunostomy methods
g s after LTG, and which included at least 30 patients. In these
e (=)} . . . .
=T c Z2occococldoo i 2o o 13 studies, esophagojejunostomies were performed
2]
| = intracorporeally.
Ll e
ER RN v < o o - - - Initially, esophagojejunostomy was performed with a
o ] . . ? 3 . S .
QIEfS s dez2532 28 s circular stapler through a 10-cm skin incision, using an
Z | .. anvil head inserted into the esophagus after a purse-string
| =
o b suture had been hand-sewn on the esophageal stump [27,
= §§ 2 o922 FZ S a0 « 28]. However, a detailed view of the surgical site could not
ke N2 a A A G - =~ = = F & A — . . . . .
2 be achieved using this technique. It was therefore difficult
g k> to create an esophagojejunostomy at a deep site in the
2| g8
S| o E 2 abdominal cavity, particularly in a male with significant
s | EES © o © o i i i
SlEES| S 52229 5o | 2 visceral fat.. Therefore, this t.echnlque was not acceptable to
2 " most gastric surgeons, and is no longer used.
g § The next development was the creation of an intracor-
é s 2 = poreal esophagojejunostomy using a circular stapler, whose
8 5 e . s . .
S| s EE BN B X 2 use has become prevalent in many institutions since its
2lz = I F o @& o || ) . . .
5 introduction. Many surgeons had already been using a
o —_ . .. .
g E circular stapler to perform esophagojejunostomies for OTG
S Bs=RNa2 .. . . . .
2|82 2 a2 1o - o 2 " and were already familiar with the difficulties and pitfalls
b=2 < v o— S v o~ N O — . .
z @S - e — 1 ® o> | &~ a i of this method. However, laparoscopy-assisted or laparo-
50 . .. .
£lgz scopic esophagojejunostomy cannot be performed in the
S| g - o o - same way as open esophagojejunostomy. A variety of
[} 2 T X 2 - xR - 3 . PR . .
S| 8 ¢ 2 X2 XIS EQRS 2 techniques have been used for anvil insertion for a circular
g o = (3} A A A =60 A=A ondq g} .. . .
= stapled esophagojejunostomy: laparoscopic hand-sewn
£ e purse-string sutures followed by intracorporeal insertion of
2 < ) : o i
g| =2 S ol R 2 < the anvil [29, 30], a novel purse-string instrument [Endo-
g m < Y [ S B o B o BEE o IR S IR o Y o N I RS a . X R L
5 PSI(IT)] [31], insertion of an anvil through a small incision
gu 9 % 4 e ko A oo “ “ in the abdominal esophagus before dissection of the
”§. <2 2 888¥8E8E8ER I K & stomach and before the central rod is pulled out through the
8 = proximal esophagus followed by transection of the eso-
22) 72}
8 s 2 V- S - S - phagus with a linear stapler [32], and an orally inserted
= S , s T o o= = . . . . .
g " comnee " anvil (OrVil™) system. The OrVil™ tube with its con-
2 2 2y nection to the anvil head is introduced transorally and is
2] = = 9 .
> g = g T % S extracted intracorporeally from the esophageal stump, and
IS = L L o . -
g Z g & e ] T & finally the central rod is removed from the connection tube
g% = L E ER 2g 3 33, 34]. When the anvil head is being inserted into th
315 " o = o 5 = 5 -3 Q [33, 34]. en the anvil head is being inserted into the
E | ] o < — 3 — = 2 © .. . .
§0 '% v 7 2 _ 7 é § 2 g _ EE 2 esophagus, it is essential to stretch the patient’s neck
% ¢ e3ZTegepgsz £ £ : .
= |3 s &g g s 2% g3 E S8 3 backward and gently pull the connecting tube until the
S| & = = 2 B = @ = . .
S 2 d00F gpop @ EE o= g 57 E anvil head reaches the esophageal stump. In our experi-
218 5 5:c:2 555255582 B . .
213 & S S SEEE S8 E8ESE O ence, the best method for forming the anastomosis is the
2|3 cS I BEEBEILLCEZEREZE I hemidouble technique with the axis of the central rod and
g |E §2 §3538¢8¢83¢8388:52 8 ;
g3 £e £ SEEEEEEEE RS the shaft kept straight.
= 3 3 A NS R a a 3 .
= Two types of esophagojejunostomy have been reported
. 2 geggeczezsaogsg o o i : :
8 S 2£3&8=z=Z==3=zz=z3s =3 = using linear staplers, a functional end-to-end anastomosis
E| =73 oY 99a9aggTaaaq a9 ; : ;
S| g.8 4 L hddddd L L % [35-38] and a side-to-side anastomosis (or the overlap
2128 S 888838233888 5] . :
ERRZR-? & dadddadadad8aaadq Q method) [39-43]. The functional end-to-end procedure is
% = performed by inserting the linear stapler into the esophagus
— < .
o T98 -5 = = thorough a small hole on the left side of the esophageal
= 8T 92— 3 = . - .. .
= T SR ¥IREsCs 5 stump and simultaneously lifting the jejunum to insert the
2 5 T G e N ) o
-2 S 880392833 D g é stapler through a small hole on the opposite side of the
) 151 o - S o o = < .. . .
= |3 g 3 e g c 5 g £ g B 2 s g jejunum mesenterium. The entry holes are closed using the
) < .= 5 .= .= . .
= | e E &Z<22zBY8 2084 = linear stapler, usually one at a time. By contrast, the

@ Springer



222 C. Kunisaki et al.

overlap method is performed by making holes on the left &
side of the esophageal stump and 6—7 cm from the jejunal Z - - -
stump. After stapling, the entry hole is closed using hand- ; S I 5 g N
S~ = = ~ ~
sewn sutures. In both techniques it is essential that the ol g AR o o
. .. . Blvw ]l 1 1 xS
linear stapler is inserted into the true esophageal lumen, so, =8
to avoid insertion into the “pseudolumen”, use of a naso- g s
gastric tube and a full-thickness stay suture on the eso- z g
phagus were reported to be useful. A modified £ 3 o ©
. S| £ S « S = e~
esophagojejunostomy has also been reported, and showed Py 20 gg2g8s, £ ,8%¢x
that an inverted-T-shaped anastomosis allowed the creation 2
of an intracorporeal esophagojejunostomy without dissec- 3 2l o o o . -
. . = | 3= S 0 o ° N g N o S %
tion around the abdominal esophagus and the lower me- S| E3 Z2LZIg =238« s =
.. Tl EFalds s = = q
diastinum [44]. |88l ace ZFITEa Sy
BT~ ==~ "~ >N &~ | & —~
Q
=}
Intraoperative factors = |8
2|2
. . . B |2 w e oo + 22
Table 2 lists studies that compared the surgical outcomes = a8 8 S-S+ 822
. . . . . 5|2 IS0z =20 s 8=
of LTG and OTG in patients with gastric cancer, and which " § S T b =S &=
. . . = 0 — N 00 — N — <t 00 N — —
included at least 30 patients in each group. In many of 8
these comparative studies, longer operation times, less 8|38
. = > n
blood loss, and equal numbers of dissected lymph nodes 3|28
. . S22 -~ a © =~ o <~ N A =
were observed in the LTG group compared with the OTG S|lEe| 288 a3 ~ < o P
. . olBEe|lT T IOV 00 Q= Y
group [45—47]. Obviously, these outcomes will have been E|l2E8|ldadaFTaFa=3a A
) . Z(SE|o e od F iAW oo >
dependent on the extent of lymph node dissection, whether H|AZ2| T T T T T o= 1A |E
. . . Q
multiple organ resections were performed, and the skill of i oo o 3
. @ I3} 5w < | &
the surgeons in each study. Moreover, several meta-ana- £18 R + o § ﬁ 2 % | 2
. . s =) o o @ = ~ | oo
lyses showed equivalent outcomes for the two surgical 812 %= =a 3 Q= S| <
= o = . <t v N O = © 4 =
procedures [48-50]. gmE|d 2 3222, &8
=
=1 Q
: I El = m=o —wn e <&
Postoperative complications SleE| o © S a — O o vl =
SIS E|8 228 x2d88s d|&
gl |sasaZ28acazF oz
.. . . . 9 © Y Qo0 Q0o o |2
The incidence of postoperative complications in the LTG 2 é&g 2 E g £ ﬁ % § 5 < § | ﬁ s
group ranged between 10 and 40 % [18, 22]. Many studies g g
reported that there were no significant differences in the g 2 o
e o S| g NN e o 0 n SRR
incidence of complications between the LTG and OTG |2 B s % Y %A A~ s 3| g
. . 2 | > LY LYY oV YWY L 9| e
groups [45-47, 51]. Among anastomosis-related compli- SIS S5 g @ g s @ S 3| =
- - ~ = | < TEITRREITEBR 1 88|z
cations in the LTG group, leakage at the site of g 2
esophagojejunostomy was observed in 0.9-8.5 % of pa- o | g &
. . 3 172] Q
tients, leakage at the duodenal stump was seen in § s o o o = < z
. . . . < A g o~ = 3
1.0-3.4 % of patients, stricture at the site of esophagoje- g|% N T H 2 Ao =9 = w2 w|§
. . . . . 3| g CIsLSAas L300 s
junostomy was seen in 0-9.0 % of patients, intraluminal &lz §2=28282zF=283 8|5
. . . . G
bleeding was seen in 0-7.6 % of patients, and ileus or & 3
. . . =] el —
stasis was seen in 0-3.3 % of patients [19, 23]. By contrast, ‘g 2 NSRS -2 S Q=g = %
. . . . Q
one study showed a high incidence of anastomosis-related E| & gl 8‘ $ SI 8| 8| gl 8| $ SI SI 8| _q;,
. . R o > =
complications in the LTG group [52]. 2|2 S ‘é S88¢g § s &8 § S la
Pancreatic fistula is another important complication to 2|~ aaa=aaaaaaaag
. . .. @ o
be considered when performing LTG [20, 24]. The inci- “‘; = g
dence of pancreatic fistula did not differ between the LTG 4 a T -
L= —_ =
and OTG groups. g S —-_9 @mag 2
. . L . 2 S B R0 8 ninxmls
With respect to nonsurgical complications, pneumonia g S e e R S A
d infecti ical si d with th 8 |58 = 23S C =<5
and infections at surgical sites occurred with the same a | 2 ZEZ"S3 35585 5|8
. (5} (5] o - =
frequency in the two groups. After LTG when splenectomy =z |3 S$5ege o %D 5] § %Dg o ° s
< 5] < o =5 O =} = o .= <
was also performed for complete D2 lymph node =l M A D I2adEsa 3ald

@ Springer



Review of laparoscopic total gastrectomy

223

dissection, a higher incidence of postoperative complica-
tions occurred, equivalent to the incidence seen for OTGs
[53, 54].

Postoperative recovery

In a few studies that assessed postoperative inflammation,
C-reactive protein levels and white blood cell counts were
found to be significantly reduced during the early postop-
erative phase in the LTG group compared with the OTG
group. However, these were retrospective studies with
small numbers of patients [55, 56]. However, another ret-
rospective, comparative study found that the peak values of
the C-reactive protein level and the white blood cell count
did not differ between the LTG and OTG groups [11].
These indicators of inflammation varied with the extent of
lymph node dissection, whether other organs were resected
at the same time, the length of surgery, the volume of blood
lost, and the incidence of postoperative complications.
Many studies have shown that the time to the first flatus,
the time to the start of oral feeding, and the length of
postoperative hospital stay were shorter in the LTG group
than in the OTG group [57, 58]. Moreover, one study re-
ported a high quality of life in the LTG group [59].
However, the clinical paths in each study were different in
different institutions, and also may have changed over
time. It is therefore difficult to assess the course of post-
operative recovery in retrospective studies. In most studies,
mortality was low and acceptable, with no significant dif-
ferences between different patient groups [18-24].

Long-term survival

Some studies compared long-term survival between the
LTG and OTG groups [60, 61], and reported that they were
similar in the two groups. However, the number of patients
in these studies was small, and the results were not adjusted
for cancer stage.

Discussion

Although we have been able to review over 100 publica-
tions concerning retrospective studies of LTG, the com-
plexity and difficulty of the techniques required for this
surgery may to a great extent explain why there are, as yet,
no prospective studies concerning LTG. There is a need for
a well-designed phase II study of LTG soon. Reviewing the
current techniques in use for LTG and the state of
knowledge about outcomes is important for the design of
future studies.

We have reviewed the reconstructive techniques that
have been used for esophagojejunostomy during LTG and

have identified four techniques with their various advan-
tages and disadvantages. Intracorporeal, hand-sewn, purse-
string sutures are complex to perform and skills are needed
which require a fairly long surgical learning curve to ac-
quire. Use of the Endo-PSI(II) needs some fine manipula-
tion to tie knots. In addition, forming anastomoses using the
OrVil™ has some disadvantages. In spite of the require-
ment for precise manipulations mentioned above, the inci-
dence of anastomotic leakage and the incidence of stenosis
were relatively high compared with results seen with use of
the other devices [62], so improvements to this device
should be considered. It may be difficult to arrive at one
uniform method for performing intracorporeal esophago-
jejunostomy using a circular stapler. Alternatively, sur-
geons may need to practice their skills using their favorite
technique, so that this procedure can be performed reliably.
The reports concerning the creation of intracorporeal
esophagojejunostomies using a linear stapler have been
increasing in number and becoming prevalent, and they
suggest that these techniques may be safe and reliable.
However, the surgeon should be experienced and should
use these techniques only after having performed a suffi-
cient number of simpler laparoscopic gastrectomies.
Inevitably, more complex surgical manipulations
lengthen the time an operation takes and may affect other
intraoperative factors. More precise manipulation with
more advanced devices may help to reduce blood loss,
despite the extended time in surgery. Experienced laparo-
scopic surgeons are able to dissect appropriate lymph
nodes to a sufficient extent, and consequently, reports have
shown that the number of lymph nodes retrieved was not
significantly different between the LTG and OTG groups.
At this stage, we therefore suggest it is reasonable to rec-
ommend LTG for early gastric cancer, where more com-
plex surgery requiring the resection of other organs is not
required. We imagine that at present this complex surgery
has been performed by experienced laparoscopic gastric
surgeons, who had already had sufficient experience of
LADG. Nevertheless, the short-term and long-term out-
comes of LTG in patients with early-stage gastric cancer
have been satisfactory, as reported in retrospective studies
[60, 63], and justify use of this technique in early gastric
cancer. However, the outcomes of LTG in patients with
advanced gastric cancer have not yet been adequately
studied [6]. The presence of a large, serosal exposed tumor,
a requirement for extended lymph node dissection or a
combined resection, and treatment with neoadjuvant che-
motherapy can increase the difficulty of intraoperative
manipulations and subsequently the risk of postoperative
complications. Therefore, the feasibility of LTG should be
further investigated in patients with early gastric cancer,
before the technique is applied to more advanced stage
cancer. In addition, it is difficult to compare long-term
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survival and to prove noninteriority of the laparoscopic
approach between the LTG and OTG groups in patients
with early gastric cancer owing to the paucity of cancer-
related death in this population. As it is not practical to
obtain a sufficient sample size to give meaningful results in
a randomized controlled trial, a prospective phase II study
to evaluate the safety and feasibility of the laparoscopic
approach for LTG could be sufficient.

Although current surgical procedures for LTG have not
yet been widely established and standardized, reports have
appeared concerning the application of more advanced
techniques, such as robotic total gastrectomy [64, 65] and
reduced-port LTG [66, 67]. Robotic gastrectomy has been
reported to provide manipulations as reliable as those
provided by LTG. By contrast, reduced-port LTG has been
reported to be best performed by an experienced laparo-
scopic gastric surgeon. The significance of these techniques
for gastric cancer treatment will require further evaluation.

In conclusion, LTG for gastric cancer should be per-
formed by an experienced laparoscopic gastric surgeon,
who has sufficient experience of more basic laparoscopic
gastrectomies. The advantages and disadvantages of this
technique should be verified in a nationwide prospective
phase II study.
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