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Abstract
Background Laparoscopy-assisted distal gastrectomy (LADG) with standard D2 dissection is a complex procedure usually
performed only by experienced surgeons, and the feasibility of this procedure still remains unclear.
Method Patients who underwent LADG at the Cancer Institute Hospital between April 2006 and October 2008 were
recruited for this study. Early surgical outcomes were compared between patients who underwent complete D2 dissection
(complete D2 group; n=42) and those who underwent D1 + beta dissection (D1 + beta group; n=179) to determine the
feasibility of laparoscopic D2 lymph node dissection.
Results In complete D2 group, the operation time was longer (253±10 vs 224±4 min; P=0.005), and the number of
retrieved lymph nodes was larger (41±2 vs 35±1; P=0.002) compared with those in D1 + beta group. The other early
surgical outcomes monitored for the two groups were not different between groups.
Conclusions LADG with complete D2 lymph node dissection can be performed safely if the procedure is standardized and
an experienced laparoscopic surgeon performs the surgery. To be accepted as a standard treatment for advanced gastric
cancer, well-designed prospective trial is necessary.
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Introduction

Laparoscopy-assisted gastrectomy (LAG) is increasingly
performed in Japan since the first case of laparoscopy-
assisted distal gastrectomy (LADG) with Billroth I recon-
struction was reported.1 Several advantages of LAG
compared with conventional open gastrectomy have been
documented,2–8 including reductions in bleeding and pain
and reduced disturbance of respiratory function. However,

LAG has limitations for lymph node dissection,7 and at
present in Japan, generally accepted laparoscopic lymph
node dissection is D1 and D1 + beta lymph node dissection
(D1 + station 7, 8a, 9 lymph nodes dissection), while
complete laparoscopic D2 lymph node dissection is
performed by experienced surgeons.7,9–13

A large randomized controlled trial conducted in Europe
failed to prove the efficacy of conventional open gastrectomy
with D2 lymph node dissection due to the high morbidity and
mortality rate.14–17 By comparison, in Japan, the procedure
for conventional open gastrectomy with complete D2 lymph
node dissection (D1 + station 7, 8a, 9, 11p, 12a, 14v lymph
node dissection) is well established and accepted as a
standard practice for the treatment of advanced gastric
cancer.18–20 Therefore, the feasibility of LAG with D2 lymph
node dissection should be investigated so that LAG is
accepted as a standard treatment for advanced gastric cancer.

It is difficult to perform LAG with complete D2 lymph
node dissection since this type of surgery involves major
vessel and pancreatic tissue exposure, and there is, therefore,
an increased risk of major vessel injury and postoperative
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pancreas-related infections associated with the procedure.
Therefore, the establishment of standardized procedures for
D1 + beta lymph node dissection might be an initial step
towards the introduction of complete laparoscopic D2 lymph
node dissection. In our institute where these procedures have
been standardized,21 the number of laparoscopic D2 lymph
node dissections is gradually increasing. In the present study,
the early surgical outcomes of laparoscopic D2 lymph node
dissection was investigated, and these surgical outcomes
were compared with those following D1 + beta lymph node
dissection. The feasibility of laparoscopic D2 lymph node
dissection following standardization of LAG with D1 + beta
lymph node dissection was thereby determined.

Patients and Methods

Patients who were treated with LADG with extraperigastric
lymph node dissection performed by one of the two specialists
(F.T. or H.N.) at the Cancer Institute Hospital between April
2006 andOctober 2008were included in the study. All patients
had histologically proven adenocarcinoma prior to surgery,
and all surgeries were conducted with a curative intent.

Patients’ characteristics, including gender, age, body mass
index, and preoperative comorbidity, were collected from
their respective clinical records. Information on the operation
procedure, operation time, intraoperative bleeding, intra-
operative complications, degree of lymph node dissection,
and number of retrieved lymph nodes were collected from
surgical charts. The postoperative clinical course, such as the
day of first flatus, the day of first oral intake, postoperative
morbidity, mortality, and the duration of the postoperative
hospital stay were also collected from clinical records. All
data collection was performed retrospectively.

Indication for LADG with D2 Lymph Node Dissection

Laparoscopy-assisted distal gastrectomy with D2 lymph
node dissection is indicated in patients with cT2N0 or
cT1N1 gastric cancer. LADG with D2 lymph node
dissection is also indicated even in patients with cT1N0
early gastric cancer if tumor invasion to proper muscle
layer (T2a) or first tier lymph node metastasis was
suspected intraoperatively.

Numbering of Lymph Node Station and Degree
of Lymph Node Dissection

The number of each lymph node station was assigned
according to the Japanese Classification of Gastric Carci-

noma.22 Stations 1 to 6 were perigastric lymph nodes while
7, 8a, 9, 11p, 12a, and 14v were second-tier lymph nodes
and were located along the left gastric artery, the common
hepatic artery, the celiac axis, the proximal half of the
splenic artery, the proper hepatic artery, and the surface of
the superior mesenteric vein at the lower border of the
pancreas, respectively. D1 + beta lymph nodes were defined
as regional lymph nodes with some additional second-tier
lymph nodes (stations 7, 8a, and 9). Conversely, all second-
tier lymph nodes were dissected during complete D2 lymph
node dissection (Fig. 1).

Conversion from LADG to Conventional Open
Gastrectomy

Laparoscopy-assisted distal gastrectomy was converted to
conventional open gastrectomy if intraoperative findings
showed (1) advanced gastric cancer was obviously exposed
the serosal membrane, (2) positive second-tier lymph nodes
following frozen examination of retrieved lymph nodes, (3)
uncontrollable bleeding or adhesion, and (4) any other
difficulties in performing laparoscopic surgery.

Operation Procedures of LAG with Complete D2
Lymph Node Dissection

We previously reported our standardized laparoscopic
procedure for LAG with D1 + beta lymph node dissection;

Figure 1 Extragastric lymph node station. D1 + beta lymph node
dissection includes station 7, 8a, and 9 lymph node (open oval)
retrieval. In distal gastrectomy with D2 lymph node dissection, station
11p and 12a lymph node (shaded oval) have to be dissected as well as
station 7, 8a, and 9 lymph nodes. Moreover, station 14v lymph node
(shaded oval) should also be dissected in patient with lower third
gastric cancer.
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thus techniques for station 11p, 12a, and 14v lymph node
dissection were highlighted in this manuscript.21

Dissection of Station 6 and 14v Lymph Nodes

The origin of the right gastroepiploic vein and the surface of the
superior mesenteric vein at the lower border of the pancreas
were exposed for the dissection of station 14v lymph nodes.
The right gastroepiploic artery and vein were divided separate-
ly at its origin using a clip (Lapro-Clip™; single absorbable
ligating clip cartridge, Covidien) and Ligasure (Covidien), then
station 6 and 14v lymph node dissection were completed.

Dissection of Station 5 and 12a Lymph Nodes

The origin of the right gastric artery and vein was exposed
using AutoSonix™ ULTRA SHEARS™. The left border of
the proper hepatic artery and portal vein was also exposed,
and station 12a lymph nodes were completely dissected.
The right gastric artery and vein were then divided using
clips and Ligasure at its origin.

Dissection of Station 7, 8a, 9, and 11p Lymph Nodes

The pancreatic capsule was dissected using AutoSonix™
ULTRA SHEARS™ at the line of the superior pancreatic
border. The splenic artery and its origin were exposed, and
the surface of splenic vein was also exposed toward the
pancreatic tail as far as the root of the posterior gastric
artery, then station 11p lymph node was completely
retrieved. Next, the left gastric artery and vein were divided
at their origins, respectively. Subsequently, common hepatic
artery and celiac axis were exposed; thus, station 7, 8a, and
9 lymph node dissection were also completed.

Comparison of Early Surgical Outcomes

In the present study, operation time, intraoperative bleed-
ing, the number of retrieved lymph nodes, the day of first
flatus, the day of first oral intake, postoperative morbidity,
mortality, and the duration of the postoperative hospital stay
were compared between patients who underwent LADG
with complete D2 lymph node dissection (complete D2
group) and patients who underwent LADG with D1 + beta
lymph node dissection (D1 + beta group). Surgery-related
complications included intra-abdominal bleeding, anasto-
motic leakage, anastomotic bleeding, enteric injury, pan-
creas related infection, intra-abdominal abscess, and other
complications related to the surgical procedure itself.
Complications unrelated to surgery included respiratory
and cardiovascular complications.

Statistic Analyses

All continuous data are presented as the mean ± standard
error. Statistical analyses were performed using the chi-
square test, Fisher’s exact test, Student’s t test, and Mann–
Whitney U test. P<0.05 was considered significant.

Results

Between April 2006 and October 2008, 221 patients
underwent LADG with lymph node dissection performed
by one of the two specialists (F.T. or H.N) at the Cancer
Institute Hospital. Of these, 179 patients underwent LADG
with D1 + beta lymph node dissection (D1 + beta group),
and 42 patients underwent LADG with complete D2 lymph
node dissection (complete D2 group).

The patients’ characteristics and operative findings are
given in Tables 1 and 2. Younger patients were more
frequently observed in the complete D2 group. The
operation time was significantly longer, and the number of
retrieved lymph nodes was significantly larger for the
complete D2 group compared to the D1 + beta group (253±
10 vs 224±4 min; P=0.005 and 41±2 vs 35±1; P=0.002,

Table 1 Characteristics of Patients

Complete D2 D1 + beta P value

Number of patients 42 179

Gender

Male/Female 29/13 118/61 0.699

Age (years)

Mean 56±2 64±1 0.001

Range 36–78 37–90

Body mass index (kg/m2) 22±0 24±1 0.403

Pathological stage

IA 17 (40) 147 (82)

IB 13 (31) 19 (11)

II 9 (21) 10 (6)

IIIA 2 (5) 2 (1)

IIIB 1 (2) 1 (1) <0.001

Preoperative complication

Hypertension 5 (14) 49 (27) 0.077

Diabetes 3 (7) 21 (11) 0.390

Ischemic heart disease 0 4 (2) 0.328

Asthma 0 11 (6) 0.099

Cerebral infarction 1 (2) 4 (2) 0.954

Previous laparotomy

Yes 5 56

No 37 123 0.012

Data are presented as mean ± SE

1060 J Gastrointest Surg (2009) 13:1058–1063



respectively). Intraoperative bleeding was not different
between groups, and intraoperative transfusion was not
required in any of the patients in the present study.
Conversion to open gastrectomy was required in six
patients of D1 + beta group (three patients for further
lymph node dissection, two patients due to severe intra-
abdominal adhesion, and one patient for total gastrectomy
due to positive proximal margin). In complete D2 group,
one patient required conversion to open surgery due to
uncontrollable bleeding from the gastrocolic trunk, which
happened during station 14v lymph node dissection.

The postoperative clinical course of patients in both
groups is given in Table 3. The incidence of surgery-related
complication was similar, and postoperative mortality was
not observed. Re-operation was not required in any patient
in this study.

Discussion

Open gastrectomy with D2 lymph node dissection is a
standard surgical procedure for advanced gastric cancer.

The procedure is widely accepted in Japan despite a large
randomized controlled study conducted in Europe that
failed to prove the efficacy of D2 lymph node dissec-
tion.14,16,17 LAG has been widely accepted as a treatment
for early gastric cancer, and many advantages, including
reduced pain and bleeding, less postoperative respiratory
disturbance, early bowel movement, and short postopera-
tive hospital stay, have been reported.2–8 Nevertheless,
laparoscopic D2 lymph node dissection has not been widely
investigated since it is considered to be technically difficult.
LAG with D2 lymph node dissection is performed only in a
few institutes by highly experienced surgeons.7,9–12,23,24

Furthermore, the quality of lymph node dissection differs
between institutes, and the operation time for LAG with D2
lymph node dissection was generally longer than that for
conventional open gastrectomy with D2 lymph node
dissection.7,9,11

Approximately 50 operations are required to complete a
surgeons’ learning curve in LAG.2,25,26 Moreover, we
previously reported that standardization of each laparoscop-
ic procedure resulted in favorable early surgical outcomes
such as shortened operation time or less intraoperative

Complete D2 D1 + beta P value

Postoperative complications

Surgery-related complications, n (%) 2 (5) 16 (9) 0.373

Intraabdominal bleeding, n (%) 0 1 (1) 0.627

Anastomotic leakage, n (%) 0 2 (1) 0.491

Anastomotic bleeding, n (%) 1 (2) 1 (1) 0.262

Pancreas related infection, n (%) 1 (2) 3 (2) 0.758

Intraabdominal abscess, n (%) 0 5 (3) 0.273

Bowel obstruction, n (%) 0 0 –

Superficial surgical site infection, n (%) 0 3 (2) 0.398

Others, n (%) 0 1 (1) 0.627

Surgery unrelated complications 0 6 (3) 0.229

Respiratory complications, n (%) 0 2 (1) 0.491

Cardiovascular complications, n (%) 0 1 (1) 0.627

Others, n (%) 0 3 (2) 0.398

Re-operation 0 0 –

Postoperative hospital stay (days) 12±1 13±1 0.346

Time until start of oral intake (days) 2±0 2±0 0.471

Time until first flatus (days) 3±0 2±0 0.549

Table 3 Postoperative Clinical
Course

Data are presented as mean ± SE

Complete D2 D1 + beta P value

Operation time (min) 253±10 224±4 0.005

Bleeding (ml) 73±5 57±7 0.392

Number of retrieved lymph nodes 41±2 35±1 0.002

Conversion 1 (2) 6 (3) 0.746

Transfusion, n (%) 0 0 –

Table 2 Operative Data
of Patients

Data are presented as mean ± SE

J Gastrointest Surg (2009) 13:1058–1063 1061



bleeding, even if specialists for LAG (more than 200 cases
of experience) performed surgery.21 The present study was
conducted following the standardization period; in other
words, feasibility of laparoscopic D2 lymph node dissection
following standardization could be investigated as a
preliminary study.

As expected, the operation time for the complete D2
group was longer (by about 30 min) than for the D1 + beta
group, due in part to the additional lymph nodes that
required dissection. Thus, in patients with middle third
gastric cancer, D2 lymph node dissection is achieved by the
removal of station 11p (along with the splenic artery) and
12a (along with the proper hepatic artery) lymph nodes as
well as D1 + beta lymph node dissection. In addition,
station 14v (surface of superior mesenteric vein at the level
of lower border of pancreas) lymph nodes were dissected if
the tumor was located in the lower third of the stomach.

The quality of lymph node dissection is occasionally
determined from the number of retrieved lymph nodes.7,11

In the present study, the number of retrieved lymph nodes
was significantly larger for the complete D2 group than for
the D1 + beta group. This difference might be a result of the
aggressive lymph node dissection, including dissection
from the suprapancreatic area, for the complete D2 group.

The higher frequency of postoperative morbidity follow-
ing complete D2 lymph node dissection was of some
concern, since a European randomized trial reported a
higher frequency of postoperative morbidity after D2 lymph
node dissection compared with those following either D0 or
D1 lymph node dissection.15,16 Intraoperative bleeding and
postoperative pancreas-related infections were of particular
concern for the complete D2 group since the procedure
requires the exposure of major vessels and the pancreas
capsule, both of which could be injured during the
procedure. In the present study, one patient of complete
D2 group required conversion due to uncontrollable
bleeding even though all operations were performed by
experienced surgeons. However, the incidence of postoper-
ative morbidity and mortality was not different, and any
other intraoperative complication was not observed. We
consider, therefore, laparoscopic D2 lymph node dissection
can be performed safely. However, since it is a technically
difficult procedure, standardization of the laparoscopic
procedure is required, and experienced surgeons should
carry out the surgery.

The current study has some limitation, however, since
the long-term outcome has not been evaluated, and the
number of patients who underwent complete D2 dissection
is relatively low. Continued monitoring of patients is
required to determine the long-term efficacy of laparoscopic
D2 lymph node dissection, thereby enabling its acceptance
as a standard surgical procedure for advanced gastric
cancer. Moreover, well-designed prospective study com-

paring LADG with D2 lymph node dissection and
conventional open gastrectomy with D2 lymph node
dissection is required as a next step.

In conclusion, LADG with complete D2 lymph node
dissection is a safe procedure, provided experienced
surgeons perform the surgery following standardization.
To be accepted as a standard treatment, well-designed
prospective study is warranted in the future.
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