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Abstract

Background Since its widespread acceptance for the
treatment of early gastric cancer, laparoscopic gastrectomy
has been gaining popularity as a treatment option for
advanced gastric cancer. However, laparoscopic total gas-
trectomy (LTG) with splenectomy is seldom performed,
because of its difficulty of removal of station 10 lymph
nodes; splenectomy is technically essential for complete
removal of these lymph nodes. The purpose of this study
was to describe the details of the LTG procedure and to
evaluate the short- and long-term outcomes of LTG with
splenectomy.

Methods Of 725 consecutive patients with gastric cancer
who underwent laparoscopic gastrectomy with lymph node
dissection in our institution from January 1996 to December
2012, 18 consecutive patients who underwent LTG with
splenectomy were enrolled in this study.

Results No operative mortality occurred, and the patho-
logical margins were free from cancer cells in all patients.
The mean operation time was 388 min (range 324-566 min).
The mean volume of blood loss was 45 ml (range 5-347 ml),
and the mean number of dissected lymph nodes was 51
(range 40-105). Postoperative morbidity occurred in six
patients (33.3 %) (each with grade B postoperative pancre-
atic fistula, postoperative bleeding, chylous ascites, atelec-
tasis, ileus, and intra-abdominal infection). Five patients
(27.8 %) developed recurrence (four in the peritoneum and
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one in the liver), and the overall 3- and 5-year survival rates
were 83.0 and 72.6 %, respectively.

Conclusions Considering the 0 % mortality rate and low
rates of postoperative morbidity and locoregional recur-
rence, LTG with splenectomy is technically and oncolog-
ically acceptable. This procedure can be expanded to
include advanced gastric cancer, which generally requires
splenectomy for lymph node dissection.
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Laparoscopic techniques are widely performed as minimally
invasive procedures for various cancers. Since Kitano et al.
reported laparoscopy-assisted distal gastrectomy in 1991 [1],
the number of laparoscopic gastrectomy procedures has been
increasing for a number of reasons, including low levels of
pain and blood loss, early resumption of bowel movements,
and short hospital stays [2—4].

Improvements in laparoscopic techniques and surgical
instruments have raised interest in expanded adaptation of
laparoscopic surgery to advanced gastric cancer. Although
laparoscopic distal gastrectomy with radical lymph node
dissection has been safely performed in several institutions
[5-9], few reports have described laparoscopic total gastrec-
tomy (LTG) with radical lymph node dissection [10, 11]. The
reasons for the low popularity of LTG with radical lymph node
dissection is the difficulty of removal of station 10 lymph
nodes; splenectomy is technically essential for complete
removal of these lymph nodes. And simultaneous splenec-
tomy may cause the severe complications after operation.

Although splenectomy for lymph node dissection to
improve survival of patients with gastric cancer is contro-
versial, the Japanese Gastric Cancer Association guideline
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states that splenectomy is recommended for complete
removal of the station 10 lymph nodes in patients with
advanced gastric cancer [12]. However, no reports have
focused on the technical and oncological feasibility of LTG
with splenectomy for gastric cancer.

The purpose of this study was to describe the details of
the LTG with radical lymphadenectomy procedure and
evaluate the technical feasibility, safety, and short- and
long-term outcomes of LTG with splenectomy for gastric
cancer.

Patients and methods

In total, 725 patients with gastric cancer underwent lapa-
roscopic gastrectomy with lymph node dissection at the
Department of Surgery and Oncology, Kyushu University
Hospital (Fukuoka, Japan) from January 1996 to December
2012. Since 2002, we have performed LTG with lymph
node dissection in 149 patients. Of these 149 patients who
underwent LTG, 18 underwent LTG with splenectomy for
D2 lymph node dissection, and we enrolled these patients
in this study.

Tumor/node/metastasis staging was based on the Inter-
national Union Against Gastric Cancer Staging, 7th edi-
tion. We excluded from this study patients who underwent
total remnant gastrectomy or simultaneous resection of
other organs with the exception of the gallbladder. Indi-
vidual data such as the clinical course and pathological
findings were obtained from the medical records.

Surgical LTG procedure

The operator stood on the right side of the patient. A Has-
son trocar was inserted umbilically by the open technique
for a 30° camera followed by insertion of four trocars
(Fig. 1A). After dividing the duodenum, we performed
nodal dissection along the celiac, common hepatic, proper
hepatic, and proximal splenic arteries. The esophagus was
then divided using a linear stapler. We obtained a wide
view of the superior distal pancreatic area and hilum of the
spleen, then began nodal dissection along the distal splenic
artery (Fig. 1B). First, the posterior wall of the omental
bursa was dissected along the superior pancreatic edge
from the pancreatic body to tail. We exposed the splenic
artery and vein while preserving the great and caudal
pancreatic vessels to completely dissect the station 11
lymph nodes. We then performed a splenectomy for
complete dissection of the station 10 lymph nodes. Before
ligation of the splenic vessels at the hilum of the spleen, we
applied a curved vessel clamp to the splenic artery. Each
branch to the spleen was then ligated and cut individually.
We used 4-0 Prolene (Ethicon Inc., Somerville, NJ, USA)
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Fig. 1 A Placement of surgical ports. A 12-mm Hasson trocar wasp
placed under the umbilicus and extended upward for a 50-mm
minilaparotomy. B Laparoscopic view during dissection along the
proximal side of the splenic artery. C The superior branch of the
splenic artery (superior polar artery) was identified and cut using 4-0
prolene to ligate the artery. D and E Laparoscopic view during the
dissection of the lymph nodes along the distal side of the splenic
artery. The caudal pancreatic arteries were preserved. F and G Lap-
aroscopic view after dissection of the lymph nodes, proximal side
(F) and distal side (G). H Schema of the arteries around the pancreas.
SPA splenic artery, SPV splenic vein, PCPA proximal caudal
pancreatic artery, DCPA distal caudal pancreatic artery, STA superior
terminal artery, /TA inferior terminal artery, /PA inferior polar artery,
LN lymph nodes

to ligate the artery. The Prolene was lifted to obtain a good
operative view and dissect the lymph nodes behind the
pancreatic tail (Fig. 1C). We usually preserved the caudal
pancreatic arteries and veins (Fig. 1D, E). Finally, the
adipose tissue located on the posterior side of the pancre-
atic tail was dissected along the parenchyma to complete
the lymph node dissection (Fig. 1D-G). After removing the
vessel clamp, the specimen was retrieved thorough the
elongated 5-cm-long umbilical incision. We routinely
placed two closed drains in the left subphrenic space,
behind the esophagojejunostomy site.

Postoperative course

Postoperative complications were graded according to the
Clavien—Dindo classification [13]. A postoperative pan-
creatic fistula (POPF) was defined as a high-level drainage
output of any measurable volume of fluid on or after
postoperative day (POD) 3 with an amylase content of >3
times that in the serum [14]. We measured the level of
amylase in the drainage fluid (d-amy) on POD 1 and 3. In
patients with more than one drain, the highest d-amy level
was taken as the representative value. If the d-amy level
was high, we continued to measure it after POD 3. We
removed the drain before POD 3, when the d-amy level
was low. In such cases, POPF was suspected on the basis of
physical and biochemical findings, such as abdominal pain,
an elevated temperature (>38 °C), a serum leukocyte count
of >10,000 cells/mm> , an increased C-reactive protein
level, and the presence of peripancreatic fluid detected by
computed tomography.

Results
Clinicopathologic patient characteristics
The clinical characteristics of the 18 patients are shown in

Table 1. The patients comprised 11 (61.1 %) males and 7
(38.9 %) females. The median patient age was 61 years
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Table 1 Clinicopathological data of patients

Variables Mean (range)

Median age (range) (years) 61 (35-74)
Gender (male/female) 11/7

BMI median (range) (kg/mz) 21.5 (15.1-28.9)
Complication (%)
Hypertension
Diabetes mellitus
Cardiovascular
Cerebrovascular
Hyperlipidemia
Pulmonary

Liver

Renal

Thyroid

Other cancer

(= = S

Depth of invasion

SM/MP/SS/SE 2/10/3/3

Table 2 Postoperative results after gastrectomy

Variables Mean (range)

Operation time (range) (min) 388 (324-566)

Blood loss (range) (ml) 45 (5-347)

Number of dissected lymph nodes 51 (41-105)
Postoperative hospitalization 12 (8-25)

Water intake 3(14)

Food intake 4 (3-6)

CRP (POD1) 8.4 (2.7-13.5)

WBC (POD1) 12,000 (7,600-20,000)

(range 35-74 years). The median body mass index was
21.5 kg/m* (range 15.1-28.9 kg/m?). Two patients had a
clinical diagnosis of submucosal invasion, and these two
patients had clinically positive lymph nodes. The laparo-
scopic procedure was not converted to the conventional
open method in any patient.

Postoperative outcome

There was no operative mortality, and the pathological
margin was free from cancer cells in all patients. The mean
operation time was 388 min (range 324-566 min). The
mean volume of blood loss was 45 ml (range 5-347 ml).
The mean number of dissected lymph nodes was 51 (range
41-105). The mean postoperative duration of hospitaliza-
tion was 12 days (range 8-25 days) (Table 2). Six patients
(33.3 %) developed postoperative complications (one each
with atelectasis, ileus, grade B POPF, intra-abdominal
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Table 3 Postoperative compli-

Case Grade
cations according to the Cla-
vien-Dindo Classification Atelectasis 1 I
Ileus 1 11
POPF 1 11
Intraabdominal 1 II
infection

Chylous ascites 1 II

Postoperative 1 1IIb

POPF postoperative pancreatic bleeding

fistula

Table 4 Drain and serum amylase levels on postoperative days 1 and

3
Case Day 1 Day 3 POPF*
Serum Darin Serum Darin
aum aunmy aumy auny
1 105 1,202 58 370 A—-B°
2¢ 75 1,708 86 None
3 229 5,027 41 193 A
4 174 6,358 75 350 A
5 187 1,379 92 205 None
6 187 1,892 41 399 A
7 786 5,199 245 1,828 A
8 242 1,446 44 445 A
9 301 1,197 71 72 None
10 67 1,894 59 1,396 A
11 90 3,085 69 367 A
12 224 1,810 87 614 A
13 424 3,042 206 405 None
14 149 1,508 129 1,314 A
15 181 2,319 89 737 A
16 193 1,617 87 830 A
17 237 1,525 85 373 A
18 67 1,730 95 1,015 A

* POPF was diagnosed based on the amylase level on postoperative
day 3
® Case 1 was diagnosed as grade B POPF on postoperative day 7

¢ In case 2, drain was removed on postoperative day 2

infection, chylous ascites, and intra-abdominal infection)
(Table 3). The patient who developed postoperative
bleeding underwent a reoperation to achieve hemostasis.
We monitored the drain and serum amylase levels after the
operation. The mean d-amy level on POD 1 and 3 were
2,499 and 642 IU/], respectively (Table 4). Of the 18
patients, only one was diagnosed with grade B POPF on
POD 7 and successfully treated with antibiotics and
drainage. No patients developed a grade C POPF (Table 4).
The median follow-up time was 54.7 months. Five
(27.8 %) patients developed tumor recurrence [4 (22.2 %)
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Table 5 Long-term result of each patient

Case Age Sex Stage Prognosis (month, dead/
alive, recurrence)

1 57 F 1A 60, alive

2 59 M 1A 78, alive

3 52 F 1A 61, alive

4 63 F 1B 37, alive

5 70 M A 55, alive

6 35 M 1B 61, alive

7 66 M 1B 58, alive

8 40 M 1B 49, alive

9 69 M 1B 30, alive

10 64 F 1B 25, alive

11 58 F 1B 19, dead (peritoneum)

12 74 M 1A 61, alive

13 71 M 1A 57, alive

14 62 M 1A 51, alive (liver)

15 56 M IIIA 9, dead (peritoneum)

16 71 M 111B 54, alive

17 38 F v 27, dead (peritoneum)

18 39 F v 57, dead (peritoneum)

peritoneal recurrence, 1 (5.6 %) liver recurrence]. There
were no cases of locoregional or lymphatic recurrence.
Two of the five patients with recurrent tumors had already
been diagnosed with stage IV disease at the time of the
operation based on positive peritoneal lavage cytology
results. The overall 3- and 5-year survival rates were 83.0
and 72.6 %, respectively (Table 5).

Discussion

We herein report the technical feasibility, safety, and short-
and long-term outcomes of LTG with splenectomy for
patients with gastric cancer. Although the effect of sple-
nectomy for lymph node dissection is still unclear, the
Japanese Gastric Cancer Association recommends simul-
taneous splenectomy for selected patients with advanced
gastric cancer. Therefore, we have been performing LTG
with splenectomy for patients with advanced gastric cancer
invading the greater curvature of the upper third of the
stomach, pancreatic parenchyma, or spleen. Patients with
positive lymph nodes along the distal splenic artery also
underwent LTG with splenectomy.

In our institution, the application of laparoscopic sur-
gery has been gradually expanded, and we now perform
gastrectomy laparoscopically for almost all cases of both
advanced and early gastric cancer. We consider it extre-
mely important to ensure the same quality of open surgery

in terms of necessary and sufficient nodal dissection and
the safety and efficiency of reconstruction.

In this study, we did not compare LTG with open total
gastrectomy (OTG) because of the different background of
the study period; for example, the introduction of a critical
pathway and the indications for neoadjuvant therapy are
quite different between LTG and OTG in our department.
Therefore, we evaluated recently published data regarding
OTG with splenectomy and found a postoperative mor-
bidity rate of 59.5 % [15]. Lee et al. [10] and Shinohara
et al. [11] reported complication rates of LTG with D2
lymph node dissection of 42.6 and 33.0 %, respectively.

Considering that combined splenectomy has been
reported to increase the postoperative complication rate
[16], LTG with splenectomy in our institution seems to be
technically safe and clinically feasible. In this study, there
were no locoregional or lymphatic recurrences. Although
four patients died of peritoneal recurrence after the oper-
ation, two of them already had stage IV disease at the time
of gastrectomy and lived 27 and 57 months each. One of
the other two patients with peritoneal recurrence showed
subserosal invasion (pT3), and the other showed serosal
invasion (pT4). We cannot completely deny the possibility
of peritoneal seeding of cancer cells during the operation.
However, Shinohara et al. [11] reported a peritoneal
recurrence rate of 50 % in OTG, and we consider this
outcome to be comparable from the viewpoint of onco-
logical safety.

Only one patient had a grade B POPF, and this was the
first patient to undergo LTG with splenectomy in our
institution. Maruyama et al. [17] stated that a couple of
caudal arteries were present at the end of the pancreas and
that the blood supply to the pancreas would be preserved
even when these arteries were ligated to allow for dissec-
tion of the lymph nodes along the splenic artery. However,
we consider that the blood supply is not sufficient after
ligating these arteries. Therefore, we usually preserve the
great pancreatic artery and two caudal artery branches that
we termed the proximal and distal caudal artery (Fig. 1D,
E, H). Nobuoka et al. [18] also stated that preservation of
the splenic artery, including the great pancreatic artery and
caudal pancreatic arteries, is one of the most important
factors to prevent POPF. The frequency of POPF greater
than grade B was lower than that in OTG in previous
studies, which reported the frequency of POPF greater than
grade B after total gastrectomy with or without splenec-
tomy to be 6.7-19.4 % [18-22]. Therefore, we consider
that the frequency of POPF in our study is very low.

The mean d-amy levels on POD 1 and 3 were 2,499 and
642 IU/, respectively. When compared with previously
reported results, the d-amy levels in the LTG group seem to
be comparable with those in the OTG group [21, 23]. The
d-amy level is reportedly a useful predictor of POPF, and a
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d-amy level of >1,000 IU/I is a risk factor for pancreas-
related complications [21, 23]. Therefore, the d-amy levels
in the LTG group in this analysis were low, and LTG with
splenectomy can be a safe method from the viewpoint of
pancreatic complications after TG.

In conclusion, although the number of patients was
limited and splenectomy for lymph node dissection to
improve survival of patients with gastric cancer is contro-
versial, we consider that LTG with splenectomy is tech-
nically and oncologically acceptable and can be expanded
for advanced gastric cancer. Preservation of the caudal
pancreatic vessels might reduce the incidence of POPF.
The indication for LTG with splenectomy can be expanded
for patients with gastric cancer, which requires complete
station #10 lymph node dissection.

Disclosures Drs. Nakata, Nagai, Ohuchida, Shimizu, and Tanaka
have no conflicts of interest of financial ties to disclose.
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