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Abstract

Objective To investigate the feasibility and safety of
laparoscopic spleen-preserving splenic hilum lymph nodes
(LNs) dissection for advanced proximal gastric cancer
using an omnibearing method.

Methods Between August 2013 and December 2014, 16
patients with advanced proximal gastric cancer treated in
Guangdong Province Hospital of Chinese Medicine, were
enrolled and subsequently underwent laparoscopic radical
total gastrectomy (TG) with spleen-preserving splenic hilum
LNs dissection. During dissecting Nos. 10 and 11 LNs, we
divided them into two parts, namely LNs anterosuperior and
posterior to the splenic vessel. The clinicopathological char-
acteristics, intraoperative outcomes and postoperative courses
were retrospectively collected and analyzed in the study.
Results Laparoscopic surgery was successfully completed
in all 16 patients without conversion to open surgery, and no
perioperative death occurred. The mean operating time was
328.75 + 46.96 min, and the mean estimated blood loss was
135.63 £ 62.07 ml. One patient experienced intraoperative
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bleeding due to the splenic vein injury which was success-
fully handled with laparoscopic vessel suturing, and one
postoperative pulmonary infection was recorded. The mean
time to first flatus was 3.56 £ 1.03 days with a mean
9.63 + 1.50 days of postoperative hospital stay. The mean
number of retrieved LNs was 28.31 £ 5.99, in which LNs
anterosuperior to splenic artery was 2.88 + 2.66 and LNs
posterior was 1.38 + 1.75.

Conclusion Laparoscopic TG with spleen-preserving
splenic hilum LNs dissection using an omnibearing method
for advanced proximal gastric cancer was safe and tech-
nically feasible in experienced hands. Further studies in
terms of its clinical significance are needed.

Keywords Laparoscopy - Gastric cancer - Total
gastrectomy - Spleen-preserving - Splenic hilum lymph
node dissection

Gastric cancer is one of the most prevalent digestive tract
malignancies. For advanced proximal gastric cancer, total
gastrectomy (TG) with D2 lymphadenectomy is the stan-
dard surgical therapy. Apparently, lymph nodes (LNs)
dissection along the splenic artery (No. 11) and the splenic
hilum (No. 10) is recommended by the Japanese Gastric
Cancer Treatment Guidelines [1]. Nevertheless, complete
removal of the No. 10 and No. 11d LNs is technically
challenging due to the tortuous splenic vessels and the high
possibility of injury to the parenchyma of the spleen and
pancreas. In the past decade, splenectomy with or without
distal pancreatectomy was usually performed to dissect
these special LNs, but high morbidity, terrible mortality
and no long-term benefits prevented its clinical application.

With the development of surgical concept and the
improvement of anatomical techniques, spleen-preserving
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No. 10 LN dissection has been gradually accepted as an
alternative approach. Recently, the application of mini-
mally invasive surgery for advanced gastric cancer is
gaining popularity [2, 3]. However, laparoscopic TG with
standard D2 lymphadenectomy was still not widely per-
formed, because intracorporeal Roux-en-Y esophagoje-
junostomy and pancreas- and spleen-preserving splenic
hilum LN dissection were mainly challenging manipula-
tions for laparoscopic surgeons. There were a few experi-
enced surgeons adopted the suprapancreatic approach to
perform spleen-preserving splenic hilum LN dissection,
while this method might not facilitate the dissection of LNs
posterior to the splenic hilum.

In our study, we describe our experience of laparoscopic
spleen-preserving splenic hilum LNs dissection for
advanced proximal gastric cancer with an omnibearing
method. Herein, the detail procedure and early results were
presented.

Materials and methods

Between August 2013 and December 2014, 16 patients with
proximal gastric cancer underwent laparoscopic TG with D2
lymphadenectomy at the Department of Gastrointestinal
Surgery, the Second Affiliated Hospital of Guangzhou
University of Chinese Medicine. The inclusion criteria were
as follows: Tumor was located in the proximal of the stomach
and was T2 to T4a in terms of depth of tumor invasion based
on preoperative examination. Patients with a distant metas-
tases or obvious involvement of the greater curvature and
apparent nodal metastasis in the splenic hilum or along the
splenic artery upon preoperative examination or/and intra-
operation were excluded from this study. All patients were
given details about the operative procedure and potential
risks before surgery and provided written informed consent.
This study protocol was approved by the ethics committee of
Guangdong Province Hospital of Chinese Medicine.

Surgical procedures

The regional LNs were numbered according to the Japanese
Classification of Gastric Carcinoma (JCGC) guidelines [4].
The procedure is carried out under general anesthesia
with endotracheal intubation. The patient lay on the table in
a supine position, with legs apart and 20° head-up tilt. The
surgeon stood on the patient’s left side, the assistant stood
on the patient’s right side, and the camera operator stood
between the patient’s legs. CO, pneumoperitoneum is
induced after insertion of the first 10-mm trocar at the level
of the umbilicus. Exploration of the abdominopelvic cavity
was conducted to exclude distant metastasis. Four other
working ports are inserted through the abdominal wall.

The gastrocolic ligament is divided along the border of
the transverse colon using ultrasonic shears toward the
pylorus. The right gastroepiploic vein and the right gas-
troepiploic artery were identified and ligated at its roots.
Soft tissues (Nos. 4d and 6) attached to the duodenum and
head of pancreas were dissected.

After overturning the gastric antrum cranially, the gas-
tropancreatic fold was exposed. After identified the gas-
troduodenal artery, which was usually located in the groove
between the duodenum and pancreatic head. The common
hepatic artery, the proper hepatic artery, celiac trunk,
splenic artery and the left gastric vessel were traced. The
right gastric artery was a small branch running from the
proper hepatic artery to the suprapylorus. By dissecting the
tissues around the celiac trunk and its branches, the station
numbers 12a, 8a, 9 and 7 were completely dissected from
right to left.

LNs Anterosuperior to splenic vessel dissection

The surgeon stands between the patient’s legs. The dis-
section field was turned to the left toward the inferior pole
of the spleen. The assistant gently overturned the stomach
cephalad and kept the splenocolic ligaments, gastrosplenic
ligaments under tension. The left gastroepiploic vessels are
skeletonized and clamped at their roots. And then, the
splenic artery and vein at the superior border of the pan-
creas would be exposed. The surgeon’s ultrasonic scalpel’s
non-functional face closes the surface of the splenic hilum
area. Starting closed to the inferior splenic pole, and con-
tinued in cephalad direction, the surgeon carefully pre-
served the terminal branches of the splenic vessels during
dissected the perivascular tissue. And then, the splenic
artery sheath was opened close to the pancreatic tail and
dissected from distal portion to proximal. The anterosu-
perior lymphatic fatty tissue of No. 11d and No. 10 were
dissected thoroughly (Fig. 1).
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Fig. 1 Dissection of LNs anterosuperior to splenic vessel (a artery)
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The duodenum was transected 2 cm distal to the pylorus
using an endoscopic linear stapler. The esophagus is tran-
sected using an endoscopic linear stapler. Then, the spec-
imen was extracted through the midline minilaparotomy
incision in the epigastrium.

LNs posterior to splenic vessel dissection

The surgeon turned to the patient’s right. By dissecting the
soft tissue between the retroperitoneum and the posterior
aspect of the pancreatic tail, the distal pancreas can be
mobilized (Fig. 2). After entering the retropancreatic
space, the splenic vein was identified in the confluence of
the veins splenic and inferior mesenteric. By opening the
artery sheath and skeletonizing the splenic artery and vein
from the proximal portion toward the distal portion, the
LNs posterior to splenic vessel could be removed. In this
procedure, the great pancreatic artery and the artery of
pancreatic tail should be saved. Finally, the LN No. 11 and
No. 10 were completely removed and all vessels in the
splenic hilum area were saved (Fig. 3).

Then, the LNs located in lesser gastric curvature were
dissection. A Roux-en-Y esophagojejunostomy were car-
ried out intracorporeally using a circular stapler. An end-to-
side jejunojejunostomy was performed.

Results

The clinicopathological characteristics, surgical outcomes
and postoperative courses of the patients are shown in
Table 1. There are 10 male and 6 female patients, with a
mean age of 61.25 £ 8.21 years. The mean body mass
index was 21.94 4 2.66 kg/m>.

Laparoscopic TG with spleen-preserving splenic hilum
dissection was successfully performed in all 16 patients
without conversion to open procedure, and no perioperative
death was recorded. One patient experienced intraoperative

Fig. 2 Retropancreatic space
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bleeding due to the splenic vein injury which was suc-
cessfully handled with vessel saturation, and one case of
postoperative pulmonary infection was cured by antibi-
otics. The mean operation time was 328.75 + 46.96 min,
and the mean estimated blood loss was 135.63 £ 62.07 ml.
The mean time to first flatus was 3.56 £ 1.03 days with a
mean 9.63 £ 1.50 days of postoperative hospital stay. The
mean tumor size was 3.74 & 1.33 cm. The mean number
of retrieved LNs was 28.31 £+ 5.99, in which LNs antero-
superior to splenic artery was 2.88 + 2.66 and LNs pos-
terior to splenic artery was 1.38 £ 1.75. Metastasis in LNs
anterosuperior to splenic vessel was recorded in two
patients (12.5 %), and one patient (6.25 %) occurred
metastasis in LNs posterior.

Discussion

With the development of minimally invasive technique and
instruments, laparoscopic distal gastrectomy for the distal
gastric cancer has become more popular. However, only a
few surgeons, who have acquired much experience in
laparoscopic gastrectomy, perform laparoscopic total gas-
trectomy with D2 lymphadenectomy, because of the
associated technical difficulties and concerns about splenic
hilum LNs dissection. Herein, we introduced an
omnibearing method to perform laparoscopic radical TG
with spleen-preserving splenic hilum LNs dissection and
our initial results were accepted.

In our study, the operation time was longer than other
similar reporters [5—8]. The reason may be that we did not
reach the platform of the learning curve. However, the
estimated blood loss, the number of dissected LNs and the
morbidity were satisfactory. Therefore, laparoscopic
spleen-preserving splenic hilum LNs dissection with
omnibearing method is technically feasible and safe. The
procedure should be performed by surgeons who are
experienced in open surgery and skilled in laparoscopic
surgical techniques. During dissecting Nos. 10 and 11 LNs,
we divided them into two parts, namely LNs anterosuperior
and posterior to the splenic vessel, and they were patho-
logically tested, respectively. Moreover, there was no
report about the clinical significance of dissection of LNs
posterior to splenic vessel.

Lymph node metastasis is an important factor in the
prognosis of gastric cancer. Sasada et al. [9] have reported
that station No. 10 LN metastasis was a significant factor
affecting the prognosis of gastric cancer. The dissection of
splenic hilum LNs in gastric cancer surgery is indispens-
able for treating advanced proximal gastric cancers. Tra-
ditionally, TG and pancreas-preserving splenectomy has
been recommended as a curative procedure for standard D2
dissection by some investigators [10—12]. However, many
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Fig. 3 Dissection of LNs posterior to splenic vessel (a artery, v vein)

Table 1 Patient characteristics and surgical outcomes

Variable Data
Number 16
Age, years (mean + SD) 61.25 + 8.21
Sex

Male 10

Female 6
BMI (kg/m?) 21.94 4+ 2.66
Tumor size 3.74 £ 133
Tumor depth

T2 2

T3 8

T4a 6
TNM stage

A 4

1IB 2

IITA 5

1IC 5
No. of retrieved LNs 28.31 + 5.99
No. of LNs anterosuperior to splenic vessel 2.88 + 2.66
No. of LNs posterior to splenic vessel 1.38 &+ 1.75

328.75 £ 46.96
135.63 £+ 62.07

Operation time, min (mean £ SD)
Estimated blood loss, ml (mean £+ SD)

Time to first flatus, days (mean + SD) 3.56 £ 1.03
Postoperative hospital stay, days (mean £ SD) 9.63 £ 1.50
Intraoperative complications 1
Splenic vein injury 1
Postoperative complication 1
Pulmonary infection 1

studies [13—17] have reported that TG with splenectomy
has a high morbidity and mortality compared with TG
alone, and has no benefit on patient survival. As an alter-
native, spleen-preserving splenic hilum LN dissection
might decrease postoperative morbidity without compro-
mising oncological principles.

Theoretically, the best option for a patient with
advanced gastric cancer requiring TG is to achieve D2 LN
dissection without splenectomy. However, spleen-preserv-
ing D2 LN dissection is not a simple technique, even under
open condition, because of the tortuous splenic vessels and
the high possibility of injury to the parenchyma of the
spleen and pancreas.

Laparoscopic techniques offers important advantages
when compared with open surgery for early gastric cancer:
reduced intraoperative blood loss, accelerated recovery,
earlier resumption of oral intake, earlier return to normal
bowel function, early discharge from hospital and lower
financial costs [2, 18, 19]. The same advantages have been
reported after laparoscopic subtotal gastrectomy for
advanced gastric cancers [20-22]. Hyung et al. [8] firstly
reported the application of laparoscopic spleen-preserving
No. 10 LN dissection during radical TG of proximal gastric
cancer. In recent years, some investigators [23-25] have
performed a D2 extended lymphadenectomy with pancreas
and spleen preservation during laparoscopic total gastrec-
tomy and showed some potential benefits.

The major difficulties of this laparoscopic procedure lie
in the wide variations in the distribution of the splenic
vessels and the shape of the pancreatic parenchyma among
patients. This variation may increase the possibility of
bleeding from branches of the splenic vessels and the
postoperative pancreatic fistula. The number of splenic
lobar vessels and the distance between pancreatic tail and
splenic hilum should be watched when dissecting the LNs
anterosuperior to splenic vessel. In general case, splenic
artery divided into terminal branches in the fold of
lienorenal ligament before entering into the splenic hilum.
Pandey et al. [26] reported that the number of terminal
branches was variable with two branches observed in 202
(63.1 %) cadavers, four branches in 60 (18.8 %), six
branches in 31 (9.7 %) and more than six branches in 18
(5.6 %) cadavers. The more number of branch of splenic
lobar artery, the more difficult of the dissection of splenic
hilum LNs would be. It is required to distinguish between
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fat tissue and pancreatic tissue carefully. Furthermore, in
our initial experience, the traction of splenic vessels using
an elastic band could make it easier and safer to dissect the
LNs around the splenic vessels. Surgeons who want to try
laparoscopic dissection for splenic hilum LNs should
consider the various methods available, such as a left
approach [5] or a medial approach [8].

The dissection of posterior LNs of No. 11 and No. 10
was more difficult than anterosuperior side. The retropan-
creatic space was narrow, and the pancreas cannot be
grasped, making it difficult to complete the dissection
thoroughly. The use of suction/irrigation tube is our strat-
egy. When the pancreas was pulled up toward the upper
left with the aspirator, the splenic vessels will be visible.
Open the artery sheath and skeletonize the splenic vessel
from the proximal portion toward the distal portion with
the harmonic scalpel. During the procedure, keep the sur-
gery field clear with the suction/irrigation tubes’ function
of electrocoagulation and attraction. Furthermore, always
keep ultrasonic scalpel’s non-functional face closes the
surface of the tissue. It is an efficient way to prevent
injuring the splenic vessels and parenchyma of the spleen
and pancreas. Furthermore, complete removal of the sple-
nic LNs, part of which is located behind the pancreas, is
easier by our approach than by an approach from the
anterior side.

Part of No. 10 and No. 11 LNs was located behind the
pancreas. It is easy to completely remove these LNs with
our approach. The posterior LNs of No. 10 and No. 11 were
dissected and tested alone. Studies revealed that the fre-
quency of LN metastasis to No. 10 in proximal gastric
cancer was 9-20.9 % [9, 27-29]. In our study, two out of
16 patients had splenic hilum LN metastasis (12.5 %).
Only one out of 16 patients had posterior LNs of No. 11
and No. 10 metastasis (6.25 %). There were no study about
the significance of posterior LNs of No. 11 and No. 10
metastasis. The future study of the significance of posterior
LNs of No. 11 and No. 10 metastasis is needed.

Our retrospective study had several limitations, includ-
ing relatively small sample size and did not report the long-
term oncology outcomes. However, surgeons who try to
conduct similar laparoscopic surgery can refer to our
detailed procedure.

In conclusion, our initial results suggested that, in
experienced hands, laparoscopic radical TG with spleen-
preserving splenic hilum LNs dissection for proximal
advanced gastric cancer with an omnibearing method is
safe and technically feasible.
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