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Abstract: For advanced proximal gastric cancer, total gastrectomy with D2 lymphadenectomy is the
standard surgical therapy containing splenic hilum lymph nodes (LNs) dissection. However, laparoscopic
spleen-preserving complete splenic hilum LNs dissection for advanced proximal gastric cancer is technically
challenging. Herein, we introduced an omnibearing method for laparoscopic spleen-preserving complete
splenic hilar lymphadenectomy in racial total gastrectomy. The order of lymphadenectomy was No. 4d and 6
LNs-No. 12a, 8a, 9 and 7 LNs-No. 1, 3 and 5 LNs-No. 4sb, 4sa and 2 LNs-No. 10 and 11 (anterosuperior)
LNs-No. 10 and 11 (posterior) LNs. During dissecting No. 10 and 11 LNs, we divided them into two parts,
namely LNs anterosuperior and posterior to the splenic vessel. Laparoscopic total gastrectomy with spleen-
preserving splenic hilum LNs dissection using an omnibearing method for advanced proximal gastric cancer
was safe and technically feasible in experienced hands. Further studies in terms of its clinical significance are
needed.
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Introduction in the 3™ version of Japanese gastric cancer treatment

guidelines for advanced middle and upper gastric cancer (2).

With the improvement of minimally invasive technique and .
P v q Nevertheless, because of the deep location of spleen,

its potential minimally invasive advantages, laparoscopic P . . .
p y §¢s, 1ap p circuitous splenic vessels and easy splenic and pancreatic

radical distal gastrectomy is more and more popular, parenchyma damage, complete removal of the LN along

especially in East Asia. The short-term outcomes of splenic artery and splenic hilum is technically demanding.

CLASS-01 trial were encouraging and demonstrated the
safety and feasibility of laparoscopic distal gastrectomy for
advanced gastric cancer (1). Total gastrectomy with standard
D2 lymph nodes (LNs) dissection including LNs along
splenic artery and splenic hilum dissection is recommended
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In last century, splenectomy with partial pancreatectomy
was recommended to remove these regional LNs, but it
resulted in terrible complication and death rate and there
were no survival benefits. As a consequence, the clinical
significance of this procedure was controversial.
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Spleen-preserving splenic hilum lymphadenectomy has
been gradually accepted because of the advancement of
anatomical comprehension and the improvement of surgical
techniques (3). Nevertheless, laparoscopic total gastrectomy
with D2 lymphadenectomy was yet not widely performed
due to the technical difficulty of spleen- and pancreas-
preserving splenic hilum lymphadenectomy and totally
laparoscopic Roux-en-Y esophagojejunostomy. Herein, we
present our technical characteristics and initial experience
of laparoscopic radical total gastrectomy with spleen-
preserving complete splenic hilum lymphadenectomy for
advanced gastric cancer.

Patient selection

The inclusion criteria of present study were described
as follows: primary gastric adenocarcinoma confirmed
pathologically by endoscopic biopsy; tumor was located in
the upper and middle third of stomach; preoperative TNM
stage was T1-4aN0-3MO according to 7th Edition AJCC
Cancer Staging Manual based on computer tomography and
endoscopic ultrasonography. Patients proved with distant
metastases or obvious invading of adjacent organ based
on preoperative computer tomography or intraoperative
exploration were not suitable for this procedure. An
informed consent about the potentially surgical risks and
the technical details of operation was provided for every
patient. The protocol of this procedure obtained the
approval from Guangdong Provincial Hospital of Chinese
Medicine Ethics Committee.

Pre-operative preparation

Pre-operative preparation was performed according to the
concept of fast track surgery. No normal bowel preparation
was used and patients were fasting one night before
operation. Intravenous antibiotics were infused 30 minutes
before operation.

Equipment preference

Operative equipment contain: HD camera and display
system, pneumoperitoneum machine, laparoscopic standard
instruments, ultrasonic scalpel, circular stapler, linear
stapler and other conventional surgical instruments.

Surgical technique

The local LN in this procedure were defined as the 3™
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edition of Japanese Classification of Gastric Carcinoma (4).

After general anesthesia, patient was placed in a supine
position with legs apart and 20° head-up tilt. A standard
method of five trocars was used (5). The dominant surgeon
stood at the left side of patient with the assistant at the
right side and the camera holder between the legs. The
CO, pneumoperitoneum was established and maintained
at a pressure of 12 to 15 mmHg. The procedure was
performed as our previous study (5). While performing No.
10 and 11 LNs dissection, these special LNs were divided
into two parts, namely anterosuperior LNs and posterior
LNs according to the position relationship with splenic
vessels (6). Before operation, the intraperitoneal exploration
was performed to examine the primary tumor and know if
there were distant metastases.

The gastrocolic ligament was dissected firstly at the
left part and divided from left to right until to the inferior
region of pylorus. Then the pedicle of right gastroepiploic
artery and vein were exposed and ligated with the
infrapyloric fatty tissue removed. And the No. 4d and No. 6
LNs were dissected.

The plica gastropancreatica was exposed through over-
turning the body of the stomach cranially and ventrally
by the assistant surgeon. With the introduction of right
gastroepiploic artery, the gastroduodenal artery was
indentified. Along the pathway of the gastroduodenal artery,
the supra-pancreas area was exposed and the proper hepatic
artery and common hepatic artery were traced with the left
gastric vessel and splenic artery indentified. These primary
vessels were ligated at roots and the fatty tissue along
them was removed as well as the tissue along the celiac
trunk. As a consequence, No. 7, 8a, 9 and 12a LNs were
completely removed. Then, the duodenohepatic ligament
and gastrohepatic ligament were dissected and the No. 1, 3
and 5 LNs along the lesser gastric curvature were removed.

Anterosuperior No. 10 and 11 LNs dissection

The location of the surgeons was adjusted. The dominant
surgeon stood between legs and the camera holder stood at
beside the patient’s right leg. The camera view was focused
on the inferior pole of spleen. The greater curvature of the
stomach was overturned cranially and ventrally to make the
gastrosplenic ligament under an appropriate tension. The
left gastroepiploic vessels and short gastroepiploic vessels
were exposed and ligated at root with No. 4sb and 4sa LNs
dissection. Along the left gastroepiploic vessels, the splenic
vessels and the superior border of pancreas were exposed.
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Figure 1 Dissection of LNs anterosuperior to splenic vessel. LN,

lymph node; v, vein.

Figure 2 Retropancreatic space.

Figure 3 Dissection of LNs posterior to splenic vessel. LN, lymph

node; a, artery; v, vein.

The sheath of the splenic artery trunk was dissected. Then
the tissue anterosuperior to the splenic vessel and splenic
hilum was removed along the pancreatic tail from the vessel
trunk to its terminal branches with the posterior gastric
vessels ligation. The anterosuperior No. 11 and 10 LNs
were completely dissected (Figure I).
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After anterosuperior No. 10 and 11 LNs dissection, the
linear staplers were used to transect the duodenum 2 cm
distal to the pylorus and the esophagus with adequate tumor
free margin. Then the specimen extraction was performed
with a midline mini-incision.

Posterior No. 10 and 11 LNs dissection

After specimen extraction, the pneumoperitoneum was
rebuilt and the dominant surgeon exchanged to the right
side. The distal pancreas was completely mobilized by
separating the fascia between the retroperitoneum and
the pancreatic tail (Figure 2) (5). After exposing the retro-
pancreatic space, the posterior paries of splenic vein was
exactly identified. The soft tissue between splenic vein and
artery and the LNs posterior to the splenic vessels was
completely removed by skeletonizing the splenic vessels
with the great pancreatic artery and the pancreatic tail
artery preserved. At last, posterior No. 10 and 11 LNs were
dissected with all splenic vessel branches saved (Figure 3).
After laparoscopic radical total gastrectomy with spleen-
preserving complete splenic hilum lymphadenectomy,
totally laparoscopic Roux-en-Y esophagojejunostomy was
performed with circular stapler and the jejunojejunostomy
was carried out in a side-to-side fashion using linear stapler.

Role of team members

Our multi-disciplinary team consisted of surgeons,
iconography doctors, anesthetists, physicians of oncology,
nurses, pathologists and other allied health professionals.
The pre-operative examination and evaluation were
performed by surgeons and iconography doctors. The
specimen evaluation was performed by surgeons and
pathologists. Peri-operative nursing care and management
was performed by nurses and surgeons. Postoperative
adjuvant chemotherapy was performed by physicians of
oncology if necessary.

Post-operative management

Post-operative management was performed according to the
concept of fast track surgery. One more time of intravenous
antibiotics was performed within 24 hours after operation.
The gastric tube and urinary catheter were removed on the
first post-operative day and liquid diet was beginning at the
same time. Ambulation as early as possible was advocated.
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Tips, tricks and pitfalls

Laparoscopic total gastrectomy for advanced gastric
cancer still confronted with many controversies,
including morbidity, adequate tumor margin, standard
lymphadenectomy and long-term survival, especially
complete peri-splenic hilum (containing No. 10 and 11d)
LNs dissection for advanced proximal tumor. Due to the
technical difficulties in complete removal of peri-splenic
hilum LNs, only a fewer surgeons in East Asian, such as
China, Korea and Japan, focused on laparoscopic radical
total gastrectomy with spleen-preserving complete splenic
hilum lymphadenectomy.

As the characteristics of laparoscopic technique,
laparoscopic splenic hilum lymphadenectomy has its
technical difficulty, but also has its special advantages. In
laparoscopic gastrectomy, only four work ports were used,
so the traction is lacking and the exposure is poor. It is
easy to affect the operation and increases the unexpected
injury rate to splenic vessel, parenchyma of the pancreas
and spleen. However, minimally invasive surgery has a
valid magnifying effection. When performing laparoscopic
lymphadenectomy along peri-splenic area, surgeons can
clearly identify all various branches of the splenic vessels, as
well terminal branches, so that they can effectively reduce
the accident of vascular injury as well as reducing the rate of
damage to the pancreas and spleen.

In our initial experience, the postoperative outcomes
showed that the mean operative time was slightly longer
than other relative studies (7-9). One of the reasons may
be that the small sample of our series study and we have
not crossed over the learning curve and another one reason
may be our more complete removal of the splenic hilum
LNs compared with other studies. However, the other
short-term outcomes containing blood loss, number of
LNs harvested and rate of postoperative complication were
satisfactory. Therefore, laparoscopic spleen-preserving
complete peri-splenic hilum lymphadenectomy was safe and
technically feasible.

When No. 10 and 11 LNs dissected, the anterosuperior
and posterior portions of No. 10 and 11 LNs were dissected
respectively. After the left gastroepiploic vessels and short
gastroepiploic vessels were ligated at roots, the splenic
artery and vein were exposed and identified. No. 10 and
No. 11 anterosuperior LNs were dissected from the splenic
vessel primary trunk to its branches with the introduction of
the splenic vessel.

Compared with the anterosuperior LNs dissection, the
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posterior LNs dissection was more difficult and technically
demanding. The retropancreatic space was deep and
narrow and the pancreas could not be easily grasped make it
difficult to achieve completely removal of these special LNs.
Our strategy was separating the retropancreatic space with
priority and using the suction/irrigation tube for traction.
And the posterior parietes of splenic vessel were completely
exposed so that we could easily remove the posterior LNs.
Opening the sheath of splenic artery and skeletonizing the
spleni vessel from the primary trunk to its branches, the soft
tissue along splenic vessels could be dissected by entering
vascular intrathecal space. During operation, surgeons
must keep visual field clear with the irrigation and suction
technique and the small bleeding trauma could be handled
with electrocoagulation and attraction.

In laparoscopic splenic hilum lymphadenectomy, skilled
master of the ultrasonic scalpel was very important. When
dissection, the non-functional face should be near to the
key structures, which is an effective way to avoid damaging
the pancreas, spleen and splenic vessels. Because of the
tortuous splenic vessel, exposure of the splenic hilum area
was difficult. We used an elastic band for traction which
made lymphadenectomy safer and easier. In our series, one
case of intro-operative splenic vessel injury was occurred
and handled with laparoscopic vessel suture technique
successfully. When unexpected bleeding occurred,
surgeons must stay calm and keep the operative field clear
using aspirator and skillful laparoscopic suture and knot
tying technique were necessary. In addition, operative
team building is important for this difficult laparoscopic
operation.

In this laparoscopic procedure, surgeons must well
understand the complex variations of splenic vessels trunk
and its branches and different pancreatic parenchyma and
shape. These variations might increase the injury rate of
splenic vessels and the possibility of unexpected pancreatic
fistula. The distance from the tail of pancreas to spleen
and the difference of splenic lobar vessels must be carefully
identified when performing splenic hilum LNs dissection.
Generally, splenic artery was divided into several branches
at the lienorenal ligament. Some scholars explored the
different anatomical variations of the splenic artery and
its clinical implications in 320 cadavers (10). They clearly
suggested that there was variation in terminal distribution
pattern of the splenic artery. In 9 (2.8%) cadavers, the
splenic artery passed through the splenic hilum without
diving. The splenic artery divided into terminal branches
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in 311 (97%) cadavers, containing two terminal branches
(63.1%), the most common fashion followed by four
branches (18.8%), six branches (9.7%) and more than six
branches (5.6%). Apparently, the more terminal branches
the splenic artery divided into, the more demanding of
splenic hilum lymphadenectomy might be. To identify
the fat tissue or pancreatic tissue carefully was also very
significant.

There were portion of No. 10 and No. 11 LNs deeply
behind the pancreas. By separating retro-pancreatic space,
complete removal of these LNs was simple and easy. In our
series, the posterior portion of No. 10 and 11 LNs were
dissected and examined alone. Several previous reports have
demonstrated that the metastasis rate of No. 10 LNs was
9-20.9% in proximal gastric cancer (11-14). However, there
were still no study about the metastasis rate of posterior
portion of No. 10 and 11 LNs. Therefore, future studies
about the metastasis rate and its clinical significance of these
special LN dissection are needed (6).

In conclusion, for skilled laparoscopic surgeon,
laparoscopic total gastrectomy and D2 lymphadenectomy
with spleen-preserving complete splenic hilum LNs
dissection is safe and technically feasible.
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