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Resection of gastric carcinoma with preservation
of pancreas and clearance of lymph nodes along
splenic artery: theory, technique and results
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INTRODUCTION

Cancers of whole gastric stomach, cardia, and gas-
tric corpus often metastasize to splenic hylus and
lymph nodes along the splenic artery™. There is
ample statistical evidence to support the routine
clearance of the lymph nodes along the splenic
artery in cases of cancersin whole stomach, gastric
corpus, cardia, and in certain invasive cancers in
gastric antrum. Beginning from the mid 1940s,
many surgeons adopted the procedure of resection of
the spleen together with pancreatic body and tail in
order to clear the lymph nodes of splenic hylus and
along the splenic artery (pancreatic resection proce-
dure). However, combined resection procedure ca-
rries the disadvantage of increased operative compli-
cation and mortality, and reduction of pancreatic
function, especialy in insulin output, hence in-
creasing the incidence or aggravating diabetes melli-
tus. Based on the data and rationale of all those
mentioned above, we began in 1968 our research on
the operative procedure for gastric cancer, with
preservation of pancreatic parenchyma with clear-
ance of lymph nodes aong the splenic artery (pan-
creatic preservation procedure)?.

MATERIALS AND METHODS

Theoretical grounds of pancreatic preservation
The lymph flow from the ssomach does not enter in-
to the pancreas. By injecting 2ml of methylene blue
into the gastric cardia or corpus subserous space dur-
ing operation, we observed the direction of gastric
lymph flow in 54 cases. The direction of cardia
lymph flow could be judged from the flow direction
during operation and from anatomic examination of
lymph nodes specimens. (U The direction of the
lymph flow from the gastric cardia is ascending to-
ward mediastinal lymph nodes along the esophagea
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wall. @ Lymph from the lesser curvature flows to-
ward the left gastric artery and then into lymph
nodes along the cdliac artery. 3 Lymph flowing &
long the short gastric arteries is running away from
the greater curvature, and drains into lymph nodes
of splenic hylus, then out along the splenic artery
and findly to lymph nodes along the celiac artery.
@ Lymph from the posterior gastric wall along the
post-gastric artery flows to retroperitoneal space
and then into the lymph nodes along the splenic
artery at the upper border of pancreass. & Lymph
flowing along esophagocardiac branch of left subdi-
aphragmatic artery comes from the left side of gas-
tric cardia, and drains to the para-aortic lymph
nodes. The direction of lymph flow from the upper
gastric corpus, besides being the same as that from
cardia, may enter into lymph nodes of the splenic
hylus and along the splenic artery viathe left gas-
troepiploic artery and its lymph nodes, and finally
accumulate into lymph nodes along the celiac
artery. Not a single case was found with lymphatic
flow entering into pancreatic parenchyma.

It isinfrequent for cancers from gastric cardia,
gastric corpus, and whole stomach to invade pan-
cress itsdf. During the period from 1968 to 1986, in
our hospital 439 cases of cancers in gastric cardia,
gastric corpus, and whole stomach could be resect-
ed, of which 25 (5.7%) cases were found invading
into the pancreas. From examination of the resected
specimens of pancreatic body and tail in 22 cases,
we found that direct invasion of gastric cancer to
pancreatic parenchyma and capsule occurred in only
6 cases, with no metastasis to lymph nodes. This re-
sult is in agreement with the conclusion of the re-
search on gastric lymphatic flow.

No necrosis of pancreatic body and tail oc-
curred after resection of splenic artery and vein.
The pancreatic body and tail is vascularized by pan-
credtic transverse artery, splenic artery, great pan-
creatic artery and pancreatic tail artery. The pan-
creatic transverse artery is the left branch of pancre-
atic dorsal artery. The splenic artery arises from the
celiac artery and gives off 2-10 arterioles supplying
the pancreas, one of which is called greater pancre-
atic artery, located between the middle and distal
thirds of the pancreas. The right branch anastomose
with branches from pancresatic transverse artery and
the splenic artery and a left branch anastomoses
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with artery of the pancreatic tail. The artery of the
pancrestic tail arises from the distant 1/3 of splenic
artery or from the left gastroepiploic artery. The
pancreas has an abundant venous anastomosis, with
the veins mainly accompanying synonymous arter-
ies. There are 3-13 veins from the pancreatic body
and tails (average 7). They drain into the splenic
vein, more often into the upper mesenteric vein and
upper part of the inferior mesenteric vein or left
gastroepiploic vein. There is usually a vein which
accompanies the inferior pancreatic artery and
drains into the upper mesenteric vein, someti mes in-
to the inferior mesenteric vein or the splenic
vein®. Since about 40% of the pancreatic dorsal
artery arises from the first part of the splenic
artery, it is enough to resect the splenic artery at
the distal end of the pancreatic dorsal artery. The
pancreatic body and tail may be supplied by the | eft
branch of the dorsal pancreatic artery, i.e., the
transverse pancreatic artery. After resection of
splenic vein, the pancreatic body and tail canbe
drained by transverse pancreatic vein and collateral
vein with surrounding tissues several days after op-
eration, therefore necrosis of pancreatic body and
tail will not occur.

Procedure for preservation of pancreatic
parenchyma with resection of the splenic
artery and vein and pancreatic capsule with
surrounding lymphatic and neural connective
tissues

We first resected the omentum with concomitant
freeing of the transverse mesocolon to the lower
border of pancreas. After clearance of the capsule
in front of the pancreas from the lower pancrestic
border, the spleno-renal ligment was then resected
up to gastric fundus and the left side of the cardia.
After lifting up the spleen, we freed the pancreatic
body and tail along the retroperitoneal space, and
cleared the lymph nodes along the common hepatic
artery, celaic artery and the root of left gastric
artery together with the attached fatty and connec-
tive tissues. After the roots of the left gadtric artery
and the splenic artery were exposed, these arteries
were separated and ligated. If the pancreatic dorsal
artery arised from the first part of the splenic
artery, one should ligate the splenic artery to the
left of the dorsal artery, or when it arised from oth-
er arteries at the root of the splenic artery. After
the operator changed his position to the left side of
the patient, the assistant lifted the spleen and pan-
creatic body and tail out of the incision and turned
them to the right side. After incising the splenic
vein sheath, the splenic vein was exposed and re-
sected at the left of the entrance of the inferior
mesenteric vein. With dight traction of the severed
ends of the splenic artery and vein, the vascular

branches which arose from the splenic artery and
entered into the pancreatic parenchyma, the most
important of which were the great pancreatic artery
and artery of the pancreatic tail, should be freed
and ligated. Concomitantly, we resected severd ve-
nous tributaries arising from the pancreatic
parenchyma and draining into the splenic vein. In
the end, we freed completely the pancreatic body
and tail, the splenic artery and vein, the pancreatic
capsule and surrounding lymphatic, fatty, nerve and
connectivetissues.

By adopting the procedure described above, we
found the operation expedient and with less possibil-
ity of injuring the pancreeatic dorsal artery and infe-
rior mesenteric vein. The lymph nodes and connec-
tive tissue were cleared in front of distal splenic ves-
s and a the periphery from the branch of the dis-
tal splenic artery and vein to the root of splenic ves
sels and finaly the pancreatic capude and splenic
artery and vein surrounding lymphatic, fatty, neu-
ral and connective tissues were freed from the pan-
creatic body and tail. The other operative procedure
was the same as the radical operation for gastric
cancer.

RESULTS

Comparison of lymph node metastasis be-
tween two different operation groups

From 1968 to 1992, we performed radical resection
of gastric carcinoma by two different techniques, on
216 cases with preservation of pancreas and clear-
ance of lymph nodes aong the trunk of splenic
artery and 30 cases with resection of pancreas. The
metastasis rates of lymph nodes in splenic hylus and
those along the trunk of splenic artery were 20.8%
(45/216) and 25% (54/216) in the first group, and
20% (6/30) and 23.3% (7/30) in the second
group. There was no sig nificant difference statisti-
cadly (P>0.05).

Comparison of postoperative complication,
mortality and survival rates

In the first operation group (preservation of pan-
cress), the postoperative complications occurred in
9 (4.2%), diabetes mdllitus in 2 (0.9%) and death
in 2 (0.9%); and in the second operation group in
12 (40%) diabetes mdlitus in 3 (10%) and death in
1 (3.3%). The 5-year surviva rates were 57% and
36% and 10-year survival rates were 47% and 30%,
respectively. There was significant statis tical differ-
ence (P<0.05) between the two in the incidence of
complication, but no marked difference in the mor-
taity rate.

DISCUSSION
The severe organic deficiency caused by expanded
resection of gastric cancer has been of great concern
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in recent years. It is a subject of dispute among sur-
geons that after clearance of lymph nodes along the
splenic artery, whether one should adopt the proce-
dure of pancreatic body and tail preservation or re-
section. After 20 years' research on this subject, we
think that pancreatic preservation conforms better
to the rationale of radical gastric cancer resection.
The reasons are: (U The results of our research on
lymphatic flow of gastric cardia and corpus indicat-
ed that the direction of the lymphatic flow from
those area is dong the upper border of the pancreas
and the splenic artery, draining to relevant lymph
nodes, but not into pancreatic parenchyma
Maruyama® found no case with gastric lymphatic
flow entering into pancreetic parenchyma with pre-
operative gastroscopic photography after injection
of opague medium into inferior posterior wall of
gastric cardia and upper part of gastric corpus and
photography of specimens 1 to 5 days later and by
injecting dye into gastric subserous space during op-
eration. @ By serial sections of autopsy material of
gastric cancer and pancreatic body and tail resected
together with gastric cancer, Maruyama® found
that only a small part of gastric cancer lesion invad-
ed pancreas directly from the serous surface without
any intrapancreatic lymphatic metastasis. We got
the same conclusion from pathol ogic examination of
resected pancreatic body and tail. 3 Maruyama?®
adopted the procedure of pancreatic preservation
with clearance of lymph nodes along the splenic
artery in 76 cases after 1976, with an operative mor-
tality of 1.1%. Various common complications oc-
curred in 25% cases, and pancreatic complication in
6.5%, but not a single case of diabetes mellitus oc-
curred postoperatively. During the same period,
Maruyama adopted pancreatic resection procedure
in 58 cases and common complications occurred in
59.2% and pancreatic complications in 25%, and
postoperative diabetes mellitus in 9.2%, and the
operative mortality was 2.6%. In our group of 216
cases, postoperative complication occurred in
4.2%, the mortality rate being 0.9%, and the post-
operative diabetes mellitus was found in 0.9%. In
30 cases with resection of pancreas, the postopera-
tive complication occurred in 40%, and the postop-
erative mortality being 3.3%, postoperative dia-
betes mellitus in 10%. The incidence of postopera-

tive complications and diabetes mellitus of pancreat-
ic preservation adopted by our group and Maruyama
were lower than those applying procedures with
pancreatic resection (P<0.05-0.001). The post-
operative survival rates after pancreatic preservation
operation by our group and Kinoshita, Maruyama®
were higher than those applying pancreatic resection
procedure 4. The lymph nodes of splenic hylus and
aong the splenic artery can be completely removed
by pancreatic preservation procedure with resection
of spleen, splenic artery and vein, pancreatic cap-
sule, and surrounding lymphatic tissues to gether
with the fatty, nerve and connective tissues.
Maruyama® first cleared the lymph nodes along the
splenic artery with preservation of pancreatic
parenchyma, then resected the pancreas and the
specimens were examined histologically. The result
showed that on lymph nodes were left. In summary,
the procedure with pancreatic preservation has ad-
vantages of easy performance, complete clearance
of lymph nodes along the splenic artery, and low in-
cidence of common postoperative complications and
diabetes mellitus, and the 5-year survival rates being
higher than that with pancreatic resection.
Theindications for pancreatic preservation pro-
cedure are cancers from gastric cardia, corpus,
whole stomach and certain cases with cancer from
gastric antrum requiring clearance of lymph nodes
along the splenic artery. Patients with preoperative
diabetes mellitus or diabetic tendency are indicated
absolutely for this procedure. If, however, the can-
cerous leson or metastatic lymph nodes have invad-
ed the pancreas parenchyma and Borrmann 4 type

carcinoma, the combined resection procedure

should be adopted.
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