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THE STANDARD D2 GASTRECTOMY
FOR ADVANCED GASTRIC CANCER

M. Degiuli, A. Vendrome, S. Muzio, M. Susuko, K. Maruyoma

During the last decade the developments of gas-
tric surgery have been focused on the technical vi-
ability and the oncological meaning of D2 nodal
dissection. Two recent randomised trials, one from
the Netherlands' and the other one from England?,
have showed a significantly higher rate of compli-
cations after D2 gastrectomy as compared to the
standard D1 dissection, without highlighting main
survival benefits. The Iralian Gastric Cancer Study
Group (IGCSG)? one arm — phase two multicentre
prospective trial on D2 node dissection has docu-
mented, for the first time, mortality and morbidicy
rates comparable to those shown by eastern authors
also in western partients. Moreover, preliminary re-
sults of the new IGCSG randomised trial on D2
versus D1 gastrectomy, have documented thar the
D2 gastrectomy can be a feasible and safe proce-
dure also in western world, with low morbidity
and morality rates as compared to the classic D1
dissection, whenever it is performed in specialised
high-volume centers by well trained surgeons, and
if the pancreas is preserved during roral gastrecro-
my requiring splenectomy. Interim analysis of this
series has also shown a survival benefit for advanced
cancers (T2-T3 and/or node positive patients)
treated by D2 nodal dissection as compared ro D1
procedure.

Most of the research on gastric cancer trearment
is based on the evidence thar while it is clear that
gastric cancer develops distant metastasis rather sel-
dom until the primary rumor becomes a T3 tumor,
on the other hand the incidence of lymph node
metastasis is already evident in early stages of the
disease; in National Cancer Center Hospiral series
(1972-1991) lymph node metastasis is evident in
63% of T2 cancers! (Tab. 16-1)*.

Therefore, local control of lymph node metas-
tases through extended and super-extended node
dissection during gastrectomy appears essential in
order to cure the disease; it has been proved to pre-
vent the metastatic spread of the disease, avoid the
abdominal relapse and improve patient’s survival.

I SURGICAL TECNIQUE
[ Extent of resection: distal or total gastrectomy?

Nowadays, after a long debate concerning the
indications to total gastrectomy (TG) de principe’s,
most reference centres involved in the surgical
trearment of gastric cancer have agreed thar, ac-
cording to the principles of the Japanese Research
Society for the Study of Gastric Cancer, the indi-
cation to a subroral (distal) or a total gastrectomy
should depend on the site of the gastric cancer and
on its macroscopic appearance, detected through
the preoperative assessment (Borrmann's Type, Fig.
16.1). Following the criteria firstly described by the
JRSGC and then assumed by the Italian Gastric
Cancer Association (IGCA), a subtotal dissection is
oncologically adequare when the proximal edge of
the tumour is further than 3 cm from the cardia in
case of early gastric cancer and well-circumscribed
advanced gastric cancer (Bormann’s type 1 and 2)
or further than 6 cm in case of advanced gastric
cancer of infiltrative type (Bormann’s type 3). On
the opposite, a total gastrectomy is required when-
ever those conditions are not respected or in case of
linitis plastica (Borrmann's type 4), even if it seems
mainly located in the lower gastric area. A total
gastrectomy is also necessary in case of tumours lo-
cated close to the greater curvature and above the
Demel’s point (watershed), because of the specific
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Table 16-1. - Incidence of nodal, hepatic, and peritoneal metastases in % (A) and patholegic
N-stage distribution (B) according to the tumor depth among 4683 patients who underwent
laparoctomy at NCCH in Tokyo between 1972 and 1991 (mm: mucosal and muscolaris mucosa;
sm: submucosal; mp: muscolaris propria; ss: subserosal; se: serosal; si: surrounding organ in-
vasion. Reproduced with permission of the author from Sasako*.

A
Depth Lymph node Liver Peritoneum No. of patients
T1 mm 3.3 0.0 0.0 1,063
T1 sm V7.5 0.1 0.0 881
12 mp 46.8 1.1 0.5 436
T2 ss 63.7 3.4 2.2 325
13 se 79.9 6.3 17.8 1,232
T4 si 898 15.5 41.6 724
Total 47.7 4.5 1].5 4,683
B
Depth NO NI N2 N3 N4
T1 mm Q6.7 2.2 1.1 0.0 0.0
T1 sm B2.5 12.2 4.9 0.3 0.1
T2 mp 53.0 270 168 1.8 1.4
T2 55 36.3 20.8 258 2.9 5.5
13 se 19.5 24.4 40.1 6.9 Q.2
T4 si 7.8 11.6 33.6 21.7 25.2
Tolal SV 15.7 20.3 5.5 6.8
_/—\— Type 1
Type 01 Protuded type
Superficial
TypeOlla —— " ~—— clevated type Type 2
Type 0 I ————— Flat type
Type 0 llc Superficial Type 3
depressed type
Type0lll — #—— Excavated type Bile . ., o=
A B Type 4 .?flnﬁ.?}'ﬂ;q:.mu
T e ™ —

Fig. 16.1 - A) Sublypes of fype O of Bormann’s Classification: |: Protruded type; lla: Superficial elevated type; llb: Flat type; llc
Superlicial depressed type; Ill: Excavated type. B] Type 1: Polypoid fumors, shorply demarcated from the surrounding mucosa,
usually attached on @ wide base. Type 2: Ulceraled carcinomas with sharply demarcated and raised margins. Type 3: Ulcerated
carcinomas without definite limits, infillrating into the surrounding wall. Type 4: Diffusely infillrating carcinomas in which ulceration
is usually not o marked feature. Type 5: Non<classifiable carcinomas that cannot be classified into any of the above types. Repro

-

duced with permission: ‘Jopanese C

lassification of Gastric Carcinoma - 2nd English Edition”, Gostric Cancer, 1998,1:10-24,

lymphatic drainage feeding into the splenic Ailum
and flowing along the splenic artery.

Anyway, we should not forget the main problem
arising from the routine indication to partial gast-
rectomy in case of cancer of the lower part of the
stomach: the quality of preoperative assessment of
the proximal extension (mucosal or sub-mucosal)

of the tumour. Despite the value of stepwise biopsy
in detecting mucosal invasion and the usefulness of
endoscopic ultrasonography in evaluating sub-mu-
cosal or deeper extension of the tumour, the prob-
lem of the correct assessment of the proximal edge
of the cancer is still under debate, Furthermore,
consequently to the different biological pattern of
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Fig. 16.2 - Abdominal incision and removal of xiphoid process

intestinal- and diffuse-type cancers, some authors
recommend to increase routinely the length of the
proximal margin to at least 8 ¢cm in case of diffuse
cancer and to reduce it to 4 cm in case of intestinal
type™.

M TOTAL D2 GASTRECTOMY
[] Incision and evaluation

In most IGCSG reference centres the upper
midline incision from the xiphoid process till 2-3
cm above the umbilicus is the incision of choice
performed by the majority of surgeons. The bilar-
eral sub-costal incision and the so-called Mercedes
incision (bilateral sub-costal incision associated to a
high upper midline incision over the xiphoid proc-
ess) are other incisions pcrformed in western coun-
tries and in Japan'".

In order to improve the access to the cardias and
the subphrenic area, the xiphoid process should be
removed at the xipho-sternal junction (Fig. 16.2).

() Evaluation of the peritoneal cavity
and peritoneal washing

A careful exploration of the peritoneal surface
should be soon performed at the opening of the ab-
domen in order to exclude peritoneal spread of the
cancer both on visceral and on parietal peritoneal
leaves. At the same time the whole liver should be

carefully examined at least also through intra oper-
ative ultrasonography in order to exclude unknown
metastases. At the end of this intraoperative stage
evaluarion, the abdominal caviry is washed out with
100 mL of saline solution, while the stomach is
carefully manipulated; the peritoneal lavage is then
collected and immediately sent to the pathologist
for intraoperative cyrology (Fig. 16.3).

L] 16B1 lymph node station sampling

The first surgical procedure entails a Kocher ma-
nocuvre (Fig. 16.4), to access the para-aortic area

Fig. 16.3 - Paritoneal washing




Fig. 16.5 - Interoortocoval space: lymph node group 1681

(Fig. 16.5); this dissection allows a lymph node
sampling of the group 16B1 (inferior para-aortic
lymph nodes) for a frozen section analysis; the
evidence of neoplastic cells at this level make the
disease classified as M1 and any surgical treatment
could not have a curative aim. On the other side,
whenever a frozen section reveals no distant meras-
tasis, a curative operation can be initiated.

[ Dissection of the greater omentum
from the transverse colon

Larer (Figs. 16.6, 16.7), the greater omentum is
dissected from the transverse colon rogether with
the anterior sheet of the mesocolon (lesser sac). It
is nor sure that a complete removal of the greater
omentum (omentectomy) and of the lesser sac (bur-
sectomy) is necessary for T2 cancers; however it is
absolutely necessary for T3 cancers which can in-
volve the lesser sac. Many cancers that invade or are
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Fig. 16.6 - Disseciion of the greater omentum and the ante
rior sheet of the fransverse mesocolon

Accessory right
colic vein

Henle's trunk

Middle colic vein

Fig. 16.7 — Dissection of the anterior leaf of mesocolon with
omentum loward the pancreas. (Reproduced with permission of
the author from Sasako!!)

adherent to the anterior sheet of the mesocolon can
be completely removed simply with the resection of
the anterior sheer without resecting the transverse
colon. The omentum is pulled up, while the first
assistant spreads the transverse colon so thar the
operator can easily dissect the anterior sheet from
the underlying tissue. This dissection is conducted
from the hepatic flexure of the colon to the splenic
one. The dissection is continued cranially from the
colon toward the pancreatic body and tail and is
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stopped close to the inferior border of the pancreas.
On the right, the anterior sheet of the mesocolon
continues on the duodenum and the head of the
pancreas.

(] Dissection of the right gastro-epiploic
vein and pancreatic capsule

The dissection of the anterior sheet of the trans-
verse mesocolon is continued towards right in or-
der to find the right accessory colic vein which is
followed cranially to the point where it joins Hen-
le's trunk and the origin of the right gastro-epiploic
vein (Fig, 16.8); this vein is ligated and divided at
its origin. The middle colic vein, always outstand-
ing on the mesocolon (Figs. 16.7-16.9), can lead
this dissection towards Henle’s trunk. A correct
cranial traction of the omentum and the anterior
leaf of the transverse mesocolon plays a funda-
mental role for this procedure (Fig. 16.10). As the
mesocolon contains vessels emerging from behind
the pancreas, the dissection of the anterior sheet
of the mesocolon towards the pancreas leads to a
plane behind it; therefore, at this point, the layer
of dissection has to change from the posterior to
the anterior surface of the pancreas. Several small
vessels arising from behind the pancreas should be
ligated and divided. The anterior leaf of the trans-
verse mesocolon continues as “pancreatic capsule”
which may contain lymphatic vessels and therefore
should be dissected from the underlying pancreatic
parenchyma and removed,

L] Dissection of the right gastro-epiploic artery

The dissection of the pancreatic capsule is per-
formed from the inferior to the superior border of
the pancreas and from the middle of the pancreas
body towards its head and the duodenum; the gas-
tro-duodenal artery is found close to duodenum.
This artery is followed caudally until the origin of
the right gastro-epiploic artery, which is ligated and
divided at its origin (Fig. 16.10). This dissection
entails the removal of infrapyloric lymph nodes
(group 6).

[ Dissection of the left gastro-epiploic vessels

The dissection of the omentum and the anterior
sheet of the transverse mesocolon continues ro the
left until the origin of the left gastroepiploic ves-
sels is found, at the inferior border of the pancreas
tail. The left gastroepiploic vessels will be accurately

isolated, ligated and divided at their origin (Fig.
16.11); this dissection facilitates the complete re-
moval of the left compartment of the lymph nodes
of the greater curvarure (group 4sb).

Fig. 16.10 - Righ! gostroepiploc artery
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Fig. 16.11 — left gastroepiploic vessels at their erigin

| Dissection of the lesser omentum

The dissection of the lesser omentum is a main
step for a correct D2 lymphadenectomy. After the
gastroepiploic artery is divided, the gastroduodenal
artery is followed cranially until the common and
proper hepatic arteries are recognised. There is usu-
ally a large lymph node lying in the space berween
the gastroduodenal and common hepatic artery and
the superior border of the pancreas. Recent stud-
ies have documented that this node is often one of
the sentinel node from tumors of the distal third of
the stomach. The stomach is pulled down by the
first assistant so that the lesser omentum and the
serosa covering the esophageal hiatus are stretched.
The lesser omentum is then divided 1 em caudal
to the artachment to the lateral sector of the liver
(Figs. 16.12, 16.13), starting from the hiatus. In
many cases an accessory left hepatic artery is found,
arising from the left gastric artery (Fig. 16.14) and
crossing the lesser omentum to the liver; in these
cases it is necessary to preserve the accessory artery
whenever it is possible, removing all the lymphat-
ic tissue located around the origin of the left gas-
tric vessel over the celiac trunk; in fact this tissue
contains some of the lymph nodes of the station
number 7,

The line of division of the peritoneal sheet of the
lesser omentum just below the liver (Fig. 16.15)
should be continued over the hepatoduodenal liga-
ment, proceeding on the left side of the bile ducr;
the serosa of the ligament is then incised caudal-
ly toward the duodenum in order to discover the
common hepatic artery at the level of its bifurca-
tion in proper hepatic and gastro-duodenal arteries
(Fig. 16.12).
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Clamp isolating supraducdenal ’\‘
artery for ligation

Fig. 16.12 - Incision line on lesser omentum [Reproduced
with permission of the author from Sasako!1).

Fig. 16.14 - left epatic arfery branching off from left gastric
arlery.
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Fig. 16.15 - lesser sock, dissection from the hiaius o the

hepaloduodanal ligamant
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[ Right gastric vessels isolation

The proximal ends of supraduodenal arreries are
ligated at their origin from the gastroduodenal ar-
tery. Dissection of the heparo-duodenal ligament
is continued to the bifurcation of the proper he-
patic artery close to the hepatic hilum. The right
and left hepatic arteries are recognised at this level
and fatty connecrive rissue is dissected caudally
and from the right to the left. The right gastric ar-
tery is found ar this level, arising from either the
gastroduodenal or proper heparic artery in most
cases. Sometimes the right gastric artery can arise
from the left hepatic artery, expecially in case of

low bifurcation of the proper hepatic artery (Figs.
16.12-16.17).

In this step of the procedure the first portion of
the duodenum must be carefully dissected and di-
vided in order to obtain the complete mobilisation
of the stomach (Figs. 16.18, 16.19); this manouvre
discovers the pancreatic surface and the loco-re-
gional vascular structures originated from the celiac
trunk. The pancreatic capsule must be completely
removed together with the specimen (Figs. 16.20,
16.21), discovering the pancreatic parenchyma and
the vascular and lymphatic tissue of its superior
margin.

Before starting the dissection of the suprapan-
creatic nodes, lymph nodes along the left side and
behind the portal vein are dissected, exposing the

left and the posterior sides of the portal vein. Dis-
section of the suprapancre-

Proper hepatic

artery ——
Stump of right gastric _
vein and supraducdenal
vein

Right gastric artery and Yein

atic nodes, 7.e., common he-
patic, coeliac, left gastric and
sp]t:nic artery nodes, is now
performed from right to left,
from the portal vein to the
middle of the splenic artery.
The adipose tissue cranial to
the pancreas contains many
lymph nodes. This tissue is
softly arrached to the pancre-
atic parenchyma in most cases
and therefore can be separat-
ed from the pancreas without
difficulty. However in patients
with a history of pancreatitis,
dissection of suprapancreatic
fatty tissue is difficult and the

Forceps with
lymph fissue

Fig. 16.17 - Division of the right gastric vessels
auther from Sasakoa')

pancreas can be easily dam-
aged, resulting in pancreatic

leakages.

[Reproduced with permission of the
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Fig. 16.20 - Removo! of the pancreatic Copsulc

glia should be preserved in case there are no obvious
nodal merastases. The posterior border of this fatty
tissue is the respective diaphragmatic crus on each
side of the celiac artery, In about two thirds of the
cases the left gastric vein is seen entering the portal
vein close to the spleno-portal juncrion. The vein is
then ligated and divided (Figs. 16.23, 16.24). Af-
ter dissection of this tissue from the right crus, the
right side of the celiac artery and the roor of the left
gastric artery can be recognized from its right side.
The left gastric artery is sorrounded by thick nerve
tissue, mainly celiac branches of the vagal nerves.

. = Together with the nerve, the artery is ligated and
Fig. 16.19 - Duodenal division with a GIA device [Tyco s) divided near its origin (Figs. 16.23-16.25).

[ Dissection of the left
gastric vessels

Preparation of splenic anery for its division distal to great pancreatic branch
pa Y g P

Posterior gasiric artery
isolated for division

Going rtowards left (Fig.
16.22), a left gastric vein cross-
ing over the common hepatic
artery or the splenic artery and
entering the splenic vein is
sometimes encountered dur-
ing this stage of the procedure
(about 30% of the cases). This
vein should be ligated and di-
vided near the superior border
of the pancreas. The adipose
tissue containing lymph nodes
in this area is carefully dissected
from the arteries and surround-
ing nerve tissue in a cranial di-
rection. The nervous structures
surrounding the arteries and Fig. 16.21 - Removal of the pancreatic capsula [Reproduced with permission of the
including bilateral celiac gan- author from Sasako!']

Pasterior gostric orlery

Greal pancrealic arfery
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1 Spleen preserving D2 total
gastrectomy (IGCSG technigue)

Since the critical analysis of the two european
randomised rtrials'? documented that the increase
of mortality and morbidicy observed in the D2 arm
was related to the pancreatectomy and splenectomy,
usually performed as a routine step of the surgical
standard treatment during total gastrectomy, sever-
al centres developed a different technique in order
to preserve the pancreas and, in selected cases, also
the spleen, during total gastrectomy.

Today there is not evidence of a survival benefit
of splenectomy during total gastrectomy for cancer
and dara from JGCA randomised trial are not yer

Fig. 16.24 - Left gostic vein

Fig. 16.25 - Lsft gastric artery

available. However, Japanese
authors consider pancreas pre-
serving D2 rotal gastrectomy
with splenectomy as described
by Maruyama (sec below) the
standard procedure for gastric
cancer requiring total removal
of the stomach; recently, fol-
lowing the worldwide discus-
sion based on the several criti-
cal analysis of the recent Eu-
ropean randomised trials, the
Italian Gastric Cancer Study
Group has developed a tech-
nique of total D2 gastrectomy
that entails the preservation
of the spleen in all cTNM T1
tumours, and in T2 and T3

Clomp under left
gastric artery

Fig. 16.23 - Dissection of lelt gastric vessals. [Reproduced with permission of the author

from Sasoko!’).

cancers of the right part of
the stomach, while requiring
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splenectomy in all T4 cancers and in T2 and T3 tu-
mors of the left part of the stomach. This technique
will be described hereafter.

Following the lymphadenectomy on the left side
of the celiac tripod, the dissection along the ante-
rior surface of the splenic artery is continued until
the posterior gastric vessels are encountered (Fig,
16.21); during toral gastrectomy this artery should
be dissected, ligated and divided at the origin of
the splenic artery. All the lymph nodes along the
splenic artery must be removed, starting from the
proximal lymph nodes (group 11p). The dissection
along the splenic artery continues until the pancre-
as tail, allowing the removal of all the lymph nodes
of the distal group (group 11d).

Therefore, at the splenic hilum, we continue the
dissection that was previously performed with the
ligation and division of the left gastro-epiploic ves-
sels. exposing the gastro-splenic liggment containing
the short gastric vessels. During the surgical proce-
dure with spleen preservation, the operation contin-
ues with the dissection of the short gastric vessels in
order to completely remove all the lymph nodes of
the group 4sa. This dissection is stopped on the left
pericardial area. The stomach now can be further
pulled up, exposing the left pericardial lymph nodes
that should be complete removed dissecting the
cardio-esophageal branch of the inferior left phrenic
artery (Fig. 16.26), branching off to the left side of
the cardia. The vagal trunks are divided at a suitable
level based on the proximal extension of the tumor.

The continuous cranial pulling of the stomach by
the fArst assistant (Fig. 16.21) facilitates to correctly
expose the different structures to be dissected.

The abdominal esophagus is then divided with a
safe surgical margin (Fig. 16.27) and the stomach
is removed together with the loco-regional lymph
node starions.

On the opposite, if splenectomy is performed
(Fig. 16.28), the splenic artery should be divided
distal to the origin of the great pancreatic artery
(arteria pancreatica magna), which branches off at
the same point of the posterior gastric artery, in or-
der to improve blood supply to the tail of the pan-
creas as suggested by Sasako’s modification of the
original Maruyama's pancreas preserving D2 total
gastrectomy. The splenic vein is preserved all along
the surface of the pancreas and is ligared ar pancreas
tip of the tail, being necessary for the venous blood
supply of the gland (see pancreas preserving D2 total
gastrectomy technique).
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Fig. 16.26 - Cardioesophageal branch of the inferior lefi
phrenic artery.

Fig. 16.27 - Esophageal section,

This kind of surgical treatment entails the remov-
al of the following lymph nodes stations (according
to the Japanese Gastric Cancer Association):

— group 1: right paracardial lymph nodes;

— group 2: left paracardial lymph nodes;

— group 3: lymph nodes along the lesser curva-
ture;

~ group 4 d, sb, sa: lymph nodes of the greater
curvature (along the right and left gastro-epiplo-
ic vessels and the short gastric vessels);

— group 5: suprapyloric lymph nodes;

— group 6: infrapyloric lymph nodes;

— group 7: lymph nodes along the left gastric ar-
tery;

— group 8a: lymph nodes along the common he-
patic artery (anterosuperior group);

— group 9: lymph nodes around the celiac artery;



