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Laparoscopic and mini-invasive surgery
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History of laparoscopic gastric surgery and litera-
ture review

The official history of laparoscopic gastric surgery begins
in 1991 with the first Laparoscopic-Assisted Distal
Gastrectomy (LADG) according to Billroth I for Early
Gastric Cancer (EGC) carried out by Kitano 1. In 1992,
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Laparoscopic and mini-invasive surgery 

BACKGROUND: JGCA Gastric Cancer Treatment Guidelines (2004) include Laparoscopic Assisted Distal Gastrectomy
(LADG) within the chapter of modified surgery. A metanalysis published in 2010 shows that LADG is significantly
superior to Open Distal Gastrectomy (ODG) if comparing short term outcomes. Oncologic results prove to be compara-
ble to ODG by one RCT and 2 retrospective studies. Little evidence is available on Laparoscopic Total Gastrectomy and
concerns are raised about long-term oncologic outcomes. 
MATERIALS AND METHODS: Laparoscopic Subtotal Gastrectomy is carried out with 4 to 5 ports in the periumbilical
region (Hasson trocar for laparoscope) and upper quadrants. After exploration of the abdominal cavity surgical steps
include coloepiploic detachment, omentectomy, dissection of the gastrocolic ligament, division of the left gastroepiploic ves-
sels, division of right gastroepiploic vessels, division of pyloric vessels. The duodenum is transected with a linear stapler.
Incision of the lesser omentum and dissection of the hepatoduodenal ligament allows completion of D2 lymphadenecto-
my. The 4/5ths of the stomach are transected starting from the greater curve at the junction of left and right gastro-
epiploic arcades by linear stapler. Roux-en-Y loop reconstruction is performed through a stapled side-to–side gastro-jeju-
nal anastomosis and a side-to-side jejuno-jejunal anastomosis. Reconstruction after Laparoscopic Total Gastrectomy is per-
formed preferably by a side-to-side esophago-jejunal anastomosis according to Orringer. 
DISCUSSION AND CONCLUSION: A robotic assisted approach adds precision on lymphadenectomy and reconstructive tech-
niques.
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Goh in Singapore, reported the first entirely laparoscop-
ic Billroth II distal gastrectomy on a patient affected by
chronic gastric ulcer unresponsive to medical treatment
2. In 1999 Azagra in Belgium performed the first
Laparoscopic-Assisted Total Gastrectomy (LATG) for
EGC 3. Simultaneously Uyama reported the first LATG
with D2 lymphadenectomy in 2 cases of Advanced
Gastric Cancer (AGC) 4. In Japan and Korea thanks to
the modern diagnostic techniques, the incidence of EGC
has increased up to 50% of the total incidence of gas-
tric cancer 5. The goal of tumor treatment is no longer
its radicality of cure only, but also minimally invasive-
ness. In 2007 according to the Japan Society for
Endoscopic Surgery, in Japan 4.000 LADG have been
carried out. Only in 20% of these procedures a D2 lym-
phadenectomy has been performed 6. Patients affected by
EGC would mostly benefit of the minimally-invasive



approach. LADG is considered acceptable for EGC stage
Ia and Ib (respectively T1mN0 and T1smN0) but also
for AGC T2N0 within the frame of approved clinical
studies 7. 
According to the American National Comprehensive
Cancer Network Guidelines of 2010 “the role of laparo-
scopic resection in gastric cancer requires further inves-
tigation in large randomised clinical trials” 8. 
Several studies reported that LADG is a safe minimally
invasive procedure offering a more prompt recovery as
compared to “open” surgery, less blood loss, shorter hos-
pital stay, less pain, and lower risk of complications 9–12.
Some RCTs already proved its feasibility.
The most recent metanalysis published by Kodera in
2010 has confronted the only 6 RCTs published from
2000 on, for a total of 343 laparoscopic cases and 323
“open” cases. The main contribution to metanalysis by
Kodera has been offered by the KLASS RCT published
by Korean surgeon Kim in 2010 (176 LADG versus 162
ODG). The metanalysis is able to confront blood loss
and complications, significantly in favour of laparoscopy,
length of the procedure and removed lymphnodes, sig-
nificantly in favour of the “open procedure”. Mortality
at 30 days from surgery (3 deaths in the laparoscopic
group versus 2 deaths in the “open” group) does not
show any statistical difference 9.
There was no significant difference in the 5-year survival
rate between LADG and ODG in one RCT 17 and two
retrospective studies [18,19] showing similar oncologic
outcomes, as we await for the Japanese and Korean
results. Our retrospective experience also compares with
available data for open surgery 20.
Reconstruction after LADG for EGC is open to differ-
ent solutions including Billroth I and II often preferred,
in the large case series published in Japan and Korea, to
the Roux-en-Y gastro-jejunal anastomosis 21-24.

A minilaparotomy of 5 cm is described for the fashion-
ing of extra-corporeal anastomosis 24. Today, the concept
of Totally Laparoscopic Gastrectomy without a mini-
laparotomy is becoming popular. The anastomosis can
be fashioned intracorporeally and the specimen extrac-
tion is obtained through a U-shaped enlargement of the
periumbelical incision 25,26.
A different concern has to be expressed about
Laparoscopic-Assisted Total Gastrectomy (LATG). Few
studies are available on the outcomes of LATG with D2
lymphadenectomy for gastric cancer because of technical
difficulty in completing the procedures and concerns
about long-term oncologic outcomes. However a num-
ber of small series advocating LATG for gastric cancer
have appeared in the literature 27,28. In a retrospective
multicenter study by Kitano including 1294 patients
with EGC, 55 LATG with D1-D2 lymphadenectomy
were performed with good short-and long-term out-
comes.
Our technique for laparoscopic total gastrectomy com-
plies with the previously described indications for EGC

Ann. Ital. Chir., 83, 3, 2012 193

Laparoscopic and mini-invasive surgery

of the proximal or middle portion of the stomach and
a modified D2 lymphnode dissection (Tiers n. 7, 8a and
9, 11, 12a in cancer of the middle third).
According to Pigazzi the OrVIL system and bariatric
experience have simplified the performance of a gas-
tro-jejunal anastomosis. In a series of 16 patients he
reported 0 conversions, 0 fistulae and 3 anastomotic
stenosis 29. In a series by Uyama published in 2009,
he describes 55 LATG with D2 lymphadenectomy 27.
In 24 cases staged T1 or T2 without the involvement
of the greater curvature, the splenic hilum lym-
phadenectomy is not described. In 31 cases staged
T2,T3,T4 a splenectomy was performed, in 3 cases
together with a distal pancreatectomy. According to the
author the 0 mortality and low morbidity make LATG
with D2 lymphadenectomy a safe procedure in expert
hands. However the issue of splenic hilum lym-
phadenectomy is not resolved. 
The application of LATG with D2 lymphadenectomy
for gastric cancer raises 2 problems: whether to perform
a concomitant splenectomy to completely retrieve station
10 lymph nodes and how to achieve an intracorporeal
anastomosis, the former still being a matter of debate
for open surgery, the latter being open to different solu-
tions and yet no standardization 3,4,18-20.
Although the intracorporeal esophago-jejunal anastomo-
sis, being still difficult to standardize and the object of
different solutions, is the main obstacle to the diffusion
of the procedure, the feasibility of LATG has been proven
and short term outcomes are good 3,4,30,31.

Personal experience

From June 2000 to December 2010, 76 patients affec-
ted by gastric Adenocarcinoma (39 EGC, 37 AGC) of
the inferior 1/3rd of the stomach and 7 patients with
EGC of the superior and middle 1/3rd of the stomach
underwent gastric laparoscopic surgery in 56 cases, robot-
assisted in 27 cases for a total of 76 LADG and 7 LATG.
The procedure requires a subtotal gastrectomy with D2
lymphadenectomy in the case of tumors of the distal
1/3rd of the stomach and a total gastrectomy with D1+‚
lymphadenetomy for EGC of the superior and middle
1/3 rd of the stomach.

Surgical technique: Sub-Total Gastrectomy and D2
lymphadenectomy

The patient is placed under G.A. in lithotomy position
with 20° head-up tilt (reverse Trendelemburg’s position),
legs parted, left arm abducted.
A central venous line, a nasogastric tube and a urinary
catether are inserted.
The operating surgeon fits between the patient’s legs, the
camera holder surgeon stands at the operating surgeon’s
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left side and a second assistant at his right side. The
monitor is placed at the right of the patient’s head, a
second monitor is useful on the left side. 
CO2 pneumoperitoneum is induced at 12 mm Hg
through a 12-mm right peri-umbilical port for open
laparoscopy (T1 in Fig. 1). Three more 10-12 mm tro-
cars are then inserted in a semicircular shape, in the left
(T2) and right (T3) upper quadrants on the midclavic-
ular line 3 cm above the transumbilical line and in the
right subcostal space (T4) for liver retraction through a
fan-type foldable retractor. One optional 5 mm trocar
for retraction is inserted in the left hypocondrium (T5).
A 30° HD laparoscope is used through the umbilical
port. 
All dissecting maneuvers are conducted by ultrasonic
scalpel with a 5 mm shaft (Harmonic Ace, Ethicon
Endo-Surgery, Cincinnati, OH). 
Organ retraction is carried out by means of 10 mm shaft

Babcock forceps and 5 mm-shaft Johann forceps.
A liver retractor is inserted through the right hypocon-
drium port (fan-type foldable retractor).
Additional laparoscopic instruments required are bipolar
forceps, needle-holders, suction-irrigation cannula, endo-
scopic linear stapler and clip applicator. 
The procedure begins with an exploration of the abdom-
inal cavity: once it has been found free of metastatic dis-
ease, the first surgical steps are coloepiploic detachment
and omentectomy, followed by dissection of the gastro-
colic ligament. The left gastroepiploic vessels are divid-
ed. All these maneuvers are performed by means of ultra-
sonic shears.
Entering the lesser sac allows sectioning of adhesions
between the pancreas and the posterior wall of the stom-
ach.
After lowering the right colonic flexure and exposing the
anterior surface of the duodenum and of the pancreat-

Fig. 1: Trocar placement. In red laparoscopic trocars (T1 to T4, T5
optional). In robotic surgery, besides T1,T2 and T3, 2 robotic trocars
are placed above (R1,R2).

Fig. 2: Isolation of gastro-epiploic artery.

Fig. 3: Duodenal section with endolinear stapler 45 mm.

Fig. 4: The coeliac region after lymphadenectomy of tiers n. 7,8,9 and
section of Right and Left Gastric Arteries (clips).
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ic head, the Henle trunk is identified and the affluent
right gastroepiploic vessels are isolated (Fig. 2) and divid-
ed separately between absorbable clips. This allows to
clear tiers n.6 and 14v. 
The right gastroepiploic artery is sectioned at its ori-
gin from the gastroduodenal artery, just above the pan-
creatic head. 
By following the hepatic artery and the gastro-duode-
nal artery the right gastric arcade is identified and
divided. The pyloric vessels are sectioned, the pylorus
is freed, and tier 5 is resected. 
The duodenum is transected (Fig. 3) with a 45-mm
cartridge linear stapler (blue reloads, with triple-stag-
gered rows of staples reinforced by a bioabsorbable
polycarbonate membrane (Seamguard, W. L. Gore &
Associates); as an alternative it is advisable to oversew
the staple line 32.
The stomach can now be lifted in the left hypocon-
drium and the patient is rotated on his left side in
order to facilitate lymphadenectomy.
The lesser omentum is incised, the hepatoduodenal lig-
ament is cleared from tier n.12a, followed by ablation
of tiers n. 8, common hepatic artery, n. 9, celiac axis,
and n. 11p, proximal splenic artery (Fig. 4). The left
gastric artery is sectioned by linear endostapler or
between clips with removal of tier n. 7 (left gastric
artery). Lifting of the gastric remnant allows excision
of perigastric lymphnodes along the lesser curvature
(tier n. 3) up to the esophago-gastric region (tier n.
1) and completion of lymphadenectomy.
The 4/5ths of the stomach are transected (Fig. 5) start-
ing from the greater curve at the junction of left and
right gastro-epiploic arcades (Van Goethem’s point) by
a 45-mm linear stapler (3 to 5 blue reloads). The spec-
imen is collected into an endo bag, and temporarily
left on the liver surface. 
The second jejunal loop is chosen to prepare a 70 cm
Roux-en-Y transmesocolic loop. The gastric remnant is
set close to the jejunal loop and two openings are cre-
ated through which a 45-mm cartridge stapler is insert-
ed to fashion a side-to–side gastro-jejunal anastomosis

(Fig. 6). Suture of the openings by running suture clos-
es the access to the gastric stump and jejunal limb.
The side-to-side jejunojejunal anastomosis at the foot
of the Roux-en-Y loop is created with a 45-mm
endostapler. The endobag containing the specimen is
retrieved through the umbilical port. Minimal enlarge-
ment of the incision (3 to 4 cm) may be necessary in
some instances. A drain, inserted through the right tro-
car, is placed near the duodenal stump. Closure of port
incisions ends the procedure.

Laparoscopic-assisted total gastrectomy (LATG) 

Patient’s placement and first steps of gastric dissection
and closure of the duodenal stump are carried out as
described in LSG. The extent of lymphadenectomy for
proximal tumors corresponds to a D2 clearance includ-
ing the anterior aspect of the splenic hylum. Dissection
of the gastrocolic ligament is wider than in LSG. Short
gastric vessels are divided with the ultrasound scalpel,
and dissection proceeds to the diaphragmatic crus, divid-
ing the phrenoeosphageal membrane and vagal nerves.
Group 2 (left paracardial) is resected. The esophagus is
transected by an EndoGIA 45 linear stapler, blue reload,
and the whole stomach is inserted into an endobag and
temporarily left on the liver surface.
Reconstruction of digestive continuity is carried out by
means of a side-to-side esophago-jejunal anastomosis
according to Orringer on a Roux-en-Y transmesocolic
loop 22.
The second jejunal loop is transected with linear sta-
pler (white vascular cartridge). 
An opening in the transverse mesocolon is created by
harmonic scalpel. 
The second jejunal loop and the esophageal stump are
prepared and opened on the antimesenteric side of the
jejunal loop at about 5 cm from its distal margin and
on the esophageal posterior wall. The 45 mm linear
stapler is introduced through the left trocar usually
loaded with a blue cartridge and inserted first into the

Fig. 5: Subtotal resection of the 4/5ths of the stomach. Fig. 6: Side-to-side Gastro-jejunal stapled anastomosis.



jejunal opening and secondly in the esophageal one.
No suspension sutures are used between the esopha-
gus and the jejunum in order to gain freedom of move-
ments. A side-to-side esophagojejunal anastomosis
according to Orringer is then created by firing the lin-
ear stapler and its patency is verified. A naso-jejunal
tube is delicately passed through the anastomosis. The
opening is closed by a double layer of 3/0 running
suture. 
The jejuno-jejunal side-to-side stapled anastomosis at
the foot (70 cm) of the anastomotic loop as previously
described accomplishes the Roux-en-Y restoration of
the digestive tract. Minimal enlargement of the umbil-
ical incision is needed to withdraw the bag contain-
ing the specimen. A drain is placed in Morrison’s
pouch near the duodenal stump. Closure of the port
incisions ends the operation.

Anastomotic options

In 1999 Azagra described a conventional anastomosis
by circular stapler 3. A large umbilical port (33 mm)
is placed to allow the passage of the 25 mm anvil. An
incision is made in the anterior wall of the distal
esophagus, a purse string suture is performed and the
anvil is slipped through it into the esophageal lumen
with the aid of Babcock grasping forceps prior to
esophageal distal transection. The shaft of the circular
stapler is then introduced into the afferent jejunal loop
by its antimesenteric border through an enlargement
of the left upper quadrant port by placing a wound
protector or into the 33-mm trocar cannula. The shaft
is clinched to the anvil, the stapler is fired, and an
end-to-side esophago-jejunal anastomosis is created.
The jejunal stump is closed by a 45-mm endoscopic
linear stapler, and the anastomosis is checked with
methylene blue instilled through the nasogastric tube. 
Hand-Assisted Laparoscopic Total Gastrectomy simpli-
fies the technique by performing the anastomosis
through a hand port. 23,24.
The OrVil™system (Covidien Surgical) is a ready-to-
use anvil delivery device, which is designed to transo-
rally insert the anvil into the abdominal esophagus, sim-
ilar to inserting the orogastric tube through the mouth.
In the OrVil system, the orogastric tube is connected to
the center rod of the anvil, so that the anvil is transo-
rally delivered into the esophagus, guided by the oro-
gastric tube. The orogastric tube is easily removed from
the anvil by cutting the connecting thread. The tilted
anvil head of the OrVilTM system facilitates the pas-
sage of the anvil through the mouth and upper esoph-
agus, and automatically untilts for parallel closure when
combined with a stapler. Intracorporeal laparoscopic dou-
ble-stapling esophago-jejunostomy is performed using a
25 mm circular stapler, which can be combined with
the OrVilTM system 25.
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Robotic-Assisted minimally invasive gastric cancer
surgery

Even if widely accepted laparoscopic surgery is associat-
ed to several limitations and disadvantages such as lim-
ited range of instrument movement, amplification of
hand tremor, two-dimensional imaging, and unnatural
positions for the surgeons. Robotic surgery performed
through a remote console controlling a robotic cart
(Robotic Surgical System, da Vinci® Intuitive Surgical,
Mountain View, CA, USA) is superior to conventional
laparoscopic surgery according to several investigators in
that, it has a tremor filter, can scale motions, has three-
dimensional imaging, and offers a stable operative plat-
form and improved dexterity with an internal articulat-
ed EndoWrist® that allows seven degrees of freedom.
These characteristics are especially important when pre-
cise lymph node dissection is required for gastric cancer
37-39. Nevertheless, robotic gastrectomy has some disad-
vantages including a smaller field of view compared with
the laparoscopic view, longer operative times and high-
er costs.

Robotic Set Up

Robot and optic system are setup by the first assistant,
who works between the patient’s lower limbs. Electric
cables connect the robotic system to the surgeon’s con-
sole. After a self-test the arms of the EndoWrist® are
wrapped with covers and fixed by supports. A 3D high-
resolution image is selected and a 12 mm cannula is
inserted in the periumbelical trocar for open laparoscopy
and optic binocular endoscope. 
The pneumoperitoneum is instituted at 12 mm Hg (T1
in Fig. 1). Two robotic trocars of 7/8 mm are inserted
bilaterally in the subcostal space on the anterior axillary
line (R1 and R2). Then, two trocars of 10/12 mm are
inserted in the upper quadrants, below the robotic ports,
the right one at the midclavicular line for liver retrac-
tion and the left one between the camera port and the
left robotic port for additional retraction and insertion
of endostaplers or clip appliers (T2 and T3). This addi-
tional port must be placed at least 3 cm away from the
robotic port to avoid fighting. After port placement, the
robotic cart is installed from the patient’s head. 

Robot-Assisted LADG

The first steps are carried out under conventional
laparoscopy: omentectomy, coloepiploic detachment,
opening of the lesser sac, gastroduodenal dissection and
ablation of inphrapyloric nodes (tiers 4 and 6).
Then, the second jejunal loop is prepared to fashion a
side-to-side stapled anastomosis at the foot of the Roux
en-Y loop. 



At this point the robotic system is installed and lym-
phadenectomy begins on the anterior aspect of the hepa-
toduodenal ligament (tier n. 12a). Once the Right Gastric
Artery is divided, the suprapyloric nodes are removed (tier
n. 5). The assistant retracts the stomach, applies clips and
operates the stapler to transect the duodenum.
Lymphadenectomy is completed by ablation of tiers n.
8, 9, 11p followed by division of the Left Gastric Artery
with removal of tiers n. 7 and tiers n. 1, 3 and 5 along
the lesser curvature. The stomach is transected by linear
stapler to obtain a 4/5th gastrectomy leaving temporari-
ly the specimen on the liver surface. A 70 cm Roux-en-
Y jejunal limb is chosen for restoration of the digestive
tract. A transmesocolic gastro-jejunal anastomosis is fash-
ioned with a linear cutting stapler on the posterior wall
of the gastric stump. The access openings are closed by
robotic running suture. 

Robot-assisted LTG

In case of robot-assisted LTG the dissection approach-
es the diaphragmatic crus with division of the phreno-
esophageal membrane, resection of tiers n. 1, 2 and
division of vagal nerves. Thanks to robotic dexterity
as an alternative to Orringer’s anastomosis it is possi-
ble to perform an hand-sewn purse string suture on
the esophagus and complete an end-to-side oesopha-
go-jejunal anastomosis with the circular stapler as pre-
viously described.

Riassunto

Le linee guida della Japanese Gastric Cancer Association
(JGCA) del 2004 sul trattamento del cancro gastrico fan-
no rientrare la gastrectomia distale laparoscopica (LADG)
nel capitolo della chirurgia modificata. Una metanalisi
pubblicata nel 2010 dimostra che la LADG è significa-
tivamente superiore alla Gastrectomia distale “open”
(ODG) se si confrontano i risultati a breve termine. Uno
studio randomizzato e due studi retropettivi riportano
risultati oncologici paragonabili tra LADG e ODG. Pochi
dati sono disponibili sulla Gastrectomia totale laparo-
scopica e le preoccupazioni sono sollevate in merito ai
risultati oncologici a lungo termine.
La LADG viene eseguita mediante 4 o 5 trocars nella
regione periombelicale (trequarti Hasson per il laparo-
scopio) e nei quadranti superiori. Dopo l’esplorazione
della cavità addominale le fasi chirurgiche includono lo
scollamento coloepiploico, la omentectomia, la dissezio-
ne del legamento gastrocolico, la sezione dei vasi gastroe-
piploici di sinistra e di destra, la sezione dei vasi pilo-
rici. Il duodeno è sezionato con una suturatrice lineare.
L’incisione del piccolo omento e la dissezione del lega-
mento epatoduodenale consente il completamento della
linfoadenectomia D2. I 4/5 dello stomaco sono sezionati
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a partire dalla grande curva a livello della giunzione tra
i vasi gastroepiploici di destra e sinistra mediante sutu-
ratrice lineare. La ricostruzione Roux-en-Y viene esegui-
ta mediante un’anastomosi gastro-digiunale latero-latera-
le ed un’anastomosi digiuno-digiunale latero-laterale. La
ricostruzione dopo Gastrectomia totale laparoscopica è
seguita preferibilmente da una anastomosi esofago-digiu-
nale latero-laterale secondo Orringer.
Un approccio robotico aggiunge precisione alla linfoade-
nectomia ed alle tecniche ricostruttive.
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