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Laparoscopic function-preserving surgery for early gastric cancer

in the upper third of the stomach: vagus-sparing proximal gastrectomy

with side-to-side esophagogastric-tube anastomosis

Hideo MATSUI, Naoki IGARASHI, Osamu ITANO, Yasumasa KOYAMA, Makoto MIYAKITA

Department of Surgery, Eiju General Hospital, Tokyo, Japan

(Received August 6, 2007; Accepted September 3, 2007)

Objective: Proximal gastrectomy with an anti-reflux procedure has been a treatment option for gastric
cancer in the upper third of the stomach. For early gastric cancer, laparoscopic function-preserving gas-
trectomy with limited lymphadenectomy can be performed. Objective of this study was to develop a new
surgical technique for gastric cancer in the upper third of the stomach.

Methods: We present here our totally laparoscopic proximal gastrectomy with vagus-sparing lymphad-
enectomy and gastric-tube reconstruction. Six patients (five males and one female; mean age 74 years) with
gastric cancer in the upper third of the stomach underwent the procedure. Detailed operative procedure
and preliminary results were presented.

Results: We have successfully performed the procedure with no conversion to open surgery. The mean op-
erative time and blood loss were 413 minutes and 85 mL. No intraoperative and postoperative complications
occurred except for reflux esophagitis in one patient. At the mean follow up of 25 months, all patients were
alive without any sign of recurrence.

Conclusion: Although long-term follow up and a larger number of patients are required to evaluate func-
tional outcomes and oncological adequacy, our new technique provides a minimally invasive surgical option

for early gastric cancer in the cardiac area.
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INTRODUCTION

The incidence of gastric cancer located in the up-
per third of the stomach is increasing, for which total
gastrectomy provides no survival benefit compared
to proximal gastrectomy [1]. Although both total and
proximal gastrectomy can be performed safely with a
low mortality rate [1], total gastrectomy is associated
with a significant weight loss due to an inadequate
calorie intake [2], in addition to the postgastrectomy
syndromes such as dumping syndrome, postvagotomy
diarrhea, and alkaline reflux esophagitis. To overcome
these problems, proximal gastrectomy combined with
an antireflux procedure has been reported for proxi-
mal gastric cancer in the upper third of the stomach
[3-9]. However, there have been few reports on totally
laparoscopic procedures due to the technical difficul-
ties encountered during reconstruction [7, 8, 10, 11].
Recently, laparoscopic partial gastrectomy with limited
lymph node dissection and preservation of the vagus
nerve has been reported for the treatment of early
gastric cancer, which aim at reducing postgastrectomy
disturbances such as reduced food intake, postprandial
diarrhea, and gallstone formation [12, 13]. We report
here on our totally laparoscopic proximal gastrectomy
with vagus-sparing lymphadenectomy and gastric-tube
reconstruction, which represents a new method of lapa-
roscopic function-preserving surgery for early proximal
gastric cancer in the upper third of the stomach.

PATIENTS

Lymph node numbers and staging were defined
according to the Japanese Classification of Gastric
Carcinoma published by Japanese Gastric Cancer
Association (JGCA) [14]. The classification of early
gastric cancer was used exclusively for T1 (intramucosal
or submucosal layer) tumors. From November 2003 to
March 2006, six patients (five males and one female;
mean age 74 years; range, 62-83 years) with gastric
cancer underwent laparoscopic proximal gastrectomy
with vagus-sparing lymphadenectomy and gastric-tube
reconstruction. The preoperative data on the patients
were outlined in Table 1. The preoperative diagnostic
examination included a barium-meal upper gastroin-
testinal series, endoscopy, and CT scan. Indications for
this surgery included the tumor being located in the
upper third of the stomach without esophageal inva-

Table 1 Patient preoperative data

Macroscopic

Patient = Age Sex  Location Histology
ppearance

1 81 F U 0-1 pap

2 71 M 1) 0-Ilc sig

3 62 M U 0-1 tubl

4 71 M U 0-Ilc tubl

5 76 M U 0-IIT+Ic tubl

6 83 M U 0-IIc tub2
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Fig. 1. Placement of trocars for laparoscopic proximal
gastrectomy. The first trocar below the umbilicus
allowed the introduction of a flexible fiberscope.
Four trocars were inserted in the upper and middle
abdomen on both midclavicular lines. One trocar
under the xiphoid process was for the introduction
of the liver retractor or a grasper.

Fig. 3. Division of the left gastric artery.
The left gastric artery was clipped, and divided
at the point (indicated by asterisk) distal to the
celiac branch (CB) of the posterior vagus nerve.
Retraction of the posterior trank of the vagus nerve
toward the surgeon enabled the lymph node dissec-
tion along the left gastric artery.

Fig. 2. Transection of the stomach in order to construct a gastric tube.
(A) A gastric tube, 4 to 5 cm wide and 15 cm long in the greater curvature, was made intracorporeally using en-
dolinear staplers. (B) Laparoscopic view of gastric tublization. GT: gastric tube

sion, the depth of tumor invasion confined to T1, no
lymph node involvement (NO), and lesions that could
not be treated by endoscopic mucosal resection or local
resection.

OPERATIVE TECHNIQUE

A six-port technique was used for access (Fig. 1).
The first trocar was inserted below the umbilicus by
the Hasson technique to allow the introduction of a
flexible fiberscope (Fujinon, Saitama, Japan). Four
trocars were inserted in the upper and middle abdo-
men on both midclavicular lines. One trocar was
inserted under the xiphoid process for the introduc-
tion of a liver retractor or a grasper. The patients were
placed in the reverse Trendelenburg position with
the legs apart and the arms extended laterally. At the
first step, the surgeon stood on the right side of the
patient with the assistant on the left and the camera
operator between the patient’s legs. The gastrocolic
ligament was divided toward the lower pole of the
spleen using laparosonic coagulating shears (Ethicon

Endo-Surgery, Cincinnati, OH). The left gastroepiploic
vessels and short gastric vessels were exposed, clipped,
and divided. The surgeon then moved to the left side
of the patient and divided the right side of the gastro-
colic ligament until the duodenum and the pancreas
head were exposed, taking care not to injure the right
gastroepiploic vessels. Any posterior adhesion of the
distal portion of the stomach was also dissected. The
surgeon then returned to the right side of the patient,
and dissected the second branch of the right gastric
artery free from surrounding fat tissue along the lesser
curvature to allow the lymph node along the lesser
curvature (no. 3 lymph node) to be dissected. The gas-
trohepatic ligament was dissected toward the esopha-
gogastric junction whilst preserving a hepatic branch
of the anterior vagus nerve. The phrenoesophageal
membrane was then incised, and the anterior gastric
branch of the vagus nerve was cut. The right crus of
the diaphragm was exposed and posterior aspect of
the esophagus was dissected. During this procedure,
the posterior trunk of the vagus nerve was exposed
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Fig. 4. Side-to-side esophagogastric-tube anastomosis using an endolinear stapler.
(A) The anvil and cartridge forks were inserted into the gastric tube and the esophagus, respectively, and the de-
vice was closed and fired. (B) Laparoscopic view of the procedure. GT: gastric tube, E: esophagus.

=

Fig. 5. Closure of an entry hole and transection of the esophagus.
(A) After placing anchoring sutures, the entry hole was closed and the esophagus was transected. (B) Laparoscopic
view of the procedure. Initially, the entry hole (indicated by the asterisk) was closed. GT: gastric tube, E: esophagus.

and a vessel tape was applied circumferentially. The
stomach was transected with endolinear staplers start-
ing on the lesser curvature at the point distal to the
first branch of the right gastric artery to a point in the
avascular area between the short gastric artery and
the left gastroepiploic artery in order to construct a
gastric tube, which was approximately 4 to 5 cm wide
and 15 cm long in the greater curvature (Fig. 2). We
performed intraoperative endoscopy during the gastric
tubulization to confirm the resection line that had
been marked with clips preoperatively. The left gastric
vein was exposed, clipped, and divided. Lymph nodes
along the left gastric artery (no. 7 lymph node) were
dissected, and the left gastric artery was clipped and
divided at the root whilst preserving a celiac branch
of the posterior vagus nerve (Fig. 3). Retraction of the
posterior trank of the vagus nerve toward the surgeon
enabled the lymph node dissection.

The posterior attachment of the lesser omentum
along the lesser curvature of the stomach was dis-
sected. Any attachments from the upper portion of
the stomach and spleen were dissected free, and a
5-cm length of the abdominal esophagus was exposed.
Esophagogastric-tube anastomosis was performed

laparoscopically by constructing a side-to-side anas-
tomosis with a 45-mm cartridge endolinear stapler
(ETS Flex 45, blue cartridge; Ethicon Endo-Surgery).
A stab wound was made on the posterior wall of the
lower esophagus, then another wound was made on
the anterior wall of the gastric tube 5 cm distal to the
proximal end of the tube as well as 1 cm from the
closed end of the tube. A linear stapler was inserted
from the left lower port. The anvil and cartridge forks
of the linear stapler were inserted into the gastric tube
and the esophagus, respectively, and the device was
closed and fired (Fig. 4). The common entry hole was
inspected to check for bleeding from stapled line. The
entry hole was closed after placing three anchoring
sutures to secure full thickness approximation of the
esophagus and the stomach wall as well as to avoid
triple stapling, and the esophagus was transected using
endolinear staplers that were inserted from the right
lower port (Fig. 5). This technique allowed the side-to-
side esophagogastric-tube anastomosis and the proxi-
mal gastrectomy to be completed at the same time (Fig.
6). No pyloroplasty was performed in order to preserve
pyloric function. The resected specimen was placed
in a plastic bag and delivered through the left middle
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Fig. 6. A completed anastomosis.

(A) Side-to-side anastomosis was completed. (B) Laparoscopic view of an anastomosis.
A closed entry hole was indicated by black asterisk. GT: gastric tube, E: esophagus, A: anastomosis line

Table 2 Clinical outcome

Table 3 Clinicopathologic findings

Patient Opera}tive time  Blood loss Liquid (}iet Hospital stay Patient T N Stage
(minutes) (mL) (POD) (POD) 1 T1(m) NO 1A
1 433 150 8 24 2 Tl(sm) NO 1A
2 397 10 8 25 3 T1(sm) NO IA
3 398 50 b 14 4 T1(m) NO IA
4 400 100 7 27 5 T2(mp) NO B
5 413 100 7 21 6 Tl(sm) NO 1A
6 437 100 7 21
Mean 413 85 7 22

* postoperative days

wound extended to 4 cm.

RESULTS

We have successfully completed this surgical tech-
nique in six patients, with no conversions to open
surgery. The mean operative time was 413 minutes
(range, 397-437 minutes) and the mean blood loss
was 85 mL (range, 10-150 mL). All the patients were
ambulatory on the first postoperative day with only
extradural anesthesia being required for analgesia,
and were started on a liquid diet at a mean of 7 post-
operative days (range, 5—7 days) after routine checks
of the anastomosis. There was no leakage, and contrast
media passed smoothly through the anastomosis into
the duodenum, resulting in no marked regurgitation
into the esophagus with the patient in the supine
position. No remarkable postoperative complications
occurred. The mean postoperative hospital stay was 22
days (range, 14-27 days). All patients could perform
their normal activities with no postoperative symptoms
at the time of discharge (Table 2).

The depth of tumor invasion was the mucosal layer
in two patients, the submucosal layer in three, and the
muscle layer in one; no lymph node metastasis was
observed in a mean of 16.6 harvested nodes (range, 15
—20 nodes). According to the JGCA staging system, the
tumors were stage IA in five patients and stage IB in
one patient (Table 3).

At the mean follow up of 25 months (range, 17—
45 months), all patients were alive without any sign
of recurrence. One patient developed Grade I reflux

esophagitis that was diagnosed by a routine endoscopic
examination at 6 months after the surgery. No food
residue was observed in the five patients, and peristal-
tic movement originating from the distal portion of
the gastric tube toward the pyloric ring was observed
in three patients during endoscopic examination.

DISCUSSION

Proximal gastrectomy has been considered as a
treatment option for gastric carcinoma of the upper
third of the stomach [1, 8-7, 9, 15]. For tumors con-
fined to the submucosal layer (i.e., T1 tumors or early
gastric cancer), Kitamura and associates [15] have
found that no lymph node metastasis was observed in
lymph node station nos. 10 (lymph node at the splenic
hilum), 11 (Iymph node along the splenic artery), 4d
(Iymph node along the right gastroepiploic vessels), 5
(suprapyloric lymph node), and 6 (infrapyloric lymph
node). This allows the lower portion of the stomach to
be preserved with limited lymph node dissection. In
our present series, the indication for this surgery was
restricted to T1 gastric cancer of the upper third of the
stomach. In one case, however, pathological diagnosis
revealed that the tumor had invaded the muscle layer
(i.e., T2 tumor), with a final staging of IB (Table 3).
Due to the limits of accurate preoperative diagnosis
of the depth of invasion in T1 gastric carcinoma,
especially in cases with an ulcer scar, one case was
underestimated. Oncological adequacy of this surgery
for such a case remains to be elucidated by long-term
follow up.
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Reflux esophagitis after proximal gastrectomy
adversely affects the postoperative quality of life. To
prevent this complication, antireflux procedures such
as fundoplication and interposition of the jejunal
segment have been applied [4, 5, 7, 9]. However,
performing these procedures laparoscopically is some-
times difficult and time consuming [7]. Kitano and
associates [6] introduced gastric-tube reconstruction
for laparoscopy-assisted proximal gastrectomy using a
circular stapling device, and Adachi and associates [3]
described the usefulness of gastric-tube reconstruction
following open proximal gastrectomy to prevent reflux
esophagitis. The other investigators reported the totally
laparoscopic gastric tubulization technique, however
they did not mention the incidence of reflux esopha-
gitis [10, 11]. It is our impression that 4 to 5 cm width
is sufficient in order to preserve submucosal collateral
circulation of the gastric tube even after removing
lymph nodes along the left gastroepiploic vessels and
the lesser curvature. As for the length of the greater
curvature, Hayashi and associates [16] reported that
gastric motility was preserved if the length of the
greater curvature was more than 20 cm, suggesting
the importance of the size of the residual stomach after
proximal gastrectomy. In our procedure, the anasto-
mosis was created on the anterior wall, 5 cm distal to
the tip of the gastric tube, therefore retroesophageal
portion of the gastric tube may act as a short pouch,
which can distend with air and may contribute to re-
duce gastroesophageal reflux [17], although clearance
of the gastric content must also be considered. During
gastric tubulization, it was important to confirm the
tumor-free region that had been marked with clips
preoperatively; intraoperative endoscopy to obtain a
sufficient clearance of the tumor was essential in this
procedure.

Totally laparoscopic esophagogastrostomy using a
circular stapling device was reported; the anvil was
inserted into the esophageal lumen either through the
esophageal stump trans-abdominally, or trans-orally
[10, 11]. A side-to-side esophagogastrostomy using a
linear stapling device was reported by Chassin [18] af-
ter proximal gastrectomy. Recently, Orringer and asso-
ciates [17] published their experience with 114 patients
undergoing the procedure using an endolinear stapler
in cervical anastomosis following esophagectomy de-
scribing larger anastomosis size and lower incidence of
anastomotic leaks compared to the conventional manu-
ally sewn method. Laparoscopic application of this
technique was first reported by Uyama and associates
[8] for reconstruction following proximal gastrectomy
in two patients with gastric cancer; the postoperative
courses of the patients were excellent with no reflux
esophagitis. These techniques, as well as a side-to-side
esophagojejunostomy after a total gastrectomy [19],
abolished the need for a purse-string suture to place
the anvil head of the stapler into the esophagus. In the
laparoscopic condition, (1) it was unnecessary to intro-
duce the anvil into the esophageal lumen, (2) the axis
of an articulating linear stapling device could be easily
adjusted to that of the esophagus, and (3) importantly,
a sufficient anastomosis lumen size was obtained using
a linear stapler irrespective of the esophageal lumen
size. We used this technique for esophagogastric-tube

anastomosis, thus achieving a totally laparoscopic
proximal gastrectomy with an antireflux procedure.
None of our patients developed anastomotic leak or
stricture, and only one patient developed asymptomatic
reflux esophagitis that was diagnosed by endoscopy at
6 months after surgery.

The pyloric function includes a complex mechanism
of clearance of gastric content coordinated with the
peristaltic movement of the stomach and prevention of
bile reflux to the stomach, which is only beginning to
be elucidated [20]. We did not add pyloroplasty, and
preserved the vagus nerve in order to partially main-
tain pyloric function. Fasting peristaltic movement was
observed in three patients, and no residual food was
observed during an endoscopic examination. Clinically,
none of the patients had any sign of regurgitation
such as chest burn, or postprandial diarrhea. These
observations suggest that clearance of gastric content
as well as reservoir function of the gastric tube can be
maintained to some extent, although further evalua-
tion remains necessary.

In conclusion, we have successfully performed a
totally laparoscopic function-preserving proximal gas-
trectomy by introducing vagus-sparing lymphadenec-
tomy and side-to-side esophagogastric-tube anastomosis
using a linear stapling device. The postoperative pain
was minimal and all patients returned to normal
activity within a short time without remarkable clinical
symptoms. A randomized controlled trial comparing
this procedure with open method would be required to
prove less invasiveness of the laparoscopic procedure.
Although long-term follow up and a larger number of
patients are required to evaluate functional outcomes
and oncological adequacy, we believe that our new
technique provides a minimally invasive surgical op-
tion for early gastric cancer of the upper third of the
stomach, in particular those in the cardiac area.
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