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Abstract

Background In this report, laparoscopy-assisted proximal
gastrectomy (LAPG) and gastric tube reconstruction using
a mini-loop retractor (MLR) is described for the treatment
of early gastric cancer.

Methods Early upper gastric carcinoma with no metastasis
had been diagnosed in the subjects of this study. Five surgical
ports were inserted into the abdomen. The stomach was lifted
to the abdominal wall side with a MLR. Three of five gastric
arteries were divided using ultrasonically activated coagulat-
ing shears and ligated with ligation forceps. A fixed gastric part
with MLR was properly changed according to the lymph node
dissection. Reconstruction with a gastric tube (20 cm long,
3 cm wide) using a circular stapler was performed through a
small incision, through which the specimen was removed.
Results Fourteen patients underwent LAPG. The mean
operating time and blood loss were 202 min and 236 ml,
respectively. The operations were performed without seri-
ous complications. None was changed to a laparotomy, and
there were no deaths.

Conclusions This technique of LAPG and gastric tube
reconstruction using MLR for the treatment of proximal
early gastric cancer was simple and safe.
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Due to advances in the screening mechanisms and diag-
nostic techniques for the stomach, the detection rate of
early-stage gastric carcinoma located in the upper one-third
of the stomach has increased [1]. For the treatment of upper
gastric carcinoma, less invasive surgical procedures,
including endoscopic submucosal resection (ESD) and
laparoscopic surgery, have been reported [2-5]. The pro-
cedure of ESD is performed whenever possible for the
treatment of upper small gastric cancer with mucosal
invasion. On the other hand, in cases of gastric carcinoma
with submucosal invasion or carcinoma of more than 2 cm,
gastrectomy with lymph node dissection is recommended
by the Japanese Gastric Cancer Association guidelines:
D1+« for mucosal cancer and D1+ /8 for submucosal cancer
with no lymph node metastasis [6]. The extent of resection
and the reconstruction method of upper-one-third gastric
carcinomas are controversial. Total gastrectomy had been
recommended in the past because of its radicality and safety
[7]. Recently, no significant difference has been reported in
total gastrectomy and proximal gastrectomy in terms of
survival. Furthermore, proximal gastrectomy has been
recommended because of the physiological function of the
remnant stomach compared to that after total gastrectomy
[8-11].

In a recent report on laparoscopic surgery for tumors in
the upper one-third of the stomach, the techniques of lap-
aroscopy-assisted total gastrectomy (LATG) or proximal
gastrectomy (LAPG) have been reported [3-5, 12]. How-
ever, they were not standard methods because of the diffi-
culty of the surgical technique. Since June 2007, we have
performed LAPG and gastric tube reconstruction in 14
patients with gastric tumors in the upper one-third of the
stomach. There were no major complications or patient
deaths. In this report, we reveal a safe technique for LAPG
with gastric tube reconstruction using a mini-loop retractor
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(MLR) and a miniature purse-string suture instrument
(mini-PSI).

Patients and methods
Patients

Between June 2007 and September 2008, 14 patients
underwent laparoscopy-assisted proximal gastrectomy
(LAPG) with gastric tube reconstruction at the Department
of General Surgical Science (Surgery I) of Gunma Uni-
versity Hospital. The indication for LAPG was determined
according to the Guidelines of Gastric Cancer of the Japan
Gastric Cancer Society [6]. The tumor was located in the
upper one-third of the stomach, and the depth of tumor
invasion was diagnosed as less than submucosal invasion.
The evaluation of the preoperative stage of gastric cancer
was based on examination, including gastrointestinal
endoscopy and endoscopic ultrasonography (EUS). All
patients underwent computed tomography (CT), and no
distant metastasis, such as that in the liver and lymph
nodes, was reported. In this method, the dissection of
lymph nodes was limited to Nos. 1, 2, 3, 4sa, 4sb, and 7.
Proximal resection margins were evaluated intraopera-
tively as frozen section to confirm freedom from disease.

Surgical technique
The laparoscopic operation was performed with the patient

in the open-leg position. A 12-mm port was inserted
through the inferior of the umbilicus by the open method,
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and the peritoneal cavity was inflated with 10 mmHg car-
bon dioxide (CO,). The video laparoscope operator stood
between the patient’s legs and inserted a flexible gastro-
intestinal fiberscope through the umbilical port. The sur-
geon stood to the right side of the patient and, under a
laparoscopic guideline, inserted two surgical ports in the
right upper abdomen. The first assistant stood to the left
side of the patient and inserted two surgical ports from the
left upper abdomen (Fig. 1A).

The left side of the greater omentum was opened
toward the lower pole of the spleen with ultrasonically
activating coagulation shears. The arcade of the right
gastroepiploic artery was preserved (LCS, Ethicon, Cin-
cinnati, OH, USA) and LigaSureTM Atlas (Tyco Health-
care). The left gastroepiploic artery and vein were clipped
and divided, and No. 4sb lymph nodes were removed.
From the left side of the falciform ligament, a MLR
(Tyco Healthcare) was inserted into the abdomen
(Fig. 1B) [13]. The MLR went through from the lesser
omentum to the bursa omentalis, and the stomach body
was lifted and fixed to the abdominal wall side (Fig. 2A,
B). The apex of the MLR was exteriorized through the
access and held on the abdominal wall with forceps. The
location of the stomach fixed with the MLR was changed
according to the gastrectomy to preserve good tension.
The left gastric artery (No. 7) and vein were identified
and clipped from the posterior of the stomach (Fig. 2C).
After the posterior gastric artery was resected, the short
gastric artery (No. 4sa) and vein were divided. The short
gastric arteries can be divided safely and easily from the
posterior view of the stomach, which is not the case with
the anterior approach (Fig. 2D). After releasing the MLR,
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Fig. 2 Intraoperative view of
the mini-loop retractor (MLR)
insertion and lymph node
dissection. A, B The MLR is
inserted from the upper left of
the abdomen, and the stomach is
lifted and fixed to the abdominal
wall with the MLR. C
Intraoperative view after
dissection of the lymph nodes
around the left gastric artery. D
The short gastric artery was
safely and easily ligated from
the posterior side of the stomach

the dissection of the lesser curvature (Nos. 1 and 3) and
greater curvature (No. 2) was progressed to the EG
junction. The vagal nerve was divided enough to intro-
duce the stomach to the out of the stomach. The right
gastric artery and right gastroepiploic artery were not
resected.

A median incision (about 5 cm long) was made at the
epigastrium and the peritoneal cavity was entered. The
laparotomy wound was protected and retracted using a
wound-sealing device (Lap Protector, Hakko Medical Co.,
Nagano, Japan). The vessel tape was introduced through
the posterior of the esophagus, and the esophagocardiac
junction was elevated to the abdominal wall side. The
esophagus was transected using a mini-PSI [14], and the
anvil head of a circular stapler (CDH, 25 mm, Ethicon)
was inserted into the esophageal stump.

The reconstruction was performed using the gastric tube.
The stomach was introduced to the out of the abdomen
through the median incision. After the vessels of the
greater and lesser curvatures were ligated, the gastric body
was divided with a linear stapler device to make the gastric
tube (20 cm long, 3 cm wide) (Fig. 3A). After the dis-
sected line was closed with 3-0 Vicryl (Fig. 3B), the gastric
tube and the esophagus were anastomosed by a circular
stapler introduced through the stump of the gastric tube
(Fig. 3C). The access opening on the gastric tube stump
was closed with the laparoscopic linear stapler device
(Fig. 3D). The diaphragm—esophagus gastric tube was

sutured to prevent leakage and reflex esophagitis. The
pyloplasty was adequately performed using the finger
fracture method. After the drain was inserted into the
anastomosis through the right upper port, the wound was
closed in three layers.

Results

Fourteen patients (11 male and 3 female) underwent LAPG.
The mean age was 62.2 years (range = 4871 years). The
mean operating time and blood loss were 202 min
(range = 146-271 min) and 236 ml (range = 21-455 ml),
respectively. The postoperative depth of invasion for the
LAPG included 11 cases of T1, 1 case of proper muscle, 1
case of subserosal invasion, and 1 case of gastrointestinal
stromal tumor. All procedures were curative. The resected
margin was always free from invasion. No laparoscopic
surgery had to be changed to a laparotomy. There was no
hemorrhaging, pancreatic fistula, or abdominal abscess.
Reflux symptoms were observed in 2 of 14 patients. Four
patients (35%) experienced postoperative complications,
including four patients with anastomotic stenosis and one
patient with anastomotic leakage. Each case of stenosis
required one or two endoscopic dilations. The mean post-
operative hospital stay was 16 days (range = 11-35).
5-POD fluoroscopy using an oral contrast medium revealed
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Fig. 3 Method of gastric tube
reconstruction. A, B The upper
two-thirds of the stomach was
resected using a linear stapler
device. C A center rod was
pierced through the posterior
wall of the gastric tube. D The
anastomosis was made between
the esophagus and the gastric
tube

Fig. 4 5-POD fluoroscopy revealed neither leaks nor stenosis of the
anastomosis

no leaks or stenosis of the anastomosis (Fig. 4). All patients
have been free from recurrence for a follow-up period of
19 months.

@ Springer

Discussion

Recently, there have been advances in the screening
mechanism and, thus, the detection rate of upper-one-third
early-stage gastric carcinomas [1]. It is now possible to
treat these tumors with minimal surgery using techniques
such as endoscopic submucosal resection (ESD) or lapa-
roscopic surgery [2-5]. However, these techniques are not
standard methods, especially for treating gastric cancer in
the upper one-third of the stomach, because these methods
are technically difficult. Furthermore, gastric carcinomas of
the upper one-third of the stomach have been treated with
total gastrectomy in open surgery, and proximal gastrec-
tomy has been considered appropriate treatment for early-
stage upper gastric cancer [8-11]. In this article we
revealed a safe laparoscopic technique to resect the prox-
imal stomach using a mini-loop retractor followed by
gastric tube reconstruction.

The benefits of proximal gastrectomy for early-stage
gastric carcinoma of the upper one-third of the stomach
have been reported. The procedure has been compared with
total gastrectomy with respect to safety and digestive
function. Various reconstruction methods have been tried;
however, none has been determined as the best [8—11].
Gastroesophageal reconstruction has frequently been per-
formed since the direct anastomosis is very simple. How-
ever, severe reflex esophagitis has been reported as a
complication of gastroesophageal reconstruction [8, 15].
On the other hand, jejunum interposition has been reported
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to be a less complicated method than gastroesophageal
reconstruction [11, 16]. However, jejunum interposition is
complex and time-consuming because it requires at least
three anastomoses. Since the laparoscopic technique of
proximal gastrectomy for gastric carcinoma in the upper
one-third of the stomach is very complex, a simple and less
complicated method has been recommended.

The use of a gastric tube made from the greater curva-
ture of the stomach provides a simple and safe anastomosis
for proximal gastrectomy because it is a single anastomo-
sis. The technique of gastric tube reconstruction by open
surgery was first reported by Adachi et al. [9] to prevent
esophageal reflux. They demonstrated that gastric tube
reconstruction is superior to jejunum interposition because
it is simple, safe, and less complex. In 2002, Shiraishi et al.
[10] reported on the clinical outcome of gastric tube
reconstruction. This procedure has a shorter operating time,
faster recovery, lower hospital expenses, and superior
performance compared with jejunum reconstruction or
total gastrectomy. Thus, proximal gastrectomy followed by
gastric tube reconstruction has several advantages over
other methods.

In 1999, Kitano et al. [12] reported two cases of lapa-
roscopy-assisted proximal gastrectomy (LAPG) followed
by gastric tube reconstruction. He revealed that the tech-
nique is safe and minimally invasive for early-stage upper
gastric carcinoma. The present technique is simple and safe
with the use of MLR and mini-PSI. Since 1999, laparo-
scopic gastrectomies have been performed at Gunma
University Hospital with an MLR and mini-PSI. Laparos-
copy-assisted distal gastrectomy (LADG) and laparoscopy-
assisted total gastrectomy (LATG) using MLR have been
reported to be safe and easy [3-5, 13, 14]. The advantages
of the technique reported here are as follows: (1) MLR
enables the surgeon to have a clear view of the laparo-
scopic procedure and, thus, to easily resect a lymphoid and
ligate a major vessel. (2) Mini-PSI allows the surgeon to
easily fix the anvil head to the abdominal esophagus
through the small abdominal incision. (3) Diaphragm-
esophagus gastric tube suturing prevents the anastomotic
lesion from moving above the diaphragm as well as leak-
age and reflex esophagitis. Thus, using these developed
instruments, LAPG followed by gastric tube reconstruction
can be performed safely and easily.

There have been reports about the complications of
proximal gastrectomy. Reflex esophagitis and anastomotic
stenosis have been reported as problems common to
proximal gastrectomy. With regard to the gastroesophageal
reflex after gastric tube reconstruction, Adachi et al. [9]
reported that only one patient (7%) complained of heart-
burn. In our series, reflex esophagitis with symptoms was
observed in only 2 (14%) of 14 patients. All reflex symp-
toms were relieved by medication. This result was almost

compatible with that of a previous report of gastric tube
reconstruction. On the other hand, in our series, the inci-
dence of anastomotic stenosis (35%) was markedly higher
than in previous reports. Balloon dilatation was found to
effectively manage gastroesophageal anastomotic stenosis
[9]. The cause of anastomotic stricture is not clear. The
different calibers of esophagus and gastric tube might
cause the anastomotic stenosis. In addition, in our study, all
patients with gastroesophageal reflux had anastomotic
stenosis. This result suggested that the gastroesophageal
reflux is associated with anastomotic stenosis. All cases of
stenosis required one or two endoscopic dilations and did
not show any recurrence [17, 18]. However, further clinical
observation and prospective controlled studies are needed
to elucidate the development of anastomotic stenosis.

In conclusion, laparoscopy-assisted proximal gastrec-
tomy with gastric tube reconstruction using MLR was a
simple and safe technique for the treatment of proximal
early gastric cancer. When patients are carefully selected,
LAPG can be curative and minimally invasive for the
treatment of upper-third early-stage gastric cancer.
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