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Abstract: We presented our preliminary clinical data for totally laparoscopic D2 radical distal gastrectomy using
delta-shaped anastomosis (TLG-DSA) to evaluate its effectiveness in terms of minimal invasiveness, technical feasi-
bility, and safety for resection of early gastric cancer. Five consecutive patients who underwent TLG-DSA in our insti-
tution from October 22" 2013 to November 29" 2013 were enrolled in this study. In all five cases, only laparoscopic
linear staplers were used for intracorporeal anastomosis. There were 3 men and 2 women, with a mean age of 67.6
years and a mean body mass index (BMI) of 21.4. All the patients with early gastric cancer were received TLG-DSA.
The mean operation time was 140 minutes, the mean anastomotic time was 19.0 minutes, the mean number of
staples used was six, and the mean estimated blood loss was 56 mL. There was no case of conversion to an open
procedure. The first flatus was observed at 4.4 days, and liquid diet was started at 5.2 days. The mean postopera-
tive hospital stay was 9.8 days. No postoperative complications were found in all five patients, and no postoperative
mortality occurred. TLG-DSA using laparoscopic linear staplers for early gastric cancer was safe and feasible. Delta-
shaped anastomosis is a simple, easy and safe method of intracorporeal gastroduodenostomy.
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Introduction

As a minimally invasive surgical technique, lap-
aroscopic radical gastrectomy is associated
with such advantages as less injury, reduced
postoperative pain, lower impact on immune
function, milder morbidity, and rapid recovery
of gastrointestinal function with a short hospi-
tal stay [1-3]. Laparoscopic gastrectomy was
commonly performed in our institution for the
treatment of early and advanced gastric can-
cer. With the advances in technology and surgi-
cal techniques, totally laparoscopic distal gas-
trectomy is now can be performed intraabdomi-
nally using only endoscopic linear staplers.
Totally laparoscopic distal gastrectomy is
defined as a method to intracorporeally per-
form both the resection and anastomosis using
the laparoscopic technique [4-7]. Totally laparo-
scopic distal gastrectomy has several advan-
tages over laparoscopy-assisted distal gastrec-
tomy such as smaller wounds and a lower
degree of invasiveness [4].

The delta-shaped anastomosis method was
first reported by Kanaya et al. [8] in 2002 and
then used at some institutions in China [9, 10].
The basic procedure of delta-shaped anasto-
mosis is a Billroth | gastroduodenostomy using
only endoscopic linear staplers [8, 9]. Here we
presented our initial experience with first five
consecutive patients who underwent totally
laparoscopic D2 radical distal gastrectomy
using delta-shaped anastomosis (TLG-DSA) in
our institution from October 22" 2013 to
November 29™" 2013. We evaluated the effec-
tiveness of TLG-DSA in terms of minimal inva-
siveness, technical feasibility, and safety for
resection of early gastric cancer.

Patients and methods

Patients

Five consecutive patients with early gastric can-
cer who underwent TLG-DSA in our institution
from October 22" 2013 to November 29 2013
were prospectively enrolled in this study. The
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Table 1. Clinical characteristics of 5 patients underwent TLG-DSA

Case 1 Case 2 Case 3 Case 4 Case 5 Mean + SE
Age (years) 73 69 74 59 63 67.6+£2.89
Gender (male/female) Female Male Male Female Male
BMI (kg/m?) 25.0 20.1 17.0 23.2 21.9 21.4+1.37

TLG-DSA, totally laparoscopic D2 radical distal gastrectomy using delta-shaped anastomosis. SE, Standard Error of Mean. BMI,
body mass index.

characteristics of the patients are shown in
Table 1. All operations were performed by a
single surgeon (Feng Tao or Jieqing Lv) assisted
by two of the authors (Ketao Jin or Huanrong
Lan). Informed consent was obtained from
each patient before surgery in all cases. The
study was approved by the Institutional Review
Board of Shaoxing Hospital of Zhejiang
University. All patients were evaluated pre-
operatively using endoscopy, abdominal com-
puted tomographic (CT) scan (Figure 1) and
gastroscopic biopsy. The following clinical data
were obtained from the medical and anesthe-
sia records including patient age, gender, body
mass index (BMI), operation time, time required
for anastomosis, estimated blood loss, number
of stapler cartridges used, blood transfusion,
days of first flatus and liquid diet, times of anal-
gesic administration except for patient-con-
trolled analgesia, length of postoperative hos-
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Figure 1. Abdomi-
nal computed to-
mographic (CT)
scan revealed the
locations of gas-
tric tumors (White
box).

pital stay, postoperative complications, and
pathological findings. Clinical and pathological
staging were determined according to the
American Joint Committee on Cancer (seventh
edition), the tumor-node-metastasis (TNM)
classification scheme.

Surgical procedure

After general anesthesia, the patient was put in
supine position with the head elevated and legs
apart. During the surgery, five trocars were
inserted. CO, pneumoperitoneum of 12 to 14
mmHg was established. Standing on the left
side of the patient, the surgeon divided the
stomach and duodenum using an ultrasonic
scalpel (UltracisionHarmonic Scalpel; Johnson
& Johnson, Cincinnati, USA), and dissected the
related lymph nodes according to the 2002 edi-
tion of the Gastric cancer treatment guidelines
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Figure 2. Diagrams showing a 45 mm gastroscopic linear stapler was
inserted through the left upper trocar, positioned across the duode-
num in the ventrodorsal direction (A) and fired (B); the stomach tran-
sected from the greater curvature to the lesser curvature with one (C)

or two (D) 60 mm linear staplers.

Figure 3. Diagrams showing the stomach and the surrounding tissue
are put into a large plastic bag (A); the upper and lower anvils of a 60
mm linear stapler were inserted into one end respectively to close the
posterior walls of the stomach (B) and the duodenum (C); the poste-
rior wall of the stomach and that of the duodenum are put together,
and the 60 mm linear stapler is closed and fired (D).

in Japan [11]. In brief, firstly, the left side of the
gastrocolic ligament was dissected near the
transverse colon through to the lower splenic
pole and the pancreatic tail. Secondly, the ori-
gins of the left gastroepiploic vessels were
ligated. The goal was the dissection of stations
number 4sb and 4d lymph nodes. Thirdly, the
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right side of the gastrocolic ligament
was cut near the transverse liga-
ment through to the hepatic flexure,
and the hepatic flexure of the colon
was separated from the duodenal
bulb and the surface of the pancre-
atic head. In this way, the gastrocol-
ic trunk formed by the right gastro-
epiploic vein, right colic vein and
their confluence could be complete-
ly revealed. Fourthly, the right gas-
troepiploic vessels were transected.
The goal was the dissection of sta-
tions number 6 lymph nodes. Fifthly,
the gastroduodenal artery was ex-
posed and the right gastric artery
was transected. The goal was the
dissection of stations number 12a
and 5 lymph nodes. Sixthly, the
three branches of the celiac trunk
were divided and the left gastric
artery was transected. The goal was
dissection of stations number 7, 8a,
9 and 11p lymph nodes. Seventhly,
the hepatogastric ligament and the
anterior lobe of the hepatoduodenal
ligament were transected close to
the lower edge of the liver, and the
right side of the cardia and the less-
er curvature were fully separated.
The goal was dissection of stations
number 1 and 3 lymph nodes.

After mobilization of the gastroduo-
denum, a 45 mm gastroscopic lin-
ear stapler was inserted through the
left upper trocar, positioned across
the duodenum in the ventrodorsal
direction and fired (Figure 2A and
2B). Consequently, the transection
line was rotated approximately 90
degrees from the usual position.
The stomach was then transected
by successively transecting from
the greater curvature to the lesser
curvature with one or two 60 mm
linear staplers (Figure 2C and 2D).
The resected specimen including the stomach
and the surrounding tissue were put into a large
plastic bag (Figure 3A) and placed beneath the
umbilicus.

A small incision was created on the greater cur-
vature side of the remnant stomach and the
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Figure 4. Diagram showing a V-shaped anastomosis is made on the pos-
terior wall (A); the common stab incision closed using one (B) to two (C)
of 60 mm endoscopic linear staplers; an intraabdominal Billroth | delta-

shaped anastomosis accomplished (D).

Figure 5. Diagram showing the resected specimen in the large plastic bag
removed through the umbilical incision (A). Surgical wounds from totally
laparoscopic D2 radical distal gastrectomy using delta-shaped anastomo-

sis (TLG-DSA) (B).

posterior side of the duodenum respectively by
the ultrasonic scalpel. The upper and lower
anvils of a 60 mm linear stapler were inserted
into one end respectively to close the posterior
walls of the stomach and the duodenum (Figure
3B and 3C). The posterior wall of the stomach
and that of the duodenum were put together,
and the 60 mm linear stapler was closed and
fired (Figure 3D). A V-shaped anastomosis was
made on the posterior wall (Figure 4A). Upon
confirmation of no leakage and bleeding of the
anastomosis, the gastric tube was inserted into
the distal anastomotic end of the duodenum.
Finally, the common stab incision was closed
using one to two of 60 mm endoscopic linear
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staplers (Figure 4B and 4C). The
intraabdominal Billroth | delta-
shaped anastomosis was then
accomplished (Figure 4D).

The resected specimen in the
large plastic bag was removed
through the umbilical incision
extended by cutting the fascia
longitudinally with the U-shaped
skin incision (Figure 5A). Surgical
wounds from TLG-DSA were
shown in Figure 5B.

Results

We performed TLG-DSA in five
patients with early gastric carci-
noma. The characteristics of the
patients reconstructed with del-
ta-shaped anastomosis were
summarized in Table 1. The sur-
gical outcomes of the five pa-
tients were summarized in Table
2. The average operation time
was 140 minutes, the average
time required for the delta-sha-
ped anastomosis was 19 min-
utes (range 10 to 25 minutes),
and the average percentage of
the anastomotic time to the ope-
ration time was 13.5%. The aver-
age number of staples used was
six, the estimated blood loss
was 56 ml, and no patients
received blood transfusion. The-
re was no case of conversion to
an open procedure. The first fla-
tus was observed at 4.4 days
and liquid diet was started at
5.2 days. The average postoper-
ative analgesic use was 2.8 times, and the
postoperative hospital stay was 9.8 days. There
was no intraoperative mortality. None of the
patients developed complications such as
anastomotic leakage, postoperative hemor-
rhage, anastomotic stenosis, and delayed gas-
tric empting and all followed a satisfactory
postoperative course (Table 2).

The average number of harvested lymph nodes
was 24.8, and the average length of the proxi-
mal resected margin and distal resection mar-
gin were 4.0 cm and 3.8 cm, respectively. Two
patients (20.0%) had lymph node metastasis
(Table 3).

Int J Clin Exp Med 2017;10(2):2627-2633



Totally laparoscopic distal gastrectomy

Table 2. Surgical outcomes of 5 patients underwent TLG-DSA

Case 1 Case2 Case3 Cased4 Caseb Mean + SE

Operation time (min) 130 125 120 145 180 140.0+10.84
Anastomotic time (min) 15 20 15 20 25 19.0+1.87
Anastomotic time/operation time (%) 11.54 16.0 12.5 13.8 13.9 13.5+0.75
Lymph node dissection D2 D2 D2 D2 D2
No. of stapler cartridges used 6 7 6 6 6 6.2+0.20
Estimated blood loss (ml) 50 100 30 50 50 56.0+11.66
First flatus (days) 6 6 3 4 3 4.4+0.68
Liquid diet (days) 6 6 7 4 3 5.2+0.74
Analgesic use (times)? 3 3 3 3 2 2.840.20
Hospital stay (days) 11 9 9 10 10 9.8+0.37
Transfusion (Yes/No) No No No No No
Open conversion (Yes/No) No No No No No
Complications

Anastomotic leakage (Yes/No) No No No No No

Postoperative hemorrhage (Yes/No) No No No No No

Anastomotic stenosis (Yes/No) No No No No No

Abdominal abscess (Yes/No) No No No No No

Pulmonary infection (Yes/No) No No No No No

Delayed gastric emptying (Yes/No) No No No No No

Reoperation (Yes/No) No No No No No

Lymphorrhea (Yes/No) No No No No No

Wound infection (Yes/No) No No No No No

Intraoperative mortality (Yes/No) No No No No No

TLG-DSA, totally laparoscopic D2 radical distal gastrectomy using delta-shaped anastomosis. SE, Standard Error of Mean. D2,
including stations number 1, 3, 4sb, 4d, 5, 6, 7, 8a, 9, 11p, 12a and 14v lymph nodes. ?, except for patient-controlled analge-
sia.

Table 3. Pathologic features of 5 patients underwent TLG-DSA

Case 1 Case 2 Case 3 Case 4 Case 5 Mean + SE

Tumor size (cm?) 12.0 10.5 2.0 3.0 3.0 6.1+2.12
Histologic type

Well differentiated _ _ _ _ Well

Moderately differentiated _ Moderately Moderately Moderately Moderately

Poor differentiated Poor Poor _ _ _
Resected margin (cm)

Proximal resection margin 4 4 4 4 4 4.0+0.00

Distal resection margin 2 2 6 3 6 3.840.92
Depth of wall invasion Submucosa Submucosa  Mucosa Mucosa Mucosa
No. of harvested lymph nodes 24 25 30 22 23 24.8+1.39
No. of metastatic lymph nodes 6 3 0 0 0 1.8+1.20
TNM stage T1bN2MO  T1bN2MO T1aNOMO T1aNOMO T1aNOMO
AJCC stage 1A 1A 1A 1A 1A

TLG-DSA, totally laparoscopic D2 radical distal gastrectomy using delta-shaped anastomosis. SE, Standard Error of Mean.
AJCC, American Joint Committee on Cancer.

Discussion applied in D2 radical gastrectomy for distal gas-

tric cancer. Billroth | anastomosis is a common
With less injury and faster postoperative recov- reconstruction procedure in D2 radical gastrec-
ery, laparoscopic techniques have been widely tomy for distal gastric cancer. In 2002, Prof.
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Seiichiro Kanaya from Japan Himeji Medical
Center first introduced the delta-shaped anas-
tomosis [8], which was a Billroth | side-to-side
anastomosis of the posterior walls of the rem-
nant stomach and the duodenum using a lapa-
roscopic linear stapler. During the anastomo-
sis, the staple line was in a “V” shape, which
would turn into a triangular shape after the
anastomosis was closed, hence the name “del-
ta-shaped anastomosis”. With the advance-
ment of devices for visualization, dissection,
and anastomosis, totally intracorporeal proce-
dures are likely to become more popular and
used more than laparoscopically assisted tech-
niques. With increasing application of laparo-
scopic techniques in the D2 radical treatment
of distal gastric cancer, the delta-shaped anas-
tomosis has been gradually adopted in China
[9, 10].

The purpose of this study was to evaluate the
effectiveness of TLG-DSA in terms of minimal
invasiveness, technical feasibility, and safety
for resection of early gastric cancer. In our ini-
tial experience, five consecutive patients who
underwent delta-shaped anastomosis were
analyzed. Delta-shaped anastomosis is simple
and has a wide anastomosis lumen, and does
not require an excessive time to be conducted
[8, 12]. Oki et al. reported that delta-shaped
anastomosis is a safe and feasible procedure,
and it requires a shorter operation time and
has no associated complications [12]. Our ini-
tial work obtained exciting results with a short
operation time, a low estimated blood loss, a
rapid recovery of gastrointestinal function, a
short postoperative hospital stay and no post-
operative complications. Our results were com-
parable with the results from others’ clinical
work [4, 13]. These initial results obtained
mainly due to the surgeon’s experience with a
high volume of totally laparoscopic distal gas-
trectomy cases. And our initial results also
demonstrated the technical feasibility and
safety of TLG-DSA.

In conclusion, the application of delta-shaped
anastomosis with a linear stapler as part of the
intraperitoneal Billroth | reconstruction is safe
and feasible, allowing satisfying postoperative
recovery and outcomes. Our clinical experience
indicated that the delta-shaped anastomosis is
a simple, easy and safe method of intracorpo-
real gastroduodenostomy.
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