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TECHNICAL NOTE

An additional suture secures against pitfalls in delta-shaped
gastroduodenostomy after laparoscopic distal gastrectomy
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Abstract Laparoscopic gastrectomy is widely used as a
minimally invasive surgery for gastric cancer. Laparo-
scopic distal gastrectomy must be followed by either a
gastroduodenostomy or gastrojejunostomy to restore con-
tinuity of the alimentary tract. The intraabdominal delta-
shaped gastroduodenostomy using endoscopic linear sta-
plers, which was developed by Kanaya et al., is one of the
feasible reconstructive procedures. However, the clinical
results still remain uncertain. In 71 patients treated
between February 2008 and February 2009, we found that
anastomotic failure occurred in six patients and there was
an intraabdominal abscess around the anastomosis in two
patients, findings which might be associated with technical
pitfalls in the procedure. After considering the mecha-
nisms underlying these unfavorable complications, we
developed a modification of the procedure to successfully
overcome these complications by reinforcement of the
anastomosis using simple suturing at the closed common
channel on the greater curvature. This modified Kanaya’s
procedure will be safer and should provide a better intra-
corporeal gastroduodenostomy after laparoscopic distal
gastrectomy.
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Introduction

In the past decade, laparoscopic surgery has been widely
accepted as surgical treatment for both benign gastroduo-
denal diseases and stomach malignancies [1-3]. We and
others have reported the advantages of the laparoscopic
procedure over the conventional open method [4-6]. Distal
gastrectomy must be followed by gastroduodenostomy or
gastrojejunostomy to restore continuity of the alimentary
tract. The reconstructive procedure in patients with lapa-
roscopic surgery is commonly performed extracorporeally
through a minilaparotomy incision and thus is termed
laparoscopy-assisted gastrectomy. However, anastomotic
procedures that can be performed purely under a laparo-
scope have been designed for patients with laparoscopic
distal gastrectomy (LDG) [7-9]. Some surgeons have
reported several intra- or postoperative advantages of
totally laparoscopic surgery compared with laparoscopy-
assisted surgery, although intraabdominal anastomotic
procedures are considered to be complex and the endo-
scopic linear staplers are expensive [10, 11]. A method for
Billroth I anastomosis after LDG that uses only endoscopic
linear staplers was developed by Kanaya and colleagues in
2002, and has been widely accepted in Asian countries
such as Japan and Korea due to its simplicity [7]. However,
the clinical results of this procedure have not yet been fully
documented. When we reviewed the early surgical out-
comes with Kanaya’s procedure after LDG at our institutes,
to determine the technical pitfalls of the procedure, we
found that postoperative complications around the anasto-
mosis had occurred in some patients. In this report, we
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describe a simple method that we contrived to prevent the
pitfalls that we noted.

Surgical technique

The details of the approaches to the intracorporeal delta-
shaped gastroduodenostomy after LDG are the same as
those described by Kanaya et al. [7]. Mobilization and
transection of the stomach and lymph node dissection were
performed similarly at each institute as described previ-
ously [5]. The duodenum was divided in the dorsoventral
direction with the use of an endoscopic linear stapler (ETS
Flex 45-3.5; Ethicon Endo-Surgery, Cincinnati, OH, USA)
immediately after dissection of the infra- and suprapyloric
nodes.

Intracorporeal delta-shaped gastroduodenostomy

A small incision was created on the greater curvature side
of the gastric remnant and the posterior side of the duo-
denum. The 45-mm endoscopic linear stapler was inserted
through the left lower port. As the posterior wall of the
gastric remnant and that of the duodenum were approxi-
mated, the forks of the stapler were closed and fired
(Fig. 1a). A V-shaped anastomosis was created on the
posterior wall. The common channel through which the
stapler had been inserted was closed vertically to the ali-
mentary tract so as to obtain the widest anastomosis, with
two additional applications of the endoscopic linear stapler
(Fig. 1b). Thereafter, the intracorporeal delta-shaped gas-
troduodenostomy was made.

Addition of a secure suture to reinforce the anastomosis

About 1 year after the introduction of Kanaya’s procedure,
we evaluated the efficacy of the procedure and found that
there was a relatively high incidence of complications,
such as anastomotic failure and intraabdominal abscess
around the anastomosis. At the closed common channel of
the greater curvature side, the gastroduodenostomy has the
strongest tension and the closing procedure was possibly
uncertain because the closing procedure is sometimes
hidden between the two forks of the endoscopic linear
stapler. Moreover, an extroverted gastroduodenostomy is
sometimes attached directly to the bare pancreas after
lymph node dissection, and even minimal leakage of pan-
creatic juice could be activated by attaching the mucosa of
the alimentary tract. This may subsequently cause an
intraabdominal abscess or leakage of the anastomosis. To
investigate these hypotheses and to develop a method to
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Fig. 1 A schematic representation of the delta-shaped gastroduode-
nostomy. a The forks of the endoscopic linear stapler are inserted into
the small incisions in the duodenal and gastric stumps to create the
anastomosis. b The closing process of the small incision using
additional endoscopic linear staplers. At the closed common channel
of the greater curvature side (arrow), the closing procedure is sometimes
hidden between the two forks of the endoscopic linear stapler

avoid the complications, we have reinforced the closed
common channel of the greater curvature side by additional
suturing with PDSII 4-0 (Fig. 2a, b).

Statistical analysis

A retrospective analysis was performed, using a prospec-
tively maintained comprehensive database, to determine
the technical pitfalls of the procedure. The data from 142
consecutive patients with LDG followed by Kanaya’s
procedure were collected from our and our affiliate insti-
tutions from February 2008 to February 2011. With regard
to the clinical data, we obtained the following information
from medical charts; age, sex, body mass index (BMI),
tumor characteristics, duration of the operation, total esti-
mated blood loss, and complications. The patients who
were suspected to have an anastomotic leakage because of
pyrexia, leukocytosis, or discharge from a drain (if a drain
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Fig. 2 Additional suturing added to the original Kanaya’s procedure
to reinforce the anastomosis. a Simple suturing is added on the closed
common channel of the greater curvature side. b The extroverted
structure in this portion is covered (arrow)

had been placed during surgery) were immediately identi-
fied by computed tomography or a gastrograffin swallow-
ing study. Data values are expressed as means =+ standard
deviation (SD). Differences between groups were analyzed
by Student’s r-test or the x> test using Fisher’s exact

probability. A two-sided p value of <0.05 was considered
to be statistically significant.

Results

Three hundred and two patients with preoperatively diag-
nosed gastric carcinoma were treated by laparoscopic sur-
gery between February 2008 and February 2011 at our
institute and an affiliate institution. Of these patients, 142
underwent an intracorporeal delta-shaped gastroduodenos-
tomy after LDG. The 142 patients could be separated
historically into two groups; one group consisted of 71

patients who were treated using the original Kanaya’s
procedure (Group 1) and the other 71 patients consisted of
those who were treated with an additional secure suture
that was introduced in March 2009 (Group 2). A summary
of the two groups appears in Table 1. There were no sig-
nificant differences in age, gender, tumor-TNM staging, or
extension of lymph node dissection (D1/D2) between the
two groups. However, the body mass indices in Group 1
were significantly greater than those in Group 2. The
number of patients treated by surgeons with more than
5 years of experience with laparoscopic gastrectomy was
similar in the two groups. The duration of the operation
was significantly longer for Group 2, but the estimated
blood loss did not differ significantly between the two
groups. There was no mortality in either group. In the 71
patients in Group 1, there were 6 patients with anastomotic
failure and two patients who developed an intraabdominal
abscess around the anastomosis after surgery (Table 2).
These complications happened in Cases 19, 32, 39, 47, 60,
62, 67, and 71 after the introduction of Kanaya’s proce-
dure. The symptoms of leakage occurred within 3 days
after surgery with resumption of food intake. As we did not
generally place any prophylactic drain in patients with
distal gastrectomy, four patients without any drain placed
were subjected to reoperation. In two of these patients, the
duodenal remnant was somewhat ischemic after its exten-
sive mobilization due to poor mobilization of the gastric
remnant, so an information drain was placed around the
anastomosis. In these patients we were able to avoid
additional surgery due to the effective drainage. The
leakage site was found at the caudal closure side of the
common channel through which a linear endostapler had
been inserted in all patients. Two patients developed
delayed intraabdominal abscess around the anastomosis;
this happened a week or more after the surgery. In one of
these two patients, the abscess was diagnosed on the
eleventh postoperative day, after he had been discharged
from the hospital. These patients had no symptoms that
were suggestive of anastomotic failure immediately after
their resumption of food intake. In one of the two patients,
roentgenography showed a minute fistula between the
abscess and the anastomosis on the greater curvature side.
The amylase level in the discharge from the drain was not
high, and a bacteria culture study showed no remarkable
species of bacteria. There was an anastomotic hemorrhage
after surgery in one patient in Group 1. Of nine patients
with complications around the anastomosis after surgery,
three patients were operated on by a senior surgeon with
more than 5 years of experience with laparoscopic gas-
trectomy and 6 patients were operated on by surgeons with
less than 5 years of experience. Since the additional secure
suture has been used in combination with the original
Kanaya’s procedure, there have been no cases of
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Table 1 Clinical characteristics of the patients

Group 1 Group 2 p
n=71 n=71
Age (years) 70 (10) 67 (12) 0.087
Gender (male/female) 47124 51/20 0.592
Body mass index (kg/mz) 22.8 (3.1) 21.8(2.8) 0.049
pTNM staging
pStage 1 57 61 0.657
pStage 2 6 4
pStage 3 7 6
pStage 4 1 0
Lymph node dissection (D1/D2)  53/18 52/19 >0.999
Duration of operation (min) 260 (56) 305 (73) <0.001
Blood loss (g) 63 (79) 72 (84) 0.579
Surgeon’s experience 30/41 36/35 0.400

(senior/non-senior)*

Data are expressed as means (SD). Numbers alone indicate the
numbers of patients. Group 1 consisted of the patients treated with
Kanaya’s original procedure alone between February 2008 and Feb-
ruary 2009, and Group 2 consisted of the patients treated with addi-
tional suturing and Kanaya’s procedure between March 2009 and
February 2011

* A senior surgeon was defined as one who had more than 5 years of
experience performing laparoscopic gastrectomies

Table 2 Postoperative complications

Group 1 Group 2 p
n=71 n=71
Complications around the anastomosis
Anastomotic failure 6 0 0.028
Intraabdominal abscess 2 0 0.497
around the anastomosis
Anastomotic hemorrhage 1 0 >0.999
Anastomotic stricture 0 0 >0.999
Other abdominal complications 4 3 >0.999
Respiratory complications 2 1 >0.999
Total 15 4 0.012

anastomotic leakage or intraabdominal abscess around the
anastomosis thus far. No stricture of the anastomosis was
observed in either group. The incidences of other compli-
cations were similar in the two groups (Table 2).

Discussion
Recently, surgical techniques and modalities have
advanced to allow adequate dissection of regional lymph

nodes and safe reconstruction during laparoscopic surgery
for the treatment of gastric carcinoma. However, there are
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still problems with anastomotic procedures after laparo-
scopic gastrectomy that must be addressed. Gastroduode-
nostomy, the so-called Billroth I reconstruction, is most
commonly performed after LDG to facilitate anastomosis.
The laparoscopic gastroduodenostomy procedure without
the use of a circular stapler was developed by Kanaya, and
the procedure has been employed at our institute since
February of 2008.

Conventionally, a gastroduodenostomy can be per-
formed using a circular stapler through a minilaparotomy
[2], but this is sometimes difficult when the gastric or
duodenal remnant is too small to be handled through the
minilaparotomy. Docking the anvil head with the center
rod of a circular stapler through the minilaparotomy is not
easily performed, and sometimes may result in injuries to
the structures around the anastomosis, due to forceful
tension, or may result in involvement of the surrounding
tissues. Moreover, intracorporeal anastomosis requires a
smaller incision of about 3-cm for removing the excised
specimen, compared with an extended incision of at least
5-cm at the epigastric lesion in an extracorporeal anasto-
mosis. This suggests that totally laparoscopic surgery
might be less traumatic and less invasive.

Kanaya was the first surgeon who reported a purely
laparoscopic method for Billroth I anastomosis after LDG
that uses only endoscopic linear staplers [7]. Kanaya’s
procedure has been widely accepted, especially in Japan
and Korea, due to its simplicity. Kanaya and his colleagues
reported the safety and feasibility of the procedure with
their experience of 100 patients [12]. In their series, the rate
of anastomotic failure was only 1%. However, there are
few reports by other institutes that have followed Kanaya’s
procedure. The clinical results of the original Kanaya’s
procedure have not yet been fully documented.

We herein reviewed the early surgical outcomes of this
procedure at our institutions. There were six patients with
anastomotic failure and two patients with intraabdominal
abscess around the anastomosis in the 71 patients treated
with the original Kanaya’s procedure the first year after the
introduction of this type of reconstruction. These were
serious problems with relatively high incidences, and the
benefits associated with less invasive surgery might be
decreased by such complications. These problems could
not be explained by technical immaturity alone because we
spent much time, including practice surgeries in an animal
laboratory, to become skilled in this procedure, and we
were instructed directly by either Kanaya or his colleagues.
Moreover, these postoperative complications were not only
associated with young surgeons but also with experienced
surgeons, and these adverse events did not happen only
during the early phase just after the introduction of the
procedure. In addition, the BMI of the patients in this study
could not account for the present complications because the
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approximately 1.O-kg/m2 difference in the mean BMIs
between the two groups was too small to have a serious
impact on the postoperative complications. The reason for
the significantly shorter duration of operation in the earlier
group was unclear, but it was unlikely to be associated
directly with the problem with the anastomosis.

Therefore, we speculated on possible reasons for these
complications, and contrived methods for preventing
complications involving the anastomosis. First, we noted
that the gastroduodenostomy had the strongest tension at
the caudal side of the closed common channel of the
greater curvature. Nevertheless, the closing procedure was
uncertain at this portion because this portion tends to roll
backward during the procedure of closing the common
channel behind the inserted linear endostapler. By reoper-
ation or roentgenography, we confirmed that this portion
was associated with the anastomotic failure. Next, we
observed that the extroverted gastroduodenostomy was
sometimes attached directly to the bare pancreas after
radical lymph node dissection, and even minimal leakage
of pancreatic juice could be activated by the attachment of
mucosa of the alimentary tract. Pancreatic juice is activated
by intestinal factors or bacteria and digests the surrounding
tissues that are exposed to the activated enzymes. Obama
et al. [13] showed that leakage of pancreatic juice was
more common in laparoscopic gastrectomy than in con-
ventional open gastrectomy. Consequently, intraabdominal
abscess or leakage of the anastomosis might be caused by
the pancreas head after radical lymph node dissection. We
believed that the development of a serious pancreatic fis-
tula caused by radical lymph node dissection was not
likely, because the level of amylase in the purulent dis-
charge from the abscess was not highly elevated.

To confirm these hypotheses and to avoid the unfavor-
able complications observed during the early surgical
outcomes, we started reinforcing the closed common
channel of the greater curvature side and we covered the
extroverted anastomosis by simple additional suturing.
Consequently, complications such as anastomotic leakage
and intraabdominal abscess around the anastomosis have
disappeared. This favorable result appears to support our
hypotheses.

We conclude that the addition of simple suturing to
secure the anastomosis with Kanaya’s procedure can pro-
vide a safer and more feasible intracorporeal gastroduo-
denostomy after LDG.
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