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Abstract
Background Gastroduodenostomy is preferred as a method of reconstruction following distal subtotal gastrectomy. However, 
in initial reports on reduced-port gastrectomy, gastroduodenostomy has rarely been performed therein because of technical 
difficulties. The present study describes a novel intracorporeal gastroduodenostomy technique applicable during reduced-
port robotic distal subtotal gastrectomy.
Methods Data were retrospectively reviewed for cases of reduced-port (three-port) robotic distal subtotal gastrectomy with 
intracorporeal delta-shaped gastroduodenostomy performed from February 2016 to December 2016. The reduced-port 
approach used a Single-Site™ port via a 25-mm infraumbilical incision and two additional ports. We performed intracor-
poreal gastroduodenostomy using a 45-mm robotic or laparoscopic endolinear stapler. All staplers were inserted via a port 
on the left lower abdomen.
Results In our initial experience with intracorporeal gastroduodenostomy, 28 consecutive patients underwent successful 
surgery with the technique without needing to convert to open, laparoscopic, or conventional five-port robotic surgery. Mean 
operation time was 201.1 min (110–282 min), and no major complications, including anastomosis-related problems, were 
recorded.
Conclusions Intracorporeal delta-shaped gastroduodenostomy was safely and feasibly applied during reduced-port robotic 
gastrectomy with acceptable operative outcomes and no major complications. Intracorporeal gastroduodenostomy should 
be considered during reduced-port distal subtotal gastrectomy.
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Minimally invasive surgery is now a standard option for the 
treatment of gastric cancer. Efforts to minimize trauma, sur-
gical stress, and scarring after surgery have drawn interest 
to reduced-port gastrectomy among laparoscopic surgeons. 
Although the safety and feasibility of reduced-port laparo-
scopic or robotic gastrectomy for gastric cancer have been 
reported by experienced surgeons, [1, 2] intracorporeal anas-
tomosis remains a challenge because of restricted access.

Intracorporeal gastroduodenostomy, also known as delta-
shaped anastomosis, during laparoscopic distal subtotal 
gastrectomy was first reported by Kanaya [3]. Originally, 
achieving anastomosis with this technique required five ports 
for adequate access and support from assistants. Nonethe-
less, even during conventional five-port gastrectomy, intra-
corporeal gastroduodenostomy poses greater technical 
challenges than other types of anastomoses, such as loop 
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or Roux-en-Y gastrojejunostomy, and, thus, has rarely been 
performed, despite being preferred in conventional laparo-
scopic surgery [2, 4–11].

In this study, we describe a novel, safe, and easy intracor-
poreal delta-shaped gastroduodenostomy technique appli-
cable during reduced-port (three-port) robotic gastrectomy 
using the da  Vinci® surgical system (Intuitive Surgical, Sun-
nyvale, CA, USA).

Patient and methods

We conducted a single-center, retrospective review of data 
on gastric cancer with reduced-port robotic distal subtotal 
gastrectomy and intracorporeal delta-shaped gastroduoden-
ostomy using endolinear stapling devices. From February 
2016 to December 2016, 28 consecutive patients who under-
went this procedure with a curative aim were included in this 
study. All patients provided written informed consent for 
the procedure. If minimally invasive surgery was indicated, 
as described in a previous study, [12] eligible patients were 
provided detailed descriptions of each procedure, including 
reduced-port robotic or five-port conventional laparoscopic 
gastrectomy. Patients could then choose between these 
options. All patients who chose robotic gastrectomy consec-
utively underwent reduced-port gastrectomy using a Single-
Site™ port (Intuitive Surgical, Sunnyvale, CA, USA) and 
two additional ports during the study period. Delta-shaped 
gastroduodenostomy was performed as the primary option 
for reconstruction whenever possible. When gastroduoden-
ostomy was not feasible, gastrojejunostomy was performed. 
Approval was obtained from the Institutional Review Board 
of Severance Hospital, Yonsei University College of Medi-
cine (4-2017-0533).

Technique

Reduced-port robotic distal subtotal gastrectomies were 
performed using both the da  Vinci® Si and Xi Surgical 
Systems. The reduced-port approach uses a Single-Site™ 
port positioned below the umbilicus and two additional 
straight cannulas. For the procedure, a camera was intro-
duced through the endoscope cannula of the Single-Site™ 
port, and the two additional cannulas were inserted in the 
abdomen, one on each side: an 8-mm cannula on the right 
upper abdomen and a 12-mm cannula on the left lower 
abdomen. Then, curved and assist cannulas were inserted 
via the Single-Site™ port. To perform lymph node dis-
section, we placed ultrasonic shears  (Harmonic®, Ethicon 
Endo-surgery, Cincinnati, OH, USA) in the right abdomi-
nal cannula, Maryland bipolar forceps (Intuitive Surgi-
cal, Sunnyvale, CA, USA) in the left abdominal cannula, 
and 5-mm semi-rigid Cadiere forceps (Intuitive Surgical, 
Sunnyvale, CA, USA) in the curved cannula of the Single-
Site™ port (Fig. 1).

For intestinal resection and anastomosis, the ultrasonic 
shears equipped via the right abdominal cannula were 
removed and replaced with rigid Maryland bipolar for-
ceps for retraction of the stomach. Cadiere forceps inserted 
through the curved cannula of the Single-Site™ port were 
also used for retraction. To begin intracorporeal gastroduo-
denostomy, the bulb of the duodenum was transected in the 
dorso-ventral direction with a 45-mm endolinear stapler 
inserted through the left lower abdominal port (Fig. 2A). 
Coordinating the Maryland forceps and the stapler, duo-
denum was easily rotated and transected. After D1+ or D2 
lymphadenectomy (according to clinical stage) and mobi-
lization of the stomach were performed, the stomach was 

Fig. 1  Position of the patient and port placement. A The patient was placed in a supine position and with 15° head-up tilt. The surgical cart 
approached the patients under the guidance of a laser targeting system. B Port placement, including a 25-mm infraumbilical Single-Site™ port
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Fig. 2  Gastric resection and intracorporeal delta-shaped gastroduo-
denostomy during reduced-port robotic distal subtotal gastrectomy. 
During anastomosis, rigid Maryland bipolar forceps are introduced 
through the right abdominal cannula to retract the duodenum and 
stomach in coordination with 5-mm semi-rigid Cadiere forceps 
inserted through the curved cannula in the Single-Site™ port. A 
The duodenum is transected in the dorso-ventral (posterior to ante-
rior) direction. B The stomach is resected from the greater curvature 

to the lesser curvature using two or three 45-mm endolinear staplers 
through the left lower cannula. C The posterior wall of the remnant 
stomach and the duodenum are approximated using a 45-mm endo-
linear stapler via the left lower abdominal port. D For closure of the 
common entry hole, the staple line is retracted using curved Cadiere 
forceps and Maryland forceps. E Closure of the entry hole with a 
45-mm endolinear stapler. F Final closure of the entry hole and com-
pletion of the gastroduodenostomy
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transected in the usual fashion (Fig. 2B), and the resected 
specimen was put into a plastic bag. Intracorporeal delta-
shaped gastroduodenostomy was then created using an 
 EndoWrist® stapler 45 (Intuitive Surgical, Sunnyvale, CA, 
USA) or a 45-mm laparoscopic flexible endolinear stapler 
(Echelon Flex™ Ethicon Endo-Surgery, Cincinnati, OH, 
USA). When using a laparoscopic endolinear stapler, an 
8-mm straight cannula was inserted in a port-in-port fash-
ion via the 12-mm trocar  (XCEL®, Ethicon Endo-surgery, 
Cincinnati, OH, USA) in the left lower abdomen. Small 
incisions for anastomosis were created along each edge of 
the stomach and the duodenum. A 45-mm endolinear sta-
pler was then inserted via the left abdominal cannula into 
each hole at the stomach and the duodenum. Gastroduo-
denal continuity was achieved by firing the first stapler in 
the posterior walls of the remnant stomach and the duo-
denum (Fig. 2C). A V-shaped anastomosis was created on 
the posterior walls, and the entry hole was closed using 
one or two 45-mm endolinear staplers (Fig. 2D–F). The 
video supplement (Supplemental Digital Content 1) for the 
procedure exhibits intracorporeal delta-shape gastroduo-
denostomy using endolinear staplers during reduced-port 
robotic distal subtotal gastrectomy for gastric cancer.

Results

During the study period, reduced-port robotic distal subto-
tal gastrectomy was performed for 32 consecutive patients. 
Among them, 28 patients underwent intracorporeal delta-
shaped gastroduodenostomy. All robotic gastrectomies were 
successfully completed without converting to open or lapa-
roscopic surgery or additional port insertion. The preopera-
tive characteristics of the patients including 15 males and 
13 females are shown in Table 1. Mean age and body mass 
index were 52.9 years (range of 30–82 years) and 23.5 kg/m2 
(range of 17.0–29.8 kg/m2), respectively. Clinical T1 can-
cer was suspected in 17 (60.7%) patients, and 11 (39.3%) 
patients were diagnosed as having advanced gastric cancer 
preoperatively. Table 2 outlines the operative parameters and 
postoperative results. To achieve gastroduodenal anastomo-
sis, laparoscopic endolinear staplers were used in 15 patients 
(53.6%), and robot staplers were utilized in 13 patients 
(46.4%). The total operation time for reduced-port robotic 
gastrectomy was 201.1 min (range of 110–282 min). Blood 
loss was estimated at 43.6 mL (range of 10–120 mL). The 
mean number of retrieved lymph nodes was 60.7 (range of 
26–119). The mean postoperative hospital stay was 6.1 days 
(range of 5–14 days). Assessed by the Clavien–Dindo sys-
tem, neither major (grade III or higher) nor anastomosis-
related complications were recorded during the study period. 
Also, there were no instances of readmission or reoperation 

for any surgery-related cause among the enrolled patients 
with at least 6 months of follow-up.

Discussion

In this study, we described a novel anastomosis technique 
for completing intracorporeal delta-shaped gastroduodenos-
tomy during reduced-port robotic gastrectomy. In our initial 
experience therewith, we have found the short-term surgical 
outcomes of the procedure, including operating time, hospi-
tal stay, and postoperative complications, to be acceptable, 
comparable with those in previous studies on conventional 
minimally invasive gastrectomy. During the follow-up period 
of the present study, no major complications, including anas-
tomosis-related problems, were recorded. These results sug-
gest that intracorporeal gastroduodenostomy may be feasible 
and safe in reduced-port robotic gastrectomy.

Table 1  Preoperative patient characteristics

ASA American Society of Anesthesiologists
All data are shown as a mean and range or number and %

Variables (n = 28)

Age, year 52.9 (30–82)
Sex
 Male 15 (53.6%)
 Female 13 (46.4%)

Body mass index, kg/m2 23.5 (17.0–29.8)
ASA class
 1 7 (25.0%)
 2 16 (57.1%)
 3 5 (17.9%)

Prior intra-abdominal surgery 4 (14.3%)
Depth of invasion, clinical
 Mucosa 0
 Submucosa 17 (60.7%)
 Muscularis propria 8 (28.6%)
 Subserosa 2 (7.1%)
 Serosa 1 (3.6%)

Lymph node metastasis, clinical
 Absent 25 (89.3%)
 Present 3 (10.7%)

Circular location
 Lesser curvature 9 (32.1%)
 Greater curvature 5 (17.9%)
 Anterior wall 3 (10.7%)
 Posterior wall 11 (39.3%)

Tubular location
 Middle 10 (35.7%)
 Lower 18 (64.3%)
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According to reports, gastroduodenostomy is physio-
logically advantageous in terms of maintaining duodenal 
passage, nutrient uptake, and iron metabolism [13, 14]. 
Additionally, postoperative ileus and obstruction have 
been found to be less frequent after gastroduodenostomy 
than after other anastomoses after distal subtotal gastrec-
tomy [15]. Moreover, gastroduodenostomy allows for the 
same access to the papilla of Vater and the biliary system 
as with endoscopy after surgery. With these advantages, 
gastroduodenostomy has been most commonly used for 
conventional open and minimally invasive distal subto-
tal gastrectomies [16]. Our first choice for gastric recon-
struction after distal subtotal gastrectomy during minimal 
invasive surgery is also intracorporeal delta-shaped gas-
troduodenostomy: in cases where the lesion is close to the 
pylorus of the stomach or small remnant stomach tissue is 

left due to tumor location, gastrojejunostomy is preferred 
to gastroduodenostomy.

Intracorporeal gastroduodenostomy in reduced-port 
gastrectomy is difficult to perform when using conven-
tional devices and techniques. Unlike conventional mini-
mally invasive gastrectomy that typically utilizes five ports, 
reduced-port gastrectomy requires ports to be placed in a 
position that creates an angle inadequate for applying endo-
linear staplers. Moreover, because of constricted angles and 
a fewer number of ports, instrument collision occurs more 
frequently, and traction is much more difficult. Thus, for 
reduced-port surgery, teamwork between the surgeon and 
assistants is very important, and an expert surgical team with 
extensive experience is desirable. For these reasons, loop 
or Roux-en-Y gastrojejunostomy has been preferred above 
gastroduodenostomy in most previous studies of reduced-
port gastrectomy. According to a nationwide survey by the 
Korean Gastric Cancer Association, gastroduodenostomy 
is not commonly performed after single or reduced-port 
distal subtotal gastrectomy (reportedly in only 21.5%) [17]. 
As shown in Table 3, in a small case series, the proportion 
of gastroduodenostomies undertaken was much lower for 
reduced-port gastrectomies than for conventional gastrec-
tomies performed by the same author. With reference to the 
results of multicenter prospective randomized controlled 
trials in Korea and Japan, the proportions of gastroduoden-
ostomies after laparoscopic distal subtotal gastrectomy were 
64.1 and 64.6%, respectively [10, 11].

Meanwhile, we have found that the intracorporeal gas-
troduodenostomy method described in the current study is 
technically feasible and safe to perform during reduced-port 
robotic gastrectomy. During anastomosis, adequate traction 
was obtained using the arms of the robotic system without 
difficulty. Also, the procedure was somewhat familiar to the 
surgeon because the staplers were inserted in the same direc-
tion as in conventional intracorporeal delta-shape gastroduo-
denostomy during minimally invasive gastrectomy. Moreo-
ver, when using the robot stapler, almost no help from the 
assistant was needed. Although the laparoscopic endolinear 
staplers were sufficient for gastroduodenostomy in reduced-
port robotic surgery using the technique described herein, 
they did require greater skill from the assistants, relative to 
use of the robot stapler. The robot stapler provided wider 
articulation, with a range of 108° side-to-side, while a lapa-
roscopic stapler can be somewhat limited in articulation. 
Moreover, positioning, griping, clamping, and firing of the 
robot stapler can be fully controlled by the operator in the 
console. Thus, use of the robot stapler could enable surgeons 
to perform intracorporeal anastomosis fully without the help 
of a well-trained assistant surgeon.

Nevertheless, this retrospective analysis has inherent 
limitations. The results of this study represent the initial 
experience of a single surgeon. Comparative studies of 

Table 2  Operative and pathologic outcomes

All data are shown as a mean and range or number and %
AJCC American Joint Committee on Cancer, POD postoperative day
a 30-day postoperative complication
b Surgery-related

Variables (n = 28)

Operating time, minutes 201.1 (110–282)
Estimated blood loss, mL 43.6 (10–120)
Stapling device
 Laparoscopic stapler 15 (53.6%)
 Robotic stapler 13 (46.4%)

Extent of lymph node dissection
 D1+ 17 (60.7%)
 D2 11 (39.3%)

Pathological stage, AJCC 7th
 I 21 (75.0%)
 II 4 (14.3%)
 III 3 (10.7%)

Number of metastatic lymph nodes 0.9 (0–5)
Number of retrieved lymph nodes 60.7 (26–119)
Resumption of soft diet, POD 4.3 (4–9)
Hospital stay, POD 6.1 (5–14)
Clavien–Dindo  classificationa

 0 14 (50.0%)
 1 11 (39.3%)
 2 3 (10.7%)
 > 3 0

Details on complications
 Fever [> 38 °C] 12
 Wound-associated 2
 Voiding difficulty 1
 Anastomotic leaks 1

Readmission < 6  monthsb 0
Reoperation < 6  monthsb 0
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short-term outcomes of reduced-port intracorporeal gas-
troduodenostomy in regards to patient benefits, such as 
operative outcomes, recovery, and surgical stress after 
surgery, should be conducted. Also, future studies regard-
ing safety and nutritional benefit of reduced-port intracor-
poreal gastroduodenostomy in comparison to other recon-
struction methods should follow. Additionally, research on 
the cost effectiveness and efficacy of the robot stapler com-
pared with laparoscopic endolinear staplers is necessary.

Conclusion

In this study, we described a technique for completing 
intracorporeal gastroduodenostomy during reduced-port 
robotic distal subtotal gastrectomy for gastric cancer and 
demonstrated the short-term surgical outcomes thereof. 
Reduced-port intracorporeal delta-shaped gastroduo-
denostomy was easily implemented and could be safely 
and feasibly applied using a current robotic surgical sys-
tem with acceptable operative outcomes. Intracorporeal 
gastroduodenostomy should receive greater considera-
tion for patients undergoing reduced-port distal subtotal 
gastrectomy.
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