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HOW I DO IT
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INTRODUCTION
Laparoscopic gastrectomy has become a standard treatment 

option for gastric cancer, as it provides better short-term 
surgical outcomes while maintaining oncologic safety [1,2]. 
Conventional laparoscopic gastrectomy generally required 
the use of 5 ports to obtain adequate access and support from 

assistants [3]. Recently, there has been considerable interest 
in reducing the number of ports to enhance the benefits of 
minimally invasive surgery by minimizing surgical stress and 
reducing postoperative scarring [4]. 

For distal gastrectomy, gastroduodenostomy has advantages 
over other types of reconstructions, such as loop or Roux-
en-Y gastrojejunostomy. Gastroduodenostomy allows food 
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Purpose: Surgeons have become increasingly interested in reduced-port gastrectomy to minimize trauma while 
maintaining oncologic safety. Although gastroduodenostomy has the benefits of better nutritional outcomes and fewer 
postoperative complications than other types of reconstruction, gastroduodenostomy is not a preferred option for reduced-
port distal gastrectomy because of technical difficulties. In this study, we describe our intracorporeal modified delta-
shaped gastroduodenostomy technique, which is easily applicable during 2-port distal gastrectomy.
Methods: We retrospectively reviewed our database of 30 consecutive patients with gastric cancer who underwent 2-port 
distal gastrectomy with intracorporeal modified delta-shaped gastroduodenostomy from October 2016 to May 2021. In this 
reduced-port approach, we used a Tropian Single port (TROPIAN TECH) via a 25-mm transumbilical incision and a 12-mm 
port at the right flank. All anastomoses were performed using a 60-mm endolinear stapler. We used 3 additional sutures 
to provide proper traction and support for the anastomosis. 
Results: Mean ± standard deviation of operation time was 148.9 ± 34.7 minutes; reconstruction time was 13.2 ± 4.6 
minutes; estimated blood loss was 29.3 ± 44.4 mL; and length of hospital stay was 4.5 ± 1.2 postoperative days. A total of 11 
patients (36.7%) had a Clavien-Dindo grade I or grade II complication, and there were no grade IIIa or higher complications. 
Conclusion: Intracorporeal modified delta-shaped gastroduodenostomy was safely performed via a 2-port approach, 
resulting in acceptable surgical outcomes and no major complications. 
[Ann Surg Treat Res 2023;105(3):172-177]
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passage through the duodenum, providing a route for iron 
absorption [5]. Additionally, postoperative complications 
associated with intestinal obstruction are less frequent after 
gastroduodenostomy than after other types of anastomoses 
[6]. However, gastroduodenostomy is not the preferred 
reconstruction technique during reduced-port gastrectomy 
[7]. Technical difficulties associated with performing 
intracorporeal anastomosis in a limited working space and with 
a reduced number of accesses are major barriers to the use of 
gastroduodenostomy during reduced-port distal gastrectomy. 
In this study, we described an intracorporeal modified delta-
shaped gastroduodenostomy technique that can be easily 
performed during 2-port distal gastrectomy. We also present our 
initial experience of 30 consecutive patients who underwent 
this anastomotic technique.

METHODS
The Institutional Review Board of Severance Hospital, Yonsei 

University Health System approved the protocol (No. 4-2021-
0942) and waived the requirement for informed consent 
because of the retrospective nature of the study. Written 
informed consent was obtained from the patients for the 
publication clinical image and video.

Patients
We retrospectively reviewed data from patients who 

underwent intracorporeal modified delta-shaped gastroduo-
denostomy during 2-port distal gastrectomy for gastric cancer 
at the Department of Surgery, Yonsei University College of 
Medicine. A total of 30 consecutive patients underwent this 
procedure from October 2016 to May 2021. All the operations 
included in this study were performed by a single surgeon who 
had experience with 150 cases of intracorporeal delta-shaped 
gastroduodenostomy in conventional laparoscopic distal 
gastrectomy by 2016. We analyzed clinicopathologic features 
and perioperative surgical outcomes, including demographic 
data, operative findings, pathologic results, and postoperative 
recovery details. 

Surgical techniques
All patients underwent 2-port robot-assisted laparoscopic 

distal gastrectomy. Specifically, lymph node dissection was 
performed via a robotic approach, and transection of the 
stomach and reconstruction were performed via a laparoscopic 
approach. The detailed procedures for gastrectomy and lymph 
node dissection using 2 ports have been described previously 
[8,9]. 
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Fig. 2. Intracorporeal modified delta-shaped gastroduodenostomy during 2-port distal gastrectomy. (A) A traction suture was added 
at the middle of artificial lesser curvature line, and the thread was pulled out of the abdomen through the transumbilical port. (B) 
The endolinear stapler cartridge was inserted into the stomach and rotated to approximate the posterior wall of the stomach and 
duodenum. (C) The common entry hole was closed while lifting the traction sutures at the anterior and posterior sides of the entry 
hole. (D) Completed intracorporeal modified delta-shaped gastroduodenostomy.  

Fig. 1. Locations of the Tropian Single port (umbilicus; 
TROPIAN TECH) and 12-mm port (right flank). 
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After completion of robotic lymphadenectomy, the robot 
was undocked, and the surgeon performed laparoscopic 
intracorporeal modified delta-shaped gastroduodenostomy. 
The Single-Site port (Intuitive Surgical) at the umbilicus for 
robotic surgery was removed, and the Tropian Single port 
(TROPIAN TECH) was inserted into the transumbilical incision 
site. A 12-mm port was inserted in the right flank (Fig. 1). The 
anastomosis was performed using 60-mm endolinear staplers. 

A traction suture was added at the middle of the artificial 
lesser curvature line, and the thread was pulled out of the 
abdomen through the transumbilical port (Fig. 2A). A small 
incision for insertion of the anvil was made on caudal side 
of the duodenum, and a small incision for insertion of the 
endolinear stapler cartridge was created on the edge of the 
greater curvature of the remnant stomach (Fig. 2B). Using 
traction with the thread and being guided by a grasper 
manipulated by the operator’s left hand through the 12-mm 
port at the right flank, we easily inserted the cartridge of the 
endolinear stapler into the remnant stomach. The linear stapler 
held the posterior side of the remnant stomach between the 
cartridge and anvil. Then the shaft was rotated clockwise to 
approximate the posterior wall of the stomach and duodenum. 
The anvil was inserted into the hole made at the duodenum, 
with the full length of the anvil being inserted to ensure a large 
anastomosis. Before performing the anastomosis, the loose 
connective tissue between the cephalic side of the duodenum 
and the pancreas was fully detached. The anvil was introduced 
into the duodenum while the tip was carefully inserted toward 
the luminal side, not the cephalic side, to avoid the possibility 
of the tip perforating the duodenal wall. When the stapler 
was fired after inserting the anvil, the traction suture at the 
stomach-maintained traction to prevent the cartridge from 
falling off the stomach. This traction suture was subsequently 
removed after firing the stapler. A multifilament absorbable 
3-0 suture was used as traction sutures at both the anterior and 
posterior sides of the common entry hole. These 2 sutures were 
lifted toward the ventral side; one was lifted by the assistant 
through the transumbilical port, and the other was lifted by the 
operator’s left hand through the 12-mm port at the right flank. 
The entry hole was then closed using a 60-mm endolinear 
stapler (Fig. 2C). Thus, the intracorporeal modified delta-shaped 
gastroduodenostomy was completed, without a “dog ear” at the 
duodenum (Fig. 2D, Supplementary Video 1). 

RESULTS
The mean patient age was 56.3 years (standard deviation 

[SD], 10.6), and the majority of patients were female (60.0%). 
The mean body mass index was 24.0 kg/m² (SD, 2.5). Of the 30 
patients in the study, 9 patients (30%) had prior intra-abdominal 
surgery, and 6 patients (20%) underwent endoscopic submucosal 

dissection before surgery. Most tumors (86.7%, 26 patients) 
were located in the lower third of the stomach, whereas 13.3% 
of tumors (4 patients) were in the middle third of the stomach. 
Depth of invasion of all tumors was T1 (60% were T1a, 40% 
were T1b), and 3 patients (10.0%) had lymph node metastasis. 
The mean number of retrieved lymph nodes was 44.9 (SD, 14.8) 
(Table 1).

The mean operation time was 148.9 minutes (SD, 34.7), 
and the mean reconstruction time was 13.2 minutes (SD, 
4.6). The mean estimated blood loss was 29.3 mL (SD, 44.4). 
We performed D1+ lymph node dissection in 29 patients 
(96.7%), while 1 patient (3.3%) underwent D2 lymph node 
dissection because of suspected lymph node metastasis 
during surgery. The time to first flatus after surgery was 2.7 
postoperative days (SD, 0.6). The time to first water intake was 
1.1 postoperative days (SD, 0.3), and the time to first soft diet 

Table 1. Baseline characteristics and clinicopathological 
features

Characteristic Data

No. of patients 30
Age (yr) 56.3 ± 10.6
Sex
    Male 12 (40.0)
    Female 18 (60.0)
Body mass index (kg/m2) 24.0 ± 2.5
ASA PS classification
    I 10 (33.3)
    II 16 (53.3)
    III 4 (13.3)
Previous intraabdominal surgery 9 (30.0)
Prior endoscopic submucosal dissection 6 (20.0)
Tumor location, circular 
    Lesser curvature 11 (36.7)
    Greater curvature 7 (23.3)
    Anterior wall 8 (26.7)
    Posterior wall 4 (13.3)
Tumor location, tubular
    Middle 4(13.3)
    Lower 26 (86.7)
Pathologic T stage 
    T1a 18 (60.0)
    T1b 12 (40.0)
Pathologic N stage
    N0 27 (90.0)
    N1 2 (6.7)
    N2 1 (3.3)
TNM stage 
    I 29 (96.7)
    II 1 (3.3)
No. of retrieved lymph nodes 44.9 ± 14.8

Values are presented as number only, mean ± standard deviation, 
or number (%).
ASA, American Society of Anesthesiologists; PS, physical status.
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was 2.4 postoperative days (SD, 1.0). The mean hospital length 
of hospital stay was 4.5 postoperative days (SD, 1.2). 

A total of 11 patients (36.7%) had Clavien-Dindo grade I or 
grade II complications, and there was no grade IIIa or higher 
complication. The most common complication was fever (7 
patients, 23.3%). One patient had a bleeding tendency during 
surgery and received tranexamic acid in the immediate 
postoperative period. Two patients (6.7%) had voiding difficulty, 
and one patient (3.3%) had phlebitis. Two patients had an 
unscheduled revisit of the hospital after discharge because of 
delayed gastric emptying and they returned home on the visit 
day as symptoms resolved spontaneously (Table 2). 

DISCUSSION
In this study, we described a technique for intracorporeal 

modified delta-shaped gastroduodenostomy during 2-port distal 
gastrectomy. In our initial experience, this technique provided 
acceptable short-term surgical outcomes, in terms of operation 
time, reconstruction time, estimated blood loss, and hospital 
stay. There were no major complications, including anastomosis-
related complications such as anastomotic leakage or stenosis. 
These results suggest that our intracorporeal modified delta-
shaped gastroduodenostomy technique during 2-port distal 
gastrectomy would be safe and feasible. 

Intracorporeal gastroduodenostomy, the so-called delta-
shaped anastomosis, was first reported in Japan during 
conventional laparoscopic distal gastrectomy using 5 ports [3]. 
To perform delta-shaped anastomosis, multiple accesses for the 
operator and assistant were necessary because the duodenum 
and stomach required appropriate retraction from multiple 
directions at the same time. However, reduced-port gastrectomy 
has a restricted number of access points because of lower 
number of ports. Moreover, instrument collision occurs when 
an additional grasper is added through a transumbilical port. 
Thus, it is technically challenging to perform intracorporeal 
gastroduodenostomy in reduced-port gastrectomy. For these 
reasons, gastroduodenostomy was not preferred over loop 
or Roux-en-Y gastrojejunostomy in most previous studies of 
reduced-port gastrectomy [10-14].

In our technique, we used 3 additional sutures to provide 
proper support for the anastomosis. The first suture at the 
artificial lesser curvature line of the remnant stomach-
maintained traction toward the ventral side. Without this 
traction, the cartridge located in the stomach is displaced while 
opening the jaw to insert the anvil into the duodenum. The 
other 2 sutures provided the appropriate angle for closure of the 
common entry hole. The 3 traction sutures facilitated pulling 
of the stomach and duodenum in various directions, thereby 
allowing intracorporeal gastroduodenostomy to be performed 
with a limited number of ports. 

Our technique can be applied to other types of reduced-
port gastrectomy as well. A similar technique of intracorporeal 
gastroduodenostomy was reported previously in single-port 
distal gastrectomy, using 2 additional sutures for manipulation 
of the remnant stomach and the common entry hole [15]. 
However, in that technique, only the posterior suture lifted 
the common entry hole toward the ventral side, whereas the 
anterior suture just pulled the common entry hole in the 
direction of the stapler. We recommend lifting both the anterior 
and posterior side of the common entry hole toward the ventral 
side, as in our technique, to ensure easy and safe closure of the 
hole. 

Besides, we used a 60-mm linear stapler for gastroduodenos-
tomy and inserted the full length of the stapler into the 
stomach and duodenum to ensure a large anastomosis. In 
previous studies of intracorporeal gastroduodenostomy, a 
45-mm linear stapler was usually used for gastroduodenal 
continuity [3]. No study has evaluated the most appropriate 
length of linear stapler for use during intracorporeal 
gastroduodenostomy. A longer linear stapler creates a wider 
anastomosis, which may reduce the likelihood of anastomotic 
stricture after gastroduodenostomy. Moreover, the stapling 
line on the duodenum is completely resected in our technique, 
which is of relevance because the remnant staple line could 
be a weak point because of tissue ischemia [16]. It is preferable 

Table 2. Perioperative outcomes and postoperative recovery

Variable Outcome (n=30)

Operation time (min) 148.9 ± 34.7
Reconstruction time (min) 13.2 ± 4.6
Estimated blood loss (mL) 29.3 ± 44.4
Extent of lymph node dissection
    D1+ 29 (96.7)
    D2 1 (3.3)
Postoperative recovery (day)
    Flatus 2.7 ± 0.6
    Sips of water 1.1 ± 0.3
    Soft diet 2.4 ± 1.0
    Length of hospital stay 4.5 ± 1.2
Maximum Clavien-Dindo classificationa

    0 19 (63.3)
    I 5 (16.7)
    II 6 (20.0)
    ≥III 0 (0)
Types of complications
    Fever (>38 °C) 7 (23.3)
    Bleeding tendency 1 (3.3)
    Voiding difficulty 2 (6.7)
    Phlebitis 1 (3.3)
    Delayed gastric emptying 2 (6.7)

Values are presented as mean ± standard deviation or number (%).
a30-day postoperative complications.
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to remove tissue with a high risk of ischemia to reduce the 
likelihood of anastomotic leakage. 

The study had some limitations. The number of patients was 
relatively low, and all procedures were performed by a single 
surgeon. Further comparative studies are necessary to confirm 
the safety and benefits of this procedure. 

In this study, we described a technique for intracorporeal 
modified delta-shaped gastroduodenostomy during 2-port 
distal gastrectomy. This technique provides appropriate 
traction of the stomach and duodenum in various directions 
despite the limited number of ports during intracorporeal 
gastroduodenostomy. In our analysis of 30 consecutive 
procedures, the technique was found to be feasible and safe, in 
terms of short-term surgical outcomes. These results suggest 
that using our technique, intracorporeal gastroduodenostomy 
can be considered more frequently during reduced-port distal 
gastrectomy.

SUPPLEMENTARY MATERIALS
Supplementary Video 1 can be found via https://doi.

org/10.4174/astr.2023.105.3.172.
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