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Abstract. The first part of the duodenum consists of the 
intraperitoneal segment, called the duodenal bulb, and the 
retroperitoneal segment. Regarding the blood supplying 
the duodenal bulb, which is the portion utilized in anasto‑
mosing the duodenum and remnant stomach following distal 
gastrectomy, the arterial pedicles branching off from the 
gastroduodenal artery are reported to reach the posterior 
wall first and then spread over the anterior wall, where they 
anastomose. When performing intracorporeal linear‑stapled 
gastroduodenostomy following totally laparoscopic distal 
gastrectomy, the blood supply of the duodenal wall between 
the transecting staple line and anastomotic staple line needs 
to be considered because both transection of the duodenal 
bulb and the gastroduodenostomy are performed using an 
endoscopic linear stapler and the duodenal wall between the 
staple lines can be ischemic after the anastomosis. Since it 
needs to be decided intraoperatively whether this duodenal 
site is preserved or removed, the present review discusses the 
technical differences among several procedures for intracor‑
poreal linear‑stapled gastroduodenostomy, classifying them 
into two groups on the basis of the intraoperative manage‑
ment of this duodenal site. When this site is preserved, the 
blood supply of the duodenal wall needs to be retained with 

certainty. On the other hand, when this site is removed, the 
ischemic portion of the duodenal wall needs to be identified 
and removed. Furthermore, in both groups, an adequate anas‑
tomotic area needs to be secured. In conclusion, surgeons need 
to be familiar with the anatomical features of the duodenal 
bulb, including its blood perfusion and shape, when carrying 
out intracorporeal linear‑stapled gastroduodenostomy.
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1. Introduction

The duodenum, 25‑30 cm in length, is the widest portion of the 
small bowel and is divided into four parts (1‑3). The first part 
of the duodenum consists of the 2.5‑cm‑long intraperitoneal 
segment as a continuation of the pylorus, which is called the 
duodenal bulb, and the 2.5‑cm‑long retroperitoneal segment, 
which ends at the superior duodenal flexure (1‑3). Regarding 
the blood supply to the duodenal bulb, which is the portion 
utilized in anastomosing the duodenum and remnant stomach 
following distal gastrectomy, Hentati et al (4) reported that 
all of the arterial pedicles reached the duodenal bulb on its 
posterior wall and thereafter spread along its anterior wall. 
In brief, the posterior wall of the duodenal bulb is considered 
to be the mesenteric side, in which the gastroduodenal artery 
(GDA) is the marginal artery and the superior duodenal 
arteries branching off from the GDA are the vasae rectae. In 
addition, as with the small intestine, it is assumed that these 
superior duodenal arteries branching off from the GDA reach 
the duodenal bulb on its posterior wall and then spread along 
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its anterior wall, and they anastomose at its anterior wall, 
which is considered the antimesenteric side (5).

Over the past 20 years, totally laparoscopic distal gastrec‑
tomy (TLDG), in which lymph node dissection, transection of 
the duodenal bulb and stomach, and anastomosis are carried 
out intracorporeally, has been developed (6‑11), and intracor‑
poreal gastroduodenostomy using an endoscopic linear stapler 
(ELS) has been performed since 2002 (6).

In intracorporeal linear‑stapled gastroduodenostomy 
following TLDG, the blood supply of the duodenal wall 
between the transecting staple line and the anastomotic staple 
line needs to be considered because both transection of the 
duodenal bulb and the gastroduodenostomy are performed 
using an ELS and the duodenal wall between the staple lines 
can be ischemic after the anastomosis  (6). Since it needs 
to be decided intraoperatively whether this duodenal site 
is preserved or removed, the present review discusses the 
technical differences among several procedures for intracor‑
poral linear‑stapled gastroduodenostomy following TLDG, 
classifying them into two groups based on the intraoperative 
management of the duodenal wall between the transecting 
staple line and anastomotic staple line. The present review was 
approved by the Institutional Review Board of Otori Stomach 
and Intestines Hospital (Sakai, Japan) and the Institutional 
Review Board of Hokusetsu‑Miki Hospital (Suita, Japan) 
(both approval no. 23000001).

2. Intracorporeal linear‑stapled gastroduodenostomy with 
preservation of the duodenal wall between the transecting 
staple line and anastomotic staple line

Delta‑shaped gastroduodenostomy (DSG). Kanaya et al (6,7) 
first reported DSG in Billroth I (B‑I) reconstruction following 
TLDG. Following their reports, several studies have described 
the performance of this anastomotic technique (8‑20). When 
performing the transection of the duodenal bulb and gastro‑
duodenostomy in DSG, the operator was positioned at the right 
side of the patient, with the first assistant at the left side and the 
laparoscopist between the legs of the patient. Thus, all of the 
linear staples were performed by the first assistant using their 
left hand within the surgical field set up by the operator (6‑20). 
The duodenal bulb was transected in a posteroanterior direc‑
tion, that is, from the mesenteric side to the antimesenteric 
side (6‑20). After the operator had dissected several cranial 
supraduodenal vessels and created the space required for inser‑
tion of the ELS fork around the cranial wall of the duodenal 
bulb, this wall and the posterior wall of the remnant stomach 
were anastomosed by one linear staple so that the duodenal 
and gastric walls between the transecting staple lines and 
anastomotic staple became as wide as possible (6‑20). Only 
the ELS entry hole was closed by one or two linear staples, 
and thus, the duodenal wall between the transecting staple line 
and anastomotic staple line was preserved in DSG (6‑20). We 
hypothesized that although the blood supply via the remnant 
cranial supraduodenal vessels is blocked by the anastomotic 
linear staple, the blood supply of this area in the DSG is 
assumed to be retained via the caudal supraduodenal vessels 
because the caudal and cranial supraduodenal vessels anas‑
tomosed at the anterior wall, that is, at the antimesenteric 
side (4,5).

Some authors have expressed concern that an insufficient 
supply of blood to the duodenal wall between the transecting 
staple line and anastomotic staple line in DSG could be 
caused by unsuccessful transection of the duodenal bulb in a 
posteroanterior direction and the extensive dissection of supra‑
duodenal vessels (11,17,21‑25). Iwasaki et al (24) indicated 
that the twisting of the duodenal bulb at the posteroanterior 
transection is technically demanding. In DSG, to obtain an 
adequate anastomotic area for the purpose of preventing anas‑
tomotic stenosis, the unsuccessful posteroanterior transection 
of the duodenal bulb due to its incomplete twisting may lead 
to extensive dissection of the supraduodenal vessels, that is, 
dissection of not only the cranial but also the caudal supraduo‑
denal vessels (24). Similarly, when the duodenal bulb diameter 
is relatively short, extensive dissection of the supraduodenal 
vessels can be performed to obtain an adequate anastomotic 
area (26).

Modif ied DSG (mDSG) with the operator positioned 
between the legs of the patient. Our previous study in 2020 
described an mDSG technique with the operator positioned 
between the legs of the patient (26). In this technique, the 
operator was positioned between the legs of the patient, 
with the first assistant manipulating a laparoscope at the 
left side of the patient and the second assistant at the right 
side, when performing transection of the duodenal bulb and 
gastroduodenostomy in this procedure (Fig. 1). Therefore, 
within the surgical field set up by the two assistants, all 
of the linear staples were performed by the operator using 
their right hand with the assistance of their left hand. The 
operator retracted the pyloric ring externally with the left 
hand, while the first assistant elevated the posterior wall 

Figure 1. Port placements and positions of the operator and assistants. The 
operator inserted the stapler through the left lower port, and all staples, 
including transection of the duodenal bulb and gastroduodenostomy, were 
performed by the operator using their right hand. Photoshop2023 (version 
24.5; Adobe Systems, Inc.) was used to generate this figure.
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of the stomach ventrally and the second assistant elevated 
the liver cranially (Fig. 2A), and the operator transected 
the duodenal bulb with the right hand using one ELS in a 
posteroanterior direction, that is, from the mesenteric side 
to the antimesenteric side (Fig. 2B). The posterior wall of 
the duodenal bulb is considered to be the mesenteric side, 
in which the GDA is the marginal artery and the superior 
duodenal arteries branching off from the GDA are the vasae 
rectae (Fig. 3A)  (4). After the operator dissected several 
cranial supraduodenal vessels branching off the GDA and 
created the space required for insertion of the ELS fork 
around the cranial wall of the duodenal bulb (Fig. 3B), the 
operator performed linear stapling of the cranial wall of the 
duodenal bulb and the posterior wall of the remnant stomach 
as follows: i) Insertion of the cartridge of one 45‑mm ELS 
into the remnant stomach entirely with the right hand, 
while the first assistant pulled the staple line of the remnant 
stomach externally; ii) insertion of the fork of the ELS into 
the duodenal bulb as far as possible with the right hand, 
while pulling the staple line of the duodenum externally 

with the left hand (Fig. 4A); and iii) after the operator and 
first assistant changed the position of the duodenal bulb 
and remnant stomach without creating a gap (Fig.  4B), 
the operator fired the ELS with the right hand so that the 
duodenal and gastric walls between the transecting staple 
line and anastomotic staple line became as wide as possible 
(Fig.  4C). Subsequently, to ensure that the anastomotic 
area was as wide as possible, the operator closed the ELS 
entry hole using a single‑layer full‑thickness hand suturing 
technique with knotted sutures and a knotless barbed suture. 
Finally, the mDSG in TLDG was completed (Fig. 5).

In our previously reported patient series (35 cases), there 
was no occurrence of postoperative anastomotic leakage, 
and the blood supply of the preserved duodenal wall between 
the transecting staple line and anastomotic staple line was 
considered to be retained (26). The factors behind this result 
were hypothesized to be: i) Within the surgical field set 
up by the two assistants, the operator was able to transect 
the duodenal bulb in a posteroanterior direction with more 

Figure 2. Transection of the duodenal bulb in a posteroanterior direction 
by the operator positioned between the legs of the patient. (A) The operator 
retracted the pyloric ring externally with the left hand (white arrow), while 
the first assistant elevated the posterior wall of the stomach ventrally and 
the second assistant elevated the liver cranially. (B) The operator transected 
the duodenal bulb in a posteroanterior direction with the right hand using 
one endoscopic linear stapler. Photoshop2023 (version 24.5; Adobe Systems, 
Inc.) was used to generate this figure.

Figure 3. Creating the space required for the fork of the ELS around the 
cranial side of the duodenal wall. (A) The posterior wall of the duodenal bulb 
is the mesenteric side, in which the GDA (white arrow) is the marginal artery 
and the superior duodenal arteries branching from the GDA (red arrow) are 
the vasae rectae. (B) The operator dissected several cranial supraduodenal 
vessels branching off the GDA and created the space required for insertion 
of the ELS fork around the cranial wall of the duodenal bulb. Photoshop2023 
(version 24.5; Adobe Systems, Inc.) was used to generate this figure. ELS, 
endoscopic linear stapler; GDA, gastroduodenal artery.
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certainty by manipulating the ELS with the right hand 
with the assistance of the left hand; and ii) no additional 

dissection of the supraduodenal vessels was carried out 
even if the duodenal bulb diameter was relatively short and 
an adequate staple length between the cranial wall of the 
duodenal bulb and the posterior wall of the remnant stomach 
was not obtained.

Overlap gastroduodenostomy (OG). Several studies 
have repor ted OG in B‑I reconstruction following 
TLDG  (25,27‑31). The duodenal bulb was transected 
from the greater curvature side to the lesser curvature 
side (25,27,29‑31), or from the posterior side to the anterior 
side  (28). Before the gastroduodenostomy, no dissection 
of the supraduodenal vessels aimed at creating the space 
required for insertion of the ELS fork around the duodenum 
was performed (25,27‑31). The anterosuperior side or ante‑
rior wall of the first part of the duodenum and the greater 
curvature side or posterior wall of the remnant stomach 
were anastomosed by one linear staple so that the anasto‑
motic staple line was perpendicular to the transecting staple 
line in the duodenum (25,27‑31). Only the ELS entry hole 
was closed using one linear staple  (25,27‑29,31) or hand 
suturing (30), and thus, the duodenal wall between the tran‑
secting staple line and anastomotic staple line was preserved 

Figure 4. Linear stapling of the cranial wall of the duodenal bulb and the posterior wall of the remnant stomach. (A) The operator inserted the fork of the ELS 
into the duodenal bulb as far as possible with the right hand, while pulling the staple line of the duodenum externally with the left hand (white arrow). (B) The 
operator and first assistant changed the position of the duodenal bulb and remnant stomach without creating a gap. (C) The operator fired the ELS with the right 
hand so that the duodenal and gastric walls between the transecting staple lines and anastomotic staple became as wide as possible. Photoshop2023 (version 
24.5; Adobe Systems, Inc.) was used to generate this figure. ELS, endoscopic linear stapler.

Figure 5. Modified delta‑shaped gastroduodenostomy with linear stapling 
and single‑layer hand suturing was completed. Photoshop2023 (version 24.5; 
Adobe Systems, Inc.) was used to generate this figure.
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in OG. We hypothesized that in OG, the blood supply of this 
area is considered to be retained because the blood supply 
of this area via the supraduodenal vessels branching from 
the GDA is not blocked by the anastomotic linear staple 
due to the anastomotic staple line being perpendicular to 
the transecting staple line (4,5). However, there is a concern 
that an adequate anastomotic area might not be obtained 
if the length of the first part of the duodenum is relatively 
short (1‑3).

3. Intracorporeal linear‑stapled gastroduodenostomy with 
removal of the duodenal wall between the transecting 
staple line and anastomotic staple line

Intracorporeal triangular anastomotic technique (INTACT). 
Omori  et  al  (22) and Yanagimoto  et  al  (23) reported the 
INTACT as one type of intracorporeal linear‑stapled gastro‑
duodenostomy. The duodenal bulb was transected from the 
greater curvature side to the lesser curvature side  (22,23). 
Before the gastroduodenostomy, as in OG, no dissection 
of the supraduodenal vessels aimed at creating the space 
required for insertion of the ELS fork around the duodenum 
was performed (22,23). The posterior walls of the duodenum 
and the remnant stomach were anastomosed by one linear 
stapling so that the anastomotic staple line was parallel to 
the transecting staple line in the duodenum and the end of 
the transecting staple line in the remnant stomach (22,23). 
Removal of the areas between these staple lines and closure 
of the ELS entry hole were performed simultaneously with 
one or two linear staples (22,23). As a result, a physiological 
triangular end‑to‑end anastomosis with no need for twisting 
was completed (22,23).

In the INTACT, the extent of ischemia of the duodenal 
wall is considered to be clearly identifiable during the anasto‑
mosis because the blood supply of the duodenal posterior wall 
between the transecting staple line and anastomotic staple 
line via the supraduodenal vessels branching from the GDA is 
blocked by the anastomotic linear stapling due to these staple 
lines being parallel to each other (22,23). However, because it 
is reported that the area of the triangular end‑to‑end colocolos‑
tomy is considered to be prescribed by the colon diameter (32), 
there is a concern that, in the INTACT, an adequate anasto‑
motic area might not be obtained if the duodenal bulb diameter 
is relatively short (1‑3).

Book‑binding technique (BBT). Several studies have reported 
the BBT in B‑I reconstruction following TLDG (21,33‑36), 
whereby the duodenal bulb was transected from the greater 
curvature side to the lesser curvature side. Similar to the 
INTACT, but without dissection of the supraduodenal vessels 
branching off from the GDA before the gastroduodenostomy, 
linear stapling of the posterior walls of the duodenum and 
the remnant stomach was performed so that the anastomotic 
staple line was parallel to the transecting staple line in the 
duodenum and the end of the transecting staple line in the 
remnant stomach (21,33‑36). The ischemic areas between 
these staple lines were removed using an energy device, 
and thereafter, the relatively large hole made in the ante‑
rior side was closed by two linear staples (21,33) or hand 
suturing  (34‑36). As a result, a physiological triangular 

end‑to‑end anastomosis with no need for twisting was 
completed (21,33‑36).

In the BBT, the operator can remove the ischemic duodenal 
posterior wall between the transecting staple line and anasto‑
motic staple line using the energy device (21,33‑36). However, 
because it has been reported that the area of the triangular 
end‑to‑end colocolostomy is considered to be prescribed by 
the colon diameter (32), there is a concern that, in the BBT, 
an adequate anastomotic area might not be obtained if the 
duodenal bulb diameter is relatively short (1‑3).

Augmented rectangle technique (ART). Fukunaga et al (37) 
first reported the ART in B‑I reconstruction following 
TLDG in 2018. As in some of the other techniques, the 
duodenal bulb was transected from the greater curvature 
side to the lesser curvature side. Before the gastroduode‑
nostomy, dissection of several supraduodenal vessels along 
the lesser curvature side of the duodenum was performed 
aiming to create the space required for insertion of the ELS 
fork. After the lesser curvature side of the duodenum was 
retracted externally, the posterior walls of the first part of 
the duodenum and the remnant stomach were anastomosed 
using one 60‑mm ELS so that the staple length was 60 mm 
and the anastomotic staple line was parallel to the end of 
the transecting staple line in the remnant stomach. After 
closure of the ELS entry hole using one 30‑mm ELS, the 
areas between the transecting staple lines and anastomotic 
staple line were removed using one 60‑mm ELS. As a result, 
a physiological rectangular end‑to‑end anastomosis with the 
absence of twisting was completed.

In the ART, the range of duodenal wall ischemia is consid‑
ered to be clearly identifiable during the anastomosis because 
the blood supply of the duodenal posterior wall between the 
transecting staple line and anastomotic staple via the supra‑
duodenal vessels branching from the GDA is blocked by the 
anastomotic linear‑staple due to the duodenal bulb being tran‑
sected from the greater curvature side to the lesser curvature 
side and the anastomotic staple line being positioned in the 
duodenal posterior wall (37). Furthermore, in this procedure, 
it is presumed that an adequate anastomotic area is likely to be 
steadily obtained since the 60‑mm staple length is consistently 
retained (37).

4. Conclusion

The present review discusses several intracorporeal 
linear‑stapled gastroduodenostomy procedures in which not 
only transection of the duodenal bulb but also gastroduode‑
nostomy is performed with an ELS, classifying them into 
two groups on the basis of the intraoperative management 
of the duodenal wall between the transecting staple line 
and anastomotic staple line. When this site is preserved, the 
blood supply of the duodenal wall needs to be retained with 
certainty. On the other hand, when this site is removed, the 
ischemic portion of the duodenal wall needs to be identified 
and removed. Furthermore, in both groups, an adequate anas‑
tomotic area needs to be secured. In conclusion, surgeons need 
to be familiar with the anatomical features of the duodenal 
bulb, including its blood perfusion and shape, when carrying 
out this characteristic type of gastroduodenostomy.
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